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A B S T R A C T

A uditory  s c e n e  analysis re fe rs  to  th e  p ro c e ss  th ro u g h  which 

so u n d s  are  heard  as  e i th e r  belonging to  s e p a ra te  so u rc e s  o r  as 

pe rcep tua lly  g ro u p ed  to g e th e r  and arising from  a single so u rce . 

S tre am  se g re g a t io n  d e sc r ib e s  th e  p e rc ep tu a l  s e p a ra t io n  o f  sounds, 

while seq u en tia l  in te g ra t io n  is a te r m  u se d  t o  d e sc r ib e  t h e  linking 

to g e th e r  o f  so u n d s  following on e  a n o th e r  in tim e. This s tu d y  

exam ined  th e  minimum dura tion  n e c e ssa ry  for th e  p e rc ep tio n  of 

se q u e n t ia l ly -p re se n te d  so u n d s  to  c h a n g e  from  se q u en t ia l  in teg ra tion  

to  s t r e a m  se g reg a t io n .  T he  experim en ta l  stimuli w ere  s e q u e n c e s  of 

a lte rn a tin g  sou nds . A udito ry  s c e n e  analysis w as  exam ined  under 

cond it io ns  in which th e  se q u en tia l  so u n d s  d iffered  only in f req u e n cy  

(p u re - to n e  so u n d s )  o r c e n te r  f req u e n cy  (am p litu d e -m o d u la ted  noise- 

b an d s) .  O th e r  experim en ta l  cond itions  w ere  included in which th e  

a l te rn a t in g  so u n d s  d iffe red  also  in in tens ity  (p u re - to n e  so u n d s )  o r 

tem p o ra l  env e lope  (am p litu d e -m o d u la ted  n o ise -b an d s) .  This s tu d y  

revea led  t h a t  s t r e a m  s e g re g a t io n  w as in c reased  by increasing  th e  

dura tion  o f  th e  se q u e n c e s .  Frequency  se p a ra t io n  also had a 

sign ifican t e f f e c t  on  au d ito ry  s c e n e  analysis. L arger f req u e n cy  

s e p a ra t io n s  led t o  m ore  rapid s t r e a m  se g re g a t io n .  Additionally, less 

s e g re g a t io n  w as  o b se rv e d  fo r  th e  a m p li tu d e -m o d u la ted  so u n d s  with 

similar te m p o ra l  e n v e lo p es .  Finally, t h e  r e su l ts  ind ica ted  t h a t  

in te n s i ty  d iffe ren ce  and  en v e lo p e  similarity w ere  n o t  p ro c e s s e d  

ind ep en den tly  of th e  f req u e n cy  se p a ra t io n s  u sed  in th is  s tu d y .

x



INTRODUCTION

For th e  p a s t  fo r ty -o d d  years , re se a rc h e rs  have  in v es tig a ted  

th e  m ean s  by which th e  aud ito ry  s y s te m  percep tua lly  o rgan izes  

com plex  a c o u s t ic  signals. Their experim en ta l inquiries have  arisen 

from  d iverse  q u e s t io n s  concern ing  aud ito ry  p e rcep t io n  as it re la te s  

t o  aud ito ry  figure-ground  percep tion  (Bregm an, 1 9 9 0 ) ,  o r  th e  

p e rcep tio n  o f  sp e e c h  signals (Chalikia and Bregman, 1 9 8 9 ;  Repp, 

1987).

A uditory  p e rc ep tu a l  o rgan ization , in th e  ab ove  c o n te x ts ,  re fe rs  

to  th e  w ays in which th e  aud ito ry  s y s te m  s t ru c tu re s  com plex  

a c o u s t ic  signals. T he re su l t  o f  aud ito ry  p e rc ep tu a l  o rgan iza tion  is 

th e  capability  to  iso la te  o r "hear  o u t"  th e  individual c o n s t i tu e n ts  

t h a t  m ake up a com plex sound  (e.g ., sp e ec h  in noise).

T here  a re  severa l p re requ is i te s  fo r  th e  aud ito ry  p e rc ep tio n  o f 

a sp e e c h  signal. An obvious requ irem en t is t h a t  t h e  sp e e c h  m u s t  be 

audible t o  th e  listener. A se co n d  n e ce ssa ry  s t e p  is th e  sep a ra t io n  of 

th e  sp e e c h  signal from  o th e r  co-occurring  so un ds  t h a t  m ay  a c t  to  

hinder th e  pe rcep tion  o f  speech . To s e p a ra te  th e  c o m p o n e n ts  o f a 

sound , how ever, th e  aud ito ry  s y s te m  m u s t  f irs t  pe rfo rm  an analysis 

o f  th e  en tire  sound . In th is  analysis, th e  p e rcep tu a l  s y s te m  m u s t  

a ccu ra te ly  p a rse  a com plex  p ressu re  w ave t h a t  w as g e n e ra te d  by 

m ore th an  one  so u rc e  into  tw o  o r  m ore percep tua l  en ti t ie s .  The 

analysis could be  co n s id e red  an a t t e m p t  to  increase  th e  s igna l-to - 

noise  ratio . Parsing th e  com plex  w ave in to  c o n s t i tu e n t  so u n d s  is 

analogous to  deciding which o f th e  c o m p o n e n ts  belong to  a signal (o r 

is g e n e ra te d  by a particu lar  so u rce )  and which a re  no ise  (o r  n o t

1
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produced  by th e  sou rce)  and should be d isregarded . The c o m p o n e n t  

d e e m e d  signal and th o s e  d e e m e d  noise is a m a t te r  o f choice. For 

in s tan ce , w hen listening to  an o rc h e s tra ,  an individual m ay wish to  

pay  particu lar  a t te n t io n  to  th e  violins (in th is  c a se  th e  signal) and 

n o t  th e  t r u m p e ts  (noise). Thus, th ro ugh  p e rcep tu a l  o rganization , 

l is teners  " tu n e  in" t o  a c o n s t i tu e n t  of a com plex sound  th e y  consider 

as  being im portan t.

T he p e rc ep tu a l  o rgan iza tion  of an aco u s t ic  en v iron m en t is 

te rm e d  "auditory  sc en e  analysis (ASA)" (Bregm an, 1 9 9 0 ) .  ASA can  be 

th o u g h t  o f  a s  opera ting  th ro u g h  th re e  p ro ce sse s ,  th e  fusion o f 

simultaneous sounds, stream segregation, and  sequential 

integration. T he  fusion o f s im u ltaneous so u n d s  re fe rs  t o  th e  

p e rc ep tu a l  grouping o f so u n d s  t h a t  co -occur. T he e f fe c ts  o f  fusion 

can  be  heard , fo r exam ple, w hen one  perce ives  a musical chord  

in s tead  o f  th e  individual c o m p o n e n ts  making up th e  chord. S tream  

se g re g a t io n  o p e ra te s  on b o th  s im u ltaneous  and  seq uen tia l  soun ds . 

W hen s t r e a m  se g re g a t io n  occu rs , th e  so un ds  in an aco ustic  

env ironm en t a p p ea r  t o  be  g e n e ra te d  by m ore th a n  one  sou rce . Once 

th e  aco u s t ic  e n v iro n m en t is p a rsed  in to  c o n s t i tu e n ts ,  each  

c o n s t i tu e n t  (or, a lterna tive ly , th e  c o n s t i tu e n t  u n d er  sc ru tin y )  is 

called an "aud ito ry  s t re a m ,"  o r simply a " s trea m ."  A f te r  s t r e a m  

se g re g a t io n  in th e  o rc h e s tra l  exam ple  d esc r ib ed  above, th e  violin 

so u n d s  would fo rm  an aud ito ry  s t r e a m  s e p a r a te  from  t h a t  a s so c ia te d  

with th e  t r u m p e t  sounds . Sequentia l in teg ra tio n  d e sc r ib e s  th e  

assoc ia t ion  o f so u n d s  t h a t  follow one  a n o th e r  in tim e. The a c t  o f 

hearing a m elody from  a se r ies  o f  sequen tia l  n o te s  is an exam ple  of
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se q u en tia l  in teg ra tion . T h e s e  p ro c e s s e s  o rgan ize  an a c o u s t ic  

env ironm en t,  p resum ab ly  to  re la te  th e  c o n s t i tu e n ts  o f  th e  

en v ironm en t back to  the ir  so u rce  o r  so u rc es  o f g en e ra tio n .

F a c to rs  known to  a f fe c t  s t r e a m  se g re g a t io n

Historically, a t t e m p t s  t o  de fine  th e  a c o u s t ic  c h a ra c te r i s t ic s  

t h a t  aid th e  parsing o f  th e  aco u s t ic  env iron m en t have  b e en  b a se d  on 

th e  p e rcep tio n  o f co n tinuous to n e  se q u e n c e s .  The rea so n s  fo r  using 

to n e  s e q u e n c e s  a re  th ree fo ld : (1 )  tonal stimuli a re  easily  g e n e ra te d  

and  ca lib ra ted ; (2 )  th e y  a re  f ree  from  th e  influence o f linguistic 

p ro c e sse s ;  and (3 )  e x tra n e o u s  variables t h a t  could a f fe c t  o r 

co n fo u n d  ex p erim en ta l  re su l ts  a re  m ore  easily  con tro lled  th a n  in 

e x p e r im e n ts  using com plex  stimuli. Miller and  Heise ( 1 9 5 0 ) ,  fo r  

exam ple , u sed  a rep ea tin g  se q u e n c e  o f  to n e s  t h a t  a l te rn a te d  in 

f requ en cy . T hey  o b se rv e d  t h a t  l is teners  pe rce ived  a single s e q u e n c e  

in so m e  in s ta n c e s  and  tw o  s e p a r a te  s e q u e n c e s  in o th e r  in s tan ces .  

W hen tw o  s e q u e n c e s  w ere  heard , one  c o n s is ted  of only th e  high- 

f req u e n cy  to n e s ;  t h e  rem aining s e q u e n c e  c o n s is te d  o f  th e  low- 

f req u e n cy  to n e s .  The p e rc e p t  t h a t  lis teners  re p o r te d  w as d e p e n d e n t  

on th e  f req u e n cy  ratio  of th e  a lte rna ting  to n e s .  For s e q u e n c e s  in 

which th e  low er-frequency  to n e  ranged  from  125  Hz to  7 0 0 0  Hz, a 

minimum f re q u e n c y  ra tio  [ (F h - Fj_) /  Fj_, w here  Fh is th e  higher 

f req u e n cy  and  F|_ is th e  lower f requency] o f  roughly 0 .1 5  w as 

n e c e s sa ry  fo r  se g re g a t io n  w hen  th e  en tire  s e q u e n c e  w as p re s e n te d  

a t  a r a te  o f 1 0  to n e -b u r s t s  pe r  seco n d . Tw enty-five  y e a rs  la ter, van  

Noorden ( 1 9 7 5 )  found t h a t  th e  seg reg a t io n  of a con tinu ous  s e q u e n c e  

o f  a l te rna tin g  to n e s  w as a f fe c te d  by bo th  th e  f req u e n cy  ra tio  o f  th e
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t o n e s  in a se q u en c e ,  and th e  ra te  o f p re sen ta tio n  o f  th e  to n e s  in a 

se q u en c e .  As th e  sp e e d  o f  a s e q u e n c e  increased , th e  freq u en cy  

d iffe rence  required  for th e  s e q u e n c e  t o  s e g r e g a te  in to  tw o  s e p a ra te  

to n a l  g ro u p s  d e c re a se d .

In tens ity  varia tion  o f  to n e s  in a s e q u e n c e  will also  a f fe c t  

s t r e a m  se g reg a t io n .  For exam ple, a s e q u e n c e  consis ting  o f  a 

rep ea t in g  pure to n e  m ay s e g re g a te  if th e  in ten s ity  o f th e  to n e  

a l te rn a te s  by a s  little as  3 dB (van Noorden, 1 9 7 7 ) .

Jo n e s  ( 1 9 7 6 )  p ro p o se s  a model o f s t r e a m  se g reg a t io n  and 

se q u en t ia l  in teg ra t io n  b a s e d  on f re q u e n c y  and  in te n s i ty  d if fe ren c e s  

b e tw e e n  a lte rna tin g  so u n d s . The d im ensions o f  f req u e n cy  and 

in ten s ity  d if fe ren ces  are  m ap p ed  in p e rc ep tu a l  sp a ce ,  with Af on one  

axis and  Al on an o th e r .  T he  serial integration region (SIR) is a 

s u b s e t  o f  th is  sp a c e ,  co rre spo nd ing  to  small d if fe ren c e s  in 

f req u e n cy  and  in tens ity  b e tw e e n  tw o  sounds . If th e  freq u e n cy  o r 

in ten s i ty  d iffe ren ces  o f  th e  so u n d s  in a s e q u e n c e  are  small enough  

to  fall within th e  SIR, s t r e a m  se g re g a t io n  d o e s  n o t  occur. S tre am  

s e g re g a t io n  o c c u rs  only w hen  d if fe ren ces  in f re q u e n c y  o r  in ten s ity  

a re  large eno u g h  to  e x c e e d  th e  SIR bo und arie s  in e i th e r  dim ension. 

A ccording to  Jo n e s ,  th e  SIR boundaries  c h an g e  to  d e c re a s e  th e  sp a ce  

a s  th e  ra te  o f  th e  s e q u e n c e  increases . This a s p e c t  o f  th e  m odel is 

n e c e s sa ry  to  explain th e  ra te - f re q u e n c y  t r a d e o f f  o b se rv e d  by van 

Noorden (1 9 7 5 ) .

While no re se a rc h  has  been  c o n d u c te d  on  se q u en tia l  in teg ra tio n  

b a s e d  on  tem p o ra l  enve lo pe  similarity, Bregm an, Levitan, and  Liao 

( 1 9 9 0 )  exam ined  th e  fusion of s im u ltaneou s  so u n d s  a s  a function  of 

th is  p a ra m e te r .  In th e ir  experim en t,  an a m p li tu d e -m o d u la ted  (AM)
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t o n e  w as a l te rn a te d  with a  rep licate  AM to n e ;  b o th  to n e s  had  th e  

sa m e  c e n te r  frequency . The replica te  to n e  w as p re s e n te d  

s im u ltaneously  with an AM to n e  having a d if fe ren t  c e n t e r  f requency . 

L is teners  w ere  to  ra te  th e  "decom position" , o r  lack o f  fusion, o f  th e  

tw o  sim u ltaneo us sounds . The m odulation freq u en cy  o f  th e  f irs t  AM 

to n e  and  its rep lica te  w as held c o n s ta n t ,  while th e  m odula tion  

f req u e n cy  o f  th e  o ff-frequency  to n e  w as varied from  below to  above  

th e  m odulation frequency  o f  th e  o th e r  tw o  sounds . Ratings o f 

deco m p o sitio n  d e c re a se d  a s  th e  m odulation freq u e n cy  o f  th e  off- 

f req u en cy  to n e  app ro ach ed  t h a t  o f  th e  o th e r  to n e s ,  reaching a 

minimum w hen all th re e  to n e s  w ere  m o du la ted  a t  th e  sa m e  ra te .  The 

a u th o rs  s u g g e s te d  t h a t  th e  lack o f  com m on m odulation r a te  am ong 

th e  s im u ltaneo us so u n d s  d e c re a se d  th e  fusion o f th e  tw o  sound s .

This left th e  soun d  identical to  th e  s in g ly -p resen ted  so u n d  o p en  for 

se q u e n t ia l  in teg ra tio n . T h e se  re su l ts  w ere  c o n s i s t e n t  w ith  earlier 

w ork (Bregm an, A bram son, Doehring, and  Darwin, 1 9 8 5 )  which 

exam ined  th e  e f f e c t s  o f across-s ignal AM ra te  on fusion o v e r  a 

sm a lle r  ran g e  o f  am p litu d e -m o d u la tio n  f req u e n c ie s .

The e f f e c t s  o f AM on th e  p e rcep tu a l  grouping o f  s im u ltan eo us  

so u n d s  can  also be  se en  to  o p e ra te  in th e  sp e e c h  domain. Using a 

s y n th e t ic  analog  o f  sp e e c h  known a s  tim e-vary ing  sinusoidal (TVS) 

s p e e c h ,  Carrell and  Opie ( 1 9 9 2 )  exam ined  intelligibility u n d e r  th re e  

conditions: 1) with no m odulation o f th e  TVS c o m p o n e n ts ,  2 ) with 

e a c h  o f th e  TVS c o m p o n e n ts  m o du la ted  a t  1 0 0  Hz (c o h e re n t  

m odula tion), and  3 )  with each  o f  th e  th re e  TVS c o m p o n e n ts  

m o d u la ted  a t  d if fe ren t  r a t e s  ( in co h e ren t  m odula tion). T he  re su l ts  

sh o w ed  t h a t  th e  co h eren t ly -m o d u la ted  TVS sp e e c h  w as m ore
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intelligible th an  th e  un m o d u la ted  TVS sp e e c h . Additionally, th e  

intelligibility o f  th e  c o h e re n t ly  m o d u la ted  TVS s p e e c h  w as supe rio r  

to  t h a t  o f  th e  TVS sp e e c h  with in co h e ren t  m odulation. Carrell and 

Opie sp e c u la te d  t h a t  if th e  inco heren tly -m od u la ted  so u n d s  w ere  n o t  

highly fused , th e n  th e  likelihood t h a t  th e  so u n d s  a ro se  from  th e  

sa m e  so u rce  would be low. Thus, th e  in coh eren tly -m odu la ted  so u nd s  

would be  less likely t o  be heard  as  sp e e c h  th a n  would th e  

coheren tly -m odu la ted  (and  th u s  fu sed )  TVS c o m p o n e n ts .  This 

re su l te d  in supe rio r  intelligibility fo r  th e  c o h e re n t ly  m o d u la ted  TVS 

sp e e c h  th a n  for th e  o th e r  conditions. While th e  s tu d ie s  

d e m o n s tra t in g  fusion as  a function  o f  com m on  m odulation  p a t te rn s  

w ere  p e rfo rm ed  using s im u ltaneou s  soun ds , it m ight be possible  fo r 

th e  aud ito ry  s y s te m  to  use  com m on m odulation  p a t te rn s  in th e  

p e rc e p tu a l  o rgan iza tion  o f  se q u en tia l  so u n d s  a s  well.

The t im e -c o u rse  o f s t r e a m  se g re g a t io n

If th e  aud ito ry  s y s te m  is t o  e x t r a c t  specific  p o rtions  o f a 

com plex  aco u s t ic  env ironm ent, th e  s y s te m  m u s t  n eed  so m e  finite 

a m o u n t  o f  tim e to  pe rfo rm  an analysis o f  th e  env ironm ent. A s e t  of 

c o n s t i tu e n t s  d e s ig n a te d  a s  "d iffe ren t"  from  th e  rem ainder o f th o s e  

in th e  en v ironm en t fo rm  a s e p a ra te  s t r e a m  and b e co m e  d isso c ia ted  

from  th e  rem ainder o f  th e  sounds. If th e  c o m p o n e n ts  o f in te re s t  are  

highly dissimilar from  o th e r  c o m p o n e n ts ,  it is rea so n ab le  t o  a ssu m e  

t h a t  th e  tw o  s e t s  of so u n d s  will s e g r e g a te  from  each  o th e r  rapidly. 

For exam ple, th e  se g reg a t io n  o f  a s tr ing  b a ss  and  piccolo played 

sim u ltaneous ly  should o c c u r  a f te r  only a brief period b e c a u se  th e s e  

in s t ru m e n ts  g e n e ra te  strikingly d if fe re n t  so u n d s .  In c o n tr a s t ,
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exp erience  s u g g e s t s  t h a t  s e g reg a t io n  o f  th e  vo ices o f  multiple 

ta lk e rs  m ay require  cons id erab le  e f fo r t  and  possibly  m ore  tim e. 

Presum ably , th e  difficulty in isolating one  sp e e c h  signal from  th e  

to ta l  so und  is d u e  t o  similarities am ong  sp e e c h  so un ds , rega rd less  

o f  th e  speaker.

The q u e s t io n  t h a t  a r ises  is "Does a re la tionship  ex is t  b e tw ee n  

th e  similarity o f  th e  so u n d s  in an aco u s t ic  env iron m en t and  th e  

dura tion  n e c e ssa ry  fo r  th e  aud ito ry  s y s te m  to  s e g r e g a te  th e  

so u n d s?" .  It is h y p o th es iz ed  t h a t  th e  minimum interval o f  tim e th a t  

is n e c e s sa ry  to  s e p a ra te  tw o  so u n d s  percep tu a lly  is d irec tly  re la ted  

to  th e  d e g re e  o f  similarity o f th e  tw o  sounds.

