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ACOUSTIC CHARACTERISTICS OF VOWELS 
PRODUCED BY MEN, WOMEN 

AND CHILDREN

Laura Arlene Getty, M.A.
Western Michigan University, 1990

This investigation was a replication and extension of 
Peterson and Barney’s (1952) research on the acoustics and 
perception of vowels. This study explored the acoustic 
characteristics of 12 vowels produced by 50 men, 50 women 
and 41 children. Speech samples were tape recorded as 
subjects read lists of words and isolated vowels. Speech 
samples were digitized. Speech waveforms, spectrograms 
and formant frequencies were examined and measured.

The average formant frequency values were similar but 
not identical to the values reported by Peterson and 
Barney (1952). The largest discrepancy between the two 
studies was the degree of overlap among vowel categories, 
which was much larger in the present study.
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CHAPTER I  

INTRODUCTION 

H i s t o r y  o f  P h o n e t ic  P e rc e p t io n

P h o n e t ic  p e r c e p t io n  has been an a r e a  o f  i n t e r e s t  t o  

r e s e a r c h e r s  f o r  s e v e r a l  years  and an a re a  in  which many 

q u e s t io n s  remain unanswered. S c i e n t i s t s  s t u d ie d  t h i s  

problem in  th e  18th and 19th c e n t u r i e s  by g e n e r a t in g  

a r t i f i c i a l  speech through  models o f  th e  human r e s p i r a t o r y  

system and vocal  t r a c t .  I t  was not  u n t i l  th e  20 th  c e n tu r y  

t h a t  Homer Dudley developed a speech s y n t h e s i z e r  t h a t  

s y n th e s iz e d  con t inuous  speech by us ing  e l e c t r o n i c  c i r c u i t s  

(Borden & H a r r i s ,  1 9 8 4 ) .

The sound s p e c t r o g ra p h ,  a machine t h a t  gave an o u tp u t  

which re p re s e n te d  t h e  f r e q u e n c ie s  o f  a s i g n a l  across t im e ,  

was in v e n te d  a t  B e l l  Te lephone L a b o r a t o r i e s ,  Murry H i l l ,  

New J e r s e y ,  in  th e  1940s ( P o t t e r ,  Kopp & Green, 1 9 4 7 ) .  

The v i s i b l e  r e p r e s e n t a t i o n  produced by th e  machine was 

c a l l e d  a spec trogram .  The development o f  t h a t  system  

a l lo w e d  i n v e s t i g a t o r s  t o  f o r m u la t e  q u e s t io n s  as t o  what  

a c o u s t ic  cues were necessary  t o  i d e n t i f y  speech (Borden & 

H a r r i s ,  198 4 ) .

The re v e rs e  o f  th e  sound s p e c t r o g r a p h , th e  P a t t e r n  

Playb ack ,  was th e  v i s i o n  o f  F r a n k l i n  Cooper at Haskins

1
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L a b o r a t o r i e s ,  New Yo rk ,  New York .  Speech p io n e e rs  such as 

Cooper,  Liberman and D e l a t t r e  d i r e c t e d  t h e i r  e f f o r t s  

toward d e v e lo p in g  a read in g  machine f o r  th e  b l i n d .  They 

exper im ented  by c r e a t i n g ,  o r  " p a i n t i n g , "  spectrogram s,  

f e e d in g  them i n t o  th e  machine,  and l i s t e n i n g  t o  the  

o u t p u t .  The team v a r i e d  s p e c i f i c  c h a r a c t e r i s t i c s  o f  the  

h a n d -p a in te d  spectrograms and were thus  a b le  t o  make

in f e r e n c e s  about  th e  a c o u s t ic  cues t o  p h o n e t ic  c a t e g o r i e s .  

Th is  method o f  s tu d y in g  speech and t h e  r e l a t e d  a c o u s t ic  

cues was most e f f e c t i v e  u n t i l  th e  i n t r o d u c t i o n  o f  computer  

c o n t r o l l e d  s y n t h e s i z e r s  (Borden & H a r r i s ,  198 4 ) .

The i n t r o d u c t i o n  o f  computer s y n th e s iz e d  speech in  

th e  1950s has automated t h e  f i e l d  o f  speech p e r c e p t i o n .  

Computers have a l lo w e d  speech s c i e n t i s t s  t o  v iew  an

u t t e r a n c e  re p re s e n te d  a c o u s t i c a l l y ,  p la y  th e  u t t e r a n c e  

r e p e a t e d ly  and va ry  th e  s i g n a l  more r e a d i l y  than in  th e  

p as t  ( F a n t  & Tatham, 1 9 7 5 ) .

P h o n e t ic  P e rc e p t io n  Research

The s p e c i f i c  focus  o f  t h i s  s tudy was t o  r e p l i c a t e  and 

extend a p r e v io u s  ex p e r im e n t  t h a t  e x p lo r e d  th e  p e r c e p t io n  

and a c o u s t ic  c h a r a c t e r i s t i c s  o f  vowels .  th e  p re v io u s  

study was conducted by Pe terson  and Barney (1 9 5 2 )  a t  B e l l  

Telephone L a b o r a t o r i e s  and i s  th e  most w id e ly  c i t e d  study  

o f  vowel p e r c e p t i o n .  Pe terson and Barney were i n t e r e s t e d  

in  th e  s p e c t r a l  c h a r a c t e r i s t i c s  o f  vowels and th e
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r e l a t i o n s h i p  between a t a l k e r ’ s in te nded  vowel and a 

l i s t e n e r ’ s p e r c e p t i o n  o f  t h a t  same vowel .  They found  

c o n s id e r a b le  a c o u s t ic  v a r i a b i l i t y  o f  th e  s p e c t r a  between 

th e  same vowel when spoken by men, women and c h i l d r e n  

which th e y  a t t r i b u t e d ,  in  p a r t ,  t o  d i f f e r e n c e s  in  vocal  

t r a c t  l e n g t h .  T h is  f i n d i n g  o f  v a r i a b i l i t y  was not  

s u r p r i s i n g  s in c e  i t  was known t h a t  men tend t o  have 

r e l a t i v e l y  low fo rm a n t  f r e q u e n c i e s ,  c h i l d r e n  have h ig h e r  

fo rm ant  f r e q u e n c ie s  and women in  between ( P o t t e r  & 

S t e i n b e r g ,  1 9 5 0 ) .  T h is  f i n d i n g  suggested t h a t  a b s o lu te  

fo rm ant  f r e q u e n c ie s  p ro b a b ly  do not  p la y  a p r im a ry  r o l e  in  

the  p e r c e p t io n  o f  vow e ls .  Pe terson and Barney a l s o  found  

o v e r la p  between vowel c a t e g o r i e s ;  vowels t h a t  were p a r t  o f  

one vowel c a te g o ry  o c c a s i o n a l l y  were found in  a reg io n  o f  

a c o u s t ic  space t h a t  was dominated by an a d j a c e n t  vowel .

Purpose o f  th e  I n v e s t i g a t i o n

The p r e s e n t  s tudy  served  two purposes.  The f i r s t  

purpose w i l l  be t o  r e p l i c a t e  and extend  th e  speech 

p ro d u c t io n  p a r t  o f  th e  Pe te rson  and Barney (1 9 5 2 )  s tu d y .  

T h is  s tudy w i l l  p r o v id e  e n t i r e  consonant-vow e l -consonant  

(CVC) spectrograms and measurements o f  those d a t a .  The 

second purpose o f  th e  i n v e s t i g a t i o n  w i l l  be th e  f o r m a t io n  

o f  an a c o u s t ic  l i b r a r y  f o r  a s e r i e s  o f  r e s y n th e s is  

exper im ents  t o  f o l l o w  up on th e  f i n d i n g s  o f  H i l l e n b r a n d  

and McMahon (1 9 8 8 )  and H i l l e n b r a n d  and G ayver t  ( 1 9 8 8 ) .
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These s t u d i e s  w i l l  be d iscussed l a t e r .  The c u r r e n t  s tudy  

w i l l  i n v e s t i g a t e  vow e ls ,  but  th e  rese arch  problems  

a s s o c ia te d  w i t h  vowel i d e n t i f i c a t i o n  m ight  be s i m i l a r  f o r  

o t h e r  c la s s e s  o f  speech sounds. Spectrograms from th e  

Peterson and Barney s tudy  a r e  unpubl ished  and, t h e r e f o r e ,  

u n a v a i l a b l e  t o  o t h e r  i n v e s t i g a t o r s .  T h e r e f o r e ,  t h i s  

research  was necessary  t o  meet a need f o r  th e  a c t u a l  d a t a .
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CHAPTER I I  

REVIEW OF RELATED LITERATURE 

C o n s id e r a t io n s  o f  Speech P e r c e p t io n  

The P h o n e t ic  P e r c e p t io n  Problem

S e vera l  speech p e r c e p t i o n  problems have been 

i d e n t i f i e d  but  remain u n re s o lv e d .  K l a t t  ( 1 9 8 0 )  d iscussed  

f o u r  problems t h a t  p la y  a r o l e  in  th e  i d e n t i f i c a t i o n  o f  

phonemes: ( 1 )  i n v a r i a n c e ,  ( 2 )  s e g m e n ta t io n ,  ( 3 )  t im e

n o r m a l i z a t i o n ,  and ( 4 )  t a l k e r  n o r m a l i z a t i o n .

I n v e s t i g a t o r s  have d e a l t  w i t h  th e  problem o f  i n v a r i a n c e ,  

or  how l i s t e n e r s  i d e n t i f y  c o n te x t  dependent cues,  

e s p e c i a l l y  when th e  c o n te x t  i s  unknown. A p h o n e t ic  

segment v a r i e s  depending on th e  p a r t i c u l a r  p h o n e t ic  

e nv ironm en t .  D e l a t t r e ,  Liberman and Cooper (1 9 5 5 ,  c i t e d  

in  Borden & H a r r i s ,  1984)  asked l i s t e n e r s  t o  i d e n t i f y  two-  

fo rm ant  fo rm a nt  CV s y l l a b l e s  o f  / b / ,  / d /  and / g / .  The 

r e s e a r c h e r s  found t h a t  l i s t e n e r s  i d e n t i f i e d  th e  s t i m u l i  

based on t h e  changing fo rm a nt  p a t t e r n  t h a t  occurred  a t  th e  

beg inn ing  o f  each s y l l a b l e .  For example ,  l i s t e n e r s  

d i f f e r e n t i a t e d  / d i /  f rom / d u / .  The fo rm er  had two 

ascending fo rm a nts  and th e  l a t t e r  had an ascending f i r s t  

fo rm ant  and a descending second fo rm a n t .  Al though th e
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fo rm ant  t r a n s i t i o n s  f o r  / d i /  and / d u /  were q u i t e  

d i f f e r e n t ,  l i s t e n e r s  i d e n t i f i e d  them as e q u a l l y  good 

examples o f  / d / .  The a u d i t o r y  b a s is  o f  t h i s  p e rc e iv e d  

s i m i l a r i t y ,  however,  i s  no t  c l e a r .

Segm enta t ion ,  a second problem d iscussed by K l a t t  

( 1 9 8 0 ) ,  i n v o l v e s  th e  group ing  o f  p h o n e t ic  u n i t s  f o r  

l i s t e n e r  i d e n t i f i c a t i o n .  I n  speech t h e r e  a re  ambiguous 

segment boundar ies  when th e  a r t i c u l a t o r s  move 

asy nchrono us ly , which o f t e n  occ u rs .  Segmentat ion  c r e a t e s  

problems when d u r a t i o n  measurements o f  a s y l l a b l e  a re  

a t te m p ted  s in c e  th e  cues t h a t  s i g n a l  th e  b eg inn ing  and 

ending o f  s y l l a b l e s ,  o r  p h o n e t ic  segments, a r e  o f t e n  

ambiguous. I t  i s  g e n e r a l l y  assumed t h a t  p h o n e t ic  

r e c o g n i t i o n  in v o lv e s  some s o r t  o f  p a t t e r n  model ing  

process.  However,  g iven  th e  a m b i g u i t i e s  r e g a r d in g  

s y l l a b l e  and segment bou n d ar ie s ,  i t  i s  no t  c l e a r  how th e  

t im e  i n t e r v a l s  over  which th e  p a t t e r n  matching occurs a r e  

d e te rm in ed .

Time n o r m a l i z a t i o n  p la y s  a r o l e  in  th e  i d e n t i f i c a t i o n  

o f  vow els .  The t im e  n o r m a l i z a t i o n  problem can be d i v i d e d  

i n t o  two sub -p rob lem s.  F i r s t ,  speech s c i e n t i s t s  need t o  

l e a r n  how th e  a u d i t o r y  system ignores  t h e  i r r e l e v a n t  

v a r i a t i o n s  in  segmental d u r a t i o n s .  Second, re s e a r c h e r s  

need t o  l e a r n  how t o  i n c o r p o r a t e  d u r a t i o n a l  i n f o r m a t i o n  in  

segmental d e c is io n -m a k in g  when d u r a t i o n a l  p e r t u r b a t i o n s  

due t o  s y n ta x ,  sem ant ics  and s t r e s s  a r e  unknown. The
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d u r a t i o n  o f  th e  p h o n e t ic  e ve n t  can p l a y  a r o l e  in  

d i s t i n g u i s h i n g  between c e r t a i n  phonemes such as / , * /  -  /£•/

and / s /  -  / z / .  T h e r e f o r e ,  i t  becomes necessary  t o  d e v is e  

a method t h a t  w i l l  t a k e  i n t o  c o n s id e r a t i o n  th e  r o l e  t h a t  

d u r a t i o n  p la y s  in  t h e  i d e n t i f i c a t i o n  o f  phonemes when 

a t te m p t in g  t o  d i s t i n g u i s h  them.

F i n a l l y ,  t a l k e r  n o r m a l i z a t i o n  r e f e r s  t o  the  

v a r i a b l i l i t y  in  th e  a c o u s t ic  p a t t e r n  a s s o c ia te d  w i t h  a 

p a r t i c u l a r  speech sound from one i n d i v i d u a l  t o  a n o th e r .  

T a l k e r s  d i f f e r  in  le n g th  and shape o f  th e  vocal t r a c t ,  

fundamenta l  f re q u e n c y ,  speaking  r a t e ,  d i a l e c t  and o t h e r  

a c o u s t ic  f e a t u r e s  r e l a t e d  t o  th e  la r y n g e a l  sou rce .  

L i s t e n e r s  have r e l a t i v e l y  l i t t l e  d i f f i c u l t y  a d j u s t i n g  t o  

i n t e r - t a l k e r  v a r i a t i o n  but  th e  a u d i t o r y  bas is  o f  t h i s  

a b i l i t y  i s  no t  w e l l  unders tood .

T h e o r ie s  o f  Speech P e rc e p t io n

Lloyd ( c i t e d  in  M i l l e r ,  1989) proposed th e  fo r m a n t -  

r a t i o  th e o r y  o f  vowel p e r c e p t i o n .  He suggested t h a t  l i k e  

vowel q u a l i t i e s  cou ld  be a s s o c ia te d  w i t h  l i k e  r a t i o s  o f  

th e  f r e q u e n c ie s  o f  t h e i r  resonances.  The th e o r y  developed  

f o l l o w i n g  e x p e r im e n t a t io n  w i t h  s y n t h e t i c a l l y  produced  

vowels g en era ted  by e x c i t i n g  hand-blown g la s s  tubes  and by 

conduct ing  s t u d i e s  o f  t r a n s p o s i t i o n  done by s low ing  and 

speeding Ediphone r e c o r d in g s .  The th e o r y  was a l s o  based 

on th e  f re q u en c y  r a t i o s  in  musical p e r c e p t io n  and on
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d i f f e r e n c e s  in  vowels n a t u r a l l y  produced by men, women and 

c h i l d r e n .  L loyd r e a l i z e d  h i s  f o r m a n t - r a t i o  th e o r y  was 

erroneous a f t e r  P ip p in g  ( c i t e d  in  M i l l e r ,  1989) noted t h a t  

c e r t a i n  vowels have common r a t i o s  o f  second and f i r s t  

resonant  f r e q u e n c ie s  ( F 2 / F 1 )  and t h a t  t r a n s p o s i t i o n  o n ly  

works over  c e r t a i n  l i m i t s .  P ipp ing  a l s o  s t a t e d  t h a t  some 

vowels appear  t o  have one fo rm ant  r a t h e r  than two and t h a t  

L l o y d ’ s fo rm u las  f o r  c a l c u l a t i n g  th e  resonances o f  th e  

tubes were in  e r r o r .

Most r e c e n t l y .  M i l l e r  ( 1 9 8 9 )  proposed a t h r e e  

d im ensional  model ( l o g  F3 -  log F2, log F2 -  log F I ,  log  

FI -  log FO),  e n t i t l e d  th e  a u d i t o r y - p e r c e p t u a l  t h e o r y ,  in  

an a t te m p t  t o  dea l w i t h  th e  weaknesses o f  L l o y d ’ s f o r m a n t -  

r a t i o  t h e o r y .  M i l l e r  d e s c r ib e d  a t h r e e  s tage  process in  

which a waveform i s  t ra n s fo rm e d  i n t o  a s e r i e s  o f  codes by 

th e  l i s t e n e r .  In  t h e  f i r s t  s tage  th e  speech waveform is  

t ra n s fo rm e d  i n t o  th e  a u d i t o r y - s e n s o r y  d im ension .  M i l l e r  

b e l i e v e d  t h a t  th e  waveform i s  c l a s s i f i e d  as e i t h e r  a 

g l o t t a l  source spectrum,  a b u r s t - f r i c t i o n  spectrum o r  a 

com binat ion  o f  both .  The s p e c t r a l  enve lope  p a t t e r n s  a re  

then re p re s e n te d  as sensory responses w i t h i n  a 

p h o n e t i c a l l y  r e l e v a n t  a u d i t o r y - p e r c e p t u a l  space.

Stage two o f  th e  process in v o lv e s  con vers ion  o f  th e  

sensory responses i n t o  one p e rc e p tu a l  response which i s  

a ls o  l o c a te d  w i t h i n  th e  same space. M i l l e r  ( 1 9 8 9 )  s t a t e d  

t h a t  th e  p e r c e p tu a l  response i s  a h y p o t h e t i c a l  c o n s t r u c t
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and i s  c a l c u l a t e d  by m a t h e m a t ic a l l y  d e r iv e d  sen s o ry -  

p e r c e p tu a l  t r a n s f o r m a t i o n s .  Such t r a n s f o r m a t i o n s  a re  

dependent upon h i s t o r i e s ,  t r a j e c t o r i e s  and dynamics o f  the  

sensory responses.

In  th e  t h i r d  s ta g e  o f  th e  p rocess ,  segm enta t ion  and 

c a t e g o r i z a t i o n  mechanisms, which r e l y  upon th e  dynamics o f  

th e  sensory response,  cause p e r c e p tu a l  t a r g e t  zones t o  

y i e l d  a s e r i e s  o f  codes which correspond t o  th e  a l lo p h o n e s  

o f  th e  language.  M i l l e r  ( 1 9 8 9 )  concluded t h a t  th e  

p r e l i m i n a r y  t a r g e t  zones can c l a s s i f y  American E n g l is h

vowels w i t h  93% acc uracy .

More r e c e n t l y  S t ran g e  (1989 a )  p rese n te d  t h e o r i e s  o f  

vowel p e r c e p t io n  in  an a t te m p t  t o  show how re s e a r c h e r s  

have c h a r a c t e r i z e d  vowels as a r t i c u l a t o r y  and a c o u s t ic

e v e n ts .  She d e s c r ib e d  t h e  "s im p le  t a r g e t "  model o f  vowel  

p e r c e p t i o n .  The th e o r y  con s id e rs  th e  a r t i c u l a t o r y ,  

a c o u s t ic  and p e r c e p tu a l  c h a r a c t e r i z a t i o n s  o f  th e  vowel as 

a u n i f i e d  concept  known as th e  "vowel t a r g e t . "  

A r t i c u l a t o r i l y ,  vowel t a r g e t s  a r e  c a n o n ic a l  forms o f  th e  

vowels .  They a r e  b es t  re p re s e n te d  by th e  p r o d u c t io n  o f  a 

vowel sound in  a s t a t i c  vocal  t r a c t  p o s i t i o n .  

