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BASES FOR PHONETIC UNIVERSALS IN THE PROPERTIES OF THE SPEECH 

PRODUCTION AND PERCEPTION SYSTEMS 

Kenne th  N .  S t e v e n s ,  Massachuse t t s  Ins t i tu te  o f  Technology,  

Cambridge,  Massachuse t ts  0 2 1 3 9 ,  U . S . A .  

This paper d i s c u s s e s  how t he  proper t ies  o f  the human 

a r t i c u l a t o r y  and percep tua l  sys tems p lay a r o l e  in  determin ing 

c e r t a i n  phonet ic u n i v e r s a l s .  In p a r t i c u l a r ,  our c o n c e r n  i s  w i t h  

the i n v e n t o r y  o f  phonet ic  segments tha t  a r e  found in  language,  

and the way  i n  wh ich  t h e s e  segments a r e  o rgan ized  in to  a se t  o f  

na tura l  c l a s s e s .  We sha l l  r e v i e w  how the a r t i c u l a t o r y  and the 

perceptua l  sys tems p lace  c e r t a i n  cons t ra in t s  o n  the  c l a s s e s  o f  

sounds tha t  a re  used un i ve rsa l l y  in language. The c l a s s i f i c a t o r y  

f e a t u r e s  that  p l a y  a r o l e  in  the  phonological  r u l e s  in language 

a r e  de te rmined b y  t hese  na tu ra l  c l a s s e s  t ha t  a r e  b a s e d  on 

observa t ion  o f  the  capab i l i t i es  o f  the a r t i c u l a t o r y  and 

perceptua l  mechan isms.  

A r t i c u l a t o r y  ev idence  for  natura l  c l a s s e s  o f  speech  sounds.  

The ac tua l i za t i on  o f  a g iven speech sound in con tex t  

requ i res  a complex sequence o f  a r t i c u l a t o r y  a c t i v i t y .  The 

a r t i cu la to r y  s t r uc tu res  must  b e  maneuvered . f r o m  pos i t i ons  or 

s t a t e s  appropr ia te  t o  one sound to  s t a t e s  cor respond ing  t o  the 

n e x t  sound t o  be p roduced.  We shal l  fo l low the  t r ad i t i ona l  

method ,  used  b y  phonet ic ians  for y e a r s ,  o f  spec i f y i ng  a phonet ic  

segment in  t e rms  o f  a s e t  o f  goa ls  o r  t a r g e t  s t a t e s  tha t  the 

ar t i cu la to rs  a r e  t o  ach ieve  or that  a r e  in tended b y  the  speaker 

ra the r  than in te rms o f  t he  movements between these  t a r g e t s .  The 

hypothes is  i s  tha t  these ta rge t  conf igurat ions o r  s t a t e s ,  i f  

approp r ia te l y  spec i f i ed  for a g i ven  sound,  a r e  much l e s s  

dependent on  the  phonet ic  c o n t e x t  than a re  the a r t i cu l a t o r y  

movements o r  musc le  con t rac t i ons  necessa ry  to  produce the sound 

in c o n t e x t .  Thus the  a r t i cu la to ry  descr ip t ions a re  s t a t i c ,  in  

the sense that t hey  desc r i be  s ta t i ona ry  s t a t e s  or  con f igu ra t ions .  

While the  product ion o f  some sounds o r  sound sequences may  

involve movement,  th is  movement is a lways from one target  s ta te  

t o  ano ther .  

How a r e  these a r t i cu la to ry  t a rge t  s t a t e s  to  be descr ibed and 

how does th is descr ipt ion lead to  a speci f icat ion o f  natural 

c l a s s e s  o f  speech sounds? Examination o f  l a te ra l  radiographs 
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54 SYMPOSIUM No. 1 

g i v e s  u s  one v i e w  o f  t he  a r t i c u l a t o r y  t a r g e t  s t a t e s  i n  te rms o f  

the p o s i t i o n s  o f  t h e  v a r i o u s  a r t i c u l a t o r y  s t r u c t u r e s  t ha t  a r e  

v i s i b l e  on the  m i d l i n e .  Th is  k ind o f  ev i dence  h a s  t r a d i t i o n a l l y  

