
INFORMATION TO USERS

This was produced from a copy of a document sent to us for microfilming. 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 material 
submitted.

The following explanation of techniques is provided to help you understand 
markings or notations 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 through an image and duplicating 
adjacent pages to assure you of complete continuity.

2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a 
good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in “sectioning” 
the material. It is customary to begin filming at the upper left hand comer 
of a large sheet and to continue from left to right in equal sections with 
small overlaps. If necessary, sectioning is continued again—beginning 
below the first row and continuing on until complete.

4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can be purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department.

5. Some pages in any document may have indistinct print. In all cases we 
have filmed the best available copy.

University
Microfilms

International
3 0 0  N. Z E E B  R O A D .  A N N  A R B O R .  Ml 4 8 1 0 6  
18 B E D F O R D  ROW,  L O N D O N  W C 1 R  4 E J ,  E N G L A N D



8119676

T o bey , Em ily  A n n

MOTOR SPEECH ADAPTATION: AN ACOUSTIC STUDY OF TEMPORAL 
AND SPECTRAL RESPONSE PATTERNS IN SUBJECTS WITH FOCAL, 
CORTICAL LESIONS

City University o f New York PH.D. 1981

University
Microfilms

International 300 N. Zeeb Road, Ann Arbor, MI 48106



PLEASE NOTE:

In all cases  this material has been filmed in the best possible way from the available copy. 
Problems encountered with this docum ent have b een  identified h ere  with a  check mark * .

1. Glossy photographs or pages ^

2. Colored illustrations, paper or prin t_____

3. Photographs with dark background

4. Illustrations a re  poor copy______

5. Pages with black marks, not original copy______

6. Print shows through as there is text on both s ides of p age______

7. Indistinct, broken or small print on several p a g e s _______

8. Print exceeds margin requirem ents_____

9. Tightly bound copy with print lost in spine______

10. Computer printout pages with indistinct p rin t______

11. Page(s)______ lacking when material received, and not available from school or author.

12. Page(s)______ seem  to be  missing in numbering only as text follows.

13. Two pages num bered  . Text follows.

14. Curling and wrinkled p a g e s______

15. Other______________________________________________ _________________________

University
Microfilms

International



MOTOR SPEECH ADAPTATION: AN ACOUSTIC STUDY OF TEMPORAL AND

SPECTRAL RESPONSE PATTERNS IN SUBJECTS WITH FOCAL, 

CORTICAL LESIONS

by

EMILY A. TOBEY

A d i s s e r t a t i o n  s u b m i t te d  t o  t h e  Gradua te  F a c u l t y  in  
Speech and Hear ing Sc iences  in  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 re m e n t s  f o r  t h e  degree  o f  Doc to r  o f  
P h i lo so p h y ,  The C i t y  U n iv e r s i t y  o f  New York.

1981



T h i s  m a n u s c r i p t  has  been r e a d  and a c c e p t e d  f o r  t h e  G radua te  
F a c u l t y  in  Speech and H ear ing  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 re e  o f  D o c to r  o f  
P h i lo s o p h y .

d a t e  Chairman o f  Examining Committee

f f t - /
* F v o r n t i u o  n t f i r  7

J a s o n  Brown, M.D.
Harvey Hal p e r n ,  Ph.D. 
Lawrence R a p h a e l ,  Ph.D. 
Douglas  W ebs te r ,  Ph.D.

S u p e r v i s o r y  Committee

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



A b s t r a c t

111

MOTOR SPEECH ADAPTATION: AN ACOUSTIC STUDY OF TEMPORAL AND

SPECTRAL RESPONSE PATTERNS IN SUBJECTS WITH FOCAL,

CORTICAL LESIONS 

by

Emily A. Tobey 

A d v i s e r :  P r o f e s s o r  K a t h e r i n e  S. H a r r i s

S t u d i e s  r e p o r t e d  h e re  e x p l o r e  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  a 

group o f  American v e t e r a n s  who s u s t a i n e d  f o c a l ,  c o r t i c a l  l e s i o n s  t o  t h e  

r i g h t  o r  l e f t  hem isphere  d u r i n g  t h e  Vietnam c o n f r o n t a t i o n .  Temporal 

and s p e c t r a l  c h a r a c t e r i s t i c s  o f  speech  p r o d u c t i o n  were  examined under  

two s p e a k in g  c o n d i t i o n s :  a no rm al ,  o r  c o n t r o l ,  c o n d i t i o n  and an

e x p e r i m e n t a l  c o n d i t i o n  which u sed  an a p p l i a n c e  t o  r e s t r i c t  m a n d ib u la r  

p a r t i c i p a t i o n  d u r i n g  s p e e c h .  The p u rp o s e  o f  t h e  s tu d y  was tw o fo ld :  

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

d i f f e r e n c e s  in  temporal  and s p e c t r a l  c h a r a c t e r i s t i c s  o f  speech  

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

h e m is p h e re ;  and second ,  t o  i n v e s t i g a t e  t h e  s t r a t e g i e s  a v a i l a b l e  t o  

s p e a k e r s  w i th  c o r t i c a l  l e s i o n s  t o  a d j u s t ,  o r  accomodate ,  t o  changes  in  

p e r i p h e r a l ,  o r a l - s t r u c t u r e  r e l a t i o n s h i p s .  Ana lyses  o f  temporal  and 

s p e c t r a l  c h a r a c t e r i s t i c s  o f  s peech  i n  t h e s e  two c o n d i t i o n s  p ro v id e d  

q u a n t i t a t i v e  i n f o r m a t i o n  r e l a t e d  t o  s t r u c t u r e - f u n c t i o n  q u e s t i o n s  

commonly a d d r e s s e d  i n  t h e  c l i n i c a l  l i t e r a t u r e  r e g a r d i n g  speech  

d i s o r d e r s  in  c o r t i c a l l y  i n j u r e d  p a t i e n t s .
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Comparable fo rm an t  f r e q u e n c y  and d u r a t i o n  v a l u e s  a r e  n o t  produced  

by C on t ro l  s u b j e c t s  i n  normal and r e s t r i c t e d - j a w  s p e a k i n g .  Contro l  

s u b j e c t s  p roduce  s l i g h t l y  h i g h e r  Fj_ and s i g n i f i c a n t l y  lower  F2 -F 3 

f r e q u e n c i e s  d u r in g  r e s t r i c t e d - j a w  c o n d i t i o n s .  Moreover,  Contro l  

s u b j e c t s  use  a te mpora l  s t r a t e g y  o f  g e n e r a l i z e d  s low ing  o f  a r t i c u l a t i o n  

t o  a s s i s t  i n  op to m iz in g  t h e i r  r e s p o n s e  t o  abnormal p e r i p h e r a l  

c o n d i t i o n s .  Data from C on t ro l  s u b j e c t s  s u g g e s t  t h e  motor speech  sys tem 

u s e s  a ran g e  o f  a r t i c u l a t o r  p o s i t i o n s  t o  p roduce  c o n t e x t u a l  speech  

under  normal and abnormal p e r i p h e r a l  c o n d i t i o n s .  Temporal 

r e l a t i o n s h i p s  o f  g e s t u r e s  a r e  r e t a i n e d  by C on t ro l  s u b j e c t s  d u r in g  

abnormal p e r i p h e r a l  c o n d i t i o n s  s u g g e s t i n g  g e s t u r e  t i m i n g  may be 

i n h e r e n t  t o  p h o n o lo g ic a l  r e p r e s e n t a t i o n s .

C o r t i c a l l y  i n j u r e d  s u b j e c t s  u se  a s l i g h t l y  d i f f e r e n t  s e t  o r  r ange  

o f  a r t i c u l a t o r  p o s i t i o n s  t o  a d j u s t  a r e a / l e n g t h  r e l a t i o n s h i p s  in  t h e  

vocal  t r a c t  t h a n  C o n t ro l  s u b j e c t s ,  r e g a r d l e s s  i f  s p e a k in g  i s  under  

normal o r  r e s t r i c t e d - j a w  c o n d i t i o n s .  Frequency  and d u r a t i o n  r e s p o n s e  

p a t t e r n s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  s u g g e s t  m o to r - sp e e c h  sys tem s  o f  

c o r t i c a l l y  i n j u r e d  s p e a k e r s  a r e  l e s s  f l e x i b l e  and more h e a v i l y  

i n f l u e n c e d  by c o n t e x t u a l  f rameworks .  Taken o v e r a l l ,  f r e q u e n c y -  and 

d u r a t i o n - r e s p o n s e  p a t t e r n s  i n d i c a t e  c o r t i c a l l y  i n j u r e d  s p e a k e r s  have 

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

a r t i c u l a t o r y  maneuvers  d u r i n g  norm al -  and a b n o r m a l - p e r i p h e r a l  

c o n d i t i o n s .



V

ACKNOWLEDGEMENTS 

Many s t a g e s  o f  t h i s  p r o j e c t  have been s t r e s s f u l ,  d i f f i c u l t ,  and 

e x c i t i n g .  S t r e s s f u l  and d i f f i c u l t  s t a g e s  were  g r e a t l y  a i d e d  by many 

f r i e n d s  and c o l l e a g u e s .  E x c i t i n g  t i m e s ,  I hope ,  have been s h a r e d  w i th  

n e a r l y  e v e ry o n e .  Th is  p r o j e c t  was a l a r g e  one encom pass ing  many 

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

I would l i k e  t o  acknowledge  my com mit tee  members,  D rs .  K a t h e r i n e

S. H a r r i s ,  J a s o n  Brown, Harvey H a lp e r n ,  Lawrence R aphae l ,  and Douglas  

W ebs te r ,  f o r  t h e i r  i n d i v i d u a l  and group s u p p o r t  t h r o u g h o u t  v a r i o u s  

p o r t i o n s  o f  t h i s  s t u d y .  S p e c i a l  t h a n k s  must  go t o  my ad hoc Kresge 

commit tee  who sw ea ted  e v e ry  w r i t t e n  page and d a t a  p o i n t  w i th  me. These 

members i n c l u d e  D rs .  C h a r l e s  B e r l i n ,  John C u l l e n ,  L a r ry  Hughes,  

C r e i g h to n  M i l l e r ,  and R o b e r t  P o r t e r .  To s u f f i c i e n t l y  d e t a i l  t h e i r  

i n d i v i d u a l  and group c o n t r i b u t i o n s  t o  t h i s  s tu d y  would need a document 

as  long  as  my r e s u l t s  c h a p t e r .

P o r t i o n s  o f  t h i s  s tu d y  were s u p p o r t e d  by NIH g r a n t s  NS-11647 t o  

LSU Medical  C e n t e r ,  K resge  H e a r in g  Resea rch  L a b o r a to r y  o f  t h e  South  and 

NS-13617 t o  H ask ins  L a b o r a t o r i e s .  In a d d i t i o n ,  m a t e r i a l s  f o r  t h i s  

s tu d y  were p r o v id e d  by LSU Genera l  Biomedica l  R esea rch  funds  from t h e

School o f  M ed ic ine  and t h e  School o f  D e n t i s t r y .

T h i s  p r o j e c t  would n o t  have been p o s s i b l e  i f  Dr.  Michael Carey had 

been l e s s  c o n s c i e n t o u s  and c a r i n g .  His m e th o d ica l  r e c o r d s  and

c o n t i n u a l  c o n t a c t  w i th  t h e  men t r e a t e d  by h i s  n e u r o s u r g e r y  u n i t  form

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

n e u r o b e h a v io r a l  s tu d y  o f  c o r t i c a l l y  i n j u r e d  s u b j e c t s  co n d u c ted  a t



K resge  a r e  l i n k e d  t o  Ms. H a r r i e t  B e r l i n ,  c o o r d i n a t o r  and g e n e ra l  

o r g a n i z e r  o f  t h e  p r o j e c t .  U p-da ted  d o c u m en ta t io n  o f  c o r t i c a l  i n j u r i e s ,  

n e u r o l o g i c a l  and n e u r o p s y c h o lo g i c a l  c h a r a c t e r i s t i c s  were e x p e r t l y  

c o n t r i b u t e d  by D rs .  Roger T u t t o n ,  R ic h a r d  S t r u b ,  and W i l l i am  B la ck .

D i r e c t  c o n t r i b u t i o n s  t o  my p o r t i o n  o f  t h e  Vietnam v e t e r a n  

e v a l u a t i o n  were made by Mark L o t z ,  camera-man,  e n g i n e e r ,  and s u b j e c t .  

P r o f e s s i o n a l  r e c o r d i n g s  o f  s t i m u l i  used  i n  t h i s  s tu d y  were p r o v id e d  by 

Mr. P a t  Matthews o f  WJAY r a d i o  s t a t i o n  i n  New O r l e a n s .  S evera l  

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

i n c l u d i n g  Ear l  L i z a n a ,  R e g in o ld  Ross ,  and C r a i g  U rbanow i tz .  Computer 

programs and a n a l y s i s  p r o c e d u r e s  were c o n t r i b u t e d  by Dr.  L a r ry  Hughes,  

Dr. John  C u l l e n ,  and C h a r l e s  W iesendanger .  S p e c i a l  th a n k s  goes t o  

J o e l  C h a t e l a i n  who k e p t  t h e  s p e c t r o g r a p h  machine up and r u n n i n g — n o t  an 

ea sy  f e a t .

E x e c u t io n  o f  t h i s  s t u d y  would n o t  have been p o s s i b l e  w i t h o u t  t h e  

a i d  o f  Dr.  I s r a e l  F i n g e r  who d e s ig n e d  and c o n s t r u c t e d  t h e  e x p e r im e n ta l  

d e n t a l  a p p l i a n c e s .  C o n v e r s a t i o n s  w i th  Dr.  R o b e r t  Dobie p la y e d  a m a jo r  

r o l e  in  d e t e r m i n i n g  t h e  d e s ig n  o f  t h e  a p p l i a n c e s .

D ata  c o l l e c t i o n  f o r  t h i s  s t u d y  was done i n  t h e  D epar tm en t  o f  

P sy c h o lo g y ,  U n i v e r s i t y  o f  New O r l e a n s .  I would l i k e  t o  thank  t h e  

Chai rman,  Dr.  R ic h a rd  O lson ,  f o r  t h e  numerous c o n t r i b u t i o n s  h i s  

d e p a r t m e n t  gave d u r in g  t h i s  i n v e s t i g a t i o n .  S p e c i a l  th a n k s  go t o  D rs .  

James May and R o b e r t  P o r t e r ,  my ' o p p o n e n t s '  f o r  sp ace  and 

eq u ip m e n t— th a n k s  guys ,  f o r  l e t t i n g  me o c c a s i o n a l l y  win.



v i i

P r e p a r a t i o n  o f  t h i s  document has  been p o s s i b l e  beca use  o f  t h e  

e x p e r t  e d i t i n g  o f  ' J a p a n e s e  s e n t e n c e s '  and g u id a n c e  by Ms. Gae D ecker .  

Her f r i e n d s h i p  i s  warmly a p p r e c i a t e d .

I t  would be u n f a i r  n o t  t o  mention  t h e  l a r g e  r o l e s  c o n t r i b u t e d  by 

F ra n c e s  Freeman,  C a r o l e  G e l f e r ,  Beth M o r r i s ,  B e t t y  T u l l e r ,  and M ar i lyn  

W i lson .  T h e i r  f r i e n d s h i p  and humor k e p t  t h i s  p r o j e c t  go ing .

F r i e n d s  a r e  g r e a t l y  needed d u r i n g  d i s s e r t a t i o n s  and I would be r e m is s  

i f  I f a i l  t o  mention  t h e  warm and c a r i n g  conce rn  o f  Kathy H a r r i s  and 

J a c k  C u l l e n .  T h e i r  s u p p o r t  and f a i t h  i n  my a b i l i t y  t o  com ple te  t h i s  

p r o j e c t  i s  deep ly  a p p r e c i a t e d .

C o n t in u a l  e d u c a t i o n  i s  a i d e d  by s u p p o r t i v e  f a m i ly  members.  I have 

been f o r t u n a t e .  S pe c i a l  t h a n k s  go t o  my m othe r  and f a t h e r  who, n o t  

n e c e s s a r i l y  u n d e r s t a n d i n g  o r  t r a c k i n g  why o r  what  I was d o in g ,  were 

n e v e r t h e l e s s  c o n t i n u a l l y  s u p p o r t i v e  ( y e s ,  dad— f i n a l l y ) . Many th a n k s  

go t o  J a n ,  Ray,  and Ralph C u l l e n — th e y  have s u p p l i e d  many o f  t h e  

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

I would be l e s s  th a n  h o n e s t  i f  I f a i l e d  t o  acknowledge  t h e  e x t e n t  

o f  my h u s b a n d ' s  c o n t r i b u t i o n  t o  t h i s  s t u d y .  Much o f  t h e  i d e a t i o n ,  

e x e c u t i o n ,  and i n t e r p r e t a t i o n  i n v o l v e d  in  t h i s  p r o j e c t  have been 

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

L a s t ,  b u t  most  i m p o r t a n t l y ,  I would l i k e  to  thank  Greg ,  B ruce ,  

D av id ,  D a r r e l l ,  M o r r i s ,  Roy, Don, M ic h a e l ,  Roger ,  u.sd B i l l  f o r  t h e i r  

c o n t r i b u t i o n s  t o  o u r  c o u n t r y  t e n  y e a r s  ago and t o  t h i s  s t u d y .

And, t o  Shawn K i l c r e s t - N o r r i s  who s a i d  i t  a l l  two y e a r s  ago ,  " . . . I  

want  you t o  know I d o n ' t  do windows."



vi i i

TABLE OF CONTENTS

Page

TITLE PAGE......................................................................................................................................  1

APPROVAL PAGE.............................................................................................................    i i

ABSTRACT.................................   i i i

ACKNOWLEDGMENTS..........................................................................................................................  i v

LIST OF TABLES..............................................................................................................................x i i

LIST OF FIGURES........................................................................................................................... x iv
C h a p t e r

I .  INTRODUCTION............................................................................................................  1

Some Approaches  t o  t h e  A ssessm en t  o f  
Normal Speech-M otor  F u n c t i o n

D i s r u p t e d  Speech-M oto r  F u n c t i o n  I n f e r r e d  
from t h e  S tudy  o f  P e r s o n s  w i th  C o r t i c a l  
L e s io n s

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

S p a t i a l  r e p r e s e n t a t i o n s  f o l l o w i n g  
c o r t i c a l  damage

Temporal d i s r u p t i o n s  f o l l o w i n g  
c o r t i c a l  damage

O b j e c t i v e s  o f  S tudy

C h a p t e r

I I .  METHODS AND MATERIALS......................................................................................  21

S u b j e c t  S e l e c t i o n  

Exper im en ta l  

E x c l u s io n  C r i t e r i a

1.  C a p a c i ty  t o  pe r fo rm



2.  A u d io lo g i c a l  a s s e s s m e n t

3.  Speech p r o d u c t i o n  

I n c l u s i o n  C r i t e r i a

1. Hem ispher ic  in v o lv em en t

2 .  Speech p r o d u c t i o n  

Con tro l

D e s c r i p t i v e  S tudy  I —O r a l -  and Limb A prax ia  
Assessment

M a t e r i a l s

Equipment

P ro ced u re

A n a ly s i s

D e s c r i p t i v e  S tudy I I —A r t i c u l a t i o n  A ssessm en t  

M a t e r i a l s  

Equipment 

P ro c e d u re  

A n a ly s i s

Exper im en ta l  S tu d y —F o rc e d  A d a p t a t i o n  

M ater i  a l s  

Speech

Denta l  a p p l i a n c e  c o n s t r u c t i o n  

Equipment 

P ro c e d u re  

D u ra t io n  A n a l y s i s  

S p e c t r o g r a p h i c  p r o c e d u r e



Segm en ta t ion  p ro c e d u re

1. A l v e o l a r  s t o p - c o n s o n a n t s ,  / t /  and / d /

2.  L a t e r a l  / r /

3.  F r i c a t i v e  / s /

4 .  C l u s t e r  / t r /

5.  C l u s t e r  / s t r /

6 . Vowel n u c l e i

7.  T o t a l - w o r d  d u r a t i o n  

S p e c t r a l  A n a l y s i s

S t e a d y - s t a t e  l o c a t i o n  

E x t r a c t i o n  o f  s t e a d y - s t a t e  p e r i o d s  

S p e c t r a l  a n a l y s i s

C h a p te r

I I I .  RESULTS.........................................................................................................................6 8

D e s c r i p t i v e  S tudy  I - -  O r a l -  and Limb-Apraxia  Assessm en t

D e s c r i p t i v e  S tudy I I —A r t i c u l a t i o n  A ssessm en t

Exper im en ta l  S tu d y —F orced  A d a p t a t i o n

Frequency Measures  o f  Vowel Nucle i  in  Normal Speak ing

Formant f r e q u e n c i e s  in  normal s p e a k in g

Fundamental  f r e q u e n c i e s  i n  normal s p e a k in g

Frequency  Measures  o f  Vowel Nucle i  in  R e s t r i c t e d - J a w  
S peak ing

Formant f r e q u e n c i e s  in  r e s t r i c t e d - j a w  s p e a k in g  

Fundamental  f r e q u e n c i e s  i n  r e s t r i c t e d - j a w  s p e a k in g  

Summary o f  F requency  Measures



xi

D u r a t io n  Measures  i n  Normal S peak ing  

T o t a l - w o r d  d u r a t i o n  i n  normal s p e a k in g  

Vowel n u c l e i  d u r a t i o n  i n  normal s p e a k in g  

V o i c e - o n s e t  t im e  i n  normal s p e a k in g  

F r i c t i o n  segments  i n  normal s p e a k in g  

TR2 segments  i n  normal s p e a k in g  

D u r a t io n  Measures  i n  R e s t r i c t e d - J a w  Speak ing  

T o t a l - w o r d  d u r a t i o n  i n  r e s t r i c t e d - j a w  s p e a k in g  

Vowel n u c l e i  d u r a t i o n  i n  r e s t r i c t e d - j a w  s p e a k in g  

V o i c e - o n s e t  t im e  i n  r e s t r i c t e d - j a w  s p e a k in g  

F r i c t i o n  d u r a t i o n  i n  r e s t r i c t e d - j a w  s p e a k in g  

TR2 d u r a t i o n  i n  r e s t r i c t e d - j a w  s p e a k in g  

Summary o f  D u r a t i o n  Measures

O r a l -  and L imb-A praxia  A ssessm en t  

A r t i c u l a t i o n  A ssessm en t

S p e c t r a l  and Temporal C h a r a c t e r i s t i c s  o f  C o n t ro l  S u b j e c t s  
d u r i n g  Normal S peak ing

S p e c t r a l  and Temporal C h a r a c t e r i s t i c s  o f  C o r t i c a l l y  I n j u r e d  
S u b j e c t s  d u r i n g  Normal S peak ing

A d ap t iv e  Motor F u n c t i o n  i n  C o n t ro l  S u b j e c t s

A d a p t iv e  Motor F u n c t i o n  in  C o r t i c a l l y  I n j u r e d  Speakers

C h ap te r

IV. DISCUSSION 157

APPENDIX A 191

APPENDIX B 241

REFERENCES 274



LIST OF TABLES

Table Page

I I - l  Number o f  l e f t -  and r i g h t - h e m s i p h e r e  l e s i o n e d  p e r s o n s  
e l i m i n a t e d  from p a r t i c i p a t i n g  in  t h e  speech  p e r c e p t i o n  
s t u d i e s ..................................................  25

I 1-2 B i r t h  and w o u n d e d - i n - a c t i o n  d a t e s  f o r  RTP and
LTP s u b j e c t s ...................................................................................   29

I 1-2 Per formance  and l e s i o n - l o c a t i o n  summary f o r
RTP s u b j e c t s .......................................................................................................  33

I 1-3 Per formance  and l e s i o n - l o c a t i o n  summary o f
LTP s u b j e c t s 34

11-4 S c o r in g  g u i d e l i n e s  f o r  o r a l -  and 1 im b - a p r a x i a
a s s e s s m e n t  i t e m s .............................................................................................. 40

I 1-5 M onosy l lab ic  a r t i c u l a t i o n  a s s e s s m e n t  i t em s
from S h a n k w e i l e r  and H a r r i s ...................................................................  42

I I I - l  R e l a t i v e  d i f f i c u l t y  o f  o r a l - a p r a x i a  i t em s  f o r
RTP g r o u p ..............................................................................................................  69

111-2 R e l a t i v e  d i f f i c u l t y  o f  o r a l - a p r a x i a  i t em s  f o r
LTP g r o u p ..............................................................................................................  71

I I 1-3 R e l a t i v e  d i f f i c u l t y  o f  1i m b - a p r a x i a  i t em s  f o r
RTP g r o u p ..............................................................................................................  72

111-4 R e l a t i v e  d i f f i c u l t y  o f  1im b - a p r a x i a  i t em s  f o r
LTP g r o u p ..............................................................................................................  74

I I 1-5 Average fundamenta l  and f o r m a n t  f r e q u e n c i e s  
f o r  C o n t r o l ,  RTP, and LTP g roups  in  normal 
s p e a k i n g ..............................................................................................................  78

I I 1-6 Summary o f  f r e q u e n c y  r e s p o n s e  p a t t e r n s  produced
d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g .......................................................... 98

I I 1-7 Summary t a b l e  o f  f r e q u e n c i e s  i n  normal and
r e s t r i c t e d  jaw s p e a k i n g  f o r  C o n t r o l ,  RTP, and
LTP s u b j e c t s ........................................................................................................ 100

I I I - 8  Summary t a b l e  o f  f r e q u e n c i e s  i n  normal and
r e s t r i c t e d - j a w  s p e a k in g  f o r  C o n t r o l ,  RTP, and
LTP g r o u p s ............................................................................................................. 101



xi i i

T a b l e  Page
I I I -9  Summary t a b l e  o f  F3 f r e q u e n c i e s  i n  normal and 

r e s t r i c t e d - j a w  s p e a k in g  f o r  C o n t r o l ,  RTP, and 
LTP g r o u p s .............................................................................................................102

I I I -10  T o t a l - w o r d  d u r a t i o n  p roduced  by C o n t r o l ,  RTP,
and LTP groups  d u r i n g  normal s p e a k i n g ............................................ 106

I 11-11 Mean vowel n u c l e i  d u r a t i o n  p roduced  d u r i n g  
normal s p e a k in g  by C o n t r o l ,  RTP, and LTP 
g r o u p s ...................................................................................................................... 108

I I 1-12 Mean v o i c e - o n s e t  t im e  produced  d u r i n g
normal s p e a k in g  by C o n t r o l ,  RTP, and LTP
g r o u p s ...................................................................................................................... 1 1 2

I I I -13  Mean f r i c t i o n  d u r a t i o n  p roduced  d u r i n g  normal
s p e a k in g  by C o n t r o l ,  RTP, and LTP g r o u p s ..................................... 115

I I 1-14  Mean d u r a t i o n  o f  TR2 segments  p roduced
d u r i n g  normal s p e a k in g  by C o n t r o l ,  RTP, and
LTP g r o u p s .............................................................................................................118

I I 1-15 Summary o f  d u r a t i o n  r e s p o n s e  p a t t e r n s  p roduced
d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g ............................................................. 156

IV-1 P e r c e n t  i n d i v i d u a l  segment o c c u p i e s  o f  t o t a l -  
word d u r a t i o n  i n  n o rm a l -  and r e s t r i c t e d - j a w  
s p e a k in g  f o r  C on t ro l  S u b j e c t s ................................................................178

IV-2 P e r c e n t  i n d i v i d u a l  segment o c c u p i e s  o f  t o t a l -  
word d u r a t i o n  i n  no rm al -  and r e s t r i c t e d - j a w  
s p e a k in g  f o r  RTP S u b j e c t s ......................................................................... 187

IV-3 P e r c e n t  i n d i v i d u a l  segment o c c u p i e s  o f  t o t a l -  
word d u r a t i o n  i n  no rm al -  and r e s t r i c t e d - j a w  
s p e a k in g  f o r  LTP s u b j e c t s ......................................................................... 188



xiv

LIST OF FIGURES

Figures Page

I I - l  S k e t c h e s  a c q u i r e d  from CT s c a n s  o f  r i g h t -
hemi s p h e r e d - 1 e s i o n  s u b j e c t s ...................................................................31

I 1-2 S k e tc h e s  a c q u i r e d  from CT s c a n s  o f  l e f t -
hemi s phered -1  e s i  on s u b j e c t s ...................................................................32

I 1-3 S e p a r a t i o n  d i s t a n c e s  f o r  a p p l i a n c e  were  
d e t e r m in e d  by o p en ing  a r t i c u l a t o r ,  1 0 mm 
a s  measured  from m es iobucca l  cusp  o f  f i r s t  
m o l a r s ...................................................................................................................  48

I 1-4 A u to p o ly m e r i s in g  r e s i n  o c c l u s a l  s p l i n t s
were c o n s t r u c t e d  on s t o n e  c a s t s ® 49

I 1-5 M and ibu la r  and m a x i l l a r y  s p l i n t s  a t t a c h e d
w h i l e  s u b j e c t  i n  c e n t r i c  r e s t i n g  p o s i t i o n ................................ 50

I 1-6 An example  o f  a  c o m p le te d  a p p l i a n c e  i s  shown.
F i n i s h e d  a p p l i a n c e s  s t o r e d  i n  w a t e r  u n t i l
e x p e r i m e n t .......................................................................................................... 51

I 1-7 B o u n d a r ie s  u sed  t o  d e t e r m in e  segment d u r a t i o n s  in  
t a r g e t  words c o n t a i n i n g  i n i t i a l  s t o p - c o n s o n a n t ,
/ t ,  d / . ..............................................................................................................  57

I 1-8 B o u n d a r i e s  u sed  t o  d e t e r m in e  segment d u r a t i o n s  
i n  t a r g e t  words c o n t a i n i n g  i n i t i a l  c o n s o n a n t ,
/ r / ..........................  59

I 1-9 B o u n d a r i e s  u s e d  t o  d e t e r m i n e  segment d u r a t i o n s  
i n  t a r g e t  words c o n t a i n i n g  i n i t i a l  c o n s o n a n t s ,
/ s / ........................................................................................................................  61

11-10 B o u n d a r ie s  u s e d  t o  d e t e r m in e  segment d u r a t i o n s  
i n  t a r g e t  words c o n t a i n i n g  i n i t i a l  c o n s o n a n t  
c l u s t e r ,  / t r / ................................................................................................... 62

11-11 B o u n d a r i e s  used  t o  d e t e r m in e  segment d u r a t i o n s  
i n  t a r g e t  words c o n t a i n i n g  i n i t i a l  c o n s o n a n t  
c l u s t e r ,  / s t r / ................................................................................................  64

I I I - l  Formant f r e q u e n c y  a s  a f u n c t i o n  o f  i n i t i a l  
c o n s o n a n t  o r  c l u s t e r s  p roduced  by C o n t r o l ,
RTP, and LTP g roups  d u r i n g  normal s p e a k i n g .............................. 80



XV

I I I -2 Mean F2  f r e q u e n c y  as  a f u n c t i o n  o f  i n i t i a l
c o n s o n a n t  o r  c l u s t e r  p roduced  by C o n t r o l ,
RTP, and LTP g roups  d u r i n g  normal s p e a k i n g ..........................  82

I I 1-3 Mean fundamenta l  f r e q u e n c y  a s  a f u n c t i o n  o f  i n i t i a l
c o n s o n a n t  o r  c l u s t e r s  p roduced  by C o n t r o l ,  RTP, 
and LTP g ro u p s  d u r i n g  normal s p e a k i n g .........................................  84

I I 1-4  Mean fo rm an t  f r e q u e n c y  as  a f u n c t i o n  o f  s p e a k in g
c o n d i t i o n  p roduced  by C o n t r o l ,  RTP, and LTP g r o u p s   8 6

I I I -5  Mean and F2  f r e q u e n c i e s  a s  a f u n c t i o n  o f
s p e a k in g  c o n d i t i o n  f o r  C o n t r o l ,  RTP, and LTP g r o u p s ..........8 8

I I I - 6  Mean F2  f r e q u e n c i e s  a s  a f u n c t i o n  o f  s p e a k in g
c o n d i t i o n  f o r  C o n t r o l ,  RTP, and LTP g r o u p s .............................  89

I I I -7 Mean F2 f r e q u e n c y  as  a f u n c t i o n  o f  i n i t i a l
c o n s o n a n t  o r  c l u s t e r  p roduced  by C o n t r o l ,  RTP, and
LTP g roups  d u r i n g  normal and r e s t r i c t e d - j a w
s p e a k i n g ..................................................................................................................91

I I 1-8 Mean F2  f r e q u e n c y  as  a f u n c t i o n  o f  t r i a l  and
s p e a k in g  c o n d i t i o n  f o r  C o n t r o l ,  RTP, and LTP 
g r o u p s ............................................................................ ...................................... 92

I I 1-9 Mean s t a n d a r d  d e v i a t i o n  o f  F2  a s  a f u n c t i o n  o f
t r i a l  and s p e a k in g  c o n d i t i o n  p roduced  by 
C o n t r o l ,  RTP, and LTP g r o u p s ........................................................... 94

I 11-10 Mean fundamenta l  f r e q u e n c y  p roduced  d u r in g
normal and r e s t r i c t e d  jaw c o n d i t i o n  by 
C o n t r o l ,  RTP, and LTP g r o u p s ........................................................... 96

I 11-11 Mean fundamenta l  f r e q u e n c y  a s  a f u n c t i o n  o f  
i n i t i a l  c o n s o n a n t  o r  c l u s t e r  p roduced  by 
C o n t r o l ,  RTP, and LTP g roups  d u r in g  normal and 
r e s t r i c t e d - j a w  s p e a k i n g ........................................................................ 97

I I 1-12 Mean vowel n u c l e i  d u r a t i o n  a s  a f u n c t i o n  o f  
i n i t i a l  c o n s o n a n t  o r  c l u s t e r  p roduced  by 
C o n t r o l ,  RTP, and LTP g roups  d u r i n g  normal 
s p e a k i n g ............................................................................................................  1 1 0

I 11-13 Mean v o i c e - o n s e t  t i m e  a s  a f u n c t i o n  o f  vowel 
n u c l e i  p roduced  by C o n t r o l ,  RTP, and LTP 
g roups  d u r i n g  normal s p e a k i n g ........................................................  113



xvi

I 11-14 Mean f r i c t i o n  d u r a t i o n  a s  a f u n c t i o n  o f  vowel
n u c l e i  p roduced  by C o n t r o l ,  RTP, and LTP g roups
d u r in g  normal s p e a k i n g ..........................................................................  116

I I 1-15 Mean TR2 d u r a t i o n  a s  a f u n c t i o n  o f  vowel n u c l e i  
p roduced  by C o n t r o l ,  RTP, and LTP g roups  d u r in g  
normal s p e a k i n g ...........................................................................................  1 2 0

I I 1-16 Mean t o t a l - w o r d  d u r a t i o n  a s  a f u n c t i o n  o f  vowel 
n u c l e i  f o r  C o n t r o l ,  RTP, and LTP g roups  d u r in g  
normal -  and r e s t r i c t e d - j a w  s p e a k i n g ...........................................  1 2 2

I I 1-17 Mean t o t a l - w o r d  d u r a t i o n  as  a f u n c t i o n  o f  i n i t a l  
c o n s o n a n t  o r  c l u s t e r  f o r  C o n t r o l ,  RTP, and LTP 
g roups  d u r in g  n o rm a l -  and r e s t r i c t e d - j a w  s p e a k i n g   124

I 11-18 Mean t o t a l - w o r d  d u r a t i o n  as  a f u n c t i o n  o f  t r i a l  and
s p e a k in g  c o n d i t i o n  f o r  C o n t r o l ,  RTP, and LTP g r o u p s . . .  126

I I 1-19 Mean s t a n d a r d  d e v i a t i o n  o f  t o t a l - w o r d  d u r a t i o n  a s  a 
f u n c t i o n  o f  t r i a l  and s p e a k in g  c o n d i t i o n  f o r
C o n t r o l ,  RTP, and LTP g r o u p s .............................................................  127

I I 1-20 Vowel n u c l e i  d u r a t i o n  p roduced  by C o n t r o l ,  RTP, and
LTP g roups  d u r i n g  n o rm a l -  and r e s t r i c t e d - j a w  
s p e a k i n g ............................................................................................................  129

I I 1-21 Mean vowel d u r a t i o n  a s  a f u n c t i o n  o f  i n i t i a l  
c o n s o n a n t  o r  c l u s t e r  p roduced  by C o n t r o l ,  RTP, 
and LTP g roups  d u r i n g  norm al -  and r e s t r i c t e d -  
jaw s p e a k i n g ..................................................................................................  131

I I 1-22 Mean vowel d u r a t i o n  as  a f u n c t i o n  o f  t r i a l  and 
s p e a k in g  c o n d i t i o n  f o r  C o n t r o l ,  RTP, and LTP 
g r o u p s ................................................................................................................. 133

I I 1-23 Mean v o i c e - o n s e t  t im e  produced  by C o n t r o l ,  RTP,
and LTP g roups  d u r i n g  norm al -  and r e s t r i c t e d -
jaw s p e a k i n g ..................................................................................................  134

I 11-24 Mean v o i c e - o n s e t  t im e  a s  a f u n c t i o n  o f  vowel
n u c l e i  p roduced  by C o n t r o l ,  RTP, and LTP g roups
d u r i n g  norm al -  and r e s t r i c t e d  jaw s p e a k i n g ........................... 136

I I 1-25 Mean v o i c e - o n s e t  t im e  as  a f u n c t i o n  o f  t r i a l  
and s p e a k in g  c o n d i t i o n  f o r  C o n t r o l ,  RTP, and 
LTP g r o u p s .......................................................................................................  138



xvi i

I I 1-26 Mean s t a n d a r d  d e v i a t i o n  o f  v o i c e - o n s e t  t ime
a s  a f u n c t i o n  o f  t r i a l  and s p e a k in g  c o n d i t i o n
f o r  C o n t r o l ,  RTP, and LTP g r o u p s ................................................... 139

I I 1-27 Mean f r i c t i o n  d u r a t i o n  p roduced  by C o n t r o l ,  RTP, 
and LTP g roups  d u r i n g  normal and r e s t r i c t e d - j a w  
s p e a k i n g ............................................................................................................  141

I 11-28 Mean f r i c t i o n  d u r a t i o n  a s  a f u n c t i o n  o f  vowel
n u c l e i  p roduced  by C o n t r o l ,  RTP, and LTP g roups
d u r i n g  norm al -  and r e s t r i c t e d - j a w  s p e a k i n g ........................... 142

I I 1-29 Mean f r i c t i o n  d u r a t i o n  a s  a f u n c t i o n  o f  t r i a l  and
s p e a k in g  c o n d i t i o n  f o r  C o n t r o l ,  RTP, and LTP 
g r o u p s .................................................................................................................  144

I I 1-30 Mean s t a n d a r d  d e v i a t i o n  o f  f r i c t i o n  segments  a s  a
f u n c t i o n  o f  t r i a l  and s p e a k in g  c o n d i t i o n  f o r
C o n t r o l ,  RTP, and LTP g r o u p s .............................................................  145

I 11-31 Mean TR2 d u r a t i o n  p roduced  by C o n t r o l ,  RTP, and LTP
groups  d u r in g  normal and r e s t r i c t e d - j a w  s p e a k i n g   147

I I 1-32 Mean TR2 d u r a t i o n  a s  a f u n c t i o n  o f  vowel n u c l e i  
p roduced  by C o n t r o l ,  RTP, and LTP g roups  d u r i n g  
norm al -  and r e s t r i c t e d  jaw s p e a k i n g ...........................................  148

I I 1-33 Mean TR2 d u r a t i o n  a s  a f u n c t i o n  o f  t r i a l  and s p e a k in g
c o n d i t i o n  f o r  C o n t r o l ,  RTP, and LTP g r o u p s ........................... 150

I I 1-34 Mean s t a n d a r d  d e v i a t i o n  o f  TR2 d u r a t i o n  a s  a
f u n c t i o n  o f  t r i a l  and s p e a k in g  c o n d i t i o n  f o r
C o n t r o l ,  RTP, and  LTP g r o u p s .............................................................  151



1

CHAPTER I 

INTRODUCTION

S t u d i e s  r e p o r t e d  h e r e  e x p l o r e  t h e  s p e e c h - p r o d u c t i o n  

c h a r a c t e r i s t i c s  o f  a group o f  American v e t e r a n s  who s u s t a i n e d  f o c a l  

c o r t i c a l  l e s i o n s  t o  t h e  r i g h t  o r  l e f t  hem isphere  d u r in g  t h e  Vietnam 

c o n f r o n t a t i o n .  Temporal and s p e c t r a l  c h a r a c t e r i s t i c s  o f  speech 

p r o d u c t i o n  were examined i n  two s p e a k in g  c o n d i t i o n s :  a normal ,  o r  

c o n t r o l , c o n d i t i o n  and an e x p e r i m e n t a l  c o n d i t i o n  which u sed  an 

a p p l i a n c e  t o  r e s t r i c t  m a n d ib u la r  p a r t i c i p a t i o n  d u r i n g  speech .  The 

p u rpose  o f  t h e  s tu d y  was tw o f o l d :  f i r s t ,  t o  p r o v i d e  a q u a n t i t a t i v e

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

c h a r a c t e r i s t i c s  o f  speech  f o l l o w i n g  a l e s i o n  t o  t h e  r i g h t  o r  l e f t  

h e m is p h e re ;  and second ,  t o  i n v e s t i g a t e  t h e  s t r a t e g i e s  used  by s p e a k e r s  

w i th  c o r t i c a l  l e s i o n s  t o  a d j u s t  ( o r  accommodate)  t o  changes  in  

p e r i p h e r a l ,  o r a l - s t r u c t u r e  r e l a t i o n s h i p s .  Analyses  o f  t h e  tempora l  and 

s p e c t r a l  c h a r a c t e r i s t i c s  o f  speech  in  t h e s e  two c o n d i t i o n s  p r o v id e  

q u a n t i t a t i v e  i n f o r m a t i o n  r e l a t e d  t o  s t r u c t u r e - f u n c t i o n  q u e s t i o n s  

r e g a r d i n g  speech  d i s o r d e r s  in  c o r t i c a l l y  i n j u r e d  p a t i e n t s .

T y p i c a l l y ,  s t r u c t u r e - f u n c t i o n  q u e s t i o n s  a r e  a d d r e s s e d  by 

t e c h n i q u e s  which a n a l y z e  t h e  speech  e r r o r s  produced  by c o r t i c a l l y  

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

d e t e rm in e d  from e r r o n e o u s  p r o d u c t i o n s  by c o r r e l a t i n g  t h e  s i t e - o f - l e s i o n  

t o  t h e  presumed a b b e r a n t  f u n c t i o n  c r e a t i n g  t h e  e r r o r s .  Of ten  t h e s e  

s t u d i e s  a r e  l i m i t e d  t o  exam in ing  p h o n o lo g i c a l  o r  p h o n e t i c  e r r o r s



w i t h o u t  ex am in in g  t h e  p o s s i b l e  a b b e r a n t  f u n c t i o n s  u n d e r l y i n g  t h e  

e r r o r s .  S i m i l a r l y ,  p a t i e n t s  w i t h  c o r t i c a l  l e s i o n s  p ro d u c e  many 

e r r o r - f r e e  u t t e r a n c e s ,  how ever ,  t h e s e  e r r o r - f r e e  u t t e r a n c e s  a r e  u s u a l l y  

j u d g e d  by c a s u a l  p e r c e p t u a l  methods  and a r e  n o t  s t u d i e d  i n  a c o u s t i c  

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

sy s tem  p ro d u c e d  by c o r t i c a l  l e s i o n s  a l s o  a r e  r e f l e c t e d  in  t h e s e  

e r r o r - f r e e  p r o d u c t i o n s .

As a f i r s t  s t e p ,  i t  seems r e a s o n a b l e  t o  h y p o t h e s i z e  

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

r e s t r i c t i o n s ,  o r  l i m i t a t i o n s ,  t o  t h e  c h a r a c t e r i s t i c  f l e x i b i l i t y  and 

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

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

m o t o r - s p e e c h  sy s t e m  i s  t o  i n t r o d u c e  a p e r i p h e r a l  d i s t u r b a n c e  and 

examine s t r a t e g i e s  u sed  t o  c i r c u m v e n t  ( o r  a d a p t  t o )  t h e  e x p e r i m e n t a l l y  

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

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

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

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

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

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

t h e  jaw  and to n g u e  t o  accommodate t h e  p e r i p h e r a l  d i s r u p t i o n .

E x a m in a t io n  o f  a c o u s t i c  p a t t e r n s  g e n e r a t e d  by s u b j e c t s  w i th  l e s i o n s  in  

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

l i m i t a t i o n s  o f  t h e  m o t o r - s p e e c h  sy s t e m  r e s u l t i n g  from c o r t i c a l  damage.



3

Some A pproaches  t o  t h e  A s s e s s m e n t  o f  Normal S peech-M otor  F u n c t i o n

I n v e s t i g a t i o n s  o f  m o t o r - s p e e c h  c a p a b i l i t i e s  in  normal s p e a k e r s  

o f t e n  examine  t h e  t i m e  f r a m e s  imposed upon normal g e s t u r e  c o n t r o l , t h e  

te m p o ra l  o r g a n i z a t i o n  o f  a r t i c u l a t o r y  p a t t e r n s ,  and t h e  c o o r d i n a t i o n  o f  

t h e  s e r i e s  o f  movements o c c u r r i n g  i n  d i f f e r e n t  p a r t s  o f  t h e  vocal  

t r a c t .  Many s t u d i e s  [ s e e ,  f o r  ex am p le ,  M acN ei lage  (1 9 7 0 ) ]  s u g g e s t  t h e  

complex  s e n s o r i - m o t o r  s y s t e m  o f  normal s p e a k e r s  a p p a r e n t l y  r e c o g n i z e s  

where a s t r u c t u r e  i n  t h e  vo c a l  t r a c t  i s  a t  a g iv e n  p o i n t  i n  t im e  and 

where t h e  s t r u c t u r e  mus t  move t o  a p p r o p r i a t e l y  c o m p le te  t h e  

a r t i c u l a t o r y  g e s t u r e .  Fo r  ex am p le ,  t h e  v e l o c i t y  o f  jaw c l o s u r e  f o r  

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

t o  a c q u i r e  c l o s u r e  (Kozhevn ikov  and C h i s t o v i c h ,  1965;  O h a la ,  H i k i ,  

H u b l e r ,  and Harshman,  1968;  Sussman,  M acN e i lage ,  and Hanson,  1 9 7 3 ) ;  

v e l o c i t i e s  a r e  g r e a t e r  i f  t h e  jaw  i s  i n  a more open p o s i t i o n  a s

c o n t r a s t e d  t o  a c l o s e d  c o n s o n a n t  p r i o r  t o  c o n s o n a n t  p r o d u c t i o n  th a n  one

c l o s e l y  a p p r o x i m a t i n g  c o n s o n a n t  p r o d u c t i o n .  A c o u s t i c  a n a l y s e s  o f  such  

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

c o m p a ra b le  w h e t h e r  t h e  jaw i s  r e q u i r e d  t o  t r a v e l  a l o n g  o r  s h o r t

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

s u g g e s t  t h e  normal m o t o r - s p e e c h  sy s t e m  a l l o c a t e s  a p a r t i c u l a r  

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

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

S e v e r a l  e x p e r i m e n t a l  t e c h n i q u e s  a r e  u sed  t o  t a x  t h e  c a p a b i l i t i e s  

o f  t h e  m o t o r - s p e e c h  s y s t e m  i n  normal s p e a k e r s  t o  d e t e r m i n e  how 

o r g a n i z a t i o n  and c o o r d i n a t i o n  o f  a r t i c u l a t o r y  g e s t u r e s  o c c u r .  In a



g e n e ra l  fo rm ,  t h e s e  t e c h n i q u e s  d i s t u r b  t h e  s p e a k in g  a c t  by i n t e r r u p t i n g  

t h e  normal c o u r s e  o f  g e s t u r e  e x e c u t i o n  o r  r e s t r i c t i n g  t h e  p a r t i c i p a t i o n  

o f  a p a r t i c u l a r  a r t i c u l a t o r .  Exam ina t ion  o f  t h e  a r t i c u l a t o r y  p a t t e r n s  

g e n e r a t e d  by t h e  sys tem  i n  r e s p o n s e  t o  t h i s  ty p e  o f  d i s r u p t i o n  a s s i s t s  

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

s p a t i a l  and tem pora l  c o n t r o l  i n  speech  a c t s .

I n t e r r u p t i o n  t o  normal s p e a k in g  i s  one approach  used  t o  d e t e rm in e  

t h e  d im ens ions  o f  c o n t r o l  c o n t r i b u t i n g  t o  speech  p r o d u c t i o n  and i s  

acc o m p l i sh e d  v i a  a number o f  t a c t i c s  (some more p l e a s a n t  th a n  o t h e r s ) .  

One o f  t h e  e a r l i e s t  t a c t i c s  used  t o  i n t e r r u p t  normal s p e a k in g  c o n s i s t s  

o f  d e l i v e r i n g  u n e x p e c te d  blows  t o  t h e  abdominal  a r e a  ( S t e t s o n ,  1951) ;  

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

r e c e n t  s t u d i e s ,  a t o o t h  s p l i n t  i s  sometimes u sed  t o  d e l i v e r  r e s i s t i v e  

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

a s s o c i a t e d  w i th  c o n s o n a n t  p r o d u c t i o n  ( F o l k i n s  and Abbs,  1975,  1976) .

In t h i s  pa rad ig m ,  s u b j e c t s  co m p le te  c o n s o n a n t  c l o s i n g  g e s t u r e s  by 

a d j u s t i n g  u p p e r  and lo w er  l i p  movements i n  d i r e c t  p r o p o r t i o n  t o  t h e  

l o a d - i n d u c e d  r e s i s t a n c e  a p p l i e d  by t h e  t o o t h  s p l i n t  t o  t h e  ja w .  An 

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

low er  l i p .  S i g n i f i c a n t  changes  in  d i s p l a c e m e n t  o f  t h e  jaw and u p p e r  

l i p  o c c u r  d u r i n g  c l o s u r e  g e s t u r e s  under  such  s t i m u l u s  c o n d i t i o n s  

( F o l k i n s  and Zimmerman, 1 979 ) ;  t h a t  i s ,  l a r g e r  com pensa tory  movements 

o f  t h e  jaw and up p e r  l i p  a r e  o b s e rv e d  when e l e c t r i c a l  s t i m u l a t i o n  i s  

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

jaw e x c u r s i o n s .



A l t e r a t i o n s  t o  jaw ,  u p p e r ,  and lo w er  l i p  movement s u g g e s t  

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

com ple te  a p a r t i c u l a r  a n a to m ic  p o s i t i o n i n g  o f  a r t i c u l a t o r s  in  o r d e r  t o  

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

a l t e r n a t i v e  s t r a t e g i e s  a r e  r a p i d l y  im plemented t o  compensa te  f o r  

d i s t u r b a n c e s  t o  t h e  normal speech  a c t .  On t h e  s u r f a c e ,  t h e s e  two 

o b s e r v a t i o n s  a p p e a r  c o n t r a d i c t o r y ;  on t h e  one hand ,  t h e  sys tem  must  

o r g a n i z e ,  s t o r e ,  and s e t  p r i o r i t i e s  f o r  p a r t i c u l a r  a r t i c u l a t o r y  

s t r a t e g i e s  and ,  on t h e  o t h e r ,  t h e  sys tem  must  be c a p a b l e  o f  r e a d j u s t i n g  

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

a u t h o r s  t o  s u g g e s t  m o to r - s y s te m  c o n t r o l  i s  composed o f  two p a r t s :  a

c e n t r a l  p r e - p l a n n i n g  p r o c e s s  and a more p e r i p h e r a l  o n - l i n e  m o n i t o r i n g  

o f  v o c a l - t r a c t  a c t i v i t i e s .