A c o u s t i c a l l y  vowel t a r g e t s  a re  re p re s e n te d  in  a

m u l t id im e n s io n a l  space such as F1-F2 o r  F 1 -F 2 -F 3 .

Two problems a r i s e  when th e  p e r c e p t io n  o f  a s im p le  

t a r g e t  model o f  th e  vowel i s  co n s id e re d .  F i r s t ,  v a r i a t i o n  

between t a l k e r s  has been proven (P e te rs o n  & Barney,  19 5 2 ) ,
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thus r e j e c t i n g  th e  n o t io n  o f  th e  s im p le  t a r g e t  model o f  

p r o d u c t io n .  Second, when a CVC s y l l a b l e  i s  produced a t  a 

normal t o  r a p id  r a t e  o f  speech th e  vowel t a r g e t  i s  o f t e n  

not  reached.  T h is  problem, a l s o  known as " t a r g e t  

undershoot"  may be a f f e c t e d  by p h o n e t ic  c o n t e x t ,  s t r e s s ,  

r a t e  o f  speech,  and t a l k e r  s p e c i f i c  c o a r t i c u l a t i o n  

s t r a t e g i e s .

S t range  (1 9 8 9 a )  a l s o  d e s c r ib e d  two vowel p e r c e p t io n  

models which dominated th e  1970s and 1980s. She r e f e r r e d  

t o  th e s e  as t h e  " e la b o r a t e d  t a r g e t "  and "dynamic 

s p e c i f i c a t i o n "  models .  Both models c o n s id e r  how t o  bes t  

r e p r e s e n t  vowels a c o u s t i c a l l y  and p e r c e p t u a l l y .  The 

e l a b o r a t e d  t a r g e t  model focuses  on vowels as s t a t i c  p o i n t s  

in  a m u l t id im e n s io n a l  space.  The dynamic s p e c i f i c a t i o n  

model emphasizes th e  r o l e  o f  dynamic sources o f  

i n f o r m a t i o n  as c r i t i c a l .  Such a model a t te m p ts  t o  account  

f o r  t a l k e r  n o r m a l i z a t i o n  (S y rd a l  & G o p a l , 19 8 6 ) .

Gerstman ( 1 9 6 8 )  sought  t o  de te rm in e  th e  minimum 

d i m e n s i o n a l i t y  and t h e  minimum number o f  vowels r e q u i r e d  

t o  c l a s s i f y  an i n d i v i d u a l  t a l k e r ’ s vowels .  He developed a 

computer a l g o r i t h m  f o r  r e c o g n iz in g  vowels which u t i l i z e d  a 

t a l k e r ’ s extreme fo rm a n t  f r e q u e n c ie s ,  u s u a l l y  / i / ,  /« . /  and 

/ u / ,  t o  s c a le  a l l  o f  th e  t a l k e r ’ s vowels .  The a l g o r i t h m  

used these  n o rm a l iz e d  v a lu e s  t o  c l a s s i f y  th e  vowels  

o b ta in e d  by P e terson  and Barney ( 1 9 5 2 ) .  He r e p o r te d  t h a t  

the  vowels were c l a s s i f i e d  w i th  97.5% accuracy .  He

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11

concluded t h a t  a l l  t a l k e r s  have s i m i l a r  l o c a t i o n s  f o r  a l l  

vowels w i t h i n  a s e l f - n o r m a l i z e d  space.

Verbrugge ,  S t r a n g e ,  S h an kw e i le r  and Edman ( 1 9 7 6 )  

s t a t e d  t h a t  G ers tm an’ s a l g o r i t h m  was not  n e c e s s a r i l y  a 

p e r c e p tu a l  s t r a t e g y ,  but  r a t h e r  a l o g i c a l l y  p o s s ib le  

s t r a t e g y .  No e v id en ce  has been o f f e r e d  t h a t  has i n d i c a t e d  

t h a t  l i s t e n e r s  p er fo rm  th e  s c a l i n g  o f  fo rm ants  when 

i d e n t i f y i n g  vow els .

D e l a t t r e ,  L iberman,  Cooper and Gerstman ( 1 9 5 2 )  and 

Fant  (1 9 7 3 ,  both c i t e d  in  Lieberman & B lu m s te in ,  1988)  

conducted s t u d i e s  which suggested t h a t  vowels cou ld  be 

p e r c e iv e d  c o r r e c t l y ,  f o r  th e  most p a r t ,  us ing  o n ly  th e  

f i r s t  two fo r m a n ts .  However,  D e l a t t r e  e t  a l .  noted t h a t  

when o n ly  th e  f i r s t  two fo rm ants  were s y n t h e s iz e d ,  an 

" e f f e c t i v e  second f o r m a n t , "  o r  F 2 ' ,  must be formed which  

would account  f o r  t h e  shape o f  th e  spectrum. T h is  a l t e r e d  

second fo rm a n t  ( F 2 ' )  would no t  be necessary  i f  th e  h ig h e r  

fo rm ant  f r e q u e n c ie s  were p r e s e n t  s in c e  those f r e q u e n c ie s  

c o n ta in  t h a t  i n f o r m a t i o n .  For example.  Cooper,  D e l a t t r e ,  

Liberman, B o rs t  and Gerstman (1 9 5 2 )  s y n th e s iz e d  / i /  a t  270  

Hz and 2700 Hz f o r  FI  and F2, r e s p e c t i v e l y ,  r a t h e r  than  

270 Hz and 2290 Hz; th e  l a t t e r  f i g u r e s  be ing fo rm a n t  

averages c a l c u l a t e d  by Pe te rson  and Barney ( 1 9 5 2 ) .

C a r ls o n ,  Fant  and Granstrom (1 9 7 5 )  found t h a t  th e  

best  tw o - fo r m a n t  s y n t h e t i c  Swedish vowels were d i f f e r e n t  

from n a t u r a l l y  produced vowels and t h a t  such a d i f f e r e n c e
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was s y s t e m a t i c .  For example ,  when s y n t h e s iz i n g  / i /  th e  

second fo rm a n t  must be c l o s e r  t o  th e  n a t u r a l  t h i r d  fo rm ant  

than t o  th e  n a t u r a l  second fo rm a n t .  For th e  non -h igh  

vowels th e  second fo rm a n t  was s y n th e s iz e d  between t h e  

n a t u r a l  second and t h i r d  fo rm a n ts .  When s y n t h e s iz i n g  a 

tw o - fo rm a n t  model f o r  th e  back vowels ,  F 2 ' was p laced  

c l o s e r  t o  th e  n a t u r a l  second fo r m a n t .  T h is  rese arch  

suggested t h a t  th e  t h i r d  fo rm a nt  was more im p o r ta n t  t o  th e  

p e r c e p t io n  o f  f r o n t  vowels than  t o  back vowels .

In  a matching e x p e r im e n t ,  C a r lso n  e t  a l .  ( 1 9 7 5 )  

s im u l ta n e o u s ly  p re s e n te d  two s i g n a l s  and asked l i s t e n e r s  

t o  match them by a d j u s t i n g  a f re q u e n c y  s e t t i n g .  For each 

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

s t im u lu s  was p r e s e n te d .  The f i r s t  fo rm a n t  o f  a two-

fo rm ant  s t im u lu s  was i d e n t i c a l  t o  FI  o f  th e  f o u r - f o r m a n t  

s t im u l u s .  S u b je c ts  were i n s t r u c t e d  t o  va ry  F2 o f  th e  tw o -  

fo rm ant  s t im u lu s  t o  a c h ie v e  a p h o n e t ic  match between th e  

tw o - fo rm a n t  s t im u lu s  and th e  f o u r - f o r m a n t  s t im u l u s .  The 

i n v e s t i g a t o r s  r e p o r t e d  t h a t  s u b j e c t s '  s e t t i n g  o f  th e

v a r i a b l e  F2 o f  th e  tw o - fo r m a n t  vowel ( r e f e r r e d  t o  as F 2 ’ )

was near  t h e  n a t u r a l  F2 in  mid and back vowels .  F 2 ' was

between th e  n a t u r a l  second and t h i r d  fo rm ants  f o r  th e  

f r o n t  vowels e x c lu d in g  / i /  in  which case i t  was in  th e  

reg io n  o f  F3 o r  h i g h e r .

D is n e r  ( 1 9 8 0 )  s t u d i e d  vowel n o r m a l i z a t i o n  procedures  

t o  de te rm in e  which te c h n iq u e  was most e f f e c t i v e  in
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reduc ing  " s p e a k e r - p a r t i c u l a r  e f f e c t s . "  She proposed a 

q u a n t i f i a b l e  e v a l u a t i o n  procedure  which she a p p l i e d  t o  th e  

vowels o f  s i x  d i f f e r e n t  Germanic languages.  The d a ta  had 

been n o rm a l iz e d  us ing  f o u r  procedures  (Gerstman, 1968;  

Harshman, 1970; Lobanov, 1971; and Nearey ,  1977, a l l  c i t e d  

in  D is n e r ,  1 9 8 0 ) .  A n o r m a l i z a t i o n  procedure  q u a l i f i e s  as 

i n e f f e c t i v e  i f  t h e  q u a l i t y  judgments v a ry  as a r e s u l t  o f  

th e  d a ta  be ing n o r m a l i z e d .  D is n e r  re p o r te d  t h a t  

Harshman's ( 1 9 7 0 )  n o r m a l i z a t i o n  procedure  was most 

e f f e c t i v e  f o r  c ro s s - la n g u a g e  and c r o s s - d i a l e c t  

comparisons.  N e a r e y 's  ( 1 9 7 7 )  t e c h n iq u e  was most e f f e c t i v e  

a t  reduc ing  th e  s c a t t e r  o f  t h e  d a t a .  D is n e r  r e p o r te d  t h a t  

no one n o r m a l i z a t i o n  procedure  was e f f e c t i v e  f o r  a l l  o f  

th e  languages she s t u d i e d .

Syrda l  and Gopal ( 1 9 8 6 )  proposed a q u a n t i t a t i v e  

p e r c e p tu a l  model o f  vowel r e c o g n i t i o n  which was based on 

the  s p a t i a l  p a t t e r n  o f  a u d i t o r y  e x c i t a t i o n  produced by 

American E n g l is h  vow els .  The re s e a r c h e r s  performed b a r k -  

d i f f e r e n c e  t r a n s f o r m a t i o n s  [b3 -  b2 (F3 in  bark -  F2 in

b a r k ) ,  b2 -b1 and b1 -  bO] on the  1 ,520  measurements from  

Peterson and Barney ( 1 9 5 2 ) .  Syrda l  and Gopal s t a t e d  t h a t  

th e  bark  d i f f e r e n c e  model p rov ided  a connect io n  between  

some a c o u s t ic  c h a r a c t e r i s t i c s  o f  vowels and t h e i r  p h o n e t ic  

q u a l i t y .  L i n e a r  d i s c r i m i n a n t  ana lys es  were a l s o  performed  

on th e  Pe te rson  and Barney d a ta .  Syrda l  and Gopal  

re p o r te d  th e  h ig h e r  c l a s s i f i c a t i o n  accuracy  f o r  th e  b a r k -
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t ra n s fo rm e d  measurements than  measurements re p re s e n te d  in  

l i n e a r  f re q u e n c y .  Fur th e rm o re ,  th e  i n v e s t i g a t o r s  r e p o r te d  

t h a t  th e  t r a n s f o r m a t i o n  reduced th e  a c o u s t ic  d i f f e r e n c e s  

between vowels as spoken by d i f f e r e n t  t a l k e r s .  Syrda l  and 

Gopal concluded t h a t  t h e i r  bark  d i f f e r e n c e  model o f  vowel 

p e r c e p t io n  p ro v id ed  a p e r c e p t u a l l y  based q u a n t i t a t i v e l y  

d e f in e d  l i n k  beween a c o u s t ic  and p h o n e t ic  f e a t u r e s .

H i l l e n b r a n d  and G ayver t  ( 1 9 8 8 )  compared s e v e r a l  vowel  

c l a s s i f i c a t i o n  models us ing  a maximum l i k e l i h o o d  

c l a s s i f i c a t i o n  t e c h n iq u e .  The Pe terson and Barney ( 1 9 5 2 )  

vowel measurements o f  FO, F I ,  F2 and F3 p rov ided  th e  d a ta  

f o r  t h e  s tu d y .  H i l l e n b r a n d  and G ayver t  r e p o r te d  t h a t  

e r r o r  r a t e s  f o r  th e  bes t  models were more than  t w ic e  as 

high as t h e  e r r o r  r a t e s  shown by human l i s t e n e r s .  

C l a s s i f i c a t i o n  models produced e r r o r  r a t e s  o f  12 t o  13% 

which was more than t w i c e  as h igh  as Pe terson and B a rn e y ’ s 

5.6% e r r o r  r a t e  f o r  l i s t e n e r s .  The i n v e s t i g a t o r s  found no 

advantage o f  n o n l i n e a r  t ra n s f o r m s ,  such as bark  

d i f f e r e n c e s  and log d i f f e r e n c e s ,  ove r  l i n e a r  f re q u e n c y .  

T h is  f i n d i n g  was in  c o n t r a s t  t o  Syrda l  and Gopal ( 1 9 8 6 ) .  

H i l l e n b r a n d  and G ayver t  h yp o th es ized  t h a t  th e  d i f f e r e n c e  

between t h e  i d e n t i f i c a t i o n  r a t e  o f  vowel p e r c e p t io n  models 

and t h a t  shown by l i s t e n e r s  was due t o  l i s t e n e r s  us ing  

dynamic i n f o r m a t i o n  as compared t o  s t a t i c  s p e c t r a l  

i n f o r m a t i o n  used by t h e  a c o u s t ic  c l a s s i f i c a t i o n  

a l g o r i t h m s .
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C h a r a c t e r i s t i c s  I n f l u e n c i n g  Vowel P e rc e p t io n

The e x a c t  i n f o r m a t i o n  l i s t e n e r s  r e l y  upon t o  i d e n t i f y  

vowels remains undete rm ined ,  a l th ough  r e s e a r c h e r s  s in c e  

the  1950s have o f f e r e d  suggest ions  as t o  dynamic  

c h a r a c t e r i s t i c s  o f  speech t h a t  might  p la y  a r o l e .  There  

has been c o n t r o v e rs y  re g a rd in g  whether  th e  c o n t e x t  in  

which a vowel i s  heard p la y s  a r o l e  in  th e  i d e n t i f i c a t i o n  

o f  th e  s t im u l u s .  Vowels have been s t u d ie d  in  sentence  

c o n t e x t ,  consonanta l  c o n te x t  and in  i s o l a t i o n .

Verbrugge e t  a l .  ( 1 9 7 6 )  asked l i s t e n e r s  t o  i d e n t i f y  

p -v o w e l -p  ( p - V - p )  s y l l a b l e s  which in c lu d e d  a l l  o f  th e  

vowels P e terson  and Barney (1 9 5 2 )  s tu d ie d  e x c lu d in g  / s y .

The s t i m u l i  were produced by f i v e  men, f i v e  women, and 

f i v e  c h i l d r e n  and c l a s s i f i e d  by 79 l i s t e n e r s .  L i s t e n e r s  

responded t o  th e  s t i m u l i  under mixed c o n d i t io n s  in  which  

a l l  p ro d u c t io n s  were heard in  random o r d e r .  Responses 

were a l s o  recorded f o r  p r e s e n t a t i o n s  o f  a seg re ga ted  s e t  

in  which o n ly  t h r e e  t a l k e r s '  p ro d u c t io n s  were heard .  

S u b je c ts  made an average  o f  17% e r r o r s  in  th e  random o rd e r  

p r o d u c t io n s  w h i l e  an average e r r o r  r a t e  o f  9.5% was 

re p o r te d  f o r  th e  seg re g a ted  c o n d i t i o n .

S t ra n g e ,  Verbrugge ,  S h ankw e i le r  and Edman (1 9 7 6 )  

r e p o r te d  t h a t  vowels cou ld  be i d e n t i f i e d  more a c c u r a t e l y  

in  c o n te x t  than  in  i s o l a t i o n .  S t range  e t  a l .  u t i l i z e d  p -  

V-p s y l l a b l e s  c o l l e c t e d  by Verbrugge e t  a l .  ( 1 9 7 6 ) .  

Strange  e t  a l .  c o l l e c t e d  a correspond ing  s e t  o f  i s o l a t e d
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vowels from f i v e  men, f i v e  women, and f i v e  c h i l d r e n .  The 

s i g n a l s  were i d e n t i f i e d  by 30 l i s t e n e r s .  L i s t e n e r s  

responded t o  th e  i s o l a t e d  vowels under mixed and

seg re gated  c o n d i t i o n s .  S t range  e t  a l .  r e p o r te d  an e r r o r  

r a t e  o f  42.6% f o r  th e  mixed ta s k  and 31.2% f o r  the  

seg re g a ted  t a s k .  The r e s u l t s  o f  th e  Verbrugge e t  a l .  

( 1 9 7 6 )  and t h e  S t range  e t  a l .  ( 1 9 7 6 )  s t u d i e s  i n d i c a t e d  

t h a t  w h i l e  t a l k e r  v a r i a t i o n  d id  c o n t r i b u t e  t o  e r r o r  r a t e s ,  

th e  presence o r  absence o f  c o n te x t  was most s i g n i f i c a n t .

D i e h l ,  McCusker and Chapman ( 1 9 8 1 )  re p o r te d  low e r r o r  

r a t e s  f o r  s y n t h e t i c ,  i s o l a t e d  vowels .  They conducted two  

e xp e r im e n ts ;  th e  f i r s t  t o  de te rm in e  i d e n t i f i c a t i o n  r a t e s  

o f  s y n t h e t i c  vow els ,  and th e  second t o  de te rm in e  

i d e n t i f i c a t i o n  r a t e s  f o r  n a t u r a l  speech s t u m u l i .  In  th e  

f i r s t  e x p er im en t  th e  P e terson  and Barney (1 9 5 2 )  vowels ,  

e x c lu d in g  /T/, were s y n th e s iz e d  us ing  th e  average a d u l t

male and fem ale  f r e q u e n c ie s .  Vowels were s y n th e s iz e d  a t  

240 msec d u r a t i o n s ,  300 msec d u r a t i o n s  and 200 msec 

T i u r a t io n s  bounded by 30 msec t r a n s i t i o n s  r e p r e s e n t in g  a 

b -V -b  c o n t e x t .  The s t i m u l i  were c l a s s i f i e d  by 14

l i s t e n e r s  who responded on paper t o  th e  p r e s e n t a t i o n s .  