been used  in phonet ics  to desc r i be  a r t i c u l a t o r y  t a r g e t s  i n  te rms 

o f  p l a c e  o f  a r t i cu la t ion  iden t i f i ed  along the length o f  the v o c a l  

t r a c t .  Another way o f  desc r ib ing  a r t i c u l a t o r y  con f igu ra t ions  

examines  t h e  p a t t e r n  o f  c o n t a c t  t h a t  o c c u r s  b e t w e e n  s t ruc tu res  

such as the tongue and pa la te .  This pa t te rn  i s  presumably 

r e g i s t e r e d  in  the  t a l k e r ' s  speech  c o n t r o l  sys tem through the  

r eSponses  o f  r e c e p t o r s  loca ted  on the s u r f a c e s  o f  t he  s t r u c t u r e s  

( S t e v e n s  and Pe rke l l ,  1 9 7 7 ) .  S t i l l  another a s p e c t  o f  t he  ta rge t  

s t a t e  i s  the phys i ca l  p r o p e r t i e s  o f  t he  s u r f a c e s  o f  the 

s t r u c t u r e s ,  p a r t i c u l a r l y  t h e  v o c a l  f o l ds  and the  tongue .  These 

p r o p e r t i e s  h a v e  an i n f l uence  on the  manner in which the  a i r f l o w  

f rom the  lungs  i s  con t ro l l ed  and on  the  way i n  which the 

a r t i c u l a t o r y  s t ruc tu res  a r e  forced against  one ano the r .  Which o f  

these ways ( o r  combinations o f  ways) o f  describing art iculatory 

s t a t e s  i s  mos t  sa l i en t  fo r  grouping speech sounds in to natural  

c l a s s e s  i s  a quest ion about which we c a n  on l y  specu la te  a t  

p r e s e n t .  

We consider now seve ra l  l i s t s  o f  phonet ic  segments .  For  a l l  

o f  t h e  i t ems  on a g iven l i s t ,  some aSpect  o f  the a r t i cu la t i on  is  

ach iev ing  the  same s t a t e ,  a s  de f ined in a t  l e a s t  one o f  the ways 

l i s t e d  a b o v e .  We sugges t ,  t h e n ,  t ha t  these  i tems can  be 

c a n d i d a t e s  fo r  forming a na tu ra l  c l a s s  o f  phonet ic  segments .  

[m n n & fi . . . ]  These items are  all produced b y  c rea t ing  

velopharyngeal  open ing ,  usual ly  b y  placing the velum in a lowered 

p o s i t i o n .  From the po in t  o f  v i e w  o f  the speake r ,  an ind icat ion 

that the velum i s  lowered comes from several  possible sources: 

( 1 )  t he  musc les  used  t o  lower  the  velum h a v e  been  c o n t r a c t e d ;  

( 2 )  the lowered s ta te  o f  the velum i s  sensed through recep to rs  

that signal the pos i t i on  o f  the  velum o r  i t s  c o n t a c t  w i t h  other  

s t ruc tu res ;  ( 3 )  there i s  a i r f low through the velopharyngeal 

opening and poss ib l y  acous t i c  energy in the nasal  c a v i t y  that  is  

sensed and r e g i s t e r e d  in  some w a y .  

[ k g ; U i - u  . . . ]  These sounds are all produced by placing the 

tongue body  i n  a r a i s e d  pos i t i on  w i th in  t h e  o r a l  c a v i t y .  More 

s p e c i f i c a l l y ,  the common a r t i cu la to ry  a c t i v i t y  for  the sounds can  
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be desc r ibed  in one o f  two w a y s :  ( 1 )  there i s  c o n t r a c t i o n  o f  a 

common musc le  o r  g roup  o f  m u s c l e s  to  p roduce t h e  r a i s e d  tongue 

body,  o r  ( 2 )  there i s  a common pat te rn  o f  a c t i v i t y  i n  

p a r t i c u l a r  g roups  o f  senso ry  r e c e p t o r s  in  the tongue muscu la tu re  

o r  on the  dorsa l  s u r f a c e s  o f  the  tongue a s  t h e s e  s u r f a c e s  make 

con tac t  w i th  other  s t r u c t u r e s ,  p a r t i c u l a r l y  t h e  ha rd  p a l a t e  

(S tevens  and Perkel l  1 9 7 7 ) .  

