
INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to  photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.

4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.

University Microfilms International
300 North Z eeb Road
Ann Arbor, Michigan 48106 USA
St John 's Road, Tyler's Green
High Wycombe, Bucks, England HP10 8HR



781667*

GOLD* TONI GAILSPEECH AND HEARING SKILLS! A COMPARISON BETWEEN HARD-OR.HEARINC AND DEAP CHILDREN.
CITY UNIVERSITY OP NEW YORK, PH.D.. 1*78

Uni\«rsitv
Microfilms

International 300  N ZEE B H O A D  ANN AH BOH. Ml 4 8 106



SPEECH AND HEARING SKILLS i A COMPARISON 

BETWEEN HARD- OF -HEAR ING AND DEAF CHILDREN

by

TONI GAIL GOLD

A d i s s e r t a t i o n  s u b m i t t e d  t o  t h e  G r a d u a t e  
F a c u l t y  i n  S p ee c h  and  H e a r i n g  S c i e n c e s  i n  
p a r t i a l  f u l f i l l m e n t  o f  t h e  r e q u i r e m e n t s  
f o r  t h e  d e g r e e  o f  D o c to r  o f  P h i l o s o p h y ,  
The C i t y  U n i v e r s i t y  o f  New York.

197&



T h i s  m a n u s c r i p t  h a s  b e e n  r e a d  an d  a c c e p t e d  f o r  t h e  G r a d u a te  
F a c u l t y  i n  S peech  and  H e a r i n g  S c i e n c e s  i n  s a t i s f a c t i o n  o f  
t h e  d i s s e r t a t i o n  r e q u i r e m e n t  f o r  t h e  d e g r e e  o f  D o c to r  o f  
P h i l o s o p h y .

2 1 7 7 3
Date Chairman o f  Examin ing  Committee 

H a r r y  L e v i t t ,  Ph.D.

D ate
Ia t m j A  ________

I E x e c u t i v e  O f f i c e r
I r v i n g  H ochberg ,  Ph.

r
GbjS'-W

S u p e r v i s o r y  Commit tee  
James M. P i c k e t t ,  Ph.D .  
I r v i n g  H ochberg .  Ph.D.  
Lawrence  R a p h a e l .  Ph.D.

The C i t y  U n i v e r s i t y  o f  New York



ACKNOWLEDGEMENTS

W hile  w o rk in g  on t h i s  p r o j e c t  o v e r  t h e  l a s t  few 

y e a r s ,  I  have  become i n d e b t e d  t o  many p e o p l e  f o r  t h e i r  

a b l e  s u p e r v i s i o n  and c o n s t a n t  r e i n f o r c e m e n t ,  I  would 

l i k e  t o  t a k e  t h i s  o p p o r t u n i t y  t o  e x p r e s s  my s i n c e r e  

t h a n k s

f i r s t  and f o r e m o s t ,  t o  Dr. H a r r y  L e v i t t ,  my m a jo r  

a d v i s o r ,  f o r  h i s  i n f i n i t e  p a t i e n c e ,  h i s  d i l i g e n t  g u id a n c  

and  h i s  r e a s s u r i n g  words  f rom my e a r l y  d ay s  i n  t h i s  p r o ­

gram t o  t h i s  p o i n t j

t o  t h e  o t h e r  members o f  my c o m m i t t e e ,  Dr , I r v i n g  

H ochberg ,  f o r  h i s  th o r o u g h  s u p e r v i s i o n  and Dr,  Lawrence 

R a p h a e l ,  f o r  h i s  l e v e l - h e a d e d ,  good n a t u r e d  d i r e c t i o n !

t o  H arvey  S t ro m b e r g ,  s e n i o r  c o m p u te r  a n a l y s t ,  who 

w i t h  good c h e e r  and  s k i l l  t o l e r a t e d  my c o n s t a n t  r e q u e s t s  

f o r  " J u s t  one more p r i n t o u t " !

t o  Norman D o c t o r  o f  t h e  Bureau  f o r  H e a r i n g  H a n d i ­

capped  o f  t h e  Board o f  E d u c a t i o n  o f  t h e  C i t y  o f  New York 

who c o o r d i n a t e d  t h e  e f f o r t s  o f  a l l  o f  t h e  p r i n c i p a l s ,  

t e a c h e r s  and p a r e n t s  i n  t h e  c o o p e r a t i n g  p u b l i c  s c h o o l s  

t o  a s s u r e  t h a t  t h i n g s  w ent  a s  s m o o th ly  a s  p o s s i b l e  when 

t h e  c h i l d r e n  were  t e s t e d !

t o  A b i g a i l  P e t e r s o n  R e i l l y  f o r  g i v i n g  h e r  own



p r e c i o u s  t im e  t o  do t h e  p a i n s t a k i n g  jo b  o f  t r a n s c r i b i n g  

t h e  c h i l d r e n ' s  s p e e c h j

t o  my many f r i e n d s  i n  Room 90^ who gave  m o ra l  s u p ­

p o r t  and t e c h n i c a l  a s s i s t a n c e t  C h e ry l  B a r r y ,  J u d y  Dubno, 

Chuck Lau,  Nancy McGarr ,  Mary J o e  O s b e r g e r ,  Ronald  

S l o s b e r g  and A d r i a n a  O l e k s i u k - V e l e z j

and  t o  my f a m i l y ,  which  c r e a t e d  a  home e n v i r o n m e n t  

which  made i t  p o s s i b l e  t o  f a c e  t h e  c h a l l e n g e s  o f  t h i s  

u n d e r t a k i n g .

T h i s  s t u d y  was s u p p o r t e d  i n  p a r t  by t h e  N a t i o n a l  

I n s t i t u t e s  o f  H e a l t h  G r a n t  #  09252 .



TABLE OF CONTENTS
PAGE

APPROVAL i i

ACKNOWLEDGEMENTS i i i

LIST OF TABLES v i i

LIST OF ILLUSTRATIONS x

CHAPTER

I .  INTRODUCTION 1

I I .  REVIEW OF THE LITERATURE 5

S p e ec h  P r o d u c t i o n  S k i l l s  5

O v e r a l l  s p e e c h  i n t e l l i g i b i l i t y  5
P r o d u c t i o n  o f  s e g m e n t a l s  7
P r o d u c t i o n  o f  s u p r a s e g m e n t a l s  19

S p e e c h  R e c e p t i o n  S k i l l s  37

R e c e p t i o n  o f  s e g m e n t a l s  37
R e c e p t i o n  o f  s u p r a s e g m e n t a l s  ^9

R e l a t i o n s h i p  b e t w e e n  M ea su re s  o f  
R e s i d u a l  H e a r i n g  an d  S p eech  I n t e l ­
l i g i b i l i t y  52

I I I .  METHODOLOGY 59

S u b j e c t s  59

E q u ipm en t  61

L i s t e n e r s  61

T e s t  M a t e r i a l s  and  P r o c e d u r e s  67

IV. RESULTS 81

S p e ec h  P r o d u c t i o n  S k i l l s  81

S p eech  i n t e l l i g i b i l i t y  81

v



PAGE
Phonemic p r o d u c t i o n  93
P r o s o d i c  f e a t u r e  p r o d u c t i o n  112

Speech  R e c e p t i o n  S k i l l s  125

Phonemic r e c e p t i o n  125
P r o s o d i c  f e a t u r e  r e c e p t i o n  130

I n t e r - T e s t  R e l a t i o n s h i p s  139

T e s t  p e r f o r m a n c e  a s  a  f u n c t i o n
o f  t h e  p u r e  t o n e  a v e r a g e  139

T e s t  s c o r e s  a s  a f u n c t i o n  o f  
i n t e l l i g i b i l i t y  147

V. DISCUSSION 160

D i f f e r e n c e s  b e tw e e n  t h e  H a r d - o f -  
H e a r i n g  and  Deaf  Groups 160

Phonemic p r o d u c t i o n  161
Phonemic r e c e p t i o n  171
P r o s o d i c  p r o d u c t i o n  173
P r o s o d i c  r e c e p t i o n  180

T e s t  S c o r e s  a s  a  F u n c t i o n  o f  
I n t e l l i g i b i l i t y  184

Phonemic r e c e p t i o n  185
Phonemic p r o d u c t i o n  186
P r o s o d i c  p r o d u c t i o n  187
P r o s o d i c  r e c e p t i o n  189

I m p l i c a t i o n s  191

VI. SUMMARY 198

APPENDICES

APPENDIX A. S c h o o l  Data  203
APPENDIX B. H e a r i n g  and Background D a ta  204
APPENDIX C. L i s t e n e r  M a t e r i a l s  209
APPENDIX D. T e s t  M a t e r i a l s  219
APPENDIX E. T e s t  R e s u l t s  234-
APPENDIX F .  C o n f u s io n  M a t r i c e s  236

BIBLIOGRAPHY 245



LIST OF TABLES

TABLE PAGE

1 .  Means, s t a n d a r d  d e v i a t i o n s ,  s t a n d a r d  e r r o r s
and r a n g e s  o f  i n t e l l i g i b i l i t y  s c o r e s  f o r  
h a r d - o f - h e a r i n g ,  d e a f  and  b o t h  g r o u p s  o f  
s u b j e c t s  f o r  a l l  and  s e l e c t e d  words  i n  
t h e  t e s t  s e n t e n c e s .......................................     82

2 .  N a t i o n a l  T e c h n i c a l  I n s t i t u t e  f o r  t h e  Deaf
r a t i n g  s c a l e  f o r  o v e r a l l  s p e e c h  i n t e l l i ­
g i b i l i t y ................................       86

3 .  Means, s t a n d a r d  d e v i a t i o n s ,  s t a n d a r d  e r r o r s
and  r a n g e s  o f  i n t e l l i g i b i l i t y  r a t i n g s  f o r  
h a r d - o f - h e a r i n g ,  d e a f  and  b o t h  g r o u p s  o f  
s u b j e c t s  a s  d e t e r m i n e d  b y  i n e x p e r i e n c e d  
an d  e x p e r i e n c e d  l i s t e n e r s  f o r  r e a d  
m a t e r i a l s ........................................................................................... 87

k .  A n a l y s i s  o f  V a r i a n c e  b e t w e e n  C h i l d  an d  S e n t e n c e  
w i t h  b e t w e e n - l i s t e n e r  d i f f e r e n c e s  t r e a t e d  a s  
p a r t  o f  t h e  R e p l i c a t i o n  E r r o r ................................ . . .  91

5 .  R e l a t i v e  f r e q u e n c y  o f  a r t i c u l a t o r y  e r r o r s  f o r
h a r d - o f - h e a r i n g ,  d e a f  and  b o t h  g r o u p s  o f  
s u b j e c t s  f o r  a l l  phonemes i n  t h e  t e s t  
s e n t e n c e s .   ......................................................    95

6 .  D i s t r i b u t i o n  o f  r e l a t i v e  f r e q u e n c y  o f  e r r o r
t y p e s  f o r  c o n s o n a n t s ......................    97

7 .  R e l a t i v e  f r e q u e n c y  o f  c o n s o n a n t  e r r o r s  f o r
h a r d - o f - h e a r i n g ,  d e a f  an d  b o t h  g r o u p s  o f  
s u b j e c t s  f o r  a l l  c o n s o n a n t s  i n  t h e  t e s t  
s e n t e n c e s ...................................     99

8 .  D i s t r i b u t i o n  o f  p r o p o r t i o n  o f  c o r r e c t l y  p r o ­
du ced  c o n s o n a n t s  a c c o r d i n g  t o  m anner  o f  
a r t i c u l a t i o n .  ....................   101

9 .  D i s t r i b u t i o n  o f  p r o p o r t i o n  o f  c o r r e c t l y  p r o ­
du ced  c o n s o n a n t s  a c c o r d i n g  t o  p l a c e  o f  
a r t i c u l a t i o n . . . . ....................................................   102

1 0 .  Rank o r d e r  o f  c o r r e c t  p r o d u c t i o n  o f  v o w e l s  f o r
words  i n  t h e  t e s t  s e n t e n c e s   ............................... 105

vii



TABLE PAGE
1 1 .  R e l a t i v e  f r e q u e n c y  o f  vowel  e r r o r s  f o r  h a r d -

o f - h e a r i n g ,  d e a f  a n d  b o t h  g r o u p s  o f  s u b j e c t s  
f o r  a l l  v o w e ls  i n  t h e  t e s t  s e n t e n c e s . . . . .   107

1 2 .  D i s t r i b u t i o n  o f  r e l a t i v e  f r e q u e n c y  o f  e r r o r
t y p e s  an d  m ost  common e r r o r s  f o r  v o w e ls  i n
t h e  t e s t  s e n t e n c e s ......................     108

1 3 .  D i s t r i b u t i o n  o f  p r o p o r t i o n  o f  c o r r e c t l y  p r o d u c e d
v o w e ls  a c c o r d i n g  t o  d e g r e e  o f  t e n s i o n ,  f r o n t ­
n e s s ,  h e i g h t  and  l i p  r o u n d i n g . . . . ............................... 110

1 ^ .  Means, s t a n d a r d  d e v i a t i o n s  and  r a n g e s  o f  o v e r ­
a l l  t e s t  s c o r e s  f o r  h a r d - o f - h e a r i n g ,  d e a f  and 
b o t h  g r o u p s  o f  s u b j e c t s  on  P r o s o d i c  F e a t u r e  
P r o d u c t i o n  T e s t  I ;  Mean p r o p o r t i o n  c o r r e c t  f o r  
e a c h  t e s t  f e a t u r e  on P r o s o d i c  F e a t u r e  P r o d u c ­
t i o n  T e s t  I ...........................    11^

1 5 .  Mean p r o p o r t i o n  c o r r e c t  f o r  each  o f  t h e  s i x
s i m p l e  s e n t e n c e s  on P r o s o d i c  F e a t u r e  P r o ­
d u c t i o n  T e s t  I . . . . . . . ...................     118

1 6 .  A n a l y s i s  o f  V a r i a n c e  b e t w e e n  F e a t u r e ,  L i s t e n e r -
Group an d  H e a r i n g - G r o u p  f o r  P r o s o d i c  F e a t u r e  
P r o d u c t i o n  T e s t  I ....................      120

1 7 .  C o m p ar i so n  o f  mean s c o r e s  on t e s t  f e a t u r e s  on
P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I  f rom  l i s ­
t e n e r s  w i t h  an d  w i t h o u t  p r i o r  kn o w led g e  o f  
t h e  t a r g e t  i t e m s .................      121

1 8 .  Means,  s t a n d a r d  d e v i a t i o n s  and  r a n g e s  o f  o v e r a l l
t e s t  s c o r e s  f o r  h a r d - o f - h e a r i n g  an d  d e a f  c h i l d ­
r e n  on P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I ;
Mean p r o p o r t i o n  c o r r e c t  f o r  each  t e s t  f e a t u r e  
f o r  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I . . . . . . .  123

1 9 .  A n a l y s i s  o f  V a r i a n c e  b e t w e e n  T r a i n i n g ,  H e a r i n g -
G roup ,  L i s t e n e r  and F e a t u r e  f o r  P r o s o d i c  
F e a t u r e  P r o d u c t i o n  T e s t  I I .......................    12^

2 0 .  Number o f  r e s p o n s e s  f o r  t h e  t a r g e t  and  f o i l s
f o r  e a c h  i t e m  on t h e  Phoneme R e c e p t i o n
T e s t . . . . .............................      126

2 1 .  Mean an d  r a n g e  o f  p r o p o r t i o n  c o r r e c t  f o r  t h e
f i v e  t e s t  f e a t u r e s  on t h e  Phoneme R e c e p t i o n  
T e s t .  .......................................     127



TABLE PAGE
2 2 .  D i s t r i b u t i o n  o f  p r o p o r t i o n  c o r r e c t  f o r  h a r d -

o f - h e a r i n g ,  d e a f  and  b o t h  g r o u p s  o f  s u b j e c t s  
f o r  e a c h  o f  t h e  t e s t  f e a t u r e s  on P r o s o d i c  
F e a t u r e  R e c e p t i o n  T e s t  I . .................................................  132

23 .  C o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  p u r e  t o n e
a v e r a g e  an d  f o r  s c o r e s  on t h e  Phoneme R e c e p t i o n  
T e s t  w i t h  s c o r e s  an d  r a t i n g s  on  a l l  t e s t s  
a d m i n i s t e r e d ........................................     146

24-. Means and  r a n g e s  o f  i n t e l l i g i b i l i t y  s c o r e s  f o r  
t h e  h e a r i n g - i m p a i r e d  c h i l d r e n  d i v i d e d  i n t o  
f o u r  q u a r t i l e s  o f  i n t e l l i g i b i l i t y ............................... 148

25 .  C o r r e l a t i o n  c o e f f i c i e n t s  f o r  i n t e l l i g i b i l i t y
s c o r e s  w i t h  s c o r e s  on a l l  t e s t s  and w i t h  t h e  
p u r e  t o n e  a v e r a g e ................. ............................................... 149



LIST OF ILLUSTRATIONS

FIGURE PAGE

1 .  P l o t  o f  t h e  d i s t r i b u t i o n  o f  pow er  v e r s u s
f r e q u e n c y  f o r  s p e e c h  s i g n a l s ....................   48

2 .  C l a s s i f i c a t i o n  o f  a u d i o g r a m s  a c c o r d i n g  t o
R i s b e r g  and  K a r t o n y .   .............................   55

3 .  D i s t r i b u t i o n  o f  mean i n t e l l i g i b i l i t y  s c o r e s
f o r  h a r d - o f - h e a r i n g  an d  d e a f  s u b j e c t s  as  
d e t e r m i n e d  by  i n e x p e r i e n c e d  l i s t e n e r s  f o r  a l l  
words  i n  t h e  t e s t  s e n t e n c e s . . . . . .   .......................     84

4 .  D i s t r i b u t i o n  o f  i n t e l l i g i b i l i t y  r a t i n g s  f o r
h a r d - o f - h e a r i n g  and  d e a f  s u b j e c t s  a s  d e t e r ­
m ined  b y  e x p e r i e n c e d  and  i n e x p e r i e n c e d  l i s ­
t e n e r s  f o r  r e a d  s p e e c h  m a t e r i a l s .............................    88

5 .  D i s t r i b u t i o n  o f  mean i n t e l l i g i b i l i t y  r a t i n g s
f o r  h a r d - o f - h e a r i n g  and  d e a f  c h i l d r e n  a s  
d e t e r m i n e d  by e x p e r i e n c e d  l i s t e n e r s  f o r  
s p o n t a n e o u s  s p e e c h  s a m p l e s . . . . . ...................................   92

6 .  D i s t r i b u t i o n  o f  f e a t u r e s  i n t e n d e d  and  p r o d u c e d
on  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I . . . . . . . . .  117

7 .  Vowel c o n f u s i o n s  on t h e  Phoneme R e c e p t i o n
T e s t   .............................................................................  131

8 .  D i s t r i b u t i o n  o f  c o n f u s i o n s  made by  h a r d - o f -
h e a r i n g  and  d e a f  s u b j e c t s  on P r o s o d i c  F ea ­
t u r e  R e c e p t i o n  T e s t  I ......................................... ...................  1 3 3 .1 3 4

9 .  D i s t r i b u t i o n  o f  r e s p o n s e s  f o r  p l a c e  o f  s t r e s s
i n  t h e  u t t e r a n c e  on P r o s o d i c  F e a t u r e  R e c e p t i o n  
T e s t  I I ................................................................................................  137

1 0 .  Median  and  r a n g e  o f  a u d i o g r a m s  f o r  t h e  h a r d - o f -
h e a r i n g  a n d  d e a f  g r o u p s  o f  c h i l d r e n . 140

1 1 .  Median  an d  r a n g e  o f  a u d i o g r a m s  f o r  t h e  h e a r i n g
i m p a i r e d  c h i l d r e n  d i v i d e d  i n t o  f o u r  q u a r t i l e s  
o f  i n t e l l i g i b i l i t y . . . . .   .................. .....................  1 4 2 ,1 4 3

1 2 .  S c a t t e r p l o t  o f  P u r e  Tone A v e ra g e  i n  t h e  b e t t e r
e a r  a s  a  f u n c t i o n  o f  i n t e l l i g i b i l i t y  s c o r e s . . .  144

x



FIGURE PAGE
1 3 .  S c a t t e r p l o t  o f  phoneme p r o d u c t i o n  s c o r e s  f o r

s e n t e n c e s  a s  a  f u n c t i o n  o f  i n t e l l i g i b i l i t y  
s c o r e s . . . . . ........................      150

1 4 .  D i s t r i b u t i o n  o f  phonem ic  e r r o r s  f o r  t h e  f o u r
q u a r t i l e s  o f  i n t e l l i g i b i l i t y . , ..................................   152

1 5 .  S c a t t e r p l o t  o f  s p o n t a n e o u s  s p e e c h  r a t i n g s  a s
a  f u n c t i o n  o f  i n t e l l i g i b i l i t y  s c o r e s . .    153

1 6 .  S c a t t e r p l o t  o f  s c o r e s  on P r o s o d i c  F e a t u r e
P r o d u c t i o n  T e s t  I  a s  a  f u n c t i o n  o f  i n t e l ­
l i g i b i l i t y  s c o r e s ....................................................................... 154

1 7 .  S c a t t e r p l o t  o f  s c o r e s  on Phoneme R e c e p t i o n
T e s t  a s  a  f u n c t i o n  o f  i n t e l l i g i b i l i t y
s c o r e s ................................    156

1 8 .  S c a t t e r p l o t  o f  s c o r e s  on P r o s o d i c  F e a t u r e
R e c e p t i o n  T e s t  I  a s  a  f u n c t i o n  o f  i n t e l ­
l i g i b i l i t y  s c o r e s ......................    158

1 9 .  S c a t t e r p l o t  o f  s c o r e s  on P r o s o d i c  F e a t u r e
R e c e p t i o n  T e s t  I I  a s  a  f u n c t i o n  o f  i n t e l ­
l i g i b i l i t y  s c o r e s .....................................      159



1

CHAPTER I 

INTRODUCTION

Normal s p e e c h  and  l a n g u a g e  d e v e lo p m e n t  i n  t h e  c h i l d  

i s  g r e a t l y  d e p e n d e n t  upon  a u d i t o r y  i n p u t .  The c h i l d  n o r ­

m a l l y  l e a r n s  t o  s p e a k  by  u n d e r s t a n d i n g  t h e  s p e e c h  t h a t  he 

h e a r s  f ro m  o t h e r s  and by  i m i t a t i n g  t h e i r  o u t p u t  and d e ­

v i s i n g  new u t t e r a n c e s  o f  h i s  own. V»hen t h e  a u d i t o r y  c h a n ­

n e l  i s  d e f e c t i v e  due t o  h e a r i n g  i m p a i r m e n t ,  t h e  n o rm a l  

p r o c e s s  o f  s p e e c h  and  l a n g u a g e  d e v e lo p m e n t  may be  s to p p e d  

o r  d e l a y e d .  The s p e e c h  w hich  d o es  d e v e l o p  i s  t y p i c a l l y  

c h a r a c t e r i z e d  by numerous  a r t i c u l a t o r y  e r r o r s ,  f a u l t y  

rh y th m  an d  a b n o r m a l  v o i c e  q u a l i t y .  The d e g r e e  o f  d i f f i ­

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

o f  t h e  h e a r i n g  l o s s  i n c u r r e d .

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

t h e  s p e e c h  o f  t h e  h e a r i n g - i m p a i r e d  h a s  b e e n  s t u d i e d  r a t h e r  

e x t e n s i v e l y .  As h e a r i n g  l o s s  i n c r e a s e s ,  a t  l e a s t  up t o  

90 d3 HTL, i t  i s  g e n e r a l l y  b e l i e v e d  t h a t  t h e  number  o f  s e g ­

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

However ,  t h i s  r e l a t i o n s h i p  i s  n o t  a  s i m p l e  o n e .  Sm ith  

( 1972 ) n o t e d  t h a t  t h e r e  w ere  i n s t a n c e s  i n  w hich  s e v e r a l  o f  

h e r  d e a f  s u b j e c t s  had  t h e  same number  o f  a r t i c u l a t o r y  e r r o r s  

b u t  d i f f e r e d  g r e a t l y  i n  t h e  d e g r e e  o f  i n t e l l i g i b i l i t y .  She
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a t t r i b u t e d  t h i s  t o  d i f f e r e n c e s  i n  t h e  c h i l d r e n ' s  p r o s o d i c  

s k i l l s ,  a  f a c t o r  whose c o n t r i b u t i o n  t o  i n t e l l i g i b i l i t y  i s  

n o t  a  new d i s c o v e r y #  Yet  s i n c e  t h e  t u r n  o f  t h e  c e n t u r y  

when A l e x a n d e r  Graham B e l l  (1916)  n o t e d  t h e  i m p o r t a n c e  o f  

n a t u r a l  " a c c e n t  and  rh y th m "  f o r  t h e  i n t e l l i g i b i l i t y  o f  a  

s p e a k e r ,  o n l y  l i m i t e d  p r o g r e s s  h a s  b e e n  made i n  i d e n t i f y i n g  

and  m e a s u r i n g  t h e s e  p r o s o d i c  f e a t u r e s  and  i n  i s o l a t i n g  them 

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

H udgins  a n d  Numbers (19^2)  d e t e r m i n e d  t h a t  s e n t e n c e s  

p r o d u c e d  w i th  " n o rm a l  r h y th m "  were f o u r  t i m e s  more l i k e l y  

t o  be  u n d e r s t o o d  t h a n  t h o s e  p r o d u c e d  w i t h  i n c o r r e c t  rhythm# 

However ,  t h e y  a l s o  n o t e d  t h a t  t h o s e  s e n t e n c e s  s p o k e n  w i t h  

n o r m a l  rh y th m  g e n e r a l l y  had  f e w e r  a r t i c u l a t o r y  e r r o r s  w h i l e  

t h o s e  w i t h  f a u l t y  rh y th m  g e n e r a l l y  had  more a r t i c u l a t o r y  

e r r o r s .  T h is  s u g g e s t s  t h a t  t h e  two f a c t o r s  o f  a r t i c u l a t i o n  

and  r h y th m  a r e  c l o s e l y  i n t e r r e l a t e d  an d  c a n n o t  e a s i l y  be 

s e p a r a t e d .  S m i th  (1972)  a l s o  e v a l u a t e d  "no n -p h o n e m ic  and  

s u p r a s e g m e n t a l  a s p e c t s  o f  s p e e c h "  ( p .  ^ 5 ) f o r  h e r  d e a f  s u b ­

j e c t s .  She fo u n d  t h a t  ju d g m e n ts  on v o i c e ,  q u a l i t y ,  p i t c h ,  

c o n t r o l ,  s t r e s s ,  f l u e n c y  and  r a t e  w ere  t o o  h i g h l y  v a r i a b l e  

t o  a l l o w  f o r  a  c l e a r  d e t e r m i n a t i o n  o f  t h e  e f f e c t s  o f  t h e s e  

f a c t o r s  on i n t e l l i g i b i l i t y .  L a t e r ,  L e v i t t  e t  a l .  (1975)  

d e v i s e d  a  t e s t  o f  p r o s o d i c  f e a t u r e  p r o d u c t i o n  w hich  e v a l u ­

a t e d  p r o d u c t i o n  o f  t h e  f e a t u r e s  o f  s t r e s s ,  p a u s e  and q u e s ­

t i o n  i n t o n a t i o n  i n  c o n t r o l l e d  t e s t  s e n t e n c e s .  The t e s t  was 

a d m i n i s t e r e d  t o  c h i l d r e n  i n  s c h o o l s  f o r  t h e  d e a f  and p r o ­

v i d e d  a  m e a s u re  o f  t h e i r  a b i l i t y  t o  p r o d u c e  some o f  t h e
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more i m p o r t a n t  p r o s o d i c  f e a t u r e s  o f  s p e e c h .

R e c o g n i z i n g  t h a t  i n t e l l i g i b i l i t y  i s  d e p e n d e n t  a s  much 

on good  s p e e c h  r e c e p t i o n  s k i l l s  a s  on good s p e e c h  p r o d u c ­

t i o n  s k i l l s ,  S m i th  s t u d i e d  v a r i o u s  m e a s u r e s  o f  r e s i d u a l  

h e a r i n g  a s  t h e y  r e l a t e d  t o  i n t e l l i g i b i l i t y .  Of t h e  v a r i ­

a b l e s  c o n s i d e r e d  ( i n c l u d i n g  p r o s o d i c  r e c e p t i o n  o f  t o n a l  

s t i m u l i ,  phonemic r e c e p t i o n ,  and p u r e  t o n e  t h r e s h o l d s  f o r  

v a r i o u s  f r e q u e n c i e s  a l o n e  and i n  c o m b i n a t i o n s ) t h e  h i g h e s t  

c o r r e l a t i o n  was fo und  b e tw e e n  p e r f o r m a n c e  on t h e  Phoneme 

R e c e p t i o n  T e s t  and s p e e c h  i n t e l l i g i b i l i t y .  S m i th  t e s t e d  

p r o f o u n d l y  d e a f  c h i l d r e n  i n  s c h o o l s  f o r  t h e  d e a f .  O b s e r ­

v a t i o n s  made a b o u t  t h i s  p o p u l a t i o n  c a n  n o t  n e c e s s a r i l y  be 

e x t e n d e d  t o  t n e  l e s s  s e v e r e l y  h e a r i n g - i m p a i r e d .  The e f ­

f e c t s  o f  t h e  d e g r e e  o f  h e a r i n g  l o s s  on s p e e c h  i n t e l l i g i ­

b i l i t y  and r e l a t e d  s k i l l s  i s  a n  i m p o r t a n t  c o n s i d e r a t i o n  

i n  t h e  e d u c a t i o n  o f  c h i l d r e n  w i t h  m i l d e r  h e a r i n g  l o s s e s  

and t h e s e  e f f e c t s  need  t o  be i n v e s t i g a t e d .

The p r i m a r y  a im o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  t h e  

r e l a t i o n s h i p  b e t w e e n  m e a s u r e s  o f  r e s i d u a l  h e a r i n g  and 

s p e e c h  p r o d u c t i o n  i n  h a r d - o f - h e a r i n g  c h i l d r e n .  These  

c h i l d r e n  a r e  t o  be  found  a l m o s t  e x c l u s i v e l y  i n  r e g u l a r  

s c h o o l s  and n o t  i n  s c h o o l s  f o r  t h e  d e a f .  T h e r e f o r e ,  f i n d ­

i n g s  b a s e d  on t h i s  p o p u l a t i o n  a l o n e  would r e f l e c t  d i f f e r ­

e n c e s  i n  e d u c a t i o n a l  s e t t i n g s  a s  w e l l  a s  i n  d e g r e e  o f  

h e a r i n g  l o s s .  S i n c e  t h e r e  a r e  a l s o  a  c o n s i d e r a b l e  number  

o f  d e a f  c h i l d r e n  who h a v e  b e e n  m a in s t r e a m e d  i n t o  t h e  r e g u ­

l a r  s c h o o l s ,  t h i s  a l l o w s  a  more b a l a n c e d  s t u d y  o f  b o t h  h a r d -
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o f - h e a r i n g  and d e a f  c h i l d r e n  w i t h i n  t h e  same s c h o o l  s y s ­

tem .  I n  a d d i t i o n ,  d i f f e r e n c e s  b e t w e e n  d e a f  c h i l d r e n  i n  

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

s t u d i e d .

A s e c o n d a r y  a im  o f  t h i s  s t u d y  was t o  d e v e l o p  im proved  

m ethods  o f  t e s t i n g  p r o s o d i c  f e a t u r e  r e c e p t i o n  an d  p r o s o d i c  

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

s k i l l s  a p p e a r  t o  b e  i n a d e q u a t e .

The p u r p o s e  o f  t h e  p r e s e n t  s t u d y  i s  t w o - f o l d :

(1 )  t o  d e t e r m i n e  w h e t h e r  t h e r e  a r e  s i g n i f i c a n t  d i f ­
f e r e n c e s  b e t w e e n  h a r d - o f - h e a r i n g  and  d e a f  c h i l d r e n  
o n  v a r i o u s  t e s t s  o f  phonemic  and  p r o s o d i c  s p e e c h  p r o ­
d u c t i o n  and r e c e p t i o n  s k i l l s  and
(2 )  t o  d e t e r m i n e  w h ich  o f  t h e s e  s k i l l s  c o r r e l a t e  m os t  
h i g h l y  w i t h  s p e e c h  i n t e l l i g i b i l i t y .
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CHAPTER I I

REVIEW OF THE LITERATURE

S p e e c h  P r o d u c t i o n  S k i l l s  

O v e r a l l  S p eech  I n t e l l i g i b i l i t y  

One o f  t h e  m a j o r  c o n s i d e r a t i o n s  i n  t h e  e d u c a t i o n  o f  

t h e  d e a f  i s  t h a t  o f  a c h i e v i n g  a  l e v e l  o f  s p e e c h  c o m p e te n c e  

su c h  t h a t  t h e  i n d i v i d u a l  c a n  make h i m s e l f  u n d e r s t o o d  t o  t h e  

" p e r s o n - o n - t h e - s t r e e t " .  V a r i o u s  i n v e s t i g a t i o n s  i n  r e c e n t  

y e a r s  h a v e  i n d i c a t e d  t h a t  o n l y  a b o u t  20% o f  t h e  s p e e c h  

o u t p u t  o f  t h e  d e a f  i s  u n d e r s t o o d  b y  i n e x p e r i e n c e d  l i s t e n e r s  

(B ran n o n ,  1964;  J o h n  and  H o w ar th ,  1965? M a r k i d e s ,  1970;  

S m i th ,  1 9 7 2 ) .  I n  e a c h  o f  t h e s e  s t u d i e s  s e v e r e l y  t o  p r o ­

f o u n d l y  d e a f  c h i l d r e n  i n  t h e  age  r a n g e  f rom  s i x  t o  f i f t e e n  

y e a r s  w ere  a s k e d  t o  r e a d  t e s t  m a t e r i a l s  o r  t o  s p e a k  s p o n ­

t a n e o u s l y  a b o u t  a n  e v e n t  o r  a  p i c t u r e .  R e c o r d i n g s  were  

made o f  t h e i r  v e r b a l  o u t p u t .  L a t e r ,  i n e x p e r i e n c e d  l i s ­

t e n e r s  w r o t e  down t h e  words  t h e y  c o u l d  r e c o g n i z e  and  a  

s c o r e  was c a l c u l a t e d  f rom  t h e  number o f  i n t e l l i g i b l e  words  

r e l a t i v e  t o  t h e  number  o f  words  p r o d u c e d .

H udg ins  and  Numbers ( 1 9 4 2 ) ,  who were  t h e  f i r s t  t o  

r e p o r t  d a t a  u s i n g  t h i s  t e c h n i q u e ,  h ad  b o t h  h a r d - o f - h e a r i n g  

and d e a f  c h i l d r e n  r e a d  s p e c i a l  s e n t e n c e s  and a s k e d  t h e  

c h i l d r e n ' s  t e a c h e r s  t o  l i s t e n  t o  t h e i r  s p e e c h  a n d  g i v e  

them a  s c o r e  f o r  t h e  number  o f  w ords  c o r r e c t l y  p r o d u c e d .
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The mean s c o r e  f o r  t h e  g r o u p  o f  e i g h t  t o  n i n e t e e n - y e a r - o l d s  

was a b o u t  29$• T h i s  s l i g h t l y  e l e v a t e d  s c o r e  com pared  w i t h  

t h a t  r e p o r t e d  by  t h e  s t u d i e s  m e n t io n e d  above  i s  p r o b a b l y  

t h e  r e s u l t  o f  a  c o m b i n a t i o n  o f  t h e  a d d i t i o n a l  e x p e r i e n c e  

o f  t h e  l i s t e n e r s  and t h e  l e s s  s e v e r e  h e a r i n g  l o s s e s  o f  

some o f  t h e  s u b j e c t s .  When M a rk id e s  (1970)  a s k e d  i n e x ­

p e r i e n c e d  and  e x p e r i e n c e d  l i s t e n e r s  t o  e v a l u a t e  t h e  s p e e c h  

o f  h i s  d e a f  s u b j e c t s ,  t h e  mean i n t e l l i g i b i l i t y  s c o r e s  o b ­

t a i n e d  were  19$  and 31$» r e s p e c t i v e l y .  Mangan (1961)  a l s o  

f o u n d  t h a t  s c o r e s  g i v e n  by  e x p e r i e n c e d  l i s t e n e r s  were 10$ 

t o  15$ h i g h e r  t h a n  t h o s e  g i v e n  by i n e x p e r i e n c e d  l i s t e n e r s ,  

f o r  t h e  same d e a f  s p e a k e r s .  Thomas (1964)  r e p o r t e d  t h a t  

s c o r e s  w ere  a b o u t  10$ b e t t e r  f o r  words  and a b o u t  25$ b e t t e r  

f o r  s e n t e n c e s  when t h e  l i s t e n e r s  w ere  e x p e r i e n c e d .

Mangan a s k e d  t e a c h e r s  t o  w a tc h  and l i s t e n  t o  t h e i r  

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

w o r d s .  The mean i n t e l l i g i b i l i t y  s c o r e  was 65$ .  T h i s  35$ 

i n c r e a s e  o v e r  t h e  a p p r o x i m a t e l y  30$ i n t e l l i g i b i l i t y  s c o r e  

o b t a i n e d  f rom  o t h e r  e x p e r i e n c e d  l i s t e n e r s  i n  o t h e r  s t u d i e s  

i s  i n  a c c o r d  w i t h  w hat  H u d g in s  and  Numbers p r e d i c t e d  would 

o c c u r  when l i s t e n i n g  s i t u a t i o n s  were  m os t  l i k e  f a c e - t o - f a c e  

c o n v e r s a t i o n .  Thomas a l s o  r e p o r t e d  s c o r e s  o f  59$ f o r  e x ­

p e r i e n c e d  l i s t e n e r s  u s i n g  a  l o o k  and  l i s t e n  s y s t e m  f o r  

e v a l u a t i n g  t h e  words  p r o d u c e d  by  d e a f  s p e a k e r s .

R e g a r d l e s s  o f  t h e  d e g r e e  o f  e x p e r i e n c e  o f  t h e  l i s ­

t e n e r s  o r  o f  t h e  e x t e n t  t h a t  c o n d i t i o n s  a r e  l i k e  n o r m a l ,  

f a c e - t o - f a c e  c o n v e r s a t i o n ,  t h e  a v e r a g e  s p e e c h  i n t e l l i g i b i -



?

l i t y  s c o r e  f o r  d e a f  c h i l d r e n  i s  p o o r .  A r e v i e w  o f  t h e  

r e l e v a n t  l i t e r a t u r e  s h o u l d  g i v e  some i n s i g h t  i n t o  why t h e s e  

s c o r e s  a r e  so  low .

P r o d u c t i o n  o f  S e g m e n t a l s  

Much a t t e n t i o n  h a s  b e e n  g i v e n  o v e r  t h e  y e a r s  t o  t h e  

a r t i c u l a t o r y  e r r o r s  made b y  d e a f  c h i l d r e n .  A c o m p r e h e n s iv e  

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

i m p a i r e d  c h i l d r e n  was r e p o r t e d  by  H udg ins  and Numbers i n  

1 9^2 .  The a u t h o r s  s t u d i e d  192 s t u d e n t s  a t  two s c h o o l s  f o r  

t h e  d e a f  w here  t h e  o r i e n t a t i o n  was to w a r d s  s t r i c t  u s e  o f  an  

o r a l  t e a c h i n g  m e th o d .  The s u b j e c t s  were  b e t w e e n  t h e  a g e s  

o f  e i g h t  an d  t w e n t y  y e a r s .  T h e i r  h e a r i n g  l o s s e s  c o v e r e d  

a  r a n g e  f rom  h a r d - o f - h e a r i n g  t o  p r o f o u n d  d e a f n e s s .  The 

s t u d e n t s  were  r e c o r d e d  w h i l e  r e a d i n g  t e n  s i m p l e  s e n t e n c e s  

and  e v a l u a t i o n s  were  made o f  t h e i r  s k i l l s  a t  p h r a s i n g ,  

a c c e n t u a t i o n  and  r h y th m  a s  w e l l  a s  a r t i c u l a t i o n .  Cor­

r e l a t i o n s  were  m e as u re d  w i t h  s e v e r i t y  o f  h e a r i n g  l o s s ,  a g e ,  

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

C o n s o n a n t a l  e r r o r s

A r t i c u l a t o r y  e r r o r s  were  c l a s s i f i e d  i n  t e r m s  o f  t h o s e  

i n v o l v i n g  c o n s o n a n t s  and  t h o s e  i n v o l v i n g  vow els  and d i p h ­

t h o n g s .  C o n s o n a n t a l  e r r o r s  f e l l  i n t o  t h e  c a t e g o r i e s  o f  

v o i c i n g  c o n f u s i o n s ,  s u b s t i t u t i o n s  o f  one c o n s o n a n t  f o r  

a n o t h e r ,  ad d ed  n a s a l i t y ,  m i s a r t i c u l a t i o n  o f  c o n s o n a n t  

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

o f  word i n i t i a l  o r  word f i n a l  c o n s o n a n t s .  H u d g in s  and
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Numbers f o u n d  v o i c i n g  e r r o r s ,  o m i s s i o n  o f  i n i t i a l  c o n s o ­

n a n t s  and  m i s a r t i c u l a t i o n  o f  c o n s o n a n t  b l e n d s  t o  o c c u r  most  

f r e q u e n t l y .  V o i c i n g  e r r o r s  u s u a l l y  c o n s i s t e d  o f  t h e  s u b ­

s t i t u t i o n  o f  a  v o i c e l e s s  c o g n a t e  f o r  t h e  i n t e n d e d  v o i c e d  

o n e .

V o i c i n g  e r r o r s

S i n c e  t h a t  c l a s s i c  i n v e s t i g a t i o n ,  numerous  o t h e r  

s t u d i e s  h a v e  b e e n  c o n c e r n e d  w i t h  t h e  n a t u r e  o f  t h e  h e a r i n g  

i m p a i r e d  c h i l d ' s  a r t i c u l a t i o n .  V o i c i n g  e r r o r s  a r e  r e p o r t e d  

f r e q u e n t l y .  M a rk id e s  (1970)  t e s t e d  e i g h t y - t h r e e  h a r d - o f -  

h e a r i n g  an d  d e a f  c h i l d r e n  a t  f i v e  s c h o o l s  f o r  t h e  d e a f  and 

p a r t i a l l y - h e a r i n g  i n  M a n c h e s t e r ,  E n g l a n d .  A l l  o f  t h e  

c h i l d r e n  were  e i t h e r  s e v e n  o r  n i n e  y e a r s  o l d .  They to o k  

a n  a r t i c u l a t i o n  t e s t  c o n s i s t i n g  o f  t w e n t y - f o u r  p i c t o r i a l l y  

p r e s e n t e d  m o n o s y l l a b i c  w o rd s .  T e s t  r e s u l t s  showed t h a t  

when v o i c e d  s t o p s  w ere  i n t e n d e d ,  t h e  v o i c e l e s s  c o g n a t e  was 

f r e q u e n t l y  s u b s t i t u t e d .  Mangan (1961)  had b o t h  e x p e r i e n c e d  

a n d  i n e x p e r i e n c e d  l i s t e n e r s  e v a l u a t e  t h e  s p e e c h  p r o d u c t i o n  

a b i l i t y  o f  t w e n t y - o n e  d e a f  an d  n i n e  h a r d - o f - h e a r i n g  c h i l d ­

r e n  r e a d i n g  a  l i s t  o f  f a m i l i a r  p h o n e t i c a l l y  b a l a n c e d  w o rd s .  

A common e r r o r  r e p o r t e d  was t h a t  o f  d e v o i c i n g  o f  t h e  f i n a l  

v o i c e d  c o n s o n a n t s .  Nober  ( 1 9 6 7 ) s t u d i e d  f o r t y - s i x  h a r d -  

o f - h e a r i n g  and d e a f  c h i l d r e n  b e t w e e n  t h e  a g e s  o f  t h r e e  and 

f i f t e e n  y e a r s  a t  t h e  M i l l  Neck Manor S c h o o l  f o r  t h e  D ea f .

He r e p o r t e d  t h a t  i n t e n d e d  v o i c e l e s s  s o u n d s  were  more o f t e n  

p r o d u c e d  c o r r e c t l y  t h a n  i n t e n d e d  v o i c e d  s o u n d s .  A l th o u g h  

t h i s  i s  n o t  t h e  same a s  t h e  f i n d i n g  t h a t  v o i c e l e s s  sounds



9

a r e  s u b s t i t u t e d  f o r  v o i c e d  o n e s ,  i t  s t i l l  i m p l i e s  t h a t  

v o i c e d  s o u n d s  a r e  h a r d e r  t o  p r o d u c e .

C o n t r a r y  t o  t h e s e  f i n d i n g s ,  Sm i th  (1972)  r e p o r t e d  a  

r e v e r s e  t e n d e n c y  o f  a  g r e a t e r  p r o p o r t i o n  o f  s u b s t i t u t i o n s  

o f  v o i c e d  so u n d s  f o r  t h e i r  v o i c e l e s s  c o g n a t e s  a s  o p p o sed  t o  

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

c h i l d r e n  a t  t h e  L e x i n g t o n  S c h o o l  f o r  t h e  D e a f ,  a  s t r i c t l y  

o r a l  s c h o o l .  The c h i l d r e n  were  a s k e d  t o  r e a d  t w e n t y  

s p e c i a l l y  d e s i g n e d  s e n t e n c e s  w h ich  i n c o r p o r a t e d  a l l  o f  t h e  

m o s t  f r e q u e n t l y  u s e d  phonemes  o f  E n g l i s h  and  i n c l u d e d ,  

w h e n e v e r  p o s s i b l e ,  t r a n s i t i o n s  t o  an d  f ro m  t h e  v o w e ls  / i / ,  

/ a e / a n d  / u /  w i t h  e ac h  o f  t h e  s e v e n  p l a c e s  o f  a r t i c u l a t i o n .

The words  w ere  i n  t h e  e x p e c t e d  v o c a b u l a r y  r a n g e  o f  e i g h t  

y e a r  o l d  d e a f  c h i l d r e n  ( S m i th ,  1972 ,  p .  3 9 ) •  V o i c i n g  

e r r o r s  w ere  fo und  t o  b e  v e r y  numerous  i n  t h i s  d e a f  p o p u l a ­

t i o n .  H e i d e r  e t  a l . ,  ( 1 9 ^ 1 ) ,  i n  a  s t u d y  o f  s p o n t a n e o u s  

s p e e c h  v o c a l i z a t i o n s  o f  h a r d - o f - h e a r i n g  and  d e a f  c h i l d r e n  

a g e s  t h r e e  y e a r s - t e n  m onths  t o  s i x  y e a r s - t e n  m o n th s ,  

r e p o r t e d  a  g r e a t e r  t e n d e n c y  t o  u s e  v o i c e d  so u n d s  t h a n  

t h e i r  v o i c e l e s s  c o g n a t e s .  C a r r  (1953)  a l s o  r e p o r t e d  t h e  t e n ­

d e n c y  f o r  young  d e a f  c h i l d r e n  t o  p r o d u c e  more v o i c e d  so u n d s  

t h a n  v o i c e l e s s  ones  i n  s p o n t a n e o u s  s p e e c h .  N e i t h e r  o f  

t h e s e  r e p o r t s  i n d i c a t e d  w h e t h e r  t h e  v o i c e d  so u n d s  w ere  

a p p r o p r i a t e  t o  t h e  u t t e r a n c e  o r  w h e t h e r  t h e y  may h a v e  b e e n  

r e p l a c i n g  i n t e n d e d  v o i c e l e s s  o n e s .

I f  t h e  p r e d o m in a n c e  o f  v o i c e d  phonemes o v e r  v o i c e l e s s  

o n es  i s  g e n e r a l l y  t h e  c a s e ,  t h e n  i t  may b e  a  m a n i f e s t a t i o n
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o f  t h e  p r o b le m  o f  c o n t i n u o u s  p h o n a t i o n  a t t r i b u t e d  t o  many 

s e v e r e l y  h e a r i n g  i m p a i r e d  i n d i v i d u a l s .  T h i s  c o n d i t i o n  i s  

c h a r a c t e r i z e d  b y  v o i c e  c o n t i n u i n g  a f t e r  t h e  c o m p l e t i o n  o f  

a  p h r a s e  o r  s t a r t i n g  b e f o r e  a n  u t t e r a n c e  ( M i l l i n ,  1 9 7 1 ) .  

T h i s  t e n d s  t o  make a l l  phonemes sound  v o i c e d .  A n o t h e r  

e x p l a n a t i o n  f o r  t h e  h i g h  i n c i d e n c e  o f  v o i c i n g  e r r o r s  may 

b e  t h a t  t h e  p r o b le m  i s  n o t  due  s o  much t o  t h e  l a c k  o f  

v o i c i n g  d i s t i n c t i o n s  i n  c o n s o n a n t s .  I n s t e a d ,  t h e  d u r a t i o n  

o f  t h e  p r e c e d i n g  vowel  may a f f e c t  t h e  l i s t e n e r ' s  p e r c e p t i o n  

o f  t h e  p r e s e n c e  o f  v o i c i n g  i n  t h e  c o n s o n a n t  (D en es ,  1955? 

R a p h a e l ,  1 9 7 2 ) .  A l t h o u g h  v o i c i n g  e r r o r s  were  nu m ero u s ,  

t h e r e  was o n l y  a  m o d e s t  c o r r e l a t i o n  b e t w e e n  t h e  number o f  

v o i c i n g  e r r o r s  and  o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y  i n  

S m i t h ' s  s t u d y  ( 1 9 7 2 ) .  H udg ins  and  Numbers had  r e p o r t e d  

v o i c i n g  e r r o r s  a l o n g  w i t h  e r r o r s  i n  c o n s o n a n t  b l e n d s  and 

o m i s s i o n  o f  t h e  i n i t i a l  c o n s o n a n t  t o  h a v e  a n  i m p o r t a n t  

e f f e c t  on i n t e l l i g i b i l i t y .

O m is s io n s

S e v e r a l  r e s e a r c h e r s  (H u d g in s  and  Numbers,  1 9 ^ 2 j 

M a r k i d e s ,  1 9 70 ;  S m i th ,  1972)  h a v e  r e p o r t e d  t h a t  o m i s s i o n  

o f  t h e  i n t e n d e d  c o n s o n a n t  i s  a  f r e q u e n t  e r r o r  t y p e  i n  t h e  

s p e e c h  o f  t h e  d e a f .  H udg ins  and  Numbers n o t e d  a  d i f f e r e n c e  

i n  t h e  s i g n i f i c a n c e  o f  t h e s e  o m i s s i o n s  t o  i n t e l l i g i b i l i t y  

b a s e d  on w h e t h e r  t h e  o m i s s i o n s  o c c u r r e d  i n  i n i t i a l  o r  f i n a l  

p o s i t i o n  i n  t h e  w ord .  A l th o u g h  t h e  e r r o r  t y p e  o c c u r r e d  

f r e q u e n t l y  i n  b o t h  l o c a t i o n s ,  t h e r e  was a  c o r r e l a t i o n  o f  

- . 5 6  b e t w e e n  i n t e l l i g i b i l i t y  an d  o m i s s i o n s  i n  i n i t i a l



11

p o s i t i o n  a n d  a  c o r r e l a t i o n  o f  o n l y  - . 1 6  f o r  o m i s s i o n s  i n  

f i n a l  p o s i t i o n .  I n  c o n t r a s t ,  b o t h  M a rk id e s  and  S m i th  

r e p o r t e d  h i g h  c o r r e l a t i o n s  b e t w e e n  i n t e l l i g i b i l i t y  and  

o m i s s i o n s  i n  f i n a l  p o s i t i o n  ( r = - . 8 7 ,  - . 6 5 , r e s p e c t i v e l y ) .  

C a u t i o n  m u s t  b e  e x e r c i s e d  i n  i n t e r p r e t i n g  c o r r e l a t i o n s .  

A l th o u g h  a  p a r t i c u l a r  e r r o r  may o c c u r  f r e q u e n t l y  a s  i n t e l ­

l i g i b i l i t y  d e c r e a s e s ,  one c a n  n o t  b e  c e r t a i n  t h a t  c o r r e c t i o n  

o f  t h e  p a r t i c u l a r  e r r o r  would im prove  i n t e l l i g i b i l i t y  s i g ­

n i f i c a n t l y .  T h e re  a r e  f r e q u e n t l y  i n t e r r e l a t i o n s h i p s  b e t w e e n  

e r r o r  t y p e s  w h ich  a r e  n o t  e n t i r e l y  a p p a r e n t  on t h e  s u r f a c e .  

F o r  ex a m p le ,  E r r o r  A c a u s e s  a  s u b s t a n t i a l  r e d u c t i o n  i n  

i n t e l l i g i b i l i t y  w h e r e a s  E r r o r  3 h a s  l i t t l e  e f f e c t  on i n t e l ­

l i g i b i l i t y .  However ,  E r r o r  3 o c c u r s  a l m o s t  e v e r y  t i m e  

E r r o r  A o c c u r s .  T h e re  w i l l  t h u s  be  a  l a r g e  n e g a t i v e  c o r ­

r e l a t i o n  b e t w e e n  E r r o r  3 and i n t e l l i g i b i l i t y  a s  t h e r e  i s  

b e t w e e n  E r r o r  A and  i n t e l l i g i b i l i t y .  D e s p i t e  t h e  h i g h  

c o r r e l a t i o n  b e t w e e n  E r r o r  B and  i n t e l l i g i b i l i t y ,  c o r r e c t i o n  

o f  E r r o r  3 w i l l  hav e  l i t t l e  e f f e c t  on i n t e l l i g i b i l i t y .

P o s i t i o n  o f  e r r o r  i n  word

W hereas  H u d g in s  a n d  Numbers r e p o r t e d  a  h i g h  i n c i d e n c e  

o f  c o n s o n a n t  e r r o r s  i n  i n i t i a l  p o s i t i o n  i n  t h e  word ,  i n  

more r e c e n t  y e a r s ,  a  g r e a t e r  f r e q u e n c y  o f  e r r o r s  on c o n s o ­

n a n t s  i n  word f i n a l  p o s i t i o n  h a s  b e e n  r e p o r t e d .  Nober 

( 1 9 6 7 ) f o u n d  t h e  o r d e r  o f  c o n s o n a n t  e r r o r s  t o  i n c r e a s e  

a c c o r d i n g  t o  p o s i t i o n  i n  t h e  word f rom  i n i t i a l  t o  m e d i a l  

t o  f i n a l .  F o r  b o t h  t h e  p a r t i a l l y - h e a r i n g  an d  d e a f  c h i l d r e n  

s t u d i e d  b y  M a r k i d e s ,  e r r o r s  i n v o l v i n g  t h e  f i n a l  c o n s o n a n t s
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w ere  more numerous  t h a n  e r r o r s  i n v o l v i n g  i n i t i a l  c o n s o n a n t s #  

A l th o u g h  b o t h  k i n d s  o f  e r r o r s  c o r r e l a t e d  h i g h l y  w i t h  i n t e l ­

l i g i b i l i t y  ( r * - . 8 7  f o r  e a c h ) ,  f i n a l  c o n s o n a n t  e r r o r s  were  

r e p o r t e d  i n  t h e  t h r e e  h i g h e s t  r a n k i n g  a r t i c u l a t o r y  e r r o r  

c a t e g o r i e s  a f f e c t i n g  s p e e c h  i n t e l l i g i b i l i t y .  S m i t h ' s  

s u b j e c t s  a l s o  had  a  m arked  i n c r e a s e  i n  t h e  number  o f  e r r o r s  

f o r  c o n s o n a n t s  i n  f i n a l  p o s i t i o n  o v e r  i n i t i a l  o r  m e d i a l  

p o s i t i o n .

C o n so n a n t  b l e n d s

P r o d u c t i o n  o f  c o n s o n a n t  b l e n d s  was n o t  a lw a y s  t e s t e d  

by  t h e  numerous  e x a m i n e r s  o f  d e a f  s p e e c h .  H udg ins  and 

Numbers r e p o r t e d  t h a t  t h e  f r e q u e n c y  o f  e r r o r s  i n  c o n s o n a n t  

b l e n d s  had a n  i m p o r t a n t  e f f e c t  on  t h e  l i s t e n e r ' s  a b i l i t y  

t o  u n d e r s t a n d  t h e  c h i l d .  The c h i l d r e n  w ere  r e p o r t e d  t o  add 

a n  a d d i t i o n a l  vo w e l ,  u s u a l l y  / 9 / ,  b e tw e e n  t h e  two e l e m e n t s  

o f  t h e  b l e n d ,  t h u s  c h a n g i n g  t h e  r h y th m  o f  t h e  u t t e r a n c e ,  

o r  e l s e  t h e y  e l i m i n a t e d  one o f  t h e  e l e m e n t s .  C o r r e l a t i o n s  

o f  i n t e l l i g i b i l i t y  w i t h  e r r o r s  i n  c o n s o n a n t  b l e n d s  w ere  

- . 4 7  and - . 4 1 ,  r e s p e c t i v e l y ,  f o r  t h e  two s c h o o l s  t e s t e d .  

B ra n n o n  (1 9 6 4 )  t e s t e d  t w e n t y  d e a f  c h i l d r e n  on t h e  T e m p l in -  

D a r l e y  S c r e e n i n g  T e s t  o f  a r t i c u l a t i o n  and found  m i s a r t i c u ­

l a t i o n  o f  c o n s o n a n t  b l e n d s  t o  be  a n  i m p o r t a n t  e r r o r .  Sm i th  

t e s t e d  / p , t , k /  and / s /  i n  b l e n d s  f o r  o l d e r  c h i l d r e n  o n l y  

and  found  o m i s s i o n  o f  one  e l e m e n t  o r  t h e  o t h e r  o f  t h e  b l e n d  

t o  o c c u r  f r e q u e n t l y .
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P l a c e  o f  a r t i c u l a t i o n

T h e re  i s  g e n e r a l  a g r e e m e n t  i n  t h e  l i t e r a t u r e  r e g a r d i n g  

b e t t e r  p r o d u c t i o n  o f  b i l a b i a l  s o u n d s  t h a n  o t h e r  c o n s o n a n t s  

b o t h  i n  i s o l a t e d  words  and  i n  s e n t e n c e s  (N ober ,  1967;  

H u n t i n g t o n  e t  a l . , 1968;  L e v i t t  e t  a l . , 197*0 an d  i n  

s p o n t a n e o u s  s p e e c h  o f  young  d e a f  c h i l d r e n  ( H e i d e r  e t  a l . , 

19*+1; C a r r ,  1953)* C a r r  r e p o r t e d  h e r  d e a f  c h i l d r e n  t o  u s e  

more f r o n t  c o n s o n a n t s  t h a n  b a c k  c o n s o n a n t s  an d  more f r o n t  

v o w e ls  t h a n  n o rm a l  h e a r i n g  c h i l d r e n  u s e d ,  Nober ,  t e s t i n g  

c o n s o n a n t  p r o d u c t i o n  i n  i s o l a t e d  w o rd s ,  f o u n d  t h a t  a s  t h e  

p l a c e  o f  c o n s o n a n t  p r o d u c t i o n  moved f u r t h e r  b a c k  i n  t h e  

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

w i t h  t h e  e x c e p t i o n  o f  g l o t t a l  s o u n d s .  The o r d e r  o f  c o r r e c t  

p r o d u c t i o n  o f  c o n s o n a n t s  w h ich  he  r e p o r t e d  was a s  f o l l o w s :  

b i l a b i a l s ,  59$ ;  l a b i o d e n t a l s ,  4 8 $ ;  g l o t t a l ,  3^$» l i n g u a -  

d e n t a l s ,  32$ ;  l i n g u a - a l v e o l a r s ,  23$ ;  l i n g u a p a l a t a l s ,  18$; 

an d  l i n g u a v e l a r s ,  12 $ .  T h e se  f i n d i n g s  a r e  i n  f a i r l y  good 

a g r e e m e n t  w i t h  t h e  c o n c e p t  t h a t  t h o s e  s o u n d s  which a r e  more 

v i s i b l e  a r e  e a s i e r  f o r  t h e  d e a f  c h i l d  t o  p r o d u c e  s i n c e  he 

c a n  r e l y  on a  s e n s o r y  a v e n u e  w h ich  i s  f u n c t i o n i n g  n o r m a l l y  

t o  s u p p l y  him w i t h  i n p u t .  H u n t i n g t o n  e t  a l .  (1968)  made 

EMG m e a s u re m e n t s  f rom  t h e  o r a l  a r t i c u l a t o r s  o f  two n o rm a l  

s u b j e c t s  a n d  two d e a f  a d u l t s  who had  had  c o n s i s t e n t  s p e e c h  

t h e r a p y  s i n c e  t h e  d e t e c t i o n  o f  t h e i r  h e a r i n g  p ro b le m s  b e f o r e  

t h e y  s t a r t e d  s c h o o l .  A l t h o u g h  t h e y  fo u n d  t h a t  t h e  d e a f  were 

more l i k e l y  t o  p r o d u c e  a  c o n s o n a n t  c o r r e c t l y  i f  t h e y  had  a  

v i s u a l  model  t o  f o l l o w  ( i . e . ,  t h e  more v i s i b l e  so u n d s
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/ b , m #w /)  t h e y  s u g g e s t e d  t h a t  v i s i b i l i t y  i t s e l f  was n o t  t h e  

c r u c i a l  f a c t o r  d e t e r m i n i n g  why b i l a b i a l  so u n d s  were  more 

o f t e n  c o r r e c t  t h a n  o t h e r  c o n s o n a n t s .  They p r o p o s e d  t h a t  

t o n g u e  movements  were  a c t u a l l y  h a r d e r  t h a n  l i p  movements 

a n d  t h e r e f o r e ,  l i n g u a - a l v e o l a r s ,  l i n g u a d e n t a l s  and  l i n g u a -  

v e l a r s  would be  h a r d  t o  p r o d u c e .  T h i s  i n t e r p r e t a t i o n  i s  

a l s o  c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  c i t e d  ab o v e  (N ober)  

t h a t  t h e  f r e q u e n c y  o f  c o r r e c t  p r o d u c t i o n  o f  t h e  g l o t t a l  

c o n s o n a n t s  i s  g r e a t e r  t h a n  t h a t  o f  t h e  l i n g u a d e n t a l s ,  

l i n g u a - a l v e o l a r s ,  l i n g u a p a l a t a l s  and l i n g u a v e l a r s .

E r r o r s  i n  v o w e ls  and v o w e l - l i k e  sounds  

B a s i c  e r r o r  t y p e s

H u d g in s  an d  Numbers c l a s s i f i e d  vow el  and  d i p h t h o n g  

e r r o r s  i n t o  f i v e  c a t e g o r i e s *  (1 )  s u b s t i t u t i o n  o f  one vowel 

f o r  a n o t h e r ,  (2 )  d i s t o r t i o n  o f  d i p h t h o n g s ,  (3 )  n e u t r a l i z a ­

t i o n ,  (4 )  d i p h t h o n g i z a t i o n  and (5 )  n a s a l i z a t i o n  o f  v o w e l s .  

I n  t e r m s  o f  a b s o l u t e  num bers  o f  e r r o r s ,  t h e r e  were  f a r  more 

vow el  s u b s t i t u t i o n s  t h a n  a n y  o t h e r  c a t e g o r y  o f  e r r o r .  

However ,  when c o m p a r in g  t h e  number  o f  d i s t o r t i o n s  o f  

d i p h t h o n g s  w i t h  r e s p e c t  t o  t h e  number  o f  t i m e s  a  d i p h t h o n g  

was t h e  i n t e n d e d  s o u n d ,  t h e  r e l a t i v e  f r e q u e n c y  o f  t h i s  

e r r o r  t y p e  i s  much g r e a t e r  t h a n  o f  a n y  o f  t h e  c a t e g o r i e s  o f  

vow el  e r r o r s .  I n  1970 ,  M ark id e s  a l s o  r e p o r t e d  d i p h t h o n g s  

t o  be  h a r d e r  t h a n  vow els  f o r  t h e  d e a f  c h i l d r e n  t o  p r o d u c e .

D ip h th o n g  e r r o r s  i n  t h e  d e a f  h av e  b e e n  r e p o r t e d  t o  be  

p r o l o n g a t i o n  o f  b o t h  phoneme p a r t s  (H u d g in s  and N umbers) ,  

e l i m i n a t i o n  o f  t h e  s e c o n d  e l e m e n t  (H udg ins  and Numbers,
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M a r k i d e s ,  S m i t h ) ,  o m i s s i o n  o f  t h e  f i r s t  e l e m e n t  (Mangan) o r  

s u b s t i t u t i o n  o f  t h e  n e u t r a l  schwa f o r  t h e  i n t e n d e d  d i p h t h o n g  

( M a r k i d e s ) . '

Vowel e r r o r s

With  r e s p e c t  t o  vow el  s u b s t i t u t i o n s ,  H udg ins  an d  

Numbers and  M a rk id e s  r e p o r t e d  t h e  t e n d e n c y  f o r  t h e  d e a f  

s p e a k e r s  t o  s u b s t i t u t e  vo w e ls  t h a t  were  n o t  c l o s e l y  r e l a t e d  

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

O t h e r  i n v e s t i g a t o r s  f o u n d  a  h i g h  i n c i d e n c e  o f  t e n s e - l a x  

c o n f u s i o n s  (S m i th )  and  s u b s t i t u t i o n s  f rom  a d j a c e n t  so u n d s  

on t h e  N o r th h a m p to n  C h a r t  (M angan) .  I n  f a c t ,  Mangan to o k  

t h i s  a s  e n c o u r a g e m e n t  t h a t  o n l y  s m a l l  m o d i f i c a t i o n s  were  

n e e d e d  i n  o r d e r  t o  t r a i n  t h e  d e a f  t o  p r o d u c e  t h e  c o r r e c t  

t a r g e t  s o u n d .

A l th o u g h  n o t  c o n s i d e r e d  h i g h l y  s i g n i f i c a n t  vow el  

e r r o r s  b y  H udg ins  an d  Numbers,  o t h e r  i n v e s t i g a t o r s  hav e  

r e p o r t e d  t h e  p r o b le m s  o f  n e u t r a l i z a t i o n  ( H e i d e r  e t  a l . ,

1 9 ^ 1 ;  M a r k i d e s ,  1970;  S m i t h ,  1 9 7 2 ) ,  d i p h t h o n g i z a t i o n  (Boone,  

1 966 ;  M a r k i d e s ,  1970)  and  n a s a l i z a t i o n  (M a r to n y ,  1965 ,  1966) 

o f  v o w e l s .

Back v o w e l s ,  a s  a  r u l e ,  w ere  p r o d u c e d  c o r r e c t l y  more 

o f t e n  t h a n  f r o n t  o n e s  (Mangan,  1961 ;  N ober ,  1968 ) and  

v o w e ls  w i t h  low  to n g u e  p o s i t i o n  were  c o r r e c t  more o f t e n  

t h a n  t h o s e  w i t h  mid o r  h i g h  t o n g u e  p o s i t i o n  ( N o b e r ) .  T h i s  

s u p p o r t s  B o o n e ' s  t h e o r y  ( 1966 ) t h a t  t h e  d e a f  hav e  d i f f e r e n t  

r e s o n a n c e  p a t t e r n s  b e c a u s e  t h e y  t e n d  t o  k e e p  t h e i r  t o n g u e s  

t o o  f a r  b a c k  and  t o o  low i n  t h e i r  m o u th s ,  t h u s  i n t e r f e r i n g
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w i t h  c o r r e c t  p r o d u c t i o n  o f  f r o n t  an d  h i g h  v o w e ls  h u t  

a c h i e v i n g  b e t t e r  p r o d u c t i o n  o f  b a c k  and  low o n e s .

Some s t u d i e s  r e p o r t  a  p r e d o m in a n c e  o f  n e u t r a l  vow els  

i n  t h e  d e a f  c h i l d ' s  s p e e c h  ( H e i d e r ,  S m i t h ) .  F u r t h e r  e v i ­

d e n c e  i n  s u p p o r t  o f  t h i s  f i n d i n g  i s  f u r n i s h e d  by  A n g e l o c c i ,  

Kopp and  H o l b r o o k  (1964)  who s t u d i e d  s p e c t r o g r a p h s  made b y  

e i g h t e e n  e l e v e n  t o  f o u r t e e n - y e a r - o l d  m a le s  r e a d i n g  CVC 

w o r d s .  F u n d a m e n ta l  f r e q u e n c y  a n d  f o r m a n t s  were  a n a l y z e d .  

R e s u l t s  showed t h a t  t h e  r a n g e s  o f  f r e q u e n c y  and  a m p l i t u d e  

f o r  t h e  f i r s t  t h r e e  v o w e l  f o r m a n t s  f o r  t h e  d e a f  s u b j e c t s  

w ere  s m a l l e r  t h a n  f o r  t h e  n o rm a l  s u b j e c t s  o f  t h e  same a g e .

A p l o t  o f  t h e  f r e q u e n c y  o f  F^ a g a i n s t  F^ showed a  h i g h  

d e g r e e  o f  o v e r l a p  among t h e  v o w e ls  p r o d u c e d  b y  t h e  d e a f  

s p e a k e r s .  A l s o  F^ a n d  F^ v a l u e s  f o r  e a ch  vow el  t e n d e d  

t o w a r d  t h o s e  f o r  t h e  n e u t r a l  v o w e l .

R e l a t i v e  f r e q u e n c y  o f  c o n s o n a n t  a n d  vowel  e r r o r s

R e g a r d l e s s  o f  w h e t h e r  c h i l d r e n  were  t e s t e d  on s p e e c h  

p r o d u c t i o n  i n  c o n t i n u o u s  s p e e c h  o r  on i s o l a t e d  t e s t  w o rd s ,  

r e s e a r c h e r s  h av e  fo u n d  t h a t  c o n s o n a n t s  a r e  more o f t e n  i n  

e r r o r  t h a n  v o w e ls  an d  d i p h t h o n g s .  F o r  t e s t  words i n  s e n ­

t e n c e s ,  H udg ins  and  Numbers r e p o r t e d  21# c o n s o n a n t  and  12# 

v o w e l  e r r o r s  f o r  t h e i r  d e a f  s u b j e c t s ,  w h i l e  S m i th  fo u n d  

53#  c o n s o n a n t  e r r o r s  an d  39# v o w e l  and  d i p h t h o n g  e r r o r s  

f o r  h e r  d e a f  p o p u l a t i o n .  Both  B rannon  (1966)  and M a rk id e s  

fo u n d  more c o n s o n a n t  t h a n  vowel  e r r o r s  when t h e  phonemes 

a p p e a r e d  i n  i s o l a t e d  t e s t  w o r d s .  M a r k i d e s '  h a r d - o f - h e a r i n g  

s u b j e c t s  p r o d u c e d  9# e r r o r  f o r  v o w e ls  an d  26# e r r o r  f o r



17

c o n s o n a n t s  w h i l e  h i s  d e a f  g ro u p  h ad  56% e r r o r  f o r  v o w e l s  and 

72% e r r o r  f o r  c o n s o n a n t s .

S e v e r a l  e x p l a n a t i o n s  hav e  b e e n  o f f e r e d  f o r  t h e  h i g h e r  

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

B ra n n o n  c l a i m e d  t h a t  v o w e ls  a r e  a c t u a l l y  p r o d u c e d  c o r r e c t l y  

more o f t e n  t h a n  c o n s o n a n t s  s i n c e  vow els  c a r r y  more e n e r g y ,  

a r e  e a s i e r  t o  h e a r  an d  r e q u i r e  l e s s  d i f f i c u l t  t o n g u e  a d j u s t ­

m e n t s  t h a n  c o n s o n a n t s .  On t h e  o t h e r  h a n d ,  H udgins  and  

Numbers n o t e d s

. . . e x p e r i m e n t e r s  w ere  l e s s  c r i t i c a l  i n  d e t e r m i n i n g  
t h e  d e g r e e  o f  v o w e l  a c c u r a c y  t h a n  t h a t  o f  c o n s o n a n t s .  
The j u s t i f i c a t i o n  f o r  t h i s  l i e s  i n  t h e  n a t u r e  o f  t h e  
vow el  i t s e l f  an d  i n  d e g r e e  o f  t o l e r a n c e  o f  t h e  n o rm a l  
e a r  f o r  a  w ide  d e g r e e  o f  vow el  d i s t o r t i o n  (p .  3 2 1 ) .

M o reo v e r ,  Monsen (1 9 7 6 )  s u g g e s t e d  t h a t  b e c a u s e  l i s t e n e r s

p e r c e i v e  more c o n s o n a n t  t h a n  v o w e l  e r r o r s ,  i t  i s  n o t  t r u e

t h a t  t h e  a r t i c u l a t i o n  o f  c o n s o n a n t s  p e r  s e  i s  w o rse  t h a n

t h a t  o f  v o w e l s .  He w r i t e s :

I f  we may as sum e  t h a t  v o w e ls  i n  g e n e r a l  co n v e y  
t o  t h e  l i s t e n e r  more c o n s o n a n t a l  c u e s  t h a n  c o n s o ­
n a n t s  do v o c a l i c  c u e s ,  t h e n  i t  i s  r e a s o n a b l e  t h a t  
a  r e d u c t i o n  i n  e f f e c t s  o f  t r a n s i t i o n  f ro m  one 
s p e e c h  sound  t o  t h e  n e x t  may r e s u l t  i n  f e w e r  
c o n s o n a n t s  b e i n g  c o r r e c t l y  p e r c e i v e d  t h a n  vow els  
( p .  2 8 8 ) .