It is a s su m e d  t h a t  s t r e a m  se g re g a t io n  o p e ra te s  t o  re la te  

c o m p o n e n ts  o f  a com plex  aco u s t ic  en v iro n m en t back  to  th e ir  original 

so u rc es ,  se g re g a t in g  th e  so u n d s  arising from  one  so u rce  from  th e  

remaining sounds . However, th e  acoustic  env iro nm en t m u s t  be 

o b se rv ed  fo r  so m e  period be fo re  th e  decision is m ade  t h a t  m ore than  

on e  sou nd  so u rc e  ex is ts .

Bregm an ( 1 9 7 8 a )  in v es tig a ted  th e  t im e-co u rse  o f se g reg a t io n  

indirectly and  concluded  t h a t  th e  t e n d e n c y  tow ard  s e g re g a t io n  

increased  as  th e  num ber o f  c o m p o n e n ts  in a s e q u e n c e  increased . He 

used  s e q u e n c e s  m ade  o f a fixed num ber o f  low -frequency to n e s  ( 3 3 0  

Hz) a l te rn a te d  with h igh-frequency  to n e s  ( 7 8 4  Hz and 831 Hz). 

Following a silent interval o f  four se co n d s ,  th e  se q u e n c e  ( 3 3 0  Hz, 

7 8 4  Hz, 3 3 0  Hz, 831 Hz) w as rep e a te d .  Sub jec ts  w ere  allowed to  

listen t o  a s  m any  s e q u e n c e  rep e t it io n s  a s  th e y  w ished and  w ere  

in s t ru c te d  to  a d ju s t  th e  r a te  o f th e  se q u e n c e  until se g re g a t io n  o f 

th e  c o m p o n e n ts  occurred . For s e q u e n c e s  consis ting  of only four
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to n e s ,  seg reg a t io n  occu rred  a t  a p re se n ta t io n  r a te  o f  6 .5  to n e s  per 

seco n d . Thus, se g reg a t io n  resu lted  w hen th e  dura tion  o f th e  four- 

to n e  se q u en c e  w as 6 2 0  m sec. If th e  num ber o f to n e s  in a se q u e n c e  

w as increased , th e  p e rcep tio n  of se g re g a t io n  w as  possib le  a t  a 

lower se q u e n c e  ra te  th an  if th e re  w ere  few er  to n e s  in a s e q u e n c e .  

For se q u e n c e s  consisting  o f  16 to n e s ,  s e g re g a t io n  o ccu rred  a t  a 

se q u e n c e  ra te  o f 4 .5  to n e s  per second , i.e., w hen th e  dura tion  of th e  

1 6 - to n e  se q u e n c e s  w as 3 5 5 6  m sec. The se g re g a t io n  o f  c o m p o n e n ts  

a t  lower se q u e n c e  r a te s  has been  a s so c ia te d  w ith e a s ie r  s e g re g a t io n  

o f  so und s  (see , fo r exam ple, van Noorden, 1 9 7 5 ;  Rappoid, Mendoza, & 

Collins, 1 9 9 3 ) .  Thus, it could be  inferred t h a t  th e  longer s e q u e n c e s  

(1 6  vs. 4  to n e s )  w ere  m ore  likely t o  s e g r e g a te  th a n  s h o r te r  

se q u e n c e s ,  as  m easu red  by a lower ra te  (4 .5  v e rsu s  6 .5  p e r  s e c )  

n e c e s sa ry  for th e  p e rcep tio n  o f  se g reg a t io n .  The in te rp re ta t io n  

o ffe red  by  Bregman w as t h a t  s t r e a m  se g re g a t io n  o ccu rred  th ro u g h  an 

accum ulation , over tim e, o f  ev idence  indicating t h a t  m ore  th a n  one  

so u n d  so u rce  w as p re sen t .  S eg reg a tion  only o ccu rred  a f te r  th e  

au d ito ry  s y s te m  had su ff ic ien t t im e  to  exam ine th e  a c o u s t ic  

e n v iro n m en t.

Previous re sea rch  has  ind icated  t h a t  th e  te m p o ra l  len g th  o f  a 

s e q u e n c e  eliciting se g re g a t io n  c h a n g e s  a s  a func tion  o f  th e  

f req u e n cy  d ifference  of th e  to n e s  in th e  se q u en c e .  F rench-S t. George 

and  Bregm an ( 1 9 8 9 )  had s u b je c ts  listen t o  a lte rn a tin g  p u re - to n e  

s e q u e n c e s  lasting 3 0  seco n d s . T hey  sh ow ed  t h a t  th e  p e rc ep tio n  o f 

se g re g a t io n  occu rred  a t  s e v e n  s e c o n d s  with a f iv e -sem ito n e  

f req u e n cy  d ifference  of th e  to n e s  and  a t  app rox im ate ly  2 5  s e c o n d s  

w ith  a f req u e n cy  d iffe rence  o f  o n e -sem ito n e .  T h a t  is, s t r e a m
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A B

T im e

Figure 1. T he fo rm ation  o f  an aud ito ry  s t re a m . F requency  is 
re p re s e n te d  on th e  Y-axis. The X-axis sh o w s a c o u s t ic  e v e n t  du ra tion  
a s  increasing from  le ft  to  right. Filled b o xes  re p re s e n t  so u n d s  in th e  
s tre am : o p en  b o xes  are  re je c te d  sounds . S ee  t e x t  fo r  exp lanation  o f 
po in ts  A and B.



se g re g a t io n  only o ccu rred  a f te r  so m e  dura tion  of th e  se q u e n c e s .  The 

requ is ite  dura tion  w as d e p e n d e n t  on th e  freq u e n cy  d iffe ren ce  o f  th e  

to n e s  in a particu lar s e q u e n c e s .

A nstis  and Saida ( 1 9 8 5 )  also su p p o r te d  th e  idea t h a t  th e  ~  

fre q u e n c y  d iffe rence  n e c e s sa ry  for s t r e a m  se g re g a t io n  c h a n g e s  over  

tim e. During p re s e n ta t io n  o f th e  s e q u e n c e s ,  s u b je c t s  w e re  t o  ad ju s t  

th e  f req u e n cy  se p a ra t io n  o f  th e  to n e s  in o rd e r  to  m ain tain  th e  

p e rc ep tio n  o f se g reg a t io n .  S u b je c ts  th e n  hea rd  an a lte rn a tin g  se ries  

o f  to n e s  ov e r  a period o f  3 0  seco n d s . A nstis  and Saida re p o r te d  th a t  

as  th e  s e q u e n c e s  increased  in duration , th e  f req u e n cy  d iffe ren ce  

b e tw e e n  th e  to n e s  n e c e ssa ry  for th e  p e rcep t io n  o f  s e g re g a t io n  

d e c re a s e d .

T he  tw o  s tu d ie s  review ed abov e  provide ev iden ce  t h a t  s t r e a m  

se g re g a t io n  is only accom plished  a f te r  exam ining th e  a t t r ib u te s  o f 

so u n d s  in th e  aco u s t ic  env ironm en t o v e r  so m e  period o f  tim e. In 

addition , a s  so u n d s  a re  increasingly  s e p a r a te d  in freq u en cy , 

s e g re g a t io n  o c c u rs  m ore  rapidly.

J o n e s 's  mode! (d isc u sse d  earlier), how ever, a s s u m e s  t h a t  

se g reg a t io n  d o e s  n o t  ch an g e  during th e  co u rse  o f  a s e q u e n c e .  In 

addition, th is  m odel d o e s  n o t  co n s id e r  th e  e f f e c t s  o f  d if fe ren c e s  in 

s tim ulus a t t r ib u te s  o th e r  th a n  th o s e  a s s o c ia te d  with f re q u e n c y  and 

in tensity . If th e  a s p e c t s  of th e  m odel to  be  p ro p o sed  here  are  

in co rp o ra te d  in to  J o n e s 's  th eo ry ,  th e n  th e  serial in te g ra t io n  region 

(SIR) should  be  maximal a t  th e  beginning o f  a s e q u e n c e ,  and  d e c r e a s e  

o v e r  s h o r t  d u ra tions . In o th e r  w ords, t h e  SIR is dynam ic, n o t  s ta t ic .
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Additionally, th e  num ber o f axes  o f  th e  SIR should be  expanded , 

co rre spond ing  to  th e  similarity of th e  so u n d s  along o th e r  

d im e n s io n s .

Figure 1 sh o w s schem atica lly  th e  ch an g es ,  o v e r  tim e, in an 

aud ito ry  s t r e a m  b a sed  on  freq u e n cy  d iffe rences  b e tw e e n  sound s . All 

so u n d s  in th e  a co u s t ic  en v iro n m en t a re  initially a s su m e d  to  be 

g e n e ra te d  by a single source . Thus, all so u n d s  are a ss igned  to  th e  

s t r e a m  (po in t A). However, so u n d s  from  th e  sa m e  sou rce  should be 

similar in te rm s  o f  th e ir  a t t r ib u te s .  As tim e  g o e s  by, th e  freq uency  

ran ge  o f th e  aud ito ry  s t r e a m  d e c re a s e s ,  and  so u n d s  differing g rea tly  

in freq u en cy  are  s e p a ra te d  from  th e  s t r e a m  (po in t B). T herefo re , as 

an aco u s t ic  e v e n t  co n tinu es , so u n d s  with sm aller f req u e n cy  

d if fe ren ces  a re  re je c te d  until th e  au d ito ry  s t r e a m  e n c o m p a s s e s  a 

s ta b le  range  o f f req u e n cy  d ifference . Only one  aud ito ry  s t r e a m  

ex is ts  a t  a given tim e; so u n d s  n o t  in th e  aud ito ry  s t r e a m  form  a 

background.

The p ro ce ss  p rop osed  h e re  is m ore com plex th an  th e  above  

rep re se n ta t io n .  S tre a m  se g re g a t io n  is b a se d  n o t  only on  d iffe rences  

in f requency , b u t  also on d if fe ren c e s  in o th e r  d im ensions, including 

in te n s i ty  and  tem p o ra l  env elope . T he overall similarity o f  tw o  

so u n d s  is a s s e s s e d  th ro u g h  a com parison  of th e  a t t r ib u te s  o f  each  

sound . T hose  a t t r ib u te s  t h a t  differ b e tw e e n  so u n d s  c o n tr ib u te  to  

th e  p e rcep tu a l  d is tan c e  b e tw e e n  sounds . T he p e rcep tu a l  s y s te m  has 

th e  o p p o r tu n ity  t o  refine th e  analysis o f th e  en v ironm en t as  long as 

a particu lar  aco u s t ic  e n v iro n m en t (o r  an aud ito ry  e v e n t )  ex is ts .

O ver tim e, th e  e x te n t  to  which tw o  so u n d s  can  differ and  still be
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a s so c ia te d  with th e  sa m e  so u rce  diminishes. Thus, th e  range  ov e r  

which c o m p o n e n ts  o f an acou stic  env ironm en t can  differ and  n o t  

b e c o m e  s e g re g a te d  d e c re a s e s  ove r  tim e.

S tre a m  se g re g a t io n  should occu r  r a th e r  slowly for an 

e n v ironm en t in which th e  so u n d s  have a given d ifference  in an 

a t t r ib u te  co m p ared  to  (1 )  an env ironm en t conta in ing  so u n d s  with a 

larger d iffe rence  in th e  a t t r ib u te ,  and (2 )  an en v ironm en t in which 

th e  so u n d s  differ in m ore th a n  one  stim ulus a t t r ib u te .  It is 

h y p o th es iz ed  t h a t  d if fe ren ces  in m ore th an  on e  a t t r ib u te  lead to  

f a s t e r  s t r e a m  se g reg a t io n  com pared  to  th e  sp e e d  of s e g re g a t io n  for 

so u n d s  with d iffe rences  in only on e  a t t r ib u te .

A so und  can  be described  as having a s e t  o f  a t t r ib u te s  <A, B, C, 

...>, with th e  a t t r ib u te s  co rrespond ing  to  pitch, loudness, t im bre , and  

so  fo rth . T he sub jec tiv e  p e rc e p t  a particu lar sound  ev ok es  d e p e n d s  

on th e  values o f th e s e  a t t r ib u te s .  For exam ple, le t sound  1 have a 

s e t  o f  a t t r ib u te s  with th e  values <A-|, B-j, C-|>, and  sound  2 th e  

a t t r ib u te  values <A2, B2 , C2>. (Only th re e  a t t r ib u te s  are re p re se n te d  

he re  fo r  simplicity.) In com paring  th e  a t t r ib u te s  o f  th e  tw o  sounds, 

le t  th e  values o f  a t t r ib u te s  A and C o f  th e  f irs t  sou nd  equal th e  

values o f th e  secon d  so u n d 's  A and C. T h a t  is, A i =A2 and C i= C 2- The 

value o f  th e  f irs t  so u n d 's  B ] , how ever, is d if fe ren t  from  th e  value of 

B2  o f  th e  se co n d  sound. If B re p re se n ts  th e  a t t r ib u te  o f  loudness, 

th e n  th e  firs t sound  ap p ea rs  to  be identical to  th e  se c o n d  sound , 

e x c e p t  t h a t  th e  f irst soun d  is physically m ore in ten se  th a n  th e  

se c o n d  sound . Since a t t r ib u te s  A and C o f  sound  1 and sound  2 are 

th e  sam e, th e s e  a t t r ib u te s  d o  no t enco u rag e  th e  se g reg a t io n  o f  th e
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tw o  sounds . Only th e  d ifference  in a t t r ib u te  B provides ev idence  

t h a t  th e  tw o  so u nds  m ight have been  g e n e ra te d  by d iffe ren t  sources , 

and  th u s  c o n tr ib u te s  to  seg rega tion .

T he  re p re se n ta t io n  can  be  simplified if th e  a t t r ib u te  va lues  o f 

a soun d  (<AX, Bx , Cx>) are u sed  to  form  a single combined attribute 

value, o r  CAV, for th e  sound . The CAV o f  a sound  having th e  

a t t r ib u te  va lues <AX, Bx , Cx > can be rep re se n te d  by Sx . When we say  

t h a t  an aco ustic  en v iron m en t contain ing  tw o  so u n d s  (having CAVs of 

Sx and Sy) is analyzed, a com parison  of th e  CAVs of th e  tw o  so u n d s  

is implied.

It is a s su m e d  t h a t  th e  relative influence, o r w eight, o f  each  

a t t r ib u te  in th e  com bination  p ro ce ss  is unequal. In addition, th e  

a t t r ib u te s  m ay n o t  be  o rthogonal. T h a t  is, a t t r ib u te s  of a sound  m ay 

in te ra c t ,  a ffe c t in g  th e  CAV in a m ultip licative fashion.

F urth e rm o re , th e  w e ig h ts  a ss ig n ed  to  a t t r ib u te s  m ay d iffer from  

individual t o  individual.

For th e  p u rp o se s  o f descrip tion , th e  ac tion  o f se g re g a t io n  m ay 

be  v iew ed in te rm s  o f  a probability  d is tr ibu tion  t h a t  only o n e  sound  

so u rc e  is co n tr ibu ting  t o  th e  aco ustic  env ironm ent. For exam ple, 

co n s id e r  th e  c a se  fo r th e  p e rcep tu a l  o rgan iza tion  o f  a s e q u e n c e  

consis ting  of a repea ting  sound . Figures 2A, B, and C illustra te  th e  

p e rc e p tu a l  o rgan iza tion , w ith CAVs on th e  X-axis. The Y-axis 

r e p r e s e n ts  th e  probability  t h a t  a particu lar  so u n d  with a 

co rre spon d in g  CAV of Sx a ro se  from  th e  sa m e  so u rce  as  th e  

p rec ed in g  Sx , given ail p revious Sx. T he horizontal line r e p r e s e n ts  a 

criterion  probability  t h a t  m u s t  be  reach ed  by CAVs for th e ir  

co rre spo nd in g  so u n d s  to  be included in th e  aud ito ry  s tre am .



combined attribute value

Figure 2A. R epresen ta tion  of the  CAVs sp anned  by an aud ito ry  s t re a m  
The sh a d ed  a rea  show s th e  CAVs th a t  reach  a criterion probability  of 
arising from  th e  sa m e  source. Before a stim ulus ex is ts , no CAVs are  
excluded  from  th e  s tream .
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Figure 2B. The range of CAVs w hen a stim ulus is f irs t p re se n te d .  
The range  o f  allowable CAVs is reduced  com pared  to  Figure 2A. See 
t e x t  fo r  explanation  o f Sx-
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Figure 2C. T he range  o f  CAVs t h a t  reach  criterion probability  o f  
being g e n e ra te d  by  th e  sa m e  so u rc e  is redu ced  as  th e  s tim ulus 
r e p e a t s .



Sx Sy

combined attribute value

Figure 3A. CAVs e n c o m p a sse d  by an audito ry  s t r e a m  fo r  an 
a lte rna ting  se q u e n c e  o f  to n e s .  At th e  beginning o f  th e  sequence , 
b o th  to n e s  are  in th e  s tre am . See  t e x t  fo r exp lanations o f  Sx and Sy.
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criterion 
p value

combined attribute vaSue

Figure 3B. A fte r  so m e  dura tion  of a seq u en ce ,  Sy  d o e s  n o t  reach  
criterion probability  o f  being g e n e ra te d  by th e  sa m e  so u rc e  a s  Sx . 
S eg reg a t io n  o f  Sx and  Sy has occurred .
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Before th e  lis tener hears  th e  repea ting  sound , th e  only 

inform ation  available fo r  analysis by th e  aud ito ry  s y s te m  is noise. 

Figure 2A show s t h a t  th e  noise is a ssu m ed  to  be g e n e ra te d  from  a 

single sou rce , i.e., all CAVs fall into th e  aud ito ry  s t re a m , and  no 

s e g re g a t io n  occu rs .

In Figure 2B th e  f irs t  o f th e  repea ting  so u n d s  with a com bined  

a t t r ib u te  value o f  Sx is p re sen t .  A wide band  su rro u n d s  th e  sound, 

and  so u n d s  with CAVs falling within th e  band  a re  allowed in th e  

aud ito ry  s t r e a m  with Sx . As Sx re p e a ts  fo r so m e  duration , th e  range  

o f  allowable CAV d iffe ren ces  d e c re a s e s  (Figure 2C). This has  th e  

e f f e c t  o f  su pp ress in g  noise fo r a repea tin g  sound .

The descrip tion  m ay be  e x te n d e d  to  show  th e  c a se  o f a train  of 

tw o  a lte rna ting  sounds , a re fe rence  sound  (Sx) and  a se co n d  sound

(Sy), form ing a s e q u e n c e  o f  Sx, Sy, Sx, Sy  In th is  case , th e  Y-

axis r e p re s e n ts  th e  probability  t h a t  an Sy, a t  a particu la r  m om en t,  

is similar enough  t o  th e  p reced ing  Sx to  have  arisen from  th e  sam e  

so u rce , given all p revious Sx and Sy. Simply pu t, th e  Y-axis show s 

th e  likelihood o f  th e  tw o  so u n d s  being in te g ra te d  into th e  sa m e  

s t r e a m  a t  a given poin t in tim e. The d is tance  b e tw e e n  CAVs on th e  

X-axis re f le c ts  th e  a t t r ib u te  d iffe ren ces  b e tw e e n  th e  tw o  so u n d s .  

T he sh a d ed  regions o f  Figures 3A and B indicate  th e  range  o f  CAVs 

reaching  a crite rion  probability  o f  arising from  a single so u rc e .  

Initially, as  in th e  s ing le-sound  c a se ,  th e  range  o f  allowable CAVs is 

large, and  th e  so u n d s  a s so c ia te d  with Sx and Sy are  a s s e s s e d  as 

p robably  com ing from  th e  sa m e  so u rce  (Figure 3A). The lis tener 

would h ea r  a s e q u e n c e  o f  a lte rna ting  so und s  a t  th is  po in t in tim e. 

Only so u n d s  v a s t ly  d if fe ren t  from  th e  sound  co rre sp o n d in g  t o  Sx will
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be s e g re g a te d  from  th e  sound. However, th e  CAV range o f  th e  

aud ito ry  s t r e a m  d e c re a s e s  o v e r  tim e, and  th e  likelihood t h a t  Sy 

a ro se  from  th e  sa m e  so u rce  as Sx d e c re a s e s  accordingly  (Figure 3B). 