V V 

[ p  t k c f e s s d i fi . . . ]  For th is group o f  sounds, i t  i s  

hypo thes i zed  t h a t  the common a r t i c u l a t o r y  a t t r i b u t e  i s  a 

st i f fen ing o f  the sur faces  o f  the voca l  fo lds  (Hal le  and S tevens ,  

1 9 7 1 ) .  The a r t i c u l a t o r y  s t a t e  tha t  c h a r a c t e r i z e s  e a c h  member o f  

t h i s  c l a s s  c a n  be descr ibed  e i ther  a s  c o n t r a c t i o n  o f  a p a r t i c u l a r  

l a r yngea l  musc le  o r  g roup  o f  musc les  o r  a s  t he  s t i f f e n e d  s t a t e  o f  

the  v o c a l  f o l d  s u r f a c e s ,  independent l y  o f  t he  musc le  a c t i v i t y  

used to  p roduce t ha t  s t a t e .  

[ p  t k ë b d g 3 m n n . . . ]  The sounds in this group are al l  

produced b y  forming a complete c losure  o f  the  v o c a l  t r a c t  a t  some 

po in t  along i t s  leng th .  The a r t i cu la to ry  d e s c r i p t i o n  for t h i s  

group o f  segments  c a n n o t  b e  s p e c i f i e d  i n  t e rms  o f  the c o n t r a c t i o n  

o f  pa r t i cu la r  m u s c l e s ,  s i n c e  d i f f e r e n t  musc les  a re  c l e a r l y  

i nvo l ved  depend ing  on where i n  the  v o c a l  t r a c t  the c o n s t r i c t i o n  

i s  made. Rather ,  i t  i s  assumed that an ins t ruct ion to  form a 

complete c losure  i s  a b a s i c  component o f  a r t i c u l a t o r y  con t ro l  

wh ich ,  when coupled w i th  a fu r ther  i ns t ruc t i on  i nd i ca t i ng  which 

ar t icu la tor  i s  to  be a c t i v a t e d ,  e f f e c t s  the proper consonanta l  

c o n s t r i c t i o n .  It i s  poss ib le  a lso  t ha t  the  s e n s o r y  consequences  

o f  forming a complete c losu re  a r e  r e g i s t e r e d  in  some unique 

manner independently o f  the l oca t i on  o f  the  c losu re  i n  t h e  v o c a l  

t r a c t .  

[ p  b f v m . . . ]  The segments o n  th is  l i s t  h a v e  t h e  common 

a r t i c u l a t o r y  a t t r i b u t e  tha t  t hey  a r e  produced w i th  a cons t r i c t i on  

a t  the  l i p s .  Thus a pa r t i cu la r  se t  o f  musc les  - those making a 

l i p  c losure  - i s  i nvo l ved  i n  the  genera t ion  o f  a l l  o f  t hese  

sounds. The lower l ip comes in con tac t  w i th  e i ther  the  upper l i p  

or the upper i n c i s o r s ,  and th i s  ges tu re  leads  to  a unique pa t t e rn  

o f  exc i t a t i on  o f  sensory units in the lower l ip .  

[ t  d n e ô s z s i 2 r . . . ]  These phonetic segments a re  al l  

actua l ized b y  r a i s ing  the tongue b l ade  t o  make con tac t  w i t h  some 
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pa r t  o f  the m a x i l l a .  The e x a c t  reg ion  o f  c o n t a c t  o r  the  f o r c e  o f  

c o n t a c t  m a y  v a r y  from one sound t o  ano ther  in  the  s e t ,  bu t  the  

b l a d e ,  

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

common ges tu re  i s  t ha t  o f  r a i s i n g  the 

through 

i s  a unique s e n s o r y  consequence o f  t h i s  

b l a d e :  the 

come i n  con tac t  w i t h  f i x e d  s u r f a c e s  o f  the  h a r d  p a l a t e  o r  

tongue presumably  

There 

br the 

edges  o f  the  super ior  po r t i on  o f  the tongue 

t e e t h ,  

lead ing t o  a s p e c i a l  reSponse  o f  t a c t i l e  r ecep to r s  on 

c o n t r a c t i o n  

r a i s e d  p a t t e r n  

tongue 

presumably 

these s u r f a c e s  o f  the b l a d e .  