Exper im en ta l  t e c h n i q u e s  which fo c u s  on d e l i n e a t i n g  t h e  r o l e  p l a y e d  

by more c e n t r a l  p r e - p l a n n i n g  p r o c e s s e s  impose a s t a t i c ,  c o n s t a n t  

d i s r u p t i o n  t o  t h e  sy s tem  by r e s t r i c t i n g  t h e  p a r t i c i p a t i o n  o f  s t r u c t u r e  

( u s u a l l y  t h e  jaw)  o r  i n c r e a s i n g  t h e  d i s t a n c e  between s t r u c t u r e s  

p a r t i c i p a t i n g  i n  t h e  speech  a c t .  For exam ple ,  b lo c k s  o f  wood a r e  o f t e n  

u sed  t o  s e p a r a t e  and r e s t r i c t  t h e  jaws from p a r t i c i p a t i n g  no rm al ly  in  

s p eech .  C o n s t a n t ,  s t a t i c  d i s r u p t i o n s  r e q u i r e  t h e  sys tem  t o  r e o r g a n i z e  

dynamic g e s t u r e s  t o  meet  t h e  unusual  c o n d i t i o n s  a t  t h e  p e r i p h e r y ;  t h a t  

i s ,  g e s t u r e s  which n o rm a l ly  i n v o l v e  movement o f  t h e  e x p e r i m e n t a l l y  

r e s t r i c t e d  a r t i c u l a t o r  mus t  be r e a d j u s t e d  o r  subsumed by an a l t e r n a t i v e  

a r t i c u l a t o r .  In p a r t ,  t h i s  t e c h n i q u e  i s  based  upon a n e c to d a l  r e p o r t s



o f  how well  p ip e  smokers modify  l i n g u a l  and l a b i a l  movements t o  

accommodate t h e  im m o b i l i ty  o f  t h e  jaw (MacNeilage,  1970) .

In  a manner s i m i l a r  t o  t h e  " p ip e  smoker w i th  c l e n c h e d  t e e t h , "  

s u b j e c t s  a p p e a r  a b l e  t o  p ro d u ce  vowel fo rm a n t  p a t t e r n s  which c l o s e l y  

a p p ro x im a te  t h e  vowel f r e q u e n c i e s  p roduced  w i th  a f r e e -m o v in g  jaw,  

r e g a r d l e s s  o f  t h e  s i z e  o f  wood b lo c k s  used  t o  r e s t r i c t  and s e p a r a t e  t h e  

ja ws  (Lindblom and Sundberg ,  1 971a ) .  Even l a r g e  b i t e - b l o c k s ,  

s e p a r a t i n g  t h e  jaws by 23 mm, do n o t  p r e v e n t  s u b j e c t s  from a c h i e v i n g  

f o r m a n t - f r e q u e n c y  p a t t e r n s  s i m i l a r  t o  t h o s e  i n  normal speech .  

E xam ina t ion  o f  l a t e r a l  x - r a y s  t a k e n  o f  r e s t r i c t e d - j a w  vowel p r o d u c t i o n s  

i n d i c a t e s  tongue  shape  i s  p r e s e r v e d  and a p p e a r s  in d e p e n d e n t  o f  t h e  low 

jaw p o s i t i o n  c r e a t e d  by t h e  b i t e - b l o c k  (Lindblom and Sundberg ,  1971b) .  

However,  a s i m i l a r  a c o u s t i c  s tu d y  which e x t e n d s  m easu re s  t o  i n c l u d e  

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

K en t ,  and N e t s e l l ,  1977) d i s p u t e s  t h e  o b s e r v a t i o n s  o f  Lindblom and 

Sundberg  (1 9 7 1 a ) .  In t h i s  s t u d y ,  s u b j e c t s  do n o t  p roduce  fo rm an t  

p a t t e r n s  s i m i l a r  t o  f r e e - m o v in g - j a w  fo rm a n t  p a t t e r n s ;  r a t h e r ,  r e s u l t s  

i n d i c a t e  a s i g n i f i c a n t  d e c r e a s e  in  f o r m a n t - f r e q u e n c y  two (F2 ) and an 

i n c r e a s e  i n  f o r m a n t - f r e q u e n c y  one ( ) .  Lower F2  v a l u e s  and h i g h e r  Fj_ 

v a l u e s  s u g g e s t  a s l i g h t l y  more p o s t e r i o r  tongue  p o s i t i o n  i s  u sed  t o  

p roduce  t h e  vowels i n  t h e  r e s t r i c t e d - j a w  c o n d i t i o n .  The f a c t  t h a t  a 

s l i g h t l y  more p o s t e r i o r  to n g u e  p o s i t i o n  d u r i n g  r e s t r i c t e d - j a w  

c o n d i t i o n s  i s  c a p a b l e  o f  p r o d u c in g  vowels which a r e  p e r c e p t u a l l y  

s i m i l a r  t o  f r e e - j a w  p r o d u c t i o n s  s u g g e s t s  a range  o f  tongue  p o s i t i o n s  

and voca l  t r a c t  shapes  a r e  a v a i l a b l e  and used  by t h e  motor  sy s tem .



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

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

p ro d u c in g  p e r c e p t u a l l y  a c c e p t a b l e  vow els .  A p r e l i m i n a r y  s tudy  by 

N e t s e l l ,  K en t ,  and Abbs (1978)  i n d i c a t e s  s p e a k e r s  a r e  a b l e  t o  r e s h a p e  

t h e  voca l  t r a c t  a r e a - 1 e n g th  r e l a t i o n s h i p s  t o  c l o s e l y  r e sem ble  normal 

s p e a k in g  c o n d i t i o n s .  Tongue a d j u s t m e n t s  a r e  o b s e rv e d  t o  change  n o t  

o n ly  i n  v e r t i c a l  p o s i t i o n  ( h e i g h t )  b u t  a l s o  in  h o r i z o n a l  

( a n t e r i o r / p o s t e r i o r )  d i r e c t i o n s .  V e l o c i t y  a d j u s t m e n t s  t o  t h e  u p p e r  and 

low er  l i p s  a p p e a r  r e s p o n s i b l e  f o r  m a i n t a i n i n g  com parab le  d u r a t i o n s  o f  

c onsonan t -vow e l  segments  p roduced  i n  t h e  f r e e -m o v in g  and r e s t r i c t e d - j a w  

s p e a k in g  c o n d i t i o n s .

A l t e r n a t i v e  v o c a l - t r a c t  shapes  c a p a b l e  o f  p ro d u c in g  p e r c e p t u a l l y  

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

o p e r a t i o n s  o f  t h e  sys tem  a r e  c a p a b l e  o f  t r a n s l a t i n g  a vowel t a r g e t  ( o r  

i t s  s e n s o r y  g o a l )  i n t o  s p a t i o - t e m p o r a l  p a t t e r n s  o f  motor  e v e n t s .  In 

a d d i t i o n ,  s e v e r a l  s t u d i e s  (Lindblom and Sundberg ,  1971a,  1971b; N e t s e l l  

e t  a l . ,  1978) p ro p o s e  c e n t r a l  p r e - p l a n n i n g  o p e r a t i o n s  o f  t h e  sy s tem  a r e  

c a p a b l e  o f  f u r t h e r  s h a p in g  s p a t i o - t e m p o r a l  p a t t e r n s  t o  meet  c o n t e x t u a l  

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

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

meet  t h e  c o n d i t i o n s  o f  t h e  p e r i p h e r y .  Lindblom and Sundberg (1971b) 

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

which maps and s i m u l a t e s  a r t i c u l a t o r y  maneuvers ;  such mapping and 

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

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



a r t i c u l a t o r s .  On t h e  o t h e r  hand ,  N e t s e l l  and h i s  c o l l e a g u e s  ( N e t s e l l  

e t  a ! . ,  1978) h y p o t h e s i z e  t h e  c o n t r o l  sys tem  u t i l i z e s  an " i n t e r n a l  

com para to r"  t o  a d j u s t  t h e  s t a t e  o f  t h e  p e r i p h e r y  t o  t h e  i n t e n d e d  

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

a r t i c u l a t o r y  g e s t u r e s .  Under t h e  l a t t e r  h y p o t h e s i s ,  a d j u s t m e n t s  o r  

m o d i f i c a t i o n s  based  on t h e  i n t e r n a l  com par isons  a p p a r e n t l y  a l lo w  t h e  

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

p e r i p h e r a l  s t r u c t u r e s .

C e n t r a l  s i m u l a t i o n  o r  c o m p a r a t i v e  h y p o th e s e s  assume t h e  sy s tem  i s  

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

e x e c u t i o n .  One m igh t  p r e d i c t  t h a t  a sys tem  o p e r a t i n g  in  e i t h e r  o f  

t h e s e  c o n t e x t s  u s e s  s t r a t e g i e s  t o  modify  t h e  i n c i d e n c e ,  t i m i n g ,  and 

m agni tude  o f  j a w - c l o s i n g  m usc le s  when jaw p a r t i c i p a t i o n  i s  r e s t r i c t e d .  

However,  no c o n s i s t e n t  d i f f e r e n c e s  in  t h e  t i m i n g  o r  magnitude  o f  peak 

EMG a c t i v i t y  a r e  found between muscle  a c t i v i t i e s  measured  in  normal and 

r e s t r i c t e d - j a w - s p e a k i n g  c o n d i t i o n s  ( F o l k i n s  and Zimmerman, 1981) .  I t  

i s  d i f f i c u l t  t o  d e t e r m in e  i n  t h e  F o l k i n s  and Zimmerman (1981) s tu d y  i f  

a l t e r a t i o n s  t o  t h e  v o c a l - t r a c t  shape  and r e s u l t a n t  a c o u s t i c  p a t t e r n s  

o c c u r  i n  c o n j u n c t i o n  w i th  a l a c k  o f  change i n  e l e c t r o m y o g r a p h i c  

a c t i v i t y  in  t h e  j a w - c l o s i n g  m u s c l e s ,  as  s i m u l t a n e o u s l y  o b t a i n e d  

a c o u s t i c  and c i n e r a d i o g r a p h i c  d a t a  a r e  u n a v a i l a b l e .  However, t h e  

e l e c t r o m y o g r a p h ic  d a t a  s u g g e s t  a t  l e a s t  some p e r i p h e r a l  neu romotor  

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

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

and e r r o r - c o r r e c t i n g  s t r a t e g i e s  a r e  n o t  used  t o  d i r e c t l y  modify
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j a w - c l o s i n g  a c t i v i t i e s  b u t ,  r a t h e r ,  a c t  t o  modify tongue  p o s i t i o n  and 

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

M o d i f i c a t i o n s  t o  tongue  p o s i t i o n  and v o c a l - t r a c t  c o n f i g u r a t i o n  may 

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

neuromotor  p r o c e s s e s ,  such  as  c o o r d i n a t i v e  s t r u c t u r e s ,  t o  accommodate 

r e s t r i  c t e d - j  aw p a r t i  c i  p a t i  o n .

The c o n c e p t  o f  r e s p o n s i v e  p e r i p h e r a l  neuromotor  p r o c e s s e s ,  such as 

c o o r d i n a t i v e  s t r u c t u r e s ,  p r o p o s e s  t h e  sys tem  does n o t  e x c l u s i v e l y  use  a 

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

C o o r d i n a t i v e  s t r u c t u r e s  r e p r e s e n t  g roups  o f  r e l a t i v e l y  in d e p e n d e n t  

m usc les  f u n c t i o n a l l y  l i n k e d  i n  a manner which d e t e r m in e s  t h e i r  movement 

r e l a t i v e  t o  one a n o t h e r  in  a speech  c o n t e x t  (F ow le r ,  1980;  F ow le r ,  

Ruben,  Remez, and T u rv e y ,  1981; Fowler  and Turvey ,  1978) .  For example ,  

vowel p r o d u c t i o n  i s  a c h i e v e d  by o r g a n i z i n g  t h e  a r t i c u l a t o r s  i n t o  a 

s i n g l e  sy s tem  o p e r a t i n g  under  a p a r t i c u l a r  s e t  o f  c o n s t r a i n t s .  

P e r t u r b a t i o n  t o  t h e  sy s tem  (such  as  r e s t r i c t i n g - j a w  p a r t i c i p a t i o n )  may 

be r e a d i l y  accommodated by c o o r d i n a t i v e  s t r u c t u r e s  w hich ,  by v i r t u e  o f  

t h e  c o n s t r a i n t  s e t ,  a u t o m a t i c a l l y  assume v a l u e s  a c c o u n t i n g  f o r  t h e  

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

A c o o r d i n a t i v e - s t r u c t u r e  h y p o t h e s i s  assumes t h e  s p e e c h - p r o d u c t i o n  

sy s tem  r e l i e s  on t h e  i n h e r e n t  r e s p o n s e s  o f  t h e  c o n s t r a i n t  s e t  a s  a 

means ( a t  l e a s t  in  p a r t )  o f  p r o v i d i n g  i n s t a n t a n e o u s  f l e x i b i l i t y  and 

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

d i s r u p t i o n s  t o  p e r i p h e r a l - o r a l  s t r u c t u r e s  may exceed  t h e  r ange  o f  

r e s p o n s e  a v a i l a b l e  in  t h e  c o n s t r a i n t  s e t ,  t h u s  r e s u l t i n g  i n  a
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d e t e r i o r a t i o n  o f  speech  p e r fo rm a n c e .  Comparisons o f  a s i n g l e  

p e r t u r b a t i o n  c o n d i t i o n  ( s u ch  a s  jaw r e s t r i c t i o n )  t o  m u l t i p l e  

p e r t u r b a t i o n  c o n d i t i o n s  ( such  as  jaw r e s t r i c t i o n  and o r a l  a n e s t h e s i a ) ,  

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

and Turvey ,  1 979 ) .  Although t h i s  s tu d y  s u g g e s t s  a c t i v e  p e r i p h e r a l  

neu romotor  p r o c e s s e s ,  such  as  c o o r d i n a t i v e  s t r u c t u r e s ,  may u n d e r l i e  ( o r  

c o n t r i b u t e  t o )  some a d a p t i v e  f u n c t i o n s  o f  t h e  m o to r - s p e e c h  s y s t e m ,  i t  

i s  n o t  c l e a r  how t h e s e  p r o c e s s e s  may i n t e r a c t  w i th  more 

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

D i s r u p t e d  Speech-Motor  F u n c t i o n  I n f e r r e d  from t h e  Study o f  

P e r s o n s  w i th  C o r t i c a l  L e s i o n s

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

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

r e s t r i c t  c e n t r a l  c o n t r o l  o p e r a t i o n s  used  t o  o r g a n i z e  and e x e c u t e  

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

p a t i e n t s  w i th  l e f t - h e m i s p h e r e  damage where phoneme s e l e c t i o n ,  as  well  

as  a r t i c u l a t i o n  im p l e m e n t a t i o n ,  i s  d i s r u p t e d  ( B lu m s t e in ,  Cooper ,  

G o o d g la s s ,  S t a l t e n d e r ,  and G o t t l i e b ,  1980) .  P r o d u c t i o n  e r r o r s  a r e  

o f t e n  m i s a r t i c u l a t i o n s  ( F r y ,  1959;  S h a n k w e i l e r  and H a r r i s ,  1966;  Jo h n s  

and D a r l e y ,  1970;  Deal and D a r l e y ,  1972; T r o s t  and C a n t e r ,  1974) and 

f r e q u e n t l y  r e p r e s e n t  t h e  s u b s t i t u t i o n  o f  one phoneme f o r  a n o t h e r  

( S h a n k w e i le r  and H a r r i s ,  1966; B lu m s t e in ,  1973; M a r t i n ,  1974b; K l i c h ,  

I r e l a n d ,  and Weidner,  1 9 7 9 ) .  Exam ina t ion  o f  t h e s e  s u b s t i t u t i o n s  

r e v e a l s  t h e  a n t i c i p a t i o n  o f  l a t e r  p o r t i o n s  o f  t h e  u t t e r a n c e  ( B lu m s t e in ,  

1973; B lu m s te in  e t  a l . ,  1980) and s u g g e s t s  i n a p p r o p r i a t e  s e r i a l
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o r g a n i z a t i o n  p r i o r  t o  t h e  e x e c u t i o n  ( o r  im p le m e n ta t i o n )  o f  s e q u e n t i a l l y  

o r d e r e d  neu ro m u scu la r  r e p r e s e n t a t i o n s  (B lu m s te in  e t  a l . ,  1980) .

In c o n t r a s t ,  s e r i a l  o r g a n i z a t i o n  may remain  i n t a c t  w h i l e  p r o c e s s e s  

encod ing  p h o n o lo g ic a l  u n i t s  a r e  d i s r u p t e d  ( S h a n k w e i le r  and H a r r i s ,  

1966) .  In t h i s  ty p e  o f  d i s r u p t i o n ,  t h e r e  a p p e a r s  t o  be a r educed  

c a p a c i t y  t o  program bo th  t h e  p o s i t i o n i n g  o f  speech  m u s c u l t u r e  f o r  

phoneme p r o d u c t i o n  and p r o p e r  muscle seq u e n c in g  f o r  t h e  r e p r o d u c t i o n  o f  

words ( D a r l e y ,  Aronson,  and Brown, 1 975) .  Poor e x e c u t i o n  o f  complex 

motor s equence s  ( i n c l u d i n g  sp e e c h )  i s  o f t e n  o b s e rv e d  t o  o c c u r  in  

p a t i e n t s  who do n o t  d e m o n s t r a t e  concom inan t  weakness (D a r le y  e t  a l . ,  

1975) ,  d e f i c i e n c i e s  in  u n d e r s t a n d i n g  (D ar ley  e t  a l . ,  1975; Geschwind,

1975) ;  i n c o o r d i n a t i o n  (Geschwind ,  1975; C a r p e n t e r ,  1 9 7 6 ) ,  s e n s o ry  l o s s  

( C a r p e n t e r ,  1 9 7 6 ) ,  o r  a t a x i a  (C h u s id ,  1 976 ) .  These o b s e r v a t i o n s  

s u g g e s t  c o r t i c a l  l e s i o n s  may im p a i r  motor  enco d in g  w i t h o u t  a f f e c t i n g  

p e r c e p t u a l  p r o c e s s e s  (A ten ,  J o h n s ,  and D a r l e y ,  1 971 ) .

M ateer  and Kimura (1977)  p ro p o s e  t h a t  two sys tem s  a r e  used  t o  

c o o r d i n a t e  and e x e c u te  speech  a c t s .  D i s t u r b a n c e s  t o  one sys tem p roduce  

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

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

system im p a i r  t h e  smooth and o r d e r l y  t r a n s i t i o n  from one p a t t e r n  t o  

a n o t h e r .  L u r i a  and h i s  c o l l e a g u e s  ( L u r i a ,  1970; L u r i a  and H u t to n ,

1977) s u g g e s t  a s i m i l a r  d i v i s i o n  o f  im pai rm en t  o c c u r s  i n  t h e  encod ing  

o f  neu ro m u scu la r  r e p r e s e n t a t i o n s  by k i n e t i c  ( p r o d u c in g  o r  c a u s i n g  

movement) and k i n e s t h e t i c  ( l o s s  o f  motor  s e n s a t i o n )  d i s r u p t i o n s .  

D i s r u p t i o n s  t o  k i n e t i c  and k i n e s t h e t i c  sys tem s  ( o r  t o  sys tems
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c o n t r o l l i n g  i s o l a t e d  and s e q u e n t i a l  movement) may be r e l a t e d  t o  

p r e v i o u s  r e p o r t s  s u g g e s t i n g  p a t i e n t s  w i th  c o r t i c a l  l e s i o n s  a r e  u n a b le  

t o  r e c a l l  o r  remember t h e  motor  s k i l l s  needed i n  a r t i c u l a t i o n  (R u s s e l l  

and E s p i r ,  1961;  Wepman and J o n e s ,  1964) .

P a t i e n t s  w i th  l e f t - h e m i s p h e r e  l e s i o n s  d e m o n s t r a t e  some i n t a c t ,  

r e s i d u a l  f u n c t i o n  by p ro d u c in g  e r r o r - f r e e  u t t e r a n c e s  in  c o m b in a t io n  

w i th  e r r o r s  o f  s e r i a l  o r g a n i z a t i o n  and n e u r o m u s c u l a r / a r t i c u l a t o r y  

r e p r e s e n t a t i o n s ,  a s  i n d i c a t e d  above .  The p r e s e n c e  o f  c o r r e c t  and 

e r r o n e o u s  p r o d u c t i o n s  s u g g e s t s  t o t a l  d i s r u p t i o n s  t o  t h e  m o to r - sp ee ch  

sys tem r a r e l y  o c c u r — r a t h e r ,  t h e  sy s tem  i s  r ed u ce d  i n  such  a way t h a t  

i t  p ro d u c e s  i n t e r m i t t e n t  e r r o r s .  Evidence  f o r  such  a " r e s i d u a l "  sys tem  

i s  v a r i e d  and ,  g e n e r a l l y  s p e a k i n g ,  i s  b a s ed  on t h r e e  c l a s s e s  o f  

o b s e r v a t i o n s :  (a )  t h e  ty p e  and f r e q u e n c y  o f  e r r o r s  (S h a n k w e i le r  and

H a r r i s ,  1966;  Burns and C a n t e r ,  1977) ;  (b)  l i n g u i s t i c  v a r i a b l e s ,  such 

as  grammatica l  c l a s s  and s e n t e n c e  l e n g t h  (Deal and D a r l e y ,  1972;

M a r t i n ,  1974a;  Aten e t  a l . ,  1971; H a rd i s o n ,  M a rq u a rd t ,  and P e t e r s o n ,  

1977) ;  and ( c )  t h e  c h a r a c t e r i s t i c s  o f  t h e  i n t e n d e d  phoneme which a r e  

r e t a i n e d  i n  i n c o r r e c t  p r o d u c t i o n s  ( B lu m s t e in ,  1973;  K l ic h  e t  a l . ,

1979) .

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

l e f t - h e m i s p h e r e  damage i n d i c a t e :  (a )  more e r r o r s  o c c u r  on i n i t i a l  th a n

on f i n a l  segments  (Bay,  1966; S h a n k w e i l e r  and H a r r i s ,  1966;  Aten e t  

a l . ,  1971; Burns  and C a n t e r ,  1977) ;  (b)  c o n s o n a n t  c l u s t e r s ,  f r i c a t i v e s ,  

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

u s u a l l y  p o o r ly  p roduced  (Bay,  1966;  S h a n k w e i l e r  and H a r r i s ,  1966; T r o s t
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and C a n t e r ,  1974) and ( c )  vowels  a r e  more a c c u r a t e l y  p roduced  than  

c o n s o n a n t s  (S h a n k w e i le r  and H a r r i s ,  1966; T r o s t  and C a n t e r ,  1974) ;  (d) 

m i s a r t i c u l a t i o n s  c o n s t i t u t e  t h e  m a j o r i t y  o f  e r r o r s  (S h a n k w e i l e r  and 

H a r r i s ,  1966; B lu m s t e in ,  1973; K l ic h  e t  a l . ,  1979) .  F u r th e rm o re ,  

e r r o r s  a r e  u s u a l l y  w i t h i n  t h e  s p e a k e r ' s  n a t i v e  p h o n e t i c  i n v e n t o r y  

( B lu m s te in ,  1973) and w i t h i n  two d i s t i n c t i v e  f e a t u r e s  o f  t h e  i n t e n d e d  

phone ( B lu m s t e in ,  1973; K l ic h  e t  a l . ,  1979) .

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

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

( A l a j o u a n i n e ,  Ombredane,  and Durand,  1939; Lecours  and L h e r m i t t e ,

1969) ;  t h a t  i s ,  t h e  s p e a k e r  e r r s  by s i m p l i f y i n g  h i s  p r o d u c t i o n s .

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

r e p o r t s  which o b s e rv e d  s u b s t i t u t i o n s  o f  unmarked f o r  marked f e a t u r e s  

(K l ich  e t  a l . ,  1 979 ) .  Although p l a c e  a p p e a r s  t o  be t h e  l e a s t  s t a b l e  

f e a t u r e  r e t a i n e d  f o r  vowel ( K e l l e r ,  1978) and c o n s o n a n t  ( K l i c h  e t  a l . ,

1979) p r o d u c t i o n s ,  a l v e o l a r - p l a c e  f e a t u r e s  a r e  u s u a l l y  r e t a i n e d  in  

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

(K l ich  e t  a l . ,  1 979 ) .  The r e l a t i v e  acc u racy  o f  a l v e o l a r  p r o d u c t i o n  in  

c o r r e c t  p r o d u c t i o n s  (and  i t s  h igh  i n c i d e n c e  o f  o c c u r r e n c e  in  i n c o r r e c t  

p r o d u c t i o n s )  may r e l a t e  t o  i t s  r e l a t i v e l y  h igh  f r e q u e n c y  o f  o c c u r r e n c e  

i n  normal speech  (McCroskey,  C o r l e y ,  and J a c k s o n ,  1 959 ) .  In g e n e r a l ,  

phonemes w i th  h igh  f r e q u e n c y  o f  o c c u r r e n c e  a r e  m i s a r t i c u l a t e d  l e s s  

o f t e n  in  p a t i e n t s  w i th  c o r t i c a l  l e s i o n s  ( B lu m s t e in ,  1973; T r o s t  and 

C a n t e r ,  1974) .
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S p a t i a l  r e p r e s e n t a t i o n s  f o l l o w i n g  c o r t i c a l  l e s i o n s . Most o f  t h e  

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

s tu d y  o f  p a t i e n t s  w i th  l e f t - h e m i s p h e r e  l e s i o n s .  Only a few a n e c d o ta l  

r e p o r t s  a r e  a v a i l a b l e  on t h e  s p e e c h -m o to r  f u n c t i o n  o f  p a t i e n t s  w i th  

a n t e r i o r  and p o s t e r i o r  r i g h t - h e m i s p h e r e  l e s i o n s ,  and v i r t u a l l y  no 

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

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

a g n o s i a s  ( C r i t c h l e y ,  1 9 5 3 ) ,  c o g n i t i v e  p r o c e s s i n g  (B la c k ,  1973a,  1973b; 

Black and S t r u b ,  1 976 ) ,  and d i s r u p t i o n s  t o  s o m e s t h e t i c  t a s k s  (Nebes ,  

1974; C o rk in ,  1 978 ) .  S o m e s th e t i c  t a s k s ,  such  as  s p a t i a l  o r i e n t a t i o n  

and p a r t / w h o l e  ( G e s t a l t )  r e l a t i o n s h i p s  o f t e n  a r e  d i s r u p t e d  f o l l o w i n g  

r i g h t - h e m i s p h e r e  l e s i o n s  whereas  l e s i o n s  t o  t h e  l e f t - h e m i s p h e r e  r e g io n  

d i s r u p t  l a n g u a g e - r e l a t e d  s k i l l s  ( C r i t c h l e y ,  1953) .  I t  i s  n o t  c l e a r  i f  

s p a t i a l  r e p r e s e n t a t i o n s  o f  t h e  vocal  t r a c t  a r e  encompassed  u n d e r  more 

g e n e r a l i z e d  o r i e n t a t i o n  f u n c t i o n s  used  t o  d e t e rm in e  body p o s i t i o n  and 

d i r e c t i o n  by t h e  r i g h t  h e m is p h e re ,  o r  i f  t h e y  a r e  subsumed by more 

g e n e r a l i z e d  l a n g u a g e - r e l a t e d  f u n c t i o n s  by t h e  l e f t  h em is p h e re .

P a t i e n t s  w i th  l e f t - h e m i s p h e r e  l e s i o n s  a p p e a r  l e s s  f a c i l e  in  

p ro d u c in g  phones  in  novel p h o n e t i c  e n v i ro n m e n t s ,  as  i n d i c a t e d  by 

d r a m a t ic  i n c r e a s e s  in  e r r o r s  when p ro d u c in g  m e a n in g le s s  s y l l a b l e s  

(A la jo u a n in e  e t  a l . ,  1939; M a r t i n ,  1974a) o r  t h e  f r e q u e n t  s u b s t i t u t i o n s  

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

(K l ich  e t  a l . ,  1 979 ) .  F r e q u e n t  p l a c e  e r r o r s  in  t h e  speech  o f  p a t i e n t s  

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

m i s r e p r e s e n t  speech  e v e n t s  o r ,  p o s s i b l y ,  t h e  s p a t i a l  c o r r e l a t e s  o f
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t h e s e  e v e n t s .  Faced w i th  m i s r e p r e s e n t a t i o n s ,  t h e  p a t i e n t  may be f o r c e d  

t o  r e l y  on more " s t a b l e , "  w e l l - p r a c t i c e d  a l v e o l a r  p o s i t i o n s .

A d d i t i o n a l  e v i d e n c e ,  i n d i c a t i n g  c o r t i c a l l y  i n j u r e d  p a t i e n t s  may 

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

by r e p o r t s  o f  speech  e r r o r s  p roduced  by some o f  t h e  s u b j e c t s  

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

m i s a r t i c u l a t i o n s  a r e  s u b s t i t u t i o n s  o f  one phoneme f o r  a n o t h e r ;  however,  

t h e  s u b s t i t u t i o n s  e x t e n d  o n ly  a c r o s s  p l a c e  c o n t r a s t s ,  n o t  manner o r  

v o i c i n g  c o n t r a s t s .  N o t a t i o n s  i n  t h e  medica l  r e c o r d s  o f  t h e s e  

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

" s p a t i a l " )  p r o d u c t i o n  e r r o r s  a r e  p roduced  by s u b j e c t s  w i th  

r i g h t - hem isphere  l e s i o n s  and o c c u r  i n  c o n j u n c t i o n  w i th  r e p o r t s  o f  more 

g ene ra l  s p a t i a l  d i f f i c u l t y  ( i . e . ,  r i g h t - l e f t  c o n f u s i o n s ,  e t c . ) .

Temporal d i s r u p t i o n s  f o l l o w i n g  c o r t i c a l  damage. S ev e ra l  s t u d i e s  

s u g g e s t  l e f t - h e m i s p h e r e  c o r t i c a l  l e s i o n s  d i s r u p t  motor  programs which 

s y n c h r o n iz e  d i f f e r e n t  a r t i c u l a t o r s  and im p a i r  mechanisms which o r g a n i z e  

t h e  tem pora l  c o o r d i n a t i o n  o f  a r t i c u l a t o r s .  These e r r o r s  a p p a r e n t l y  do 

n o t  s tem from s e l e c t i o n  o r  s e r i a l  o r g a n i z a t i o n  d i s r u p t i o n s  b u t ,  r a t h e r ,  

from a " . . .  common d e f e c t ,  t h a t  i s  poor  te mpora l  c o o r d i n a t i o n  o f  

a i r - f l o w ,  p h o n a t i o n ,  and a r t i c u l a t i o n "  (S ands ,  Freeman,  and H a r r i s ,  

1978,  pg.  1 0 6 ) .  Poor t e m pora l  c o o r d i n a t i o n  s u g g e s t s  c o r t i c a l  l e s i o n s  

i m p a i r  motor  a s s o c i a t i o n  f u n c t i o n s  (Burns and C a n t e r ,  1977) o r  

i n t e g r a t i v e  c o n t r o l  (Freeman,  Sands ,  and H a r r i s ,  1978) i n v o l v e d  in  

enco d in g  speech  a c t s .
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For  example ,  many a u t h o r s  (Freeman e t  a l . ,  1978; B lu m ste in  e t  a l . ,

1980) r e p o r t  t h e  d i s c r e t e  tem pora l  c a t e g o r i e s  f o r  v o i c e d  and v o i c e l e s s  

i n i t i a l  s t o p  c o n s o n a n t s  a r e  n o t  well  p r e s e r v e d  in  p a t i e n t s  w i th  l e f t  

hem isphere  l e s i o n s .  I t o h  and h i s  c o l l e a g u e s  ( I t o h ,  Sasanuma, and 

U s h i j im a ,  1979) r e p o r t  p oo r  tem pora l  c o o r d i n a t i o n  between t h e  upper  

a r t i c u l a t o r s  a s s o c i a t e d  w i th  v e l a r  l o w e r in g  and t o n g u e - t i p  movement. 

When t h e  i n t e n d e d  nasa l  t a r g e t ,  / n / ,  i s  r e p l a c e d  by / d / ,  t h e  velum 

low ers  in  an i n a p p r o p r i a t e  t im e  f r am e ,  t h u s ,  p r e s e r v i n g  a movement 

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

s t o p - c o n s o n a n t  t a r g e t .

A l t e r n a t i v e l y ,  l e s s  e f f i c i e n t  t em pora l  c o o r d i n a t i o n  may be 

i n d i c a t e d  by r e p o r t s  which show t h e  o v e r a l l  r a t e  o f  speech  (m easured  in  

words and s y l l a b l e s / s e c o n d )  i s  o f t e n  s lo w e r  th a n  no rm al ,  w h i l e  r a t e  o f  

a r t i c u l a t o r  movement between s y l l a b l e s  i s  more r a p i d  t h a n  normal 

(DiSimoni and D a r l e y ,  1 9 7 7 ) .  In many i n s t a n c e s ,  a r t i c u l a t o r y  

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

s h o r t  u t t e r a n c e s  such a s  m o n o s y l l a b i c  words .  When p r o d u c t i o n  s t r e s s  i s  

i n c r e a s e d  in  t h e s e  p a t i e n t s  ( e . g . ,  by r e q u i r i n g  more complex 

r e s p o n s e s ) ,  e r r o r s  a l s o  i n c r e a s e  (Deal and D a r l e y ,  1 972 ) .

DiSimoni and D ar ley  (1977)  r e p o r t  a l o s s  o f  s e g m e n t - d u r a t i o n  

c o n t r o l  in  one c o r t i c a l l y  i n j u r e d  p a t i e n t  who d e c r e a s e d  phoneme 

d u r a t i o n  a s s o c i a t e d  w i th  / p /  when s e n t e n c e s  i n c r e a s e d  from one t o  t h r e e  

words .  However, t h e  p a t i e n t  i n c r e a s e d  phoneme d u r a t i o n s  f o r  / p /  when 

t h e  u t t e r a n c e s  i n c r e a s e d  from t h r e e  t o  f i v e  words .  In normal s p e a k e r s ,  

phoneme d u r a t i o n  f o r  b o th  c o n s o n a n t s  and vowels d e c r e a s e s  a s  a d i r e c t
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f u n c t i o n  o f  a d d i t i o n a l  words in  t h e  u t t e r a n c e  ( S w a r t z ,  1 972 ) .  

A p p a r e n t l y ,  t h e  m o to r - s p e e c h  sys tem o f  t h i s  p a r t i c u l a r  p a t i e n t  i s  

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

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

Although DiSimoni and D a r l e y ' s  (1977) s tu d y  s u g g e s t s  a l i m i t e d  

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

u t t e r a n c e s ,  C o l l i n s  and h i s  c o l l e a g u e s  ( C o l l i n s ,  S haughnessy ,  and 

B eche r ,  1979) p ro p o s e  some p a t i e n t s  a r e  c a p a b le  o f  im plem en t ing  

d u r a t i o n a l  s t r a t e g i e s  t o  com pensa te  f o r  sys tem  1 i m i t a t i o n s  in  p l a n n i n g  

long  u t t e r a n c e s .  D u ra t io n  o f  p h o n e t i c  segments  composing a s tem word 

( such  as  in  t h e  word ' b u t ' )  s y s t e m a t i c a l l y  d e c r e a s e s  as  a word 

i n c r e a s e s  ( a s  in  ' b u t t e r '  o r  ' b u t t e r f l y ' )  i n  normal s p e a k e r s .  P a t i e n t s  

w i th  l e f t - h e m i s p h e r e  l e s i o n s  re d u c e  d u r a t i o n  o f  word segments  a s  t h e  

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

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

s e g m e n t - d u r a t i o n / t o t a l - w o r d  l e n g t h  by e f f e c t i v e l y  s lo w in g  a r t i c u l a t i o n  

t o  accommodate segmenta l  d u r a t i o n  changes  f o r  l o n g e r  words .

Data from t h e s e  two s t u d i e s  s u g g e s t  t h e  i n t r i c a t e  and t i g h t l y  

c o n s t r a i n e d  t i m i n g  r e l a t i o n s h i p s  implemented in  speech  p r o d u c t i o n  a r e  

i n f l u e n c e d  by c o r t i c a l  l e s i o n s  i n  one o f  two ways.  On t h e  one hand ,  i t  

i s  p o s s i b l e  c o r t i c a l  l e s i o n s  e f f e c t  on ly  t h e  t im e  f rame in  which speech  

g e s t u r e s  a r e  p roduced  ( i . e . ,  l o n g e r  t im e  frames  a r e  imposed upon normal 

g e s t u r e  p a t t e r n s ) ,  o r ,  on t h e  o t h e r  hand ,  i t  i s  p o s s i b l e  c o r t i c a l  

l e s i o n s  e f f e c t  t h e  tem pora l  o r g a n i z a t i o n  o f  t h e  g e s t u r e  p a t t e r n s
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t h e m s e l v e s .  Moreover,  i t  i s  n o t  c l e a r  i f  l e s i o n s  t o  t h e  r i g h t  v e r s u s  

l e f t  hem isphere  d i f f e r e n t i a l l y  e f f e c t  t h e  tempora l  c o n t r o l  o f  s p e e c h .  

C e n t r a l  D i s r u p t i o n s  f o l l o w i n g  War I n j u r i e s

Documenta t ion  o f  b r a i n  i n j u r i e s  and r e c o v e ry  o f  v a r i o u s  d i s r u p t e d  

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

o c c u r s  (MacPherson,  1922;  C r e d n e r ,  1930; R u s s e l l ,  1951;  R u s s e l l  and 

E s p i r ,  1961; Newcombe, 1 9 6 9 ) .  For example ,  d i s r u p t i o n s  o f  majo r  

b e h a v i o r a l  d e f i c i t s  i n  American s o l d i e r s  f o l l o w i n g  World War I ,  World 

War I I , and Korea a r e  r e p o r t e d  i n  a c c o u n t s  by F r a z i e r  and Ingram 

(1 9 2 7 ) ,  Walker and J a b o n  ( 1 9 6 1 ) ,  and Caveness  (1 9 6 5 ) .  D e s c r i p t i v e  and 

e x p e r i m e n t a l  methods have been a p p l i e d  t o  a r e a s  i n c o r p o r a t i n g  v i s u a l  

d e f e c t s  (T eu b e r ,  1 9 6 0 ) ,  a p h a s i a  ( R u s s e l l  and E s p i r ,  1961;  Caveness  

e t  a l . ,  1 9 7 9 ) ,  p rob lems  in  motor  c o o r d i n a t i o n  and c o g n i t i v e  d e f i c i t s  

[ s e e ,  f o r  a r e v i e w ,  Newcombe, 1 9 6 9 ) ] .  S t u d i e s  t r a c k i n g  c o r t i c a l  

i n j u r i e s  and r e l a t e d  p e r fo rm a n c e  d e f i c i t s  f o l l o w i n g  t h e  Vietnam 

c o n f r o n t a t i o n ,  however ,  a r e  r a r e .  N eurosu rge ry  and m o r b i d i t y  d a t a  a r e  

a v a i l a b l e  (Hammon, 1971; C a rey ,  1 9 7 2 ) ,  as  wel l  as  p r e l i m i n a r y  r e p o r t s  

o f  n e u r o l o g i c a l -  and s p e e c h - d i s o r d e r s  (C arey ,  1972b,  1974) .

Black and h i s  c o l l e a g u e s  r e p o r t  e x t e n s i v e l y  on t h e  

n e u r o p s y c h o lo g i c a l  p e r fo rm a n c e  o f  American v e t e r a n s  wounded in  Vietnam. 

D e f i c i t s  a r e  n o te d  in  memory and a b i l i t i e s  t o  l e a r n  new t a s k s  ( B la c k ,  

1973b,  1 9 7 4 ) ,  c o g n i t i o n  (B la c k ,  1974a,  1974b; Black and S t r u b ,  1 9 7 6 ) ,  

c o n s t r u c t i o n a l  problems l i n k e d  t o  q u a d r a n t  l o c a l i z e d  l e s i o n s  ( B la c k ,

1 9 7 6 ) ,  and p e r s o n a l i t y  d i f f e r e n c e s  ( B la c k ,  1974c;  1 975 ) .  Newcombe 

(1969) c o n c lu d e d  l e f t - h e m i s p h e r e  l e s i o n e d  B r i t i s h  v e t e r a n s  o f  World War
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I I  showed d im in i s h e d  v e r b a l  p e r fo rm a n c e ,  a s  well  a s ,  v e r b a l  l e a r n i n g  

p rob lem s .  P a t i e n t s  w i th  r i g h t  t e m p o r o p a r i e t a l  wounds were s p e c i f i c a l l y  

hand icapped  i n  v i s u a l  and s p a t i a l  t a s k s ,  however,  t h e r e  were no 

s i g n i f i c a n t  l i n g u i s t i c  im p a i rm en ts  in  p a t i e n t s  w i th  r i g h t - h e m i s p h e r e  

l e s i o n s  f o l l o w i n g  World War I I .  S p o ra d ic  r e p o r t s  o f  speech  and 

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

(Newcombe, 1969; Z a n g w i l l ,  1 9 7 9 ) .  In C a r e y ' s  (1973)  Vietnam v e t e r a n  

p o p u l a t i o n s ,  11 o f  43 men w i th  r i g h t - h e m i s p h e r e  l e s i o n s  and 55 o f  68 

men w i th  l e f t - h e m i s p h e r e  l e s i o n s  were r e p o r t e d  t o  have speech  and 

l a nguage  d i f f i c u l t i e s .  The h igh  i n c i d e n c e  o f  speech  and language  

d i f f i c u l t i e s  f o l l o w i n g  l e f t -  and r i g h t - h e m i s p h e r e  damage s u s t a i n e d  in  

Vietnam d e s e r v e s  f u r t h e r  e x a m in a t io n  b e c a u se  d e t a i l e d  i n v e s t i g a t i o n s  

may r e v e a l  a d d i t i o n a l  i n f o r m a t i o n  r e g a r d i n g  t h e  r o l e s  o f  dominant  

( u s u a l l y  l e f t )  and non -dom inan t  ( u s u a l l y  r i g h t )  he m is p h e re s  in  speech  

p r o d u c t i o n .

O b j e c t i v e s  o f  t h e  Study

While t h e r e  i s  some i n d i c a t i o n  t h e  motor  speech  sy s tem  in  normal 

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

i t  i s  n o t  c l e a r  e x a c t l y  how much o f  t h e  a d j u s t m e n t  i s  c o n t r i b u t e d  by 

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

speech  sys tem  o f  a normal s p e a k e r  a p p e a r s  c a p a b l e  o f :  (a )  g e n e r a t i n g  a

range  o f  tongue  p o s i t i o n s  and vocal  t r a c t  sh ap es  which produce  

p e r c e p t u a l l y  a c c e p t a b l e  u t t e r a n c e s ;  (b )  s h a p in g  s p a t i o - t e m p o r a l  

p a t t e r n s  t o  meet  c o n t e x t u a l  c o n d i t i o n s  o f  t h e  p e r i p h e r y ;  and ( c )  u s in g  

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

o f  i t s  r e s p o n s e  t o  p e r i p h e r a l  p e r t u r b a t i o n s .
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A r t i c u l a t i o n  and tem pora l  d i s r u p t i o n s  t o  speech  p r o d u c t i o n  o f t e n  

o c c u r  f o l l o w i n g  c o r t i c a l  l e s i o n s .  I t  i s  p o s s i b l e  c o r t i c a l  l e s i o n s  may 

impose l i m i t a t i o n s  on t h e  motor  sys tem  in  a number o f  ways i n c l u d i n g :  

( a )  r e s t r i c t i n g  t h e  s p a t i a l  framework needed t o  p r o v i d e  a r a n g e  o f  

tongue  p o s i t i o n s  and v o c a l - t r a c t  s h a p e s ;  (b)  a l t e r i n g  s p a t i o - t e m p o r a l  

p a t t e r n s  by e f f e c t i n g  t h e  t im e  frame i n  which speech  g e s t u r e s  a r e  

p roduced  o r  t h e  te mpora l  o r g a n i z a t i o n  o f  t h e  p a t t e r n s  t h e m s e l v e s ;  o r  

( c )  d e c r e a s i n g  t h e  r e s p o n s i v e n e s s  o f  p e r i p h e r a l  neu rom oto r  p r o c e s s e s  by 

l i m i t i n g  t h e  amount o f  i n f o r m a t i o n  a v a i l a b l e  t o  t h e  p r o c e s s e s .  

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

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

(such  as  r e s t r i c t i n g - j a w  p a r t i c i p a t i o n )  may p r o v id e  a d d i t i o n a l  s t r e s s  

t o  t h e  m o t o r - s y s te m  c a p a b i l i t i e s  o f  c o r t i c a l l y  i n j u r e d  i n d i v i d u a l s .  

C a re fu l  e x a m in a t io n  o f  t h e  a c o u s t i c  r e s p o n s e  p a t t e r n s  g e n e r a t e d  in  

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

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

Vietnam C o n f l i c t  may a s s i s t  i n  d e l i n e a t i n g  o r g a n i z a t i o n a l  and 

e x e c u t i o n a l  l i m i t a t i o n s  o f  t h e  m o to r - sp e e c h  sys tem which c o n t r i b u t e  t o  

speech  p r o d u c t i o n  e r r o r s  commonly found i n  t h e  l i t e r a t u r e .
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CHAPTER I I  

METHODS AND MATERIALS 

A group o f  men who r e c e i v e d  f o c a l ,  c o r t i c a l  l e s i o n s  t o  e i t h e r  t h e  

r i g h t  o r  l e f t  h e m is p h e re  i n  Vietnam p a r t i c i p a t e d  i n  t h r e e  s t u d i e s .  Two 

d e s c r i p t i v e  s t u d i e s  were  e x e c u te d  c o n c u r r e n t l y ,  w i th  t h e  e x p e r im e n ta l  

s tu d y  exam in ing  f o r c e d  a d a p t a t i o n  t o  r e s t r i c t e d  m a n d ib u la r  movement.

The f i r s t  d e s c r i p t i v e  s tu d y  examined t h e  a b i l i t y  o f  t h e  s u b j e c t s  t o  

pe r fo rm  i s o l a t e d  g e s t u r e s  w i th  t h e  o r a l  mechanism and w i th  t h e  arm 

h o m o l a t e r a l  t o  t h e i r  l e s i o n  ( D e s c r i p t i v e  Study I —O r a l -  and Limb- 

A prax ia  A ss e s s m e n t ) .  The second  d e s c r i p t i v e  s tu d y  examined t h e  a b i l i t y  

o f  t h e  s u b j e c t s  t o  r e p e a t  i s o l a t e d ,  m o n o s y l l a b i c  words ( D e s c r i p t i v e  

Study I I - - A r t i c u l a t i o n  A s s e s s m e n t ) .  The t h i r d  s tu d y  examined t h e i r  

speech  u n d e r  two c o n d i t i o n s :  a n o rm a l - s p e a k in g  c o n d i t i o n  and a

c o n d i t i o n  r e q u i r i n g  them t o  speak  w i th  an a p p l i a n c e  which

r e s t r i c t e d - m a n d i b u l a r  movement ( Exper im en ta l  S tu d y —F o rc e d  A d a p t a t i o n .

S u b j e c t s  were s e l e c t e d  from a p o p u l a t i o n  o f  American v e t e r a n s  who 

r e c e i v e d  n e u r o s u r g i c a l  t r e a t m e n t  f o r  d i s c r e t e ,  l o w - v e l o c i t y  m i s s i l e  

wounds t o  t h e  b r a i n .  These v e t e r a n s  w i th  d i s c r e t e  b r a i n  l e s i o n s  

p r o v i d e d  an e x c e l l e n t  p o p u l a t i o n  t o  s t u d y ,  a s  a l l  were  examined 

m e d i c a l l y  i n  c o n j u n c t i o n  w i th  t h e i r  m i l i t a r y  s e r v i c e  and were 

d e t e rm in e d  t o  be f r e e  o f  g r o s s  n e u r o l o g i c a l  o r  s e n s o r y  a b n o r m a l i t i e s  

p r i o r  t o  t h e i r  i n j u r i e s  in  Vie tnam. In a d d i t i o n ,  l o w - v e l o c i t y  m i s s i l e  

wounds p roduced  s p e c i f i c  d e f i c i t s  i n  pe r fo rm a nce  on t a s k s  i n v o l v i n g

v e r b a l  l e a r n i n g  (Newcombe, 1 9 6 9 ) ,  memory (Newcombe, 1969;  B la c k ,  1973a ,
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1973b; 1 9 7 4 ) ,  and c o n s t r u c t i o n a l  a b i l i t i e s  (B lack  and S t r u b ,  1976) 

r a t h e r  t h a n  g e n e r a l i z e d  poor  pe r fo rm ance  due t o  c l o s e d  head  i n j u r i e s ,  

tu m o rs ,  o r  v a s c u l a r  a c c i d e n t s  (Newcombe, 1 9 6 9 ) .  The men s e l e c t e d  t o  

p a r t i c i p a t e  in  t h i s  s tu d y  were un ique  i n  t h a t  t h e y  r e c i e v e d  

n e u r o s u r g i c a l  t r e a t m e n t  by a s i n g l e  team o f  n e u r o s u r g e o n s  i n  Chu L a i ,  

R e p u b l ic  o f  Vie tnam, which p e r fo rm ed  t h e  n e u r o s u r g e r y  in  a un i fo rm  

manner,  i n c l u d i n g  diagramming t h e  a r e a  o f  b r a i n  i n j u r y  and e s t i m a t i n g  

t h e  q u a n t i t y  o f  b r a i n  r e s e c t i o n e d  d u r i n g  s u r g e r y  (C a rey ,  Young, and 

M a th i s ,  1972a ,  1972b) .  Access t o  t h e  p r e v i o u s  medica l  h i s t o r i e s  o f  t h e  

men f o l l o w i n g  t h e i r  s u r g e r y  was a r r a n g e d  by Dr.  Michael  E.  Carey 

(D epar tm en t  o f  N e u r o s u rg e r y ,  L o u i s i a n a  S t a t e  U n i v e r s i t y  Medical  C e n t e r ,  

New O r l e a n s ,  L o u i s i a n a )  who commanded t h e  n e u r o s u r g i c a l  u n i t  i n  Vietnam 

and has  m a i n t a i n e d  p e r i o d i c  c o n t a c t  w i th  them o v e r  t h e  p a s t  t e n  y e a r s .  

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

p a r t i c i p a t e d  in  an e x t e n s i v e  s tu d y  o f  speech  p e r c e p t i o n  and 

n e u r o b e h a v i o r  c o o r d i n a t e d  by t h e  Kresge H e a r in g  R esea rch  L a b o r a t o r y  o f  

t h e  S o u th ,  D epar tm ent  o f  O t o r h i n o l a r y n g o l o g y ,  L o u i s i a n a  S t a t e  

U n i v e r s i t y  Medical  C e n t e r ,  New O r l e a n s ,  L o u i s i a n a .

Two t im e  p e r i o d s  f o r  p r e p a r a t i o n  and two t im e  p e r i o d s  f o r  

e x e c u t i o n  o f  t h e s e  s t u d i e s  were s c h e d u le d  d u r i n g  t h e  week t h e  s u b j e c t s  

were in  New O r l e a n s .  P r e p a r a t i o n  t im e  p e r i o d s  were  d e v o te d  t o  t h e  

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

E xpe r im en ta l  S tu d y —F o rc e d  A d a p t a t i o n . The i n i t i a l  p r e p a r a t i o n  p e r i o d  

s e r v e d  two p u rp o s e s  (1 )  t o  i n s u r e  s e v e r e  d e n t a l  a b n o r m a l i t i e s  d id  n o t  

p r e c l u d e  b u i l d i n g  t h e  a p p l i a n c e ,  and (2 )  t o  make i m p r e s s i o n s  o f  t h e
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m a x i l l a r y  and m a n d ib u la r  d e n t a l  a r c h e s .  The second  p r e p a r a t i o n  p e r i o d  

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

a d j u s t m e n t s  n e c e s s a r y  t o  e n s u r e  t h e  a p p l i a n c e  f i t  s n ug ly  and 

c o m f o r t a b l y .

The t h i r d  p e r i o d  d u r i n g  t h e  week s e r v e d  as  t h e  e x p e r i m e n t a l  

s e s s i o n  f o r  c o l l e c t i n g  s p e e c h - p r o d u c t i o n  m e asu re s .  The i n i t i a l  p o r t i o n  

o f  t h e  t h i r d  p e r i o d  was d ev o te d  t o  c o l l e c t i n g  d a t a  a s s e s s i n g  non -speech  

movement (D e s c r i p i v e  S tudy I —O r a l -  and Limb-Apraxia  A ss e s s m e n t ) and 

a r t i c u l a t i o n  ( D e s c r i p t i v e  S tudy I I —A r t i c u l a t i o n  A s s e s s m e n t ) . 

E xam ina t ion  o f  normal s p e a k in g  and f o r c e d  a d a p t a t i o n  t o  a 

r e s t r i c t e d - j a w  p o s i t i o n  ( E xper im en ta l  S tu d y —F o rc e d  A d a p t a t i o n ) was 

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

The f o u r t h  t im e  p e r i o d  was s c h e d u le d  f o l l o w i n g  t h e  e x p e r i m e n t a l  

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

( a u d i t o r i l y )  t h e  a r t i c u l a t i o n  a s s e s s m e n t  m a t e r i a l s .  T h i s  s e s s i o n  was 

s c h e d u le d  as  a means o f  d e t e r m i n i n g  i f  a r t i c u l a t i o n  e r r o r s  o b t a i n e d  in  

D e s c r i p t i v e  S tudy  I I — A r t i c u l a t i o n  A ssessm en t  a c t u a l l y  r e p r e s e n t e d  

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

m igh t  be a s s o c i a t e d  w i th  t h e i r  c o r t i c a l  i n j u r i e s .