D ie h l  e t  a l .  r e p o r t e d  e r r o r  r a t e s  o f  24.1%, 22.6% and 

28.8% f o r  s h o r t  i s o l a t e d  vow els ,  long i s o l a t e d  vowel and 

th e  b -V -b  s y l l a b l e s ,  r e s p e c t i v e l y .  D ieh l  e t  a l .  noted  

t h a t  th ese  i d e n t i f i c a t i o n  r a t e s  were th e  o p p o s i te  o f  th e  

p a t t e r n  t y p i c a l l y  observed f o r  n a t u r a l  speech.
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I n  t h e i r  second e x p e r im e n t ,  D ie h l  e t  a l .  ta p e

recorded th e  same vowels as th e y  were produced by 

s u b j e c t s .  Two groups o f  13 served as l i s t e n e r s .  One 

group responded t o  t h e  p r e s e n t a t i o n s  on an answer shee t  

composed o f  EE, Y, E, AE, AH, AW, UH, (36, 55. The o t h e r

group marked t h e i r  responses on a b -V -b  word l i s t  ( e . g . ,  

beeb, b i b ,  beb, e t c . ) .  S u b je c ts  who responded t o  th e  word 

l i s t  showed more e r r o r s  w i t h  th e  e x c e p t io n  o f  th e  medial  

vowel c o n d i t i o n  which i n d i c a t e d  a 0.4% decrease in  e r r o r  

r a t e .  L i s t e n e r s  us ing  th e  vowel answer s h e e t  i d e n t i f i e d  

15% o f  th e  s h o r t  i s o l a t e d  vowels ,  15.8% o f  th e  long

i s o l a t e d  vowels ,  and 18.2% o f  th e  vowels o f  t h e  b -V -b

s y l l a b l e s .  L i s t e n e r s  us ing  t h e  b -V -b  answer she e ts  had 

correspond ing  e r r o r  r a t e s  o f  17.7%, 18.6% and 17.8%.

D ie h l  e t  a l .  ( 1 9 8 1 )  noted t h a t  th e  r e s u l t s  o f  t h e  two 

exp er im ents  d i f f e r e d  in  im p o r ta n t  ways. F i r s t ,  t h e r e  was 

no s i g n i f i c a n t  advantage f o r  th e  i s o l a t e d  vowels .  Second,  

e r r o r  r a t e s  f o r  both answer shee ts  in  exp er im en t  two were 

s m a l le r  than  th e  e r r o r  r a t e s  re p o r te d  f o r  ex p e r im e n t  one.  

D ieh l  e t  a l .  suggested t h a t  th e  reduced e r r o r  r a t e s  may be 

a t t r i b u t e d  t o  n a t u r a l  d u r a t i o n a l  d i f f e r e n c e s  and t o  lo n g er  

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

Assmann, Nearey and Hogan ( 1 9 8 2 )  re p o r te d  t h a t

i s o l a t e d  vowels cou ld  be i d e n t i f i e d  a c c u r a t e l y ,  and th e

way in  which l i s t e n e r s  record  t h e i r  responses t o  a

l i s t e n i n g  ta s k  can a f f e c t  per form ance .  Assmann e t  a l .
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conducted two exp er im en ts  in  which th e y  r e p o r t e d  t h a t  

l i s t e n e r s  p e r c e iv e d  th e  s t i m u l i  a c c u r a t e l y  bu t  t h e i r  

response was not  in  accord w i t h  t h e i r  p e r c e p t i o n .  

L i s t e n e r s  heard th e  s t i m u l i ,  which were th e  10 words 

s t u d ie d  by P e terson  and Barney ( 1 9 5 2 ) ,  and then recorded  

t h e i r  responses on pap er .  As they  recorded  t h e i r  response  

on paper  th e y  were asked t o  say th e  word i n t o  a 

microphone.  Assmann e t  a l .  s t a t e d  t h a t  f o r  14 o f  th e  18 

l i s t e n e r s  a t  l e a s t  h a l f  o f  th e  vowels m i s i d e n t i f i e d  on th e  

w r i t t e n  ta s k  were a c c u r a t e l y  i d e n t i f i e d  in  th e  spoken 

t a s k .  These d a ta  suggested t h a t  th e  manner in  which  

s u b je c t s  record  t h e i r  responses t o  a l i s t e n i n g  ta s k  might  

a f f e c t  t h e  e r r o r  r a t e .

In  a f o l l o w - u p  ex p e r im e n t  Assmann, Nearey and Hogan 

( 1 9 8 2 )  h y p o th e s iz e d  t h a t  responses t o  s p e l l i n g  would show 

h ig h e r  i d e n t i f i c a t i o n  r a t e s  than keyword responses.  Seven 

l i s t e n e r s  were g iven  a l i s t  o f  words c o n t a i n i n g  th e  10 

words s t u d i e d  by P e terson  and Barney ( 1 9 5 2 ) .  An 

a d d i t i o n a l  seven l i s t e n e r s  were g iven  a l i s t  o f  words 

showing th e  same vowels but  w i t h i n  a p -V -p  c o n t e x t .  

S u b je c ts  were asked t o  cross  o f f  th e  correspond ing  word 

t h a t  th e y  heard ove r  a loudspeaker .  The s t i m u l i  heard by 

th e  14 s u b je c t s  were th e  p -V -p  words. Assmann e t  a l .  

re p o r te d  t h a t  s u b je c t s  using th e  h -V -d  l i s t s  made an 

average  o f  7.68% e r r o r s  w h i l e  l i s t e n e r s  us ing th e  p -V -p  

l i s t s  made an average o f  3.86% e r r o r s .  Assmann e t  a l .
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concluded t h a t  th e  way in  which a s u b je c t  documented the  

s t im u lu s  can p la y  a s i g n i f i c a n t  r o l e  in  t h e  e r r o r  r a t e .

S t range  (1 9 8 9 b )  r e p o r t e d  on vowel p e r c e p t io n  from  

a l t e r e d  c o n te x ts  a f t e r  being c o l l e c t e d  in  sentence  

c o n t e x t .  Three  ex p e r im e n ts  were conducted in  which she 

s tu d ie d  th e  c o n t r i b u t i o n  o f  t a r g e t  in f o r m a t i o n  a v a i l a b l e  

in  vowels ,  i n t r i n s i c  d u r a t i o n  r e l a t e d  t o  s y l l a b l e  le n g th  

and dynamic s p e c t r a l  i n f o r m a t i o n  o f  onse ts  and o f f s e t s  o f  

s y l l a b l e s .  She r e p o r t e d  t h a t  s i l e n t - c e n t e r  s y l l a b l e s  were 

pe rc e iv e d  r e l a t i v e l y  a c c u r a t e l y .  ( S i l e n t - c e n t e r  s y l l a b l e s  

were d e f in e d  as those  in  which the  vowel p o r t i o n  o f  a CVC 

s y l l a b l e  was a t t e n u a t e d  but  th e  i n i t i a l  and f i n a l  

t r a n s i t i o n a l  s e c t i o n s  were p reserved  in  th e  temporal  

r e l a t i o n s h i p  in  which th e y  were p ro d u c e d . )  S t range  

r e p o r te d  t h a t  e r r o r  r a t e s  inc rease d  s l i g h t l y  when s i l e n t -  

c e n t e r  s y l l a b l e s  were n e u t r a l i z e d  by e q u a t in g  th e  t im e  

between th e  i n i t i a l  and f i n a l  t r a n s i t i o n  o f  segments o f  

th e  vowel .  S t range  a l s o  re p o r te d  t h a t  both s i l e n t ^ c e n t e r  

s y l l a b l e s  and vowel p o r t i o n s  o f  s y l l a b l e s  were i d e n t i f i e d  

no less  a c c u r a t e l y  than  in  unm odif ied  c o n d i t i o n s .

I n  a d d i t i o n  t o  c o n t e x t ,  d u r a t i o n  has been addressed  

by i n v e s t i g a t o r s  o f  p h o n e t ic  p e r c e p t i o n .  Pe terson and 

L e h is t e  (1 9 6 0 )  r e p o r t e d  d a ta  on th e  d u r a t i o n  o f  vowels .  

They s t u d i e d  CVC words c o l l e c t e d  in  sentence c o n t e x t .  

They found t h a t  s y l l a b l e s  c o n t a i n i n g  / I / ,  / 2 / ,  / A / ,  and 

/ U /  were r e l a t i v e l y  s h o r t  in  d u r a t i o n ,  rang ing  between 180
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and 200 msec. S y l l a b l e s  c o n t a i n i n g  t h e  vowels / i / ,  / a /  

and / u /  ranged between 240 and 260 msec in  d u r a t i o n .  The 

vowel /% /  averaged 330 msec. O ther  vowels such as / e l / ,  

/ a . / ,  /o/ and / o U /  as w e l l  as d iphthongs  / a l / ,  / a U /  and 

/o 1 /  had r e l a t i v e l y  lo n g er  d u r a t i o n s .  The d u r a t i o n s  o f  

these  vowels depended on th e  r a t e  o f  speech, th e  degree o f  

s t r e s s  p laced  on th e  words and th e  p o s i t i o n  o f  th e  word 

w i t h i n  an u t t e r a n c e .  C o n te x t  o f  n e ig h b o r in g  phonemes a l s o

p layed  a r o l e  in  th e  d u r a t i o n  o f  a vowel .  Pe te rson  and

L e h is t e  r e p o r t e d  t h a t  l i s t e n e r s  were s e n s i t i v e  t o  these

d i f f e r i n g  d u r a t i o n s  and t h a t  l i s t e n e r s  i d e n t i f i e d  th e

vowels based on i n t r i n s i c  d u r a t i o n .

Assman e t  a l . ( 1 9 8 2 )  conducted an e xp er im en t  in  which  

they  g a te d ,  o r  b locked o u t ,  a p o r t i o n  o f  the  waveform so 

t h a t  i t  would no t  be heard by th e  l i s t e n e r .  Thus, they  

e l i m i n a t e d  d u r a t i o n  and d i p h t h o n g i z a t i o n . N e x t ,  they

prese n te d  th e  gated s t i m u l i  in  b locked t r i a l s ,  in  which  

o n ly  one t a l k e r ' s  p r e s e n t a t i o n s  were heard ,  and mixed 

c o n d i t i o n s ,  in  which s e v e r a l  t a l k e r s '  p r e s e n t a t i o n s  were  

randomized, t o  a group o f  p h o n e t i c a l l y  t r a i n e d  l i s t e n e r s .  

T h e i r  o v e r a l l  e r r o r  r a t e  f o r  th e  blocked c o n d i t i o n  was 

9.50% and t h e  mixed c o n d i t i o n  y i e l d e d  an e r r o r  r a t e  o f  

13.75%. Based on p r e v io u s  rese arch  Assmann, Nearey and 

Hogan r e p o r t e d  t h a t  a l th o u g h  gated vowels were i d e n t i f i e d  

w i t h  le s s  accuracy  than  f u l l  p r e s e n t a t i o n s  o f  th e  vowels ,  

th e  e r r o r  r a t e  f o r  th e  gated -m ixed  c o n d i t i o n  was
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r e l a t i v e l y  low.

Nearey and Assmann (1 9 8 6 )  windowed nuc leus  and 

o f f g l i d e  s e c t io n s  from i s o l a t e d  vowels which were p layed  

f o r  l i s t e n e r s  t o  i d e n t i f y .  Two s e c t i o n s  from each vowel  

were p resen ted  which in c lu d e d  n a t u r a l  o rd e r  ( n u c l e u s -  

o f f g l i d e ) ,  repea te d  nuc leus ( n u c l e u s - n u c l e u s ) and r e v e rs e

nuc leus ( o f f g l i d e - n u c l e u s ) . L i s t e n e r s  heard th e  f u l l  

p r e s e n t a t i o n s  o f  t h e  i s o l a t e d  vowels in  a p r a c t i c e  

s e s s io n .  Nearey and Assmann re p o r te d  an e r r o r  r a t e  o f  14% 

f o r  th e  n a t u r a l  o rd ered  s t i m u l i  and 13% f o r  th e  f u l l ,  o r  

u nm od if ied ,  s t i m u l i .  The re s e a r c h e r s  r e p o r t e d  e r r o r  r a t e s  

o f  32% f o r  rep e a te d  nucleus and 38% f o r  r e v e rs e  

p r e s e n t a t i o n s .  From th e s e  d a ta ,  Nearey and Assmann

concluded t h a t  th e  o f f g l i d e  p o r t io n  o f  th e  s t i m u l i  p layed

an im p o r ta n t  r o l e  in  i d e n t i f i c a t i o n .  The in c rease d  e r r o r  

r a t e  in  re v e rs e  o r d e r  p r e s e n t a t i o n  suggested t h a t  tempora l  

o r d e r i n g  o f  th e  two s t i m u l i  was necessary  in  vowel 

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

dynamic c h a r a c t e r i s t i c s  p ro v id e  i n f o r m a t i o n  in  th e  

i d e n t i f i c a t i o n  o f  th e  i s o l a t e d  Canadian E n g l is h  vowels  

they  s t u d i e d .

In  a d d i t i o n  t o  c o n t e x t ,  re s e a r c h e r s  have a l s o  

con s id e red  speaking r a t e .  Ra te ,  s t i l l  a n o th e r  dynamic 

c h a r a c t e r i s t i c  o f  vowels ,  must be con s id e red  when

l i s t e n e r s  a r e  asked t o  i d e n t i f y  speech s in c e  in c r e a s i n g  

th e  speak ing  r a t e  tends  t o  n e u t r a l i z e  vowels .  Lindblom
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( 1 9 6 3 )  r e p o r t e d  t h a t  in  B r i t i s h  and American v a r i e t i e s  o f  

E n g l is h ,  t h e r e  i s  a tendency f o r  th e  l e s s e r  s t r e s s e d  

vowels t o  approach each o t h e r  and t o  approx im ate  schwa.

For example ,  th e  second fo rm ant  o f  / i /  would decrease  

w h i l e  t h e  second fo rm a n t  o f  / u /  would in c r e a s e .  In  t u r n  

the  l i s t e n e r  has t o  compensate f o r  these  s h i f t s  by using  

c o n te x tu a l  cues o f  t h e  u t t e r a n c e .

T i f f a n y  ( 1 9 5 9 )  demonstrated t h a t  th e  vowel d iagram  

becomes s m a l le r  when an i s o l a t e d  vowel i s  uns tress ed

i n s te a d  o f  s t r e s s e d .  He noted t h a t  vowels tend t o  move

toward th e  c e n te r  o f  th e  d iagram t o  a more n e u t r a l  

p o s i t i o n .  T i f f a n y  proposed t h a t  a l a r g e  vowel d iagram

would r e s u l t  in  h ig h e r  i n t e l l i g i b i l i t y .  He proposed t h a t  

th e  tongue should  be h ig h e r  and f a r t h e r  fo rw ard  f o r  h igh  

vowels and lower  and more back f o r  lower vowels .  He d id  

not i n v e s t i g a t e  p lacement  in  r e l a t i o n  t o  i n t e l l i g i b i l i t y  

in  h i s  s tu d y .

Gay (1 9 7 8 )  c o l l e c t e d  t h r e e  typ es  o f  speech samples  

from f o u r  a d u l t  t a l k e r s  t o  i n v e s t i g a t e  th e  e f f e c t s  o f  

speaking r a t e  on th e  a t t a i n m e n t  o f  vowel t a r g e t s .  Gay

a ls o  i n v e s t i g a t e d  t h e  r e l a t i v e  t im e  and movement toward  

th e  vowel t a r g e t s .  S t i m u l i  c o n s is te d  o f  CVC and CVCVC 

u t t e r a n c e s  produced a t  slow and f a s t  r a t e s .  The vowels  

s tu d ie d  were th e  same vowels s t u d i e d  by P e terson  and 

Barney ( 1 9 5 2 ) ,  e x c lu d in g  / 3 7 . Gay r e p o r te d  t h a t  th e  

a c o u s t ic  t a r g e t s  o f  vowels as a f u n c t i o n  o f  r a t e  showed
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l i t t l e  v a r i a b i l i t y ,  u s u a l l y  f a l l i n g  w e l l  w i t h i n  th e  range  

o f  measurement e r r o r .  Measurements were taken  a t  th e  

m id p o in t  o f  th e  f i r s t ,  second and t h i r d  fo rm ant  

f r e q u e n c ie s .  Gay noted t h a t  th e  speed o f  movement from

th e  consonant  i n t o  t h e  vowel d id  n o t  change; r a t h e r ,  t h e  

d u r a t i o n  o f  th e  vowel was lessened when t a l k e r s  spoke a t  a 

f a s t e r  r a t e .

Exper im ents  us ing  n a t u r a l  speech and s y n t h e t i c  speech  

have been employed in  vowel p e r c e p t i o n  re s e a r c h .  Dynamic 

i n f o r m a t i o n  w i t h i n  each s i g n a l  must be accounted f o r  in  

th e  s tudy  o f  n a t u r a l  speech s in c e  speech i s  a complex  

waveform w i t h  tem pora l  and s p e c t r a l  v a r i a t i o n s .  Research  

has shown t h a t  human l i s t e n e r s  can c o r r e c t l y  i d e n t i f y  

n a t u r a l  speech s t i m u l i  when p rese n te d  in  a v a r i e t y  o f

ways. Perhaps not  as obv ious i s  th e  f a c t  t h a t  

s y n t h e t i c a l l y  ge n e ra te d  speech s t i m u l i  can a l s o  c o n ta in  

s u f f i c i e n t  a c o u s t ic  i n f o r m a t i o n  t o  be c o r r e c t l y

i d e n t i f i e d .

M i l l e r  ( 1 9 5 3 )  exp er im ented  w i t h  a s e r i e s  o f  

s y n t h e t i c a l l y  produced vowels in  which t h r e e  pa ram e te rs ,  

fundamenta l  f r e q u e n c y ,  a m p l i t u d e ,  and th e  number o f

fo rm ants  necessary  f o r  i d e n t i f i c a t i o n ,  were a l t e r e d .  Nine  

l i s t e n e r s  c l a s s i f i e d  these  vowels .  M i l l e r  found t h a t  

t h e r e  were gen era l  a rea s  in  F1-F2 space in  which l i s t e n e r s  

c l a s s i f i e d  t h e  tw o - fo r m a n t  s y n t h e t i c  vowels .  M i l l e r  a l s o  

found t h a t  when th e  fo rm a nt  f r e q u e n c ie s  were f i x e d  and
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am p l i tu d e s  were v a r i e d ,  th e  v a r y in g  a m p l i tu d e s  p layed  a 

sometimes c r i t i c a l  r o l e  in  th e  i d e n t i f i c a t i o n  o f  th e  

s t i m u l i .  L a s t l y ,  t h e  a d d i t i o n  o f  a t h i r d  fo rm ant  r e s u l t e d  

in  a h ig h e r  i d e n t i f i c a t i o n  r a t e  by l i s t e n e r s .  These 

co n c lu s ion s  suggested t h a t  i t  was p o s s ib le  f o r  l i s t e n e r s  

t o  c l a s s i f y  s y n t h e t i c a l l y  a l t e r e d  vowels f a i r l y  

a c c u r a t e l y .

H i l l e n b r a n d  and McMahon ( 1 9 8 8 )  i n v e s t i g a t e d  

l i s t e n e r s '  a b i l i t y  t o  i d e n t i f y  vowels based e x c l u s i v e l y  on 

s t a t i c  s p e c t r a l  i n f o r m a t i o n .  Steady s t a t e  v e r s io n s  o f  th e  

vowels produced in  th e  Pe te rson  and Barney ( 1 9 5 2 )  s tudy  

were g e n e r a te d .  Twelve l i s t e n e r s ,  a l l  o f  whom had some 

p h o n e t ics  t r a i n i n g ,  c l a s s i f i e d  th e  s t i m u l i .  H i l l e n b r a n d  

and McMahon r e p o r t e d  an o v e r a l l  e r r o r  r a t e  o f  24.8% which  

was more than  f o u r  t im es  g r e a t e r  than  th e  e r r o r  r a t e  o f  

th e  P e terson  and Barney s tu d y .  The r e s u l t s  o f  H i l l e n b r a n d  

and McMahon i n d i c a t e d  t h e  importance o f  dynamic  

i n fo r m a t io n  t o  th e  i d e n t i f i c a t i o n  o f  a s i g n a l .  T h e r e f o r e ,  

H i l l e n b r a n d  and G a y v e r t  ( 1 9 8 8 )  hy p o th e s iz e d  t h a t  th e  

a d d i t i o n  o f  dynamic i n f o r m a t i o n  t o  a s i g n a l  would decrease  

th e  e r r o r  r a t e .