F i n a l l y ,  s i n c e  more c o n s o n a n t s  t h a n  vow e ls  a r e  g e n e r a l l y  

p r o d u c e d  i n  r u n n i n g  s p e e c h ,  t h e r e  i s  a  g r e a t e r  l i k e l i h o o d  

o f  t h e r e  b e i n g  more e r r o r s  on c o n s o n a n t s  t h a n  on v o w e l s .

I n  a d d i t i o n  t o  t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  c o n ­

s o n a n t  e r r o r s  compared  w i t h  vowel  e r r o r s ,  c o n s o n a n t  e r r o r s  

a r e  g e n e r a l l y  b e l i e v e d  t o  be more d i r e c t l y  c o r r e l a t e d  w i th  

o v e r a l l  i n t e l l i g i b i l i t y  t h a n  v o w e l  e r r o r s  a r e .  H u d g in s
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a n d  Numbers r e p o r t e d  r h y th m  an d  c o n s o n a n t  a r t i c u l a t i o n  to  

b e  more i m p o r t a n t  t h a n  vowel  a r t i c u l a t i o n  i n  o v e r a l l  i n t e l ­

l i g i b i l i t y .  M a rk id e s  f o u n d  a  c o r r e l a t i o n  o f  - . 8 7  b e t w e e n  

c o n s o n a n t  e r r o r s  and i n t e l l i g i b i l i t y  and  o n l y  - . 6 6  b e tw e e n  

vow el  e r r o r s  and  i n t e l l i g i b i l i t y .  A l th o u g h  b o t h  e r r o r  

t y p e s  c o r r e l a t e d  s i g n i f i c a n t l y  w i t h  i n t e l l i g i b i l i t y ,  c o n ­

s o n a n t  e r r o r s  were  f e l t  t o  p l a y  a  more i m p o r t a n t  r o l e .  

However ,  c a u t i o n  m us t  b e  e x e r c i s e d  i n  i n t e r p r e t i n g  t h e s e  

c o r r e l a t i o n s .  The f r e q u e n c y  o f  o c c u r r e n c e  o f  a  p a r t i c u l a r  

e r r o r  t y p e  m u s t  b e  t a k e n  i n t o  c o n s i d e r a t i o n  when i n t e r ­

p r e t i n g  i t s  e f f e c t  on i n t e l l i g i b i l i t y .  An e r r o r  t y p e  which 

d o e s  n o t  o c c u r  f r e q u e n t l y  may f a i l  t o  show a  s i g n i f i c a n t  

c o r 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 .  However ,  when t h a t  e r r o r  

t y p e  d o e s  o c c u r ,  i t  may c o n t r i b u t e  t o  a  s i g n i f i c a n t  r e d u c ­

t i o n  i n  i n t e l l i g i b i l i t y .  F o r  e x a m p le ,  o m i s s i o n  o f  t h e  

i n t e n d e d  v o w e l  d o e s  n o t  a p p e a r  t o  c o r r e l a t e  h i g h l y  w i t h  

i n t e l l i g i b i l i t y .  T h i s  i s  due t o  t h e  f a c t  t h a t  i t  d o e s  n o t  

o c c u r  o f t e n .  Yet  when i t  d o e s  o c c u r ,  i t  i s  g e n e r a l l y  a n  

e r r o r  o f  m a j o r  s i z e  s i n c e  i t  u s u a l l y  e n t a i l s  o m i s s i o n  o f  

a n  e n t i r e  s y l l a b l e  ( L e v i t t ,  1 9 7 7 ) .

I n  g e n e r a l ,  c o r r e l a t i o n s  o f  phonemic  e r r o r s  t o  o v e r a l l  

i n t e l l i g i b i l i t y  a r e  h i g h  and  a r e  f a i r l y  c o n s i s t e n t  a c r o s s  

s t u d i e s *  3 r a n n o n  (1964)  - . 7 9 .  Montgomery (1967)  - . 8 0 ,  

M a rk id e s  (1 9 7 0 )  - . 8 7  an d  S m i th  (1 9 7 2 )  - . 8 0 .

Summaryt p r o d u c t i o n  o f  s e g m e n t a l s

T h e re  a p p e a r s  t o  b e  f a i r l y  good a g r e e m e n t  i n  t h e  

l i t e r a t u r e  t h a t  v o i c i n g  e r r o r s  an d  o m i s s i o n  o f  c o n s o n a n t s
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i n  word f i n a l  p o s i t i o n  o c c u r  f r e q u e n t l y  i n  t h e  s p e e c h  o f  t h e  

d e a f  i n d i v i d u a l .  However,  t h e r e  i s  l e s s  a g r e e m e n t  w i t h  

r e s p e c t  t o  t h e  e f f e c t s  o f  t h e s e  e r r o r s  on o v e r a l l  s p e e c h  

i n t e l l i g i b i l i t y .  A l t h o u g h  H u d g in s  and  Numbers r e p o r t e d  

v o i c i n g  e r r o r s  among t h o s e  m os t  i m p o r t a n t  t o  i n t e l l i g i b i l i t y ,  

S m i th  f o u n d  t h a t  i n  s p i t e  o f  t h e  h i g h  i n c i d e n c e  o f  t h i s  e r ­

r o r  t y p e ,  o n l y  a  m o d e s t  c o r r e l a t i o n  ( - . 3 6 ) was fo u n d  b e tw e e n  

v o i c i n g  e r r o r s  a n d  i n t e l l i g i b i l i t y .  Where M a rk id e s  fo u n d  a  

c o r r e l a t i o n  o f  - . 8 7  b e t w e e n  f i n a l  c o n s o n a n t  o m i s s i o n s  and  

i n t e l l i g i b i l i t y ,  S m i th  f o u n d  a  c o r r e l a t i o n  o f  o n l y  - . 65 , 

a n d  H u d g in s  an d  Numbers f o u n d  a  c o r r e l a t i o n  o f  - . 1 6 .

T y p i c a l  k i n d s  o f  vow el  e r r o r s  r e p o r t e d  a r e  s u b s t i t u ­

t i o n s  o f  a n o t h e r  vow el  made w i t h  v e r y  s i m i l a r  p l a c e m e n t  o f  

t h e  a r t i c u l a t o r s  a s  t h e  i n t e n d e d  vow el  o r  s u b s t i t u t i o n  o f  

a  n e u t r a l  / 3 /  o r  / / \ / .  C o n s o n a n t a l  e r r o r s  a r e  r e p o r t e d  t o  

o c c u r  more f r e q u e n t l y  t h a n  vow el  e r r o r s  a n d  a l s o  a p p e a r ,  

a t  l e a s t  a t  f i r s t  g l a n c e ,  t o  show a  h i g h e r  n e g a t i v e  c o r ­

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  t h a n  a r e  v o w e l  e r r o r s .

P r o d u c t i o n  o f  S u p r a s e g m e n t a l s

A l t h o u g h  much a t t e n t i o n  h a s  b e e n  g i v e n  t o  t h e  s e g ­

m e n t a l  e r r o r s  made b y  t h e  d e a f ,  i t  h a s  l o n g  b e e n  r e c o g n i z e d  

t h a t  s u p r a s e g m e n t a l  d e f i c i e n c i e s  c o n t r i b u t e  a s  much o r  more 

t o  t h e  p r o b le m  o f  p o o r  i n t e l l i g i b i l i t y  i n  t h e  s p e e c h  o f  t h e  

d e a f .  H u d g in s  an d  Numbers (1 9 ^2 )  r e p o r t e d  t h a t  t h o s e  

u t t e r a n c e s  m arked  b y  f a u l t y  r h y th m  (5 5 #  o f  a l l  u t t e r a n c e s )  

a c c o u n t e d  f o r  o n l y  26# o f  a l l  o f  t h e  i n t e l l i g i b l e  s e n ­

t e n c e s  r e a d  by  t h e i r  d e a f  s u b j e c t s .  However ,  t h e  r e m a i n i n g
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u t t e r a n c e s  w h ich  were  c h a r a c t e r i z e d  b y  good u s e  o f  r h y th m ,  

r e g a r d l e s s  o f  w h e t h e r  t h e r e  were  numerous  a r t i c u l a t o r y  

e r r o r s ,  a c c o u n t e d  f o r  7 o f  a l l  o f  t h e  i n t e l l i g i b l e  

s e n t e n c e s  r e a d #  Thus i t  would  seem t h a t  i f  a  s e n t e n c e  i s  

p r o d u c e d  w i t h  a p p r o p r i a t e  r h y th m  i t  s t a n d s  a  b e t t e r  c h a n c e  

o f  b e i n g  u n d e r s t o o d .  The p r o p e r  r h y th m  o r  t i m i n g  o f  s p e e c h  

i s  a f f e c t e d  b y  s u c h  f a c t o r s  a s  o v e r a l l  r a t e ,  d u r a t i o n  o f  

phonem es ,  p a u s i n g  and  g r o u p i n g  o f  s y l l a b l e s .

T im in g

R a t e

On t h e  a v e r a g e ,  d e a f  s p e a k e r s  s p e a k  a t  a  much s l o w e r  

r a t e  t h a n  n o r m a l  s p e a k e r s  ( R a w l i n g s ,  1935» 1936;  V o e l k e r ,  

1938 ;  C a l v e r t ,  I 96 I ;  Boone,  1966;  B ran n o n ,  1966 ; Hood, 1966 ; 

M a r to n y ,  1 9 6 6 ; C o l t o n  a n d  C o o k e r ,  1968 ;  B o o th r o y d ,

N i c k e r s o n  a n d  S t e v e n s ,  197*M N i c k e r s o n ,  S t e v e n s ,  B o o th r o y d  

an d  R o l l i n s ,  197 * 0 .  I n  1938 V o e l k e r  com pared  n i n e t y - e i g h t  

d e a f  and  t h i r t e e n  n o r m a l  h e a r i n g  c h i l d r e n  i n  g r a d e s  one 

t h r o u g h  t h r e e  on r e a d i n g  r a t e .  He fo u n d  t h a t  t h e  f a s t e s t  

d e a f  r e a d e r  was s l i g h t l y  s l o w e r  t h a n  t h e  a v e r a g e  n o r m a l  

r e a d e r .  The a v e r a g e  r e a d i n g  r a t e s  f o r  t h e  two g r o u p s  were  

6 9 .6  and  16*+.*+ words  p e r  m in u te  f o r  t h e  d e a f  and  n o rm a l  

h e a r i n g  c h i l d r e n ,  r e s p e c t i v e l y .  N i c k e r s o n  e t  a l .  (197*0 

t e s t e d  s l i g h t l y  o l d e r  d e a f  a n d  c o n t r o l  g r o u p s  on r e a d i n g  

r a t e  and s t i l l  f o u n d  l a r g e  d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s ,  

a l t h o u g h  t h e  mean r a t e  f o r  t h e  d e a f  g r o u p  was a s  h i g h  a s  

108 words  p e r  m i n u t e .  T h i s  seems i n  k e e p i n g  w i t h  B o o n e ' s  

(1 9 6 6 )  f i n d i n g s  t h a t  t h e  r a t e  o f  t h e  s p e e c h  o f  t h e  d e a f
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i n c r e a s e s  w i t h  a g e  b u t  s t i l l  r e m a i n s  c o n s i d e r a b l y  s l o w e r  

t h a n  t h a t  o f  n o rm a l  s p e a k e r s .  I n  a d d i t i o n  t o  m e a s u r i n g  t h e  

number o f  words  p e r  m i n u t e ,  N i c k e r s o n  e t  a l .  s t u d i e d  t h e i r  

s u b j e c t s '  u t t e r a n c e s  i n  t e r m s  o f  number o f  s y l l a b l e s  p e r  

s e c o n d .  They r e p o r t e d  a n  a v e r a g e  o f  2 .0  s y l l a b l e s  o r  4 . 7  

phonemes p e r  s e c o n d  f o r  t h e  d e a f  a s  com pared  w i t h  3*3 s y l ­

l a b l e s  and a b o u t  8 . 0  phonemes p e r  s e c o n d  f o r  n o r m a l  s p e a k e r s .  

The number o f  s y l l a b l e s  p e r  s e c o n d  f o r  t h e  n o r m a l  g r o u p  i s  

i d e n t i c a l  w i t h  t h e  p r e d i c t e d  number s u g g e s t e d  by  P i c k e t t  

(1968) .

The p r o b le m  o f  r e d u c e d  s p e a k i n g  r a t e  f o r  t h e  d e a f  

i n d i v i d u a l s  seems t o  b e  r e l a t e d  t o  t h e  two s e p a r a t e  p r o b ­

lem s  o f  i n c r e a s e d  d u r a t i o n  o f  phonemes and  im p r o p e r  and  

o f t e n  p r o l o n g e d  p a u s e s  w i t h i n  u t t e r a n c e s .

I n c r e a s e d  d u r a t i o n  o f  phonemes

The d u r a t i o n  o f  a  phoneme b e a r s  i m p o r t a n t  i n f o r m a t i o n  

i n  t h e  p e r c e p t i o n  o f  a  s p e e c h  m e s s a g e .  D u r a t i o n a l  c h a n g e s  

i n  vow els  s e r v e  t o  d i f f e r e n t i a t e  n o t  o n l y  b e t w e e n  vo w e ls  

t h e m s e l v e s  b u t  b e tw e e n  s i m i l a r  c o n s o n a n t s  a d j a c e n t  t o  t h o s e  

v o w e l s .  Vowels a r e  g e n e r a l l y  l o n g e r  i n  t h e  p r e s e n c e  o f  

v o i c e d  s t o p s  and  c o n t i n u a n t s  (House and F a i r b a n k s ,  1953* 

D en es ,  1955* R a p h a e l ,  1 9 7 2 ) .  T h i s  l e n g t h e n i n g  o f  t h e  vowel 

c o n t r i b u t e s  t o  t h e  p e r c e p t i o n  o f  t h e  c o n s o n a n t .  U n f o r ­

t u n a t e l y ,  h o w e v e r ,  t h e  d u r a t i o n  o f  phonemes i s  d i s t o r t e d  i n  

t h e  s p e e c h  o f  t h e  d e a f .  T h e re  i s  a  g e n e r a l  t e n d e n c y  t o ­

w ard s  a  l e n g t h e n i n g  o f  v o w e ls  and  c o n s o n a n t s  ( A n g e l o c c i ,

1 9 6 2 j C a l v e r t ,  1962;  J o h n  and H o w ar th ,  1965* Boone, 1 9 6 6 j
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L e v i t t ,  S m i th  and  S t r o m b e r g ,  197*0 .  A n g e l o c c i  c l a i m e d  t h a t  

h i s  d e a f  s u b j e c t s  t o o k  f o u r  t o  f i v e  t i m e s  a s  l o n g  t o  p r o ­

d u c e  f r i c a t i v e s  a s  d i d  h i s  n o rm a l  s u b j e c t s .  The c l o s u r e  

p e r i o d s  f o r  p l o s i v e s  w ere  a l s o  c o n s i d e r a b l y  p r o l o n g e d .  

A c c o r d i n g  t o  Hood ( 1 9 6 6 ) ,  t r a i n i n g  on d u r a t i o n  o f  phonemes 

would  im prove  i n t e l l i g i b i l i t y  s i g n i f i c a n t l y  i f  a r t i c u l a t i o n  

was good .

Monsen (197*0 s t u d i e d  t w e l v e  d e a f  and  s i x  n o r m a l  

h e a r i n g  a d o l e s c e n t s  a s  t h e y  r e a d  f i f t y - s i x  C V (C ) ' s  c o n ­

t a i n i n g  t h e  vow e ls  / i /  o r  / ! / .  He fo und  t h a t  t h e  d e a f  

s u b j e c t s  t e n d e d  t o  c r e a t e  m u t u a l l y  e x c l u s i v e  d u r a t i o n a l  

c l a s s e s  f o r  t h e  two v o w e ls  s u c h  t h a t  t h e  d u r a t i o n  o f  one 

v o w e l  c o u l d  n o t  a p p r o x i m a t e  t h a t  o f  t h e  o t h e r  e v en  when 

t h e y  o c c u r r e d  i n  t h e  p r e s e n c e  o f  d i f f e r e n t  c o n s o n a n t s .  F o r  

t h e  n o rm a l  s u b j e c t s ,  t h e  d u r a t i o n  o f  / i /  was a lw a y s  l o n g e r  

t h a n  / I /  f o r  a  p a r t i c u l a r  c o n s o n a n t  e n v i r o n m e n t  b u t  t h e  

a b s o l u t e  d u r a t i o n s  o f  t h e  two v o w e ls  c o u l d  o v e r l a p  i f  t h e  

a c c o m p a n y in g  c o n s o n a n t s  d i f f e r e d .  Thus a l t h o u g h  t h e  vow els  

p r o d u c e d  by  t h e  d e a f  s u b j e c t s  were  d i s t i n c t  i n  t e r m s  o f  

d u r a t i o n ,  t h e y  were  s t i l l  l e s s  i n t e l l i g i b l e  s i n c e  t h e  

l i s t e n e r  c o u l d  n o t  r e l y  on n o r m a l  d e c o d i n g  s t r a t e g i e s  t o  

i n t e r p r e t  w ha t  he h e a r d .

A n o t h e r  m a n i f e s t a t i o n  o f  t h e  p r o b le m  o f  d u r a t i o n  o f  

phonemes r e l a t e s  t o  t h e  d i f f e r e n t i a t i o n  b e t w e e n  s t r e s s e d  

an d  u n s t r e s s e d  s y l l a b l e s .  N i c k e r s o n  e t  a l .  (197*0 m ea s u re d  

t h e  d u r a t i o n  o f  s y l l a b l e s  i n  f o u r  s h o r t  u t t e r a n c e s  r e a d  by  

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

s y l l a b l e  t o  t h a t  o f  t h e  u n s t r e s s e d  s y l l a b l e  a d j a c e n t  t o  i t .  

The r e s u l t s  showed t h a t  t h e  d e a f  c h i l d r e n  f a i l e d  t o  p r o d u c e  

d i f f e r e n c e s  b e t w e e n  t h e  d u r a t i o n s  o f  t h e  s t r e s s e d  and u n ­

s t r e s s e d  s y l l a b l e s  t h a t  were  a s  g r e a t  a s  t h o s e  p r o d u c e d  by  

t h e  n o rm a l  h e a r i n g  c h i l d r e n .  A l th o u g h  b o t h  t h e  d e a f  and 

t h e  n o r m a l  c h i l d r e n  t e n d e d  t o  p r o l o n g  t h e  s y l l a b l e  i n  

p h r a s e  o r  s e n t e n c e  f i n a l  p o s i t i o n ,  t h e  d e a f  s u b j e c t s  a l s o  

p r o d u c e d  t h e  u n s t r e s s e d  s y l l a b l e s  w i t h  i n c r e a s e d  d u r a t i o n .  

B o o t h r o y d ,  N i c k e r s o n  an d  S t e v e n s  (197*0 r e p o r t e d  t h e  u n ­

s t r e s s e d  s y l l a b l e s  t o  t a k e  t w i c e  a s  l o n g  f o r  t h e  d e a f  

a s  f o r  t h e  n o r m a l s .  A n g e l o c c i  (1 9 6 2 )  fo u n d  t h a t  t h e  d u r a ­

t i o n s  o f  t h e  u n s t r e s s e d  v o w e ls  p r o d u c e d  b y  t h e  d e a f  s p e a k e r s  

i n  h i s  s t u d y  w e re  f o u r  t o  f i v e  t i m e s  a s  l o n g  a s  t h e  a v e r a g e  

o f  t h a t  p r o d u c e d  b y  h e a r i n g  s p e a k e r s .  T h i s  l a c k  o f  d i f ­

f e r e n t i a t i o n  b e t w e e n  l e n g t h  o f  s t r e s s e d  a n d  u n s t r e s s e d  s y l ­

l a b l e s  c o n t r i b u t e s  t o  t h e  l i s t e n e r ' s  p e r c e p t i o n  o f  im p r o p e r  

a c c e n t  o r  s t r e s s  i n  t h e  s p e e c h  o f  t h e  d e a f  a s  r e p o r t e d  by  

H u d g in s  (19*+6) a n d  L e v i t t  ( 1 9 7 1 ) .  McGarr (1976)  n o t e d  t h a t  

when h e r  one  h u n d r e d  and  t w e n t y - f i v e  d e a f  s u b j e c t s  r e a d  

t e s t  s e n t e n c e s  d e s i g n e d  t o  e v a l u a t e  t h e i r  a b i l i t y  t o  p r o ­

d u c e  s t r e s s ,  p a u s e  an d  r i s i n g  i n t o n a t i o n ,  one o u t  o f  f o u r  

s u b j e c t s  g a v e  e q u a l  s t r e s s  t o  a l l  w o rd s ,  r e a d i n g  i n  a  

s t a c c a t o  f a s h i o n .

D u r a t i o n  i s  n o t  o n l y  i n c r e a s e d  f o r  u n s t r e s s e d  s y l ­

l a b l e s  b u t  f o r  s t r e s s e d  s y l l a b l e s  a s  w e l l .  J o h n  and  Howarth  

(1 9 6 5 )  fo u n d  t h a t  t h e  d u r a t i o n  o f  m o n o s y l l a b i c  words  s p o k e n
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b y  t h e i r  d e a f  s u b j e c t s  was n e a r l y  t w i c e  t h a t  f o r  t h e  same 

w ords  s p o k e n  by  h e a r i n g  c h i l d r e n .  A s t u d y  i s  p r e s e n t l y  i n  

p r o g r e s s  i n  w h ich  r e c o r d e d  s p e e c h  o f  d e a f  c h i l d r e n  i s  b e i n g  

m a n i p u l a t e d  b y  c o m p u te r  t o  a l t e r  d e v i a n t  t i m i n g  p a t t e r n s  

( O s b e r g e r ,  1 9 7 7 ) .  P a u s e s  a r e  e l i m i n a t e d ,  an d  b o t h  a b s o l u t e  

and  r e l a t i v e  d u r a t i o n  o f  s y l l a b l e s  a r e  c h a n g e d  i n  a n  e f f o r t  

t o  p r o d u c e  more i n t e l l i g i b l e  s p e e c h .  P r e l i m i n a r y  r e s u l t s  

show t h a t  f o r  some s u b j e c t s  t h e r e  were  s m a l l  im p ro v em en ts  

i n  i n t e l l i g i b i l i t y  a s  t h e  r a t i o  o f  t h e  d u r a t i o n  o f  s t r e s s e d  

t o  u n s t r e s s e d  s y l l a b l e s  was a l t e r e d .

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

phonemes  i n  t h e  s p e e c h  o f  t h e  d e a f  ( C a l v e r t ,  1961;  Hood, 

1 9 66)  i s  f e l t  t o  b e  r e l a t e d  t o  t h e  t e a c h i n g  o f  a r t i c u l a t i o n  

o f  i n d i v i d u a l  i s o l a t e d  e l e m e n t s  r a t h e r  t h a n  l o n g e r  more 

m e a n i n g f u l  u n i t s  o f  s p e e c h  ( R a w l i n g s ,  1935* 1936;  J o h n  and 

H o w ar th ,  1965;  Boone,  1 9 6 6 ) ,  A l th o u g h  t h e  a r t i c u l a t i o n  o f  

i n d i v i d u a l  phonemes i s  e x t r e m e l y  i m p o r t a n t  f o r  s p e e c h  i n ­

t e l l i g i b i l i t y ,

. . . u n l e s s  t h e  p r o p e r  r e l a t i o n s h i p s  b e t w e e n  s o u n d s  
i n  s e q u e n c e  e x i s t  i n  t h e  s p e e c h  o f  d e a f  c h i l d r e n  
i t  w i l l  b e  no more i n t e l l i g i b l e  t h a n  w ere  t h e  r e ­
s u l t s  o f  s y n t h e s i z i n g  s p e e c h  by  s t r i n g i n g  t o g e t h e r  
i s o l a t e d  e l e m e n t s  ( J o h n  and  H ow ar th ,  1965* p .  1 2 9 ) .

Normal t r a n s i t i o n a l  e l e m e n t s  b e t w e e n  phonemes an d  b e t w e e n

s y l l a b l e s  a r e  n e c e s s a r y  f o r  t h e  sm oo th  f l o w  o f  s p e e c h .

I n t e r p h o n e m i c  t r a n s i t i o n s

The d e a f  do n o t  move t h e i r  a r t i c u l a t o r s  c o r r e c t l y  i n  

p r o c e e d i n g  f ro m  one phoneme t o  t h e  n e x t  ( A n g e l o c c i ,  1962;  

C a l v e r t ,  1961 ,  1962;  J o h n  and H o w ar th ,  1 965 ;  M ar to n y ,  1965»
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1966 ;  B ra n n o n ,  1966;  L e v i t t  and  Nye, 1 9 7 1 J S m i t h ,  1972 j 

S t e v e n s ,  N i c k e r s o n ,  B o o th r o y d  a n d  R o l l i n s ,  1 9 7 6 ) .  C a l v e r t  

s e l e c t e d  t e n  e x p e r i e n c e d  l i s t e n e r s  who s a i d  t h e y  c o u l d  

i d e n t i f y  a  d e a f  s p e a k e r  b y  v o i c e  q u a l i t y  a l o n e .  He e x ­

p o s e d  them t o  r e c o r d i n g s  o f  v o w e l s ,  d i p h t h o n g s ,  mono- and  

b i s y l l a b i c  w ords  and  s e n t e n c e s  r e a d  by  d e a f  and  n o rm a l  

h e a r i n g  s p e a k e r s ,  s p e a k e r s  w i t h  h a r s h  an d  b r e a t h y  v o i c e s  

a n d  s p e a k e r s  s i m u l a t i n g  d e a f  s p e e c h .  F o r  u t t e r a n c e s  i n ­

v o l v i n g  v o w e ls  a l o n e ,  t h e  l i s t e n e r s  a c h i e v e d  o n l y  5# 

a c c u r a c y  i n  j u d g i n g  w h a t  g r o u p  t h e  s p e a k e r  b e l o n g e d  t o .

As t h e  l e n g t h  o f  t h e  u t t e r a n c e  i n c r e a s e d  t o  i n c l u d e  t r a n s i ­

t i o n a l  e l e m e n t s  b e t w e e n  phonemes and  w o rd s ,  a c c u r a c y  o f  

ju d g m e n t s  im proved  u n t i l  a  s c o r e  o f  70% was a c h i e v e d  f o r  

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

d e a f  s p e a k e r  i s  d e p e n d e n t  upon  dynam ic  f a c t o r s  o f  s p e e c h ,  

t h e  movement f ro m  one  a r t i c u l a t o r y  p o s i t i o n  t o  t h e  n e x t .

I n t r u s i v e  e l e m e n t s  a r e  o f t e n  j o i n e d  t o  t h e  i n t e n d e d  

v o w e l  o r  c o n s o n a n t .  S m i th  (1972)  n o t e d  t h e  p r e s e n c e  o f  

a d d e d  a t t a c k  c o n s o n a n t s  on  vow els  and ad d ed  r e l e a s e  vow els  

on  c o n s o n a n t s .  C a l v e r t  (1 9 6 2 )  r e f e r r e d  t o  a n  i n t r u s i v e  

g l i d e ,  u s u a l l y  a  / 3 / ,  t o  d e s c r i b e  t h e  a u d i b l e  on a n d  o f f  

g l i d e s  o f  v o w e ls  i n  d e a f  s p e e c h .  He n o t e d  t h a t  i n  n o r m a l  

s p e e c h  t h e s e  g l i d e s  a r e  c l e a r l y  v i s i b l e  on  Sonagrams b u t  

t h e y  o c c u r  r a p i d l y  an d  a r e  i n a u d i b l e ,  R a w l in g s  (1935»

1936)  p r o p o s e d  t h a t  p a r t  o f  t h e  p r o b le m  had  t o  do w i t h  t h e  

f a c t  t h a t  a l l  phonemes were  l e a r n e d  a s  r e l e a s i n g  so u n d s  

and  t h i s  a d d s  e x t r a  s y l l a b l e s  when t h e  s o u n d s  s h o u l d  b e
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a r r e s t i n g .  L e v i t t  (1 9 7 1 )  s u g g e s t e d  t h a t  w h i l e  m oving  f rom  

one a r t i c u l a t o r y  p o s i t i o n  t o  t h e  n e x t ,  t h e  d e a f  c h i l d  u n ­

i n t e n t i o n a l l y  e m i t s  e x t r a  s o u n d s .  O th e r  k i n d s  o f  t r a n s i ­

t i o n a l  p r o b le m s  i n c l u d e  t h e  t i m i n g  o f  v o i c e  o n s e t  r e l a t i v e  

t o  r e l e a s e  o f  v o i c e l e s s  s t o p s  ( A n g e l o c c i ,  1962 ) ,  o f  t h e  

o n s e t  o f  n a s a l i z a t i o n  f o r  n a s a l  c o n s o n a n t s  ( S t e v e n s  e t  a l . ,

1976 ) ,  a n d  o f  t h e  end o f  n a s a l i z a t i o n  on n a s a l  c o n s o n a n t s  

(M a r to n y ,  1965* 1966 ) .

P a u s e s

I n  a d d i t i o n  t o  t h e  a l t e r e d  d u r a t i o n a l  p a t t e r n s  o f  t h e  

s p e e c h  o f  t h e  d e a f ,  t h e r e  a r e  n o t e d  i n c r e a s e s  i n  w i t h i n -  and 

b e t w e e n - p h r a s e  p a u s e s  w h ich  c o n t r i b u t e  t o  o v e r a l l  r a t e  

p r o b le m s  and  t h u s  t o  d e c r e a s e d  i n t e l l i g i b i l i t y  (H u d g in s ,  

1 946 ;  J o h n  an d  H ow ar th ,  1965? Boone,  1966 } B o o th ro y d  e t  a l . , 

1974} L e v i t t  e t  a l . ,  1 9 7 4 ;  N i c k e r s o n  e t  a l . ,  1974;  F o r n e r  

and  H ix o n ,  1 9 7 7 ) .  S t a r k  and  L e v i t t  (1974)  r e p o r t e d  t h a t  

t h e i r  d e a f  s u b j e c t s  t e n d e d  t o  p a u s e  a f t e r  e v e r y  word an d  to  

g i v e  s t r e s s  t o  a l m o s t  e v e r y  word i n  s p e c i a l l y  p r e p a r e d  s e n ­

t e n c e s  d e s i g n e d  t o  t e s t  t h e  u s e  o f  p a u s e  and  s t r e s s .  Ac­

c o r d i n g  t o  J o h n  an d  H o w ar th  ( 1965 ) t h e  s i l e n c e s  b e t w e e n  

w o rd s  o f t e n  a c c o u n t e d  f o r  one h a l f  t h e  t o t a l  t im e  t a k e n  i n  

s a y i n g  t e s t  s e n t e n c e s .

As e a r l y  a s  1946 ,  H udg ins  n o t e d  t h a t  p a r t  o f  t h e  

p r o b le m  o f  p a u s i n g  was r e l a t e d  t o  i t s  i n a p p r o p r i a t e  p l a c e ­

m e n t .  B o o th ro y d  e t  a l ,  (1974)  f o u n d  w i t h i n - p h r a s e  p a u s e s  

t o  b e  a  more s e r i o u s  p r o b le m  t h a n  b e t w e e n - p h r a s e  p a u s e s  

when t h e y  com pared  d e a f  t o  n o rm a l  h e a r i n g  s p e a k e r s .  On t h e
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a v e r a g e ,  w i t h i n - p h r a s e  p a u s e s  l a s t e d  e i g h t  t i m e s  l o n g e r  f o r  

d e a f  t h a n  n o rm a l  s u b j e c t s .  N i c k e r s o n  e t  a l .  (197*0 r e p o r t e d  

t h a t  t o t a l  p a u s e  t i m e  f o r  h e a r i n g  c h i l d r e n  c o n s t i t u t e d  25# 

o f  t h e  t im e  r e q u i r e d  t o  p r o d u c e  t h e i r  t e s t  s e n t e n c e s  w h i l e  

p a u s e  t i m e  f o r  t h e  d e a f  was 4-0#.

B o o th ro y d  e t  a l .  (197*0 s e t  up a  v i s u a l  t r a i n i n g  

p r o g ra m  c o n s i s t i n g  o f  *4-50 h o u r s  o f  i n d i v i d u a l  t u t o r i n g  on 

n o n s e n s e  s y l l a b l e s  and  m e a n i n g f u l  words  and p h r a s e s  w i t h  

e m p h a s i s  on r e d u c i n g  t h e  d u r a t i o n  o f  u n s t r e s s e d  s y l l a b l e s  

a n d  w i t h i n - p h r a s e  p a u s e s .  R a t e r s  n o t e d  s i g n i f i c a n t  i m p ro v e ­

m en ts  i n  t h e s e  a r e a s  when t h e  s u b j e c t s  r e a d  t h e  same s e t  o f  

s e n t e n c e s  a f t e r  t r a i n i n g  t h a t  t h e y  had  r e a d  b e f o r e  t r a i n i n g .  

Im p ro v em en ts  on u n r e h e a r s e d  s p e e c h  w ere  n o t  a s  a p p a r e n t .

The a u t h o r s  w ere  somewhat  s u r p r i s e d  a t  f i r s t  t o  d i s c o v e r  

t h a t  i n  s p i t e  o f  t h e  t e m p o r a l  im p ro v e m e n t s ,  t h e  s u b j e c t s  a s  

a  g r o u p  showed no s i g n i f i c a n t  i n c r e a s e  i n  i n t e l l i g i b i l i t y .  

T h i s  seemed t o  be  i n  d i r e c t  c o n t r a s t  w i t h  J o h n  an d  H o w a r t h ' s  

r e p o r t  (1965)  o f  mean i n c r e a s e  i n  i n t e l l i g i b i l i t y  o f  56# 

f o r  t h e i r  s u b j e c t s  a f t e r  t r a i n i n g ,  B o o th ro y d  e t  a l .  s u g ­

g e s t  t h a t  t h e  d i f f e r e n c e s  i n  f i n d i n g s  may be  due  t o  t h e  

f a c t  t h a t  some o f  J o h n  and H o w a r t h ' s  s u b j e c t s  had  more 

r e s i d u a l  h e a r i n g  a n d , s i n c e  a n  a u d i t o r y  t r a i n i n g  p rog ram  

had  b e e n  u s e d ,  t h e  s u b j e c t s  may h a v e  l e a r n e d  b e t t e r  p i t c h  

and  i n t o n a t i o n  a s  w e l l  a s  t i m i n g  w h ich  would h a v e  c o n t r i ­

b u t e d  t o  t h e i r  o v e r a l l  i n t e l l i g i b i l i t y .

L e v i t t ,  S m i th  and  S t r o m b e r g  (197*0 l o o k e d  a t  a  com­

b i n a t i o n  o f  p a u s e s  an d  phoneme d u r a t i o n  a s  t h e s e  f a c t o r s
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a f f e c t e d  i n t e l l i g i b i l i t y .  They c r e a t e d  a  m e a s u re  o f  d e v i a n t  

d u r a t i o n

. . . i n  w hich  p a u s e s  an d  e x c e s s i v e  p r o l o n g a t i o n  
o f  v o i c e d  s e g m e n ts  were  w e i g h t e d  i n  i n v e r s e  
p r o p o r t i o n  t o  t h e  v a r i a t i o n  i n  d u r a t i o n  f o r  
c o r r e s p o n d i n g  s e c t i o n s  i n  t h e  h e a r i n g  c h i l d ­
r e n ' s  s p e e c h .

When t h i s  m e a s u re  was compared  t o  i n t e l l i g i b i l i t y  s c o r e s ,  

t h e  a u t h o r s  fo u n d  a  t r e n d  to w ard  t h e  r e d u c t i o n  i n  i n t e l ­

l i g i b i l i t y  a s  t h e  w e i g h t e d  d e v i a n t  d u r a t i o n  i n c r e a s e d .

The e x c e s s i v e  and  i n a p p r o p r i a t e  u s e  o f  p a u s e s  l e a d s  

t o  t h e  p e r c e p t i o n  o f  i m p r o p e r  g r o u p i n g  o f  s y l l a b l e s  

(H u d g in s ,  19^6? N i c k e r s o n  e t  a l . , 1 9 7 ^ ) .  H udg ins  (1937)  

b lam ed  t h e s e  p ro b le m s  on p o o r  b r e a t h  c o n t r o l .  He c l a i m e d  

t h a t  t h e  d e a f  u sed  t o o  much b r e a t h  p e r  s y l l a b l e  an d  t h a t  

t h e y  d i d  n o t  g r o u p  s y l l a b l e s  i n t o  b r e a t h  g r o u p s  and  p h r a s e s  

a s  n o rm a ls  w o u ld .  R a w l in g s  (1 9 3 5 ,  1936)  fo u n d  no s i g n i f i ­

c a n t  d i f f e r e n c e s  b e tw e e n  d e a f  and  n o rm a l  i n d i v i d u a l s  f o r  

b r e a t h i n g  i n  q u i e t ,  b u t  t h a t  t h e  d e a f  u s e d  more b r e a t h  i n  

s p e a k i n g  t h a n  d i d  n o rm a l  h e a r i n g  i n d i v i d u a l s  a n d  t h a t  t h e  

amount  o f  b r e a t h  u s e d  i n c r e a s e d  w i t h  i n c r e a s i n g  s e v e r i t y  

o f  h e a r i n g  l o s s .  R e c e n t l y ,  F o r n e r  and  H ix o n  (1977)  r e ­

c o n f i r m e d  t h e  f a c t  t h a t  m u s c l e  a c t i v i t y  i s  n o rm a l  f o r  d e a f  

i n d i v i d u a l s  d u r i n g  q u i e t  b r e a t h i n g  b u t  n o t e d  t h a t  t h e y  do 

n o t  t a k e  i n  enough a i r  when b r e a t h i n g  f o r  s p e e c h .  T h e r e ­

f o r e ,  t h e y  m u s t  r e l y  on t i d a l  a i r  and  m us t  combat  t h e  f o r ­

c e s  o f  r e c o i l  t h r o u g h o u t  s p e e c h .  Hudg ins  (1937)  c l a i m e d  

t h a t  t h e r e  was a  l a c k  o f  c o o r d i n a t i o n  b e tw e e n  t h e  movements  

o f  t h e  r e s p i r a t o r y  m u s c l e s  an d  t h e  a r t i c u l a t o r s  and  p r o p o s e d
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t r a i n i n g  p ro g ra m s  t o  im p ro v e  v o i c e  and  b r e a t h i n g .  He warned  

(1 9 ^ 6 )  t h a t  s p e e c h  r h y th m  h a s  t o  b e  t a u g h t  f ro m  t h e  s t a r t  

an d  n o t  s u p e r i m p o s e d  on  a n  e x i s t i n g  p a t t e r n  o f  i s o l a t e d  

so u n d  p r o d u c t i o n .  Phoneme d u r a t i o n  c h a n g e s  d e p e n d i n g  upon  

t h e  s t r e s s  i n  t h e  s e n t e n c e  and t h u s  b e c a u s e  s o u n d s  v a r y ,  

t h e y  c a n n o t  be  t a u g h t  i n  i s o l a t i o n .

T e s t s  o f  t i m i n g  an d  r e l a t e d  p r o s o d i c  s k i l l s

T h e re  d o e s  n o t  seem t o  b e  much d i s p u t e  t h a t  d e a f  

s p e a k e r s  do n o t  u s e  s t r e s s  and  p a u s e  a p p r o p r i a t e l y  i n  t h e i r  

s p e e c h .  However ,  l i t t l e  h a s  b e e n  done u n t i l  r e c e n t l y  t o  

d e t e r m i n e  w h e t h e r  t h e  d e a f  a r e  c a p a b l e  o f  u s i n g  t h e s e  p r o ­

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

s p e c i f i c a l l y  d e s i g n a t e d  l o c a t i o n s  i n  a  s e n t e n c e .  L e v i t t  

an d  o t h e r s  h a v e  u n d e r t a k e n  a  l o n g i t u d i n a l  s t u d y  o f  c h i l d r e n  

i n  s c h o o l s  f o r  t h e  d e a f  i n  New York S t a t e .  I n  t h e  f i r s t  

y e a r s  o f  t h e  s t u d y  ( S t a r k  and  L e v i t t ,  197^)  t h e  c h i l d r e n  

w ere  a s k e d  t o  r e a d  e a c h  o f  f o u r  s i m p l e  s e n t e n c e s  m arked  i n  

f i v e  d i f f e r e n t  w a y s « a s  a  s t a t e m e n t ,  a s  a  q u e s t i o n  w i t h  

f i n a l  r i s i n g  p i t c h ,  w i t h  p a u s e  i n  s p e c i f i e d  l o c a t i o n s  and  

w i t h  d i f f e r e n t  s t r e s s  p a t t e r n s .  The c h i l d r e n  r e a d  t h e  s e n ­

t e n c e s  i n  random o r d e r  and  t h e  r e c o r d e d  u t t e r a n c e s  were  

e v a l u a t e d  t o  d e t e r m i n e  w h e t h e r  t h e  i n t e n d e d  f e a t u r e s  were  

p r o d u c e d .  The c h i l d r e n  p r o d u c e d  s t r e s s  and  p a u s e  b u t  n o t  

o n l y  i n  t h e  i n t e n d e d  l o c a t i o n .  I n  o t h e r  w o r d s ,  t h e y  t e n d e d  

t o  p u t  e q u a l  s t r e s s  on m o s t  words  and  t o  p a u s e  b e t w e e n  m ost  

w o r d s .  The c h i l d r e n  w e re  a l s o  r a t h e r  u n s u c c e s s f u l  a t  p r o ­

d u c i n g  q u e s t i o n  i n t o n a t i o n .  I n a d e q u a t e  v a r i a t i o n  i n  i n t o n a ­



30

t i o n  i s  o f t e n  d e s c r i b e d  a s  a  c h a r a c t e r i s t i c  p r o b le m  i n  t h e  

s p e e c h  o f  t h e  d e a f  ( V o e l k e r ,  1 938 ;  P e t e r s o n ,  19^6 ;  G re e n ,  

1 956 ;  C a l v e r t ,  1962;  M ar to n y ,  1968 ;  L e v i t t ,  S m i th  and  

S t r o r a b e r g ,  1 9 7 ^ ;  S t r a t t o n ,  1 9 7 ^ ) .  P h i l l i p ,  R e m i l l a r d ,  BaSs 

a n d  P r o n o v o s t  ( 1968 ) n o t e d  t h a t  d e a f  s u b j e c t s  had  p a r t i c u ­

l a r  d i f f i c u l t y  i n  u s i n g  r i s i n g  i n t o n a t i o n  a t  t h e  ends  o f  

s e n t e n c e s  t o  mark  q u e s t i o n .  They  fo u n d  t h a t  b o t h  r i s i n g  

a n d  f a l l i n g  i n t o n a t i o n  a t  s e n t e n c e  end w ere  n o t  s u c c e s s f u l l y  

p r o d u c e d  b e c a u s e  o f  p o o r  p i t c h  c h a n g e s .

I n  l a t e r  y e a r s  o f  t h e  s t u d y  b y  L e v i t t  e t  a l . ,  r e v i ­

s i o n s  w ere  made i n  t h e  t e s t  m a t e r i a l s  (McGarr ,  1976)  s o  t h a t  

t h e  p r o s o d i c  p r o d u c t i o n  t e s t  i t e m s  would more c l o s e l y  m atch  

t h o s e  on t h e  p r o s o d i c  f e a t u r e  r e c e p t i o n  t e s t .  T h i s  was 

i m p o r t a n t  s i n c e  t h e  i n v e s t i g a t o r s  were  i n t e r e s t e d  i n  com­

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

t u r e s .  The new t e s t  u t t e r a n c e s  w ere  s h o r t e r  and  o n l y  

s t r e s s ,  p a u s e  a n d  q u e s t i o n  w ere  t e s t e d .  The r e s u l t s  o f  t h e  

t e s t  showed a  d e f i n i t e  f e a t u r e  e f f e c t .  P a u s e  was c o r r e c t l y  

p r o d u c e d  a b o u t  70% o f  t h e  t im e  an d  s t r e s s  a b o u t  65% o f  t h e  

t i m e .  R i s i n g  i n t o n a t i o n  i n  q u e s t i o n  was c o r r e c t  o n l y  

o f  t h e  t i m e  ( L e v i t t ,  S t a r k ,  McGarr ,  C a rp ,  S t r o m b e r g ,

G a f f n e y ,  V e l e z ,  O s b e r g e r  and F re em a n ,  1 9 7 6 ) .  When t h e  

f e a t u r e s  o f  s t r e s s  and  p a u s e  w ere  c a l l e d  f o r  l a t e r  i n  t h e  

u t t e r a n c e  t h e y  were  more  l i k e l y  t o  be  p r o d u c e d  c o r r e c t l y  

t h a n  i f  t h e y  a p p e a r e d  e a r l y  on i n  t h e  s e n t e n c e .  When 

q u e s t i o n  was i n t e n d e d ,  t h e  c h i l d r e n  o f t e n  p r o d u c e d  t h e  t e s t  

u t t e r a n c e s  i n  s t a t e m e n t  form o r  w i t h  s t a c c a t o  e r r o r s ,  i . e . ,
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w i t h  e q u a l  s t r e s s  on a l l  s y l l a b l e s .  T h e re  was im provem en t  

i n  o v e r a l l  s c o r e s  o v e r  t h e  y e a r s  o f  t h e  s t u d y .  A c o m p a r i ­

s o n  o f  p e r f o r m a n c e  on t h e  r e c e p t i o n  a n d  p r o d u c t i o n  t e s t s  

r e v e a l e d  t h a t  some c h i l d r e n  who h a d  good r e c e p t i o n  a b i l i t y  

s t i l l  d i d  n o t  p r o d u c e  t h e  f e a t u r e s  c o r r e c t l y .  T h i s  was 

t a k e n  a s  s u p p o r t  f o r  t h e  i d e a  t h a t  t h e s e  c h i l d r e n  s h o u l d  be  

t r a i n e d  i n  t h e  u s e  o f  p r o s o d i c  f e a t u r e s  a n d  m a j o r  i m p ro v e ­

m en ts  i n  t h i s  a r e a  s h o u l d  b e  a p p a r e n t .

V o ice  q u a l i t y

A s id e  f ro m  t h e  p r o b le m s  o f  t i m i n g  ( r a t e ,  d u r a t i o n  and 

p a u s e s )  i n  t h e  s p e e c h  o f  t h e  d e a f ,  t h e r e  seems t o  be  much 

a g r e e m e n t  t h a t  t h e r e  a r e  v o i c e  q u a l i t y  p r o b le m s  a s  w e l l .  

Those  e x p e r i e n c e d  i n  w o r k i n g  w i t h  t h e  d e a f  c l a i m  t h a t  t h e y  

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

(Bodycomb, 19^6 j 3 o o n e ,  1966) a n d  d i f f e r e n t i a t e  i t  f rom  

t h a t  o f  a  n o r m a l  s p e a k e r  ( C a l v e r t ,  1 9 6 2 ) .  However,  i n  a  

s t u d y  b y  C a l v e r t  w here  t e a c h e r s  o f  t h e  d e a f  were  a s k e d  t o  

mark a  c h e c k  l i s t  o f  t h e  c h a r a c t e r i s t i c s  t h e y  f e l t  m os t  

c l o s e l y  d e s c r i b e d  t h e  v o i c e  q u a l i t y  o f  t h e  d e a f ,  t h e r e  was 

much v a r i e t y  among t h e  f i f t e e n  t e a c h e r s  i n  t h e  a d j e c t i v e s  

t h e y  c h o s e .  Of f i f t y - t w o  s u g g e s t e d  t e r m s ,  t h i r t y - t h r e e  

w ere  c h e c k e d .  T h u s ,  a l t h o u g h  i t  would seem t h a t  t h e  v o i c e  

q u a l i t y  i s  h i g h l y  r e c o g n i z a b l e  f o r  r u n n i n g  s p e e c h ,  t h e  

a t t r i b u t e s  w h ich  c o n t r i b u t e  t o  t h e  p e r c e p t i o n  a r e  n o t  

c l e a r l y  d e f i n a b l e .  The t e a c h e r s  c h o s e  s u c h  t e r m s  a s  t e n s e ,  

h a r s h ,  f l a t ,  b r e a t h y  a n d  t h r o a t y .  U n f o r t u n a t e l y ,  many o f  

t h e s e  t e r m s  a r e  n o t  e a s i l y  m e a s u re d  o r  a c c u r a t e l y  d e f i n e d ,
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t h e r e b y  m ak ing  d i a g n o s t i c  and  c o n s e q u e n t l y  r e m e d i a l  t e c h ­

n i q u e s  d i f f i c u l t  t o  d e v e l o p .

N a s a l i t y

P e r h a p s  t h e  m ost  f r e q u e n t l y  n o t e d  p r o b le m  o f  v o i c e  

q u a l i t y  i s  t h a t  o f  n a s a l i t y .  Boone (1966)  d e s c r i b e d  t h e  

s p e e c h  o f  t h e  d e a f  a s  h a v i n g  a  d i f f e r e n t  r e s o n a n c e  w h ic h  he 

f e l t  was due  t o  t h e  t o n g u e  hump b e i n g  k e p t  t o o  f a r  b a c k  i n  

t h e  m ou th .  C o l t o n  a n d  Cooker  ( 1 9 6 8 ) s u s p e c t e d  t h a t  t h e  

n a s a l  q u a l i t y  o f  d e a f  s p e e c h  m ig h t  be  r e l a t e d  t o  s lo w  

s p e a k i n g  r a t e .  They had  s e v e n  n o r m a l  s p e a k e r s  r e a d  some 

u t t e r a n c e s  i n  a  s lo w ,  word b y  word f a s h i o n .  When t h i r t y  

c o l l e g e  s t u d e n t s  l i s t e n e d  t o  t h e s e  r e c o r d i n g s  p l a y e d  b a c k ­

w a rd s  t o  a v o i d  j u d g m e n t s  on a r t i c u l a t i o n ,  t h e y  r e p o r t e d  

more n a s a l i t y  i n  t h e  s lo w  s p e e c h  o f  n o r m a l s  t h a n  i n  t h e i r  

n o r m a l  s p e e c h .

Today s o p h i s t i c a t e d  e q u ip m e n t  i s  a v a i l a b l e  f o r  t h e  

p h y s i c a l  m e a su re m e n t  o f  n a s a l i z a t i o n .  S t e v e n s  e t  a l .

(1 9 7 6 )  u s e d  a  s m a l l  a c c e l e r o m e t e r  a t t a c h e d  t o  t h e  n o s e  

a n d  a n  a c c o m p a n y in g  v i s u a l  d i s p l a y  o f  t h e  a c c e l e r o m e t e r  

o u t p u t  t o  m o n i t o r  v e l o p h a r y n g e a l  o p e n i n g  f o r  v o i c e d  s o u n d s .  

The r e s u l t s  showed t h a t  76$ o f  t h e  d e a f  s u b j e c t s  had e x ­

c e s s i v e  n a s a l i z a t i o n  on  v o w e l s .  The d e v i c e  p r o v e d  t o  be 

r e l i a b l e  a s  a  m e asu re  o f  n a s a l i t y .  The a u t h o r s  r e p o r t e d  a  

good c o r r e l a t i o n  b e t w e e n  v e l o p h a r y n g e a l  a d e q u a c y  and  i n t e l ­

l i g i b i l i t y  o f  r e a d  s p e e c h  a s  d e t e r m i n e d  b y  e x p e r i e n c e d  

l i s t e n e r s .
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P i t c h

A n o t h e r  p r o m i n e n t  q u a l i t y  p r o b le m  i n  t h e  s p e e c h  o f  

t h e  d e a f  r e l a t e s  t o  p i t c h .  S e v e r a l  i n v e s t i g a t o r s  h a v e  

n o t e d  t h a t  t h e  p i t c h  o f  t h e  d e a f  s p e a k e r ' s  v o i c e  i s  some­

w h a t  h i g h e r  t h a n  t h a t  o f  n o r m a ls  o f  c o m p a r a b l e  a g e s  

( A n g e l o c c i ,  1962;  C a l v e r t ,  1961 ,  1962;  E n g l e b e r g ,  1962;  

A n g e l o c c i ,  Kopp and  H o l b r o o k ,  1964 ;  Boone,  1966;  M a r to n y ,  

1 9 6 8 ) .  Boone n o t e d  t h a t  t h e  p r o b le m  i s  m o s t  a p p a r e n t  f o r  

a d o l e s c e n t  m a l e s .  Y ounger  d e a f  c h i l d r e n  do n o t  seem to  

d i f f e r  a s  much f rom  n o r m a l  h e a r i n g  y o u n g s t e r s ,  and  a d o l e s ­

c e n t  f e m a l e s  h a v e  s i m i l a r  mean p i t c h e s  t o  t h e i r  c o m p a r a b ly  

a g e d  c o n t r o l s .

W i l l e m a i n  and Lee (1971)  h y p o t h e s i z e d  t h a t  t h e  r e a s o n  

f o r  t h e  h i g h  p i t c h  i n  t h e  s p e e c h  o f  t h e  d e a f  i s  t h a t  t h e  

d e a f  s p e a k e r  u s e s  e x t r a  v o c a l  e f f o r t  t o  g i v e  him a n  a w a r e ­

n e s s  o f  t h e  o n s e t  and  p r o g r e s s  o f  v o i c i n g .  P i c k e t t  (1968)  

s u g g e s t e d  t h a t  t h e  i n c r e a s e d  p i t c h  was due  t o  i n c r e a s e d  

s u b g l o t t a l  p r e s s u r e  and  t e n s i o n  o f  t h e  v o c a l  c o r d s .  These  

a u t h o r s  seem t o  f e e l  t h a t  t h e  i n c r e a s e d  v o c a l  e f f o r t  i s  

d i r e c t e d  a t  t h e  l a r y n g e a l  m echan ism s  f o r  k i n e s t h e t i c  f e e d ­

b a c k .  M a r to n y  ( 1968 ) ,  h o w ev er ,  p r o p o s e s  t h a t  t h i s  l a r y n ­

g e a l  t e n s i o n  i s  a  s i d e  e f f e c t  o f  t h e  e x t r a  e f f o r t  p u t  i n t o  

t h e  a r t i c u l a t o r s .  He c l a i m e d  t h a t  s i n c e  t h e  to n g u e  m u s c l e s  

a r e  a t t a c h e d  t o  t h e  h y o i d  b o n e  an d  t h e  c r i c o i d  and  t h y r o i d  

c a r t i l a g e s ,  e x t r a  e f f o r t  i n  t h e i r  u s e  would r e s u l t  i n  t e n ­

s i o n  and  a  c h a n g e  o f  p o s i t i o n  i n  t h e  l a r y n g e a l  s t r u c t u r e s  

an d  t h e r e f o r e  a  ch an g e  i n  p i t c h .
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I n  a d d i t i o n  t o  h i g h e r  p i t c h  on t h e  a v e r a g e ,  t h e r e  i s  

a l s o  a  w i d e r  r a n g e  o f  p i t c h  f o r  t h e  d e a f  s u b j e c t s  ( G re e n ,  

1956 ;  A n g e l o c c i  e t  a l . ,  1 9 6 4 5 Boone,  19665 M a r to n y ,  1968 ) .

Some d e a f  s p e a k e r s  h a v e  s p e e c h  p a t t e r n s  c h a r a c t e r i z e d  

b y  e x c e s s i v e  p i t c h  c h a n g e s  ( M a r to n y ,  19685 W i l l e m a i n  and  

L e e ,  1971» S m i th ,  1 9 7 2 ) .  F r e q u e n t l y  t h e  s p e a k e r  w i l l  s t a r t  

a n  u t t e r a n c e  a t  a  h i g h  p i t c h  l e v e l  and d r o p  s h a r p l y  a f t e r  

100-200  msec (M a r to n y ,  1968 ) .  W i l l e m a i n  and  Lee r e p o r t e d  

t h a t  p i t c h  u s u a l l y  g o es  up  a s  t h e  c o m p l e x i t y  o f  t h e  s p e e c h  

m e ssag e  i n c r e a s e s .  They h a d  t w e n t y - s i x  d e a f  t e e n a g e r s  u s e  

a  t a c t i l e  d e v i c e  t o  m o n i t o r  t h e i r  p i t c h .  The s u b j e c t s  u s e d  

h i g h e r  p i t c h  b e f o r e  t r a i n i n g .  The t a s k  w ent  f rom humming 

t o  r e p e a t i n g  t h e i r  names t o  r e a d i n g  a  p a s s a g e .  The a u t h o r s  

f e l t  t h a t  t h e r e  was a n  e l e m e n t  o f  n e r v o u s n e s s  o r  t e n s i o n  

w h ich  c o n t r i b u t e d  t o  t h e  p i t c h  b e i n g  h i g h .  They n o t e d  t h a t  

a s  t h e  c h i l d r e n  p e r f o r m e d  t h e  t a s k s  i n  s u b s e q u e n t  weeks 

t h e r e  was l e s s  n e r v o u s n e s s  i n v o l v e d  an d  p i t c h  was l o w e r .  

These  o b s e r v a t i o n s  were  made when t h e  d i s p l a y  r a t e  o f  t h e  

p i t c h  i n f o r m a t i o n  was s lo w e d  down. When t h i s  h a p p e n e d ,  

t h e  s u b j e c t s  had  t o  r e l y  on k i n e s t h e t i c  f e e d b a c k  an d  t h e i r  

p i t c h  p ro b le m s  were  more  a p p a r e n t .  When t h e  t a c t i l e  d i s ­

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

p i t c h  was b e g u n ,  t h e  s u b j e c t s  were  a b l e  t o  u s e  t h e  d e v i c e  

t o  m o n i t o r  and  a d j u s t  t h e i r  p i t c h  o u t p u t .  The a u t h o r s  

hoped  t h a t  a  m i n i a t u r i z e d  v e r s i o n  o f  t h e  e q u ip m e n t  c o u l d  

b e  d e v e l o p e d  f o r  more r e a d y  u s e  by  d e a f  i n d i v i d u a l s .
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V o ic e  q u a l i t y  an d  i n t e l l i g i b i l i t y

At p r e s e n t ,  a l t h o u g h  t h e r e  a p p e a r s  g e n e r a l  a g r e e ­

ment  a b o u t  some o f  t h e  m a j o r  v o i c e  q u a l i t y  d i s o r d e r s  o f  t h e  

s p e e c h  o f  t h e  d e a f ,  t h e r e  i s  s t i l l  l i t t l e  c o n c r e t e  e v i d e n c e  

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

g i b i l i t y .  A l th o u g h  S t e v e n s  e t  a l .  (1976)  w ere  a b l e  t o  

m e a s u r e  v e l o p h a r y n g e a l  a d e q u a c y  a n d  i n t e l l i g i b i l i t y ,  we h a v e  

no p r o o f  a s  y e t  t h a t  t h e  more t h e  n a s a l  e m i s s i o n  t h e  g r e a t e r  

t h e  d i s t u r b a n c e  t o  i n t e l l i g i b i l i t y  s i n c e  i t  i s  p o s s i b l e  t h a t  

i n a d e q u a t e  v e l o p h a r y n g e a l  c o n t r o l  a f f e c t s  a r t i c u l a t i o n  and  

t h a t  c o n t r i b u t e s  t o  i n t e l l i g i b i l i t y  p r o b l e m s .  T h e re  i s  a  

n e e d  f o r  more work c o m p a r in g  n a s a l i t y  p r o b le m s  t o  i n t e l l i ­

g i b i l i t y .

I t  a p p e a r s  t h a t  e x c e s s i v e  p i t c h  v a r i a t i o n  h a s  a n  o b ­

v i o u s  d e t r i m e n t a l  e f f e c t  on i n t e l l i g i b i l i t y .  S m i th  (1972)  

fo u n d  t h a t  s p a s m o d ic  v a r i a t i o n  i n  p i t c h  shows a  h i g h  n e g a ­

t i v e  c o r r e l a t i o n  w i t h  i n t e l l i g i b i l i t y .  McGarr ,  O s b e r g e r  

an d  Gold (1 9 7 6 )  u s e d  t h e  NTID r a t i n g  s c a l e s  f o r  i n t e l l i g i ­

b i l i t y  an d  f o r  p i t c h  i n  r a t i n g  57 d e a f  c h i l d r e n  on s p o n ­

t a n e o u s  s p e e c h  p r o d u c t i o n .  They fo u n d  t h a t  f o r  t h o s e  c h i l d ­

r e n  w i t h  t h e  number  1 p i t c h  r a t i n g s  ( t h o s e  who c o u l d  n o t  

s u s t a i n  p h o n a t i o n ) ,  t h e r e  was e x t r e m e l y  p o o r  i n t e l l i g i b i l i ­

t y .  T h e re  was a  s i g n i f i c a n t  i n t e r a c t i o n  b e t w e e n  p i t c h  

d e v i a n c y  and  i n t e l l i g i b i l i t y  when p i t c h  was c o n s i d e r e d  i n  

t e r m s  o f  i t s  a p p r o p r i a t e n e s s  f o r  t h e  ag e  and  s e x  o f  t h e  

s p e a k e r .  A l th o u g h  t h e  c o r r e l a t i o n  was s i g n i f i c a n t ,  t h e  

r e l a t i o n s h i p  was n o t  a  s i m p l e  o n e .  T h e re  was a  b i m o d a l
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d i s t r i b u t i o n  f o r  t h o s e  w i t h  n a t u r a l  p i t c h .  Some were  v e r y  

i n t e l l i g i b l e  a n d  some w ere  v e r y  u n i n t e l l i g i b l e .

Summary» p r o d u c t i o n  o f  s u o r a s e g m e n t a l s

The s p e e c h  o f  t h e  d e a f  i s  c h a r a c t e r i z e d  by  d i s t i n c t  

p r o b le m s  o f  t i m i n g ,  i n t o n a t i o n  a n d  v o i c e  q u a l i t y .  F r e q u e n t ­

ly*  s p e e c h  i s  d e s c r i b e d  a s  s lo w ,  w i t h  p r o l o n g e d  d u r a t i o n  o f  

b o t h  s t r e s s e d  and  u n s t r e s s e d  s y l l a b l e s ,  p o o r  t r a n s i t i o n s  

b e t w e e n  words  o f t e n  c h a r a c t e r i z e d  b y  i n t r u s i v e  so u n d s  and  

e x c e s s i v e  and  i n a p p r o p r i a t e l y  p l a c e d  p a u s e s  w i t h i n  p h r a s e s  

a n d  s e n t e n c e s .  I n  s p i t e  o f  t h e  r a t h e r  c o n c l u s i v e  q u a n t i t a ­

t i v e  r e s u l t s  o f  m e a s u re m e n t s  o f  t i m i n g  p r o b le m s  i n  t h e  

s p e e c h  o f  t h e  d e a f ,  l i t t l e  d e f i n i t i v e  i n f o r m a t i o n  i s  a v a i l ­

a b l e  on  c o r r e l a t i o n s  o f  t h e s e  p r o b le m s  t o  i n t e l l i g i b i l i t y .  

B o o th ro y d  e t  a l .  (197*0» who n o t e d  s i g n i f i c a n t  im p ro v em en ts  

when t h e i r  s u b j e c t s  w e re  t r a i n e d  t o  r e d u c e  t h e  d u r a t i o n  o f  

u n s t r e s s e d  s y l l a b l e s  an d  w i t h i n - p h r a s e  p a u s e s ,  f a i l e d  t o  

f i n d  a  s i g n i f i c a n t  i n c r e a s e  i n  i n t e l l i g i b i l i t y  a s  a  r e s u l t  

o f  t h e s e  t e m p o r a l  im p ro v e m e n t s .  L e v i t t  e t  a l .  (197*0 p r o ­

p o s e d  a  more com plex  r e l a t i o n s h i p  i n  which  t h e r e  was some 

i n t e r a c t i o n  b e t w e e n  i n t e l l i g i b i l i t y  and  p a u s e s  and  d u r a t i o n  

o f  v o i c e d  s e g m e n t s .

T e s t s  o f  p r o s o d i c  f e a t u r e  p r o d u c t i o n  showed t h a t  d e a f  

c h i l d r e n  t e n d e d  t o  p r o d u c e  e q u a l  s t r e s s  on a l l  words  i n  a n  

u t t e r a n c e  a n d  t o  p r o d u c e  p a u s e s  b e t w e e n  m ost  w o rd s 0 I n  

a d d i t i o n ,  t e s t  r e s u l t s  showed t h a t  t h e  c h i l d r e n  had  l i t t l e  

s u c c e s s  a t  p r o d u c i n g  d i f f e r e n t  i n t o n a t i o n a l  p a t t e r n s ,  p a r t i ­

c u l a r l y  r i s i n g  i n t o n a t i o n  a s  i n  y e s / n o  q u e s t i o n s .  Monsen
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a n d  L e i t e r  (1 9 7 5 )  t r i e d  t o  u s e  n a r r o w  b an d  s p e c t r o g r a m s  t o  

m e a s u re  t h e  i n t o n a t i o n a l  c h a n g e s  i n  d e a f  s u b j e c t s '  s p e e c h .  

A l t h o u g h  t h e r e  were  o b v i o u s  d i f f e r e n c e s  b e t w e e n  t h e  s p e c t r o ­

g ram s  o f  n o r m a l  an d  d e a f  s u b j e c t s ,  t h e  a u t h o r s  c o u l d  n o t  

f i n d  a  c o n s i s t e n t  p a t t e r n  o f  p i t c h  v a r i a b i l i t y  i n  t h e i r  

s u b j e c t s  w h ich  c o u l d  c o r r e l a t e  w e l l  w i t h  r e d u c e d  i n t e l l i g i ­

b i l i t y .

A l t h o u g h  t h e r e  i s  much v a r i a b i l i t y ,  t h e r e  d o e s  a p p e a r  

t o  b e  a  v o i c e  q u a l i t y  w h ich  i s  i d e n t i f i e d  w i t h  t h e  d e a f .  

E x c e s s i v e  n a s a l i t y  and  i n a p p r o p r i a t e  p i t c h  a r e  two o f  t h e  

f a c t o r s  w h ich  a c c o u n t  f o r  t h e  a b n o r m a l  q u a l i t y  o f  t h e  

s p e e c h  o f  t h e  d e a f .  T h e re  i s  some e v i d e n c e  t h a t  t h e s e  f a c ­

t o r s  do r e d u c e  i n t e l l i g i b i l i t y .  S t e v e n s  e t  a l .  (1976)  

r e p o r t e d  a  good c o r r e l a t i o n  b e t w e e n  t h e  d e g r e e  o f  m e a s u re d  

n a s a l i t y  and  r e d u c e d  i n t e l l i g i b i l i t y .  McGarr e t  a l .  (1976)  

fo u n d  a  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  i n t e l l i g i b i l i t y  

a n d  d e v i a t i o n  o f  p i t c h  f ro m  t h a t  e x p e c t e d  f o r  a n  i n d i v i ­

d u a l ' s  a g e  and  s e x ,  a l t h o u g h  t h e  r e l a t i o n s h i p  was n o t  fo u n d  

t o  b e  a  s i m p l e  o n e .  I n  a d d i t i o n ,  e x c e s s i v e  p i t c h  c h a n g e s  

h a v e  b e e n  fo u n d  t o  d e t r a c t  s i g n i f i c a n t l y  f ro m  o v e r a l l  i n ­

t e l l i g i b i l i t y  ( S m i th ,  1972 ;  McGarr e t  a l . , 1 9 7 6 ) .

S p eech  R e c e p t i o n  S k i l l s

R e c e p t i o n  o f  S e g m e n t a l s

I n  o r d e r  t o  b e t t e r  u n d e r s t a n d  t h e  s p e e c h  p r o d u c t i o n  

e r r o r s  made b y  t h e  d e a f ,  i t  i s  n e c e s s a r y  t o  d e t e r m i n e  p r e ­

c i s e l y  what  i n f o r m a t i o n  t h e y  a r e  c a p a b l e  o f  r e c e i v i n g  

t h r o u g h  t h e i r  i m p a i r e d  a u d i t o r y  s y s t e m s .  A l th o u g h  o v e r a l l
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t e s t  s c o r e s  a r e  f r e q u e n t l y  r e f e r r e d  t o  i n  t r a d i t i o n a l  s p e e c h  

d i s c r i m i n a t i o n  t e s t i n g ,  a  more v a l u a b l e  a p p r o a c h  i s  t h a t  o f  

s p e c i f y i n g  and  i n t e r p r e t i n g  t h e  k i n d s  o f  e r r o r s  made.

S m i th  (1972)  d e s i g n e d  a  phoneme r e c e p t i o n  t e s t  b a s e d  on 

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

d e a f .  She fo u n d  p e r f o r m a n c e  on t h i s  t e s t  t o  be  a  v e r y  good 

p r e d i c t o r  o f  o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y .

R e c e p t i o n  o f  c o n s o n a n t s

One m a j o r  f i n d i n g  c o n s i s t e n t l y  r e p o r t e d  i n  t h e  l i t ­

e r a t u r e  i s  t h e  r e l a t i v e l y  p o o r  p e r f o r m a n c e  o f  h e a r i n g  im­

p a i r e d  s u b j e c t s  on i t e m s  t e s t i n g  d i s c r i m i n a t i o n  o f  p l a c e  

o f  a r t i c u l a t i o n  and  e s p e c i a l l y  good r e c o g n i t i o n  o f  t h e  

f e a t u r e  o f  v o i c i n g  ( S i e g e n t h a l e r ,  19^9;  Oyer and Doudna,  

1959? Owens an d  S c h u b e r t ,  1972;  3 i l g e r  an d  Wang, 1 9 7 6 ) .

What i s  m o s t  s t r i k i n g  a b o u t  t h i s  f i n d i n g  i s  t h a t  i t  i s  t r u e  

f o r  n o r m a l  s u b j e c t s  l i s t e n i n g  u n d e r  c o n d i t i o n s  o f  l o w - p a s s  

f i l t e r i n g  o r  c o m p e t i n g  n o i s e ,  f o r  s u b j e c t s  w i t h  a d v e n t i ­

t i o u s  l o s s e s  an d  f o r  i n d i v i d u a l s  w i t h  c o n g e n i t a l ,  b i l a t e r a l  

h e a r i n g  l o s s e s .  M i l l e r  an d  N i c e l y  (1955)  fo u n d  t h a t  u n d e r  

c o n d i t i o n s  o f  n o i s e  and  w i t h  l o w - p a s s  f i l t e r i n g ,  t h e  f e a ­

t u r e s  o f  v o i c i n g  and  n a s a l i t y  w e re  m ost  r e c o g n i z a b l e  t o  

n o r m a l  s u b j e c t s ,  w h e r e a s  a f f r i c a t i o n  and  d u r a t i o n  s u f f e r e d  

an d  p l a c e  o f  a r t i c u l a t i o n  was l e a s t  a b l e  t o  w i t h s t a n d  t h e  

c o m p e t i t i o n .

S i e g e n t h a l e r  ( 1 9 ^ 9 )  t e s t e d  f i v e  n o r m a l s ,  f i v e  s u b ­

j e c t s  w i t h  f l a t  s e n s o r i - n e u r a l  h e a r i n g  l o s s e s  an d  f i v e  s u b ­

j e c t s  w i t h  s l o p i n g  l o s s e s  on a  p a i r e d  word d i s c r i m i n a t i o n
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t e s t  p r e s e n t e d  a t  SRT, SRT$5 dB and  SRT-5 dB. The word 

p a i r s  were  b a s e d  on c o n t r a s t s  o f  v o i c i n g  ( / t o k /  vs / d o g / ) ,  

p l a c e  ( / b a e d /  vs  / d a e b / )  an d  m anner  ( / t i /  v s  / s i / ) .  The n o r ­

m al  h e a r i n g  s u b j e c t s  had  m o s t  d i f f i c u l t y  i d e n t i f y i n g  m anner  

i t e m s ,  t h o s e  w i t h  f l a t  l o s s e s  p e r f o r m e d  a b o u t  a s  w e l l  on 

a l l  f e a t u r e s  an d  t h e  s u b j e c t s  w i t h  s l o p i n g  l o s s e s  i d e n t i f i e d  

v o i c i n g  c o n t r a s t s  b e t t e r  t h a n  c o n t r a s t s  o f  m anner  o r  p l a c e .  

I n  a  s t u d y  by  Oyer an d  Doudna (1 9 5 9 )  w here  s u b j e c t s  w i t h  

c o n d u c t i v e  and  s e n s o r i - n e u r a l  l o s s e s  were  g i v e n  W-22 t e s t s  

a t  40 dB r e  SRT, p l a c e  a p p e a r e d  t o  be m os t  d i f f i c u l t  and 

v o i c i n g  e a s i e s t  f o r  t h e  g ro u p  a s  a  w h o le .  Owens and  

S c h u b e r t  (1 9 6 8 )  a l s o  r e p o r t e d  p l a c e  and  m anner  t o  be  t h e  

s o u r c e  o f  m o s t  o f  t h e  d i s c r i m i n a t i o n  p ro b le m s  f o r  t h e i r  

s u b j e c t s  t a k i n g  a  c l o s e d  s e t  CVC t e s t .  B i l g e r  and Wang 

(1 9 7 6 )  fo und  t h e  p e r c e p t i o n  o f  n a s a l i t y  and  v o i c i n g  e a s i e s t  

f o r  a  g r o u p  o f  s e n s o r i - n e u r a l  s u b j e c t s  w i t h  h i g h  f r e q u e n c y  

l o s s e s ,  some o f  whom had  m o d e r a t e  l o s s e s  a s  low a s  250 Hz.