The s i x  l i s t s  o f  segments g i ven  a b o v e  a r e  examples o f  a 

longer i n v e n t o r y  o f  l i s t s  o f  segments t ha t  cou ld  b e  g e n e r a t e d .  

e a c h  l i s t  

i t e m s  could b e  appended to  the l i s t s .  

Furthermore,  the re  i s  no  attempt to make 

add i t iona l  

s e r v e  to  i n d i c a t e ,  h o w e v e r ,  t ha t  na tu ra l  c l a s s e s  o f  speech  sounds 

exhaust ive ;  

These examples 

can be  cons t ruc ted  through examinat ion  o f  the a r t i cu la to ry  ta rge t  

configurat ion or  s ta tes .  In g iv ing these examples,  we have  shown 

a cer ta in  amount o f  ambivalence as to how the common ar t icu la tory  

Unt i l  we 

par t i cu la r ,  

a t t r i bu tes  for  the  i tems on a l i s t  should b e  s p e c i f i e d .  

know more  about how motor sys tems o p e r a t e ,  

h o w  t he  

b e s t  t o  c h a r a c t e r i z e  na tu ra l  c l a s s e s  o f  speech  sounds i n  t e r m s  o f  

a n d ,  in 

speech—product ion  sys tems o p e r a t e ,  t h e  ques t ion  o f  how 

a r t i c u l a t o r y  a t t r i b u t e s  must  remain  o p e n .  

Acoust ic  and psychoacoustic ev idence for  natura l  c lasses  

A c o u s t i c  a n a l y s i s  o f  speech shows t ha t  the re  a r e  g roups  o f  

that  I f  i t  i s  

assumed t h a t  the  aud i t o r y  s y s t e m  responds  in some unique way to  

speech  sounds share  common acous t i c  p r o p e r t i e s .  

sounds w i t h  a common a c o u s t i c  p r o p e r t y ,  then t h i s  unique reSponse 

p rov ides  the l i s tene r  wi th  a means  for  o rgan iz ing  speech sounds 

the i r  p roper t i es .  As 

shall consider severa l  l i s t s  o f  speech sounds, and 

into natura l  c l a s s e s  based on  acous t i c  

examples,  we 

we shal l  show that  fo r  the i tems in a n y  one  o f  t hese  l i s t s  

i s  a 

there 

The b a s i s  for  these 

( 1 9 6 0 ) ,  

common d i s t i n c t i v e  acous t ic  p rope r t y .  

c l a s s i f i c a t i o n s  i s  de r i ved  largely from the work o f  Fant 

Jakcbson, Fant and Halle (1963),  and others.  

[m n n ]  For the i tems on this l i s t ,  there i s  a rather steady 

nasal murmur persist ing for severa l  tens o f  mi l l iseconds, with an 

amplitude jus t  a f e w  d B  be low tha t  o f  t he  

a t t r i bu te  o f  t h i s  

a d j a c e n t  v o w e l .  The 

unique acous t i c  nasa l  murmur i s  a s t rong  
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s p e c t r a l  peak a t  l o w  un i form 

d i s t r i bu t i on  o f  weaker  s p e c t r a l  peaks  at higher f r equenc ies ,  w i t h  

these peaks tending t o  be  ra ther  broad (Fuj imura,  1 9 6 2 ) .  

f r e q u e n c i e s  and a r e l a t i v e l y  

[ t  d n s z % ä ë j ]  For these 

sampled a t  o r  near  the consonantal  re lease ( i n  a 

syl lable)  

r a n g e ,  bu t  w i t h  g r e a t e r  spec t r a l  energy  a t  h igh f requenc ies  

(Fant ,  1960 ;  Zue, 1976 ;  Stevens and Blumstein, 1 9 7 8 ) .  

consonants ,  the  spect rum 

consonant -vowel  

shows a d i f f u s e  sp read  o f  energy  a c r o s s  the  f requency 

[ k  g n ]  The 

sounds has  a s ing le  prominent peak i n  the mid f requency  

(Fan t ,  1960;  Zue ,  1976, Stevens and Blumstein, 1978) .  