H i l l e n b r a n d  and G ayver t  ( 1 9 8 8 )  r e p o r t e d  t h a t  e r r o r  

r a t e s  were s i g n i f i c a n t l y  reduced when minimal  dynamic  

i n fo r m a t io n  was p ro v id e d  t o  t h e  l i s t e n e r s .  They used th e  

same s t i m u l i  t h a t  were used in  the  H i l l e n b r a n d  and McMahon 

(1988 )  s tudy e xc ep t  t h a t  H i l l e n b r a n d  and G a y v e r t  added a
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±25% p i t c h  con tou r  t o  th e  s t i m u l i .  The i n t r o d u c t i o n  o f  a 

p i t c h  c o n to u r  r e s u l t e d  in  a smal l  but  h i g h l y  s i g n i f i c a n t  

2.1% r e d u c t io n  in  e r r o r  r a t e  when compared t o  s t i m u l i  w i t h  

f l a t  p i t c h  co n to u rs .

Formants and Vowel I d e n t i f i c a t i o n

The most complete  s e t  o f  d a ta  on th e  a c o u s t ic s  and 

p e r c e p t io n  o f  vowels was th e  r e s u l t  a s tudy  conducted a t  

B e l l  Te lephone L a b o r a t o r i e s  by P e terson  and Barney ( 1 9 5 2 ) .  

They i n v e s t i g a t e d  how peop le  produce and p e r c e iv e  vowels .  

The s tudy was conducted in  two p a r t s ;  p a r t  one in v o lv e d  

th e  p r o d u c t io n s  o f  vowels and p a r t  two in v o lv e d  t h e  

i d e n t i f i c a t i o n  o f  vowels by l i s t e n e r s .

The f i r s t  p a r t  o f  th e  s tudy in v o lv e d  76 t a l k e r s  (33  

men, 28 women and 15 c h i l d r e n )  who recorded a s e t  o f  10 

vowels in  an h -V -d  c o n t e x t .  Each t a l k e r  made two 

r e c o r d in g s  o f  th e  f o l l o w i n g  l i s t  o f  words: "heed ,"  " h i d , "  

" h e a d , " "had ,"  "hod,"  "hawed," "hood,"  " w h o 'd , " "hud" and 

" h e a rd ."  Pe te rson  and Barney used narrow-band a m p l i tu d e  

s e c t io n s  from a sound s p e c tro g ra p h  t o  o b t a i n  fundamenta l  

f re q u en c y  and fo rm a n t  measurements o f  th e  1 ,520  

u t t e r a n c e s .  They measured th e  s teady  s t a t e  o f  th e  vowel  

which th e y  d e f in e d  as t h e  p o r t i o n  " f o l l o w i n g  th e  i n f l u e n c e  

o f  th e  [h ]  and p re c e d in g  th e  i n f l u e n c e  o f  th e  [d ]  d u r in g  

which a p r a c t i c a l l y  s tead y  s t a t e  i s  reached" (p .  1 7 7 ) .

P a r t  I I  o f  P e te rs on  and B a rn e y ’ s s tudy was a
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l i s t e n i n g  e x p e r im e n t  t h a t  was conducted in  an a u d i t o r iu m .

The recorded  words from p a r t  one were p layed  over  a 

loudspeaker  t o  a group o f  70 l i s t e n e r s .  They i d e n t i f i e d  

each o f  th e  s t i m u l i  by marking th e  cor respond ing  word on a 

p ie c e  o f  pap er .  There  were e i g h t  l i s t e n i n g  sess io ns  in  

which th e  l i s t e n e r s  i d e n t i f i e d  200 vowels per  s e s s io n .  At  

th e  end o f  th e  e i g h t h  l i s t e n i n g  ses s io n  each l i s t e n e r  had 

c a t e g o r i z e d  th e  corpus o f  1 ,5 2 0  words t h a t  were recorded  

from p a r t  one. The d a t a  from th e  l i s t e n i n g  p o r t i o n  o f  th e  

s tudy were o r g a n iz e d  in  th e  form o f  a con fus ion  m a t r i x  

(see  Appendix A ) .

Pe te rson  and Barney ( 1 9 5 2 )  r e p o r t e d  t h a t  l i s t e n e r s  

c a t e g o r i z e d  some vowels more a c c u r a t e l y  than  o t h e r s .  For  

example, [ i ] ,  [ j f ' ] , [oB] and [u ]  had o v e r a l l  e r r o r  r a t e s  o f  

l ess  than  4%. They a l s o  noted t h a t  [ I ]  and [C] were o f t e n  

s u b s t i t u t e d  f o r  one a n o th e r ,  which th e y  a t t r i b u t e d  t o  th e  

d i a l e c t  o f  th e  t a l k e r .  Tokens o f  yci/ and / a /  were  

m i s i d e n t i f i e d  on 13% o f  th e  t r i a l s .  T h is  f i n d i n g  i s  a ls o  

r e l a t e d ,  a t  l e a s t  in  p a r t ,  t o  d i a l e c t  s in c e  th e  / < ? / - / » /  

d i s t i n c t i o n  i s  p o o r ly  m a in ta in e d  o r  no t  m a in ta in e d  a t  a l l  

i n  some d i a l e c t s  o f  American E n g l i s h .  The o v e r a l l  e r r o r  

r a t e  f o r  th ese  vowels in  th e  l i s t e n i n g  s tudy was 5.6%.

The reason t h a t  th e  Pe terson  and Barney ( 1 9 5 2 )  s tudy  

gained wide r e c o g n i t i o n  was a p p aren t  when th e  l i s t e n i n g  

p o r t i o n  o f  t h e  s tudy  was compared t o  t h e  a c o u s t ic  a n a l y s i s  

r e s u l t s .  The i n v e s t i g a t o r s  re p o r te d  t h a t ,  a l th o u g h  t h e r e
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was g r e a t  v a r i a b i l i t y  in  t h e  p r o d u c t io n  o f  a p a r t i c u l a r  

vowel ,  t h e  l i s t e n e r s  i d e n t i f i e d  th e  in te nded  vowels w i t h  a 

very  h igh  degree o f  a cc u racy .  Across th e  vowel 

c a t e g o r i e s ,  l i s t e n e r s ’ i d e n t i f i c a t i o n  o f  th e  vowels agreed  

w i t h  th e  in te nded  vowels o f  th e  speaker  on 94.4% o f  th e  

u t t e r a n c e s .  The r e s u l t s  o f  th e  Pe terson and Barney s tudy  

suggested t h a t  l i s t e n e r s  do not  r e l y  on a b s o lu te  fo rm a nt  

f r e q u e n c ie s  t o  c o r r e c t l y  i d e n t i f y  vowels .
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CHAPTER III

DESIGN

T h is  i n v e s t i g a t i o n  was a r e p l i c a t i o n  and e x t e n s io n  o f  

P eterson  and B a rn e y ’ s (1 9 5 2 )  re s e a r c h .  T h is  s tudy

e x p lo r e d  th e  a c o u s t ic  c h a r a c t e r i s t i c s  o f  12 vowels

produced by 50 men, 50 women and 41 c h i l d r e n .  Speech

samples were ta p e  recorded  as s u b je c ts  read a l i s t  o f  h -  

V-d words and a l i s t  o f  i s o l a t e d  vowels .  Speech samples

were d i g i t i z e d .  Speech waveforms, spectrograms and

form ant  f r e q u e n c ie s  were examined and measured. At tem pts  

were made t o  address  s e v e r a l  l i m i t a t i o n s  o f  t h e  o r i g i n a l  

s tudy .

L i m i t a t i o n s  o f  Pe terson and Barney

Pe terson  and Barney ( 1 9 5 2 )  in c lu d e d  33 men, 28 women 

and 15 c h i l d r e n  in  t h e i r  s tu d y .  T h e i r  s u b je c t  groups were 

unbalanced.  The c u r r e n t  e x p er im en t  inc lu d ed  50 men, 50 

women and 41 c h i l d r e n  in  an a t te m p t  t o  balance th e  number 

o f  t a l k e r s  p e r  group. (Record ings  have been made o f  n ine  

a d d i t i o n a l  c h i l d r e n .  The d a ta  a r e  c u r r e n t l y  being  

an a lyze d  and th e  r e s u l t s  w i l l  e v e n t u a l l y  be added t o  th e  

da ta  b a s e . )  A l though th e  number o f  c h i l d r e n  was not  equal  

t o  th e  men and women groups,  th e  r a t i o  o f  c h i l d r e n  t o

28
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a d u l t s  was s m a l le r  in  t h e  p r e s e n t  s tu d y .

In  a d d i t i o n  t o  i n c r e a s i n g  the  number o f  c h i l d r e n  in  

th e  ex p e r im e n t  more i n f o r m a t i o n  was r e p o r t e d  f o r  these  

s u b je c ts  in  th e  p r e s e n t  e x p e r im e n t .  S p e c i f i c  numbers o f  

boys and g i r l s  were noted in  t h i s  e x p e r im e n t ,  u n l i k e  d a ta  

r e p o r t e d  by Pe terson  and Barney ( 1 9 5 2 ) .  Perhaps th e  most 

r e l e v a n t  c h a r a c t e r i s t i c  t h a t  was noted was th e  ages o f  th e  

c h i l d r e n .  The age ranges f o r  th e  c h i l d r e n  were r e s t r i c t e d  

so t h a t  p i t c h  change was u n l i k e l y  t o  be an i n t e r f e r r i n g  

v a r i a b l e .  A c h i l d  who has ex p e r ie n c e d  an a d o le s c e n t  v o ic e  

change m ight  produce a d u l t - l i k e  fo rm a nt  v a l u e s .  Pe terson  

and Barney cou ld  no t  make comparisons between th e  boys and 

g i r l s  s in c e  they  co n s id e re d  th e  c h i l d r e n  as one s u b je c t  

group.

A s c re e n in g  procedure  was developed in  c o l l a b o r a t i o n  

w i t h  a p h o n e t ic ia n  t o  c o n t r o l  f o r  d i a l e c t .  Pe terson and 

Barney ( 1 9 5 2 )  d id  no t  r e p o r t  th e  use o f  any ty p e  o f  

sc re e n in g  measure f o r  d i a l e c t .  T h e i r  s tudy  in c lu d e d  

t a l k e r s  who were born o u t s i d e  th e  U n i te d  S t a t e s  and who 

le a rn e d  a n o th e r  language b e fo r e  l e a r n i n g  E n g l i s h .  

Peterson  and Barney a l s o  in c lu d e d  t a l k e r s  from th e  "M idd le  

A t l a n t i c  a rea "  as w e l l  as those  who spoke General  American  

E n g l is h .  Any d i f f i c u l t y  t h a t  a l i s t e n e r  m ight  have had 

d i s t i n g u i s h i n g  between vowels might  have been due t o  

d i f f e r e n t  d i a l e c t s  t h a t  were in c lu d e d  in  th e  s tu d y .  The 

p r e s e n t  ex p e r im e n t  in c lu d e d  o n ly  those s u b je c t s  who spoke
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E n g l ish  as a n a t i v e  language and who spoke a General  

American d i a l e c t .  Once each s u b j e c t ' s  d i a l e c t  was 

d e te rm in ed ,  th e  t a l k e r  read th e  l i s t  o f  h -V -d  words and 

i s o l a t e d  vowels .

T a l k e r s  in  t h i s  i n v e s t i g a t i o n  read a l i s t  o f  16 h -V -d  

words. U n l i k e  th e  s u b je c t s  in  th e  o r i g i n a l  s tu d y ,  each  

t a l k e r  a l s o  produced th e  c or res pond ing  i s o l a t e d  vowel .  

Peterson and Barney ( 1 9 5 2 )  recorded  76 t a l k e r s  producing  

10 vowels in  an h -V -d  c o n t e x t .  The equipment used t o  

a n a ly z e  t h e  speech samples from t h e  141 t a l k e r s  was much 

d i f f e r e n t  from th e  sound s p e c tro g ra p h  t h a t  Pe te rson  and 

Barney u t i l i z e d .

The r e c o r d in g  equipment u t i l i z e d  in  t h i s  e x p er im en t  

was more t e c h n o l o g i c a l l y  advanced. Speech samples were  

recorded us ing  h igh  q u a l i t y  aud io  equ ipm ent.  The samples  

were viewed in  s e v e r a l  d i f f e r e n t  forms through th e  use o f  

custom des igned computer  programs.

The e x p e r im e n te r s  in  t h i s  i n v e s t i g a t i o n  made 

measurements o f  fo rm a n t  f requency  p a t t e r n s  f o r  th e  e n t i r e  

vowel .  T h is  was in  c o n t r a s t  t o  th e  s i n g l e  measurement per  

vowel t h a t  was r e p o r t e d  in  th e  o r i g i n a l  s tudy .  

Measurements o f  d u r a t i o n  and bandwidth were a l s o  made in  

a d d i t i o n  t o  fo rm a nt  f re q u en c y  and fo rm a n t  l e v e l .  Pe terson  

and Barney r e p o r t e d  fo rm a nt  l e v e l s  and fo rm a nt  

f r e q u e n c ie s .  A d d i t i o n a l  measurements t h a t  were made in  

t h i s  i n v e s t i g a t i o n ,  bu t  were n o t  r e p o r te d  in  th e  o r i g i n a l
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i n v e s t i g a t i o n ,  were f o u r t h  fo rm ant  v a l u e s .  The f o u r t h  

fo rm a n t  was not  measurable  f o r  a l l  vowels but  f o r  those  

u t t e r a n c e s  in  which t h e r e  was a f o u r t h  fo rm a n t ,  a v a lu e  

was no ted .

Procedures were used t o  assess measurements o f  

r e l i a b i l i t y .  Two e x p e r im e n te r s  in d e p e n d e n t ly  made 

judgments o f  th e  s te a d y  s t a t e  p o r t i o n  and d u r a t i o n  o f  each 

v o w e l .
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CHAPTER IV  

METHODS 

An Overview

The p r e s e n t  s tu d y  was a r e p l i c a t i o n  and e x t e n s io n  o f  

th e  p h o n e t ic  p e r c e p t i o n  rese arch  conducted by Pe te rson  and 

Barney (1952). Number o f  t a l k e r s ,  d a ta  c o l l e c t i o n  

procedures ,  a n a l y s i s  methods and vowels s tu d ie d  were  

m o d i f ie d  t o :  ( a )  ba lance  th e  number o f  t a l k e r s  per  group,  

(b )  c r e a t e  a s c r e e n in g  procedure  t o  e s t a b l i s h  c r i t e r i a  f o r  

s u b je c t  p a r t i c i p a t i o n ,  ( c )  i n c o r p o r a t e  more s o p h i s t i c a t e d  

a n a l y s i s  t e c h n iq u e s ,  and ( d )  i n v e s t i g a t e  the  a c o u s t ic  

c h a r a c t e r i s t i c s  o f  two a d d i t i o n a l  vow els .  I n c o r p o r a t i o n  

o f  modern r e c o r d in g  equipment and custom designed computer  

s o f tw a r e  made i t  p o s s ib le  t o  r e p l i c a t e  th e  study w i t h  more 

t e c h n o l o g i c a l l y  advanced equipment than  was a v a i l a b l e  t o  

Peterson and Barney in  th e  1950s. Many m ethodo log ica l  

procedures  f o r  c o n duc t ing  th e  s tudy remained th e  same.

S u b je c t  P a r t i c i p a t i o n

lalkaca

A t o t a l  o f  141 t a l k e r s  were in v o lv e d :  50 men, 50

women and 41 c h i l d r e n .  Men and women ranged in  age from

3’2
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19 years  t o  50 years  o f  age. The average  age o f  th e  men 

was 23 y e a r s ,  seven months and th e  average age o f  th e  

women was 26 y e a r s ,  11 months. Men and women s u b je c ts

were c u r r e n t  o r  p r e v io u s  s tu d e n ts  o r  f a c u l t y  a t  Western

Mich igan  U n i v e r s i t y .  The m a j o r i t y  o f  th e  women were 

speech and language p a th o lo g y  undergraduate  and g rad u a te  

s t u d e n ts .  Many o f  t h e  men were s tu d e n ts  in  th e  bus iness  

and e n g in e e r in g  depar tm ents  a t  Western M ich igan  

U n i v e r s i t y .  The 41 c h i l d r e n  c o n s is te d  o f  19 g i r l s  and 22 

boys. Boys ranged in  age from 10 y e a r s ,  two months t o  11

y e a r s ,  11 months w i t h  an average  age o f  10 y e a r s ,  10

months. G i r l s  ranged in  age from 10 y e a r s ,  one month t o  

11 y e a r s ,  11 months w i t h  an average age o f  10 y e a r s ,  n ine  

months. The c h i l d r e n  l i v e d  in  th e  Kalamazoo, M ich igan  

are a  and a t te n d e d  one o f  two e le m e n ta ry  schools  where the  

r e c o r d in g s  were made. The p r e - t e e n  age ranges f o r  th e  

c h i l d r e n  were s e l e c t e d  in  o r d e r  t o  m in im ize  th e  i n f l u e n c e  

o f  a d o le s c e n t  p i t c h  change (see  Appendix B) .

C r i t e r i a  f o r  S u b je c t  P a r t i c i p a t i o n

C r i t e r i a  f o r  s u b je c t  s e l e c t i o n  in c lu d e d  th e  

f o l l o w i n g :  ( a )  no speech,  language,  v o ic e  o r  h e a r in g

d i s o r d e r s ,  ( b )  no c u r r e n t  r e s p i r a t o r y  i n f e c t i o n s  or  

a l l e r g y  problems,  ( c )  E n g l is h  as a n a t i v e  language,  w i t h  

a General  American d i a l e c t  which in c lu d e d  th e  a b i l i t y  t o  

d i s t i n g u i s h  between / a /  and / j / ,  (d )  w i t h i n  t h e  age range
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e s t a b l i s h e d  f o r  t h e  r e s p e c t i v e  s u b j e c t  group,  and ( e )  a 

d i s t i n c t i o n  between / a /  and /o/.

C o l l e c t i o n  o f  th e  Data  

Screen ing  Procedure

A s c re e n in g  procedure  was conducted w i t h  each s u b je c t  

b e fo r e  r e c o r d in g s  were made. P o t e n t i a l  s u b je c ts  were  

f i r s t  b r i e f l y  i n t e r v ie w e d  to  c o l l e c t  background  

i n f o r m a t i o n  (see  Appendix 0 ) .  Dur ing t h i s  i n t e r v i e w ,  th e  

p o t e n t i a l  s u b je c t  was engaged in  an in fo rm a l  c o n v e r s a t io n  

in  o r d e r  t o  o b t a i n  a f i v e -  t o  sev en -m inu te  spontaneous  

speech sample on t o p i c s  t h a t  arose  in  c o n v e r s a t io n .  T h is  

p o r t i o n  o f  th e  s c re e n in g  was recorded  us ing  Sony HF 60 

c a s s e t t e  tapes  and an A u d io t r o n ic s  model 148 B c a s s e t t e  

tape  r e c o r d e r .

An aud io  r e c o r d in g  was a ls o  made o f  each p o t e n t i a l  

s u b je c t  re a d in g  a s h o r t  passage c o n s t r u c te d  in  

c o l l a b o r a t i o n  w i t h  a p h o n e t ic ia n  (see  Appendix C ) .  A l l  

p o t e n t i a l  s u b je c t s  read th e  passage and recorded samples  

which were l a t e r  used t o  a i d  in  d e te r m in in g  th e  t a l k e r ’ s 

d i a l e c t .  P a r t i c u l a r  a t t e n t i o n  was p a id  t o  th e  d i s t i n c t i o n  

between / a /  and / ^ / .  The 128 word passage was c o n s t r u c te d  

based on f o u r  / a /  -/o/ word p a i r s  as w e l l  as f o u r

a d d i t i o n a l  words c o n t a i n i n g  e i t h e r  th e  vowel /o./ o r  / o / . 