W hereas  some o f  t h e  p r e v i o u s l y  m e n t i o n e d  s t u d i e s  

d e a l t  w i t h  a d u l t s  w i t h  u n i l a t e r a l  a n d / o r  a d v e n t i t i o u s  l o s s e s ,  

t h e  f o l l o w i n g  s t u d i e s  r e p o r t  s i m i l a r  f i n d i n g s  f o r  young  s u b ­

j e c t s  w i t h  s e v e r e  t o  p r o f o u n d  b i l a t e r a l  l o s s e s  o f  e a r l y  o n ­

s e t .  The s i m i l a r i t y  i n  f i n d i n g s  i s  i m p o r t a n t  i n  u n d e r ­

s t a n d i n g  t h e  a u d i t o r y  i n f o r m a t i o n  a v a i l a b l e  t o  d e a f  c h i l d ­

r e n  b e c a u s e  t h e s e  l a t t e r  s u b j e c t s  c o u l d  n o t  r e l y  on p r e ­

v i o u s l y  l e a r n e d  phonem ic  o r  l i n g u i s t i c  i n f o r m a t i o n  i n  

o p e r a t i n g  on t h e s e  t e s t s .  S i m i l a r l y ,  b e c a u s e  o f  t h e  low 

c o r r e l a t i o n  b e t w e e n  p e r f o r m a n c e  on d i s c r i m i n a t i o n  t e s t s  and
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on  d u r a t i o n  o f  h e a r i n g - a i d  u s e ,  P i c k e t t  e t  a l .  (1972)  c o n ­

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

a u d i t o r y  f a c t o r s  and  n o t  e x p e r i e n c e  w i t h  a m p l i f i c a t i o n .

S c h u l t z  an d  K r a a t  (1971)  t e s t e d  f i v e  t e n -  t o  t h i r t e e n -  

y e a r  o l d  s u b j e c t s  w i t h  b i l a t e r a l  s e n s o r i - n e u r a l  h e a r i n g  

l o s s e s .  The e x a m in e r  c r e a t e d  a  c l o s e d  s e t  CV t e s t  c o n ­

s i s t i n g  o f  one o f  e i g h t  c o n s o n a n t s  / s , d , f , v , m , p , k , g /  and 

e i t h e r  t h e  vow el  / A /  o r  / u / .  The v o w e ls  were  n e v e r  i n t e r ­

c h a n g e d  a s  f o i l s  w i t h i n  a  t e s t ?  e a c h  vowel  was t e s t e d  

s e p a r a t e l y .  The a u t h o r s  l o o k e d  a t  c o n s o n a n t  c o n f u s i o n s  i n  

t e r m s  o f  d i s t i n c t i v e  f e a t u r e  b re ak d o w n s  an d  found  t h e  o r d e r  

o f  c o r r e c t  p e r c e p t i o n  o f  f e a t u r e s  t o  be n a s a l ,  v o i c e ,  g r a v e ,  

c o n t i n u a n t  an d  d i f f u s e .  T h i s  a g a i n  i s  i n  a g r e e m e n t  w i t h  

p r e v i o u s  r e p o r t s  t h a t  v o i c i n g  a n d  n a s a l i t y  a r e  more p e r ­

c e p t i b l e  and  p l a c e  ( d i f f u s e )  c o n t r a s t s  a r e  m o s t  d i f f i c u l t .  

P i c k e t t  e t  a l .  t e s t e d  n i n e t y - n i n e  G a l l a u d e t  s t u d e n t s ,  f o r  

whom a n  SRT c o u l d  be  m e a s u r e d ,  u s i n g  a  s p e c i a l  v e r s i o n  o f  

t h e  Rhyme T e s t .  P l a c e  f e a t u r e s  w e re  much more p o o r l y  

r e c e i v e d  t h a n  v o i c i n g  and  l o w c o n t i n u a n t  f e a t u r e s  ( s t r o n g  

l o w - f r e q u e n c y  e n e r g y  a s  i n  n a s a l s ,  l i q u i d s  an d  g l i d e s ) .

S m i th  (1972)  c r e a t e d  a  f i f t y  i t e m  c l o s e d  s e t  phoneme r e ­

c e p t i o n  t e s t .  Each o f  t h e  t h i r t y - s i x  c o n s o n a n t  i t e m s  had 

t h r e e  c h o i c e s  b a s e d  on p l a c e ,  m a n n e r ,  p l a c e - m a n n e r  o r  

v o i c i n g  c o n t r a s t s .  She fo u n d  t h a t  manner  and  v o i c i n g  were 

r e c o g n i z e d  b e s t  and p l a c e  and  p l a c e - m a n n e r  c o n t r a s t s  were  

m o s t  d i f f i c u l t .  S m i th  fo u n d  m anner  c u e s  more p e r c e p t i b l e  

t h a n  v o i c i n g  c u e s .  When t e s t e d  i n  i n i t i a l  c o n s o n a n t s ,
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P i c k e t t  e t  a l .  a l s o  r e p o r t e d  h i g h e r  s c o r e s  on r e c e p t i o n  o f  

l o w c o n t i n u a n t s  t h a n  on v o i c i n g .

E x p l a n a t i o n s  a r e  o f f e r e d  f o r  t h e  r a n k  o r d e r  o f  r e c o g ­

n i t i o n  o f  t e s t  f e a t u r e s  b y  t h e  h e a r i n g  i m p a i r e d .  I t  i s  

g e n e r a l l y  a g r e e d  t h a t  some c u e s  f o r  v o i c i n g  an d  m anner  a r e  

d e p e n d e n t  upon  low f r e q u e n c y  i n f o r m a t i o n  (C o o p e r  e t  a l . , 

1 9 5 2 ;  D e l a t t r e  e t  a l . # 1955)» I f  t h i s  i s  t h e  c a s e ,  t h e n  i t  

i s  more l i k e l y  t h a t  t h e  h e a r i n g - i m p a i r e d  s h o u l d  p e r f o r m  

w e l l  on f e a t u r e s  w h ich  a r e  a u d i b l e  i n  t h e i r  r a n g e  o f  r e s i ­

d u a l  h e a r i n g .  A s to n  (1 9 7 2 )  c o n c l u d e d  t h a t  c u e s  f o r  m anner  

an d  c u e s  f o r  n a s a l s  w ere  i n  t h e  f r e q u e n c y  r a n g e  b e lo w  l k  Hz 

b e c a u s e  h e r  d e a f  s u b j e c t s  w i t h  no h e a r i n g  a b o v e  l k  Hz showed 

no d i f f e r e n c e  i n  p e r f o r m a n c e  on i t e m s  p r e s e n t e d  w i t h  and  

w i t h o u t  l k  Hz l o w - p a s s  f i l t e r i n g .  She a l s o  c l a i m e d  t h a t  

m o s t  p l a c e  c u e s  w ere  n o t  i n  t h i s  f r e q u e n c y  r e g i o n  b e c a u s e  

a f t e r  t r a i n i n g ,  t h e  s u b j e c t s  im proved  on r e c o g n i t i o n  o f  man­

n e r  an d  n a s a l i t y  and  n o t  p l a c e .

P i c k e t t  e t  a l .  c l a i m e d  t h a t  s u b j e c t s  had  d i f f i c u l t y  

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

D a n a h e r  an d  P i c k e t t  (1 9 7 5 )  l a t e r  n o t e d  t h a t  r e c o g n i t i o n  o f  

Fg t r a n s i t i o n s  a l o n e  w e re  n o t  t h e  p r o b le m .  T h e i r  s u b j e c t s  

w e re  a b l e  t o  d i s c r i m i n a t e  c h a n g e s  i n  F^ w h ich  were  a s  s m a l l  

a s  t h o s e  n o t e d  b y  n o r m a l  s u b j e c t s  a s  l o n g  a s  F^ was n o t  

p r e s e n t .  However ,  p l a c e  was p a r t i c u l a r l y  d i f f i c u l t  t o  

r e c o g n i z e  when F^ was p r e s e n t  s i n c e  F^ t r a n s i t i o n s  c o u l d  

be  masked b y  F^ when p r e s e n t e d  a t  h i g h  i n t e n s i t i e s  s u c h  a s  

t h o s e  a t  w hich  d e a f  s u b j e c t s  l i s t e n .  They f o u n d  e v i d e n c e
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o f  b o t h  a n  upward  and b ac k w a rd  s p r e a d  o f  m a sk in g  f rom  t o  

t h e  Fg t r a n s i t i o n s .  P i c k e t t  e t  a l .  e x p l a i n e d  t h a t  t h e  d e a f  

d i d  b e t t e r  on r e c o g n i t i o n  o f  t h e  f e a t u r e s  o f  v o i c i n g  n o t  

o n l y  b e c a u s e  i t  i s  d e p e n d e n t  on low  f r e q u e n c y  i n f o r m a t i o n  

b u t  b e c a u s e  i t  i s  a l s o  d e p e n d e n t  on vow el  d u r a t i o n  -  a 

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

t h e  d e a f .  E r b e r  (1972)  c l a i m e d  t h a t  t h e  d e a f  a r e  o n l y  

c a p a b l e  o f  u s i n g  t im e  a n d  i n t e n s i t y  c u e s  a s  e v i d e n c e d  by 

t h e  f a c t  t h a t  t h e r e  i s  l i t t l e  d i f f e r e n c e  i n  p e r f o r m a n c e  by  

d e a f  s u b j e c t s  when a m p l i f i e d  s p e e c h  o r  a m p l i f i e d  l o w - p a s s  

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

a  l i p r e a d i n g  t a s k .

R e g a r d i n g  s p e c i f i c  c o n s o n a n t a l  e r r o r s  o f  d i s c r i m i n a ­

t i o n .  Rosen  (1 9 6 2 )  t e s t e d  251 a d u l t s  w i t h  v a r y i n g  d e g r e e s  

o f  s e n s o r i - n e u r a l  h e a r i n g  l o s s  on PB word l i s t s .  He r e ­

p o r t e d  f r i c a t i v e s  t o  b e  h a r d e s t  f o r  t h e i r  s u b j e c t s  and 

fo u n d  r e c o g n i t i o n  o f  f r o n t  so u n d s  t o  be p o o r e r  t h a n  b a c k  

s o u n d s .  Oyer  an d  D o u d n a ' s  (1 9 5 9 )  s u b j e c t s  h a d  t h e  g r e a t e s t  

d i f f i c u l t y  d i s c r i m i n a t i n g  b l e n d s ,  f o l l o w e d  b y  p l o s i v e s ,  

t h e n  f r i c a t i v e s  an d  t h e n  n a s a l s .  T h e re  i s  g e n e r a l  c o n ­

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

t i o n s  i n  words  a r e  more d i f f i c u l t  t o  d i s c r i m i n a t e  t h a n  

t h o s e  i n  i n i t i a l  p o s i t i o n  (O yer  and  Doudna, 1959> Rosen ,  

1 9 6 2 j Owens an d  S c h u b e r t ,  1968;  P i c k e t t  e t  a l . , 1972;  J o n e s  

a n d  S t u d e b a k e r ,  197^ .  S h e r  and  Owens, 197^;  McGarr e t  a l . ,  

1 9 7 7 ) .  Only  S m i th  (1 9 7 2 )  f a i l e d  t o  f i n d  a  s i g n i f i c a n t  

d i f f e r e n c e  b a s e d  on p o s i t i o n  o f  t h e  t a r g e t  phoneme i n  t h e
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w ord .

D a n a h e r  a n d  P i c k e t t  (1975)  t h e o r i z e d  t h a t  d i s c r i m i n a ­

t i o n  o f  v o i c e l e s s  c o n s o n a n t s  i n  p r e v o c a l i c  p o s i t i o n  s h o u ld  

be  b e t t e r  t h a n  d i s c r i m i n a t i o n  o f  v o i c e d  c o n s o n a n t s  b e c a u s e  

f o r  v o i c e l e s s  phonemes t h e  d e l a y  o f  t h e  o n s e t  o f  c a u s e s  

l e s s  m a s k in g  o f  t h e  F^ t r a n s i t i o n .  Y e t ,  S i e g e n t h a l e r  

(1 9 ^9 )  and  Sm i th  (1972)  f o u n d  t h a t  h e a r i n g  i m p a i r e d  s u b ­

j e c t s  p e r f o r m e d  b e t t e r  on v o i c e d  t h a n  v o i c e l e s s  t e s t  i t e m s .  

P e r h a p s  t h e s e  t e s t  r e s u l t s  do n o t  m a tc h  t h e  p r e d i c t i o n s  o f  

D a n a h e r  an d  P i c k e t t  b e c a u s e  o v e r a l l  s c o r e s  f o r  v o i c e d  and  

v o i c e l e s s  i t e m s  on t h e s e  t e s t s  do n o t  t a k e  i n t o  c o n s i d e r a ­

t i o n  t h e  e f f e c t s  o f  t h e  d i f f e r e n c e s  b e t w e e n  t h e  v o w e ls  f rom  

one s e t  o f  f o i l s  t o  t h e  n e x t .

E f f e c t s  o f  vow e ls  on c o n s o n a n t  d i s c r i m i n a t i o n

As h a s  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  on n o rm a l  

s p e e c h  p e r c e p t i o n ,  c o n s o n a n t  d i s c r i m i n a t i o n  i s  o f t e n  d e ­

p e n d e n t  upon  t h e  a c c o m p a n y in g  v o w e l  (C o o p e r  e t  a l . , 1952;  

R a p h a e l ,  1 9 7 2 ) .  Law rence  and  B y er s  ( 1969 ) t e s t e d  f i v e  

a d u l t s  w i t h  s h a r p l y  s l o p i n g ,  h i g h  f r e q u e n c y ,  s e n s o r i - n e u r a l  

h e a r i n g  l o s s e s  a b o v e  l k  Hz on a  c l o s e d  s e t  CV t e s t .  The 

i t e m s  w e re  made o f  t h e  f o u r  f r i c a t i v e s  / £ , s , f , & /  and  f o u r  

v o w e l s  / i , e , o , u / .  They fo u n d  t h a t  f r i c a t i v e s  were  more 

o f t e n  c o r r e c t l y  i d e n t i f i e d  when a c c o m p a n ie d  b y  a  b a c k  vowel  

t h a n  a  f r o n t  v o w e l .  They e x p l a i n e d  t h a t  t h i s  was t r u e  

b e c a u s e  F^ t r a n s i t i o n s  f o r  b a c k  v o w e ls  a r e  l o w e r  i n  f r e ­

q u en c y  t h a n  F^ t r a n s i t i o n s  f o r  f r o n t  vo w e ls  an d  a r e  t h e r e ­

f o r e  i n  t h e  a u d i b l e  f r e q u e n c y  r a n g e  o f  t h e s e  h e a r i n g -



i m p a i r e d  s u b j e c t s .  S c h u l t z  and  K r a a t  (1971)  a l s o  fo u n d  t h a t  

t h e  v o w e l  a c c o m p a n y in g  t h e  t e s t  c o n s o n a n t  c o n t r i b u t e d  t o  t h e  

k i n d s  o f  c o n f u s i o n s  made o n ce  t h e  c o n s o n a n t  was m i s i d e n t i -  

f i e d .  They fo u n d  more  c o n s i s t e n c y  i n  c o n f u s i o n s  when / f t /  

was t h e  t e s t  v o w e l  t h a n  when / u /  w as .  As a  r e s u l t  t h e y  

c o n c l u d e d  t h a t  we d e a l  w i t h  t h e  s y l l a b l e  an d  n o t  t h e  p h o ­

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

B e n n e t t  (1 9 7 3 )  a l s o  fo u n d  a n  i n t e r a c t i o n  b e tw e e n  c o n ­

s o n a n t  i d e n t i f i c a t i o n  a n d  t h e  a cc o m p a n y in g  v o w e l .  He mea­

s u r e d  t h e  VOT ( v o i c e  o n s e t  t i m e )  n e c e s s a r y  f o r  n o rm a l  and  

d e a f  c h i l d r e n  t o  d i f f e r e n t i a t e  b e t w e e n  v o i c e d  a n d  v o i c e l e s s  

s t o p s  i n  t h e  p r e s e n c e  o f  t h e  v o w e ls  / i , u , f c /  an d  fo u n d  t h a t  

t h e  d e a f  c h i l d r e n  h a d  more d i f f i c u l t y  p r o p e r l y  i d e n t i f y i n g  

t h e  p r e s e n c e  o r  a b s e n c e  o f  v o i c i n g  when t h e  v o w e ls  /a /  o r  

/ u /  w e re  p r e s e n t  com pared  w i t h  / i / .  He t h e o r i z e d  t h a t  s i n c e  

?2  f o r  / i /  wa s  h i g h e r  t h a n  f o r  / u /  o r  /& J  and  was t h u s  i n ­

a u d i b l e ,  t h e  d e a f  c h i l d r e n  w ere  b e t t e r  a b l e  t o  a t t e n d  t o  

t h e  v o i c i n g  c u e s  t h a n  when t h e y  h a d  c o m p e t i n g  i n f o r m a t i o n  

f ro m  t h e  a c c o m p a n y in g  v o w e l .  I n  a d d i t i o n ,  and  p e r h a p s  a s  

a  r e s u l t ,  t h e  d e a f  c h i l d r e n  made more p l a c e  e r r o r s  when / i /  

was p r e s e n t  t h a n  when / u /  o r  / f t /  w e r e ,  s i n c e  t h e y  d i d  n o t  

h a v e  t h e  ?2  i n f o r m a t i o n  t o  c u e  them on p l a c e  o f  a r t i c u l a ­

t i o n ,  Of i n t e r e s t  i s  t h e  f a c t  t h a t  B e n n e t t  f o u n d  t h a t  

s p e c i a l  a u d i t o r y  t r a i n i n g  was h e l p f u l  b o t h  i n  r e c o g n i t i o n  

a n d  p r o d u c t i o n  o f  v o i c i n g  c o n t r a s t s .
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Vowel c o n f u s i o n s

The i n c i d e n c e  o f  vow el  d i s c r i m i n a t i o n  p r o b le m s  i s  

s u b j e c t  t o  some d i s a g r e e m e n t  i n  t h e  l i t e r a t u r e .  Oyer and  

Doudna (1959)  r e p o r t e d  t h a t  t h e  number  o f  v o w e l  e r r o r s  was 

f e w e r  t h a n  c o n s o n a n t  e r r o r s  f o r  t h e i r  ^00 s u b j e c t s  l i s ­

t e n i n g  t o  W-22 word l i s t s .  However ,  t a l c in g  i n t o  c o n s i d e r a ­

t i o n  t h e  f a c t  t h a t  t h e r e  a r e  f e w e r  v o w e ls  t h a n  c o n s o n a n t s  

i n  t h e  t e s t ,  t h e  r e l a t i v e  p r o p o r t i o n  o f  e r r o r s  on vow els  

was a c t u a l l y  g r e a t e r  t h a n  t h e  r e l a t i v e  p r o p o r t i o n  o f  c o n ­

s o n a n t  e r r o r s .  S c h u l t z  (1964-) who a l s o  u s e d  W-22 t e s t s  on 

h i s  n i n e t y - t h r e e  s u b j e c t s  w i t h  s e n s o r i - n e u r a l  h e a r i n g  

l o s s e s ,  f o u n d  t h a t  vowel  e r r o r s  c o n s t i t u t e d  t w e n t y - f i v e  

p e r c e n t  o f  a l l  o f  t h e  e r r o r s  made.  S e v e r a l  o t h e r  s t u d i e s  

h a v e  p l a c e d  l e s s  s i g n i f i c a n c e  on t h e  i n c i d e n c e  o f  vowel  

e r r o r s  (R o sen ,  1 9 6 2 j P i c k e t t  e t  a l . ,  1972? McGarr e t  a l . ,

1 9 7 7 ) .  Owens e t  a l .  (1968)  c l a i m e d  t h a t  t h e  r e a s o n  f o r  

t h e s e  d i f f e r e n c e s  i n  r e s u l t s  was t h e  k i n d  o f  t e s t  g i v e n .

They c o m p ared  p e r f o r m a n c e  o f  t w e n t y  s u b j e c t s  w i t h  s e n s o r i ­

n e u r a l  l o s s e s  on W-22 t e s t s  and  on a  CVC c l o s e d - r e s p o n s e  

s e t  t e s t  w here  o n l y  v o w e ls  d i f f e r e d  i n  t h e  f o u r  f o i l s  

g i v e n .  T h e i r  s u b j e c t s  d i d  w e l l  on t h e  vowel  t e s t .  They 

e x p l a i n e d  t h i s  good  p e r f o r m a n c e  on v o w e ls  b y  s a y i n g  t h a t  

i n  t h e  o p en  s e t  t e s t s  e r r o r s  i n  c o n s o n a n t  p e r c e p t i o n  c o u l d  

a f f e c t  t h e  vowel  p e r c e p t i o n ,  w h e re a s  i n  a  c l o s e d  s e t  t e s t  

t h e  i d e n t i t y  o f  t h e  f i n a l  c o n s o n a n t  i s  n o t  i n  q u e s t i o n .

S m i th  (1972)  f o u n d  a s  much e r r o r  f o r  vowel  c o n t r a s t s  a s  

f o r  p l a c e  c o n t r a s t s .  T h i s  may b e  a  f u n c t i o n  o f  t h e  s e v e r i t y
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o f  t h e  h e a r i n g  l o s s e s  i n  h e r  p o p u l a t i o n  o r  o f  t h e  n a t u r e  o f  

t h e  f o i l s  g i v e n ,

P i c k e t t  e t  a l .  r e p o r t e d  t h a t  t h e i r  s u b j e c t s  d i d  b e t ­

t e r  when b a c k  v o w e l s  were  t h e  t a r g e t  so u n d s  and  w o rse  when 

f r o n t  v o w e ls  w ere  t h e  t a r g e t  on  t h e  Rhyme T e s t  u s e d .  T h i s  

would  seem l i k e l y  s i n c e  t h e  b a c k  v o w e ls  c o n t a i n  low  s e c o n d  

f o r m a n t s  which  a r e  more l i k e l y  t o  be  a u d i b l e  t o  a  d e a f  

p o p u l a t i o n .

The g e n e r a l  c o n s e n s u s  r e g a r d i n g  t h e  k i n d s  o f  vowel  

c o n f u s i o n s  made i s  t h a t  a  n e a r  n e i g h b o r  i n  t h e  v o w e l  q u a d ­

r i l a t e r a l  w i l l  be  r e p o r t e d  i f  t h e  i n t e n d e d  v o w e l  i s  n o t  

c o r r e c t l y  i d e n t i f i e d  ( P e t e r s o n  and  B a r n e y ,  1952s Oyer and  

Doudna,  1959s R o se n ,  1962s Owens e t  a l . , 19685 S m i th ,  1972) 

and  t h a t  t h e  c o n f u s i o n  i s  l i k e l y  t o  b e  on t h e  same s i d e  o f  

t h e  q u a d r i l a t e r a l  b u t  t o w a r d s  t h e  m i d - h e i g h t  p o s i t i o n  (Oyer  

and  Doudna,  1 9 5 9 ) •  One s l i g h t  d e v i a t i o n  f rom  t h i s  t r e n d  

was r e p o r t e d  b y  S m i t h .  She  t r i e d  t o  g e t  more s p e c i f i c  

i n f o r m a t i o n  a b o u t  vowel  c o n f u s i o n s  b y  s e t t i n g  up a  s e t  o f  

f o i l s  w h e reb y  f i r s t  f o r m a n t  c o n f u s i o n s  a n d  t e n s e - l a x  c o n ­

f u s i o n s  were  a v a i l a b l e .  She fo u n d  t h a t  when / u /  o r  / x j/ ,  
h a v i n g  low F2 *s w ere  p r e s e n t e d ,  t h e y  were  l i k e l y  t o  be  

c o n f u s e d  w i t h  e a c h  o t h e r  b u t  t h a t  i f  / i /  o r  / I /  were  t h e  

t a r g e t ,  t h e y  w ere  f r e q u e n t l y  t h o u g h t  t o  b e  t h e  c o r r e s ­

p o n d i n g  b a c k  v o w e l s ,  / u /  a n d  / t f / , r e s p e c t i v e l y .  T h i s  c o n ­

f u s i o n  i s  u n d e r s t a n d a b l e  b e c a u s e  w i t h o u t  t h e  s e c o n d  f o r m a n t  

i n f o r m a t i o n  w hich  i s  n o t  a u d i b l e  w i t h  a  h i g h  f r e q u e n c y  

h e a r i n g  l o s s ,  t h e  f i r s t  f o r m a n t s  o f  t h e  h i g h  f r o n t  and
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b a c k  v o w e ls  a r e  s i m i l a r  an d  e a s i l y  c o n f u s e d .

Summarvi r e c e p t i o n  o f  s e g m e n t a l s

D i s c r i m i n a t i o n  o f  t h e  f e a t u r e s  o f  v o i c i n g  and  n a s a l i ­

t y  i s  e a s i e r  t h a n  t h a t  o f  p l a c e  o f  a r t i c u l a t i o n .  V o i c i n g  

i n  c o n s o n a n t s  i s  b e l i e v e d  t o  b e  e a s y  t o  d i s c r i m i n a t e  b e ­

c a u s e  o f  t h e  h i g h  i n t e n s i t y ,  low f r e q u e n c y  e n e r g y ,  a s  w e l l  

a s  t h e  c u e s  p r e s e n t e d  b y  t h e  d u r a t i o n  o f  t h e  p r e c e d i n g  

v o w e l .  S i m i l a r l y ,  t h e  n a s a l  so u n d s  c o n t a i n  s u b s t a n t i a l  

low f r e q u e n c y  e n e r g y .  On t h e  o t h e r  h a n d ,  p l a c e  o f  a r t i c u ­

l a t i o n  i s  h a r d  t o  d i s c r i m i n a t e  b e c a u s e  n o t  o n l y  a r e  t h e  Fg 

t r a n s i t i o n s  o f t e n  i n  t h e  h i g h e r  f r e q u e n c y  r a n g e ,  b u t  a l s o  

b e c a u s e  F^ masks  Fg i n f o r m a t i o n  a t  t i m e s .  F i g u r e  1 i s  a  

p l o t  o f  t h e  p o w e r / f r e q u e n c y  d i s t r i b u t i o n  o f  s p e e c h  s i g n a l s  

( R i c h a r d s ,  196^ ) .  The p a t t e r n  o f  p e r c e p t i o n  o f  s e g m e n t a l s  

d i f f e r s  somewhat  f ro m  t h a t  o f  p r o d u c t i o n  i n  t h e  d e a f  p o p u ­

l a t i o n .  T h i s  may be  b e c a u s e  o f  t h e  v i s i b i l i t y  o f  some 

a r t i c u l a t o r y  movements  an d  t h e  l a c k  o f  v i s i b i l i t y  o f  o t h e r s  

w hich  a f f e c t s  o n e * s  a b i l i t y  t o  l e a r n  t o  p r o d u c e  phonemes 

b u t  w ou ld  n o t  c o n t r i b u t e  t o  t h e  a b i l i t y  t o  p e r c e i v e  t h e s e  

f e a t u r e s  on a n  a u d i t o r y  t e s t .

A l th o u g h  t h e r e  i s  d i s a g r e e m e n t  a s  t o  t h e  f r e q u e n c y  o f  

vow el  d i s c r i m i n a t i o n  e r r o r s ,  m o s t  l i k e l y  b e c a u s e  o f  t h e  

d i f f e r e n c e s  i n  t h e  t e s t  m a t e r i a l s  u s e d ,  t h e  g e n e r a l  c o n ­

s e n s u s  i s  t h a t  v o w e l  c o n f u s i o n s  a r e  w i t h  a  n e a r  n e i g h b o r  

i n  t h e  vow el  q u a d r i l a t e r a l  a n d  t h a t  t h e  c o n f u s i o n  i s  l i k e l y  

t o  be  on t h e  same s i d e  o f  t h e  q u a d r i l a t e r a l  b u t  t o w a r d s  m i d -  

h e i g h t  p o s i t i o n  o r  w i t h  v o w e ls  h a v i n g  s i m i l a r  Fj_*s, i f  F 2
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FIGURE 1

A p l o t  o f  t h e  d i s t r i b u t i o n  o f  power v e r s u s  f r e q u e n c y  f o r  

s p e e c h  s i g n a l s .  The c l o s e d  c u r v e s  i n d i c a t e  t h e  a p p r o x i m a t e  

r a n g e  o f  so u n d  p r e s s u r e s  i n  f r e e  a i r  a t  lm from t h e  t a l k e r ’ s  

l i p s  ( R i c h a r d s ,  1 9 6 4 ) ,
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i s  n o t  a u d i b l e .  T h i s  i s  q u i t e  s i m i l a r  t o  t h e  k i n d s  o f  

e r r o r s  made i n  v o w e l  p r o d u c t i o n  e x c e p t  t h a t  t h e  m i d - c e n t r a l  

v o w e l  i s  o f t e n  s u b s t i t u t e d  f o r  t h e  i n t e n d e d  v o w e l  i n  p r o ­

d u c t i o n  and  c o n f u s i o n s  b a s e d  on s i m i l a r  F ^ ' s  a r e  se ldom  

p r o d u c e d .

R e c e p t i o n  o f  S u p r a s e g m e n t a l s  

A l th o u g h  t h e r e  h a s  b e e n  much r e s e a r c h  r e g a r d i n g  p h o ­

nemic d i s c r i m i n a t i o n  a b i l i t y  i n  t h e  h e a r i n g - i m p a i r e d ,  l i t -  

l e  a t t e n t i o n  h a s  b e e n  p a i d  t o  t h e i r  p r o s o d i c  f e a t u r e  r e ­

c e p t i o n  s k i l l s .  S m i th  ( 1 9 7 2 ) ,  n o t i n g  t h e  p r e v a l e n c e  o f  

s t r e s s ,  t i m i n g  an d  i n t o n a t i o n  e r r o r s  i n  t h e  s p e e c h  o f  t h e  

d e a f ,  d e s i g n e d  a  t e s t  t o  e v a l u a t e  t h e  r e c e p t i o n  o f  t h e s e  

f e a t u r e s .  The f i v e  p a r t  t e s t  c o n s i s t e d  o f  t o n a l  s t i m u l i  

d i f f e r i n g  i n  d u r a t i o n ,  f r e q u e n c y ,  t i m i n g  p a t t e r n s  o r  i n ­

t e n s i t y .  The c h i l d r e n  w ere  t r a i n e d  t o  r e c o g n i z e  p i c t o r i a l  

r e p r e s e n t a t i o n s  o f  e a c h  o f  t h e  t e s t  f e a t u r e s .  Each s t i ­

m ulus  was r e p r e s e n t e d  b y  a  box on  t h e  r e s p o n s e  s h e e t .  The 

s i z e  o f  t h e  box  i n d i c a t e d  d u r a t i o n ,  t h e  p r o x i m i t y  o f  t h e  

b o x e s  r e p r e s e n t e d  t i m i n g ,  a n d  f r e q u e n c y  was r e p r e s e n t e d  by  

t h e  h e i g h t  o f  t h e  box  on  t h e  p a g e .  A c l o s e d - r e s p o n s e  s e t  

t e s t  was u s e d  i n  w hich  two o r  t h r e e  c h o i c e s  w ere  g i v e n  

f o r  e a c h  t e s t  i t e m .  T h e re  w ere  v a r i o u s  l e v e l s  o f  c o m p l e x i ­

t y  f o r  e a c h  o f  t h e  s u b t e s t s .  I n  a d d i t i o n ,  t h e  f i f t h  p a r t  

o f  t h e  t e s t  c o n s i s t e d  o f  r e c o r d e d  s e n t e n c e s  t h a t  had  b e e n  

p a s s e d  t h r o u g h  a  390 Hz l o w - p a s s  f i l t e r .  S u b j e c t s  were  

a s k e d  t o  d i f f e r e n t i a t e  b e t w e e n  t h r e e  s e n t e n c e s  w hich  d i f ­

f e r e d  b a s e d  on i n t o n a t i o n  ( q u e s t i o n ,  s t a t e m e n t  o r  q u e s t i o n
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a n d  p a u s e ) ,  d u r a t i o n  (num ber  o f  w o r d s ) ,  l o c a t i o n  o f  s t r e s s  

o r  p h r a s i n g .  The p u r p o s e  o f  t h e  l o w - p a s s  f i l t e r i n g  was t o  

m i n i m i z e  t h e  phonem ic  c u e s  t h a t  w e re  p r e s e n t  i n  t h e  s e n ­

t e n c e s .

The r e s u l t s  o f  t h i s  t e s t  showed t h a t  s c o r e s  on  t h e  

t o n a l  p o r t i o n  c o r r e l a t e d  w e l l  w i t h  t h r e s h o l d s  a t  500 Hz 

an d  m o d e r a t e l y  w e l l  w i t h  i n t e l l i g i b i l i t y  s c o r e s ,  a l t h o u g h  

t h e r e  was n o t  t h e  c l o s e  c o r r e l a t i o n  t o  s p e e c h  p r o d u c t i o n  

s k i l l s  t h a t  was a n t i c i p a t e d .  G e n e r a l l y ,  t h e  c h i l d r e n  p e r ­

fo rm ed  r e l a t i v e l y  w e l l  on  t h e  t e s t ,  s c o r i n g  c l o s e  t o  100 $ ,  

and  a s  a  r e s u l t  i t  was n o t  a  good d i f f e r e n t i a t o r  b e t w e e n  

s u b j e c t s .

I n  197^ ,  S t a r k  an d  L e v i t t  r e p o r t e d  on p r o s o d i c  f e a ­

t u r e  r e c e p t i o n  t e s t i n g  f o r  s e v e n t y - o n e  10 a n d  11 y e a r  o l d s  

a t t e n d i n g  s c h o o l s  f o r  t h e  d e a f  i n  New York S t a t e .  The 

f i f t y - s i x  i t e m  t e s t  c o n s i s t e d  o f  p a i r s  o f  s e n t e n c e s  w hich  

t e s t e d  r e c o g n i t i o n  o f  p a u s e ,  a d d i t i o n  o f  s y l l a b l e s ,  q u e s ­

t i o n  v s  s t a t e m e n t  an d  l o c a t i o n  o f  s t r e s s .  The t a s k  was t o  

i n d i c a t e  w h e t h e r  two u t t e r a n c e s  i n  a  p a i r  were  t h e  same o r  

d i f f e r e n t .  D i f f e r e n c e s  b e t w e e n  s e n t e n c e s  w ere  b a s e d  on 

t h e  a b o v e - m e n t i o n e d  f e a t u r e s .

R e s u l t s  o f  t h e  t e s t  showed t h a t  many o f  t h e  c h i l d r e n  

r e s p o n d e d  a t  a  c h a n c e  l e v e l  f o r  m o s t  o f  t h e  t e s t  i t e m s .  

P a u se  was t h e  f e a t u r e  m o s t  o f t e n  c o r r e c t l y  d i s c r i m i n a t e d ,  

w h i l e  p e r f o r m a n c e  on t h e  q u e s t i o n  i t e m s  was t h e  w o r s t .

The r e l a t i v e l y  p o o r  p e r f o r m a n c e  o f  t h e  c h i l d r e n  on f e a t u r e s  

w h ich  c o n t a i n  a  good d e a l  o f  low  f r e q u e n c y  i n f o r m a t i o n
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(w h ich  s h o u l d  b e  w i t h i n  t h e i r  r a n g e  o f  r e s i d u a l  h e a r i n g )  

s u g g e s t s  t h a t  much c a n  b e  done  t o  im p ro v e  t h e  a u d i t o r y  

t r a i n i n g  p r o v i d e d  t o  t h e s e  c h i l d r e n .

The ab o v e  t e s t  u s e d  a  s a m e - d i f f e r e n t  t a s k ,  w hich  i n ­

t r o d u c e s  t h e  p r o b le m  o f  d i f f e r e n c e s  i n  r e s p o n s e  c r i t e r i a  

b e t w e e n  s u b j e c t s .  A new p r o s o d i c  f e a t u r e  r e c e p t i o n  t e s t  

was t h u s  d e v i s e d  t o  t e s t  r e c o g n i t i o n  o f  t h e  f e a t u r e s  o f  

s t r e s s ,  p a u s e  an d  q u e s t i o n  i n  a  c l o s e d - r e s p o n s e  s e t  f o r m a t  

(McGarr ,  1 9 7 6 ) .  The t e s t  c o n t a i n e d  b a l a n c e d  s e t s  o f  t h r e e  

a n d  f i v e  s y l l a b l e  u t t e r a n c e s  f o r  a  t o t a l  o f  t h i r t y - s i x  

t e s t  i t e m s .  F o u r  c h o i c e s  w ere  a v a i l a b l e  t o  t h e  s u b j e c t .

A l l  c h o i c e s  c o n s i s t e d  o f  t h e  same s i m p l e  u t t e r a n c e s  b u t  

e a c h  was m arked  b y  a  d i f f e r e n t  p r o s o d i c  f e a t u r e ,  e . g . ,  

s t r e s s  e a r l y  i n  t h e  u t t e r a n c e ,  s t r e s s  l a t e  i n  t h e  u t t e r a n c e ,  

p a u s e  e a r l y  i n  t h e  u t t e r a n c e  and  p a u s e  l a t e  i n  t h e  u t t e r ­

a n c e .  I n  a d d i t i o n ,  f o r  t h e  two s y l l a b l e  u t t e r a n c e s  ( f o r  

w h ich  o n l y  one  p a u s e  c o n d i t i o n  was p o s s i b l e )  a  q u e s t i o n  v s  

s t a t e m e n t  i n t o n a t i o n  was i n c l u d e d  a s  one  o f  t h e  c h o i c e s .

The c h i l d  h e a r d  a  r e c o r d i n g  o f  t h e  t e s t  s t i m u l u s  a t  MCL 

a n d  c i r c l e d  t h e  c h o i c e  w h ich  m o s t  c l o s e l y  c o r r e s p o n d e d  t o  

w ha t  was h e a r d .

The f e a t u r e  o f  p a u s e ,  a s  i n  S t a r k  and  L e v i t t ' s  

f i n d i n g s ,  was m o s t  o f t e n  i d e n t i f i e d  c o r r e c t l y .  E a r l y  

s t r e s s  was somewhat l e s s  d i f f i c u l t  t o  r e c o g n i z e  t h a n  l a t e  

s t r e s s ,  a n d  q u e s t i o n  was t h e  m os t  d i f f i c u l t  i t e m  f o r  t h e  

g r o u p .  McGarr n o t e d  t h a t  some s u b j e c t s  had  d i f f i c u l t y  i n  

d e t e c t i n g  p a u s e  a n d  i n  l o c a t i n g  s t r e s s  an d  fo u n d  t h i s  s u r -
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p r i s i n g  s i n c e  t h e s e  f e a t u r e s  a r e  c o n t a i n e d  i n  lo w  f r e q u e n c y  

i n f o r m a t i o n .  One p o s s i b l e  i n t e r p r e t a t i o n  i s  t h a t  c e r t a i n  

so u n d s  i n  t h e  u t t e r a n c e  f a l l  b e lo w  t h e  c h i l d ' s  t h r e s h o l d  

o f  h e a r i n g  r e s u l t i n g  i n  many b r e a k s  o r  p a u s e s  i n  w ha t  i s  

h e a r d  a n d  a n  a d d i t i o n a l  p a u s e  i s  t h u s  n o t  e a s y  t o  i d e n t i f y .

Summaryi r e c e p t i o n  o f  s u p r a s e e m e n t a l s

D e t e c t i o n  o f  p a u s e  a n d  l o c a t i o n  o f  s t r e s s ,  f e a t u r e s  

t h o u g h t  t o  b e  c o n v e y e d  by  low f r e q u e n c y  i n f o r m a t i o n  a u d i b l e  

t o  t h e  d e a f  s u b j e c t s ,  was n o t  a s  good a s  a n t i c i p a t e d .

Pa u se  was i d e n t i f i e d  c o r r e c t l y  m o s t  o f t e n ,  a n d  e a r l y  s t r e s s  

was somewhat l e s s  d i f f i c u l t  t o  r e c o g n i z e  t h a n  l a t e  s t r e s s .  

R e c o g n i t i o n  o f  y e s / n o  q u e s t i o n s  w hich  seems t o  r e l y  on 

p i t c h  c h a n g e  was e s p e c i a l l y  p o o r ,  t h o u g h  t h i s  was n o t  s u r ­

p r i s i n g .  I n  a d d i t i o n ,  t h o s e  c h i l d r e n  who p e r f o r m e d  w e l l  

on p r o s o d i c  f e a t u r e  r e c e p t i o n  t e s t s  d i d  n o t  a l w a y s  do w e l l  

on  t h e  p r o d u c t i o n  o f  t h e s e  same f e a t u r e s .

R e l a t i o n s h i p  b e tw e e n  M easu res  o f  R e s i d u a l  
H e a r i n g  an d  S p ee ch I n t e l l i g i b i l i t y

C o n v e n t i o n a l  T h r e e - F r e q u e n c y  A v e rag e  

I t  i s  g e n e r a l l y  a g r e e d  t h a t  a s  t h e  s e v e r i t y  o f  t h e  

t h r e e - f r e q u e n c y  p u r e  t o n e  h e a r i n g  l o s s  i n c r e a s e s  ( u n t i l  

a b o u t  90 dB HL), t h e r e  i s  a  c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  

number  o f  phonem ic  a n d  r h y t h m i c  e r r o r s  an d  a  d e c r e a s e  i n  

o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y  (H udg ins  an d  Numbers,  1942;  

Mangan,  1961 ;  B ra n n o n ,  1964 ;  M a r k i d e s ,  1970;  S m i t h ,  1 9 7 2 ) .  

The n a t u r e  o f  t h e  phonem ic  e r r o r s  seems t o  b e  s i m i l a r  f o r  

a l l  d e g r e e s  o f  h e a r i n g  l o s s  ( H e i d e r  e t  a l . ,  1 9 4 1 ;  Mangan,
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1 9 6 1 i M a r k i d e s ,  1970)  b u t  t h e  numbers  i n c r e a s e  w i t h  i n ­

c r e a s i n g  l o s s *  M a rk id e s  r e p o r t e d  9% v o w e l  a n d  26% c o n s o ­

n a n t  e r r o r s  f o r  h i s  h a r d - o f - h e a r i n g  s u b j e c t s  a n d  56% vow el  

a n d  72% c o n s o n a n t  e r r o r s  f o r  h i s  d e a f  s u b j e c t s .  W hile  t h e  

h a r d - o f - h e a r i n g  c h i l d r e n  h a d  mean i n t e l l i g i b i l i t y  s c o r e s  o f  

7 6 $ ,  t h e  d e a f  c h i l d r e n  a v e r a g e d  19% i n t e l l i g i b i l i t y .

As t h e  s e v e r i t y  o f  t h e  t h r e e - f r e q u e n c y  p u r e  t o n e  

h e a r i n g  l o s s  i n c r e a s e s  a b o v e  90 dB, t h e  r e l a t i o n s h i p  b e t w e e n  

h e a r i n g  l e v e l  an d  i n t e l l i g i b i l i t y  a p p e a r s  t o  b r e a k  down.

Some c h i l d r e n  w i t h  s e v e r e  l o s s e s  h a v e  m o d e r a t e l y  good s p e e c h .  

I t  i s  e v i d e n t  t h a t  t h e  p u r e  t o n e  a u d i o g r a m  a l o n e  i s  n o t  e -  

nough t o  p r e d i c t  t h o s e  who w i l l  h a v e  s u c c e s s  a t  s p e e c h  p r o ­

d u c t i o n  a n d  t h o s e  who w o n ' t .  O t h e r  f a c t o r s  m u s t  b e  r e s p o n ­

s i b l e  f o r  e x p l a i n i n g  t h e  f u n c t i o n i n g  o f  t h e s e  c h i l d r e n  a s  

w e l l  a s  o f  some o t h e r s  w i t h  b e t t e r  h e a r i n g  whose a u d io g r a m s  

do n o t  seem t o  r e f l e c t  t h e i r  t r u e  a b i l i t y  t o  u s e  a u d i t o r y  

i n f o r m a t i o n .  Some o f  t h e s e  f a c t o r s  a r e  a g e  o f  o n s e t  o f  

d e a f n e s s ,  d e g r e e  o f  s p e c i a l  e d u c a t i o n  an d  e d u c a t i o n a l  s e t ­

t i n g .

O t h e r  P u r e  Tone M easu res

D i s s a t i s f a c t i o n  w i t h  t h e  t h r e e - f r e q u e n c y  p u r e  t o n e  

a v e r a g e  a s  a  m e a s u r e  o f  a u d i t o r y  s e n s i t i v i t y  l e d  t o  o t h e r  

c l a s s i f i c a t i o n s  o f  t h e  a u d i o g r a m .  Wedenberg (195*0 c r e a t e d  

a  s y s t e m  w h e re b y  t h e  a u d i o g r a m  was r e f e r r e d  t o  b o t h  i n  

t e r m s  o f  s e v e r i t y  o f  l o s s  ( a  l e t t e r  s y s t e m  was u s e d )  a n d  

c o n f i g u r a t i o n  ( a  number s y s t e m  was u s e d ) .  I n  1972 ,  R i s b e r g  

a n d  M a r to n y  m o d i f i e d  t h e s e  c l a s s i f i c a t i o n s  t o  m ee t  t h e  n e e d s
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o f  d e s c r i b i n g  a  more p r o f o u n d l y  d e a f  p o p u l a t i o n , ,  They d i ­

v i d e d  t h e  f r e q u e n c y  r a n g e  i n t o  125 -1000  Hz ( r e p r e s e n t e d  b y  

t h e  l e t t e r s  A-D) a n d  150 0 -6 0 0 0  H z , ( r e p r e s e n t e d  b y  t h e  num­

b e r s  1 - 5 )  ( F i g u r e  2 ) .  The f i r s t  d i v i s i o n  c o r r e s p o n d e d  t o  

a r e a s  c o n t a i n i n g  FQ an d  F^ i n f o r m a t i o n  and  t h e  s e c o n d  t o  

F^ a n d  i n f o r m a t i o n  i n  v o i c e l e s s  s o u n d s .  U s in g  t h i s  s y s t e m  

t o  d e s c r i b e  c h i l d r e n  i n  S w e d ish  s c h o o l s  f o r  t h e  d e a f ,  t h e y  

f o u n d  t h a t  t h e  m a j o r i t y  o f  t h e  c h i l d r e n  h a v e  t h r e s h o l d s  i n  

t h e  lo w  f r e q u e n c i e s  t h a t  may b e  due  t o  t a c t i l e  s e n s a t i o n s  

( a r e a s  C an d  D) a n d  r e s p o n s e s  i n  t h e  h i g h  f r e q u e n c i e s  w ere  

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

t h e  p o p u l a t i o n  w i t h  l i t t l e  u s a b l e  i n f o r m a t i o n  a b o u t  t h e i r  

p o t e n t i a l  a u d i t o r y  s k i l l s .

S e v e r a l  i n v e s t i g a t o r s  h a v e  t r i e d  t o  d e t e r m i n e  w h e t h e r  

t h r e s h o l d s  a t  p a r t i c u l a r  f r e q u e n c i e s  m ig h t  be  b e t t e r  p r e ­

d i c t o r s  o f  a  c h i l d ' s  f u n c t i o n i n g ,  s p e c i f i c a l l y  h i s  s p e e c h  

i n t e l l i g i b i l i t y .  F o r  t h e  m o s t  p a r t ,  t h e  more h i g h  f r e q u e n ­

c y  h e a r i n g  a  p e r s o n  h a s ,  t h e  b e t t e r  h i s  s p e e c h  i n t e l l i g i b i ­

l i t y  i s  l i k e l y  t o  b e  (Montgomery,  1967 ;  L i n g ,  19681 

B o o t h r o y d ,  1 9 7 0 ) .  F o r  t h o s e  w i t h  p r e d o m i n a n t l y  low f r e ­

q u e n c y  h e a r i n g  du e  t o  s h a r p l y  s l o p i n g  l o s s e s ,  Montgomery 

(1 9 6 7 )  fo u n d  t h a t  t h r e s h o l d s  a t  125 an d  250 Hz may b e  u s e d  

a s  i n d i c a t o r s  o f  " p o t e n t i a l  s p e e c h  a b i l i t y " .  B o o th ro y d  

f e l t  t h a t  h e a r i n g  s e n s i t i v i t y  a t  1000 and  2000 Hz was 

e s p e c i a l l y  good  a t  p r e d i c t i n g  s p e e c h  i n t e l l i g i b i l i t y  when 

90 dB was u s e d  a s  a  c u t - o f f 0 F o r  t h e  C l a r k e  S c h o o l  s t u ­

d e n t s  whom he  t e s t e d ,  i f  a  c h i l d  h a d  t h r e s h o l d s  a t  1000



55

FIGUBE 2
The classification of audiograms according to Risberg and 
Martony (1972). The heavy dashed line indicates a C5 
audiogram.
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a n d  2000 Hz b e t t e r  t h a n  90 dB, h e  had  a  75# c h a n c e  o f  

h a v i n g  good  i n t e l l i g i b i l i t y  b u t  i f  h i s  t h r e s h o l d s  a t  t h o s e  

f r e q u e n c i e s  w ere  w o rse  t h a n  90 dB t h e r e  was o n l y  a  10# 

c h a n c e  o f  b e i n g  i n t e l l i g i b l e .  S m i th  com pared  h e a r i n g  a t  

v a r i o u s  t e s t  f r e q u e n c i e s  w i t h  o v e r a l l  i n t e l l i g i b i l i t y  

s c o r e s  f o r  h e r  40 d e a f  c h i l d r e n .  The b e s t  c o r r e l a t i o n  

( - . 6 5 .  p < .0 0 1 )  was o b t a i n e d  f o r  t h e  a v e r a g e  o f  125 . 500 

a n d  1000 Hz. She  a l s o  f o u n d  a  b re a k d o w n  i n  t h e  l i n e a r i t y  

o f  t h e  r e l a t i o n s h i p  b e t w e e n  h e a r i n g  l e v e l  a n d  i n t e l l i g i b i ­

l i t y  a b o v e  90 dB,

N o n -T o n a l  M e a su re s  

B o o th r o y d  (1972)  p r o p o s e d  u s i n g  a  more com plex  s t i ­

m ulus  t h a n  p u r e  t o n e s  i n  o r d e r  t o  l e a r n  more a b o u t  t h e  

c h i l d ' s  a u d i t o r y  s e n s i t i v i t y .  He s u g g e s t e d  u s i n g  phonemes 

t o  t e s t  t h e s e  f r e q u e n c y  r a n g e s t / u /  -500  Hz, / r f /  -1 000  Hz, 

-2 0 0 0  Hz, / s /  -4 000  Hz.  He a l s o  p r o p o s e d  t h e  c r e a t i o n  

o f  t e s t s  b a s e d  on  p a i r s  o f  s t i m u l i  w h ich  c o u l d  b e  d i f f e r e n ­

t i a t e d  b y  d e t e c t i o n  o f  d i f f e r e n c e s  i n  d u r a t i o n ,  number  o f  

s y l l a b l e s ,  p r e s e n c e  o f  v o i c i n g  o r  f o r m a n t  c o n t r a s t s .  I n  

t h i s  way we w ou ld  h a v e  more  m e a n i n g f u l  i n f o r m a t i o n  on w h a t  

a u d i t o r y  s t i m u l i  t h e  c h i l d r e n  w ere  p r o c e s s i n g ,

E r b e r  ( i n  S t a r k ,  1974)  c l a i m e d  t h a t  p e r f o r m a n c e  on  a  

c l o s e d - s e t  s p o n d e e  t e s t  was a  v a l i d  way o f  d e t e r m i n i n g  

w h ich  s u b j e c t s  w e re  u s i n g  low f r e q u e n c y  i n f o r m a t i o n .  He 

c l a s s i f i e d  some s e v e r e l y  d e a f  c h i l d r e n  a s  p r o f o u n d l y  im­

p a i r e d  b e c a u s e  t h e y  s c o r e d  b e tw e e n  0 and  30#  on  h i s  t e s t .

He f e l t  t h a t  t h e  a u d i o g r a m  was n o t  a s  s e n s i t i v e  a s  t h i s  t e s t
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i n  r e c o g n i z i n g  w h ich  c h i l d r e n  c o u l d  u t i l i z e  low  f r e q u e n c y  

i n f o r m a t i o n  and  w h ich  c o u l d  n o t ,  i . e . ,  t h o s e  who t r u l y  p o s ­

s e s s  r e s i d u a l  h e a r i n g .  The p r o f o u n d l y  d e a f  g r o u p  u s e  v i b -  

r o t a c t i l e  c u e s  and  c a n  p e r c e i v e  t i m e  an d  i n t e n s i t y  c h a n g e s  

b u t  c a n  n o t  d e a l  w i t h  r a p i d  f r e q u e n c y  c h a n g e s  i n  n o rm a l  

s p e e c h .

A s t i l l  b e t t e r  p r e d i c t o r  o f  t h e  c h i l d ' s  s p e e c h  p e r ­

f o rm a n c e  t h a n  a n y  p u r e  t o n e  m e a s u r e s  was t h e  Phoneme Re­

c e p t i o n  T e s t  t h a t  S m i th  d e v i s e d  ( 1 9 7 2 ) .  The t e s t  r e s u l t s  

showed t h a t  t h o s e  c h i l d r e n  who w ere  b e t t e r  a b l e  t o  d i s ­

c r i m i n a t e  s u c h  f e a t u r e s  a s  m an n e r ,  v o i c i n g  a n d  p l a c e  o f  

a r t i c u l a t i o n  ( i n  a  c l o s e d - s e t  r e s p o n s e  t e s t )  w ere  g e n e r a l l y  

c h i l d r e n  who h a d  more i n t e l l i g i b l e  s p e e c h .  The c o r r e l a t i o n  

o f  p e r f o r m a n c e  on  t h i s  t e s t  t o  i n t e l l i g i b i l i t y  ( r = . 7 8 ,  

p ^ . 0 0 1 )  was g r e a t e r  t h a n  t h a t  f o r  a n y  i n d i v i d u a l  f r e q u e n c y  

o r  c o m b i n a t i o n  o f  f r e q u e n c i e s  w i t h  s p e e c h  i n t e l l i g i b i l i t y .  

T h u s ,  i t  a p p e a r s  t h a t  f o r  s t i m u l i  t h a t  a r e  c l o s e r  t o  r e a l  

s p e e c h  t h e r e  a r e  b e t t e r  c o r r e l a t i o n s  t o  s p e e c h  i n t e l l i g i ­

b i l i t y  t h a n  f o r  t o n a l  s t i m u l i .

S u p r a s e g m e n t a l  r e c e p t i o n  s k i l l s  h a v e  a l s o  b e e n  mea­

s u r e d  a n d  c o r r e l a t e d  w i t h  i n t e l l i g i b i l i t y .  At p r e s e n t ,  

s p e c i f i c  i n f o r m a t i o n  on t h e s e  c o r r e l a t i o n s  i s  l i m i t e d .

S m i th  fo u n d  a  " m o d e r a t e "  c o r r e l a t i o n  b e t w e e n  i n t e l l i g i b i l i ­

t y  a n d  p e r f o r m a n c e  on d i s c r i m i n a t i o n  o f  p r o s o d i c  f e a t u r e s  

on t o n a l  s t i m u l i .  However ,  t h e  t e s t  was n o t  f e l t  t o  b e  a  

good d i f f e r e n t i a t o r  b e t w e e n  s u b j e c t s  s i n c e  m o s t  o f  them d i d  

q u i t e  w e l l .  I t  w ou ld  a p p e a r  t h a t  f u r t h e r  r e s e a r c h  on r e -
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c e p t i o n  o f  p r o s o d i c  s k i l l s  may l e a d  t o  a n  i m p o r t a n t  l i n k  

i n  t h e  t o t a l  p i c t u r e  o f  t h e  r e l a t i o n s h i p  b e t w e e n  r e s i d u a l  

h e a r i n g  a n d  s p e e c h  i n t e l l i g i b i l i t y .

Summary

V a r i o u s  f a c t o r s  h a v e  b e e n  c o n s i d e r e d  i n  t r y i n g  t o  

d e t e r m i n e  which  a u d i t o r y  s k i l l  c o r r e l a t e s  m ost  c l o s e l y  w i t h  

i n t e l l i g i b i l i t y .  W hi le  t h e  p u r e  t o n e  a v e r a g e  f a l l s  s h o r t  

f o r  h e a r i n g  l o s s e s  g r e a t e r  t h a n  90 dB, t h e  Phoneme Re­

c e p t i o n  T e s t  d e s i g n e d  b y  S m i th  i s  r e p o r t e d  t o  b e  b e t t e r  

t h a n  a n y  p u r e  t o n e  i n f o r m a t i o n  a s  a  c o r 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 .  A t  p r e s e n t ,  i n f o r m a t i o n  on c o r r e l a t i o n s  o f  

p r o s o d i c  f e a t u r e  r e c e p t i o n  a b i l i t y  t o  i n t e l l i g i b i l i t y  i s  

l i m i t e d .  T e s t s  o f  r e c e p t i o n  o f  s u p r a s e g m e n t a l s  a p p e a r  t o  

show some c o r 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 *  h o w e v e r ,  a t  

p r e s e n t ,  t h e  r e l a t i o n s h i p  i s  n o t  c l e a r .  To d a t e ,  t h e s e  

t e s t s  o f  r e s i d u a l  h e a r i n g  h a v e  b e e n  a d m i n i s t e r e d  o n l y  t o  

p r o f o u n d l y  d e a f  c h i l d r e n  i n  s c h o o l s  f o r  t h e  d e a f .  P r e ­

d i c t i o n s  o f  p e r f o r m a n c e  o f  t h e  h a r d - o f - h e a r i n g  on t h e s e  

t e s t s  c a n  n o t  be  made w i t h o u t  f u r t h e r  r e s e a r c h  i n  t h i s  a r e a .
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CHAPTER I I I  

METHODOLOGY 

S u b j e c t s

F o r t y - t h r e e  h e a r i n g  i m p a i r e d  c h i l d r e n  b e tw e e n  t h e  

a g e s  o f  n i n e  a n d  t w e l v e  s e r v e d  a s  s u b j e c t s  f o r  t h i s  s t u d y .  

T h e re  w ere  t w e n t y - f o u r  g i r l s  and  n i n e t e e n  boys  a l l  b o r n  

b e tw e e n  1962 and  1964 .  The r a n g e  o f  a g e s  was f rom  n i n e  

y e a r s  an d  f i v e  m on ths  t o  t w e l v e  y e a r s  and  f o u r  m onths  w i t h  

a  mean a g e  o f  t e n  y e a r s  and  two m o n th s .  The c h i l d r e n  were  

p u p i l s  i n  t h e  New York C i t y  P u b l i c  S c h o o l  s y s t e m  and  r e ­

c e i v e d  a d d i t i o n a l  a s s i s t a n c e  f ro m  t h e  r e s o u r c e  room t e a c h ­

e r s  i n  t h e i r  s c h o o l s .  The r e s o u r c e  room p ro g ra m ,  u n d e r  t h e  

a u s p i c e s  o f  t h e  B u rea u  f o r  H e a r i n g  H an d ic a p p e d  o f  t h e  Board  

o f  E d u c a t i o n  o f  t h e  C i t y  o f  New York ,  i s  d e s i g n e d  t o  m a in ­

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

s e t t i n g  by  means o f  s u p p o r t i v e  i n s t r u c t i o n  in  a l l  s u b j e c t  

m a t t e r  i n c l u d i n g  l a n g u a g e  an d  s p e e c h  s k i l l s .  The h e a r i n g -  

i m p a i r e d  c h i l d r e n  a r e  s e e n  d a i l y  on a n  i n d i v i d u a l  o r  g r o u p  

b a s i s .

A l i s t  o f  a l l  n i n e -  to  t w e l v e - y e a r  o l d ,  h e a r i n g -  

i m p a i r e d  c h i l d r e n  known t o  a t t e n d  r e s o u r c e  room c l a s s e s  i n  

t h e  New York C i t y  P u b l i c  S c h o o l s  was p r o v i d e d  by  t h e  3 u r e a u .  

Of t h e  t h i r t e e n  s c h o o l s  i n c l u d e d  on t h e  l i s t ,  t h e  s e v e n  t h a t
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w ere  c h o s e n  r e p r e s e n t e d  a  d i s t r i b u t i o n  o f  g e o g r a p h i c  a r e a s  

and  s o c i o - e c o n o m i c  l e v e l s  o f  t h e  c i t y .  T h re e  s c h o o l s  w ere  

i n  B r o o k l y n ,  t h r e e  i n  Queens and  one i n  S t a t e n  I s l a n d .  The 

s c h o o l s  c o v e r e d  a  r a n g e  o f  s o c i o - e c o n o m i c  l e v e l s  f rom  low 

(some on W e l f a r e )  t o  m i d d l e  incom e.  None o f  t h e  c h i l d r e n  

were  f rom  h i g h  income f a m i l i e s  s i n c e  few h i g h  income f a m i ­

l i e s  i n  New York C i t y  s e n d  t h e i r  c h i l d r e n  t o  p u b l i c  s c h o o l s .  

The number  o f  c h i l d r e n  s am p led  f ro m  e ac h  o f  t h e  s e v e n  

s c h o o l s  r a n g e d  f rom  two t o  n i n e .  Once t h e  s c h o o l s  were  

c h o s e n ,  p e r m i s s i o n  was o b t a i n e d  f rom  t h e  p a r e n t s  b e f o r e  

a n y  t e s t i n g  was b e g u n .  A ppend ix  A c o n t a i n s  a  l i s t i n g  o f  

t h e  d a t a  r e l a t e d  t o  t h e  s c h o o l s  c h o s e n .

The s e v e r i t y  o f  t h e  h e a r i n g  l o s s e s  c h a r a c t e r i s t i c  o f  

t h i s  g r o u p  o f  c h i l d r e n  r a n g e d  f rom  p u r e  t o n e  a v e r a g e s  o f  

^0 dB t o  110 dB + HTL i n  t h e  b e t t e r  e a r .  The p u r e  t o n e  

a v e r a g e s  were  c a l c u l a t e d  a t  500,  1000 and  2000 Hz. Where 

t h e r e  was no r e s p o n s e  a t  one o r  more o f  t h e s e  f r e q u e n c i e s ,  

a  v a l u e  o f  110 dB+ was a s s i g n e d  a s  t h e  p u r e  t o n e  a v e r a g e .  

T h e re  w ere  t w e n t y - t h r e e  c h i l d r e n  w i t h  p u r e  t o n e  a v e r a g e s  

b e t t e r  t h a n  80 dB HTL and  t w e n t y  w i t h  a v e r a g e  h e a r i n g  l o s s e s  

e q u a l  t o  o r  w o rse  t h a n  80 dB HTL. T h i s  c u t - o f f  p o i n t  was 

c h o s e n  b e c a u s e  t h i s  l e v e l  i s  u s e d  a s  a  c r i t e r i o n  f o r  e n t r y  

i n t o  a  s c h o o l  f o r  t h e  d e a f  i n  New York .  A u d i o l o g i c a l  d a t a  

on t h e s e  c h i l d r e n  were o b t a i n e d  f ro m  t h e  Board  o f  E d u c a t i o n  

r e c o r d s  and  w h e n e v e r  p o s s i b l e ,  f ro m  c l i n i c a l  f i l e s  a t  i n d i ­

v i d u a l  h o s p i t a l  c e n t e r s  w h ere  t h e  c h i l d r e n  w ere  s e e n  f o r  

h e a r i n g  a i d  e v a l u a t i o n s .  The c h i l d r e n  were  a l l  f i t t e d  w i t h
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m o n a u r a l  o r  b i n a u r a l  a m p l i f i c a t i o n .  D e s c r i p t i v e  a u d i o l o -  

g i c a l ,  l i s t e n i n g  and  b a c k g r o u n d  d a t a  f o r  ea ch  o f  t h e  s u b ­

j e c t s  a p p e a r  i n  A ppend ix  3 ,

Equ ipm en t

Speech  p r o d u c t i o n  t e s t i n g  was a c c o m p l i s h e d  u s i n g  a  

W o l l e n s a k  t a p e  r e c o r d e r  (m ode l  1520)  and  acco m p an y in g  m i c ­

r o p h o n e  t o  r e c o r d  t h e  c h i l d r e n ' s  s p o k e n  o u t p u t .

S peech  r e c e p t i o n  m a t e r i a l s  w ere  p l a y e d  on t h e  W o l l e n ­

s a k  t a p e  r e c o r d e r  and  p a s s e d  t h r o u g h  t h e  H e w l e t t  P a c k a r d  

a t t e n u a t o r  (m ode l  350 C) a n d  t h e  G r a s o n - S t a d l e r  im pedance  

m a t c h i n g  t r a n s f o r m e r  (m ode l  E 10589 A) t o  a  s i n g l e  TDH-39 

e a r p h o n e  h o u s e d  i n  a n  MX k l /A R  c u s h i o n .  T h i s  e a r p h o n e  was 

p l a c e d  i n  a  f u l l  h e ad  s e t  w i t h  a  dummy e a r  p i e c e  on t h e  

o t h e r  s i d e ,  A s e t  o f  AKG G 60 h e a d p h o n e s  was c o n n e c t e d  

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

t h e  o u t p u t  a t  a  c o n s t a n t  c o m f o r t a b l e  l e v e l .

L i s t e n e r s

S e v e r a l  d i f f e r e n t  g r o u p s  o f  l i s t e n e r s  w ere  r e q u i r e d  

f o r  e v a l u a t i n g  s p e e c h  p r o d u c t i o n  s k i l l s .  Those  l i s t e n e r s  

w i t h  s u b s t a n t i a l  p r e v i o u s  e x p o s u r e  t o  t h e  s p e e c h  o f  d e a f  

c h i l d r e n  were  c l a s s i f i e d  a s  e x p e r i e n c e d  l i s t e n e r s .  A t o t a l  

o f  e l e v e n  e x p e r i e n c e d  l i s t e n e r s  p a r t i c i p a t e d  i n  t h e  s t u d y ;  

f i v e  w ere  f rom  t h e  Com m unica t ion  S c i e n c e s  L a b o r a t o r y  o f  t h e  

C i t y  U n i v e r s i t y  o f  New York and  s i x  were  from J o h n s  H opk ins  

U n i v e r s i t y .  L i s t e n e r s  w i t h  n e g l i g i b l e  o r  no p r e v i o u s  e x p o ­

s u r e  t o  t h e  s p e e c h  o f  t h e  d e a f  were  c l a s s i f i e d  a s  i n e x o e r -
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i e n c e d  l i s t e n e r s .  Most o f  t h e s e  l i s t e n e r s  w ere  c o l l e g e  

s t u d e n t s .

The t e s t s  o f  s p e e c h  p r o d u c t i o n  to o k  f o u r  b a s i c  fo rm s s  

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

t i f i c a t i o n  o f  p r o s o d i c  f e a t u r e s  and  t r a n s c r i p t i o n  o f  p h o ­

nem ic  p r o d u c t i o n .  F o r  t h e  i n t e l l i g i b i l i t y  s c o r e s ,  t h e  

l i s t e n e r s  were  r e q u i r e d  t o  w r i t e  down w h a t  t h e y  h e a r d  f ro m  

t h e  r e c o r d i n g s  o f  s e n t e n c e s  p r o d u c e d  b y  t h e  c h i l d r e n .

(See  A ppend ix  C - l  f o r  i n s t r u c t i o n s  t o  l i s t e n e r s . )  The 

l i s t e n e r s '  n o t a t i o n s  w ere  s c o r e d  i n  t e r m s  o f  t h e  p r o p o r t i o n  

o f  t h e  words  c o r r e c t l y  i d e n t i f i e d .  T h i s  o b j e c t i v e  m e a s u re  

was r e f e r r e d  t o  a s  t h e  i n t e l l i g i b i l i t y  s c o r e .

I n  o r d e r  t o  a v o i d  l e a r n i n g  e f f e c t s  on t e s t  m a t e r i a l s ,  

i t  was i m p o r t a n t  t h a t  no s e n t e n c e  was h e a r d  more t h a n  once  

b y  a  l i s t e n e r .  S i m i l a r l y ,  t o  a v o i d  t h e  l i s t e n e r  l e a r n i n g  

t h e  s p e e c h  p a t t e r n s  o f  t h e  i n d i v i d u a l  c h i l d r e n ,  e a c h  l i s ­

t e n e r  h e a r d  s e v e r a l  d i f f e r e n t  c h i l d r e n  on a  s i n g l e  t a p e .  

A l s o ,  b e c a u s e  o f  t h e  p r o b a b i l i t y  o f  b e t w e e n - l i s t e n e r  d i f ­

f e r e n c e s ,  i t  was n e c e s s a r y  t o  h a v e  s e v e r a l  l i s t e n e r s  f o r  

e ac h  t a p e  r e c o r d i n g .  F o r  s t a t i s t i c a l  r e l i a b i l i t y  a t  l e a s t  

t h r e e  l i s t e n e r s  were  r e q u i r e d  f o r  e a c h  t a p e .  I n  o r d e r  t o  

m ee t  t h e s e  r e q u i r e m e n t s ,  a  t o t a l  o f  111 l i s t e n e r s  were 

n e ed ed ?  t h r e e  l i s t e n e r s  f o r  e a ch  o f  t h i r t y - s e v e n  t a p e  r e ­

c o r d i n g s .  Fach  t a p e  r e c o r d i n g  c o n s i s t e d  o f  t h e  t w e n t y  t e s t  

s e n t e n c e s  p r o d u c e d  by  f o u r  d i f f e r e n t  c h i l d r e n  and  r e c o r d e d  

i n  s e m i - r a n d o m  o r d e r .  On e a c h  t a p e ,  no s p e a k e r  r e a d  two 

s e n t e n c e s  i n  a  row a n d  no s e n t e n c e  was r e p e a t e d .  I t  was n o t
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d i f f i c u l t  t o  f i n d  a  g r o u p  o f  111 i n e x p e r i e n c e d  l i s t e n e r s .  

H owever ,  i t  w ould  h av e  b e e n  i m p r a c t i c a l  t o  o b t a i n  a  s e t  o f  

e x p e r i e n c e d  l i s t e n e r s  e q u a l  i n  s i z e  s i n c e  n o t  t h a t  many 

e x p e r i e n c e d  l i s t e n e r s  a r e  a v a i l a b l e .  C o n s e q u e n t l y ,  o n l y  

i n e x p e r i e n c e d  l i s t e n e r s  w e re  u s e d  t o  o b t a i n  t h e  i n t e l l i g i ­

b i l i t y  s c o r e s .

R a t i n g s  o f  i n t e l l i g i b i l i t y  w ere  g i v e n  by  b o t h  ex ­

p e r i e n c e d  an d  i n e x p e r i e n c e d  l i s t e n e r s ,  h e n c e f o r t h  r e f e r r e d  

t o  a s  r a t e r s . T hose  i n e x p e r i e n c e d  l i s t e n e r s  u s e d  f o r  o b ­

t a i n i n g  i n t e l l i g i b i l i t y  s c o r e s  w ere  a l s o  a s k e d  to  p r o v i d e  

a  r a t i n g  o f  i n t e l l i g i b i l i t y  u s i n g  t h e  iNTID r a t i n g  s c a l e  t o  

be  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .  I n t e l l i g i b i l i t y  r a t i n g s  

on t h e  same s c a l e  w ere  o b t a i n e d  f rom  a  g r o u p  o f  t h r e e  e x ­

p e r i e n c e d  r a t e r s ,  e a c h  o f  whom r a t e d  t h e  f i r s t  f o u r  s e n ­

t e n c e s  on each  t a p e .  The e x p e r i e n c e d  r a t e r s  w ere  f a m i l i a r  

w i t h  t h e  s p e e c h  o f  t h e  d e a f  i n  g e n e r a l  b u t  n o t  w i t h  t h e  

s p e e c h  o f  t h e  s p e c i f i c  c h i l d r e n  b e i n g  s t u d i e d .  These  r a t e r s  

were  a l s o  f a m i l i a r  w i t h  t h e  t e s t  m a t e r i a l s .  F a m i l i a r i t y  

w i t h  t h e  t e s t  m a t e r i a l s  was n e c e s s a r y  p r i o r  t o  t e s t i n g  

s i n c e  t h e  few  e x p e r i e n c e d  r a t e r s  w ere  e x p o s e d  t o  t h e  same 

s e n t e n c e s  r e p e a t e d l y .  The u s e  o f  f a m i l i a r  m a t e r i a l s  was 

l e s s  l i k e l y  t o  i n t e r f e r e  w i t h  r a t i n g s  o f  i n t e l l i g i b i l i t y  

t h a n  w i t h  i n t e l l i g i b i l i t y  s c o r e s .

I n t e l l i g i b i l i t y  r a t i n g s  were  a l s o  o b t a i n e d  f o r  " s p o n ­

t a n e o u s "  s p e e c h  s a m p l e s ,  i . e . ,  t h e  s p e e c h  p r o d u c e d  by  h a v ­

i n g  t h e  c h i l d  d e s c r i b e  a  p i c t u r e  s e q u e n c e .  F o r  p r a c t i c a l  

r e a s o n s  o n l y  e x p e r i e n c e d  l i s t e n e r s  p r o v i d e d  t h e s e  r a t i n g s .
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I n  o r d e r  t o  e v a l u a t e  p r o s o d i c  f e a t u r e  p r o d u c t i o n  

s k i l l s ,  two g r o u p s  o f  e x p e r i e n c e d  l i s t e n e r s  w ere  u s e d .  One 

s e t  o f  t h r e e  l i s t e n e r s  knew i n  a d v a n c e  t h e  p r o s o d i c  f e a ­

t u r e s  t h a t  t h e  c h i l d  was a t t e m p t i n g  t o  p r o d u c e  on each  

u t t e r a n c e .  The s e c o n d  s e t  o f  s i x  l i s t e n e r s  d i d  n o t  know 

i n  a d v a n c e  w h ich  p r o s o d i c  f e a t u r e s  w ere  i n t e n d e d  on  i n d i ­

v i d u a l  u t t e r a n c e s ,  a l t h o u g h  t h e y  w ere  f a m i l i a r  w i t h  t h e  

t e s t  m a t e r i a l s  a s  a  w h o le .  The u s e  o f  two g r o u p s  o f  l i s ­

t e n e r s  a l l o w e d  f o r  a  d e t e r m i n a t i o n  o f  t h e  e f f e c t s  o f  p r i o r  

know ledge  o f  t h e  t e s t  m a t e r i a l s  on t h e  e v a l u a t i o n  o f  t h e  

c h i l d ' s  e f f e c t i v e n e s s  a t  p r o d u c i n g  t h e  t e s t  f e a t u r e s .