S u b j e c t  S e l e c t i o n

S e l e c t i n g  s u b j e c t s  from t h e  o r i g i n a l  pool o f  101 men fo l l o w e d  by 

Dr.  Carey  in v o l v e d  two c o n s i d e r a t i o n s .  The f i r s t  c o n s i d e r a t i o n  

was t h e  need t o  s e l e c t  s u b j e c t s  who c o u l d  p r i m a r i l y  p a r t i c i p a t e  i n  t h e  

speech  p e r c e p t i o n  and n e u r o b e h a v i o r a l  s t u d i e s  funded  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  i n  a g r a n t  awarded t o  Kresge H e a r in g  Research



L a b o r a to r y  o f  t h e  S o u th ,  L o u i s i a n a  S t a t e  U n i v e r s i t y  Medical C e n t e r ,  New 

O r l e a n s ,  L o u i s i a n a .  The second  c o n s i d e r a t i o n  was t o  s e l e c t  a subgroup  

from t h e  men p a r t i c i p a t i n g  in  t h e  speech  p e r c e p t i o n  s t u d i e s  t o  

p a r t i c i p a t e  in  t h e  speech  s t u d i e s  d e s c r i b e d  in  t h i s  document.  In o r d e r  

t o  s e l e c t  15 men t o  p a r t i c i p a t e  i n  t h e  speech  p e r c e p t i o n  s t u d i e s  from 

t h e  o r i g i n a l  pool o f  101 men, t h e  f o l l o w i n g  i n c l u s i o n  and e x c l u s i o n  

c r i t e r i a  were f o l l o w e d  (T ab le  I I - l  i l l u s t r a t e s  t h e  number o f  men 

e x c lu d e d  o r  i n c l u d e d  from t h e  s tu d y  u s i n g  t h e s e  c r i t e r i a ) .

E x c l u s io n  C r i t e r i a  f o r  Speech P e r c e p t i o n  S t u d i e s

1.  C a p a c i t y  t o  pe r fo rm

No a m p u t a t i o n s ,  s e v e r e  abnormal 
p s y c h o l o g i c a l  p ro b le m s ,  no r  t o t a l  
t o t a l  b l i n d n e s s .

T h i s  c r i t e r i o n  was s e t  f o r  a number o f  p r a c t i c a l  r e a s o n s .

Amputa t ion  o f  l im bs  ( e i t h e r  arm o r  l e g )  o r  t o t a l  b l i n d n e s s  p r o h i b i t e d

t h e  s u b j e c t s  from p a r t i c i p a t i n g  i n  o t h e r  a s p e c t s  o f  t h e

s p e e c h - p e r c e p t i o n  and n e u r o b e h a v i o r a l  s t u d i e s  h e l d  in  f a c i l i t i e s  p o o r ly

e q u ip p e d  f o r  t e s t i n g  p h y s i c a l l y  h a n d icap p ed  s u b j e c t s .  In a d d i t i o n ,  a

number o f  t h e  p e r c e p t i o n  and n e u r o b e h a v i o r a l  t a s k s  r e q u i r e d  good v i s u a l

a c u i t y ,  t y p i n g  on com puter  t e r m i n a l s ,  o r  r e s p o n d in g  t o  p r i n t e d

s c o r e f o r m s .  E x c lu s io n  o f  p a t i e n t s  w i th  s e v e r e ,  abnormal p s y c h o l o g i c a l

p rob lem s  was minimal i n s u r a n c e  t h a t  t h e  s u b j e c t s  would be c o o p e r a t i v e

and a b l e  t o  w i t h s t a n d  t h e  r i g o r  o f  an a rduous  t e s t i n g  s c h e d u l e .
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TABLE I I - l

NUMBER OF LEFT- AND RIGHT-HEMISPHERE-LESIONED 

PERSONS ELIMINATED FROM PARTICIPATING IN THE 

SPEECH PERCEPTION STUDIES

Number o f N u m b e r  o f  
C r i t e r i a ________  L e f t -h em i  s p h e r e  r i  ght-hem i s p h e re

E x c l u s io n

1.  C a p a c i ty  t o  p e r fo rm  15 7

2 .  A u d io lo g i c a l  p e r fo rm a n ce  10 6

I n c l u s i o n

1.  Hemispher ic  in v o lv e m e n t  30 19
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2 .  A u d io lo g i c a l  pe r fo rm ance

a .  No h e a r i n g  asymmetry o f  more th a n  40dB 
( a v e r a g e )  f o r  f r e q u e n c i e s  o f  500,  1000,
2000,  and 4000 Hz. The p o o r e s t  e a r
t o  n o t  have t h r e s h o l d s  g r e a t e r  t h a n  
50dB h e a r i n g  t h r e s h o l d  l e v e l  (HTL) in  
t h e s e  f r e q u e n c i e s .

b.  Abnormal d i s c r i m i n a t i o n  f o r  p h o n e t i c a l l y  
b a l a n c e d  words p r e s e n t e d  a t  40dB 
r e l a t i v e  t o  t h e  speech  r e c e p t i o n  
t h r e s h o l d s  in  a t  l e a s t  one e a r .

In p a r t ,  t h e s e  c r i t e r i a  were imposed as  t h e  s u b j e c t s  would 

p a r t i c i p a t e  i n  a number o f  s p e e c h - p e r c e p t i o n  s t u d i e s  which r e q u i r e d  

normal h e a r i n g  t h r e s h o l d s  ( a t  l e a s t  in  t h e  r a n g e s  g e n e r a l l y  a s s o c i a t e d  

w i th  p e r c e i v i n g  s p e e c h ) .  A second  c o n s i d e r a t i o n  i n v o l v e d  in  s e t t i n g  

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

Vietnam which were  s e v e r e  enough t o  a f f e c t  t h e i r  speech  p r o d u c t i o n .

I n c l u s i o n  C r i t e r i a  f o r  Speech P e r c e p t i o n  S t u d i e s

1.  H em ispher ic  in v o lv em en t

a .  C i r c u m s c r ib e d  l e s i o n  o f  a s i n g l e  
h em isphere  ( r i g h t  o r  l e f t ) ,  w i th  
minimal b i l a t e r a l  in v o lv e m e n t  o f  
t h e  u p p e r  and low er  e x t r e m e t i e s .

b.  N e u r o lo g ic a l  e x a m in a t io n  i n d i c a t i n g  
i n t a c t  C r a n i a l  Nerves  I I - X I I .

These c r i t e r i a  were s e t  t o  e n s u r e  minimal c o n t r a  coup and no 

in v o lv em en t  o f  deep c o r t i c a l  s t r u c t u r e s .  I n t a c t  C r a n i a l  Nerves  I I - X I I  

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

s t r u c t u r e s  i n v o l v e d  in  v i s i o n  and a u d i t i o n  were r e l a t i v e l y  f r e e  o f  

damage.
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A d d i t i o n a l  i n c l u s i o n  and e x c l u s i o n  c r i t e r i a  were dev e lo p ed  t o  

s e l e c t  a subgroup  from t h e  men p a r t i c i p a t i n g  i n  t h e  speech  p e r c e p t i o n  

s t u d i e s  t o  p a r t i c i p a t e  i n  t h e  speech  p r o d u c t i o n  s t u d i e s  d e s c r i b e d  in  

t h i s  document.  These c r i t e r i o n  a r e  l i s t e d  below.

E x c l u s io n  C r i t e r i a  f o r  Speech P r o d u c t i o n  S t u d i e s

1.  Speech p r o d u c t i o n

a .  P r o f i c i e n c y  i n  two l a n g u a g e s ;  ex p o s u re  
t o  f o r e i g n  la n g u a g e s  i n  seco n d a ry  school  
o r  c o l l e g e  d id  n o t  e x c l u d e  a s u b j e c t .

b.  N o t a t i o n s  o f  s e v e r e  e x p r e s s i v e  la n g u a g e  
d i f f i c u l t i e s  ( i . e . ,  j a r g o n  o r
e c h o ! a l i a ) .

B i l i n g u a l  i n d i v i d u a l s  were e x c l u d e d  a s  a means o f  e l i m i n a t i n g  

p r o d u c t i o n  c h a r a c t e r i s t i c s  o f  a second la n g u a g e  upon E n g l i s h .  

I n d i v i d u a l s  w i th  s e v e r e  e x p r e s s i v e  l a n g u ag e  d i f f i c u l t i e s  were ex c lu d e d  

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

d i s a b i l i t i e s  from s p e e c h - p r o d u c t i o n  e x e c u t i o n .

I n c l u s i o n  C r i t e r i a  f o r  Speech P r o d u c t i o n  S t u d i e s

1.  Speech p r o d u c t i o n

N o t a t i o n s  i n  p o s t - t r a u m a  h i s t o r i e s  o f  
d e v i a n t  a r t i c u l a t i o n s  ( i . e . ,  
m i s a r t i c u l a t i o n s )  o r  r a t e  ( i . e . ,  s low 
o r  h e s i t a n t ) .

Medical  r e c o r d s  o f  t h e  RTP group were p a r t i c u l a r l y

i n t e r e s t i n g  b eca u se  t h e  men had d i f f i c u l t y  w i th  s p a t i a l  r e l a t i o n s

( i . e . ,  r i g h t  v e r s u s  l e f t  c o n f u s i o n s )  which a p p a r e n t l y  e x t e n d e d  t o  t h e i r

speech  p r o d u c t i o n  in  t e rm s  o f  m i s a r t i c u l a t i o n s .  M i s a r t i c u l a t i o n s  o f

t h e s e  s u b j e c t s  were p r i m a r i l y  s u b s t i t u t i o n s  o f  one phoneme f o r  a n o t h e r ;
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however ,  t h e  s u b s t i t u t i o n s  e x t e n d e d  only  a c r o s s  p l a c e  c o n t r a s t s ,  n o t  

manner o r  v o i c i n g  c o n t r a s t s .  I t  was p o s s i b l e  t h e s e  p l a c e  ( o r  

" s p a t i a l " )  a r t i c u l a t i o n  e r r o r s  were l i n k e d  t o  t h e i r  g e n e ra l  s p a t i a l  

d i f f i c u l t y .

Medical r e c o r d s  o f  t h e  LTP group i n d i c a t e d  a f a i r l y  even 

d i s t r i b u t i o n  o f  m i s a r t i c u l a t i o n  t y p e s  and s u b s t i t u t i o n s  which in c l u d e d  

manner ,  p l a c e ,  and v o i c i n g  c u e s .  In a d d i t i o n ,  s e v e r a l  o f  t h i s  g r o u p ' s  

medical  r e c o r d s  i n d i c a t e d  a l t e r a t i o n s  i n  r a t e ,  such  as  s low ing  o r  

h e s i t a n c i e s .

Expe r im en ta l  S u b j e c t s

E i g h t  American v e t e r a n s  who s u s t a i n e d  c o r t i c a l  l e s i o n s  s e r v e d  as  

s u b j e c t s  f o r  t h e  f o r c e d - a d a p t a t i o n ,  o r a l -  and 1 i m b - a p r a x i a - a s s e s s m e n t ,  

and a r t i c u l a t i o n - a s s e s s m e n t  i n v e s t i g a t i o n s .  Two e x p e r i m e n t a l  g roups  

( f o u r  males  in  each  group) were i n v e s t i g a t e d  and d e s i g n a t e d  by 

s i d e - o f - l e s i o n ,  r i g h t  o r  l e f t  hem isphere  ( i . e . ,  RTP o r  LTP, 

r e s p e c t i v e l y ) .  Mean age o f  t h e  RTP group a t  t h e  t im e  o f  i n j u r y  was 21 

y e a r s  4 months,  w i th  a ra n g e  o f  20 y e a r s  7 months t o  22 y e a r s  7 months 

( s e e  T a b l e  11- 2 ) .  C o r t i c a l  i n j u r i e s  f o r  t h e  RTP group  o c c u r r e d  w i t h i n  

a t im e  frame o f  8 months 8 days  (December 15,  1968 t o  A ugus t  7 ,  1 969 ) .  

Average  age o f  t h e  LTP group when i n j u r e d  was 24 y e a r s  9 months and 

ranged  from 20 y e a r s  4 months t o  36 y e a r s  2 months ( s e e  T a b l e  11- 2 ) .  

I n j u r i e s  were  i n f l i c t e d  i n  t h e  LTP group  w i t h i n  a t im e  c o u r s e  o f  11 

months 23 days ( F e b ru a ry  28 ,  1969 t o  F eb ru a ry  25 ,  1 970 ) .

S u r g i c a l  n o t e s  and d ia g ra m s  documenting t h e  s i d e - o f - l e s i o n  a t  t h e  

t im e  o f  n e u r o s u r g e r y  i n  Vietnam were a v a i l a b l e  f o r  a l l  s u b j e c t s .  The
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TABLE I I -2

BIRTH AND WOUNDED-IN-ACTION DATES

FOR RTP AND LTP SUBJECTS

S u b j e c t s B i r t h d a t e
Date Age 

Wounded
Age a t  

Wounded T e s t i n g

RTP1 0 7 /2 2 /4 7 0 3 /1 8 /6 9 21 30

RTP2 12 /0 1 /4 6 0 7 /1 6 /6 9 22 32

RTP3 0 8 /0 1 /4 8 0 8 /0 7 /6 9 21 31

RTP4 0 5 /1 9 / 4 8 12 /1 5 /6 8 20 30

LTP1 1 0 /1 8 /4 8 0 4 /1 3 /6 9 20 31

LTP2 1 0 /1 7 /4 8 0 6 /0 8 /6 9 20 30

LTP3 0 5 /2 5 /3 3 0 2 /2 5 /7 0 36 45

LTP4 0 6 /2 1 /4 6 0 2 /2 8 /6 9 22 32



e x t e n t -  and s i t e - o f - l e s i o n  a t  t h e  t im e  o f  t h i s  s tu d y  were u p d a ted  by 

com p u te r -en h an c ed  tomography (CT) s c a n s  ( s e e  F i g u r e  I I - l  and I I - 2 ) ,  

e l e c t r o e n c e p h a l o g r a m s  (E E G 's ) ,  and s t a n d a r d  n e u r o l o g i c a l  and 

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

B a p t i s t  H o s p i t a l ,  O schner  H o s p i t a l ,  and t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  

Medical  C e n t e r .  A summary o f  r e c e n t  n e u r o l o g i c a l  and speech  

pe r fo rm a n ce  i s  shown in  T a b l e s  I 1-3 and I I -4  f o r  t h e  RTP and LTP 

s u b j e c t s ,  r e s p e c t i v e l y .  D e t a i l e d  d a t a  a c q u i r e d  d u r i n g  t h i s  j o i n t  

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

d iag ram s  and n o t e s ,  CT s c a n s ,  EEG r e p o r t s ,  speech  and l a nguage  

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

p e r f o r m a n c e s ,  a r e  i n c l u d e d  i n  Appendix A.

C on t ro l

A c o n t r o l  group o f  e i g h t  men a l s o  p a r t i c i p a t e d  in  t h e  Exper im en ta l  

S tu d y —F o rc e d  A d a p t a t i o n . S u b j e c t s  were s e l e c t e d  from p e r s o n n e l  and 

s t u d e n t s  a s s o c i a t e d  w i th  Kresge H e a r in g  R esea rch  L a b o r a t o r y  o f  t h e  

S o u th .  Con t ro l  s u b j e c t s  were r e q u i r e d  t o  meet  s i m i l a r  i n c l u s i o n  and 

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

g ro u p s .  An a t t e m p t  was made t o  t r y  t o  match C on t ro l  and e x p e r i m e n t a l  

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

i n f l u e n c e s .  As shown i n  T a b l e  I I - 5 ,  we were n o t  e n t i r e l y  s u c c e s s f u l .

In a d d i t i o n ,  C on tro l  s u b j e c t s  were r e q u i r e d  t o  have no h i s t o r y  o f  head 

t r a u m a ,  n e u r o l o g i c a l  d i s e a s e ,  o r  n eu ro m u s c u la r  d i s o r d e r s .  Average age 

o f  t h e  C o n t ro l  group was 30 y e a r s  7 m onths ,  w i th  a r a n g e  o f  20 y e a r s  9 

months t o  44 y e a r s  7 months.  C on t ro l  s u b j e c t s  were  n o t  r e q u i r e d  t o



F i g u r e  I I - l .  S k e tc h es  a c q u i r e d  from CT s c a n s  o f  r i g h t - h e m i s p h e r e d  

l e s i o n e d  s u b j e c t s .
C J



F i g u r e  I I - 2 .  S k e tc h es  o f  t h e  l e s i o n s  from t h e  CT s c a n s  f o r  t h e  l e f t -  

hem isphered  l e s i o n e d  s u b j e c t s .

CO
PO



TABLE I I -3

PERFORMANCE AND LESION-LOCATION SUMMARY

FOR RTP SUBJECTS

S u b j e c t s
Les ion

L o c a t io n N e u ro lo g ic a l
F u l l - S c a l e

I .Q . Language

RTP1 R ig h t  p a r i e t o -  
temporo ,  w i th  a 
c o n g e n i t a l  
d e n s i t y  i n  t h e  
o c c i p i t a l  lo b e

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

122 Some word s e a r c h i n g  and 
m i s a r t i c u l a t i o n s

RTP 2 R ig h t  f r o n t a l Normal ex am in a t io n 122 Normal e x a m in a t io n

RTP 3 R ig h t  tempora l Normal e x a m in a t io n 97 Reading d i f f i c u l t y ;  u nab le  
t o  produce  r a p i d  speech

RTP4 R ig h t  tempora l S l i g h t  i n c r e a s e  in  
r e f l e x e s  in  l e f t  arm 
and l e g

94 F l u e n t  language  w i th  
m i s a r t i c u l a t i o n s

COco



TABLE I I 1-4

PERFORMANCE AND LESION-LOCATION SUMMARY

FOR LTP SUBJECTS

S u b j e c t s
Les ion

L o c a t io n N e u ro lo g ic a l
F u l l - S c a l e

I .Q . Language

LTP1

LTP2

LTP3

LTP4

L e f t  p a r i e t o ­
temporal

L e f t  f r o n t o -  
temporal

L e f t  tempora l

L e f t  p a r i e t o ­
temporal

Unsteady tandem w a lk in g ;  
f i v e  t r i a l s  r e q u i r e d  f o r  
double  s t i m u l a t i o n  o f  
f a c e  and arm

S l i g h t  d r i f t  o f  r i g h t  
arm; d e c r e a s e d  s e n s a t i o n  
o f  m a x i l l a r y  d i v i s i o n  o f  
T r ig em in a l  ne rve

D ecreased  s e n s a t i o n  in  
l e f t  m usc les  o f  m a s t i c a t i o n

S l i g h t  d e c r e a s e  i n  s e n s a t i o n  
around r i g h t  mouth c o r n e r ;  
s u b t l e  f a c i a l  droop

78

113

86

133

H a l t i n g  sp e e c h ;  o r a l  
a g i l i t y  d e c r e a s e d ;

Mild h e s i t a n c y ;  ve rba l  
d e l i b e r a t n e s s

Mild anomia

S l i g h t  a r t i c u l a t i o n  and 
w o rd -ch o ice  problems
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p a r t i c i p a t e  in  D e s c r i p t i v e  S tudy  I —O r a l -  and Limb-Apraxia Assessment

o r  D e s c r i p t i v e  Study I I — A r t i c u l a t i o n  A ssessm en t .

TABLE I I -5

RESIDENCE OF INDIVIDUAL SUBJECTS AS IT MAY 

RELATE TO DIALECT SPOKEN

S u b j e c t S t a t e

Con tro l

1 L o u i s i a n a
2 L o u i s i a n a
3 L o u i s i a n a
4 L o u i s i a n a
5 Maryland
6 I l l i n o i s
7 Washington
8 New York

RTP

1 M a s s a c h u s e t t s
2 Mai ne
3 111i noi  s
4 C a l i f o r n i a

LTP

1 New York
2 Oklahoma
3 V i r g i n i a
4 Mary land



D e s c r i p t i v e  S tudy I —

O r a l -  and Limb-Apraxia  Assessment

M a t e r i a l s

Oral  a p r a x i a  was a s s e s s e d  u s i n g  t h e  f o l l o w i n g  1 0 - i t e m  t e s t  

d e s ig n e d  by De R e n z i ,  P i e c z u r o ,  and V igno lo  (1 9 6 6 ) :

1.  S t i c k  o u t  y o u r  to n g u e .

2.  W h i s t l e .

3.  Yawn.

4 .  Try t o  to u c h  t h e  t i p  o f  y o u r  nose  w i th  y o u r  t o n g u e .

5.  Give a "Bronx c h e e r "  o r  " r a s p b e r r y . "

6 . Show how y o u r  t e e t h  c h a t t e r  when you a r e  c o l d .

7 .  Show how you would k i s s  someone.

8 . C l i c k  y o u r  t o n g u e ,  i m i t a t i n g  t h e  sound o f  a h o r s e  g a l l o p i n g .

9 .  P u f f  o r  blow.

10.  C l e a r  y o u r  t h r o a t .

In a d d i t i o n  t o  t h e s e  i t e m s ,  t h e  f o l l o w i n g  two p r a c t i c e  i t e m s  were 

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

d i r e c t i o n s :

1. Show me how you s m i l e .

2 .  Show me how you frown.

Limb a p r a x i a  was examined  u s i n g  a 1 0 - i t e m  t e s t  a d a p t e d  from 

De Renzi  and h i s  c o l l e a g u e s  (De Renzi  e t  a l . ,  1966) w i th  I tem  8 a l t e r e d

f o r  t h i s  s t u d y .  De Renzi and h i s  c o l l e a g u e s  r e q u e s t e d  s u b j e c t s  t o

d e m o n s t r a t e  t h e  s i g n  o f  a c u c k o l d ;  however ,  in fo rm a l  s u rv e y  u s i n g  

members o f  t h e  l a b o r a t o r y  r e v e a l e d  mos t  p e o p l e  were  u n f a m i l i a r  w i th  t h e
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a p p r o p r i a t e  g e s t u r e  i n d i c a t i n g  c u c k o l d s .  Wording o f  t h e  i t em  was 

a d j u s t e d  t o  ask s u b j e c t s  t o  d e m o n s t r a t e  t h e  s i g n  d e s i g n a t i n g  a Texas 

Longhorn ,  which was formed i n  a s i m i l a r  f a s h i o n  t o  t h e  I t a l i a n  s i g n  f o r  

a c u c k o l d .  I tems which were t e s t e d  a r e  l i s t e d  below:

1.  Make t h e  s i g n  o f  t h e  c r o s s .

2 .  S a l u t e .

3 .  Wave goodbye.

4 .  T h r e a t e n  somebody w i th  y o u r  hand.

5 .  Show t h a t  you a r e  hungry .

6 . Thumb y o u r  nose .

7 .  Snap y o u r  f i n g e r s .

8 . Make t h e  s ig n  d e s i g n a t i n g  a Texas  Longhorn.

9 .  I n d i c a t e  someone i s  c r a z y .

10.  Make t h e  l e t t e r  "0" w i th  y o u r  f i n g e r s .

In  a d d i t i o n ,  t h e  f o l l o w i n g  two p r a c t i c e  i t em s  were d e s ig n e d  t o  

e n s u r e  s u b j e c t s  u n d e r s t o o d  t h e  t a s k  and d i r e c t i o n s .

1.  Make a f i s t .

2.  Make a m usc le .

Equipment

The e x p e r i m e n t a l  s e s s i o n  was v ide o  r e c o r d e d  u s i n g  a P a n a s o n ic  

b la c k  and w h i t e  p o r t a b l e  camera c o n n e c te d  t o  a P a n a s o n ic  v id e o  c a s s e t t e  

t a p e  r e c o r d e r .  A h i g h - q u a l i t y  R e a l i s t i c  microphone  was u sed  t o  r e c o r d  

t h e  v a r i o u s  speech  samples  d i r e c t l y  o n to  t h e  v ide o  c a s s e t t e  t a p e s .

Video r e c o r d i n g s  were m o n i to r e d  v i a  a P a n a s o n ic  v id e o  m o n i to r .  

L i m b - a p r a x i a  a s s e s s m e n t  was r e c o r d e d  w i th  t h e  v id e o  camera f o c u s e d  on
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t h e  upper  t o r s o  a l l o w i n g  t h e  arm and hand t o  be v iewed.  A zoom l e n s  

was u sed  f o r  " c l o s e - u p "  r e c o r d i n g s  o f  t h e  f a c e  d u r i n g  o r a l - a p r a x i a  

a s s e s s m e n t  and t h e  r e m a in d e r  o f  t h e  e x p e r i m e n t a l  s e s s i o n .

P r o c e d u re

I tem s were g iven  as  v e rb a l  commands a n d ,  i f  n e c e s s a r y ,  

d e m o n s t r a t e d  by t h e  exam ine r .  S u b j e c t s  were  a s k ed  t o  produce  o r a l  and 

l imb g e s t u r e s  f o l l o w i n g  t h e  v e rb a l  o r  i m i t a t i v e  prompts  o f  t h e  

ex am in e r .  L im b-ap rax ia  i t em s  were p roduced  w i th  t h e  s u b j e c t s '  arm o r  

hand h o m o l a t e r a l  t o  t h e  s i d e  o f  t h e i r  l e s i o n  ( i . e . ,  LTP s u b j e c t s  used  

t h e i r  l e f t  arm and h a n d ) .  Homola te ra l  l im b s  were used  r a t h e r  th a n  

c o n t r a l a t e r a l  l im bs  in  o r d e r  t o  r u l e  o u t  ( a s s u r e d l y ,  i n  a g r o s s  s en s e )  

b i l a t e r a l  h e m is p h e r i c  in v o lv e m e n t .

The f o l l o w i n g  i n s t r u c t i o n s  were g iv e n  t o  s u b j e c t s  p r i o r  t o  o r a l  

a p r a x i a  i t e m s :
"I  am go ing  t o  ask  you t o  do some
t h i n g s  w i th  y o u r  mouth o r  t o n g u e ,  such
as  'Show me a s m i l e , '  o r  'Show me how
you f r o w n . '  Do you u n d e r s t a n d ?  Show 
me how you s m i l e .  Show me how you 
f ro w n ."

I f  s u b j e c t s  were u n a b le  t o  com ple te  t h e  g e s t u r e  when g iven  v e rb a l  

commands, t h e  e x p e r i m e n t e r  d e m o n s t r a t e d  t h e  a c t i o n  and s a i d :

"I  want  you t o  do what  I do .  Do t h i s . "

Im m edia te ly  f o l l o w i n g  o r a l - a p r a x i a  a s s e s s m e n t ,  t h e  camera was

r e a d j u s t e d  t o  fo cu s  on t h e  up p e r  t o r s o  o f  t h e  s u b j e c t .  I n s t r u c t i o n s

f o r  t h e  l i m b - a p r a x i a  i t em s  were s i m i l a r  t o  t h e  o r a l - a p r a x i a  i t e m s :



"I  am g o in g  t o  ask  you t o  do a number 
o f  t h i n g s  w i th  y o u r  arm and hand ;  f o r  
example ,  'Make a f i s t '  o r  'Make a 
m u s c l e . '  I would l i k e  you t o  use  y o u r  
r i g h t / l e f t  arm and hand t o  do them. Do 
you u n d e r s t a n d ?  Good. Show me how you 
make a f i s t .  Show me how you make a 
m u s c l e . "

I f  t h e  s u b j e c t s  were  u n a b le  t o  com ple te  t h e  g e s t u r e s ,  t h e  

e x p e r i m e n t e r  d e m o n s t r a t e d  t h e  a c t i o n  u s i n g  t h e  same i n s t r u c t i o n s  used 

f o r  i m i t a t i v e  prompts  in  t h e  o r a l - a p r a x i a  a s s e s s m e n t .

A n a l y s i s

Video r e c o r d i n g s  o f  t h e  s u b j e c t s '  r e s p o n s e s  were r a t e d  on a 

3 - p o i n t  s c a l e  f o l l o w i n g  t h e  system p ro p o sed  by De Renzi and h i s  

c o l l e a g u e s  (De Renzi  e t  a l . ,  1966) .  S u b j e c t s  f a i l i n g  t o  i n i t i a t e  a 

g e s t u r e  f o l l o w i n g  v e r b a l  command were s c o r e d  on ly  on i m i t a t i v e  

r e s p o n s e s .  S c o r in g  g u i d e l i n e s  a r e  shown in  T a b le  I I - 6 .

Compos ite  s c o r e s  were  t a b u l a t e d  f o r  each  s u b j e c t  by add ing  t h e  

t o t a l  number o f  p o i n t s  (maximum = 2 0 ) g r a n t e d  on t h e  o r a l -  and 

l i m b - a p r a x i a  m a t e r i a l s .  S u b j e c t s  s c o r i n g  l e s s  t h a n  16 p o i n t s  on th e  

o r a l - a p r a x i a  i t e m s  were c l a s s i f i e d  o r a l l y  a p r a c t i c .  A c u t - o f f  s c o r e  o f  

17 ,  i d e n t i c a l  t o  t h a t  u sed  by De Renzi and h i s  c o l l e a g u e s  (De Renzi e t  

a l . ,  1 9 6 6 ) ,  was u sed  t o  c l a s s i f y  s u b j e c t s  w i th  l imb a p r a x i a .  In 

a d d i t i o n  t o  exam in ing  t o t a l - s c o r e  p e r fo rm a n c e ,  t h e  r e l a t i v e  d i f f i c u l t y  

o f  t h e  o r a l -  and l i m b - a p r a x i a  i t em s  was examined  and e x p r e s s e d  as  t h e  

mean s c o r e  o b t a i n e d  on each  i t e m  by t h e  RTP and LTP g ro u p s .
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TABLE I I - 6  

SCORING GUIDELINES FOR 

ORAL- AND LIMB-ASSESSMENT ITEMS1

D e f i n i t i o n  
o f  Response Observed B ehav io r S core

C o r r e c t
a) a c c u r a t e  pe r fo rm ance  im m ed ia te ly

f o l l o w s  o r a l  command ( o r  d e m o n s t r a t i o n ) 2

b) a c c u r a t e  pe r fo rm ance  i s  p r e c e d e d  by 
p a u s e s ,  d u r i n g  which u n s u c c e s s f u l  
movements may be p r e s e n t 1

Raw
o v e r a l l  p a t t e r n  o f  g e s t u r e  i s  a c c e p t a b l e  
t h o u g h ,  movements a r e  d e f e c t i v e  i n  te rm s  
a m p l i t u d e ,  a c c u r a c y ,  f o r c e  a n d / o r  speed 1

P a r t i a l
some i m p o r t a n t  p a r t  o f  g e s t u r e  i s  l a c k i n g ,  
though t h e  r e s t  i s  p e r fo rm ed  c o r r e c t l y 0

P e r s e r v e r a t i o n
g e s t u r e s  e l i c i t e d  by p r e c e d i n g  i t e m s  a r e  
pe r fo rm ed 0

I r r e v e l a n t
some o t h e r  i n c o r r e c t  o r a l  pe r fo rm a n ce  
( i n c l u d i n g  speech  sounds)  i s  p roduced 0

Nil
no o r a l  pe r fo rm ance  i s  p roduced 0

1 T ab le  t a k e n  from De R en z i ,  E . ,  P i e c z u r o ,  A . ,  and V ig n o lo ,  L. A. 
Oral  A p ra x ia  and A phas ia .  C o r t e x ,  2 : 5 0 - 7 3 ,  1966.



D e s c r i p t i v e  S tudy  I I  —

A r t i c u l a t i o n  Assessment

M a t e r i a l s

A r t i c u l a t i o n  s k i l l s  were a s s e s s e d  u s i n g  200 m o n o s y l l a b i c  

r e a l - w o r d s  ( S h a n k w e i le r  and H a r r i s ,  1 9 6 6 ) .  The l i s t  sampled most  

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

vowels which were n o t  g e n e r a l l y  c h a r a c t e r i z e d  by g l i d e s .  T w e n ty - f iv e  

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

f i n a l  p o s i t i o n .  E i g h t  vowel n u c l e i  a p p e a re d  a p p r o x i m a t e l y  25 t im es  

w i t h i n  t h e  l i s t .  Words u sed  t o  a s s e s s  a r t i c u l a t i o n  a r e  shown in  T ab le  

11- 7 .

S t i m u l i  were r e c o r d e d  by a p r o f e s s i o n a l  male s p e a k e r  o f  Nor th  

C e n t r a l  S t a t e s  d i a l e c t  u s i n g  a h i g h - q u a l i t y ,  Shure  microphone  (Model 

459 ,  Uni dyne IV) and Tandberg  t a p e  r e c o r d e r  (Model 1200AX). All 

r e c o r d i n g s  o f  t h e  p r o f e s s i o n a l  s p e a k e r  were made in  a s o u n d - p r o o f  room 

(Model 1 204 ) .  Tokens were e n t e r e d  i n t o  an 8 /3 2  I n t e r d a t a  computer  v i a  

a 1 2 - b i t  a n a l o g - t o - d i g i t a l  (A/D) c o n v e r t e r  a t  a 20-kHz r a t e .  P r i o r  t o  

p r o c e s s i n g ,  to k e n s  were p a s s e d  th ro u g h  a l o w - p a s s ,  5000-Hz,  I t h a c a  

f i l t e r  (Model 4 2 5 1 ) .  Sub seq u en t  t o  f i l t e r i n g ,  to k e n s  were e d i t e d  and 

e q u a t e d  f o r  i n t e n s i t y .  The t e s t  t a p e ,  w i th  t h e  a r t i c u l a t i o n - a s s e s s m e n t  

i t e m s ,  was a s sem b led  u n d e r  compute r  c o n t r o l  w i th  an 8 - s e c  i n t e r s t i m u l u s  

i n t e r v a l  between i t em s  t o  a l lo w  s u b j e c t s  t im e  t o  r e p e a t  t h e  i t e m s .  

Equipment

S t i m u l i  were p r e s e n t e d  f r e e - f i e l d  t o  s u b j e c t s  from a Magnecord 

t a p e  r e c o r d e r  (Model 1022) t h ro u g h  an A l t e c  s p e a k e r .  P r i o r  t o
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TABLE I I -7

MONOSYLLABIC ARTICULATION ASSESSMENT ITEMS 

FROM SHANKWEILER AND HARRIS1

he lp t a l c dune
p le d g e shoes wasp
weave smooch h e a th
l i p s hook t o o t h
w rea th took lo d g e
f e l t t e e t h e jam
z e s t s to o p s r o o f
c r i s p b i l k gap
touc h hulk shove
pa lp j o g p le b e
s t a s h shook th a n
n i e c e plume dab
s o o th e t h a t c h choose
d ing z i g th ong
t h a t ' s t e e t h p u t s
mesh moot hood
deep f o o t ' s fun
badge j e e p s s t i  ng
be lk l e a v e knel  t
gu lp van p l e a s e
s t i l t c h e e s e t h i s
zag v e t s t h a t
r eac h lo o p s dub
s to c k pooch v a s t
t h i e f mash c l a s h
coop s c a l p s o o t
theme thud s h e a t h
c u l t boo th s to p
s to o d w re a th e cob
t h e s e gasp zen
v a t smoothe push
hoof f e a s t c l e a v e
c l o g j e s t mops
move c h i e f hasp

fuzz woul d pulp
smi th tu b e wedge
t o t s chap h a t c h
such p u t says
vel  d t rook watch
cu lp loom k e l p
wisp ju d g e s h e a t h e
g u e s t b r e a t h e bush
bulk whelp j u i c e
s i l k smash t h i e v e
moose z i n g c h a f f
smut c o u ld s t u f f
soup mob s e e t h e
fe z c l a s p g in
b ing smudge zoom
j o t s k i l t c l i f f
s h o o t s t h i n g p lod
w i th fog rough
noose d ea th nook
ch in goose dodge
rob th u s thug
p l o t s m e l t c l i n g
book nudge news
milk w e l t look
v e s t chops doom
giv e vim puss
then v e t god
plug s i p c l a n g
knob plop them
cook smug good
lo v e f o o t su lk
posh c h e s t z i p s
l i s p s h o u ld ra s p
n e s t c l o t s shops

1 Taken from S h a n k w e i l e r ,  D. and H a r r i s ,  K. An E x p e r im en ta l  
Approach t o  t h e  Problem o f  A r t i c u l a t i o n  i n  A p h a s ia .  C o r t e x ,  
2 : 2 7 7 - 2 9 2 ,  1966.
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p r e s e n t a t i o n ,  a u d io  s i g n a l s  were p a s s e d  th ro u g h  a H e w le t t - P a c k a r d  

a t t e n u a t o r  (Model 3 5 0 1 ) .  Microphone p la c e m e n t  was a d j u s t e d  a t  a 0° 

i n c i d e n c e ,  s i x  i n c h e s  from t h e  s u b j e c t s '  l i p s .  Speech samples  were 

m o n i to r e d  by t h e  exam ine r  v i a  a T e k t r o n i x  o s c i l l o s c o p e  (Model 5 0 0 0 ) .

As m e n t io n ed  i n  t h e  O r a l -  and Limb-Apraxia  A ssessm en t  s e c t i o n ,  a l l  

r e s p o n s e s  t o  t h e  a r t i c u l a t i o n - a s s e s s m e n t  m a t e r i a l s  were v ide o  

r e c o r d e d .

A second  s e s s i o n  was s c h e d u le d  w i th  s u b j e c t s  a f t e r  c o m p le t io n  o f  

t h e  e x p e r i m e n t a l  s e s s i o n  t o  a s s e s s  d i s c r i m i n a t i o n .  S u b j e c t s  were 

s e a t e d  i n  an I n d u s t r i a l  A c o u s t i c s  C o r p o r a t i o n  s o u n d - p r o o f  room (Model 

1 2 0 4 ) .  S t i m u l i  were  p r e s e n t e d  v i a  an Ampex t a p e  r e c o r d e r  (Model AG440) 

th ro u g h  TDH-49 e a r p h o n e s .  P r i o r  t o  p r e s e n t a t i o n ,  a u d i o  s i g n a l s  were 

p a s s e d  th ro u g h  a Daven power a t t e n u a t o r  and a H e w l e t t - P a c k a r d  

a t t e n u a t o r  (Model 350D) i n  o r d e r  t o  a d j u s t  t h e  i n t e n s i t y  l e v e l s .

S i g n a l s  were  p r e s e n t e d  b i n a u r a l l y  a t  75dB sound p r e s s u r e  l e v e l  (SPL).  

P r o c e d u r e

A t w o - s t e p  p r o c e d u r e  was u sed  t o  a s s e s s  a r t i c u l a t i o n .  In t h e

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

words .  A r t i c u l a t i o n  t r i a l s  were m o n i to r e d  and t r a n s c r i b e d  u s i n g  b road

t r a n s c r i p t i o n  n o t a t i o n  [ I n t e r n a t i o n a l  P h o n e t i c  A lp h a b e t  ( IP A )]  by t h e

ex a m in e r .  S u b j e c t s  were  g iven  t h e  f o l l o w i n g  i n s t r u c t i o n s :

"You w i l l  h e a r  a number o f  d i f f e r e n t  
w ords .  I would l i k e  you t o  l i s t e n  
c a r e f u l l y  and r e p e a t  them. Do you 
u n d e r s t a n d ?  L e t ' s  p r a c t i c e  a few. Say 
d e s k .  Say lamp. Good. Here a r e  t h e  
r e a l  w ords .  L i s t e n  c a r e f u l l y  and say
them a s  soon as  you h e a r  them ."



44

S u b j e c t s  were g ive n  a 5-min b reak  a f t e r  t h e  a r t i c u l a t i o n

a s s e s s m e n t  r e c o r d i n g s .  Dur ing a second s e s s i o n ,  s u b j e c t s  were p l a c e d

i n  a s o u n d - p r o o f  room and asked  t o  l i s t e n  t o  t h e  words p r e s e n t e d  v i a

t h e  headphones .  S u b j e c t s  were g iven  t h e  f o l l o w i n g  i n s t r u c t i o n s :

"Now you a r e  go ing  t o  h e a r  t h e  same 
words t h a t  you h e a r d  e a r l i e r .  Th is  
t ime I want  you t o  w r i t e  t h e  words down 
on p a p e r .  D o n ' t  worry a b o u t  y o u r  
s p e l l i n g  o r  h a n d w r i t i n g .  J u s t  do th e  
b e s t  you c a n . "

A n a l y s i s

U t t e r a n c e s  were t r a n s c r i b e d  u s i n g  IPA by two speech  c l i n i c i a n s .  

A r t i c u l a t i o n  e r r o r s  were d e t e rm in e d  by exam in ing  t h e  t r a n s c r i p t i o n s  and 

d e t e r m i n i n g  which v e rb a l  r e s p o n s e s  were i n c o r r e c t l y  p ro d u ced .  These 

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

d i s c r i m i n a t i o n  t r i a l s .  For i n s t a n c e ,  i f  / g i t /  was p roduced  f o r  / b i t /  

and w r i t t e n  as  ‘ b e e t 1 i n  t h e  d i s c r i m i n a t i o n  t r i a l s ,  i t  was c o n s i d e r e d  

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

i n c o r r e c t  v e rb a l  and w r i t t e n  r e s p o n s e s  ( l ) a  s i m i l a r  i n c o r r e c t  ve rba l  

and  w r i t t e n  r e s p o n s e  ( e .  g . ,  / g i t /  f o r  / b i t /  p r o d u c t i o n  and ' g e e t *  as 

t h e  w r i t t e n  r e s p o n s e ) ,  and ( 2 ) d i s s i m i l a r  b u t  i n c o r r e c t  v e rb a l  and 

w r i t t e n  r e s p o n s e s  ( e .  g . ,  / g i t /  f o r  / b i t /  v e rb a l  p r o d u c t i o n  and ' s e a t 1 

f o r  w r i t t e n  r e s p o n s e ) .  An a d d i t i o n a l  n o t a t i o n ,  d i a l e c t ,  was r e c o r d e d  

and r e p r e s e n t e d  s i m i l a r  i n c o r r e c t  ve rba l  and w r i t t e n  r e s p o n s e s  which 

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

s u b j e c t s  from t h e  New England a r e a  re sponded  t o  t h e  t a r g e t  word ' l a r g e '  

a s  ' l o d g e ' .
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A r t i c u l a t i o n  e r r o r s  were t a b u l a t e d  i n  c o n f u s i o n  m a t r i c e s  

i n d i c a t i n g  t h e  f r e q u e n c y  each  phoneme was " c o r r e c t l y "  p ro d u ced ,  

" d i s t o r t e d , "  o r  r e p l a c e d  by a n o t h e r  phoneme. Each row i n  t h e  m a t r i x  

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

column r e f e r r e d  t o  t h e  s u b j e c t s '  v e rb a l  p r o d u c t i o n s .  Confus ion  

m a t r i c e s  were made f o r  each  i n d i v i d u a l  s u b j e c t  and c o l l a p s e d  a c r o s s  t h e  

s u b j e c t s  t o  p r o v id e  a m a t r i x  r e p r e s e n t i n g  t h e  pe r fo rm a n ce  o f  each  group 

on t h e  a r t i c u l a t i o n - a s s e s s m e n t  i t e m s .  P e r c e n t a g e s  were c a l c u l a t e d  t o  

d e t e r m i n e  t h e  t o t a l  number o f  e r r o r s  f o r  i n i t i a l  and f i n a l  phonemes f o r  

each  g roup .
E xpe r im en ta l  S tudy— F orced  A d a p ta t i o n

M ate r i  a l s

S p e e c h . Speech m a t e r i a l s  were c o n t a i n e d  w i t h i n  t h e  c a r r i e r

p h r a s e ,  "Here i s  a ______  now," in  o r d e r  t o  m a i n t a i n  un i fo rm  s t r e s s

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

and nonsense  s y l l a b l e s  o f  t h e  form c o n s o n a n t - v o w e l - c o n s o n a n t  (CVC). 

I n i t i a l  c o n s o n a n t s  o r  c l u s t e r s  c o n s i s t e d  o f  / t ,  d ,  s ,  r ,  t r ,  s t r /  and 

were  chosen  f o r  a number o f  r e a s o n s .  The s e t  c o n s i s t e d  o f  homorganic 

c o n s o n a n t s  which r e q u i r e d  v a r y in g  d e g re e s  o f  tongue  h e i g h t  and 

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

a l v e o l a r  s t o p - c o n s o n a n t  c o g n a t e s ,  / t ,  d / ,  c o n t r a s t e d  any e f f e c t s  

r e l a t e d  t o  v o i c i n g .  The c o n s o n a n t  c l u s t e r s ,  / t r ,  s t r / ,  were  i n c l u d e d  

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

t im ed  g e s t u r e s  w i t h i n  t h e  same s p a t i a l  a r e a  and were  r e p o r t e d  t o  be 

d i f f i c u l t  t o  p roduce  by p a t i e n t s  w i th  c o r t i c a l  l e s i o n s  [ s e e ,  f o r  

exam ple ,  S h a n k w e i l e r  and H a r r i s  ( 1 9 6 6 ) ] .
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Medial  vow els ,  / i ,  a e ,  u / ,  were s e l e c t e d  t o  examine tongue  

p o s i t i o n i n g  i n  r e l a t i v e l y  ex t rem e p o i n t s  o f  t h e  vowel s p a c e .  In 

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

fo rm a n t  p a t t e r n s  which r e l a t e ,  t o  a f i r s t  a p p r o x im a t i o n ,  t o  t h e i r  

p l a c e - o f - a r t i c u l a t i o n  i n  t h e  o r a l  c a v i t y  [ s e e ,  f o r  exam ple ,  S te v e n s  and 

House (1955)  and F a n t  (1962;  1 9 7 3 ) ] .

The b i l a b i a l  v o i c e l e s s  s t o p - c o n s o n a n t ,  / p / ,  was t h e  f i n a l  

c o n s o n a n t .  S e l e c t i o n  o f  t h e  v o i c e l e s s  b i l a b i a l  s t o p - c o n s o n a n t  as  t h e  

f i n a l  c o n s o n a n t  was p r e d i c a t e d  on a number o f  f a c t o r s .  A v o i c e l e s s  

s t o p - c o n s o n a n t  i s  p a r t i a l l y  c h a r a c t e r i z e d  by a p e r i o d  o f  s i l e n c e  

c o n t a i n i n g  no g l o t t a l  p u l s i n g ,  which a i d e d  i n  d e t e r m i n i n g  t h e  o f f s e t  o f  

t h e  vowel n u c l e i .  In f i n a l  p o s i t i o n ,  t r a n s i t i o n s  o f  t h e  b i l a b i a l  

s t o p - c o n s o n a n t  f e l l  and a s s i s t e d  in  d e t e r m i n i n g  vowel s t e a d y - s t a t e  

( o p e r a t i o n a l l y  d e f i n e d  as  t h e  peak o f  v o w e l - fo rm a n t  f r e q u e n c y  p r i o r  t o  

t h e  downward moving t r a n s i t i o n s  o f  / p / ) .  All p o s s i b l e  c o m b in a t i o n s  o f  

i n i t i a l  c o n s o n a n t s  and vowels  r e n d e r e d  a t o t a l  o f  18 s t i m u l i  l i s t e d  

be low.

/ r i p / / r a e p / / r u p /

/ s i p / / s a e p / / s u p /

/ t i  p / / t a e p / / t u p /

/ d i p / / d a e p / / d u p /

/ t r i p / / t r a e p / / t r u p /

/ s t r i p / / s t r a e p / / s t r u p /

S e n te n c e s  c o n t a i n i n g  t h e  t a r g e t  s t i m u l i  were r e c o r d e d  by t h e  same 

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



m a t e r i a l s .  Tokens were e d i t e d  u n d e r  s i m i l a r  c o n d i t i o n s  t o  t h e  

e a r l i e r - d e s c r i b e d  a r t i c u l a t i o n - a s s e s s m e n t  i t e m s .  Four r a n d o m i z a t io n s  

o f  t h e  18 s t i m u l i  in  b loc k  were a ssem bled  un d e r  compute r  c o n t r o l  w i th  

an i n t e r s t i m u l u s  i n t e r v a l  o f  10 s e c .  P r i o r  t o  t h e  f i r s t  r a n d o m iz a t io n  

o f  t h e  s t i m u l i ,  t h r e e  p r a c t i c e  i t e m s ,  c o n s i s t i n g  o f  one r e a l  word and 

two nonsense  t a r g e t  s t i m u l i ,  were r e c o r d e d  on t h e  t e s t  t a p e .  These 

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

u n d e r s t o o d  t h e  t a s k  and c o u ld  r e p e a t  t h e  s e n t e n c e s  which c o n t a i n e d  

e i t h e r  a r e a l  o r  n onsense  word.

Denta l  a p p l i a n c e  c o n s t r u c t i o n . Im p re s s io n s  were made o f  t h e  

s u b j e c t s '  m a x i l l a r y  and m a n d ib u la r  d e n t a l  a r c h e s .  Im p re s s io n s  were 

pou red  i n t o  d e n t a l  s t o n e  and t h e  s t o n e  c a s t s  mounted on a h inge  

a r t i c u l a t o r .  As shown i n  F i g u r e  I I - 3 ,  t h e  a r t i c u l a t o r  was opened and 

t h e  c a s t s  were  s e p a r a t e d  a d i s t a n c e  o f  1 0  mm, as  measured  from t h e  

m es iobucca l  cusp  o f  t h e  m a x i l l a r y  and m a n d ib u la r  f i r s t  m o la r s .  

A u to p o ly m e r i s in g  r e s i n  o c c l u s a l  s p l i n t s  were  c o n s t r u c t e d  on t h e  s t o n e  

c a s t s ,  a s  p i c t u r e d  in  F i g u r e  I I - 4 .  Four p i e c e s  o f  .036"  o r t h o d o n t i c  

w i r e  were a t t a c h e d  t o  t h e  m a n d ib u la r  s p l i n t  i n  p o s i t i o n s  which a l lo w ed  

them t o  o c c l u d e  a g a i n s t  t h e  m a x i l l a r y  s p l i n t .  S p l i n t s  were f i t t e d  on to  

t h e  s u b j e c t s '  d e n t a l  a r c h e s  and t h e  o r t h o d o n t i c  w i r e s  a t t a c h e d  t o  t h e  

m a n d ib u la r  s p l i n t ,  as  i l l u s t r a t e d  i n  F i g u r e  I I - 5 .  O r th o d o n t i c  w i r e s  

were p e rm a n en t ly  s e c u r e d  t o  bo th  s p l i n t s  w i th  a u t o p o l y m e r i s i n g  r e s i n ,  

w h i l e  t h e  s u b j e c t s  o c c lu d e d  in  t h e  c e n t r i c  r e l a t i o n  p o s i t i o n .  The 

f i n i s h e d  a p p l i a n c e s  (shown in  F i g u r e  I I - 6 ) were p o l i s h e d  t o  remove 

rough s p o t s  and s t o r e d  i n  w a t e r  u n t i l  t h e  e x p e r i m e n t a l  s e s s i o n .



F i g u r e  I I - 3 .  S e p a r a t i o n  d i s t a n c e s  f o r  a p p l i a n c e  were d e t e rm in e d  by 

open ing  a r t i c u l a t o r  1 0  mm, as  measured from mesiobuccal  

cusp  o f  f i r s t  m o la r s .
00



F i g u r e  I I - 4 .  A u to p o ly m er i s in g  r e s i n  o c c l u s a l  s p l i n t s  were c o n s t r u c t e d  

on s t o n e  c a s t s .

-F»vo



F i g u r e I I - 5 .  M andibu la r  and m a x i l l a r y  s p l i n t s  were  a t t a c h e d  w h i l e  

s u b j e c t  was i n  a c e n t r i c  r e s t i n g  p o s i t i o n .
( J l
O

^



F i g u r e  I I - 6 . An example o f  a com ple ted  a p p l i a n c e  i s  shown. F i n i s h e d  

a p p l i a n c e s  were s t o r e d  in  w a t e r  u n t i l  e x p e r im e n t .
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The e x p e r i m e n t a l  a p p l i a n c e  was d e s ig n e d  and c o n s t r u c t e d  by Dr. 