A t th is  point, th e  l is tener  would hear  tw o  percep tua lly  in d e p e n d e n t  

s e q u e n c e s ,  one  containing th e  repea tin g  so u n d s  co rrespond ing  to  Sx, 

th e  o th e r  co rrespond ing  t o  Sy. Only so u n d s  having a t t r ib u te s  closely 

similar to  Sx would be included in th e  s t r e a m  with Sx.

In sum m ary , th e  t im e -c o u rse  o f  s t r e a m  se g re g a t io n ,  as 

d e sc r ib e d  here , allows th e  d iscussion  o f au d ito ry  s c e n e  analysis a s  

tw o  hyp o th e tica l  p ro c e sse s .  T he firs t  p ro c e ss  is th e  s e t t in g  of 

p e rc ep tu a l  d is ta n c e  b e tw e e n  so u n d s  in th e  a c o u s t ic  en v ironm en t.

This is accom plished  by com paring  th e  CAV o f  each  so und  in th e  

env ironm en t. The se co n d  s t e p  red u c es  th e  range  of allowable CAV 

values, elim inating so u n d s  unlikely t o  have  arisen  from  th e  

re fe re n c e  sou rce . This e ffec tive ly  pa rt i t ion s  th e  CAV axis: so u n d s  

falling on o p p o s i te  s ides  o f  th e  partition  are  s e g r e g a te d  from  each  

o th e r .

N orm an 's  ( 1 9 6 7 )  d a ta  can  be explained on th e  basis  o f th is 

fram ew ork. He u sed  a se q u e n c e  o f  te n  a lte rna ting  to n e s ,  "with 

f r e q u e n c y  s e p a ra t io n  well within Miller and  H e ise 's  trill th re sh o ld "  

(p  2 9 6 ) ,  and  a p robe p re s e n te d  o n ce  in th e  se q u en c e .  T he frequency  

o f  a p robe  to n e  w as varied below, b e tw een , and  abov e  th e  

f req u en c ie s  of th e  to n e s  in th e  se q u en c e .  S u b je c ts  w ere  requ ired  to  

r e p o r t  th e  o rd e r  o f th e  p robe  and surrounding  to n e s  (e .g ., low to n e ,  

p robe, high to n e ) .  The c o r re c t  identification o f  th e  position  o f  th e  

p robe  in a s e q u e n c e  occu rred  only w hen th e  f req u en cy  of th e  p robe  

w as b e tw e e n  th e  f req uenc ies  o f  th e  to n e s  in t h e  se q u e n c e .  [Note:
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O th e r  in v es tig a to rs  have  also o b se rv ed  t h a t  th e  tem p o ra l  o rd e r  o f 

s e g r e g a te d  so u n d s  is difficult to  acc u ra te ly  rep o rt .  See, fo r  

exam ple, Bregman and Campbell (1 9 7 6 ) ,  and  Bregman (1 9 7 8 b ) . ] .

In t e r m s  o f  th e  previous descr ip tion  o f aud ito ry  s c e n e  analysis, an 

aud ito ry  s t r e a m  w as form ed, spanning  th e  range  o f  CAVs o f  th e  

to n e s  in th e  seq u en ce .  The CAV of th e  probe, how ever, e x ce ed e d  this 

range  w hen  th e  f requ ency  sep a ra t io n  of th e  s e q u e n c e  to n e s  and  p robe  

w as large. As a c o n seq u e n ce ,  th e  p robe  w as s e g re g a te d  from  th e  

se q u e n c e ,  and  th e  tem p o ra l  relationship b e tw e e n  th e  p robe  and  to n e  

s e q u e n c e  w as lost. In c o n tra s t ,  w hen th e  p rob e  freq u e n cy  w as 

b e tw e e n  th o s e  o f  th e  to n e s  in th e  se q u en c e ,  th e  CAV of th e  probe  

w as  within th e  range  o f  th e  aud ito ry  s t re a m . S eg reg a t io n  o f  th e  

p robe  from  th e  s e q u e n c e s  did n o t  occur, and th e  tem po ra l  

re la tionsh ip  b e tw e e n  th e  s e q u e n c e  to n e s  and th e  p ro be  w as 

m a in ta in e d .

T he  a t t r ib u te  va lues  o f  individual so u n d s  a re  s t a t i c  with 

r e s p e c t  t o  tim e. C hanges  in p e rcep tu a l  o rgan iza tion  o v e r  tim e  

o b se rv e d  in earlier s tu d ie s  are  n o t  du e  t o  c h a n g e s  in th e  

d issim ilarities o f  th e  so u n d s  in th e  en v iro n m en t,  b u t  a re  th e  re su l t  

o f  d e c rea s in g  th e  allowable CAV d iffe rences .  T h a t  is, it is t h e  range  

o f  CAV va lues  e n c o m p a s se d  by an aud ito ry  s t r e a m  which d e c re a s e s  

o v e r  th e  dura tion  o f an aud ito ry  ev en t .

As an exam ple  o f  th e  se c o n d  h y p o th e tica l  p ro cess ,  le t  s e q u e n c e  

A c o n s is t  o f  a 1 0 0 0  Hz p u re - to n e  a lte rna ting  with a 1 7 5 0  Hz pure- 

to n e .  Let se q u e n c e  B c o n s is t  o f th e  sa m e  to n es ;  how ever, t h e  1 7 5 0  

Hz pure  to n e  has  an in tensity  12  dB higher th an  th e  1 0 0 0  Hz tone . 

A ccording to  th e  m odel p ro p o se d  here , th e  high- and  low -frequency
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t o n e s  in se q u e n c e  B should  s e g re g a te  m ore rapidly th an  th o s e  in 

s e q u e n c e  A, even  th oug h  th e  sounds in each  se q u en c e  have th e  sam e 

f req uency  separa tion . T he CAVs of th e  so un ds  in se q u e n c e  B should 

be  percep tua lly  d is ta n t  co m p ared  to  th e  CAVs of se q u en c e  A. In 

o th e r  w ords, th e  e le m e n ts  o f s e q u e n c e  B should be  fa r th e r  a p a r t  on 

th e  CAV axis th a n  th o s e  o f  s e q u e n c e  A, s ince  th e  e le m e n ts  in 

s e q u e n c e  B differ in m ore  th a n  on e  a t t r ib u te .  An orderly  reduc tion  in 

th e  range  o f  CAVs would s e p a r a te  th e  h ig h -freq u en cy /h ig h - in ten s ity  

to n e s  from  th e  lo w -freq u en cy /lo w -in ten s ity  to n e s  in s e q u e n c e  B 

s o o n e r  th an  th e  se p a ra t io n  o f th e  h igh-frequency  and low -frequency 

to n e s  in se q u en c e  A.

To s u b s ta n t ia te  th e  idea t h a t  th e  minimum interval o f  tim e 

n e c e ssa ry  t o  s e g re g a te  tw o  so u nds  is d irec tly  re la te d  to  th e  d e g re e  

o f  similarity o f  th e  tw o  so u n d s , it is n e c e s sa ry  to  re-exam ine  th e  

t im e -c o u rse  o f p e rc ep tu a l  o rgan iza tion . F rench-S t. G eorge and 

Bregm an (1 9 8 9 ) ,  and  A nstis  and Saida ( 1 9 8 5 )  show  t h a t  p e rcep tu a l  

o rgan iza tion  of s e q u e n c e s  c h a n g e s  ove r  tim e. Bregman (1 9 7 8 a )  

in d ica tes  t h a t  s e g re g a t io n  is accom plished  m ore  easily  as  th e  

du ra tion  o f a se q u e n c e  increases . T h ese  s tu d ies ,  how ever, show  

se g reg a t io n  changing  o v e r  a period of 2 -3 0  seco n d s . Everyday 

experience  s u g g e s t s  t h a t  s t r e a m  se g reg a t io n  can  o c cu r  m uch m ore 

rapidly. One only has t o  listen t o  sp e e c h  mixed with a background  

noise  t o  realize t h a t  c h a n g e s  in th e  p e rcep tu a l  o rgan iza tion  o f  th e  

aco u s t ic  env ironm en t ( th e  s e g re g a t io n  o f  th e  sp e e c h  from  th e  noise) 

can  o c c u r  ove r  a m uch s h o r te r  interval th an  prev ious resea rch  

s u g g e s t s .  F u rtherm ore , th e r e  cu rren tly  is no re se a rc h  ad d ress ing  

possib le  c h a n g e s  in th e  p e rc ep tio n  o f a co u s t ic  e v e n ts  lasting less
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th a n  tw o  se co n d s .  A possible  basis fo r rapid s t r e a m  se g re g a t io n  is 

th a t ,  in m any  c a s e s  similar to  th e  sp eech -in -no ise  exam ple , th e  

c o n s t i tu e n t  so u n d s  of a given acou stic  en v ironm en t d iffer in m ore  

th an  on e  a t t r ib u te .

Aside from  freq u e n cy  and  in tensity , a c h a ra c te r is t ic  o f  so u n d s  

on which se g reg a t io n  m ight be b ased  is tem po ra l  envelope . In 

addition to  Bregman, Levitan, and Liao (1 9 9 0 ) ,  Bregm an e ta  I. 1 9 8 5 ,  

and Carrell and Opie (1 9 9 2 ) ,  o th e r  re sea rch  has show n t h a t  in tensity  

f luc tua tions  o f so und s  have an e f fe c t  on aud ito ry  p e rcep tion . One 

exam ple  is com odu la tion  m asking re lease , w herein  a lower th re sh o ld  

is o b ta in ed  fo r  a to n e  w hen a m asker  and sp ec tra lly -rem oved  

flankers f lu c tu a te  in synchrony  th an  w hen only th e  m ask er  and to n e  

a re  p re s e n t  (Moore, Hall, Grose, and Schooneveld t,  1 9 9 0 ;  Hall, 1 9 8 6 ;  

Hall, Haggard, and  Fernandes, 1 9 8 4 ) .  Modulation d e te c t io n  

in te rfe ren ce  (Yost and  Sheft, 1 9 8 9 ;  Yost, Sheft, and  Opie, 1 9 8 9 )  

re su l ts  w hen th e  am plitude-m odula tion  o f  o n e  so u n d  re d u c e s  th e  

d e te c ta b i l i ty  o f  m odula tion  ( a t  a similar r a te )  in a sp ec tra lly -  

d i s ta n t  ta rg e t .  T h ese  exam ples s u g g e s t  th a t ,  in ce r ta in  c a se s ,  th e  

p e rc e p t  evoked  by a com plex sound  d e p e n d s  on th e  rela tionships o f  

i ts  a m p li tu d e -f lu c tu a t in g  c o n s t i tu e n t s  t o  eac h  o th e r .

T he audito ry  s y s te m  a p p ea rs  t o  m ake use  o f  tem po ra l  envelope  

in form ation  in th e  p e rc ep tu a l  o rgan iza tion  of s im u lta n eo u s  so u n d s  

w hen th e  inform ation is available. It m igh t be  possib le  fo r th e  

aud ito ry  s y s te m  to  u se  tem p o ra l  envelope  inform ation  in th e  

p e rc e p tu a l  o rgan iza tion  of seq u en tia l  so u n d s  a s  well. In addition, 

c o n tr a s t in g  s h o r t - t e r m  f lu c tu a t io n s  in in te n s i ty  m ay  be  utilized 

d iffe ren tly  by th e  p e rc ep tu a l  s y s te m  th an  a re  in ten s i ty
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dissim ilarities o v e r  th e  e n tire  du ra tion  of so u n d s  (i.e., s e q u e n c e s  in 

which a l te rn a t in g  so u n d s  d iffer in in tensity ) .  T h ere fo re ,  th e  

e f fe c t iv e n e s s  o f  tem p o ra l  en ve lop e  co rre la t ion  on  th e  t im e -c o u rse  

o f  s t r e a m  se g re g a t io n  will be  exp lored  in th is  inves tiga tion .

The th e o re t ic a l  fram ew ork  fo r  s t r e a m  se g re g a t io n ,  as  

p ro p o se d  here , c o n s is ts  o f th re e  c o m p o n e n ts .  First, se g reg a t io n  is 

b a se d  on  th e  dissimilarity o f so u n d s  in multiple p e rc e p tu a l  

d im ensions. Second, s t r e a m  se g reg a t io n  d o e s  n o t  o c cu r  

in s tan tan eo u s ly , ra th e r ,  se g re g a t io n  o p e ra te s  on an aco u s t ic  e v e n t  

o f  so m e  finite duration , and  is, in a s e n se ,  limited by th e  du ra tion  of 

t h a t  ev en t .  The third c o m p o n e n t  of th e  h y po th es is  t o  be  t e s t e d  in 

th is  s tu d y  is re la te d  to  th e  f irs t  tw o  co n s id e ra tio n s . T h a t  is, th e  

period  n e c e s sa ry  for s t r e a m  se g re g a t io n  is d irec tly  re la te d  t o  th e  

similarity o f  th e  so u n d s  in an aco u s t ic  e v e n t .  This p ro jec t  

in v es tig a te d  all th re e  c o m p o n e n ts  o f  th e  p ro p o se d  hypo th es is .

In o rd e r  t o  ob ta in  as  unbiased  d a ta  as  possib le  in th is  s tudy , 

th e re  is a n e ed  to  use  a relatively ob jec tive  m e a su re  o f  s t r e a m  

s e g re g a t io n ,  hopefully leaving a s  little a s  poss ib le  o p e n  to  

in te rp re ta t io n  by th e  su b je c ts .  R ather th a n  explain s t r e a m  

se g re g a t io n  and sequen tia l  in teg ra tion  t o  s u b je c ts ,  it would be  m ore 

desirab le  to  u se  a re sp o n se  m ode  with a physical, n o t  pe rcep tua l, 

re fe ren ce . This is b e ca u se ,  under so m e  c irc u m s ta n ce s ,  r e p o r ts  of 

se g reg a t io n  a re  d e p e n d e n t  on th e  bias of th e  lis tener. Van Noorden 

( 1 9 7 5 )  sh o w ed  t h a t  th e  f req uency -d iffe rence  th re sh o ld  o f s t r e a m  

se g re g a t io n  could d iffer d ep end ing  on th e  in s tru c t io n s  to  lis teners .

If l is ten ers  a re  in s t ru c te d  t o  indicate  th e  minim um  f re q u e n c y  

se p a ra t io n  n e c e s sa ry  for segregation, th e  f re q u e n c y  se p a ra t io n  is
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sm a lle r  th an  th e  m aximum sep a ra t io n  t h a t  allowed th e  s u b je c ts  to  

h e a r  th e  t o n e s  a s  sequen tia lly  in te g ra te d .  Informal listening 

c o n d u c te d  previously in th is  lab o ra to ry  s u g g e s t s  t h a t  th e  

p e rc ep t io n s  of s e g re g a t io n  and in teg ra tion  a re  n o t  always 

d ich o tom o us: l is teners  can  consciously  modify th e ir  p e rc ep tio n s .  It 

is a ssu m e d  t h a t  naive su b je c ts ,  using a re sp o n se  o th e r  th a n  a 

s e g r e g a t e d / n o t  s e g r e g a te d  d istinc tion , would avoid th e  bias 

re p o r te d  by van Noorden and  ob se rv ed  by o thers .

Research co n d u c ted  by  Dannenbring and Bregman ( 1 9 7 6 )  

s u g g e s t s  a m e th o d o lo g y  fo r  s tudy ing  se g re g a t io n  t h a t  avoids d irec t  

ju d g m e n ts  o f  s t r e a m  se g reg a t io n .  Using s e q u e n c e s  o f  a lte rna ting  

p u re - to n e s ,  th e y  found  t h a t  as  th e  freq uency  se p a ra t io n  o f  th e  to n e s  

w as increased , s u b je c ts  no longer pe rce ived  th e  s e q u e n c e s  as  

s t r ic t ly  a lte rna tin g . L is teners  heard  th e  to n e s  from  on e  freq u e n cy  

rang e  overlap  in t im e with th e  remaining to n e s .  F u rther  analysis 

rev ea led  t h a t  ju d g m e n ts  o f  overlap  w ere  highly c o r re la te d  with 

ju d g m e n ts  o f  s e g re g a t io n  using th e  sa m e  stimuli in s e p a r a te  ta sk s .  

T he  p e rc e p t io n  o f overlap  m igh t be  a usefu l c riterion  fo r  l is teners  

w ho h ave  no p rev ious ex p erien ce  in p e rc ep tu a l  o rgan iza tion  

e x p e r im e n ts .

If ju d g m e n ts  o f overlap  and se p a ra t io n  are u sed  as  re sp o n se s ,  

it is poss ib le  t o  use  s e q u e n c e s  with th e  e le m e n ts  physically 

s e p a r a te d  by a small period  o f  tim e. Percep tion  o f  th e  e le m e n ts  a s  

overlapping could th e n  be  in te rp re te d  as  a c o n se q u e n c e  o f 

s e g re g a t io n  o f  th e  a l te rn a t in g  so u n d s . A p o ten t ia l  difficulty  with 

th is  s t im u lus  configu ra tio n  is t h a t  g a p  d iscrim ination  v a rie s  a s  a 

fu n c tion  o f  f req u e n cy  s e p a ra t io n  (F itzg ibbons, Pollatsek, & T hom as,
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( 1 9 7 4 ) ,  Collyer ( 1 9 7 4 ) ,  P e rro t  and Williams ( 1 9 7 1 ) ) .  A finding 

com m on  to  th e s e  s tu d ie s  is t h a t  g a p  d e te c t io n  d e c re a s e s  a s  th e  

f req u e n cy  d iffe rence  b e tw e e n  so u n d s  surrounding  th e  g ap  increases . 

Any re su l ts  found using stimuli a rran g ed  in th e  ab o v e  m ann er  m ight 

be c o n ta m in a te d  by d if fe ren c e s  in th e  d ifferen tia l ability o f  th e  

aud ito ry  s y s te m  to  d e t e c t  g a p s  as  a function  o f  f req u en cy  

se p a ra t io n .  For exam ple, th e  tem p o ra l  se p a ra t io n  b e tw e e n  th e  to n e s  

with a small f req u e n cy  d iffe ren ce  m ight be  m ore  striking th a n  th e  

g a p  b e tw e e n  to n e s  with larger f req u e n cy  se p a ra t io n s .  This m ight 

bias l is te n e rs  a g a in s t  rep o r t in g  e le m e n ts  with large f re q u e n c y  

se p a ra t io n s  a s  being s e p a ra te d  in tim e. As a resu lt, su b je c ts  m ight 

re p o r t  m ore  overlap  in s e q u e n c e s  w ith larger f re q u e n c y  s e p a ra t io n s  

due  to  th e  a b se n c e  o f  a pe rcep tib le  gap . One solution would be  to  use 

a te m p o ra l  s e p a ra t io n  b e tw e e n  su c c e ss iv e  s e q u e n c e  e le m e n ts  below 

th e  g a p  th re sh o ld  fo r  th e  sm a lle s t  f req u e n cy  d iffe rence . However, 

s ince  th re sh o ld  fo r  g a p  discrim ination is usually e q u a te d  with 7 0 %  - 

8 0 %  c o rre c t ,  th e  p rocess ing  o f  th e  g a p  b e tw e e n  su ccess iv e  s e q u e n c e  

e le m e n ts  m igh t still be b e t t e r  (a l th o u g h  less th a n  op tim al)  fo r 

s e q u e n c e s  with sm aller f re q u e n c y  s e p a ra t io n s  th a n  for larger 

f req u e n cy  se p a ra t io n s .  To avoid th is  problem , a condition  can  be 

included w h ere  no gap, and  a lterna tive ly , a physical overlap , is 

p r e s e n t  in th e  se q u e n c e s .  A com parison  o f th e  re sp o n se s  to  th e  tw o  

ty p e s  o f  s e q u e n c e s  (w here  th e  so u n d s  a re  physically s e p a ra te d  or 

a re  physically overlapp ed )  can  be used  to  exam ine  th e  use  o f g a p s  in



th e  s e q u e n c e s  to  ju d g e  overlap  and  separa tion . If th e  p a t te rn  of 

r e s p o n s e s  t o  th e  physically s e p a r a te d  and  physically o v e rlapp ed  

s e q u e n c e s  a re  th e  sa m e  fo r  all f req u e n cy  sep a ra t io n s ,  th e n  th is  

would a rg u e  a g a in s t  c o n tam in a tio n  o f th e  re su l ts  by  g a p  d e te c t io n .