Spect rum a t  the  consonanta l  r e l e a s e  for  these 

range 

[ 1  I u u ]  The 

f i r s t  f o r m a n t .  

v o w e l s  i n  t h i s  l i s t  a l l  h a v e  a r e l a t i v e l y  low 

[ ä  ü î ]  

l owes t  

which ' t he  

f i r s t  formant reg ion  for a 

These n a s a l i z e d  vowe ls  have  a spectrum in 

p e a k ,  co r respond ing  to  the 

nonnasal v o w e l ,  i s  s p l i t  o r  b roadened to  cove r  a wider f requency 

range than tha t  for  a nonnasal  vowe l .  

[ p  t k ö b d g 5 m n n ]  The items in th is l i s t  al l  show an 

abrupt  onse t  o f  s p e c t r a l  ene rgy  over  much o f  the f requency 

when the  

r i s e  i n  ampl i tude in  a n y  one f requency reg ion occurs  i n  a 

i n t e r va l  o f  A sound w i th  an abrupt 

range 

consonant  i s  r e l e a s e d  into the fol lowing v o w e l .  The 

t ime 

j u s t  a f e w  m i l l i s e c o n d s .  

onset  h a s  been shown to  produce a d i s t i n c t i v e  response i n  a 

l is tener (Cut t ing and Rosner ,  197M). 

[ ä  ü i ]  

i s  h igh i n  

These vowels all have a fundamental frequency (Fo)  that 

compar ison w i th  the  ave rage  F0 fo r  the par t icu lar  

speaker and the pa r t i cu la r  pos i t ion  o f  t he  vowel within an 

u t t e rance .  

[ p  t k 6 f 6 s ë ]  The common acoust ic  charac ter is t i c  o f  the 

sounds i n  t h i s  l i s t  i s  the  absence o f  low- f requency p e r i o d i c i t y  

in  t he  sound in  the  v i c i n i t y  o f  the consonanta l  c losu re  i n t e r v a l .  

As  i n  the o f  the l i s t s  

a t t r i b u t e s ,  t h e  above  l i s t s  a r e  examples o f  a longer inventory  o f  

l i s t s  such that  the i tems in each l i s t  have a 

proper ty  t o  which the  aud i to ry  sys tem i s  assumed to  respond in a 

o f  the 

o f  t he  aud i tory  sys tem t o  complex sounds,  we have  only 

c a s e  based  on a r t i cu l a t o r y  

common acous t i c  

unique w a y .  G iven our p resen t  rud imentary  knowledge 

response 
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been able to  speculate on the k inds o f  acous t i c  p roper t ies  that 

qua l i f y  for  de f i n ing  g roups  o f  speech  sounds.  

The c l a s s i f i c a t o r y  f e a t u r e s  

Examinat ion o f  the two s e t s  o f  l i s t s  - these  based on  common 

a r t i c u l a t o r y  a t t r i b u t e s  and those  b a s e d  on common acous t i c  

a t t r i b u t e s  - r e v e a l s  t ha t  t he re  i s  much o v e r l a p  i n  t he  two se ts .  

This o v e r l a p  i s  no t  s u r p r i s i n g ,  s i n c e  o n  the  b a s i s  o f  acous t i ca l  

t h e o r y  i t  i s  n o t  unexpec ted  t h a t  sounds  p roduced w i th  common 

a s p e c t s  o f  the a r t i c u l a t o r y  con f i gu ra t i on  should a l s o  h a v e  

s imi la r  acoust ic  c h a r a c t e r i s t i b s .  