I s r a e l  M. F i n g e r ,  D epar tm en t  o f  Removable P r o s t h o d o n t i c s ,  L o u i s i a n a  

S t a t e  U n i v e r s i t y  School o f  D e n t i s t r y ,  New O r l e a n s ,  L o u i s i a n a .  The 

o c c l u s a l  s p l i n t  d e s ig n  f o r  t h e  a p p l i a n c e  was u sed  f o r  a number o f  

r e a s o n s .  F i r s t ,  a l t h o u g h  s e v e r a l  p r e v i o u s  s t u d i e s  [ s e e ,  f o r  example ,  

Gay and Turvey (1979) and  Lindblom, Lubker  and Gay (19 7 9 ) ]  used  b lo c k s  

o f  wood c a l i b r a t e d  t o  s e p a r a t e  t h e  m a nd ib le  from t h e  m a x i l l a r y  d e n ta l  

a r c h e s  by a v a r i e t y  o f  d i s t a n c e s ,  we were h e s i t a n t  t o  use  t h i s  method 

i n  t h e  e v e n t  one o f  t h e  s u b j e c t s  m igh t  have a s e i z u r e  and a s p i r a t e  t h e  

b lock  o f  wood. S econd ly ,  we needed an a p p l i a n c e  which c o u ld  be e a s i l y  

r e p l i c a t e d  a c r o s s  a v a r i e t y  o f  o r a l  c a v i t i e s .  Th is  was p a r t i c u l a r l y  

i m p o r t a n t  beca use  we had no a a p r i o r i  i n f o r m a t i o n  a b o u t  t h e  s u b j e c t s '  

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

c o n s t r u c t e d  w i t h i n  t h e  t im e  p e r i o d  t h e  s u b j e c t s  would be in  New O r l e a n s  

f o r  t e s t i n g .  The o c c l u s a l  s p l i n t  a p p l i a n c e  was a d a p t e d  from s i m i l a r  

s p l i n t s  u sed  f o r  b r u x in g  ( g r i n d i n g  o f  o n e ' s  t e e t h ) .  In o r d e r  t o  

s e p a r a t e  t h e  m and ib le  from t h e  m a x i l l a ,  a 1 0 -mm s e p a r a t i o n  was used  as 

i t  r e p r e s e n t e d  a v a l u e  in  which t h e  m a nd ib le  was moving in  a downward 

d i r e c t i o n  p r i o r  t o  c o n d y le  r o t a t i o n  as  shown by P o s s e l t ' s  space  

( P o s s e l t ,  1968) .

Two s e t s  o f  o r t h o d o n t i c  b r a c e s  were p l a c e d  on t h e  m a n d ib u la r  

s p l i n t .  The f i r s t  s e t  was p o s i t i o n e d  a t  t h e  f i r s t  m o la r s  and t h e  

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

t h e  m a n d ib le .
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Equipment

S t i m u l i  f o r  t h e  no rm al -  and r e s t r i c t e d - j a w - s p e a k i n g  c o n d i t i o n s  

were p r e s e n t e d  f r e e - f i e l d  from a Magnecord t a p e  r e c o r d e r  (Model 1022) 

v i a  an A l t e c  s p e a k e r .  P r i o r  t o  p r e s e n t a t i o n ,  a u d io  s i g n a l s  were p a s s e d  

th ro u g h  a H e w le t t - P a c k a r d  a t t e n u a t o r  (Model 350D) i n  o r d e r  t o  a d j u s t  

t h e  p r e s e n t a t i o n  i n t e n s i t y  l e v e l s .

R eco rd in g s  o f  s u b j e c t s '  r e s p o n s e s  t o  t h e  t a r g e t  s t i m u l i  were made 

u s i n g  a Shure  microphone  (Model 459 ,  Unidyne IV) which was r e c o r d e d  on 

one channe l  o f  a second Magnecord t a p e  r e c o r d e r  (Model 1 022 ) .

Microphone p la c e m e n t  was a d j u s t e d  a t  a 0° i n c i d e n c e ,  s i x  i n c h e s  from 

t h e  s u b j e c t s '  l i p s .  Speech samples  were m o n i to re d  by t h e  exam iner  v i a  

T e k t r o n i x  o s c i l l o s c o p e  (Model 5 0 0 0 ) .

All  r e c o r d i n g  and p la y b ack  equ ipm en t  was l o c a t e d  i n  an a d j o i n i n g  

room as  a means o f  r e d u c i n g  t h e  n o i s e  l e v e l  i n  t h e  r e c o r d i n g s .  The two 

rooms were  s e p a r a t e d  by a two-way window which a l lo w e d  v i s u a l  c o n t a c t  

w i th  t h e  s u b j e c t s .

P ro c e d u re

Forced  a d a p t a t i o n  c o n s i s t e d  o f  two c o n d i t i o n s :  a n o rm a l - s p e a k in g

c o n d i t i o n  (no a p p l i a n c e )  and a r e s t r i c t e d - j a w - s p e a k i n g  c o n d i t i o n  (w i th  

a p p l i a n c e ) .  S u b j e c t s  were i n s t r u c t e d  t o  l i s t e n  and r e p e a t  t h e  e n t i r e  

e x p e r i m e n t a l  s e n t e n c e .  F o l lo w in g  a r e  i n s t r u c t i o n s  g ive n  f o r  t h e  

n o rm a l - s p e a k in g  c o n d i t i o n :
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"This  t im e  you w i l l  h e a r  a number o f  
s e n t e n c e s .  The s e n t e n c e s  a r e  o f  t h e
form,  'H e re  i s  a   now. '  The b lank
w i l l  be f i l l e d  in  w i th  a number o f  
r e a l  w ords ,  l i k e  ' d e e p '  o r  ' s a p '  and 
w i th  nonsense  words l i k e  ' / s t r u p / '  
and ' / t r i p / . '  I want  you t o  r e p e a t  
t h e  e n t i r e  s e n t e n c e  a f t e r  you h e a r  i t .
Do you u n d e r s t a n d ?  L e t ' s  t r y  a few 
f o r  p r a c t i c e .  Ready f o r  t h e  t e s t  
s e n t e n c e s ?  Good."

Upon c o m p le t i o n  o f  r e p e a t i n g  t h e  s e n t e n c e s  in  t h e  

n o rm a l - s p e a k in g  c o n d i t i o n ,  s u b j e c t s  were g iv e n  a 5 -m in u te  b r e a k .  

F o l lo w in g  t h e  b r e a k ,  t h e  d e n t a l  a p p l i a n c e  was p l a c e d  i n  t h e  s u b j e c t s '  

mouths .  During t h e  a d a p t i v e - s p e a k i n g  c o n d i t i o n ,  s u b j e c t s  l i s t e n e d  t o  

t h e  e x p e r i m e n t a l  t a p e  a g a i n ;  however ,  t h e  p r a c t i c e  i t e m s  were  n o t  

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

were g iv e n :

" I  have i n s e r t e d  a ' b i t e - b l o c k '  i n  y o u r  
mouth.  I t  i s  t h e r e  t o  p r e v e n t  y o u r  
low er  jaw from moving very  much. You 
w i l l  h e a r  t h e  same s e n t e n c e s  a s  b e f o r e .
R epea t  them t h e  b e s t  you c a n .  Do you 
u n d e r s t a n d ?  Ok, l e t ' s  b e g i n . "

D u r a t i o n  A n a l y s i s

A t h r e e - s t e p  p r o c e d u r e  was used  t o  p r e p a r e  d a t a  f o r  measurement .

In  t h e  f i r s t  p r o c e d u r e ,  a u d io  r e c o r d i n g s  were  a n a l y z e d  by

s p e c t r o g r a p h i c  t e c h n i q u e s .  B ounda r ie s  o f  a c o u s t i c  segments  a s s o c i a t e d

w i th  i n i t i a l  c o n s o n a n t s  and vowel n u c l e i  o f  t a r g e t  s t i m u l i  were l o c a t e d

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

v a r i o u s  segm en ts .

In t h e  t h i r d  p r o c e d u r e ,  s t i m u l i  were e d i t e d  u n d e r  com puter  c o n t r o l

t o  e x t r a c t  f o u r  p i t c h  p e r i o d s  from t h e  s t e a d y - s t a t e  p o r t i o n  o f  t h e
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vowel n u c l e i .  These p i t c h  p e r i o d s  s u b s e q u e n t l y  were  s p e c t r a l l y  

a n a l y z e d  u n d e r  compute r  c o n t r o l  t o  o b t a i n  f r e q u e n c y  v a l u e s  a s s o c i a t e d  

w i th  Fi* F2 , and F3 . In a d d i t i o n ,  fundam en ta l  f r e q u e n c y  was o b t a i n e d  

f o r  each  o f  t h e  vowel n u c l e i .

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

S p e c t r o g r a p h i c  P r o c e d u r e . Speech sam ples  were p l a y e d  back on a 

Tandberg  t a p e  r e c o r d e r  (Model 1200AX) a t  a speed  o f  7 . 5  i p s  i n t o  a Kay 

Sonagraph (Model 6061A).  Broadband s p e c t r o g r a m s  were g e n e r a t e d  u s in g  a 

300-Hz bandpass  f i 1 t e r  and l o g a r i t h m i c  s c a l e .  A 500-Hz to n e  was 

r e c o r d e d  on each  s p e c t r o g r a m  t o  s e r v e  as  a f r e q u e n c y  c a l i b r a t i o n .

S pec t ro g ra m s  were p l a c e d  on a draw ing  b o a rd  f o r  s e g m e n t a t i o n .  A 

t r i a n g l e  and t - s q u a r e  were used  t o  a l i g n  t h e  sonagrams and t o  mark t h e  

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

S eg m e n ta t io n  P r o c e d u r e . One o f  t h e  m a jo r  d i f f i c u l t i e s  e n c o u n t e r e d  

in  m e asu r ing  t h e  d u r a t i o n  o f  a c o u s t i c  segments  a s s o c i a t e d  w i th  

c o n s o n a n t s  and vowels  was d e t e r m i n i n g  t h e  b o u n d a r i e s  encom pass ing  t h e  

seg m en ts .  In many s i t u a t i o n s ,  t h e  cues  s i g n a l l i n g  t h e  b e g i n n in g  o r  

e n d in g  o f  a p a r t i c u l a r  segment were  r e l a t i v e l y  unambiguous ,  b u t  in  many 

c a s e s  i t  was d i f f i c u l t  t o  d e f i n e  a boundary .  The f o l l o w i n g  g u i d e l i n e s  

were u sed  f o r  d e m a r c a t i n g  t h e  v a r i o u s  segments  a s s o c i a t e d  w i th  t h e  

i n i t i a l  c o n s o n a n t s  and vowel n u c l e i .

1. A l v e o l a r  s t o p - c o n s o n a n t s ,  / t /  and / d / . Three  m a jo r  a c o u s t i c  

segments  were  a s s o c i a t e d  w i th  s t o p - c o n s o n a n t s .  These segments  were 

d e s i g n a t e d  a s :  (a )  s i l e n c e ,  r e p r e s e n t i n g  t h e  o c c l u s i o n  o f  a i r  f low  in

t h e  voca l  t r a c t ;  (b)  b u r s t ,  r e p r e s e n t i n g  t h e  r e l e a s e  o f  o c c l u s i o n  in
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t h e  voca l  t r a c t ;  and ( c )  t r a n s i t i o n ,  r e p r e s e n t i n g  t h e  movements o f  t h e  

a r t i c u l a t o r s  t o  p o s i t i o n s  used  f o r  vowel p r o d u c t i o n  ( H a l l e ,  Hughes, and 

R ad ley ,  1 956 ) .  Although F a n t  (1962) s u g g e s t e d  t h e  b u r s t  may be f u r t h e r  

d i f f e r e n t i a t e d  i n t o  an e x p l o s i v e  t r a n s i e n t  and s h o r t - f r i c a t i o n  p e r i o d ,  

f o r  t h e  p u rp o s e s  o f  t h i s  s t u d y ,  a b u r s t  c o m p r i s ed  bo th  segments .

As shown i n  F i g u r e  I 1 -7 ,  Boundary One was e s t a b l i s h e d  

f o l l o w i n g  t h e  s y s t e m a t i c  f o rm an t  s t r u c t u r e  o f  t h e  schwa vowel and 

r e p r e s e n t e d  t h e  o n s e t  o f  s i l e n c e  which was c h a r a c t e r i z e d  by a l a c k  o f  

e ne rgy  i n  a l l  f r e q u e n c i e s  above t h e  v o i c i n g  component  o f  300 Hz. 

Boundary Two was drawn a t  t h e  p o i n t  r e f l e c t i n g  b u r s t  o n s e t .  B u r s t s  

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

n o i s e  in  t h e  form o f  e i t h e r  a f l a t  sp ec t ru m  o f  e n e rg y  o r  a f a i r l y  

c o n c e n t r a t e d  a r e a  o f  ene rgy  i n  t h e  f r e q u e n c i e s  above 4000 Hz. On 

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

i n c l u d e d  t r a n s i t i o n s  w i t h o u t  v o i c i n g  s t r i a t i o n s  i n  t h e  300-Hz r e g i o n .  

Boundary Three  was l o c a t e d  a t  t h e  o n s e t  o f  t h e  f i r s t  g l o t t a l  p u l s e  

e s t a b l i s h e d  by f i n d i n g  t h e  f i r s t  v o i c i n g  s t r i a t i o n  i n  t h e  300-  t o  

500-Hz f r e q u e n c y  r e g i o n .  E s t a b l i s h i n g  t h e s e  b o u n d a r i e s  p r o v id e d  

d u r a t i o n  measures  f o r  s i l e n c e  o r  o c c l u s a l  p e r i o d  and v o i c e - o n s e t - t i m e  

( L i s k e r  and Abramson,  1 964 ) .

2* L a t e r a l  / r / . Three  a c o u s t i c  segments  were l o c a t e d  f o r  

measurement f o l l o w i n g  t h e  d e t a i l e d  method d i s c u s s e d  by R u s s e l l  ( 1977 ) .  

F i g u r e  I I - 8  d e p i c t s  t h e  f o u r  b o u n d a r i e s  u sed  t o  d e l i n e a t e  t h e  segm ents .  

Boundary One was e s t a b l i s h e d  a t  t h e  o f f s e t  o f  t h e  s t e a d y - s t a t e  p o r t i o n  

o f  t h e  schwa vowel a t  a p o i n t  where t h e  fo rm a n t  f r e q u e n c i e s  began t o
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Figure I I - 7 .  Boundaries used to  determine segment durations in ta r g e t

words con ta in in g  i n i t i a l  s top-consonan ts , / t ,  d / .
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d e c r e a s e  i n  f r e q u e n c y .  Boundary Two was l o c a t e d  a t  a p o s i t i o n  

f o l l o w i n g  t h e  f o r m a n t - f r e q u e n c y  d e c r e a s e s  a t  a p o i n t  where F2  and F3 

were a lo w er  i n t e n s i t y  t h a n  i n  t h e  p r e c e d i n g  o r  f o l l o w i n g  t r a n s i t i o n s .  

Boundary T hree  was d e t e r m in e d  by a r i s e  in  f r e q u e n c y  o f  F2 > accompanied 

w i th  a s h a r p  i n c r e a s e  i n  i n t e n s i t y  f o r  t h e  e n t i r e  fo rm an t  s t r u c t u r e  

(F i , F2 , F3 ) .  Two o t h e r  c u e s  were  a s s o c i a t e d  w i th  t h i s  boundary  ( a )  F3 

was v i s i b l e  and i n c r e a s e d  in  f r eq u en cy  in  a manner p a r a l l e l i n g  t h e  F2 

f r e q u e n c y  r i s e ,  and (b)  Fi  a p p e a re d  t o  have i t s  g r e a t e s t  bandwid th  a t  

t h e  boun d a ry .  Boundary Four  was drawn a t  t h e  p o i n t  where t h e  

t r a n s i t i o n s  c e a s e d  i n c r e a s i n g  i n  f r e q u e n c y  and remained  in  a 

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

These b o u n d a r i e s  e s t a b l i s h e d  t h r e e  segm en ts :  t r a n s i t i o n  one

(TR1),  s t e a d y - s t a t e  p o r t i o n  ( S S ) ,  and t r a n s i t i o n  two (TR2).  Onse t  o f  

TR1 was d e t e rm in e d  by Boundary One, Boundary Two d e t e r m in e d  t h e  o f f s e t  

o f  TR1 and t h e  o n s e t  o f  SS.  In a d d i t i o n  t o  a p p e a r i n g  a s  l o w - i n t e n s i t y ,  

p a r a l l e l  f o r m a n t  f r e q u e n c i e s ,  SS segments  a l s o  were d e p i c t e d  by a l a c k  

o f  e n e rg y  ( o r  e x t r e m e l y  l o w - i n t e n s i t y  e n e rg y )  i n  a l l  f r e q u e n c i e s  above 

t h e  v o i c i n g  component  o f  300 Hz. O f f s e t  o f  SS and o n s e t  o f  TR2 were 

d e t e rm in e d  by Boundary T h r e e .  O f f s e t  o f  TR2 was d e t e r m in e d  by Boundary 

F o u r .

3.  F r i c a t i v e  / s / . O nse t  o f  t h e  f r i c a t i v e  / s /  was l o c a t e d  by 

lo o k i n g  f o r  t h e  p r e s e n c e  o f  a p e r i o d  o f  n o i s e  which d i d  n o t  c o n t a i n  

v e r t i c a l  s t r i a t i o n s  a ro u n d  t h e  f r e q u e n c y  o f  300 Hz. As shown i n  F i g u r e  

I I - 9 ,  Boundary One was d e t e rm in e d  by t h e  p r e s e n c e  o f  l o w - i n t e n s i t y ,  

h i g h - f r e q u e n c y  n o i s e  which f o l l o w e d  t h e  s y s t e m a t i c  s t e a d y - s t a t e  fo rm an t  

p a t t e r n  o f  t h e  p r e c e d i n g  schwa vowel.  O f f s e t  o f  f r i c t i o n  was l o c a t e d
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Figure I I - 8 .  Boundaries used to  determine segment durations in ta rg e t

words conta in ing  i n i t i a l  consonant, / r / .
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a t  t h e  f i r s t  v e r t i c a l  s t r i a t i o n  in  t h e  r e g i o n s  o f  300 Hz, and th e  

r i s i n g  fo rm a n t  p a t t e r n s  s i g n a l i n g  t h e  p r e s e n c e  o f  vowel n u c l e i  were 

u sed  t o  e s t a b l i s h  Boundary Two. In some i n s t a n c e s ,  f o rm an t  p a t t e r n s  

were p r e s e n t  in  t h e  h i g h e r  f r e q u e n c i e s  o f  t h e  segment ,  however,  

l o w - l e v e l - i n t e n s i t y  n o i s e  was a lways  found  t h r o u g h o u t  t h e  sp ec t ru m .

4 .  C l u s t e r  / t r / . Four  b o u n d a r i e s  were e s t a b l i s h e d  t o  o b t a i n  t h e  

d u r a t i o n s  o f  t h e  s i l e n c e  and v o i c e - o n s e t - t i m e s  a s s o c i a t e d  w i th  t h e  

v o i c e l e s s  s t o p - c o n s o n a n t ,  / t / ,  and TR2 o f  t h e  c o n s o n a n t ,  / r / ,  ( s e e  

F i g u r e  1 1 - 1 0 ) .  L o c a t io n  o f  t h e  b o u n d a r i e s  a s s o c i a t e d  w i th  segments  o f  

t h e  v o i c e l e s s ,  a l v e o l a r  s t o p - c o n s o n a n t ,  / t / ,  was d e t e rm in e d  i n  a 

s i m i l a r  manner t o  t h e  method d e s c r i b e d  e a r l i e r  f o r  s t o p - c o n s o n a n t s .  

Th ree  b o u n d a r i e s  were a s s o c i a t e d  w i th  t h e  d u r a t i o n s  o f  t h e  segments  f o r  

/ t / .  Boundary One was e s t a b l i s h e d  f o l l o w i n g  t h e  s y s t e m a t i c  fo rm an t  

p a t t e r n  a s s o c i a t e d  w i th  t h e  schwa vowel and d e s i g n a t e d  t h e  o n s e t  o f  

s i l e n c e ;  Boundary Two was e s t a b l i s h e d  a t  t h e  o n s e t  o f  t h e  b u r s t ;  and 

Boundary T h ree  was l o c a t e d  a t  t h e  f i r s t  v e r t i c a l  s t r i a t i o n  in  t h e  

f r e q u e n c y  r e g i o n  o f  300 Hz. Boundary Two marked t h e  o n s e t  and Boundary 

Three  marked t h e  o f f s e t  o f  t h e  v o i c e - o n s e t - t i m e  measure .  Boundary 

Three  a l s o  marked t h e  o n s e t  o f  t h e  TR2 m easu re .  A f o u r t h  boundary  was 

p l a c e d  a t  t h e  p o i n t  in  which t h e  t r a n s i t i o n s  no l o n g e r  i n c r e a s e d  in  

f r e q u e n c y  and were c h a r a c t e r i z e d  by s t e a d y - s t a t e ,  p a r a l l e l - f o r m a n t  

p a t t e r n s  a s s o c i a t e d  w i th  v e r t i c a l  s t r i a t i o n s  in  t h e  300-Hz r e g i o n .  

Boundary Four  r e p r e s e n t e d  t h e  o f f s e t  o f  TR2.

5.  C l u s t e r  / s t r / . O nse t  o f  t h e  f r i c a t i v e ,  / s / ,  (Boundary One) 

was l o c a t e d  i n  e x a c t l y  t h e  same manner a s  p r e v i o u s l y  d e s c r i b e d  f o r  t h e
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F i g u r e  I I - 9 .  Boundar ies  used  t o  d e t e r m in e  segment d u r a t i o n s  i n  t a r g e t  

words c o n t a i n i n g  i n i t i a l  c o n s o n a n t ,  / s / .
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Figure 11-10. Boundaries used to  determine segment durations in ta r g e t

words conta in ing  i n i t i a l  consonant c lu s t e r ,  / t r / .



i n i t i a l  s i n g l e t o n  c o n s o n a n t ,  / s / .  O f f s e t  f o r  / s /  was d e t e rm in e d  by t h e  

l a c k  o f  en e rg y  a round  3500 Hz, w i th  no o t h e r  ene rgy  p r e s e n t  i n  t h e  

o t h e r  f r e q u e n c y  r e g i o n s  ( s e e  F i g u r e  1 1 - 1 1 ) — t h i s  was p a r t i c u l a r l y  t r u e  

f o r  u t t e r a n c e s  o b t a i n e d  w i th  t h e  a p p l i a n c e .  Thus,  Boundary Two, o f f s e t  

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

sp ec t ru m  a t  a l l  f r e q u e n c i e s .  Boundary Three  was s e t  a t  t h e  o n s e t  o f  

t h e  b u r s t  a s s o c i a t e d  w i th  t h e  s t o p - c o n s o n a n t ,  / t / ,  and Boundary Four 

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

o f  300 Hz. Boundar ie s  T h ree  and Four  were  used  t o  d e t e rm in e  t h e  

v o i c e - o n s e t - t i m e  d u r a t i o n s .  Boundary F iv e  was l o c a t e d  a t  a p o i n t  where 

t h e  fo rm a n t  f r e q u e n c i e s  a p p e a re d  c o n s t a n t  and p a r a l l e l  t o  one a n o t h e r .  

B o u n d a r i e s  Four  and F iv e  e s t a b l i s h e d  t h e  d u r a t i o n  i n t e r v a l s  a s s o c i a t e d  

w i th  TR2.

6 . Vowel n u c l e i . O nse t  o f  t h e  v a r i o u s  vowel n u c l e i  s h a r e d  a 

common boundary  w i th  t h e  o f f s e t  o f  TR2 o f  / r /  and t h e  f i r s t  v e r t i c a l  

v o i c i n g  s t r i a t i o n  boundary o f  / s / ,  / t / ,  and / d / .  O f f s e t  o f  t h e  vowel 

n u c l e i  was l o c a t e d  a t  t h e  f i n a l  v e r t i c a l  s t r i a t i o n  o f  t h e  fo rm an t  

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

i n i t i a l  c o n s o n a n t s  o f  / t ,  d ,  s / ;  however ,  s e l e c t i o n  o f  t h e  f i n a l  

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

vowel n u c l e i  e x c lu d e d  t h e  f r i c t i o n i z e d  t r a n s i t i o n s  a s s o c i a t e d  w i th  t h e  

f i n a l  c o n s o n a n t ,  / p / .

7 .  T o t a l - w o r d  d u r a t i o n . C a l c u l a t i o n s  o f  t o t a l - w o r d  d u r a t i o n s  

were  a c q u i r e d  by add ing  t h e  a c o u s t i c  segments  o f  a g iven  t a r g e t  word.  

O nse t  o f  a t a r g e t  word was c o n s i d e r e d  t h e  f i r s t  v i s i b l e  a c o u s t i c
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Figure 11-11. Boundaries used to  determine segment duration in ta r g e t

words con ta in in g  i n i t i a l  consonant c lu s t e r ,  / s t r / .
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segment ( i . e . ,  t h e  b u r s t  segments  in  / t /  and / d / ) .  Two segments ,  

c l o s u r e - p e r i o d  one and TR1, were n o t  i n c l u d e d  i n  t h e  t o t a l - w o r d  

d u r a t i o n s .  Although c l o s u r e - p e r i o d  one ( s i l e n c e ,  r e p r e s e n t i n g  th e  

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

p r o d u c t i o n )  was c o n s i d e r e d  a m a jo r  a c o u s t i c  segment a s s o c i a t e d  w i th  

s t o p - c o n s o n a n t  p r o d u c t i o n ,  i t  was e l i m i n a t e d  from t o t a l - w o r d  a n a l y s i s  

in  o r d e r  t o  a v o i d  d i f f i c u l t i e s  i n  s e p a r a t i n g  be tween-word  p au ses  and 

o c c l u s a l  p e r i o d s .  TR1 segments  r e p r e s e n t e d  t h e  t r a n s i t i o n  p e r i o d  o f  

change from t h e  schwa vowel t o  t h e  f o l l o w i n g  c o n s o n a n t  and were 

e x c lu d e d  from t h e  a n a l y s i s  o f  t o t a l - w o r d  d u r a t i o n .  T r a n s i t i o n s  from 

t h e  schwa vowel i n t o  t h e  f o l l o w i n g  i n i t i a l  c o n s o n a n t s  were n o t  i n c lu d e d  

f o r  any o f  t h e  t a r g e t  s t i m u l i .

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

s t o p - c o n s o n a n t s ,  / t /  and / d / ,  were  o b t a i n e d  by ad d in g  segmental  

d u r a t i o n s  o f  v o i c e - o n s e t - t i m e  and vowel n u c l e u s .  A c o u s t i c  segm en ts ,  

f r i c t i o n  and vowel n u c l e u s ,  were added t o  a c q u i r e  t o t a l - w o r d  d u r a t i o n s  

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

S i m i l a r l y ,  t h e  segm en ts ,  v o i c e - o n s e t - t i m e ,  TR2, and vowel n u c l e u s ,  were 

summed t o  p r o v i d e  t o t a l - w o r d  d u r a t i o n s  f o r  t a r g e t  words c o n t a i n i n g  t h e  

i n i t i a l  tw o -e le m e n t  c l u s t e r ,  / t r / .  To ta l  d u r a t i o n  o f  t a r g e t  s t i m u l i  

c o n t a i n i n g  t h e  t h r e e - e l e m e n t  c o n s o n a n t  c l u s t e r ,  / s t r / ,  were a c q u i r e d  by 

ad d in g  d u r a t i o n s  o f  f r i c t i o n ,  c l o s u r e  p e r i o d  two,  v o i c e - o n s e t - t i m e ,

TR2, and vowel n u c l e u s  segm en ts .  A c o u s t i c  s e g m e n t s ,  SS, TR2, and vowel 

n u c l e u s ,  were summed t o  p r o v i d e  a t o t a l - w o r d  d u r a t i o n  o f  t a r g e t  s t i m u l i  

c o n t a i n i n g  / r / .
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S p e c t r a l  A n a l y s i s

A f o u r - s t e p  p r o c e d u r e  was employed f o r  s p e c t r a l l y  a n a l y z i n g  t h e  

s t e a d y - s t a t e  p o r t i o n  o f  vowel n u c l e i .  These s t e p s  i n c l u d e d :  (1)

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

s p e c t ro g ra m s  used  f o r  d u r a t i o n  m e a s u re s ;  ( 2 ) e d i t i n g  f o u r  p i t c h  p e r i o d s  

from t h e  s t e a d y - s t a t e  p o r t i o n  o f  t h e  vowel v i a  com puter  c o n t r o l ;  (3)  

a n a l y z i n g  t h e  f o u r  p i t c h  p e r i o d s  v i a  a D i s c r e t e  F o u r i e r  T rans fo rm  (DFT) 

program; and (4 )  l o c a t i n g  t h e  f r e q u e n c i e s  o f  t h e  fo rm a n t s  a s s o c i a t e d  

w i th  t h e  t h r e e  vowels .  A d e t a i 1ed d e s c r i p t i o n  o f  each  o f  t h e s e  s t e p s  

f o l 1 ows.

S t e a d y - S t a t e  L o c a t i o n . Three  a c o u s t i c  segments  e a s i l y  l o c a t e d  in  

t h e  s p e c t r o g r a p h i c  and waveform d i s p l a y s  were  s e l e c t e d  a s  r e f e r e n c e  

p o i n t s :  ( 1 ) t h e  o n s e t  o f  b u r s t  a s s o c i a t e d  w i th  t h e  s t o p  c o n s o n a n t s  f o r

t h e  t a r g e t  phonemes,  / t ,  d ,  t r ,  s t r / ;  ( 2 ) t h e  o f f s e t  o f  t h e  f r i c t i o n  

f o r  t h e  s i n g l e t o n  c o n s o n a n t ,  / s / ;  and (3 )  t h e  o f f s e t  o f  t h e  f r i c t i o n  

f o r  / z /  i n  t h e  c a r r i e r  p h r a s e  f o r  t h e  c o n s o n a n t ,  / r / .  D u ra t io n  was 

measured  from t h e  r e f e r e n c e  p o i n t s  t o  t h e  s t e a d y - s t a t e  p o r t i o n s  o f  t h e  

vowel n u c l e i  u s i n g  t h e  s p e c t r o g r a p h i c  d i s p l a y s .  S t e a d y - s t a t e  p o r t i o n s  

o f  t h e  vowel n u c l e i  were  o p e r a t i o n a l l y  d e f i n e d  as  t h e  p o i n t  i n  which 

t h e  fo rm a n t  f r e q u e n c i e s  o f  F]_, F2 , and F3 were p a r a l l e l  and n o t  moving 

i n  an upward o r  downward d i r e c t i o n .  D u ra t io n  from t h e  r e f e r e n c e  p o i n t s  

t o  t h e  o n s e t  o f  t h e  vowel s t e a d y - s t a t e  were c o n s e q u e n t l y  c o n v e r t e d  t o  

sample in d e x  numbers t o  f a c i l i t a t e  l o c a t i o n  o f  t h e  s t e a d y - s t a t e  p o r t i o n  

in  t h e  com puter  p rogram s .
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E x t r a c t i o n  o f  s t e a d y - s t a t e  p e r i o d s . S e n te n c e s  were p la y e d  on an 

Ampex (Model 440G) t a p e  r e c o r d e r  t h ro u g h  an a m p l i f i e r .  Tokens were 

e n t e r e d  i n t o  an 8 /3 2  I n t e r d a t a  computer  v i a  a 1 2 - b i t  A/D c o n v e r t e r  a t  a 

30-kHz r a t e .  P r i o r  t o  p r o c e s s i n g ,  to k e n s  were p a s s e d  th ro u g h  two,  

l o w - p a s s ,  5000-Hz I t h i c o  f i l t e r s  (Model 4 2 5 1 ) .  Waveforms were 

d i s p l a y e d  on a T e k t r o n i x  scope  (Model 4010) and e d i t e d  u s in g  

i n t e r a c t i v e  compute r  p rogram s .  S i g n a l s  were m o n i to r e d  a u d i t o r i  a l l y  v i a  

an a m p l i f i e r  and s p e a k e r .

Samples were e d i t e d  by l o c a t i n g  t h e  r e f e r e n c e  p o i n t s  in  t h e  

waveforms.  Onse t  o f  t h e  r e f e r e n c e  p o i n t s  was s e t  a t  t h e  b e g i n n in g  

b u f f e r  a d d r e s s .  The f i r s t  200 msec o f  t h e  samples  were d i s p l a y e d  and a 

c u r s o r  was u sed  t o  d e t e r m in e  t h e  f i r s t  z e r o  c r o s s i n g  a s s o c i a t e d  w i th  

t h e  f i r s t  p i t c h  p e r i o d  o f  t h e  s t e a d y - s t a t e  p o r t i o n .  The sample was 

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

O f f s e t  o f  t h e  p i t c h  p e r i o d s  was d e t e rm in e d  by d i s p l a y i n g  t h e  waveform 

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

p e r i o d s .  Samples were l a b e l e d  and s t o r e d  on m a g n e t ic  t a p e  f o r  l a t e r  

a n a l y s i s .

S p e c t r a l  a n a l y s i s . Tokens were a n a l y z e d  u s i n g  a DFT which 

s p e c i f i e d  t h e  spec t rum  u s i n g  a Cooley-Tukey  a l g o r i t h m  (Cooley and 

Tukey,  1 965 ) .  A d a t a  r e c o r d  l e n g t h  o f  512 p o i n t s  and a K a i s e r  d a t a  

window o f  510 p o i n t s  were  employed i n  t h e  program (Reimer and C u l l e n ,  

1979) .  S p e c t r a  were p r e - e m p h a s i z e d ,  l i n e a r l y  d i s p l a y e d ,  and n o rm a l i z e d  

t o  t h e  h i g h e s t  p o i n t .  O u tpu t  o f  t h e  DFT program r e n d e r e d  a p i c t o r i a l  

d i s p l a y  o f  t h e  sp e c t ru m ,  a s  wel l  as  a m p l i t u d e  and f r e q u e n c y  v a l u e s  o f  

t h e  sampled p o i n t s .
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CHAPTER I I I  

RESULTS

R e s u l t s  o b t a i n e d  from RTP and LTP s u b j e c t s  f o r  o r a l -  and 

1 im b - a p r a x i a  a s s e s s m e n t  ( D e s c r i p t i v e  Study I — O r a l -  and Limb-Apraxia 

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

c h a r a c t e r i s t i c s  o f  t h e  RTP and LTP groups  i s  p r e s e n t e d  in  t h e  

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

I I —A r t i c u l a t i o n  A s s e s s m e n t . The f i n a l  p o r t i o n  o f  t h i s  c h a p t e r  i s  

d ev o ted  t o  t h e  p r e s e n t a t i o n  o f  t h e  r e s u l t s  o b t a i n e d  i n  t h e  E xper im en ta l  

S tu d y —F o rced  A d a p t a t i o n .

D e s c r i p t i v e  Study I —

O r a l -  and Limb-Apraxia A ssessment

Mean s c o r e  o f  t h e  o r a l - a p r a x i a  i t em s  i s  18 .5  and 18.1  f o r  t h e  RTP 

and LTP g ro u p s ,  r e s p e c t i v e l y .  S cores  f o r  t h e  RTP s u b j e c t s  range  

between 20 t o  17.  S l i g h t l y  low er  s c o r e s ,  r a n g i n g  from 19 t o  1 6 . 5 ,  a r e  

n o te d  f o r  t h e  LTP g roup .  Average s c o r e s  o f  16 .4  and 12 .1  a r e  a c h i e v e d  

by t h e  RTP and LTP g ro u p s ,  r e s p e c t i v e l y ,  f o r  t h e  i t em s  a s s e s s i n g  l imb 

a p r a x i a .  Sco res  on t h e  1im b - a p r a x i a  i t em s  range  from 18 t o  15 .5  f o r  

t h e  RTP s u b j e c t s  and 16 t o  6 . 0  f o r  t h e  LTP s u b j e c t s .

De Renzi and h i s  c o l l e a g u e s  (De Renzi e t  a l . ,  1966) u sed  a s c o r e  

o f  16 as  t h e  c u t - o f f  p o i n t  f o r  c l a s s i f y i n g  a s u b j e c t  o r a l l y  a p r a x i c ;  

however ,  no s u b j e c t  i n  e i t h e r  t h e  LTP o r  RTP g roups  s c o r e d  low er  th a n  

1 6 . 5 .  Tab le  I I I - l  shows t h e  o r a l - a p r a x i a  i t e m s  f o r  t h e  RTP group 

r anked  in  te rm s  o f  r e l a t i v e  d i f f i c u l t y .  I tems r e q u e s t i n g  s u b j e c t s  t o
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TABLE I I I -1

RELATIVE DIFFICULTY OF ORAL-APRAXIA ITEMS

FOR RTP GROUP

_____________ I tem_________________________ Mean S core___________________Rank

10.  C le a r  y o u r  t h r o a t .  2 0 .0  1

1.  S t i c k  o u t  y o u r  t o n g u e .  1 9 .0  2

2 .  Yawn. 1 9 .0  2

5 .  Give a Bronx C h e e r .  19 .0  2

6 . Show how you would k i s s
someone.  19 .0  2

8 . C l i ck  y o u r  t o n g u e ,  i m i t a t i n g
t h e  sound o f  a h o r s e  g a l l o p i n g .  1 9 .0  2

9.  P u f f  o r  blow. 1 9 .0  2

3 .  W h i s t l e .  1 7 .5  3

4 .  Try t o  touch  t h e  t i p  o f  y o u r  nose
w i th  y o u r  t o n g u e .  17 .5  3

7 .  Show how y o u r  t e e t h  c h a t t e r
when you a r e  c o l d .  17 .5  3



' w h i s t l e , 1 ' c h a t t e r  t h e  t e e t h  a s  i f  one i s  c o l d , '  and ' t o u c h  t h e  t i p  o f  

t h e  nose  w i th  t h e  t o n g u e '  a p p e a r  more d i f f i c u l t  t o  e x e c u t e  r e l a t i v e  t o  

t h e  o t h e r  i t em s  f o r  t h e  RTP g roup .  Tab le  I I 1-2 i l l u s t r a t e s  t h e  

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

g roup .  Two o f  t h e  o r a l - a p r a x i a  a s s e s s m e n t  i t em s  which ap p e a re d  

d i f f i c u l t  f o r  t h e  RTP g ro u p ,  ' w h i s t l e '  and ' c h a t t e r  t h e  t e e t h  as  i f  i t  

i s  c o l d , '  p r e s e n t  no d i f f i c u l t y  f o r  LTP s u b j e c t s  a s  d e s i g n a t e d  by 

p e r f e c t  s c o r e s  o f  20.  Two i t em s  which a p p e a r  t o  c r e a t e  t h e  most  

d i f f i c u l t y  f o r  t h e  LTP group a r e  r e q u e s t s  t o  ' show how you would k i s s  

someone'  and ' c l i c k  y o u r  tongue  i m i t a t i n g  t h e  sound o f  a h o r s e  

g a l l o p i n g . '  S co re s  on o r a l - a p r a x i a  a s s e s s m e n t  i t e m s  f a l l  i n  a t i g h t e r  

range  f o r  t h e  RTP group (20 t o  1 7 .5 )  t h a n  f o r  t h e  LTP group  (20 t o  1 5 ) .

A c u t - o f f  s c o r e  o f  17 was used  by De Renzi and h i s  c o l l e a g u e s  

(De Renzi  e t  a l . ,  1966) t o  e s t a b l i s h  t h e  p r e s e n c e  o f  l imb a p r a x i a ,  

w h i l e  a c u t - o f f  s c o r e  o f  11  d i s t i n g u i s h e d  m i ld  from s e v e r e  l imb 

a p r a x i a .  All s u b j e c t s  i n  t h e  RTP and LTP g ro u p s ,  w i th  t h e  e x c e p t i o n  o f  

one RTP s u b j e c t ,  a c h i e v e d  s c o r e s  which were below t h e  c u t - o f f  s c o r e  o f  

17 s u g g e s t i n g  s u b j e c t s  i n  t h i s  s tu d y  pe r fo rm ed  p o o r e r  t h a n  t h e  De Renzi 

e t  a l . (1966) s u b j e c t s  on t h e  l i m b - a p r a x i a  i t e m s .  Only one LTP s u b j e c t  

s c o r e d  below t h e  c u t - o f f  s c o r e  o f  11  u sed  t o  d i s t i n g u i s h  between mi ld  

and s e v e r e  l imb a p r a x i a .

T ab le  I I 1-3  i n d i c a t e s  t h e  r e l a t i v e  d i f f i c u l t y  o f  t h e  l i m b - a p r a x i a  

i t em s  f o r  t h e  RTP g roup .  Three  i t em s  r e c e i v e d  a p e r f e c t  s c o r e  f o r  a l l  

t h e  RTP s u b j e c t s — ' s a l u t e , ' 'wave g o o d b y e , '  and ' i n d i c a t e  someone i s  

c r a z y . '  The most  d i f f i c u l t  i t e m  t o  e x e c u t e  f o r  t h e  RTP s u b j e c t s  was
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TABLE I I 1-2

RELATIVE DIFFICULTY OF ORAL-APRAXIA ITEMS

FOR LTP GROUP

________ Item____________________________Mean Score____________________Rank

3.  W h i s t l e .  2 0 .0  1

7.  Show how y o u r  t e e t h  c h a t t e r
when you a r e  c o l d .  2 0 . 0  1

9.  P u f f  o r  blow. 20 .0  1

10.  C l e a r  y o u r  t h r o a t .  2 0 .0  1

1.  S t i c k  o u t  y o u r  t o n g u e .  19 .0  2

2 .  Yawn. 17 .5  3

4.  Try t o  touch  t h e  t i p
o f  y o u r  nose w i th  y o u r  to n g u e .  17 .5  3

5.  Give a "bronx c h e e r . "  17 .5  3

6 . Show how you would k i s s
someone.  15 .0  4

8 . C l i ck  y o u r  t o n g u e ,  i m i t a t i n g
t h e  sound o f  a h o r s e  g a l l o p i n g .  15 .0  4
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TABLE I I 1-3

RELATIVE DIFFICULTY OF LIMB-APRAXIA ITEMS

FOR RTP GROUP

__________ I tem__________________________ Mean S core_____________Rank

2.  S a l u t e .  20 .0  1

3.  Wave goodbye.  20 .0  1

9 .  I n d i c a t e  someone i s  c r a z y .  20 .0  1

6 . Thumb y o u r  nose .  19 .0  2

7 .  Snap y o u r  f i n g e r s .  18 .0  3

4 .  T h r e a t e n  someone w i th  y o u r
hand.  17 .5  4

1.  Make t h e  s i g n  o f  t h e  c r o s s .  15 .0  5

8 . Make t h e  s i g n  o f  t h e  Texas
lo n g h o rn .  15 .0  5

10.  Make t h e  l e t t e r  "0" w i th
y o u r  f i n g e r s .  15 .0  5

5.  Show you a r e  hungry .  6 . 3  6
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' show y o u r  a r e  h u n g ry . 1 Exam ina t ion  o f  T a b le  I I I -4  shows o v e r a l l  

p e r fo rm ance  o f  t h e  LTP group i s  low er  t h a n  l imb a p r a x i a  pe r fo rm a nce  o f  

t h e  RTP g roup .  Although  t h e  LTP group a l s o  had l i t t l e  d i f f i c u l t y  

e x e c u t i n g  t h e  command t o  'wave g o o d b y e , '  o v e r a l l  mean s c o r e  f o r  t h i s  

i t em  by LTP s u b j e c t s  was 5 p o i n t s  low er  t h a n  t h e  RTP g roup .  The most  

d i f f i c u l t  i t e m ,  'show you a r e  h u n g r y ' ,  f o r  t h e  RTP group (mean s c o r e  

6 . 2 5 )  a p p e a r s  t o  be an e a s i e r  i t e m  t o  e x e c u t e  f o r  t h e  LTP g roup ,  as  

i n d i c a t e d  by t h e  mean s c o r e  o f  15.  The most  d i f f i c u l t  i t em s  f o r  LTP 

s u b j e c t s  t o  e x e c u t e  were r e q u e s t s  t o  'make t h e  s i g n  o f  t h e  c r o s s '  and 

t o  ' thumb t h e  n o s e '  (mean s c o r e s  o f  6 . 3 )  which f a l l  i n  t h e  m id - ra n g e  o f  

d i f f i c u l t y  f o r  t h e  RTP group (mean s c o r e s  15 and 19,  r e s p e c t i v e l y ) .

D e s c r i p t i v e  Study I I  —

A r t i c u l a t i o n  Assessment 

A g r e a t e r  number o f  d i s c r i m i n a t i o n  e r r o r s  a r e  found f o r  t h e  LTP 

s u b j e c t s  (37 e r r o r s )  t h a n  f o r  t h e  RTP s u b j e c t s  (16 e r r o r s ) .  A g r e a t e r  

number o f  a r t i c u l a t i o n  e r r o r s  a r e  found in  t h e  RTP group (a  t o t a l  o f  

40) th a n  i n  t h e  LTP group (a t o t a l  o f  3 4 ) ;  however ,  23 o f  t h e  

a r t i c u l a t i o n  e r r o r s  in  t h e  RTP group a r e  c o n t r i b u t e d  by one s u b j e c t .

The m a j o r i t y  o f  d i s c r i m i n a t i o n  e r r o r s  f o r  t h e  two g roups  o c c u r  on 

i n i t i a l  c o n s o n a n t s ,  10 e r r o r s  f o r  t h e  RTP group and 19 e r r o r s  f o r  t h e  

LTP g roup .  D i s c r i m i n a t i o n  o f  f i n a l - p o s i t i o n  c o n s o n a n t s  p roduce  2 

e r r o r s  in  t h e  RTP group compared t o  14 e r r o r s  f o r  t h e  LTP g roup .  Both 

g roups  f a i l e d  t o  c o r r e c t l y  d i s c r i m i n a t e  f o u r  vowel c o n t e x t s .

The m a j o r i t y  o f  m i s a r t i c u l a t i o n s  f o r  RTP and LTP g roups  o c c u r  on 

t h e  i n i t i a l  c onsonan ts - -R T P  s u b j e c t s  p roduced  26 e r r o r s  and LTP 

s u b j e c t s  p roduced  22 e r r o r s .  These r e s u l t s  a g r e e  w i th  p r e v i o u s  r e p o r t s
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TABLE I I I -4

RELATIVE DIFFICULTY OF LIMB-APRAXIA ITEMS

FOR LTP GROUP

I tem Mean S core Rank

3 .  Wave goodbye. 15 .0 1

5.  Show you a r e  hungry . 15 .0 1

7.  Snap y o u r  f i n g e r s . 15 .0 1

4 .  T h re a te n  someone w i th  y o u r  
hand. 13 .8 2

8 . Make t h e  s i g n  o f  t h e  Texas 
Longhorns . 13 .8 2

10.  Make t h e  l e t t e r  'O '  w i th  
w i th  y o u r  f i n g e r s . 12 .5 3

2.  S a l u t e . 1 0 . 0 4

9 .  I n d i c a t e  someone i s  c r a z y . 8 . 8 5

1.  Make t h e  s i g n  o f  t h e  c r o s s . 6 . 3 6

6 . Thumb y o u r  nose . 6 . 3 6
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i n d i c a t i n g  t h e  m a j o r i t y  o f  a r t i c u l a t i o n  e r r o r s  in  s u b j e c t s  w i th  

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

words [ s e e ,  f o r  example ,  S h a n k w e i l e r  and H a r r i s  ( 1 9 6 6 ) ] .  RTP s u b j e c t s  

p roduced  14 e r r o r s  and LTP s u b j e c t s  produced  12 e r r o r s  on f i n a l  

p o s i t i o n  c o n s o n a n t s .

The RTP group p roduced  t w i c e  a s  many p l a c e  s u b s t i t u t i o n s  a s  t h e  

LTP group .  S ix t e e n  p l a c e  s u b s t i t u t i o n s  in  i n i t i a l  c o n s o n a n t  p o s i t i o n s ,  

and f o u r  p l a c e  s u b s t i t u t i o n s  i n  f i n a l  c o n s o n a n t  p o s i t i o n s  were p roduced  

by t h e  RTP g roup .  LTP s u b j e c t s  p roduce  seven  i n i t i a l - c o n s o n a n t  and 

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

E xper im en ta l  S tu d y —

F orced  A d a p ta t i o n  

Speech p r o d u c t i o n  m easu re s  a c q u i r e d  d u r i n g  normal ( f r e e -m o v in g  

jaw )  and r e s t r i c t e d - j a w  s p e a k in g  a r e  o r g a n i z e d  and p r e s e n t e d  around 

f o u r  c e n t r a l  q u e s t i o n s .  F i r s t ,  do f r e q u e n c y  and d u r a t i o n  measures  o f  

speech  segments  p roduced  by t h e  C on t ro l  s u b j e c t s  d u r i n g  f r e e -m o v in g  jaw 

c o n d i t i o n s  p a r a l l e l  p r e v i o u s  r e p o r t s ?  Second ,  a r e  f r e q u e n c y  and 

d u r a t i o n  m easu re s  a c q u i r e d  from t h e  c o r t i c a l l y  i n j u r e d  g roups  d u r in g  

f r e e - m o v in g - j a w  c o n d i t i o n s  s i m i l a r  t o  t h e  C o n t ro l  group v a l u e s ?  T h i r d ,  

what  a r e  t h e  r e s p o n s e  p a t t e r n s  ( a s  r e p r e s e n t e d  by te mpora l  and s p e c t r a l  

m e asu re s )  g e n e r a t e d  by C o n t ro l  s u b j e c t s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g ?  

F o u r t h ,  a r e  r e s p o n s e  p a t t e r n s  g e n e r a t e d  in  t h e  r e s t r i c t e d - j a w  c o n d i t i o n  

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

g e n e r a t e d  by t h e  C o n t ro l  g roup?  Speech p r o d u c t i o n  i n  normal and 

r e s t r i c t e d - j a w  s p e a k in g  i s  examined  i n  two r e s p e c t s - - t h e  p a t t e r n s
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a s s o c i a t e d  w i th  fo rm an t  and fundamenta l  f r e q u e n c i e s  o f  t h e  vowel n u c l e i  

and t h e  d u r a t i o n  p a t t e r n s  o f  t o t a l - w o r d  and i n d i v i d u a l  segments .

S t a t i s t i c a l  a n a l y s i s  was acc o m p l i sh e d  i n  t h e  f o l l o w i n g  manner.  

C on t ro l  s u b j e c t s  were a r b i t r a r i l y  p a r t i t i o n e d  i n t o  two g roups  o f  f o u r  

s u b j e c t s  each  i n  o r d e r  t o  make d i r e c t  com par i sons  t o  t h e  two 

p a t h o l o g i c a l  g r o u p s .  A n a l y s i s - o f - v a r i a n c e  p r o c e d u r e s  were used  t o  

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

g ro u p s ,  C o n t r o l s  1 and 2 ,  and RTP and LTP. Three a d d i t i o n a l  o r th o g o n a l  

breakdowns were used  t o  examine  group i n t e r a c t i o n s  found in  t h e  

a n a l y s i s  o f  v a r i a n c e  c o n t r a s t i n g  t h e  f o u r  g ro u p s .  The f i r s t  o r th o g o n a l  

breakdown examined on ly  t h e  C o n t ro l  d a t a  t o  r u l e  o u t  any group e f f e c t s  

a t t r i b u t a b l e  t o  t h e  a r b i t r a r y  p a r t i t i o n i n g  o f  t h e  s u b j e c t s .  The second 

o r th o g o n a l  breakdown e v a l u a t e d  on ly  t h e  RTP and LTP d a t a  in  o r d e r  t o  

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

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

The t h i r d  o r th o g o n a l  breakdown c o l l a p s e d  t h e  c o n t r o l  d a t a  i n t o  a s i n g l e  

C on tro l  group and c o l l a p s e d  t h e  RTP and LTP d a t a  i n t o  a s i n g l e  

P a t h o l o g i c a l  group as  a means o f  e v a l u a t i n g  t h e  d i f f e r e n c e s  i n  r e s p o n s e  

p a t t e r n s  p roduced  by C o n t ro l  s u b j e c t s  and c o r t i c a l l y  i n j u r e d  s u b j e c t s ,  

r e g a r d l e s s  o f  s i d e  o f  l e s i o n ,  i n  t h e  r e s t r i c t e d - j a w - s p e a k i n g  

c o n d i t i o n .  Summary t a b l e s  o f  s i g n i f i c a n t  v a l u e s  found i n  t h e  a n a l y s i s -  

o f - v a r i a n c e  p r o c e d u r e s  a r e  i n  Appendix B.

Frequency  Measures  o f  Vowel Nucle i  i n  Normal Speak ing

Although s e v e r a l  a p p r o a c h e s  a r e  u sed  t o  a s s e s s  f o r m a n t -  and 

f u n d a m e n t a l - f r e q u e n c y  p a t t e r n s  g e n e r a l l y  a s s o c i a t e d  w i th  c o n t e x t u a l
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speech  p r o d u c t i o n ,  i t  seems r e a s o n a b l e  t o  l i m i t  t h e  a s s e s s m e n t  t o  t h r e e  

c o n s i d e r a t i o n s .  F i r s t ,  do fo rm a n t  and fundamenta l  f r e q u e n c i e s  r e f l e c t  

vocal  t r a c t  a r e a / l e n g t h  r e l a t i o n s h i p s  no rm al ly  a s s o c i a t e d  w i th  vowel 

p r o d u c t i o n ?  Second,  do mean fo rm an t  and fundamenta l  f r e q u e n c i e s  o f  t h e  

vowel n u c l e i  c o r r e s p o n d  t o  p r e v i o u s  r e p o r t s  o f  normal male s p e a k e r s  

p ro d u c in g  c o n t e x t u a l  speech?  T h i r d ,  a r e  fo rm an t  and fundamental  

f r e q u e n c i e s  o f  t h e  vowel n u c l e i  i n f l u e n c e d  by t h e  i n i t i a l  c o n s o n a n t  o r  

c l u s t e r  c o n t e x t s ?