I n  a  s e c o n d  t e s t  o f  p r o s o d i c  f e a t u r e  p r o d u c t i o n ,  o n l y  

e x p e r i e n c e d  l i s t e n e r s  w i t h  p r i o r  k n o w ledge  o f  t h e  i n t e n d e d  

f e a t u r e s  w ere  u s e d .  One o f  t h e s e  l i s t e n e r s  h a d  a l s o  b e e n  

among t h e  t h r e e  l i s t e n e r s  o f  t h e  e a r l i e r  t e s t .

I n  o r d e r  t o  d e t e r m i n e  t h e  s e g m e n t a l  e r r o r s  made b y  

t h e  h e a r i n g - i m p a i r e d  c h i l d r e n ,  i t  was n e c e s s a r y  t o  make 

t r a n s c r i p t i o n s  o f  t h e i r  u t t e r a n c e s .  Two l i s t e n e r s  made 

b r o a d  p h o n e t i c  t r a n s c r i p t i o n s  o f  a l l  o f  t h e  phonemes f o r  

a l l  o f  t h e  c h i l d r e n  r e a d i n g  t h e  t w e n t y  t e s t  s e n t e n c e s .

These  two l i s t e n e r s  a r e  r e f e r r e d  t o  a s  t r a n s c r i b e r s .

I n t e r - T r a n s c r i b e r  C o n s i s t e n c y

A s p e c i a l  c o d i n g  s y s t e m  d e s i g n e d  b y  S m i th  (1972)  and  

m o d i f i e d  f o r  t h i s  s t u d y  ( s e e  A p p en d ix  C-2) was u s e d  t o  p r e ­

p a r e  t h e  t r a n s c r i p t i o n s  f o r  c o m p u te r  a n a l y s i s .  I n  S m i t h ' s  

s t u d y ,  s e v e r a l  l i s t e n e r s  made t r a n s c r i p t i o n s  o f  d i f f e r e n t  

p o r t i o n s  o f  t h e  s e n t e n c e s  r e a d  by  h e r  d e a f  s u b j e c t s  and
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i n t e r - t r a n s c r i b e r  c o n s i s t e n c y  was c h e c k e d  by c o m p a r i s o n  o f  

t h e i r  t r a n s c r i p t i o n s  o f  a  p o o l  o f  common s e n t e n c e s .  I n  

t h e  p r e s e n t  s t u d y ,  t h e  u s e  o f  two t r a n s c r i b e r s  e ac h  o f  whom 

t r a n s c r i b e d  a l l  o f  t h e  s e n t e n c e s  g u a r a n t e e d  c o n s i s t e n c y  o f  

c r i t e r i a  a c r o s s  s u b j e c t s  a n d  h e l p e d  t o  s e p a r a t e  b e t w e e n -  

l i s t e n e r  and b e t w e e n - s p e a k e r  d i f f e r e n c e s .

Two c h e c k s  were  made on t h e  c o n s i s t e n c y  o f  t h e  t r a n s ­

c r i p t i o n s .  S i n c e  one o f  t h e  t r a n s c r i b e r s  was among t h e  

g r o u p  o f  t r a i n e d  p h o n e t i c i a n s  u s e d  i n  S m i t h ' s  s t u d y  and  

one was n o t ,  t h e  l a t t e r  l i s t e n e r  t r a n s c r i b e d  t e n  u t t e r a n c e s  

w hich  h a d  b e e n  t r a n s c r i b e d  by S m i t h ' s  t r a i n e d  p h o n e t i c i a n s .

A c o m p a r i s o n  was made on a  phoneme b y  phoneme b a s i s  and  a  

s c o r e  was g i v e n  f o r  t h e  p r o p o r t i o n  o f  phonemes t r a n s c r i b e d  

i n  a g r e e m e n t .  An a g r e e m e n t  s c o r e  o f  65?° was o b t a i n e d  w hich  

i s  q u i t e  c l o s e  t o  t h e  67% a g r e e m e n t  o b t a i n e d  b e t w e e n  t r a i n e d  

p h o n e t i c i a n s  on t h e i r  common p o o l  o f  u t t e r a n c e s .

As a  s e c o n d  c h e c k ,  a  c o n f u s i o n  m a t r i x  was drawn up 

c o m p a r i n g  t h e  t r a n s c r i p t i o n s  o f  t h e  f i r s t  t r a n s c r i b e r  t o  

t h a t  o f  t h e  s e c o n d  ( s e e  A ppend ix  C - 3 ) . Each e n t r y  on t h e  

d i a g o n a l  r e p r e s e n t e d  t h e  number o f  t i m e s  t h e  two t r a n s c r i ­

b e r s  r e p o r t e d  t h e  same o b s e r v a t i o n .  O t h e r  e n t r i e s  i n d i c a t e d  

t h e  d i f f e r e n c e s  b e tw e e n  t h e  two t r a n s c r i b e r s  i n  t h e i r  r e ­

p o r t s  o f  t h e  phonemes p r o d u c e d .  I f  t h e  t r a n s c r i b e r  f e l t  

t h a t  t h e  i n t e n d e d  phoneme was n o t  p r o d u c e d ,  he  c o u l d  i n d i ­

c a t e  t h a t  he  h e a r d  t h e  s u b s t i t u t i o n  o f  a n o t h e r  phoneme,  a  

m i ld  o r  s e v e r e  d i s t o r t i o n  o f  t h e  i n t e n d e d  phoneme o r  t h e  

a b s e n c e  o f  t h a t  phoneme.  D i s a g r e e m e n t s  b e t w e e n  t r a n s c r i b e r s
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w ere  r e c o r d e d  a s  a  p r o p o r t i o n  o f  t h e  number o f  o b s e r v a t i o n s .  

R e s u l t s  o f  t h e  c o m p a r i s o n  showed t h a t  t h e  b u l k  o f  t h e  t r a n s ­

c r i p t i o n s  were  i d e n t i c a l .  I n  f a c t ,  t h e  o v e r a l l  a g r e e m e n t  

r a t e  o f  78*9$ was b e t t e r  t h a n  f o r  S m i t h ' s  t r a i n e d  p h o n e t i ­

c i a n s  {67%)•

When t h e  f i r s t  t r a n s c r i b e r  r e p o r t e d  h e a r i n g  a  p a r t i ­

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

8 2 . of  t h e  t i m e .  When t h e y  d i s a g r e e d  i t  was g e n e r a l l y  

due  t o  c o n f u s i o n s  b a s e d  on s m a l l  d i f f e r e n c e s  i n  to n g u e  

h e i g h t  an d  a d v a n c e m e n t ,  e . g . ,  I / i ,  ^ / 3 ,  2T/d» T h e re  was 

85*^#  a g r e e m e n t  f o r  c o n s o n a n t  t r a n s c r i p t i o n s .  The o v e r a l l  

a g r e e m e n t  r a t e  o f  ? 8 . 9 #  was l o w e r  t h a n  t h e  a v e r a g e  o f  vow el  

an d  c o n s o n a n t  a g r e e m e n t s  b e c a u s e  t h e r e  was some d i s a g r e e ­

ment  b e t w e e n  t r a n s c r i b e r s  on t h e  o c c u r r e n c e  o f  o m i s s i o n s  

o r  d i s t o r t i o n s  o f  t h e  i n t e n d e d  phoneme.  T h e re  was a n  a v e r ­

a g e  o f  kOfi d i s a g r e e m e n t  b e t w e e n  t r a n s c r i b e r s  on t h e  o c c u r ­

r e n c e  o f  o m i s s i o n s .  T h e re  was 95# d i s a g r e e m e n t  on w h e t h e r  

s o u n d s  w ere  d i s t o r t e d  b u t  s t i l l  r e c o g n i z a b l e .

D i f f e r e n c e s  i n  t h e  i d e n t i f i c a t i o n  o f  o m i s s i o n s  o c ­

c u r r e d  f r e q u e n t l y  on  phonemes i n  word f i n a l  p o s i t i o n .  T h i s  

i s  f e l t  t o  be  a  s u b t l e  ju d g m e n t  e v e n  f o r  t h e  s p e e c h  o f  n o r ­

mal  c h i l d r e n  a n d  d o e s  n o t  a p p e a r  t o  be  a n  i m p o r t a n t  f a c t o r  

f o r  i n t e l l i g i b i l i t y .  The v e r y  l a r g e  d i f f e r e n c e s  b e tw e e n  

t r a n s c r i b e r s  i n  t h e  r e p o r t  o f  r e c o g n i z a b l e  d i s t o r t i o n s  

r e f l e c t s  d i f f e r e n t  c r i t e r i a  f o r  t h e  b o u n d a r i e s  o f  a c c e p t a b l e  

p r o d u c t i o n  o f  a  phoneme.  One t r a n s c r i b e r  e i t h e r  a c c e p t e d  

t h e  so u n d  a s  i n t e n d e d  o r  l a b e l l e d  i t  a s  c o m p l e t e l y  d i s t o r t e d
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and  t h e  o t h e r  t r a n s c r i b e r  c a l l e d  i t  r e c o g n i z a b l y  d i s t o r t e d .  

I n  a l l ,  r e c o g n i z a b l e  d i s t o r t i o n s  c o n s t i t u t e d  o n l y  a  s m a l l  

p a r t  o f  a l l  o f  t h e  phonemic  e r r o r s .

The d i f f e r e n c e s  b e t w e e n  t r a n s c r i b e r s  w h ich  were  r e ­

p o r t e d  were  f o r  t h e  m o s t  p a r t  s u b t l e  and were  n o t  f e l t  t o  

be  f a c t o r s  w h ich  c o n t r i b u t e  s i g n i f i c a n t l y  t o  a  r e d u c t i o n  

i n  o v e r a l l  i n t e l l i g i b i l i t y .  However ,  b e c a u s e  o f  some i n ­

c o n s i s t e n c i e s  a t  t h i s  p o i n t ,  c a u t i o n  was u s e d  i n  i n t e r ­

p r e t i n g  t h e s e  d i f f e r e n c e s .  A l s o ,  u n l e s s  o t h e r w i s e  s t a t e d ,  

a l l  i n f o r m a t i o n  r e g a r d i n g  phonemic e r r o r s  i n  s e n t e n c e s  i s  

b a s e d  on a n  a v e r a g e  o f  t h e  t r a n s c r i p t i o n s  made b y  t h e  two 

l i s t e n e r s .

T e s t  M a t e r i a l s  and  P r o c e d u r e s

I n  each  s c h o o l  a n  e f f o r t  was made t o  f i n d  a  r e l a t i v e ­

l y  q u i e t  a r e a  w here  t h e r e  would  be  a  m in im a l  amount  o f  i n ­

t e r f e r e n c e  f ro m  o u t s i d e  a c t i v i t i e s .  However ,  s i n c e  t h e  

t e s t i n g  was d o n e  i n  t h e  s c h o o l s ,  some b a c k g r o u n d  n o i s e  was 

p r e s e n t .  The s i g n a l - t o - n o i s e  r a t i o s  a s  m e as u re d  f rom  t a p e  

r e c o r d i n g s  o f  t h e  s u b j e c t s '  s p e e c h  w ere  r o u g h l y  30 dB,

T h e se  l e v e l s  w ere  n o t  f e l t  t o  be s i g n i f i c a n t  enough to  

a f f e c t  t h e  t e s t  r e s u l t s .

Each o f  t h e  f o r t y - t h r e e  c h i l d r e n  was s e e n  s e p a r a t e l y  

f o r  a  maximum o f  two i n d i v i d u a l  s e s s i o n s  each  l a s t i n g  f o r t y -  

f i v e  m i n u t e s .  Those  o f  t h e  c h i l d r e n  who c o u l d  work a t  a  

more r a p i d  r a t e  d i d  a l l  o f  t h e  t e s t s  i n  one s e s s i o n  l a s t i n g  

a p p r o x i m a t e l y  one  h o u r  an d  t e n  m i n u t e s .  The t e s t  b a t t e r y  

c o n s i s t e d  o f  f i v e  t e s t s  o f  s p e e c h  p r o d u c t i o n  a b i l i t y  and
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t h r e e  t e s t s  o f  s p e e c h  r e c e p t i o n  a b i l i t y .  S p eech  p r o d u c t i o n  

t e s t s  w ere  a lw a y s  a d m i n i s t e r e d  b e f o r e  s p e e c h  r e c e p t i o n  t e s t s  

b e c a u s e  i t  was f e l t  t h a t  l e s s  t i m e  o v e r a l l  w ould  be  s p e n t  

i n  t r a i n i n g  i f  c o n c e p t s  w ere  t a u g h t  b e f o r e  p r o d u c t i o n  t a s k s  

an d  s i m p l y  r e v i e w e d  b e f o r e  r e c e p t i o n  t e s t s .  L e s s  t im e  was 

r e q u i r e d  t o  o r i e n t  t h e  c h i l d r e n  t o  t e s t s  o f  p r o s o d i c  r e ­

c e p t i o n  i f  t h e y  had  a l r e a d y  l e a r n e d  t h e  w r i t t e n  c o d e s  f o r  

p r o d u c t i o n ,  i . e . ,  t h r e e  d o t s  means p a u s e ,  u n d e r l i n i n g  and  

c a p i t a l s  mean s t r e s s ,  e t c .  ( t o  be  d i s c u s s e d  b e l o w ) .

S p e ec h  P r o d u c t i o n  T e s t s  

Phonemic p r o d u c t i o n  -  s e n t e n c e s

T h i s  t e s t  c o n s i s t e d  o f  t w e n t y  s e n t e n c e s  c o n s t r u c t e d  

so  a s  t o  c o n t a i n  a l l  f r e q u e n t l y  u s e d  c o n s o n a n t s  i n  i n i t i a l ,  

m e d i a l  a n d  f i n a l  p o s i t i o n  i n  a  word and  t o  c o n t a i n  a  t r a n ­

s i t i o n  t o  and  f ro m  t h e  v o w e ls  / i , a e ,  u /  f o r  t h e  s e v e n  p l a ­

c e s  o f  a r t i c u l a t i o n  ( S m i t h ,  1972 ,  p« 3 9 ) •  T h e se  v o w e ls  were  

c h o s e n  b e c a u s e  t h e y  r e p r e s e n t  t h e  e x t r e m e s  o f  t h e  vowel  

t r i a n g l e ,  / a e /  was u s e d  i n s t e a d  o f  / f l . /  b e c a u s e  i t  was 

e a s i e r  t o  f i n d  words  w i t h  t h i s  vow el  w hich  m et  t h e  s p e c i ­

f i e d  c r i t e r i a  an d  w hich  w ere  a l s o  i n  t h e  v o c a b u l a r y  o f  

young d e a f  c h i l d r e n ,  / a e /  l i k e  / d /  i s  a l s o  a  low v o w e l .

The v o c a b u l a r y  u s e d  i n  t h e s e  s e n t e n c e s  was d e s i g n e d  t o  be 

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

The t e s t  s e n t e n c e s  a p p e a r  i n  A p p e n d ix  D - l .

A t a p e  r e c o r d i n g  was made o f  e a c h  c h i l d  r e a d i n g  t h e s e  

t w e n t y  s e n t e n c e s .  I f  a  c h i l d  was u n f a m i l i a r  w i t h  one o f  

t h e  w ords  i n  t h e  s e n t e n c e s  o r  i f  he  d i d  n o t  a p p e a r  t o  be
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r e a d i n g  t h e  s e n t e n c e  a s  b e s t  h e  c o u l d  ( i . e . ,  w ords  o m i t t e d  

o r  word o r d e r  c h a n g e d ) ,  he  was a s k e d  t o  r e a d  t h a t  s e n t e n c e  

a  s e c o n d  t im e  a n d  was h e l p e d  w i t h  t h e  word t h a t  h e  d i d  n o t  

know. S i x  o f  t h e  f o r t y - t h r e e  s u b j e c t s  w ere  n o t  i n c l u d e d  

i n  t h e  a n a l y s i s  o f  t h e  d a t a  on t h i s  a n d  t h e  f o l l o w i n g  t e s t  

b e c a u s e  o f  s e v e r e  r e a d i n g  p ro b le m s  w hich  were  t h o u g h t  t o  

i n t e r f e r e  w i t h  t h e  i n t e r p r e t a t i o n  o f  phonemic e r r o r s .

T hese  c h i l d r e n  w i l l  be  r e f e r r e d  t o  a s  n o n - r e a d e r s .

The t a p e  r e c o r d i n g s  o f  t h e  t h i r t y - s e v e n  c h i l d r e n  

r e a d i n g  t h e  t w e n t y  s e n t e n c e s  w ere  r e c o r d e d  i n  s e m i - r a n d o m  

o r d e r  s u c h  t h a t  t h i r t y - s e v e n  t a p e s  w ere  p r e p a r e d .  On ea c h  

t a p e  f o u r  s p e a k e r s  w ere  h e a r d ;  no s p e a k e r  r e a d  two s e n ­

t e n c e s  i n  a  row ;  no s e n t e n c e  was r e p e a t e d .  A l l  t w e n t y  

s e n t e n c e s  a p p e a r e d  i n  o r d e r  on e a c h  t a p e .  Each o f  111 i n ­

e x p e r i e n c e d  l i s t e n e r s  ( s e e  d e s c r i p t i o n  a b o v e )  l i s t e n e d  t o  

one o f  t h e  t h i r t y - s e v e n  r e c o r d i n g s  a n d  w r o t e  down what  he  

t h o u g h t  t h e  s p e a k e r  was s a y i n g .  He was a l l o w e d  t o  l i s t e n  

t o  e a c h  s e n t e n c e  t w i c e  an d  t o  w r i t e  down a s  many words  a s  

h e  t h o u g h t  he r e c o g n i z e d .  The number  o f  w ords  c o r r e c t l y  

i d e n t i f i e d  y i e l d e d  a n  i n t e l l i g i b i l i t y  s c o r e .  I n  a d d i t i o n ,  

a f t e r  h e a r i n g  e a c h  s e n t e n c e  t w i c e ,  t h e  l i s t e n e r  was a s k e d  

t o  r a t e  i t s  i n t e l l i g i b i l i t y  u s i n g  t h e  1 - 5  r a t i n g  s c a l e  

d e v e l o p e d  a t  t h e  N a t i o n a l  T e c h n i c a l  I n s t i t u t e  f o r  t h e  D eaf  

( J o h n s o n ,  1975)*

1 .  L i s t e n e r  c a n n o t  u n d e r s t a n d  t h e  m essa g e
2 .  L i s t e n e r  u n d e r s t a n d s  l i t t l e  o f  t h e  c o n t e n t  o f  

t h e  m e s s a g e ,  b u t  d o e s  u n d e r s t a n d  a  few i s o l a t e d  
words  o r  p h r a s e s

3 .  L i s t e n e r  u n d e r s t a n d s  w i t h  d i f f i c u l t y  a b o u t  h a l f
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o f  t h e  message, ,  ( I n t e l l i g i b i l i t y  may im prove  
a f t e r  a  l i s t e n i n g  p e r i o d . )
L i s t e n e r  u n d e r s t a n d s  m o s t  o f  t h e  c o n t e n t  o f  
m essage

5 .  L i s t e n e r  u n d e r s t a n d s  t h e  c o m p l e t e  m e ss a g e  

I n  t h i s  way,  ea ch  t a p e  was h e a r d  b y  t h r e e  i n e x p e r i e n c e d  

l i s t e n e r s  a n d  e a c h  c h i l d  was r e p r e s e n t e d  on f i v e  d i f f e r e n t  

t a p e s .  Thus ,  f i f t e e n  d i f f e r e n t  l i s t e n e r s  c o n t r i b u t e d  t o  

t h e  e v e n t u a l  a v e r a g e  i n t e l l i g i b i l i t y  s c o r e s  and  r a t i n g s  

f o r  e a c h  c h i l d .  I n  a d d i t i o n ,  e x p e r i e n c e d  l i s t e n e r s  h e a r d  

t h e  f i r s t  f o u r  s e n t e n c e s  o f  each  o f  t h e  t h i r t y - s e v e n  t a p e s  

and  r a t e d  them on i n t e l l i g i b i l i t y  u s i n g  t h e  NTID 1 -5  s c a l e  

d e s c r i b e d  a b o v e .  Two s e p a r a t e  i n t e l l i g i b i l i t y  r a t i n g s  

were  d e r i v e d  f o r  e a ch  c h i l d  b a s e d  on t h e  r a t i n g s  o f  t h e  

e x p e r i e n c e d  l i s t e n e r s  an d  t h e  i n e x p e r i e n c e d  l i s t e n e r s .

F i n a l l y ,  b r o a d  p h o n e t i c  t r a n s c r i p t i o n s  w ere  made o f  

t h e  c h i l d r e n  r e a d i n g  t h e  t e s t  s e n t e n c e s .  Where a  s e n t e n c e  

was r e a d  t w i c e ,  t h e  b e t t e r  v e r s i o n  was t r a n s c r i b e d .  The 

t r a n s c r i p t i o n s  w ere  t h e n  s u b j e c t e d  t o  f u r t h e r  a n a l y s i s .

Phonemic p r o d u c t i o n  -  words

T h i s  t e s t  c o n s i s t e d  o f  56 t a r g e t  words  t a k e n  f rom  t h e  

t w e n t y  s e n t e n c e s  d e s c r i b e d  a b o v e .  They were  s e l e c t e d  f o r  

t h e  p u r p o s e  o f  a l l o w i n g  a  c o m p a r i s o n  o f  p r o d u c t i o n  o f  i s o ­

l a t e d  w ords  w i t h  p r o d u c t i o n  o f  t h e  same words  i n  t h e  c o n t e x t  

o f  a  s e n t e n c e .  S t a n d a r d  a r t i c u l a t i o n  t e s t s  w ere  a v o i d e d  

b e c a u s e  o f  t h e  o v e r l e a r n i n g  o f  t h e  t e s t  words  due t o  f r e ­

q u e n t  u s a g e  o f  t h e  m a t e r i a l s  and  b e c a u s e  o f  t h e  p o o r  c o r ­

r e l a t i o n  b e tw e e n  p e r f o r m a n c e  on t h o s e  t e s t s  t o  o v e r a l l
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i n t e l l i g i b i l i t y .  W i t h i n  t h e  p r e s e n t  t e s t  l i s t ,  a l l  A m e r ic an  

E n g l i s h  phonemes w ere  i n c l u d e d  w i t h  t h e  e x c e p t i o n  o f  t h e  

v o w e ls  / A i V / t  t h e  d i p h t h o n g s  /O I ,Q I , (LX ^  an d  t h e  f i n a l  c o n ­

s o n a n t s  / % t v / .  The l i s t  o f  t e s t  w ords  a p p e a r s  i n  A ppend ix  

D-2.

Each o f  t h e  f i f t y - s i x  words  was p r i n t e d  on  a  s e p a r a t e  

c a r d  a n d  t h e  c h i l d r e n  w ere  a s k e d  t o  r e a d  them a l o u d .  I f  a  

c h i l d  was n o t  f a m i l i a r  w i t h  a  t e s t  word ,  h e  was e n c o u r a g e d  

t o  t r y  t o  r e a d  i t  an d  i f  h e  c o u l d  n o t ,  he  was g i v e n  t h e  

p r o p e r  m odel  t o  i m i t a t e .  A n o t a t i o n  was made w h e n e v e r  a  

word was i m i t a t e d .  As m e n t i o n e d  a b o v e ,  s i x  o f  t h e  f o r t y -  

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

r e a d i n g  p r o b le m s .

The r e a d i n g  o f  t h e  words  was t a p e  r e c o r d e d  and  was 

l a t e r  t r a n s c r i b e d ,  u s i n g  b r o a d  p h o n e t i c  t r a n s c r i p t i o n ,  b y  

one o f  t h e  e x p e r i e n c e d  l i s t e n e r s  who t r a n s c r i b e d  t h e  t w e n t y  

s e n t e n c e s .

S p o n ta n e o u s  s p e e c h  s a m p le s

I n  o r d e r  t o  g a i n  i n f o r m a t i o n  on t h e  o v e r a l l  s p e e c h  

i n t e l l i g i b i l i t y  o f  t h e  c h i l d r e n ,  " s p o n t a n e o u s ” s p e e c h  sam­

p l e s  w ere  o b t a i n e d  by  h a v i n g  t h e  c h i l d r e n  d e s c r i b e  two d i f ­

f e r e n t  p i c t u r e  s t i m u l i .  A p i c t u r e  s e q u e n c e  d e v e l o p e d  by  

S t u c k l e s s  (1962)  f o r  t h i s  p u r p o s e  showed a  f a m i l y  g o i n g  

on a  p i c n i c .  The s e c o n d  p i c t u r e  was a  l a r g e  c a r t o o n  f rom  

a  m a g a z in e  f e a t u r i n g  f a m i l y  members a n d  f r i e n d s  engaged  i n  

v a r i o u s  u n r e l a t e d  a c t i v i t i e s  i n  a  l a r g e  an d  m e ssy  h o u s e .

The c h i l d r e n ' s  o r a l  d e s c r i p t i o n s  w ere  r e c o r d e d .  C o p ie s  o f
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t h e  p i c t u r e  s t i m u l i  a p p e a r  i n  A ppend ix  D-3.

T h r e e  e x p e r i e n c e d  l i s t e n e r s  who w ere  f a m i l i a r  w i t h  

t h e  t e s t  p i c t u r e s  r a t e d  t h e  i n t e l l i g i b i l i t y  o f  eac h  o f  t h e  

f o r t y - t h r e e  s p e a k e r s  on b o t h  s p o n t a n e o u s  s p e e c h  s a m p le s  

u s i n g  t h e  NTID 1 - 5  r a t i n g  s c a l e  f o r  i n t e l l i g i b i l i t y  d e s ­

c r i b e d  a b o v e .  A v e ra g e  r a t i n g s  w ere  d e t e r m i n e d  f o r  e ac h  

c h i l d  on each  s a m p l e .

P r o s o d i c  f e a t u r e  p r o d u c t i o n  -  T e s t  I

T h i s  t e s t  was d e s i g n e d  t o  e v a l u a t e  t h e  c h i l d ' s  a b i ­

l i t y  t o  u s e  t h e  p r o s o d i c  f e a t u r e s  o f  s t r e s s ,  p a u s e  and  

r i s i n g  i n t o n a t i o n  a s  i n  y e s / n o  q u e s t i o n s .  S i x  s i m p l e  u t ­

t e r a n c e s  w ere  c o n s t r u c t e d *  t h r e e  w ere  two s y l l a b l e s  l o n g  

a n d  t h r e e  were  f i v e  s y l l a b l e s  l o n g .  Each o f  t h e  u t t e r a n c e s  

when r e a d  w i t h  a p p r o p r i a t e  s t r e s s ,  p a u s e  o r  q u e s t i o n  i n t o n a ­

t i o n  made up u t t e r a n c e s  w h ich  c o u l d  o c c u r  m e a n i n g f u l l y  i n  

s p e e c h .  The t e s t  c o n s i s t e d  o f  e i g h t e e n  i t e m s  i n  w hich  e a ch  

o f  t h e  s i x  s i m p l e  u t t e r a n c e s  a p p e a r e d  w i t h  e a c h  o f  t h e  t h r e e  

p r o s o d i c  f e a t u r e s  t e s t e d .  The t e s t  was d e s i g n e d  by  S t a r k  

and  L e v i t t  (197^)»

S i x  r a n d o m i z a t i o n s  w ere  made o f  t h e  o r d e r  o f  p r e s e n t a ­

t i o n  o f  t h e  e i g h t e e n  s e n t e n c e s ;  t h r e e  v a r i a t i o n s  o f  t h e  

o r d e r  o f  t h e  f e a t u r e  p r e s e n t e d  an d  two c o m b i n a t i o n s  o f  t h e  

o r d e r  o f  t h e  s i x  s e n t e n c e s  w i t h i n  e a c h  f e a t u r e  g r o u p .  The 

e i g h t e e n  u t t e r a n c e s  were  p r i n t e d  on s e p a r a t e  c a r d s .  The 

f e a t u r e  o f  p a u s e  was i n d i c a t e d  by  t h r e e  d o t s ,  s t r e s s  by  

c a p i t a l  l e t t e r s  an d  u n d e r l i n i n g  an d  q u e s t i o n  b y  a  q u e s t i o n  

mark a t  t h e  end o f  t h e  s e n t e n c e .  A l i s t i n g  o f  t h e  t e s t
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i t e m s  a p p e a r s  i n  Appendix  D-4 .

The s i x  b a s i c  s e n t e n c e s  were  p r i n t e d  a s  s t a t e m e n t s  on 

s e p a r a t e  c a r d s .  Each c h i l d  was a s k e d  t o  r e a d  t h e s e  c a r d s  

a l o u d  b e f o r e  t h e  t e s t  b e g a n  i n  o r d e r  t o  f a m i l i a r i z e  h im ­

s e l f  w i t h  t h e  t e s t  v o c a b u l a r y .  Then a c c o r d i n g  t o  t h e  r a n ­

d o m i z a t i o n  c h o s e n ,  two p r a c t i c e  i t e m s  were  s e l e c t e d  and  t h e  

f i r s t  f e a t u r e  was t a u g h t .  A f t e r  t h e  c h i l d  d e m o n s t r a t e d  

t h a t  he  was c a p a b l e  o f  p r o d u c i n g  t h e  f e a t u r e  b e i n g  t a u g h t  

o r  t h a t  h e  u n d e r s t o o d  w h a t  was e x p e c t e d  o f  him ev en  th o u g h  

h e  was n o t  a b l e  t o  p r o d u c e  i t ,  he  was a s k e d  t o  r e a d  t h e  

s i x  t e s t  s e n t e n c e s  u s i n g  t h e  same f e a t u r e  he  had  j u s t  b e e n  

t a u g h t  an d  h i s  u t t e r a n c e s  w ere  r e c o r d e d .  He was t h e n  

t a u g h t  an d  t e s t e d  on t h e  s e c o n d  an d  t h i r d  f e a t u r e s  i n  t h e  

same f a s h i o n .  A l l  f o r t y - t h r e e  c h i l d r e n  to o k  t h i s  t e s t .

As d e s c r i b e d  a b o v e ,  two s e t s  o f  l i s t e n e r s  e v a l u a t e d  

t h e  t a p e  r e c o r d i n g s  o f  t h e  c h i l d r e n ' s  p e r f o r m a n c e  on t h i s  

t e s t .  Both  g r o u p s  c o n s i s t e d  o f  e x p e r i e n c e d  l i s t e n e r s  who 

w ere  f a m i l i a r  w i t h  t h e  t e s t  m a t e r i a l s .  However ,  one g r o u p  

knew w h ic h  f e a t u r e s  were  i n t e n d e d  f o r  each  t e s t  i t e m ,  w h i l e  

t h e  o t h e r  g r o u p  d i d  n o t .  The l i s t e n e r s  who knew which  f e a ­

t u r e  was i n t e n d e d ,  i n d i c a t e d  w h e t h e r  t h e  f e a t u r e  was p r o ­

d u c e d  c o r r e c t l y  an d  i f  n o t ,  w h ich  f e a t u r e  was p r o d u c e d  i n  

i t s  p l a c e .  T hose  l i s t e n e r s  who d i d  n o t  know t h e  s p e c i f i c  

f e a t u r e  i n t e n d e d ,  i n d i c a t e d  w hich  o f  a  s e r i e s  o f  p o s s i b l e  

f e a t u r e s  had  b e e n  p r o d u c e d .

P r o s o d i c  f e a t u r e  p r o d u c t i o n  -  T e s t  I I

T h i s  t e s t ,  c r e a t e d  f o r  t h e  p r e s e n t  s t u d y ,  was d e s i g n e d
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t o  e v a l u a t e  t h e  c h i l d r e n ' s  u s e  o f  s t r e s s ,  p a u s e  an d  q u e s t i o n  

i n t o n a t i o n  i n  a  more n a t u r a l  s e t t i n g  t h a n  t h e  p r e v i o u s  t e s t .  

The t a r g e t  f e a t u r e s  a p p e a r e d  i n  t h e  c o n t e x t  o f  a  s e q u e n t i a l  

q u e s t i o n  and  a n s w e r  u n i t .  Each  o f  t h e  t h r e e  u n i t s  b e g a n  . 

w i t h  a  q u e s t i o n  w h ich  was a n s w e re d  b y  t h e  s e c o n d  u t t e r a n c e  

i n  t h e  u n i t .  I f  t h e  s e n t e n c e  was r e a d  p r o p e r l y  a s  a n  a n s w e r  

t o  t h e  q u e s t i o n ,  s t r e s s  h a d  t o  f a l l  on a  s p e c i f i c  s y l l a b l e .  

F o r  ex a m p le ,

What c o l o r  i s  t h e  a p p l e ?
The a p p l e  i s  g r e e n .
What i s  g r e e n ?
The a p p l e  i s  g r e e n .

I n  t h i s  way t h e  f e a t u r e s  o f  e a r l y  an d  l a t e  s t r e s s  and  p a u s e  

i n  a  s t a t e m e n t  o r  a  q u e s t i o n  w ere  t e s t e d .  The t e s t  m a t e r i ­

a l s  a p p e a r  i n  A p p en d ix  D-5 ,

A s e c o n d  p u r p o s e  o f  t h e  t e s t  was t o  d e t e r m i n e  t h e  

e f f e c t s  o f  t r a i n i n g  on t h e  p r o d u c t i o n  o f  t h e  t a r g e t  f e a t u r e s .  

F o r  t h i s  r e a s o n  t h e  t e s t  was a d m i n i s t e r e d  t w i c e ,  b e f o r e  and  

a f t e r  t r a i n i n g .  F o r  t h e  f i r s t  v e r s i o n  t h e  c h i l d r e n  were  

p r e s e n t e d  w i t h  a  s e t  o f  t h r e e  c a r d s  e a c h  h a v i n g  one q u e s t i o n  

and  a n s w e r  u n i t  p r i n t e d  on i t .  T h e r e  w ere  no s p e c i a l  m ark ­

i n g s  t o  i n d i c a t e  w hich  f e a t u r e s  w ere  b e i n g  t e s t e d .  The 

c h i l d r e n  r e a d  t h e  c a r d s  t o  f a m i l i a r i z e  t h e m s e l v e s  w i t h  t h e  

m a t e r i a l s  and  t h e n  r e a d  t h e  u n i t s  a l o u d  and  w ere  r e c o r d e d .  

T h i s  t e s t  p o r t i o n  was a l w a y s  a d m i n i s t e r e d  b e f o r e  t h e  P r o ­

s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I ,  d e s c r i b e d  a b o v e .  A f t e r  

c o m p l e t i o n  o f  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I ,  which 

i n v o l v e d  t r a i n i n g  o f  t h e  c h i l d r e n  on  t h e  s p e c i f i e d  f e a t u r e s ,  

t h e  t h r e e  t e s t  u n i t s  o f  t h e  p r e s e n t  t e s t  were  p r e s e n t e d
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a g a i n .  T h i s  t i m e  t h e  i t e m s  w ere  m arked  by c a p i t a l s  and 

u n d e r l i n i n g  t o  i n d i c a t e  s t r e s s  a n d  b y  t h r e e  d o t s  t o  i n d i ­

c a t e  p a u s e .  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I  was a l w a y s  

a d m i n i s t e r e d  b e t w e e n  t h e  two p a r t s  o f  P r o s o d i c  F e a t u r e  P r o ­

d u c t i o n  T e s t  I I  b e c a u s e  t r a i n i n g  was n e ed e d  f o r  P r o s o d i c  

F e a t u r e  P r o d u c t i o n  T e s t  I  a n d  f o r  t h e  s e c o n d  p a r t  o f  P r o ­

s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I ,  b u t  would h a v e  i n t e r f e r e d  

w i t h  a d m i n i s t e r i n g  t h e  f i r s t  p a r t  o f  P r o s o d i c  F e a t u r e  P r o ­

d u c t i o n  T e s t  I I .

Two e x p e r i e n c e d  l i s t e n e r s  l i s t e n e d  t o  t h e  t a p e  r e ­

c o r d i n g s  and  n o t e d  w h e t h e r  t h e  c h i l d r e n  p r o d u c e d  t h e  f e a ­

t u r e s  i n t e n d e d  an d  i f  n o t ,  w h a t  f e a t u r e s  w ere  b e i n g  p r o ­

d u c e d .  No a t t e n t i o n  was p a i d  t o  t h e  Wh q u e s t i o n s  b e c a u s e  

t h e y  w ere  n o t  i n t e n d e d  a s  t e s t  i t e m s ,  b u t  r a t h e r  a s  p ro m p ts  

t o  l e a d  i n t o  t h e  a p p r o p r i a t e  r e s p o n s e s .  Only t h i r t y - t w o  

c h i l d r e n  t o o k  t h i s  t e s t  b e c a u s e  i t  was ad d ed  t o  t h e  t e s t  

b a t t e r y  a f t e r  t e s t i n g  h ad  b e g u n .

S p eech  R e c e p t i o n  T e s t s

A l l  s p e e c h  r e c e p t i o n  t e s t s  were  p r e s e n t e d  m o n a u r a l l y  

t o  t h e  c h i l d ' s  b e t t e r  e a r .  B e t t e r  e a r  was s e l e c t e d  b a s e d  

on t h e  b e t t e r  SRT i f  a v a i l a b l e .  I f  no b e t t e r  SRT c o u l d  be  

fo u n d  t h e  b e t t e r  p u r e  t o n e  a v e r a g e  was u s e d .  When no b e t ­

t e r  e a r  d a t a  w ere  a v a i l a b l e ,  t h e  r i g h t  e a r  was c h o s e n .  

H owever ,  w h e n e v e r  a  p r e f e r e n c e  was s t a t e d  on t h e  c h i l d ' s  

p a r t ,  t h a t  e a r  was t e s t e d .  T h i s  o c c u r r e d  f o r  s e v e n  o f  t h e  

f o r t y - t h r e e  c h i l d r e n .  I n  none  o f  t h e s e  c a s e s  d i d  t h e  a u d i o ­

m e t r i c  d a t a  r e v e a l  a  d i f f e r e n c e  o f  g r e a t e r  t h a n  10 d3 b e -
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tw e e n  t h e  two e a r s .

P r i o r  t o  t h e  b e g i n n i n g  o f  t h e  t e s t i n g ,  a n  MCL was 

e s t a b l i s h e d  f o r  e a c h  c h i l d  u s i n g  r e c o r d e d  s e n t e n c e s .  S e n ­

t e n c e s  w ere  u s e d  b e c a u s e  i t  was f e l t  t h a t  t h e  c o n v e n t i o n a l  

m e th o d s  u s i n g  w ords  would  r e q u i r e  a  h i g h e r  s e t t i n g  w h ich  

w ould  be  l i k e l y  t o  be  u n c o m f o r t a b l e  f o r  l i s t e n i n g  t o  s e n ­

t e n c e s  l a t e r  on .  S i n c e  more t i m e  w ou ld  b e  s p e n t  l i s t e n i n g  

t o  s e n t e n c e s  t h a n  w o rd s ,  t h e  MCL f o r  s e n t e n c e  m a t e r i a l s  

was u s e d .  Most c h i l d r e n  w ere  s a t i s f i e d  w i t h  t h i s  p r e s e n t a ­

t i o n  l e v e l  t h r o u g h o u t  t h e  t e s t i n g .  Only f i v e  o f  t h e  c h i l d ­

r e n  r e q u e s t e d  i n c r e a s e d  i n t e n s i t y  on ce  t h e  t e s t i n g  h ad  b e ­

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

was a d m i n i s t e r e d  t o  r e q u e s t  a  c h a n g e .  F o r  t h r e e  o f  t h e  

f i v e  c h i l d r e n  t h e  l a s t  r e c e p t i o n  t e s t  was t h e  phonemic  r e ­

c e p t i o n  t e s t .

The o u t p u t  l e v e l s  o f  t h e  a p p a r a t u s  u s e d  i n  r e c e p t i o n  

t e s t i n g  were  c a l i b r a t e d  a t  t h e  s t a r t  o f  t e s t i n g  i n  e v e r y  

s c h o o l ,  A G e n e r a l  Rad io  so u n d  l e v e l  m e t e r  (m ode l  1562-Z)  

was u s e d  f o r  t h i s  p u r p o s e .

Phoneme R e c e p t i o n  T e s t

T h i s  t e s t  was d e v e l o p e d  by  S m i th  (1972)  t o  e v a l u a t e  

phonem ic  d i s c r i m i n a t i o n  a b i l i t y  i n  d e a f  c h i l d r e n  down t o  

e i g h t  y e a r s  o f  a g e .  I t  was a  c l o s e d  r e s p o n s e  t e s t  c o n ­

s i s t i n g  o f  f i f t y  s e t s  o f  t h r e e  m o n o s y l l a b i c  w o r d s .  I n  each  

s e t ,  t h e  words  d i f f e r e d  f rom  ea ch  o t h e r  b y  one phoneme.

The p h o n e t i c  c o n t r a s t s  u s e d  i n  t h e s e  s e t s  w ere  b a s e d  on 

d i f f e r e n c e s  i n  p l a c e  o f  a r t i c u l a t i o n  o r  m anner  o f  a r t i c u l a -
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t i o n  o r  v o i c i n g - m a n n e r  c o n t r a s t s  f o r  c o n s o n a n t s *  Vowel 

c o n t r a s t s  were  b a s e d  on t o n g u e  p l a c e m e n t  a n d / o r  t e n s i o n  

o f  t h e  to ngue*  The c o n t r a s t s  w ere  b a s e d  on t y p i c a l  k i n d s  

o f  phoneme s u b s t i t u t i o n s  a p p e a r i n g  i n  t h e  s p e e c h  o f  d e a f  

c h i l d r e n *

A t a p e  r e c o r d i n g  was made o f  t h e  t e s t  w ords  r e a d  by  

a n  a d u l t  m a le  s p e a k e r  w i t h  a n  e d u c a t e d  New York d i a l e c t *

The t e s t  t a p e  was p r e s e n t e d  t o  e a c h  o f  t h e  f o r t y - t h r e e  s u b ­

j e c t s  an d  t h e  c h i l d r e n  w ere  a s k e d  t o  c i r c l e  one o f  t h e  

t h r e e  w ords  on t h e  a n s w e r  s h e e t  i n  f r o n t  o f  them .  B e f o r e  

t h e  t e s t  b e g a n ,  t h e r e  w ere  t h r e e  p r a c t i c e  i t e m s  p r e s e n t e d .

The t e s t  i t e m s  a p p e a r  i n  A ppend ix  D-6 .

P r o s o d i c  f e a t u r e  r e c e p t i o n  -  T e s t  I

T h i s  t e s t  was d e s i g n e d  t o  i n v e s t i g a t e  t h e  c h i l d ' s  a b i ­

l i t y  t o  d i f f e r e n t i a t e  t h e  f e a t u r e s  o f  s t r e s s ,  p a u s e  a n d  i n ­

t o n a t i o n  f o r  y e s / n o  q u e s t i o n s  t h r o u g h  a  s t r i c t l y  a u d i t o r y  

c h a n n e l .  T h e re  w ere  n i n e  s i m p l e  s e n t e n c e s  d i v i d e d  e q u a l l y  

i n t o  two,  t h r e e  an d  f i v e  s y l l a b l e  u t t e r a n c e s .  Each o f  t h e  

tw o ,  t h r e e  an d  f i v e  s y l l a b l e  i t e m s  was p r e s e n t e d  w i t h  a  

s y l l a b l e  s t r e s s e d  e a r l y  i n  t h e  u t t e r a n c e  ( e a r l y  s t r e s s )  and-  

a l s o  w i t h  a  s y l l a b l e  s t r e s s e d  l a t e  i n  t h e  u t t e r a n c e  ( l a t e  

s t r e s s ) .  The t h r e e  and  f i v e  s y l l a b l e  i t e m s  w ere  a l s o  p r e ­

s e n t e d  w i t h  p a u s e  a f t e r  a  s y l l a b l e  e a r l y  i n  t h e  u t t e r a n c e  

( e a r l y  p a u s e )  a n d  w i t h  p a u s e  a f t e r  a  s y l l a b l e  l a t e  i n  t h e  

u t t e r a n c e  ( l a t e  p a u s e ) .  The two s y l l a b l e  i t e m s  were  p r e ­

s e n t e d  w i t h  p a u s e  b e tw e e n  t h e  two s y l l a b l e s  o r  w i t h  q u e s t i o n  

i n t o n a t i o n  a s  i n  a  y e s / n o  q u e s t i o n .  T h i s  t e s t  was d e v e l o p e d
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b y  S t a r k  an d  L e v i t t  ( 1 9 7 ^ ) ,

The t e s t  c o n s i s t e d  o f  a  r e c o r d i n g  o f  t e n  p r a c t i c e  an d  

t h i r t y - s i x  t e s t  i t e m s  r e a d  by  t h e  same m ale  s p e a k e r  who 

r e a d  t h e  phonem ic  r e c e p t i o n  t e s t .  The a n s w e r  s h e e t  c o n ­

t a i n e d  f o u r  w r i t t e n  c h o i c e s  f o r  e a c h  i t e m ,  a l l  c o n t a i n i n g  

t h e  same s i m p l e  s e n t e n c e  b u t  d i f f e r i n g  by  t h e  p r o s o d i c  f e a ­

t u r e  i n d i c a t e d .  A s a m p le  a n s w e r  s h e e t  a p p e a r s  i n  A ppend ix  

D-7 .  The c h o i c e s  i n c l u d e d  s t r e s s ,  p a u s e  o r  q u e s t i o n  w i t h  

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

l o c a t i o n .  The c h i l d  was a s k e d  t o  c i r c l e  t h e  a p p r o p r i a t e  

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

A t  f i r s t ,  t h e  p r a c t i c e  i t e m s  w ere  r e v i e w e d  v e r b a l l y  by t h e  

e x a m i n e r  t o  f a m i l i a r i z e  t h e  c h i l d  w i t h  t h e  t a s k .  When i t  

was f e l t  t h a t  t h e  c h i l d  u n d e r s t o o d  t h e  t a s k  i n v o l v e d ,  t h e  

f i r s t  t e n  p r a c t i c e  i t e m s  w ere  p r e s e n t e d  v i a  t a p e  an d  e a r ­

p h o n e s  and  f u r t h e r  a s s i s t a n c e  was g i v e n  a s  t h e  c h i l d r e n  

o f t e n  fo u n d  t h e  t r a n s i t i o n  f ro m  l i v e  v o i c e  t o  t a p e  r e c o r d i n g  

somewhat d i f f i c u l t .  A s s i s t a n c e  was g i v e n  up t o  t h e  e i g h t h  

i t e m  an d  t h e n  t h e  c h i l d r e n  w ere  e n c o u r a g e d  t o  work on t h e i r  

own f o r  t h e  r e s t  o f  t h e  p r a c t i c e  a n d  t e s t  i t e m s . .  A l l  f o r t y -  

t h r e e  c h i l d r e n  t o o k  t h i s  t e s t .

P r o s o d i c  f e a t u r e  r e c e p t i o n  -  T e s t  I I

T h i s  t e s t  was d e s i g n e d  f o r  t h e  p r e s e n t  s t u d y  t o  d e t e r ­

mine  how w e l l  t h e  h e a r i n g  i m p a i r e d  c h i l d  c o u l d  d i s c r i m i n a t e  

p l a c e  o f  s t r e s s  i n  a n  u t t e r a n c e ,  a  f e a t u r e  w h ic h  c o u l d  

e a s i l y  ch an g e  t h e  m ean in g  o f  a n  u t t e r a n c e .  I n  t h i s  t e s t ,  

p l a c e  o f  s t r e s s  was t h e  t a r g e t  f e a t u r e  i n  b o t h  s t a t e m e n t s
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a n d  q u e s t i o n s .  Most o f  t h e  q u e s t i o n s  were  Wh and u s e d  t h e  

same i n t o n a t i o n  p a t t e r n  a s  t h e  s t a t e m e n t s .  Two o f  t h e  

q u e s t i o n s  u s e d  r i s i n g  i n t o n a t i o n  an d  a l l o w e d  f o r  a  c o m p a r i ­

s o n  o f  r e c o g n i t i o n  o f  p l a c e  o f  s t r e s s  w i t h i n  d i f f e r e n t  i n ­

t o n a t i o n  c o n t o u r s .  I n  a d d i t i o n  t o  s t r e s s ,  e m p h a s is  ( e x t r a  

s t r e s s )  was u s e d  t o  d e t e r m i n e  w h e t h e r  g r e a t e r  u s e  o f  i n ­

t e n s i t y ,  d u r a t i o n  a n d / o r  p i t c h  c h a n g e  would  make t h i s  f e a ­

t u r e  more e a s i l y  r e c o g n i z a b l e  t o  t h e  h e a r i n g  i m p a i r e d  p o p u ­

l a t i o n .

The t e s t  c o n s i s t e d  o f  t w e l v e  s i m p l e  s e n t e n c e s ,  s i x  

q u e s t i o n s  an d  s i x  s t a t e m e n t s .  W i t h i n  each  g r o u p  o f  s i x ,  

t h r e e  were  t h r e e  s y l l a b l e s  l o n g  an d  t h r e e  were  f i v e  s y l ­

l a b l e s  l o n g .  Each  o f  t h e  s i m p l e  s e n t e n c e s  was p r e s e n t e d  

on ce  w i t h  s t r e s s  and  on ce  w i t h  e m p h a s i s ,  c o n s t i t u t i n g  

t w e n t y - f o u r  i t e m s  on t h e  t e s t .  B e c a u s e  o f  a n  e r r o r  made 

d u r i n g  t h e  p r o d u c t i o n  o f  t h e  m a s t e r  t a p e ,  s t r e s s  o r  em p h as is  

was t e s t e d  s e v e n  t i m e s  i n  e a r l y  l o c a t i o n  ( a lw a y s  s e n t e n c e  

i n i t i a l ) ,  e i g h t  t i m e s  i n  m i d - l o c a t i o n  and  n i n e  t i m e s  i n  

l a t e  l o c a t i o n  i n  t h e  u t t e r a n c e s ,  r a t h e r  t h a n  a n  e q u a l  num­

b e r  o f  t i m e s  (8 )  i n  ea ch  l o c a t i o n  a s  had  b e e n  i n t e n d e d .  

However ,  t h e  e x t r a  i t e m  o f  s t r e s s  i n  l a t e  p o s i t i o n  a l l o w e d  

f o r  u s e f u l  a d d i t i o n a l  c o m p a r i s o n s .  F o r  e ac h  t e s t  i t e m  r e a d  

t h e r e  w ere  t h r e e  w r i t t e n  c h o i c e s  d i f f e r i n g  o n l y  i n  p l a c e  o f  

s t r e s s  o r  e m p h a s i s .  The word g r o u p  was a l w a y s  t h e  same? 

s t r e s s  and  e m p h a s i s  were  n o t  com pared  w i t h i n  a  t e s t  i t e m .

The t e s t  i t e m s  a p p e a r  i n  A p p en d ix  D -8 .

F o u r  p r a c t i c e  i t e m s  were  u s e d  t o  t e a c h  t h e  c h i l d  t o
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a s s o c i a t e  t h e  a u d i t o r y  s t i m u l u s  w i t h  t h e  w r i t t e n  r e p r e s e n t a ­

t i o n .  P r a c t i c e  was done  w i t h o u t  e a r p h o n e s  a t  f i r s t  and  

l a t e r  w i t h  t h e  t a p e  r e c o r d e d  p r a c t i c e  i t e m s .  The c h i l d r e n  

were  i n s t r u c t e d  t o  c i r c l e  t h e  s e n t e n c e  t h e y  h e a r d .  B e c a u se  

t h e  t e s t  was i n t r o d u c e d  a f t e r  o v e r a l l  t e s t i n g  h a d  beg u n ,  

o n l y  t h i r t y - f o u r  s u b j e c t s  t o o k  t h i s  t e s t .
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CHAPTER IV 

RESULTS '

T h i s  c h a p t e r  w i l l  f o c u s  on t h e  r e s u l t s  o f  t h e  phonem ic  

an d  p r o s o d i c  t e s t s  and  i n t e l l i g i b i l i t y  s c o r e s  a n d  r a t i n g s  

f o r  t h e  h a r d - o f - h e a r i n g  and  d e a f  g r o u p s  o f  c h i l d r e n .  

P a r t i c u l a r  e m p h a s i s  w i l l  b e  p l a c e d  on d i f f e r e n c e s  i n  mean 

s c o r e s  and  d i f f e r e n c e s  i n  t h e  p a t t e r n s  o f  c o n f u s i o n s  f o r  t h e  

two g r o u p s .  I n  a d d i t i o n ,  s c o r e s  on e a ch  t e s t  w i l l  be  c o r ­

r e l a t e d  w i t h  t h e  p u r e  t o n e  a v e r a g e  an d  w i t h  o v e r a l l  i n t e l ­

l i g i b i l i t y  s c o r e s  f o r  e a c h  c h i l d .  A p p e n d ix  E c o n t a i n s  

l i s t i n g s  o f  e a c h  o f  t h e  s c o r e s  and  r a t i n g s  o b t a i n e d  by 

ea ch  o f  t h e  c h i l d r e n .

S p e e ch  P r o d u c t i o n  S k i l l s  

S p ee ch  I n t e l l i g i b i l i t y

Read s e n t e n c e s

I n t e l l i g i b i l i t y  s c o r e s  f o r  a l l  words  i n  t h e  t w e n t y  

t e s t  s e n t e n c e s  w ere  d e r i v e d  f o r  ea c h  c h i l d  b a s e d  on t h e  

a v e r a g e  number o f  words  w h ich  t h e  i n e x p e r i e n c e d  l i s t e n e r s  

c o u l d  i d e n t i f y  c o r r e c t l y  f ro m  t h e  r e c o r d i n g s  o f  t h e  c h i l d ­

r e n ' s  s p e e c h .  T a b l e  1 shows t h a t  s c o r e s  f o r  a l l  s u b j e c t s  

r a n g e d  f ro m  1 . 3 #  t o  9 6 . 6#  w i t h  a  mean o f  53»9#« ( P e r ­

c e n t a g e s  r e f e r r e d  t o  i n  t h e  t e x t ,  and  p r o p o r t i o n s  l i s t e d  

i n  t h e  t a b l e s  a r e  u s e d  i n t e r c h a n g e a b l y  t h r o u g h o u t  t h e
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TABLE 1
Means, standard deviations, standard errors and ranges of in­
telligibility scores for hard-of-hearing, deaf and both 
groups of children for the total corpus of words and for 
selected words in the twenty test sentences. Scores are in­
dicated in terms of proportion correct.

Word Group Hard-of-Hearing Deaf Bo th

All words
Mean .696 .391 .539
Standard

deviation .203 .290 .304
Standard error .048 .067 .050
Range .281-.966 .013-.921 .013- .966

Selected words
Mean .682 .385 .529
Standard

deviation .207 .293 .293
Standard error .049 .067 .048
Range .276-.955 .016-.926 . 016- .955

N= 18 19 37
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c h a p t e r .  P e r c e n t a g e  = 100 X p r o p o r t i o n . ) S c o r e s  f o r  t h e  

h a r d - o f - h e a r i n g  g r o u p  (HOH) r a n g e d  f ro m  2 8 . 1 #  t o  9 6 . 6 #  

w i t h  a  mean s c o r e  o f  69 . 6#  w h i l e  t h e  d e a f  g ro u p  (DF) had  

s c o r e s  r a n g i n g  f ro m  1 , 3#  t o  92 . 1# w i t h  a  mean o f  3 9 »1#»

A t - t e s t  showed t h a t  t h e  a v e r a g e  s c o r e s  f o r  t h e  two g r o u p s  

o f  c h i l d r e n  d i f f e r e d  s i g n i f i c a n t l y  ( t = 3 . 6 8 , d f * 3 5 » p < . 0 0 1 ) .  

The d i s t r i b u t i o n  o f  s c o r e s  a p p e a r i n g  i n  F i g u r e  3 shows 

t h a t  m o s t  o f  t h e  h a r d - o f - h e a r i n g  c h i l d r e n  h ad  h i g h  i n t e l ­

l i g i b i l i t y  s c o r e s  w h i l e  t h e  d e a f  c h i l d r e n ' s  s c o r e s  were  

s p r e a d  o v e r  t h e  e n t i r e  r a n g e  w i t h  a  h e a v i e r  c o n c e n t r a t i o n  

to w a rd  t h e  l o w e r  e n d .  S e v e n t y - e i g h t  p e r c e n t  (1 4 )  o f  t h e  

18 h a r d - o f - h e a r i n g  c h i l d r e n  had  s c o r e s  g r e a t e r  t h a n  50# ,  

w h i l e  o n l y  37#  ( 7 ) o f  t h e  19 d e a f  c h i l d r e n  s c o r e d  t h a t  

h i g h .  Only 4 d e a f  c h i l d r e n  had  i n t e l l i g i b i l i t y  s c o r e s  

g r e a t e r  t h a n  70# ,  w h e r e a s  12 o f  t h e  h a r d - o f - h e a r i n g  c h i l d ­

r e n  e x c e e d e d  t h a t  a m o u n t ;  an d  o n l y  two o f  t h e  h a r d - o f -  

h e a r i n g  c h i l d r e n  h ad  s c o r e s  l o w e r  t h a n  40#  w h i l e  11 d e a f  

c h i l d r e n  had  s c o r e s  t h a t  lo w .

A c o m p a r i s o n  b e t w e e n  i n t e l l i g i b i l i t y  s c o r e s  f o r  t h e  

81 k ey  words  s t u d i e d  b y  S m i th  and  f o r  a l l  o f  t h e  words  i n  

t h e  20 s e n t e n c e s  showed e s s e n t i a l l y  t h e  same s c o r e s  f o r  

t h e  two m e th o d s  o f  s c o r i n g .  The mean s c o r e s  f o r  t h e  key  

words  w e re  68 . 2#  a n d  38 . 5#  f o r  t h e  h a r d - o f - h e a r i n g  and  

d e a f  g r o u p s ,  r e s p e c t i v e l y .  T h e se  s c o r e s  a r e  a l m o s t  i d e n ­

t i c a l  w i t h  t h o s e  f o r  a l l  w ords  i n  t h e  t e s t  s e n t e n c e s .  As 

a  m a t t e r  o f  c o n v e n i e n c e ,  s c o r e s  f o r  a l l  words  w i l l  b e  u s e d  

f rom  t h i s  p o i n t  on  i n  t h e  d i s c u s s i o n .
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FIGURE 3
Distribution of mean intelligibility scores for hard-of-hearing 
and deaf subjects for all of the words in the twenty test sen­
tences. Scores are based on the number of words correctly 
identified by inexperienced listeners.
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I n  a d d i t i o n  t o  i n t e l l i g i b i l i t y  s c o r e s ,  r a t i n g s  were  

o b t a i n e d  f o r  e a c h  s p e a k e r  u s i n g  t h e  1 -5  r a t i n g  s c a l e  f o r  

i n t e l l i g i b i l i t y  d e v e l o p e d  a t  t h e  N a t i o n a l  T e c h n i c a l  I n s t i ­

t u t e  f o r  t h e  Deaf ( J o h n s o n ,  1975)* The s c a l e ,  shown i n  

T a b l e  2 ,  r a n k s  t h e  s p e a k e r ' s  i n t e l l i g i b i l i t y  i n  s t e p s  f ro m  

1 m e an in g  s p e e c h  c a n n o t  be  u n d e r s t o o d ,  t o  5 m e a n in g  s p e e c h  

i s  c o m p l e t e l y  i n t e l l i g i b l e .  One h u n d r e d  an d  e l e v e n  l i s ­

t e n e r s  w i t h  e s s e n t i a l l y  no e x p e r i e n c e  i n  l i s t e n i n g  t o  d e a f  

s p e a k e r s ,  r a t e d  t h e  i n t e l l i g i b i l i t y  o f  t h e  s e n t e n c e s  r e a d  

b y  t h e  t h i r t y - s e v e n  h e a r i n g  i m p a i r e d  c h i l d r e n .  The a v e r a g e  

i n t e l l i g i b i l i t y  r a t i n g s  f o r  t h e  e n t i r e  g r o u p ,  a s  d e t e r m i n e d  

by  t h e s e  i n e x p e r i e n c e d  l i s t e n e r s ,  was 3*05 w i t h  a  r a n g e  

f rom  1 . 2 8  t o  4 , 8 2 .  The h a r d - o f - h e a r i n g  g r o u p  a v e r a g e d  3*60 

and  r a n g e d  f rom  2 , 3 7  t o  4 . 8 2 .  The d e a f  g r o u p  r a n g e d  f rom  

1 .2 8  t o  4 . 6 0  and  a v e r a g e d  2 . 5 2  ( T a b l e  3 ) .  T h ese  mean 

r a t i n g s  w ere  fo u n d  t o  be  s i g n i f i c a n t l y  d i f f e r e n t  ( t = 3 . 7 4 ,  

df=35» P<.001). F o u r t e e n  o f  t h e  18 (83%) d e a f  c h i l d r e n  h ad  

a v e r a g e  r a t i n g s  l o w e r  t h a n  3*0 w h i l e  4  o f  t h e  19 (21%) h a r d -  

o f - h e a r i n g  c h i l d r e n  had r a t i n g s  l o w e r  t h a n  3 . 0  ( F i g u r e  4 ) .

T h r e e  e x p e r i e n c e d  l i s t e n e r s  r a t e d  t h e  i n t e l l i g i b i l i t y  

o f  t h e  37 r e a d e r s  on a  p o r t i o n  o f  t h e  20 s e n t e n c e s  u s i n g  

t h e  same 1 -5  s c a l e .  The c h i l d r e n  a v e r a g e d  a  r a t i n g  o f  3*78 ,  

t h e  h a r d - o f - h e a r i n g  g r o u p  a v e r a g e d  4 . 2 0  and t h e  d e a f  g r o u p  

a v e r a g e d  3*38 ( T a b l e  3 ) .  T h e se  mean r a t i n g s  w ere  fo u n d  t o  

be  s i g n i f i c a n t l y  d i f f e r e n t  ( t= 3 » 3 2 ,  df=35» p { . 0 0 2 ) .  T h e se  

a v e r a g e s  were  c o n s i d e r a b l y  h i g h e r  t h a n  t h o s e  o b t a i n e d  by  

t h e  i n e x p e r i e n c e d  r a t e r s .  The d i s t r i b u t i o n  o f  r a t i n g s  by
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TABLE 2
National Technical Institute for the Deaf rating scale for 
overall speech intelligibility.

Rating Description of Speech

1 Listener cannot understand the message
2 Listener understands little of the content of

the message, but does understand a few iso­
lated words or phrases

3 Listener understands with difficulty about
half of the message. (Intelligibility may 
improve after a listening period.)

4 Listener understands most of the content of
message

5 Listener understands the complete message
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TABLE 3
Mean intelligibility ratings, standard deviations, standard 
errors and ranges of ratings based on NTID 1-5 rating scale 
for hard-of-hearing, deaf and both groups of children as de­
termined by inexperienced and experienced listeners for the 
same read materials.

Listeners Hard-of-Hearing Deaf Both

Inexperienced
Mean 3.60 2.52 3.05
Standard

deviation .07 1.02 1.02
Standard error .17 .23 .17
Range 2.37-4.82 1.28-4.60 1.28-4.82

Experienced,
Mean 4.20 3.38 3.78
Standard

deviation .50 .93 .85
Standard error .12 .21 .14
Range 3.33-5.00 1.33-5.00 1.33-5.00

N= 1 8  1 9  3 7
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FIGURE 4
Distribution of intelligibility ratings for hard-of-hearing 
and deaf children as determined by experienced and inex­
perienced listeners for read speech materials.
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e x p e r i e n c e d  r a t e r s  ( F i g u r e  *0 shows t h e  c o r r e s p o n d i n g  s h i f t  

t o w a r d s  h i g h e r  r a t i n g s  com pared  t o  t h o s e  f ro m  t h e  i n e x p e r i ­

en ce d  g r o u p .  A t - t e s t  c o m p a r in g  t h e  mean r a t i n g s  g i v e n  b y  

e x p e r i e n c e d  an d  i n e x p e r i e n c e d  r a t e r s  showed a  s i g n i f i c a n t  

e f f e c t  o f  e x p e r i e n c e  on i n t e l l i g i b i l i t y  r a t i n g s  ( t * - 1 0 . 9 0 ,  

d f = 3 6 |  p ^ .O O l ) ,  w i t h  t h e  d e a f  s h o w in g  l a r g e r  d i f f e r e n c e s  

t h a n  t h e  h a r d - o f - h e a r i n g  c h i l d r e n  a n d  b o t h  g r o u p s  h a v i n g  

h i g h e r  mean r a t i n g s  when e x p e r i e n c e d  l i s t e n e r s  r a t e d .  Cau­

t i o n  m u s t  be  e x e r c i s e d  when i n t e r p r e t i n g  t h e  e f f e c t s  o f  

e x p e r i e n c e  on  i n t e l l i g i b i l i t y  r a t i n g s  s i n c e  t h e  e x p e r i e n c e d  

r a t e r s  i n  t h i s  s t u d y  w ere  a l s o  f a m i l i a r  w i t h  t h e  t e s t  m a t e ­

r i a l s  a n d  knew i n  a d v a n c e  w h ich  s e n t e n c e s  were  b e i n g  r e a d  

a s  t h e y  r a t e d  t h e  c h i l d ' s  o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y .

The c o r r e l a t i o n  b e t w e e n  t h e  r a t i n g s  g i v e n  b y  t h e  ex ­

p e r i e n c e d  a n d  t h e  i n e x p e r i e n c e d  r a t e r s  f o r  t h e s e  r e c o r d i n g s  

was s t a t i s t i c a l l y  s i g n i f i c a n t  ( r = . 9 2 ,  p < .Q 0 1 ) .  High  c o r ­

r e l a t i o n s  w ere  a l s o  o b t a i n e d  b e t w e e n  t h e  i n t e l l i g i b i l i t y  

s c o r e s  an d  t h e  i n t e l l i g i b i l i t y  r a t i n g s  g i v e n  b y  t h e  i n e x ­

p e r i e n c e d  l i s t e n e r s  ( r « . 9 9 »  p < .0 0 1 )  an d  b e tw e e n  t h e  i n t e l ­

l i g i b i l i t y  s c o r e s  g i v e n  by  i n e x p e r i e n c e d  l i s t e n e r s  and 

i n t e l l i g i b i l i t y  r a t i n g s  g i v e n  b y  t h e  e x p e r i e n c e d  r a t e r s  

( r * . 9 2 ,  p f . O O l ) .

An a n a l y s i s  o f  v a r i a n c e  was c a r r i e d  o u t  f o r  t h e  f a c ­

t o r s  o f  C h i l d  a n d  S e n t e n c e .  B e t w e e n - l i s t e n e r  d i f f e r e n c e s  

were t r e a t e d  a s  p a r t  o f  t h e  r e p l i c a t i o n  e r r o r .  T h i s  was 

done b e c a u s e  e a c h  l i s t e n e r  d i d  n o t  l i s t e n  t o  a l l  o f  t h e  

c h i l d r e n  r e a d i n g  a l l  o f  t h e  s e n t e n c e s .  E v e ry  l i s t e n e r
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h e a r d  f o u r  c h i l d r e n  r e a d i n g  f i v e  s e n t e n c e s  e a c h ,  i n  a  way 

t h a t  e a c h  u t t e r a n c e  was h e a r d  b y  t h r e e  d i f f e r e n t  l i s t e n e r s .  

The r e s u l t s  o f  t h i s  ANOVA showed s i g n i f i c a n t  e f f e c t s  d u e  t o  

t h e  c h i l d  r e a d i n g  t h e  s e n t e n c e ,  and  t o  t h e  s e n t e n c e s  th em ­

s e l v e s  ( T a b l e  k ) , The i n t e r a c t i o n  b e t w e e n  S e n t e n c e  and 

C h i l d  was s t a t i s t i c a l l y  s i g n i f i c a n t  b u t  was n o t  v e r y  l a r g e  

com pared  t o  t h e  m a in  e f f e c t s .  A l t h o u g h  l i s t e n e r  v a r i a b i ­

l i t y  was a  s i g n i f i c a n t  f a c t o r ,  i t  d i d  n o t  c o n t r i b u t e  a s  much 

t o  t h e  e v e n t u a l  d i f f e r e n c e s  i n  s c o r e s  p e r  c h i l d  a s  d i d  t h e  

C h i l d  o r  S e n t e n c e .

S p o n t a n e o u s  s p e e c h

Three raters, experienced in listening to the speech 
of the deaf, rated the intelligibility of each of the forty- 
three children on each of the two spontaneous speech sam­
ples. An average of these six ratings was obtained for each 
child. There was a significant difference between the mean 
ratings of the hard-of-hearing and deaf groups (t=2.99» 
df«4l, p<.005). The mean intelligibility ratings were ^.35 
for the hard-of-hearing and 3*55 for the deaf children.

F i g u r e  5 shows a  d i s t r i b u t i o n  o f  t h e  i n t e l l i g i b i l i t y  

r a t i n g s  f o r  t h e  h a r d - o f - h e a r i n g  an d  d e a f  c h i l d r e n .  The NTID 

1-5 r a t i n g  s c a l e  f o r  i n t e l l i g i b i l i t y  ( J o h n s o n ,  1975) was 

u s e d ,  A r a t i n g  o f  5 r e p r e s e n t e d  h i g h l y  i n t e l l i g i b l e  s p e e c h ,  

w h i l e  a  r a t i n g  o f  1 m ean t  t h a t  s p e e c h  c o u l d  n o t  b e  u n d e r ­

s t o o d .  The d i s t r i b u t i o n  shows a  h e a v y  c o n c e n t r a t i o n  o f  

an d  5 r a t i n g s  f o r  t h e  h a r d - o f - h e a r i n g  g r o u p s ,  w h e r e a s  t h e r e



TABLE 4

Analysis of Variance between Child and Sentence with between-listener differences 
treated as part of the Replication Error.

Source Sum of Squares DF Mean Square F
Level of 
Significance

Child 1462.424 36 40.622 177.770 .001
Sentence 207.701 19 10.932 47.838 .001
Child x Sentence 536.876 684 0.785 3.435 .001
Replication Error 338.200 1480 0.229
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FIGURE 5
Distribution of mean intelligibility ratings for hard-of- 
hearing and deaf children for two spontaneous speech samples. 
Ratings were given by experienced listeners. Also included 
are mean ratings and range of ratings for the two test groups.
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is a wider distribution of ratings for the deaf group. 
Seventy-five percent of the deaf children had mean ratings 
between 3 and 5j ^0% were between 3 and 3.99 and 35% were 
between 4 and 5. In comparison, 91% of the hard-of-hearing 
children had mean ratings between 3 and 5» 17% were between 
3 and 3*99 and 7k% were between 4 and 5«

The six non-readers in this study (see Chapter III 
for explanation) had an average intelligibility rating of 
3,97» not significantly different from the average rating 
for the whole group of readers (3*98).

Experienced listeners* intelligibility ratings of read 
and spontaneous speech for the thirty-seven subjects who 
participated in both tests had a correlation of .87 (p<.001). 
Since no inexperienced listeners were asked to rate the in­
telligibility of these spontaneous speech samples, no com­
parisons are possible between ratings based on the experi­
ence of the listener for spontaneous speech. (See Chapter 
III for explanation.) Such information has already been 
discussed relative to read materials.

Phonemic Production 
Phonemic production! sentences 
Major error type

In the twenty sentences read by the thirty-seven 
children, there were 8,58^ intended vowels and 11,618 in­
tended consonants, creating a corpus of 20,202 intended 
phonemes for the 37 speakers. Examination of the broad
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phonetic transcriptions showed that the error rate for the 
intended phonemes was 2k%, Table 5 contains a breakdown 
of the major categories of phonemic errors made by the 
hard-of-hearing and deaf children. The frequency of occur­
rence of these errors with respect to the total number of 
phonemes intended is indicated in the first, third and 
fifth columns in the table. In parentheses, in the even 
numbered columns, are entries showing the relative propor­
tion of errors, i.e., the relative frequency of the indi­
cated error category as a proportion of the total number 
of errors. For example, phonemes were omitted 9.6# of the 
time that they were intended (row 1, column 5)# This con­
stituted 39* B# of all segmental errors made by the children 
(row 1, column 6), and was the most common error. Within 
category substitutions made up another large proportion of 
the total body of errors. These were the substitution of 
an incorrect vowel for the intended vowel (2 3,?#) and sub­
stitution of an incorrect consonant for the intended one 
(19*9#)• Distorted sounds that were nevertheless recog­
nizable as the intended phonemes (recognizable distortions) 
constituted another 8,7# of the total error. This error 
type will be interpreted with caution due to the differences 
in criteria between transcribers. The remaining categories 
of severe distortions (i.e., distortions so severe that the 
intended phoneme was unrecognizable), diphthong errors, sub­
stitutions of non-English phonemes, misreading of words and 
substitutions of consonants for vowels and vowels for con-



TABLE 5

Relative frequency of articulatory errors for hard-of-hearing, deaf and both groups of children for 
all phonemes in the twenty test sentences. Two entries are shown for each group of children. The 
first is the proportion of error out of the total number of phonemes intended. The second (in 
parenthesis) is the relative frequency of the error type as a proportion of the total number of 
errors made. (See text for explanation.)