One o f  th e  words, t h e  p roper  name "Don," was repea te d  

t h r e e  t im e s .  The r e c o r d in g  was l a t e r  e v a lu a te d  by a

34
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p h o n e t ic i a n .

Each p o t e n t i a l  s u b je c t  was then  asked t o  judge  

whether  a randomized l i s t  o f  minimal  p a i r s  and homonyms 

sounded th e  same o r  d i f f e r e n t  when pronounced by th e  

s u b je c t  (see  Appendix C ) .  Both minimal  p a i r s  and homonyms 

were randomized t o  reduce th e  p o s s i b i l i t y  t h a t  th e  s u b je c t  

would be aware o f  th e  / a /  -  / ) /  d i s t i n c t i o n  t h a t  th e  

e x p e r im e n te r  was i n v e s t i g a t i n g .  The p o t e n t i a l  s u b je c t  

marked e i t h e r  "S" i f  th e  word p a i r  sounded th e  "SAME" o r  

"D" i f  th e  word p a i r  sounded "DIFFERENT."

The e x p e r im e n t e r  and t h e  s u b je c t  then rev iewed t h e  

completed t a s k .  The e x p e r im e n te r  pronounced one o f  th e  

words from each word p a i r  t h a t  th e  person marked as 

"DIFFERENT." The p o t e n t i a l  s u b je c t  was asked t o  p u t  a 

checkmark by th e  word t h a t  was pronounced. The 

e x p e r im e n te r  and th e  p o t e n t i a l  s u b je c t  co n t in u ed  t h i s  

process f o r  a l l  o f  th e  word p a i r s  marked "DIFFERENT." The 

e x p e r im e n te r  and t h e  s u b je c t  then  reve rsed  r o l e s ;  the  

e x p e r im e n te r  marked a word and th e  s u b je c t  pronounced i t .

D e te rm in in g  S u b je c t  E l i g i b i 1i t y

The e x p e r im e n t e r  rev iewed th e  responses t o  q u e s t io n s  

re g a rd in g  background d a ta  t o  de te rm in e  s u b je c t  

e l i g i b i l i t y .  I n fo r m a l  assessments o f  speech,  language,  

v o i c e ,  and d i a l e c t  were made by th e  e x p e r im e n te r  d u r in g  

th e  c o l l e c t i o n  o f  t h i s  i n f o r m a t i o n .  For o t h e r  c r i t e r i o n
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a r e a s ,  th e  e x p e r im e n t e r  r e l i e d  on th e  s u b j e c t ' s  r e p o r t .  

S u b je c ts  m ight  have r e c e iv e d  speech th e ra p y  in  th e  pas t  

but no t  w i t h i n  t h r e e  y e a r s .  S u b je c ts  might  have re p o r te d  

an a l l e r g y ,  f l u  o r  c o ld  but  no t  one t h a t  a f f e c t e d  them a t  

th e  t im e  o f  r e c o r d in g  a c c o rd in g  t o  s u b j e c t  r e p o r t .  

I n s ta n c e s  o f  o t h e r  languages spoken in  th e  home where a 

s u b je c t  was r a i s e d  were noted as were th e  languages.  

E n g l is h  as a n a t i v e  language and General  American d i a l e c t  

were mandatory .

A p h o n e t ic i a n  l i s t e n e d  t o  t h e  aud io  tapes  recorded  

f o r  each s u b j e c t  and e l i m i n a t e d  those  who d id  n o t  r e l i a b l y  

d i s t i n g u i s h  between jaj and /<?/,  o r  who showed any

s y s te m a t ic  d e p a r t u r e  from General  American E n g l i s h .

A p h o n e t ic i a n  e v a lu a t e d  t h e  spontaneous speech sample 

and th e  re a d in g  passage t o  de te rm in e  whether  a p o t e n t i a l  

s u b je c t  m a in ta in e d  th e  /<x/ - /o/ d i s t i n c t i o n .  The

p h o n e t ic ia n  noted a l l  c l e a r l y  produced words c o n t a i n i n g  

/Q./ in  one column and c l e a r l y  produced / :> /  words in

a n o th e r  column f o r  both th e  spontaneous speech sample and 

th e  re a d in g  passage.  Words t h a t  were produced w i t h  the

vowel a p p ro x im a t in g  n e i t h e r  th e  /% /  nor th e  (o! were

w r i t t e n  in  a t h i r d  column. The p h o n e t ic ia n  then  made th e  

f i n a l  e v a l u a t i o n  as t o  w hether  th e  person m a in ta in e d  a / « /

-  / ^ /  d i s t i n c t i o n  c l e a r l y ,  m a r g i n a l l y  o r  not  a t  a l l .

The word d i f f e r e n t i a t i o n  ta s k  a l s o  was used as a 

means o f  assess ing  t h e  /a . /  -  / J /  c o n t r a s t .  A s u b j e c t  was
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r e q u i r e d  t o  have an o v e r a l l  score  o f  a t  l e a s t  92% f o r  th e  

word d i f f e r e n t i a t i o n  ta s k  t o  be co n s id ered  e l i g i b l e .

In  summary, p a r t i c i p a n t s  were con s id ered  i n e l i g i b l e  

i f  th e y ;  ( a )  d id  not  meet th e  c r i t e r i a  e s t a b l i s h e d  f o r

each o f  th e  s c re e n in g  q u e s t io n s ,  ( b )  were unable  t o  

produce th e  h -V -d  words and i s o l a t e d  vowels ,  ( c )  d id  not  

speak a General  American d i a l e c t ,  o r  ( d )  d id  no t  make a 

d i s t i n c t i o n  between / Q /  and /o/ .

In  o r d e r  t o  s e l e c t  th e  a p p r o p r i a t e  number o f

s u b je c t s ,  more than  141 s u b je c t s  were i n t e r v i e w e d .  S i x t y -  

e i g h t  c h i l d r e n  were i n t e r v ie w e d  t o  g a t h e r  th e  41 c h i l d r e n  

who were in c lu d e d  in  th e  s tu d y .  The e x p e r im e n te r  

i n t e r v ie w e d  130 a d u l t s  in  o r d e r  t o  g a t h e r  samples from 100 

a d u l t s .  The most common reasons f o r  r e j e c t i n g  s u b je c ts  

were d i f f i c u l t y  p e r fo rm in g  th e  ta s k  and i n a p p r o p r i a t e  

d i a l e c t  f o r  th e  i n v e s t i g a t i o n .

Col l e c t i o n  o f  th e  h -V -d  S t i m u l i

F o l lo w in g  c o m p le t io n  o f  th e  s c re e n in g  t a s k s ,  each

s u b je c t  was i n s t r u c t e d  t o  read a l i s t  c o n t a i n i n g  th e  16

h -V -d  words. The f o l l o w i n g  words were read a loud by each  

p a r t i c i p a n t :  "hoyed,"  " h i d e , "  "hew ed ," "howed," "heed ,"

" h i d , "  "head ,"  " h a d , " "hod,"  "hawed," " h o o d ," "who’ d , "  

"hud,"  " h e a r d , "  "hoed" and " h a y e d . " T h is  l i s t  o f  words 

was i d e n t i c a l  t o  Pe te rson  and Barney ( 1 9 5 2 )  e xc ep t  f o r  th e  

a d d i t i o n  o f  "hoed" and "hayed" and th e  words "hoyed,"
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" h i d e , " "hewed" and "howed" which were a l s o  produced by 

each s u b j e c t  but  were n o t  an a lyze d  in  t h i s  s tudy .

One o f  12 d i f f e r e n t  ran d o m iz a t io n s  o f  th e  word l i s t  

was read by each p a r t i c i p a n t  (see  Appendix D ) .  The 16 

words were l i s t e d  on a page f o l lo w e d  by the  same l i s t  in  

r e v e rs e  o r d e r .  Three  o f  th e  16 words were added t o  th e  

end o f  th e  l i s t  in  o r d e r  t o  account  f o r  downward

i n f l e c t i o n s  t h a t  commonly occur  when re a d in g  word l i s t s .

The l a s t  t h r e e  words o f  each r e c o r d in g  were not  a n a ly z e d .  

Next  t o  each word on th e  l i s t  was a f a m i l i a r  word as w e l l  

as th e  c or res pond ing  vowel .  For example ,

"hayed" "ay" as in  "bay"

"h id"  " ih "  as in  " b i t "

Each s u b je c t  read a loud  th e  l i s t  o f  16 words t o

dem onstra te  u n d e rs ta n d in g  o f  th e  ta s k  b e fo r e  th e  r e c o r d in g  

was made. I f  a s u b je c t  d id  no t  understand th e

o r th o g ra p h y ,  th e  e x p e r im e n t e r  p ro v id ed  a spoken model o f  

the  word. The p a r t i c i p a n t  a l s o  read each o f  th e  vowels in  

i s o l a t i o n .  S u b je c ts  were no t  exc luded from th e  s tudy or  

asked t o  a r t i c u l a t e  words in  a d i f f e r e n t  manner based on

th e  e x p e r i m e n t e r ' s  judgment o f  c o r r e c t  p r o n u n c ia t i o n .

When both th e  e x p e r im e n t e r  and th e  s u b j e c t  agreed t h a t  th e

s u b je c t  had an u n d ers ta n d in g  o f  th e  p r o n u n c ia t io n  o f  th e  

words and vow els ,  th e  r e c o r d in g  was made.

Dur ing  th e  r e c o r d in g  process a l l  s u b je c ts  were asked  

t o  read both th e  l i s t  o f  words and th e  l i s t  o f  i s o l a t e d
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vowels more than one t im e  in  t h e  e v e n t  t h a t  m is read ings  o f  

the  o r th o g rap h y  o c c u r re d .  In  g e n e r a l ,  th e  c h i l d r e n  were 

not a b l e  t o  read th e  l i s t s  more than  t h r e e  t im e s .  They 

o f t e n  became confused w i t h  th e  p r o n u n c ia t io n  o f  words w i t h  

r e p e t i t i o n s  o f  the  ta s k  o r  appeared t o  be u n i n t e r e s t e d  in  

th e  t a s k .  Most a d u l t  s u b je c t s  read th e  l i s t  o f  words and 

th e  l i s t  o f  i s o l a t e d  vowels t h r e e  t o  f o u r  t im e s .

A d u l t  s u b je c t s  were sea te d  in  an I n d u s t r i a l  A c o u s t ic s  

Company ( lA C )  booth model 401 t o  make th e  r e c o r d in g s .  A 

Sure 570-S  dynamic microphone was p laced  a p p ro x im a te ly  10 

c e n t i m e t e r s  from t h e  s u b j e c t ’ s mouth. A Sony PCM-F1

d i g i t a l  r e c o r d e r  (16  b i t s ,  44 .1  kHz sample r a t e )  and a

Canon VR40 VCR were used t o  record  th e  s i g n a l s .  The same 

equipment was used f o r  both th e  a d u l t s  and th e  c h i l d r e n  

w i t h  th e  e x c e p t io n  o f  th e  lAC booth.

S ince  c h i l d r e n ’ s speech samples were recorded in  an

e le m e n ta ry  sch o o l ,  an lAC booth was not  a v a i l a b l e .  

I n s t e a d ,  th e  s c re e n in g  procedure  was conducted in  an a r t  

supply  room and th e  h -V -d  word read in g s  were recorded in  

an a d j a c e n t  a r t  supp ly  room. The r e c o r d in g  o f  th e  h -V -d  

words occ ur re d  in  a 1 5 - b y - 5 - f o o t  room. The c h i l d  was 

sea ted  a t  th e  f u r t h e s t  p o i n t  f rom th e  h a l lw a y  door and th e  

re c o rd in g  equipment was p o s i t io n e d  in  th e  m idd le  o f  th e  

room.
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A c o u s t ic  A n a ly s is  

P-1..q1.t .1g1nfl i H s  s i g n a l s

Word p ro d u c t io n s  from 141 s u b je c t s  were d i g i t i z e d .  

Each s u b j e c t  p ro v id e d  16 words f o r  a corpus o f  1 ,692  

words. The words s t u d i e d  were a na lyze d  us ing computer  

programs custom des igned f o r  a POP 1 1 /73  computer system.

The re c o r d in g s  were d i g i t i z e d  w i t h  a program c a l l e d  

ADDED ( P r a l l  & H i l l e n b r a n d ,  198 1 ) .  The s i g n a l s  were

sampled a t  a r a t e  o f  16 kHz w i t h  12 b i t s  o f  a m p l i tu d e  

r e s o l u t i o n  and were d i g i t i z e d  one word a t  a t im e .  A low 

pass in p u t  f i l t e r  was s e t  a t  7200 kHz. S ix te e n  words per  

person were d i g i t i z e d ,  a l th ough  o n ly  12 words were  

in c lu d e d  in  t h i s  s tu d y .  R e c o r d - le v e l  ga in  was a d ju s t e d  so 

t h a t  peak a m p l i tu d e  was a t  l e a s t  80% o f  the  +10V dynamic  

range o f  th e  A/D w i t h  no peak c l i p p i n g .  The waveform o f  

each s i g n a l  was d is p la y e d  on a computer g ra p h ic s  t e r m i n a l .

I n  cases where th e  t a l k e r  d id  not  r e l e a s e  th e  f i n a l  

consonant,  c a u t i o n  was e x e r c is e d  not  t o  e l i m i n a t e  th e  / d / .  

Each s ig n a l  was windowed t o  in c lu d e  th e  e n t i r e  / h / ,  th e  

vowel ,  and th e  e n t i r e  / d / .  During th e  d i g i t i z i n g  and 

windowing process th e  s i g n a l  was p layed  over  a loudspeaker  

so t h a t  th e  e x p e r im e n t e r  was a b le  t o  l i s t e n  t o  th e  s ig n a l  

b e fo re  and a f t e r  i t  was windowed.

A f t e r  d i g i t i z a t i o n ,  a l l  16 s i g n a l s  were p layed  t o  

v e r i f y  r e c o r d in g  f i d e l i t y  and to  in s u r e  t h a t  a l l  s i g n a l s
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were windowed c o r r e c t l y .  S i g n a ls  were r e d i g i t i z e d  i f  

necessa ry ,  then a l l  16 s i g n a l s  were p layed  a second t im e  

and v e r i f i e d  by two e x p e r im e n t e r s . Once th e  f i d e l i t y  o f  

th e  16 words was c o n f i rm e d ,  th e  s t a r t i n g  and ending t im es  

o f  th e  vowel were measured f o r  a computer g en era ted

o s s i 1 lo g r a p h ic  d i s p l a y .

Formant Frequency Measurement

F o rm a n t - f re q u e n c y  a n a l y s i s  began w i t h  th e  c a l c u l a t i o n  

o f  l i n e a r - p r e d i c t i v e  cod ing (LPC) s p e c t r a  e v e ry  6 . 4  msec 

f o r  each s i g n a l .  A 2 0 - p o l e  LPC model was used w i t h  a 32 

msec window s i z e  f o r  th e  men and a 64 msec window s i z e  f o r  

th e  women and c h i l d r e n .  The f r e q u e n c ie s ,  a m p l i tu d e s ,  and 

bandwidth o f  th e  f i r s t  seven peaks were then e x t r a c t e d  

from th e  LPC spectrum f i l e s .  F i l e s  c o n t a i n i n g  th e  LPC

peak d a ta  then served  as th e  in p u t  t o  a fo rm ant  e d i t o r  

c a l l e d  FTRACK (S m i th ,  1 9 8 9 ) .  T h is  program a l lo w e d  th e  

e x p e r im e n te r  t o  d e te rm in e  which o f  th e  LPC peaks

corresponded t o  F1-F3  and, f o r  cases in  which th e  f o u r t h

fo rm a nt  was v i s i b l e ,  F4.

Examples o f  o r i g i n a l  and e d i t e d  FTRACK d i s p l a y s  a r e  

shown in  F ig u re s  2 and 3,  r e s p e c t i v e l y  (see  Appendix E ) .

I n  a d d i t i o n  t o  th e  FTRACK peak d i s p l a y ,  th e  e x p e r im e n te r  

a l s o  viewed th e  corres p o n d in g  wide-band FFT g r e y - s c a l e  

spectrogram produced on a Macintosh computer by th e  GW 

I n s t ru m e n ts  MacSpeech Lab I I  package (see  F ig u r e  4 in
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Appendix E ) .  The f i r s t  s te p  in  fo rm ant  e d i t i n g  in v o lv e d  

windowing t h e  LPC peak d a ta  t o  in c lu d e  o n ly  th e  v o c a l i c  

p o r t io n  o f  th e  s y l l a b l e .  The s t a r t i n g  and ending t im es  o f  

th e  vowel were measured from the  g r e y - s c a l e  spectrogram  

using c r i t e r i a  d e s c r ib e d  by Peterson and L e h is t e  ( 1 9 6 0 ) .  

A f t e r  windowing,  an a u to m a t ic  fo rm ant  e d i t i n g  a l g o r i t h m  

was a p p l i e d  t o  th e  peak d a t a .  The au to m a t ic  e d i t i n g  

a l g o r i t h m  ass igned  peaks t o  f i v e  fo rm a n t  s l o t s  us ing very  

s im ple  l o g i c  based on maximum d e p a r tu r e s  from median 

v a lu e s  f o r  each o f  th e  fo rm a nt  s l o t s .  I n  many cases

f u r t h e r  hand e d i t i n g  was r e q u i r e d .  The hand e d i t i n g

in v o lv e d  p o s i t i o n i n g  a c u r s o r  over  a p a r t i c u l a r  LPC peak 

and s t r i k i n g  a key t h a t  would i n s t r u c t  FTRACK t o  e i t h e r :

( a )  ass ign  th e  peak t o  a p a r t i c u l a r  fo rm a nt  number, o r  (b )  

e l i m i n a t e  th e  peak. E d i t i n g  d e c is io n s  were based on 

genera l  c o n s t r a i n t s  r e g a r d in g  fo rm ant  c o n t i n u i t y  and c lo s e  

e x a m in a t io n  o f  th e  g r e y - s c a l e  spectrogram .

In  many cases,  g e n era l  knowledge o f  a c o u s t ic

p h o n e t ics  p la y e d  a r o l e  in  the  e d i t i n g  process .  For  

example,  e d i t i n g  d e c is i o n s  cou ld  be i n f l u e n c e d  by the  

e x p e r i m e n t e r ' s  knowledge o f  t h e  c lo s e  p r o x i m i t y  o f  F2 and 

F3 f o r  vowels such as / i /  and / 3 y ,  th e  c lo s e  p r o x i m i t y  o f  

FI and F2 f o r  vowels such as /<%/ and / u / ,  and so on.  

Q u i te  o f t e n  c o n s i d e r a t i o n s  such as these  led  th e  

e x p e r im e n te r  t o  conclude t h a t  a fo rm a nt  merger had 

o cc u r re d .  For example ,  th e  FTRACK d i s p l a y  m ight  show a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



43

s i n g l e  sequence o f  peaks f o r  / i /  co r respond ing  t o  F2 and 

F3. I n  th ese  cases,  th e  LPC a n a l y s i s  was recomputed w i t h  

d i f f e r e n t  param eters  u n t i l  th e  merged fo rm ants  s e p a r a te d .

A t r i a l - a n d - e r r o r  approach was used, w i t h  th e  most common 

m a n ip u la t io n  i n v o l v i n g  in c re a s e s  in  th e  number o f  LPC 

p o le s .

