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DUPLEX PERCEPTION AND INTEGRATION OF CUES: EVIDENCE THAT SPEECH 
IS  DIFFERENT FROM NONSPEECH AND SIMILAR TO LANGUAGE 

A l v i n  M .  L i b e r m a n ,  H a s k i n s  L a b o r a t o r i e s ,  New H a v e n ,  C o n n e c t i c u t  

The o b s e r v a t i o n s  r e l e v a n t  t o  a compar ison o f  speech and 
nonspeech - -  the s u b j e c t  o f  our symposium -— can be d i v i d e d ,  ac- 
co rd ing  t o  o n e ' s  p u r p o s e s ,  i n t o  s e v e r a l  c l a s s e s .  As my c o n t r i -  
b u t i o n  t o  our  d i s c u s s i o n ,  I wou ld  c a l l  you r  a t t e n t i o n  t o  two .  In 
the one c l a s s  a re  t hose  r esea rch  f i nd ings  tha t  can e n l i g h t e n  us 
about speech as a p u t a t i v e  mode o f  pe rcep t ion ,  d i f f e r e n t  phenom- 
e n o l o g i c a l l y  f rom o the r  aspec ts  o f  aud i t i on .  In  the o t h e r  c lass  
are  t hose  f i nd ings  t h a t  pe rmi t  us t o  see one o f  the p o s s i b l y  
un ique  c h a r a c t e r i s t i c s  o f  speech as an i ns tance  o f  a correspond-  
i n g l y  unique c h a r a c t e r i s t i c  o f  language.  

Phonet ic—percept ion  as a mode. Perhaps the most  d i r e c t  way 
t o  observe  the c h a r a c t e r i s t i c  d i f f e r e n c e s  between pe rcep t i on  i n  
the phone t i c  and aud i t o r y  modes i s  t o  c o n t r i v e  t o  have the same 
s t imu lus  pa t t e rns  p e r c e i v e d ,  e i t h e r  a l t e r n a t i v e l y  o r  s i m u l t a n e -  
ous l y .  as speech and nonspeech.  The f i r s t  repor ted example was 
by Lane and Schne ide r  ( 1 9 6 3 ) .  Us ing  more o r  l e s s  unnatura l  syn- 
t h e t i c  speech t h a t  sampled the cont inuum o f  vo i ce -onse t—t ime  
f rom v o i c e d  t o  v o i c e l e s s  s y l l a b l e - i n i t i a l  s t o p s ,  they under took 
t o  ob ta in  d i s c r i m i n a t i o n  func t i ons  under two c o n d i t i o n s :  i n  one, 
they t o l d  the s u b j e c t s  they wou ld  hear  speech ;  i n  the o the r .  a r -  
b i t r a r y  sounds o f  a complex s o r t .  I n  the even t ,  the d i sc r im ina -  
t i on  func t i ons  were d i f f e r e n t :  those  ob ta ined  i n  the "speech“  
cond i t i on  showed the  usua l  peak a t  t he ’ phone t i c  boundary,  w h i l e  
those f rom the o ther  c o n d i t i o n  d i d  n o t .  

A more recen t  and thoroughgoing exper iment  o f  t h i s  general  
type has been car r ied  out by Ba i ley ,  e t  a l .  (1977).  Inasmuch 
as i t  i s  t o  be repo r ted  a t  t h i s  symposium, I w i l l  say no more 
about  i t .  

I n  bo th  o f  these  s t u d i e s ,  s t imu lus  pa t te rns  were heard as 
speech o r  nonspeech.  bu t  n o t  a t  the same t ime .  L e t  us turn now 
t o  those cases i n  wh ich  the two pe rcep ts  a re  e x p e r i e n c e d  s imu l -  
taneous ly .  Such dup lex  pe rcep t ion  was accomp l i shed  f i r s t  by 
Rand (1974),  and appl ied by him t o  percept ion o f  the t rans i t ion  
cue f o r  s y l l a b l e - i n i t i a l  s t o p s .  I n t o  one ea r  he put  j u s t  the 
b r i e f  second-  and th i rd - fo rmant  t r ans i t i ons  tha t  a re  s u f f i c i e n t .  
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in  the appropr ia te  con tex t .  t o  produce the p e r c e i v e d  d i f f e rence  

in place among [b ] ,  [ d ] ,  and [ g ] .  By themselves, these t rans i -  

t ions sound more l i k e  a nonspeech ' c h i r p '  than anyth ing e l s e .  