Formant  f r e q u e n c i e s  in  normal s p e a k i n g . Tab le  I I I -5  i l l u s t r a t e s  

fo rm an t  and fundamenta l  f r e q u e n c i e s  f o r  t h e  C o n t r o l ,  RTP, and LTP 

groups  d u r i n g  normal ( f r e e - m o v i n g - j a w )  s p e a k i n g .  (Means r e p r e s e n t i n g  

t h e  C on t ro l  g roups  1 and 2 a r e  c o l l a p s e d  on a l l  t a b l e s  and f i g u r e s  

shown i n  t h i s  s e c t i o n ,  s i n c e  t h e  C on t ro l  s u b j e c t s  a r e  a r b i t r a r i l y  

p a r t i t i o n e d  i n t o  two g roups  on ly  f o r  s t a t i s t i c a l  a n a l y s i s . )  Formant 

f r e q u e n c i e s  p roduced  in  a s u s t a i n e d  hVd c o n t e x t  ( P e t e r s o n  and Barney ,  

1952) and in  b i s y l l a b i c  nonsense  s y l l a b l e s  (S t e v e n s  and House, 1963) 

a r e  shown f o r  com par ison  p u r p o s e s .  Contro l  s u b j e c t s  and t h e  male 

s p e a k e r s  i n  t h e  two com par ison  s t u d i e s  p roduced  com parab le  fo rm an t  

f r e q u e n c i e s  f o r  / i /  and / a e / .  Large  f o r m a n t - f r e q u e n c y  d i f f e r e n c e s  

o c c u r r e d  f o r  t h e  vowel / u / ;  however,  t h e s e  d i f f e r e n c e s  i n  t h e  c a s e  o f  

t h e  P e t e r s o n  and Barney (1952) s tu d y  a r e  p ro b a b ly  a t t r i b u t a b l e  t o  t h e  

i n c l u s i o n  o f  / u /  i n  o u r  p a r t i c u l a r  c o n t e x t u a l  frame and in  t h e  c a s e  o f  

t h e  S t e v e n s  and House (1963)  s tu d y  p ro b a b ly  a r e  c o n t r i b u t e d  by t h e  

d e n t a l  c o n t e x t s  ( i . e . ,  / s ,  t ,  d / )  which o f t e n  r e s u l t  in  a p p r e c i a b l e  

s h i f t s  ( n e a r l y  300 Hz) i n  F2 and F3  f r e q u e n c i e s  f o r  / u /  [ s e e ,  f o r
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TABLE I I 1-5

AVERAGE FUNDAMENTAL AND FORMANT FREQUENCIES FOR

CONTROL, RTP , AND LTP GROUPS IN NORMAL SPEAKING

I
I Vowels (Hz)

F r e q u e n c i e s 1 / i  / / a e / / u /

Fundamental
1
1

Contro l 1 142 126 146
RTP 1 131 117 138
LTP 1 135 12 1 138
P & B1 1 136 

1 
1

127 141

Formant
F
I

Fl
Contro l

1
1 298 724 351

RTP 1 279 700 305
LTP 1 308 680 373
P & B1 1 270 660 300
S & H2 1 300

l
730 320

f 2
Contro l

1
1
1 2194 1629 1412

RTP 1 2128 1591 1235
LTP 1 2126 1570 1279
P & B1 1 2290 1720 870
S & H2 I 2260

I
1650 1 1 1 0

f 3
Contro l

1
1
I 2682 2402 2185

RTP 1 2567 2377 2178

LTP 1 I 2536 2365 2154
P & B1 I 3010 2410 2240
S & H2 1 2910

1
1

2500 2 2 0 0

1 V alues  t a k e n  from P e t e r s o n ,  G. and Barney ,  H. Con tro l  methods
used  i n  a s tu d y  o f  t h e  vowels .  J .  A cous t .  Soc.  Am. , 2 4 :1 7 5 -1 8 4  (1 9 5 1 ) .

2 Va lues  t a k e n  from S t e v e n s ,  K. and House,  A. P e r t u r b a t i o n s  o f
vowel a r t i c u l a t i o n  by c o n s o n a n t  c o n t e x t : An a c o u s t i c a l  s t u d y .
J .  Speech H ear .  R e s . ,  6 :1 1 1 -1 2 8  (1 9 6 3 ) .
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example ,  S te v e n s  and House (1963)  and F a n t ,  S ta lhammer ,  and K a r l s s o n  

( 1 9 7 4 ) ] .  Formant p a t t e r n s  o f  t h e  C on t ro l  group  a l s o  p a r a l l e l e d  

p r e v i o u s  s t u d i e s  r e p o r t i n g  t h e  s h i f t i n g  o f  f o rm an t  f r e q u e n c i e s  t o  more 

c e n t r a l  p o s i t i o n s  d u r i n g  c o n t e x t u a l  speech  [ s e e ,  f o r  example ,  Lindblom 

( 1 9 6 3 ) ] .

Forman t f r e q u e n c i e s  o f  t h e  c o r t i c a l l y  i n j u r e d  g roups  re sem b led  

fo rm a n t  f r e q u e n c i e s  p roduced  by t h e  C on tro l  group and t h e  two 

c o m p a r a t i v e  s t u d i e s .  Contro l  s u b j e c t s  p roduced  h i g h e r  F]_ f r e q u e n c i e s  

f o r  / a e /  n u c l e i  th a n  e i t h e r  t h e  RTP o r  LTP g ro u p s ;  however,  LTP 

s u b j e c t s  p roduced  h i g h e r  F i  f r e q u e n c i e s  f o r  t h e  vowel n u c l e i  / u /  and 

/ M  t h a n  t h e  RTP o r  C on t ro l  g ro u p s .  Contro l  s u b j e c t s  p roduced  h i g h e r  

? 2  and ^ 3  f r e q u e n c i e s ,  r e g a r d l e s s  o f  vowel i d e n t i t y ,  t h a n  e i t h e r  t h e  

RTP o r  LTP s u b j e c t s .  Mean F2 f r e q u e n c i e s  o f  t h e  RTP group  were h i g h e r  

t h a n  t h e  LTP group v a l u e s  f o r  t h e  vowels / a e /  and / i / ;  however ,  t h e  RTP 

group p roduced  low er  F2 f r e q u e n c i e s  f o r  / u /  th a n  t h e  LTP g roup .  RTP 

s u b j e c t s  p roduced  h i g h e r  F3  f r e q u e n c i e s  t h a n  t h e  LTP s u b j e c t s  f o r  / i /  

and / u /  b u t  low er  F3  v a l u e s  f o r  / a e / .  In g e n e r a l ,  t h e  

f o r m a n t - f r e q u e n c y  p a t t e r n s  i n d i c a t e  C o n t r o l ,  RTP, and LTP groups  

a d j u s t e d  a r t i c u l a t o r y  d im ens ions  u n d e r l y i n g  voca l  t r a c t  a r e a / l e n g t h  

r e l a t i o n s h i p s  d u r in g  normal ( f r e e - m o v i n g - j a w )  s p e a k in g  i n  a manner 

s i m i l a r  t o  male s p e a k e r s  in  p r e v i o u s  s t u d i e s .

F i g u r e  I I I - l  i l l u s t r a t e s  t h e  mean fo rm a n t  f r e q u e n c i e s  o f  t h e  t h r e e  

g roups  a s  a f u n c t i o n  o f  i n i t i a l  c o n s o n a n t  o r  c l u s t e r  c o n t e x t  on a 

l o g r i t h m i c  s c a l e .  Minimal s h i f t s  a r e  found in  f r e q u e n c i e s  a s  a 

f u n c t i o n  o f  t h e  v a r i o u s  i n i t i a l  c o n s o n a n t s ;  however ,  F2 and F3
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f r e q u e n c i e s  t e n d  t o  s h i f t  i n  v a l u e  a s  a f u n c t i o n  o f  i n i t i a l  c o n s o n a n t s  

f o r  each  o f  t h e  t h r e e  g ro u p s .

In F i g u r e  I I I - 2 ,  a l i n e a r  p l o t  o f  F2 f r e q u e n c i e s  p roduced  in  t h e  

v a r i o u s  i n i t i a l  c o n s o n a n t  o r  c l u s t e r  c o n t e x t s  a r e  shown f o r  t h e  RTP, 

LTP, and C on t ro l  g ro u p s .  (For t h e  sake  o f  k e e p i n g  t h i s  d i s c u s s i o n  t o  a 

managable  s i z e ,  on ly  F2  m easures  a r e  examined f u r t h e r — F3  m easures  

p a r a l l e l  t h e  F2 f r e q u e n c i e s  f o r  each  g r o u p . )  Cont ro l  s u b j e c t s  p roduced  

h i g h e r  F2  f r e q u e n c i e s  f o l l o w i n g  t h e  s i n g l e t o n  c o n s o n a n t s ,  / t ,  d ,  s / ,  

t h a n  f o r  t h e  i n i t i a l  c o n s o n a n t s  c o n t a i n i n g  / r / .  A s i m i l a r  f r e q u e n c y  

p a t t e r n  a l s o  o c c u r r e d  f o r  t h e  two c o r t i c a l l y  i n j u r e d  g r o u p s —F2 

f r e q u e n c i e s  were h i g h e r  i n  / t ,  d ,  s /  c o n t e x t s  th a n  c o n t e x t s  c o n t a i n i n g  

/ r / .  As n o t e d  e a r l i e r ,  t h e  C on t ro l  group p roduced  h i g h e r  F2 

f r e q u e n c i e s  t h a n  e i t h e r  o f  t h e  c o r t i c a l l y  i n j u r e d  g ro u p s .  RTP s u b j e c t s  

p roduced  h i g h e r  F2 f r e q u e n c i e s  t h a n  t h e  LTP group i n  i n i t i a l  c o n t e x t s  

c o n t a i n i n g  / t ,  d ,  s /  and low er  F2  f r e q u e n c i e s  in  t h e  c o n t e x t s  

c o n t a i n i n g  / r / .  The r e l i a b i l i t y  o f  t h e s e  m easures  and t h e  d i f f e r e n c e s  

no te d  be tween t h e  g roups  a r e  v e r i f i e d  by s i g n i f i c a n t  g r o u p - b y - c o n s o n a n t  

[F = 2 .0 2 ,  d f= 1 5 ,6 0  ( p < . 0 1 ) ]  and C o n t r o l / P a t h o l o g i c a l - b y - v o w e l - b y  

c o n s o n a n t  i n t e r a c t i o n  [F = 2 .8 7 3 ,  d f=10 ,120  ( p < . 0 1 ) ] .

Fundamental  f r e q u e n c i e s  i n  normal s p e a k i n g . T ab le  I I I -5  a l s o  

shows fundamenta l  f r e q u e n c i e s  o f  t h e  C o n t r o l ,  RTP, and LTP g ro u p s .  In 

a d d i t i o n ,  fundam en ta l  f r e q u e n c i e s  o b t a i n e d  from normal male s p e a k e r s  in  

t h e  P e t e r s o n  and Barney  (1952) s tu d y  a r e  shown. Fundamental 

f r e q u e n c i e s  p roduced  by t h e  C o n t r o l ,  RTP, and LTP g roups  a r e  s i m i l a r  t o  

t h e  f r e q u e n c i e s  r e p o r t e d  in  P e t e r s o n  and Barney (1 9 5 2 ) .  Although  th e
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C on t ro l  group p roduces  h i g h e r  fundamenta l  f r e q u e n c i e s  t h a n  e i t h e r  t h e  

RTP o r  LTP g ro u p s ,  t h e s e  d i f f e r e n c e s  a r e  small  and on ly  on t h e  o r d e r  o f  

5 o r  6  Hz.

F i g u r e  I I 1-3 i l l u s t r a t e s  t h e  fundamental  f r e q u e n c i e s  o f  t h e  t h r e e  

g roups  as  a f u n c t i o n  o f  t h e  i n i t i a l  c o n s o n a n t  o r  c l u s t e r  c o n t e x t s .  The 

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

g ro u p s - - fu n d a m e n t a l  f r e q u e n c y  i s  low er  f o r  t h e  v o i c e d ,  s i n g l e t o n  

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

c o n s o n a n t s ,  / t /  and / s / .  The r e l i a b i 1i t y  o f  t h e s e  measure s  i s  v e r i f i e d  

by s i g n i f i c a n t  c o n s o n a n t  [F = 4 3 .8 7 ,  d f=5 ,60  ( p < .01 )3  and 

v o w e l -b y -c o n s o n a n t  [F = 4 7 .1 5 ,  d f = l , 1 2  ( p<. 0 1 ) ]  i n t e r a c t i o n s  in  t h e  

a n a l y s i s  o f  v a r i a n c e .

Frequency  Measures o f  Vowel N ucle i  in  R e s t r i c t e d - J a w  Speak ing

The p r e v i o u s  r ev iew  o f  fo rm a n t  and fundamenta l  f r e q u e n c i e s  s u g g e s t s  

t h e  C o n t r o l ,  RTP, and LTP g roups  a d j u s t e d  a r t i c u l a t o r y  d im ens ions  

u n d e r l y i n g  voca l  t r a c t  a r e a / l e n g t h  r e l a t i o n s h i p s  in  a manner s i m i l a r  t o  

p r e v i o u s  r e p o r t s  o f  male s p e a k e r s  d u r in g  normal ( f r e e - m o v i n g - j a w )  

s p e a k i n g .  In a d d i t i o n ,  n o rm a l - s p e a k in g  fo rm an t  and fundamenta l  

f r e q u e n c i e s  o f  t h e  t h r e e  g roups  a p p ea red  t o  be i n f l u e n c e d  i n  a 

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

A number o f  q u e s t i o n s  a r i s e  r e g a r d i n g  fo rm a n t  and fundamenta l  

f r e q u e n c i e s  g e n e r a t e d  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g .  F i r s t ,  do t h e  

a c o u s t i c  consequenc es  o f  r e s t r i c t e d - j a w  s p e a k in g  in  C on t ro l  s u b j e c t s ,  

a s  r e p r e s e n t e d  by fo rm a n t  and fundamenta l  f r e q u e n c i e s ,  r e f l e c t  

a d j u s t m e n t s  t o  t h e  a r t i c u l a t o r y  d im ens ions  u n d e r l y i n g  vocal  t r a c t
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a r e a / l e n g t h  r e l a t i o n s h i p s ?  Adjus tm en ts  t o  t h e  a r t i c u l a t o r y  d im ens ions  

may a p p e a r  in  two p o s s i b l e  r e s p o n s e  p a t t e r n s .  Response P a t t e r n  One 

h y p o t h e s i z e s  t h e  C on tro l  fo rm an t  f r e q u e n c i e s  w i l l  p a r a l l e l  p r e v io u s  

r e p o r t s  i n v e s t i g a t i n g  i s o l a t e d  vowel p r o d u c t i o n  d u r i n g  r e s t r i c t e d - j a w  

s p e a k i n g .  Tha t  i s ,  s u b j e c t s  may p roduce  r a p i d ,  a c c u r a t e  a d j u s t m e n t s  

which r e s u l t  i n  com parab le  fo rm an t  f r e q u e n c y  v a l u e s  between normal and 

r e s t r i c t e d - j a w  s p e a k i n g .  Response P a t t e r n  Two, on t h e  o t h e r  hand,  

h y p o t h e s i z e s  C o n t ro l  s u b j e c t s  may a d j u s t  a r t i c u l a t o r y  d im ens ions  in  a 

manner which does  n o t  p roduce  comparable  fo rm an t  f r e q u e n c y  v a l u e s  in  

normal and r e s t r i c t e d - j a w  s p e a k i n g ,  b u t  r e n d e r s  p e r c e p t u a l l y  a c c e p t a b l e  

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

a r t i c u l a t o r y  d im en s io n s  w i t h i n  a range  o f  v a l u e s  c a p a b l e  o f  p r o d u c in g  a 

g iven  vowel b u t  n o t  n e c e s s a r i l y  r e s u l t i n g  i n  e x a c t l y  t h e  same o u t p u t .  

Second,  do c o r t i c a l l y  i n j u r e d  s u b j e c t s  employ s i m i l a r  a r t i c u l a t o r y  

a d j u s t m e n t s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g ?  T h i r d ,  do r e s p o n s e  

p a t t e r n s  g e n e r a t e d  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  t a k e  i n t o  a c c o u n t  t h e  

i n i t i a l  c o n s o n a n t - t o - f r e q u e n c y  r e l a t i o n s h i p s  s een  i n  normal s p eak in g ?

Formant f r e q u e n c i e s  in  r e s t r i c t e d  jaw s p e a k i n g . F o rm an t - f r e q u en cy  

r e s p o n s e  p a t t e r n s  f o r  t h e  t h r e e  g roups  a r e  d e p i c t e d  in  F i g u r e  I I 1 -4 .  

F requency  Response  P a t t e r n  One, com parab le  fo rm an t  v a l u e s  between t h e  

two s p e a k in g  c o n d i t i o n s ,  i s  e v i d e n t  f o r  t h e  F]_ f r e q u e n c i e s  o f  t h e  t h r e e  

g ro u p s .  Only m in im a l ,  n o n - s i g n i f i c a n t  s h i f t s  o c c u r  f o r  F j  f r e q u e n c i e s  

p roduced  by t h e  t h r e e  g roups  i n  r e s t r i c t e d - j a w  s p e a k i n g .

F requency  Response  P a t t e r n  Two, d i f f e r e n t  f o rm a n t  f r e q u e n c i e s  in  

t h e  two s p e a k in g  c o n d i t i o n s ,  i s  found  f o r  t h e  F2 and F3  measures  o f  t h e
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C o n t r o l ,  RTP, and LTP g r o u p s .  S i g n i f i c a n t l y  low er  F2  f r e q u e n c i e s  a r e  

p roduced  by t h e  C o n t ro l  s u b j e c t s  [F=8 6 . 8 8 , d f = l , 6  ( p< . 0 1 ) ]  and 

c o r t i c a l l y  i n j u r e d  g roups  [F = 10 .595 ,  d f = l , 6  ( p<. 0 1 ) ] .  S i m i l a r l y ,  

s i g n i f i c a n t l y  low er  F3 v a l u e s  o c c u r  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  f o r  

t h e  C o n t ro l  [F = 3 5 .0 6 7 ,  d f = l , 6  ( p< . 0 1 ) ]  and c o r t i c a l l y  i n j u r e d  g roups  

[F = 2 0 .5 9 ,  d f = l , 6  ( p < . 0 1 ) ] .

The F2  and F3 r e s p o n s e  p a t t e r n s  g e n e r a t e d  d u r i n g  r e s t r i c t e d - j a w  

p r o d u c t i o n  a r e  i n t e r e s t i n g  b e c a u se  F2 , and t o  a l e s s e r  e x t e n t  F3 , 

r e f l e c t  t h e  d e g r e e  and l o c a t i o n  o f  tongue  c o n s t r i c t i o n  i n  t h e  vocal  

t r a c t .  I t  i s  p o s s i b l e  t h e  s h i f t s  in  F2 r e p r e s e n t  a change  in  

a r t i c u l a t o r y  d im en s io n s  which c o n s e q u e n t l y  p roduce  more s c h w a - l i k e ,  o r  

c e n t r a l i z e d ,  f r e q u e n c i e s .  I f  s u b j e c t s  a d j u s t  a r t i c u l a t o r y  s t r a t e g i e s  

t o  p roduce  more s c h w a - l i k e  fo rm a n t  f r e q u e n c i e s ,  one would e x p e c t  t o  s ee  

F2 low er  f o r  / i / ,  remain  r e l a t i v e l y  c o n s t a n t  f o r  / a e / ,  and i n c r e a s e  f o r  

/ u / .  E xam ina t ion  o f  F i g u r e  111- 5 ,  however ,  r e v e a l s  t h i s  i s  n o t  t h e  

c a s e  f o r  any o f  t h e  g r o u p s .  Contro l  s u b j e c t s  show minimal F^ and l a r g e  

F2  s h i f t s  r e s u l t i n g  i n  an o v e r a l l  l o w e r in g  o f  t h e  vowel t r i a n g l e .  LTP 

s u b j e c t s  p ro d u ce  a somewhat n a r ro w e r  vowel t r i a n g l e  ( r e f l e c t i n g  a 

s m a l l e r  r a n g e  o f  F^ f r e q u e n c i e s )  t h a n  C o n t ro l  s u b j e c t s  b u t  LTP s u b j e c t s  

lower  F2 i n  a s i m i l a r  r e s p o n s e  p a t t e r n  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g .  

RTP s u b j e c t s  low er  F2  f r e q u e n c i e s  d u r in g  r e s t r i c t e d - j a w  s p e a k in g  b u t ,  

c o n t r a r y  t o  C o n t ro l  and LTP g r o u p s ,  RTP s u b j e c t s  a l s o  i n c r e a s e  F^ 

s l i g h t l y .

F i g u r e  I I I - 6  shows t h e  mean F2  v a l u e s  o f  C o n t r o l ,  RTP, and LTP 

groups  a s  a f u n c t i o n  o f  s p e a k in g  c o n d i t i o n .  As m e n t ioned  e a r l i e r ,
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v a l u e s  f o r  each  o f  t h e  g roups  a r e  low er  d u r in g  r e s t r i c t e d - j a w  s p e a k in g ;  

however,  t h e  g r e a t e s t  change  in  f r e q u e n c y  o c c u r s  f o r  t h e  C on tro l  g roup ,

i n  t h e  h i g h ,  f r o n t  and back v o w e ls ,  / i /  and / u / .  The g r e a t e s t  

f r e q u e n c y  s h i f t s  o c c u r  f o r  / i /  i n  t h e  two c o r t i c a l l y  i n j u r e d  g ro u p s .  A

s i g n i f i c a n t  v o w e l - b y - c o n d i t i o n  i n t e r a c t i o n  o c c u r s  in  t h e  o r th o g o n a l

breakdown exam in ing  on ly  t h e  F2 v a l u e s  o f  C on t ro l  s u b j e c t s  [F = 7 .63 ,  

d f= 2 , 1 2  ( p < . 0 1 ) ] ;  however,  no s i g n i f i c a n t  v o w e l - b y - c o n d i t i o n  or  

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

a n a l y s e s  c o n t r a s t i n g  t h e  RTP-LTP d a t a  o r  t h e  C o n t r o l - P a t h o l o g i c a l  d a t a .

F i g u r e  I I I -7  d e p i c t s  F2 as  a f u n c t i o n  o f  i n i t i a l  c o n s o n a n t  and 

s p e a k in g  c o n d i t i o n  f o r  t h e  t h r e e  g ro u p s .  In g e n e r a l ,  t h e  p i c t u r e  i s  

s i m i l a r  f o r  t h e  t h r e e  g ro u p s .  Major p o i n t s  i n c l u d e  t h e  o b v io u s — lower  

F2  f r e q u e n c i e s  a r e  p roduced  by each  group r e l a t i v e  t o  t h e  normal 

s p e a k in g  c o n d i t i o n  and h i g h e r  F2  f r e q u e n c i e s  a r e  p roduced  by t h e  

C on tro l  group r e l a t i v e  t o  t h e  c o r t i c a l l y  i n j u r e d  g ro u p s .  RTP s u b j e c t s  

p roduce  h i g h e r  F2  f r e q u e n c i e s  i n  / t ,  d ,  s /  c o n t e x t s  and lower  F2 

f r e q u e n c i e s  i n  / r /  c o n t e x t s  t h a n  t h e  LTP group.  No m a jo r  d i f f e r e n c e s  

i n  t h e  p a t t e r n  o f  r e s p o n s e  a r e  n o te d  f o r  t h e  g roups  and con f i rm ed  by 

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

A r e s p o n s e  p a t t e r n  o f  low er  F2  f r e q u e n c i e s  f o r  vowels p roduced  in  

c o n t e x t u a l  frameworks d i f f e r s  from p r e v i o u s l y  r e p o r t e d  r e s p o n s e  

p a t t e r n s  f o r  i s o l a t e d - v o w e l  p r o d u c t i o n  [ s e e ,  f o r  example ,  Lindblom e t  

a l . ( 1 9 7 9 ) ] .  However, C o n t r o l ,  RTP, and LTP s u b j e c t s  may a d j u s t  

a r t i c u l a t o r y  d im ens ions  u n d e r l y i n g  F2  f r e q u e n c i e s  w i th  p r a c t i c e .

F i g u r e  I I I - 8  i l l u s t r a t e s  t h e  mean F2 v a l u e s  o f  t h e  t h r e e  g roups  as a



Fr
eq

ue
nc

y 
(H

z)

1900i

1800-

1700-

1600-

1500-

1400-

1300-

H 1-

•  Control

\
NS = Normal Speaking  
R J 3 Restricted Jaw

.NS RJ. JNS RJL .NS RJL
m  i6i  / s /

Its RJ.
/ r /

Initial Consonant

.NS RJ.
I tr I

■NS R J .  
/ s t r /

Figure I I I - 7 .  Mean F2 frequency as a fu n ction  o f  i n i t i a l  consonant or

c lu s t e r  produced by C ontro l, RTP, and LTP groups during

normal and r e s tr ic te d - ja w  speaking.



Fr
eq

ue
nc

y 
(H

z)

CM

1900-

1800-

1700

1600

1500-

1400

C ontrol

________

I

▲ Normal S peak ing

a  R estr ic ted  Jaw 
□

RTP

Q j  1------- (------- 1------- H

u 1 2  3
Trial

H 1------1------H
1 2  3 4

Trial

LTP

H 1------1------H
1 2  3 4

Trial

Figure I I I -8 .  Mean F2 frequency as a function o f  t r ia l  and speaking

condition for  Control, RTP, and LTP groups.

VOro



93

f u n c t i o n  o f  t r i a l  d u r i n g  normal and r e s t r i c t e d - j a w  s p e a k i n g .  Contro l  

s u b j e c t s  p roduce  f a i r l y  c o n s i s t e n t  F2 f r e q u e n c i e s  a c r o s s  

n o r m a l - s p e a k in g  t r i a l s ;  however,  F2  f r e q u e n c i e s  d u r i n g  r e s t r i c t e d - j a w  

s p e a k in g  a p p e a r  t o  i n c r e a s e  and approach  t h e  f r e q u e n c i e s  p roduced  

d u r in g  normal s p e a k i n g .  Less c o n s i s t e n t  F2 f r e q u e n c i e s  a r e  p roduced  by 

RTP and LTP groups  d u r i n g  normal s p e a k in g  and a s i m i l a r  p a t t e r n  o f  

i n c r e a s i n g  F2  f r e q u e n c i e s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  i s  n o t  found 

f o r  t h e  two c o r t i c a l l y  i n j u r e d  g ro u p s .

F i g u r e  I I 1-9 i l l u s t r a t e s  t h i s  o b s e r v a t i o n  i n  a s l i g h t l y  d i f f e r e n t  

f a s h i o n .  S ta n d a rd  d e v i a t i o n s  o f  t h e  m ean- fo rm an t  f r e q u e n c i e s  produced  

d u r in g  t h e  two s p e a k in g  c o n d i t i o n s  as  a f u n c t i o n  o f  t r i a l  a r e  shown f o r  

each o f  t h e  g ro u p s .  S ta n d a rd  d e v i a t i o n s  o f  t h e  C on tro l  group vary  

m in im a l ly  as  a f u n c t i o n  o f  e i t h e r  s p e a k in g  c o n d i t i o n  o r  t r i a l .  The two 

c o r t i c a l l y  i n j u r e d  g roups  a r e  more v a r i a b l e  in  normal s p e a k in g  th a n  t h e  

C on tro l  s u b j e c t s ,  as  i n d i c a t e d  by t h e  l a r g e r  s t a n d a r d  d e v i a t i o n s .  

However,  t h e  most  s t r i k i n g  a s p e c t  o f  t h i s  f i g u r e  i s  t h e  reduced  

v a r i a b i l i t y  ( i n d i c a t e d  by s m a l l e r  s t a n d a r d  d e v i a t i o n s )  o c c u r r i n g  f o r  

each o f  t h e  t h r e e  g roups  d u r i n g  t h e  r e s t r i c t e d - j a w  c o n d i t i o n .  These 

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

s i g n i f i c a n t  c o n d i t i o n - b y - r e p e t i t i o n  i n t e r a c t i o n  f o r  F2  [F = 5 .104 ,  

d f= 3 ,86  ( p< . 0 1 ) ] .  F u r t h e r  a n a l y s i s  r e v e a l s  t h e  s i g n i f i c a n t  

c o n d i t i o n - b y - r e p e t i t i o n  i n t e r a c t i o n  f o r  F2  m easures  i s  c o n t r i b u t e d  

p r i m a r i l y  by t h e  C o n t ro l  d a t a  [ F = 5 .0 5 ,  d f= 3 ,1 8  ( p < . 0 1 ) ] - - n o  s i g n i f i c a n t  

c o n d i t i o n - b y - r e p e t i t i o n  e f f e c t  o c c u r s  in  t h e  e v a l u a t i o n  o f  t h e  RTP and 

LTP g roups .
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Fundamental  f r e q u e n c y  m e a s u r e s . Fundamental f r eq u en cy  f o r  each  o f  

t h e  g roups  as  a f u n c t i o n  o f  s p e a k in g  c o n d i t i o n  i s  shown in  F i g u r e  

I 11-10 .  C o n t r o l ,  RTP, and LTP groups  p roduce  a Response  P a t t e r n  Two 

f o r  fundamenta l  f r e q u e n c y .  Fundamental f r e q u e n c y  f o r  each  group 

i n c r e a s e s  d u r i n g  t h e  r e s t r i c t e d - j a w - s p e a k i n g  c o n d i t i o n ;  however,  t h e  

i n c r e a s e s  in  / a e /  f o r  t h e  RTP group a r e  on ly  on t h e  o r d e r  o f  2 o r  3 Hz. 

These o b s e r v a t i o n s  a r e  c o n f i rm e d  by a s i g n i f i c a n t  main e f f e c t  f o r  

c o n d i t i o n  [F=47 .1 5 ,  d f = l , 1 2  ( p< . 0 1 ) ]  and a s i g n i f i c a n t  

v o w e l - b y - c o n d i t i o n  i n t e r a c t i o n  [F=17 .5 2 4 ,  d f= 2 ,2 4  ( p< . 0 1 ) ] .

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

s p e a k in g  c o n d i t i o n  i s  shown i n  F i g u r e  I I I -11 f o r  t h e  C o n t r o l ,  RTP, and 

LTP g ro u p s .  In g e n e r a l ,  p a t t e r n s  o f  c o n t e x t u a l  i n f l u e n c e  ( e . g . ,  h i g h e r  

fundamenta l  f r e q u e n c i e s  f o r  / t /  and / s / )  a r e  r e t a i n e d  d u r in g  

r e s t r i c t e d - j a w  s p e a k in g  by each  o f  t h e  g r o u p s — t h e  major  d i f f e r e n c e  

between t h e  two c o n d i t i o n s  i s  t h e  o v e r a l l  i n c r e a s e  in  fundamenta l  

f r e q u e n c y  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g .

Summary o f  F requency Measures  o f  Vowel Nucle i

T ab le  I I I - 6  summarizes t h e  f r e q u e n c y - r e s p o n s e  p a t t e r n s  a s  a 

f u n c t i o n  o f  i n i t i a l  c o n s o n a n t  and vowel n u c l e i  f o r  C o n t r o l ,  RTP, and 

LTP s p e a k e r s .  Frequency  i n c r e a s e s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  a r e  

d e s i g n a t e d  by a p l u s  ( + ) ,  f r e q u e n c y  d e c r e a s e s  a r e  d e s i g n a t e d  by a minus 

( - ) ,  and no f r e q u e n c y  change  i s  d e s i g n a t e d  by a z e r o  ( 0 ) .  The t a b l e  

p r o v i d e s  a r a t h e r  g r o s s  e s t i m a t e  o f  t h e  a v e ra g e  magnitude  o f  f r e q u e n c y  

s h i f t ,  as  well  a s  summariz ing t h e  f r e q u e n c y  p a t t e r n s  p roduced  in  

r e s t r i c t e d - j a w  s p e a k in g .  For example ,  i f  a g ive n  f r eq u en cy  i n c r e a s e s
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Table I I I -6

SUMMARY OF FREQUENCY-RESPONSE PATTERNS PRODUCED 

DURING RESTRICTED JAW SPEAKING

Group 1 / t /
Consonan ts  

/ d /  / s /  / r /  / t r /  / s t r /

1 ------------
1
1 / i  /

Vowels 
/ a e / / u /

1 1 
C on t ro l  I I
..........  i i

F l j + + + + + +
i
| + 
I

0 +

F2 I -  -  - - -
i

l
- -

F3 j -  -  - - -
1

i
- -

F0 j + + + + + +
1
| + 
i

+ +
i i

RTP I I
i i

F l | + + + + +
i
| + 
1

- +

F2 j _ - -
i

1
- -

F3 I -  -  - - -
i

i
- -

Fq j + + + + + +
1
| + 
i

+ +
i i

LTP | I

Fl j + + + - -
i
| + 
1

- -

f 2 j -  -  - - -
i

i
- -

F3 1 -  -  - - -
1

i
+ -

FO j + + + + + +
1
| + 
1 
1

+ +
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on one t r i a l ,  s t a y s  c o n s t a n t  f o r  two t r i a l s ,  and d e c r e a s e s  on one 

t r i a l ,  t h e  v a l u e  in  t h e  t a b l e  w i l l  r e f l e c t  t h e  mean f r e q u e n c y  s h i f t  

( i . e . ,  i f  t h e  i n c r e a s e  i s  f a r  g r e a t e r  th a n  t h e  d e c r e a s e ,  t h e  v a l u e  may 

be r e f l e c t e d  i n  t h e  t a b l e  a s  a + ) .

Con t ro l  s u b j e c t s  i n c r e a s e  Fj_ f r e q u e n c y  i n  a l l  vowel and c o n s o n a n t  

c o n t e x t s  e x c e p t  f o r  t h e  l o w - f r o n t  vowel ,  / a e / .  D e c reas es  i n  F2 and F3  

f r e q u e n c i e s  o c c u r  i n  a l l  c o n t e x t s  f o r  t h e  C o n t ro l  group .

RTP s u b j e c t s  i n c r e a s e  F j  f r e q u e n c i e s  f o r  t h e  h igh  vow els ,  / i /  and 

/ u / ,  and d e c r e a s e  F i  f r e q u e n c i e s  f o r  t h e  low, f r o n t  vow el , / a e / .  

I n c r e a s e  in  F i  f r e q u e n c i e s  a r e  p roduced  in  r e s t r i c t e d - j a w  s p e a k in g  by 

t h e  RTP s p e a k e r s  f o r  a l l  i n i t i a l  c o n s o n a n t  c o n t e x t s  e x c e p t  / t / ,  which 

d e c r e a s e s .  D ecreases  in  F2 and F3 f r e q u e n c i e s  a r e  p roduced  by t h e  RTP 

group f o r  a l l  vowels  i n  a l l  c o n s o n a n ta l  c o n t e x t s .  LTP s u b j e c t s  

d e c r e a s e  F j  f r e q u e n c i e s  f o l l o w i n g  t h e  v o ic e d  s t o p - c o n s o n a n t ,  / d / ,  and 

t h e  c o n s o n a n t  c l u s t e r s ,  / t r /  and / s t r / .  In g e n e r a l ,  F2  and F3 

f r e q u e n c i e s  f o r  a l l  vowels  f o l l o w i n g  each  o f  t h e  i n i t i a l  c o n s o n a n t s  

d e c r e a s e  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  by t h e  LTP s u b j e c t s .

Fundamental f r e q u e n c y  i n c r e a s e s  f o r  a l l  vowels i n  each  o f  t h e  

i n i t i a l  c o n s o n a n t  o r  c l u s t e r  e n v i ro n m e n ts  d u r i n g  r e s t r i c t e d - j a w  

s p e a k in g  f o r  t h e  C on tro l  g roup .  S i m i l a r  f r e q u e n c y  i n c r e a s e s  a l s o  o c c u r  

f o r  t h e  two c o r t i c a l l y  i n j u r e d  g ro u p s .

As m en t ioned  e a r l i e r ,  t h e  summary t a b l e s  p r o v i d e  a r a t h e r  g r o s s  

e s t i m a t e  o f  t h e  a v e ra g e  m agn i tude  o f  f r e q u e n c y  s h i f t .  A more s p e c i f i c  

summary t a b l e  o f  t h e s e  changes  i s  p r o v id e d  in  T a b le s  111 - 7 ,  I I I - 8 , and 

I I 1 -9 .  These t a b l e s  d i s p l a y  t h e  mean fo rm an t  f r e q u e n c y  measures
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TABLE I I I —7

SUMMARY TABLE OF FORMANT FREQUENCIES IN NORMAL AND 

RESTRICTED JAW SPEAKING FOR CONTROL, RTP, AND LTP GROUPS

Group / i / N / i7 r % / a e / N
Vowel

/ a e / R % /u /N / u / R %

C on t ro l

t 307 .7 322 .4 4 .6 710.6 720.9 1 .4 327 .9 342 .6 4 . 3
d 285.6 302.2 5 .5 684 .3 690.3 0 . 9 333 .3 338 .8 1 . 6
s 294 .8 322 .4 8 . 6 736.1 701.5 - 4 . 9 340.7 338 .9 1 . 6
r 298 .5 329.7 9 .5 743.2 760.1 2 . 2 360.7 362.6 0 . 5
t r 309 .5 326.1 5.1 737 .9 765.5 3 .6 382.7 368 .3  - 3 . 9
s t r 292 .9 322 .3 9 .1 736.2 725.2 - 1 . 5 362 .6 364.5 0 .5

Mean 298.2 320 .8 7 .0 724.6 727.3 0 . 4 351 .3 352 .6 0 . 4

RTP

t 289 .3 300 .4 3 .7 706 .8 685 .0 - 3 . 2 315.1 322.5 2 .3
d 267.2 307.6 13.1 681 .2 681 .4 0 . 0 307.7 336 .9 8 .7
s 281 .9 307.7 8 . 4 699.7 699.7 0 . 0 304 .0 329.7 7 . 8
r 270 .8 307.6 11 .9 714 .3 684 .9 - 2 . 1 311 .4 318.7 2 .3
t r 289 .3 297.1 2 . 6 717 .8 688 .5 - 4 . 3 296.7 351.7 15.6
s t r 278 .3 292 .8 4 . 9 685 .0 685 .0 0 . 0 300 .4 315.2 4 .7

Mean 279 .5 303.3 7 .5 700 .8 687 .4 - 1 . 9 305 .9 329.1 7 .0

LTP

t 292 .8 333.5 1 2 . 2 662 .9 667.6 0 .7 362.7 348.2 -  4 . 2
d 325 .9 333.1 2 . 2 6 62 .8 626 .2 - 5 . 8 366 .4 348.1 -  5 . 3
s 314 .9 337.1 6 . 6 670.1 684 .8 2 . 1 384 .6 362.0 -  6 . 2
r 311 .4 359.1 13 .3 684 .8 714.3 4 .1 370.1 309.1 - 1 9 . 7
t r 296 .6 333.5 1 1 . 1 695 .9 655.6 - 6 . 2 381 .0 359 .0 -  6 . 1
s t r 3 11 .4 351.7 11 .4 706 .0 670.1 - 5 . 4 373.7 362 .7 -  3 . 0

Mean 308 .8 341.5 9 .5 680 .4 669 .8 - 1 . 6 373.1 348.2 - 7 . 2



TABLE I I 1-8

SUMMARY TABLE OF F2 FORMANT FREQUENCIES IN NORMAL AND 

RESTRICTED JAW SPEAKING FOR CONTROL, RTP, AND LTP GROUPS

Group / i7 n / i / R % / a e / N
Vowel 

/ a e / R % / u / M / u / R %

C on tro l

t 2292 2175 - 5 . 4 1682 1593 - 5 . 6 1545 1382 - 1 1 . 8
d 2260 2157 - 4 . 8 1729 1666 - 3 . 8 1693 1551 -  9 .1
s 2260 2098 - 7 . 7 1660 1577 - 5 . 3 1523 1401 -  8 .7
r 2164 1992 - 8 . 8 1588 1546 - 2 . 7 1115 1038 -  7 .4
t r 2092 1978 - 5 . 8 1567 1533 - 2 . 2 1292 1130 - 1 4 .4
s t r 2090 1974 - 5 . 9 1549 1499 - 3 . 3 1302 1137 - 1 4 .5

Mean 2194 2062 - 6 . 4 1629 1569 3 . 8 1412 1273 - 1 0 .9

RTP

t 2 2 1 1 2144 - 3 . 1 1647 1629 - 1 . 1 1298 1173 - 1 0 . 6
d 2231 2135 - 4 . 5 1706 1633 - 4 . 5 1438 1408 -  2 . 1
s 2 2 0 0 2039 - 7 . 9 1617 1569 - 3 . 1 1341 1229 -  9 .1
r 2083 2003 - 3 . 9 1573 1508 - 4 . 3 1 0 2 0 1027 0 . 7
t r 2016 1973 - 2 . 2 1478 1471 - 0 . 5 1130 1119 -  1 . 0
s t r 2025 1965 - 3 . 5 1528 1500 - 1 . 8 1184 1104 -  7 .3

Mean 2128 2042 - 4 . 2 1591 1552 - 2 . 6 1235 1177 -  4 . 9

LTP

t 2183 2069 - 5 . 5 1594
d 2150 2096 - 2 . 6 1676
s 2164 2029 - 6 . 7 1569
r 2095 1988 - 5 . 3 1530
t r 2 1 0 2 1940 - 8 . 4 1517
s t r 2066 1940 - 6 . 5 1535

Mean 2126 2 0 1 0 - 5 . 7 1570

1569 - 1 . 6 1338 1274 -  4 . 6
1534 - 9 . 2 1403 1417 1 . 0
1530 - 2 . 5 1365 1320 -  3 .4
1491 - 2 . 6 1137 1086 -  4 .7
1531 0 . 9 1207 1167 -  3 . 4
1475 - 4 .1 1229 1224 -  0 . 4

1522 - 3 . 2 1279 1248 -  2 . 5
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TABLE I I 1-9

SUMMARY TABLE OF F3  FORMANT FREQUENCIES IN NORMAL AND

RESTRICTED JAW SPEAKING FOR CONTROL, RTP, AND LTP GROUPS

Group / i7 n / i / R % / a e /N
Vowel 

/ a e / R % /u /N /u /R %

C on t ro l

t 2783 2654 - 4 . 4 2443 2426 - 0 . 7 2234 2182 - 2 . 4
d 2804 2740 - 2 . 3 2486 2408 - 3 . 2 2298 2185 - 5 . 2
s 2720 2683 - 1 . 3 2475 2460 - 0 . 6 2318 2236 - 3 . 7
r 2697 2512 - 7 . 4 2355 2245 - 4 . 9 2182 2058 - 6 . 0
t r 2591 2464 - 5 . 2 2319 2261 - 2 . 5 2069 1992 - 3 . 9
s t r 2504 2430 - 3 . 1 2336 2276 - 2 . 6 2 0 1 0 1946 - 3 . 3

Mean 2682 2580 - 3 . 9 2402 2341 - 2 . 4 2185 2 1 0 0 - 4 . 1

RTP

t 2662 2548 - 4 . 5 2451
d 2678 2558 - 4 . 7 2468
s 2616 2511 - 4 . 2 2403
r 2563 2368 - 8 . 2 2370
t r 2476 2406 - 2 . 9 2289
s t r 2406 2356 - 3 . 5 2181

Mean 2576 2453 - 4 . 6 2360

2356 - 4 . 0 2223 2158 - 3 . 0
2297 - 7 . 5 2268 2158 - 4 . 1
2300 - 4 . 5 2315 2214 - 4 . 5
2 2 1 1 - 7 . 2 2191 2124 - 3 . 1
2162 - 5 . 9 2095 1985 - 5 . 5
2143 - 1 . 8 1998 1938 - 3 . 1

2245 - 2 . 7 2178 2096 - 3 . 9

LTP

t 2593 2406 - 7 . 8 2387 2401 0 . 6 2195 2139 - 2 . 5
d 2551 2465 - 3 . 5 2414 2406 - 0 . 3 2231 2093 - 6 . 5
s 2598 2477 - 4 . 9 2361 2373 0 . 5 2257 2 1 0 2 - 7 . 4
r 2490 2396 - 3 . 9 2328 2347 0 . 8 2 1 2 1 2050 - 3 . 4
t r 2499 2405 - 3 . 9 2306 2311 0 . 2 2065 1945 - 6 . 0
s t r 2486 2336 - 6 . 4 2394 2393 - 0 . 1 2054 1883 - 9 . 1

Mean 2536 2414 - 5 . 1 2365 2356 - 0 . 4 2145 2035 - 5 . 4
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o b t a i n e d  i n  normal ( d e s i g n a t e d  by N) and r e s t r i c t e d - j a w  s p e a k in g  

( d e s i g n a t e d  by R ) ,  as  wel l  a s ,  t h e  p e r c e n t  o f  f o r m a n t - f r e q u e n c y  s h i f t .  

P e r c e n t a g e s  o f  f o r m a n t - f r e q u e n c y  change  were o b t a i n e d  by s u b t r a c t i n g  

r e s t r i c t e d - j a w  from normal s p e a k in g  fo rm an t  f r e q u e n c i e s ,  d i v i d i n g  t h i s  

number by t h e  r e s t r i c t e d - j a w  v a l u e s ,  and m u l t i p l y i n g  by 100.  Thus,  a 

p o s i t i v e  p e r c e n t a g e  r e p r e s e n t s  an i n c r e a s e  i n  fo rm a n t  f r e q u e n c y  d u r in g  

r e s t r i c t e d - j a w  s p e a k in g  and a n e g a t i v e  p e r c e n t a g e  r e p r e s e n t s  a d e c r e a s e  

in  fo rm a n t  f r e q u e n c y  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g .

The f i r s t  t a b l e  (T ab le  I I 1 -7 )  i l l u s t r a t e s  fo rm an t  f r e q u e n c y  v a l u e s  

a s s o c i a t e d  w i th  Fj_. Con tro l  s u b j e c t s  p roduce  t h e  g r e a t e s t  change  f o r  

t h e  h i g h ,  f r o n t  vowel,  / i /  (7.0%) and r a t h e r  minimal f r e q u e n c y  changes  

f o r  / a e /  (0.4%) ) and / u /  (0 .3% ) .  In g e n e r a l ,  C on t ro l  s u b j e c t s  

i n c r e a s e  F i  v a l u e s  d u r i n g  r e s t r i c t e d  jaw s p e a k i n g .  RTP s u b j e c t s  show a 

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

h i g h ,  f r o n t  and back vow els ,  / i /  and / u /  (7.5% and 7.0%, r e s p e c t i v e l y ) .  

However,  RTP s u b j e c t s  show a minimal n e g a t i v e  p e r c e n t  change ( -1 .9%) 

f o r  t h e  low, f r o n t  vowel ,  / a e / .  LTP s u b j e c t s  a l s o  show t h e  g r e a t e s t  

p e r c e n t  change  f o r  t h e  h igh  vow els ,  / i /  and / u / ;  however,  LTP s u b j e c t s  

i n c r e a s e  F i  f o r  / i /  (9.5%) and d e c r e a s e  F]_ f o r  / u /  ( - 7 .2 % ) .  As in  t h e  

c a s e  o f  t h e  RTP s u b j e c t s ,  minimal F i  d e c r e a s e s  a r e  n o te d  f o r  t h e  low, 

f r o n t  vowel ,  / a e /  ( - 1 .6 % ) .  Tab le  I I I - 8  summarizes t h e  mean F2 f o rm a n t  

f r e q u e n c i e s  and t h e  p e r c e n t  f r e q u e n c y  change a c r o s s  t h e  two s p e a k in g  

c o n d i t i o n s .  Con tro l  s u b j e c t s  show t h e  g r e a t e s t  p e r c e n t  change f o r  t h e  

h i g h ,  f r o n t  and back vow els ,  / i /  ( -6 .4%) and / u /  ( - 1 0 .9 % ) .  RTP 

s u b j e c t s  a l s o  show t h e  g r e a t e s t  p e r c e n t  change  f o r  h igh  vowels [ / i /
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( -4.2%) and / u /  ( - 4 .9 7 % ) ] ,  a l t h o u g h  p e r c e n t a g e - c h a n g e s  a r e  n o t  as  l a r g e  

as  C on tro l  group p e r c e n t a g e s .  LTP s u b j e c t s  d i f f e r  from Con tro l  and RTP 

s u b j e c t s  s i i g h t l y - - g r e a t e s t  p e r c e n t  change  i s  found f o r  t h e  f r o n t  

vowels ,  / i /  ( -5 .7%) and / a e /  ( - 3 .2 % ) .

T ab le  I I I -9  i s  a s i m i l a r  p r o t r a y a l  o f  mean fo rm an t  f r e q u e n c y  and 

p e r c e n t  change f o r  F3  v a l u e s .  Contro l  F3 d a t a  p a r a l l e l  t h e  F2 

d a t a — g r e a t e s t  p e r c e n t  change  o c c u r s  f o r  h i g h ,  f r o n t  and back vow els ,

/ i /  ( -3 .9%) and / u /  ( - 4 .1 % ) .  S i m i l a r l y ,  RTP s u b j e c t s  p roduce  th e  

g r e a t e s t  F3  p e r c e n t  change  f o r  / i /  ( -4 .6%) and / u /  ( - 3 .9 % ) .  LTP 

s u b j e c t s ,  however,  p roduce  t h e  g r e a t e s t  F3  p e r c e n t  changes  f o r  / i /  

( -5.1%) and / u /  (-5 .4%) which d i f f e r s  s l i g h t l y  from t h e  g r e a t e s t  

p e r c e n t  change  s een  i n  F2  f r e q u e n c i e s .

D u r a t io n  Measures  in  Normal S peak ing

As in  t h e  a s s e s s m e n t  o f  n o r m a l - s p e a k in g  f r e q u e n c y  m e a s u re s ,  t h r e e  

q u e s t i o n s  a r e  i n t e r e s t i n g  r e g a r d i n g  t o t a l - w o r d  and i n d i v i d u a l  segment 

d u r a t i o n s  p roduced  d u r i n g  normal ( f r e e - m o v i n g - j a w )  s p e a k in g :  (1)  Are

d u r a t i o n s  p roduced  d u r i n g  normal s p e a k in g  by C on t ro l  s u b j e c t s  

c h a r a c t e r i s t i c  o f  c o n t e x t u a l  speech  p roduced  by male s p e a k e r s ?  (2) How 

do d i f f e r e n t  c o n t e x t u a l  frameworks e f f e c t  d u r a t i o n ?  (3)  Are segment 

d u r a t i o n s  p roduced  by t h e  two c o r t i c a l l y  i n j u r e d  g roups  s i m i l a r  t o  t h e  

C on tro l  group? Q ues t ion  3 i s  p a r t i c u l a r l y  i n t e r e s t i n g  a s  d a t a  from 

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

l e s i o n  ( r i g h t  v e r s u s  l e f t )  may o c c u r .  For exam ple ,  D ar ley  and h i s  

c o l l e a g u e s  (D ar ley  e t  a l . ,  1975) s u g g e s t  many p a t i e n t s  w i th  l e f t  

hem isphere  damage produce  " s l o w , "  " h e s i t a n t , "  and " p ro longed"  s p e e c h .
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Anectoda l  c a s e  r e p o r t s  s u g g e s t  some p a t i e n t s  w i th  r i g h t  hem isphere  

l e s i o n s  p roduce  speech  which i s  " r a p i d "  o r  " f a s t "  ( P e n f i e l d  and 

R o b e r t s ,  1959;  R u s s e l l  and E s p i r ,  1 961 ) .  Thus ,  LTP s u b j e c t s  may 

p roduce  s lo w e r  speech  and RTP s u b j e c t s  may p roduce  f a s t e r  speech  

r e l a t i v e  t o  t h e  C on t ro l  g roup .