Hard-of-Hearing Deaf Both

Error Type
Proportion 
of error

Relative 
proportion 
of error

Proportion 
of error

Relative 
proportion 
of error

Proportion 
of error

Relative 
proportioi 
of error

Omission .076 ( .392) .116 ( .406) .096 ( .398)
Vowel-vowel 

substitution .050 ( .258) .065 ( .227) .057 ( .237)
Consonant-consonant

substitution .035 ( .180) .060 ( .210) .048 ( .199)
Recognizable distortion .019 ( .098) .023 ( .080) .021 ( .087)
Severe distortion .007 ( .036) .013 ( .045) .010 ( .041)
Diphthong .004 ( .021) .004 ( .014) .004 ( .017)
Non-English

substitution .002 ( .010) o004 ( .014) .003 ( .012)
Other .001 ( .005) .001 ( .003) .002 ( .008)

Total .194 (1.000) .286 ( .999) .241 ( .999)
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sonants made up the remaining 7,8$ of the errorsi as 
shown in the fifth to seventh rows of the table.

As anticipated, the deaf children had more errors on 
a larger percentage of the intended phonemes than did the 
hard-of-hearing children (see confusion matrices in Appen­
dix F-l and F-2), Whereas 28,6$ of the phonemes produced 
by the deaf group were in error, only 19»^$ of the phonemes 
produced by the hard-of-hearing group were in error, A t- 
test showed that the average proportion of phonemes pro­
duced correctly by the two groups was significantly differ­
ent (t=1.998» df=78, p(.05)« However, the relative fre­
quency of error types (after adjusting for total errors) 
reveals the following pattern* for both the deaf and hard- 
of-hearing children, omissions constituted approximately 

of all errors and vowel-vowel substitutions made up 
26$ of the total errors for the hard-of-hearing and 23$ 
for the deaf group. The deaf children had a larger propor­
tion of consonant-consonant substitutions than did the hard- 
of-hearing children.

Consonantal errors
Table 6 contains a list of all of the consonants 

ranked according to the percent of correct production. Bi­
labial sounds, regardless of the manner of their production, 
headed the list as most often correct. The lingua-alveolar 
fricatives and the affricates were the most subject to 
error.



TABLE 6

Distribution of error types for consonants. Each entry is the relative frequency of that error 
type after adjusting for the total proportion of errors for the intended phoneme. The data are 
pooled across all children. Phonemes are presented in rank order of correct production.

E r r o r  T y p e s
P r o p o r t i o n

o n em e C o r r e c t P M V P-M P-V M-V P-M-V 0 RD SD Othe r

b . 9 3 1 . 2 2 8 . 1 1 0 . 1 3 6 . 0 7 2 . 0 0 0 . 0 2 5 . 1 2 7 . 0 9 7 . 0 8 7 . 1 1 8
w . 9 2 3 . 0 1 0 . 0 8 4 - . 1 0 5 - . 0 0 0 . 0 1 9 . 0 3 7 . 301 . 0 8 4 . 3 6 0
P . 9 7 1 . 0 1 5 - .1 26 . 0 4 1 . 0 0 0 . 0 1 5 . 0 4 1 . 5 3 3 . 1 1 5 . 0 1 5 . 0 9 9
f . 8 9 1 - - . 1 2 9 . 0 3 1 . 0 0 0 - . 0 6 2 . 4 5 5 . 2 2 1 . 0 9 1 . 0 1 1
m . 8 8 6 . 1 0 0 . 2 4 1 - . 0 2 3 - . 0 1 5 . 0 1 9 . 3 2 6 . 1 2 6 . 0 2 9 . 0 4 1
j . 8 7 4 . 0 0 0 . 0 0 0 - . 5 0 0 - . 0 0 0 . 1 7 0 . 1 4 3 . 0 7 1 . 0 3 6 . 0 7 2
n . 8 7 2 . 0 2 8 . 0 4 0 - . 0 1 4 - . 0 1 9 . 0 3 1 . 7 4 8 . 0 2 3 . 0 4 5 . 0 5 2
h . 8 5 6 . 0 3 4 - - . 1 8 1 . 0 0 0 - . 1 2 2 . 5 7 2 . 0 1 1 . 0 3 3 . 0 4 7
1 . 8 3 9 - . 0 4 5 - . 0 4 1 - . 0 0 3 . 0 0 3 . 5 4 5 . 1 5 5 . 0 8 9 . 1 1 9
V . 0 3 0 . 0 0 6 - . 1 3 6 . 1 1 7 . 0 0 6 - . 0 0 6 . 4 7 7 . 1 0 4 . 0 7 1 . 0 7 7
g . 7 5 2 . 0 4 0 . 0 2 0 . 0 9 5 . 0 5 5 . 0 0 0 - . 0 4  7 . 5 1 7 . 0 2 8 . 1 1 3 . 0 8 5
k . 7 1 1) . 0 6 8 - . 0 5 6 . 0  37 . 0 0 8 . 0 0 4 . 0 1 4 . 6 0 0 . 0 6 5 . 0 8 0 . 0 6 8
« . 6 9 0 . 0 0 7 - . 1 1 9 . 7 4 4 . 0 0 7 - . 0 3 0 . 0 2 5 . 0 5 1 . 0 0 9 . 0 0 8
r . 6 0 8 . 0 3 9 . 0 0 0 - . 0 0 9 - . 0 0 0 . 0 1 5 . 4 7 2 . 2 3 4 . 1 8 7 . 0 4 4
t . 6 7 4 . 0 0 8 . 0 1 5 . 0 8 1 . 0 1 0 . 0 0 1 . 0 1 2 . 0 2 2 . 6 7 6 . 0 5 7 . 0 6 3 . 0 5 5
•a . 6 4 4 . On 8 - . 0 6 6 . 30? . 0 0 0 - . 0 7 3 . 1 9 2 . 2 2 7 . 0 5 6 . 0 1 6
a . 6 2 7 . 310 . 0 0 0 - . 0 0 6 - .01  3 . 0 0 0 . 6 0 7 . 0 2 8 . 0 0 9 . 0 1 9
tf . 5 2 7 - . 3 1 1 . 0 1 5 . 2 3 2 - . 0 0 0 . 0.1 3 . 2 0 1 . 0 4 9 . 1 2 6 . 0 5 3
d . 5 2 0 . 0 1 6 . 0  28 . 0 6  2 . 0 0 2 . 0 0 9 . 0 0 5 . 0 0 7 . 7 8 5 . 0 4 0 . 0 1 9 . 0 2 7s . 5 0 5 . 0 1 0 . 2 0 0 . 0 0 0 . 2 0 0 . 0 0 0 . 0 0 0 . 0 9  2 . 1 0 9 . 0 9 4 . 0 9 9 . 0 0 0

d3 . 344 - . 1  20 . 0 4 9 . 0 7 1 - . 0 4  7 . 0 8 8 . 4 8 9 . 0 8 4 . 0 3 6 . 0 1 6
s . 341 . 0 5 0 .1  52 . 0 1 4 . 0 0 6 . 0 0 6 . 0 1 4 . 0 0 4 . 4 9 2 . 1 6 7 . 0 6 6 . 0 2 9
z . 2 3 7 . 0 5 0 . 0 7 5 . 0 4  2 . 0 0 7 . 0 0 9 . 0 2 0 . 0 0 0 . 5 8 9 . 1 1 1 . 0 8 5 . 0 1 2

Mean o f  p o i n t s  
w h e r e  c o n f u s i o n s  
c o u l d  o c c u r . 0 5 9 . 0 0 9 . 0 7 5 . 120 . 0 0 3 . 01  0 . 0 4 0 . 4 2 2 . 1 0 7 . 0 6 6 . 0 6 2

P= p l a c e  s u b s t  i t u t i o n s  l'~ m a n n e r  s u b s t i t u t  i o n s  V- v o i c i n g  s u b s t i  t u t  i o n s  0= o m i s s i o n s
RD- r c c o q n i z n l  1 <• c l i *:t o r i  i o n s  S b -  s e v e r e  d i s t o r t i o n s  -  -  no  [ o s s i b l o  c o n f u s i o n s  i n  A m e r i c a n  E n g l i s h
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Consonants were in error on the average 28.5# of the 
time that they were intended. The major portion of the con­
sonantal errors was due to the omission of the intended pho­
neme (Table 7 ) .  There were five phonemes for which omission 
constituted more than 60# of the total errors made (Table 6,  

column 10). They are /d/ 78.5/S; /n/ 7^.8#{ /t/ o7.6#j 
/ q /  6 0 .7 # ;  A /  60 . 0# .

Consonant for consonant substitutions were the second 
largest source of error. The other categories contributed 
minimally to the total error. The relative frequency of 
each type of substitution (e.g., place, manner, voicing) is 
shown in the bottom row of Table 6. Each entry in the row 
is the proportion of substitutions of the type indicated 
relative to all possible substitutions of that type. It 
was computed by summing all of the entries in the column 
above and dividing by the number of cases where such an 
error could occur. For example, in American English there 
are eight phoneme pairs in which the members of the pairs 
differ solely by voicing /p,b/, /t,d/, /k,g/, /f,v/,
/tS,dj/, /©,$/, /s,z/, The sum of entries under
voicing is 1.126, This number divided by the number of

tended phonemes in the twenty sentences) yields .075# the 
entry in Table 6. The results show that place-manner er­
rors occurred most frequently. This high incidence, how­
ever, seems to be due to one or two specific errors, such 
as /d/ for /ft/. Manner errors ranked second among con-

phonemes involved among the in-



TABLE 7

Relative frequency of consonant errors for hard-of-hearing, deaf and both groups of children for 
all of the consonants in the twenty test sentences. Two entries are shown for each group of children. 
The first is the proportion of error out of the total number of consonants intended. The second 
(in parenthesis) is the relative frequency of the error type as a proportion of the total number of 
consonantal errors made. (See text for explanation.)

Hard-of-Hearing Deaf Both

Relative Relative Relative
Proportion proportion Proportion proportion Proportion proportion

Error type of error of error of error of error of error of error

Omission .116 ( .520) .182 ( .529) .149 ( .523)
Consonant-consonant

substitution .060 ( .269) .104 ( .302) .082 ( .288)
Recognizable distortion .030 ( .135) .031 ( .090) .031 ( .109)
Severe distortion .011 ( .049) .020 ( .058) .016 ( .056)
Non-English

substitution .002 ( .009) .007 ( .020) .005 ( .018)
Other .004 ( .018) .000 ( .000) .002 ( .007)

Total .223 (1.000) .344 ( .999) .285 (1.000)

vovo
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fusions, followed by voicing then place and place-manner- 
voicing errors. Substitutions involving manner-voicing 
and place-voicing were minimal. There were few major dif­
ferences between the kinds of substitutions made by the 
hard-of-hearing and deaf children. The only exceptions 
were the tendency for the deaf children to make more con­
fusions of place-manner-voicing and the hard-of-hearing 
children to make more errors of place.

When errors were viewed in terras of the manner of pro­
duction of the intended phoneme, the rank order of correct 
production was glides and laterals, nasals, stops, frica­
tives and affricates (Table 8). The rankings of proportion 
of correct production of consonants according to manner of 
production was the same for the hard-of-hearing and deaf 
groups.

The r a n k  o r d e r  o f  c o r r e c t  p r o d u c t i o n  o f  c o n s o n a n t s  

a c c o r d i n g  t o  p l a c e  o f  a r t i c u l a t i o n  was b i l a b i a l ,  g l o t t a l ,  

l a b i o - d e n t a l ,  l i n g u a - v e l a r ,  l i n g u a - a l v e o l a r  and  l i n g u a -  

p a l a t a l  ( T a b le  9 ) .  V o iced  so u n d s  were  c o r r e c t  s l i g h t l y  

more o f t e n  t h a n  v o i c e l e s s  s o u n d s ,  b u t  t h e  p r o p o r t i o n s  were 

n o t  s i g n i f i c a n t l y  d i f f e r e n t .

The most common kind of phoneme substitution for the 
fricatives was that of place-manner. A larger proportion 
of these errors was due to the substitution of /d/ for /ft/, 
a rather common occurrence in New York speech patterns.
Stop substitutions usually consisted of errors of voicing. 
Errors for nasals were most often those of place substitu-
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TABLE 8
Distribution of proportion of correctly produced consonants 
according to manner of articulation. Entries represent mean 
proportion correct across phonemes for hard-of-hearing, deaf 
and both groups of children.

Manner of
Articulation Hard-of-Hearina Deaf Both

Glides and 
lateral
/w,r,j,1/ .867 .797 .830

Nasals
/m,n,f)/ .879 .715 .795

Stops
/p,b,t,d,k,g/ o816 .692 .752

Fricatives
/ f , v , s ,  z,J,h/ .697 .553 .623

Affricates
/tj, tfj/ .513 .362 .436
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TABLE 9
Distribution of proportion of correctly produced consonants 
according to place of articulation. Entries represent mean
proportion correct across phonemes for hard-of-■hearing, deaf
and both groups of children.

Place of
Articulation Hard-of-Hearing Deaf Both

Bilabials
/p,b,m,w/ .937 .894 .915

Glottal
/h/ .924 .793 .859

Labio-dental
/f ,v/ .879 0834 .856

Lingua-velar
/^» 9>Q / .811 .715 .763

Lingua-dental
.728 .610 .667

Lingua-alveolar
/t,d,s,z,n,l,r/ .670 .525 .595

Lingua-palatal
.648 .482 .563
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tions. There were no consistent patterns of error for 
glides and laterals.

The c o n f u s i o n  m a t r i c e s  f o r  t h e  h a r d - o f - h e a r i n g  and 

d e a f  c h i l d r e n  were  compared  i n  t e r m s  o f  a  s t a t i s t i c  known 

a s  G (A ppend ix  F - 3 )  w hich  was d e s i g n e d  s p e c i f i c a l l y  f o r  

c o m p a r in g  d a t a  f rom  d i s c r e t e  m u l t i v a r i a t e  d i s t r i b u t i o n s  

( B i sh o p  e t  a l . , 1 9 7 5 ) •  T h i s  s t a t i s t i c  com pares  c o n f u s i o n  

m a t r i c e s  on a  row by row b a s i s  and t a k e s  i n t o  a c c o u n t  d i f ­

f e r e n c e s  i n  o v e r a l l  e r r o r  r a t e  b e tw e e n  m a t r i c e s .  U s ing  

t h i s  m ethod  and  c o u n t i n g  t h e  d i a g o n a l ,  i . e . ,  t h e  number  o f  

t i m e s  t h e  i n t e n d e d  phoneme was p r o d u c e d  c o r r e c t l y ,  n i n e  

c o n s o n a n t s  emerge a s  b e i n g  p r o d u c e d  s i g n i f i c a n t l y  d i f f e r e n t -  

l y  by t h e  two g r o u p s  o f  s p e a k e r s  (G > 1 7 ,  p < . 0 5 ) .  These  c o n ­

s o n a n t s  a r e  / t , d , k , s , z , h , m , n , r j / .  T h i s  i n v e n t o r y  c o n t a i n s  

s a m p le s  o f  s t o p ,  f r i c a t i v e  a n d  n a s a l  phonemes w h ich  t h e

d e a f  and h a r d - o f - h e a r i n g  g r o u p s  p r o d u c e  d i f f e r e n t l y .  When 
?

t h e  G was com puted  e l i m i n a t i n g  t h e  d i a g o n a l ,  i . e . ,  s e t t i n g  

a s i d e  t h e  f a c t  t h a t  t h e  h a r d - o f - h e a r i n g  c h i l d r e n  p r o d u ce d  

t h e  sound  c o r r e c t l y  s i g n i f i c a n t l y  more o f t e n  t h a n  t h e  d e a f  

c h i l d r e n ,  o n l y  two c o n s o n a n t s  r e m a i n  a s  so u n d s  f o r  which 

t h e  two h e a r i n g  i m p a i r e d  g r o u p s  had  s i g n i f i c a n t l y  d i f f e r e n t  

( p ^ . 05)  p a t t e r n s  o f  e r r o r s .  These  two so u n d s  a r e  / z /  and 

/ ^ / .  I n  b o t h  c a s e s ,  t h e  d e a f  o m i t t e d  t h e  sound more o f t e n  

t h a n  d i d  t h e  h a r d - o f - h e a r i n g  g r o u p .  The h a r d - o f - h e a r i n g  

c h i l d r e n  t e n d e d  t o  s u b s t i t u t e  a  c l o s e l y  r e l a t e d  s o u n d ,  e . g . ,  

/ s /  f o r  / z / ,  / n /  f o r  /r^ / .



lO^f

Vowel errors
Table 10 shows the vowels and diphthongs tested or­

dered according to the proportion correctly produced. Also 
shown in the table is the system of articulatory features 
used in classifying the vowels for the purposes of this 
study (Bronstein, I960). The vowels /i,ae,u/ were of par­
ticular concern in Smith*s (1972) construction of the twenty 
test sentences. They were embedded in various phonemic en­
vironments to include transitions to and from the seven 
places of consonant articulation with each of these vowels. 
This table shows that of these three vowels, /u/ was pro­
duced correctly most often (91.5#) and /ae/and /i/ were 
less often correct (88.2# and 83»3#» respectively) although 
there was little difference in the performance between the 
latter two vowels.

When /u/ was the intended vowel, the most common er­
ror was the substitution of the / a / .  This constituted 
2 2 . of the total error for that phoneme. /VS/ was also 
a common confusion. The greatest proportion of errors for 
the phoneme /i/ was attributed to the substitution of its 
lax counterpart /I/ (37.8#) and another large proportion 
was due to the use of the / & / (18.0#), When /ae/was the 
intended phoneme, /oJ accounted for 20.2# of the total er­
ror and / & / for 11.9#.

A view of all of the vowel sounds intended reveals 
that there was an error rate of 18.2#. The greatest pro­
portion of these errors was due to the substitution of an



105

TABLE 10

Rank order of correct production of vowels for the hearing- 
impaired children on all words in the twenty test sentences. 
Also shown in the table is the system of articulatory features 
used in classifying the vowels for the present study (Bronstein, 
1960). The diphthongs AiS/ and /flx?/ are listed according to 
the first component; /ju/ according to the second.

Phoneme
Proportion
Correct

Articulatory Features 
Frontness Height Rounding Tension

n t / .973 Central Mid Neutral Tense
/£/ .923 Front Mid Spread Lax
/ o / .921 Back Mid Round Tense
/ o / .920 Back Low Round Tense
/u/ .915 Back High Round Tense
Ar/ .906 Back High Round Lax

.882 Front Low Spread Lax
A # .879 Back Low Neutral Lax
/<V .874 Back Low Neutral Lax
/!/ .872 Front High Spread Lax
/<2/ .868 Front Mid Spread Tense
A a / .844 Back Low Neutral Lax
/ I / .833 Front High Spread Tense
/A/ .818 Central Low Neutral Lax
/*/ .752 Central Mid Neutral Lax
/ j u / .500 Back High Round Tense
/ * / .284 Central Mid Neutral Lax
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unintended vowel for the target one (72.5#)• The remaining 
categories of error each contributed a much smaller pro­
portion of the error. Omissions occurred at a rate of 13.2# 
(Table 11). These omissions generally occurred when parts 
of words were omitted.

A comparison of the relative proportion of error for 
the hard-of-hearing and deaf groups shows that vowel-vowel 
substitutions constituted 72-73# of the total error for 
each group. The pattern of vowel-vowel substitutions re­
veals that typically when an error was made, the vowel pro­
duced was a near neighbor of the intended vowel on the 
vowel quadrilateral, e.g., /i/ for /I/, /ae/ for /£/, /a/ 
for /0/» Frequently, the vowel produced was correct with 
respect to frontness of the tongue but was made with the 
wrong tongue height. Usually, the incorrect tongue height 
was toward mid-position. Furthermore, a common error was 
substitution of the central /3/ or /a /  for the intended 
vowel.

Next, all of the simple stressed vowels /i,I,e,£,u,V, 
ae, o,0,a,A,5*/ were analyzed in terms of the substitutions 
made based on the features of frontness, height, degree of 
lip-rounding and tension alone and in combinations. In 
addition, vowel confusions due to substitutions of /g/ or 
/3/* diphthongization, omission and severe distortions were 
also considered. Table 12 shows the relative proportion of 
errors for each of these categories across the twelve in­
tended stressed vowels. Each entry represents an average



TABLE 11

Relative frequency of errors for hard-of-hearing, deaf and both groups of children for all 
vowels in the twenty test sentences. Two entries are shown for each group of children. The first 
is the proportion of error out of the total number of vowels intended. The second (in parenthesis)
is the relative frequency 
(See text for explanation

of the error type as a 
.)

proportion of the total number of errors made.

Hard-of-•Hearing Deaf Both

Error type
Proportion 
of error

Relative 
proportion 
of error

Proportion 
of error

Relative 
proportion 
of error

Proportion 
of error

Relative 
proportion 
of error

Omission .021 ( .135) .027 ( .130) .024 ( .132)
Vowel-vowel

substitution .111 ( .712) .151 ( .729) .132 ( .725)
Recognizable distortion .005 ( .032) .013 ( .063) .009 ( .049)
Severe distortion .001 ( .006) .003 ( .014) .002 ( .011)
Diphthong .009 ( .058) .008 ( .039) .009 ( .049)
Non-English

substitution .000 ( .000) .000 ( .000) .000 ( .000)
Other .009 ( .058) .005 ( .024) .006 ( .033)

Total .156 (1.001) .207 ( .999) .182 ( .999)

o
M
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TABLE 12

Distribution of errors for stressed vowels appearing in all 
words in the twenty test sentences. Entries represent the 
mean proportion of each error type after adjusting for the 
total number of errors made. Each entry is averaged over all 
stressed vowels where such errors could have occurred. Data
are pooled over all children. Vowels 
are /LlX,fiME,3Lia.p,0,-U',U.> y , A /.

included in the analysis
t

Mean
Proportion Most common

Error type Error Substitutions

Frontness (F) .105 A CL.
Height (H) .121 / d  -*il/ /jl^o/
Rounding (R ) -

Tension (T) .265 / L * * l /  / t ^ d /

FH .029 A - * a  /
FR .087 /3L + 0 J  /C L * *  A  +X,
FT -

HR .024
HT .081
RT .298 /(L^Dl
FHR .041 A/
FHT .009 /o A/
FRT .052 .
HRT .017
FHRT .048 / uu-^a /  / a  - > 0 /

Unstressed neutral .098 / o .  \L. a  /
Diphthongization .024 A r , a . , e . x /
Omissions .051 i i  , A . e  /
Recognizable distortions .053 / a  , <?e, /

Severe distortions .017
* A—f  B substitution of B for A AV—>B substitution in both directior
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o f  t h e  r e l a t i v e  p r o p o r t i o n  o f  e r r o r s  a c r o s s  t h e  p o i n t s  

where  s u c h  c o n f u s i o n s  c o u l d  e x i s t  i n  t h e  E n g l i s h  l a n g u a g e .  

F o r  i n s t a n c e ,  t h e r e  a r e  e i g h t  vo w e ls  f o r  which  h e i g h t  o f  

t h e  t o n g u e  a l o n e  p r o d u c e s  a  d i f f e r e n t  A m er ic an  E n g l i s h  

v o w e l .  They a r e i  / E , l /  an d  / a e / w i t h  e a c h  o t h e r  and  / o , o /  

an d  / u /  w i t h  e a c h  o t h e r  and  / i /  and / e /  w i t h  e a c h  o t h e r .

I n  t h e  c a t e g o r y  o f  t e n s i o n ,  t h e r e  a r e  t h r e e  v o w e l  p a i r s  

f o r  w h ich  ch an g e  o f  t e n s i o n  a l o n e  c r e a t e s  t h e  o t h e r  member 

o f  t h e  p a i r .  T h e se  a r e i  / i /  w i t h  / I /  and  / u /  w i t h  / c /  and  

/ e /  w i t h  / £ / •  Only  t h e s e  p o i n t s  w h ere  phonemic d i f f e r e n c e s  

c o u l d  o c c u r  were  a v e r a g e d  t o  y i e l d  t h e  e n t r i e s  i n  T a b le  12 .

The t a b l e  shows t h a t  when t e n s i o n  e r r o r s  c a n  o c c u r  

p h o n e m i c a l l y ,  t h e y  c o n s t i t u t e  a n  a v e r a g e  o f  2 6 . 5 ^  o f  a l l  o f  

t h e  e r r o r s  made f o r  t h e  i n t e n d e d  phoneme.  The vo w e ls  i n  

q u e s t i o n  w ere  t h e  / i /  and  / I /  and  / u /  w i t h  and  / e /  

w i t h  / € /  w hich  w e re  f r e q u e n t l y  s u b s t i t u t e d  f o r  e a c h  o t h e r .

No o t h e r  s i n g l e  f e a t u r e  c o n f u s i o n  o c c u r r e d  a s  o f t e n  on t h e  

a v e r a g e  a s  t h a t  o f  t e n s i o n .

E r r o r s  due  t o  i m p r o p e r  p r o d u c t i o n  o f  t h e  f e a t u r e s  o f  

r o u n d i n g  and  t e n s i o n  a v e r a g e  29«8% o f  a l l  e r r o r s  f o r  p h o ­

nemes f o r  w hich  t h i s  k i n d  o f  e r r o r  was p o s s i b l e .  T h i s  k i n d  

o f  e r r o r  m a n i f e s t e d  i t s e l f  a s  t h e  s u b s t i t u t i o n  o f  / d /  f o r  

t h e  i n t e n d e d  / g j  o r  / a /  f o r  t h e  i n t e n d e d  / d / .

The s t r e s s e d  v o w e ls  w e re  a l s o  s t u d i e d  i n  t e r m s  o f  

d e g r e e  o f  f r o n t n e s s ,  h e i g h t ,  r o u n d i n g  and  t e n s i o n .  T a b l e  13 

shows t h a t  b a c k  v o w e l s  were  more  o f t e n  c o r r e c t  t h a n  c e n t r a l  

o r  f r o n t  v o w e l s j  mid v o w e ls  w ere  c o r r e c t  more o f t e n  t h a n
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t
TABLE 13

D i s t r i b u t i o n  o f  p r o p o r t i o n  o f  c o r r e c t l y  p r o d u c e d  v o w e ls  

a c c o r d i n g  t o  d e g r e e  o f  t e n s i o n ,  f r o n t n e s s ,  h e i g h t  and  l i p  

r o u n d i n g .  Each c a t e g o r y  r e p r e s e n t s  t h e  a v e r a g e  p r o p o r t i o n  

c o r r e c t  f o r  t h e  s i m p l e ,  s t r e s s e d  v o w e ls  h a v i n g  t h o s e  f e a t u r e s .

F e a t u r e Mean P r o p o r t i o n  C o r r e c t

T e n s i o n

T e n se  / $ ) U.,0,  2,  J l , L / .901

Lax  / £ , V ,  , & , A / .8 8 0

F r o n t n e s s

Back  /ULi 0 13 j ‘U | 4 / .9 0 7

C e n t r a l  /A .3Y .8 9 6

F r o n t  / £ (e , I , 3 t , L / .8 7 6

H e i a h t

Mid / o . 2r (e , e / .921

High  / a , v #L , I / .8 8 2

Low .8 7 4

R o u n d in a

Round /u . ,0 ,  D.LT/ .9 1 6

N e u t r a l .8 8 8

S p r e a d .8 7 6
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h i g h  o r  low v o w e l s i  r o u n d  v o w e ls  w ere  p r o d u c e d  c o r r e c t l y  

more o f t e n  t h a n  n e u t r a l  o r  s p r e a d  o n e s ;  an d  t e n s e  v o w e ls  

a v e r a g e d  a  h i g h e r  p r o p o r t i o n  c o r r e c t  t h a n  l a x  o n e s .  T h e se  

v a l u e s  w ere  o b t a i n e d  b y  a v e r a g i n g  t h e  p e r c e n t  c o r r e c t  p r o ­

d u c t i o n  o f  v o w e ls  a c c o r d i n g  t o  t h e  c a t e g o r y  i n  q u e s t i o n .  

None o f  t h e  d i f f e r e n c e s  w i t h i n  c a t e g o r i e s  was v e r y  l a r g e ,  

e . g . ,  a l t h o u g h  b a c k  v o w e ls  w e re  p r o d u c e d  c o r r e c t l y  more 

o f t e n  t h a n  f r o n t  v o w e l s ,  b a c k  vow els  w ere  c o r r e c t  on t h e  

a v e r a g e  91% o f  t h e  t i m e ,  w h i l e  f r o n t  v o w e ls  were  c o r r e c t  

on t h e  a v e r a g e  88% o f  t h e  t i m e .

F o r  t h e  d i p h t h o n g s  / a I / ,  / o t f  a n d  / j u / ,  t h e  m os t  s i g ­

n i f i c a n t  c o n f u s i o n s  were  t h e  o m i s s i o n  o f  one o f  t h e  two

e l e m e n t s  o f  t h e  s o u n d ,
2

A G s t a t i s t i c  c o m p a r i n g  t h e  c o n f u s i o n  m a t r i c e s  o f  

t h e  h a r d - o f - h e a r i n g  and  d e a f  c h i l d r e n  showed t h a t  f o r  f o u r  

v o w e ls  a n d  d i p h t h o n g s  / i , a , d , £ L l /  t h e r e  was a  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r o d u c t i o n  o f  t h e s e  so u n d s  

b y  t h e  h a r d - o f - h e a r i n g  an d  d e a f  g r o u p s  o f  c h i l d r e n  ( p ^ . 0 5 ) •  

E l i m i n a t i o n  o f  t h e  d i a g o n a l ,  i . e . ,  t h o s e  i n s t a n c e s  where  

t h e  i n t e n d e d  phoneme was c o r r e c t l y  p r o d u c e d ,  l i m i t e d  t h e  

number  o f  v o w e ls  w i t h  d i f f e r e n t  e r r o r  p a t t e r n s  t o  / d /  an d  

/a i/. When /0 / was i n t e n d e d ,  t h e  h a r d - o f - h e a r i n g  c h i l d r e n  

p r o d u c e d  / e l /  more  o f t e n  t h a n  t h e  d e a f  g r o u p  an d  t h e  d e a f  

c h i l d r e n  o m i t t e d  t h e  so u n d  more o f t e n  t h a n  d i d  t h e  h a r d -  

o f - h e a r i n g  g r o u p .  A l t h o u g h  t h e  G i n d i c a t e s  a  d i f f e r e n c e  

i n  c o n f u s i o n s  f o r  / i fc l /  t h e  d i f f e r e n c e  i s  b a s e d  on a  s l i g h t  

d i f f e r e n c e  i n  p e r c e p t i o n  and  l a b e l l i n g  on t h e  p a r t  o f  t h e
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t r a n s c r i b e r s .  F o r  t h e  h a r d - o f - h e a r i n g  g r o u p  t h e r e  was a  

g r e a t e r  t e n d e n c y  f o r  t h e  t r a n s c r i b e r s  t o  n o t e  t h e  a b s e n c e  

o f  t h e  o f f - g l i d e  w h i l e  f o r  t h e  d e a f  g r o u p  t h e  p e r c e p t i o n  o f  

t h e  p r o d u c e d  so u n d  was l a b e l l e d  a s  /(&/, e s s e n t i a l l y  t h e  

same e f f e c t .

Phonemic p r o d u c t i o n :  i s o l a t e d  words

The p u r p o s e  o f  t h i s  t e s t  was t o  a l l o w  a  c o m p a r i s o n  o f  

p r o d u c t i o n  o f  phonemes i n  i s o l a t e d  words  w i t h  p r o d u c t i o n  o f  

t h e  same phonemes i n  words  r e a d  i n  t h e  c o n t e x t  o f  a  s e n ­

t e n c e .  S c o r e s ,  i n  t e r m s  o f  t h e  p r o p o r t i o n  o f  phonemes c o r ­

r e c t ,  w e re  com pared  f o r  t h e  i s o l a t e d  t e s t  words  and  f o r  

t h o s e  i d e n t i c a l  w ords  a s  t h e y  a p p e a r e d  i n  t h e  c o n t e x t  o f  t h e  

t e s t  s e n t e n c e s .  The s c o r e s  f o r  t h e  w ords  i n  i s o l a t i o n  were  

o b t a i n e d  f rom  t h e  b r o a d  p h o n e t i c  t r a n s c r i p t i o n s  made by  one 

o f  t h e  t r a n s c r i b e r s  m e n t i o n e d  a b o v e .  A l th o u g h  t h e  s c o r e s  

were  s l i g h t l y  h i g h e r  f o r  t h e  phonemes a p p e a r i n g  i n  c o n t e x t  

(7 1 .5 7 0  t h a n  f o r  t h e  words  i n  i s o l a t i o n  ( 6 7 . 9 7 0 ,  a  t - t e s t  

d i d  n o t  show a  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  

t h e  two g r o u p s  o f  s c o r e s  ( t » . 0 3 9 5 »  d f * 7 0 ) .

P r o s o d i c  F e a t u r e  P r o d u c t i o n  

P r o s o d i c  f e a t u r e  p r o d u c t i o n s  T e s t  I

T h re e  e x p e r i e n c e d  l i s t e n e r s  who knew t h e  i n t e n d e d  u t ­

t e r a n c e s  r a t e d  t h e  c h i l d r e n  on P r o s o d i c  F e a t u r e  P r o d u c t i o n  

T e s t  I .  They l i s t e n e d  t o  t h e  t a p e s  and  i n d i c a t e d  w h e t h e r  

t h e  u t t e r a n c e  was c h a r a c t e r i z e d  by  e a r l y  o r  l a t e  s t r e s s ,  

e a r l y  o r  l a t e  p a u s e ,  r i s i n g  i n t o n a t i o n  a s  i n  q u e s t i o n  o r
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f a l l i n g  i n t o n a t i o n  a s  i n  s t a t e m e n t .  They c o u l d  a l s o  c a t e ­

g o r i z e  t h e  u t t e r a n c e  a s  s t a c c a t o  ( e q u a l  s t r e s s  on a l l  s y l ­

l a b l e s  and  e q u a l  p a u s e  b e tw e e n  s y l l a b l e s )  o r  u n i n t e l l i g i b l e .  

(See  C h a p t e r  I I I  f o r  a  d e s c r i p t i o n  o f  t h e  t e s t  and  t h e  l i s ­

t e n e r s .  )

O v e r a l l  s c o r e s  f o r  t h e  h e a r i n g - i m p a i r e d  c h i l d r e n  

r a n g e d  f rom  J l , 5% t o  9 2 . 6 $ .  The mean s c o r e  was 6 0 , 7 $ .  The 

h a r d - o f - h e a r i n g  c h i l d r e n  had a  w i d e r  r a n g e  o f  s c o r e s  t h a n  

t h e  d e a f  c h i l d r e n !  61 p e r c e n t a g e  p o i n t s  a s  o p p o se d  t o  33 

p e r c e n t a g e  p o i n t s .  The mean s c o r e s  f o r  t h e  two g r o u p s  were  

n o t  s i g n i f i c a n t l y  d i f f e r e n t ;  t h e  h a r d - o f - h e a r i n g  g r o u p  had 

a  mean s c o r e  o f  62.3% and  t h e  d e a f  g r o u p  had a  mean s c o r e  

o f  58 .9% ( T a b l e  1*0.

The r a n k  o r d e r  o f  f e a t u r e s  p r o d u c e d  c o r r e c t l y  was t h e  

same f o r  t h e  h a r d - o f - h e a r i n g  and  d e a f  c h i l d r e n .  P ause  was 

m os t  o f t e n  p r o d u c e d  c o r r e c t l y  (90%),  f o l l o w e d  by  s t r e s s  

(66%) ( l a t e  s t r e s s ,  72%; e a r l y  s t r e s s ,  58%) a n d  t h e n  q u e s ­

t i o n  (26%) ( T a b l e  14-). T h i s  r a n k i n g  was a l s o  found  t o  be  

t h e  same f o r  a  m a tched  g r o u p  o f  n o r m a l - h e a r i n g  c h i l d r e n .  

However ,  i n  a l l  c a t e g o r i e s  b u t  t h a t  o f  q u e s t i o n ,  t h e  d e a f  

c h i l d r e n  had  h i g h e r  mean s c o r e s  t h a n  t h o s e  o f  t h e  h a r d - o f -  

h e a r i n g  c h i l d r e n .  Only i n  t h e  c a s e  o f  l a t e  s t r e s s  d i d  

t h i s  s u p e r i o r  p e r f o r m a n c e  by  d e a f  s u b j e c t s  r e a c h  a  l e v e l  

o f  s i g n i f i c a n c e  ( t = 2 . l 4 0 ,  df«3*+, p ^ . 0 2 5 ) .  T h i s  t r e n d  was 

e n t i r e l y  u n e x p e c t e d .  A c l o s e r  l o o k  a t  p e r f o r m a n c e  on t e s t  

i t e m s  f e a t u r i n g  l a t e  s t r e s s  r e v e a l e d  t h a t  t h e  d e a f  c h i l d r e n  

f r e q u e n t l y  u s e d  e x a g g e r a t e d  c u es  t o  mark s t r e s s .  E x c e s s i v e
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TABLE 14
Means,  s t a n d a r d  d e v i a t i o n s  and  r a n g e s  o f  o v e r a l l  t e s t  s c o r e s  
f o r  h a r d - o f - h e a r i n g ,  d e a f  and  b o t h  g r o u p s  o f  c h i l d r e n  on
P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  
i n  t e r m s  o f  p r o p o r t i o n  c o r r e c t .

I .  S c o r e s a r e  i n d i c a t e d

S c o r e  H a r d - o f - H e a r i n g  Deaf B o th

Mean .6 2 3 .589 .6 0 7

S t a n d a r d  d e v i a t i o n  .184 .089 .1 4 7

Range . 3 1 5 - . 9 2 6 . 3 7 0 - . 704 . 3 1 5 - . 9 2 6

Mean p r o p o r t i o n  c o r r e c t  f o r  e a c h  
h e a r i n g ,  d e a f  and  b o t h  g r o u p s  o f  
F e a t u r e  P r o d u c t i o n  T e s t  I .

t e s t  f e a t u r e  f o r  h a r d - o f -  
c h i l d r e n  on P r o s o d i c

F e a t u r e  H a r d - o f - H e a r i n g  Deaf B o th

P au se .888 .9 1 7 .9 0 1

L a t e  s t r e s s .6 3 8 .8 2 2 .7 2 4

E a r l y  s t r e s s .5 2 2 o 650 .581

Q u e s t i o n .411 .094 .2 6 4
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d u r a t i o n  was one  o f  t h e s e  c u e s .  W hereas  t h e  ou tcom e o f  t h i s  

e f f o r t  was t o  p r o d u c e  a n  e f f e c t  r e c o g n i z e d  a s  s t r e s s ,  t h e  

o v e r a l l  p r o d u c t i o n  d i d  n o t  u s u a l l y  so u n d  normal*  A s e c o n d  

p a r t  o f  t h e  p r o b le m  i s  t h a t  some h a r d - o f - h e a r i n g  c h i l d r e n  

d i d  v e r y  p o o r l y  on t h e  t e s t .  I t  a p p e a r e d  t h a t  some o f  t h e s e  

c h i l d r e n  w ere  u s i n g  t h e i r  own r u l e s  i n  p r o d u c i n g  s t r e s s .

Some seemed t o  d i s r e g a r d  i n s t r u c t i o n s  a n d  r e a d  t h e  u t t e r a n c e s  

a s  s t a t e m e n t s  w i t h  s t r e s s  p l a c e d  on a  word o t h e r  t h a n  t h e  

t a r g e t  w ord .  O t h e r s  may h a v e  u s e d  a  cue  su c h  a s  s l i g h t  

p a u s e  b e f o r e  t h e  s t r e s s e d  word ,  w h ich  was n o t  r e c o g n i z e d  by 

t h e  e x a m i n e r s  a s  a  m a r k e r  o f  s t r e s s .

F o r  b o t h  t h e  d e a f  and  h a r d - o f - h e a r i n g  g r o u p s ,  e r r o r s  

made i n  t h e  p r o d u c t i o n  o f  i t e m s  t e s t i n g  e a r l y  p a u s e  were  

r o u g h l y  e v e n l y  d i v i d e d  b e t w e e n  t h e  p o s s i b l e  a l t e r n a t i v e s  

a v a i l a b l e  t o  t h e  l i s t e n e r .  When l a t e  p a u s e  was i n t e n d e d ,  

t h e  m o s t  common e r r o r  was s t a c c a t o  p r o d u c t i o n  f o r  b o th  

g r o u p s .  The d e a f  c h i l d r e n  a l s o  r e a d  t h e  i t e m s  a s  s t a t e ­

m en ts  o c c a s i o n a l l y .  When s t r e s s  was t h e  i n t e n d e d  f e a t u r e ,  

one e r r o r ,  t h a t  o f  s t a c c a t o  p r o d u c t i o n ,  was s i g n i f i c a n t l y  

more f r e q u e n t  t h a n  o t h e r  e r r o r s .  Both  t h e  d e a f  and  h a r d -  

o f - h e a r i n g  c h i l d r e n  had  a  g r e a t  d e a l  o f  d i f f i c u l t y  on i t e m s  

t e s t i n g  q u e s t i o n  i n t o n a t i o n .  They f r e q u e n t l y  s u b s t i t u t e d  

l a t e  s t r e s s  ( h a r d - o f - h e a r i n g ,  22#;  d e a f ,  33#) o r  p r o d u c e d  

s t a t e m e n t s  ( h a r d - o f - h e a r i n g ,  2 1 # ;  d e a f ,  32#)  i n  p l a c e  o f  

t h e  r i s i n g  i n t o n a t i o n  w h ich  was c a l l e d  f o r .  I n  a d d i t i o n ,  

15*6# o f  t h e  u t t e r a n c e s  p ro d u c e d  by  t h e  d e a f  c h i l d r e n  w ere  

i d e n t i f i e d  by  t h e  r a t e r s  a s  s t a c c a t o .  T h i s  c o n f u s i o n  o c ­
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c u r r e d  o n l y  9.2% o f  t h e  t i m e  f o r  t h e  h a r d - o f - h e a r i n g  g r o u p .  

F o r  t h e  d e a f  g r o u p ,  t h e s e  t h r e e  c o n f u s i o n s  o c c u r r e d  more 

f r e q u e n t l y  t h a n  t h e  c o r r e c t  p r o d u c t i o n  o f  t h e  f e a t u r e  ( F i g ­

u r e  6 ) .

I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e r e  was a n  e f f e c t  o f  

t h e  s e n t e n c e  i t s e l f  on c o r r e c t  p r o s o d i c  f e a t u r e  p r o d u c t i o n ,  

means were  c a l c u l a t e d  f o r  t h e  s i x  s i m p l e  s e n t e n c e s  a c r o s s  

t h e  s i x  t e s t  v e r s i o n s  and  a c r o s s  a l l  o f  t h e  c h i l d r e n .  The 

v a l u e s  a p p e a r i n g  i n  T a b le  15 i n d i c a t e  t h a t  w i t h i n  t h e  two 

g r o u p s  b a s e d  on  s e n t e n c e  l e n g t h ,  t h e r e  were  s m a l l  d i f f e r ­

e n c e s  b e tw e e n  s e n t e n c e s .  However ,  on t h e  a v e r a g e ,  t h e  f i v e -  

s y l l a b l e  u t t e r a n c e s  were  c o r r e c t  n e a r l y  10% more o f t e n  t h a n  

t h e  t w o - s y l l a b l e  u t t e r a n c e s .  T h i s  d i f f e r e n c e  was s t a t i s t i c ­

a l l y  s i g n i f i c a n t  ( t * 4 . 8 9 »  d f * 1 0 ,  p ( . O O l ) .

A n o t h e r  s e t  o f  l i s t e n e r s  was u s e d  i n  o r d e r  t o  d e t e r ­

m ine  t h e  e f f e c t s  o f  p r i o r  know ledge  o f  t h e  i n t e n d e d  f e a t u r e  

on p e r c e p t i o n  o f  p r o s o d i c  f e a t u r e  p r o d u c t i o n  a b i l i t y  o f  

h e a r i n g - i m p a i r e d  c h i l d r e n .  (S ee  C h a p t e r  I I I  f o r  a  d e ­

s c r i p t i o n  o f  t h e  l i s t e n e r s  and  t h e  r a t i o n a l e  f o r  t h e i r  u s e . )  

T h i s  s e t  o f  s i x  l i s t e n e r s  was a s k e d  t o  l i s t e n  t o  t h e  r e ­

c o r d i n g s  o f  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I .  They were  

n o t  t o l d  i n  a d v a n c e  w h ich  f e a t u r e  t h e  c h i l d  was a t t e m p t i n g  

t o  p r o d u c e ,  w h e r e a s  t h e  t h r e e  l i s t e n e r s  i n  t h e  f i r s t  g r o u p  

knew t h e  i n t e n d e d  f e a t u r e  i n  a d v a n c e .  I n s t e a d ,  t h e y  were  

g i v e n  n i n e  c h a r a c t e r i s t i c s  f rom  w h ich  t o  c h o o s e  t h e  one 

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

u s e d  i n  t h e  u t t e r a n c e .
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FIGURE 6
Distribution of features produced on Prosodic Feature Production Test I for each of 
the four test features intended, for the hard-of-hearing (x) and deaf (o) subjects. 
The intended feature is marked on the top of each box. The most frequent features 
produced are marked on the x-axis.
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TABLE 15

Mean p r o p o r t i o n  c o r r e c t  f o r  e a c h  o f  t h e  s i x  s i m p l e  s e n t e n c e s  

on P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I .  S c o r e s  a r e  a v e r a g e d  

o v e r  a l l  t e s t  v e r s i o n s  f o r  h a r d - o f - h e a r i n g ,  d e a f  and  b o t h  

g r o u p s  o f  c h i l d r e n .

S e n t e n c e  Hard-- o f - H e a r i n g Deaf Both

Oh b o y . .5 4 8 .531 .540

Come h e r e . .5 6 6 .560 .563

Thank  y o u . .611 .544 .578

He h a s  o n e  b i g  d o g . .609 .644 .626

My new h a t  i s  b l u e . .682 .622 .652

I  w an t  t o  s e e  i t . .689 .679 .684
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An a n a l y s i s  o f  v a r i a n c e  was c a r r i e d  o u t  on t h e  d a t a  

f o r  t h e  two s e t s  o f  l i s t e n e r s  ( T a b l e  1 6 ) ,  Of t h e  t h r e e  m ain  

f a c t o r s ,  F e a t u r e ,  L i s t e n e r - G r o u p  and  H e a r i n g - G r o u p  ( i . e . ,  

h a r d - o f - h e a r i n g  v s .  d e a f ) ,  t h e  F e a t u r e  d i f f e r e n c e  was m o s t  

s i g n i f i c a n t  ( p ( . 0 0 1 )  and  t h e  L i s t e n e r  d i f f e r e n c e  was a l s o  

s i g n i f i c a n t ,  t h o u g h  l e s s  s o  ( p < . 0 5 ) .  T h e re  was no s i g n i f i ­

c a n t  e f f e c t  o f  H e a r i n g - G r o u p ,  T h e re  was a  s i g n i f i c a n t  i n ­

t e r a c t i o n  b e t w e e n  F e a t u r e  and  H e a r i n g - G r o u p  ( p { . 0 1 )  due  t o  

t h e  l a r g e  d i f f e r e n c e s  i n  p e r f o r m a n c e  b e tw e e n  t h e  h a r d - o f -  

h e a r i n g  and  d e a f  g r o u p s  on t h e  f e a t u r e s  o f  q u e s t i o n ,  l a t e  

s t r e s s  and e a r l y  s t r e s s  ( T a b l e  1 7 ) .  F o r  t h e  f e a t u r e s  o f  

e a r l y  p a u s e ,  l a t e  p a u s e  and  l a t e  s t r e s s ,  t h e r e  were  l a r g e  

d i f f e r e n c e s  i n  t h e  s c o r e s  g i v e n  b y  t h e  two g r o u p s  o f  l i s ­

t e n e r s  f o r  t h e  d e a f  c h i l d r e n .  The l i s t e n e r s  who knew t h e  

i n t e n d e d  f e a t u r e  i n  a d v a n c e  s c o r e d  a s  much a s  e i g h t e e n  p e r ­

c e n t a g e  p o i n t s  h i g h e r  t h a n  d i d  t h e  o t h e r  g r o u p  o f  l i s t e n e r s .  

A l o o k  a t  t h e  p a t t e r n  o f  c o n f u s i o n s  r e v e a l e d  t h a t  t h e  g r o u p  

w i t h  no p r i o r  know ledge  o f  t h e  i n t e n d e d  f e a t u r e  had a  

g r e a t e r  t e n d e n c y  t o  r a t e  t h e  b a d l y  p r o d u c e d  u t t e r a n c e s  a s  

u n i n t e l l i g i b l e ,  t h e r e b y  r e d u c i n g  t h e  t o t a l  number  o f  c o r r e c t  

i t e m s  i n  t h e  g r o u p .

P r o s o d i c  f e a t u r e  p r o d u c t i o n s  T e s t  I I

The m a jo r  o b j e c t i v e  o f  t h i s  t e s t  was t o  e v a l u a t e  t h e  

c h i l d r e n ' s  u s e  o f  c e r t a i n  p r o s o d i c  f e a t u r e s  i n  a  more n a ­

t u r a l  s e t t i n g  t h a n  i n  t h e  p r e v i o u s  t e s t .  (See  C h a p t e r  I I I  

f o r  d e s c r i p t i o n  and r a t i o n a l e . )  The f e a t u r e s  t e s t e d  were  

e a r l y  and  l a t e  s t r e s s ,  p a u s e  i n  a  s t a t e m e n t  and  p a u s e  i n  a



TABLE 16

Analysis of Variance between Feature, Listener-Group and Hearing-Group for Prosodic 
Feature Production Test I. Only F values exceeding a level of .10 signicance are listed.

Source
Sum of 
Squares

Degrees of 
Freedom

Mean
Square F

Level of 
Significance

Feature 5.562 4 1.390 174.153 .001
Listener-
Group 0.064 1 0.064 7.959 .048

Feature x  
Hearing- 
Group 0.700 4 0.175 21.944 .008

Listener- 
Group X  
Hearing- 
Group 0.040 1 0.040 5.111 .086
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TABLE 17

C o m p ar i so n  o f  mean s c o r e s  f o r  h a r d - o f - h e a r i n g  and  d e a f  c h i l d r e n  
f o r  f i v e  t e s t  f e a t u r e s  on  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I .  
S c o r e s  w e re  d e r i v e d  f rom two s e t s  o f  l i s t e n e r ,  o n e  w i t h  (* )  
and o n e  w i t h o u t  ( * * )  p r i o r  k n o w led g e  o f  t h e  t a r g e t  i t e m s .

F e a t u r e

H a r d - o f - H e a r i n g Deaf

L i s t e n e r  
G roup  I*

L i s t e n e r  
Group I I * *

L i s t e n e r  
Group I

L i s t e n e r  
G roup I I

E a r l y  p a u s e .9 0 6 .872 .946 .835

L a t e  p a u s e .8 7 0 .852 .889 .704

L a t e  s t r e s s .6 3 8 .6 4 5 .822 .750

E a r l y  s t r e s s .5 2 2 .594 .650 .675

Q u e s t i o n .411 .3 5 7 .094 .0 7 9
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y e s / n o  q u e s t i o n .  The t a r g e t  f e a t u r e s  a p p e a r e d  i n  t h e  c o n ­

t e x t  o f  a  s e q u e n t i a l  q u e s t i o n  and  a n s w e r  g r o u p .  A s e c o n d  

p u r p o s e  o f  t h e  t e s t  was t o  d e t e r m i n e  t h e  e f f e c t s  o f  t r a i n i n g  

on p e r f o r m a n c e .  The t e s t  was a d m i n i s t e r e d  t w i c e ,  on ce  b e ­

f o r e  and  once  a f t e r  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I ,  f o r  

w h ich  t r a i n i n g  was g i v e n .

T a b le  18 shows t h e  mean p r o p o r t i o n  c o r r e c t ,  s t a n d a r d  

d e v i a t i o n  and r a n g e s  o f  s c o r e s  f o r  t h e  h a r d - o f - h e a r i n g  and  

d e a f  c h i l d r e n  b e f o r e  and  a f t e r  t r a i n i n g .  A l s o  shown i n  t h e  

t a b l e  a r e  t h e  s c o r e s  f o r  each  o f  t h e  f e a t u r e s  t e s t e d .  An 

a n a l y s i s  o f  v a r i a n c e  was c a r r i e d  o u t  f o r  t h e  f a c t o r s  o f  

T r a i n i n g ,  H e a r i n g - G r o u p ,  R a t e r  and  F e a t u r e .  The r e s u l t s  

showed t h a t  s c o r e s  im proved  s i g n i f i c a n t l y  w i t h  t r a i n i n g  

( p < .0 0 1 )  ( T a b l e  1 9 ) .  The im provem en t  w i t h  t r a i n i n g  was c o n ­

s i d e r a b l y  g r e a t e r  f o r  t h e  h a r d - o f - h e a r i n g  t h a n  t h e  d e a f  

g r o u p  ( p ( . 0 5 ) «  I n  a d d i t i o n ,  t h e  F e a t u r e  e f f e c t  was s i g n i ­

f i c a n t  ( p < . 0 0 1 ) .  P e r f o r m a n c e  on p a u s e  i n  a  y e s / n o  q u e s t i o n  

was much p o o r e r  t h a n  on a n y  o t h e r  f e a t u r e .  L a t e  s t r e s s  

i t e m s  w ere  p r o d u c e d  b e t t e r  t h a n  e a r l y  s t r e s s ,  a s  was t r u e  

f o r  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I .  A l s o ,  a s  was t h e  

c a s e  f o r  t h e  o t h e r  p r o s o d y  t e s t ,  t h e  d e a f  d i d  b e t t e r  t h a n  

t h e  h a r d - o f - h e a r i n g  c h i l d r e n  on t h e  p r o d u c t i o n  o f  s t r e s s .  

Once a g a i n ,  t h e  d i f f e r e n c e s  b e tw e e n  t h e  h a r d - o f - h e a r i n g  and 

d e a f  g r o u p s  were  n o t  s i g n i f i c a n t  f o r  o v e r a l l  mean s c o r e s .

The h a r d - o f - h e a r i n g  g r o u p  had  a  mean s c o r e  o f  51$  and  

t h e  d e a f  g ro u p  had a  mean s c o r e  o f  51$» R a t e r  d i f f e r e n c e s  

w ere  n o t  fo und  t o  be  s i g n i f i c a n t .
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TABLE 18

Means,  s t a n d a r d  d e v i a t i o n s  and  r a n g e s  o f  o v e r a l l  t e s t  s c o r e s  

p r e -  and  p o s t - t r a i n i n g  f o r  h a r d - o f - h e a r i n g  and d e a f  c h i l d r e n  

on P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I .  S c o r e s  a r e  i n d i c a t e d  

i n  t e r m s  o f  p r o p o r t i o n  c o r r e c t .

H a r d - o f - H e a r i n g  Deaf

S c o r e P r e P o s t P re P o s t

Mean .319 .702 .371 .639

S t a n d a r d
d e v i a t i o n .1 6 6 .194 .1 6 6 .2 1 7

Range . 0 0 0 - . 7 7 8 . 2 2 2 - 1 . 0 0 0 . 1 1 1 - . 6 6 7 . 2 2 2 - . 8 8 9

Mean p r o p o r t i o n  c o r r e c t  f o r  e a c h  t e s t  f e a t u r e  p r e -  and  p o s t ­

t r a i n i n g  f o r  h a r d - o f - h e a r i n g  and  d e a f  c h i l d r e n  on P r o s o d i c  

F e a t u r e  P r o d u c t i o n  T e s t  I I .

H a r d - o f - H e a r i n g  Deaf

F e a t u r e  P r e  P o s t  P r e  P o s t

E a r l y  S t r e s s  «365 .771  .4 7 9  .844

L a t e  S t r e s s  .5 0 0  . 8 8 5  .708  .8 6 5

P a u s e  ♦ S t a t e m e n t  .3 2 8  .8 5 9  .219  .781

P a u s e  + Q u e s t i o n  .000  . 1 2 5  .0 0 0  .031



TABLE 19

Analysis of Variance between Training, Hearing-Group, Listener and Feature for Proso-
die Feature Production Test II. Only F values exceeding the .10 level of significance
are listed.

Source
Sum of 
Squares

Degrees of 
Freedom

Mean
Squares F

Level of 
Significance

Training 0.352 1 0.352 189.753 .001
Training x 

Hearing- 
Group 0.017 1 0.017 9.449 .053

Feature 1.904 3 0.635 34 2.089 .001
Training x 

Feature 0.041 3 0.014 7.349 .068
Hearing- 
Group X  
Feature 0.049 3 0.017 8.953 .053

Listener x 
Feature 0.035 3 0.012 6.350 .082

17
21
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Speech  R e c e p t i o n  S k i l l s  

Phonemic  R e c e p t i o n

T h e re  was a  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  mean 

s c o r e s  f o r  t h e  d e a f  and h a r d - o f - h e a r i n g  c h i l d r e n  on t h e  

Phoneme R e c e p t i o n  T e s t  ( t * 5 . 5 9 .  d f « 4 l ,  p ^ .O O l ) .  The mean 

f o r  t h e  d e a f  c h i l d r e n  was 47# w h i l e  t h e  mean f o r  t h e  h a r d -  

o f - h e a r i n g  c h i l d r e n  was 70# .  I n  a d d i t i o n ,  t h e r e  was a 

l a r g e r  d i s t r i b u t i o n  o f  s c o r e s  f o r  t h e  d e a f  c h i l d r e n  (22 t o  

74#)  t h a n  f o r  t h e  h a r d - o f - h e a r i n g  c h i l d r e n  (46 t o  8 6 $ ) .

T a b l e  20 c o n t a i n s  a  l i s t i n g  o f  a l l  o f  t h e  t e s t  i t e m s  

and t h e  t e s t  c h o i c e s  on t h e  Phoneme R e c e p t i o n  T e s t .  The 

i t e m s  a r e  g r o u p e d  a c c o r d i n g  t o  t h e  f e a t u r e  b e i n g  t e s t e d .

The t a r g e t  i t e m  i s  i n  t h e  l e f t  m o s t  co lumn o f  each  row. 

Numbers n e a r  each  i t e m  r e p r e s e n t  t h e  number o f  t i m e s  t h a t  

t h a t  i t e m  was c h o s e n  a s  t h e  r e s p o n s e  t o  t h e  a u d i t o r y  s t i m u ­

l u s .

A v e r a g i n g  t h e  d a t a  o v e r  b o t h  g r o u p s  o f  c h i l d r e n ,  t h e  

t e s t  f e a t u r e  m ost  o f t e n  p e r c e i v e d  c o r r e c t l y  was m anner  

( 7 1 $ ) •  T h i s  was f o l l o w e d  b y  v o i c i n g  ( 6 5 # ) .  P l a c e - m a n n e r  

and  p l a c e  c o n t r a s t s  w ere  c o r r e c t  51# and 50#  o f  t h e  t i m e ,  

r e s p e c t i v e l y  ( T a b le  2 1 ) .  The v o w e l  c a t e g o r y  w i l l  be  d i s ­

c u s s e d  s e p a r a t e l y  b e lo w .  T h i s  o r d e r  o f  c o r r e c t  p e r c e p t i o n  

o f  t e s t  f e a t u r e s  seems c o m p a t i b l e  w i t h  t h e  i d e a  t h a t  r e ­

c o g n i t i o n  o f  p l a c e  o f  a r t i c u l a t i o n  i s  g e n e r a l l y  d e p e n d e n t  

on more h i g h  f r e q u e n c y  i n f o r m a t i o n  which  t h e  h e a r i n g  im­

p a i r e d  c h i l d r e n  a r e  l e s s  l i k e l y  t o  have  a v a i l a b l e  t o  them 

and  a l s o  w i t h  t h e  i d e a  t h a t  m os t  manner  c u e s  a r e  l o c a t e d
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TABLE 20

Number of responses for the target and foils for each item on 
the Phoneme Reception Teste Items are grouped according to 
the feature tested. The target item is in the left-most 
column of each section.

PLACE CONTRASTS PLACE-MANNER CONTRASTS VOICING CONTRASTS

s a t 23 f a t 15 h a t 5 f a i r 24 c h a i r 13 Pa i r 6 s e e d 33 sea t j^ s e e n g

p e a g t e e  i 5 Key i 9 mumps28dumpSg jumpsg b u n 3o b u t 5 bud8
bum 7 dumb gum23 g e e 18 we 7 D18

s h e 29 h e 8 s e e 6 t h e n 24 den iQ meng

l e t 27 w e t 6 ^ 1 0 d°27 y ° u 8 moog VOWEL CONTRASTS

r e a d 22w®ed 11l e a d g h e n i g t e n  2i when g b e e t 19 b i t 9 b o o t 15

S i t 21 s i p 5 s i c k ^ b u 9 27 bumg b u z zg P e t e 25 p i t 16 P o t 2

b i g 33 b i d 4 b i b 6 massg map14 match2Q h o t 23

not27
h u t 16

n u t l l

h o o t 4

n e a t g

MANNER CONTRASTS VOICING CONTRASTS l u c k . „ l o c k , c io o k iQ

s i c k 4new8 200 34 d ° l m a t 33 b a t ^ p a t 3
JL o

s u c k 23
I D

s o c k i 6

b i l l 83m i l l 4 v i l l 6 b a r k i g mark^ p a r k 1? h i t 35 h e a t i h u t ^

l o t 31 d o t 4 n o t 8 p i l l 22 m i H g b i H ^ f i t i g f e e t 4 f o ° t 2o

z i p 29 d ip 10 l i P 4 ^ 3 3 dOg new2 f o o l  s i f u l l l 2 f e e l 0

w e t 29 b e t ^ m e tg D31 t e a 5 k n e e ^ P U l l j j p o o l 17 P i l l 7

me33 be4 we5 * n i p 30 t i p g d i P 4 p a l 31 p o o l  2 p e e l 10
pan  2 9 p a d i o s u p 19 s u b l l s o m e ^ l i d 17 l e ad14 l e d 12
b u z z 2gbudg bung r i b 16 r i p 16 rimn f u l l 28 f o o l 7 f a l l 8

come35 c u p 6 c u b  2 p ° t 31 p e t g p u t 3

p a t 36 p a d 2 p a n 5

*  One c h i l d f a i l e d  t o r e s p o n d ,. All o t h e r i t e m s t o t a l  4 3 .



TABLE 21

Mean and range of proportion correct for the five test features on the Phoneme Reception Test. 
Proportions are given for hard-of-hearing, deaf and both groups of children. A separate listing 
is also given for the most intelligible children.

Feature Hard-of-Hearing Deaf Both Most Intelligible

Feature Mean Range Mean Range Mean Range Mean Range

Manner .831 (.500-1 .000) .575 (.250-1 .000) .711 (.250-1 .000) .911 (.750-1 .000)
Voicing .783 (.420-1 .000) .504 (.250-1 .000) .653 (.250-1 .000) .892 (.580-1 .000)
Vovel .643 (.290- .860) .496 (.140- .860) .575 (.140- .860) .779 (.640- .860)
Place-manner .557 (.250- .750) .438 (.130- .750) .511 (.130- .750) .675 (.500- .880)
Place .652 (.250-1 .000) .313 (.130- .630) .500 (.130-1 .000) .613 (.380- .880)

ro3̂
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i n  t h e  l o w e r  f r e q u e n c y  r a n g e  ( M i l l e r  and  N i c e l y ,  1955? 

A s t o n ,  1 9 7 2 ) .  When p e r f o r m a n c e  f o r  t h e  h a r d - o f - h e a r i n g  

c h i l d r e n  was com pared  w i t h  t h a t  o f  t h e  d e a f  c h i l d r e n ,  a 

d i f f e r e n c e  was found  b o t h  i n  t h e  s c o r e s  f o r  e a ch  f e a t u r e  

and i n  t h e  r a n k i n g s  o f  c o r r e c t  p e r c e p t i o n  o f  t h e  f e a t u r e s  

o f  p l a c e  an d  p l a c e - m a n n e r .  The h a r d - o f - h e a r i n g  c h i l d r e n  

had t h e  m o s t  d i f f i c u l t y  w i t h  t h e s e  i t e m s  w h i l e  t h e  d e a f  

g r o u p  had more t r o u b l e  w i t h  i t e m s  t e s t i n g  p l a c e  t h a n  w i t h  

t h o s e  t e s t i n g  p l a c e - m a n n e r .

The p e r f o r m a n c e  o f  t h e  m o s t  i n t e l l i g i b l e  q u a r t i l e  o f  

t h e  h e a r i n g  i m p a i r e d  c h i l d r e n  r e f l e c t e d  t h e  same r a n k  o r d e r  

o f  d i f f i c u l t y  t h a t  was t r u e  f o r  t h e  o v e r a l l  g r o u p .  T h e i r  

s c o r e s  w ere  v e r y  h i g h  f o r  m anner  and v o i c i n g  i t e m s  and  were  

more t h a n  t w e n t y  p o i n t s  l o w e r  f o r  p l a c e - m a n n e r  and  p l a c e  

i t e m s  ( T a b l e  2 1 ) .

A s id e  f rom  i n f o r m a t i o n  on t h e  mean s c o r e s  o b t a i n e d  by 

t h e  h e a r i n g  i m p a i r e d  g r o u p  f o r  t h e  f e a t u r e  c a t e g o r i e s ,

T a b le  21 a l s o  shows t h e  r a n g e  o f  s c o r e s  f o r  e a ch  f e a t u r e .  

Th e se  v a l u e s  i n d i c a t e  t h a t  some c h i l d r e n  were  a b l e  t o  ob­

t a i n  a  s c o r e  o f  100% on i t e m s  t e s t i n g  m an n e r ,  p l a c e  and  

v o i c i n g  b u t  t h a t  no one  s c o r e d  h i g h e r  t h a n  86% on vowel 

i t e m s  o r  88% f o r  p l a c e - m a n n e r  c o n t r a s t s .  Whereas  s i x  o r  

s e v e n  c h i l d r e n  g o t  t h e  t o p  s c o r e s  f o r  i t e m s  t e s t i n g  m anner ,  

v o i c i n g  a n d  v o w e l s ,  o n l y  one c h i l d  g o t  100% on p l a c e  c o n ­

t r a s t s  and  o n l y  two c h i l d r e n  s c o r e d  88% on p l a c e - m a n n e r  

i t e m s .  More t h a n  h a l f  o f  t h e  c h i l d r e n  g e t t i n g  t h e  h i g h e s t  

s c o r e s  w ere  i n  t h e  h i g h e s t  q u a r t i l e  o f  i n t e l l i g i b i l i t y  and
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a l l  r a n k e d  i n  t h e  b e s t  30# o f  t h e  c h i l d r e n  t a k i n g  t h e  t e s t .

T e s t  i t e m s  i n  w h ic h  n a s a l s  an d  g l i d e s  w ere  t h e  t a r g e t  

w ere  c o r r e c t  65# and  6^#  o f  t h e  t i m e ,  r e s p e c t i v e l y .  When 

s t o p s  and f r i c a t i v e s  were  t h e  t a r g e t  i t e m s ,  t h e y  w ere  c o r ­

r e c t  56# and  53#  o f  t h e  t i m e ,  r e s p e c t i v e l y .  R e g a r d l e s s  o f  

w h e t h e r  p l a c e ,  p l a c e - m a n n e r ,  m an n e r  o r  v o i c i n g  was t h e  

c l a s s i f i c a t i o n  o f  t h e  t e s t  i t e m ,  t h e r e  was a  t e n d e n c y  f o r  

t h e  i t e m  t o  b e  p e r c e i v e d  c o r r e c t l y  more o f t e n  i f  t h e  t a r g e t  

so u n d  i t s e l f  h a p p e n e d  t o  be  v o i c e d .  V o iced  s o u n d s  were  c o r ­

r e c t  a t  a  r a t e  o f  6k% an d  v o i c e l e s s  so u n d s  a t  a  r a t e  o f  52# .  

A l th o u g h  t h e  d i f f e r e n c e s  a r e  l a r g e ,  t h e y  d i d  n o t  r e a c h  a  

l e v e l  o f  s t a t i s t i c a l  s i g n i f i c a n c e .

T h e re  was l i t t l e  d i f f e r e n c e  i n  p e r f o r m a n c e  on  i t e m s  

b a s e d  on w h e t h e r  t h e  so u n d s  w ere  i n  i n i t i a l  o r  f i n a l  p o s i ­

t i o n  i n  t h e  t e s t  word .  I n i t i a l  i t e m s  w ere  c o r r e c t  a t  a  

r a t e  o f  59# a n d  f i n a l  so u n d s  w ere  c o r r e c t  a t  a  r a t e  o f  61# .  

However ,  when t h e  so u n d  i n  e i t h e r  p o s i t i o n  was v o i c e d  i t  

was p e r c e i v e d  c o r r e c t l y  more o f t e n .

The i n t e n d e d  vow el  was c o r r e c t l y  i d e n t i f i e d  5 7 . 5 #  o f  

t h e  t i m e 0 S e v e r a l  t r e n d s  were  a p p a r e n t  i n  t h e  r e s p o n s e s  

f o r  i t e m s  t e s t i n g  vow el  r e c o g n i t i o n .  Back vow els  were  c o r ­

r e c t  more o f t e n  ( 63# )  t h a n  f r o n t  vo w e ls  (59# )»  th o u g h  t h e  

d i f f e r e n c e  b e tw e e n  t h e  two g r o u p s  d i d  n o t  r e a c h  a  l e v e l  o f  

s i g n i f i c a n c e .  F r e q u e n t l y  vo w e ls  were c o n f u s e d  w i t h  t h e i r  

t e n s e - l a x  c o u n t e r p a r t s  when t h e y  were  a v a i l a b l e  a s  f o i l s ,  

e . g . ,  / I /  f o r  / i /  an d  /cT '  f o r  / u / ,  o r  w i t h  o t h e r  v o w e l s  

h a v i n g  s i m i l a r  f i r s t  f o r m a n t s  when t h e  s e c o n d  f o r m a n t  was
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b eyond  t h e  a u d i b l e  f r e q u e n c y  r a n g e  o f  t h e  s u b j e c t s ,  e . g . ,

/ i /  w i t h  / u /  ( F i g u r e  ? ) •  The more  c e n t r a l - b a c k  v o w e ls  o f  

/ A /  and  /$ l/  were  f r e q u e n t l y  c o n f u s e d  w i t h  each  o t h e r .

P r o s o d i c  F e a t u r e  R e c e p t i o n  

P r o s o d i c  f e a t u r e  r e c e p t i o n » T e s t  I

S c o r e s  on P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t  I  r a n g e d  

f ro m  27.3% t o  86.1% w i t h  a  mean s c o r e  o f  55 .9%. The r a n g e  

o f  s c o r e s  f o r  t h e  h a r d - o f - h e a r i n g  g ro u p  was somewhat  l a r g e r  

t h a n  f o r  t h e  d e a f  g r o u p .  Mean s c o r e s  f o r  t h e  h a r d - o f - h e a r ­

i n g  c h i l d r e n  ( 5 9 . 0 $ )  a n d  f o r  t h e  d e a f  g r o u p  (52.8%) were  

n o t  s i g n i f i c a n t l y  d i f f e r e n t .

On t h e  a v e r a g e ,  t h e  c h i l d r e n  d i d  b e s t  on i t e m s  t e s t i n g  

p a u s e  an d  w o r s t  on i t e m s  t e s t i n g  s t r e s s .  T h e i r  p e r f o r m a n c e  

on q u e s t i o n  i t e m s  was c o n s i d e r a b l y  w o rse  t h a n  f o r  p a u s e  b u t  

somewhat b e t t e r  t h a n  f o r  s t r e s s  ( T a b l e  2 2 ) .  The d e a f  c h i l d ­

r e n  p e r f o r m e d  s l i g h t l y  b e t t e r  t h a n  t h e  h a r d - o f - h e a r i n g  

c h i l d r e n  on t h e  r e c o g n i t i o n  o f  t h e  f e a t u r e  o f  e a r l y  p a u s e .

The k i n d s  o f  c o n f u s i o n s  made f o r  t h e  i n t e n d e d  f e a ­

t u r e s  v a r i e d  w i t h  t a r g e t  f e a t u r e ,  number  o f  s y l l a b l e s  and 

d e g r e e  o f  h e a r i n g  l o s s .  F o r  t a r g e t  f e a t u r e s  o f  q u e s t i o n ,  

l a t e  s t r e s s ,  e a r l y  p a u s e  an d  e a r l y  s t r e s s ,  t h e  h a r d - o f -  

h e a r i n g  and  d e a f  g r o u p s  b o t h  showed t h e  same g e n e r a l  p a t ­

t e r n s  o f  c o n f u s i o n s .  I n  m o s t  c a s e s ,  t h e  d e a f  s c o r e d  l o w e r  

t h a n  t h e  h a r d - o f - h e a r i n g  on t h e  t a r g e t  i t e m  and  made p r o ­

p o r t i o n a t e l y  more e r r o r s  i n  e a c h  c o n f u s i o n  c a t e g o r y  ( F i g ­

u r e  8 ) .  I t  was o n l y  f o r  i t e m s  c o n t a i n i n g  l a t e  p a u s e  t h a t  

t h e  p a t t e r n  o f  c o n f u s i o n s  d i f f e r e d  b e t w e e n  t h e  t e s t  g r o u p s .
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FIGURE 7

Vowel confusions on Phoneme Reception Test. Target vowel is 
in left most position in box. Numbers represent the number 
of times each of the test choices was chosen.
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TABLE 22
Distribution of proportion correct for hard-of-hearing, deaf 
and both groups of children for each of the test features on 
Prosodic Feature Reception Test I.