Into the o the r  e a r ,  he pu t  the rema inder  o f  the  pa t te rn .  L e t  us 

ca l l  i t  the ' b a s e ' .  By i t s e l f ,  the  base sounds more o r  l e s s  l i k e  

a s y l l a b l e .  To some l i s t e n e r s ,  indeed, i t  appears to  be a stop- 

vowel s y l l a b l e  b u t ,  hav ing  a f i x e d  a c o u s t i c  s t ruc tu re ,  i t  can ,  

of course ,  produce on ly  one s t o p ,  no t  a l l  th ree .  The i n t e res t -  

ing e f fec t  occurs when the t r ans i t i on  cue and the base are pre-  

sented d i cho t i ca l l y  (and i n  approximately the r i gh t  time rela— 

t ionship),  fo r  then the l i s tener  fuses the two inputs so as to  

perceive the three coherent  s top -vowe l  s y l l a b l e s  he wou ld  have 

perceived had the two inputs been mixed e lec t ron ica l l y  (and pre- 

sented b i n a u r a l l y ) ,  w h i l e  a t  the same t ime pe rce i v i ng  the ' c h i r p '  

he would have pe rce i ved  had the t r a n s i t i o n  cues been p resen ted  

i n  i s o l a t i o n .  (The ch i r p  i s  hea rd  i n  the e a r  t o  wh ich the i s o -  

la ted t r ans i t i ons  are  p resented ;  the s y l l a b l e  i s  heard  i n  the 

other e a r . )  T h u s ,  the same b r a i n  p e r c e i v e s  the same s t imu lus  

input i n  two phenomeno log ica l l y  d i f f e r e n t  ways ,  as speech and 

nonspeech. a t  the  same t ime.  T h i s  p r o v i d e s ,  a t  the very l e a s t ,  

an exce l l en t  way t o  ga in  an imp ress ion  o f  what  the d i f f e rence  

between phonet ic  and aud i to ry  modes sounds l i k e .  

Being i n t e res ted  i n  the p o s s i b i l i t y  o f  us i ng  Rand's  tech-  

nique fo r  the purpose o f  f u r t h e r  and more near l y  p r e c i s e  com- 

par isons o f  the phonet ic  and aud i to ry  modes, I succeeded i n  re -  

producing the phenomenon, b u t  expe r i enced  d i f f i c u l t y  i n  ge t t i ng  

i t  to  be suf f ic ient ly  s tab le  to  permit  the further invest igat ions 

I had i n  mind.  Recen t l y ,  however ,  Dav id  Isenberg  and I (1978)  

have produced a dup1ex pe rcep t  l i k e  tha t  o f  Rand, but  e a s i e r  t o  

hear,  we t h i n k ,  and a l s o ,  p e r h a p s ,  more s t a b l e .  He f o l l owed  

Rand's procedure,  but  changed the s t imu lus  pa t t e rn .  In  pa r t i cu -  

lar ,  we thought i t  advisable t o  make the c r i t i ca l  (and iso la ted)  

cue be the th i rd - fo rmant  t r a n s i t i o n .  The advan tage ,  i n  tha t  

case, migh t  be tha t  the remainder  o f  t he  pa t t e rn  —- a l l  o f  the 

f i r s t  and second formants, p lus the steadyestate por t ion o f  the 

third formant - -  would be qui te f u l l  and speechl ike. According- 

ly. we chose the cont ras t  [ r ]  vs [ l ] ,  put t ing the c r i t i ca l  third- 

formant t r a n s i t i o n  cue i n t o  one e a r  and the remainder ( t he  base)  

in to  the o ther .  I t  was q u i c k l y  apparen t  tha t  t h i s  arrangement 
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d i d  make i t  r e l a t i v e l y  easy  t o  o b t a i n  the dup lex  p e r c e p t .  

t e s t s  w i t h  a number o f  l i s t e n e r s  con f i rmed  t ha t  they c o u l d ' w m r .  
r ec t l y "  hear [ r ]  o r  [1 ]  (depending on which t rans i t i on  cue was 
p r e s e n t e d ) ,  w h i l e  s imu l taneous l y  h e a r i n g  the t r a n s i t i o n  cue a s a  
c h i r p .  