T o t a l - w o r d  d u r a t i o n  in  normal s p e a k i n g . Tab le  I 11-10 l i s t s  

t o t a l - w o r d  d u r a t i o n  as  a f u n c t i o n  o f  vowel and i n i t i a l  c o n s o n a n t  f o r  

each  o f  t h e  g ro u p s .  Con tro l  s u b j e c t s  p roduced  t h e  l o n g e s t  t o t a l - w o r d  

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

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

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

s p e a k e r s — t o t a l - w o r d  d u r a t i o n  f o r  s t i m u l i  c o n t a i n i n g  / a e /  a r e  l o n g e r  

than  s t i m u l i  c o n t a i n i n g  / i /  and / u / .  S h o r t e s t  word d u r a t i o n s  a r e  

p roduced  by t h e  RTP s u b j e c t s  f o r  s t i m u l i  c o n t a i n i n g  / u / .  In a d d i t i o n ,  

RTP s u b j e c t s  p roduced  s h o r t e r  t o t a l  d u r a t i o n s  r e l a t i v e  t o  t h e  C on t ro l  

group p r o d u c t i o n s .  LTP s u b j e c t s  a l s o  p roduce  t h e  l o n g e s t  t o t a l - w o r d  

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

f o r  s t i m u l i  c o n t a i n i n g  / u / .  LTP s p e a k e r s  p roduce  l o n g e r  t o t a l - w o r d  

d u r a t i o n s  t h a n  e i t h e r  t h e  C on t ro l  o r  RTP g ro u p s .  These o b s e r v a t i o n s  

a r e  v e r i f i e d  in  t h e  a n a l y s i s  o f  v a r i a n c e  by a s i g n i f i c a n t  main-vowel 

e f f e c t  [F =202 .875 ,  d f = 2 ,2 4  ( p c . O l ) ] .  F u r t h e r  a n a l y s i s  r e v e a l s  a 

s i g n f i c a n t  g roup-by-vowel i n t e r a c t i o n  i n  t h e  a n a l y s i s  c o n t r a s t i n g  t h e  

RTP-LTP d a t a  [F = 5 .7 6 8 ,  d f= 2 ,1 2  ( p < . 0 5 ) ]  and t h e  C o n t r o l - P a t h o l o g i c a l  

d a t a  [F = 6 .4 0 0 ,  d f= 2 ,2 4  ( p < . 0 1 ) ] .
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TABLE 111-10

TOTAL-WORD DURATION PRODUCED BY CONTROL, RTP, AND LTP GROUPS

DURING NORMAL SPEAKING

Group / i /
Vowel (msec) 

/ a e / / u / Mean

C on t ro l

I t / 208 .8 253 .2 196.4 219 .5
/ d / 161.5 2 2 2 . 6 159 .7 181.3
/ s / 339 .6 373 .8 335.2 349 .5
/ r / 233 .5 272.1 237.2 247 .6
/ t r / 270 .6 304 .3 258 .9 277 .9
/ s t r / 419 .4 433 .0 398 .4 4 1 6 .9

Mean 272 .2 3 09 .8 264 .3 282.1

RTP

I t / 189.3 244 .4 189.6 207 .8
Id/ 155.4 213 .9 144.3 171.2
Is/ 325.1 374 .8 311.1 337 .0
M 230 .4 259 .6 217.1 235 .7
/ t r / 241 .9 293 .4 230 .8 255 .4
/ s t r / 420 .8 444 .4 402 .3 422 .5

Mean 260 .5 305.1 249.2 271 .6

LTP

I t / 219.1 243 .7 2 1 0 . 2 224 .3
Id/ 175.1 231 .9 178.0 195.0
Is/ 350 .7 375 .3 334 .9 353 .6
/ r / 254 .9 291 .9 248 .4 265.1
/ t r / 275 .6 303.7 274 .4 284 .6
/ s t r / 402 .6 431 .6 417.1 417.1

Mean 279.7 310 .0 277 .2 289 .9
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C on t ro l  s u b j e c t s  p roduce  t h e  l o n g e s t  t o t a l - w o r d  d u r a t i o n s  f o r  

s t i m u l i  c o n t a i n i n g  t h e  t h r e e - e l e m e n t  c o n s o n a n t  c l u s t e r ,  / s t r / ,  and t h e  

s i n g l e t o n  c o n s o n a n t ,  / s / .  C on tro l  s u b j e c t s  p roduce  t h e  s h o r t e s t  

t o t a l - w o r d  d u r a t i o n  f o r  t h e  s t i m u l i  c o n t a i n i n g  t h e  v o ic e d  s to p  

c o n s o n a n t ,  / d / .  S i m i l a r  d u r a t i o n  p a t t e r n s  a r e  p roduced  by t h e  RTP and 

LTP g roups .  LTP s p e a k e r s  p ro d u ce  l o n g e r  t o t a l - w o r d  d u r a t i o n s  t h a n  

e i t h e r  t h e  RTP o r  C o n t ro l  g r o u p s .  In g e n e r a l ,  RTP s u b j e c t s  p roduce  

s h o r t e r  t o t a l - w o r d  d u r a t i o n s  t h a n  t h e  C on t ro l  g roup .  These f i n d i n g  a r e  

v e r i f i e d  in  t h e  a n a l y s i s  o f  v a r i a n c e  by a s i g n i f i c a n t  co n so n an t -m a in  

e f f e c t  [F = 6 0 7 .5 ,  df=5,6Q ( p < .0 1 )3  and a co nsonan t -by -vow el  i n t e r a c t i o n  

[ F = 10 .109 ,  df=10 ( p < . 0 1 ) ] .

Vowel n u c l e i  d u r a t i o n  in  normal s p e a k i n g . Tab le  I I I -11 shows t h e  

vowel n u c l e u s  d u r a t i o n s  f o r  t h e  C o n t r o l ,  RTP, and LTP g ro u p s .  Contro l  

s u b j e c t s  p roduce  l o n g e r  segments  f o r  / a e /  th a n  f o r  e i t h e r  / i /  o r  / u / .  

T h i s  o b s e r v a t i o n  a g r e e s  w i th  p r e v i o u s  s t u d i e s  i n d i c a t i n g  low vowels 

( such  as  / a e / )  a r e  i n h e r e n t l y  l o n g e r  in  d u r a t i o n  presumably  beca use  t h e  

jaw must  assume a low er  p o s i t i o n  ( P e t e r s o n  and L e h i s t e ,  1960) .  A 

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

segments  a r e  l o n g e r  r e l a t i v e  t o  t h e  h i g h ,  f r o n t  and back vowel 

segm en ts ,  / i /  and / u / .  S u b s t a n t i a l  d u r a t i o n  d i f f e r e n c e s  between t h e  

C on t ro l  and c o r t i c a l l y  i n j u r e d  g roups  a l s o  a r e  a p p a r e n t .  LTP s u b j e c t s  

p roduce  l o n g e r  vowel segments  t h a n  t h e  C on t ro l  g ro u p ,  a l t h o u g h  t h e s e  

d i f f e r e n c e s  a r e  o n ly  on t h e  o r d e r  o f  2 msec f o r  / a e / .  RTP s u b j e c t s  

p roduce  s h o r t e r  vowel segments  t h a n  e i t h e r  t h e  C on t ro l  o r  LTP g ro u p s .  

These o b s e r v a t i o n s  a r e  c o n f i rm e d  by a s i g n i f i c a n t  main vowel
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Table I I I - l l

MEAN VOWEL DURATION PRODUCED DURING NORMAL SPEAKING 

BY CONTROL, RTP, AND LTP GROUPS

. . . . . . r
i

Group 1 / V
Vowels (msec) 

/ a e / / u /
1

C on tro l  1 103 .9 154.3 107 .3

RTP I 9 6 .0 140 .9 9 5 .2

LTP | 
1 
1

1 2 0 . 0 156.6 119 .6
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e f f e c t  [F=273 .338 ,  d f= 2 ,2 4  ( p< . 0 1 ) ] .  F u r t h e r  a n a l y s i s  r e v e a l s  a 

s i g n i f i c a n t  group-by-vowel e f f e c t  [ F = 4 .3 6 ,  d f= 2 ,12  ( p < . 0 5 ) ]  i n  t h e  

a n a l y s i s  c o n t r a s t i n g  t h e  RTP and LTP d a t a .

F i g u r e  I I 1-12 i l l u s t r a t e s  vowel d u r a t i o n  as  a f u n c t i o n  o f  i n i t i a l  

c o n s o n a n t s  f o r  t h e  t h r e e  g ro u p s .  Contro l  s u b j e c t s  p roduce  l o n g e r  vowel 

segments  f o l l o w i n g  t h e  i n i t i a l  c o n s o n a n t s ,  / t ,  d ,  s / ,  and s h o r t e r  vowel 

segments  f o l l o w i n g  i n i t i a l  c o n s o n a n t  o r  c l u s t e r s  c o n t a i n i n g  / r / .  In 

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

o f  c o n s o n a n t s  ( / t ,  d ,  s /  v e r s u s  / r / )  may be a s s o c i a t e d  w i th  t h e  

s e g m e n t a t i o n  p r o c e d u r e .  Measures  f o r  / t ,  d ,  s /  c o n t e x t s  i n c l u d e  t h e  

t r a n s i t i o n ,  whereas  t h e  t r a n s i t i o n  in  / r /  i s  segmented  and measured 

s e p a r a t e l y  as  TR2. Con tro l  s u b j e c t s  p roduce  s h o r t e r  vowel segments 

a f t e r  i n i t i a l  c o n s o n a n t  c l u s t e r s  (even  when measurement d i s c r e p e n c i e s  

a r e  t a k e n  i n t o  a c c o u n t ) .  A s i m i l a r  i n i t i a l  c o n s o n a n t  i n f l u e n c e  i s  

e v i d e n t  f o r  RTP and LTP vowel d u r a t i o n s .  C o r t i c a l l y  i n j u r e d  groups  

d i f f e r  from t h e  C on t ro l  group o n ly  in  a c t u a l  d u r a t i o n  m a g n i tu d e ;  i . e . ,  

RTP s u b j e c t s  p roduce  s h o r t e r  segments  and LTP s u b j e c t s  g e n e r a l l y  

p roduce  l o n g e r  segm en ts .  I n i t i a l  c o n s o n a n t  o r  c l u s t e r s  i n f l u e n c e  vowel 

n u c l e i  d u r a t i o n ,  a s  shown by a s i g n i f i c a n t  v o w e l -b y -c o n s o n a n t  

i n t e r a c t i o n  [F = 4 3 .5 6 ,  d f= 10 ,120  ( p<. 0 1 ) ] .  D i f f e r e n c e s  in  t h e  magnitude  

o f  d u r a t i o n  between t h e  g roups  a r e  v e r i f i e d  by a s i g n i f i c a n t  

i n t e r a c t i o n  o f  g ro u p - b y - v o w e l - b y - c o n s o n a n t  i n  t h e  e v a l u a t i o n  o f  RTP and 

LTP d a t a  [F=3 . 7 2 ,  d f= 1 0 ,6 0  ( p< . 0 1 ) ] ,  and a s i g n i f i c a n t  

g ro u p - b y - v o w e l - b y - c o n s o n a n t  i n t e r a c t i o n  i n  t h e  a d d i t i o n a l
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a n a l y s i s  compar ing  C o n t ro l  t o  P a t h o l o g i c a l  d a t a  [F = 2 .646 ,  d f=10 ,120  

( p < . o i ) D .
V o i c e - o n s e t  t im e  i n  normal s p e a k i n g . Tab le  I 11-12 p r o v i d e s  t h e  

mean v o i c e - o n s e t - t i m e s  f o r  t h e  t h r e e  g ro u p s ,  as  wel l  a s ,  t h e  

range  o f  v o i c e - o n s e t - t i m e  f o r  / d /  and / t /  r e p o r t e d  p r e v i o u s l y  by L i s k e r  

and Abramson (1 9 6 4 ) .  V o i c e - o n s e t - t i m e s  f o r  / t /  and / d /  p roduced  by 

C o n t r o l ,  RTP, and LTP g roups  f a l l  i n t o  t h e  r an g es  found by L i s k e r  and 

Abramson (1 9 6 4 ) .  V o i c e - o n s e t - t i m e  f o r  / t /  i n  t h e  i n i t i a l  / s t r /  c l u s t e r  

i s  s h o r t e r  t h a n  t h e  d u r a t i o n  o f  / t /  i n  a s i n g l e t o n  c o n t e x t  f o r  each  o f  

t h e  g ro u p s ;  however,  d u r a t i o n s  a l s o  f a l l  i n  t h e  r ange  o f  

v o i c e - o n s e t - t i m e s  p roduced  by E n g l i s h  s p e a k e r s  ( L i s k e r  and Abramson,  

1964) .  V o i c e - o n s e t - t i m e  f o r  / t /  i n  t h e  tw o -e le m e n t  c l u s t e r  ( / t r / )  i s  

l o n g e r  t h a n  s i n g l e t o n  ( / t / )  and t h e  t h r e e - e l e m e n t  c l u s t e r  ( / s t r / )  

v o i c e - o n s e t - t i m e s .  In a d d i t i o n ,  t h e  v o i c e - o n s e t  t i m e s  o f  / t /  i n  / t r /  

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

[ s e e  f o r  example ,  L i s k e r  and Abramson ( 1 9 6 4 ) ] .  In g e n e r a l ,  RTP and LTP 

s u b j e c t s  p roduce  s h o r t e r  v o i c e - o n s e t - t i m e s  t h a n  t h e  C o n t ro l  s u b j e c t s .  

D i f f e r e n c e s  between v o i c e - o n s e t - t i m e s  f o r  t h e  v a r i o u s  i n i t i a l  

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

main c o n s o n a n t  e f f e c t  [F = 2 9 3 .8 7 ,  d f= 3 ,3 6  ( p<. 0 1 ) ] .

V o i c e - o n s e t - t i m e  a s  a f u n c t i o n  o f  vowel n u c l e i  a r e  shown i n  F i g u r e  

I I 1 -1 3 .  Contro l  s u b j e c t s  p roduced  l o n g e r  v o i c e - o n s e t - t i m e s  p r i o r  t o  

t h e  h i g h - f r o n t  vowel,  / i / ,  and s h o r t e r  v o i c e - o n s e t  t i m e s  p r i o r  t o  t h e  

l o w - f r o n t  vowel,  / a e / .  Although  t h e  v o i c e - o n s e t - t i m e  p a t t e r n s  a s  a 

f u n c t i o n  o f  vowel a r e  s i m i l a r  f o r  t h e  c o r t i c a l l y  i n j u r e d  g r o u p s ,
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TABLE I I I -12

MEAN VOICE-ONSET-TIMES PRODUCED DURING NORMAL SPEAKING 

BY CONTROL, RTP, AND LTP GROUPS

Group I / d /
I n i t i a l  Consonant  (msec) 

/ t /  / t r / / s t r /

Cont ro l  | 2 2 . 8 8 3 .4 125.0 57 .5

RTP | 2 2 . 8 81 .1 114.0 51 .2

LTP | 20 .5 7 7 .9 118.0 6 0 .6

L & A1 | 0 -25 30-105

1 Range v a l u e s  t a k e n  f rom: L i s k e r ,  L. and Abramson,  A. A 
c r o s s - l a n g u a g e  s tu d y  o f  v o i c i n g .  Word, 21:  120-123 (1 9 6 4 ) .
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d i f f e r e n c e s  in  v o i c e - o n s e t - t i m e s  a s  a f u n c t i o n  o f  vowel a r e  n o t  as  

g r e a t  a s  d i f f e r e n c e s  seen  in  t h e  C on t ro l  g roup .  R e l i a b i l i t y  o f  t h e s e  

o b s e r v a t i o n s  i s  co n f i rm ed  by a s i g n f i c a n t  v o w e l -b y -c o n s o n a n t  

i n t e r a c t i o n  [F = 3 .7 6 ,  d f = l , 1 2  ( p < . 0 1 ) ] .  F u r t h e r  a n a l y s i s  i n d i c a t e s  t h i s  

i n t e r a c t i o n  i s  p r i m a r i l y  c o n t r i b u t e d  by t h e  C on t ro l  group [F = 2 .6 5 ,  

d f = l , 6  ( p<«01) ] — no s i g n i f i c a n t  v o w e l -b y -c o n s o n a n t  i n t e r a c t i o n  o c c u r s  

in  t h e  o r th o g o n a l  breakdown com par ing  RTP and LTP d a t a .

F r i c t i o n  d u r a t i o n  i n  normal s p e a k i n g . D u ra t io n  o f  f r i c t i o n  

segments  g e n e r a t e d  d u r i n g  / s /  p r o d u c t i o n  i n  i n i t i a l  s i n g l e t o n  and 

c l u s t e r  c o n s o n a n t s  f o r  t h e  C o n t r o l ,  RTP, and LTP groups  i s  shown in  

T ab le  I I I - 1 3 .  Contro l  s u b j e c t s  p roduce  l o n g e r  f r i c t i o n  segments  f o r  

s i n g l e t o n  / s /  t h a n  / s t r /  c o n s o n a n t  c l u s t e r s .  These d a t a  a r e  s i m i l a r  t o  

p r e v i o u s  r e p o r t s ,  i n d i c a t i n g  f r i c t i o n  segments  p roduced  d u r i n g  

c o n s o n a n t  c l u s t e r s  a r e  s h o r t e r  t h a n  f r i c t i o n  segments  p roduced  in  

s i n g l e t o n  c o n s o n a n t s  ( K l a t t ,  1 9 7 4 ) .  A s i m i l a r  d u r a t i o n  p a t t e r n  o f  

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

two c o r t i c a l l y  i n j u r e d  g r o u p s ;  however ,  in  c o n t r a s t  t o  t h e  vowel n u c l e i  

segment d u r a t i o n s ,  LTP s u b j e c t s  p roduce  s h o r t e r  segments  t h a n  e i t h e r  

t h e  RTP o r  C on t ro l  g ro u p s .  D u ra t io n  o f  t h e  a c o u s t i c  segments  

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

main c o n s o n a n t  e f f e c t  [F = 1 9 3 .5 6 ,  d f = l , 1 2  ( p< . 0 1 ) ] .

A d d i t i o n a l  c o n t e x t u a l  e f f e c t s  a r e  shown in  F i g u r e  I I 1-14 

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

f r i c t i o n  seg m en ts ,  r e g a r d l e s s  o f  s i n g l e t o n  o r  c l u s t e r  c o n t e x t ,  a r e  

p roduced  p r i o r  t o  t h e  h igh  vow els ,  / i /  and / u / ,  t h a n  t h e  low vowel ,
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TABLE I I 1-13

MEAN FRICTION DURATION PRODUCED DURING NORMAL SPEAKING 

BY CONTROL, RTP, AND LTP GROUPS

1
1 I n i t i a l Consonan t  (msec)

Group I / s / / s t r /
1

C on tro l  | 204 .6 135.4

RTP I 211 .7 147.2

LTP | 
1 
1

192 .8 132.2
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/ a e / ,  f o r  each  o f  t h e  g r o u p s .  As m en t ioned  e a r l i e r ,  t h e  LTP group 

p roduces  s h o r t e r  f r i c t i o n  segments  and t h e  RTP group p roduces  l o n g e r  

f r i c t i o n  segments  th a n  t h e  C o n t ro l  group r e g a r d l e s s  o f  t h e  vowel 

f o l l o w i n g  t h e  f r i c t i o n  segm en ts .

TR2 d u r a t i o n  in  normal s p e a k i n g . Tab le  I I I -14 c o n t a i n s  t h e  mean 

d u r a t i o n  o f  TR2 segments  p roduced  by t h e  C o n t r o l ,  RTP, and LTP g ro u p s .  

In a d d i t i o n ,  mean TR2 d u r a t i o n s  r e p o r t e d  by R u s s e l l  (1977) a r e  shown 

f o r  com par i son .  Con t ro l  s u b j e c t s  p roduce  com parab le  TR2 d u r a t i o n s  in  

/ r /  and / t r /  c o n s o n a n t  c o n t e x t s  and s l i g h t l y  i n c r e a s e  TR2 d u r a t i o n  i n  

/ s t r /  c l u s t e r s .  These d a t a  d i f f e r  somewhat from R u s s e l l  (1977) who 

r e p o r t s  s p e a k e r s  s y s t e m a t i c a l l y  s h o r t e n  TR2 segments  as  i n i t i a l  

c o n s o n a n t  c o n t e x t s  i n c r e a s e  from s i n g l e t o n  t o  t h r e e - e l e m e n t  c l u s t e r s ;  

however,  d i f f e r e n c e s  may r e l a t e  t o  t h e  c o n t e x t u a l  frameworks  used  in  

t h i s  p a r t i c u l a r  s t u d y .  K l a t t  (1973) i n d i c a t e s  / r /  p r o d u c t i o n  i s  l o n g e r  

when i t s  p r e c e d i n g  c l u s t e r  member ( e . g . ,  / s /  o r  / t / )  i s  a r t i c u l a t e d  in  

a p p r o x im a te ly  t h e  same p l a c e  o f  a r t i c u l a t i o n .

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

c o r t i c a l l y  i n j u r e d  g ro u p s .  D u ra t io n  o f  TR2 segments  in  s i n g l e t o n ,  / r / ,  

and t h r e e - e l e m e n t ,  / s t r / ,  c o n t e x t s  a r e  l o n g e r  th a n  TR2 segments  

p roduced  in  tw o - e l e m e n t ,  / t r / ,  c l u s t e r s .  LTP s u b j e c t s  p roduce  l o n g e r  

TR2 segments  th a n  e i t h e r  RTP o r  C on t ro l  g r o u p s ;  h o w e v e r , in  g e n e r a l ,  RTP 

and C on tro l  g roups  p roduce  s i m i l a r  TR2 d u r a t i o n s .  D i f f e r e n c e s  i n  TR2 

d u r a t i o n s  a s  a f u n c t i o n  o f  i n i t i a l  c o n s o n a n t  a r e  co n f i rm e d  by a 

s i g n i f i c a n t  m a in -c o n s o n a n t  e f f e c t  [F= 2 7 .0 6 5 ,  d f= 2 ,2 4  ( p < . 0 1 ) ]  in  t h e  

a n a l y s i s  o f  v a r i a n c e .



TABLE I I 1-14

MEAN DURATION OF TR2 SEGMENTS PRODUCED DURING NORMAL SPEAKING 

BY CONTROL, RTP, AND LTP GROUPS

Group

T --------
1
1 / r /

I n i t i a l  Consonant  
/ t r /

(msec)
/ s t r /

C on t ro l
1
I 6 1 .4 62 .2 6 9 .3

RTP I 6 4 .5 57 .5 7 0 .8

LTP I 7 5 .6 6 6 .9 7 3 .9

Russel  1* I 6 6 .0  
1 
1

62 .7 5 4 .4

* Mean d u r a t i o n  v a l u e s  t a k e n  from:  R u s s e l l ,  L. An A c o u s t i c  Study 
o f  S e l e c t e d  P h o n e t i c  Types C ompr is ing  / r /  in  General  American 
D i a l e c t . U npub l ished  d o c t o r a l  d i s s e r t a t i o n .  C i t y  U n i v e r s i t y  
o f  New York: New York,  New York (1 9 7 7 ) .
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F u r t h e r  c o a r t i c u l a t i o n  i n f l u e n c e s  a r e  shown in  t h e  n e x t  f i g u r e  

( F i g u r e  111-15) i l l u s t r a t i n g  TR2 d u r a t i o n  as  a f u n c t i o n  o f  vowel.

Longer TR2 segments  a r e  p roduced  p r i o r  t o  t h e  f r o n t  vowels ,

/ i /  and / a e / ,  t h a n  p r i o r  t o  t h e  back vowel ,  / u / ,  f o r  each  o f  t h e  

g ro u p s .  Although t h e  RTP group p roduces  s h o r t e r  TR2 segments  in  / i /  

and / u /  c o n t e x t s  th a n  t h e  C o n t ro l  g roup ,  RTP s u b j e c t s  p roduce  l o n g e r  

TR2 d u r a t i o n s  f o r  / a e / .  LTP s u b j e c t s  p roduce  l o n g e r  TR2 segments  th a n  

t h e  RTP o r  C on tro l  s u b j e c t s  f o r  t h e  h igh  vow els ,  / i /  and / u / .  Vowel 

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

v o w e l -b y -c o n s o n a n t  i n t e r a c t i o n  [F = 10 .197 ,  d f= 4 ,4 8  ( p < . 0 1 ) ] .

D u r a t io n  Values  in  R e s t r i c t e d - J a w  S peak ing

The b r i e f  rev iew  o f  n o rm a l - s p e a k in g  d u r a t i o n  p a t t e r n s  s u g g e s t s  

C o n t r o l ,  RTP, and LTP g roups  a d j u s t  t h e  t im e  c o u r s e  o f  a r t i c u l a t o r y  

g e s t u r e s  t o  t a k e  i n t o  a c c o u n t  c o n t e x t u a l  frameworks .  However, i n  l i g h t  

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

fo rm an t  f r e q u e n c i e s  p roduced  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g ,  a number 

o f  q u e s t i o n s  a r i s e  r e g a r d i n g  how t h e  m o to r - sp e e c h  sys tem may a l t e r  t h e  

t im e  c o u r s e  o f  a r t i c u l a t o r y  g e s t u r e s  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g .

F i r s t ,  i t  seems r e a s o n a b l e  t o  ask i f  t h e  sys tem  w i l l  change 

d u r a t i o n  p a t t e r n s  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g .  Although t h e  

f o r m a n t - f r e q u e n c y  m easu re s  i n d i c a t e  a r t i c u l a t o r y  s t r a t e g i e s  may be 

s l i g h t l y  a l t e r e d  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g ,  i t  does n o t  n e c e s s a r y  

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

change .  P o s s i b l y ,  however ,  a r e s p o n s e  p a t t e r n  o f  com parab le  segment 

d u r a t i o n s  between normal and r e s t r i c t e d  j a w - s p e a k i n g  may c c c u r .
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On t h e  o t h e r  hand,  i t  i s  p o s s i b l e  a r e s p o n s e  p a t t e r n  composed o f  

d i f f e r e n t  segment d u r a t i o n s  between normal and r e s t r i c t e d - j a w  s p e a k in g  

may o c c u r .  D u ra t io n  Response P a t t e r n  One h y p o t h e s i z e s  t h e  sys tem may

e l e c t  t o  s e l e c t i v e l y  r e o r g a n i z e  tempora l  p a r a m e t e r s ,  p e rh a p s  in  a

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

a n o t h e r ;  e . g . ,  g r e a t e r  d u r a t i o n a l  changes  o f  a segment  c o n t a i n e d  i n  a 

more complex u t t e r a n c e  such  as  a t h r e e - e l e m e n t  c l u s t e r  v e r s u s  a 

s i n g l e t o n  c o n s o n a n t .  A l t e r n a t i v e l y ,  t h e  sy s tem  may e l e c t  t o  app ly  a 

s i n g l e  tempora l  s t r a t e g y  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g .  D u ra t io n  

Response  P a t t e r n  Two h y p o t h e s i z e s  t h e  sys tem  may o v e r l a y  a l o n g e r  ( o r

s h o r t e r )  t im e  frame upon n o rm a l ly  p la n n ed  g e s t u r e s ,  r a t h e r  th a n

r e o r g a n i z i n g  te mpora l  c h a r a c t e r i s t i c s  o f  t h e  g e s t u r e s  t h e m s e l v e s .  Tha t  

i s ,  t h e  sys tem may re s p o n d  t o  l i m i t e d - j a w  p a r t i c i p a t i o n  by s im ply  

s low ing  ( o r  s p e e d in g )  a r t i c u l a t i o n .

The f i n a l  q u e s t i o n  t o  c o n s i d e r  when exam in ing  t h e  d u r a t i o n  o f  

segments  p roduced  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  i s ,  w i l l  t h e  C on tro l  

and c o r t i c a l l y  i n j u r e d  s u b j e c t s  employ s i m i l a r  tempora l  a d j u s t m e n t s  

d u r i n g  r e s t r i c t e d - j a w  s p e a k in g ?

T o t a l - w o r d  d u r a t i o n  i n  r e s t r i c t e d - j a w  s p e a k i n g . D u ra t io n  r e s p o n s e  

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

r e s t r i c t e d - j a w  s p e a k in g  by t h e  t h r e e  g roups  a r e  shown i n  F i g u r e  I I I - 1 6 .  

C on t ro l  s u b j e c t s  p roduce  a D u r a t io n  Reponse P a t t e r n  Two, s y s t e m a t i c  

l e n g t h e n i n g ,  f o r  t a r g e t  s t i m u l i  r e g a r d l e s s  o f  vowel ;  however ,  t h e  

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

f r o n t  vow els ,  / a e /  and / i / .  A s i m i l a r  D u r a t io n  Response P a t t e r n  Two i s
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shown f o r  t h e  RTP g roup .  LTP s u b j e c t s ,  however,  p roduce  a D u ra t io n  

Response  P a t t e r n  One, s e l e c t i v e  l e n g t h e n i n g .  Although LTP s u b j e c t s  

l e n g t h e n  t a r g e t  s t i m u l i  c o n t a i n i n g  / i / ,  t h e s e  i n c r e a s e s  a r e  n o t  as  

g r e a t  a s  t h e  d u r a t i o n  i n c r e a s e s  produced  by Con tro l  and RTP s u b j e c t s .  

Only minimal t o t a l  word l e n g t h e n i n g  o c c u r s  f o r  t a r g e t  s t i m u l i  

c o n t a i n i n g  / a e /  and no d u r a t i o n  changes  a r e  n o te d  f o r  t a r g e t  s t i m u l i  

c o n t a i n i n g  / u / .  These o b s e r v a t i o n s  a r e  v e r i f i e d  by a main c o n d i t i o n  

e f f e c t  [F = 14 .650 ,  d f = l , 1 2  ( p<- 0 1 ) ] .  F u r t h e r  a n a l y s e s  r e v e a l s  t h i s  

e f f e c t  i s  main ly  c o n t r i b u t e d  by t h e  Con tro l  group [F = 2 6 .0 4 8 ,  d f = l , 6  

( p < . 0 1 ) ] - - n o  s i g n i f i c a n t  c o n d i t i o n  e f f e c t  i s  found  in  t h e  o r th o g o n a l  

breakdown c o n t r a s t i n g  o n ly  t h e  RTP-LTP d a t a .

F i g u r e  I I 1-17 d e p i c t s  t h e  d u r a t i o n  r e s p o n s e  p a t t e r n s  a s  a f u n c t i o n  

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

s u b j e c t s  p roduce  a D u r a t i o n  Response  P a t t e r n  Two, s y s t e m a t i c  

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

s u b j e c t s  p roduce  t h e  g r e a t e s t  d u r a t i o n  i n c r e a s e s  f o r  words c o n t a i n i n g  

t h e  t h r e e - e l e m e n t  c l u s t e r ,  / s t r / ,  and t h e  l e a s t  d u r a t i o n a l  i n c r e a s e s  

f o r  t a r g e t  words c o n t a i n i n g  t h e  i n i t i a l  c o n s o n a n t ,  / t / .  C o r t i c a l l y  

i n j u r e d  g roups  p roduce  D u r a t i o n  Response  P a t t e r n  One. RTP s u b j e c t s  

l e n g t h e n  t o t a l - w o r d  d u r a t i o n s  d u r in g  r e s t r i c t e d - j a w  s p e a k in g  i n  a l l  

i n i t i a l  c o n t e x t s  e x c e p t  t h e  t h r e e - e l e m e n t  c l u s t e r ,  / s t r / ,  which shows 

no d u r a t i o n  change d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g .  LTP s u b j e c t s ,  on 

t h e  o t h e r  hand ,  show maximum l e n g t h e n i n g  f o r  words c o n t a i n i n g  / t / ,  / d / ,  

and / r /  and minimal i n c r e a s e s  f o r  t a r g e t  s t i m u l i  c o n t a i n i n g  / s /  and 

/ t r / .  No d u r a t i o n  c hange s  a r e  n o te d  f o r  t a r g e t  s t i m u l i  c o n t a i n i n g  t h e
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t h r e e - e l e m e n t  c l u s t e r ,  / s t r / .  A n a ly s i s  o f  v a r i a n c e  p r o c e d u r e s  r e v e a l  a 

s i g n i f i c a n t  g r o u p - b y - c o n s o n a n t - b y - c o n d i t i o n  i n t e r a c t i o n  [F = 2 .1 4 6 ,  

d f=15 ,60  ( p < . 0 5 ) 3 .  An a d d i t i o n a l  o r th o g o n a l  breakdown o f  t h e  

C o n t r o l - P a t h o l o g i c a l  d a t a  r e v e a l s  a s i g n i f i c a n t  C o n t r o l - b y - P a t h o l o g i c a l  

b y - c o n s o n a n t - b y - c o n d i t i o n  i n t e r a c t i o n  [F = 5 .7 2 8 ,  d f= 5 ,60  ( p < . 0 5 ) ] .

The n e x t  f i g u r e  ( F i g u r e  111-1 8 )  shows t h e  mean t o t a l - w o r d  d u r a t i o n  

as  a f u n c t i o n  o f  s p e a k in g  c o n d i t i o n  and t r i a l .  Although Con tro l  

s u b j e c t s  d e c r e a s e  t o t a l - w o r d  d u r a t i o n  between t r i a l s  one and two,  t o t a l  

word d u r a t i o n  rem ains  r e l a t i v e l y  c o n s t a n t  a c r o s s  t h e  r e m a in d e r  o f  

t r i a l s .  A s i m i l a r  p a t t e r n  i s  shown f o r  t r i a l s  o f  t h e  RTP s u b j e c t s .  

D u r a t io n  i n c r e a s e s  p roduced  by RTP s p e a k e r s  d u r i n g  r e s t r i c t e d  jaw 

s p e a k in g  app roac h  t h e  d u r a t i o n s  p roduced  by t h e  C on t ro l  s u b j e c t s  d u r in g  

normal s p e a k i n g .  LTP s u b j e c t s  a p p e a r  t o  s y s t e m a t i c a l l y  d e c r e a s e  

t o t a l - w o r d  d u r a t i o n  as  a f u n c t i o n  o f  s p e a k in g  t r i a l  and c o n d i t i o n .

F i g u r e  I I 1-19 i l l u s t r a t e s  t h e  s t a n d a r d  d e v i a t i o n s  o f  t o t a l - w o r d  

d u r a t i o n  as  a f u n c t i o n  o f  s p e a k in g  t r i a l  and c o n d i t i o n .  Contro l  

s u b j e c t s  a r e  more v a r i a b l e ,  a s  i n d i c a t e d  by t h e  l a r g e r  s t a n d a r d  

d e v i a t i o n s ,  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  th a n  normal s p e a k i n g .  RTP 

s u b j e c t s  show a s i m i l a r  p i c t u r e ;  however,  t h e  s t a n d a r d  d e v i a t i o n s  a r e  

s m a l l e r  d u r i n g  t r i a l  t h r e e  and f o u r  o f  r e s t r i c t e d - j a w  s p e a k in g  th a n  

normal s p e a k i n g .  LTP s u b j e c t s  a r e  l e s s  v a r i a b l e  d u r i n g  r e s t r i c t e d - j a w  

th a n  n o rm a l - s p e a k in g  c o n d i t i o n s .  In a d d i t i o n ,  LTP s u b j e c t s  a p p e a r  t o  

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

t r i a l .  These d a t a ,  i n  c o n j u n c t i o n  w i th  t h e  d a t a  in  t h e  p r e v i o u s  

f i g u r e ,  s u g g e s t  t h e  LTP s u b j e c t s  may change  t o t a l - w o r d  d u r a t i o n  i n  a



To
tal

 
Wo

rd 
Du

ra
tio

n 
(m

se
c)

320

300-

280-

260-

240-

220

C ontrol

o — o — o

▲ N orm al S p eak in g

^  R estr ic ted  Jaw  □

0 ^-— f

RTP

" o -_ _ O— o

-I— I— I— t-
1 2  3 4

Trial

LTP

4 -
1 1  $  4

Trial

+
1 2 3

Trial

Figure I I 1-18. Mean total-word duration as a function o f t r ia l  and

speaking condition for Control, RTP, and LTP groups.



To
tal

 
Wo

rd 
Sta

nd
ar

d 
De

via
tio

n 
(m

se
c)

110n
LTPRTPC ontrol

100-

'— o — I

90-

8 0

▲ Norm al S peak in g
60-

a  R estr ic ted  Jaw

Trial Trial Trial

Figure I I I -19 . Mean standard deviation  o f total-word duration as a

as a function o f t r ia l  and speaking condition for

Control, RTP, and LTP groups.



128

s y s t e m a t i c  manner d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g ;  however a s i m i l a r  

t r e n d  i s  n o t  found f o r  t h e  C on t ro l  o r  RTP g roups .  The a n a l y s i s  o f  

v a r i a n c e  i n d i c a t e s  a s i g n i f i c a n t  main t r i a l  e f f e c t  [F = 3 .6 2 7 ,  d f= 3 ,36  

( p<- 0 5 ) ] .  A d d i t i o n a l  p r o c e d u r e s  r e v e a l  t h e  e f f e c t  i s  c o n t r i b u t e d  by 

t h e  c o r t i c a l l y - i n j u r e d  g roups  [F = 3 .6 2 7 ,  d f= 3 ,1 8  ( p< . 0 5 ) ] - - no 

s i g n i f i c a n t  t r i a l  e f f e c t  i s  found  in  t h e  o r th o g o n a l  t r i a l  c o n t r a s t i n g  

on ly  t h e  C o n t ro l  d a t a .

Vowel n u c l e i  d u r a t i o n  i n  r e s t r i c t e d - j a w  s p e a k i n g . D u ra t io n  

Response P a t t e r n s  f o r  t h e  vowel n u c l e i  a r e  d e p i c t e d  in  F i g u r e  I I I -20 

f o r  t h e  C o n t r o l ,  RTP, and LTP g ro u p s .  D u ra t io n  Response  P a t t e r n  Two, 

l e n g t h e n i n g  o f  a l l  vowel segments  i n  r e s t r i c t e d - j a w  s p e a k i n g ,  i s  shown 

f o r  t h e  C o n t ro l  s u b j e c t s .  D u ra t io n  Response P a t t e r n  One, s e l e c t i v e  

l e n g t h e n i n g  o f  segments  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g ,  o c c u r s  f o r  t h e  

two c o r t i c a l l y  i n j u r e d  g r o u p s ;  however,  RTP and LTP s u b j e c t s  

s e l e c t i v e l y  l e n g t h e n  d i f f e r e n t  vowel segm en ts .  RTP s u b j e c t s  produce  

l o n g e r  d u r a t i o n s  f o r  t h e  f r o n t  vowels ,  / i /  and / a e / ,  and s l i g h t l y  

s h o r t e r  d u r a t i o n s  f o r  t h e  back vowel ,  / u / .  LTP s u b j e c t s ,  on t h e  o t h e r  

hand ,  l e n g t h e n  t h e  h i g h ,  f r o n t  vowel segments  o f  / i /  and show v i r t u a l l y  

no change i n  d u r a t i o n  f o r  t h e  low, f r o n t  and h i g h ,  back vow els ,  / a e /  

and / u / .  In g e n e r a l ,  LTP s u b j e c t s  p roduce  l o n g e r  d u r a t i o n s  and RTP 

s u b j e c t s  p roduce  s h o r t e r  d u r a t i o n s  r e l a t i v e  t o  t h e  C on t ro l  g roup ,  

r e g a r d l e s s  o f  s p e a k in g  c o n d i t i o n .  Comparisons o f  t h e  vowel n u c l e i  

d u r a t i o n s  o b t a i n e d  i n  t h e  normal and r e s t r i c t e d - j a w  s p e a k in g  c o n d i t i o n s  

r e v e a l  a s i g n i f i c a n t  main e f f e c t  [F = 8 .5 4 ,  d f = l , 1 2  ( p< . 0 1 ) ] .  F u r t h e r  

a n a l y s i s  r e v e a l s  t h e  s i g n i f i c a n t  main e f f e c t  f o r  s p e a k in g  c o n d i t i o n  i s



180H

160

140-

120-

•  C ontrol 
a  RTP 
■ LTP

100-

0 1 + + + + + 4 -
N orm al R estr ic ted  

S p ea k in g  Jaw
/ i /

N orm al R estr ic ted  
S p ea k in g  Jaw

/ a e /
Vowel

N orm al R estr ic ted  
S p ea k in g  Jaw

/ u /

Figure 111-20. Vowel duration produced by Control, RTP, and LTP groups

during normal and restr ic ted -ja w  speaking.



130

c o n t r i b u t e d  on ly  by t h e  C o n t ro l  group [F = 1 5 .6 8 ,  d f = l , 6  ( p<- 0 1 )3 — no 

s i g n i f i c a n t  c o n d i t i o n  main e f f e c t  i s  n o t e d  in  d e t a i l e d  a n a l y s i s  

exam in ing  t h e  RTP and LTP d a t a .

D i f f e r e n t  d u r a t i o n  r e s p o n s e  p a t t e r n s  a l s o  a r e  e v i d e n t  in  F i g u r e  

I I I - 2 1  i l l u s t r a t i n g  vowel d u r a t i o n  a s  f u n c t i o n  o f  i n i t i a l  c o n s o n a n t  and 

s p e a k in g  c o n d i t i o n .  C on t ro l  s u b j e c t s  l e n g t h e n  vowel segments  i n  a l l  

i n i t i a l  c o n s o n a n t  o r  c l u s t e r  e n v i ro n m e n ts  d u r i n g  r e s t r i c t e d - j a w  

s p e a k i n g .  D u ra t io n  Response P a t t e r n  Two, s y s t e m a t i c  l e n g t h e n i n g  o f  

segm en ts ,  a p p a r e n t l y  does n o t  depend upon t h e  p r e c e d i n g  i n i t i a l  

c o n s o n a n t  in  t h e  C o n t ro l  g roup .  RTP s u b j e c t s ,  w i th  t h e  e x c e p t 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 / ,  s l i g h t l y  l e n g t h e n  vowel segments  in  a l l  

i n i t i a l  c o n s o n a n t  e n v i ro n m e n t s .  As n o te d  e a r l i e r ,  t h e  RTP s u b j e c t s  

p roduce  a D u r a t io n  Response  P a t t e r n  One, s e l e c t i v e  l e n g t h e n i n g  o f  vowel 

segm en ts ;  however ,  t h e i r  r e s p o n s e  p a t t e r n  a p p e a r s  more i n f l u e n c e d  by 

vowel p o s i t i o n  ( f r o n t  v e r s u s  back)  t h a n  by i n i t i a l  c o n s o n a n t  

e n v i ro n m e n t s .  LTP s u b j e c t s  a l s o  p roduce  a D u r a t io n  Response P a t t e r n  

One; however ,  t h e  LTP r e s p o n s e  p a t t e r n  a p p e a r s  i n f l u e n c e d  by i n i t i a l  

c o n s o n a n t s .  V i r t u a l l y  no vowel l e n g t h e n i n g  o c c u r s  f o l l o w i n g  / t /  and 

/ s t r / ,  vowel segments  a r e  s h o r t e r  f o l l o w i n g  / d /  and / s / ,  and s l i g h t  

vowel l e n g t h e n i n g  o c c u r s  f o l l o w i n g  / r /  and / t r / .  These o b s e r v a t i o n s  

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

o f  c o n s o n a n t - b y - c o n d i t i o n  [F = 5 .6 0 6 ,  d f= 5 ,6 0  ( p< . 0 1 ) ]  and 

g r o u p - b y - c o n s o n a n t - b y - c o n d i t i o n  [F = 1 .8 8 5 ,  d f= 15 ,60  ( p c . O l ) ] .

A d d i t i o n a l  e x a m in a t io n  o f  on ly  RTP-LTP d a t a  does n o t  i n d i c a t e  a 

s i g n i f i c a n t  g r o u p - b y - c o n s o n a n t - b y - c o n d i t i o n ;  however,  a s i g n i f i c a n t
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g r o u p - b y - c o n s o n a n t - b y - c o n d i t i o n  i n t e r a c t i o n  i s  found i n  f u r t h e r  

a n a l y s e s  c o n t r a s t i n g  C o n t ro l  and P a t h o l o g i c a l  d a t a  [F = 2 .4 2 9 ,  d f= 5 ,6 0  

( p c . O l ) ] .

A lthough  i t  i s  p o s s i b l e  t h e  g roups  may a l t e r  segment d u r a t i o n s  

w i th  p r a c t i c e  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g ,  F i g u r e  I I 1-22 i n d i c a t e s  

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

a c r o s s  n o r m a l - s p e a k in g  t r i a l s  f o r  t h e  C o n t ro l  g roup .  Longer d u r a t i o n s  

o c c u r  d u r i n g  r e s t r i c t e d  j a w - s p e a k i n g ;  however,  no s y s t e m a t i c  s h o r t e n i n g  

o f  segments  tow ard  n o r m a l - s p e a k i n g  d u r a t i o n s  i s  a p p a r e n t  f o r  t h e  

C on tro l  g roup .  S i m i l a r l y ,  t h e  RTP group i n c r e a s e s  vowel d u r a t i o n  

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

r e s t r i c t e d - j a w  s p e a k i n g .  Minimal vowel d u r a t i o n  changes  o c c u r  a c r o s s  

s p e a k in g  c o n d i t i o n s ,  o r  w i t h i n  t r i a l s ,  o f  a g ive n  s p e a k in g  c o n d i t i o n  

f o r  t h e  LTP g roup .  No s i g n i f i c a n t  c o n d i t i o n - b y - t r i a l  i n t e r a c t i o n s  

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

V o i c e - o n s e t  t im e  i n  r e s t r i c t e d - j a w  s p e a k i n g . F i g u r e  I I 1-23 

i n d i c a t e s  mean v o i c e - o n s e t - t i m e  f o r  t h e  i n i t i a l  c o n s o n a n t s ,  / t ,  d ,  t r ,  

s t r / ,  p roduced  d u r i n g  normal and r e s t r i c t e d - j a w  s p e a k in g  by t h e  t h r e e  

g ro u p s .  D u ra t io n  Response  P a t t e r n  Two, s y s t e m a t i c  l e n g t h e n i n g  o f  a l l  

segm en ts ,  c h a r a c t e r i z e s  v o i c e - o n s e t - t i m e s  p roduced  by t h e  C o n t ro l  group  

d u r in g  r e s t r i c t e d - j a w  s p e a k i n g .  D u ra t io n  Response P a t t e r n  One, 

s e l e c t i v e  l e n g t h e n i n g  o f  s eg m en ts ,  o c c u r s  f o r  t h e  v o i c e - o n s e t - t i m e s  

p roduced  by t h e  c o r t i c a l l y  i n j u r e d  g r o u p s ;  however ,  RTP and LTP groups  

show d i f f e r e n t  s e l e c t i v e  r e s p o n s e  p a t t e r n s .  RTP s u b j e c t s  l e n g t h e n  

v o i c e - o n s e t  t im e  i n  t h e  i n i t i a l  c o n s o n a n t s ,  / d / ,  / t / ,  and / t r / ;
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however,  no d u r a t i o n  changes  o c c u r  f o r  t h r e e - e l e m e n t  / s t r /  c l u s t e r s .  A 

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

/ d /  and / t / ,  i s  seen  f o r  t h e  LTP g roup ;  however,  t h e  LTP group shows 

v i r t u a l l y  no change  in  v o i c e - o n s e t - t i m e  f o r  tw o -e le m e n t  / t r /  c l u s t e r s  

and s h o r t e r  v o i c e - o n s e t - t i m e s  f o r  t h r e e - e l e m e n t  / s t r /  c l u s t e r s .  A 

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

v a r i a n c e  [ F = 8 .1 3 ,  d f = l , 1 2  ( p < . 0 1 ) ]  a l t h o u g h  a s i g n i f i c a n t  

c o n s o n a n t - b y - c o n d i t i o n  does n o t .

D i f f e r e n t  d u r a t i o n  r e s p o n s e  p a t t e r n s  between t h e  t h r e e  g roups  a l s o  

a r e  e v i d e n t  in  t h e  n e x t  F i g u r e  ( I I 1 - 2 4 ) ,  i l l u s t r a t i n g  v o i c e - o n s e t  t im e  

as  a f u n c t i o n  o f  vowel n u c l e i .  D u ra t io n  Response  P a t t e r n  Two, 

s y s t e m a t i c  l e n g t h e n i n g  o f  v o i c e - o n s e t - t i m e  p r i o r  t o  a l l  vowel n u c l e i ,  

o c c u r s  f o r  t h e  C on t ro l  group  s u g g e s t i n g  t h e  r e s p o n s e  p a t t e r n  i s  n o t  

dep en d e n t  on a p a r t i c u l a r  vowel o r  c o n s o n a n t  c o n t e x t .  The RTP s u b j e c t s  

show a l e s s  c o n s i s t e n t  r e s p o n s e .  RTP s u b j e c t s  i n c r e a s e  

v o i c e - o n s e t - t i m e  i n  a l l  vowel c o n t e x t s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  

( D u ra t io n  Response P a t t e r n  Two); however,  th e y  p roduce  D u ra t io n  

Response  P a t t e r n  One in  t h e  e x a m in a t io n  o f  v o i c e - o n s e t  t im e  a s  a 

f u n c t i o n  o f  i n i t i a l  c o n s o n a n t  o r  c l u s t e r s .  D u r a t i o n - r e s p o n s e  p a t t e r n s  

p roduced  by RTP s u b j e c t s  a p p a r e n t l y  depend on t h e  p a r t i c u l a r  i n i t i a l  

c o n s o n a n t  o r  c l u s t e r s - - R T P  d u r a t i o n  p a t t e r n s  p a r a l l e l  t h e  C on tro l  

g r o u p ' s  p a t t e r n ,  e x c e p t  in  i n i t i a l  t h r e e - e l e m e n t  c o n s o n a n t  c l u s t e r s .  A 

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

s u b j e c t s  p roduce  a D u r a t i o n  Response P a t t e r n  Two f o r  v o i c e - o n s e t - t i m e  

a s  a f u n c t i o n  o f  vowel and i n i t i a l  c o n s o n a n t s .  V o i c e - o n s e t - t i m e  i s
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l e n g th e n e d  p r i o r  t o  t h e  f r o n t  vow els ,  / i /  and / a e / ,  and s h o r t e n  p r i o r  

t o  t h e  back vowel ,  / u / .  D u ra t io n  r e s p o n s e  p a t t e r n s  p roduced  by t h e  LTP 

group a p p e a r  i n f l u e n c e d  by bo th  c o n s o n a n t  and vowel env i ronm en ts - -LT P  

and C on tro l  s u b j e c t s  on ly  p roduce  s i m i l a r  d u r a t i o n  r e s p o n s e s  f o r  

i n i t i a l  s i n g l e t o n  c o n s o n a n t s ,  / t /  and / d / ,  and t h e  f r o n t  vow els ,  / i /  

and / a e / .  S i g n i f i c a n t  v o w e l - b y - c o n d i t i o n  [F = 7 .4 4 ,  d f= 2 ,2 4  ( p < . 0 1 ) ]  and 

g r o u p - b y - v o w e l - b y - c o n d i t i o n  i n t e r a c t i o n s  o c c u r  [F = 5 .4 6 6 ,  d f= 6 ,2 4  

(p < . 0 1 ) ]  in  t h e  a n a l y s i s  o f  v a r i a n c e .  F u r t h e r  a n a l y s i s  r e v e a l s  a 

s i g n i f i c a n t  g r o u p - b y - v o w e l - b y - c o n d i t i o n  i n t e r a c t i o n  f o r  t h e  RTP-LTP 

d a t a  [F = 8 .502 ,  d f= 2 ,1 2  ( p < . 0 1 ) ]  and a s i g n i f i c a n t

C o n t r o l / P a t h o l o g i c a l - b y - v o w e l - b y - c o n d i t i o n  i n t e r a c t i o n  [ F = 7 .1 6 ,  d f= 2 ,2 4

( p < . 0 1 ) ] .

Although t h e  p r e v i o u s  f i g u r e s  s u g g e s t  t h e  t h r e e  g roups  use 

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

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

g roups  change  w i th  p r a c t i c e .  F ig u r e  I I I -25 i l l u s t r a t e s  v o i c e - o n s e t ­

t im e  as  a f u n c t i o n  o f  s p e a k in g  c o n d i t i o n  and t r i a l  f o r  each  o f  t h e  

t h r e e  g ro u p s .  No s y s t e m a t i c  p r a c t i c e  t r e n d s  a r e  shown i n  t h e  f i g u r e  

f o r  any o f  t h e  g ro u p s .  A s l i g h t l y  d i f f e r e n t  p r e s e n t a t i o n  o f  t h e s e  d a t a  

i s  d e p i c t e d  in  t h e  n e x t  f i g u r e  ( I I 1 - 2 6 ) ,  d i s p l a y i n g  t h e  s t a n d a r d  

d e v i a t i o n s  f o r  v o i c e - o n s e t - t i m e  as  a f u n c t i o n  o f  t r i a l  and s p e a k in g  

c o n d i t i o n .  S ta n d a rd  d e v i a t i o n s  o f  t h e  C on tro l  and RTP s u b j e c t s  

i n c r e a s e  d u r i n g  t h e  r e s t r i c t e d - j a w  c o n d i t i o n ;  however ,  LTP s u b j e c t s  who 

a r e  s l i g h t l y  more v a r i a b l e  i n  normal s p e a k in g  th a n  C o n t ro l  and RTP 

s u b j e c t s  have s i m i l a r  s t a n d a r d  d e v i a t i o n s  in  normal and r e s t r i c t e d - j a w
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s p e a k i n g .  No s i g n i f i c a n t  c o n d i t i o n - b y - t r i a l  i n t e r a c t i o n s  o c c u r  i n  t h e  

a n a l y s e s  o f  v a r i a n c e .