Feature Hard-of-Hearing Deaf Both

Pause
late .717 .600 .659
early .690 .711 .701

Question
.594 .467 .531

Stress
late .556 .395 .476
early .440 .456 .448



FIGURE 8A
on
the

Proportion of confusions made by hard-of-hearing (0---0) and deaf (•--- • ) children
Prosodic Feature Reception Test I. The intended feature is the left-most entry at 
bottom of each graph. The number in the upper right hand corner of each graph indicates the 
numb^fo of syllables in the test itetjis.
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When q u e s t i o n  was t h e  i n t e n d e d  i t e m ,  i t  was f r e q u e n t l y  

p e r c e i v e d  a s  s t r e s s .  When l a t e  s t r e s s  was p r o d u c e d ,  t h e  

c h i l d r e n  o f t e n  r e p o r t e d  h e a r i n g  e a r l y  s t r e s s  ( r e g a r d l e s s  o f  

t h e  number  o f  s y l l a b l e s  i n  t h e  u t t e r a n c e ) .  E a r l y  p a u s e  was 

r e p o r t e d  a s  e a r l y  s t r e s s  when i t  a p p e a r e d  i n  t h r e e  s y l l a b l e  

i t e m s .  I n  two an d  f i v e  s y l l a b l e  i t e m s  t h e s e  c o n f u s i o n s  d i d  

n o t  o c c u r  o f t e n .  T h re e  s y l l a b l e  i t e m s  f e a t u r i n g  e a r l y  s t r e s s  

w ere  f r e q u e n t l y  r e p o r t e d  a s  e a r l y  p a u s e  by  t h e  two g r o u p s .  

E a r l y  s t r e s s  i n  f i v e  s y l l a b l e  i t e m s  was s a i d  t o  be  l a t e  

p a u s e .  I n  two s y l l a b l e  i t e m s  t e s t i n g  e a r l y  s t r e s s ,  t h e  h a r d -  

o f - h e a r i n g  g r o u p  f r e q u e n t l y  c i r c l e d  t h e  c h o i c e  f o r  e a r l y  

p a u s e  and l a t e  s t r e s s  w h i l e  some d e a f  c h i l d r e n  c h o s e  q u e s ­

t i o n  and  o t h e r s  c h o s e  e a r l y  p a u s e  an d  l a t e  s t r e s s  a s  t h e i r  

r e s p o n s e .

L a t e  p a u s e  was t h e  f e a t u r e  f o r  w h ich  t h e r e  w ere  o b ­

v i o u s  d i f f e r e n c e s  i n  t h e  p e r f o r m a n c e  o f  t h e  two g r o u p s  o f  

c h i l d r e n .  The d e a f  g r o u p  had  t h e i r  g r e a t e s t  c o n f u s i o n  w i t h  

l a t e  s t r e s s  when l a t e  p a u s e  was p r o d u c e d .  The h a r d - o f -  

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

t h r e e  s y l l a b l e  i t e m s  b u t  had  e a r l y  s t r e s s  a s  t h e  m a j o r  

c o n f u s i o n  f o r  f i v e  s y l l a b l e  i t e m s  ( F i g u r e  8 ) .

The o v e r a l l  p a t t e r n  was f o r  f i v e  s y l l a b l e  i t e m s  t o  be 

p e r c e i v e d  c o r r e c t l y  more o f t e n  t h a n  two o r  t h r e e  s y l l a b l e  

u t t e r a n c e s .  T h i s  i s  p r o b a b l y  due  t o  t h e  d i f f i c u l t y  i n  r e ­

c o g n i z i n g  l a t e  s t r e s s  i n  two s y l l a b l e  i t e m s  and  e a r l y  s t r e s s  

i n  t h r e e  s y l l a b l e  i t e m s .  When l e n g t h  o f  u t t e r a n c e  was 

v iew ed  w i t h  r e s p e c t  t o  ea ch  f e a t u r e  s e p a r a t e l y ,  no c o n -
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s i s t e n t  p a t t e r n  f a v o r i n g  l o n g e r  u t t e r a n c e s  was a p p a r e n t .

P r o s o d i c  f e a t u r e  r e c e p t i o n :  T e s t  I I

P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t  I I  was d e s i g n e d  t o  

d e t e r m i n e  t h e  e f f e c t s  o f  p l a c e  o f  s t r e s s  and  d e g r e e  o f  

s t r e s s  a s  w e l l  a s  l e n g t h  o f  u t t e r a n c e  and  s e n t e n c e  t y p e  on 

p r o s o d i c  f e a t u r e  r e c e p t i o n  by  h a r d - o f - h e a r i n g  and  d e a f  

c h i l d r e n .  (S ee  C h a p t e r  I I I  f o r  a  d e s c r i p t i o n  and  r a t i o n a l e . )  

S c o r e s  on t h i s  t e s t  r a n g e d  f ro m  29«1# t o  9 1 . 6 #  w i t h  a  mean 

o f  59 .5#*  The h a r d - o f - h e a r i n g  g r o u p  c o v e r e d  t h e  f u l l  r a n g e  

w i t h  a  mean o f  6 1 , 5 #  w h i l e  t h e  d e a f  c h i l d r e n ' s  s c o r e s  r a n g e d  

f ro m  2 9 . 1 #  t o  83*3#  w i t h  a  mean o f  57 .3#»  T h ese  means w ere  

n o t  s i g n i f i c a n t l y  d i f f e r e n t .

When p l a c e  o f  s t r e s s  was a v e r a g e d  a c r o s s  a l l  o t h e r  

f e a t u r e s  t e s t e d ,  b o t h  t h e  h a r d - o f - h e a r i n g  an d  d e a f  g r o u p s  

d i d  b e s t  on  i t e m s  t e s t i n g  e a r l y  s t r e s s  and  w o r s t  on  s t r e s s  

i n  l a t e  p o s i t i o n .  The d e a f  g r o u p  d i d  s i g n i f i c a n t l y  b e t t e r  

on  i t e m s  t e s t i n g  s t r e s s  i n  e a r l y  p o s i t i o n  com pared  w i t h  

l a t e  p o s i t i o n  ( p { . 0 5 ) b u t  no o t h e r  p o s i t i o n a l  d i f f e r e n c e s  

w ere  s i g n i f i c a n t  f o r  e i t h e r  g r o u p  o f  c h i l d r e n .  I n  a d d i t i o n ,  

when a n  e r r o r  was made on a n  i t e m  t e s t i n g  s t r e s s  i n  m id d le  

o r  l a t e  p o s i t i o n ,  t h e  c h i l d r e n  t e n d e d  t o  c i r c l e  a n  i t e m  

w i t h  s t r e s s  i n  e a r l y  p o s i t i o n .  T h i s  may r e f l e c t  a  t r e n d  

on  t h e  p a r t  o f  t h e  h e a r i n g  i m p a i r e d  c h i l d r e n  t o  c h o o s e  e a r l y  

l o c a t i o n  r e g a r d l e s s  o f  w ha t  i s  p r e s e n t e d  and  t h e r e f o r e  t o  

h a v e  a  h i g h e r  p e r c e n t a g e  c o r r e c t  i n  e a r l y  l o c a t i o n  ( F i g u r e  

9 ) .  T h i s  t r e n d  would  n o t  h a v e  shown up on P r o s o d i c  F e a t u r e  

R e c e p t i o n  T e s t  I  b e c a u s e  t h e  b a l a n c e  o f  c h o i c e s  was n o t
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FIGURE 9

D i s t r i b u t i o n  o f  r e s p o n s e s  f o r  p l a c e  o f  s t r e s s  i n  t h e  u t t e r a n c e  
on  P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t  I I .  D a ta  a r e  p o o l e d  a c r o s s  
c h i l d r e n ,  s y l l a b l e  l e n g t h ,  d e g r e e  o f  s t r e s s  and s e n t e n c e  t y p e .  
P l a c e  o f  s t r e s s  i n  t h e  t a r g e t  i t e m  i s  m arked  on t h e  t o p  o f  e a c h  
b o x .

MIDDLE

RESPONSE CHOSEN
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b a s e d  s o l e l y  on p l a c e  o f  s t r e s s .  Q u e s t i o n  and  p a u s e  were  

a d d ed  a s  f o i l s .  Thus o t h e r  f a c t o r s  m ig h t  hav e  a f f e c t e d  t h e  

c h i l d r e n ' s  s e l e c t i o n s .

I n  t h e  p r e s e n t  t e s t ,  t h e  same b a s i c  u t t e r a n c e s  were 

r e a d  once  w i t h  n o r m a l  s e n t e n c e  s t r e s s  on t h e  i n t e n d e d  word 

and  once  w i t h  e m p h a s i s .  A l th o u g h  t h e  p l a c e  o f  s t r e s s  was 

n o t  t h e  same i n  e a c h  r e a d i n g  o f  a  word g r o u p ,  a  b a l a n c e  o f  

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

s t r e s s  was a c h i e v e d  o v e r  t h e  w ho le  g r o u p  o f  t w e n t y -  

f o u r  i t e m s .  Both t h e  d e a f  and  h a r d - o f - h e a r i n g  c h i l d r e n  d i d  

b e t t e r  on i t e m s  t e s t i n g  e m p h a s i s  ( t h e  a d d i t i o n  o f  e x t r a  

s t r e s s  on t h e  i n t e n d e d  word)  t h a n  t h e y  d i d  on i t e m s  t e s t i n g  

s t r e s s .  However ,  t h e s e  d i f f e r e n c e s  d i d  n o t  r e a c h  a  l e v e l  

o f  s t a t i s t i c a l  s i g n i f i c a n c e .

Due t o  a n  e r r o r  i n  t h e  r e c o r d i n g  o f  t h e  m a s t e r  t a p e ,  

one t e s t  i t e m  was r e a d  t w i c e ,  o n ce  w i t h  s t r e s s  and once 

w i t h  e m p h a s i s  on t h e  same t a r g e t  word .  T h i s  a l l o w e d  an  

o p p o r t u n i t y  f o r  a  d i r e c t  c o m p a r i s o n  o f  s t r e s s  and em p h a s is  

w i t h o u t  t h e  e f f e c t s  o f  s e n t e n c e  t y p e ,  l e n g t h  o r  l o c a t i o n  

o f  s t r e s s .  P e r f o r m a n c e  f o r  h a r d - o f - h e a r i n g  and  d e a f  g ro u p s  

was much b e t t e r  ( s t r e s s ,  50$ ,  e m p h a s i s ,  70$)  when em p h as is  

was u s e d .

As was t r u e  f o r  P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t  I ,  

b o t h  g r o u p s  o f  c h i l d r e n  d i d  b e t t e r  on t h e  a v e r a g e  on f i v e  

s y l l a b l e  i t e m s  t h a n  on  s h o r t e r  o n e s .  H ere  t o o ,  t h e  d i f ­

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

F o r  b o t h  t h e  h a r d - o f - h e a r i n g  and  d e a f  g r o u p s ,  compa-
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r i s o n s  were  made b e t w e e n  p e r f o r m a n c e  on Wh q u e s t i o n s  an d  on 

s t a t e m e n t s *  T h e re  were  no s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  

t h e  mean s c o r e s  on t h e  two k i n d s  o f  t e s t  i t e m s .  I n  a d d i ­

t i o n ,  t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  i n  mean s c o r e s  

on  t h e s e  i t e m s  when t h e  h a r d - o f - h e a r i n g  an d  d e a f  g r o u p s  

w ere  co m p a red .

Q u e s t i o n  i n t o n a t i o n  was t e s t e d  i n  t h r e e - s y l l a b l e  i t e m s  

o n l y .  S i n c e  t h i s  s e n t e n c e  t y p e  u t i l i z e d  a  r i s i n g  i n t o n a -  

t i o n a l  p a t t e r n ,  p e r f o r m a n c e  f o r  b o t h  h a r d - o f - h e a r i n g  and  

d e a f  g r o u p s  was com pared  f o r  q u e s t i o n  i n t o n a t i o n s  a n d  f o r  

s t a t e m e n t s  w hich  u s e d  a  f a l l i n g  i n t o n a t i o n a l  p a t t e r n .  F o r  

t h e  h a r d - o f - h e a r i n g  g r o u p ,  t h e r e  were  m in im a l  d i f f e r e n c e s  

i n  t h e  mean s c o r e s  f o r  q u e s t i o n  i n t o n a t i o n  and  s t a t e m e n t .

The d e a f  g r o u p ,  h o w e v e r ,  had  c o n s i d e r a b l y  l o w e r  s c o r e s  on 

y e s / n o  q u e s t i o n s  t h a n  on  s t a t e m e n t s  ( t * l . h - 7 ,  d f = 8 ,  p<.  1 0 ) .

I n t e r - T e s t  R e l a t i o n s h i p s  

T e s t  P e r f o r m a n c e  a s  a  F u n c t i o n  o f  t h e  PTA 

The m a j o r  c o n c e r n  o f  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  

r e l a t i o n s h i p  b e t w e e n  h e a r i n g  s e n s i t i v i t y  a n d  o v e r a l l  s p e e c h  

i n t e l l i g i b i l i t y .  A t h r e e  f r e q u e n c y  p u r e  t o n e  a v e r a g e  (PTA) 

was c a l c u l a t e d  f o r  ea ch  c h i l d  b a s e d  on h e a r i n g  t h r e s h o l d s  

a t  50 0 ,  1000 an d  2000 Hz i n  t h e  c h i l d ' s  b e t t e r  e a r .  When­

e v e r  t h r e s h o l d s  a t  a n y  o f  t h e s e  f r e q u e n c i e s  were  b eyond  t h e  

l i m i t s  o f  t h e  a u d i o m e t e r ,  a  v a l u e  o f  110 dB+HTL was a s ­

s i g n e d  a s  t h e  p u r e  t o n e  a v e r a g e .

F i g u r e  10 i s  a  p l o t  o f  t h e  m ed ian  a u d i o g r a m s  an d  

r a n g e s  o f  t h r e s h o l d s  f o r  t h e  h a r d - o f - h e a r i n g  and  d e a f  g r o u p s
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FIGURE 10
Median and range of audiograms for the hard-of-hearing and deaf 
groups separately. Numbers on top of each audiogram indicate the 
number of children for whom data were available at each frequency. 
Also included is a composite audiogram showing mean thresholds for 
each group.
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o f  c h i l d r e n .  A l s o  i n c l u d e d  i s  a  c o m p o s i t e  a u d i o g r a m  com­

p a r i n g  t h e  means  o f  t h e  two g r o u p s .  The f i g u r e  shows t h a t  

t h e  m e d ian  v a l u e s  were  c o n s i d e r a b l y  w orse  f o r  t h e  d e a f  g r o u p  

f o r  a l l  o c t a v e  f r e q u e n c i e s  f rom  125 t o  8000 Hz. F i g u r e  11 

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

t o  t h e i r  i n t e l l i g i b i l i t y  s c o r e s ,  w i t h  t h e  t e n  m os t  i n t e l ­

l i g i b l e  c h i l d r e n  i n  q u a r t i l e  4 a n d  n i n e  c h i l d r e n  e a c h  in  

q u a r t i l e s  3 t h r o u g h  1 ,  A c o m p a r i s o n  o f  t h e  a u d io g r a m s  f o r  

t h e  f o u r  q u a r t i l e s  f ro m  m ost  i n t e l l i g i b l e  t o  l e a s t  i n t e l l i ­

g i b l e  shows t h a t  t h e  l a r g e s t  c h a n g e s  i n  t h r e s h o l d  f rom  one 

q u a r t i l e  t o  t h e  n e x t  o c c u r r e d  a t  125 ,  250 an d  1000 Hz. At 

500 and  2000 Hz t h e r e  was l i t t l e  d i f f e r e n c e  b e tw e e n  t h e  

mean t h r e s h o l d s  f o r  t h e  l e s s  i n t e l l i g i b l e  q u a r t i l e s  b u t  

t h e r e  w ere  c o n s i d e r a b l e  d i f f e r e n c e s  f o r  t h e  more i n t e l l i g i ­

b l e  g r o u p s .

The s c a t t e r p l o t  i n  F i g u r e  12 shows t h a t  t h e r e  i s  n o t  

a  s i m p l e  m o n o to n ic  r e l a t i o n s h i p  b e t w e e n  t h e  p u r e  t o n e  a v e r ­

a g e  i n  t h e  b e t t e r  e a r  an d  o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y ,  

t h o u g h  t h e r e  was a  s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  t h e  two 

f a c t o r s  ( r * - . 5 4 ,  p < . 0 0 1 ) .  A l t h o u g h  t h o s e  w i t h  t h e  b e s t  

h e a r i n g  g e n e r a l l y  had  t h e  b e s t  i n t e l l i g i b i l i t y ,  a s  t h e  p u r e  

t o n e  a v e r a g e  i n c r e a s e d  ab o v e  90 dB, t h i s  a p p r o x i m a t e  r e l a ­

t i o n s h i p  b r o k e  down. I n  a d d i t i o n ,  t h e r e  w ere  f o u r  c h i l d r e n  

who h ad  r e l a t i v e l y  good p u r e  t o n e  a v e r a g e s  b u t  p o o r  i n t e l ­

l i g i b i l i t y  ( l o w e r  l e f t  s e c t i o n  o f  F i g u r e  1 2 ) .  A l l  o f  

t h e s e  c h i l d r e n  had  r e a s o n a b l y  good s c o r e s  on phonem ic  p r o ­

d u c t i o n  ( o v e r  68% ), T h e r e  i s  no a p p a r e n t  r e a s o n  f o r  t h e
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FIGURE 11A
M edian  and  r a n g e  o f  a u d io g r a m s  f o r  t h e  h e a r i n g  i m p a i r e d  c h i l d ­
r e n  d i v i d e d  i n t o  f o u r  q u a r t i l e s  o f  i n t e l l i g i b i l i t y .  Numbers on 
t o p  o f  e a c h  a u d io g r a m  i n d i c a t e  t h e  number  o f  c h i l d r e n  f o r  whom 
d a t a  w ere  a v a i l a b l e  a t  e a c h  f r e q u e n c y .
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FIGURE 115

C o m p o s i t e  a u d io g r a m  f o r  t h e  f o u r  q u a r t i l e s  o f  
i n t e l l i g i b i l i t y
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FIGURE 12
S c a t t e r p l o t  o f  P u re  Tone A v e r a g e  i n  t h e  b e t t e r  e a r  a s  a f u n c t i o n  o f  i n t e l l i g i b i l i t y  
s c o r e s .
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lo w  i n t e l l i g i b i l i t y  s c o r e s  f o r  t h e s e  c h i l d r e n .

I n  a d d i t i o n  t o  s h o w in g  a  m o d e r a t e  c o r r e l a t i o n  w i t h  

i n t e l l i g i b i l i t y ,  t h e  PTA a l s o  c o r r e l a t e d  w i t h  t h o s e  p r o d u c ­

t i o n  a b i l i t i e s  m o s t  c l o s e l y  r e l a t e d  t o  i n t e l l i g i b i l i t y .  

T a b l e  23 c o n t a i n s  a  l i s t  o f  t h e  c o r r e l a t i o n s  o f  t h e  PTA 

w i t h  a l l  t e s t  s c o r e s .  The t a b l e  shows t h a t  t h e  PTA c o r ­

r e l a t e d  f a i r l y  w e l l  w i t h  phoneme s c o r e s  on i s o l a t e d  w o rd s ,  

phoneme s c o r e s  f o r  w ords  i n  s e n t e n c e s  and  f o r  s p o n t a n e o u s  

s p e e c h  r a t i n g s .  T h e re  were  no s i g n i f i c a n t  i n t e r a c t i o n s  

b e t w e e n  t h e  PTA and  s c o r e s  on a n y  o f  t h e  P r o s o d i c  F e a t u r e  

R e c e p t i o n  T e s t s .

The h i g h e s t  c o r r e l a t i o n  t o  PTA was w i t h  s c o r e s  on t h e  

Phoneme R e c e p t i o n  T e s t  ( r = - . 6 ^ ,  p < , 0 0 1 ) ,  w h ich  showed t h a t  

a s  h e a r i n g  g o t  w o r s e ,  phoneme r e c e p t i o n  s k i l l s  d e c r e a s e d .  

P e r f o r m a n c e  on t h i s  t e s t  was a  b e t t e r  p r e d i c t o r  o f  s p e e c h  

p r o d u c t i o n  a b i l i t y  t h a n  was t h e  PTA ( T a b l e  2 3 ) .  The s t r o n g ­

e r  c o r r e l a t i o n s  o f  phoneme r e c e p t i o n  a b i l i t y  t o  s p o n t a n e o u s  

s p e e c h  ( r « . 7 0 )  and  phoneme s c o r e s  on i s o l a t e d  words  ( r * . 7 3 )  

a n d  words  i n  c o n t e x t  ( r “ . 8 2 )  seem t o  show t h a t  t h e  way i n  

w h ich  t h e  a u d i t o r y  s t i m u l u s  i s  p r o c e s s e d  i s  more i m p o r t a n t  

t h a n  h e a r i n g  l e v e l  i t s e l f ,  a t  l e a s t  f o r  t h e  t h r e e  f r e q u e n c y  

p u r e  t o n e  a v e r a g e  u s e d .  T h e re  was a l s o  a  much b e t t e r  i n ­

t e r a c t i o n  b e t w e e n  phoneme r e c e p t i o n  a b i l i t y  an d  p r o s o d y  

r e c e p t i o n  s c o r e s  ( r = . ^ 7 f  r * . ^ 7 ,  f o r  t e s t s  I  and  I I ,  r e ­

s p e c t i v e l y )  t h a n  b e t w e e n  t h e  PTA and  p r o s o d y  r e c e p t i o n  

s c o r e s  ( r * - . l 6 ,  r = - . 1 9 ,  f o r  t e s t s  I  and  I I ,  r e s p e c t i v e l y ) .
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TABLE 23

Correlation coefficients for the pure tone average and for
scores on the Phoneme Reception Test with scores and ratings
on all tests administered* (*=p<.005, **= p<*.001)

Tests
Pure Tone 
Average

Phoneme
Reception
Test

Phoneme production 
score - words -.45* .73**

Phoneme production 
score - sentences -.48** .82**

Prosodic Feature 
Production I -.14 .25

Prosodic Feature 
Production II -.21 -.21

Spontaneous speech 
ratings -.49 .70**

Intelligibility score -.54** .85**
Intelligibility rating 
Inexperienced 
Experienced

-.53**
-.57**

.85**

.79**
Prosodic Feature 
Reception I -.16** .47**

Prosodic Feature 
Reception II -.19 .47*

Phoneme Reception -.64**
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T e s t  S c o r e s  a s  a  F u n c t i o n  o f  
I n t e l l i g i b i l i t y

The t h i r t y - s e v e n  c h i l d r e n  who were a b l e  t o  r e a d  t h e  

t w e n t y  t e s t  s e n t e n c e s  w ere  d i v i d e d  i n t o  f o u r  q u a r t i l e s  o f  

i n t e l l i g i b i l i t y  b a s e d  u p o n  t h e i r  i n t e l l i g i b i l i t y  s c o r e s .  

T h e s e  s c o r e s  w ere  d e r i v e d  f rom  t h e  mean number  o f  words  t h a t  

i n e x p e r i e n c e d  l i s t e n e r s  w ere  a b l e  t o  u n d e r s t a n d  f ro m  t h e  

c h i l d r e n ' s  r e a d i n g  o f  t h e  t w e n t y  s e n t e n c e s .  T h e re  were  t e n  

c h i l d r e n  i n  Q u a r t i l e  4 and  n i n e  c h i l d r e n  e ac h  i n  Q u a r t i l e s  

3 t h r o u g h  1 .  The m o s t  i n t e l l i g i b l e  c h i l d r e n  were  i n  Quar ­

t i l e  4 and  t h e  l e a s t  i n t e l l i g i b l e  i n  Q u a r t i l e  1 .  The r a n g e  

o f  s c o r e s  f o r  e a c h  q u a r t i l e  o f  i n t e l l i g i b i l i t y  i s  f o u n d  i n  

T a b l e  2 ^ .

A s e c o n d  m a j o r  c o n c e r n  o f  t h i s  s t u d y  was t o  d e t e r m i n e  

t h o s e  f a c t o r s  w h ich  h ad  t h e  g r e a t e s t  e f f e c t  on o v e r a l l  

s p e e c h  i n t e l l i g i b i l i t y .  No s i g n i f i c a n t  i n t e r a c t i o n  was 

f o u n d  b e tw e e n  t h e  a g e ,  s o c i o - e c o n o m i c  l e v e l  o r  home l a n g u a g e  

o f  t h e  c h i l d  a n d  h i s  s p e e c h  i n t e l l i g i b i l i t y .  T a b le  25 c o n ­

t a i n s  a  l i s t  o f  t h e  c o r r e l a t i o n s  f o r  p e r f o r m a n c e  on t h e  

v a r i o u s  t e s t s  o f  phonemic  and  p r o s o d i c  s p e e c h  r e c e p t i o n  

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

As a n t i c i p a t e d ,  a s  t h e  num ber  o f  phonemes p r o d u c e d  

c o r r e c t l y  i n c r e a s e d ,  i n t e l l i g i b i l i t y  i n c r e a s e d  ( r * . 9 0 ,  

p ( , 0 0 1 ,  F i g u r e  1 3 ) .  When phonem ic  e r r o r s  i n  t h e  p r e s e n t  

s t u d y  were  d i v i d e d  i n t o  vowel  and  c o n s o n a n t  e r r o r s ,  b o t h  

d e c r e a s e d  a s  i n t e l l i g i b i l i t y  i n c r e a s e d ,  and  t h e  c o r r e l a t i o n s  

t o  i n t e l l i g i b i l i t y  w e re  s i m i l a r  f o r  b o t h  k i n d s  o f  e r r o r s
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TABLE 24

Means and  r a n g e s  o f  i n t e l l i g i b i l i t y  s c o r e s  f o r  t h e  h e a r i n g

impa i r e d  c h i l d r e n  d i v i d e d  i n t o  f o u r  q u a r t i l e s  o f  i n t e l l i g i b i l i t y .

Q u a r t i l e  Mean Range

4 .874  . 7 6 9 - . 9 6 6

3 .687  . 5 7 8 - . 7 6 6

2 .416  . 2 8 1 - . 5 7 5

1 .1 4 2  . 0 1 3 - . 2 5 9
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TABLE 25

C o r r e l a t i o n  c o e f f i c i e n t s f o r i n t e l l i g i b i l i t y s c o r e s  w i t h

s c o r e s  on a l l  t e s t s  and w i t h t h e  p u r e  t o n e  a v e r a g e .

T e s t s
C o r r e l a t i o n
C o e f f i c i e n t s

L e v e l  o f  
S i g n i f i c a n c e

Phoneme p r o d u c t i o n  
s c o r e  -  w ords .8 8 .001

Phoneme p r o d u c t i o n  
s c o r e  -  s e n t e n c e s .90 .001

P r o s o d i c  F e a t u r e  
P r o d u c t i o n  I .3 4 .020

P r o s o d i c  F e a t u r e  
P r o d u c t i o n  I I .01 .471

S p o n t a n e o u s  s p e e c h  
r a t i n g s .8 8 .001

I n t e l l i g i b i l i t y  r a t i n g s  
I n e x p e r i e n c e d  
E x p e r i e n c e d

.9 9

.9 2
.001
.001

Phoneme R e c e p t i o n .8 5 .001

P r o s o d i c  F e a t u r e  
R e c e p t i o n  I .39 .008

P r o s o d i c  F e a t u r e  
R e c e p t i o n  I I .5 2 .002

P u re  t o n e  a v e r a g e .5 4 .001



FIGURE 13
Scatterplot of phoneme production scores for sentences as a function of intelligibility scores.

0 . 9 6 6 0 0  ♦
I

I0OUN) INTEL I ACROSS) PROSCe*
0 . 5 5 3 6 5  0 . 5 9 0 9 5  0 . 6 2 0 2 5  0 . 6 6 5 5 5  0 . 7 0 2 8 5  O. 'HOIS 0 . 7 7 > 4 5  0 . 8 1 8 7 3  0 . 8 5 2 0 9  0 . 8 8 9 3 5,♦     * ♦  ♦            * -----

•  I

0 . 8 7 0 7 0  ♦
I 
I 
I

0 . 7 7 5 8 0  ♦
I 
I 
I

0 . 6 8 0 1 0  ♦ 
I

•  •

•  •  2

. I1•  ♦1

• i 

•I

0 . 9 6 6 0 0

0 . 8 7 0 7 0

0 . 7 7 5 9 0

0 . 6 8 0 1 0

0 . 5 8 9 8 0  ♦
I

0 . 5 8 9 8 0

0 . 9 8 9 5 0  ♦

0 . 3 9 9 2 0  ♦

I
I

0 . 2 9 8 9 0  I  
I

0 . 9 8 9 5 0

0 . 3 9 9 2 0

0 . 2 9 8 9 0

0 . 2 0 3 6 0  ♦ 0 . 2 0 3 6 0

0 . 1 0 8 3 0  ♦1I*
0 . 1 0 8 3 0

0 . 0 1 3 0 0  ♦ •  ♦

0 . 5 3 5 0 0  0 . 5 7 2 3 0  0 . 6 0 9 6 0  0 . 6 9 6 9 0  0 . 6 8 8 2 0  0 . 7 2 1 5 0  0 . 7 5 8 8 0  0 . 7 9 6 1 0  0 . 8 3 3 9 0  0 . 8 7 0 7 0  0 . 9 0 8 0 0

0 . 0 1 3 0 0



151

( r * - . 7 8  and  - . 8 0 ,  p ( , 0 0 1 ,  r e s p e c t i v e l y ) .  More i n f o r m a t i o n  

c a n  be  d e r i v e d  f rom  l o o k i n g  a t  s p e c i f i c  k i n d s  o f  vow el  and 

c o n s o n a n t  e r r o r s .  F i g u r e  1^ shows t h a t  o m i s s i o n  o f  t h e  i n ­

t e n d e d  phoneme i s  t h e  e r r o r  t y p e  m os t  h i g h l y  c o r r e l a t e d  

w i t h  i n t e l l i g i b i l i t y  ( r s - . 8 8 ,  p ( . 0 0 1 ) .  T h e r e  i s  a  d r a m a t i c  

d e c r e a s e  i n  t h e  p r o p o r t i o n  o f  o m i s s i o n s  a s  i n t e l l i g i b i l i t y  

i n c r e a s e s .  S u b s t i t u t i o n  o f  a  v o w e l  f o r  t h e  i n t e n d e d  vow el  

o r  a  c o n s o n a n t  f o r  t h e  i n t e n d e d  c o n s o n a n t  c o n t r i b u t e s  l e s s  

t o  t h e  r e d u c t i o n  i n  i n t e l l i g i b i l i t y  ( r » - . 7 3  and  - . 7 8 ,  p < .0 0 1 ,  

r e s p e c t i v e l y ) .  The u s e  o f  s e v e r e  d i s t o r t i o n s  d o e s  d i s t r a c t  

f ro m  o v e r a l l  i n t e l l i g i b i l i t y  ( r * - . 6 3 »  p < .0 0 1 )  w h i l e  t h e  u s e  

o f  r e c o g n i z a b l e  d i s t o r t i o n s  d o e s  n o t  ( r * - . 2 7 ) .

Mean s p o n t a n e o u s  s p e e c h  r a t i n g s  i n c r e a s e d  r a p i d l y  

f ro m  one  i n t e l l i g i b i l i t y  q u a r t i l e  t o  t h e  n e x t .  As i n t e l l i ­

g i b i l i t y  i n c r e a s e d  f o r  r e a d  m a t e r i a l s ,  i t  a l s o  i n c r e a s e d  f o r  

s p o n t a n e o u s  s p e e c h  m a t e r i a l s  ( r « - . 8 8 ,  p ( . 0 0 1 .  F i g u r e  1 5 ) .

T h e r e  was a  s m a l l  i n t e r a c t i o n  b e t w e e n  p e r f o r m a n c e  on 

P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I  an d  o v e r a l l  i n t e l l i g i b i ­

l i t y  s c o r e s  ( r = - . 3 4 f p < . 0 5 ) .  F o r  a  good p o r t i o n  o f  t h e  

c h i l d r e n ,  p e r f o r m a n c e  on t h i s  p r o s o d y  t e s t  c o r r e l a t e d  w e l l  

w i t h  i n t e l l i g i b i l i t y  ( F i g u r e  1 6 ) .  Those  who were  i n t e l ­

l i g i b l e  p e r f o r m e d  w e l l  a n d  t h o s e  w i t h  p o o r  i n t e l l i g i b i l i t y  

h a d  p o o r  p r o s o d y  s c o r e s .  T h e re  w ere  two g r o u p s  o f  s u b j e c t s  

f o r  whom t h i s  c o r r e l a t i o n  was n o t  d i r e c t .  S e v e r a l  s u b j e c t s  

w i t h  f a i r l y  good s c o r e s  on t h e  p r o s o d i c  f e a t u r e  t e s t s  were  

s t i l l  h i g h l y  u n i n t e l l i g i b l e  ( l o w e r  r i g h t  o f  f i g u r e ) .  I t  

s h o u l d  b e  n o t e d  t h a t  t h e s e  c h i l d r e n  h ad  v e r y  p o o r  a r t i c u l a -



FIGURE 14

D i s t r i b u t i o n  o f  phonem ic  e r r o r s  f o r  t h e  f o u r  q u a r t i l e s  o f  i n t e l l i g i b i l i t y .
E r r o r s  a r e  c l a s s i f i e d  a s  c o n s o n a n t - c o n s o n a n t  s u b s t i t u t i o n s ,  v o w e l -v o w e l  s u b s t i t u t i o n s ,  
d i p h t h o n g  e r r o r s ,  o m i s s i o n s ,  r e c o g n i z a b l e  and  s e v e r e  d i s t o r t i o n s .
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FIGURE 15
Scatterplot of spontaneous speech ratings as a function of intelligibility scores.
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FIGURE 16
Scatterplot of scores on Prosodic Feature Production Test I as a function
of intelligibility scores.
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t o r y  s k i l l s .  W hereas  good p r o s o d i c  s k i l l s  may o r d i n a r i l y  

c o n t r i b u t e  t o  good  o v e r a l l  i n t e l l i g i b i l i t y ,  i n  t h e  p r e s e n c e  

o f  v e r y  p o o r  a r t i c u l a t o r y  s k i l l s  e v e n  good  p r o s o d i c  s k i l l s  

may n o t  be  a b l e  t o  b r i n g  a b o u t  r e a s o n a b l y  good i n t e l l i g i b i ­

l i t y .  The o t h e r  g r o u p  ( u p p e r  l e f t  o f  f i g u r e )  c o n s i s t e d  o f  

c h i l d r e n  w i t h  good i n t e l l i g i b i l i t y  and  p o o r  p r o s o d y  s c o r e s .

A p o s s i b l e  e x p l a n a t i o n  f o r  t h e i r  p e r f o r m a n c e  w i l l  be o f f e r e d  

i n  C h a p t e r  V,

T h e re  was n o t  a  s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  p e r ­

f o r m a n c e  on  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I  and  i n t e l ­

l i g i b i l i t y .

P e r f o r m a n c e  on t h e  Phoneme R e c e p t i o n  T e s t  c o r r e l a t e d  

h i g h l y  w i t h  s p e e c h  i n t e l l i g i b i l i t y .  F i g u r e  17 shows t h a t  

a s  s c o r e s  on t h e  Phoneme R e c e p t i o n  T e s t  d e c r e a s e d ,  i n t e l l i ­

g i b i l i t y  d e c r e a s e d  ( r = . 8 5 .  p < . 0 0 1 ) .  The v o i c i n g ,  vow el  and  

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

w i t h  i n t e l l i g i b i l i t y  ( r = . 7 2 ,  .71# . 7 0 ,  p < . 0 0 1 ,  r e s p e c t i v e l y ) .  

Manner  an d  p l a c e  i t e m s  a l s o  c o r r e l a t e d  h i g h l y  w i t h  i n t e l l i ­

g i b i l i t y  ( r = . 6 7 ,  . 5 6 , p < . 0 0 1 # r e s p e c t i v e l y ) .  T h ese  two 

l o w e r  c o r r e l a t i o n s  may be  r e l a t e d  t o  t h e  f a c t  t h a t  m anner  

i t e m s  w ere  e a s i e s t  an d  p l a c e  i t e m s  were  h a r d e s t .  I n  n e i t h e r  

c a s e  was t h e r e  much v a r i a t i o n  i n  t h e  s c o r e s .

The n e x t  c o n c e r n  was w h e t h e r  good r e c e p t i o n  a b i l i t y  

on  s u p r a s e g m e n t a l  t e s t s  i s  c o r r e l a t e d  w i t h  good i n t e l l i g i ­

b i l i t y .  F o r  P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t  I ,  w here  t h e  

c h i l d r e n  w ere  a s k e d  t o  i d e n t i f y  i t e m s  t e s t i n g  s t r e s s ,  p a u s e  

a n d  q u e s t i o n  i n t o n a t i o n ,  t h e  c o r 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



FIGURE 17
S c a t t e r p l o t  o f  s c o r e s  on Phoneme R e c e p t i o n  T e s t  a s  a f u n c t i o n  o f  i n t e l l i g i b i l i t y  
s c o r e s .
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was low ( r * . 3 9 »  p < . 0 1 ) .  F o r  some o f  t h e  c h i l d r e n ,  t h e  r e ­

l a t i o n s h i p  b e t w e e n  p r o s o d i c  r e c e p t i o n  and  i n t e l l i g i b i l i t y  

was a  d i r e c t  o n e .  H owever ,  t h e r e  were  a b o u t  s i x  c h i l d r e n  

( u p p e r  l e f t  o f  F i g u r e  18 )  who h ad  f a r  b e t t e r  i n t e l l i g i b i l i t y  

s c o r e s  t h a n  p r o s o d y  p e r f o r m a n c e  w ould  p r e d i c t .  A n o t h e r  

g r o u p  o f  s i x  c h i l d r e n  ( l o w e r  r i g h t  o f  f i g u r e )  had much 

p o o r e r  i n t e l l i g i b i l i t y  t h a n  one would  e x p e c t  f o r  t h e s e  p r o ­

s o d y  s c o r e s .

The c o r r e l a t i o n  b e t w e e n  s c o r e s  on P r o s o d i c  F e a t u r e  

R e c e p t i o n  T e s t  I I  and  i n t e l l i g i b i l i t y  was good ( r s . 5 2 ,  p < . 0 1 ) ,  

A h a n d f u l  o f  c h i l d r e n  d i d  n o t  f i t  i n t o  t h e  p a t t e r n .  T h re e  

c h i l d r e n  w i t h  r a t h e r  good p r o s o d y  s c o r e s  h ad  p o o r  i n t e l l i ­

g i b i l i t y  ( l o w e r  r i g h t  o f  F i g u r e  1 9 ) •  S e v e r a l  o t h e r s  had  

p o o r e r  p r o s o d i c  r e c e p t i o n  s c o r e s  t h a n  would  b e  e x p e c t e d  f rom  

t h e i r  i n t e l l i g i b i l i t y  s c o r e s .



FIGURE 18
Scatterplot of scores on Prosodic Feature Reception Test I as a function of
intelligibility scores.
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FIGURE 19

S c a t t e r p l o t  o f  s c o r e s  on P r o s o d ic  F e a tu r e  R e c e p t io n  T e s t  I I  a s  a f u n c t io n  o f
i n t e l l i g i b i l i t y  s c o r e s .
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CHAPTER V 

DISCUSSION

I n  t h i s  s t u d y ,  a n  e v a l u a t i o n  was made o f  t h e  phonem ic  

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

g r o u p  o f  h a r d - o f - h e a r i n g  an d  d e a f  c h i l d r e n  i n t e g r a t e d  i n t o  

t h e  New York C i t y  P u b l i c  S c h o o l  S y s te m .  The two m a in  p u r ­

p o s e s  o f  t h e  s t u d y  w ere  t o  d e t e r m i n e  (1)  w h e t h e r  t h e r e  w ere  

s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  p e r f o r m a n c e  o f  t h e  h a r d - o f -  

h e a r i n g  an d  d e a f  g r o u p s  and  (2 )  w hich  s k i l l s  c o r r e l a t e d  

m o s t  h i g h l y  w i t h  o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y .  The d i s ­

c u s s i o n  w i l l  f o c u s  on  t h e s e  two c o n c e r n s ,  a t t e m p t i n g  to  

c o m p are  t h e  p r e s e n t  f i n d i n g s  w i t h  t h o s e  o f  o t h e r  i n v e s t i g a ­

t i o n s  and  t o  s u g g e s t  e x p l a n a t i o n s  f o r  u n e x p e c t e d  f i n d i n g s .

D i f f e r e n c e s  b e tw e e n  t h e  H a r d - o f -  
H e a r i n g  and D eaf  Groups

The p r e s e n t  f i n d i n g s  i n d i c a t e  t h a t  h a r d - o f - h e a r i n g  

a n d  d e a f  g r o u p s  c a n  be  d i f f e r e n t i a t e d  by  t h e i r  p e r f o r m a n c e  

on  phonem ic  r e c e p t i o n  an d  p r o d u c t i o n  t e s t s  and  by i n t e l l i ­

g i b i l i t y  s c o r e s  and  r a t i n g s  o f  i n t e l l i g i b i l i t y  b u t  n o t  by 

p e r f o r m a n c e  on  t h e  p r o s o d i c  f e a t u r e  r e c e p t i o n  and  p r o d u c ­

t i o n  t e s t s  a d m i n i s t e r e d  i n  t h i s  s t u d y .  A l t h o u g h  t h e  h a r d -  

o f - h e a r i n g  g r o u p  h ad  s i g n i f i c a n t l y  h i g h e r  mean s c o r e s  t h a n  

t h e  d e a f  g r o u p  on m o s t  o f  t h e s e  t e s t s ,  a  s i m p l e  m o n o to n ic
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r e l a t i o n s h i p  was n o t  o b t a i n e d  b e t w e e n  h e a r i n g  l e v e l  and  

t e s t  s c o r e s .  The p u r e  t o n e  a v e r a g e  c o r r e l a t e d  m ost  h i g h l y  

w i t h  p e r f o r m a n c e  on t h e  Phoneme R e c e p t i o n  T e s t  ( r s - . 6 4 ,  

p ( . 0 0 1 )  an d  w i t h  o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y  ( r « - . 5 ^ »  

p ( . 0 0 1 ) .  T h e r e  w ere  a l s o  f a i r l y  h i g h  c o r r e l a t i o n s  b e tw e e n  

h e a r i n g  l e v e l  and  i n t e l l i g i b i l i t y  r a t i n g s  o f  t h e i r  s p o n t a ­

n e o u s  s p e e c h  ( r s - . ^ 9 »  p ^ .O O l ) ,  an d  b e tw e e n  h e a r i n g  l e v e l s  

a n d  phoneme p r o d u c t i o n  s c o r e s  ( r » - . ^ 8 ,  p ^ . 0 0 1 ) .  S m i th  

(1 9 7 2 )  who u s e d  t h e s e  same t e s t s  f o u n d  s i m i l a r l y  h i g h  c o r ­

r e l a t i o n s  f o r  phonem ic  r e c e p t i o n  and  p r o d u c t i o n  and  i n t e l ­

l i g i b i l i t y  w i t h  h e a r i n g  l e v e l .

I t  i s  i n  no way s u r p r i s i n g  t o  f i n d  t h a t  on t h e  a v e r ­

a g e  b e t t e r  h e a r i n g  i s  a c c o m p a n ie d  by b e t t e r  t e s t  p e r f o r m a n c e .  

The f o c u s  o f  much o f  t h e  d i s c u s s i o n  i s  on  t h e  k i n d s  o f  e r ­

r o r s  made b y  e a ch  t e s t  g r o u p  and  which  f a c t o r s  i n  a d d i t i o n  

t o  h e a r i n g  l e v e l  may a f f e c t  p e r f o r m a n c e .

Phonemic P r o d u c t i o n

R a t e r  r e l i a b i l i t y

F o r  t h e  p r e s e n t  s t u d y ,  b r o a d  p h o n e t i c  t r a n s c r i p t i o n s  

w e re  made by  two i n d i v i d u a l s  who w ere  e x p e r i e n c e d  i n  l i s t e n ­

i n g  t o  t h e  s p e e c h  o f  t h e  d e a f .  One o f  t h e  t r a n s c r i b e r s  was 

a  t r a i n e d  p h o n e t i c i a n ,  t h e  o t h e r  was n o t .  As m e n t io n e d  

a b o v e  ( C h a p t e r  I I I ) ,  e a c h  t r a n s c r i b e r  t r a n s c r i b e d  a l l  o f  

t h e  c h i l d r e n ’ s u t t e r a n c e s  i n d e p e n d e n t l y  and  a  c o n f u s i o n  

m a t r i x  was d raw n up t o  com pare  how c l o s e l y  t h e  two t r a n s c r i ­

b e r s  a g r e e d .  The o v e r a l l  r a t e  o f  a g r e e m e n t  was 79%, T h i s  

was h i g h e r  t h a n  a n  a g r e e m e n t  r a t e  o f  67% r e p o r t e d  by Sm ith
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(1 9 7 2 )  f o r  a  g r o u p  o f  t r a i n e d  p h o n e t i c i a n s  t r a n s c r i b i n g  t h e  

s p e e c h  o f  d e a f  c h i l d r e n .  The good a g r e e m e n t  b e tw e e n  t r a n s ­

c r i b e r s  i s  e n c o u r a g i n g .  I t  s u g g e s t s  t h a t  w here  b r o a d  p h o ­

n e t i c  t r a n s c r i p t i o n s  a r e  u s e f u l ,  one n eed  n o t  be  a  t r a i n e d  

p h o n e t i c i a n  i n  o r d e r  t o  o b t a i n  r e a s o n a b l y  r e l i a b l e  t r a n s ­

c r i p t i o n s  a t  t h e  phonem ic  l e v e l .  Thus ,  w i t h  some t r a i n i n g ,  

t e a c h e r s  o f  t h e  d e a f  s h o u l d  b e  a b l e  t o  p r o d u c e  f a i r l y  good 

p h o n e t i c  t r a n s c r i p t i o n s  o f  t h e i r  s t u d e n t s '  s p e e c h .  I n  

c a s e s  w here  n a r ro w  p h o n e t i c  t r a n s c r i p t i o n s  a r e  i m p o r t a n t ,  

i t  may be n e c e s s a r y  t o  r e q u i r e  t h e  s e r v i c e s  o f  a  t r a i n e d  

p h o n e t i c i a n .

Phonemic  p r o d u c t i o n

A l th o u g h  t h e  d e a f  g ro u p  p r o d u c e d  s i g n i f i c a n t l y  more 

e r r o r s  when r e a d i n g  t h e  t w e n t y  t e s t  s e n t e n c e s ,  t h e  p a t t e r n  

o f  e r r o r s  f o r  t h e  d e a f  and  h a r d - o f - h e a r i n g  g r o u p s  was v e r y  

s i m i l a r .  T h a t  i s ,  t h e  r e l a t i v e  f r e q u e n c y  o f  d i f f e r e n t  e r ­

r o r  t y p e s  w i t h i n  each  g r o u p  was v e r y  s i m i l a r .  O m is s io n s  

o f  t h e  i n t e n d e d  phoneme made up a b o u t  k0% o f  t h e  t o t a l  e r ­

r o r  f o r  e a c h  g r o u p .  T h e re  was a  s m a l l  d i f f e r e n c e  b e t w e e n  

t h e  two g r o u p s  i n  t h e  f r e q u e n c y  o f  v o w e l - v o w e l  s u b s t i t u ­

t i o n s ;  t h e s e  c o n s t i t u t e d  26# o f  t h e  t o t a l  e r r o r  f o r  t h e  

h a r d - o f - h e a r i n g  g r o u p  an d  23# f o r  t h e  d e a f  g r o u p .  S i m i ­

l a r l y ,  c o n s o n a n t - c o n s o n a n t  s u b s t i t u t i o n s  a c c o u n t e d  f o r  18# 

o f  t h e  t o t a l  e r r o r  f o r  t h e  h a r d - o f - h e a r i n g  g r o u p  an d  21# 

f o r  t h e  d e a f  g r o u p .
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C o n s o n a n t s

The m o s t  f r e q u e n t  t y p e  o f  c o n s o n a n t  s u b s t i t u t i o n  f o r  

b o t h  g r o u p s  i n v o l v e d  e r r o r s  i n  b o t h  p l a c e  and m anner  o f  

a r t i c u l a t i o n .  The u n u s u a l l y  h i g h  i n c i d e n c e  o f  t h i s  t y p e  

o f  e r r o r  i s  due  i n  p a r t  t o  t h e  s u b s t i t u t i o n  o f  / d /  f o r  / $ / ,  

a n  e r r o r  w h ich  some p h o n e t i c i a n s  c l a s s i f y  a s  one  o f  manner  

a l o n e  when t h e  p l a c e  o f  a r t i c u l a t i o n  o f  / d /  i s  a c c e p t e d  a s  

d e n t a l .  Manner  e r r o r s  and  v o i c i n g  e r r o r s  were  a l s o  f a i r l y  

common. T h e se  f i n d i n g s  a r e  s i m i l a r  t o  t h o s e  r e p o r t e d  by 

S m i th  ( 1 9 7 2 ) .  The d i f f e r e n c e s  b e t w e e n  t h e  h a r d - o f - h e a r i n g  

and  d e a f  g r o u p s  o c c u r r e d  f o r  e r r o r s  o f  p l a c e  an d  p l a c e -  

m a n n e r - v o i c i n g ,  e r r o r  t y p e s  w h ich  d i d  n o t  o c c u r  v e r y  f r e ­

q u e n t l y .
2

A G s t a t i s t i c  ( s e e  C h a p t e r  IV f o r  a  d e s c r i p t i o n )  com­

p a r i n g  a l l  e n t r i e s  e x c e p t  t h e  d i a g o n a l s ,  f o r  t h e  c o n f u s i o n  

m a t r i c e s  f o r  c o n s o n a n t s  f o r  h a r d - o f - h e a r i n g  and  d e a f  c h i l d ­

r e n  showed t h e  p a t t e r n  o f  c o n f u s i o n s  d i f f e r e d  f o r  t h e  two

/ z / ,  t h e  d e a f  c h i l d r e n  o m i t t e d  t h e  so u n d s  more o f t e n  t h a n  

d i d  t h e  h a r d - o f - h e a r i n g  c h i l d r e n ,  w h i l e  t h e  h a r d - o f - h e a r i n g  

g r o u p  t e n d e d  t o  p r o d u c e  so u n d s  s i m i l a r  t o  t h e  t a r g e t s ,  e . g . ,  

/ n /  f o r  / j j /  and  / s /  f o r  / z / .

I f  t h e  c o n s o n a n t s  a r e  r a n k e d  i n  t e r m s  o f  t h e i r  r e l a ­

t i v e  f r e q u e n c y  o f  c o r r e c t  p r o d u c t i o n ,  t h e  same r a n k i n g  i s  

o b t a i n e d  a s  t h a t  r e p o r t e d  by  Nober  ( 1967 ) ,  M a rk id e s  (1970)  

an d  Sm i th  ( 1 9 7 2 ) ;  b i l a b i a l s  and  g l i d e s  and  t h e  l a b i o d e n t a l  

f r i c a t i v e s ,  / f /  and  / v / ,  were  b e s t  and  p a l a t a l  an d  a l v e o l a r

g r o u p s  on  o n l y  two c o n s o n a n t s .  F o r  t h e  phonemes



164

f r i c a t i v e s  a n d  a f f r i c a t e s  were  w o r s t .  W hereas  Nober c l a i m e d  

t h a t  c o r r e c t  phoneme p r o d u c t i o n  d e c r e a s e d  a s  p l a c e  o f  a r t i c ­

u l a t i o n  moved f u r t h e r  b a c k  i n  t h e  mouth ( e x c e p t  f o r  g l o t -  

t a l s )  t h e  p r e s e n t  f i n d i n g s  a r e  s l i g h t l y  d i f f e r e n t .  I n  t h e  

p r e s e n t  s t u d y ,  l i n g u a - v e l a r s  ( / k / t / g / ,  / j j / )  w ere  more o f t e n

made more f o r w a r d  i n  t h e  m outh .  I t  a p p e a r s  t h a t  s i n c e  b i ­

l a b i a l s ,  l a b i o - d e n t a l s  and  g l o t t a l s  a r e  p r o d u c e d  c o r r e c t l y  

m o s t  o f t e n ,  so u n d s  i n v o l v i n g  m a j o r  to n g u e  movement a r e  l e s s  

o f t e n  p r o d u c e d  c o r r e c t l y  t h a n  t h o s e  n o t  i n v o l v i n g  m a j o r  

t o n g u e  movement.  One o b v i o u s  e x c e p t i o n  i s  t h e  g r o u p  o f  

g l i d e s  w h ich  r e q u i r e s  m a jo r  t o n g u e  movement.  However ,  

g l i d e s  a r e  p r o d u c e d  l i k e  v o w e ls  and  a s  s u c h  may be  t r e a t e d  

w i t h  v o w e ls  w hich  i n  g e n e r a l  h a v e  f e w e r  e r r o r s  t h a n  c o n s o ­

n a n t s  •

Vowels

Vowel s u b s t i t u t i o n s  were  c h a r a c t e r i z e d  b y  p r o d u c t i o n  

o f  a  n e a r  n e i g h b o r  i n  t h e  vow el  q u a d r i l a t e r a l .  O f t e n  t h e  

sou n d  was c o r r e c t  w i t h  r e s p e c t  t o  to n g u e  f r o n t n e s s  b u t  

wrong w i t h  r e s p e c t  t o  t o n g u e  h e i g h t .  T h e re  was a l s o  a  

t e n d e n c y  t o w a r d  a  n e u t r a l i z a t i o n  o f  t h e  v o w e l  w i t h  f r e q u e n t  

s u b s t i t u t i o n s  o f  / $ /  o r  / s /  f o r  t h e  i n t e n d e d  v o w e l .  The 

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

a s  f o r  S m i t h ' s  d e a f  s u b j e c t s .  T h e se  f i n d i n g s  a r e  i n  good 

a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  b y  Mangan (1961)  and  Sm i th  

(1 9 7 2 )  f o r  n e a r  n e i g h b o r  e r r o r s ,  and  H e i d e r  e t  a l .  ( 1 9 4 1 ) ,  

M a rk id e s  ( 1 9 7 0 ) ,  A n g e l o c c i  e t  a l .  (1964)  and  Sm i th  (1972)

c o r r e c t  t h a n  l i n g u a - p a l a t a l s which  a r e
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f o r  n e u t r a l i z a t i o n  o f  t h e  i n t e n d e d  v o w e l .

F o r  b o t h  t h e  d e a f  and  h a r d - o f - h e a r i n g  g r o u p s ,  t h e  m os t  

f r e q u e n t  vow el  s u b s t i t u t i o n s  i n v o l v e d  e r r o r s  o f  t e n s i o n ,  

r o u n d i n g  an d  t e n s i o n ,  a n d  h e i g h t .  F o r  b o t h  g r o u p s ,  b a c k  

v o w e ls  were  p r o d u c e d  c o r r e c t l y  more o f t e n  t h a n  f r o n t  v o w e l s ,  

a s  r e p o r t e d  by  Mangan ( 1 9 6 1 ) ,  N ober  (1967)  an d  Boone (1966)  

b u t  low v o w e l s  were  n o t  b e t t e r  t h a n  mid o r  h i g h  o n e s  a s  had  

b e e n  fo u n d  b y  Boone an d  N ober .  I n  t h e  p r e s e n t  s t u d y ,  d i f ­

f e r e n c e s  b e t w e e n  v o w e l s  b a s e d  on  c a t e g o r i e s  o f  t o n g u e  

h e i g h t  w ere  n o t  v e r y  l a r g e .

O v e r a l l  e r r o r  r a t e

The o v e r a l l  e r r o r  r a t e  f o r  a l l  phonemes f o r  t h e  d e a f  

c h i l d r e n  i n  t h e  p r e s e n t  s t u d y  was c o n s i d e r a b l y  l o w e r  t h a n  

r a t e s  r e p o r t e d  f rom  o t h e r  s t u d i e s .  S m i th  (1 9 7 2 )  and  

M a rk id e s  (1970)  fo u n d  o v e r a l l  e r r o r  r a t e s  o f  43#  an d  64# ,  

r e s p e c t i v e l y .  The d e a f  c h i l d r e n  i n  t h e  p r e s e n t  s t u d y  had  

a n  o v e r a l l  e r r o r  r a t e  o f  29#» Whereas  S m i th  an d  M a rk id e s  

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

c h i l d r e n  t o  b e  53$ and 7 2# ,  r e s p e c t i v e l y ,  t h e  m a i n s t r e a m e d  

d e a f  c h i l d r e n  had  a n  e r r o r  r a t e  o f  34# ,  Vowel e r r o r s  o c ­

c u r r e d  39#  o f  t h e  t i m e  f o r  S m i t h ' s  d e a f  s u b j e c t s  a n d  56#  

o f  t h e  t i m e  f o r  M a r k i d e s ' .  The m a i n s t r e a m e d  d e a f  c h i l d r e n  

had  a  vow el  e r r o r  r a t e  o f  21# .

The m a i n s t r e a m e d  h a r d - o f - h e a r i n g  c h i l d r e n  h a d  a n  

o v e r a l l  e r r o r  r a t e  o f  19$  f o r  a l l  phonem es .  The i n c i d e n c e  

o f  c o n s o n a n t  e r r o r s  was 22# an d  o f  v o w e l  e r r o r s  was 16 $ .

When com pared  w i t h  M ark id es*  h a r d - o f - h e a r i n g  s u b j e c t s ,  t h e
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o v e r a l l  e r r o r  r a t e  (1 8 $ )  a n d  t h e  i n c i d e n c e  o f  c o n s o n a n t  

e r r o r s  {26%) w e re  s i m i l a r  b u t  t h e  i n c i d e n c e  o f  vow el  e r r o r s  

was l e s s  f o r  M a r k i d e s '  s u b j e c t s  (9%)*

D i r e c t  c o m p a r i s o n s  b e t w e e n  a n y  o f  t h e s e  s t u d i e s  m us t  

b e  made w i t h  e x t r e m e  c a u t i o n  b e c a u s e  o f  d i f f e r e n c e s  i n  t e s t  

m a t e r i a l s ,  m e th o d s  o f  e v a l u a t i o n  and  t y p e s  o f  p o p u l a t i o n s  

t h a t  w ere  t e s t e d .  The m o s t  v a l i d  c o m p a r i s o n  would  b e  w i t h  

S m i t h ' s  f i n d i n g s  s i n c e  S m i t h ' s  t e s t  m a t e r i a l s  and  p r o c e d u r e s  

w ere  u s e d  i n  t h e  p r e s e n t  s t u d y .  The s u b j e c t s  r e a d  t h e  same 

t e s t  s e n t e n c e s  w hich  w e re  t r a n s c r i b e d  u s i n g  s i m i l a r  t e c h ­

n i q u e s .  Where S m i t h ' s  s u b j e c t s  w ere  d e a f  c h i l d r e n  i n  a n  

o r a l  s c h o o l  f o r  t h e  d e a f ,  t h e  p r e s e n t  p o p u l a t i o n  c o n s i s t e d  

o f  h a r d - o f - h e a r i n g  a n d  d e a f  m a i n s t r e a m e d  c h i l d r e n .  To 

e l i m i n a t e  h e a r i n g  l e v e l  a s  a  v a r i a b l e  a  c o m p a r i s o n  was made 

o f  a r t i c u l a t o r y  e r r o r s  i n  S m i t h ' s  d e a f  g r o u p  and  i n  t h e

m a i n s t r e a m e d  d e a f  g r o u p .
2

A G s t a t i s t i c  c o m p a r in g  t h e  k i n d s  o f  e r r o r s  on a  

phoneme b y  phoneme b a s i s  made b y  t h e  d e a f  s u b j e c t s  i n  t h e  

p r e s e n t  s t u d y  and  t h o s e  d e a f  s u b j e c t s  i n  S m i t h ' s  s t u d y ,  

shows s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  p a t t e r n s  o f  c o n f u s i o n s  

made b y  t h e  two g r o u p s .  T h e re  w e re  c o n s i d e r a b l e  d i f f e r e n c e s  

i n  t h e  r e l a t i v e  p r o p o r t i o n  o f  / 3 /  and  / A /  s u b s t i t u t i o n s  f o r  

v o w e l s  an d  i n  t h e  o m i s s i o n s  o f  c o n s o n a n t s .  S m i t h ' s  s u b j e c t s  

s u b s t i t u t e d  t h e  g l o t t a l  s t o p  f o r  / t /  an d  / k /  f a r  more o f t e n  

t h a n  t h e  d e a f  m a i n s t r e a m e d  c h i l d r e n .  A l s o ,  h e r  s u b j e c t s  

f r e q u e n t l y  s u b s t i t u t e d  / b /  f o r  m o s t  l a b i a l  s o u n d s .

Th u s ,  w h e r e a s  t h e  n a t u r e  o f  t h e  c o n f u s i o n s  d i d  n o t
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d i f f e r  s i g n i f i c a n t l y  b e t w e e n  t h e  h a r d - o f - h e a r i n g  a n d  d e a f  

c h i l d r e n  i n  t h e  same e d u c a t i o n a l  s e t t i n g ,  t h e r e  w ere  s i g ­

n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  d e a f  c h i l d r e n  i n  s c h o o l s  

f o r  t h e  d e a f  a n d  t h o s e  i n  t h e  r e g u l a r  p u b l i c  s c h o o l s .  T h i s  

d i f f e r e n c e  i n  p e r f o r m a n c e  f o r  t h e  two g r o u p s  m u s t  b e  i n t e r ­

p r e t e d  c a r e f u l l y .  The m a i n s t r e a m e d  c h i l d r e n  i n  many c a s e s  

may b e  com pared  w i t h  t h o s e  i n  t h e  t o p  o f  t h e  c l a s s  i n  t h e  

s c h o o l s  f o r  t h e  d e a f .  T h e se  a r e  c h i l d r e n  who were  e i t h e r  

" s u c c e s s f u l  p r o d u c t s "  o f  s c h o o l s  f o r  t h e  d e a f  o r  who h a v e  

b y p a s s e d  t h i s  s p e c i a l  e d u c a t i o n a l  s y s t e m  e n t i r e l y .  They 

a r e  c h i l d r e n  j u d g e d  b y  q u a l i f i e d  i n d i v i d u a l s  t o  be  a b l e  t o  

c o p e  w i t h  t h e  r e g u l a r  p u b l i c  s c h o o l  e n v i r o n m e n t .  A l th o u g h  

o n e  m us t  n o t  e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  t h e i r  s p e e c h  

s k i l l s  im p ro v ed  a s  a  r e s u l t  o f  b e i n g  i n  a  c o m p l e t e l y  o r a l  

s e t t i n g ,  one  m ust  n o t  f o r g e t  t h a t  t h e y  w e re  p r o b a b l y  p l a c e d  

i n  t h i s  e n v i r o n m e n t  b e c a u s e  t h e i r  s p e e c h  s k i l l s  were  a l r e a d y  

g o o d .  To d e t e r m i n e  t h e  e f f e c t s  o f  t h e  s e t t i n g  i t s e l f ,  t h e  

p r o g r e s s  made b y  t h e s e  d e a f  c h i l d r e n  i n  o v e r a l l  i n t e l l i g i ­

b i l i t y  s h o u l d  b e  co m p ared  w i t h  t h a t  made b y  some o f  t h e  b e t ­

t e r  s t u d e n t s  i n  s c h o o l s  f o r  t h e  d e a f  o v e r  t h e  same p e r i o d  

o f  t i m e .

A s i d e  f ro m  t h e s e  v a r i a b l e s ,  t h e  t y p e  o f  s p e e c h  t r a i n ­

i n g ,  t h e  f r e q u e n c y  o f  s p e e c h  t r a i n i n g ,  t h e  c r i t e r i a  o f  

s p e e c h  p r o d u c t i o n ,  an d  t h e  a c c e p t a n c e  o f  s p e e c h  i n t e l l i g i ­

b i l i t y  by  t h e  t e a c h e r s ,  a r e  a l l  f a c t o r s  w h ich  may a c c o u n t  

f o r  d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s .
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S p e e c h  i n t e l l i g i b i l i t y

The mean i n t e l l i g i b i l i t y  s c o r e  o b t a i n e d  f o r  t h e  d e a f  

c h i l d r e n  i n  t h e  p r e s e n t  s t u d y  was much h i g h e r  t h a n  t h o s e  

fo u n d  i n  p r e v i o u s  r e p o r t s .  B ran n o n  ( 1 9 6 ^ ) ,  J o h n  a n d  Howarth  

(1965)*  M a r k id e s  (1970)  a n d  S m i th  (1972)  fo u n d  mean i n t e l ­

l i g i b i l i t y  s c o r e s  o f  20 , 7# ,  1 9 . 0$ ,  1 9 . 1 #  an d  18 .7#*  r e s p e c ­

t i v e l y .  The d e a f  c h i l d r e n  i n  t h e  p r e s e n t  s t u d y  h ad  a  mean 

s c o r e  o f  38 .5#*  T h i s  h i g h e r  mean s c o r e  may be  a  r e s u l t  o f  

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

o t h e r  v a r i a b l e s  m e n t i o n e d  ab o v e  ( p . 167 ) .

The mean i n t e l l i g i b i l i t y  s c o r e  o f  68#  f o r  t h e  h a r d -  

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

h i g h e r  t h a n  t h e  mean s c o r e  f o r  t h e  d e a f  g r o u p ,  H u d g in s  

a n d  Numbers (1 9 ^ 2 )  r e p o r t e d  mean s c o r e s  o f  73# an d  4 4 #  f o r  

t h e i r  two g r o u p s  o f  h a r d - o f - h e a r i n g  c h i l d r e n .  An a c c u r a t e  

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

m e t r i c  d a t a  a r e  n o t  a v a i l a b l e  f o r  t h e s e  h e a r i n g  l o s s  g r o u p s  

c l a s s i f i e d  a s  A and B ( p .  3 0 2 ) .  I f  g r o u p s  A and  B c a n  be 

c o n s i d e r e d  m o d e r a t e  and  s e v e r e  i m p a i r m e n t s  and  we a c c o u n t  

f o r  t h e r e  b e i n g  two t o  t h r e e  t i m e s  a s  many c h i l d r e n  i n  

g r o u p  B a s  A, t h e n  t h e  mean s c o r e  o f  58# w ould  be  r e d u c e d  

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

" p a r t i a l l y  h e a r i n g "  c h i l d r e n  o f  a b o u t  52#  t o  5 4# .  T h i s  

p e r f o r m a n c e  would be c o n s i d e r a b l y  w orse  t h a n  t h a t  o f  t h e  

c h i l d r e n  o f  t h e  p r e s e n t  s t u d y .

The p r e s e n t  f i n d i n g  o f  a  mean i n t e l l i g i b i l i t y  s c o r e  

o f  68#  i s  i n  r a t h e r  good  a g r e e m e n t  w i t h  f i n d i n g s  r e p o r t e d
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b y  M a rk id e s  ( 1 9 7 0 ) .  He fo u n d  a  mean i n t e l l i g i b i l i t y  s c o r e  

o f  76# f o r  c h i l d r e n  w i t h  l o s s e s  up t o  80 dB. H is  s l i g h t l y  

h i g h e r  s c o r e s  may b e  a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  c h i l d ­

r e n  i n  h i s  s t u d y  d i d  n o t  r e a d  u n r e l a t e d  s e n t e n c e s ,  b u t  

d e s c r i b e d  s e v e r a l  p i c t u r e s .  T h i s  would  a l l o w  t h e  s p e a k e r s  

t o  u s e  words  w i t h  w h ich  t h e y  f e l t  m os t  c o m f o r t a b l e  and  

would a f f o r d  r a t e r s  t h e  a d v a n t a g e  o f  c o n t e x t u a l  c u e s  i n  

c o m p r e h e n d in g  s e q u e n t i a l  u t t e r a n c e s .

Whereas  t h e  d e a f  c h i l d r e n  i n  t h e  p r e s e n t  s t u d y  seemed 

t o  be  more i n t e l l i g i b l e  t h a n  m o s t  d e a f  s u b j e c t s  t e s t e d  e l s e ­

w h e r e ,  t h e  h a r d - o f - h e a r i n g  g r o u p  was n o t  c o n s i s t e n t l y  more 

i n t e l l i g i b l e  t h a n  t h o s e  h a r d - o f - h e a r i n g  c h i l d r e n  t e s t e d  i n  

o t h e r  s t u d i e s .  H u d g in s  an d  Numbers* s u b j e c t s  were  f a r  l e s s  

i n t e l l i g i b l e  t h a n  t h e  p r e s e n t  g r o u p .  They r e a d  s i m i l a r  

k i n d s  o f  t e s t  m a t e r i a l s  b u t  came f rom  r e s i d e n t i a l  s c h o o l s .  

M ark id es*  s u b j e c t s  w ere  somewhat more i n t e l l i g i b l e  t h a n  

H u d g in s  an d  N u m b e r s ' ,  came f rom  d a y  s c h o o l s  and  r e s i d e n t i a l  

s c h o o l s  w i t h  h i g h  a c a d e m ic  s t a n d a r d s ,  b u t  u s e d  d i f f e r e n t  

t e s t  m a t e r i a l s .  B e c a u s e  o f  t h e s e  d i f f e r e n c e s ,  d i r e c t  com­

p a r i s o n s  b e t w e e n  s t u d i e s  s h o u l d  b e  i n t e r p r e t e d  w i t h  c a u t i o n .  

However ,  i n  v iew  o f  t h e  c o n s i s t e n c y  o f  t h i s  r e s u l t  a c r o s s  

d i f f e r e n t  s t u d i e s  a n d ,  i n  p a r t i c u l a r  s i n c e  b o t h  t h i s  s t u d y  

a n d  t h a t  o f  S m i th  u s e d  t h e  same t e s t  m a t e r i a l s  ( f o r  s p e e c h  

i n t e l l i g i b i l i t y ) ,  i t  seems r e a s o n a b l e  t o  c o n c l u d e  t h a t  t h e  

more  i n t e g r a t e d  t h e  e d u c a t i o n a l  s e t t i n g ,  t h e  more i n t e l ­

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

i m p a i r m e n t .  An i m p o r t a n t  c a v e a t ,  h o w ev e r ,  i s  t h a t  t h e
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r e l a t i o n s h i p  i s  n o t  n e c e s s a r i l y  a  c a u s a l  o n e .  The m a i n ­

s t r e a m e d  c h i l d r e n  may h a v e  b e t t e r  s p e e c h  n o t  b e c a u s e  o f  

t h e  e f f e c t s  o f  m a i n s t r e a m i n g  b u t  r a t h e r  a s  a  r e s u l t  o f  t h e  

s e l e c t i o n  p r o c e d u r e  w h e reb y  t h e  more s u c c e s s f u l  h e a r i n g  

i m p a i r e d  c h i l d r e n  a r e  m a i n s t r e a m e d .  I t  may a l s o  b e  t h a t  

b o t h  f a c t o r s  com bine  i n  h e l p i n g  t h e  more s u c c e s s f u l  h e a r i n g -  

i m p a i r e d  c h i l d .

I m i t a t i o n

A number  o f  c h i l d r e n  who p a r t i c i p a t e d  i n  t h i s  s t u d y  

n e ed ed  a s s i s t a n c e  i n  r e a d i n g  some o f  t h e  words  i n  t h e  

t w e n t y  s e n t e n c e s .  When t h e y  h e s i t a t e d  b e f o r e  r e a d i n g  a  

w ord ,  a p p a r e n t l y  b e c a u s e  t h e y  were  n o t  f a m i l i a r  w i t h  i t ,  

t h e  t e s t e r  s a i d  t h e  word and t h e  c h i l d  i m i t a t e d  i t .  A 

n o t a t i o n  was made w h e n ev e r  t h i s  h a p p e n e d .  Most o f  t h e  t im e  

t h e  c h i l d r e n  rem em bered  t h e  word f o r  t h e  s e c o n d  r e a d i n g  o f  

t h e  s e n t e n c e  an d  t h a t  was t h e  v e r s i o n  t h a t  was p r e s e n t e d  

t o  t h e  i n e x p e r i e n c e d  l i s t e n e r s  f o r  t h e  p u r p o s e  o f  w r i t i n g  

down a s  many words  a s  t h e y  c o u l d  r e c o g n i z e .  The words  

s p o k e n  b y  t h e  e x a m in e r  were  s p l i c e d  o u t  o f  t h e  r e c o r d i n g s  

h e a r d  by t h e  i n e x p e r i e n c e d  l i s t e n e r s .  A c o m p a r i s o n  was 

made o f  t h e  mean i n t e l l i g i b i l i t y  s c o r e  f o r  t h e s e  c h i l d r e n  

f o r  i m i t a t e d  s e n t e n c e s  compared  w i t h  t h e  mean i n t e l l i g i b i ­

l i t y  s c o r e  f o r  n o n - i m i t a t e d  s e n t e n c e s .  T h e re  was no s i g ­

n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  tw o ,  s u g g e s t i n g  t h a t  i m i ­

t a t i o n  d i d  n o t  c o n t r i b u t e  g r e a t l y  t o  t h e  o v e r a l l  i n t e l l i ­

g i b i l i t y  s c o r e .
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T hus ,  w h e r e a s  i m i t a t i o n  o f  a  model  may h av e  made a  

c h i l d  a p p e a r  more i n t e l l i g i b l e  b e c a u s e  o f  t h e  e l i m i n a t i o n  

o f  a  r e a d i n g  p r o b le m ,  i t  d o e s  n o t  a p p e a r  t o  h a v e  s i g n i f i ­

c a n t l y  a l t e r e d  t h e  c h i l d ' s  s p e e c h  i n t e l l i g i b i l i t y  p e r  s e .  

F u r t h e r m o r e ,  i n t e l l i g i b i l i t y  r a t i n g s  o f  s p o n t a n e o u s  s p e e c h  

s a m p le s  w ere  a l s o  c o n s i d e r e d  f o r  t h o s e  who i m i t a t e d  most  

o f t e n .  Ten o f  t h e  t h i r t e e n  m os t  f r e q u e n t  i m i t a ­

t o r s  h ad  r a t i n g s  o f  o v e r  3*5 ,  m ean in g  t h a t  ev en  w i t h o u t  

m o d e ls  t o  i m i t a t e  t h e y  made t h e m s e l v e s  f a i r l y  i n t e l l i g i b l e .  