H a v i n g  thus  found  t h a t  the  s imu l taneous  f u s i o n  and separa- 
t i o n  o f  the two par ts  o f  the pa t te rn  (base and i s o l a t e d  t rans i -  
t i o n )  seemed t o  o c c u r  e a s i l y  and c o n s i s t e n t l y ,  we under took fur- 
t h e r  t e s t s .  The one I wou ld  b r i e f l y  d e s c r i b e  he re  was designed 
t o  assess the  e f f e c t s  on the dup lex  pe rcep t  o f  s e p a r a t e l y  vary-  
i n g  the  i n t e n s i t y  o f  t he  two  s t i m u l u s  components .  We observed, 
f i r s t ,  t h a t  chang ing  the i n t e n s i t y  o f  the t r a n s i t i o n  cue caused 
changes i n  the p e r c e i v e d  loudness  o f  the c h i r p ,  bu t  no such 
changes i n  the fused [ r a ]  or [ l a ] ;  changes i n  the perceived lomh 
ness o f  the fused [ r a ]  and [1a]  seemed t o  occur only as a rennt 
o f  v a r i a t i o n s  i n  the  i n t e n s i t y  o f  the base .  

To tes t  th is  man i fes ta t ion  o f  duplex i ty  more systematicany, 
we c a r r i e d  out  t he  f o l l o w i n g  exper iment .  On each  t r i a l ,  we pre- 
sen ted  t o  the l i s t e n e r  a sequence o f  d i c h o t i c  p a i r s  i n  which Hm 
t r a n s i t i o n  component ( i n  one e a r )  v a r i e d  between the [ r ]  cue and 
t he  [ l ]  cue a c c o r d i n g  t o  some predetermined order .  A l s o ,  on cam 
t r i a l  we v a r i e d  t h e  i n t e n s i t y  o f  ( l )  the t r a n s i t i o n  cue ,  o r  (2)  
the base, o r  (3 )  ne i ther .  The l i s t e n e r ' s  task was t o  t e l l  the 
order  o f  [ r a ]  and [ l a ]  s y l l a b l e s  he h e a r d ,  and,  i n  a d d i t i o n ,  

wh ich  l o u d n e s s e s ,  i f  a n y ,  had changed.  The r e s u l t s  i n d i c a t e d  
t ha t  our  l i s t e n e r s  w e r e ,  i n  f a c t ,  f u s i n g  the  d i c h o t i c  i npu ts  to  

hear  the ' c o r r e c t ‘  s y l l a b l e ,  w h i l e  a t  the same t ime d i s s o c i a t i n g  

the loudnesses  by a s s i g n i n g  the i n t e n s i t y  o f  t he  t r a n s i t i o n  cue 

t o  the ch i rp  and the i n t e n s i t y  o f  the  base t o  the  f u s e d  speech 
pe rcep t .  We f i n d  t h i s  phenomenon i n t e r e s t i n g  i n  i t s  own r igh t .  
but  a l s o  as a b a s i s  f o r  fu r ther  i n v e s t i g a t i o n  i n t o  the properthfi 

o f  the two components - -  speech and nonspeech —- o f  the duplex 
p e r c e p t .  C o n s i d e r ,  i n  t h a t  connec t ion ,  an e a r l i e r  s tudy by Mat- 

t i n g l y  e t  a l  (1971)  t h a t  compared the d i sc r im ina t i on  o f  a trmßi- 

t ion  cue when, i n  the one case, i t  was presented i n  i so la t ion  mm 
p e r c e i v e d  as a c h i r p ,  and when, i n  the o the r ,  i t  was i n  i t s  

proper  p l a c e  i n  the speech p a t t e r n ‘ a n d  cued a phone t i c  d i s t i nc -  

t i o n .  Tha t  s tudy  found d i f f e r e n c e s  i n  the d i s c r i m i n a t i o n  pattern 

under the two  c o n d i t i o n s ,  bu t  the i n t e r p r e t a t i o n  o f  tha t  f ind ing 

‘flllll 

Indeed,§ 
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was s u b j e c t  t o  the r e s e r v a t i o n  tha t  the  t r a n s i t i o n  cue was,  a f t e r  

a l l ,  i n  d i f f e r e n t  c o n t e x t s .  By t ak i ng  advantage o f  the dup lex  

percep t ,  we c a n ,  pe rhaps ,  ob ta i n  r e s u l t s  that  w i l l  a v o i d  the need 

fo r  t ha t  r e s e r v a t i o n  and thus speak more s t ra i gh t f o rwa rd l y  t o  the 

d i f fe rence  between speech and nonspeech. 