GENERAL METHODS

The ex perim en t des ign ed  to  t e s t  th e  h y p o th e s e s  c o n s is te d  of 

fou r conditions ( s e e  Table 1). Data collection w as c o n d u c te d  for th e  

fo u r  cond it ion s  s im ultaneously . While th e  specific  stimuli w ere  

unique to  each  condition, th e  s e q u e n c e s  used  in each  w ere 

c o n s t ru c te d  in th e  sa m e  way.

T he f irs t  condition  in th e  e x p e r im e n t  exam ines  th e  t im e- 

c o u rs e  o f  s e g re g a t io n  fo r  stimuli differing a long a single p e rc e p tu a l  

dim ension, namely, pitch. The se c o n d  condition p ro b es  se g reg a t io n  

as  a function  o f  d if fe ren ces  in th e  tw o  p e rcep tu a l  d im ensions o f  

p itch  and  loudness. The e f f e c t  o f  th e  physical c h a ra c te r is t ic  o f 

tem p o ra l  en ve lop e  similarity is co n s id e red  in Conditions 3 and  4. 

A m p litude -m od u la ted  so u n d s  w ith  identical te m p o ra l  e n v e lo p es  and  

differing c e n t e r  f req u e n c ie s  a re  u sed  in Condition 3, while Condition 

4  em p loy s  a m p li tu d e -m o d u la te d  so u n d s  w ith  dissim ilar te m p o ra l  

en v e lo p es  and  c e n te r  frequencies . The e f f e c t s  o f variation o f a 

single a t t r ib u te  a re  exam ined  in Conditions 1 and  3. Conditions 2 

and 4  w ere  d es igned  to  exam ine th e  t im e-co u rse  o f  s t r e a m  

s e g re g a t io n  w ith d if fe ren c e s  in tw o  s tim ulus a t t r ib u te s .  A 

su m m ary  o f th e  cond itions is provided in Table 1.

.S.ubjeo-ts.

Eleven ad u lt  s u b je c t s  with norm al peripheral hearing  

sensitiv ity  p a r t ic ip a ted  in th e  s tu d y  ( s e e  Appendix A). T hey  w ere  

rec ru ited  from  th e  facu lty  and  s tu d e n ts  o f  th e  D e p a r tm e n t  of

2 8
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C om m unication Sciences and  Disorders, LSU. No su b je c t  had 

previously  se rv ed  a s  a su b je c t  in pe rcep tua l  ex perim en ts .

T ab le  1. Experim ental conditions

Condition Type of sound Differences

1 Pure-tones Frequency
2 Pure-tones Frequency, intensity
3 AM noise-bands Center frequency
4 AM noise-bands Center frequency, temporal

envelope

S t i m u l i

Each experim en t em ployed se q u en c es  of sou nds varied on 

specific  p a ra m e te rs .  A se q u en c e  can be considered  a s  a repe tit ion  

o f "pairs" of stimuli. A stim ulus "pair" re fe rs  to  tw o  a d ja c e n t  

sou nds  in a sequ en ce . For example, th e  first and seco n d  so und s 

fo rm ed  a pair, as  did th e  third and fourth , fifth and sixth, e tc .  Each 

se q u e n c e  co n s is ted  of repe tit io ns  of a stim ulus pair. The m em b ers  

o f a s tim ulus pair d iffered  e ithe r  in frequency , f req u e n cy  and 

in tensity , c e n te r  frequency , or c e n te r  f requency  and tem p o ra l  

envelope, depend ing  on th e  experim ental condition.

Two ty p e s  of stimulus pairs were used  to  c re a te  th e  s e q u e n c e s  

( se e  Figure 4). S e p a ra te d  pairs consis ted  of higher- ( 1 2 5 0  Hz, 1 7 5 0  

Hz, or 2 2 5 0  Hz) and lower-frequency (1 0 0 0  Hz) sounds. The duration 

of e ac h  m em ber  of a pair w as 123  m sec, with a 2 -m se c  interval 

b e tw ee n  th e  m em bers  of a pair. Thus, th e  interval from  th e  o n s e t  of 

th e  h igher-frequency  sound to  the  o f f s e t  of th e  low er-frequency



S e p a ra te d

123 msec

123 msec

2 msec isi

O verlapped
123 msec

127 msec

2 msec overlap

2 4 8  m sec
Figure 4. Signal a r ra n g e m e n t  showing s e p a r a te d  and 
ove rlapped  pure  to n e  pairs.
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sound  w as 2 4 8  m sec. O verlap ped  pairs also w ere  m ade  up o f  a 1 2 3 -  

m se c  h igher-frequ en cy  sou nd , how ever, th e  low er-frequency  sound  

w as 1 2 7  m se c  in duration . The o n s e t  o f  th e  low er-frequency  sound  

occu rred  2 m sec  b e fo re  th e  o f f s e t  o f  th e  h igher-frequency  sound; 

th us , th e  so u n d s  in ove rlapped  stim ulus pairs overlapped  by 2 m sec. 

T he interval from  th e  o n s e t  o f  th e  h igher-frequency  s tim ulus to  th e  

o f f s e t  o f  th e  low er-frequency  s tim ulus w as 2 4 8  m sec , as  in th e  

s e p a ra te d  pairs. For b o th  ty p e s  o f  s e q u e n c e s  (conta in ing  e i th e r  

s e p a ra te d  o r  ov e rlap p ed  pairs), a 2 -m se c  in terval s e p a ra te d  

rep e t i t io n s  o f  th e  s tim ulus pairs. Stim ulus pairs w ere  r e p e a te d  to  

g e n e ra te  s e q u e n c e s  o f 5 0 0 , 1 0 0 0 , 1 5 0 0 , 2 0 0 0 ,  2 5 0 0 ,  and 3 0 0 0  m sec  

in duration . The com bination  o f  6 d u ra tio ns  x 4 conditions x 3 

f req u en cy  se p a ra t io n s  x 2 c la s se s  o f s e q u e n c e s  ( s e p a ra te d  and 

overlap ped )  resu lted  in 1 4 4  unique se q u e n c e s .

Pure tone stimulr. Under cond itions using pure  to n e  s e q u e n c e s  

with c o n s ta n t  env e lopes , th e  stim ulus pairs c o n s is te d  o f  higher- and 

lower- f req u e n cy  pure  to n e s ;  higher and  lower defined  as  above . The 

pure  t o n e s  w ere  g e n e ra te d  ( 1 0  kHz dig itization  ra te )  using locally 

d ev e lo p ed  so f tw a re  and  s to r e d  in digital form . Linear rise- and  fall- 

t im es  w ere  10  m sec. Conditions 1 and 2 em ployed  th e  se q u e n c e s  

m ade  o f  pure to n e s  (p u re - to ne , 0  dB Al and p u re-tone , 12 dB Al 

s e q u e n c e s ,  resp ec tive ly ) . T he  stimuli u sed  in Condition 2 w ere  th e  

sa m e  as  th o s e  used  in Condition 1. The h igher-frequency  to n e s  in 

th e  s e q u e n c e s  o f  Condition 2, however, w ere  m ade  12 dB m ore 

in te n se  th a n  th e  low er-frequency  to n e s  by d e c rea s in g  a t te n u a t io n  

during p re s e n ta t io n  using a c o m p u te r -c o n tro l led  a t t e n u a to r  (M|2 

108).
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AM noise bands: Under conditions using narrow -band  no ises 

w ith  t im e-vary ing  en v e lo p es ,  th e  s t im u lus  pairs w e re  c o n s t r u c te d  

using so u n d s  with th e  sa m e  c e n te r  f requencies  a s  th o s e  in th e  pure 

to n e  se q u e n c e s .  Random noise w as low-pass filtered  a t  16 Hz 

(W av etek  Rockland Brickwall) and c o n v e r te d  to  digital form  a t  a 10  

kHz convers ion  ra te .  A 1 2 7 -m se c  s e g m e n t  o f th e  noise  with minimal 

o n s e t  and  o f f s e t  t r a n s ie n ts  w as e x tra c te d .  This s e g m e n t  w as used  

to  c r e a te  th e  low er-frequency  sound  fo r  o v e rlapp ed  s tim ulus pairs. 

The final 1 2 3  m sec  o f th is  s e g m e n t  w as u sed  to  c r e a te  th e  lower- 

f req u e n cy  so u n d  fo r  s e p a r a t e d  stim ulus pairs. It w as  also u sed  to  

c r e a te  th e  h ig h er-freq u en cy  so u n d s  in s tim ulus pairs w h ere  th e  

en v e lo pe  corre la tion  o f th e  high- and low -frequency  so u n d s  w as  1 .0  

(u se d  in c o rre la te d  AM no ise-band  se q u e n c e s ) .

A se c o n d  s e g m e n t  w a s  s e le c te d  from  th e  original noise sam ple  

su ch  t h a t  th e  co rre la tion  coeff ic ien t  with th e  previously  o b ta in e d  

1 2 3 -m se c  noise s e g m e n t  w as 0 .0 . A se co n d  s e t  o f  h igher-frequency  

so u n d s  w ere  c re a te d  using th is  se co n d  se g m e n t .  W hen a l te rn a te d  

with th e  low er-frequ ency  soun d  c re a te d  fo r  th e  c o rre la te d  AM 

no ise -band  condition , s e q u e n c e s  w ere  g e n e ra te d  w here  th e  envelope  

co rre la tion  o f  th e  higher- and low er-frequency  so u n d s  w as 0 .0  ( th e  

u n c o rre la ted  AM no ise -band  se q u e n c e s ) .

T he noise  s e g m e n ts  w ere  used  to  am p litu d e -m o d u la te  carriers  

a t  t h e  previously  m en tio n ed  p u re - to n e  f req u e n c ie s  w ith a 

m odula tion  index o f  1. T he  resulting stimuli w ere  na rro w -band s  o f 

noise 3 2  Hz wide. T h ese  signals w ere  th e n  linearly ram ped  ( 1 0  m sec  

r i s e / fa l l  t im e s ) .
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I n s t r u m e n ta t io n

The so und s  making up each  se q u e n c e  w ere  s to re d  digitally. 

T h ese  w ere  c o n v e r ted  to  analog form  (Ml2 1 0 8 ) ,  with th e  high- and 

low- freq u en cy  so u n d s  in a s e q u e n c e  c o n v e r te d  by s e p a r a te  digital- 

to -ana log  c o n v e r te rs  (DACs). The o u tp u t  o f each  DAC w as c o n n e c te d  

to  a co m pu te r-co n tro lled  a t t e n u a to r  (Ml2 2 0 8 ) .  The o u tp u t  o f  each  

a t t e n u a to r  w as th e n  ro u te d  into a c u s to m  mixer, and  th e  resulting 

signal w as  low -pass f i lte red  (W av e tek  Rockland 7 5 2 A  Brickwall,

1 1 5  d B /o c ta v e  a t ten u a tio n  slope) a t  4 9 0 0  Hz. The se q u e n c e s  w ere  

again a t t e n u a te d  (H ew lett-Packard  350D ), and o u tp u t  to  h ead p h o n es  

(S en nhe ise r  HD 4 3 0 )  fo r diotic  p re sen ta tio n .

Lfi-VeJ
The o u tp u t  level o f  each  sound  used  to  c o n s t ru c t  th e  se q u e n c e s  

w as  a d ju s te d  using co m p u te r-c o n tro l led  a t te n u a t io n  (Ml2 2 0 8 ) .  This 

re su l te d  in each  se q u e n c e  m easuring  5 8  dB SPL (Bruel & Kjaer T ype 

2 6 0 9 ,  f a s t  se t t in g )  a t  th e  o u tp u t  o f one  h eadp hon e  during th e  

experim en ta l sess ions . For th e  s e q u e n c e s  u sed  in Experim ent 2 

(w here  th e  so u n d s  d iffered  in freq u en cy  and in tensity ), th e  

a t te n u a t io n  o f  th e  h igher-frequency  sound  w as d e c re a se d  by 12 dB. 

This w as  accom plished  using th e  c o m p u te r-c o n tro l led  a t t e n u a t o r  

c o n n e c te d  to  th e  DAC converting  th e  h igher-frequency  sound.

Task fami(liaEiz.aliQi]i
S u b je c ts  w ere  allowed to  h ea r  an a l te rna ting  pair o f  s e p a r a te d  

p u re - to n e s  ( 1 2 3  m sec  in length , 2 -m se c  ISI, (Fh -F[_) /  Fl = 9 .6 2 5 ,  0  

dB in tens ity  d iffe rence) p re s e n te d  continuously . Due to  th e
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f req u en cy  sep a ra t io n  o f th e  to n e s  and se q u en c e  ra te ,  s e g re g a t io n  of 

t h e s e  to n e s  is likely (van Noorden, 1 9 7 5 ) .  S u b jec ts  w ere  p e rm itte d  

to  con tinue  th e  experim en t if th e y  described  th e  to n e s  in th e  

se q u e n c e  a s  overlapped. Only one  po ten tia l  su b je c t  (S u b jec t  8 )  w as 

e lim inated  on th is  basis. Ten su b je c ts  w ere  allowed t o  pa r t ic ip a te  

in th e  experim en t.  As m en tio n ed  earlier, prior to  d a ta  co llection  all 

s u b je c ts  c o m p le te d  a p rac tice  block o f  trials. T he re su l ts  from  

th e s e  tria ls w ere  n o t  u sed  as experim en ta l d a ta .

P ro c e d u re

S u b je c ts  w ere  t e s t e d  un der h e a d p h o n e s  in a single-walled 

listening ch am b er.  Timing, signal o u tp u t ,  and  a t te n u a t io n  w ere  

un der c o m p u te r  contro l. The s u b je c ts  received  in s tru c tio n s  and 

re sp o n d e d  via a re sp o n se  term inal also  con tro lled  by t h e  c o m p u te r .

Before te s t in g  began , each  s u b je c t  read  in s truc tio ns  on th e  

re sp o n se  term inal. The in s truc tions  s t a t e d  t h a t  th e y  would hear  

s e q u e n c e s  o f  sounds, and t h a t  the ir  ta s k  would be to  decide  w h e th e r  

th e  so u n d s  in th e  se q u en c e  "do n o t  overlap, and sound  s e p a ra te "  or 

" sound  overlapped ."  S u b je c ts  w ere  also in s tru c ted  to  listen to  a 

s e q u e n c e  in its  e n t i r e ty  b e fo re  making a decision; re s p o n se s  w ere  

n o t  a c c e p te d  by th e  c o m p u te r  until a given se q u e n c e  w as te rm in a ted .  

T he su b je c ts  ind icated  th e ir  decision by pressing  on e  o f  tw o  keys on 

th e  re s p o n se  term inal. An experim en ta l trial p ro c e e d e d  a s  follows: 

rea d y  p ro m pt,  2 0 0 -m s e c  interval, s e q u e n c e  p re se n ta t io n ,  2 0 0 -m s e c  

interval, re sp o n se  p rom pt. T he re sp o n se  interval w as  unlimited, and 

a t  le a s t  five s e c o n d s  o f  silence s e p a ra te d  each  trial t o  avoid any 

cum ulative  e f f e c ts  o f  p e rcep tu a l  o rgan iza tion  (Bregm an, 1 9 7 8 a ) .  No
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fee d b ac k  w as given. Each s u b je c t  c o m p le te d  six blocks o f  trials; 

d a ta  from  th e  firs t block w ere  d iscarded . Every com bination  of 

s e q u e n c e  ty p e  ( s e p a ra te d  and overlapped), condition, duration , and 

freq u en cy  sep a ra t io n  w as random ly p re s e n te d  during a block. A 

s u b je c t 's  ca lcu la ted  d 1 ( th e  z - tran sfo rm a tio n  o f  th e  hit ra te  - th e  z- 

tra n s fo rm a tio n  o f  th e  fa lse  alarm ra te )  and criterion  m ea su re  ( -0 .5  

* [ th e  z - tran sfo rm a tio n  o f th e  hit r a te  + th e  z - tra n s fo rm a tio n  o f  th e  

fa lse  alarm  ra te ] )  w ere  a v e ra g e d  a c ro ss  th e  la s t  five blocks of 

trials. The d 1 m easu re  w as  an indication o f th e  discriminability of 

th e  overlapped  and s e p a ra te d  pairs. A d 1 value n ear  0 .0  would 

ind icate  t h a t  su b je c ts  could n o t  d iscern  a d iffe rence  b e tw e e n  th e  

physically ove rlapped  and physically s e p a ra te d  pairs. T he criterion  

m ea su re  ind icated  th e  partition  o f th e  s u b je c t 's  re sp o n se s .  Due to  

t h e  n u m b er  o f  trials, th e  criterion m easu re  ran ged  from  2 .5  t o  -2 .5  

( s e e  Appendix B for calculation o f  d ' and  criterion  m easu re ) .

Positive  c rite r ion  va lues  ind ica ted  se q u en tia l  in te g ra t io n  o f  th e  

h ig h er-freq u en cy  s e q u e n c e  e le m e n ts  and  th e  lo w er-frequency  

s e q u e n c e  e le m e n ts ,  while n e g a t iv e  c riterion  va lues  ind ica ted  s t r e a m  

se g re g a t io n .



RESULTS

A lthough te n  su b je c ts  co m p le te d  th e  experim en t, th e  

p e rfo rm an c e s  o f tw o  su b je c ts  (6  and  10 )  w ere  suffic ien tly  d if fe ren t  

from  th e  remaining su b je c ts  to  w arran t  s e p a r a te  d iscussion . As an 

overall index o f  p e rfo rm ance , each  s u b je c t 's  c riterion  m ea su re  ( -0 .5 [  

z (h i t  ra te )  + z (fa lse  alarm  r a te ) ] )  w as av e rag e d  a c ro ss  conditions, 

f req u en cy  sep a ra tio n s , and  se q u e n c e  dura tions . Two p o s t-h o c  

su b je c t  g ro u p s  w ere  fo rm ed  on th e  basis o f th is  index. S u b je c ts  1,

2, 3, 7, and 11 fo rm ed  a h igh-segregation  g roup  (m ean  criterion 

m easu re  less th an  0 .0 ) ,  while Sub jec ts  4, 5, and  9 fo rm ed  a low- 

se g re g a t io n  g roup  (m ean  criterion m easu re  g r e a te r  th an  or only 

slightly less th an  0 .0 ) .  T he m ean  criterion m e a su re s  are  show n in 

Figures 5 and  6. A one-ta iled  t - t e s t  ind ica ted  a significant 

d ifference b e tw ee n  th e s e  tw o  g roups ( t  = 8 .4 5 , df = 5 4 9 .2 ,  p < 0.01 

[ se e  Appendix C for de ta ils ]) .  Criterion m ea su re s  and  d 1 [z(h it  ra te )  - 

z (fa !se  alarm ra te ) ]  w ere  analyzed  for th e  tw o  g ro u p s  se p a ra te ly  

using a m u ltifac to r  (n u m b er  o f  su b je c ts  x 4  x 6 x 3 ), m ixed -e ffec ts  

analysis  o f variance .

HJg h-geg re ga tm _ g ro.u p.

For th e  criterion  m easu re , th e  fa c to r s  condition , f req u e n cy  

sep a ra t io n , and  se q u e n c e  du ra tion  w ere  significant beyo nd  th e  0 .0 5  

level. In addition, a significant in te rac tio n  o f condition  and 

freq u e n cy  se p a ra t io n  w as o b se rv ed .  No f a c to r  w as significant on th e  

d 1 m easu re  ( s e e  Table 2).

36
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Newm an-K euls p o s t -h o c  t e s t s  o f  s ign if ican t d i f fe re n c e s  w ere  

ca rr ied  o u t  fo r th e  s ign ifican t criterion  main e f f e c t s  of th e  high- 

se g reg a t io n  g roup  (Appendix D). In te rm s  of s e q u e n c e  duration, th e  

5 0 0  m se c  s e q u e n c e s  w ere  significantly  d if fe ren t  from  s e q u e n c e s  

1 5 0 0  m se c  - 3 0 0 0  m sec  in duration. T here  w as no d ifference  

b e tw ee n  5 0 0  m sec  and 1 0 0 0  m sec  se q u en c es .  1 0 0 0  m sec  s e q u e n c e s  

d iffered  from  th e  3 0 0 0  m se c  s e q u e n c e s  to  a significant e x te n t .

Also, th e re  w ere  no significant d iffe ren ces  b e tw e e n  s e q u e n c e s  1 5 0 0  

m se c  - 3 0 0 0  m sec  in duration . The m ean  criterion m easu re  fo r  each  

s e q u e n c e  dura tion  is show n in Figure 7. In general, a s  se q u e n c e  

d u ra tio n  increased , s t r e a m  se g re g a t io n  in creased .