The ab o v e  r e s u l t s  s u g g e s t  t h a t  t h e  need  t o  i m i t a t e  was due 

t o  r e a d i n g  p r o b le m s  and  n o t  a n  i n a b i l i t y  t o  p r o d u c e  s p e e c h  

c o r r e c t l y .

Phonemic R e c e p t i o n  

Mean o v e r a l l  s c o r e s  and s c o r e s  on s u b p o r t i o n s  o f  t h e  

Phoneme R e c e p t i o n  T e s t  w ere  s i g n i f i c a n t l y  b e t t e r  f o r  t h e  

h a r d - o f - h e a r i n g  t h a n  t h e  d e a f  g r o u p .  Both  g r o u p s  d i d  b e s t  

on t h a t  s u b s e c t i o n  o f  t h e  t e s t  i n v o l v i n g  m anner  c o n t r a s t s ,  

and  s c o r e s  on  t h e  s e c t i o n  i n v o l v i n g  v o i c i n g  c o n t r a s t s  were  

a l m o s t  a s  h i g h .  A much g r e a t e r  p r o p o r t i o n  o f  e r r o r s  was 

o b t a i n e d  on i t e m s  t e s t i n g  p l a c e  and p l a c e - m a n n e r  c o n t r a s t s .  

T h i s  r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  p u b l i s h e d  l i t e r a t u r e  i n  

w h ich  r e l a t i v e l y  good d i s c r i m i n a t i o n  o f  v o i c i n g  and  p o o r  

p e r f o r m a n c e  on r e c o g n i t i o n  o f  p l a c e  o f  a r t i c u l a t i o n  h a s  

b e e n  r e p o r t e d  ( S i e g e n t h a l e r ,  1 9 ^9 ;  Oyer  an d  Doudna, 1959;  

Owens and S c h u b e r t ,  1968 ;  S c h u l t z  and  K r a a t ,  1971 ;  P i c k e t t  

e t  a l . ,  1972 ;  S m i th ,  1972 ;  B i l g e r  and  Wang, 1 9 7 6 ) .
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S m i t h ' s  s u b j e c t s  an d  t h e  h a r d - o f - h e a r i n g  c h i l d r e n  i n  

t h e  p r e s e n t  s t u d y  h ad  l o w e r  mean s c o r e s  f o r  i t e m s  t e s t i n g

p l a c e - m a n n e r  t h a n  f o r  p l a c e  c o n t r a s t s .  T h i s  seems u n u s u a l

s i n c e  one would  e x p e c t  t h e  p r e s e n c e  o f  m anner  c u e s  w h ich  

a r e  p e r c e i v e d  f a i r l y  w e l l  t o  make t h e  p e r c e p t i o n  o f  p l a c e -  

m anner  c o n t r a s t s  b e t t e r  t h a n  t h e  p e r c e p t i o n  o f  p l a c e  c o n ­

t r a s t s .  A p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  b e h a v i o r  i s  t h a t  

t h e  low f r e q u e n c y  m anner  c u e s  a r e  c a u s i n g  a  s p r e a d  o f  mask­

i n g  t o  t h e  h i g h e r  f r e q u e n c y  p l a c e  c u e s .  T h i s  k i n d  o f  b e ­

h a v i o r  was d e m o n s t r a t e d  b y  P i c k e t t  e t  a l .  (1972)  f o r  s y n ­

t h e t i c  s p e e c h  s a m p l e s .  I f  t h i s  i s  t h e  c a s e ,  t h e n  when 

p l a c e  c u e s  o c c u r  a l o n e ,  t h e y  a r e  more r e a d i l y  p e r c e i v e d  by 

t h e  h e a r i n g  i m p a i r e d  s u b j e c t s  t h a n  when t h e y  o c c u r  i n  c o n ­

j u n c t i o n  w i t h  m anner  c u e s .

S m i th  c r e a t e d  t h e  Phoneme R e c e p t i o n  T e s t  u s e d  i n  t h i s  

s t u d y  f o r  a  g r o u p  o f  f o r t y  d e a f  s u b j e c t s  f rom  a s c h o o l  f o r  

t h e  d e a f ,  A c o m p a r i s o n  o f  t h e  p r e s e n t  f i n d i n g s  t o  t h o s e  

r e p o r t e d  b y  Sm i th  (1 9 7 2 )  shows t h a t  s c o r e s  on s u b p o r t i o n s  

o f  t h e  t e s t  were  s i m i l a r  f o r  t h e  two d e a f  p o p u l a t i o n s .  F o r  

a l l  b u t  one  s u b t e s t ,  t h e  c h i l d r e n  i n  s c h o o l s  f o r  t h e  d e a f  

h a d  l o w e r  mean s c o r e s  t h a n  t h o s e  m a i n s t r e a m e d  i n t o  r e g u l a r  

s c h o o l s .  However ,  f o r  i t e m s  t e s t i n g  p l a c e  c o n t r a s t s ,  S m i t h ' s  

d e a f  c h i l d r e n  had  a  h i g h e r  mean s c o r e  t h a n  t h e  d e a f  c h i l d r e n  

i n  t h e  p r e s e n t  s t u d y .  The mean s c o r e  f o r  S m i t h ' s  s u b j e c t s  

was 4 2 , 5 #  and  f o r  t h e  m a i n s t r e a m e d  d e a f  s u b j e c t s  was 3 1 . 3 # .  

Even t h e s e  l a r g e  d i f f e r e n c e s  d i d  n o t  r e a c h  a  l e v e l  o f  s i g ­

n i f i c a n c e .
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As i n  S m i t h ' s  s t u d y ,  p e r f o r m a n c e  on t a r g e t  phonemes 

i n  w o r d - f i n a l  p o s i t i o n  was n o t  s i g n i f i c a n t l y  w o rse  t h a n  

p e r f o r m a n c e  on t a r g e t  i t e m s  i n  i n i t i a l  p o s i t i o n  i n  t h e  word .  

T h i s  i s  c o n t r a r y  t o  many p r e v i o u s  f i n d i n g s  which  r e p o r t  

s i g n i f i c a n t l y  b e t t e r  s c o r e s  when t h e  t a r g e t  phoneme i s  i n  

i n i t i a l  p o s i t i o n  i n  t h e  word (O yer  an d  Doudna,  1959? R osen ,  

19625 Owens and  S c h u b e r t ,  1968? P i c k e t t  e t  a l . ,  1972? J o n e s  

an d  S t u d e b a k e r ,  197^? S h e r  and  Owens, 197^? McGarr e t  a l . , 

1 9 7 7 ) .  R e c e n t l y ,  B i l g e r  an d  Wang (1976)  n o t e d  b e t t e r  p e r ­

fo rm a n c e  on c o n s o n a n t s  i n  f i n a l  p o s i t i o n  t h a n  i n  i n i t i a l  

p o s i t i o n  o f  n o n s e n s e  s y l l a b l e s .  They s u g g e s t e d  t h a t  t h e i r  

r e s u l t s  may d i f f e r  f ro m  f i n d i n g s  f o r  CVC's b e c a u s e  o f  t h e  

g e n e r a l l y  p o o r l y  a r t i c u l a t e d  f i n a l  c o n s o n a n t  i n  CVC's which  

c o n t r i b u t e s  t o  t h e  so u n d  b e i n g  l e s s  o f t e n  i d e n t i f i e d  c o r ­

r e c t l y .  When t h e  t a l k e r  i s  more c a r e f u l  a t  p r o d u c i n g  t h e  

t a r g e t s ,  a s  i n  n o n s e n s e  s y l l a b l e s ,  t h e r e  i s  l e s s  d i f f e r e n c e  

b e t w e e n  i n i t i a l  an d  f i n a l  p o s i t i o n ,  and  f i n a l  p o s i t i o n  may 

e v e n  be  b e t t e r  i f  t h e  i n i t i a l  v o w e l  s e r v e s  t o  a l e r t  t h e  l i s ­

t e n e r  t o  t h e  coming  c o n s o n a n t .

P r o s o d i c  P r o d u c t i o n  

I n  n e i t h e r  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I  n o r  I I  

was t h e r e  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  mean s c o r e s  o f  t h e  

h a r d - o f - h e a r i n g  an d  d e a f  g r o u p s 0 I n  f a c t ,  on  b o t h  t e s t s ,  

t h e  d e a f  c h i l d r e n  a s  a  g r o u p ,  s c o r e d  h i g h e r  t h a n  t h e  h a r d -  

o f - h e a r i n g  g r o u p  on i t e m s  t e s t i n g  s t r e s s .  T h i s  was a n  e n ­

t i r e l y  u n e x p e c t e d  f i n d i n g .  A more d e t a i l e d  a n a l y s i s  o f
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t h e  u t t e r a n c e s  p r o d u c e d  b y  t h e  c h i l d r e n  on P r o s o d i c  F e a t u r e  

P r o d u c t i o n  T e s t  I  showed t h a t  t h e  p r o b le m  seemed t o  be  two­

f o l d ,  Some h a r d - o f - h e a r i n g  s u b j e c t s  were  p r o d u c i n g  u t t e r ­

a n c e s  w i t h  s t r e s s  p l a c e d  on  s y l l a b l e s  o t h e r  t h a n  t h e  t a r g e t  

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

n o r m a l  c o n v e r s a t i o n a l  s p e e c h  b u t  were  n o t  a p p r o p r i a t e  f o r  

t h e  t e s t .  The c h i l d r e n  seemed t o  b e  f o l l o w i n g  t h e i r  own 

i n t e r n a l i z e d  r u l e s  f o r  where  s t r e s s  s h o u l d  o c c u r  i n  a  g i v e n  

g r o u p  o f  w o r d s .  T h i s  a c c o u n t e d  f o r  low  s c o r e s  on p r o d u c t i o n  

o f  s t r e s s  i t e m s  b y  t h e  h a r d - o f - h e a r i n g  g r o u p .

At t h e  same t i m e ,  t h e  d e a f  g r o u p  was o b t a i n i n g  f a i r l y  

good s c o r e s  on  t h e  p r o d u c t i o n  o f  i t e m s  t e s t i n g  s t r e s s .  Ana­

l y s i s  o f  t h e i r  p r o d u c t i o n  showed t h a t  t h e y  w ere  o f t e n  p l a c ­

i n g  s t r e s s  on t h e  a p p r o p r i a t e  s y l l a b l e  b u t  w ere  f r e q u e n t l y  

e x a g g e r a t i n g  i t s  p r o d u c t i o n .  E x c e s s i v e  i n t e n s i t y ,  p a u s e s  

b e f o r e  t h e  t a r g e t  s y l l a b l e  o r  e x c e s s i v e  d u r a t i o n  were  c u e s  

u s e d  b y  t h e  d e a f  g r o u p  t o  p r o d u c e  s t r e s s .  The r e s u l t  was t h a t  

t h e  f e a t u r e  o f  s t r e s s  was c o n v e y e d ,  b u t  a t  t h e  d e t r i m e n t  o f  

o t h e r  f e a t u r e s .

In  a n  a t t e m p t  t o  v e r i f y  t h i s  i n t e r p r e t a t i o n  o f  t h e  

d a t a ,  p r o s o d i c  p r o d u c t i o n  s k i l l s  w ere  a n a l y z e d  a g a i n ,  t h i s  

t im e  w i t h  p a r t i c u l a r  c o n c e r n  f o r  t h e  n a t u r a l n e s s  o f  p r o d u c ­

t i o n ,  On P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I ,  t h e  s i x  s t r e s s  

i t e m s  were  l i s t e n e d  t o  a g a i n  by  two l i s t e n e r s .  One had  n o t  

p r e v i o u s l y  s e r v e d  a s  a  l i s t e n e r ,  t h e  o t h e r  was one o f  t h e  

o r i g i n a l  t h r e e  who e v a l u a t e d  t h e  t e s t  p e r f o r m a n c e .  The two 

l i s t e n e r s  i n d i c a t e d  w h e t h e r  t h e y  f e l t  t h e  u t t e r a n c e  p r o d u c e d
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sounded natural. If the stress pattern of the utterance 
sounded as if it might have been produced in ordinary con­
versation, it was rated "natural" regardless of where the 
stress occurred in the sentence. If the utterance was pro­
duced with excessive stress on a word or in a way in which 
it would seem abnormal in normal conversational speech, it 
was rated "unnatural". For each child a score was derived 
from the "natural" ratings given by the two raters relative 
to the total number of possible ratings.

Comparisons showed that the mean naturalness score 
was higher for the hard-of-hearing (50%) than the deaf group 
(38$), whereas the correctness scores were higher for the 
deaf group. Thus, although the deaf children were producing 
something at the target location they were not succeeding 
in producing something that would be acceptable in normal 
conversational speech. This is consistent with the general 
observation that training on a specific problem may result 
in marked improvement in that area at the expense of overall 
improvement, Stratton (197*0 observed that while a tactile 
feedback display helped to develop intonation control that 
was clearly evident, improvement in intonation quality was 
only slight and, occasionally, "the newly-acquired intona­
tion was heard as being exaggerated, abrupt, or ill-timed 
(p. 31).

Although test scores fail to show significant differ­
ences between the hard-of-hearing and deaf groups, the rank 
order of correct production of prosodic features reported
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i n  t h e  p r e s e n t  s t u d y  i s  i n  good a g r e e m e n t  w i t h  f i n d i n g s  o f  

L e v i t t  e t  a l .  (1975)*  I n  b o t h  c a s e s ,  t h e  c h i l d r e n  p r o d u c e d  

p a u s e  c o r r e c t l y  m o s t  o f t e n ,  were  b e t t e r  a t  p r o d u c i n g  s t r e s s  

l a t e r  r a t h e r  t h a n  e a r l i e r  i n  a  s e n t e n c e  and  w e re  w o r s t  a t  

p r o d u c i n g  t h e  r i s i n g  i n t o n a t i o n  c h a r a c t e r i s t i c  o f  y e s / n o  

q u e s t i o n s .  The t e n d e n c y  o f  n o rm a l  a n d  d e a f  i n d i v i d u a l s  t o  

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

l a b l e  ( N i c k e r s o n  e t  a l . ,  197*0 may a c c o u n t  f o r  b e t t e r  s c o r e s  

on i t e m s  t e s t i n g  s t r e s s  l a t e  i n  t h e  u t t e r a n c e  com pared  w i t h  

e a r l y  i n  t h e  u t t e r a n c e .  P o o r  p r o d u c t i o n  o f  r i s i n g  i n t o n a ­

t i o n  f o r  q u e s t i o n s  h a s  b e e n  n o t e d  b y  P h i l l i p s  e t  a l .  ( 1 9 6 8 ) ,  

S t r a t t o n  (197*0 an d  McGarr  ( 1 9 7 6 ) .  P h i l l i p s  e t  a l .  a l s o  

r e p o r t e d  t h e  t e n d e n c y  f o r  t h e  d e a f  t o  u s e  i n c r e a s e d  i n t e n ­

s i t y  r a t h e r  t h a n  p i t c h  c h a n g e  t o  mark  r i s i n g  i n t o n a t i o n .

T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  k i n d s  o f  e r r o r s  r e p o r t e d  f o r  

t h e  p r e s e n t  t e s t  g r o u p  s i n c e  t h e y  f r e q u e n t l y  p r o d u c e d  l a t e  

s t r e s s  f o r  q u e s t i o n  i n t o n a t i o n .

F o r  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I ,  a l l  n i n e  

t e s t  i t e m s  w ere  e v a l u a t e d  b y  t h e  two l i s t e n e r s  f o r  c o r r e c t ­

n e s s  o f  p r o d u c t i o n  o f  t h e  t a r g e t  f e a t u r e  a n d  f o r  n a t u r a l ­

n e s s  o f  p r o d u c t i o n  o f  t h e  u t t e r a n c e .  A l th o u g h  t h e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  d e a f  and  h a r d - o f - h e a r i n g  

g r o u p s  on c o r r e c t n e s s  o f  p r o d u c t i o n ,  t h e  h a r d - o f - h e a r i n g  

c h i l d r e n  were  s i g n f i c a n t l y  more n a t u r a l  i n  t h e i r  r e a d i n g  

t h a n  were  t h e  d e a f  c h i l d r e n  (F*l*+9.5» d f » l ,  p ^ . 0 5 ) .

S c o r e s  f o r  c o r r e c t n e s s  im p ro v ed  s i g n i f i c a n t l y  w i t h  

t r a i n i n g  ( F = 7 6 8 .0 ,  d f « l ,  p ^ . 0 5 )  f o r  b o t h  t h e  h a r d - o f - h e a r i n g
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and  d e a f  g r o u p s .  T h e re  w e r e ,  h o w e v e r ,  no a p p a r e n t  c h a n g e s  

i n  n a t u r a l n e s s  a s  a  r e s u l t  o f  t r a i n i n g .  T h i s  i m p l i e s  t h a t  

t r a i n i n g  c a n  be  e f f e c t i v e  i n  i m p r o v i n g  p e r f o r m a n c e  on a  

s p e c i f i c  f e a t u r e ,  b u t  n o t  n e c e s s a r i l y  on  more g l o b a l  c h a r ­

a c t e r i s t i c s .  I t  w ould  seem, h o w e v e r ,  t h a t  more e x t e n s i v e  

t r a i n i n g  o r  t r a i n i n g  g e a r e d  s p e c i f i c a l l y  to w a rd s  im p r o v in g  

n a t u r a l n e s s  may b e  n e c e s s a r y  t o  i n c o r p o r a t e  n a t u r a l n e s s  i n t o  

t h e  way t h e  f e a t u r e  i s  p r o d u c e d .  When S t r a t t o n  (1 9 7 4 )  u s e d  

a  t a c t i l e  d e v i c e  f o r  t r a i n i n g  i n t o n a t i o n ,  he  t o o  f o u n d  no 

n o t i c e a b l e  d i f f e r e n c e  i n  t h e  q u a l i t y  o f  h i s  s u b j e c t s '  s p e e c h ,  

e v e n  th o u g h  he  fo u n d  im provem en t  i n  p r o d u c t i o n  o f  p i t c h  c o n ­

t o u r s  a f t e r  t r a i n i n g .

The i t e m s  t e s t i n g  r i s i n g  i n t o n a t i o n  i n  q u e s t i o n  fo rm s  

were  s e ld o m  p r o d u c e d  c o r r e c t l y .  The v e r y  low s c o r e s  on 

p r o d u c t i o n  do n o t  a g r e e  w i t h  t h e  f a i r l y  good s c o r e s  on r e ­

c e p t i o n  o f  t h i s  f e a t u r e  ( s e e  C h a p t e r  IV, pag e  130 ; .  A l t h o u g h  

t h e  r e c e p t i o n  t e s t  was a  c l o s e d  s e t  p a r a d i g m  which  made t h e  

c h a n c e s  o f  a  c o r r e c t  r e s p o n s e  b e t t e r  t h a n  i n  a n  o p e n - e n d e d  

t e s t ,  i t  s h o u l d  be  n o t e d  t h a t  t h e  a c o u s t i c  c u e s  f o r  one 

r e s p o n s e  f o i l ,  t h a t  o f  l a t e  s t r e s s ,  a r e  v e r y  s i m i l a r  t o  

t h o s e  f o r  a n o t h e r  r e s p o n s e  f o i l ,  r i s i n g  i n t o n a t i o n  a s  i n  

q u e s t i o n s ,  and  y e t  many c h i l d r e n  were a b l e  t o  make t h e  d i f ­

f e r e n t i a t i o n  b e t w e e n  t h e  two f e a t u r e s .  T h i s  means t h a t  i n  

many c a s e s  t h e  c h i l d  i s  a b l e  t o  d i s t i n g u i s h  b e tw e e n  r i s i n g  

an d  f a l l i n g  i n t o n a t i o n  i n  r e c e p t i o n  and  y e t  c a n n o t  p r o d u c e  

s u c h  a  d i s t i n c t i o n .  I n  a d d i t i o n ,  d u r i n g  t h e  c o u r s e  o f  

t e s t i n g  a n d  t a l k i n g  w i t h  t h e  c h i l d r e n ,  i t  became a p p a r e n t
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t h a t  some o f  them w ere  u s i n g  r i s i n g  i n t o n a t i o n  q u e s t i o n s  i n  

t h e i r  e v e r y  day  s p e e c h .  U t t e r a n c e s  s u c h  a s  "Now?" t o  i n d i ­

c a t e  " S h a l l  I  r e a d  i t  now?" an d  "Come home?" m e a n in g  "Are 

y o u  g o i n g  t o  come home w i th  me?" were  p r o d u c e d  b y  two o f  

t h e  c h i l d r e n .  These  v e r y  same c h i l d r e n  w ere  n o t  a b l e  t o  

p r o d u c e  t h e  f e a t u r e  when i t  a p p e a r e d  on  t h e  t e s t ,  e v e n  a f t e r  

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

t r a i n i n g  an d  t e s t  m a t e r i a l s  may n o t  b e  m e a n i n g f u l  enough 

f o r  t h i s  p o p u l a t i o n .

A n o t h e r  p r o b le m  w i t h  t h e  t e s t  m a t e r i a l s  p e r t a i n s  t o  

t h e  t w o - s y l l a b l e  i t e m s  on t h e  P r o s o d i c  F e a t u r e  P r o d u c t i o n  

T e s t  I .  Whereas  l o n g e r  u t t e r a n c e s  u s u a l l y  c r e a t e  more d i f ­

f i c u l t y  f o r  t h e  d e a f  c h i l d  i n  p r o d u c t i o n  (Hood, 1 9 6 6 ) ,  t h e  

p r e s e n t  f i n d i n g s  showed p o o r  p r o d u c t i o n  on t h e  s h o r t e r  

i t e m s .  T h i s  l a t t e r  o b s e r v a t i o n  may be  r e l a t e d  t o  t h e  a r t i ­

f i c i a l i t y  o f  d i f f e r e n t i a t i o n  o f  p l a c e  o f  s t r e s s  i n  tw o -  

s y l l a b l e  p h r a s e s  s i n c e  t h e r e  i s  a  g r e a t e r  c h a n c e  o f  c o n ­

f u s i n g  l o c a t i o n  o f  s t r e s s  i n  a  t w o - s y l l a b l e  i t e m  w h ere  i t  

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

l a b l e  f rom  t h e  n o r m a l l y  i n c r e a s e d  d u r a t i o n  o f  t h e  f i n a l  s y l ­

l a b l e s .  I n  l o n g e r  u t t e r a n c e s  t h e r e  i s  more o p p o r t u n i t y  t o  

d i f f e r e n t i a t e  t h e s e  f e a t u r e s  b e c a u s e  o f  t h e  i n t e r v e n i n g  s y l ­

l a b l e s .

The s e q u e n t i a l  q u e s t i o n  an d  a n s w e r  s e r i e s  u s e d  i n  

P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I  r e p r e s e n t s  a n  a t t e m p t  

a t  d e v i s i n g  a  more n a t u r a l  t e s t  o f  p r o s o d i c  f e a t u r e  p r o d u c ­

t i o n .  I n  t h i s  t e s t ,  e a c h  o f  t h r e e  g r o u p s  o f  q u e s t i o n s  and
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a n s w e r s  b e g a n  w i t h  a  q u e s t i o n  w h ich  was a n s w e re d  b y  t h e  s e ­

cond  u t t e r a n c e  i n  t h e  g r o u p .  I f  t h e  s e n t e n c e  was r e a d  

p r o p e r l y  a s  a n  a n s w e r  t o  t h e  q u e s t i o n ,  s t r e s s  had t o  f a l l  

on  a  s p e c i f i c  s y l l a b l e .  I n  t h i s  way s p e c i f i c  f e a t u r e s  were 

t e s t e d  a s  t h e y  m ig h t  be  c a l l e d  f o r  i n  n o r m a l  c o n v e r s a t i o n a l  

s p e e c h .  I n  t h e  f u t u r e ,  c h i l d r e n  m ust  b e  g i v e n  c o n t e x t u a l  

m a t e r i a l s  w i t h  w h ich  t h e y  c a n  f a m i l i a r i z e  t h e m s e l v e s  b e f o r e  

b e i n g  a s k e d  t o  r e a d  t e s t  u t t e r a n c e s .  I f  t h e  m a t e r i a l s  a r e  

p r o p e r l y  d e s i g n e d ,  s p e c i a l  f e a t u r e s  would be  r e q u i r e d  f o r  

a p p r o p r i a t e  r e a d i n g .

P r i o r  k n o w ledge  o f  r a t e r s

I n  c h o o s i n g  l i s t e n e r s  t o  e v a l u a t e  t h e  c h i l d r e n ' s  p e r ­

f o rm a n ce  on t e s t s  o f  p r o s o d i c  f e a t u r e  p r o d u c t i o n  i t  i s  

n e c e s s a r y  t o  d e c i d e  w h e t h e r  t h e s e  l i s t e n e r s  s h o u l d  h av e  

p r i o r  k now ledge  o f  w h ich  f e a t u r e  i s  i n t e n d e d  f o r  e a c h  t e s t  

i t e m .  The d i s a d v a n t a g e  o f  p r i o r  k n o w led g e  i s  t h a t  t h e  l i s ­

t e n e r  may b e  u n d u l y  i n f l u e n c e d  b y  w h a t  i s  e x p e c t e d .  The 

a d v a n t a g e  i s  t h a t  t h e  l i s t e n e r  c a n  a t t e n d  t o  t h e  t a r g e t  

f e a t u r e  w i t h o u t  b e i n g  c o n f u s e d  b y  o t h e r  f e a t u r e s  w h ich  may 

be  p r o d u c e d  s i m u l t a n e o u s l y .  I n  a d d i t i o n ,  i f  t h e  l i s t e n e r  

i s  t o l d  i n  a d v a n c e  w h ich  p r o s o d i c  f e a t u r e  i s  i n t e n d e d ,  t h e r e  

i s  no n ee d  t o  r a n d o m iz e  t a p e  r e c o r d i n g s .  I t  w ould  seem t h a t  

f o r  p r a c t i c a l  r e a s o n s  i t  would  be  b e t t e r  t o  u s e  l i s t e n e r s  

w i t h  a  p r i o r i  k n o w led g e  o f  t h e  t e s t  m a t e r i a l s .  Y e t ,  i n  

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

h a v i n g  no a  p r i o r i  kn o w led g e  two s e t s  o f  l i s t e n e r s  were
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u se d  f o r  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I  ( s e e  C h a p t e r  I I I ) *  

The r e s u l t s  o f  t h e  c o m p a r i s o n  showed t h a t  t h e r e  were 

l a r g e  d i f f e r e n c e s  i n  s c o r e s  g i v e n  b y  t h e  two g r o u p s  o f  l i s ­

t e n e r s  f o r  some o f  t h e  f e a t u r e s  p ro d u c e d  by  t h e  d e a f  c h i l d ­

r e n .  The l i s t e n e r s  w i t h  a  p r i o r i  knowledge  o f  t h e  i n t e n d e d  

f e a t u r e s *  g av e  s c o r e s  f o r  t h e s e  f e a t u r e s  a s  much a s  e i g h t e e n  

p e r c e n t a g e  p o i n t s  h i g h e r  t h a n  t h e  u n in fo r m e d  l i s t e n e r s .  

However,  t h e  p a t t e r n  o f  c o n f u s i o n s  r e v e a l e d  t h a t  t h e  g ro u p  

w i t h  no p r i o r  know ledge  had a  g r e a t e r  t e n d e n c y  t o  r a t e  t h e  

b a d l y  p ro d u c e d  u t t e r a n c e s  a s  u n i n t e l l i g i b l e ,  t h e r e b y  r e d u c ­

i n g  t h e  t o t a l  number  o f  c o r r e c t  i t e m s  i n  t h e  g r o u p .  As a  

r e s u l t ,  i t  a p p e a r s  t h a t  i n f o r m a t i o n  a s  t o  what  c o n f u s i o n s  

a r e  b e i n g  made i s  l o s t  due t o  t h e  l a r g e  number o f  u n i n t e l ­

l i g i b l e  r a t i n g s .  Thus ,  a p a r t  f rom  t h e  p r a c t i c a l  a d v a n t a g e s  

o f  u s i n g  a  g r o u p  o f  p r a c t i c e d  l i s t e n e r s ,  t h e r e  i s  a d d i t i o n a l  

i n f o r m a t i o n  t o  be g a i n e d  f rom  u s i n g  l i s t e n e r s  who know i n  

a d v a n c e  t h e  f e a t u r e  t h e  c h i l d  i s  a t t e m p t i n g  t o  p r o d u c e .

P r o s o d i c  R e c e p t i o n  

T h e re  were  no s i g n i f i c a n t  d i f f e r e n c e s  i n  p e r fo r m a n c e  

f o r  t h e  h a r d - o f - h e a r i n g  and  d e a f  g r o u p s  on t h e  P r o s o d i c  

F e a t u r e  R e c e p t i o n  T e s t  I .  Both  g r o u p s  o f  c h i l d r e n  d i d  b e s t  

on r e c o g n i t i o n  o f  p a u s e  and w o r s t  on i t e m s  t e s t i n g  

8 t r e s s .  S c o r e s  on r i s i n g  i n t o n a t i o n  f o r  q u e s t i o n  and on 

e a r l y  s t r e s s  w e re  v e r y  s i m i l a r  w i t h i n  each  t e s t  g r o u p .  The 

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

same f o r  t h e  h a r d - o f - h e a r i n g  and  d e a f  g r o u p s .
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L a t e  s t r e s s  i n  t w o - s y l l a b l e  u t t e r a n c e s  was t h e  m ost  

d i f f i c u l t  i t e m  f o r  t h e  d e a f  g r o u p .  The h a r d - o f - h e a r i n g  

c h i l d r e n  d i d  much b e t t e r  on t h i s  i t e m .  L e v i t t  e t  a l .  (1975)  

an d  McGarr ( 1 9 7 6 ) ,  who r e p o r t e d  g r e a t  d i f f i c u l t y  on t h e  p a r t  

o f  t h e i r  d e a f  s u b j e c t s  on t h i s  t e s t  i t e m ,  n o t e d  t h a t  a  com­

mon c o n f u s i o n  was t h a t  o f  q u e s t i o n  i n t o n a t i o n .  They e x ­

p l a i n e d  t h a t  s i m i l a r i t i e s  i n  d u r a t i o n a l  and  p i t c h  c h a n g e s  

m i g h t  a c c o u n t  f o r  t h i s  k i n d  o f  c o n f u s i o n .  The m a i n s t r e a m e d  

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

a s  t h e y  r e p o r t e d  t h e  i n t e n d e d  l a t e  s t r e s s .  However ,  e a r l y  

s t r e s s  was r e p o r t e d  m os t  o f t e n .  I t  was a l s o  t h e  m o s t  com­

mon c o n f u s i o n  w h e n e v e r  l a t e  s t r e s s  was p r o d u c e d .  The s u b ­

j e c t s  seemed t o  h a v e  r e c o g n i z e d  t h e  p r e s e n c e  o f  s t r e s s  i n  

t h e  t w o - s y l l a b l e  i t e m s  b u t  c o u l d  n o t  l o c a t e  i t  c o r r e c t l y .

I f  t h e  c h i l d r e n  c o n f u s e d  q u e s t i o n  w i t h  l a t e  s t r e s s  b e c a u s e  

o f  s i m i l a r  a c o u s t i c  c u e s ,  why w ere  t h e y  s o  much more s u c ­

c e s s f u l  a t  i d e n t i f y i n g  q u e s t i o n ?  Were t h e y  a b l e  t o  d e t e c t  

t h e  a d d i t i o n a l  cu e  o f  c h a n g i n g  p i t c h  a n d ,  i f  s o ,  why d i d  

t h e y  h a v e  so  much t r o u b l e  p r o d u c i n g  q u e s t i o n  i n t o n a t i o n ?  

Th e se  q u e s t i o n s  need  t o  be  a n s w e r e d  i n  o r d e r  t o  g a i n  f u r ­

t h e r  u n d e r s t a n d i n g  o f  how t h e  h e a r i n g  i m p a i r e d  c h i l d  i s  

h a n d l i n g  p r o s o d i c  c u e s .

A n o t h e r  u n e x p l a i n e d  r e s u l t  was t h a t  when e a r l y  s t r e s s  

was t h e  t a r g e t  f e a t u r e  i n  tw o -  and  t h r e e - s y l l a b l e  i t e m s ,  

t h e  c h i l d r e n  f r e q u e n t l y  r e p o r t e d  h e a r i n g  e a r l y  p a u s e .  S i n c e  

i t  i s  n o t  u n n a t u r a l  f o r  a  s p e a k e r  t o  p a u s e  a f t e r  a  s t r e s s e d  

word ,  t h i s  may h a v e  b e e n  t h e  c u e  t h a t  t h e  s u b j e c t s  r e s p o n d e d
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t o .  S c o r e s  o b t a i n e d  f o r  t h e  p r e s e n t  p o p u l a t i o n  f o r  e a r l y  

s t r e s s  a r e  c o n s i d e r a b l y  l o w e r  t h a n  t h o s e  r e p o r t e d  b y  McGarr 

(1976)  f o r  c h i l d r e n  a t  s c h o o l s  f o r  t h e  d e a f .  One i n t e r ­

p r e t a t i o n  o f  t h e  d i f f e r e n c e s  i s  t h a t  t h e  s u b j e c t s  i n  t h e  

p r e s e n t  s t u d y  w ere  more aw are  o f  t h e  a c o u s t i c  c u e s  a v a i l a b l e  

t o  them t h a n  were  t h e  s u b j e c t s  r e p o r t e d  on  by  McGarr ,  and 

t h a t  a l t h o u g h  t h e  f o r m e r  g r o u p  o f  c h i l d r e n  p o s s e s s e d  more 

o f  t h e  a v a i l a b l e  a c o u s t i c  c u e s ,  t h e i r  s c o r e s  were  a c t u a l l y  

l o w e r  b e c a u s e  o f  a  h i g h  r a t e  o f  c o n f u s i o n  b e tw e e n  t h e  t a r g e t  

a n d  a  f o i l  w i t h  v e r y  s i m i l a r  a c o u s t i c  p r o p e r t i e s .

One o f  t h e  p u r p o s e s  o f  P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t  

I I  was t o  d e t e r m i n e  t h e  e f f e c t s  o f  t h e  l o c a t i o n  o f  t h e  t a r ­

g e t  f e a t u r e  on  t h e  c h i l d ' s  r e c e p t i o n  o f  s t r e s s .  The t e s t  

r e s u l t s  showed t h a t  p e r f o r m a n c e  was b e s t  when s t r e s s  was 

e a r l y ,  r a t h e r  t h a n  m i d d l e  o r  l a t e  i n  t h e  u t t e r a n c e ,  a l t h o u g h  

t h e  d i f f e r e n c e s  d i d  n o t  r e a c h  a  l e v e l  o f  s t a t i s t i c a l  s i g n i ­

f i c a n c e .  T h i s  f i n d i n g  i s  somewhat c o n t r a r y  t o  t h o s e  o f  

P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t  I ,  w here  r e c e p t i o n  o f  l a t e  

s t r e s s  was b e t t e r  on t h e  a v e r a g e  t h a n  r e c e p t i o n  o f  e a r l y  

s t r e s s .  The d i f f e r e n c e  l i e s  i n  p e r f o r m a n c e  on i t e m s  t e s t i n g  

e a r l y  s t r e s s ,  s i n c e  t h e  p r o p o r t i o n  c o r r e c t  f o r  i t e m s  t e s t i n g  

l a t e  s t r e s s  was s i m i l a r  f o r  b o t h  t e s t s .  A p o s s i b l e  e x p l a n a ­

t i o n  f o r  t h e  d i f f e r e n c e s  i n  f i n d i n g s  may p e r t a i n  t o  t h e  

k i n d s  o f  f o i l s  u s e d  i n  t h e  two t e s t s .  F o r  P r o s o d i c  F e a t u r e  

R e c e p t i o n  T e s t  I I  t h e  c h o i c e  was b a s e d  s o l e l y  on l o c a t i o n  

o f  s t r e s s ,  w h e r e a s  i n  P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t  I  

t h e r e  w ere  a l s o  c h o i c e s  f e a t u r i n g  p a u s e  a s  t h e  t a r g e t .
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S i n c e  e a r l y  p a u s e  was f r e q u e n t l y  c o n f u s e d  w i t h  e a r l y  s t r e s s ,  

a s  e x p l a i n e d  a b o v e ,  t h e  number o f  t i m e s  e a r l y  s t r e s s  was 

c o r r e c t l y  i d e n t i f i e d  was s i g n i f i c a n t l y  r e d u c e d .  Thus ,  a t  

t h i s  p o i n t  i t  i s  n o t  c l e a r  w h e t h e r  t h e r e  i s  a n y  a d v a n t a g e  

t o  r e c o g n i t i o n  o f  one  p l a c e  o f  s t r e s s  o v e r  a n o t h e r .

A s e c o n d  o b j e c t i v e  o f  P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t  

I I  was t o  d e t e r m i n e  w h e t h e r  t h e  a d d i t i o n  o f  e x t r a  s t r e s s  

( e m p h a s i s )  on t h e  i n t e n d e d  s y l l a b l e  w ould  im prove  t h e  c h i l d ' s  

r e c e p t i o n  o f  p l a c e  o f  s t r e s s .  When a v e r a g e d  a c r o s s  a l l  t e s t  

i t e m s ,  t h e r e  were  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  

b e tw e e n  p e r f o r m a n c e  on s t r e s s  a n d  e m p h a s i s .  F o r  one t e s t  

i t e m  w h ic h  was r e a d  once  w i t h  s t r e s s  an d  once  w i t h  em p h as is  

b e c a u s e  o f  a n  e r r o r  i n  t h e  o r i g i n a l  t e s t  r e c o r d i n g ,  s c o r e s  

w ere  s i g n i f i c a n t l y  b e t t e r  when e m p h a s i s  was u s e d .  I f  t h i s  

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

f i n d i n g  s u g g e s t s  t h a t  a n y  o f  t h e  o t h e r  v a r i a b l e s  t e s t e d  may 

h a v e  i n t e r f e r e d  w i t h  t h e  c h i l d ' s  a b i l i t y  t o  d e m o n s t r a t e  t h e  

b e n e f i t  o f  e m p h a s i s  o v e r  s t r e s s .  A n o t h e r  p o s s i b l e  e x p l a n a ­

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

s t r e s s  o r  em p h as is#  Whereas  i t  may be  p o s s i b l e  t o  r e c o g ­

n i z e  t h a t  ”m o re H s t r e s s  was u s e d  f o r  one u t t e r a n c e  t h a n  

a n o t h e r ,  i t  i s  n o t  c e r t a i n  t h a t  t h e  same c u e s  w ere  b e i n g  

u s e d  i n  e a c h  c a s e .  A l s o ,  b e c a u s e  some c u e s  may b e  more 

p e r c e p t i b l e  t o  t h e  n o r m a l  l i s t e n e r  t h a n  a r e  o t h e r  c u e s ,  

t h e  same b e n e f i t  may n o t  e x i s t  f o r  t h e  h e a r i n g - i m p a i r e d  

l i s t e n e r .  I t  would  b e  b e s t  t o  t e s t  p e r c e p t i o n  o f  d e g r e e  

o f  s t r e s s  w i t h  w e l l - c o n t r o l l e d  s y n t h e s i z e d  s p e e c h  f o r  t h e
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h e a r i n g - i m p a i r e d  p o p u l a t i o n .

A c o m p a r i s o n  o f  s c o r e s  on  p l a c e  o f  s t r e s s  f o r  s t a t e ­

m en t s  and  y e s / n o  q u e s t i o n s  was a v a i l a b l e  f o r  t h r e e - s y l l a b l e  

i t e m s .  Whereas  t h e  d e a f  d i d  s i g n i f i c a n t l y  w o r se  o v e r a l l  on 

q u e s t i o n  i n t o n a t i o n  t h a n  on s t a t e m e n t s ,  t h e r e  was no s i g ­

n i f i c a n t  d i f f e r e n c e  f o r  t h e  h a r d - o f - h e a r i n g  g r o u p .  F o r  

q u e s t i o n  i n t o n a t i o n , s c o r e s  w ere  much h i g h e r  f o r  i t e m s  i n  

e a r l y  p o s i t i o n  t h a n  i n  e i t h e r  m i d d l e  o r  l a t e  p o s i t i o n .  T h i s  

i s  c o n s i s t e n t  w i t h  t h e  o v e r a l l  f i n d i n g s  f o r  r e c o g n i t i o n  o f  

p l a c e  o f  s t r e s s .

T e s t  S c o r e s  a s  a  F u n c t i o n  o f  
I n t e l l i g i b i l i t y

The s e c o n d  m a j o r  o b j e c t i v e  o f  t h i s  s t u d y  was t o  d e t e r ­

m ine  w hich  o f  t h e  s k i l l s  t e s t e d  c o r r e l a t e d  m ost  h i g h l y  w i t h  

o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y .  S i n c e  a  p r i m a r y  c o n c e r n  i n  

d e a l i n g  w i t h  t h e  d e a f  i s  t o  i n c r e a s e  t h e i r  s p e e c h  i n t e l l i ­

g i b i l i t y ,  know ing  w h ich  f a c t o r s  a r e  m o s t  c l o s e l y  r e l a t e d  t o  

i n t e l l i g i b i l i t y  i s  o f  c o n s i d e r a b l e  i m p o r t a n c e  f o r  d e v e l o p ­

i n g  e f f e c t i v e  s p e e c h  im provem en t  p r o g r a m s .  The v a r i a b l e s  

c o r r e l a t i n g  m ost  h i g h l y  w i t h  i n t e l l i g i b i l i t y  i n  t h i s  s t u d y  

w ere  fo u n d  t o  be  i n t e l l i g i b i l i t y  r a t i n g s  f o r  r e a d  s p e e c h  

( r = . 9 9 ,  p < . 0 0 1 ) ,  phonem ic  p r o d u c t i o n  a b i l i t y  ( r = . 9 0 ,  p < . 0 0 1 ) ,  

s p o n t a n e o u s  s p e e c h  ( r = . 8 8 ,  p < , 0 0 1 ) ,  phoneme r e c e p t i o n  a b i ­

l i t y  ( r s . 8 5 ,  p < .0 0 1 )  and  n a t u r a l n e s s  o f  s u p r a s e g m e n t a l  p r o ­

d u c t i o n  ( r * . ? 2 ,  p ^ . 0 0 1 ) .  As e x p e c t e d ,  t h e  t e s t  s c o r e s  c o r ­

r e l a t i n g  h i g h l y  w i t h  s p e e c h  i n t e l l i g i b i l i t y  d e a l  p r i m a r i l y  

w i t h  s p e e c h  p r o d u c t i o n  s k i l l s .  I t  i s  s i g n i f i c a n t  t o  n o t e
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t h a t  t h e  Phoneme R e c e p t i o n  T e s t  i s  a l s o  h i g h l y  c o r r e l a t e d  

w i t h  s p e e c h  i n t e l l i g i b i l i t y  a n d  t h a t  t h i s  i s  t h e  o n l y  t e s t  

i n  t h e  a b o v e - m e n t i o n e d  g r o u p  t h a t  d i d  n o t  m e a s u re  some a s ­

p e c t  o f  s p e e c h  p r o d u c t i o n .

Phonemic R e c e p t i o n

I n  h e r  s t u d y  o f  a  g r o u p  o f  f o r t y  d e a f  s u b j e c t s  i n  a  

s c h o o l  f o r  t h e  d e a f ,  S m i th  (1972)  showed t h a t  p e r f o r m a n c e  

on h e r  Phoneme R e c e p t i o n  T e s t  c o r r e l a t e d  h i g h l y  w i t h  o v e r ­

a l l  s p e e c h  i n t e l l i g i b i l i t y .  I n  t h e  p r e s e n t  s t u d y ,  w here  

t h e  t e s t  was u s e d  f o r  b o t h  h a r d - o f - h e a r i n g  a n d  d e a f  s u b ­

j e c t s  e d u c a t e d  i n  t h e  p u b l i c  s c h o o l s ,  a  s i m i l a r l y  h i g h  c o r ­

r e l a t i o n  ( r = .8 5 »  p < .0 0 1 )  was f o u n d .  Of p a r t i c u l a r  i n t e r e s t  

i s  t h e  f a c t  t h a t  i n  b o t h  s t u d i e s  p e r f o r m a n c e  on  t h i s  Pho­

neme R e c e p t i o n  T e s t  was a  b e t t e r  p r e d i c t o r  o f  s p e e c h  i n ­

t e l l i g i b i l i t y  t h a n  a u d i o g r a m - b a s e d  m e a s u r e s .  The c o r r e l a ­

t i o n  b e t w e e n  t h e  p u r e  t o n e  a v e r a g e  an d  i n t e l l i g i b i l i t y  was 

- • 5 ^ «  F o u r t e e n  c h i l d r e n  w i t h  p u r e  t o n e  a v e r a g e s  b e tw e e n  

80 an d  93 dB HTL h a d  i n t e l l i g i b i l i t y  s c o r e s  b e t w e e n  8 and 

9 2 # .  T h i s  shows how p o o r  t h e  t h r e e  - f r e q u e n c y  p u r e  t o n e  

a v e r a g e  i s  i n  p r e d i c t i n g  s p e e c h  i n t e l l i g i b i l i t y .  The h i g h  

c o r r e l a t i o n  b e tw e e n  phoneme r e c e p t i o n  s c o r e s  an d  s p e e c h  i n ­

t e l l i g i b i l i t y  i m p l i e s  t h a t  a b i l i t y  t o  p r o c e s s  s p e e c h  c u es  

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

F o r  t h e  s u b j e c t s  o f  t h e  p r e s e n t  s t u d y  t h e r e  were  h i g h  

c o r r e l a t i o n s  b e tw e e n  a l l  s u b p o r t i o n s  o f  t h e  t e s t  an d  o v e r ­

a l l  s p e e c h  i n t e l l i g i b i l i t y .  As w i t h  S m i t h ' s  s u b j e c t s ,  r e ­
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c o g n i t i o n  o f  v o i c i n g  and  vowel  c o n t r a s t s  were  m os t  h i g h l y  

c o r r e l a t e d  w i t h  i n t e l l i g i b i l i t y .  I n  a d d i t i o n ,  f o r  t h e  

c h i l d r e n  a t  r e g u l a r  s c h o o l s ,  t h e r e  was a  h i g h  c o r r e l a t i o n  f o r  

p e r f o r m a n c e  on p l a c e  c o n t r a s t s  and  i n t e l l i g i b i l i t y ,  a  f a c t  

n o t  fo u n d  by  S m i t h .  T h i s  may be  b e c a u s e  o f  t h e  c o m p a r a t i v e ­

l y  h i g h  s c o r e s  o b t a i n e d  b y  h e r  s u b j e c t s  on p l a c e  c o n t r a s t s .

P e r f o r m a n c e  on t h e  Phoneme R e c e p t i o n  T e s t  a l s o  showed 

a  f a i r l y  h i g h  c o r r e l a t i o n  w i t h  p e r f o r m a n c e  on t h e  P r o s o d i c  

F e a t u r e  R e c e p t i o n  T e s t s  ( r a . 4 7 ,  p < .0 0 5 )  and  w i t h  n a t u r a l ­

n e s s  o f  p r o d u c t i o n  o f  s u p r a s e g m e n t a l s  on t h e  P r o s o d i c  F e a ­

t u r e  P r o d u c t i o n  T e s t  I I  ( r * . 5 8 ,  p < . 0 0 1 ) .  P e r f o r m a n c e  on 

t h e  p r o s o d i c  r e c e p t i o n  t e s t s  c o r r e l a t e d  f a i r l y  h i g h l y  w i t h  

n a t u r a l n e s s  ( r = . 4 2 ,  p < . 0 0 1 ;  r » . 5 0 ,  p < .0 0 5 ;  f o r  P r o s o d i c  

F e a t u r e  R e c e p t i o n  T e s t s  I  an d  I I ,  r e s p e c t i v e l y ) .  Thus ,  i t  

seems t h a t  t h o s e  c h i l d r e n  who a r e  a b l e  t o  p r o c e s s  phonem ic  

i n f o r m a t i o n  a u d i t o r i a l l y  a r e  a l s o  r e a s o n a b l y  good a t  p r o ­

c e s s i n g  p r o s o d i c  i n f o r m a t i o n  and b o t h  o f  t h e s e  s k i l l s  a r e  

r e f l e c t e d  i n  im proved  s p e e c h  p r o d u c t i o n .

Phonemic P r o d u c t i o n

A c o r r e l a t i o n  o f  . 9 0  ( p < .0 0 1 )  was fo u n d  f o r  t h e  number 

o f  phonemes p r o d u c e d  c o r r e c t l y  a n d  o v e r a l l  s p e e c h  i n t e l l i g i ­

b i l i t y .  T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  B rannon  

( 1 9 6 4 ) ,  Montgomery ( 19 67 ) ,  M a rk id e s  (1970)  and  Sm i th  ( 1 9 7 2 ) ,  

who r e p o r t e d  c o r r e l a t i o n s  o f  . 7 9 .  *80,  . 8 7  a n a  . 8 0 ,  r e s p e c ­

t i v e l y .  H u d g in s  an d  Numbers (1942)  an d  S m i th  fo u n d  vowel

e r r o r s  t o  c o r r e l a t e  w i t h  i n t e l l i g i b i l i t y  a t  a  r a t e  o f  - . 6 1  

a n d  - . 7 5 »  r e s p e c t i v e l y  a n d  c o n s o n a n t  e r r o r s  t o  c o r r e l a t e
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a t  a  r a t e  o f  - . 7 0  (H udg ins  and  N u m b ers ) .  The p r e s e n t  f i n d ­

i n g s  l e a n  to w ard  s l i g h t l y  h i g h e r  c o r r e l a t i o n s ,  . 7 8  f o r  

v o w e ls  and  .80  f o r  c o n s o n a n t s .

The e r r o r  t y p e  w hich  c o r r e l a t e d  m os t  h i g h l y  w i t h  i n ­

t e l l i g i b i l i t y  was o m i s s i o n  o f  t h e  i n t e n d e d  phoneme ( r = - . 8 8 ,  

p < . 0 0 1 ) .  V ow el-vow el  s u b s t i t u t i o n s  an d  c o n s o n a n t - c o n s o n a n t  

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

i n c r e a s e d  ( r * - . 7 3 »  - . 7 8 ,  r e s p e c t i v e l y ) .

A word o f  c a u t i o n  i s  i m p o r t a n t  when i n t e r p r e t i n g  t h e  

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

t e l l i g i b i l i t y .  F o r  ex am p le ,  t h e  h i g h  c o r r e l a t i o n  b e tw e e n  

t h e  number  o f  o m i s s i o n s  an d  t h e  d e c r e a s e  i n  s p e e c h  i n t e l l i ­

g i b i l i t y  i s  n o t  s u f f i c i e n t  e v i d e n c e  t h a t  c o r r e c t i o n  o f  t h e  

o m i s s i o n  e r r o r s  w ould  s i g n i f i c a n t l y  im p ro v e  u n d e r s t a n d i b i -  

l i t y .  T h e re  may be  i n t e r r e l a t i o n s h i p s  b e t w e e n  d i f f e r e n t  

e r r o r  t y p e s  w hich  a r e  n o t  a p p a r e n t  on t h e  s u r f a c e  b u t  w h ich  

h e l p  t o  e x p l a i n  why c e r t a i n  e r r o r s  d e t r a c t  more t h a n  o t h e r s  

f rom  i n t e l l i g i b i l i t y .  C e r t a i n  o m i s s i o n  e r r o r s  a r e  common 

i n  n o r m a l  s p e e c h .  I t  i s  n o t  n e c e s s a r i l y  t r u e  t h a t  i n s e r ­

t i o n  o f  t h e s e  o m i t t e d  phonemes would c o n t r i b u t e  much t o  

i m p r o v i n g  i n t e l l i g i b i l i t y .  T r e a t m e n t  o f  a l l  e r r o r  t y p e s  

w i t h  m u l t i p l e - l i n e a r  r e g r e s s i o n  would  s e r v e  t o  i d e n t i f y  

t h o s e  f a c t o r s  w h ic h ,w h e n  t r u l y  i s o l a t e d , c o n t r i b u t e  m ost  t o  

i n t e l l i g i b i l i t y .

P r o s o d i c  P r o d u c t i o n

P e r f o r m a n c e  on s p e c i a l l y  d e s i g n e d  t e s t s  o f  p r o s o d i c
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f e a t u r e  p r o d u c t i o n  showed r a t h e r  low c o r r e l a t i o n s  b e tw e e n  

o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y  and  t h e  a b i l i t y  t o  p r o d u c e  

s t r e s s ,  p a u s e  a n d  q u e s t i o n  i n t o n a t i o n .  F o r  P r o s o d i c  F e a t u r e  

P r o d u c t i o n  T e s t  I ,  w here  t h e  c o r 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  

was - . 3 ^  ( p < . 0 5 ) , t h o s e  c h i l d r e n  w i t h  t h e  b e s t  p r o s o d i c  p r o ­

d u c t i o n  s c o r e s  a l s o  had  good i n t e l l i g i b i l i t y ,  w h i l e  n o t  a l l  

t h o s e  w i t h  good i n t e l l i g i b i l i t y  s c o r e d  h i g h  on t h e  t e s t .

T h i s  may be  r e l a t e d  t o  p r e v i o u s  f i n d i n g s  t h a t  r h y t h m i c  

s p e e c h  g e n e r a l l y  h a s  b e t t e r  t h a n  a v e r a g e  i n t e l l i g i b i l i t y  

i f  a r t i c u l a t o r y  s k i l l s  a r e  n o t  e x c e p t i o n a l l y  p o o r  ( V o e l k e r ,  

1938;  H u d g in s  an d  Numbers,  19^2 ;  J o h n  an d  H o w ar th ,  1965 ) .  

P r o p e r  u s e  o f  s t r e s s  and  p a u s e  i n  a n  u t t e r a n c e  s h o u l d  c r e ­

a t e  b e t t e r  r h y th m  i n  a  s e n t e n c e .  T h u s ,  t h e  c h i l d r e n  who 

p e r f o r m e d  w e l l  on  t h e  t e s t  s h o u l d  a l s o  be  more i n t e l l i g i b l e .  

Those  c h i l d r e n  who had f a i r l y  good p r o s o d y  s c o r e s  b u t  v e r y  

p o o r  i n t e l l i g i b i l i t y  a l s o  had  p o o r  a r t i c u l a t o r y  s k i l l s .

The d a t a  s u g g e s t s  t h a t  i f  a r t i c u l a t o r y  s k i l l s  a r e  v e r y  low ,  

e v e n  good p r o s o d i c  s k i l l s  c a n n o t  p r o d u c e  good i n t e l l i g i b i ­

l i t y .

The p r e s e n c e  o f  a  g r o u p  o f  c h i l d r e n  w i t h  v e r y  good 

i n t e l l i g i b i l i t y  and  r a t h e r  p o o r  p r o s o d y  s c o r e s  r a i s e s  a  

q u e s t i o n  a b o u t  t h e  v a l i d i t y  o f  t h e  t e s t .  A c l o s e r  l o o k  a t  

t h e  p e r f o r m a n c e  o f  t h e s e  s u b j e c t s  shows t h a t  t h e y  had v e r y  

low s c o r e s  on t h e  p r o d u c t i o n  o f  s t r e s s  i t e m s .  Most o f  

t h e s e  c h i l d r e n  w ere  h a r d - o f - h e a r i n g  an d  l i k e  t h e  h a r d - o f -  

h e a r i n g  g r o u p  a s  a  whole  t h e y  had l o w e r  mean s c o r e s  t h a n  

t h e  d e a f  g ro u p  f o r  s t r e s s  i t e m s .  A n a l y s i s  o f  t h e i r  p r o -
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d u c t i o n  a s  d e s c r i b e d  a b o v e ,  showed t h a t  t h e  d e a f  g r o u p  was 

o f t e n  e x a g g e r a t i n g  t h e  i n t e n d e d  f e a t u r e  and  w ere  s c o r e d  c o r ­

r e c t *  The h a r d - o f - h e a r i n g  c h i l d r e n  r e a d  t h e  u t t e r a n c e  more 

n a t u r a l l y  b u t  p l a c e d  s t r e s s  w here  t h e y  f e l t  i t  s h o u l d  f a l l  

and  were  ju d g e d  i n c o r r e c t .  A s ec o n d  s c o r e  on n a t u r a l n e s s  

o f  p r o d u c t i o n  was d e r i v e d .  When t h i s  s c o r e  was compared  

w i t h  o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y  i t  s t i l l  showed a  r a ­

t h e r  low  c o r r e l a t i o n .  T h i s  may be  b e c a u s e  n o t  a l l  t e s t  

i t e m s  w ere  r a t e d  f o r  n a t u r a l n e s s  and  b e c a u s e  d i f f e r e n t  r a ­

t e r s  d e t e r m i n e d  c o r r e c t n e s s  and n a t u r a l n e s s .

F o r  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I ,  t h e  same two 

l i s t e n e r s  r a t e d  t h e  n i n e  t e s t  i t e m s  on c o r r e c t n e s s  and n a ­

t u r a l n e s s .  A l th o u g h  t h e  c o r r e l a t i o n  b e t w e e n  i t e m s  c o r r e c t  

and i n t e l l i g i b i l i t y  was e x t r e m e l y  low,  n a t u r a l n e s s  r a t i n g s  

c o r r e l a t e d  h i g h l y  w i t h  i n t e l l i g i b i l i t y  ( r = . 7 2 ,  p < . 0 0 1 ) .

T h i s  i s  r a t h e r  e n c o u r a g i n g  s i n c e  t h e r e  i s  a  need  f o r  a  

m ea su re  which  c a n  b r i n g  s u p r s e g m e n t a l  p e r f o r m a n c e  i n  l i n e  

w i t h  i n t e l l i g i b i l i t y .  The u s e  o f  a  two a l t e r n a t i v e  n a t u r a l /  

u n n a t u r a l  d e c i s i o n  had i t s  d r a w b a c k s .  A f i v e  p o i n t  s y s t e m  

would be  f a r  more a c c u r a t e  i n  a s s e s s i n g  a c t u a l  p r o d u c t i o n .  

Such a  s y s t e m  s h o u l d  be d e v i s e d  and a p p l i e d  t o  s p o n t a n e o u s  

s p e e c h  a s  w e l l  a s  r e a d  m a t e r i a l s .  T h i s  c o u p l e d  w i t h  a r t i ­

c u l a t o r y  s c o r e s  m i g h t  y i e l d  a  b e t t e r  p r e d i c t o r  o f  o v e r a l l  

s p e e c h  i n t e l l i g i b i l i t y .

P r o s o d i c  R e c e p t i o n

W hereas  p e r f o r m a n c e  on  t h e  Phoneme R e c e p t i o n  T e s t
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was a  v e r y  good p r e d i c t o r  o f  o v e r a l l  s p e e c h  i n t e l l i g i b i l i t y ,  

t h e  same was n o t  t r u e  f o r  r e c e p t i o n  o f  p r o s o d i c  f e a t u r e s  a s  

t e s t e d .  The c o r r e l a t i o n  b e t w e e n  s c o r e s  on  P r o s o d i c  F e a t u r e  

R e c e p t i o n  T e s t  I  an d  i n t e l l i g i b i l i t y  was .3 9  ( p < , 0 1 ) .  T h e re  

w ere  a  number o f  c h i l d r e n  whose i n t e l l i g i b i l i t y  was above  

a v e r a g e  b u t  who had u n u s u a l l y  p o o r  s c o r e s  on t h i s  p r o s o d y  

r e c e p t i o n  t e s t .  T hese  c h i l d r e n  a l s o  had d i s p r o p o r t i o n a t e l y  

p o o r  s c o r e s  on b o t h  t h e  Phoneme R e c e p t i o n  T e s t  and t h e  P r o ­

s o d i c  F e a t u r e  R e c e p t i o n  T e s t  I I .  B e c a u se  p e r f o r m a n c e  on t h e  

Phoneme R e c e p t i o n  T e s t  was fo u n d ,  on t h e  a v e r a g e ,  t o  be 

c l o s e l y  r e l a t e d  t o  i n t e l l i g i b i l i t y  i n  b o t h  t h i s  and  S m i t h ’ s 

s t u d y ,  i t  would seem t h a t  t h e r e  i s  s o m e t h i n g  u n u s u a l  a b o u t  

a  s m a l l  g r o u p  o f  s u b j e c t s  who showed t h e  o p p o s i t e  e f f e c t .

One p o s s i b l e  e x p l a n a t i o n  f o r  good i n t e l l i g i b i l i t y  i n  s p i t e  

o f  p o o r  p e r f o r m a n c e  on  r e c e p t i o n  t e s t s  i s  t h a t  t h e s e  c h i l d ­

r e n  may h a v e  had  p o o r  a u d i t o r y - v i s u a l - i n t e g r a t i o n  s k i l l s .

I n  o t h e r  w o rd s ,  t h e y  may h a v e  a c t u a l l y  p e r c e i v e d  t h e  f e a ­

t u r e s  c o r r e c t l y  b u t  h a v e  had d i f f i c u l t y  a s s o c i a t i n g  t h e  

a u d i t o r y  s t i m u l u s  w i t h  t h e  v i s u a l  c o u n t e r p a r t  on t h e  p a g e .

A s e c o n d  p ro b le m  g ro u p  c o n s i s t e d  o f  t h o s e  c h i l d r e n  

who, i n  s p i t e  o f  r e a s o n a b l y  good p r o s o d i c  f e a t u r e  r e c e p t i o n  

s c o r e s ,  had  p o o r  i n t e l l i g i b i l i t y .  A l l  o f  t h e s e  c h i l d r e n  

had  v e r y  p o o r  phoneme r e c e p t i o n  s k i l l s  and phoneme p r o d u c ­

t i o n  s c o r e s  b e lo w  t h e  m ed ia n  s c o r e .  Thus ,  t h e y  may a c t u a l ­

l y  h a v e  b e e n  p e r c e i v i n g  t h e  p r o s o d i c  f e a t u r e s  b u t  w i t h o u t  

m a s t e r y  o f  phonemic  s k i l l s  c o u l d  n o t  make t h e m s e l v e s  i n ­

t e l l i g i b l e .
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The c o r r e l a t i o n  b e t w e e n  s c o r e s  on P r o s o d i c  F e a t u r e  

R e c e p t i o n  T e s t  I I  and  i n t e l l i g i b i l i t y  was somewhat h i g h e r  

t h a n  f o r  P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t  I  ( r a . 5 2 ,  p < . 0 1 ) .  

However ,  t h e  r a n g e  o f  s c o r e s  f o r  m os t  s u b j e c t s  on t h i s  

f o r m e r  t e s t  was n o t  v e r y  l a r g e  and a  number  o f  s u b j e c t s  

w i t h  s i m i l a r  s c o r e s  had i n t e l l i g i b i l i t y  s c o r e s  c o v e r i n g  a  

wide r a n g e .

I m p l i c a t i o n s

The m a j o r  p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  

w h e t h e r  t h e r e  w ere  d i f f e r e n c e s  i n  p e r f o r m a n c e  on v a r i o u s  

t e s t s  o f  s p e e c h  p r o d u c t i o n  a n d  r e c e p t i o n  a b i l i t y  b e tw e e n  

h a r d - o f - h e a r i n g  and  d e a f  s u b j e c t s .  The r e s u l t s  o f  t h e  s t u ­

dy  showed t h a t  f o r  t e s t s  o f  phonemic  r e c e p t i o n  an d  p r o d u c ­

t i o n  a b i l i t y  and f o r  i n t e l l i g i b i l i t y  s c o r e s  and r a t i n g s ,  

t h e r e  w ere  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  mean s c o r e s  

o f  t h e  h a r d - o f - h e a r i n g  and d e a f  g r o u p s .  F o r  a  number  o f  

t h e  t e s t s ,  t h e  d i f f e r e n c e s  b e t w e e n  t h e  mean s c o r e s  f o r  t h e  

two g r o u p s  w ere  r a t h e r  l a r g e .  The mean i n t e l l i g i b i l i t y  

s c o r e  f o r  t h e  h a r d - o f - h e a r i n g  g ro u p  was 30 p e r c e n t a g e  p o i n t s  

h i g h e r  t h a n  f o r  t h e  d e a f  g r o u p  and  t h e  mean s c o r e  f o r  t h e  

h a r d - o f - h e a r i n g  g r o u p  on t h e  Phoneme R e c e p t i o n  T e s t  was 23 

p e r c e n t a g e  p o i n t s  h i g h e r  t h a n  f o r  t h e  d e a f  g r o u p .  However ,  

i n  s p i t e  o f  t h e s e  l a r g e  d i f f e r e n c e s  i n  mean p e r f o r m a n c e  o f  

t h e  two g r o u p s ,  t h e r e  was c o n s i d e r a b l e  o v e r l a p  i n  t h e  p e r ­

fo rm a n c e  o f  t h e  h a r d - o f - h e a r i n g  and  d e a f  s u b j e c t s .  The 

d i s t r i b u t i o n  o f  i n t e l l i g i b i l i t y  s c o r e s ,  f o r  e x a m p le ,  showed 

t h a t  w h e r e a s  m ost  h a r d - o f - h e a r i n g  c h i l d r e n  h ad  s c o r e s  o v e r
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70$ ,  t h e  d e a f  c h i l d r e n  c o v e r e d  a  w ide  r a n g e  o f  s c o r e s ,  some 

h a v i n g  s c o r e s  o v e r  70$ and  one e v e n  h a v i n g  a  s c o r e  o f  92$ .

T h i s  p o i n t s  o u t  t h e  w e a k n es s  o f  t h e  p u r e  t o n e  a v e r a g e  

a s  a  p r e d i c t o r  o f  s p e e c h  i n t e l l i g i b i l i t y .  I n  t h e  e a r l y  

y e a r s  o f  d i a g n o s i s  and  t r a i n i n g  o f  t h e  h e a r i n g - i m p a i r e d

c h i l d  i t  i s  m os t  i m p o r t a n t  t h a t  t h e r e  be  some b a s i s  on

w hich  t o  p r e d i c t  w hich  c h i l d r e n  w i l l  be  m ost  s u c c e s s f u l  a t

p r o d u c i n g  i n t e l l i g i b l e  s p e e c h .  F o r  t h e  o t h e r  c h i l d r e n ,

g r e a t e r  c o n c e n t r a t i o n  on m a n u a l  c o m m u n ic a t io n  m ig h t  be  i n  

o r d e r .  F o r  l a c k  o f  a  b e t t e r  t o o l ,  much e m p h a s i s  h a s  b e e n  

p l a c e d  on t h e  p u r e  t o n e  a v e r a g e  a s  a  p r e d i c t o r  o f  i n t e l l i ­

g i b i l i t y .  S i n c e  t h e r e  i s  o n l y  a m o d e r a t e  c o r r e l a t i o n  b e ­

tw ee n  t h e  p u r e  t o n e  a v e r a g e  and  i n t e l l i g i b i l i t y ,  t h e r e  a r e  

some c h i l d r e n  who may be  s h o r t c h a n g e d  i n  e d u c a t i o n  due t o  

t h e i r  p r o f o u n d  l o s s e s  i f  t h e  p u r e  t o n e  a v e r a g e  i s  u s e d  a s  

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

t i o n .  I t  i s  r a t h e r  e n c o u r a g i n g  t o  n o t e  t h a t  some s u b j e c t s  

i n  t h i s  s t u d y  w i t h  p u r e  t o n e  a v e r a g e s  w o r se  t h a n  90 dB HTL 

had  i n t e l l i g i b i l i t y  s c o r e s  o f  5 8 - 7 8 $ .  T h i s  e m p h a s iz e s  t h e  

f a c t  t h a t  we c a n  n o t  d ep e n d  on t h e  p u r e  t o n e  a v e r a g e  a s  a  

means o f  p r e d i c t i n g  t h e  c h i l d ' s  s p e e c h  i n t e l l i g i b i l i t y .

As was d e m o n s t r a t e d  by  S m i th  ( 1 9 7 2 ) ,  p e r f o r m a n c e  on t h e  

Phoneme R e c e p t i o n  T e s t  showed a  h i g h e r  c o r r e l a t i o n  to  i n ­

t e l l i g i b i l i t y  t h a n  d i d  t h e  p u r e  t o n e  a v e r a g e .  T h i s  s u g ­

g e s t s  t h a t  t h e  more s p e e c h - l i k e  t h e  a u d i t o r y  t e s t  m a t e r i ­

a l s ,  t h e  b e t t e r  t h e y  a r e  a t  p r e d i c t i n g  e v e n t u a l  s p e e c h  

p r o d u c t i o n  s k i l l s .  What i s  unknown i s  t o  w hat  e x t e n t
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p e r f o r m a n c e  on t h i s  t e s t  i s  a n  a c q u i r e d  s k i l l  a n d  i f  so  how 

t h e s e  s k i l l s  a r e  a c q u i r e d .

F o r  t h e  m o s t  p a r t ,  t h e  d i f f e r e n c e s  b e t w e e n  t h e  p e r ­

f o rm a n ce  o f  t h e  d e a f  and  h a r d - o f - h e a r i n g  g r o u p s  w ere  o f  

d e g r e e  r a t h e r  t h a n  n a t u r e .  The r e l a t i v e  f r e q u e n c y  o f  

a r t i c u l a t o r y  e r r o r  t y p e  was t h e  same f o r  b o t h  g r o u p s ,  a l ­

t h o u g h  t h e  d e a f  c h i l d r e n  made s i g n i f i c a n t l y  more e r r o r s  

o v e r a l l .  I t  seems t h e n  t h a t  f o r  c h i l d r e n  i n  t h e  same e d ­

u c a t i o n a l  s e t t i n g s ,  d e g r e e  o f  h e a r i n g  l o s s  w ould  n o t  p l a y  

a  m a j o r  p a r t  i n  t h e  p l a n n i n g  o f  w hich  a r t i c u l a t o r y  e r r o r s  

s h o u l d  r e c e i v e  a t t e n t i o n  f i r s t .  The g e n e r a l i z a t i o n  o f  

t h e s e  f i n d i n g s  t o  o t h e r  e d u c a t i o n a l  s e t t i n g s  c a n  n o t  be 

made.  P r e s e n t  f i n d i n g s  show t h a t  t h e r e  were  s i g n i f i c a n t  

d i f f e r e n c e s  b e t w e e n  t h e  n a t u r e  o f  a r t i c u l a t o r y  e r r o r s  made 

by  m a i n s t r e a m e d  d e a f  c h i l d r e n  and  t h o s e  i n  s c h o o l s  f o r  t h e  

d e a f .  As m e n t i o n e d  a b o v e ,  t h e  m a i n s t r e a m e d  d e a f  c h i l d r e n  

may h a v e  had  a n  a d v a n t a g e  o v e r  t h e  o t h e r  d e a f  c h i l d r e n  e v e n  

b e f o r e  t h e y  were  p l a c e d  i n  r e g u l a r  s c h o o l s .  T h i s  i s  b e ­

c a u s e  g e n e r a l l y  t h e  b e s t  d e a f  p u p i l s  a n d / o r  t h o s e  sh o w in g  

t h e  p o t e n t i a l  t o  c o p e  a r e  s e l e c t e d  f o r  m a i n s t r e a m i n g .  I n  

o r d e r  t o  e v a l u a t e  t h i s  e f f e c t  on s p e e c h  s k i l l s  o f  t h e  d e a f ,  

a  c o m p a r i s o n  m us t  b e  made t o  t h e  t o p  c h i l d r e n  i n  s c h o o l s  

f o r  t h e  d e a f .  F i n a l l y ,  when p l a n n i n g  t h e r a p y  f o r  t h e  

h e a r i n g - i m p a i r e d ,  a r t i c u l a t o r y  e r r o r s  s h o u l d  be  t r e a t e d  

w i t h  m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  so  a s  t o  i s o l a t e  

t h o s e  f a c t o r s  w h ich  t r u l y  i n f l u e n c e  i n t e l l i g i b i l i t y  and  

w h ich  w ould  y i e l d  t h e  g r e a t e s t  im p ro v em en t  i n  i n t e l l i ­
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g i b i l i t y  when c o r r e c t e d .  T h i s  i s  e x t r e m e l y  i m p o r t a n t  i n  

l i g h t  o f  t h e  p r o b le m s  o f  i n t e r p r e t i n g  c o r r e l a t i o n s  o f  s p e ­

c i f i c  e r r o r s  t o  i n t e l l i g i b i l i t y  due t o  p ro b le m s  o f  f r e q u e n ­

c y  o f  o c c u r r e n c e  o f  t h e  e r r o r  t y p e  and  i n t e r d e p e n d e n c e  o f  

f a c t o r s .

An i n t e r e s t i n g  o b s e r v a t i o n  o f  t h i s  s t u d y  p e r t a i n s  t o  

t h e  e f f e c t i v e n e s s  o f  u s i n g  o t h e r  t h a n  w e l l  t r a i n e d  p h o n e t i ­

c i a n s  t o  make b r o a d  p h o n e t i c  t r a n s c r i p t i o n s .  I n  t h e  p r e ­

s e n t  s t u d y ,  t h e  a g r e e m e n t  r a t e  was good b e tw e e n  a  w e l l  

t r a i n e d  p h o n e t i c i a n  and  a  s e c o n d  t r a n s c r i b e r  w i t h  l e s s  

e x p e r i e n c e  a t  b r o a d  p h o n e t i c  t r a n s c r i p t i o n .  T h i s  s u g g e s t s  

t h a t  t e a c h e r s  o f  t h e  d e a f  who hav e  some t r a i n i n g  i n  making  

b r o a d  p h o n e t i c  t r a n s c r i p t i o n s  may b e  r e l i e d  upon t o  g i v e  

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

d e n t s .  I f  t h e  t e a c h e r s  a r e  t r a i n e d  a s  a  g r o u p  and  u s e  

t h e  same c r i t e r i a  f o r  d e s c r i p t i o n  o f  s o u n d s ,  c o n s i s t e n c y  

b e t w e e n  t e a c h e r s  s h o u l d  be  h i g h .

