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PERCEPTION OF SPEECH VERSUS NON-SPEECH 

Summary o f  Moderator 's Introduction 

David B .  P i s o n i ,  Speech Group,  Research  Laboratory o f  

Electronics,  Massachuset ts Inst i tu te o f  Technology, Cambridge, 

MA. 02139,  U . S . A .  

H i s t o r i c a l l y ,  ( t h e  s tudy  o f  speech percept ion may ‘be  

said to d i f f e r  i n  a number o f  w a y s  f rom the s tudy  o f  other 

aspec ts  o f  aud i to ry  p e r c e p t i o n .  F i r s t ,  the s igna ls  t yp ica l l y  

used to study the functioning o f  the auditory system were simple, 

d isc re te  and t yp ica l ly  d i f f e r e d  along only a s ing le  dimension. 

In c o n t r a s t ,  Speech s igna ls  i n v o l v e  v e r y  complex spec t ra l  and 

temporal re lat ions. Secondly, most o f  the research dealing with 

audi tory psychophys ics  that  h a s  accumulated over  t h e  l a s t  t h i r t y  

years has been concerned with the discr iminat ive capaci t ies o f  

the sensory  t ransducer and the funct ion ing o f  the per ipheral  

audi tory mechanism. In the c a s e  o f  speech percep t ion ,  however ,  

the re levan t  mechanisms a r e  c e n t r a l l y  loca ted  and int imately 

re la ted to  more genera l  c o g n i t i v e  p rocesses  that  involve the 

encoding, s torage and r e t r i e v a l  o f  in format ion i n  memory.  

Moreover ,  exper iments  in aud i to ry  psychophys ics  have  ' t y p i c a l l y  

focused on exper imental  t a s k s  and paradigms that invo lve 

discr iminat ion rather  than iden t i f i ca t ion  or recogn i t ion ,  

processes thought to b e  most  r e l e v a n t  to  speech percept ion.  Thus, 

i t  i s  generally believed that a good deal o f  what has been 

learned from resea rch  in audi tory  psychophysics and general 

audi tory perception i s  on ly  marginal ly  re levant  to the study o f  

sPeech percept ion and to an understanding o f  the underlying 

perceptual mechanisms. 

Despi te  these obvious d i f f e rences ,  invest igators  have ,  

never the less,  been qu i te  in te res ted  in  the d i f fe rences in 

perception between speech and nonspeech signals. That such 

di f ferences might e x i s t  was f i r s t  suggested b y  the repor t  on the 

earl iest findings o f  categorical discrimination o f  speech by  

Liberman et  a l .  (1957) .  And i t  was with this general goal in 

mind that the f i r s t  so-cal led "nonspeech control"  experiment was 

carried out by Liberman et  a l .  (1961) in  order to determine the 

basis  for the apparent d iS t inc t i veness  o f  speech sounds. 
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Numerous speech-nonspeech compar isons h a v e  been c a r r i e d  

the  y e a r s  s ince  t hese  e a r l y  s t u d i e s ,  inc lud ing severa l  
o f  the cont r ibut ions t o  the 

p a r t ,  

o u t  o v e r  

present  symposium. For the 

exper iments  h a v e  r e v e a l e d  

Except  unt i l  quite recen t l y ,  performance 
s i g n a l s  f a i l ed  to  show t he  

w e r e  

most  
these qu i te  s imi lar  r e s u l t s .  

w i t h  nonspeech con t ro l  

discriminat ion funct ions that 
with the paral le l  set  o f  speech signals (Cutt ing 

and Rosner ,  1974 ;  Mi l ler e t  a l . ,  1976 ;  P i son i ,  1 9 7 7 ) .  In 
add i t i on ,  the nonspeech s igna ls  were  t y p i c a l l y  responded to  b y  
s u b j e c t s  a t  app rox ima t ing  

same 

observed  

l e v e l s  chance  pe r fo rmance .  Such 

be tween  speech and nonspeech s i gna l s  

r e f l e c t  b a s i c a l l y  d i f f e r e n t  modes  o f  

"speech mode" 

d i f f e r e n c e s  in  percept ion  

assumed to  

percept ion- -  a 

h a v e  been 

and an "audi tory mode". Despite 
some a t tempts  to  e x p l a i n  a w a y  t h i s  d icho tomy,  add i t i ona l  e v i d e n c e  
cont inues  to  accumulate a s  suggested b y  s e v e r a l  o f  the n e w  
f ind ings summarized i n  the papers inc luded in  t h i s  sec t i on .  