The in tegra t ion  o f  cues i n  speech and syntax. One o f  the 

most genera l  c h a r a c t e r i s t i c s  o f  speech i s  tha t  the i n f o r m a t i o n  

appropr ia te  t o  a p h o n e t i c  segment i s  t y p i c a l l y  c o n t a i n e d  i n  a 

numerous v a r i e t y  o f  c u e s ;  moreover ,  these are w ide l y  d i s t r i b u t e d  

th rough the s i g n a l  and sometimes ove r lapped  w i t h  cues f o r  o ther  

phones. T h i s  i s  so  because o f  the na tu re  o f  a r t i c u l a t i o n  and co— 

ar t i cu la t ion  (Cooper, 1963; Fant ,  1973): the various components 

o f  an a r t i c u l a t o r y  g e s t u r e ,  d i s t r i b u t e d  as they are  i n  t ime,  

spread t h e i r  a c o u s t i c  consequences through the s i g n a l .  Thus ,  the 

c l o s i n g  and open ing ges tu res  app rop r ia te  t o  an i n t e r v o c a l i c  s top  

a f f e c t  the  du ra t i on  o f  the p reced ing  s y l l a b l e  and a l s o  i t s  o f f -  

s e t ,  the occur rence and dura t ion  o f  an i n t e r v o c a l i c  s i l e n c e ,  and 

the temporal  and spec t ra l  c h a r a c t e r i s t i c s  o f  the onse t  o f  the  

f o l l o w i n g  s y l l a b l e .  Conve rse l y ,  and as a r e s u l t  o f  c o a r t i c u l a -  

t i on ,  i n fo rma t ion  about  s u c c e s s i v e  segments i s  o f t en  c o l l a p s e d  

i n t o  a s i n g l e  acous t i c  segment and conveyed s imu l t aneous l y ,  as i n  

the case o f  most  consonant -vowe l  s y l l a b l e s .  Yet  the  speech p ro -  

cessor somehow s o r t s  the  c u e s ,  as i t  w e r e ,  a s s i g n i n g  each t o  the 

appropr ia te  p a r t  o f  the p e r c e i v e d  phone t i c  s t ruc tu re .  More to  

the p o i n t  o f  our  p resen t  pu rpose ,  i t  “ i n t eg ra tes "  i n t o  a un i ta ry  

percept  a l l  the cues f o r  a p a r t i c u l a r  phone,  no mat ter  how v a r i -  

ous and w i d e l y  d i s t r i b u t e d  the  cues may be (L iberman and Studder t -  

Kennedy, 1 9 7 7 ;  Repp e t  a l ,  1978;  B a i l e y  and Summer f ie ld ,  1978 ;  

and Dorman e t  a1 ,  1978 ) .  I t  i s  d i f f i c u l t  t o  see how t h i s  can be 

accompl ished by ord inary  aud i to ry  mechanisms, so we assume phonet-  

i c  processes spec ia l i zed  for  the purpose. 

Cons ide r ,  f o r  example ,  the above-ment ioned exper iment  by 

Repp e t  a l .  I t  deal t  w i th  perception o f  the utterance: "Did 

you see the gray (g rea t )  snip (ch ip)?"  The variables o f  in te res t  

were (1)  the nature o f  the nex t - to - las t  word, which was biassed 

either toward grgy_or great; (2) the duration of the si lent in- 

terval  between gray (g rea t )  and ship ( c h i p ) ,  and (3) the durat ion 

of the f r i ca t ive  noise i n  ship (chip)- 

Le t  us now l ook  f i r s t  a t  the  " fo rward"  ac t i on  o f  an e a r l i e r -  
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occu r r i ng  cue on a l a te r -occu r r i ng  one:  g i ven  a perceptua l  

boundary between 5312 and ghip_that var ied  according t o  the du, 

ra t i on  o f  the f r i c a t i v e  noise and a l so  the durat ion o f  the pre- 