For th e  h igh -seg rega tio n  group, th e  m ean  criterion fo r  th e  

1 0 0 0  Hz - 1 2 5 0  Hz se q u e n c e s  was significantly d iffe ren t  (p  < 0 .0 5 )  

from  b o th  th e  1 0 0 0  Hz - 1 7 5 0  Hz and th e  1 0 0 0  Hz - 2 2 5 0  Hz 

se q u e n c e s .  Figure 13 show s t h a t  th e  m ean  criterion fo r  th e  1 0 0 0  Hz 

- 1 2 5 0  Hz se q u e n c e s  a re  ab o v e  th e  criterion fo r  th e  o th e r  se q u en c es ,  

indicating  less s e g re g a t io n  fo r  th e  sm aller  f re q u e n c y  s e p a ra t io n s  

th a n  fo r  th e  larger f re q u e n c y  se p a ra t io n s .  No sign ifican t d iffe rence  

w as found  b e tw ee n  th e  m ean  criterion for 1 0 0 0  Hz - 1 7 5 0  Hz 

se q u e n c e s  and 1 0 0 0  Hz - 2 2 5 0  Hz seq u en ces .

T he  criterion m ea su re  fo r  th e  c o rre la te d  AM no ise -band  

s e q u e n c e s  w as significantly  d iffe ren t  from  th e  r e s p o n s e s  t o  each  o f 

th e  o th e r  conditions. Inspection  o f  th e  m ean  criterion for each  

cond ition  sho w ed  th e  a v e rag e  criterion for th is  condition  t o  be  abov e  

th e  m ean  criterion for each  of th e  o th e r  conditions (Figure 1 8 ) .  This 

ind ica ted  less se g re g a t io n  o f  th e  e le m e n ts  in th e  c o rre la te d  AM
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noise-band  se q u e n c e s  com pared  to  th e  o th e r  conditions. No o th e r  

d i f fe re n c e s  b e tw e e n  th e  conditions w ere  significant.

L o w -se a re aa tio n  g roup

No significant main e f f e c t s  or in te rac tions  w ere  o b se rv e d  for 

th is  g roup  on th e  criterion m easure . The d 1 m easu re  also did n o t 

reach  significance for any fac to r  (Table 3).



Table 2. Anova tables for high-segregation group

H igh -S eg rega tion  Group: C riterion  M easure

SOURCE OF DEGREES OF SUMS OF MEAN F-RATIO PROBABILITY
VARIATION FREEDOM SQUARES SQUARES LEVEL

Condition 3 14 .28173 4 .76058 5 .86730 .01063*
ERROR 12 9.73649 .81137
Frequency separation 2 3 0 9 .60333 154 .80170 10.32624 .00647**
ERROR 8 1 19 .92879 14 .99110
C xF 6 4.51851 .75308 2 .76316 .03433*
ERROR 24 6 .54107 .27254
Duration 5 117 .06889 23 .41378 6 .24807 .00149**
ERROR 20 74.94721 3 .7 4736
C xD IS 2 .14687 .14312 .69412 .78057
ERROR 60 12.37182 .2 0620
FxD 10 6 .28823 .62882 1.00098 .45963
ERROR 40 25.12831 .62821
C x F x D 30 6 .39932 .21331 1.20495 .23773
ERROR 120 21 .24347 .17703
TOTAL 3 5 9 776 .3 8 1 2 9

* SIGNIFICANT BEYOND THE 5-PERCENT LEVEL
** SIGNIFICANT BEYOND THE 1-PERCENT LEVEL

H igh -S eg rega tion Group: d '

SOURCE OF DEGREES OF SUMS OF MEAN F-RATIO PROBABILITY
VARIATION FREEDOM SQUARES SQUARES LEVEL

Condition 3 6 .59490 2 .19830 3 .3 0765 .05684
ERROR 12 7 .97533 .66461
Frequency separation 2 .72202 .36101 .3 7290 .70364
ERROR 8 7 .7 4494 .96812
C x F 6 1.37651 .22942 .48722 .81222
ERROR 24 11.30091 .47087
Duration 5 1.35134 .27027 .49420 .77824
ERROR 20  10 .93750 .54687
C xD 15 17 .23155 1.14877 1.63347 .09150
ERROR 6 0  4 2 .19615 .70327
FxD 10 4 .30128 .43013 .43098 .92251
ERROR 4 0  3 9 .9 2 0 8 6 .99802
C x F x D 3 0  20 .2106 .67369 1.19532 .24666
ERROR 120  6 7 .6 3 2 6 6 .56361
TOTAL 3 5 9  240 .94471



Table 3. Anova tables for low-segregation group.

L ow -S eg regation  Group: C riterion  M easure

SOURCE OF DEGREES OF SUMS OF MEAN F-RATIO PROBABILITY
VARIATION FREEDOM SQUARES SQUARES LEVEL

Condition 3 13 .33550 4 .44517 1.07271 .42950
ERROR 6 24 .86320 4 .14387

Frequency separation 2 47 .75490 2 3 .87745 1.71543 .28977
ERROR 4 55.67693 13.91923

C xF 6 4 .11476 .68579 2 .55483 .07852
ERROR 12 3 .22116 .26843

Duration S 24 .86673 4 .97335 2 .33356 .11899
ERROR 10 21.31227 2 .13123

C xD 15 4 .31886 .28792 1 .26668 .28098
ERROR 30 6 .81916 .22731

FxD 10 3 .09744 .30974 1 .33956 .27597
ERROR 20 4 .62458 .23123

C x F x D 3 0 8 .21022 .27367 1.27497 .20934
ERROR 60 12.87909 .21465
TOTAL 215 2 5 2 .3 7 8 2 0

L ow -Segregation Group: d '

SOURCE OF DEGREES OF SUMS OF MEAN F-RATIO PROBABILITY
VARIATION FREEDOM SQUARES SQUARES LEVEL

Condition 3 .60348 .2 0116 .36231 .7 8416
ERROR 6 3 .3 3130 .55522

Frequency separation 2 3 .45742 1.72871 2 .1 5656 .2 3150
ERROR 4 3.20643 .80161

C xF 6 3 .36755 .5 6126 1.02147 .45727
ERROR 12 6.59351 .5 4946

Duration 5 5 .78065 1.15613 1.19074 .37946
ERROR 10 9.70931 .97093

C xD 15 14.37140 .95809 .9 6800 .50875
ERROR 3 0 2 9 .69299 .98977

FxD 10 7 .08208 .70821 .59588 .79932
ERROR 20 23 .77030 1.18852

C x F x D 30 31 .42729 1.04758 .9 3516 .56929
ERROR 60 6 7 .21270 1.12021

TOTAL 215 218 .37343



D ISC U SSIO N

The p u rpo se  o f  th is  ex perim en t w as to  (1 )  in v es tig a te  s h o r t ­

t e rm  c h a n g e s  in th e  se g re g a t io n  and seq uen tia l  in teg ra tion  of 

se q u e n c e s ;  (2 )  exam ine s t r e a m  se g reg a t io n  in s e q u e n c e s  with 

d iffe ren ces  in single and multiple a t t r ib u te s ;  and  (3 )  s tu d y  th e  

e f f e c t s  o f a t t r ib u te  d iffe ren ces  on  th e  t im e -c o u rse  o f  p e rc ep tu a l  

organization . It w as hy p o th es ized  t h a t  th e  dura tion  of a s e q u e n c e  

n e c e s s a ry  fo r  s t r e a m  s e g re g a t io n  re la te s  d irec tly  t o  th e  similarity 

o f  th e  so u nds  in th e  sequ en ce .

In th e  p re s e n t  s tu d y , a criterion m easu re  o f  0 .0  ind ica tes  t h a t  

th e  p roportion  of " se p a ra te d "  and  "overlapped" re sp o n se s  is equal. 

W hen criterion  is equal to  0 .0 ,  a c ro ss  trials, th e  p e rcep tio n  o f  a 

particu lar  s e q u e n c e  a s  sequen tia lly  in te g ra te d  o r s e g r e g a te d  is 

equally  likely. The sh if t  from  a positive  to  a n eg a tiv e  criterion  

m ea su re  ind ica tes  a c h an g e  from  seq u en tia l  in teg ra tion  to  s t r e a m  

se g re g a t io n .

The criterion m easu re  used  in th is  s tu d y  w as o b se rv ed  to  be 

variable ac ro ss  su b je c ts .  Figures 5 and 6 show  th e  m ean  criterion 

and s ta n d a rd  e rro r  a v e rag e d  ove r  f req u e n cy  se p a ra t io n s ,  conditions, 

and  d u ra tio n s  fo r  th e  high- and  low -seg rega tion  su b je c ts .  While th e  

main e f f e c t s  o f frequency , condition, and  du ra tion  w ere  n o t  

s ign ifican t fo r  th e  th re e  low- se g re g a t io n  su b je c ts ,  th e ir  d a ta  are  

p re s e n te d  along with th e  h igh -seg reg a tion  g rou p  for com parison .

T he high in te r -su b je c t  variability o b se rv e d  in th is  s tu d y  is n o t  

unusual. Neff, J e s te a d t ,  and  Brown ( 1 9 8 5 )  a t t e m p te d  to  re la te  gap  

discrim ination and  s t r e a m  se g re g a t io n  by using th e  sa m e  stimuli in

41
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Figure 5. Mean criterion for subjects in 
the high-segregation group. Bars in all 
Figures represent 1 standard error.
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Figure 6. Mean criterion for subjects in 
the low-segregation group.
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ta s k s  designed  to  m easu re  each  phenom enon, in th e  gap  

d iscrim ination  ta sk ,  th e  p e rfo rm an c e  o f  th e ir  fo u r  l is teners  w as 

fairly h o m o g en ous . P erfo rm ance  in th e  s t r e a m  se g re g a t io n  task , 

how ever, w as  q u ite  d i f fe re n t  b e tw e e n  su b je c ts .

O th e r  in v es tig a to rs  o f  s t r e a m  se g re g a t io n  have  u sed  various 

a p p ro a c h e s  in dealing w ith in te r -su b je c t  variability. In o ne  s tu d y  o f 

s t r e a m  se g reg a t io n ,  B regm an and Rudnicky ( 1 9 7 5 )  simply elim inated 

a to ta l  o f  18  o u t  o f 31 p o ten tia l  su b je c ts .  In a n o th e r  experim ent, 

Bregm an ( 1 9 7 8 a )  re je c te d  1 o u t  o f 12 lis teners . From an initial pool 

o f  2 8  su b je c ts ,  Bregman ( 1 9 7 8 b )  d ism issed  7 who could n o t  perform  

a screen ing  procedure . Bregman, A bram son, and Doehring ( 1 9 8 5 )  

r e je c te d  1 / 3  o f  th e ir  p o ten t ia l  lis teners . S ta r tin g  w ith 3 2  su b je c ts ,  

M assaro ( 1 9 7 5 )  elim inated 2, and  divided th e  remaining 3 0  su b je c ts  

in to  3 g ro u p s  b a sed  on the ir  overall p e rfo rm ances . B ecause  th e  d a ta  

from  th e  p re s e n t  s tu d y  a lso  varied a c ro ss  su b je c ts ,  dividing th e  

s u b je c ts  in to  tw o  g rou ps s e e m e d  to  be  a reasonab le  approach . In 

th is  way, t r e n d s  m ight be  o b se rv e d  t h a t  would o th erw ise  be 

o b sc u re d  by th e  in te r - su b je c t  d iffe rences .

Two su b je c ts  o f  th e  original te n  w ere  excluded  from  th e  d a ta  

analysis. T he p e rfo rm an c e s  o f S u b jec ts  6 and  1 0  w ere  unlike e i th e r  

t h e  high- o r  low -seg reg a tion  g roups. Criterion m e a su re s  fo r  th e s e  

tw o  s u b je c ts  are  show n in Appendix E. The striking a s p e c t  o f  th e s e  

d a ta  is t h a t  th e  re sp o n se s  s e e m  to  be  th e  o p p o s i te  o f w h a t  m ight be 

e x p e c te d  b a se d  on previous research .

A f te r  all s u b je c ts  had  c o m p le te d  th e  s tu d y , th e s e  tw o  su b je c ts  

w ere  recalled  and  s e p a ra te ly  c o m p le te d  a n o th e r  half-block o f  trials. 

A fte rw ards , th e  su b je c ts  w ere  asked  how th e y  arrived a t  the ir
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re sp o n ses .  S ub jec t  6 s t a t e d  t h a t  sh e  re sp o n d ed  " se p a ra te "  w hen th e  

high- and  low -frequency so u n d s  ap p ea re d  to  be  m ade  by s e p a ra te  

th ings . W hat th is  su b je c t  re p o r te d  was, in fac t ,  a g o o d  descrip tion  

of th e  pe rcep tu a l  e f f e c t  o f  s t r e a m  seg reg a t io n .  It a p p ea re d  t h a t  th e  

su b je c t  experienced  th e  sa m e  p e rc e p ts  as  th e  m ajority  o f  th e  

su b je c ts ,  b u t  d u e  t o  a m isunders tand ing  o f  th e  in s truc tions , u sed  a 

re sp o n se  o p p o s i te  to  th e  o th e r  su b je c ts .  This exp lanation  w as m ore 

convincing since th e  s u b je c t 's  c riterion  w as  re v e rse d  re la tive  to  th e  

m ajority  o f  s u b je c ts  fo r  e a c h  m anipulation d e s ig n ed  to  inc rease  

s t r e a m  seg reg a t io n .  The re s p o n se s  o f th e  se c o n d  excluded  su b je c t  

a re  m ore difficult t o  explain. S u b jec t  10  s t a t e d  t h a t  fo r  large 

f req u e n cy  sep a ra tio n s , and th e  longer se q u e n c e s ,  th e  so u n d s  

ap p e a re d  to  be  m ore d isc re te ,  a s  if th e y  had nothing to  do  with one  

an o th e r .  Recalling th e  Dannenbring and Bregm an ( 1 9 7 6 )  re sea rch  

rela ting  s t r e a m  se g re g a t io n  and th e  p e rcep tio n  o f  overlap , th e  

co rre la tion  b e tw e e n  th e s e  tw o  fa c to r s  w as n o t  p e rfe c t .

T he  lack o f  c o m p le te  co rre la tion  b e tw e e n  fa c to r s  in ten d ed  to  

induce s t r e a m  se g re g a t io n  and perceived  overlap  w as also ev id e n t  in 

th e  pilot p h ase  o f th e  p re s e n t  s tud y . Five l is teners  p a r t ic ipa ted , o f 

which, fou r  r e p o r te d  in c reased  overlap  in re s p o n se  to  m anipu lations 

p red ic te d  to  increase  se g reg a t io n .  One su b jec t ,  how ever, re p o r te d  

th e  s a m e  p e rc ep tu a l  experience  a s  S ub jec t  1 0  (d escr ib ed  ab o v e) .  It 

would s e e m  th a t ,  in genera l,  n o t  all l is ten ers  h ea r  overlap  w hen  

s t r e a m  s e g re g a t io n  occu rs .

D esp ite  th e  in te r - su b je c t  variability, t h e  d a ta  from  th e  

m ajority  o f  su b je c ts  (1 , 2, 3, 7, and 11 )  will be  used  to  t e s t  th e  

h y p o th e s is  p re s e n te d  earlier. In th e  d iscussion  t h a t  follows, eac h
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a s p e c t  o f  th e  hypo thes is  will be  exam ined in light o f th e  d a ta .  In 

addition, th e  descrip tion  o f  th e  se g re g a t io n  p ro ce ss  fo rw arded  

earlier will be co ns id ered  in re fe ren ce  to  th e  re s p o n se s  o f  th e  

s u b je c t s .

E ffec t of s e q u e n c e  dura tion

A veraged  ac ro ss  f req u en cy  se p a ra t io n s  and  conditions, th e  

p e rcep tion  o f  th e  s e q u e n c e s  c h an g e s  from  sequen tia lly  in te g ra te d  to  

s e g re g a te d ,  on average , b e tw ee n  5 0 0  and 1 0 0 0  m sec  for th e  high- 

se g re g a t io n  g roup  (Figure 7 ) . Again, th e  e f f e c t  o f  se q u e n c e  duration 

is s ta tis t ica lly  significant (p  < 0 .0 0 1 )  fo r  only th e  h ig h -seg reg a tion  

group. A lthough th e  e f f e c t  o f  se q u e n c e  dura tion  lacks s ta t is t ica l  

significance fo r  th e  iow -seg rega tion  group, a t r e n d  in th e  d a ta  

(Figure 8 ) is ap p a ren t.

A c h an g e  from  sequ en tia l  in teg ra tion  to  s t r e a m  se g reg a t io n  

o v e r  t im e  is n o t  obvious for all su b je c ts .  S u b jec t  1 (a  high- 

se g re g a t io n  su b je c t) ,  fo r  exam ple , show s no c lear  t r e n d  fo r  s t r e a m  

se g re g a t io n  to  increase  w ith  increasing s e q u e n c e  du ra tio n  (Figure 9; 

d a ta  w ere  av e rag ed  o ve r conditions and dura tions) . The av erag e  

crite rion  fo r  S u b jec t  4  (a  low -seg reg a tion  su b je c t )  rem ains 

positive; how ever, th e  criterion d o e s  d e c re a se  from  + 1 .1 1 7  a t  5 0 0  

m sec  t o  + 0 .0 6 3  a t  3 0 0 0  m se c  (Figure 10; av eraged  d a ta ) .  While it is 

n o t  en tire ly  a c c u ra te  t o  s a y  t h a t  S u b jec t  4 ' s  s t r e a m  se g re g a t io n  

in c re a se s  with increasing  s e q u e n c e  du ra tion , se q u e n t ia l  in teg ra t io n  

o f  th e  s e q u e n c e s  d e c re a se s  ov e r  time.
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sequence duration in msec.



47

2.50

®  0.00 
o

-1 .2 5

-2 .5 0

f l¥ ¥ |(
500 1000 1500 2000 2500 3000

Sequence duration (m sec)

Figure 9. Mean criterion for Subject 1 
a s  a function of sequence duration. 
Segregation does not increase with 
increasing duration.



48

2.50

1.25

ee
k.ft*  0.00
k.o

■1.25 -

-2.50
500 1000 1500 2000 2500 3000

Sequencce duration (m sec)

Figure 10. Mean criterion for Subject 
4 a s  a  function of sequence duration. 
Sequential integration decreases with 
increasing sequence duration for 
Subject 4.



49

Anstis and Saida ( 1 9 8 5 )  and  French-St. George and Bregman 

( 1 9 8 9 )  have  d e m o n s tr a te d  t h a t  inc reases  in se q u e n c e  dura tion  

im proves th e  likelihood o f  s t r e a m  se g reg a t io n .  The p re s e n t  d a ta  are  

a t  le a s t  qua lita tive ly  like th o s e  available in th e  l i te ra tu re . In th e  

ex p erim en t re p o r te d  here, th e  s e q u e n c e s  m ade  of p u re - to n e s  with no 

d iffe ren ce  in in tens it ie s  a re  th e  m o s t  co m parab le  to  th e  stimuli 

u sed  by A nstis and  Saida (1 9 8 5 ) .  Their Figure 2 (p ag e  2 6 0 )  show s 

th e  probability  o f  c o h e re n c e  (seq u en tia l  in teg ra tion )  p lo t te d  as  a 

function  o f  se q u e n c e  du ra tion  for s e q u e n c e s  with a one-ha lf  o c ta v e  

f req u e n cy  sep a ra t io n  b e tw e e n  e lem en ts .  W hen A nstis  and  Saida 's  

s e q u e n c e s  w ere  p re s e n te d  a t  8 to n e s  pe r  se co n d  ( th e  ra te  u sed  for 

th e  s e q u e n c e s  in th is  d is se r ta t io n ) ,  se g re g a t io n  o c cu rred  a t  

approx im ate ly  7 .5  s e c o n d s  fo r  A nstis  and Sa ida 's  ( 1 9 8 5 )  su b je c ts .