I t  would  a p p e a r  t h a t  a  r a t h e r  c r i t i c a l  l i n k  i n  t h e  

u n d e r s t a n d i n g  o f  w h a t  d e t e r m i n e s  a  c h i l d ' s  s p e e c h  i n t e l l i ­

g i b i l i t y  l i e s  i n  t h e  p r o s o d i c  f e a t u r e  s k i l l s  o f  t h e  c h i l d .  

To d a t e ,  we a r e  s t i l l  l i m i t e d  i n  o u r  a b i l i t y  t o  m e a s u re  

t h e s e  s k i l l s  an d  t o  c o r r e l a t e  them t o  i n t e l l i g i b i l i t y .

One o f  t h e  p r o b le m s  w i t h  P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  

I  was t h a t  each  u t t e r a n c e  was r e a d  i n  i s o l a t i o n  w i t h o u t  

t h e  b e n e f i t s  o f  c o n t e x t  w h ich  s h o u ld  make them more mean­

i n g f u l  t o  t h e  r e a d e r .  With t h i s  p r o b le m  i n  m in d ,  P r o s o ­

d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I  was d e s i g n e d  a s  a  q u e s t i o n
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and  a n s w e r  s e q u e n c e  i n  which t h e  t e s t  i t e m s  were r e s p o n s e s  

t o  s p e c i f i c  q u e s t i o n s  and  a l l  i t e m s  i n  each  t e s t  u n i t  were  

bound by c o n t e x t .  I t  was hoped  t h a t  t h i s  m ig h t  i n  some way 

make r e a d  m a t e r i a l s  more l i k e  r e a l i s t i c  s i t u a t i o n s .

An u n e x p e c t e d  f i n d i n g  i n  b o t h  t h e  P r o s o d i c  F e a t u r e  

P r o d u c t i o n  t e s t s  was t h a t  t h e  d e a f  p r o d u c e d  s t r e s s  c o r r e c t l y  

more o f t e n  t h a n  d i d  t h e  h a r d - o f - h e a r i n g  g r o u p .  The d e a f  

e x a g g e r a t e d  s t r e s s  t o  t h e  p o i n t  o f  i t  b e i n g  u n n a t u r a l  b u t  

were n e v e r t h e l e s s  g r a d e d  c o r r e c t  f o r  s t r e s s i n g  t h e  t a r g e t  

i t e m .  The h a r d - o f - h e a r i n g  g r o u p  seemed t o  f o l l o w  t h e i r  own 

r u l e s  f o r  where  s t r e s s  s h o u ld  n a t u r a l l y  o c c u r  i n  t h e  u t t e r ­

a n c e .  T h i s  l e d  t o  a  s e c o n d  way o f  a n a l y z i n g  p r o s o d i c  f e a ­

t u r e  p r o d u c t i o n  d a t a .  The t a p e s  were  e v a l u a t e d  a g a i n  and 

a d d i t i o n a l  s c o r e s  were  g i v e n  f o r  n a t u r a l n e s s  o f  p r o d u c t i o n .  

When t h i s  was d o n e ,  t h e  h a r d - o f - h e a r i n g  c h i l d r e n  were  c o n ­

s i d e r a b l y  b e t t e r  t h a n  t h e  d e a f .  A c o r r e l a t i o n  o f  n a t u r a l ­

n e s s  s c o r e s  f o r  p r o d u c t i o n  o f  s t r e s s  on P r o s o d i c  F e a t u r e  

P r o d u c t i o n  T e s t  I  w i t h  i n t e l l i g i b i l i t y  was .38  ( p ( . O l ) ,  

w h e rea s  t h e  c o r r e l a t i o n  o f  n a t u r a l n e s s  on  a l l  t e s t  i t e m s  

on P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I  w i t h  i n t e l l i g i b i l i t y  

was . 7 2  ( p ( . 0 0 1 ) .  These  c o r r e l a t i o n s  were  h i g h e r  t h a n  

t h o s e  f o r  c o r r e c t n e s s  o f  p r o d u c t i o n  and  i n t e l l i g i b i l i t y .

The s i g n i f i c a n t l y  h i g h e r  c o r r e l a t i o n  f o r  p e r f o r m a n c e  on 

P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I  t h a n  I  w i t h  i n t e l l i g i ­

b i l i t y  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  t h e  f o r m a t  o f  t h e  s e ­

cond t e s t ,  w i t h  e m p h a s i s  on c o n t e x t ,  may hav e  c o n t r i b u t e d  

somewhat  t o  more n a t u r a l  p r o d u c t i o n .
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T h e re  i s  a  d e f i n i t e  need  f o r  more r e a l i s t i c  m a t e r i ­

a l s  w i t h  which t o  t e s t  t h e  h e a r i n g - i m p a i r e d  c h i l d ’ s u s e  o f  

p r o s o d i c  f e a t u r e  p r o d u c t i o n .  Whereas  m e a s u re m e n t s  f o r  

s p o n t a n e o u s  s p e e c h  s a m p le s  would a p p e a r  b e s t ,  i t  i s  h a r d  

t o  e l i c i t  s p e c i f i c  p r o s o d i c  f e a t u r e s  i n  s p o n t a n e o u s  s p e e c h .  

F o r  t h i s  r e a s o n  more and  more c o n t e x t  m ust  be u s e d  t o  make 

t h e  t e s t  m a t e r i a l s  more r e a l i s t i c .

F o r  p r o s o d i c  f e a t u r e  r e c e p t i o n  t e s t i n g ,  t h e  c h i l d  

m ig h t  be  a s k e d  t o  m a tch  t h e  a u d i t o r y  s t i m u l u s  w i t h  a q u e s ­

t i o n  t h a t  would e l i c i t  t h e  t a r g e t  s t a t e m e n t  a s  a  r e s p o n s e .  

F o r  e x a m p le ,  " JOHN d r a n k  m i l k . "  i s  a  r e s p o n s e  t o  t h e  q u e s ­

t i o n  "Who d r a n k  m i l k ?  n o t  "What d i d  J o h n  d o ? " .  A p p r o p r i a t e  

s e l e c t i o n  o f  t h e  q u e s t i o n  would  i n d i c a t e  t h a t  t h e  c h i l d  

h e a r d  and  u n d e r s t o o d  t h e  s t r e s s  marked i n  t h e  u t t e r a n c e .

F o r  p r o d u c t i o n  t e s t i n g ,  a  q u e s t i o n  s h o u l d  p r e c e d e  

t h e  t e s t  u t t e r a n c e .  The a n s w e r s  s h o u l d  be  r e s t r i c t e d  t o  

b r i e f  unam biguous  r e s p o n s e s  i n  which  o n l y  one word c an  be 

a p p r o p r i a t e l y  s t r e s s e d  and o t h e r  words m ust  be u n s t r e s s e d .

I n  t h i s  way we c a n  t e s t  w h e t h e r  t h e  c h i l d  u s e s  s t r e s s  mean­

i n g f u l l y  and how he p r o d u c e s  s t r e s s e d  s y l l a b l e s  i n  c o m p a r i ­

s o n  t o  u n s t r e s s e d  o n e s .  F o r  exam ple ,  t h e  q u e s t i o n  m ig h t  be 

"What i s  b l u e ? " .  The r e s p o n s e  i s  "My HAT i s  b l u e . "  I n  t h i s  

u t t e r a n c e  t h e r e  s h o u l d  be no d o u b t  a s  t o  which  word r e c e i v e s  

p r i m a r y  s t r e s s .  A l s o ,  i n  r a t i n g  t h e s e  r e s p o n s e s ,  t h e  l i s ­

t e n e r  s h o u l d  be g i v e n  a s y s t e m  whereby  he r a t e s  b o t h  c o r ­

r e c t n e s s  and n a t u r a l n e s s  o f  p r o d u c t i o n .

With  t h e s e  m o d i f i c a t i o n s  i t  may be p o s s i b l e  t o  d e v i s e
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new t e s t s  o f  p r o s o d i c  a b i l i t i e s .  T o g e t h e r  w i t h  a  w e i g h t i n g  

s c a l e  o f  t h e  s i g n i f i c a n c e  o f  d i f f e r e n t  t y p e s  o f  phonemic 

e r r o r s  a n d  a  r a t i n g  s c a l e  o f  n a t u r a l n e s s  o f  p r o d u c t i o n ,  

t h e s e  new p r o s o d i c  t e s t s  may l e a d  t o  a  b e t t e r  u n d e r s t a n d i n g  

o f  w hat  makes t h e  h e a r i n g - i m p a i r e d  c h i l d  more i n t e l l i g i b l e .



198

CHAPTER VI 

SUMMARY

T h i s  s t u d y  was u n d e r t a k e n  t o  e v a l u a t e  phonem ic  and 

p r o s o d i c  s p e e c h  r e c e p t i o n  an d  p r o d u c t i o n  s k i l l s  o f  h a r d - o f -  

h e a r i n g  and d e a f  c h i l d r e n .  The s p e c i f i c  p u r p o s e s  were t o  

d e t e r m i n e  (1)  w h e t h e r  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  

i n  t h e  p e r f o r m a n c e  o f  t h e  h a r d - o f - h e a r i n g  and d e a f  g r o u p s  

and  (2 )  which  s k i l l s  c o r r e l a t e d  m os t  h i g h l y  w i t h  o v e r a l l  

s p e e c h  i n t e l l i g i b i l i t y .  T h i s  s t u d y  was d e s i g n e d  t o  compare  

h a r d - o f - h e a r i n g  a n d  d e a f  c h i l d r e n  i n  a  s i m i l a r  s c h o o l  s e t ­

t i n g  and f o r  t h i s  r e a s o n  c h i l d r e n  m a i n s t r e a m e d  i n t o  t h e  

r e g u l a r  s c h o o l  s y s t e m  were  c o n s i d e r e d .  D a ta  on d e a f  c h i l d ­

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

com pan ion  s t u d y  by  Smith  ( 1 9 7 2 ) .  F o r  p u r p o s e s  o f  c o m p a r i ­

s o n  s e v e r a l  o f  t h e  same t e s t s  were  u s e d  a s  i n  t h e  Smith  

s t u d y .

F o r t y - t h r e e  c h i l d r e n  b e t w e e n  t h e  a g e s  o f  n i n e  and 

t w e l v e  s e r v e d  a s  s u b j e c t s .  The c h i l d r e n  were  a l l  i n t e g r a t e d  

i n t o  t h e  New York C i t y  P u b l i c  S c h o o l s  an d  a l l  r e c e i v e d  s p e ­

c i a l  a s s i s t a n c e  i n  a l l  s u b j e c t  m a t t e r  and  i n  s p e e c h  and 

l a n g u a g e  s k i l l s  f rom  t h e i r  r e s o u r c e  room t e a c h e r s .  Twenty 

o f  t h e  c h i l d r e n  h ad  p u r e  t o n e  a v e r a g e s  i n  t h e  b e t t e r  e a r  o f  

80 d3 HTL o r  w o rse  and t w e n t y - t h r e e  had p u r e  t o n e  a v e r a g e s
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b e t t e r  t h a n  80 d3 HTL.

The f o l l o w i n g  t e s t s  o f  phonem ic  and  p r o s o d i c  r e c e p ­

t i o n  and  p r o d u c t i o n  a b i l i t y  were  a d m i n i s t e r e d  t o  t h e  c h i l d ­

ren*

1 .  Phoneme p r o d u c t i o n *  s e n t e n c e s .  The c h i l d r e n  

r e a d  t w e n t y  t e s t  s e n t e n c e s .  Broad  p h o n e t i c  t r a n s c r i p t i o n s  

were  made an d  phoneme s c o r e s  were  g e n e r a t e d  f o r  ea c h  c h i l d .  

I n e x p e r i e n c e d  and e x p e r i e n c e d  l i s t e n e r s  r a t e d  t h e  i n t e l l i ­

g i b i l i t y  o f  each  c h i l d ' s  u t t e r a n c e s .  I n t e l l i g i b i l i t y  s c o r e s  

were  g e n e r a t e d .

2 .  Phoneme p r o d u c t i o n *  w o rd s .  The c h i l d r e n  r e a d  

f i f t y - s i x  words  w h ich  a l s o  a p p e a r e d  i n  t h e  t w e n t y  t e s t  s e n ­

t e n c e s .  Phoneme p r o d u c t i o n  s c o r e s  w ere  com pared  f o r  words  

i n  i s o l a t i o n  and words  i n  c o n t e x t .

3 .  S p o n t a n e o u s  s p e e c h  s a m p l e s .  The c h i l d r e n  d e s c r i b e d  

one p i c t u r e  and  one  p i c t u r e  s e q u e n c e  and  e x p e r i e n c e d  l i s ­

t e n e r s  r a t e d  them on t h e i r  i n t e l l i g i b i l i t y .

P r o s o d i c  f e a t u r e  p r o d u c t i o n .  One t e s t  e v a l u a t e d  

p r o d u c t i o n  o f  t h e  p r o s o d i c  f e a t u r e s  o f  s t r e s s ,  p a u s e  and 

q u e s t i o n  i n t o n a t i o n  i n  t h r e e  and  f i v e  s y l l a b l e  u t t e r a n c e s .

The s e c o n d  t e s t e d  t h e s e  same f e a t u r e s  s i n g l y  and  i n  co m b i ­

n a t i o n  i n  s e q u e n t i a l  u t t e r a n c e s  bound by  c o n t e x t .

5 .  Phoneme r e c e p t i o n  t e s t .  T h i s  t e s t  m e a s u re d  t h e  

c h i l d ' s  a b i l i t y  t o  d i s c r i m i n a t e  d i f f e r e n t  phonem ic  f e a t u r e s  

i n  a  c l o s e d - r e s p o n s e  s e t  t e s t  d e s i g n e d  t o  t e s t  r e c e p t i o n  o f  

t h e  m a j o r  a r t i c u l a t o r y  f e a t u r e s .

6 .  P r o s o d i c  f e a t u r e  r e c e p t i o n .  The f i r s t  t e s t  e v a l u -



200

a t e d  t h e  c h i l d ' s  a b i l i t y  t o  d i s c r i m i n a t e  t h e  f e a t u r e s  o f  

s t r e s s ,  p a u s e  and q u e s t i o n  i n t o n a t i o n  i n  two,  t h r e e  and  

f i v e  s y l l a b l e  u t t e r a n c e s .  The s e c o n d  t e s t  e v a l u a t e d  t h e i r  

a b i l i t y  t o  r e c o g n i z e  t h e  p l a c e  o f  s t r e s s  i n  s t a t e m e n t s  and  

q u e s t i o n s .

The t e s t  r e s u l t s  show t h a t  t h e  h a r d - o f - h e a r i n g  and 

d e a f  g r o u p s  c a n  be d i f f e r e n t i a t e d  by t h e i r  p e r f o r m a n c e  on 

phonem ic  p r o d u c t i o n  and  phonem ic  r e c e p t i o n  t e s t s  a n d  by  

i n t e l l i g i b i l i t y  s c o r e s  and  i n t e l l i g i b i l i t y  r a t i n g s .  P e r ­

f o rm a n c e  on p r o s o d i c  f e a t u r e  r e c e p t i o n  an d  p r o d u c t i o n  t e s t s  

d i d  n o t  y i e l d  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t h e  two t e s t  

g r o u p s  e x c e p t  when n a t u r a l n e s s  o f  p r o d u c t i o n  o f  t e s t  f e a ­

t u r e s  was c o n s i d e r e d .

The f o l l o w i n g  a r e  more s p e c i f i c  f i n d i n g s  f o r  t h e  

v a r i o u s  t e s t s »

A l th o u g h  t h e  d e a f  g r o u p  p r o d u c e d  s i g n i f i c a n t l y  more 

p honem ic  e r r o r s  (29/£) t h a n  d i d  t h e  h a r d - o f - h e a r i n g  g ro u p  

( 1 9 $ ) ,  t h e  p a t t e r n  o f  e r r o r s  was v e r y  s i m i l a r  f o r  b o t h  

g r o u p s  o f  c h i l d r e n .  T h a t  i s ,  t h e  r e l a t i v e  f r e q u e n c y  o f  d i f ­

f e r e n t  e r r o r  t y p e s  w i t h i n  e a c h  g r o u p  was s i m i l a r .  O m iss io n  

o f  t h e  i n t e n d e d  phoneme c o n s t i t u t e d  t h e  l a r g e s t  p o r t i o n  o f  

a l l  e r r o r  t y p e s .  E r r o r s  o f  p l a c e - m a n n e r ,  m anner  and  v o i c ­

i n g  a l s o  o c c u r r e d  f r e q u e n t l y .  Vowel s u b s t i t u t i o n s  were 

c h a r a c t e r i z e d  by p r o d u c t i o n  o f  a  n e a r  n e i g h b o r  i n  t h e  v o w e l  

q u a d r i l a t e r a l .  T h e r e  was a l s o  a  t e n d e n c y  t o  s u b s t i t u t e  a  

n e u t r a l  / & /  o r  / \ /  f o r  t h e  i n t e n d e d  v o w e l .

Mean i n t e l l i g i b i l i t y  s c o r e s  f o r  t h e  m a i n s t r e a m e d  d e a f
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c h i l d r e n  were  39% and  f o r  t h e  h a r d - o f - h e a r i n g  c h i l d r e n  were  

68%.

When phonem ic  p r o d u c t i o n  was com pared  f o r  a  l i s t  o f  

t e s t  words  r e a d  i n  i s o l a t i o n  and  t h o s e  i d e n t i c a l  words  r e a d  

i n  c o n t e x t ,  no s i g n i f i c a n t  d i f f e r e n c e s  i n  p e r f o r m a n c e  b a s e d  

on c o n t e x t  were  f o u n d .

R e s u l t s  o f  a  phoneme r e c e p t i o n  t e s t  showed t h a t  d i s ­

c r i m i n a t i o n  o f  v o i c i n g  c o n t r a s t s  and  m anner  c o n t r a s t s  was 

good and  d i s c r i m i n a t i o n  o f  p l a c e  c o n t r a s t s  was p o o r .

The r a n k  o r d e r  o f  c o r r e c t  p r o d u c t i o n  o f  p r o s o d i c  f e a ­

t u r e s  was p a u s e ,  l a t e  s t r e s s ,  e a r l y  s t r e s s  and  y e s / n o  q u e s ­

t i o n s .  P o r t i o n s  o f  t h e  p r o s o d i c  f e a t u r e  p r o d u c t i o n  t e s t s  

were  s c o r e d  f o r  b o t h  c o r r e c t n e s s  and n a t u r a l n e s s  o f  p r o d u c ­

t i o n  o f  t e s t  f e a t u r e s .  Whereas  no s i g n i f i c a n t  d i f f e r e n c e s  

were  r e p o r t e d  b e t w e e n  h a r d - o f - h e a r i n g  a n d  d e a f  g r o u p s  o f  

c h i l d r e n  f o r  c o r r e c t n e s s  o f  p r o d u c t i o n  o f  t e s t  f e a t u r e s ,  

f o r  t e s t  m a t e r i a l s  bound by  c o n t e x t  ( P r o s o d i c  F e a t u r e  P r o ­

d u c t i o n  T e s t  I I ) ,  t h e  h a r d - o f - h e a r i n g  c h i l d r e n  w ere  s i g n i ­

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

t h a n  were  t h e  d e a f  c h i l d r e n .

The p a t t e r n  o f  c o n f u s i o n s  and  o v e r a l l  s c o r e s  f o r  t h e  

h a r d - o f - h e a r i n g  and  d e a f  g r o u p s  were  s i m i l a r  f o r  P r o s o d i c  

F e a t u r e  R e c e p t i o n  T e s t  I .  Both  g r o u p s  o f  c h i l d r e n  d i d  b e s t  

on  r e c o g n i t i o n  o f  p a u s e  and w o r s t  on i t e m s  t e s t i n g  e a r l y  

s t r e s s .

The v a r i a b l e s  c o r r e l a t i n g  m ost  h i g h l y  w i t h  i n t e l l i g i ­

b i l i t y  i n  t h i s  s t u d y  w ere  i r . t e l l i g i b l i t y  r a t i n g s  f o r  r e a d
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s p e e c h  ( r * . 9 9 *  p < . 0 0 1 ) ,  phonemic  p r o d u c t i o n  a b i l i t y  ( r * . 9 0 ,  

p < . 0 0 1 ) # s p o n t a n e o u s  s p e e c h  r a t i n g s  ( r « . 9 8 ,  p < . 0 0 1 ) ,  p h o ­

n em ic  r e c e p t i o n  a b i l i t y  ( r = .8 5 *  p < .0 0 1 )  a n d  n a t u r a l n e s s  o f  

s u p r a s e g m e n t a l  p r o d u c t i o n  ( r = . 7 2 ,  p < . 0 0 1 ) .

C o n s o n a n t  e r r o r s  i n  s p e e c h  p r o d u c t i o n  c o r r e l a t e d  more 

h i g h l y  w i t h  i n t e l l i g i b i l i t y  t h a n  vow el  e r r o r s .  O m is s io n  o f  

t h e  i n t e n d e d  phoneme was t h e  phonem ic  e r r o r  w hich  c o r r e l a t e d  

m ost  h i g h l y  w i t h  i n t e l l i g i b i l i t y .  The c o r r e l a t i o n  b e tw e e n  

phoneme r e c e p t i o n  a b i l i t y  and  i n t e l l i g i b i l i t y  was f a r  h i g h e r  

t h a n  b e tw e e n  t h e  p u r e  t o n e  a v e r a g e  a n d  i n t e l l i g i b i l i t y .  

Whereas  t h e r e  was no s i g n i f i c a n t  i n t e r a c t i o n  b e tw e e n  i n t e l ­

l i g i b i l i t y  an d  c o r r e c t n e s s  o f  p r o d u c t i o n  o f  p r o s o d i c  f e a ­

t u r e s  ( P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t s  I  an d  I I ) ,  t h e r e  

was a  good  c o r r e l a t i o n  b e t w e e n  n a t u r a l n e s s  o f  p r o d u c t i o n  o f  

p r o s o d i c  f e a t u r e s  and  i n t e l l i g i b i l i t y  ( P r o s o d i c  F e a t u r e  P r o ­

d u c t i o n  T e s t  I I ) .

Recom m enda t ions  were  made f o r  t h e  c r e a t i o n  o f  new 

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

and  o f  new ways t o  a n a l y z e  t h e  i n t e r r e l a t e d n e s s  o f  phonem ic  

an d  p r o s o d i c  s k i l l s  so  a s  t o  g a i n  a  b e t t e r  u n d e r s t a n d i n g  o f  

t h o s e  f a c t o r s  w hich  make t h e  h e a r i n g - i m p a i r e d  c h i l d  more 

i n t e l l i g i b l e .
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# 2
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APPENDIX A 
SCHOOL DATA

Borough
Socio-economic Number of Subject

Area Sub jects Numbers

Queens Middle 8 (201-208)

Queens Low-Middle 8 (209-216)

Staten Island Middle (217-223)

Brooklyn Low (224-230,
232-233)

Brooklyn Low-Middle (231,234-
236)

Queens Middle (237-241)

Brooklyn Middle (242-243)
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APPENDIX B-l
PURE TONE AIR CONDUCTION RESPONSES FOR ALL SUBJECTS, IN dB REi

AUDIOMETRIC ZERO (ISO)

Frequency in Hz
CHILD 125 250 500 1000 2000 4000 8000

1 70 75 90 100 90 85 NR
70 70 95 100 105 105 NR

2 80 80 100 105 105 NR NR
55 75 85 100 90 85 DNT

3 NR 85 85 95 95 100 90
NR 85 90 100 105 105 NR

4 DNT 60 60 55 60 60 75
DNT 70 65 65 70 60 75

5 75 80 85 100 85 80 65
65 70 100 95 100 85 60

6 DNT 50 60 85 80 90 NR
DNT 65 75 75 65 65 60

7 75 85 95 85 80 75 90
55 60 65 70 60 60 70

8 DNT 15 50 65 70 65 55
DNT 15 25 45 60 60 50

9 DNT 75 85 85 95 85 80
DNT 75 95 95 90 90 85

10 DNT 85 100 105 90 80 NR
DNT 85 85 95 80 70 70

11 DNT 75 55 NR NR NR NR
DNT 80 60 NR NR NR NR

12 DNT 85 100 105 110 110 NR
DNT 80 95 105 110 110 NR

13 DNT 65 90 100 105 NR NR
DNT 80 100 105 NR NR NR

14 DNT 70 80 100 105 NR NR
DNT 80 100 NR NR NR NR

15 55 75 90 90 80 65 60
60 75 75 75 70 60 50
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APPENDIX B-
CHILD 125 250 500
16 r DNT 25 35

1 DNT 20 70
17 r DNT 15 20

1 DNT 5 20
18 r DNT 40 60

1 DNT 35 55
19 r 50 55 70

1 50 70 80
20 r 70 85 NR

1 75 85 NR
21 r DNT 90 85

1 DNT 90 110
22 r DNT 50 60

1 DNT 30 50
23 r DNT 60 70

1 DNT 75 90
24 r DNT 85 90

1 DNT 80 85
25 r DNT 30 60

1 DNT 25 45
26 r DNT 20 40

1 DNT 85 95
27 r DNT 85 85

1 DNT NR NR
28 r 55 60 75

1 45 60 60
29 r DNT 85 90

1 DNT 70 65
30 r DNT 80 90

1 DNT 75 95
31 r DNT 45 50

1 DNT 45 55
32 r 40 40 50

1 60 60 75

(CONT'D)
1000 2000 4000 8000

60 70 75 85
80 80 75 85
70 75 80 DNT
65 75 75 DNT
70 70 70 65
75 70 65 65
70 65 60 55
75 60 65 60
NR NR NR NR
NR NR NR NR
85 90 85 60

105 NR NR NR
80 95 90 75
75 80 75 80
75 75 75 NR
60 75 100 NR
90 80 75 70
95 90 75 75
65 65 70 DNT
55 55 55 DNT
45 65 85 70
105 NR NR NR
90 95 70 85
NR 95 85 75
70 70 65 50
65 65 75 65

105 105 NR NR
70 70 70 40
90 80 70 75
95 90 75 70
60 60 60 NR
60 55 65 80
60 75 70 65
95 85 75 NR
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APPENDIX B-l
CHILD 125 250 500
33 r DNT 35 55

1 DNT 30 50
34 r DNT 50 60

1 DNT 45 55
35 r DNT 25 25

1 DNT 20 20
36 r DNT 20 65

1 DNT 60 65
37 r 55 75 100

1 45 65 80
38 r 20 15 75

1 15 10 65
39 r 25 55 70

1 25 50 75
40 r DNT NR NR

1 DNT 15 25
41 r DNT 55 70

1 DNT 80 90
42 r 50 60 65

1 55 65 30
43 r DNT 0 10

1 DNT 50 70

NR= no response at rtiaxim

(CONT’D)
1000 2000 4000 8000

60 70 70 70
55 55 75 75
75 75 75 55
70 80 65 65
70 95 NR 90
55 105 110 NR
60 75 85 NR
65 60 60 NR
100 95 75 70
90 90 100 NR
100 110 110 NR
100 105 110 NR
85 105 NR NR
85 100 NR NR
NR NR NR NR
NR 105 NR NR
85 85 80 80
90 110 105 NR
65 55 65 40
80 70 70 60
60 75 90 DNT
90 95 100 DNT

output of audiometer
DNT= did not test
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APPENDIX B-2 
BACKGROUND DATA

CHILD SEX
BIRTH
DATE

SOCEC
LEVEL

HOME
LANG PTA AMPLIF EARCH

1 F 11/64 1 9 93.3 B R
2 F 12/64 1 2 91.7 M L
3 F 1/62 2 9 91.7 M R
4 F 11/64 2 1 58.0 B L
5 F 8/64 1 2 90.0 B L
6 M 10/64 2 2 71.7 B R
7 F 10/64 2 1 o

o
inlO B L

8 M 5/64 1 1 43.3 M L
9 F 10/64 1 88.3 B R

10 M 12/64 1 1 86.7 B L
11 F 11/64 1 1 110.0+ B R
12 M 8/64 1 103.3 B L
13 M 1/64 1 1 110.0+ B L
14 F 3/62 1 1 95.0 B R
15 M 3/63 3 1 73 o  3 B L
16 F 1/62 1 1 55.0 M R
17 M 10/64 1 1 53.3 M R
18 M 1/63 2 1 66 o  7 B L
19 M 12/63 1 1 68.3 M R
20 M 11/64 1 1 110.0+ B L
2 1 F 3/63 1 1 86.7 M R
22 M 2/64 1 1 68 o 3 M L
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APPENDIX B-2 
(CONT’D)

CHILD SEX
BIRTH
DATE

SOCEC
LEVEL

HOME
LANG PTA AMPLIF EARCH

23 F 12/63 2 1 73.3 M R
24 F 10/64 3 2 86.7 B R
25 M 10/64 2 1 51.7 M R
26 F 11/64 3 1 50.0 M R
27 F 8/64 3 1 90.0 M R
28 F 3/64 3 1 63.3 B L
29 F 1/62 3 2 68.3 M L
30 F 9/64 3 2 86 0 7 B L
31 F 5/64 2 1 56.7 M R
32 M 10/64 2 1 61.7 M R
33 M 9/63 3 2 53.3 M R
34 M 3/63 2 1 68.3 B R
35 F 1/64 2 1 60.0 M R
36 M 7/64 3 1 63.3 M R
37 F 10/64 9 1 86.7 B L
38 M 10/6 2 3 1 90.0 B L
39 F 2/63 3 1 86.7 B R
40 F 4/64 9 1 110.0+ M L
41 F 10/64 9 1 80.0 M R
42 M 11/64 2 1 61 o 7 M R
43 M 9/64 2 1 48.3 M R

SOCIO-ECONOMIC LEVELi 1- upper middle 2- lower middle 3- state aid 
LANGUAGE SPOKEN IN HOMEi 1- English 2- Spanish 9- no data 
AMPLIFICATION! M- monaural B- binaural 
EARCH= ear chosen for listening tasks
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APPENDIX C -l

INSTRUCTIONS TO LISTENERS

You are going to hear 24 or 25 utterances recorded by- 
hearing-impaired children. Most of the utterances are single 
sentences. A few consist of two consecutive sentences. No 
utterance is repeated; each child says something different.

The sppech of these children covers a wide range of 
intelligibility. You are going to hear each utterance twice. 
Write down whatever you think the child is saying. If some 
of the words are unclear, put in your best guess. If you 
can only catch an isolated word or two, write them in, in­
dicating their approximate position in the sentence, e.g., 
________ _______ boy ______ not    .

Next to each utterance (to the left of the sentence 
number) write a number from 1-5 following this codei

1. Listener cannot understand the message
2. Listener understands little of the content of the

message, but does understand a few isolated words
or phrases

3. Listener understands with difficulty about half of 
the message. (Intelligibility may improve after a 
listening period.)

5. Listener understands the complete message

ANY QUESTIONS?
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APPENDIX C-2 
PHONEMIC TRANSCRIPTION CODE

VOWELS PLOSIVES
11 Ji l 17 /U/ 23 /£1 / 29 /p/
12 / 1/ 18 /u_/ 24 yax/ 30 /b/
13 / £  I 19 /A/ 25 /CIV/ 31 /-t/
14 /ae,/ 20 / a / 26 /otr/ 32 /d/
15 /CL/ 21 /37 27 /Ol/ 33 /K/
16 / D / 22 / 2T/ 28 /  jlL / 34 /£/
FRICATIVES AFFRICATES GLIDES
35 /£/ 40 /z./ 45 /tj/ 50 / u J /

36 /V/ 41 / ^ / 46 /dj / 51 I r l
37 /■£•/ 4 2 / 3 / NASALS 52 / } /

38 /3 / 43 /h/ 47 LATERAL
39 / 5  / 44 / htO / 48 /ny 53/1/

49 / y
NON-ENGLISH PHONEMES OTHER CLASSIFICATIONS
54 X v l .  v e l a r  f r i c a t i v e 61 u n i d e n t i f i e d  s u b s t i t u t i o n

55
I v d .  v e l a r  f r i c a t i v e 62 i n t e n d e d  vowel  d i p h t h o n g i z e d

56 ? g l o t t a l  s t o p 63 word m i s r e a d

57 S p a l a t a l  f r i c a t i v e 64 o m i s s i o n

58 ♦ v l .  b i l a b i a l  f r i c a t i v e 65 word l e f t  o u t

59 & v d .  b i l a b i a l  f r i c a t i v e 66 i n t e n d e d  d i p h t h o n g  w i t h o u t  o f f - g l i c

RECOGNIZABLE DISTORTIONS
70 unsure if sound is present 71 extra phoneme added
72 voicing c o n f u s i o n 73 nasality added
74 sibilant distortion 75 miscellaneous



APPENDIX C-3

Confusion matrix comparing transcriptions made by the two transcribers for phonemic production for all children for the twenty test sentences.

Transcriber B

JH•H
Vl
CJ(0c
ffi
Vi

1 1 1 2

1 1 1 2 3 3 6 4
1 2 1 U0 6 7 3
13 0 13
14 2 2
15 1 1
16 0 1
17 0 1
1 6 2 2
1 9 2

2 P 32 4 b
2 1
2 2

0
0

0
Q

2 3
24

2

0
2
1

2 5 0 0
2 6 0 0
2 7 U 0
2 6 2 1

0
1 5

3 7 412300
32
5

?
6
0
800

1«*
3 2

<*5
7 7 72200

8160
8
4
0000

15

0
20
9

4 6 5
170
1$10
8ii
800

16

0100
15

3 9 91
1

21
12000

17

000002
9 62

320000
?00

16
00c00

18
5 5 9

01000000?0
12

19

12
4
712
1
1
1

64
40000
200

20

2 9
4
4

2 3
3

?
2 2 76
?
610

2 1 2 2 2 3 24 2 5 2 6 2 7 2 8
0 0 4 0 0 0 0 0
0 0 1 1 0 0 0 0
1 u 6 1 0 0 0 0
0 0 1 1 1 0 0 0
0 u 4 1 9 0 0 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 1 0 0
0 0 0 0 0 1 1 0 3
0 v V 1 0 5 0 0
0 1 n 1 0 1 0 035 0 0 0 0 0 0
2
0

41
(1 3 4 8 8

0
0 8

0
0

0
0

0 0 0 3 6 6 0 0 1 0

?
0
0

0
0

1
0

2 9
0 2 3 8 ? 0

0
0 u 0 0 0 0 0 0
0 n 0 0 0 0 0 1 5
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APPENDIX D - l

SPEECH PRODUCTION TEST -  SENTENCES

1. I like happy movies better.
2. My mommy takes me shopping after school.
3. The leaves will be red and yellow in the fall.
4. I saw a fat man on the roof this morning.
5. The tooth paste was all over the bathroom floor.
6. I want chocolate ice cream, thank you. And a piece of 

cake with it.
7. I think he'd better keep away from here. He can't behave 

himself.
8. Did Jack find the orange ball? I  need it.
9. I wish I could read that book.

10. Uncle Bob has a new dog an Duke is his name. He is huge 
and lazy.

11. Go and see the rabbit in the box. He's a week old.
12. It's cool on the beach now. We have matches for the fire.
13. The wagon has food and dishes on it.
14. Everybody watches Lassie on T.V. Do you?
15. The zipper on my coat is no good any more.
16. It's very mean to laugh at other people.
17. Will anybody tell me who these girls are?
18. It's easy to swim in deep water.
19. A baby has no teeth or hair.
20. Who will feed the cat today?
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APPENDIX D-2

SPEECH PRODUCTION TEST - WORDS

1 . p i e c e 20 . f a t 39 . an y b o d y

2 . z i p p e r 21 . r o o f 4 0 . s e e

3. h a p p y 22. food 4 1 . L a s s i e

4 . s h o p p in g 23. l a u g h 42 o e a s y

5 . k e e p 24. v e r y 4 3 . y e l l o w

6 . d e ep 25 . o v e r 4 4 . name

7 . b a th r o o m 26. l e a v e s 4 5 . b e a c h

8 . Bob 27. t h i n k 4 6 . w a t c h e s

9 . r a b b i t 28 . t o o t h 4 7 . J a c k

1 0 . man 29. o t h e r 4 8 . o r a n g e

11 . m o v ie s 30 . t e e t h 4 9 . h u g e

1 2 . mommy 31. t h a t 50 . who

13 . m a t c h e s 3 2 . t h e s e 51 . r e a d

14 . swim 33. t a k e s 52 . he

15 . week 34. a f t e r 53 . c a t

1 6 . away 35. c h o c o l a t e 54 . s c h o o l

17 . w i s h 36. dog 55 . c a k e

18 . f e e d 37. d i s h e s 56 . f l o o r

1 9 . wagon 38 . Duke
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APPENDIX D -4

PROSODIC FEATURE PRODUCTION TEST I

SCRAMBLING A SCRAMBLING B

SEQUENCE

I I I I I I

I t e m  Number STRESS

1 13 7 COME h e r e . THANK v o u .

2 14 8 I  w a n t  t o  SEE i t . Oh BOY.

3 15 9 My NEW h a t  i s  b l u e . He h a s  o n e  BIG d o g .

4 16 10 He h a s  o n e  BIG d o g . I  w a n t  t o  SEE i t .

5 17 11 Oh BOY. COME h e r e .

6 18 12 THANK y o u .

PAUSE

My NEW h a t  i s  b l u e .

7 1 13 I  w a n t . . . t o  s e e  i t . He h a s . ,  . o n e  b i g  do<

8 2 14 T h a n k . . . y o u . T h a n k . . . y o u .

9 3 15 O h . . . b o y . My new h a t . . . i s  blu<

10 4 16 He h a s . . . o n e  b i g  d o g . I  w a n t . . . t o  s e e  i t .

11 5 17 C o m e . . . h e r e . O h . . . b o y .

12 6 18 My new h a t . . . i s  b l u e .

QUESTION

C om e. . . h e r e .

13 7 1 Oh boy? I  w a n t  t o  s e e  i t ?

14 8 2 My new h a t  i s  b l u e ? Thank you?

15 9 3 Come h e r e ? My new h a t  i s  b l u e ?

16 10 4 I  w a n t  t o  s e e  i t ? Come h e r e ?

17 11 5 He h a s  o n e  b i g  dog? Oh boy?

18 12 6 Thank  you? He h a s  o n e  b i g  dog?
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APPENDIX D-5
PROSODIC FEATURE PRODUCTION TEST II

PRE-TRAINING
Prompt Questions
What color is the apple?
What is green?

Who ran home?
Where did the boys run?

Where is John?
Who is at home?

POST-TRAINING
Prompt Questions
What COLOR is the apple?
WHAT is green?

Who ran home?
WHERE did the boys run?

WHERE is John?
WHO is at home?

Test Items
The apple is green.
The apple is green.
This apple is green, the 

other one is red.

The boys ran home.
The boys ran home.

John is home.'
John is at home.
John is at home, Mary is in schoo
John is at home, Mary is in schoo

Test Items
The apple is GREEN.
The APPLE is green.
This apple is green...the 

other one is red.

The BOYS ran home.
The boys ran HOME.

John is HOME.
JOHN is at home.
John is at home... Mary is in 

school.
John is at home... Mary is in 

school?
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APPENDIX D-6 

PHONEME RECEPTION TEST

BOY DOG TOP ZIP DIP LIP PEEL PAL POOL
HOP RUN SIT BIT BOOT BEET MUMPS BUMPS JUMPS
TREE CAT BOOK LEAD LID LED PAD PAN PAL

CHAIR FAIR PAIR FAT SAT HAT
MARK PARK BARK HEAT HIT HUT

ME BE WE
ME BE WE PETE PIT POT WEED LEAD READ
BUMB GUM DUMB TWO DO NEW SEAT SEED SEEN
BUT BUN SUD SUP SUB SOME PAT PAN PAD
TIP DIP NIP NOT NEAT NUT MAT PAT BAT
PET POT PUT MILL BILL PILL HE SEE SHE

FEET FOOT FIT LOCK LUCK LOOK RIM RIP RIB
BET MET WET FALL FULL FOOL SICK SUCK SOCK
POOL PILL PULL CUP CUB COME MOO DO YOU
WHEN TEN HEN THEN DEN MEN BID BIB BIG
BILL MILL WILL LOT DOT NOT FEEL FULL FOOL

WE D GEE HOT HUT HOOT
PEA TEA KEY SIP SIT SICK
WET LET YET BUD BUZZ BUN
BUM BUZZ BUG ZOO NEW DO
MASS MAP MATCH KNEE D TEA
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APPENDIX D-7

PROSODIC FEATURE RECEPTION TEST I

1 .  I  CAN go w i t h  y o u .

I  c a n  go w i t h  YOU.

I . . . c a n  go w i t h  y o u .  

I  c an  g o . . . w i t h  y o u .

6 .  B i r d s  f l y ?  

B i r d s . . . f l y .  

B i r d s  FLY. 

BIRDS f l y .

2 .  G o . . . h o m e .  

Go HOME.

GO home.

Go home?

3 . I  c a n  g o . . . w i t h  y o u .  

I  c a n  go w i t h  YOU.

I . . . c a n  go w i t h  y o u .  

I  CAN go w i t h  y o u .

7 .  I  CAN go w i t h  y o u .

I  c a n  go w i t h  YOU.

I  c a n  g o . . . w i t h  y o u .
I . . . c a n  go w i t h  y o u .

8 .  BIRDS f l y .

B i r d s • . . f l y .

B i r d s  FLY.

B i r d s  f l y ?

4 .  G o . . . h o m e .  

Go home? 

GO home.

Go HOME.

9 .  H e . . . i s  b a d .

He i s  BAD.

He i s . . . b a d .  

HE i s  b a d .

5 .  He i s . . . b a d .  

HE i s  b a d .  

H e . . . i s  b a d .  

He i s  BAD.

1 0 .  He i s  BAD.

HE i s  b a d .  

H e . . . i s  b a d .  

He i s . • . b a d .
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1 1 .

1 2 .

13.

14.

1 5 .

Come here? 
COME here. 
Come...here. 
Come HERE.

16. I can run.
I.•.can run • 
I can RUN.
I can...run•

I want to SEE it.
I WANT to see it.
I.•.want to see it. 
I want...to see it.

17. Bob eats...cake. 
BOB eats cake. 
Bob...eats cake. 
Bob eats CAKE.

I want...to see it. 
I want to SEE it.
I WANT to see it. 
I*..want to see it.

18. He has one BIG dog.
He has••.one big dog. 
He HAS one big dog.
He has one...big dog.

Come HERE. 
Come here? 
Come.•.here. 
COME here.

19. I can...run. 
I can run.
I can RUN.
I...can run.

OH boy. 
Oh.•.boy. 
Oh BOY.
Oh boy?

20. Bob eats CAKE. 
BOB eats cake. 
Bob eats.•.cake. 
Bob...eats cake.
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21. COME here.
Come...here.
Come HERE.
Come here?

22. He HAS one big dog.
He has one...big dog. 
He has...one big dog. 
He has one BIG dog.

23. My new hat...is blue. 
My NEW hat is blue. 
My new hat is BLUE. 
My...new hat is blue.

24. I can...run.
I can RUN.
I can run.
I..•can run.

25. John drinks MILK.
JOHN drinks milk. 
John... drinks milk. 
John drinks...milk.

26. Oh...boy.
OH boy.
Oh BOY.
Oh boy?

27. Bob eats CAKE.
Bob...eats cake.
Bob eats.•.cake•
BOB eats cake.

28. Thank...you.
Thank you?
Thank YOU.
THANK you.

29. My new hat...is blue. 
My new hat is BLUE. 
My...new hat is blue. 
My NEW hat is blue.

30. Bob eats CAKE.
Bob...eats cake.
Bob eats...cake.
BOB eats cake.
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31. He has...one big dog. 
He has one...big dog. 
He HAS one big dog.
He has one BIG dog.

36. I want to SEE it.
I WANT to see it.
I...want to see it. 
I want...to see it.

32. I can...run. 
I••.can run. 
I can RUN.
I can run.

37. My new hat...is blue. 
My new hat is BLUE. 
My...new hat is blue. 
My NEW hat is blue.

33. I WANT to see it.
I...want to see it. 
I want to SEE it.
I want...to see it.

39. JOHN drinks milk.
John...drinks milk. 
John drinks.•.milk. 
John drinks MILK.

34. Thank YOU.
Thank...you. 
Thank you? 
THANK you.

39. John drinks MILK.
John drinks...milk. 
JOHN drinks milk. 
John.•.drinks milk.

35. My new hat is BLUE. 
My NEW hat is blue. 
My...new hat is blue. 
My new hat...is blue.

40. COME here. 
Come HERE. 
Come.•.here• 
Come here?
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31. He has...one big dog. 
He has one...big dog. 
He HAS one big dog.
He has one BIG dog.

36. I want to SEE it.
I WANT to see it.
I...want to see it. 
I want...to see it.

32. I can...run. 
I•..can run. 
I can RUN.
I can run.

37. My new hat...is blue. 
My new hat is BLUE. 
My...new hat is blue. 
My NEW hat is blue.

33. I WANT to see it.
I...want to see it. 
I want to SEE it.
I want...to see it.

39. JOHN drinks milk.
John...drinks milk. 
John drinks.•.milk. 
John drinks MILK.

34. Thank YOU.
Thank.•.you. 
Thank you? 
THANK you.

39. John drinks MILK.
John drinks...milk. 
JOHN drinks milk. 
John...drinks milk.

35. My new hat is BLUE.
My NEW hat is blue. 
My...new hat is blue. 
My new hat...is blue.

40. COME here. 
Come HERE. 
Come.•.here. 
Come here?
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41• John drinks••.milk. 
John drinks MILK. 
JOHN drinks milk. 
John...drinks milk.

46. THANK you. 
Thank YOU. 
Thank...you. 
Thank you?

42. Oh BOY.
Oh...boy. 
Oh boy? 
OH boy.

43. THANK you. 
Thank you? 
Thank YOU. 
Thank...you.

44. He HAS one big dog.
He has one BIG dog.
He has one..•big dog. 
He has...one big dog.

45. Oh...boy.
OH boy.
Oh BOY.
Oh boy?
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PROSODIC FEATURE RECEPTION TEST II

7.JOHN ran home.
John RAN home.
John ran HOME.

Which BOOK did you 
WHICH book did you 
Which book did you

The boys walked to 
The boys WALKED to 
The BOYS walked to

JOHN ran home.
John RAN home.
John ran HOME.

How BIG is your dog? 
How big is your DOG? 
HOW big is your dog?

read? 8.
read?
READ?

SCHOOL. 9.
school. 
school.

1 0 .

1 1 .

Who IS small?
Who is SMALL?
WHO is small?

What COLOR is your 
WHAT color is your 
What color is your

My new hat is BLUE 
My new HAT is blue 
MY new hat is blue

He is FIVE.
HE is five.
He IS five.

I can run.
I can RUN.
I CAN run.

hat?
hat?
HAT?

Who is SMALL? 
WHO is small? 
Who IS small?

12. Which book did you READ?
Which BOOK did you read?
WHICH book did you read?
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13. He is FIVE.
HE is five.
He IS five.

14. can ran.
I can RUN.
I CAN run.

15. CAN you sing?
Can YOU sing?
Can you SING?

16. The dog CHASED the cat.
The dog chased the CAT.
The DOG chased the cat.

17. The boys WALKED to school.
The BOYS walked to school
The boys walked to SCHOOL.

18. Can you SING?
Can YOU sing?
CAN you sing?

19. What COLOR is your hat?
WHAT color is your hat?
What color is your HAT?

20. Are you TIRED?
ARE you tired?
Are YOU tired?

21. The dog CHASED the cat.
The dog chased the CAT.
The DOG chased the cat.

22. ARE you ticed?
Are you TIRED?
Are YOU tired?

23. MY new hat is blue.
My new HAT is blue.
My new hat is BLUE.

24. How big is YOUR dog?
How BIG is your dog?
How big is your DOG?
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Practice Items*

A. I am big.
I AM big.
I am BIG•

B. Did John hit the BOG?
DID John hit the dog?
Did JOHN hit the dog?

C. Can YOU come?
CAN you come?
Can you COME?

D. JOHN hit the big dog.
John hit the BIG dog.
John hit the big DOG.



APPENDIX E - l

PHONEMIC SCORES AND INTELLIGIBILITY SCORES AND RATINGS

ID I*
1
2
3
1
56 
7 
a 
9

i o 
n  12 
13 
11
15
16 
17 
10
19
20  
21 
22  
23  21
25
26
27
28
29
30
31
32
33  
3135
36
37 
36 
39  
10  
11  
1 2  
13

PHOSEN
.  701  
, 0 0 5  
, 7H5 
,  753
, 5 3 5  
. 0 2 1  
, 5 9 5  
.  716 
. 773 
. 719 
.011 
. 751 
, 3 9 5  
, 713 
. 9 9 9  
. 9 0 0  
. 0 0 1  
. 706 
. 9 9 9  
, 3 5 6  
. 0 1 6  
. 7 7 1  
. 0 0 6  
. bOl 
, t>75 
, 6 7 b  
. 716 
.  753 
. 0 9 2  
. 3 1 3  
, 0 6 3  
. 9 9 9  
, 0 9 6  
. 0 7 1  
. 0 5 3  
. 0 9 6  
, 0 5 9  
. 9 9 9  
. 0 9 7  
. 0 5 0  
. 0 5 2  
. 0 9 9  
. 9 9 9

PHOWOS INTEL SPONSP
u 6 7 9 0 . 5 7 5 3 8 3 0
u 7 3 9 0 . 7 1 0 5 0 0 0
u 5 3 9 0 . 2 5 9 3 8 3 0
u 611 0 . 7 1 1 1 5 0 0
u 5 7 0 0 . 0 7 7 2 6 7 0
u 7 7 9 0 , 7 6 6 3 0 3 0

. 0 9 9 9 - 0 . 9 9 9 1 170
u 6 2 7 0 . 5 7 8 3 830
u 7 3 7 0 . 1 3 6 1 000
u 6 6 9 0 .  5 2 8 1 170
u 3 1 2 0 . 0 1 3 1 6 7 0
u 611 0 .  333 3 3 3 0
u 1 0 1 0 . 2 2 0 3 8 3 0
u 6 3 3 0 . 1 7 3 3 170

. u 9 9 9 - 0 . 9 9 9 2 5 0 0
u 0 5 9 0 . 7 6 9 5 0 0 0
u 712 0 . 7 1 1 5 000
0 7 7 9 0 . 7 m 1 330

_u 9 9 9 - 0 . 9 9 9 1 8 3 0
u 1 6 6 0 . 0 5 2 1 0 3 0
u 6 7 7 0 . 6 6 1 1 0 0 0
0 7 1 1 0 . 1 8 1 1 5 0 0
u 7 7 7 0 . 7 2 3 1 6 7 0
u 1 5 9 0 . 1 1 0 3 0 0 0
u 5 2 0 0 . 1 1 3 3 830
u 6 1 7 0 . 6 0 2 1 6 30
u 6 0 0 0 . 3 1 2 2 6 7 0
u 7 0 5 0 . 3 6 8 1 0 0 0
u 5 2 7 0 . 2 8 1 2 8 3 0
u 3 6 0 0 . 1 3 0 1 6 3 0
u 6 2 8 0 . 6 6 8 1 170

_u 9 9 9 - 0 . 9 9 9 3 6 7 0
u 8 2 2 0 . 8 5 0 1 0 3 0
u 8 0 0 0 . 9 6 6 5 000
0 8 1 2 0 . 9 2 1 1 £ 3 0
u 8 3 3 0 . 9 1 2 5 000
u 9 1 3 0 . 9 2 1 5 0 0 0

. u 9 9 9 - 0 . 9 9 9 3 6 7 0
u 5 8 8 0 . 2 0 2 3 500
0 610 0 . 7 7 5 5 000
u 7 5 9 0 . 8 7 6 5 000
u 9 1 9 0 . 0 7 7 5 0 0 0

_u 9 9 9 - 0 . 9 9 9 5 000

SENKAN SENRAX PHONR
2 , 9 0 0 3 . 8 3 0 U .5 0 0
3 , 1 2 0 1 . 1 7 0 0 . 6 2 0
1 . 9 8 0 3 . 5 0 0 u . 1 8 0
3 . 1 5 0 1 . 1 7 0 u .  760
1 . 1 3 0 2 . 3 3 0 0 .  3 0 0
3 . b £ 0 1 . 2 5 0 0 . 6 6 0

- 9 . 9 9 0 - 9 . 9 9 0 0 . 5 8 0
3 . 3 5 0 3 . 9 2 0 0 . 6 6 0
2 . 7 3 0 3 . 9 2 0 0 . 1 1 0
2 . 9 0 0 3 . 1 2 0 O . 1 6 0
1 . 2 6 0 1 . 3 3 0 0 . 2 2 0
2 , 1 8 0 3 . 1 2 0 0 . 3 8 0
2 . 0 5 0 3 . 0 8 0 0 . 3 1 0
1 . 6 0 0 2 . 7 5 0 0 . 2 8 0

- 9 . 9 9 0 - 9 . 9 9 0 0 . 7 6 0
3 . 8 0 0 1 . 5 0 0 0 . 8 9 0
3 . 6 2 0 3 . 9 2 0 0 . 7 9 0
3 . 6 3 0 1 . 1 7 0 0 . b 6 0

- 9 . 9 9 0 - 9 . 9 9 0 O . 6 2 0
1 . 1 3 0 2 . 0 8 0 0 . 3 8 0
3 . 5 5 0 1 . 1 2 0 0 . 1 1 0
2 . 7 6 0 3 . 5 8 0 0 . 7 6 0
3 . 6 0 0 1 . 8 3 0 0 . 5 6 0
1 . 0 5 0 2 . 9 2 0 0 . 1 6 0
2 . 6 7 0 3 . 3 3 0 0 . 6 6 0
3 . 0 5 0 3 . 9 2 0 0 , 5 2 0
2 . 3 6 0 3 . 6 7 0 0 . 6 2 0
2 . 5 3 0 3 . 5 8 0 0 , 6 8 0
2 , 3 7 0 3 . 5 6 0 0 . 1 6 0
1 . 6 7 0 2 . 1 2 0 0 . 3 6 0
1 . 1 5 0 . 1 . 5 0 0 0 . 7 6 0

- 9 . 9 9 0 - 9 . 9 9 0 0 , 5 1 0
1 , 3 0 0 1 . 3 3 0 0 , 8 0 0
1 . 8 2 0 5 . 0 0 0 0 . 8 6 0
1 . 3 1 0 1 . 5 8 0 O . 8 2 0
1 . 2 8 0 1 . 5 0 0 0 . 8 2 0
1 . 6 0 0 5 . 0 0 0 0 . 7 1 0

- 9 . 9 9 0 - 9 . 9 9 0 0 . 6 1 0
1 . 7 7 0 3 . 3 3 0 0 . 1 1 0
3 , 6 6 0 3 . 8 3 0 0 .  720
1 , 3 1 0 1 . 7 5 0 0 .  6 6 0
1 . 2 3 0 1 . 9 2 0 O .a o o

- 9 . 9 9 0 - 9 . 9 9 0 0 .  700

PHOWDS= P h o n e m ic  s c o r e s  f o rPHOSEN= P h o n e m ic  s c o r e s  f o r  s e n t e n c e s
INTEL.= I n t e l l i g i b i l i t y  s c o r e s  ____
SENRAN= I n t e l l i g i b i l i t y  r a t i n g s ,  i n e x p e r i e n c e d  l i s t e n e r s  
« " * * * ■  I n t e l l i g i b i l i t y  r a t i n g s ,  e x p e r i e n c e d  l i s t e n e r s  
f-HONKs P honem e r e c e p t i o n  s c o r e s  

- 0 * 9 9 9 =  d i d  n o t  t e s t
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APPENDIX E -2

TEST SCORES - PROSODIC MATERIALS
ID N P t P l P I N PPKLN PPOSN

1 0 6 3 0 U 2 5 0 - 1 000 - 1 000
2 0 6 4 8 U 5 9 0 - 1 00 0 - 1 n o o
3 0 574 u 5 9 0 - 1 000 - 1 000
4 0 4 2 6 0 170 0 28 0 0 7 6 0
5 0 3 / 0 u 34 0 0 0 0 OfeU
6 0 4 6 3 0 7 50 - 1 000 - 1 000
7 0 3 7 0 _ 1 000 -1 000 - I II00
0 0 4 07 . 1 000 -1 000 - 1 noo
9 0 6 3 0 u 5U0 0 8 3 0 0 6 30

10 0 6 3 0 0 5 0 0 0 6 0 0 0 6 9 0
11 0 5 9 3 0 ovn 0 0 0 060
1 2 ‘ 0 5 0 0 0 6 0 0 0 170 0 230
13 0 6 6 7 0 170 0 050 0 39 0
14 0 6 4 8 0 6 0 0 0 3 3 0 0 560
15 0 5 5 6 . 1 OilO - 1 0 0 0 -1 000
1 6 0 Z 04 0 o 3 0 0 94 0 0 9 4 0
17 0 zy 6 u 9 1 0 0 8 0 0 1 000
10 0 6 6 7 u 4 2 0 0 5 0 0 0 5 0 0
19 0 3 1 5 . 1 000 - 1 0 0 0 . 1 000
2 0 0 5 1 9 u 090 0 0 0 0
21 0 6 4 8 u 5 0 0 1 000 0 8 3 0
22 0 0 33 u 59  0 0 330 0 2 8 0
23 0 611 u 34 0 0 3 9 0 0 6 6 0
24 0 4 6 3 u 0 0 2 2 0 0 2 8 0
25 0 5 9 3 0 5 0 0 0 110 0 390
26 0 Z41 (I 5 9 0 0 7 2 0 0 3 3 0
27 0 481 u 5 9 0 0 3 3 0 0 330
28 0 6 3 0 u 3 4 0 0 7 2 0 0 4 4 0
29 0 5 56 u 8 3 0 0 720 0 5 6 0
30 0 64 8 0 0 0 0 0 110
31 0 352 u 0 0 2 8 0 0 330
32 0 Z 4 1 _1 000 - 1 0 0 0 - 1 000
33 0 6 5 2 li 4 2 0 0 3 3 0 0 330
34 0 6 3 3 0 4 2 0 0 94 0 0 94 0
35 0 » 89 u 7 5 0 1 000 0 72.0
36 0 y 2 6 u 6 70 0 94 0 1 000
37 0 5 / 4 0 5 9 0 1 0 00 0 6 9 0
38 0 6 4 8 _ 1 000 - 1 000 - 1 000
39 0 7 04 u 4 2 0 0 330 0 330
40 0 5 0 0 u 170 0 6 1 0 0 4 4 0
4 1 0 / 0 4 u 7 a 0 1 OilO 0 8 a 0
4 2 n 5 9  3 u 4 20 0 c.70 0 600
43 0 4 81 _ 1 o o n - 1 0 0 0 - 1 0 0 0

PPRLC

-1.000 -1.000 
-1.0P0 

0 . 2 2 0  
0 . 3 3 0  

- I . 0 0 0  
- 1 . 0 0 0  
- 1 . 0 0 0  

0 . 5 0 0  
0 . 1 7 0
o.2tc
0 . 3 0 0  
0 , 3 3 0  0.010 

- 1 . 0 0 0  
0 . 3 3 0  
0.220 
0 . 4 5 0  

- 1 . 0 0 0  
0 . 5 0 0  
0.200 
0 . 1 7 0  0,200 
0 . 0 5 0  
0 . 3 3 0  
0 . 4 5 0  
0 . 1 7 0  
0 . 1 7 0  
0 . 4 5 0 
0 . 2 2 0  
0,010 

- 1 .  01.0 
0 . 3 3 0  
0 . 1 7 0  
0 . 4 5 0  
0 . 1 7 0  
0 . 5 0  0 

- 1 . 0 0 0  
0 . 3 9 0  
0 . 3 3 0  
0 . 5 0 C  
0 . 3 5 0  

- 1 . 0 0 0

P P O S C

-l.noo 
-1 .noo 
- 1 . 0 0 0  

0 . 2 2 0  
0 . 2 0 0  

-1 . 0 0 0
- ] . 0 II0 
-1 . o 0 0

0 . 8 9 0  
0 . 0 3 0  
0 . 6 7 0  
0 . 5 0 0  
0 . 5 6  0 
0 . 8 9 0  

- 1 . 0 0 0  
0 . 6 7 0  
0 . 6 1 0  
0 . 7 2 0  

-1  . 0 0 0  
0 . 0  30 
0 . 7 0 0  
0 . 7 2 0  
0 . 0 3 0  
0 . 3 9 0  
0 . 5 6 0  
0 . 0 3 0  
0 . 6 7 0  
0 . 7 0 0  
0 . 4 2 0  
0 . (, 10 
0 . 0 3 0

- 1 . 0 0 0 
0 . 6 0 0  
0 . 6 7 0  
0 . 9 5 0  
0 . 0 9 0  
0 . 6 7 0

. 1 . 0 0 0  0 . 6/0 
0 . 4 4 0  
0 . 5 6  0 
0 . 7 0 0  -l.noo

P F R l
0 6 3 9
0 7 2 2
U 6 3 9
0 6 6 7
0 36 9
0 4 1 7
0 361
0 4 7 2
0 4 7 2
0 361
0 2 7 8
0 6 3 9
0 6 6 7
0 611
0 8 3 3
0 7 6 0
0 778
0 778
0 4 4 4
0 4 4 4
0 4 7 2
0 444
0 4 4 4
0 4 1 7
0 5 0 0
0 3 0 9
0 4 4 4
0 861
0 5 5 6
0 30 9
0 5 0 3
0 444
0 55 6
0 6 3 9
0 694
0 0 3 3
0 4 1 7
0 6 1 1
0 6 3 9
0 6 3 9
0 6 6 7
0 6 3 9
u 5 0 0

PFR2
• 0 . 9 9 9  
- 0 . 9 9 9  
- 0 . 9 9 9  
- 0 . 9 9 9  
- 0 . 9 9 9  
- 0 . 9 9 9  
- 0 . 9 9 9  
- 0 . 9 9 9  
0.500 
0 . 5 0 0  
0 . 2 9 1  
0 . 5 0 3  0.300 
0 , 0 3 3  
0 . 7 5 0  
0 . 7 5 0  
0 . 6 6 6  
0 . 5 0 0  

- 0 . 9 9 9  
0 . 4 5 0  
0 . 5 0 3  
0 . 5 0 0  
0 . 4 5 8  
0 . 4 1 7  
0 . 2 9 1  
0 . 5 0 0  
0 . 5 0 3  
0 . 7 0 8  
0 , 5 4 2  
0 . 5 4 2  
0 . 7 5 0  
0 . 2  50 
0 . 7 9 1  
0 . 7 5 0  
0 . 7 0 8  
0 . 9 1 6  
0 . 6 2 5  
0 . 6 2 5  
0 . 7 5 0  
0 . 6 6 6  
0 . 7 5 0  
0 . 6 2 5  
0 , 5 0 0

PFP1= P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I  P1N= n a t u r a l n e s s  s c o r e s  o n  PFP1 
PPREN= P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I ,  n a t u r a l n e s s  s c o r e s ,  p r e t r a i n i n g  
PPOSN= P r o s o d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I ,  n a t u r a l n e s s  s c o r e s ,  p o s t - t r a i n i n g

P r o s ? d i c  F e a t u r e  P r o d u c t i o n  T e s t  I I ,  c o o r e c t n e s s  s c o r e s ,  p r e -  an d  p o s t - t r a i n i n g  
PFR1, 1F R 2- P r o s o d i c  F e a t u r e  R e c e p t i o n  T e s t s  1 an d  I I  

- 1 . 0 0 0  an d  - 0 . 9 9 9 =  d i d  n o t  t e s t
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APPENDIX F-l
CONFUSION MATRIX FOR HARD-OF-HEARING CHILDREN FOR ALL PHONEMES IN TEST SENTENCES.

All values are entered as proportions. The intended pflonemes are in the left-hand 
column, the phonemes produced are in the rows.

11

13
1*4
15
16

\l
M21
22 
2 3
24
2526 
27 ra 
? 9
30
31
32
33
34
35
36

11
39
40
41
42
4 3
44
4 5
46
47
4 8
4 9  f-0
5152
53

11 12 13 14 15 l b 17 18 19 20 21 22
0 . 8 7 1 u 0 4 2 0 < 0 0 6 0 0 0 5 0 . 0 0 1 0 o o l 0 . 0 0 0 0 0 0 0 2 8 0 001 0 0010 . 0 3 0 u 9 0 0 0 . 0 2 3 0 0 0 . 0 0 5 0 0 0 . 0 0 001 0 0 0 4 0 0 0 0 0 0 0 00 . 0 0 8 u 0 08 0 . 9 4 2 0 0 0 3 0 . 0 0 3 0 0 0 . 0 0 0 0 0 0 8 u u 0 0 0 0
0 . 0 u 0 0 2 0 . 0 2 4 0 9 1 7 0 . 0 1 3 0 0 0 . 0 0 0 0 0 u O i l 0 0 0 0o . o u Ul 3 0 . 0 0 0 0 9 0 , d 70 0 080 0 . 0 0 0 0 0 0 9 u 0 0 0 0 0
0 . 0 u 0 0 2 0 . 0 0 2 0 0 0 2 0 , 0 1 9 0 9 3 a 0 . 0 0 0 0 5 0 0 1 9 u 0 0 0 0 00 . 0 u 0 0 . 0 0 0 0 . 0 0 0 0 9 0 . 9 5 4 0 0 0 9 0 0 u 0 0 9 0 0 0 0
0 . 0 u 0 0 2 0 . 0 0 2 0 0 0 . 0 0 0 0 . 0 0 8 0 941 0 0 1) u 0 1 6 0 0 0 00 . 0 u 0 0 . 0 0 0 1 4 0 . 0 1 4 0 0 n.o 0 0 0 9 U3 u u 0 0 0 0
0 . 0 0 2 u 0 2 6 0 . 0 0 1 0 0 0 2 0 . 0 1 1 0 001 0 . 0 0 0 0 1 0 0 6 7 u / 3 9 0 0 0 0 0 1o.o u 0 0 . 0 2 0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 u 0 0 9 7 2 0 0
0 . 0 0 4 u 004 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 u 3 3 3 0 0 0 2 0 3 1 70 . 0 1 b u 0 ( ' . 0 1 2 0 0 2 8 0 . 0 0 0 0 . 0 0 0 0 0 u u 0 0 u 0
0 . 0 u 0 0 . 0 0 0 0 . 0  20 0 0 0 . 0 0 0 0 0 u u 0 0 0 0
0 . 0 u 0 0 . 0 0 0 2 0 0 . 0 0 0 0 . 0 0 0 5 6 0 0 u 0 0 0 0 0U 0 0 . 0 0 0 0 . 0 0 0 0 , 0 0 4 0 0 0 0 0 0 0 4 u 0 2 0 0 0 0 0
0 . 0 u 0 0 . 0 0 n 0 . 0 0 0 n.o 0 0 0 0 u 0 0 0 0 0
0 . 0 u 0 0 . 0 0 0 2 0 0 . 0 5 6 0 0 2 0 0 . 0 0 3 0 6 0 0 5 6 0 0 0 0 0 0
0 . 0 u u 0.0 0 0 0 . 0 0 0 0,0 0 0 0 0 u 0 0 3 0 0 0 0
£*J! u 0 0.0 0 0 o.o 0 0 0.0 0 0 0 0 0 0 0 0 0 00,0 u 001 0.0 0 0 0 . 0 0 0 0,0 0 0 0 0 u 0 0 0 0 0
0 . 0 u 001 0.0 0 0 0.0 0 0 0,0 0 0 0 0 u 0 0 0 0 0
0 . 0 u 0 0.0 0 0 0 . 0 0 0 0.0 0 0 0 0 0 U04 0 0 0 0
° * 5 u 0 0.0 0 0 0 . 0 0 0 n.o 0 0 0 0 u 0 0 6 0 0 0 00 . 0 u 0 0.0 0 0 0 . 0 0 0 n.o 0 0 0 0 u 0 0 0 0 00 . 0 u 0 0.0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 u 0 0 0 0 0
0 . 0 u 0 0.0 0 0 0 . 0 0 0 0.0 0 0 0 0 u 0 0 0 0 0
0 . 0 u 0 0.0 0 002 0.0 0 0 0 , 0 0 0 0 0 u 0 0 0 0 0
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APPENDIX F-3
2G statistic comparing articulatory comfusions made by hard-of-hearing and deaf children on the twenty test sentences*

COMPUTE c o n f u s i o n s : AVERAGE SF Nl f .N Ct MO" VS AVER AGf s f n t e n c e  u e a f
r i N i n u *  CLLL tNTRY = 6

DIAGONAL PRESENT UI AGONAL ABSENT
Rom 9-SOUAHEU Ul 6 .  OF FREEDOM p r o b a b i l i t y G-SOUAREU PEG.  UF FREEDOM PROBABILITY

11 1 0 . 1 1 7 2 7 0 . 0 1 1 5 2 . 2 0 9 6 6 0 . 9 0 0 012 1 3 , 0 6 7 2 7 0 . 0 5 3 6 1 0 . 7 0 2 6 6 0 . 0 9 8 013 0.0 0 0.0 0.0 0 0. 01** 0 , 6 9 0 9 7 0 . 2 6 0 0 9 . 1 9 7 3 6 0 . 6 5 0 015 7 . 9 0 9 2 3 0 . 0 9 7 9 5 . 5 7 0 2 2 0 . 0 6 1 7
0 . 7 0 9 6 3 0 . 8 7 2 1 0 . 6 1 5 6 2 0 . 7 3 5 1

17 0.0 0 0.0 G.O 0 0.0
18 3 . 9 6 9 8 9 0 . 9 1 0 0 0 . 0 2 6 7 3 0 . 8 9 3 1
19 0.0 0 0.0 0.0 0 0.020 2 0 . 0 3 9 1 7 0 . 0 0 5 5 1 9 . 7 2 8 0 6 0 . 0 0 3 1

?1 0.0 0 0.0 0.0 0 0.022 2 . 7 7 8 3 3 0 . 9 2 7 1 0 . 0 2 9 6 2 0 . 9 8 5 2
2 3 7 . 2 / 6 9 3 0 . 0 6 3 6 2 . 2 1 2 9 2 0 . 3 3 0 7
2 9 1 7 . 5 3 2 2 3 0 . 0 0 0 5 7 . 8 5 2 3 2 0 . 0 1 9 7
2 5 0.0 0 0.0 0.0 0 0.0
2 6 0.0 0 0.0 0.0 0 0.02 7 0.0 0 0.0 0.0 0 0.028 0 . 5 9 6 8 2 U■ 7 6 0 0 0.0 0 0.0
2 9 0 . 1 2 9 5 2 0 . 9 3 9 6 0.0 0 0.0
3 0 2 , 0 3 6 6 2 0 . 3 6 1 2 0.0 0 0.0
31 1 7 . 5 5 9 7 b 0 . 0 0 7 9 9 . 9 8 2 9 5 0 . 9 1 8 0
32 3 9 . 0 2 3 9 0 0.0000 7 . 2 0 9 5 7 0 . 9 0 7 9
33 9 0 . 2 3 9 9 7 0.0000 9 . 6 2 8 9 6 0 . 1 9 1 2
39 3 . 1 1 2 3 2 0 . 2 1 0 9 0.0 0 0.0
35 2 . 9 1 3 6 3 0 . 9 9 1 1 2 . 3 2 7 2 2 0 . 3 1 2 9

36 0 . 6 7 0 9 9 0 . 9 5 9 9 0 . 0 8 5 3 3 0 . 9 9 3 5
3 7 5 . 9 2 2 9 5 0 . 3 6 6 5 0 . 8 6 9 1 9 0 . 9 2 9 0
38 3 . 8 2 8 1 9 0 . 9 2 9 8 2 . 0 9 1 8 3 0 . 9 1 6 7
3 9 5 2 . 9 1 5 5 10 0.0000 1 2 . 3 0 0 0 9 0 . 1 9 6 9
90 3 1 . 3 9 3 8 12 0,0000 2 0 . 1 5 7 7 11 0 . 0 9 3 *

91 5 . 2 0 1 2 9 0 . 2 6 7 3 0 . 5 5 1 8 3 0 . 9 0 7 9
9 2 0.0 0 0.0 0.0 0 0.0
9 3 1 9 . 8 6 2 3 3 0.0002 3 . 6 7 5 8 2 0 . 1 5 9 2
9 9 0.0 0 0.0 0.0 0 0.0
9 5 0 . 6 9 0 9 5 0 .  1 2 3 9 9 . 3 6 0 1 9 0 . 3 5 0 5
9 6 1 . 3 6 0 8 3 0 . 7 1 9 7 0 . 0 9 9 0 2 0 . 9 5 9 1
97 1 9 . 9 1 9 1 5 0 . 0 0 1 6 9 . 2 2 5 7 9 0 . 0 5 5 7
9 8 9 9 . 5 / 0 1 3 0.0000 0 . 5 7 1 3 2 0 . 7 5 1 5
9 9 * 1 . 7 2 7 1 3 0.0001 9 . 7 9 7 6 2 0 . 0 0 7 6
50 1 . 1 3 5 3 3 0. 7 6 0 6 0 . 7 2 0 3 2 0 . 6 9 7 b

51 3 . 9 2 1 9 5 0 . 5 6 0 7 0 . 3 8 3 3 9 0 . 9 0 3 0*2 0.0 0 0.0 0.0 0 0.0
5 3 1 0 . 0 7 0 1 6 n . 1 2 1 9 7 . 9 1 7 0 5 0 . 1 9 1 9
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