ced ing  s i l e n t  i n t e r v a l ,  there was a fu r ther  v a r i a t i o n  tha t  de- 

pended,  o ther  th ings  e q u a l ,  on whether  the preced ing word was 

biassed toward 5331 or great .  Now consider an e f fec t  i n  the op- 

pos i te  d i rec t ion  - -  the “backward" act ion o f  a la ter -occurr ing 

cue on the pe rcep t i on  o f  an e a r l i e r - o c c u r r i n g  one .  T h i s  was ex -  

empl i f ied  by the f ind ing that  the l i s tener  perceived gggy or 

grea t  depend ing .  a l l  e l s e  e q u a l ,  on the du ra t i on  o f  t he  f r i c a t i v e  

n o i s e  i n  ship; w i t h  o the r  cues p roper l y  s e t ,  the l i s t e n e r s  per-  

c e i v e d  ' g r a y ‘  when the du ra t i on  o f  the f r i c a t i v e  n o i s e  ( i n  the 

n e x t  s y l l a b l e )  was r e l a t i v e l y  s h o r t ,  bu t  g rea t  when i t  was re la -  

t i v e l y  l o n g .  T h u s ,  the pe rcep t ion  o f  g;gy_cou1d be changed to  

g rea t  by add ing f r i c a t i v e  no ise  i n  the s y l l a b l e  tha t  f o l l o w e d  

the t a rge t  word .  

Apparen t l y ,  the l i s t e n e r s  i n  t ha t  exper iment i n teg ra ted  

i n t o  a un i ta ry  phone t i c  pe rcep t  a va r i e t y  o f  a c o u s t i c  cues tha t  

s t r e t c h e d  o v e r  at  l e a s t  two  s y l l a b l e s  and over lapped  complete ly  

w i t h  cues r e l e v a n t  t o  o ther  phones.  Bu t  how does the l i s t ene r  

do t h i s ?  More s p e c i f i c a l l y .  how does he know when to  s t op  in te -  

g ra t ing?  Look ing  a t  the v a r i e t y  o f  cases o f  t h i s  t ype ,  we con- 

c lude  tha t  the  i n t e g r a t i o n  pe r i od  i s  marked ne i ther  by a temporal 

cr i te r ion  ( in tegra te  every x msec), nor by an acoust ic  one ( in -  

t eg ra te  every  t ime a p a r t i c u l a r  k i n d  o f  sound i s  hea rd ) .  Rather. 

the i n t eg ra t i on  seems t o  occur  over any s t r e t c h  o f  the s igna l  

tha t  con ta ins  the a c o u s t i c  consequences o f  j u s t  those a r t i cu la -  

tory maneuvers t h a t  are  the per iphera l  re f lec t ions  o f  the speak- 

e r ' s  i n t e n t  t o  produce a pa r t i cu la r  phonet ic  segment .  we must 

wonder .  then.  how the l i s t e n e r  de l im i t s  the p rope r  span ove r  

wh i ch  t o  i n t e g r a t e .  i n  what  form he ho lds  the p re - i n teg ra ted  

c u e s .  and what  he does w h i l e  w a i t i n g .  

Cons ide r  now.  though b r i e f l y .  how analogous t h i s  i s  t o  what 

happens i n  the decod ing  o f  syn tax .  S u r e l y ,  the meaning o f  a 

syntact ic  s t ructure ( e . g . .  a sentence) cannot be had except as 

the l i s t e n e r  takes  account o f  the words the s t ruc tu re  comprises.  

As i n  the phone t i c  c a s e ,  the s i z e  o f  t h i s  s t ruc ture  i s  no t  de- 

f i ned  by a temporal c r i t e r i on .  nor by an a c o u s t i c  one. Rather .  

i t  appears t o  be any number o f  words t ha t  are r e l evan t  t o  the 

___J-I-IIIIIIIImll l l ' I"II.-I---c::— 
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syntact ic s t ruc tu re ,  and that  depends, i n  turn,  on the nature o f  

the message the  speaker  means t o  convey.  H e r e ,  t oo ,  t hen ,  we 

must wonder how the l i s tener  knows when the s t ructure i s  complete, 

in  which form he holds the words pending completion. and what he 

does w h i l e  w a i t i n g .  
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