In th e  p re s e n t  d a ta ,  th e  du ra tion  a s so c ia te d  with a c h an g e  in 

crite rion  from  positive  t o  n e g a t iv e  ind ica ted  th e  d u ra tion  n e c e s sa ry  

fo r  s t r e a m  se g reg a t io n .  T he  d a ta  in th e  p re s e n t  ex p e r im en t  revealed  

t h a t  w hen  p u re - to n e s  had a f req u en cy  sep a ra t io n  of less th a n  one- 

half o c ta v e ,  th e y  w ere  n o t  heard  as s e g re g a te d  a t  th e  lo n g es t  

s e q u e n c e  dura tion  exam ined  (3  se co n d s ) .  This w as t ru e  fo r b o th  th e  

high- and  low -seg rega tion  su b je c ts  (Figures 11 and  1 2 ) .  P u re - to n es  

w ith  f re q u e n c y  se p a ra t io n s  larger th a n  one-ha lf  o c ta v e  s e g r e g a te d  

in less th an  7 .5  seco n d s . In o th e r  w ords, so u n d s  with a sm aller 

f req u e n cy  sep a ra tio n  than  t h a t  u sed  by A nstis and  Saida ( 1 9 8 5 )  did 

n o t  s e g re g a te .  T hose  with freq u en cy  se p a ra t io n s  larger th a n  t h a t  

u sed  by A nstis  and Saida s e g re g a te d  so o n e r  th an  in th e  earlier s tudy .

Thus, th e  basic  idea o f  th e  first c o m p o n e n t  o f  th e  h y p o th es is  

s ta n d s .  For th e  m ajority  o f  lis teners , pe rcep tio n  o f th e  s e q u e n c e s
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t e n d s  to  fav o r  s t r e a m  se g re g a t io n  as  s e q u e n c e  du ra tion  increases .

In so m e  c a se s ,  th is  is s e e n  a s  a reduc tio n  in seq u en tia l  in teg ra tion  

o v e r  tim e.

T he e f f e c t  o f  s e q u e n c e  du ra tion  show s t h a t  s t r e a m  se g re g a t io n  

can  occu r  a t  du ra tio ns  less th an  3 seco n d s . In o rd e r  to  m ore directly  

a d d re s s  th e  hypo thes is ,  how ever, it is n e c e ssa ry  to  exam ine th e  

e f f e c t s  o f  similarity o f  th e  so u n d s  in th e  s e q u e n c e s .

The similarity o f th e  so u n d s  making up th e  s e q u e n c e s  w as 

varied in tw o  ways. The freq u e n cy  sep a ra t io n  b e tw e e n  th e  so un ds  

w as varied by using 1 0 0 0  Hz and 1 2 5 0  Hz, 1 0 0 0  Hz and 1 7 5 0  Hz, or 

1 0 0 0  Hz and 2 2 5 0  Hz as  th e  frequencies  (in p u re - to n e  s e q u e n c e s )  or 

c e n te r  f req u en c ie s  (in AM no ise-band  s e q u e n c e s )  fo r  th e  sounds . The 

se c o n d  w ay o f  m anipulating similarity w as a func tion  o f  condition . 

Conditions d iffered  on th e  basis  o f (a )  an in tens ity  a l te rna tio n  o f  0  

dB o r  12 dB in p u re - to n e  s e q u e n c e s  and (b) th e  similarity o r 

d iffe rence  in tem p o ra l  enve lo pe  for th e  AM no ise -band  s e q u e n c e s  

( s e e  Table 1 in M ethods). T he  m anipulations o f f req u en cy  sep a ra t io n  

and in ten s ity  a lte rna tion  in th e  pure  to n e  s e q u e n c e s  a f fe c te d  th e  

s t r e a m  se g re g a t io n  o f  a lte rn a tin g  s e q u e n c e s  in previous s tu d ie s  (van 

Noorden, 1 9 7 4 ;  1 9 7 7 ) .  The m anipulation o f  envelope  similarity in 

AM se q u e n c e s  has  been  show n only to  a f fe c t  th e  se g reg a t io n  and 

fusion o f  s im u ltan eo us  so u n d s  (Rappold, Mendoza, and Collins, 1 9 9 3 ;  

Carrell and Opie, 1 9 9 2 ;  Bregman, e t  al, 1 9 9 0 ;  Bregman, e t  al, 1 9 8 5 ) .

E ffec t o f  f req u e n cy  se p a ra t io n

A significant e f f e c t  o f  freq u en cy  se p a ra t io n  (p  < 0 .0 1 )  w as 

n o te d  for th e  h ig h -seg rega tion  su b je c ts  (Figure 1 3 ) .  A t re n d  for
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se g re g a t io n  to  increase  with increasing f req u e n cy  se p a ra t io n  w as 

o b se rv ab le  for th e  low -seg rega tion  su b je c ts  (Figure 14 ). The tren d  

w as  n o t ,  ho w ever, s ta t i s t ic a l ly  s ign ifican t.

The concern  a b o u t  th e  use  o f th e  gap  in se q u e n c e s  as  a 

con tam in a tin g  f a c to r  (d isc u sse d  in th e  M ethods se c t io n )  w as 

a p p aren t ly  unw arran ted . T here  w as no d iffe rence  in re s p o n se s  to  

th e  physically s e p a ra te d  o r  physically o v e r lap p ed  s tim u lus  pairs for 

any  freq uency  separa tion , a s  indicated by a d ' n ear  0 .0  fo r  each  

freq u e n cy  sep ara tio n , a v e ra g e d  ov er  condition  and  s e q u e n c e  duration  

(Figures 15 and 16 ). T h a t  is, s e q u e n c e s  conta in ing  physically 

s e p a r a te d  and  physically o v e r lap p ed  so u n d s  w ere  indis tinguishable  

fo r  all th re e  f req u en cy  se p a ra t io n s .  Thus, any  p e rc ep tio n  o f  overlap  

m u s t  have been  re la ted  to  s t r e a m  se g reg a t io n  o f  th e  so u n d s  in th e  

se q u e n c e s .

A veraged  a c ro ss  s e q u e n c e  d u ra tio ns  and  a c ro ss  conditions, th e  

requ is ite  f req u e n cy  se p a ra t io n  fo r  se g re g a t io n  (d e s ig n a te d  by a 

criterion m easu re  o f 0 .0 )  is b e tw ee n  0 .2 5  and 0 .7 5  o c ta v e s  in th e  

h igh -seg rega tion  group. T he  resu lts  o f  van  Noorden (1 9 7 5 ) ,  however, 

sho w  t h a t  a o n e -o c ta v e  freq u e n cy  se p a ra t io n  is n e c e s sa ry  for th e  

s e g re g a t io n  of p u re - to n e s  in se q u e n c e s  p re s e n te d  a t  8  to n e s  per  

se c o n d  ( th e  ra te  o f th e  to n e  s e q u e n c e s  in th e  p re s e n t  s tu d y ) .  On th e  

o th e r  hand, th e  d a ta  o f  th e  low -seg rega tion  s u b je c ts  (av e rag e d  

a c ro ss  s e q u e n c e  d u ra tio n s  and  cond it ions)  a p p e a r  t o  fall in line with 

th e  re su l ts  o f  van  Noorden ( 1 9 7 5 ) .  T h a t  is, fo r  th e  low -segrega tion  

su b je c ts ,  t h e  f req u e n cy  se p a ra t io n  n e c e s sa ry  fo r  se g re g a t io n  is 

b e tw ee n  0 .7 5  and 1 .25  o c tav es .
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The su b je c ts  for th e  p re se n t  s tudy , with few  excep tion s , 

show ed  increased  se g reg a t io n  with increased  freq u e n cy  sep a ra t io n . 

F requency  separa tion  appea rs  not to  have been  a dom inan t fa c to r  for 

S ub jec t 5 (Figure 17). This is so m e w h a t  surprising, given t h a t  

f req u e n cy  se p a ra t io n  is usually a primary d e te rm in a n t  o f seq u en tia l  

in tegra tion  and s t re a m  seg rega tion  (see , for exam ple, van Noorden, 

1 9 7 5 , and Bregman, 1 9 9 0 ) .  It is possible, though  unlikely, t h a t  th e  

e f f e c t s  of duration  a n d /o r  condition over-w helm ed th e  e f f e c t s  of 

f req u en cy  separa tion . This would m ean, for th e s e  su b jec ts ,  

f req u en cy  sep a ra tio n  was a less e ffec tiv e  cue than  dura tion  and 

condition. This, however, w as clearly n o t  th e  c a se  for S ub jec t  5, 

who sh ow ed  little d if fe rence  in criterion m e a su re s  to  m an ipu la tions 

o f frequency , separa tion , condition, or duration.

E ffec t o f  condition

The similarity b e tw ee n  th e  a lte rna ting  so u n d s  w as also  varied 

in te rm s  o f overall in tensity  and tem poral envelope. Figure 18 

show s t h a t  th e  h igh-segregation  g roup  rep o r te d  th e  le a s t  

se g reg a t io n  for th e  co rre la ted  AM noise-band se q u e n c e s .  This 

condition w as significantly d iffe ren t from  th e  o th e r  cond itions  (p  < 

0 .0 5 ) .  The criterion resp o n ses  for th e  o th e r  conditions w ere  no t 

s ta t is t ica lly  d if fe ren t  from  one ano the r .  The low -seg reg a tion  

group, though , exhibited  th e  m o s t  sequentia l in tegra tion  for th e  

p u re - to n e  s e q u e n c e s  with th e  sam e  overall in tensity  fo r all 

e le m e n ts .  Pure-tone, 12 dB Al se q u e n c e s  had similar seq uen tia l  

in teg ra tion  as  co rre la ted  AM se q u en ces ,  while th e  u n co rre la ted  AM 

se q u e n c e s  ap p ea red  to  be se g re g a te d  (Figure 19).
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D ifferences b e tw e e n  cond itions fo r  th e  low -seg rega tion  g roup  w ere, 

how ever, n o t  significantly d if fe ren t  from  one  a n o th e r .  A veraged  

a c ro ss  su b je c ts ,  f req u en cy  sep a ra tio n s , and  dura tions, th e  12 dB 

d iffe rence  in in tens ity  had  no additional e f f e c t  on se g re g a t io n  

c o m p a red  to  p u re - to n e  s e q u e n c e s  with no a l te rn a t io n s  in in tensity . 

This is surprising in tw o  r e s p e c ts .  First, it is logical to  a s su m e  th a t  

a d ifference  in a lte rna ting  so u n d s  a s  g re a t  as  12 dB should signify to  

th e  aud ito ry  s y s te m  t h a t  th e  a lterna ting  so u n d s  w ere  g e n e ra te d  by 

s e p a ra te  so u rces .  Thus, se g reg a t io n  should occur. Second, van 

N oorden ( 1 9 7 7 )  ob se rv ed  s t r e a m  seg reg a tio n  b a sed  on a d ifference  in 

in tens ity  as  small as  3 dB. However, th e  12 dB in ten s ity  d ifference  

u sed  in th e  p re s e n t  s tu d y  did n o t  a f fe c t  s t re a m  seg reg a tio n . The 

d iffe ren ces  b e tw ee n  van N oorden 's  experim en t and  th e  p re s e n t  s tu d y  

m ay explain th e  d iscrepancy . Van Noorden b a sed  his findings on only 

tw o  su b je c ts .  Figure 2 0  show s th e  d ifference  b e tw e e n  th e  av erag e  

criterion  for th e  12 dB Al s e q u e n c e s  and th e  av e rag e  criterion for th e  

0  dB Al s e q u e n c e s  fo r each  o f  th e  e igh t su b je c ts  in th e  p re s e n t  s tudy , 

a v e rag e d  over  freq u en cy  se p a ra t io n s  and conditions. In sp i te  o f  th e  

lack o f  s ta t i s t ic a l  s ignificance, it a p p e a rs  t h a t  marginally m ore 

s e g re g a t io n  o c cu rred  fo r  th e  s e q u e n c e s  with an in ten s i ty  d ifference  

b e tw e e n  a lte rn a ting  so u n d s  th a n  for s e q u e n c e s  with no in tensity  

d iffe rences . S ub jec t 9, how ever, a p p ea re d  to  have  em ployed  th is 

d iffe ren ce  pe rcep tua lly  to  assign  th e  a l te rna ting  so u n d s  to  d if fe ren t  

so u rces .  This s u g g e s t s  t h a t  th e  sub jec tive  "w eights"  applied to  th e  

d if fe ren ces  b e tw e e n  so u n d s  varied from  su b je c t  to  su b je c t .  Thus, if 

van  Noorden had used  a larger num ber o f  su b jec ts ,  he m ight have
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found  t h a t  n o t  all o f  his su b je c ts  to o k  a d v a n ta g e  o f in tensity  

a lte rn a tio n s . A possibility fo r  fu tu re  re sea rch  would be  to  re la te  

ra t ings  o f  similarity o f th e  so u n d s  making up s e q u e n c e s  with th e  

criterion  m easu re  as  u sed  in th e  p re s e n t  experim en t. A relationship  

b e tw e e n  s t r e a m  se g re g a t io n  and d irec t  ju d g m e n ts  o f similarity 

m igh t help  explain d if fe ren c e s  b e tw e e n  individuals found  in th is  

s tu dy .

A n o th e r  d ifference  b e tw ee n  th e  van Noorden exp erim en t and 

th e  p re s e n t  investiga tion  is t h a t  van Noorden u sed  s ing le-frequency  

s e q u en c es ;  th e  to n e s  a l te rn a te d  only in in tensity . It could be  th e  

c a se  th a t ,  in th e  face  o f th e  f req u en cy  se p a ra t io n s  u sed  in th is  

e x p e r im e n t ,  a l te rn a t in g  in te n s i ty  w as re la tive ly  u n im p o r ta n t  in 

deciding w h e th e r  o r n o t  m ore  th an  one  so u rc e  w as con tr ibu ting  to  

th e  acou stic  env ironm en t ( a t  lea s t  in th e  av e rag ed  d a ta ) .  A no ther  

possib le  a rea  fo r  fu tu re  re sea rch  would be  to  u se  s e q u e n c e s  with 

sm aller f re q u e n c y  s e p a ra t io n s  along with d if fe ren c e s  in in te n s i ty  to  

exam ine  fu r th e r  th e  re la tionship  b e tw e e n  th e s e  tw o  fa c to rs .  A 

d iffe ren ce  in m ean  criterion  (fo r  th e  h ig h -seg reg a tio n  g rou p )  w as 

also e v id en t in th e  s e q u e n c e s  consis ting  of AM no ise-bands. As 

m en tio n ed  earlier, t h e s e  cond itions  w ere  significantly  d if fe re n t  (p  < 

0 .0 5 ) ,  with th e  le sse r  d e g re e  o f se g reg a t io n  s e e n  for th e  co rre la ted  

AM no ise-band  se q u e n c e s .  Not all su b je c ts ,  how ever, sh ow ed  th is  

p a t te rn  of resu lts .  Figure 21 show s th e  d ifference  b e tw e e n  m ean 

criterion  fo r  th e  unco rre la ted  AM noise-band  se q u e n c e s  and th e  m ean  

criterion  fo r  th e  c o rre la ted  AM no ise -band  s e q u e n c e s  av e rag e d  

ac ro ss  f req u en cy  sep a ra t io n  and s e q u e n c e  duration . Only S ub jec t  4 

ap p ea rs  n o t  to  have  s e g re g a te d  th e  AM noise-band  se q u e n c e s  any
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d ifferen tly  with r e s p e c t  to  envelope correlation. For th e  av e rag e  

su b je c t ,  how ever, d iffe rences  in th e  tem po ra l  en v e lo p es  of 

a l te rna ting  sou nds  increased  th e  te n d e n cy  of th e  audito ry  s y s te m  to  

s e g re g a te  th e  so und s in th e  sequ en ces . While o th e r  s tu d ies  have 

show n t h a t  seg rega tio n  and fusion can be a f fe c te d  by th e  envelope  

co rre la tion  of tw o  or m ore co-occurring sounds, th is  resu lt  is th e  

f irs t  indication t h a t  enve lope  similarity m ay play a role in th e  

se q u en tia l  in teg ra tion  and s t r e a m  se g reg a t io n  o f n on -s im u ltaneou s  

sounds . This leaves open  th e  possibility t h a t  tem po ra l  envelope  

plays a role in th e  p e rcep tua l  organization  o f o th e r  seq uen tia l  

soun ds , linking th o se  so u nds  with similar tem p o ra l  en ve lopes , and 

s e g re g a t in g  so unds  with d iffe ren t  tem pora l enve lopes . A n o th e r  

com parison  of in te re s t  is t h a t  of th e  seg reg a t io n  of th e  p u re - tone , 0  

dB Al se q u e n c e s  to  th a t  of th e  corre la ted  AM se q u e n c e s  (Figure 2 2 )

It m ight be su p p o sed  th a t  th e s e  tw o  conditions would resu lt  in th e  

sa m e  d e g re e  of seg rega tion . In both  cases , th e  se q u e n c e s  are 

c o m p o se d  of a lte rna ting  so und s with identical enve lopes , and  th e  

a lte rn a tin g  sou nds in th e  se q u e n c e s  have equal in tensities . In o th e r  

words, th e  sound s  in th e  se q u e n c e s  differ in only one  a t t r ib u te .  

However, th e  c o rre la ted  AM noise-band s e q u e n c e s  are  less 

s e g re g a te d  th an  th e  pure-tone , 0  dB Al se q u e n c e s  to  a s ta tis t ica lly  

significant d e g re e  for th e  h igh-segregation  g roup  (p  < 0 .0 5 ) .  It 

s e e m s  t h a t  am plitude fluc tuations in th e  soun ds making up th e  

s e q u e n c e s  red u ces  th e  s t re a m  seg rega tion  of th e  a lte rna ting  sounds.

Comparing th e  c o n s t i tu e n t  sounds of th e  s e q u e n c e s  in th e s e  

tw o  cond itions gives rise to  tw o possible rea so n s  for th e  d iffe rence  

in se g reg a t io n .  First, th e  AM noise-bands f lu c tu a te  in in tens ity  over
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th e ir  dura tions. T h a t  is, th e  m odula ted  noise bands used  in th is 

s tu d y  have  a certa in  d e p th  of m odulation (1 .0 ) ,  co rrespond ing  to  

c h a n g e s  in in tensity  ov e r  th e  dura tions  o f  th e  sounds . It m ight be 

su p p o sed  th a t  m odulation d e p th  plays a role in se g reg a t io n . The 

p u re - to n e s  u sed  as  s e q u e n c e  e le m e n ts  did n o t  f lu c tu a te  in in tensity  

o v e r  th e ir  dura tions  (i.e., w ere  unm odu la ted ) .  Since m ore  sequen tia l  

in teg ra tion  w as found  for th e  c o rre la ted  AM noise s e q u e n c e s  th an  

for th e  p u re - to n e  se q u e n c e s ,  one  h ypo thes is  would be t h a t  

seq u en tia l  in teg ra tion  in c reases  as  th e  m odulation  d e p th  o f th e  

so u n d s  making up th e  s e q u e n c e s  increases . Preliminary work, 

how ever, show s this n o t  to  be th e  case .  For s e q u e n c e s  consisting  of 

sinusoidally  am p li tu d e -m o d u la ted  p u re - to n e s  m o d u la ted  a t  2 0  Hz, 

seq u en tia l  in teg ra tion  d o e s  n o t  differ with m odula tion  d e p th s  o f 

0 .2 5 ,  0 .5 ,  and  1 .0  (M endoza, 1 9 9 3 ) .  T h ese  d a ta  are limited in te rm s  

o f  nu m b er  o f s u b je c ts  and  n u m ber  of trials; fu r th e r  work is required 

for a definitive t e s t  o f  th e  hypo thes is .

A n o th e r  d ifference  b e tw e e n  th e  so u n d s  in th e  p u re - to n e  and AM 

se q u e n c e s  is th e  bandw idth  o f th e  sounds. The p u re - to n e  so un ds  

have a nominal bandw idth  o f  1 Hz, while th e  AM no ise -bands had a 

bandw idth  o f  32  Hz. It w as a ssu m e d  a t  th e  o u t s e t  t h a t  th e  fa c to r  of 

f req u e n cy  se p a ra t io n  would be re la ted  to  th e  c e n te r  f req u en c ie s  of 

th e  so u n d s  in th e  seq u en c es .  However, it m ight be th e  c a se  t h a t  

aud ito ry  s c e n e  analysis o p e ra te s  on th e  minimum d iffe rence  

b e tw ee n  sounds . For exam ple, th e  frequen cy  ratio  o f  th e  so un ds  in 

th e  1 0 0 0  Hz - 1 7 5 0  Hz pure  to n e  se q u en c es  is 0 .7 5 .  Since th e  AM 

so u n d s  have  a bandw id th  o f  32  Hz, and have c e n te r  f requencies  

c o rrespond ing  to  th e  f requenc ies  o f th e  so u n d s  in th e  p u re - to n e
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se q u e n c e s ,  th e  minimum freq uency  ratio  in th e  1 0 0 0  Hz - 1 7 5 0  Hz 

AM se q u e n c e s  ( [ 1 7 3 4  - 1 0 1 6 ] / 1 0 1 6 )  is 0 .7 1 .  it is conceivable  th a t  

th e  sm aller minimum freq u e n cy  ra tio  in th e  c o rre la ted  AM noise- 

band  s e q u e n c e s  is responsib le  fo r th e  lesse r  d e g re e  o f s e g reg a t io n  

c o m p ared  to  t h a t  with th e  p u re - to n e  se q u e n c e s .