F r i c t i o n  d u r a t i o n  in  r e s t r i c t e d - j a w  s p e a k i n g . D u r a t i o n - r e s p o n s e  

p a t t e r n s  o f  f r i c t i o n  segments  a r e  shown i n  F i g u r e  I I 1-27 f o r  t h e  t h r e e  

g ro u p s .  D u ra t io n  Response P a t t e r n  Two, l e n g t h e n i n g  o f  a l l  segm en ts ,  i s  

e v i d e n t  f o r  f r i c t i o n  d u r a t i o n s  o f  t h e  C o n t ro l  s u b j e c t s .  D u ra t io n  

Response P a t t e r n  One, s e l e c t i v e  l e n g t h e n i n g  o f  segm en ts ,  i s  e v i d e n t  in  

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

d u r a t i o n  in  t h e  s i n g l e t o n  c o n s o n a n t  ( / s / )  and show v i r t u a l l y  no change 

in  f r i c t i o n  d u r a t i o n  in  / s t r /  c l u s t e r s .  A d i f f e r e n t  D u r a t i o n a l  

Response P a t t e r n  One i s  e v i d e n t  f o r  t h e  LTP group--LTP s u b j e c t s  

i n c r e a s e  f r i c t i o n  i n  s i n g l e t o n  c o n s o n a n t s  ( / s / )  and d e c r e a s e  f r i c t i o n  

i n  / s t r /  c l u s t e r s .  A s i g n i f i c a n t  c o n s o n a n t -b y  c o n d i t i o n  i n t e r a c t i o n  

r e f l e c t s  t h e  d u r a t i o n a l  p a t t e r n s  in  a more d e t a i l e d  a n a l y s i s  o f  RTP and 

LTP d a t a  [F = 6 .0 6 5 ,  d f = l , 6  ( p < . 0 5 ) ] .

F i g u r e  I I 1-28 d e p i c t s  f r i c t i o n  d u r a t i o n  as  a f u n c t i o n  o f  vowel 

n u c l e i  f o r  t h e  t h r e e  g ro u p s .  Contro l  s u b j e c t s  p roduce  D u r a t io n  

Response P a t t e r n  Two, r e g a r d l e s s  o f  vowel ,  f o l l o w i n g  t h e  f r i c t i o n  

segm en ts .  These d a t a  s u p p o r t  e a r l i e r  o b s e r v a t i o n s ,  s u g g e s t i n g  t h e  

d u r a t i o n - r e s p o n s e  p a t t e r n  p roduced  by C on tro l  s u b j e c t s  i s  in d e p e n d e n t  

o f  t h e  p a r t i c u l a r  c o n s o n a n t  o r  vowel spoken .  D u ra t io n  Response P a t t e r n  

One o c c u r s  f o r  t h e  two c o r t i c a l l y  i n j u r e d  g ro u p s .  RTP s u b j e c t s  

l e n g t h e n  f r i c t i o n  segments  p r i o r  t o  t h e  f r o n t  vow els ,  / i /  and / a e / ;  

however,  RTP s u b j e c t s  p roduce  s h o r t e r  f r i c t i o n  segments  p r i o r  t o  t h e  

back vowel ,  / u / .  RTP s u b j e c t s  l e n g t h e n  f r i c t i o n  segments  in  s i n g l e t o n
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c o n s o n a n t s  and p r i o r  t o  f r o n t  vowels i n  a manner s i m i l a r  t o  t h e  C on tro l  

Group.  On t h e  o t h e r  hand ,  LTP s u b j e c t s  p roduce  s h o r t e r  f r i c t i o n  

segments b e f o r e  t h e  f r o n t  vowels and com parab le  f r i c t i o n  segments  p r i o r  

t o  t h e  back vowel ,  / u / .  Contro l  and LTP s u b j e c t s  r e spond  i n  a s i m i l a r  

manner i n  on ly  one i n s t a n c e — l e n g t h e n i n g  o f  f r i c t i o n  segments  f o r  

s i n g l e t o n  c o n s o n a n t s .

F i g u r e  I I 1-29 p o r t r a y s  f r i c t i o n  d u r a t i o n  a s  a f u n c t i o n  o f  t r i a l  

and s p e a k in g  c o n d i t i o n  f o r  t h e  t h r e e  g ro u p s .  No s y s t e m a t i c  p r a c t i c e  

e f f e c t  i s  e v i d e n t  f o r  C o n t ro l  o r  RTP g ro u p s .  A l t e r n a t i v e l y ,  LTP 

s u b j e c t s  t e n d  t o  d e c r e a s e  f r i c t i o n  d u r a t i o n  t o  more c l o s e l y  a pp rox im a te  

n o r m a l - s p e a k in g  d u r a t i o n s  a s  a f u n c t i o n  o f  t r i a l .  The n e x t  F ig u r e  

( I I 1-30)  i l l u s t r a t e s  t h e  s t a n d a r d  d e v i a t i o n s  a s  a f u n c t i o n  o f  t r i a l  and 

s p e a k in g  c o n d i t i o n  f o r  t h e  t h r e e  g ro u p s .  All t h r e e  g roups  a r e  more 

v a r i a b l e  in  t h e  r e s t r i c t e d - j a w  s p e a k in g  c o n d i t i o n  as  r e p r e s e n t e d  by t h e  

l a r g e r  s t a n d a r d  d e v i a t i o n s .  In a d d i t i o n ,  t h e  RTP group t e n d s  t o  be 

more v a r i a b l e  and t h e  LTP group l e s s  v a r i a b l e  a s  a f u n c t i o n  o f  t r i a l  in  

normal s p e a k i n g .  S t a n d a rd  d e v i a t i o n s ,  in  c o n j u n c t i o n  w i th  t h e  mean 

d u r a t i o n s  p r e s e n t e d  in  F i g u r e  I I 1 -2 9 ,  r u l e  o u t  p r a c t i c e  e f f e c t s  i n  t h e  

d u r a t i o n  r e s p o n s e  p a t t e r n s  p roduced  by Con tro l  and RTP s u b j e c t s .  

S t a n d a rd  d e v i a t i o n s  o f  t h e  LTP group a p p e a r  t o  s l i g h t l y  d e c r e a s e  as  a 

f u n c t i o n  o f  t r i a l  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  and may r e p r e s e n t  a 

tendency  t o  approach  t h e  s h o r t e r - f r i c t i o n  segments  p roduced  d u r in g  

normal s p e a k i n g .  A s i g n i f i c a n t  c o n s o n a n t - b y - r e p e t i t i o n  i n t e r a c t i o n  i s  

n o t  found in  t h e  a n a l y s e s  compar ing  t h e  f o u r  g ro u p s ,  a l t h o u g h  a c l o s e r  

ex am in a t io n  o f  RTP and LTP d a t a  r e v e a l s  a s i g n i f i c a n t
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c o n s o n a n t - b y - r e p e t i t i o n  i n t e r a c t i o n  [ F = 3 .2 5 ,  d f= 3 ,18  ( p<- 0 5 ) ] .  In 

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

found in  an o r th o g o n a l  breakdown c o n t r a s t i n g  Con tro l  and P a t h o l o g i c a l  

d a t a  [ F = 3 .8 8 ,  d f= 3 ,3 6  ( p < . 0 1 ) ] .

TR2 d u r a t i o n s  i n  r e s t r i c t e d - j a w  s p e a k i n g . D u r a t i o n - r e s p o n s e  

p a t t e r n s  f o r  TR2 a r e  shown i n  F i g u r e  I I I - 3 1 .  Contro l  and LTP s u b j e c t s  

p roduce  two d i f f e r e n t  D u r a t i o n  Response  P a t t e r n  Twos. As in  t h e  

p r e v i o u s  d u r a t i o n  m e a s u re s ,  C o n t ro l  s u b j e c t s  s y s t e m a t i c a l l y  l e n g th e n  

TR2 segments  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g .  On t h e  o t h e r  hand,  LTP 

s u b j e c t s  s y s t e m a t i c a l l y  s h o r t e n  TR2 segments  d u r i n g  r e s t r i c t e d - j a w  

s p e a k i n g .  RTP s u b j e c t s  p ro d u ce  a D u r a t io n  Response P a t t e r n  One by 

l e n g t h e n i n g  TR2 segments  in  s i n g l e t o n ,  / r / ,  s h o r t e n i n g  TR2 segments  in  

t h r e e - e l e m e n t  c l u s t e r s ,  and r e t a i n i n g  s i m i l a r  TR2 d u r a t i o n s  in  

tw o -e le m e n t  c l u s t e r s .  These o b s e r v a t i o n s  a r e  v e r i f i e d  by s i g n i f i c a n t  

c o n s o n a n t - b y - c o n d i t i o n  [F = 6 . 1 9 ,  d f= 6 ,2 4  ( p< . 0 1 ) ]  and 

g r o u p - b y - c o n s o n a n t - b y - c o n d i t i o n  [F = 2 .5 9 ,  d f= 6 ,2 4  ( p< .0 5 )3  i n t e r a c t i o n s .  

A d d i t i o n a l  a n a l y s i s  i n d i c a t e s  t h e  group i n t e r a c t i o n  i s  p r i m a r i l y  due t o  

d i f f e r e n c e s  be tween t h e  C o n t ro l  and P a t h o l o g i c a l  d a t a  which show a 

s i g n i f i c a n t  g r o u p - b y - c o n s o n a n t - b y - c o n d i t i o n  i n t e r a c t i o n  [ F = 4 .2 7 ,  

d f= 2 ,24  ( p < . 0 5 ) ] - - n o  s i g n i f i c a n t  i n t e r a c t i o n  o c c u r s  i n  t h e  a n a l y s i s  

c o n t r a s t i n g  on ly  t h e  RTP and LTP d a t a .

F i g u r e  I I 1-32 d e p i c t s  TR2 d u r a t i o n  a s  a f u n c t i o n  o f  vowel and 

s p e a k in g  c o n d i t i o n  f o r  t h e  t h r e e  g ro u p s .  Cont ro l  and LTP s u b j e c t s  

p roduce  a D u ra t io n  Response P a t t e r n  Two r e g a r d l e s s  o f  t h e  vowel 

f o l l o w i n g  TR2 segm en ts .  However, C on t ro l  s u b j e c t s  s y s t e m a t i c a l l y
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Figure I I 1-31. Mean TR2 duration produced by the Control, RTP, and

LTP groups during normal and restricted-jaw  speaking.
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l e n g t h e n  TR2 and LTP s u b j e c t s  s y s t e m a t i c a l l y  s h o r t e n  TR2 b e f o r e  t h e  

vowel n u c l e i .  These d a t a  s u g g e s t  D u r a t io n  Response P a t t e r n  Two o c c u r s  

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

C on tro l  and LTP g ro u p s .  RTP s u b j e c t s  p roduce  a D u r a t io n  Response  

P a t t e r n  One as  a f u n c t i o n  o f  t h e  v a r i o u s  vowels  f o l l o w i n g  t h e  TR2 

segm en ts .  No d u r a t i o n  changes  a r e  e v i d e n t  f o r  TR2 segments  o c c u r r i n g  

p r i o r  t o  t h e  h i g h ,  f r o n t  vowel ,  / i / ,  s l i g h t  i n c r e a s e s  i n  TR2 o c c u r  

p r i o r  t o  / u /  and TR2 d e c r e a s e s  p r i o r  t o  t h e  low, f r o n t  vowel,  / a e / .

RTP and Con tro l  s u b j e c t s  p roduce  s i m i l a r  r e s p o n s e  p a t t e r n s  f o r  

s i n g l e t o n  / r /  segments  and segments  o c c u r r i n g  p r i o r  t o  t h e  h ig h -b a c k  

vowel ,  / u / .  In a d d i t i o n ,  RTP and LTP s u b j e c t s  p roduce  a s i m i l a r  

r e s p o n s e  p a t t e r n  f o r  t h r e e - e l e m e n t  c l u s t e r s  and t h e  l o w - f r o n t  vowel,  

/ a e / .  Although a s i g n i f i c a n t  v o w e l - b y - c o n d i t i o n  i n t e r a c t i o n  d i d  n o t  

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

s i g n i f i c a n t  v o w e l - b y - c o n d i t i o n  i n t e r a c t i o n  i s  found i n  t h e  o r th o g o n a l  

breakdown c o n t r a s t i n g  RTP-LTP [ F = 7 . 5 ,  d f= 2 ,1 2  ( p<.01 )3  and 

C o n t r o l - P a t h o l o g i c a l  [ F = 5 .6 4 ,  d f = 2 ,2 4  ( p< . 0 1 ) ]  d a t a .

F i g u r e  I I 1-33 i l l u s t r a t e s  TR2 d u r a t i o n  as  a f u n c t i o n  o f  t r i a l  and 

s p e a k in g  c o n d i t i o n  i n  o r d e r  t o  d e t e rm in e  i f  d u r a t i o n - r e s p o n s e  p a t t e r n s  

change d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g .  No s y s t e m a t i c  p r a c t i c e  e f f e c t s  

a r e  e v i d e n t  f o r  t h e  RTP and LTP g r o u p s ;  however ,  C on t ro l  s u b j e c t s  t e n d  

t o  s h o r t e n  TR2 segments  t o  more c l o s e l y  a p p ro x im a te  normal s p e a k in g  

a c r o s s  t r i a l s  d u r i n g  r e s t r i c t e d  jaw s p e a k i n g .  The n e x t  F i g u r e  ( I I I -34> 

shows t h e  s t a n d a r d  d e v i a t i o n s  o f  TR2 d u r a t i o n  a s  a f u n c t i o n  o f  t r i a l  

and s p e a k in g  c o n d i t i o n .  S t a n d a rd  d e v i a t i o n s  d e c r e a s e  a s  a f u n c t i o n  o f
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t r i a l  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  f o r  t h e  C on t ro l  s u b j e c t s ,  

s u g g e s t i n g  p r a c t i c e  e f f e c t s  may o c c u r  a l t h o u g h  no such t r e n d  i s  found 

f o r  t h e  c o r t i c a l l y  i n j u r e d  g ro u p s .  Although t h e  C o n t ro l  group  t e n d s  t o  

change  TR2 d u r a t i o n s  as  a f u n c t i o n  o f  t r i a l  and s p e a k in g  c o n d i t i o n ,  no 

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

a n a l y s i s  o f  v a r i a n c e .

Summary o f  D u r a t io n  Measures  d u r i n g  R e s t r i c t e d - J a w  Speak ing

The n e x t  t a b l e  (T a b l e  I I 1-15)  summarizes t h e  d u r a t i o n - r e s p o n s e  

p a t t e r n s  p roduced  by t h e  C o n t r o l , RTP, and LTP g ro u p s .  L eng then ing  o f  

d u r a t i o n  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  i s  d e s i g n a t e d  by a p l u s  ( + ) ,  

s h o r t e r  d u r a t i o n s  a r e  i n d i c a t e d  by a minus ( - ) ,  and no d u r a t i o n  change  

i s  d e s i g n a t e d  by a z e r o  ( 0 ) .  D e s i g n a t i o n s  a r e  p r o v id e d  f o r  each  o f  t h e  

a c o u s t i c  segment m easu re s  [vowel n u c l e i  (VN), v o i c e - o n s e t - t i m e  (VOT), 

f r i c t i o n  (FRIC) ,  and TR2] and t o t a l - w o r d  (TW) d u r a t i o n s .  Contro l  

s u b j e c t s  p roduce  l o n g e r  segments  and t o t a l  word d u r a t i o n s  i n  r e s t r i c t e d  

jaw s p e a k i n g .  RTP s u b j e c t s  l e n g t h e n  t h e  f r o n t  vow els ,  / i /  and / a e / ,  

and s h o r t e n  t h e  back vowel,  / u / ,  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g .  

V o i c e - o n s e t - t i m e  i s  i n c r e a s e d  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  f o r  t h e  

i n i t i a l  c o n s o n a n t s ,  / t / ,  / d / ,  and / t r / ;  however,  v o i c e - o n s e t  t im e  does 

n o t  change  f o r  t h e  t h r e e - e l e m e n t  c l u s t e r ,  / s t r / ,  p roduced  by RTP 

s p e a k e r s .  In a d d i t i o n ,  l o n g e r  v o i c e - o n s e t - t i m e s  a r e  p roduced  p r i o r  t o  

each  vowel n u c l e i  in  r e s t r i c t e d - j a w  s p e a k in g  by t h e  RTP s u b j e c t s .  The 

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

and p r i o r  t o  t h e  f r o n t  vow els ,  / i /  and / a e / ;  however,  no change  in  

f r i c t i o n  d u r a t i o n  o c c u r s  f o r  t h e  t h r e e - e l e m e n t  c l u s t e r ,  / s t r / .  TR2
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TABLE I I 1-15 

SUMMARY OF DURATION-RESPONSE PATTERNS PRODUCED 

DURING RESTRICTED-JAW SPEAKING

Consonan ts
1
1 Vowels

Group I t  / / d / / s / M / t r / / s t r /  | I M / a e / / u /

C on tro l
1
1
1

VN + + + + +
i

+ | + + +
VOT + + + + j + + +
FRIC + + j + + +
TR2 + + + + j + + +
TW + + + + + + j 

1 
1

+ + +

RTP
1
1
1

VN 0 + + + +
i

+ | + + _

VOT + + + 0  1 + + +
FRIC + 0  I + + -

TR2 + 0 1 0 - +
TW + + + + + + 1 

1 
1

+ + +

LTP
1
1
1

VN 0 + +
1

+ 1 + 0 0
VOT + + 0 1 + + -

FRIC + 0  I - - 0
TR2 - - 1 - - -

TW + + + + +
1
1

+ + 0



segments  a r e  l e n g t h e n e d  i n  t h e  i n i t i a l  c o n s o n a n t ,  / r / ,  and p r i o r  t o  t h e  

h ig h -b a c k  vowel ,  / u / ,  by t h e  RTP s p e a k e r s  d u r i n g  r e s t r i c t e d - j a w  

c o n d i t i o n s .  No d u r a t i o n  changes  a r e  n o te d  f o r  TR2 segments  in  

tw o -e le m e n t  c l u s t e r  c o n t e x t s ,  and TR2 segments  a r e  s h o r t e r  f o r  

t h r e e - e l e m e n t  c o n s o n a n t  c l u s t e r s .  S i m i l a r l y ,  TR2 segments  a r e  s h o r t e r  

p r i o r  t o  t h e  low, f r o n t  vowel ,  / a e / ,  and show no d u r a t i o n  change  p r i o r  

t o  t h e  h i g h - f r o n t  vowel ,  / i / .  Although s e v e r a l  segmenta l  m easures  do 

n o t  l e n g t h e n  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g ,  o v e r a l l  d u r a t i o n  ( a s  

i n d i c a t e d  by t o t a l - w o r d  d u r a t i o n )  i n c r e a s e s  f o r  t h e  RTP s u b j e c t s .

LTP s u b j e c t s  l e n g t h e n  v o w e l - n u c l e i  segments  a s s o c i a t e d  w i th  t h e  

h i g h - f r o n t  vowel ,  / i / ;  however ,  no d u r a t i o n a l  changes  o c c u r  f o r  t h e  

vowel n u c l e i ,  / a e /  and / u / .  I n i t i a l  c o n s o n a n t  o r  c l u s t e r  c o n t e x t  a l s o  

e f f e c t s  t h e  d u r a t i o n  o f  vowel n u c l e i  d u r in g  r e s t r i c t e d - j a w  s p e a k i n g .  

V ow e l -nuc le i  d u r a t i o n s  i n c r e a s e  f o r  t h e  i n i t i a l  c o n s o n a n t  o r  c l u s t e r s  

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

V o i c e - o n s e t - t i m e  i n c r e a s e s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  f o r  t h e  

s i n g l e t o n  s t o p - c o n s o n a n t s ,  / t /  and / d / ,  a l t h o u g h  no d u r a t i o n  changes  

a r e  n o te d  f o r  t h e  tw o -e le m e n t  c l u s t e r ,  / t r / .  S h o r t e r  v o i c e - o n s e t - t i m e s  

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

r e s t r i c t e d - j a w  s p e a k i n g  by LTP s p e a k e r s .  V o i c e - o n s e t - t i m e  i s  a l s o  

e f f e c t e d  by t h e  f o l l o w i n g  v o w e l - - v o i c e - o n s e t - t i m e  i n c r e a s e s  p r i o r  t o  

t h e  f r o n t  vow els ,  / i /  and / a e / ,  and d e c r e a s e s  p r i o r  t o  t h e  back vowel,  

/ u / .  L en g th en in g  o f  f r i c t i o n  o c c u r s  on ly  f o r  segments  a s s o c i a t e d  w i th  

t h e  s i n g l e t o n  c o n s o n a n t ,  / s / .  D u ra t io n  d e c r e a s e s  d u r i n g  r e s t r i c t e d - j a w  

s p e a k in g  f o r  f r i c t i o n  segments  c o n t a i n e d  in  t h e  t h r e e - e l e m e n t  c o n s o n a n t



c l u s t e r ,  / s t r / .  Vowel n u c l e i  a l s o  i n f l u e n c e  f r i c t i o n  d u r a t i o n  d u r in g  

r e s t r i c t e d - j a w  s p e a k i n g .  F r i c t i o n  d u r a t i o n  d e c r e a s e s  p r i o r  t o  t h e  

f r o n t  vow els ,  / i /  and / a e / .  C o n s i s t e n t  d u r a t i o n  p a t t e r n s  a r e  e v i d e n t  

f o r  t h e  TR2 m e asu re s .  TR2 segments  a r e  s h o r t e r  in  r e s t r i c t e d - j a w  

sp e a k in g  th a n  in  normal s p e a k in g  f o r  a l l  c o n s o n a n t  and vowel c o n t e x t s .  

T o t a l - w o r d  d u r a t i o n  i n c r e a s e s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  f o r  a l l  

i n i t i a l  c o n s o n a n t  and vowel c o n t e x t s  e x c e p t  t h e  t h r e e - e l e m e n t  c o n s o n a n t  

c l u s t e r ,  / s t r / ,  and t h e  h ig h -b a c k  vowel ,  / u / .

T a b le  I I 1-16 summarizes t h e  mean t o t a l - w o r d  d u r a t i o n s  in  normal 

and r e s t r i c t e d - j a w  s p e a k i n g ,  a s  wel l  as  t h e  p e r c e n t  o f  change in  

t o t a l - w o r d  d u r a t i o n .  Con tro l  s u b j e c t s  show t h e  l a r g e s t  p e r c e n t  

c h a n g e s - - / ! ’ /  has  t h e  g r e a t e s t  p e r c e n t  change  (8 .5 % ) ,  / a e /  has  t h e  n e x t  

g r e a t e s t  p e r c e n t  change (7 .9 % ) ,  and / u /  has  t h e  l e a s t  p e r c e n t  change  

(6 .5 % ) .  S i m i l a r  p e r c e n t - c h a n g e  p a t t e r n s  a r e  found f o r  t h e  RTP and LTP 

g r o u p s — l a r g e s t  p e r c e n t  changes  o c c u r  f o r  / i /  [RTP (4.8%) and LTP 

( 3 .3 % ) ] ,  f o l l o w e d  by / a e /  [RTP (3.4%) and LTP (1 .7 % ) ] ,  and / u /  [RTP 

(2.5%) and LTP (0 .5 % ) ] .  Although  t h e  t h r e e  g roups  show s i m i l a r  

p e r c e n t - c h a n g e  p a t t e r n s ,  t h e  C o n t ro l  group p roduces  l a r g e r  p e r c e n t a g e s .  

C on t ro l  s u b j e c t s  a l s o  show t h e  l a r g e s t  p e r c e n t  t o t a l - w o r d  change  f o r  

t a r g e t s  c o n t a i n i n g  t h e  t h r e e - e l e m e n t  c o n s o n a n t  c l u s t e r ,  / s t r / ;  however,  

RTP and LTP s u b j e c t s  do n o t  show a s i m i l a r  t r e n d .
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TABLE I I 1-16

SUMMARY TABLE OF TOTAL-WORD DURATION IN NORMAL- AND 

RESTRICTED-JAW SPEAKING FOR CONTROL, RTP, AND LTP GROUPS

Group / i / N / i / R % / a e / N
Vowel

/ a e / R % / u / N / u / R %

C on t ro l

t 208 .8 223 .0 6 .4 253.2 254.0 0 .3 196.4 205 .4 4 . 4
d 161 .5 178.1 9 .3 2 2 2 . 6 240.2 7 .3 159.7 164.7 3 .0
s 339 .5 370 .3 8 .3 373.8 405.6 7 .8 335.2 352 .4 4 . 9
r 233 .5 249.5 6 . 4 272.1 298.4 8 . 8 237.3 251.9 5 .8
t r 270 .6 291 .8 7 .3 304.3 332.9 8 . 6 258.9 276.3 6 .3
s t r 419 .4 472.6 11 .3 433.0 486 .3 10.9 398.4 446 .2 10.7

Mean 272.2 297.6 8 .5 309.8 336.2 7 .9 264 .3 282 .8 6 .5

RTP

t 189.3 206.0 8 . 1 1 244.4 260 .4 6 . 1 189.6 186.3 - 1 . 8
d 155.4 165.7 6 . 2 213 .9 232.8 8 . 1 144.3 143.0 - 0 . 9
s 325 .1 340.3 4 .7 374.8 369 .9 - 1 . 3 311.1 312.5 0 .5
r 230 .4 239.9 3 .9 259.6 285 .4 9 .0 217.1 225.7 3 .8
t r 241 .9 265.3 8 . 8 293 .4 311.4 5 .8 230 .8 252 .0 8 . 4
s t r 420 .8 424 .4 0 . 8 444 .4 434 .5 - 2 . 3 402 .3 414 .3 2 .9

Mean 260 .5 273.6 4 . 8 305.1 315.7 3 .4 249.2 255 .6 2 .5

LTP

t 219.1 232.1 5 .6 243.7 258.1 5 .6 2 1 0 . 2 211 .7 0 .7
d 175 .0 194.9 1 0 . 2 231.9 228.4 - 1 . 5 178.0 180.2 1 . 2
s 350 .6 347.9 - 0 . 8 375.3 378.7 0 . 9 334 .9 349 .4 4 .2
r 254 .9 260.1 1 . 2 291 .9 288 .4 - 1 . 2 248 .4 266 .0 6 . 6
t r 275 .6 282.0 2 .3 303.7 317 .4 4 .3 274 .4 260 .4 - 5 . 4
s t r 402 .6 417 .5 3 .6 431.6 420 .0 - 2 . 8 417.1 404 .5 - 2 . 9

Mean 279.7 289.1 3 .3 310 .0 315 .2 1.7 277.2 278.7 0 . 5
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CHAPTER IV 

DISCUSSION

D ata  from t h e  d e s c r i p t i v e  s t u d i e s  ( D e s c r i p t i v e  Study I —O r a l -  and 

L imb-Apraxia  Assessment and D e s c r i p t i v e  Study I I — A r t i c u l a t i o n  

A s s e s s m e n t ) p r o v i d e  a g r o s s ,  q u a l i t a t i v e  means o f  a s s e s s i n g  t h e  

i n t e g r i t y  o f  b u c c o f a c i a l  and l imb m u s c u l a t u r e  f o r  non-speech  g e s t u r e s  

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

i n j u r e d  g ro u p s .

Data from t h e  E xpe r im en ta l  S tu d y —F o rc e d  A d a p ta t io n  a r e  d i s c u s s e d  

w i t h i n  f o u r  g e n e ra l  a r e a s - - t h e  f i r s t  two examine  te mpora l  and s p e c t r a l  

c h a r a c t e r i s t i c s  o f  C o n t ro l  and c o r t i c a l l y  i n j u r e d  s u b j e c t s  d u r in g  

normal s p e a k i n g ;  t h e  t h i r d  a r e a  c o n s i d e r s  f r e q u e n c y -  and 

d u r a t i o n - r e s p o n s e  p a t t e r n s  g e n e r a t e d  by t h e  C o n t ro l  group d u r in g  

r e s t r i c t e d - j a w  s p e a k i n g ,  and t h e  f o u r t h  a r e a  f o c u s e s  on f r e q u e n c y -  and 

d u r a t i o n - r e s p o n s e  p a t t e r n s  g e n e r a t e d  by RTP and LTP g roups  d u r in g  

r e s t r i c t e d - j a w  s p e a k in g .

O r a l -  and Limb-Apraxia  Assessm en t

O r a l ,  n o n -v e rb a l  a p r a x i a  i s  n o t  p r e s e n t  in  t h e  c o r t i c a l l y  i n j u r e d  

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

p roduced  d u r i n g  o r a l - a p r a x i a  a s s e s s m e n t .  Although s e v e r a l  s t u d i e s  (De 

Renzi e t  a l . ,  1966;  C re e c h ,  W er tz ,  and Rosenbeck ,  1973; L a P o in te  and 

W er tz ,  1974;  T e i x e i r a ,  D e f r a n ,  and N i c h o l s ,  1974;  Moore,  Rosenbek,  and 

L a P o i n t e ,  1976) r e p o r t  p a t i e n t s  w i th  l e f t  h em isphere  l e s i o n s  o f t e n  

d e m o n s t r a t e  o r a l ,  non - speech  a p r a x i a ,  t h e  LTP group  a p p e a r s  c a p a b l e  o f
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e x e c u t i n g  i s o l a t e d  b u c c o f a c i a l  g e s t u r e s  r e q u i r i n g  a p p r o p r i a t e  use o f  

t h e  t o n g u e ,  l i p s ,  and jaw .  S u b j e c t s  in  t h e  RTP group  a l s o  a p p e a r  

c a p a b l e  o f  e x e c u t i n g  g e s t u r e s  w i th  b u c c o f a c i a l  m u s c u l t u r e - - a  f i n d i n g  

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

n on - speech  a p r a x i a  in  r i g h t - h e m i s p h e r e  l e s i o n e d  s u b j e c t s  [ s e e ,  f o r  

i n s t a n c e ,  Kimura (1 9 6 1 ) ;  Kimura and A r c h i b a l d  (1974) ;  M atee r  and Kimura 

( 1 9 7 7 ) ] .  There  a r e ,  a l t h o u g h  s m a l l ,  i n t e r e s t i n g  per fo rm ance  

d i f f e r e n c e s  between t h e  two c o r t i c a l l y  i n j u r e d  g ro u p s ,  d e s p i t e  t h e  f a c t  

t h a t  n e i t h e r  group a p p e a r s  o r a l l y  a p r a c t i c  on De Renzi  e t  a l . (1966) 

o r a l  a p r a x i a  a s s e s s m e n t  i t e m s .  O v e ra l l  pe r fo rm a n ce  o f  t h e  RTP group i s  

s l i g h t l y  b e t t e r  th a n  t h e  LTP group and t h e  r ange  o f  s c o r e s  f o r  t h e  RTP 

s u b j e c t s  i s  s m a l l e r  t h a n  t h a t  o b s e rv e d  f o r  t h e  LTP group ( 2 0 - 1 7 .5  

v e r s u s  20-15 r e s p e c t i v e l y ) .

The q u a l i t y  o f  l imb g e s t u r e s  i s  p o o r e r  th a n  b u c c o f a c i a l  g e s t u r i n g  

f o r  a l l  c o r t i c a l l y  i n j u r e d  s u b j e c t s ,  a s  i n d i c a t e d  by o v e r a l l - m e a n -  

p e r fo rm a n ce  s c o r e s .  S c o re s  f o r  LTP s u b j e c t s  b a r e l y  o v e r l a p  t h e  range  

o f  s c o r e s  a c h i e v e d  by t h e  RTP s u b j e c t s .  Although RTP and LTP groups  

d e m o n s t r a t e  some d e g re e  o f  l imb a p r a x i a  based  on t h e  s c o r i n g  c r i t e r i a  

o f  De Renzi  and h i s  c o l l e a g u e s  (De Renzi e t  a l . ,  1 9 6 6 ) ,  p e r fo rm in g  arm 

and hand g e s t u r e s  i s  more d i f f i c u l t  f o r  t h e  LTP g roup .  These  f i n d i n g s  

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

t h e  l imb a p r a x i a  a s s e s s m e n t  between g ro u p s .  S p e c i f i c a l l y ,  t h r e e  

i t e m s — ' s a l u t e , ' 'wave g o o d b y e , '  and ' i n d i c a t e  someone i s  c r a z y ' — a r e  

pe r fo rm e d  w i th  100% a c c u ra c y  by t h e  RTP g roup .  Only one i t e m ,  'show 

you a r e  h u n g r y , '  i s  p e r fo rm ed  w i th  l e s s  t h a n  75% a c c u ra c y  by t h e  RTP
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g roup .  I tems p r e s e n t i n g  t h e  l e a s t  d i f f i c u l t y  f o r  t h e  LTP group  i n c l u d e  

'waving  g o o d b y e , '  ' i n d i c a t i n g  h u n g e r , '  and ' s n a p p i n g  f i n g e r s ' ;  however,  

t h e s e  i t e m s  a r e  e x e c u te d  w i th  on ly  75% a c c u r a c y .  I tems p r e s e n t i n g  t h e  

most  d i f f i c u l t y  f o r  t h e  LTP group i n c l u d e  p a t t e r n s  o f  movement such a s ,  

' i n d i c a t e  someone i s  c r a z y '  (44% a c c u r a c y ) ,  o r  'make t h e  s i g n  o f  t h e  

c r o s s '  (31% a c c u r a c y ) .

D i f f e r e n c e s  between t h e  two c o r t i c a l l y  i n j u r e d  g roups  a p p e a r  t o  

e x t e n d  n o t  o n ly  t o  d e g r e e  o f  s e v e r i t y  ( i . e . ,  LTP s u b j e c t s  pe r fo rm  l e s s  

a c c u r a t e l y  th a n  RTP s u b j e c t s )  b u t  a l s o  t o  t h e  b a s i c  c o m p o s i t io n  o f  

g e s t u r e s  ( i . e . ,  some i t e m s  a r e  more d i f f i c u l t  t o  e x e c u t e  t h a n  o t h e r s ) .  

F u r t h e r  i n v e s t i g a t i o n  u s i n g  l a r g e r  p o p u l a t i o n s  and a g r e a t e r  pool o f  

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

motor  sy s tem s  n o t  i n v o l v e d  d i r e c t l y  i n  communica tion  between p e r s o n s  

w i th  r i g h t -  and l e f t - h e m i s p h e r e  l e s i o n s .

A r t i c u l a t i o n  Assessment

D i s c r i m i n a t i o n  and a r t i c u l a t i o n  p e r fo rm a n ce  on t h e  m o n o s y l l a b ic  

word l i s t  d e v i s e d  by S h a n k w e i l e r  and H a r r i s  (1966) i n d i c a t e  a number o f  

d i f f e r e n c e s  between RTP and LTP s u b j e c t s .  N ear ly  t w ic e  a s  many 

d i s c r i m i n a t i o n  e r r o r s  o c c u r  f o r  t h e  LTP s u b j e c t s  th a n  f o r  t h e  RTP 

s u b j e c t s .  These d a t a  r e l a t e  t o  p r e v i o u s  i n v e s t i g a t i o n s  exam in ing  t h e  

e f f e c t s  o f  c o r t i c a l  l e s i o n s  upon c e n t r a l  p r o c e s s e s  u sed  in  speech  

p e r c e p t i o n — s u b j e c t s  w i th  c o r t i c a l  l e s i o n s  o f t e n  have normal a u d i t o r y  

a c u i t y  b u t  p e r fo rm  p o o r l y  on i d e n t i f i c a t i o n  and d i s c r i m i n a t i o n  o f  

speech  s i g n a l s  ( s e e  f o r  exam ple ,  B e r l i n ,  C u l l e n ,  L ow e-B e l l ,  and B e r l i n ,  

1974 ) .  A r t i c u l a t i o n  and d i s c r i m i n a t i o n  e v a l u a t i o n s  a l s o  s u g g e s t
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m easures  o f  d i s c r i m i n a t i o n  a r e  c r i t i c a l  f o r  e v a l u a t i n g  speech  

p r o d u c t i o n  e r r o r s  o f  s u b j e c t s  w i th  c o r t i c a l  l e s i o n s .  F a i l u r e  t o  

examine d i s c r i m i n a t i o n  a b i l i t i e s  may r e s u l t  i n  an o v e r e s t i m a t i o n  o f  

p r o d u c t i o n  e r r o r s  i n  c o r t i c a l l y  i n j u r e d  s u b j e c t s  when exem pla rs  a r e  

a u r a l l y  p r e s e n t e d .

A r t i c u l a t o r y  e r r o r  p a t t e r n s  p roduced  by RTP and LTP g roups  a r e  

i n t e r e s t i n g  f o r  a number o f  r e a s o n s .  F i r s t ,  RTP s u b j e c t s  produce  

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

hem s iphere  i n j u r y  a r e  r a r e l y  r e p o r t e d  [ s e e ,  f o r  a d e t a i l e d  r ev ie w ,  

Sear le man  ( 1 9 7 7 ) ] .  Although  s e v e r a l  r e c e n t  s t u d i e s  f o c u s  on t h e  

l i n g u i s t i c  s k i l l s  o f  p e r s o n s  w i th  r i g h t - h e m i s p h e r e  damage, t h e s e  

i n v e s t i g a t i o n s  do n o t  c l e a r l y  d i f f e r e n t i a t e  be tween speech  and l a nguage  

p r o d u c t i o n  s k i l l s  [ s e e ,  f o r  example ,  Sear lem an  ( 1 9 7 7 ) ] .  Tha t  i s ,  t h e s e  

s t u d i e s  do n o t  c l e a r l y  s e p a r a t e  pe r fo rm ance  t r a i t s  a s s o c i a t e d  w i th  

speech  ( i . e . ,  a r t i c u l a t i o n )  v e r s u s  l a n g u ag e  ( i . e . ,  s y n t a x ,  naming) .  

P r o d u c t i o n  o f  a r t i c u l a t i o n  e r r o r s  by RTP s u b j e c t s  s u g g e s t s  a d d i t i o n a l  

e x a m in a t io n  o f  speech  p r o d u c t i o n  ( a r t i c u l a t i o n  and i t s  u n d e r l y i n g  

g e s t u r e  p a t t e r n s )  a s  opposed  t o  l a n g u a g e - p r o d u c t i o n  s k i l l s ,  migh t  

r e v e a l  i m p o r t a n t  c o n t r i b u t i o n s  by t h e  r i g h t  hem isphere  t o  t h e  

o r g a n i z a t i o n  and e x e c u t i o n  o f  motor speech  a c t s .

RTP and LTP groups  p roduce  s l i g h t l y  d i f f e r e n t  a r t i c u l a t o r y  e r r o r  

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

p roduced  by s u b j e c t s  w i th  r i g h t - h e m i s p h e r i c  damage w h i l e  such e r r o r s  

c o n s t i t u t e  on ly  o n e - t h i r d  o f  t h e  m i s a r t i c u l a t i o n s  o b s e rv e d  f o r  t h e  LTP 

g roup .  The m a j o r i t y  o f  e r r o r s  made by LTP s u b j e c t s  a r e  s u b s t i t u t i o n s
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o f  manner o r  v o i c i n g .  Seve ra l  s t u d i e s  r e p o r t  most  e r r o r s  p roduced  by 

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

[ s e e ,  f o r  example ,  S h a n k w e i l e r  and H a r r i s  ( 1 9 6 6 ) ;  o r  T r o s t  and C a n t e r  

( 1 9 7 4 ) ] ;  however,  t h i s  i s  n o t  t h e  c a s e  w i th  t h e  RTP and LTP s u b j e c t s  o f  

t h i s  s t u d y .  RTP s u b j e c t s  most  o f t e n  m i s a r t i c u l a t e d  s t o p - c o n s o n a n t s  by 

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

p l a c e )  and LTP s u b j e c t s  mos t  o f t e n  p roduced  manner o r  v o i c i n g  e r r o r s  

f o r  f r i c a t i v e s  and s t o p  c o n s o n a n t s  ( i . e . ,  s u b s t i t u t i n g  / t /  f o r  / s /  o r  

/ p /  f o r  / b / ) .

The f i n d i n g  t h a t  RTP and LTP s u b j e c t s  p roduce  few er  a r t i c u l a t i o n  

e r r o r s  i n  t h i s  s tu d y  th a n  t h e i r  p r e v i o u s  medica l  r e c o r d s  i n d i c a t e ,  

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

t h e  1 0 - y e a r  t im e  p e r i o d  f o l l o w i n g  t h e i r  i n i t i a l  n e u r o s u r g e r y .  Although 

LTP s u b j e c t s  p roduce  a r t i c u l a t o r y  e r r o r s ,  t h e y  p roduce  few er  e r r o r s  

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

s u b j e c t s  w i th  l e f t - h e m i s p h e r e  l e s i o n s .  D i f f e r e n c e s  between t h e  number 

o f  a r t i c u l a t o r y  e r r o r s  p roduced  by LTP s u b j e c t s  i n  t h i s  s tu d y  and 

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

e t i o l o g y ,  l o c a t i o n ,  and e x t e n t  o f  damage a s s o c i a t e d  w i th  c o r t i c a l  

i n j u r i e s .  Most p r e v i o u s  s t u d i e s  exam in ing  a r t i c u l a t o r y  s k i l l s  

f o l l o w i n g  c o r t i c a l  i n j u r y  use  p a t i e n t s  who have w i d e - s p r e a d  c o r t i c a l  

damage r e s u l t i n g  from c e r e b r a l  v a s c u l a r  a c c i d e n t s  [ s e e ,  f o r  example,

Fry  (1 9 5 9 ) ;  C r i t c h l e y  (1 9 5 3 ) ;  S h a n k w e i l e r  and H a r r i s  ( 1 9 6 6 ) ;  D a r ley  e t  

a l . ( 1 9 7 5 ) ]  o r  c l o s e d  head  trauma [ s e e ,  f o r  i n s t a n c e ,  Newcombe ( 1 9 6 9 ) ] ,  

w hereas  s u b j e c t s  i n  t h i s  s tu d y  r e c e i v e d  f o c a l ,  c i r c u m s c r i b e d  l e s i o n s
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from l o w - v e l o c i t y  m i s s i l e  f r a g m e n t s ,  t h u s ,  m in im iz in g  c o n t r a  coup 

i n j u r y  a s  well  as  damage t o  a d j a c e n t  c o r t i c a l  a r e a s .  In a d d i t i o n ,  

s u b j e c t  p o p u l a t i o n s  o f t e n  a r e  c h a r a c t e r i z e d  by e x t e n s i v e  l e s i o n s  

encompass ing  p r im ary  motor  o r  s e n s o r y  a r e a s .  S u b j e c t s  p a r t i c i p a t i n g  in  

t h i s  s t u d y ,  on t h e  o t h e r  hand,  have f o c a l  l e s i o n s  t o  a s s o c i a t i o n  a r e a s  

o f  t h e  c o r t e x  n o t  no rm al ly  found  i n  t h e  p a t i e n t  p o p u l a t i o n s  u sed  in  

o t h e r  speech  i n v e s t i g a t i o n s .  These d a t a  s u g g e s t  c i r c u m s c r i b e d ,  as  

opposed  t o  w i d e - s p r e a d  l e s i o n s  t o  a s s o c i a t i o n  a r e a s  i n  e i t h e r  t h e  r i g h t  

o r  l e f t  h em isphere  may s u b t l y  i n f l u e n c e  t h e  a c c u ra c y  o f  m o n o s y l l a b ic  

a r t i c u l a t i o n .

S p e c t r a l  and Temporal C h a r a c t e r i s t i c s  o f  C o n t ro l  S u b j e c t s  d u r in g  

Normal Speak ing  (F ree -m oving  Jaw)

As a f i r s t  s t e p ,  p r o d u c t i o n s  o f  t h e  C on t ro l  group  were s t u d i e d  t o  

d e t e rm in e  i f  f r e q u e n c y  and d u r a t i o n  m easures  d u r i n g  t h e  normal s p e a k in g  

( u n r e s t r i c t e d - j a w )  c o n d i t i o n  f e l l  w i t h i n  t h e  r ange  o f  p r e v i o u s l y  

r e p o r t e d  v a l u e s .  Formant f r e q u e n c i e s  o f  t h e  f r o n t ,  h igh  and low 

vow els ,  / i /  and / a e / ,  were com parab le  t o  t h o s e  found in  p r e v io u s  

s t u d i e s  [ s e e ,  f o r  i n s t a n c e ,  P e t e r s o n  and Barney (1952) and S te v e n s  and 

House ( 1 9 6 3 ) ] .  Large fo rm a n t  f r e q u e n c y  d i f f e r e n c e s  between p r e v i o u s l y  

r e p o r t e d  d a t a  and t h i s  s t u d y ' s  f i n d i n g s  a r e  found f o r  t h e  h ig h ,  back 

vowel ,  / u / ;  however,  t h e s e  d i f f e r e n c e s  a p p e a r  t o  a r i s e  from t h e  

p a r t i c u l a r  c o n t e x t u a l  framework in  which / u /  was p l a c e d  f o r  t h i s  s t u d y .  

T h a t  i s ,  fo rm a n t  f r e q u e n c i e s  o f  / u /  f o l l o w i n g  i n i t i a l  d e n t a l  c o n t e x t s  

( i . e . ,  / s ,  t ,  d / )  were  found t o  vary by a p p r e c i a b l e  amounts .  These 

f i n d i n g s  were s i m i l a r  t o  t h o s e  r e p o r t e d  by S te v e n s  and House (1 9 6 3 ) .
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In a d d i t i o n ,  fo rm a n t  f r e q u e n c y  p a t t e r n s  o f  t h e  C on t ro l  s u b j e c t s  

r e f l e c t e d  a s h i f t  o f  fo rm a n t  f r e q u e n c i e s  toward  c e n t r a l  v a l u e s  d u r in g  

c o n t e x t u a l  speech  a s  r e p o r t e d  by p r e v i o u s  i n v e s t i g a t i o n s  [ s e e ,  f o r  

example ,  Lindblom ( 1 9 6 3 ) ] .

I n i t i a l  c o n s o n a n t s  s y s t e m a t i c a l l y  i n f l u e n c e  t h e  fo rm a n t  f r e q u e n c y  

v a l u e s  o f  vowels i n  t h e  C o n t ro l  g r o u p ' s  p r o d u c t i o n s .  For example ,  

h i g h e r  F2  f r e q u e n c i e s  o c c u r r e d  when t a r g e t  vowels f o l l o w  s i n g l e t o n  

c o n s o n a n t s ,  / t ,  s ,  d /  and lo w er  F2 f r e q u e n c i e s  o c c u r  when t a r g e t  vowels 

f o l l o w  i n i t i a l  c o n s o n a n t  c o n t e x t s  c o n t a i n i n g  / r / ,  s u g g e s t i n g  C on tro l  

s p e a k e r s  may e x t e n d  t h e  l i p  ro u n d in g  used  i n  / r /  p r o d u c t i o n s  i n t o  t h e  

f o l l o w i n g  vowel.  E x t e n s io n  o f  l i p  ro u n d in g  from i n i t i a l  c o n s o n a n t  o r  

c l u s t e r  c o n t e x t s  c o n t a i n i n g  / r /  l e n g t h e n s  t h e  vocal  t r a c t  s l i g h t l y ,  

t h u s ,  p ro d u c in g  s l i g h t l y  low er  F2  f r e q u e n c i e s  in  t h e  f o l l o w i n g  vowel 

[ s e e ,  f o r  a d i s c u s s i o n ,  F a n t  ( I 9 6 0 ) ] .

D u r a t io n  m easures  were s i m i l a r  t o  p r e v i o u s  r e p o r t s  o f  c o n t e x t u a l  

s p e e c h ;  C o n t ro l  s u b j e c t s  p roduced  t h e  l o n g e s t  t o t a l - w o r d  d u r a t i o n s  f o r  

t a r g e t  s t i m u l i  c o n t a i n i n g  t h e  l o w - f r o n t  vowel ,  / a e / ,  and t h e  

t h r e e - e l e m e n t  c o n s o n a n t  c l u s t e r ,  / s t r / .  The s h o r t e s t  t o t a l - w o r d  

d u r a t i o n s  o c c u r r e d  f o r  t a r g e t  s t i m u l i  c o n t a i n i n g  t h e  h ig h -b a c k  vowel ,

/ u / ,  and t h e  i n i t i a l  c o n s o n a n t ,  / d / .  Contro l  s u b j e c t s  p roduced  l o n g e r  

vowel segments  f o r  t h e  low, f r o n t  vowel ,  / a e / ,  t h a n  f o r  t h e  h i g h ,  f r o n t  

and back vow els ,  / i /  and / u / .  These d a t a  were in  ag reem ent  w i th  

p r e v i o u s  s t u d i e s  showing low vowels ( such  as  / a e / )  were  i n h e r e n t l y  

l o n g e r ,  p resumably  b eca u se  t h e  jaw must  assume a low er  p o s i t i o n  

( P e t e r s o n  and L e h i s t e ,  1 960 ) .
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D u r a t io n  o f  c o n s o n a n t  segments  a l s o  p a r a l l e l e d  p r e v i o u s  r e p o r t s  

r e g a r d i n g  c o n t e x t u a l  s p e e c h .  V o i c e - o n s e t  t im e s  f e l l  i n t o  t h e  r an g es  

r e p o r t e d  by L i s k e r  and Abramson (1 9 6 4 ) ,  a l t h o u g h  t h e  v o i c e - o n s e t - t i m e  

m easures  o f  / t /  i n  / t r /  c o n t e x t s  f e l l  o u t s i d e  t h e  upper  r ange  o f  v a l u e s  

r e p o r t e d  by L i s k e r  and Abramson (1 9 6 4 ) .  F r i c t i o n  was l o n g e r  f o r  / s /  

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

which was s i m i l a r  t o  d a t a  r e p o r t e d  by K l a t t  ( 1 9 7 3 ) .

C on tro l  s u b j e c t s  p roduced  com parab le  TR2 d u r a t i o n s  in  / r /  and / t r /  

c o n s o n a n t  c o n t e x t s  and s i i g h t l y  i n c r e a s e d  TR2 d u r a t i o n s  in  / s t r /  

c l u s t e r s .  These d a t a  d i f f e r e d  somewhat from t h o s e  r e p o r t e d  by R u s s e l l  

(1977) where s p e a k e r s  s y s t e m a t i c a l l y  s h o r t e n e d  TR2 segments  a s  i n i t i a l  

c o n s o n a n t  c o n t e x t s  i n c r e a s e d  from s i n g l e t o n  t o  t h r e e - e l e m e n t  c l u s t e r s ;  

however ,  t h e s e  d i f f e r e n c e s  may r e l a t e  t o  c o n t e x t u a l  framworks used  in  

t h i s  s tu d y  and R u s s e l l ' s  s t u d y  (1 9 7 7 ) .  In s u p p o r t  o f  t h i s  c o n c l u s i o n ,  

K l a t t  (1973) r e p o r t e d  / r /  p r o d u c t i o n  was l o n g e r  when i t s  p r e c e d i n g  

c l u s t e r  member was a r t i c u l a t e d  in  a p p r o x im a te ly  t h e  same p l a c e  o f  

a r t i c u l a t i o n .