There have  been ,  however ,  a number o f  problems involved 
i n  d raw ing  compar isons between speech and nonspeech s i gna l s  t ha t  
h a v e  r a i sed  seve ra l  quest ions about the i n t e rp re ta t i on  o f  the 
resu l ts  obtained in these earl ier s tud ies .  F i r s t ,  there i s  the 
quest ion o f  whether the same psychophys ica l  p roper t ies  found in 
the speech st imul i  were  indeed p reserved  in  the nonspeech cont ro l  
c o n d i t i o n .  Such a c r i t i c i s m  seems qu i te  appropr ia te  for the 
or ig ina l  I do / - - / t o /  nonspeech con t ro l  st imul i  which were simply 
i n v e r t e d  spec t rog rams  a s  we l l  as  the wel l -known " ch i r p "  and 
"b lea t "  cont ro l  s t imul i  o f  Mat t ing ly  e t  a1.  

c r e a t e d  b y  

(1971) that were 
fo rmant  t r a n s i t i o n s  and s t e a d y - s t a t e s  

from speech  c o n t e x t  and then present ing them i n  i so la t i on  t o  
sub jec t s  fo r  d i sc r im ina t i on .  Such man ipu la t ions  whi le  nominal ly  
p reserv ing  the speech cue  obv ious ly  resu l t  in  a marked change in 
the spectral  con tex t  o f  the signal which no doubt a f f e c t s  the 
detec t ion  and d iscr iminat ion o f  the or ig ina l  formant t r ans i t i ons .  
Such c r i t i c i sms  h a v e  been taken  in to  account in  the more 
exper iments  

remov ing the 

recen t  

comparing speech and nonspeech signals as summarized 
by  Dr .  Dorman and D r .  Liberman in which the 
remain ident ical  across  d i f ferent  
However ,  severa l  addi t ional  

comparisons between 

sub jec ts  in 

stimulus condit ions 
experimental manipulations. 

st i l l  remain in 
speech  and nonspeech s i gna l s .  

experiments rare ly ” i f  

problems making 

For example ,  
these ever rece ive  any 
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expe r i ence  or  p r a c t i c e  w i th  the nonspeech con t ro l  s ignals .  With 

complex mult idimensional signals i t  may be qu i te  d i f f i cu l t  for 

subjects to  at tend to the re levant  at t r ibutes o f  the signal that 

dis t ingu ish i t  f rom o the r  s igna ls  presented i n  the expe r imen t .  A 

s u b j e c t ' s  

b e  no b e t t e r  than chance  i f  he / she  i s  no t  

per fo rmance with these nonspeech s ignals  m a y  the re fo re  

at tend ing  s e l e c t i v e l y  

spec i f i c  c r i t e r i a l  a t t r i bu tes  tha t  d is t ingu ish the 

Indeed ,  no t  knowing what to l i s t en  fo r  may  fo rce  

to the same 

speech s t imul i .  

a s u b j e c t  t o  " l i s t en "  for an i r re levan t  or mis leading proper ty  o f  

the s ignal i t s e l f .  Since almost a l l  o f  the nonspeech experiments 

conducted in the  pas t  were  c a r r i e d  out  without the use o f  

feedback to  s u b j e c t s ,  a sub jec t  m a y  s imply focus on one aSpec t  o f  

the st imulus on one t r i a l  and an en t i r e l y  d i f f e r e n t  aspec t  o f  the 

s t imulus on the n e x t  t r i a l .  

c r i t i c i s m s ,  the 

whether d rawing  comparisons in  percep t ion  between 

ins ights  

Se t t i ng  as ide  some o f  these quest ion 

s t i l l  remains 

speech  and nonspeech s igna ls  wi l l  y ie ld  some meaningful 

in to  the  percep tua l  mechanisms deployed in  p rocess ing speech.  In 

recent  yea rs ,  the use o f  cross- language, developmental and 

compara t i ve  des igns in  speech percept ion resea rch  h a s  

t h i s  rega rd  as  a way  o f  separa t ing  out  the 

proven to  

use fu l  in 

t h a t  genet ic  

b e  qu i te  

pred ispos i t ions and exper ien t ia l  

p l a y  in p e r c e p t i o n .  For e x a m p l e ,  wh i le  i t  i s  c i t e d  w i th  

f requency tha t  chinchi l las h a v e  

c a t e g o r i z e  s y n t h e t i c  s t imul i  d i f f e r i n g  in VOT i n  a manner qu i te  

s imi lar  to  human adu l t s ,  l i t t l e  i f  anything i s  ' e v e r  ment ioned 

about the c h i n c h i l l a ' s  f a i l u re  t o  c a r r y  out the  same t a s k  w i th  

s t imul i  d i f f e r i n g  in  the cues to  p lace o f  a r t i cu la t ion  in s t o p s ,  

a d isc r im inat ion  that  even young prel inguist ic  in fan ts  have been 

Such compara t ive  s tud ies  a re  

var ious  ro l es  

f a c t o r s  

i nc reas ing  been shown to 

shown to  b e  capable  o f  making.  

t he re fo re  use fu l  in Speech percept ion resea rch  t o  the ex ten t  t ha t  

they can spec i fy  the absolute lower- l imits on the sensory or 

psychophysical p rocesses  inherent in  d iscr iminat ing p rope r t i es  o f  

the  s t imul i  t hemse l ves .  H o w e v e r ,  t h e y  a r e  i n capab le ,  in  

pr inciple,  o f  providing any further information about how these 

s ignals  might b e  " in terpre ted"  or  coded within the con tex t  o f  the 

exper ience and h is tory  o f  the organism. 