I t  was not  uncommon f o r  fo rm a n t  con tours  t o  show 

" h o l e s " ; t h a t  i s ,  a frame o r  sequence o f  frames in  which  

a peak was not  p r e s e n t ,  w i t h  th e  peak re -em erg in g  l a t e r  in  

th e  s i g n a l .  These "ho les"  were f i l l e d  in  l a t e r  us ing  

l i n e a r  i n t e r p o l a t i o n  t o  e s t i m a t e  th e  fo rm a nt  f r e q u e n c ie s ,  

bandwidths ,  and a m p l i tu d e s  based on correspond ing  v a lu e s  

im m ed ia te ly  p r i o r  t o  and f o l l o w i n g  th e  d isapp earance  o f  

th e  s p e c t r a l  peak. F ig u re s  5 and 6 (see  Appendix F) show 

examples o f  a fo rm a n t  t r a c e  p r i o r  t o  and f o l l o w i n g  

i n t e r p o l a t i o n .

In  o r d e r  t o  produce a d a ta  s e t  comparable t o  P e terson  

and Barney ( 1 9 5 2 ) ,  a measurement was made f o r  each 

s y l l a b l e  o f  th e  "s teady  s t a t e "  p o r t i o n  o f  th e  vow el .  Th is  

measurement was made s e p a r a t e l y  by two e x p e r im e n te r s  based 

on v i s u a l  in s p e c t i o n  o f  both th e  e d i t e d  FTRACK d i s p l a y  and 

th e  g r e y - s c a l e  spec trogram .  I n  accordance th e  r e l a t i v e l y  

vague g u i d e l i n e s  d e s c r ib e d  by P e terson  and Barney,  th e  

e x p e r im e n te r s  were i n s t r u c t e d  t o  l o c a t e  th e  p o i n t  

" f o l l o w i n g  th e  i n f l u e n c e  o f  th e  [h ]  and p reced in g  th e  

i n f l u e n c e  o f  th e  [ d ]  d u r in g  which a p r a c t i c a l l y  s teady
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s t a t e  i s  reached" ( p .  1 7 7 ) .  A l l  o f  t h e  d a ta  p l o t t e d  in

F ig u re s  7 through 11 (se e  Appendices J through N) were  

based on fo rm a nt  measurements sampled a t  th e  s t e a d i e s t  

p o r t i o n ,  as judged by one e x p e r im e n t e r ,  o f  th e  vowel .  

However, t h e r e  were some s i g n a l s  t h a t  were found t o  have 

no i d e n t i f i a b l e  s teady  s t a t e ,  t h a t  i s ,  anywhere from one 

t o  a l l  o f  t h e  f i r s t  t h r e e  fo rm ants  were found t o  be 

changing c o n t i n u o u s ly .  In  those cases th e  measurement was 

taken  a t  vowel o n s e t .
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CHAPTER V

RESULTS

P r e s e n t a t io n  o f  th e  Data  

Formant Frequency Averages

Averages were c a l c u l a t e d  f o r  th e  f i r s t ,  second and 

t h i r d  fo rm ants  f o r  each group o f  t a l k e r s .  The averages  

were compiled  in  t a b l e  form which in c lu d e d  th e  averages  

re p o r te d  by P e terson  and Barney ( 1 9 5 2 )  f o r  com pa ra t ive  

purposes (see  T ab le  1 ) .  Fundamental f requency  d a ta  have  

been c o l l e c t e d  and w i l l  be re p o r te d  a t  a l a t e r  t im e  so 

t h a t  comparisons between the  o r i g i n a l  s tudy and t h i s  

i n v e s t i g a t i o n  w i l l  be p o s s i b l e .  The men showed th e  lowest  

averaged fo rm a nt  f r e q u e n c ie s  f o r  a l l  th e  vowels and the  

g i r l s  showed th e  h i g h e s t  ave rages .  Formant f requency  

averages o f  th e  women were between th e  men and c h i l d r e n .  

The women t a l k e r s ’ averages were o f t e n  c lo s e  t o  th e  

averages f o r  th e  boys and g i r l s  which,  u n l i k e  Peterson and 

Barney,  were c a l c u l a t e d  s e p a r a t e l y .

The averages f o r  boys and g i r l s  were s e p a r a t e l y  noted  

in  an a t te m p t  t o  l e a r n  about  s i m i l a r i t i e s  and differences 

between th ese  two groups.  In  g e n e r a l ,  g i r l s  showed h ig h e r  

average f i r s t ,  second and t h i r d  fo rm ant  f r e q u e n c ie s  across

45
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a l l  vowel c a t e g o r i e s  as compared t o  t h e  boys. For 31 o f  

th e  36 comparisons shown in  T a b le  1,  th e  average  fo rm a nt  

f re q u en c y  v a lu e  was h ig h e r  f o r  th e  g i r l s  than th e  boys.  

However,  th e  averages f o r  boys u s u a l l y  f e l l  c lo s e  t o  th e  

averages  f o r  th e  g i r l s  and in  some cases were n e a r l y  

i d e n t i c a l  t o  them.

Ibm Data  i o  ân  F I - F Z  M a t r i x

The d a ta  r e s u l t i n g  from t h i s  i n v e s t i g a t i o n  a re  

p l o t t e d  in  a s e r i e s  o f  f i v e  f i g u r e s  (s e e  Appendices J 

through N ) .  I n i t i a l l y ,  th e  10 vowels were p l o t t e d  in  one 

f i g u r e  modeled a f t e r  th e  Pe te rson  and Barney (1 9 5 2 )  d a t a .  

However,  i t  was not  p o s s ib le  t o  v i s u a l l y  d i s t i n g u i s h  each 

o f  th e  10 d i f f e r e n t  vowel c a t e g o r i e s  due t o  th e  la c k  o f  

s e p a r a t io n  o f  th e  d a t a .  T h e r e f o r e ,  o n ly  t h r e e  vowels were 

p l o t t e d  on one graph .  One vowel c a te g o ry  from th e  

p re v io u s  f i g u r e  was p l o t t e d  on the  succeeding f i g u r e  t o  

serve  as a r e f e r e n c e  p o i n t .  Each graph w i l l  be con s id e red  

s e p a r a t e l y .

F ig u r e  7 (see  Appendix J ) ,  p l o t t i n g s  o f  / i / ,  / I /  and 

/ g / , shows th e  g r e a t e s t  amount o f  s e p a r a t io n  between vowel  

c a t e g o r i e s .  The l e a s t  amount o f  o v e r l a p  occurred  between  

these  vowel c a t e g o r i e s .  Some o v e r l a p  was t o  be expected  

even among th e  b es t  d e f i n e d  vowels .  The vowel /B/ shows 

some o u t l y i n g  d a ta  p o i n t s ;  t h a t  i s ,  th e y  appear  more 

d i s t a n t  f rom th e  c e n t e r  o f  t h e  F1-F2 / C /  reg io n  than  do
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th e  m a j o r i t y  o f  th e  / f /  vowels .

F ig u r e  8 (see  Appendix K) shows th e  vowels / g /  , /d&/

and / A / ' .  The vowel / A/  was f a i r l y  d i s t i n c t  f rom /<*/  and 

/ e /  , but  th e  a d j a c e n t  vowels /€,/ and /<*/  show a l a r g e  

degree o f  o v e r l a p .

F ig u r e  9 (see  Appendix L) shows FI and F2 v a lu e s  f o r  

th e  vowels / A /  , / a / ,  and / o / . L i t t l e  s e p a r a t io n  o f  th e  

t h r e e  vowels i s  shown. The men t a l k e r s ’ u t t e r a n c e s  f o r  

/ A /  and / ? /  appear  t o  share  th e  same space on th e  graph.

The r e s t  o f  th e  u t t e r a n c e s  f o r  th ese  t h r e e  vowels appear  

t o  be i n t e r m i n g l e d ,  th e  e x c e p t io n  be ing a few p ro d u c t io n s  

o f  / A /  whose f i r s t  and second fo rm a nts  were below  

a p p ro x im a te ly  600 Hz and above a p p ro x im a te ly  1 ,5 0 0  Hz,  

r e s p e c t i v e l y .

Exam ina t ion  o f  F ig u r e  10 (see  Appendix M) r e v e a le d  

some d i s t i n c t i o n  between th e  vowels / ^ / , / U /  and / u / .  The 

vowels / u /  and / U /  appear  t o  share  n e a r l y  th e  same reg io n  

on th e  graph w i t h  t h e  e x c e p t io n  o f  th e  men’ s p ro d u c t io n s  

o f  / u / .  The vowel /:>! was seen more e a s i l y  s in c e  most o f  

th e  u t t e r a n c e s  d id  n o t  o v e r l a p  w i t h  th e  o t h e r  vowels on 

t h i s  p a r t i c u l a r  graph.

F ig u r e  11 (see  Appendix N ) ,  which in c lu d e  vowels / u / ,

/ U /  and / 3 V ,  showed a lm o s t  no s e p a r a t io n  o t h e r  than  t h e  

small  c l u s t e r  o f  t h e  vowel / u /  whose f i r s t  fo rm ant  was 

below a p p ro x im a te ly  400 Hz and whose second fo rm ant  was 

below a p p ro x im a t e ly  1 ,4 0 0  Hz.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



50

YfiMfil D u r a t io n  Data

Average vowel d u r a t i o n  d a ta  by t a l k e r  groups i s  

p resen ted  in  T ab le  2 .  A l l  p r o d u c t io n s ,  which inc lu d ed  

p r o d u c t io n s  by men, women, boys, and g i r l s ,  o f  each vowel  

a ls o  were ave raged .  Averages f o r  boys and g i r l s  were 

c a l c u l a t e d  s e p a r a t e l y  but  were found t o  be n e a r l y  

i d e n t i c a l .  The average  vowel d u r a t i o n s  o f  th e  women were  

s i m i l a r  t o  th e  averages  f o r  th e  c h i l d r e n .  The computed 

averages f o r  the  men were marked ly  lower  than  those o f  th e  

o t h e r  t h r e e  groups o f  t a l k e r s  and th e  r e l a t i v e  d i f f e r e n c e  

was r a t h e r  c o n s i s t e n t  across  vowel c a t e g o r i e s .

A l though hypotheses have been gen era te d  and t e s t e d ,  a 

l o g i c a l  c o n c lu s io n  cannot  be drawn t o  account  f o r  th e  h igh  

degree o f  s c a t t e r  o f  th e  d a t a .  At  th e  p re s e n t  t im e  t e s t s  

are  be ing conducted in  an a t te m p t  t o  account  f o r  th e  low 

degree o f  s e p a r a b i l i t y  o f  th e  da ta  as compared t o  Pe terson  

and Barney ( 1 9 5 2 ) .
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CHAPTER VI  

DISCUSSION 

Comparison o f  th e  I n v e s t i g a t i o n s

Prob ab ly  t h e  most i n f o r m a t i v e  comparison t h a t  cou ld  

be made between th e  Pe te rson  and Barney (1 9 5 2 )  s tudy and 

t h i s  i n v e s t i g a t i o n  was between th e  F1-F2 d i s p l a y s  o f  th e  

d a t a .  The Pe te rs on  and Barney d i s p l a y  d e p i c t i n g  t a l k e r s ’ 

p r o d u c t io n s  showed a f a i r l y  h igh degree o f  s e p a r a t i o n  

between t h e  vowel c a t e g o r i e s .  Al though t h e r e  was o v e r l a p  

between vowel c a t e g o r i e s  in  th e  o r i g i n a l  s tu d y ,  i t  was 

r e l a t i v e l y  smal l  when compared t o  t h i s  i n v e s t i g a t i o n .  The 

d a ta  from t h i s  ex p e r im e n t  showed a much h ig h e r  degree o f  

s c a t t e r  and o v e r l a p .

The vowel c a t e g o r i e s  / i /  and / I /  f rom t h i s  

i n v e s t i g a t i o n  show s e p a r a t i o n  s i m i l a r  t o  t h a t  r e p o r t e d  by 

Peterson and Barney ( 1 9 5 2 ) .  These two vowel c a t e g o r i e s  do 

not  share  th e  same r e g io n  o f  t h e  F1-F2 d i s p l a y  as th e  same 

two vowels from th e  Pe te rson  and Barney s tu d y .  W h i le  th e  

two vowel c a t e g o r i e s  were f a i r l y  w e l l  s e p a r a te d ,  o t h e r  

c a t e g o r i e s  showed c o n s id e r a b l e  o v e r l a p .

Pe te rson  and Barney ( 1 9 5 2 )  re p o r te d  o v e r la p p in g  a rea s  

between / 3 y  and / e / ,  /T/ and / U / ,  / U /  and / u /  and jcU and 

jo!. Pe te rson  and Barney noted t h a t  /S' /  m ight  be e a s i l y
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d i s t i n g u i s h e d  from t h e  o t h e r  vowel c a t e g o r i e s  i f  th e  t h i r d  

fo rm ant  f requency  was used. As noted e a r l i e r ,  t h i s  

i n v e s t i g a t i o n  showed a shared vowel space between th e  

vowel c a t e g o r i e s  / U /  and / u / .  In  f a c t ,  th e  o n ly  s e p a r a b le  

p o r t io n  o f  th ese  two c a t e g o r i e s  was d i s p l a y e d  in  th e  men 

t a l k e r ’ s p r o d u c t io n s  o f  / u / .  The vowel c a t e g o r i e s  /<%/ and 

/ 3 /  o f  t h i s  ex p e r im e n t  share  somewhat th e  same r e g io n  on 

the  F1-F2 graph.  C lose  e x a m in a t io n  o f  t h e  d i s p l a y  

re v e a le d  t h a t  /<%/ was t h e  h ig h e r  o f  th e  two vowels ,  

f o l l o w i n g  th e  same g e n e ra l  p a t t e r n  o f  t h e  Pe te rson  and 

Barney d a t a .

One p o s s i b i l i t y  t h a t  was con s id e red  was t h a t  th e  

d isc rep a n cy  in  c a t e g o ry  s e p a r a b i l i t y  was based on 

d i f f e r e n c e s  in  th e  t im e s  a t  which s p e c t r a l  measurements 

were made. As in  th e  o r i g i n a l  s tu d y ,  measurements were  

r e p o r te d  a t  " s t e a d y - s t a t e "  p o i n t s ;  t h a t  i s ,  a t  th e  p o i n t  

in  th e  s y l l a b l e  t h a t  was judged t o  be m ax im a l ly  s t a b l e .

I t  i s  p o s s ib le  t h a t  t h e  c r i t e r i a  d e t e r m in in g  t h e  s t e a d y -  

s t a t e  p o i n t  may have d i f f e r e d  s u f f i c i e n t l y  across  th e  two 

s t u d i e s  t o  account  f o r  a s u b s t a n t i a l  amount o f  th e  

d i f f e r e n c e  in  c a te g o ry  s e p a r a b i l i t y .

An a t te m p t  was made t o  o b t a i n  an app ro x im ate  e s t i m a t e  

o f  th e  amount o f  t h e  d is c re p a n c y  t h a t  might  be 

a t t r i b u t a b l e  t o  d i f f e r e n c e s  in  th e  judgment o f  s t e a d y -  

s t a t e  p o i n t s .  T h is  was done by remeasur ing a subset  o f  

the  d a ta  us ing  a method o f  choosing s t e a d y - s t a t e  p o i n t s
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t h a t  was purp o se ly  des igned t o  p r o v id e  maximal agreement  

w i t h  Pe terson  and Barney ( 1 9 5 2 ) .  The s i g n a l s  chosen f o r  

remeasurement were tokens  o f  , /<%/ and /€/ produced by th e  

women. These s i g n a l s  were chosen because fo rm a nt  mergers  

between FI and F2 were no t  l i k e l y  f o r  these  vowels .

FTRACK d i s p l a y s  were reexamined f o r  each o f  these  

s i g n a l s  w h i l e  s im u l t a n e o u s ly  examining an F1-F2 p l o t  o f  

th e  Pe te rson  and Barney (1 9 5 2 )  d a ta .  S t e a d y - s t a t e  p o i n t s  

were chosen t o  ensure th e  c l o s e s t  p o s s ib le  agreement w i t h  

Peterson and Barney,  even in  cases where t h e r e  was l i t t l e  

a c o u s t ic  j u s t i f i c a t i o n  f o r  th e  d e c i s i o n .  I t  was reasoned  

t h a t  i f  s e p a r a b i l i t y  improved s i g n i f i c a n t l y  w i t h  th e  new 

s e t  o f  s t e a d y - s t a t e  p o i n t s ,  a l a r g e  p o r t i o n  o f  th e  

d isc rep a n cy  m ight  be a t t r i b u t a b l e  t o  d i f f e r e n c e s  in  the  

judgement o f  s t e a d y - s t a t e  p o i n t s .  However, i f  

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

e x p la n a t i o n s  f o r  th e  d i f f e r e n c e s  in  c a te g o ry  s e p a r a b i l i t y  

would have t o  be sought .

F ig u r e  12 (see  Appendix 0 )  shows th e  o r i g i n a l  / * /  

and / « /  measurements from th e  a d u l t  fem a le  t a l k e r s  and 

F ig u r e  13 (see  Appendix P) shows th e  remeasured tokens .

I t  can be seen t h a t  c a te g o ry  s e p a r a b i l i t y  improved o n ly  

v ery  s l i g h t l y  as a r e s u l t  o f  the  r e d e f i n i t i o n  o f  s t e a d y -  

s t a t e  p o i n t s .  T h is  f i n d i n g  suggests t h a t  d i f f e r e n t  

d e c is io n  c r i t e r i a  r e g a r d in g  th e  judgment  o f  s t e a d y - s t a t e  

p o in t s  p ro b a b ly  p layed  a r e l a t i v e l y  minor r o l e  in
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account in g  f o r  th e  d is c re p a n c y  in  c a te g o ry  s e p a r a b i l i t y  

between Pe te rson  and Barney (1 9 5 2 )  and th e  p r e s e n t  s tu d y .

Another  p o s s i b i l i t y  t h a t  was con s id e red  was t h a t  a 

d i f f e r e n t  method o f  LPC a n a l y s i s  m ight  produce b e t t e r  

s e p a r a b i l i t y .  The approach t h a t  was taken  in  th e  p re s e n t  

study f o l l o w e d  M i l l e r ’ s ( 1 9 8 9 )  method o f  us ing  a 

r e l a t i v e l y  l a r g e  number o f  LPC p o le s .  T h is  method 

produces a f i n e - g r a i n  spectrum w i t h  a tendency t o  produce  

sp u r io u s  peaks.  F ig u r e  14 (see  Appendix Q) shows LPC

s p e c t r a  from an produced by a woman w i t h  th e  number

o f  po les  v a r i e d  between 12 and 30.

The gen era l  s t r a t e g y  t h a t  was f o l lo w e d  in  t h i s  s tudy  

was t o  beg in  w i t h  a f i n e - g r a i n  spectrum using 24 LPC po les  

and t o  use subsequent  FTRACK e d i t i n g  t o  remove s p u r io u s  

peaks. A l though t h e r e  was no a p r i o r i  reason t o  b e l i e v e  

t h a t  t h i s  te c h n iq u e  was f la w e d ,  a subset  o f  th e  s i g n a l s  

was remeasured us ing  a c o a rs e r  LPC a n a l y s i s .  Aga in ,  th e  

/<S2/ and I d  ' vowels produced by th e  women were used as 

t e s t  s i g n a l s .  The LPC a n a l y s i s  used 10 p o les ;  th e  number 

o f  p o les  was in c rease d  o n ly  i f  F2-F3 mergers o c c u r re d .  In  

these  cases ,  th e  number o f  po les  was in c rease d  by two 

u n t i l  F2 and F3 s e p a r a t e d .  The r e s u l t s  o f  these  a n a ly s e s ,  

shown in  F ig u r e  15 (see  Appendix R ) ,  i n d i c a t e  l i t t l e  o r  no 

improvement in  c a te g o ry  s e p a r a b i l i t y  as a r e s u l t  o f  th e  

change in  a n a l y s i s  t e c h n iq u e .
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y.9.tf.9l D u r a t io n

As mentioned p r e v i o u s l y ,  th e  vowel d u r a t i o n s  f o r  th e  

women, boys, and g i r l s  were s i m i l a r .  Vowel d u r a t i o n s  f o r  

th e  men were s i g n i f i c a n t l y  s h o r t e r  f o r  a l l  vowel

c a t e g o r i e s .  A l l  s u b je c t s  were i n s t r u c t e d  t o  read th e  l i s t  

o f  words in  a r e l a x e d  manner.