Another way  t o  o r g a n i z e  speech  sounds i n t o  na tu ra l  c l a s s e s  

i s  t o  examine  t he  phonological r u l e s  o f  l anguage ,  and t o  obse rve  

the  va r i ous  groups  o f  segments  tha t  a r e  o p e r a t e d  on b y  these  

ru les  o r  t ha t  determine the  env i ronments  i n  which the  ru les  

o p e r a t e .  The grouping o f  segments acco rd ing  t o  t h i s  c r i t e r i o n  

l eads  to  a d e s c r i p t i o n  o f  segments in  te rms o f  bundles o f  

c l a s s i f i c a t o r y  or  d i s t i n c t i v e  f e a t u r e s .  These c l a s s i f i c a t o r y  

f e a t u r e s  a lso  show a g r e a t  d e a l  o f  o v e r l a p  w i t h  the  groupings 

b a s e d  on a r t i c u l a t o r y  and a c o u s t i c a l  c o n s i d e r a t i o n s .  

We would l i ke  t o  p ropose a r a t h e r  simple condi t ion on the 

de f i n i t i on  o f  a c l a s s i f i c a t o r y  f e a t u r e :  a s e t  o f  speech sounds 

sha res  the  same c l a s s i f i c a t o r y  f e a t u r e  i f  the sounds share  a 

common a r t i c u l a t o r y  a t t r i b u t e  and a common a c o u s t i c  or  perceptual  

a t t r i b u t e .  That  i s ,  the sounds i n  a g i v e n  c l a s s  should g i v e  r i s e  

t o  response pa t te rns  t ha t  h a v e  a common p r o p e r t y  i n  t he  aud i to ry  

sys tem o f  the l i s t e n e r  and the  s p e a k e r ,  a n d ,  i n  add i t i on ,  the  

product ion o f  the  sounds should have common a t t r i b u t e s  in the  

speech-genera t ing  mechanism o f  t he  s p e a k e r ,  such a s  common 

pa t te rns  o f  orosensory  response.  

A consequence o f  th is  d e f i n i t i o n  i s  t ha t  vowe ls  and 

consonants w i l l  tend  no t  to  share  the same f ea tu res .  Thus,  for 

examp le ,  n a s a l  vowe ls  and nasa l  consonan ts  would no t  h a v e  the 

same f e a t u r e ,  al though i t  m ight  b e  d e s i r a b l e  t o  mark  in some 

manner t h e  f a c t  tha t  t hey  sha re  a n  a r t i c u l a t o r y  p r o p e r t y .  The 

s t rong  de f in i t i on  o f  a c l a s s i f i c a t o r y  f e a t u r e  would n o t  c a p t u r e  

in terms o f  feature spec i f ica t ions the f a c t ,  f o r  example, that  

vowe l s  preceding n a s a l  consonan ts  tend t o  b e  nasa l i zed  ( o r  in 

f a c t  that  n a s a l i z a t i o n  o f  the  v o w e l  o f t e n  i s  accompanied b y  
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el iminat ion o f  t h e  c o n s o n a n t ) ,  o r  the  f a c t  t ha t  the  p i t c h  o f  

vowe ls  f o l l ow ing  v o i c e l e s s  consonan ts  t ends  to  be  r a i s e d .  These 

k inds o f  m o d i f i c a t i o n s  a r e ,  i n  a s e n s e ,  s imply mechanica l  

consequences  r e l a t i n g  t o  the coa r t i cu la t i on  that  i s  a n a t u r e  

consequence o f  the jux tapos i t ion  o f  two segments. ' 

The c l a s s i f i c a t o r y  f e a t u r e s  de f i ned  i n  the way we h a v e  

proposed wou ld ,  h o w e v e r ,  s p e c i f y  m a j o r  c l a s s e s  o f  segments t ha t  

p lay  a r o l e  i n  the phonologica l  r u l e s  o f  language.  These 

f e a t u r e s  would owe t h e i r  e x i s t e n c e ,  so  to  s p e a k ,  bo th  t o  t h e  

p r o p e r t y — g e n e r a t i n g  c h a r a c t e r i s t i c s  o f  t he  speech  p roduc t i on  

sys tem and t o  the  p r o p e r t y - d e t e c t i n g  c h a r a c t e r i s t i c s  o f  the  

speech  pe rcep t ion  s y s t e m .  
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