If th e  d e c re a se d  freq u e n cy  ratio  b e tw e e n  so u n d s  e n h an c e  

seq u en tia l  in teg ra tion , and en ve lo pe  d iffe ren ces  b e tw e e n  so u n d s  

p ro m o te  seg reg a t io n ,  th e n  th e  equivalence  o f  th e  m ean  criterion of 

th e  p u re - to ne , 0  dB Al s e q u e n c e s  and th e  u ncorre la ted  AM noise-band 

s e q u e n c e s  (a v e rag e d  a c ro ss  f requen cy  sep a ra t io n  and duration; s e e  

Figure 18 )  m ight be explained by an in te rac tion  o f th e s e  fac to rs .  By 

v ir tue  o f  th e  increased  bandw id th  (and  d e c re a s e d  minimum 

freq u e n cy  sep a ra t io n ) ,  th e  se g reg a t io n  o f th e  AM se q u e n c e s  is 

red u c ed  c o m p a red  to  th e  s e q u e n c e s  with ( s t e a d y - s t a te )  p u re - to n e  

e le m e n ts .  However, th e  tem p o ra l  envelope  d iffe rences  in th e  

u n co rre la ted  AM noise-band  se q u e n c e s  is a cue t h a t  th e  so u n d s  w ere  

g e n e r a te d  by d if fe ren t  so u rc es ,  th u s  increasing th e  se g re g a t io n  o f  

th e  a l te rna tin g  sou nds . T h ese  tw o  fa c to rs  m ay in te ra c t  in th e  

u n co rre la ted  AM se q u e n c e s  in such  a way as  to  cancel each  o th er ,  

resu lting  in th e  sa m e  d e g re e  of s e g re g a t io n  in th e  unco rre la ted  AM 

s e q u e n c e s  as  in th e  p u re - to n e  se q u e n c e s .  Thus, while th e s e  tw o 

cond itions  show  th e  sam e  d e g re e  o f seg reg a t io n ,  th e  underlying 

p ro c e s s e s  leading to  t h a t  d e g re e  o f s e g reg a t io n  m ay be  d if fe ren t  in 

th e  tw o  conditions.
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In te rac t io n  o f  f req u e n cy  s e p a ra t io n  and condition

Figure 2 3  show s m ean  criterion m easu re  as  a function  of 

f req u e n cy  separa tio n , with condition as  th e  p a ra m e te r .  A t th e  

sm a lle s t  f req u e n cy  sep a ra t io n ,  it a p p e a rs  t h a t  th e  le a s t  seq uen tia l  

in teg ra tio n  occu rs  fo r th e  p u re - to n e  s e q u e n c e s  with a lte rna ting  

in tensit ies . The d iffe ren ce  in seq u en tia l  in teg ra tio n  b e tw e e n  th e  

a l te rna ting  in ten s ity  s e q u e n c e s  and  th e  o th e r  cond itions  d e c re a se s ,  

how ever, a t  larger f req u e n cy  sep ara tio n s . This lends c re d en c e  to  th e  

idea p ro p o se d  earlier: a s ign ifican t d iffe rence  w as  n o t  o b se rv ed  for 

th e  a lte rna ting  in tensity  s e q u e n c e s  in th e  av e rag e d  d a ta  b e c a u se  of 

th e  in te rac tion  b e tw e e n  e f f e c ts  av e raged  o v e r  f req u en cy  separa tion . 

Thus, it m ight be e x p e c te d  t h a t  th e  d ifferences b e tw e e n  th e  0  dB Al 

and  12 dB Al conditions would increase  with ev en  sm aller f req u en cy  

s e p a ra t io n s  th a n  th o s e  u sed  here . A s ta t is t ica lly  sign ifican t 

d iffe rence  in se g reg a t io n  m ight th e n  be  o b se rv ed ,  as  w as 

d e m o n s tra te d  by van Noorden (1 9 7 7 ) .

T he  d iffe rence  in c riterion  b e tw e e n  th e  c o rre la te d  AM noise- 

band  s e q u e n c e s  and th e  remaining conditions also varied according  

to  f req u e n cy  separa tion . It a p p e a rs  t h a t  m ore  seq u en tia l  in teg ra tion  

occu rs  fo r 1 0 0 0  Hz - 1 2 5 0  Hz se q u en c es ,  and  less se g reg a t io n  for 

1 0 0 0  Hz - 1 7 5 0  Hz, fo r th e  co rre la ted  AM noise-band  se q u e n c e s  th an  

for th e  o th e r  conditions a t  th e  sa m e  f req uency  sep a ra tio n s . A t th e  

la rg e s t  f req u e n cy  se p a ra t io n ,  th e  criterion  m e a su re s  o f  th e  

s e q u e n c e s  are equivalent, reg a rd le ss  o f  condition . This c o n tra d ic ts  

th e  bandw id th  explanation  o ffe red  earlier. T he  minimum freq u en cy  

ra tios  for th e  1 0 0 0  Hz - 1 2 5 0  Hz, 1 0 0 0  Hz - 1 7 5 0  Hz, and 1 0 0 0  Hz -
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2 2 5 0  Hz AM noise band se q u e n c e s  are 0 .2 2 ,  0 .7 1 ,  and 1 .20 , 

respec tive ly . The minimum freq u en cy  ratio  o f  th e  AM no ise-band  

s e q u e n c e s  b e c o m e s  increasingly  sm aller re la tive  t o  th e  p u re - to n e  

f requency  ra tios  o f  0 .2 5 ,  0 .7 5 ,  and  1 .2 5  as  freq u en cy  sep ara tion  

increases . One would p red ic t  t h a t  th e  d iffe rence  b e tw e e n  th e  

c riterion  m e a su re s  o f  th e  tw o  cond itions  would increase as 

f req u e n cy  se p a ra t io n  increases .  This w as, in fac t ,  n o t  th e  case . 

Thus, th e  explanation  b a se d  on th e  minimum freq u en cy  sep a ra t io n  

b e tw e e n  com plex so u n d s  o ffe red  earlier d o e s  n o t  hold.

Relating th e s e  findings to  th e  h y p o th es is  p ro p o se d  earlier, th e  

e f f e c t s  o f  d if fe ren ces  in a t t r ib u te s  o th e r  th a n  f re q u e n c y  se p a ra t io n  

d e p e n d s  on th e  specific  a t t r ib u te s ,  as  well as  th e  f req u e n cy  

s e p a ra t io n  o f  th e  soun ds . D ifferences in in tens ity  and  freq u en cy  

a p p e a r  to  lead to  less sequ en tia l  in teg ra tion  c o m p a red  to  only a 

d iffe ren ce  in freq uency , b u t  only w hen t h a t  f req u e n cy  d iffe ren ce  is 

small. D ifferences in c e n te r  f req u en cy  and  tem p o ra l  en ve lop e  lead 

t o  g r e a te r  s e g re g a t io n  th a n  d iffe rences  in only c e n te r  frequency , 

bu t,  again, th is  e f f e c t  is limited by th e  f req u e n cy  se p a ra t io n  o f  th e  

so und s . The e f f e c ts  o f enve lope  similarity a p p e a r  to  o p e ra te  only 

for so u n d s  with f req u en cy  se p a ra t io n s  o f  less th an  one  o c ta v e .  Thus, 

th e r e  is no ev idence  o f  o r th o g o n a l e f f e c t s  o f  a t t r ib u te  d iffe rences .

A n o th e r  w ay  o f  viewing th e  re su l ts  found  he re  is simply t h a t  

w hen  th e  f req u e n cy  se p a ra t io n  o f  th e  s e q u e n c e s  provides 

inconclusive ev idence  a s  t o  "sou rce"  fo r aud ito ry  s c e n e  analysis, th e  

a u d ito ry  s y s te m  falls back  on envelope  in form ation  in assigning



72

so u n d s  to  sou rces .  This would imply t h a t  th e  p ro c e ss  o f audito ry  

s c e n e  analysis em ploys a h ierarchy  o f  cues, with f req u e n cy  

s e p a ra t io n  carrying th e  g r e a t e s t  w eight, followed by tem p o ra l  

e n v e lo p e  similarity, t h e n  a l te rn a t io n s  in in tens ity .

R a ther  th a n  au d ito ry  s c e n e  analysis d isregard ing  tem p o ra l  

en v e lope  inform ation a t  large freq u e n cy  se p a ra t io n s ,  it m ight be th e  

c a s e  t h a t  th e  aud ito ry  s y s te m  w as unable to  d iscrim inate  b e tw e e n  

tem p o ra l  en v e lo p es  a t  large f req u e n cy  se p a ra t io n s .  If th is  w ere  

t ru e , th e n  tem pora l  enve lop e  similarity would have  b e en  u se less  as a 

f a c to r  in th e  p e rcep tu a l  o rgan iza tion  o f th e  se q u e n c e s .  S h e f t  (1 9 9 0 )  

sh o w ed  t h a t  th e  d iscrim ination o f th e  tem p o ra l  enve lope  o f  

s e q u e n t ia l ly -p re se n te d  so u n d s  d e c re a s e d  a s  th e  f req u e n cy  

se p a ra t io n  b e tw e e n  th e  so u n d s  increased  from  0  t o  one-ha lf  o c ta v e .  

R esearch  using s im u ltan eo u s  so u n d s  also ind ica ted  t h a t  th e  

d iscrim ination  o f  en v e lo p e  co rre la t ion  m igh t d e c r e a s e  with 

in c reased  f req u e n cy  se p a ra t io n  b e tw e e n  th e  tw o  so u n d s  (Richards,

1 9 8 7 ,  Hall and  Grose, 1 9 9 3 ) .  Thus, th e  su b je c ts  m ay n o t  have  been  

able t o  m ake u se  o f  en ve lop e  similarity a t  t h e  la rg e s t  f requen cy  

se p a ra t io n  used  in th e  p re s e n t  s tu d y  (1 .2 5  o c ta v e s ) .  Work is 

c u rre n t ly  und erw ay  to  fu r th e r  clarify th e  re la tionsh ip  b e tw e e n  

f re q u e n c y  s e p a ra t io n  and  te m p o ra l  envelope  d iscrim ination  in 

s e q u e n t ia l ly -p re s e n te d  so u n d s .

To sum m arize  th e  in te rac tio n s  found in th e  p re s e n t  d a ta ,  it 

s e e m s  t h a t  aud ito ry  s c e n e  analysis u se s  a h iera rchy  o f  c u e s  in 

de term in ing  w h e th e r  o ne  o r  m ore so u rc e s  a re  responsib le  fo r a given 

aco u s t ic  env ironm en t. F requency  se p a ra t io n  a p p e a rs  t o  have  th e  

g r e a t e s t  influence o f  th e  fa c to r s  t e s t e d  here . A t th e  la rg es t
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Figure 24 . Criterion as a function of sequence  duration. 
Each condition is rep resen ted  in a sep a ra te  panel. 
Pa ram ete r  is frequency separa tion . H igh-segregation 
group.
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Low -segregation  group.
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f req u e n cy  sep ara tio n , th e  a m o u n t  o f  s e g re g a t io n  is in d ep e n d en t  o f 

th e  d iffe ren ces  in o th e r  a t t r ib u te s .  As f req u e n cy  se p a ra t io n  

d e c re a se s ,  how ever, o th e r  f a c to rs  com e into play. Thus, th e  

e f fe c t iv e n e s s  o f  a p a rticu la r  a t t r ib u te  d iffe ren ce  in au d ito ry  s c e n e  

analysis a p p ea rs  t o  be d e p e n d e n t  on th e  d iffe rences  in o th e r  

a t t r i b u t e s .

T he e f f e c t s  o f  a t t r ib u te  d if fe ren c e s  on  th e  t im e -c o u rse  o f  s t r e a m  

s e g re g a t io n

Figures 2 4  and 25  show  criterion m ea su re s  as  a function  o f 

s e q u e n c e  dura tion  for each  freq u en cy  sep a ra t io n  and condition. For 

t h e  h ig h -seg reg a tio n  group, an e f f e c t  o f  f req u e n cy  s e p a ra t io n  is 

obvious. T he d a ta  show  t h a t  s e q u e n c e s  with sm aller f req u en cy  

s e p a ra t io n s  a re  s e g r e g a te d  (criterion  m e a su re s  g o  from  positive  to  

n e g a t iv e )  la te r  th a n  s e q u e n c e s  with larger f req u e n cy  se p a ra t io n s ,  if 

a t  all. A similar t r e n d  o c cu rs  fo r th e  low -seg rega tio n  group; 

how ever, th e  d a ta  from  th is  g roup  are m ore variable th a n  th o s e  for 

th e  h ig h -seg reg a tio n  group . This s u g g e s t s  t h a t  s t r e a m  se g re g a t io n  

o c c u rs  s o o n e r  fo r  so u n d s  with a larger d iffe rence  in an a t t r ib u te  

c o m p a re d  t o  so u n d s  with a sm aller d if fe rence  in th e  a t t r ib u te ,  if 

t h a t  a t t r ib u te  is frequen cy .

T here  a p p ea re d  to  be  ev idence  o f  so u n d s  with d iffe rences  in 

tw o  a t t r ib u te s  t o  s e g re g a te  so o n e r  th a n  so u n d s  with a d iffe rence  in 

only o n e  a t t r ib u te .  This w as ev id en t com paring  0  dB Al p u re - to n e  

se q u e n c e s  to  th e  12 Al p u re - to n e  s e q u e n c e s  fo r  1 0 0 0  Hz - 1 2 5 0  Hz 

a lte rna tin g  to n e s .  S tre am  se g re g a t io n  also o ccu rred  s o o n e r  in th e  

u n co rre la ted  AM no ise-band  s e q u e n c e s  th a n  in th e  c o rre la te d  AM
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noise-band  s e q u e n c e s  fo r th e  1 0 0 0  Hz - 1 7 5 0  Hz case . One 

com parison  in conflict with th is  t re n d  w as t h a t  o f th e  p u re - to n e ,  0  

dB Al s e q u e n c e s  and  th e  pu re- to ne , 12 Al se q u e n c e s  in th e  1 0 0 0  Hz - 

1 7 5 0  Hz case . Also, o th e r  fa c to rs  did n o t  s e e m  to  play a role in th e  

dura tion  n e c e ssa ry  for se g reg a t io n  o f  th e  1 0 0 0  Hz - 2 2 5 0  Hz 

s e q u e n c e s .  T he  lack o f  a s ta t is t ica lly  sign ifican t in te rac t io n  o f 

freq u e n cy  sep a ra t io n  x condition  x dura tion  s u g g e s t s  t h a t  th e  

re la tionsh ip  b e tw e e n  t h e s e  fa c to rs ,  if one  e x is ts ,  is com plex.

Implications fo r th e  d escr ip t ion  of th e  p ro c e ss  o f  s t r e a m  

s e g r e g a t io n

Earlier d iscuss ion  o ffe rs  a d e scr ip tio n  to  help c o n ce p tu a liz e  

th e  p ro c e s s  o f  aud ito ry  s c e n e  analysis. The descr ip tio n  revolves 

around  tw o  s e p a ra te  p ro c e sse s .  T he f irs t  s t e p  is th e  a s s e s s m e n t  o f 

th e  similarity o f  th e  so u n d s  in th e  en v ironm en t. This is d e te rm in e d  

by com paring  th e  a t t r ib u te s  o f  each  sound . The idea o f a com bined  

a t t r ib u te  value (CAV) is u sed  to  desc r ib e  th e  c h a ra c te r is t ic s  o f  a 

sound , in o rd e r  t o  simplify th e  re p re se n ta t io n  o f  th is  p ro cess .  By 

using a CAV, th e  c h a ra c te r is t ic s  o f any  particu lar so und  can  be 

re p re s e n te d  by  a single value in s tead  o f  rep re se n tin g  th e  so u n d  in 

m ultid im ensional sp a ce .  Thus, com plex  d if fe ren c e s  b e tw e e n  so u n d s  

can  be  re p re se n te d  on a single axis. The d is tan c e  b e tw e e n  th e  CAVs 

o f  tw o  so u n d s  is an indication of th e ir  overall similarity. S ounds 

differing g re a t ly  in th e ir  a t t r ib u te s  would be  fa r th e r  a p a r t  on  th e  

CAV axis th a n  so u n d s  w ith sm aller d if fe ren c e s  b e tw e e n  th e ir  

a t t r ib u te s .  The se c o n d  p ro c e s s  involves partition ing  th e  CAV axis 

o v e r  tim e. Sounds with CAVs falling on th e  sa m e  side o f th e
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parti t ion  are  sequen tia l ly  in te g ra te d ,  while th o s e  w h o se  CAVs fall 

on o p p o s i te  s ides  o f th e  partition  are  s e g re g a te d .  This is in tended  

only as  a c o n cep tu a l  m odel o f th e  p ro ce ss  o f s t r e a m  se g reg a t io n ,  

similar in in te n t  to  J o n e s 's  ( 1 9 7 6 )  model.

Concerning th e  t im e -c o u rse  o f s t r e a m  se g re g a t io n ,  th e  lack o f 

an in te rac tion  b e tw e e n  s e q u e n c e  dura tion  and e i th e r  f req u e n cy  

se p a ra t io n  o r  condition  ind ica tes  t h a t  th e  d e c re a s e  in criterion  

occurring from  5 0 0  m sec  t o  3 s e c o n d s  w as a b o u t  th e  sa m e  for all 

com bina tio ns  o f  f req u en cy  se p a ra t io n s  and  conditions. If o n e  

a s su m e s  t h a t  e ac h  s e q u e n c e  s t a r t e d  with th e  sa m e  criterion, t h a t  is, 

th e  so u n d s  in e a c h  s e q u e n c e  w ere  originally sequen tia lly  in te g ra te d  

to  th e  sa m e  d e g re e ,  th e n  su b s ta n t ia l  c h a n g e s  in p e rcep tu a l  

o rgan iza tion  m u s t  have  o ccu rred  below 5 0 0  m sec. The m eth odo log y  

u se d  in th e  c u r re n t  work did n o t  allow th e  exam ina tion  o f aud ito ry  

s c e n e  analysis fo r  s e q u e n c e s  below 5 0 0  m sec  in duration . Moore, 

Glasberg, and P e te rs  ( 1 9 8 6 )  have show n t h a t  th e  ability t o  "h ea r  o u t"  

a c o m p o n e n t  from  a com plex  increases  as  th e  dura tion  o f  th e  so u n d s  

increase  from  5 0  m sec  to  1 6 1 0  m sec. It m ay be  th e  c a se  t h a t  

c h a n g e s  in seq u en tia l  in teg ra tion  also occu r  a t  such  du ra tions . 

F u rther  work, how ever, is n e e d e d  to  a d d re s s  th is  q u es tion .

T he e f f e c t s  o f in ten s i ty  d iffe ren ces  and  tem p o ra l  en v e lo p e  

w ere  se e n  to  vary, depend ing  on th e  f req u en cy  se p a ra t io n s  u sed  in 

th e  p re s e n t  experim ent. O th e r  re se a rc h e rs  have  d e m o n s t r a te d  

" c o n te x t"  e f f e c t s  in aud ito ry  s c e n e  analysis. For exam ple , with 

s e q u e n c e s  consis ting  o f  pure  to n e s  and  noises, McNally and Handel 

( 1 9 7 7 )  show ed  t h a t  6 0 0 0  Hz and 7 5 0  Hz pure to n e s  can  avoid 

se g re g a t io n  w hen th e y  are  included in s e q u e n c e s  with a sam ple  o f
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white noise and  a 4 0  Hz "buzz" se g m en t .  Thus, a given d ifference  

b e tw ee n  tw o  so un ds  can  s e g re g a te  or n o t  depend ing  on o th e r  soun ds 

in th e  env ironm en t, as  well as  th e  d iffe ren ces  in th e  a t t r ib u te s  o f 

th e  so u n d s  th em se lv es .  Thus, one  finding o f  th is  re sea rch  is t h a t  no 

ev idence  ex is ts  t h a t  th e  a t t r ib u te s  o f so u n d s  are  t r e a te d  

o r th ogo na lly  in au d ito ry  s c e n e  analysis.