The vowel d u r a t i o n  measurements from t h i s

i n v e s t i g a t i o n  were compared t o  th e  r e s u l t s  o f  Pe te rson  and 

L e h is te  ( 1 9 6 0 )  in  which th e  average d u r a t i o n  o f  vowels was 

c a l c u l a t e d  f o r  f i v e  t a l k e r s .  I t  i s  unknown whether  th e  

f i v e  t a l k e r s  in  th e  P e terson  and L e h is t e  s tudy  were men, 

women, o r  c h i l d r e n  o r  a com bina t ion  o f  th e  groups but  th e  

r e s e a r c h e r s  noted t h a t  th e  t a l k e r s  were "o f  th e  same 

genera l  d i a l e c t "  (p .  6 9 4 ) .  Comparing th e  r e s u l t s  o f  the

Peterson and L e h is t e  d a ta  and th e  men t a l k e r s ’ d a ta  from  

t h i s  i n v e s t i g a t i o n  i n d i c a t e d  ve ry  s i m i l a r  averages  f o r  

almost  a l l  vowel c a t e g o r i e s .  There appeared t o  be no 

l o g i c a l  reason why t h e  average  d u r a t i o n s  f o r  th e  women 

were more s i m i l a r  t o  th e  c h i l d r e n  than t o  th e  men. T h is  

d i f f e r e n c e  m ight  be f u r t h e r  i n v e s t i g a t e d  in  th e  f u t u r e .

At  th e  c u r r e n t  t im e  no l o g i c a l  e x p la n a t i o n s  can be 

given  t o  account  f o r  th e  d a ta  be ing d i s s i m i l a r  t o  Pe terson  

and Barney ( 1 9 5 2 ) .  S tu d ie s  i n v o l v i n g  d u r a t i o n  

measurements might  be conducted t o  account  f o r  th e  

d i f f e r e n c e  between t h e  men t a l k e r s  and th e  rem ain ing  t h r e e  

groups.  Many s t u d i e s  remain t o  be conducted w i t h  t h i s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



57

d a ta  s e t .  A f o l l o w - u p  s tudy  i s  c u r r e n t l y  under way which  

i n v o lv e s  remeasurement us ing :  ( a )  smooth F o u r i e r  s p e c t r a  

( n o t  LPC)— t h i s  w i l l  e l i m i n a t e  any q u e s t io n s  re g a rd in g  th e  

number o f  LPC p o le s ,  and ( b )  "s teady s t a t e "  measurements 

d e r iv e d  a u t o m a t i c a l l y  by a computer a l g o r i t h m .  The 

a l g o r i t h m  w i l l  l o c a t e  th e  p o i n t  o f  minimum v e l o c i t y  in  th e  

movement o f  a p o i n t e r  through M i l l e r ’ s a u d i t o r y - p e r c e p t u a l  

space ( l o g  F 3 - lo g  F2, log F 2 - lo g  F 1 , log F l - l o g  FO).

Proposed Fu tu re  S tu d ie s

One a sp ec t  o f  vowel research  t h a t  can be f u r t h e r  

e x p lo re d  as a r e s u l t  o f  th e  d a ta  c o l l e c t e d  from t h i s  s tudy  

i s  vowel d u r a t i o n .  As noted e a r l i e r ,  th e  average  

d u r a t i o n s  f o r  th e  women were s i m i l a r  t o  th e  c h i l d r e n ’ s 

average d u r a t i o n  t im e s .  I t  i s  u n c le a r  why th e  men and 

women should  have d i f f e r e d  in  vowel d u r a t i o n s .  The 

average d u r a t i o n  f o r  each vowel ca te g o ry  should  be f u r t h e r  

i n v e s t i g a t e d  s in c e  i t  would seem l o g i c a l  t h a t  a d u l t  vowel 

d u r a t i o n s  would be s i m i l a r  w h i l e  boys ’ and g i r l s ’ d u r a t i o n  

t im es  would be s i m i l a r  (S m ith ,  1 9 7 8 ) .  Such a s tudy might  

i n v o lv e  d e te r m in in g  whether  th e  same d i f f e r e n c e  e x i s t s  in  

th e  spontaneous speech samples recorded d u r in g  th e  

s cre en in g  i n t e r v i e w .

P ro d u c t io n s  o f  16 i s o l a t e d  vowels were a ls o  c o l l e c t e d  

from each s u b je c t  d u r in g  t h i s  i n v e s t i g a t i o n .  These  

r e c o rd in g s  might  s e rv e  as a da ta  base f o r  f u t u r e  s t u d i e s
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o f  n a t u r a l l y  produced i s o l a t e d  vowels .  Comparisons can be 

made between th e  d u r a t i o n s  o f  i s o l a t e d  vowels and vowels  

produced w i t h i n  an h - V - d  c o n t e x t .  Researchers  have begun 

t o  dea l w i t h  issu es  concern ing  c o n te x t  versus i s o l a t e d  

vowels .  D ie h l  e t  a l . ( 1 9 8 1 )  s t a t e d  t h a t  vowels produced  

in  i s o l a t i o n  m ight  have less  d u r a t i o n a l  v a r i a t i o n  across  

vowel c a t e g o r i e s  when compared t o  vowels produced w i t h i n  

consonanta l  c o n t e x t .  They showed t h a t  vowels produced in  

c o n te x t  were no t  n e c e s s a r i l y  i d e n t i f i e d  w i t h  g r e a t e r  

accuracy  than vowels produced in  i s o l a t i o n .

S e vera l  p e r c e p t i o n  exp er im ents  i n v e s t i g a t i n g  th e  

comparison o f  n a t u r a l  and s y n t h e t i c  i s o l a t e d  vowel 

p r o d u c t io n s  m ight  be conducted u t i l i z i n g  th e  s i g n a l s  

c o l l e c t e d  from t h i s  s tu d y .  Researchers  might  g e n e ra te  

s y n t h e t i c  s t i m u l i  based on th e  fo rm a nt  f requency  

measurements o f  th e  n a t u r a l  p ro d u c t io n s  o f  i s o l a t e d  

vowels .  Any c o m b in a t io n ,  in c l u d in g  th e  f o u r  d iphthongs  

Ml/,  / o i / ,  / y u /  and / a u / ,  o f  th e  16 recorded  vowels may 

be e x p lo r e d .  These s t u d i e s  cou ld  lead  t o  a b e t t e r  

u n d ers ta nd ing  o f  t h e  d i f f e r e n c e s  between s y n t h e t i c ,  

i s o l a t e d  vowels and n a t u r a l  vowel p r o d u c t io n s  o f  men, 

women and c h i l d r e n .  A l though r e s e a r c h e r s  might  use the  

d a ta  from t h i s  i n v e s t i g a t i o n  in  s e v e ra l  ways, th e  focus  o f  

f u t u r e  e x p er im en ts  might  be, a t  l e a s t  in  p a r t ,  on 

p e r c e p t io n  s t u d i e s .

Perhaps th e  n ex t  most l o g i c a l  phase f o r  th e  d a ta
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c o l l e c t e d  in  t h i s  i n v e s t i g a t i o n  would be a p e r c e p t io n  

exp er im en t  modeled a f t e r  th e  l i s t e n i n g  s tudy in  th e  

o r i g i n a l  e x p e r im e n t .  Pe terson and B a rn ey ’ s ( 1 9 5 2 )  

l i s t e n i n g  s tudy i n d i c a t e d  t h a t  a h igh  pe rce n ta g e  o f  th e  

s t i m u l i  f rom th e  f i r s t  p a r t  o f  th e  s tudy  were c l a s s i f i e d  

w ith  acc uracy .  A fo rm a l  l i s t e n i n g  s tudy  o f  th e  s t i m u l i  

from th e  p r e s e n t  e x p e r im e n t  has not  been conducted.  

However, in fo rm a l  l i s t e n i n g  suggests  t h a t  th e  g r e a t  

m a j o r i t y  o f  th e  s i g n a l s  cou ld  be i d e n t i f i e d  as th e  vowel  

t h a t  was in tended  by th e  t a l k e r .  S ince  th e  r e s u l t s  o f  

t h i s  i n v e s t i g a t i o n  were d i s s i m i l a r  t o  Pe terson  and 

B arn ey ’ s f i n d i n g s  i t  would be o f  p r im a ry  importance t o  

d eterm in e  how w e l l  l i s t e n e r s  p e r c e iv e d  th ese  vowels .

O ther  p e r c e p t i o n  s t u d i e s  m ight  in c lu d e  ask ing  

l i s t e n e r s  t o  c l a s s i f y  the  10 vowels produced by one t a l k e r  

or  ask ing  l i s t e n e r s  t o  c l a s s i f y  th e  10 vowels produced by 

10 d i f f e r e n t  t a l k e r s  t o  de te rm in e  which method proves most 

a c c u r a t e .  R e s u l ts  o f  such a s tudy  might  ena b le  

re s e a r c h e r s  t o  l e a r n  whether  l i s t e n e r s  n o r m a l iz e  t o  an 

i n d i v i d u a l  t a l k e r ’ s c h a r a c t e r i s t i c s .

S t i l l  a n o th e r  p e r c e p t i o n  ex p e r im e n t  t h a t  would be o f  

i n t e r e s t  t o  vowel p e r c e p t io n  r e s e a r c h e r s  would be the  

c l a s s i f i c a t i o n  accuracy  o f  th e  vowels / o /  and / e / .  An 

exp er im en t  should  be conducted t o  de te rm in e  how w e l l  

l i s t e n e r s  a r e  a b le  t o  c l a s s i f y  these  vowels .

R e p l i c a t i o n  and e x t e n s io n  o f  th e  Peterson and Barney
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( 1 9 5 2 )  Study was necessary  t o  measure t h e  p a t t e r n  o f  

s p e c t r a l  change f o r  a s e t  o f  vowels s i m i l a r  t o  those  

s t u d ie d  in  th e  o r i g i n a l  e x p e r im e n t .  T h is  s tu d y ,  in  which  

th e  fo rm a n t  f re q u e n c y  p a t t e r n  was measured f o r  th e  e n t i r e  

vowel p o r t i o n ,  w i l l  p r o v id e  r e s e a r c h e r s  w i t h  more 

i n f o r m a t i o n  p e r t a i n i n g  t o  each p a r t i c u l a r  vowel .  A lso ,  

hav ing access t o  th e  e n t i r e  u t t e r a n c e  m ight  a l lo w  speech  

s c i e n t i s t s  t o  m a n ip u la te  th e  whole vowel segment as w e l l  

as th e  two consonants on e i t h e r  s i d e  o f  th e  vowel .  

I n v e s t i g a t o r s  m ight  beg in  t o  b e t t e r  understand  what  

i n f o r m a t i o n  l i s t e n e r s  r e l y  upon t o  a c c u r a t e l y  i d e n t i f y  

vowels o f  a g iven  language by m a n ip u la t in g  and a n a ly z i n g  

s e l e c t e d  p o r t i o n s  o f  t h e  u t t e r a n c e .
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t HOO

F ig u r e  1. Peterson and Barney ( 1952)  L is t e n in g  
Data. Reproduced from Peterson and 
Barney ( 1 9 5 2 ) ,  p.  182.
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Adolescent Voice Change

During adolescence an average pitch change of one 
octave occurs in a male’s voice and a female’s pitch 
lowers approximately three to four semitones (Boone and 
McFarlane, 1988). Bennett (1983) conducted a longitudinal 
study of fundamental frequency in which 25 7-, 8- to 11-
year-old children were involved. She found that none of 
the 10- or 11-year-old boys evidenced any change in their 
voices since their fundamental frequencies were above 195 
Hz. Bennett reported that the group of girls she studied 
over a period of time possessed child-like voices since 
the group average for fundamental frequency was 221 Hz. 
Bennett’s (1983) findings were in agreement with a cross- 
sectional study by Hollien, Malcic and Hollien (1965) who 
concluded that the 10-year-old boys they studied possessed 
child-like voices.
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NAME:
AGE: BIRTHDATE:
SEX:
GRADE (FOR CHILDREN): 
LOCATION BORN AND RAISED:

YEARS ; MONTHS :

NATIVE LANGUAGE:
OTHER LANGUAGES SPOKEN IN THE HOME WHILE GROWING UP I

SPEECH AND LANGUAGE PROBLEMS:

HEARING PROBLEMS:

LEARNING PROBLEMS:

PRESENT RESPIRATORY INFECTIONS (INCLUDING FLU AND COLDS):

ALLERGIES:
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THE CAMPING TRIP

DON AND SARAH, WHO LIVED IN THE CITY, WENT CAMPING 
ONE WEEKEND WITH THEIR DOG, ROVER. WHEN THEY ARRIVED AT
THEIR DESTINATION DON DISCOVERED THAT HE HAD FORGOTTEN TO
BRING THEIR TENT AND COTS. HE SAWED SOME WOOD TO MAKE A
FIRE AND THEY EVENTUALLY FELL ASLEEP ON THE WET SOD. THEY
WOKE UP AT DAWN THE NEXT MORNING AND SARAH REALIZED SHE
HAD CAUGHT A BAD COLD. DON LOOKED AROUND FOR SOMETHING TO
EAT, BUT ALL HE COULD FIND WAS WATER AND SOME DRIED-UP
BEAN PODS ON A SOYBEAN BUSH. ROVER TURNED UP HIS NOSE AT
THESE, WHINED, AND PAWED AT THE CAR DOOR AS IF HE WANTED 
TO GO HOME. DON AND SARAH AND ROVER GOT INTO THE CAR AND 
DROVE BACK TO THE CITY.
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Do the words and sound 1. EXACTLY THE 
SAME (S)

or
2. DIFFERENT

when you say them?

SUM SOME THERE THEIR
LIST LEAST HOCK HAWK
THROUGH THREW AUNT ANT
COT CAUGHT TEN TIN
DON DAWN POOL PULL
LAUGHED LEFT RIGHT WRITE
SHOOT SHUT TOT TAUGHT
MEET MEAT OTTO AUTO
BODY BAWDY TOOK TALK
SOD SAWED BUY BYE
FOUR FOR COLLAR CALLER
HURT HUT PAWED POD
WOOD WORD CAN CANE
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"hayed" "ay" (as in " b a i t " )
"hood" "oo" ( as in "book" )
"hod" "ah" (as in "cot"  )
"h ide" "eye" (as in eye" )
"heard" "er" (as i n " b i r d " )
"head" "eh" (as in " b e t " )
"hoyed" "oy" ( as in "boy")
"who’ d" "oo" ( as i n " b o o t " )
"howd" "ow" (as in "ouch " )
"h id" " ih " (as i n " b i t " )
"hawed" "aw" (as in "caught
"hewed" "you" (as in "you")
"heed" "ee" (as in " b e e t " )
"hoed" "o" (as in " c o a t " )
"HUD" "uh" (as in " b u t" )
"had" "a" ( as in " b a t " )
"had" "a" (as in " b a t " )
"HUD" "uh" (as in " b u t" )
"hoed" "o" (as i n " c o a t " )
"heed" "ee" (as i n " b e e t " )
"hewed" "you"

"aw"
(as i n "you")

"hawed" (as i n "caught
"h id" " ih " (as i n " b i t " )
"howd" "ow" ( as i n "ouch " )
"who’ d" "oo" (as i n "boot" )
"hoyed" "oy" (as i n " b o y " )
"head" "eh" (as in " b e t " )
"heard" "er" (as in " b i r d " )
"h ide" "eye" (as i n "eye")
"hod" "ah" ( as i n " c o t " )
"hood" "oo" ( as i n "b oo k" )
"hayed" "ay" ( as in "b a i t " )
"who’ d" "oo" (as in " b o o t " )
"howd" "ow" (as in "ouch" )
"h id" " ih " (as in " b i t " )
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"hod" "ah" (as in " c o t " )
"head" "eh" (as in " b e t " )
"hoyed" "oy" ( as in "boy")
"heed" "ee" ( as in " b e e t " )
"hayed" "ay" ( as in " b a i t " )
"hoed" "o" (as in " c o a t " )
"howd" "ow" ( as i n "ouch")
"who’ d" "oo" ( as in "bo o t" )
"h id" " ih " ( as in " b i t " )
"had" "a" (as i n " b a t " )
"h ide" "eye" (as i n "eye")
"hood" "oo" (as in "book" )
"hewed" "you" (as in "you")
"HUD" "uh" ( as in " b u t" )
"hawed" "aw" (as in " c a u g h t" )
"heard" "er" (as in " b i r d " )
"heard" "er" ( as in " b i r d " )
"hawed" "aw" ( as in " c a u g h t" )
"HUD" "uh" (as in " b u t " )
"hewed" "you" (as in "you")
"hood" "oo" (as in "book" )
"h ide" "eye" ( as in "eye")
"had" "a" (as in " b a t " )
"h id" " ih " ( as in " b i t )
"who’ d" "oo" ( as i n " b o o t " )
"howd" "ow" ( as in "ouch")
"hoed" "o" ( as in " c o a t " )
"hayed"
"heed"

"ay" ( as in " b a i t " )
"ee" ( as i n " b e e t " )

"hoyed" "oy" ( as i n "boy")
"head" "eh" (as i n " b e t " )
"hod" "ah" (as in " c o t " )
"who’ d" "oo" (as in "b o o t" )
"h id" " ih " ( as in " b i t " )
"had" "a" ( as in " b a t " )
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"HUD" "uh" (as in " b u t " )
"hood" "oo" ( as in "book")
"hoed" "o" (as in " c o a t " )
"head" "eh" ( as in " b e t " )
"hoyed" "oy" (as in "boy")
"hewed" "you" ( as in "you")
"heed" "ee" (as i n " b e e t " )
"hawed" "aw" ( as in " c a u g h t " )
"had" "a" (as in " b a t " )
"hod" "ah" ( as i n " c o t " )
"who’ d" "oo" (as in "boot"  )
"h id" " ih " ( as in " b i t " )
"hayed" "ay" (as in " b a i t " )
"h ide" "eye" ( as in " e y e " )
"heard" "er" (as in " b i r d " )
"howd" "ow" ( as in "ouch " )
"howd" "ow" (as i n "ouch" )
"heard" "er" (as in " b i r d " )
"h ide" "eye" ( as in "eye " )
"hayed" "ay" ( as i n " b a i t " )
"h id" " ih " (as in " b i t " )
"who’ d" "oo" (as i n " b o o t " )
"hod" "ah" (as i n " c o t " )
"had" "a" ( as i n " b a t " )
"hawed" "aw" (as i n "caught"  )
"heed" "ee" ( as i n " b e e t " )
"hewed" "you" ( as in "you")
"hoyed" "oy" ( as in "boy")
"head" "eh" ( as i n " b e t " )
"hoed" "o" ( as in " c o a t " )
"hood" "oo" ( as in "book" )
"HUD" "uh" ( as in " b u t " )
"hawed" "aw" ( as in "caught"  )
"had" "a" ( as i n " b a t " )
"hod" "ah" (as in " c o t " )
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"hewed" "you" (as in "you")
"head" "eh" ( as in " b e t " )
"h ide" "eye" (as in "eye")
"hood" "oo" ( as in "book" )
"hoyed" "oy" ( as in "boy")
"who’ d" "oo" ( as in "b o o t " )
"h id" " ih " ( as in " b i t " )
"hawed" "aw" ( as in " c a u g h t" )
"hod" "ah" ( as i n " c o t " )
"heard" "er" ( as in " b i r d " )
"howd" "ow" ( as in "ouch " )
"heed" "ee" ( as in " b e e t " )
"had" "a" ( as in " b a t " )
"HUD" "uh" (as i n " b u t" )
"hayed" "ay" (as in " b a i t " )
"hoed" "o" ( as i n " c o a t " )
"hoed" "o" (as i n " c o a t " )
"hayed" "ay" (as in " b a i t " )
"HUD" "uh" (as in " b u t" )
"had" "a" ( as in " b a t " )
"heed" "ee" (as i n " b e e t " )
"howd" "ow" ( as in "ouch " )
"heard" "er" ( as in " b i r d " )
"hod" "ah" ( as in " c o t " )
"hawed" " aw " (as in " c a u g h t" )
"h id" " ih " ( as in " b i t " )
"who’ d" "oo" (as in "b o o t" )
"hoyed" "oy" ( as in "boy")
"hood" "oo" (as in "book")
"h ide" "eye" ( as i n "eye")
"head" "eh" (as in " b e t " )
"hewed" "you" (as in "you")
"hawed" "aw" (as in " c a u g h t" )
"hod" "ah" (as in " c o t " )
"heard" "er" (as i n " b i r d " )
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"had" "a" (as in " b a t " )
"heed" "ee" ( as in " b e e t " )
"HUD" "uh" ( as in " b u t " )
"hoyed" "oy" ( as in "boy")
"hood" "oo" ( as i n "book" )
"h id" " ih " ( as in " b i t " )
"howed" "ow " ( as i n "ouch" )
"hewed" "you" ( as i n " y o u " )
"h ide" "eye" ( as i n " e y e " )
"hod" "ah" ( as i n "cot"  )
"who’ d" "oo" ( as in " b o o t " )
"hayed" "ay" ( as in " b a i t " )
"heard" "er" ( as in " b i r d " )
"head" "eh" ( as in " b e t " )
"hawed" "aw" (as in " c a u g h t" )
"hoed" "o" (as in " c o a t " )
"hoed" "o" ( as in " c o a t " )
"hawed" "aw" ( as i n " c a u g h t" )
"head" "eh" (as in " b e t " )
"heard" "er" ( as in " b i r d " )
"hayed"
"who’ d"