Cross- language and developmenta l  des igns  h a v e  a lso been 

quite useful  in providing new information about the ro le  o f  
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ear ly  exper ience in perceptual development and the mannerin 

which se lec t i ve  modi f icat ion or tuning o f  the perceptua l  system 

t a k e s  p l a c e .  Although the l inguist ic  exper ience  and backgromm 

o f  an observer was once thought to strongly control his/hm— 

d isc r im ina t ive  capac i t i es  i n  a speech percept ion experiment, 

r ecen t  f ind ings s t rong ly  suggest that  the perceptua l  sys tem h a s a  

good dea l  o f  p l as t i c i t y  for  retuning and real ignment even into 

adulthood. The ex ten t  to  which con t ro l  ove r  the productnm 

ab i l i t i es  remains p las t ic  i s  s t i l l  a top ic  to b e  exp lored 

future research.  

in 

To what e x t e n t  i s  i t  then useful  to argue for Um 

ex is tence o f  d i f f e ren t  modes o f  percept ion for speech and 

nonspeech s ignals? Some inves t iga to rs  such a s  D r .  Ades and eva} 

D r .  Massaro would l i ke  to simply expla in a w a y  the distincthms 

drawn from ear l ier work on the grounds o f  parsimony and 

general i ty.  But this i s  a curious posit ion to  maintain as i t  is 

commonly r ecogn i zed , ‘  no t  on l y  in speech percep t ion  research  mm 

in  other a r e a s  o f  perceptual  psycho logy ,  that  s t imu l i  may  recehm 

d i f fe rent ia l  amounts o f  processing or at tent ion b y  the subject ,  

that  sub jec t s  may  o rgan ize  the i n te rp re ta t i on  o f  the senmwy 

in format ion d i f f e r e n t l y  under d i f f e ren t  cond i t ions  and that the 

sensory t r a c e  o f  the i n i t i a l  input s igna l  m a y  show on l y  a fan“ 

resemblance to  i t s  f inal representat ion result ing from encodhm 

and storage in  memory. I t  i s  hard to deny that a speech signal 

e l ic i ts  a character is t ic  mode o f  response in a human subject-- a 

response tha t  i s  n o t  simply the consequence o f  an acoustn: 

waveform leaying a meaningless sensory  t r a c e  in the auditory 

periphery. Such observations suggest to  me tha t ,  just as in um 

c a s e  o f  "spec ies- typ ica l  responding" observed in the behavior o f  

numerous other organisms, the existence o f  a speech modecfi 

percept ion i s  a way o f  captur ing ce r ta in  aspects  o f  the way humm: 

observers  t yp ica l l y  respond to speech signals that  a re  familim' 

to them. Such a conceptualization does no t ,  at least in my view. 

commit one to the v iew that human l is teners cannot respondim 

speech in other ways more c lose ly  corre lated with the sensory or 

psychoPhysical attr ibutes o f  the signals themselves. To explafli 

away the speech mode, however,  is  to deny the fac t  that a certain 

subset o f  possible acoustic signals generated b y  the human vocal 

t r a c t  a re  used i n  a d i s t i nc t i ve  and qui te systemat ic  way  b y  b°“‘ 
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talkers and l is teners to communicate b y  spoken language, a 

species-typical behavior that i s  res t r i c ted ,  as far as I know, to  

homo sapiens. Past experiments comparing the perception o f  

speech and nonspeech signals have  been quite useful  in 

character iz ing how the phonological systems o f  natural languages 

have, in some sense,  made use  o f  the general propert ies o f  

sensory systems in select ing out the inventory o f  phonetic 

features and their acoust ic cor re la tes .  The re la t ive ly  small 

number o f  d is t inc t ive  features and their acoust ic at t r ibutes 

observed across a wide var ie ty  o f  d iverse  languages suggests that 

the dist inct ions between speech and nonspeech signals s t i l l  

remain fundamental ones sett ing apart research on speech 

percept ion from the s tudy o f  audi tory psychophysics and the f i e ld  

o f  audi tory percept ion  more general ly .  
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