SUMMARY

In sum m ary , th en ,  s t r e a m  se g reg a t io n  w as se e n  to  be  variable 

a c ro ss  th e  su b je c ts  u sed  in th is  experim ent, in sp i te  o f a t t e m p t s  to  

red u ce  l is tener  bias. S u b s tan tia l  c h a n g e s  in aud ito ry  s c e n e  analysis 

w ere  o b se rv ed  for s e q u e n c e s  5 0 0  m sec  - 3 se c  in duration . The 

du ra tion  n e c e s sa ry  for s t r e a m  se g re g a t io n  w as  d e p e n d e n t  primarily 

on  th e  frequency  sep a ra t io n  of th e  so und s  in th e  se q u en c es .

Similarity o f tem p o ra l  en ve lop e  w as  se e n  to  red u ce  th e  se g re g a t io n  

o f  so und s  co m pared  to  th e  seg reg a t io n  se en  for p u re - to n e  so u n d s  and 

a lte rna tin g  so u n d s  with d if fe ren t  tem p o ra l  env e lopes . T he com bined  

e f f e c t s  o f  f req u e n cy  s e p a ra t io n  with e i th e r  in te n s i ty  o r  tem p o ra l  

en v e lo p e  d iffe ren ces  w ere  m ore powerful th a n  f req u e n cy  se p a ra t io n  

alone, b u t  only in s e q u e n c e s  in which th e  freq u en cy  sep a ra t io n  o f  th e  

so u n d s  w as less th an  one  o c ta v e .

79



REFERENCES

Anstis, S, & Saida, S ( 1 9 8 5 ) .  A dap ta t ion  to  aud ito ry  s tream in g  of 
f req u e n cy -m o d u la ted  to n e s .  Journal o f  Experim ental 
Psychology: Human Percep tion  & Perform ance . 11, 2 5 7 - 2 7 1 .

Bregman, AS ( 1 9 9 0 ) .  A uditory S cene  Analysis. Cambridge: MIT Press.

Bregman, AS ( 1 9 7 8 a ) .  A uditory  s tream in g  is cum ulative. Journal o f 
Experim ental Psychology: Human P ercep tion  & P e rfo rm a n ce . 4, 
3 8 0 - 3 8 7 .

Bregman, AS ( 1 9 7 8 b ) .  A uditory stream ing : C om petition  am ong
a lte rn a t iv e  o rg an iza tions . P e rcep tio n  & P sv ch o p h v s ic s . 32 , 
3 9 1 - 3 9 8 .

Bregman, AS, A bram son, J, Doehring, P, & Darwin, CJ (1 9 8 5 ) .
Spec tra l  in teg ra tion  b a se d  on com m on  am plitude  m odulation. 
P ercep tion  & P sv cho phv s ics . 37 , 4 8 3 -4 9 3 .

Bregm an, AS, & Campbell, J  ( 1 9 7 1 ) .  Primary au d ito ry  s t r e a m  
se g re g a t io n  and  p e rcep tio n  o f  o rd e r  in rapid s e q u e n c e s  o f 
to n e s .  Journal o f Experim ental Psycho logy . 89 , 2 4 4 - 2 4 9 .

Bregman, AS, & Rudnicky, A (1 9 7 5 ) .  A uditory seg reg a tio n :  s t r e a m  or 
s t r e a m s ?  Journal of Experim ental Psychology: Human 
P ercep tion  and P e rfo rm a n ce . 1, 2 6 3 -2 6 7 .

Carrell, TD, & Opie, JM ( 1 9 9 2 ) .  The e f f e c t  o f  am plitude  com odulation  
on aud ito ry  o b je c t  fo rm ation  in s e n te n c e  p e rcep tion .
P ercep tion  & P sv chop hvs ics . 52 , 4 3 7 - 4 4 5 .

Chalikia, MH & Bregman, AS (1 9 8 9 ) .  The p e rcep tu a l  se g reg a t io n  of 
s im u lta n eo u s  au d ito ry  signals: Pulse tra in  s e g re g a t io n  and 
vowel se g reg a t io n .  P e rcep tion  & P sv ch o p h v s ic s . 4 6 ,  4 8 7 - 4 9 6 .

Collyer, CE (1 9 7 4 ) .  T he  d e te c t io n  of a tem po ra l  g a p  b e tw e e n  tw o  
d isp a ra te  stimuli. P e rcep tio n  & P sv ch o p h v s ic s . 16 , 9 6 - 1 0 0 .

Dannenbring, GL, & Bregman, AS (1 9 7 6 ) .  S tre am  se g reg a t io n  and th e  
illusion o f  overlap. Journa l o f  Experim ental Psychology: Human 
P e rcep tio n  & Perfo rm ance . 2, 5 4 4 -5 5 5 .

8 0



81

Fitzgibbons, PJ, Pollatsek, A, & Thom as, IB ( 1 9 7 4 ) .  D e tec tion  of 
tem p o ra l  g a p s  within and b e tw e e n  p e rc e p tu a l  tonal g roups. 
Percep tion  and Psvchophvsics. 16, 5 2 2 -5 2 8 .

French-S t. George, M, & Bregman, AS ( 1 9 8 9 ) .  Role o f predic tab ility  of 
s e q u e n c e  in aud ito ry  s t r e a m  se g reg a t io n .  P e rcep tio n  & 
P sv ch oph vs ics .  4 6 , 3 8 4 -3 8 6 .

Hall, JW (1 9 8 6 ) .  T he  e f f e c t  o f  a c ro ss - f re q u e n c y  d if fe ren ces  in
m asking level on  sp e c t ro - te m p o ra l  p a t te rn  analysis. Journa l o f 
th e  A coustica l S oc ie ty  o f  America. 7 9 , 7 8 1 - 7 8 7 .

Hall, JW, & Grose, JH ( 1 9 9 3 ) .  Monaural enve lo pe  corre la tion  
p e rc e p t io n  in l is ten e rs  with normal hearing  and  co ch lea r  
im pairm ents . Journal o f S peech  and Hearing R esearch , in p ress.

Hall, JW, Haggard, MP, & Fernandes, MA (1 9 8 4 ) .  D e tec tion  in noise by 
s p e c t ro - te m p o ra l  p a t t e r n  analysis. Journal o f  t h e  A coustica l 
S oc ie ty  o f A m erica . 7 6 , 5 0 -5 6 .

Jo n e s ,  MR (1 9 7 6 ) .  Time, o u r  lost  dimension: Tow ard  a new  th e o ry  of 
p e rcep tion , a t te n t io n ,  and  m em ory. Psychological Review. 83 , 
3 2 3 - 3 5 5 .

MacMillan, NA, & Creelman, CD (1 9 9 1 ) .  D e tec tio n  T heory : A Users 
G uide . Cam bridge University Press.

M assaro, DW (1 9 7 7 ) .  P ercep tua l grouping in audition. P e rce p tio n .  6, 
5 4 1 - 5 5 3 .

McNally, KA, & Handel, S ( 1 9 7 7 ) .  E ffect o f  e le m e n t  com position  on 
s tream in g  and th e  ordering of rep ea tin g  s e q u e n c e s .  Journal of 
E xperim ental Psychology: Human P e rcep tion  & Perfo rm ance . 3, 
4 5 1 - 4 6 0

Mendoza, L ( 1 9 9 3 ) .  Unpublished da ta .

Miller, GA, & Heise, GA ( 1 9 5 0 ) .  T he trill th resho ld . Journal o f  th e  
A coustica l S oc ie ty  o f  A m erica . 22 , 6 3 7 - 6 3 8 .



8 2

Moore, BCJ, Glasberg, BR, & Peters , RW ( 1 9 8 6 ) .  T hresho lds for 
hearing  m is tu n ed  partia ls  as  s e p a ra te  t o n e s  in harm onic 
com plexes . Journal o f  th e  A coustical Soc ie ty  o f  America. 80 , 
4 7 9 - 4 8 3 .

Moore, BJC, Hall, JW, Grose, JH, & Schooneveld t, GP ( 1 9 9 0 ) .  Som e 
fa c to r s  a ffec ting  th e  m agn itude  of com odu la tio n  m asking 
re lease . Journal o f  th e  A cousticaL  S o c ie ty  o f America. 88 , 
1 6 9 4 - 1 7 0 2 .

Neff, DL, J e s te a d t ,  W, & Brown, EL (1 9 8 2 ) .  T he relation b e tw ee n  gap  
discrim ination and aud ito ry  s t r e a m  se g re g a t io n .  P e rcep tio n  & 
P svchoph vs ics .  31 , 4 9 3 -5 0 1 .

Norman, DA (1 9 6 7 ) .  Tem poral confusions and  limited cap a c i ty  
p ro cesso rs .  A c ta  P svcho loa ica . 27 , 2 9 3 - 2 9 7 .

Perro t, DR, & Williams, KH ( 1 9 7 0 ) .  A uditory  tem p o ra l  reso lu tion  as  a 
function  o f  in te rpu lse  f req u e n cy  d isparity . P sv c h o n o m ic  
S c ie n c e . 25 , 7 3 -7 4 .

Rappold, PW, Mendoza, LL, & Collins, MJ (1 9 9 3 ) .  Measuring th e  
s t r e n g th  o f aud ito ry  fusion fo r  syn chronously  and  
nonsynch ro no usly  f lu c tu a tio n  no ise -band  pairs. Journal o f  th e  
A coustica l S oc ie ty  o f  A m erica . 9 3 , 1 1 9 6 - 1 1 9 9 .

Repp, BH ( 1 9 8 7 ) .  In tegra tion  and se g reg a t io n  in sp e e c h  percep tion . 
Haskins L abora to ries  S ta tu s  R eport on S peech  R esearch  (SR 
M / m  4 4 -7 5 .

Richards, VM ( 1 9 8 7 ) .  Monaural envelope  corre la tion  percep tio n .
Journa l o f th e  A coustica l S oc ie ty  of A m erica . 82 , 1 6 2 1 - 1 6 3 0 .

Sheft, S, & Yost, WA (1 9 9 2 ) .  Spec tra l t ran sp o s i tio n  of envelope
m odula tion . Journal o f  th e  A coustica l S o c ie ty  o f A m erica . 9 1 , 
p t  2, 2 3 3 3 .

van  Noorden, LPAS (1 9 7 5 ) .  Tem poral C oherence  in th e  Percep tion  of 
T one  S eq u en ces  [diss]. T echn ische  H ogeschool Eindhoven, 
Eindhoven, The N etherlands.



83

van Noorden, LPAS ( 1 9 7 7 ) .  Minimum d iffe rences  o f level and 
freq u e n cy  for p e rcep tu a l  fission o f  to n e  s e q u e n c e s  ABAB. 
Journal o f th e  A coustical S oc ie ty  o f America. 6 1 , 1 0 4 1 - 1 0 4 5 .

Yost, WA, & Sheft, S ( 1 9 8 9 ) .  A cross-critica l-band  p rocess ing  o f
am p li tu d e -m o d u la te d  to n e s .  Journal o f th e  A coustica l S oc ie ty  
o f  America. 85 , 8 4 8 -8 5 7 .

Yost, WA, Sheft, S, & Opie, J  (1 9 8 9 ) .  Modulation in te rfe ren ce  in
d e te c t io n  and  discrim ination  o f am plitude  m odula tion . Jo u rn a l  
o f  th e  A coustical S oc ie ty  o f  A m erica . 8 6 , 2 1 3 8 - 2 1 4 7 .



APPENDIX A.

PURE-TONE AIR CONDUCTION THRESHOLDS FOR SUBJECTS

S u b je c t Ear 2 5 0 5 0 0 1 K 2K 4K 8K
1 R 0 5 5 5 - 5 0

L 5 0 5 0 0 10
2 R 5 5 0 10 - 5 15

L 5 5 0 5 5 5
3 R 5 5 5 5 5 0

L 10 0 0 0 5 0
4 * R 0 5 10 - 5 5 0

L 0 5 10 1 0 1 0 5
5 * R 5 5 0 10 5 0

L 5 10 5 5 - 5 10
7 R 5 10 5 0 10 0

L 10 5 0 0 0 - 5
9 * R 15 5 0 5 0 5

L 10 10 5 0 0 10
11 R 15 10 15 10 5 5

L 5 15 10 0 - 1 0 15
6 * * R 10 10 0 15 10 15

L 10 10 5 5 0 5
1 0 * * R 15 10 5 5 0 5

L 10 10 5 5 0 5

* - Low se g re g a t io n  g roup
** - "R eversed"  su b je c ts  excluded  from  study .

Note: S u b jec t 8 w as excluded from  th e  s tu d y  b a sed  on p e rfo rm an ce  
on  p r e t e s t  ( s e e  M ethods).

84
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APPENDIX B.

C ALGORITHMS USED TO CALCULATE d '  AND CRITERION

/ *  STD.C: Sample code used to calculate d' and criterion measures. Translated to C from 
Pascal code in MacMillan & Creelman, 1991. * /

#include <stdio.h>
#include <math.h>
#include <conio.h>

m ain ()
{
float nhits, nmisses, total, nfa, ncr, n l,  n2;
float hitrate, farate, dp, cr, beta, zh, zf;
char answer;
int adjustment;
float z(float p);
do {

adjustment = 0;
printf (" \n #  of trials: ");
scanf ("% f", &total);
printf (" \n #  of correct rejections: ");
scanf ( " % f \  &ncr);
nfa = total - ncr;
printf ("#  o f hits: ");
scanf ("% f", &nhits);
nmisses = total - nhits;
if (nmisses == 0 ) {

nmisses = 1/(2 * to ta l);  
nhits = nhits - (1 /(2 * to ta l) ) ;  
adjustment = 1; }

if (nfa == 0 ) {
nfa = 1 /(2 *to ta l);
ncr =  ncr - (1 /(2 * to ta l) ) ;
adjustment = 1; }

hitrate = nhits/total; 
farate = nfa/total; 
zh = z(hitrate); 
zf = z( farate); 
dp = zh-zf;
cr = -0 .5  *  (zh + zf); 
printf (" \n " );  
if (adjustment == 1)

printf ("Data have been adjusted\n"); 
printf ("H = % 4 .3 f F = % 4.3 f\n", hitrate, farate);
printf ("d' = % 4.3 f c = % 4.3f\n", 

dp, cr);

printf ("continue? "); 
answer = getcheQ;
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} while (answer != 'n');
}

float z (float p)
{
double y; 
double x;

y =  sqrt (-2 *lo g (p ));
x = (y * -1 ) + ( ( ( (0 .0 0 0 0 4 5 3 6 4 2 2 1 0 1 4 8  *  y + 0 .0 2 0 4 2 3 1 2 1 0 2 4 5 )  *  y + 

0 .3 4 2 2 4 2 0 8 8 5 4 7 )  *  y + 1 ) *  y + 0 .3 2 2 2 3 2 4 3 1 0 8 8 )  /

( ( ( ( 0 .0 0 3 8 5 6 0 7 0 0 6 3 4 * y + 0 .1 0 3 5 3 7 7 5  2 8 5 ) * y + 0 .5 3 1 10 3 4 6 2 3 6 6 ) * y +  
0 .5 8 8 5 8 1 5  7 0 4 9 5 ) * y + 0 .0 9 9 3 4 8 4 6 2 6 0 6 ) ;

return ( (flo a t) x);



APPENDIX C.

DETAILS OF HIGH-AND LOW-SEGREGATION GROUPS

No. Obs 
A v erag e  
V a r ia n c e  
Std. Dev.

H ig h
3 6 0
- 0 .6 9 1 3 7 5
2 .1 6 2 6 2
1 .4 7 0 5 9

0 .212 231
1 .1 7 3 8 5
1 .0 8 3 4 4

L o w
2 1 6

T he ra tio  o f th e  variances  of th e  high- and  lo w -seg rega tion  
g ro u p s  w as  1 .8 4 2 3 3 .  The criterion F-ratio (with 3 5 9  and  2 1 5  
d e g re e s  of f reed om ) a t  th e  0 .0 5  level w as 1 .26. This value w as 
e x c e e d e d , indicating th a t  th e  variances o f th e  tw o  g roups w ere  
unequal. T herefo re , a t - t e s t  for g roups with unequal va riances  w as 
c o n d u c ted .  The erro r  te rm  for this p rocedure  is:

• /

w i t h
(sf / nt + s2 / n2 )2

d e g re e s  o f freedom .
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APPENDIX D.

NEWMAN-KEULS POST-HOC TEST OF SIGNIFICANT

DIFFERENCES

H igh-seg regation  group: Criterion M easure

D u ra tio n  Mean
(1) 500 0.43213
(2) 1000 -0 .41467
(3) 1500 -0 .85027
(4) 2000  -0 .88398
(5 )2 5 0 0  -1 .21003
(6) 3000  -1 .22113

C o m p a ris o n  Q * - Significant a t  th e  5 p e rc e n t level
(1 -2 ) 3 .388 ** - Significant a t  th e  1 p e rc e n t level
(1 -3 ) 5 .131*
(1 -4 ) 5 .266*
(1 -5 ) 6 .5 7 1 *
(1 -6 ) 6 .6 1 5 *
(2 -3 ) 1.743
(2 -4 ) 1.878
(2 -5 ) 3.183
(2 -6 ) 3 .2 2 7 *
(3 -4 ) 0.135
(3 -5 ) 1.436
(3 -6 ) 1.484
(4 -5 ) 1.305
(4 -6 ) 1.349
(5 -6 ) 0.044

F re q u en cy  S e p a ra tio n  Mean
(1) 1000 H z -1 2 5 0 H z  0.59173
(2) 1000 H z- 1750H z -1 .09790
(3) 1000 Hz -2 2 5 0  Hz -1 .56796

C o m p a ris o n  Q
(1 -2 ) 4 .7 8 0 4 * *
(1 -3 ) 6 .1 1 0 3 * *
(2 -3 ) 1.33
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C o n d it io n :
(3) AM, sam e envelope
(4) AM, different envelope
(1) Pure Tones, I = 0 dB
(2) Pure Tones, I = 12 dB

C o m p a ris o n
(3 -4 )
(3 -1 )
(3 -2 )
(4 -1 )
(4 -2 )
(2- 1)

Mean

Q
3 .637*
3 .961*
5 .7 8 4 *
0.323
2.147
1.822

•0.37372
■0.71908
0.74981
0 .92289
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DATA FOR EXCLUDED SUBJECTS

P u re  t o n e ,  O d B  d i f f e r e n c e  P u re  t o n e ,  1 2  d B  d i f f e r e n c e
2.50 T T

1 .25

0.00

-1 .25

-2 .5 0

AM b a n d s ,  r  =  1 .0  AM b a n d s ,  r  =» 0 . 0
2.50

1 .25

0.00

-1 .25

-2 .5 0 I 1 lX X X X— 1 ■ - J 1-------------- 1---------------1 —  . — j  L  —  1— I « I ■ 1 «

1000  2 0 0 0  3 0 0 0  lOOO 2 0 0 0  3 0 0 0

Sequence Duration (msec)

 Q  lOOO Hz - 1 2 5 0  Hz
■ *  1 OOO Hz - 1 7 5 0  Hz

 u   1 OOO Hz - 2 2 5 0  Hz

Figure 26. Criterion as a function of sequence 
duration for Subject 6. Each panel represents a 
different condition. The parameter is frequency 
separation.
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2 .5 0  

1.25  

0.00 

-1 .2 5  

-2 .5 0

P u re -to n e , 0  dB d iffe ren c e P u re - to n e , 1 2 dB d if fe re n c e

x l4. X X

AM b an d s, r = 1 .0 AM b an d s , r = 0 .0
2 .5 0

1.25

0.00 -

- 1 .2 5

X X- 2 .5 0
1 0 0 0  2 0 0 0  3 0 0 0  1 0 0 0  2 0 0 0  3 0 0 0

Sequence Duration (m sec)

-a  10 0 0  Hz - 1 2 5 0  Hz
-•-----  1 0 0 0  Hz - 1 7 5 0  Hz

  1 0 0 0  Hz - 2 2 5 0  Hz

Figure 27 . Criterion as a function of duration for 
Subject 10. Parameter is frequency separation. 
Each condition is represented in a separate panel.
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