"ay" (as in " b a i t " )
"oo" ( as in " b o o t " )

"hod" "ah" (as in "cot"  )
"h ide" "eye" ( as i n " e y e " )
"hewed" "you" ( as i n " y o u " )
"howd" "ow" ( as i n "ouch")
"h id" " ih " ( as i n " b i t " )
"hood" "oo" ( as i n "book")
"hoyed" "oy" ( as i n " b o y " )
"HUD" "uh" ( as in " b u t" )
"heed" "ee" ( as in " b e e t " )
"had" "a" ( as in " b a t " )
"hewed" "you" ( as in " y o u " )
"h ide" "eye" ( as in " e y e " )
"hod" "ah" (as i n " c o t " )
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■hod" "ah" (as in " c o t " )
hawed" "aw" ( as i n " c a u g h t" )

■heed" "ee" (as i n " b e e t " )
’hewed" "you" (as in " y o u ”)
’hoyed" "oy" (as in "boy")
head" "eh" ( as in " b e t ”)

’h id" " ih " ( as i n " b i t " )
’heard" "er" ( as i n " b i r d " )
’hoed" "o" (as i n " c o a t " )
’had" "a" ( as i n " b a t ”)
’hood" "oo" (as in "book" )
’h ide" "eye" (as in " e y e " )
’h a y e d ” 
’howd"

"ay" (as in " b a i t " )
"ow" ( as in " o u c h ”)

’HUD" "uh ” ( as in " b u t " )
’who’ d" "oo" ( as i n "boot" )
’who’ d" "oo" (as in "boot" )
’HUD ” "uh" (as in " b u t " )
’howd" "ow" (as i n "ouch" )
’hayed" "ay" ( as i n " b a i t " )
’h ide" "eye" (as i n " e y e " )
’hood" "oo" (as i n "book")
’had" "a" ( as i n " b a t ”)
hoed" "o" ( as i n " c o a t " )

’heard" "er" ( as i n " b i r d " )
’h id" " ih " (as i n " b i t " )
’head" "eh" (as i n " b e t " )
’h o y e d ” "oy" ( as i n " b o y ”)
’hewed" "you ” ( as in "you" )
’heed" "ee" ( as in "beet"  )
’hawed" "aw" ( as i n "caught"  )
hod" "ah" ( as i n " c o t " )

’h e a r d ” "er" (as in " b i r d " )
’hoed" "o" ( as i n " c o a t " )
’had" "a" (as in " b a t " )
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"had" "a" (as in " b a t " )
"head" "eh" ( as in " b e t " )
"heard" "er" (as i n " b i r d " )
"HUD" "uh" (as in " b u t" )
"hood" "oo" (as in "book")
"h id" " ih " ( as i n " b i t " )
"howd" "ow" ( as i n "ouch")
"h ide" "eye" ( as in " e y e " )
"hoed" "o" ( as in "coat"  )
"hayed"
"hawed"

"ay" ( as in " b a i t " )
"aw" ( as in " c a u g h t" )

"heed" "ee" (as in " b e e t " )
"hod" "ah" (as in " c o t " )
"who’ d" "oo" (as i n " b o o t" )
"hewed* "you" ( as in "you")
"hoyed"
"hoyed"

"oy" (as in "boy")
"oy" (as in "boy")

"hewed" "you" (as in " y o u " )
"who’ d" "oo" ( as i n " b o o t " )
"hod" "ah" ( as in " c o t " )
"heed" "ee" (as in " b e e t " )
"hawed" "aw" (as i n " c a u g h t" )
"hayed" "ay" (as in " b a i t " )
"hoed" "o" ( as i n " c o a t " )
"h ide" "eye" (as in "eye")
"howd" "ow" ( as in "ouch" )
"h id" " ih " ( as in " b i t " )
"hood" "oo" ( as i n "book")
"HUD" "uh" (as in " b u t" )
"heard" "er" ( as in " b i r d " )
"head" "eh" ( as in " b e t " )
"had" "a" ( as in " b a t " )
" h ide" "eye" (as i n "eye")
"hoed" "o" ( as in " c o a t " )
"hayed" "ay" (as i n " b a i t " )
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had" "a" ( as in " b a t " )
head" "eh" ( as in " b e t " )
heard" "er" ( as in " b i r d " )
heed" "ee" ( as in " b e e t " )
hayed" "ay" ( as in " b a i t " )
hood" "oo" ( as i n "book" )
HUD" "uh" ( as i n " b u t " )
hewed" "you" ( as i n " y o u " )
hawed" "aw" ( as in " c a u g h t" )
howd" "ow" ( as in "ouch" )
who’ d" "o" (as in " b o o t " )
hod" "ah" ( as in "cot"  )
hoed" "o" (as in " c o a t " )
h id" " ih " ( as in " b i t " )
hoyed" "oy" ( as in "boy")
h ide" "eye" ( as in " e y e " )
h ide" "eye" ( as in "eye")
hoyed" "oy" (as in "boy")
h id" " ih " (as in " b i t " )
hoed" "o" ( as in " c o a t " )
hod" "ah" ( as in " c o t " )
who’ d" "oo" (as i n " b o o t " )
howd" "ow" (as in "ouch " )
hawed" "aw" ( as i n " c a u g h t" )
hewed" "you" ( as i n "you")
HUD" "uh" (as in " b u t " )
hood" "oo" (as i n "book" )
hayed" "ay" ( as in " b a i t " )
heed" "ee" ( as i n " b e e t " )
heard" "er" (as in " b i r d " )
head" "eh" ( as in " b e t " )
had" "a" (as in " b a t " )
hewed" "you" ( as in "you")
hawed" "aw" (as in " c a u g h t" )
howd" "ow" (as in "ouch " )
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"h id" " ih " (as in " b i t " )
"hayed" "ay" ( as in " b a i t " )
"heard" "er" (as in " b i r d " )
"hoyed" "oy" 

"ow "
( as in " b o y " )

"howd" (as i n "ouch" )
"head" "eh" ( as in " b e t " )
"had" "a" ( as in " b a t " )
"HUD" "uh" ( as in "but"  )
"who’ d" "oo" ( as in " b o o t " )
"hod" "ah" (as i n "cot"  )
"heed" "ee" (as i n " b e e t " )
"hoed" "o" ( as in " c o a t " )
"hood" "oo" (as i n "book")
"h ide" "eye" ( as i n " e y e " )
"hewed" "you" ( as in " y o u " )
"hawed" "aw" (as in " c a u g h t" )
"hawed" "aw" (as in " c a u g h t" )
"hewed" "you"

"eye"
( as in " y o u " ) 

"eye" )"h ide" (as i n
"hood" "oo" ( as in "book" )
"hoed" "o" (as in " c o a t ")
"heed" "ee" (as i n " b e e t " )
"hod" "ah" (as i n " c o t " )
"who’ d" "oo" ( as i n " b o o t " )
"HUD" "uh" (as i n " b u t " )
"had" "a" ( as in " b a t " )
"head" "eh" (as in " b e t " )
"howd" "ow" ( as i n "ouch" )
"hoyed" "oy" (as i n " b o y " )
"heard" "er" ( as i n " b i r d " )
"hayed" "ay" ( as i n " b a i t " )
"h id" " ih " ( as i n " b i t " )
"HUD" "uh" (as in "but" )
"who’ d" "oo" (as i n " b o o t " )
"hod" "ah" (as i n " c o t " )
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"h id" " ih " ( as in " b i t " )
"hoed" "o" (as i n " c o a t " )
"hood" "oo" ( as in "book" )
"who’ d" "oo" ( as i n " b o o t " )
"hoyed" "oy" ( as in " b o y " )
"h ide" "eye" ( as i n "eye" )
"heard" "er" (as in " b i r d " )
"hayed" "ay" ( as i n " b a i t " )
"howd" "ow" ( as i n "ouch" )
"head" "eh" ( as i n " b e t " )
"heed" "ee" (as in " b e e t " )
"hawed" "aw" ( as in " c a u g h t" )
"hewed" "you" ( as i n " yo u " )
"HUD" "uh" ( as i n " b u t " )
"hod" "ah" (as in "cot"  )
"had" "a" ( as in " b a t " )
"had" "a" ( as in " b a t " )
"hod" "ah" ( as in " c o t " )
"HUD" "uh" ( as in " b u t " )
"hewed" "you" ( as in "you" )
"hawed" " aw " (as in "caught"  )
"heed" "ee" ( as in "beet"  )
"head" "eh" ( as in " b e t " )
"howd" "ow " ( as in "ouch" )
"hayed" "ay" (as i n " b a i t " )
"heard" "er" ( as i n " b i r d " )
"h ide" "eye" ( as in " e y e " )
"hoyed" "oy" ( as i n " b o y " )
"who’ d" "oo" ( as i n " b o o t " )
"hood" "oo" ( as i n "book" )
"hoed" "o" ( as i n " c o a t " )
"h id" " ih " ( as i n " b i t " )
"hayed" "ay" ( as in "b a i t " )
"howd" "ow " ( as in "ouch " )
"head" "eh" (as in " b e t " )
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"hod" "ah" (as i n " c o t " )
"hood" "oo" (as in "book" )
"HUD" "uh" (as in " b u t " )
"hewed" "you" (as in " y o u " )
"had" "a" ( as in " b a t " )
"heard" "er" ( as in " b i r d " )
"hoed" "o" (as in " c o a t " )
"h id" " ih " ( as i n " b i t " )
"hoyed" "oy"

"oo"
(as in " b o y " )

"who’ d" ( as in " b o o t" )
"heed" "ee" (as in " b e e t " )
"h ide" "eye"

"aw"
( as i n " e y e " )

"hawed" (as i n " c a u g h t" )
"howd" "ow" ( as in "ouch")
"hayed" "ay" ( as in " b a i t " )
"head" "eh" ( as in " b e t " )
"head" "eh" (as i n " b e t " )
"hayed" "ay" (as in " b a i t " )
"howd" "ow" (as in "ouch " )
"hawed" "aw" (as i n "caught"  )
"h ide" "eye"

"ee"
(as i n "eye" )

"heed" (as in " b e e t " )
"who’ d" "oo" ( as in " b o o t " )
"hoyed" "oy" ( as in " b o y " )
"h id" " ih " ( as i n " b i t " )
"hoed" "o" (as i n " c o a t " )
"heard" "er" ( as in " b i r d " )
"had" "a" ( as in " b a t " )
"hewed" "you" ( as in "you" )
"HUD" "uh" ( as in "but" )
"hood" "oo" ( as in " book " )
"hod" "ah" (as in " c o t " )
"h id" " ih " ( as i n " b i t " )
"hoyed"
"who’ d"

"oy" ( as i n " boy" )
"oo" ( as in "b o o t " )
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"hoed" "o" (as in " c o a t " )
"head" "eh" ( as i n " b e t " )
"hawed" "aw" (as in " c a u g h t" )
"heard" "er" ( as in " b i r d " )
"hayed" "ay" ( as in " b a i t " )
"howd" "ow" (as in "ouch" )
"h id" " ih " ( as i n " b i t " )
"hoyed" "oy" ( as in "boy")
"heed" "ee" ( as i n " b e e t " )
"who’ d" "oo" (as in " b o o t " )
"hewed" "you" ( as in "you")
"HUD" "uh" (as in " b u t " )
"hod" "ah" ( as in " c o t " )
"had" "a" ( as in " b a t " )
"hood" "oo" ( as in "book")
"h ide" "eye" (as in "eye " )
"h ide" "eye" (as in "eye")
"hood" "oo " (as in "book")
"had" "a" ( as in " b a t " )
"hod" "ah" ( as in " c o t " )
"HUD" "uh" (as in " b u t " )
"hewed" "you" ( as i n "you")
"who’ d" "oo" (as in " b o o t " )
"heed" "ee" (as in " b e e t " )
"hoyed" "oy" (as in "boy")
"h id" " ih " ( as in " b i t " )
"howd" "ow" ( as i n "o u ch " )
"hayed" "ay" ( as i n " b a i t " )
"heard" "er" ( as i n " b i r d " )
"hawed" "aw" ( as i n " c a u g h t" )
"head" "eh" ( as i n " b e t " )
"hoed" "o" ( as in " c o a t " )
"hoyed" "oy" (as in "boy")
"heed" "ee" (as i n " b e e t " )
"who’ d" "oo" (as i n " b o o t " )
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Formants Following Interpolation
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Vowel Data of /i/, /I/ and / £ /
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Appendix K
Vowel Data of /6/, /%/ and /^/
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Appendix L
Vowel Data of /A/ , /q/ and /O/
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Appendix M
Vowel Data of /3/, /U/ and /u/
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Appendix N
Vowel Data of / u / ,  /U/ and /3V
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Original Productions of /6/ and /ôE/
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Remeasured Productions of /£/ and /«Sfc/

104

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



105

s>©®®® ®o®o <s(S>© ©©©©©

I
©©

©©©

©©cn

©©
03

©©

©©
CD

g
LD

©©j-

©©.m

4-1
O
>.uc
(U
3cr0)k

■oc
nj

U)

4-
O
toc
o

■pÜ3
■DO&_
CL
■a
0)u
3
(0(tj
0)
EmIT

CO

0)
c .
3
CO

Z d  JO AûusnbaJi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Appendix Q 

LPC S p e c t ra  o f  /dSJ
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The fâeJ and /6/ Experiment
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Human Sublacts Instllullonal Review Board Kalamazoo, Micnigan 49008-3899

WESTERN M ic h ig a n  u n iv e r s it y

Data October 4, 1989 

Ta James Hillenbrand

F r o m :  M a r y  A n n e  B u n d a ,  C h a i r  d v itU .

This letter w ill serve as confirmation that your renewal application, “Evaluation of Auditory Models of 
Vowel Perception ', submitted on 8 - 11 -89, has bean approved by the HSIRB. The conditions and duration 
of this approval are specified In the Policies of Western Michigan University. You may now begin to 
Implement the research as described in the approval application. You must seek reapproval for any change 
In this design.

The Board wishes you success In the pursuit of your research goals.
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Consent Form 
Recording of Speech Samples

The purpose of this study is to learn something about how people 
understand and interpret speech sounds. The research will be 
applied to a number of practical problems, including the 
improvement of speech synthesis techniques, and the development of 
automatic speech recognition systems.
If you should choose to participate, your job will be to speak into 
a microphone and provide samples of speech which will be recorded 
on audio tape. You will be asked either to produce short words, a 
sustained vowel, or possibly a series of short sentences. You may 
also be asked to produce speech samples at a variety of different 
pitches. The acoustic characteristics of the speech samples will 
then be analyzed with the aid of a computer. In some cases, the
speech samples may be played to a group of listeners who will make
certain judgments about the speech (e.g., identifying the speech 
sound, or judging the similarity of two sounds). The recording 
session will last approximately 20 minutes.
In any written reports of this research, you will be identified by 
subject number only. Your name will not be made available to 
anyone other than project personnel. Although you will not
directly benefit from this study, the information that is gained 
could lead to better speech synthesis and speech recognition 
techniques, and to the improvement of communication aids for the 
nonvocal. If you should consent to participate in this study, you 
may withdraw that consent at any time without penalty. Please feel 
free to ask questions now or at any time during the recording
session. If you have questions at any time after the experiment, 
contact Dr. James Hillenbrand at 387-8066.

Signature of Investigator

Signature of Research Subject

Date
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Oeoariment of Speech Oathoiogy â 'O Audidogy Katamazcc Mx'̂ 'çar' -39CC8-3825
Chartes VanPice' Language. Sceec 3f*3 HearingClmic 0^6 307-8C-5

WESTERN M ic h ig a n  U n iv e r s it y

Dear Parent or Guardian, December 20, 1989
We are attempting to learn more about how people produce and 
understand speech. The particular focus of our research project 
has to do with understanding the similarities and differences 
between the speech of adults and young children.
The information we are interested in obtaining from your child 
will take approximately 20 minutes. During his/her participation, 
your child will be asked a set of identification questions (name, 
age, birthdate, etc.). The child will then be engaged in informal 
conversation for 3 to 5 minutes. An example of such a 
conversation may begin "Tell me what you did over summer 
vacation." The interview and conversation will be recorded on 
cassette tape to be heard only by persons directly involved with 
this project. Your child will then read a list of 32 words which 
will be recorded on tape. The tape will later be analyzed by a 
computer which will make a variety of acoustic measurements from 
the speech sample. This procedure involves no known hazards or 
risks.
All of the information gathered from your child will be held in 
confidence and at no point will the information be associated with 
your child by name. If at any time you should choose not to allow 
your child to continue participation in this project, you are free 
to withdraw your consent. Should you have any questions regarding 
this project or this consent, please feel free to call Dr. James 
Hillenbrand, advisor of this research, at Western Michigan 
University at 387-8066 between 9 a.m. and 5 p.m. Monday through 
Friday. You may also feel free to contact Laura Getty, who will 
be collecting the information from your child, at 387-8067, from 9 
a.m to 5 p.m. Monday through Friday.
If you are willing to allow your child to participate in this 
project, please fill out the attached sheet and give it to your 
child to give to his/her classroom teacher. Thank you for your 
cooperation.
Sincerely,

James Hillenbrand 
Associate Professor
Department of Speech Pathology and Audiology

Laura Getty 
Graduate Student
Department of Speech Pathology and Audiology

Graduate Programs Accredited Dy Educational Standards Board. American Speecĥ Language-Hearing Association
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OeoaMmen: c*i Soeech Pathology ana Aud'o iogy Katamazco. M 'Cn-ga'' 49000-3025
C h a fe s  VanP 06' Language Soeecn a^a  ^ e a fn g  C'-nic 387-8045

W e s t e r n  M ic h ig a n  U n iv e r s it y

I, ____________________________________ , hereby give my permission for
my child___________________________________ , to participate in the
project described in the attached letter. I have read and 
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