S p e c t r a l  and Temporal C h a r a c t e r i s t i c s  o f  C o r t i c a l l y  I n j u r e d  

S p e a k e r s  d u r i n g  Normal S peak ing  (F ree -m oving  Jaw)

As m en t ioned  in  C h a p t e r  I ,  c o r t i c a l  l e s i o n s  may i n f l u e n c e  

s p a t i o - t e m p o r a l  p a t t e r n s  u n d e r l y i n g  s p e e c h ;  t h u s ,  t h e  speech  p r o d u c t i o n  

c h a r a c t e r i s t i c s  o f  c o r t i c a l l y  i n j u r e d  s u b j e c t s  may d i f f e r  from C on t ro l  

s u b j e c t s  p r i o r  t o  t h e  r e s t r i c t e d - j a w  c o n d i t i o n .  O b v ious ly ,  

s p a t i o - t e m p o r a l  p a t t e r n s  u n d e r l y i n g  speech  must  t a k e  i n t o  a c c o u n t  

a n a to m ic a l  f e a t u r e s  o f  a g ive n  s p e a k e r .  For example ,  o v e r a l l  vocal
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t r a c t  l e n g t h  and t h e  r a t i o  o f  p h a r y n g e a l -  t o  o r a l - c a v i t y  s i z e  i n f l u e n c e  

fo rm a n t  f r e q u e n c y  p a t t e r n s - - ! o w e r  fo rm a n t  f r e q u e n c i e s  o f t e n  r e f l e c t  a 

l o n g e r  vocal  t r a c t  w i th  a l a r g e r  p h a r y n g e a l - t o - o r a l  c a v i t y  a r e a  r a t i o  

[ s e e ,  f o r  example ,  S t e v e n s  and House (1 9 6 3 ) ;  F a n t  (1 9 7 3 ) ;  and Borden 

and H a r r i s  ( 1 9 8 0 ) ] .  Thus ,  i f  two s u b j e c t s ,  one w i th  a s h o r t  vocal  

t r a c t  and one w i th  a l o n g  vocal  t r a c t ,  p roduce  vowels w i th  e x a c t l y  t h e  

same a r t i c u l a t o r  p o s i t i o n s ,  f o rm an t  f r e q u e n c i e s  w i l l  be low er  f o r  t h e  

s u b j e c t  w i th  t h e  l a r g e r  voca l  t r a c t .

In g e n e r a l ,  C on t ro l  s u b j e c t s  p roduced  low er  F]_ and h i g h e r  F2  vowel 

fo rm a n t  f r e q u e n c i e s  r e l a t i v e  t o  RTP o r  LTP g ro u p s .  I f  o v e r a l l  voca l  

t r a c t  l e n g t h  and p h a r y n g e a l - t o  o r a l - c a v i t y - a r e a  r a t i o s  were s m a l l e r  f o r  

t h e  C o n t ro l  group r e l a t i v e  t o  t h e  c o r t i c a l l y  i n j u r e d  g r o u p s ,  one would 

e x p e c t  t o  s ee  h i g h e r  F^ and F2  f r e q u e n c i e s  f o r  a l l  vowels p roduced  by 

t h e  C o n t ro l  group r e l a t i v e  t o  fo rm a n t  f r e q u e n c i e s  p roduced  by t h e  

c o r t i c a l l y  i n j u r e d  g r o u p s .  O b v io u s ly ,  t h i s  was n o t  t h e  c a s e .

S i m i l a r l y ,  no o v e r a l l  c o n s i s t e n t  low er  o r  h i g h e r  fo rm an t  f r eq u en cy  

p a t t e r n  was found between t h e  RTP and LTP g r o u p s —RTP s u b j e c t s  p roduced  

low er  fo rm a n t  f r e q u e n c i e s  f o r  / u /  and h i g h e r  fo rm a n t  f r e q u e n c i e s  f o r  

/ a e /  th a n  t h e  LTP g roup .  Lack o f  a c o n s i s t e n t  d i f f e r e n c e  in  fo rm an t  

f r e q u e n c y  p a t t e r n  between C o n t ro l  and c o r t i c a l l y  i n j u r e d  g roups  

s u g g e s t e d  g r o s s ,  a n a to m ic a l  f e a t u r e s  o f  a g iv e n  s p e a k e r  ( i . e . ,  voca l  

t r a c t  s i z e )  p l a y e d  a minor  ( i f  any)  r o l e  i n  t h e  f i n d i n g s  o f  t h i s  s t u d y .  

Thus ,  fo rm a n t  f r e q u e n c y  p a t t e r n s  p roduced  by C on t ro l  and c o r t i c a l l y  

i n j u r e d  s p e a k e r s  d u r i n g  normal s p e a k in g  p ro b a b ly  r e f l e c t  s u b t l e
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d i f f e r e n c e s  i n  a r t i c u l a t o r  p o s i t i o n s  u sed  by t h e  s p e a k e r s  in  t h e  t h r e e  

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

One m igh t  e x p e c t ,  g iv e n  s l i g h t l y  d i f f e r e n t  s e t s  o f  a r t i c u l a t o r  

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

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

A l though t h e  t h r e e  g roups  show a s i m i l a r  f r e q u e n c y  p a t t e r n  a s  a 

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

d i f f e r  be tween t h e  g roups  l e n d i n g  s u p p o r t  t o  t h e  p o s s i b i l i t y  o f  s u b t l e  

group d i f f e r e n c e s  in  a r t i c u l a t o r  p o s i t i o n .

A l a r g e  l i t e r a t u r e  base  s u g g e s t s  tem pora l  d i s r u p t i o n s  were one o f  

t h e  m a jo r  im pa i rm en ts  f o l l o w i n g  c o r t i c a l  i n j u r y  [ s e e ,  C h a p t e r  I f o r  a 

r e v ie w ]  and one m igh t  have e x p e c t e d  t o  s e e  s l i g h t l y  d i f f e r e n t  d u r a t i o n  

p a t t e r n s  between t h e  t h r e e  g ro u p s .  LTP s u b j e c t s  produced  t h e  l o n g e s t  

t o t a l - w o r d s  and RTP s u b j e c t s  p roduced  t h e  s h o r t e s t  t o t a l - w o r d s  o f  t h e  

t h r e e  g ro u p s .  In g e n e r a l ,  t o t a l - w o r d s  r e f l e c t e d  t h e  segmental  d u r a t i o n  

p a t t e r n s —LTP s u b j e c t s  were  u s u a l l y  l o n g e r  and RTP s u b j e c t s  were 

u s u a l l y  s h o r t e r .  The on ly  e x c e p t i o n  t o  t h i s  o b s e r v a t i o n  o c c u r r e d  f o r  

i n i t i a l  / s t r /  c o n t e x t s .  In t h i s  c o n t e x t ,  RTP s u b j e c t s  p roduced  l o n g e r  

t o t a l - w o r d s  t h a n  e i t h e r  LTP o r  C o n t ro l  g r o u p s .  Exam ina t ion  o f  s p e c i f i c  

segment d u r a t i o n s  f o r  / s t r /  c o n t e x t  words i n d i c a t e d  RTP s p e a k e r s  

p roduced  s h o r t e r  f r i c t i o n ,  v o i c e - o n s e t  t i m e ,  TR2, and vowel segments  

t h a n  C o n t ro l  and LTP s u b j e c t s ;  t h e  m a jo r  c o n t r i b u t o r  t o  l o n g e r  

t o t a l - w o r d  d u r a t i o n  f o r  RTP s u b j e c t s  was t h e  c l o s u r e  p e r i o d  a s s o c i a t e d  

w i th  / t / .
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T h i s  s tu d y  found e x t r e m e l y  c o n s i s t e n t  d i f f e r e n c e s  among t h e  g roups  

i n  d u r a t i o n  measures  which a g r e e d  w i th  many p r e v i o u s  s t u d i e s  exam in ing  

t h e  speech  o f  p a t i e n t s  w i th  l e f t  h em isphere  l e s i o n s  [ s e e ,  f o r  a 

d i s c u s s i o n ,  D a r ley  e t  a l . ( 1 9 7 5 ) ] .  Although many o f  t h e s e  s t u d i e s  were 

p e r c e p t u a l l y  b a s ed  ( c l i n i c a l  judgem en ts  a c q u i r e d  th ro u g h  l i s t e n i n g  and 

t r a n s c r i p t i o n ) ,  a c o u s t i c  p r o d u c t i o n  m easures  o f  v o i c e - o n s e t  t ime 

i n d i c a t e  p e r s o n s  w i th  l e f t  h em isphere  damage produced  l o n g e r  

v o i c e - o n s e t  t i m e s  [ s e e ,  f o r  example ,  Freeman e t  a l . ( 1978 ) ;  B lum ste in  

e t  a l . ( 1 9 8 0 ) ] .  D u ra t io n  d a t a  f o r  t h e  RTP s u b j e c t s  i s  even more 

i n t e r e s t i n g  b eca u se  t h e r e  i s  a p a u c i t y  o f  c o m p a ra t iv e  d a t a .  A few 

a n e c to d a l  r e p o r t s  s u g g e s t  p a t i e n t s  w i th  r i g h t  hem isphere  damage p roduce  

' r a p i d '  o r  ' f a s t '  speech  [ s e e ,  f o r  example ,  t h e  c a s e  r e p o r t s  o f  

P e n f i e l d  and R o b e r t s  (1959) and R u s s e l l  and E s p i r  ( 1 9 6 1 ) ] .

D u r a t i o n a l  p a t t e r n s  o f  speech  segments  p roduced  by t h e  c o r t i c a l l y  

i n j u r e d  and C on t ro l  s u b j e c t s  s u g g e s t  t h e  g roups  use  s l i g h t l y  d i f f e r e n t  

te mpora l  s t r a t e g i e s  d u r i n g  normal s p e a k i n g .  I t  i s  t e m p t in g  t o  

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

on t h e  a c c o m o d a ta t io n  ( o r  o p t i m i z a t i o n )  o f  a r t i c u l a t o r y  movements 

n e c e s s a r y  t o  c o n t e x t u a l  s p e e c h .

A d a p t iv e  Motor Speech F u n c t i o n  i n  C o n t ro l  S u b j e c t s

Frequency r e s p o n s e  p a t t e r n s  p roduced  d u r i n g  r e s t r i c t e d - j a w  

sp e a k in g  by C on tro l  s u b j e c t s  a r e  n o t  com parab le  t o  t h e  f r equency  

p a t t e r n s  p roduced  in  normal s p e a k i n g — C ontro l  s u b j e c t s  t e n d  t o  i n c r e a s e  

and s i g n i f i c a n t l y  d e c r e a s e  F2  and F3 d u r i n g  r e s t r i c t e d  jaw s p e a k i n g .  

S i g n i f i c a n t  f o rm an t  f r e q u e n c y  d i f f e r e n c e s  between t h e  two s p e a k in g
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c o n d i t i o n s  d i f f e r  from p r e v i o u s  s t u d i e s  exam in ing  a c o u s t i c  p a t t e r n s  o f  

i s o l a t e d  vowels  p roduced  i n  normal and r e s t r i c t e d - j a w  s p e a k in g  [ s e e ,  

f o r  example ,  Lindblom e t  a l . (1979) and Gay and Turvey ( 1 9 7 9 ) ] .

A c o u s t i c  p a t t e r n s  o f  i s o l a t e d  vowels g e n e r a t e d  d u r in g  r e s t r i c t e d - j a w  

c o n d i t i o n s  c l o s e l y  a p p ro x im a te  normal s p e a k in g  f r e q u e n c i e s ;  however,  

s t u d i e s  exam in ing  f r e q u e n c y  r e s p o n s e  p a t t e r n s  o f  c o n t e x t u a l  vowels 

p roduced  d u r i n g  r e s t r i c t e d - j a w  c o n d i t i o n s  r e p o r t  f r equency  s h i f t s  

s i m i l a r  t o  t h e  C on tro l  d a t a  o b t a i n e d  i n  t h i s  s tu d y  ( G a r r i s o n  e t  a l . ,  

1979) .

S peak ing  i s  i n f l u e n c e d  d u r i n g  r e s t r i c t e d - m a n d i b l e  c o n d i t i o n s  by 

a b n o rm a l ly  s e p a r a t e d  ja ws  and f i x a t i o n  o f  a s t r u c t u r e  which norm al ly  

moves d u r i n g  s p eech .  Th i s  c r e a t e s  l i t t l e  d i f f i c u l t y  f o r  t h e  motor 

speech  sys tem  d u r i n g  i s o l a t e d  vowel p r o d u c t i o n s ;  however,  p r o d u c t i o n  o f  

vowels  in  c o n t e x t  under  t h e s e  abnormal p h y s i o l o g i c a l  c o n d i t i o n s  imposes 

a d d i t i o n a l  l i m i t s  ( e . g . ,  t im e  and c o n s o n a n t - a r t i c u l a t o r  p o s i t i o n )  t h a t  

p r e c l u d e  com pensa tory  movements t o  a c h i e v e  e q u i v a l e n t  vowel f r e q u e n c y  

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

Under normal p h y s i o l o g i c a l  c i r c u m s t a n c e s ,  a c o u s t i c  p a t t e r n s  

a s s o c i a t e d  w i th  i s o l a t e d  vowel p r o d u c t i o n  a r e  a c h i e v e d  by a l t e r i n g  

a r e a / l e n g t h  r e l a t i o n s h i p s  in  t h e  vocal  t r a c t .  A r e a / l e n g t h  

r e l a t i o n s h i p s  o f  t h e  vocal  t r a c t  and t h e i r  a c o u s t i c  consequences  may be 

s p e c i f i e d  by exam in ing  t h r e e  f a c t o r s ,  r e l a t i v e  l e n g t h  o f  t h e  voca l  

t r a c t ,  tongue  p o s i t i o n ,  and d e g r e e  o f  to n g u e  c o n s t r i c t i o n  [ s e e ,  f o r  

exam ple ,  F a n t  ( 1 9 7 3 ) ] .  S te v e n s  and House (1955) r e p o r t  n in e  E n g l i s h  

vowels  i n c l u d i n g  / a e / ,  / i / ,  and / u /  may be p roduced  i f  t h e  d e g re e  o f
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t ongue  c o n s t r i c t i o n  i s  h e l d  c o n s t a n t  and p r o p e r  m a n i p u l a t i o n  o c c u r s  o f  

mouth o p en ing  and c o n s t r i c t i o n  l o c a t i o n .  In g e n e r a l ,  f r e q u e n c i e s  

a r e  h i g h e r  when a nar row to n g u e  c o n s t r i c t i o n  o c c u r s  n e a r e r  t h e  g l o t t i s  

in  c o n j u n c t i o n  w i th  an un rounded ,  l a r g e  mouth open ing  (S t e v e n s  and 

House,  1955; F a n t ,  1 9 6 2 ) .  I n c r e a s e s  in  F2  a r e  more pronounced when a 

narrow tongue  c o n s t r i c t i o n  i s  accompanied  by t h e  p o i n t  o f  c o n s t r i c t i o n  

l o c a t e d  fo rw a rd  from t h e  g l o t t i s  and an i n c r e a s e  in  t h e  r a t i o  

d e s c r i b i n g  t h e  l e n g t h  o f  t h e  vocal  t r a c t  t o  mouth open ing  ( S te v e n s  and 

House,  1955; F a n t ,  1 962 ) .

S te v e n s  and House (1955) s u g g e s t  a o n e - t o - o n e  c o r r e s p o n d e n c e  

be tween v o c a l - t r a c t  d im en s io n s  and F1 -F 2 f r e q u e n c i e s .  However, t h e r e  

a r e  o c c a s i o n s  i n  which d i f f e r e n t  a r t i c u l a t o r  p o s i t i o n s  p roduce  s i m i l a r  

fo rm a n t  v a l u e s  because  o f  e q u i v a l e n c e  i n  t h e  v o c a l - t r a c t  t r a n s f e r  

f u n c t i o n  (S t e v e n s  and House,  1 955 ) .  S p e c i f i c a l l y ,  com parab le  fo rm a n t  

p a t t e r n s  f o r  i s o l a t e d  vowels p roduced  i n  normal and r e s t r i c t e d - j a w  

s p e a k in g  may be a c c o m p l i sh e d  by s l i g h t l y  s h i f t i n g  a r t i c u l a t o r  p o s i t i o n s  

t o  p roduce  e q u i v a l e n t  voca l  t r a c t  t r a n s f e r  f u n c t i o n s  because  o f  t h e  

r e l a t i v e  " s t a t i c "  n a t u r e  o f  such  i s o l a t e d  p r o d u c t i o n s .  For example ,  

N e t s e l l  e t  a l .  (1979) s u g g e s t  t h e  tongue  assumes a more "extreme" 

p o s i t i o n  d u r i n g  r e s t r i c t e d  jaw s p e a k in g  c o n d i t i o n s  which ,  in  t u r n ,  may 

be c a p a b l e  o f  p r o d u c in g  a d e g r e e  o f  c o n s t r i c t i o n  s i m i l a r  t o  no rm al­

s p e a k in g  c o n d i t i o n s .  S i m i l a r  a c o u s t i c  i s o l a t e d  vowel p a t t e r n s  in  

f r e e - m o v in g  and r e s t r i c t e d - j a w  s p e a k in g  a r e  p o s s i b l e  i f  t h e  sys tem  

m a i n t a i n s  a c o n s t a n t  d e g re e  o f  c o n s t r i c t i o n  and a l t e r s  mouth open ing  

r a t i o s  and tongue  c o n s t r i c t i o n  l o c a t i o n  s l i g h t l y .
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S e v e ra l  a u t h o r s  h y p o t h e s i z e  abnormal p h y s i o l o g i c a l  c o n d i t i o n s  

( such  as  jaw r e s t r i c t i o n )  do n o t  p r e s e n t  a p rob lem t o  t h e  motor speech  

sy s tem  b eca u se  o f  i t ' s  o r g a n i z a t i o n  [ s e e ,  f o r  a r e v ie w ,  Fowler  e t  a l . 

( 1 9 7 9 ) ] .  Fowler  and Turvey (1981)  s u g g e s t  a g iven  vowel i s  i n h e r e n t l y  

c o n s t r a i n e d  by musc le  o r g a n i z a t i o n  o f  t h e  vocal  t r a c t  and must  a c h i e v e  

a f i x e d  tongue  p o s i t i o n - t o - p a l a t e  r e l a t i o n s h i p .  Severa l  c o m b in a t io n s  

o f  jaw and to n g u e - j a w  p o s i t i o n i n g  may be u sed  t o  r e t a i n  t h e  f i x e d  

tongue  p o s i t i o n - t o - p a l a t e  r e l a t i o n s h i p s  i n h e r e n t  in  t h e  m u s c u l t u r e .  

Thus ,  a g iven  vowel may be p roduced  under  abnormal p h y s i o l o g i c a l  

c o n d i t i o n s  by m a n i p u l a t i n g  v a r i o u s  c o m b in a t i o n s  o f  jaw and to n g u e - j a w  

p o s i t i o n s  t o  a c h i e v e  t h e  n e c e s s a r y  t o n g u e - p a l a t e  r e l a t i o n s h i p .  Th is  

a pp roac h  ( a l b e i t  u s i n g  a d i f f e r e n t  r e f e r e n t  and v o c a b u l a r y )  p a r a l l e l s  

e a r l y  o b s e r v a t i o n s  o f  S t e v e n s  and House (1955)  who s u g g e s t  com parab le  

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

p o s i t i o n s  w i t h i n  a r ange  c a p a b l e  o f  p r o d u c in g  s i m i l a r  f o rm an t  

f r e q u e n c i e s .

A l t e r n a t i v e l y ,  Lindblom and h i s  c o l l e a g u e s  (Lindblom and S undberg ,  

1971a;  Lindblom e t  a l . ,  1979;  Gay, Lindblom and Lubker ,  1981) a r g u e  t h e  

r a p i d  a c c u ra c y  o f  a r t i c u l a t o r y  a d j u s t m e n t s  u n d e r l y i n g  i s o l a t e d  vowel 

p r o d u c t i o n  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  may r e s u l t  from c e n t r a l  

r a t h e r  th a n  p e r i p h e r a l  o p e r a t i o n s .  These a u t h o r s  s u g g e s t  t h e  motor 

sy s tem  u s e s  c e n t r a l  s t r a t e g i e s  c a p a b l e  o f  t r a n s l a t i n g  a vowel t a r g e t  

( o r  i t s  s e n s o r y  g o a l )  i n t o  s p a t i o - t e m p o r a l  p a t t e r n s  o f  motor e v e n t s .  

S hap ing  o f  s p a t i o - t e m p o r a l  p a t t e r n s  a p p e a r s  c o n t r o l l e d  ( o r  r e g u l a t e d )  

by a p r e - p l a n n i n g  o r  s i m u l a t i o n  s t r a t e g y  which p e r m i t s  t h e  sys tem  t o
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s i m u l a t e  normal and e x p e r i m e n t a l l y  induc ed  abnormal p e r i p h e r a l  

c o n d i t i o n s .  Mapping and s i m u l a t i o n  s t r a t e g i e s  a l l o w  t h e  sys tem t o  

p r e d i c t  and c o r r e c t  maneuvers which m igh t  p roduce  e r r o r s  p r i o r  t o  t h e i r  

a c t u a l  e x e c u t i o n .  Moreover,  t h e s e  a u t h o r s  s u g g e s t  a g iven  vowel i s  

" s p e c i f i e d  w i th  r e s p e c t  t o  t h e  a c o u s t i c a l l y  most  s i g n i f i c a n t  

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

t h e  vocal  t r a c t "  [Gay e t  a l . ( 1 9 8 1 ) ,  page 1 8 ) .

As i n d i c a t e d  in  t h e  above d i s c u s s i o n s ,  t h e  motor  speech  sys tem  

r e s p o n d s  t o  i s o l a t e d  vowel p r o d u c t i o n  u n d e r  normal and abnormal 

p e r i p h e r a l  c o n d i t i o n s  by a d j u s t i n g  a r t i c u l a t o r  p o s i t i o n s  o f  t h e  voca l  

t r a c t .  I t  i s  n o t  c l e a r ,  however,  i f  t h e  sys tem  r e l i e s  upon p e r i p h e r a l  

o r g a n i z a t i o n  o f  voca l  t r a c t  m u s c u l a t u r e  o r  more e l a b o r a t e  c e n t r a l  

s i m u l a t i o n  s t r a t e g i e s  t o  implem ent a r t i c u l a t o r y  a d j u s t m e n t s  d u r in g  

r e s t r i c t e d  jaw s p e a k i n g .  The common d e n o m in a to r  o f  t h e s e  h y p o th e s e s  o f  

motor  sy s tem  a d j u s t m e n t  d u r i n g  r e s t r i c t e d  jaw s p e a k in g  l i e s  in  t h e  

i m p l i c i t  ( som et im es ,  e x p l i c i t )  n o t i o n  t h a t  vocal  t r a c t  a d j u s t m e n t s ,  

however c o n t r o l l e d ,  o p e r a t e  in  a r ange  c a p a b l e  o f  p r o d u c in g  fo rm an t  

f r e q u e n c i e s  s i m i l a r  t o  normal s p e a k in g .

I s o l a t e d  vowel a d a p t a t i o n  d u r i n g  abnormal p e r i p h e r a l  c o n d i t i o n s  

p r o v i d e s  t h e  u n d e r p i n i n g  o f  two g e n e ra l  h y p o th e s e s  r e g a r d i n g  speech  

p r o d u c t i o n .  F i r s t ,  a r ange  o f  a r t i c u l a t o r  p o s i t i o n s  a r e  c a p a b l e  o f  

p r o d u c in g  s i m i l a r  f o rm a n t  f r e q u e n c i e s  and s e c o n d l y ,  t h e  sys tem  aims f o r  

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

r a n g e .  Depending on t h e  p o i n t  o f  r e f e r e n c e ,  a t a r g e t  may be a 

p a r t i c u l a r  a r e a / l e n g t h  r e l a t i o n s h i p  ( S t e v e n s  and House,  1963;  H a l l e  and



S t e v e n s ,  1 9 6 4 ) ,  a r t i c u l a t o r y  c o n f i g u r a t i o n  (Henke,  1 967 ) ,  o r  s p a t i a l  

c o o r d i n a t e  (MacNei lage,  1 970 ) .  The g e n e ra l  p roblem w i th  t a r g e t  

h y p o th e s e s  ( r e g a r d l e s s  o f  r e f e r e n t )  i s  tw o f o ld :  f i r s t ,  t a r g e t s  a r e

based  on i s o l a t e d  phones  r a r e l y  u sed  f o r  communica tion p u rp o s e s  and ,  

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

t a r g e t s .  For example,  fo rm a n t  f r e q u e n c i e s  o f  i s o l a t e d  and vowels in  

c o n t e x t  d u r i n g  normal s p e a k in g  a r e  n o t  t h e  sa m e - - fo rm a n t  f r e q u e n c i e s  o f  

vowels  in  c o n t e x t  approach  more n e u t r a l  f r e q u e n c i e s  a s s o c i a t e d  w i th  a 

schwa vowel [ s e e ,  f o r  example ,  Lindblom ( 1 9 6 3 ) ] .  Thus,  t h e  n o t i o n  o f  a 

" t a r g e t "  draws a t t e n t i o n  away from one o f  t h e  main " p r o p e r t i e s "  o f  t h e  

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

p r o d u c in g  p e r c e p t u a l l y  " a c c e p t a b l e "  vowels  under  i s o l a t e d  and 

c o n t e x t u a l  c o n d i t i o n s .

P ro d u c in g  vowels i n  c o n t e x t  under  normal p e r i p h e r a l  c o n d i t i o n s  

r e q u i r e s  t h e  sys tem t o  expand  t h e  ra n g e  o f  a r t i c u l a t o r y  movement in  

o r d e r  t o  encompass a d j u s t m e n t s  n e c e s s a r y  f o r  vowel and c o n s o n a n t  

p r o d u c t i o n .  P r o d u c t i o n  o f  vowels in  c o n t e x t  d u r i n g  r e s t r i c t e d - j a w  

s p e a k in g  r e q u i r e s  a complex r e s p o n s e  by t h e  sy s t e m .  T h a t  i s ,  t h e  motor  

speech  sys tem  must  n o t  o n ly  p r o v i d e  a r e a / l e n g t h  a d j u s t m e n t s  f o r  vowel 

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

a r t i c u l a t o r  un d e r  dynamic c o n d i t i o n s .  Con tro l  s u b j e c t s  p roduce  t h e  

g r e a t e s t  F2 f r e q u e n c y  c hange s  on h i g h ,  f r o n t  and back vow els ,  / i /  and 

/ u / .  On t h e  s u r f a c e ,  t h i s  o b s e r v a t i o n  seems e n t i r e l y  

r e a s o n a b l e - - v o w e l s  which r e q u i r e d  t h e  g r e a t e s t  tongue  movement and 

t i g h t e s t  c o n s t r i c t i o n  ( r e l a t i v e  t o  t h e  open ,  s t a b l e  jaw p o s i t i o n )  a r e
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most l i k e l y  t o  change i f  t h e  sy s tem  i s  a d d i t i o n a l l y  s t r e s s e d  by a 

c o n t e x t u a l  framework c o n t a i n i n g  g e s t u r e s  r e q u i r i n g  m u l t i p l e  p o s i t i o n s  

and movements.

A d jus tm e n ts  p r o v id e d  by t h e  sys tem  d u r in g  abnormal p e r i p h e r a l  

c o n d i t i o n s  a r e  n o t  s im p le  e x t e n s i o n s  o f  p r e v i o u s l y  o b s e rv ed  c o n t e x t u a l  

e f f e c t s .  T ha t  i s ,  t h e r e  i s  no a d j u s t m e n t  o f  c o n t e x t u a l  speech  under  

abnormal p e r i p h e r a l  c o n d i t i o n s  by f u r t h e r  n e u t r a l i z a t i o n  o f  f o rm an t  

f r e q u e n c i e s  p a t t e r n s .  One would e x p e c t  t o  s e e  ? 2  ) ° wer / i /»  r a i s e  

f o r  / u /  and remain  c o n s t a n t  f o r  / a e /  i f  t h i s  was t h e  c a s e ;  however,  

s e l e c t i v e  l o w e r in g  does n o t  o c c u r .  F2  f r e q u e n c i e s  f o r  each  vowel a r e  

low er  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g .  Moreover,  t h e  b a s i c  f r e q u e n c y  

r e l a t i o n s h i p s  o f  t h e  vowels  ( i . e . ,  h i g h e r  F2 f r e q u e n c i e s  f o r  / i /  v e r s u s  

/ u /  and / a e / )  a r e  r e t a i n e d  i n  t h e  a d j u s t m e n t s  d u r i n g  r e s t r i c t e d - j a w  

s p e a k i n g .  These d a t a  s u g g e s t  a d j u s t m e n t  t o  t h e  r e s t r i c t e d - j a w  s p e a k in g  

c o n d i t i o n  may be a c c o m p l i sh e d  u s i n g  a d i f f e r e n t  p o r t i o n  o f  t h e  

a r t i c u l a t o r y - p o s i t i o n  r a n g e  c a p a b l e  o f  p ro d u c in g  low er  F2 f r e q u e n c i e s  

w h i l e  p r e s e r v i n g  fo rm a n t  r e l a t i o n s h i p s  c h a r a c t e r i s t i c  o f  a g iven  vowel .

Although low er  F2 f r e q u e n c i e s  a r e  p roduced  by t h e  C o n t ro l  s u b j e c t s  

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

v a l u e s  p roduced  d u r i n g  normal s p e a k in g  w i th  i n c r e a s i n g  t r i a l s .  Th is  

o b s e r v a t i o n  s u g g e s t s  a r t i c u l a t o r  p o s i t i o n s  in  r e s t r i c t e d - j a w  s p e a k in g  

may be " o p t im iz e d "  v i a  s e n s o r y  i n f o r m a t i o n .  The p o t e n t i a l  u s e f u l n e s s  

o f  s e n s o r y  f eedba ck  t o  m o n i to r  and a i d  p r o d u c t i o n  o f  c o n t e x t u a l  speech  

i s  n o t  a new p r o p o s a l .  P a i l  l a r d  (1960) s u g g e s t s  motor  r e l a y  s t a t i o n s  

modify  and r e s t r u c t u r e  moto r  p a t t e r n s  in  a c c o rd a n c e  w i th  i n f o r m a t i o n
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from p e r i p h e r a l  s e n s o ry  r e s o u r c e s .  Timing and r a t e  o f  a r t i c u l a t o r y  

a c t i v i t i e s  a p p e a r  m e d ia te d  by p r o p r i o c e p t i v e  feedback  (Abbs and 

E i l e n b e r g ,  1 976 ) .  P e r k e l l  (1969 ) s u g g e s t s  two n e u ro m u s cu la r  sys tem s  

o p e r a t e :  vowels a p p e a r  i n f l u e n c e d  by a c o u s t i c  and m y o t a c t i c  feedback

and c o n s o n a n t  p r o d u c t i o n  a p p e a r s  i n f l u e n c e d  by f a s t - a c t i n g ,  i n t r a - o r a l  

p r e s s u r e  and t a c t i l e  f eedback  s y s t e m s .  S i m i l a r  d i v i s i o n s  o f  c o n t r o l  

a r e  s u g g e s t e d  by Ladefoged  (1967) who h y p o t h e s i z e s  t h a t  vowel 

p r o d u c t i o n  depends on a u d i t o r y  m o n i t o r i n g  and c o n s o n a n t  p r o d u c t i o n  i s  

m o n i to r e d  v i a  t a c t i l e  and p r o p r i o c e p t i v e  f e e d b a c k .  Borden (1980)

s u g g e s t s  t h a t  c o o r d i n a t e d  s k i l l  movement in  speech  r e q u i r e s  t h r e e  ty p e s

o f  feedback  i n f o r m a t i o n :  e x t e r n a l  feedback  i n f o r m a t i o n  s u p p l i e d  v i a

a u d i t o r y  and t a c t i l e  f u n c t i o n s ,  r e s p o n s e  feedback  p r o v i d e d  by 

p r o p r i o c e p t i v e  i n f o r m a t i o n  from muscle s p i n d l e s ,  and i n t e r n a l  f eedback  

g e n e r a t e d  by c e r e b r a l ,  t h a l a m i c ,  and c e r e b e l l a r  l o o p s .

Although t h e s e  v a r i o u s  p r o p o s a l s  s u g g e s t  a m a jo r  r o l e  f o r  one o r  

more forms o f  s e n s o ry  f eed b a ck  i n  normal s p e a k i n g ,  i t  i s  n o t  e n t i r e l y

c l e a r  how t h e  i n f o r m a t i o n  p r o v i d e d  by feedba ck  p r o c e s s e s  i s  u sed .  I t

i s  e q u a l l y  u n c l e a r  as  t o  w h e th e r  equal  w e i g h t i n g  i s  g iven  t o  a u d i t o r y ,  

p r o p r i o c e p t i v e ,  and t a c t i l e  f e e d b a c k .  P r e v io u s  i n v e s t i g a t i o n s  o f  

i s o l a t e d  vowel p r o d u c t i o n  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  a t t e m p t  t o  

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

i n f o r m a t i o n  by s e l e c t i n g  measurement s i t e s  which a r e  r e l a t i v e l y  f r e e  o f  

feedback  i n f o r m a t i o n .  S ev e ra l  a c o u s t i c  s t u d i e s  exam in ing  

i s o l a t e d - v o w e l  p r o d u c t i o n  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  measure 

fo rm a n t  f r e q u e n c i e s  a t  t h e  f i r s t  g l o t t a l  p u l s e  o f  t h e  s p e c t r o g r a p h i c
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d i s p l a y  i n  o r d e r  t o  examine a p o i n t  o c c u r r i n g  p r i o r  t o  any p o s s i b l e  

a u d i t o r y  feedback  [ s e e ,  f o r  example ,  Lindblom and Sundberg ( 1 9 7 1 a ) ] .

As p r e v i o u s l y  m e n t io n e d ,  f o r m a n t  f r e q u e n c i e s  measured a t  t h i s  p o i n t  a r e  

com parab le  between f r e e - m o v in g  and r e s t r i c t e d  jaw p r o d u c t i o n s  o f  

i s o l a t e d  vowels .  These d a t a  s u g g e s t  a minor  ( i f  any)  r o l e  i s  p la y e d  by 

a u d i t o r y  feedback  in  t h e  a r t i c u l a t o r y  a d j u s t m e n t s  u n d e r l y i n g  r e s t r i c t e d  

jaw p r o d u c t i o n s  o f  i s o l a t e d  vow els .  A d d i t i o n a l  s u p p o r t  f o r  a 

r e l a t i v e l y  minor  a u d i t o r y  feedback  r o l e  i s  found i n  t h e  G a r r i s o n  e t  a l . 

(1979) s tudy  which a c q u i r e d  fo rm a n t  f r e q u e n c i e s  o f  i s o l a t e d  and 

c o n t e x t u a l  vow els .  Formant  p a t t e r n s  p roduced  under  f r ee -m o v in g  and 

r e s t r i c t e d - j a w  s p e a k in g  a r e  n o t  com parab le  r e g a r d l e s s  i f  t h e  f r e q u e n c y  

measure s  a r e  a c q u i r e d  a t  t h e  f i r s t  g l o t t a l  p u l s e ,  m id d le  o r  o f f - s e t  o f  

t h e  vowel segment .  Samples o f  l a t e r a l  s k u l l  x - r a y s  d u r in g  r e s t r i c t e d  

jaw p r o d u c t i o n  o f  i s o l a t e d  vowels i n d i c a t e  tongue  shape i s  p r e s e r v e d  

(Lindblom and Sundberg ,  1971b) ;  however ,  com par isons  o f  f i b e r  

d i s t r i b u t i o n  o f  t h e  g e n i o g l o s s u s  musc le  and tongue  p o s i t i o n  d u r i n g  

r e s t r i c t e d - j a w  s p e a k in g  s u g g e s t  p r o p r i o c e p t i v e  f u n c t i o n s  o f  muscle 

s p i n d l e s  a r e  n o t  i n v o l v e d  in  a d a p t i n g  tongue  p o s i t i o n s  (Lindblom and 

Sundberg ,  1971b) .  A u d i to ry  and p r o p r i o c e p t i v e  feedback  a p p a r e n t l y  

c o n t r i b u t e  on ly  minor  r o l e s  i n  m o n i t o r i n g  speech  p r o d u c t i o n  a c t i v i t i e s .

I t  i s  n o t  c l e a r  e x a c t l y  what  r o l e  s e n s o r y  feedback  may p l a y  i n  

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

r e l a t i v e  l o n g - t e r m  ( a c r o s s  s e v e r a l  t r i a l s )  s y s t e m a t i c  f r eq u en cy  changes  

o b s e rv e d  f o r  C on t ro l  s u b j e c t s  in  t h i s  s tu d y  ( d u r i n g  r e s t r i c t e d  jaw 

s p e a k in g )  i n d i c a t e  t h e  ra n g e  o f  a r t i c u l a t o r y  movement may be a d j u s t e d
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t o  more c l o s e l y  ap p ro x im a te  t h e  ran g e  o f  v a l u e s  used  in  normal 

s p e a k i n g .  Tha t  i s ,  t h e  motor  speech  sy s tem  a im s ,  n o t  f o r  s p e c i f i c  

vowel t a r g e t  p o s i t i o n s ,  b u t  r a t h e r  f o r  an op t im a l  r ange  o f  a r t i c u l a t o r  

p o s i t i o n s  which t a k e  i n t o  a c c o u n t  ( o r  a l l o w  f o r )  t h e  dynamic maneuvers 

a s s o c i a t e d  w i th  s u r r o u n d i n g  phones  in  t h e  c o n t e x t u a l  framework a s  well  

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

A d jus tm e n ts  t o  a r t i c u l a t o r  p o s i t i o n s  d u r i n g  r e s t r i c t e d - j a w  

s p e a k in g  may encompass dynamic c h a n g e s ,  a s  w e l l .  I t  i s  n o t  c l e a r  i f  

t h e  motor speech  sys tem  a l s o  a d j u s t s  t h e  tem pora l  c o u r s e  o f  speech  t o  

accomodate f o r  t h e  a r t i c u l a t o r - p o s i t i o n  r a n g e  u n d e r l y i n g  fo rm an t  

f r e q u e n c y  changes  in  r e s t r i c t e d - j a w  s p e a k i n g .  Contro l  s u b j e c t s  

s y s t e m a t i c a l l y  l e n g t h e n  word and i n d i v i d u a l  segment d u r a t i o n s  d u r in g  

r e s t r i c t e d - j a w  c o n d i t i o n s .  On f i r s t  b l u s h ,  t h e s e  d a t a  seem e n t i r e l y  

s t r a i g h t  f o r w a r d - - g e s t u r e s  mus t  t r a v e l  a g r e a t e r  d i s t a n c e  when t h e  jaw 

i s  h e l d  in  an open,  s t a b l e  p o s i t i o n ,  a n d ,  t h e r e f o r e ,  t a k e  more t im e .  

However,  i n t e r r u p t i o n s  t o  normal s p e a k in g  v i a  u nexpec ted  l o a d s  t o  t h e  

jaw do n o t  a l t e r  l i p  c l o s u r e  d u r a t i o n s  ( F o l k i n s  and Abbs,  1 975 ) .  In 

a d d i t i o n ,  N e t s e l l  e t  a l . (1978) r e p o r t  com parab le  d u r a t i o n s  o f  

c o n s o n a n t  and vowel segments  d u r i n g  f r e e - m o v in g  and r e s t r i c t e d - j a w  

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

a d j u s t m e n t s  t o  upper  and lo w er  l i p  movement. Data from t h e s e  two 

p r e v i o u s  p e r t u r b a t i o n  s t u d i e s  s u g g e s t  t h e  motor  speech  sys tem  no rm al ly  

m a i n t a i n s  com parab le  t im e  f ram es  o f  consonan t -vow el  p r o d u c t i o n  d u r in g  

abnormal p e r i p h e r a l  c o n d i t i o n s  by a d j u s t i n g  a r t i c u l a t o r  v e l o c i t y .  Why, 

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



177

a c o u s t i c  segments  f o r  C o n t ro l  s u b j e c t s  d u r i n g  r e s t r i c t e d - j a w  

p r o d u c t i o n s  o f  c o n t e x t u a l  speech?

One approach  t o  a d d r e s s i n g  t h i s  q u e s t i o n  i s  t o  i n q u i r e  i f  t h e  

Con tro l  s u b j e c t s  m a i n t a i n  i n d i v i d u a l  s e g m e n t - t o - t o t a l - w o r d  d u r a t i o n  

r a t i o s .  T ha t  i s ,  i f  one c o n s i d e r s  t o t a l - w o r d  d u r a t i o n  t o  r e p r e s e n t  an 

o p e r a t i o n a l l y  d e f i n e d  sa m p l in g  window o r  t h e  t im e  frame used  in  normal 

and r e s t r i c t e d - j a w  s p e a k i n g ,  w i l l  i n d i v i d u a l  segment  d u r a t i o n s  vary  

in d e p e n d e n t l y ?  T ab le  IV-1 summarizes  t h e  p e r c e n t  t ime an i n d i v i d u a l  

segment o c c u p i e s  o f  t h e  t o t a l - w o r d  d u r i n g  r e s t r i c t e d - j a w  and normal 

s p e a k i n g .  P e r c e n t a g e s  o f  i n d i v i d u a l / t o t a l - w o r d  d u r a t i o n s  a r e  

rem arkab ly  s i m i l a r  be tween t h e  two c o n d i t i o n s  s u g g e s t i n g  p r o p o r t i o n a l  

d u r a t i o n  i n c r e a s e s  a r e  u sed  i n  a d j u s t i n g  t o  an abnormal p e r i p h e r a l  

c o n d i t i o n .

G e n e r a l i z e d  s low ing  o f  a r t i c u l a t i o n  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  

may r e p r e s e n t  a te mpora l  s t r a t e g y  u sed  t o  a s s i s t  i n  o p t i m i z i n g  i t s  

r e s p o n s e  t o  abnormal p e r i p h e r a l  c o n d i t i o n s .  R e o r g a n i z a t i o n  o f  te mpora l  

c h a r a c t e r i s t i c s  may i n c l u d e  r a t h e r  g r o s s ,  te mpora l  a l t e r a t i o n s  o r  t h e  

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

u n d e r l y i n g  p h o n e t i c  d i s t i n c t i o n s  ( such  a s  v o i c e - o n s e t  t im e  o f  / t /  and 

/ d / )  im p ly in g  an u n d e r l y i n g  tem pora l  r e o r g a n i z a t i o n  o f  g e s t u r e s .  

E xam ina t ion  o f  t h e  d u r a t i o n  t a b l e s  in  C h a p t e r  I I  i n d i c a t e s  v o i c e - o n s e t  

t im e  d i s t i n c t i o n s  f o r  / t /  and / d /  a r e  r e t a i n e d  i n  r e s t r i c t e d  jaw 

s p e a k i n g - - v o i c e - o n s e t  t i m e s  f o r  bo th  s t o p  c o n s o n a n t s  a r e  s im ply  l o n g e r .  

S i m i l a r l y ,  t h e  r e l a t i v e  d u r a t i o n  o f  segments  in  s i n g l e t o n  t o  c l u s t e r



TABLE IV-1

PERCENT TIME INDIVIDUAL SEGMENTS CONTRIBUTE TO TOTAL-WORD 

DURATION IN NORMAL AND RESTRICTED-JAW SPEAKING BY CONTROL GROUP

1
1

C o n te x t  I F r i c
Normal Speak ing  

VOT TR2 VN SS CL1 F r i c
R e s t r i c t e d - J a w  

VOT TR2 VN SS CL1
1

/ i 7  1
t  1 4 2 .5 57 .5 43.1 56 .9
d 1 15 .0 8 5 .0 15.1 84 .1
s 1 63 .4 36 .6 63 .0 37 .0
r  1 26 .3 4 0 .5 33 .2 27.1 41 .6 31 .3
t r  | 50 .3 23 .5 26 .2 49 .5 20 .5 30 .0
s t r  | 34 .2 14.1 17.8 18.4 15.5 32 .5 14 .2 17.2 2 0 . 6 15 .5

/ a e /  I
t  1 3 1 .9 6 8 . 1 33.7 66 .3
d | 9 .5 90 .5 10.7 89 .2
s 1 50.9 49 .1 51.4 4 8 .6
r  i 24 .6 50 .6 2 4 .8 26.1 4 9 .8 24.1
t r  | 36 .2 25.1 38 .6 39 .7 21.7 38 .5
s t r  | 29 .0 1 2 . 0 19.5 26 .7 1 2 . 8 28 .5 12 .5 17 .9 27 .0 14.1

/ u /  I
t  1 41 .2 58 .8 4 1 .9 58.1
d 1 14.3 85 .7 15 .8 84 .2
s 1 64 .3 35 .6 64 .4 35 .6
r  1 23 .5 4 4 .4 32.1 25 .0 42 .5 32 .5
t r  | 51 .2 15.1 33 .6 49 .7 16.3 34 .0
s t r  | 

1 
1

34.2 15.2 1 2 . 0 22 .3 16 .3 34 .4 14 .6 12.3 22 .9 15 .9

■ "-i
00
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c o n t e x t s  a r e  p r e s e r v e d  i n  r e s t r i c t e d - j a w  s p e a k i n g - - s i n g l e t o n  segments  

a r e  l o n g e r  t h a n  com parab le  segments  in  a c l u s t e r  c o n t e x t .

S p a t i a l  and te mpora l  r e p r e s e n t a t i o n s  o f  a g ive n  g e s t u r e  do n o t  

a p p e a r  t o  be in d e p e n d e n t  e n t i t i e s  o p e r a t i n g  in  s e p a r a t e  r a n g e s .

I n s t e a d ,  a g ive n  g e s t u r e  a p p e a r s  as  an i n t e g r a t e d  s p a t i o - t e m p o r a l  

r e p r e s e n t a t i o n .  Th is  i s  n o t  a new h y p o t h e s i s .  Seve ra l  a u t h o r s  [ s e e ,  

f o r  exam ple ,  Fowler  ( 1 9 8 0 ) ;  Fow le r  e t  a l . ( 1 9 8 1 ) ] ;  i n c o r p o r a t e  

i n t e g r a t e d  s p a t i o - t e m p o r a l  r e p r e s e n t a t i o n s  i n  ' i n t r i n s i c  t i m i n g 1 models  

f o r  s p e e c h .  For exam ple ,  Fowler  and h e r  c o l l e a g u e s  (F o w le r ,  1980) 

s u g g e s t  many p r e v i o u s  mode ls  o f  speech  p r o d u c t i o n  e x c lu d e  t i m i n g  from a 

s p e a k e r ' s  r e p r e s e n t a t i o n  o f  an u t t e r a n c e .  They p ropose  t i m in g  i s  

i n c o r p o r a t e d  a s  an i n t e g r a l  p a r t  o f  an u t t e r a n c e .  R e l a t i v e  t i m in g  o f  

g e s t u r e s  t e n d s  t o  be i n v a r i a n t  d u r i n g  e x p e r i m e n t a l l y  imposed r a t e  

changes  (K en t ,  Carney ,  and S e v e r e i d  (1974)  i n d i c a t i n g  t h e  i n h e r e n t  

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

p h o n o lo g i c a l  s p e c i f i c a t i o n .  R e l a t i v e  t i m i n g  o f  i n d i v i d u a l  segments  

w i t h i n  a g ive n  word ( n o t e d  by t h e  p e r c e n t  t im e  an i n d i v i d u a l  segment 

o c c u p i e s  w i t h i n  a t o t a l - w o r d )  i s  p r e s e r v e d  by C on tro l  s p e a k e r s  in  

normal and r e s t r i c t e d - j a w  s p e a k in g  c o n d i t i o n s ,  a l t h o u g h  t h e  t o t a l - w o r d  

and i n d i v i d u a l  segments  a r e  l o n g e r  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g .

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

i n  e x p e r i m e n t a l l y  imposed r a t e  changes  b u t  i n  ' a d a p t i v e '  r a t e  changes  

used  t o  a d j u s t  t o  abnormal p e r i p h e r a l  c o n d i t i o n s .  Moreover,  d u r a t i o n  

r e s p o n s e  p a t t e r n s  p roduced  by C o n t ro l  s u b j e c t s  d u r i n g  r e s t r i c t e d - j a w  

s p e a k in g  s u g g e s t  t h e  r e t e n t i o n  o f  c r i t i c a l  t i m i n g  and f r e q u e n c y
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r e l a t i o n s h i p s  may be founded ,  in  p a r t ,  by t h e  a b i l i t y  o f  t h e  motor 

speech  sys tem  t o  o p t i m i z e  t h e  ra n g e  o f  s p a t i o - t e m p o r a l  d im ens ions  

d u r i n g  normal and abnormal p e r i p h e r a l  c o n d i t i o n s .

A d a p t iv e  Motor Speech F u n c t i o n  in  C o r t i c a l l y  I n j u r e d  S peakers

As m en t ioned  in  t h e  p r e v i o u s  s e c t i o n ,  C on tro l  s u b j e c t s  a p p e a r  t o  

use  a tw o fo ld  r e s p o n s e  s t r a t e g y  t o  accomodate  ( o r  a d a p t )  t o  abnormal 

p e r i p h e r a l  c o n d i t i o n s :  (1 ) t h e  ran g e  o f  a r t i c u l a t o r y  g e s t u r e s

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

(2)  a r t i c u l a t i o n  i s  s low ed .  C o r t i c a l l y  i n j u r e d  s p e a k e r s  p roduce  

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

s p e a k in g  th a n  C o n t ro l  s u b j e c t s .  They may, however,  p roduce  r e s p o n s e  

p a t t e r n s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  which r e s em b le  s t r a t e g i e s  used  

by C o n t ro l  s u b j e c t s .  A l t e r n a t i v e l y ,  one m igh t  assume t h a t  s i n c e  t h e  

c o r t i c a l l y  i n j u r e d  s u b j e c t s  d i f f e r  from C on tro l  s u b j e c t s  d u r in g  normal 

s p e a k i n g ,  th e y  m igh t  r e s p o n d  d i f f e r e n t l y  d u r i n g  abnormal p e r i p h e r a l  

c o n d i t i o n s .  D i f f e r e n t  r e s p o n s e  s t r a t e g i e s  would be e v i d e n t  i f  

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

o f  change .

In g e n e r a l ,  t h e  o v e r a l l  f r e q u e n c y  r e s p o n s e  p a t t e r n s  p roduced  

d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  by RTP and LTP s u b j e c t s  a r e  n o t  

com parab le  t o  t h e  f r e q u e n c y  p a t t e r n s  p roduced  by C on t ro l  s u b j e c t s — 

C on t ro l  s u b j e c t s  p roduce  g r e a t e r  F2  f r e q u e n c y  s h i f t s  th a n  RTP o r  LTP 

s p e a k e r s  d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g .  Although F2 f r e q u e n c i e s  low er  

f o r  each  o f  t h e  vowel n u c l e i  p roduced  by C on tro l  s u b j e c t s ,  t h e  l a r g e s t  

F2 f r e q u e n c y  s h i f t s  o c c u r  f o r  t h e  h i g h ,  f r o n t  and back vow els ,  / i /  and
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/ u / ,  which r e q u i r e  t h e  g r e a t e s t  tongue  movement and c o n s t r i c t i o n  

r e l a t i v e  t o  an open,  s t a b l e  jaw .  RTP and LTP s u b j e c t s  p roduce  t h e  

g r e a t e s t  F2  f r e q u e n c y  s h i f t s  f o r  t h e  h i g h ,  f r o n t  vowel,  / i / ,  whereas  

on ly  minimal F2  f r e q u e n c y  s h i f t s  a r e  n o te d  f o r  / a e /  and / u / .  Although 

LTP s u b j e c t s  low er  F2  f r e q u e n c i e s  f o r  / u /  d u r i n g  r e s t r i c t e d - j a w  

s p e a k i n g ,  t h e s e  changes  a r e  small  and do n o t  approach  t h e  F2 

f r e q u e n c i e s  a c h i e v e d  by RTP s u b j e c t s  f o r  / u /  d u r i n g  normal s p e a k in g .  

These d a t a  s u g g e s t  LTP s u b j e c t s  may change  l i p  p o s i t i o n  s l i g h t l y  b u t  do 

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

a s  C on t ro l  o r  RTP s u b j e c t s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g .  Minimal F2 

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

s p e a k e r s  d u r i n g  r e s t r i c t e d  jaw s p e a k i n g .  Minimal f r e q u e n c y  s h i f t s  

s u g g e s t  RTP s u b j e c t s  f a i l  ( o r  choose  n o t )  t o  a l t e r  a r t i c u l a t o r y  

g e s t u r e s  u n d e r l y i n g  h i g h ,  back-vowel p r o d u c t i o n s  a s  much a s  C on t ro l  

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

s h i f t s  d u r in g  r e s t r i c t e d - j a w  s p e a k in g  i n d i c a t e s  t h a t  t h e  t h r e e  g roups  

may use  s l i g h t l y  d i f f e r e n t  r e s p o n s e  s t r a t e g i e s .

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

p a t t e r n s  o c c u r s  in  t h e  f r e q u e n c y  s h i f t s  o f  low, f r o n t  vowel 

p r o d u c t i o n s .  Contro l  s u b j e c t s  p roduce  low er  F2  f r e q u e n c i e s  f o r  / a e /  

d u r i n g  r e s t r i c t e d - j a w  s p e a k i n g ;  however ,  c o r t i c a l l y  i n j u r e d  s p e a k e r s  do 

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

s i m i l a r  manner.  Formant f r e q u e n c i e s  o f  / a e /  remain  r e l a t i v e l y  c o n s t a n t  

f o r  c o r t i c a l l y  i n j u r e d  g roups  d u r i n g  normal and r e s t r i c t e d - j a w  

s p e a k i n g .  I t  i s  n o t  im m ed ia te ly  c l e a r  why t h e  c o r t i c a l l y  i n j u r e d



groups  f a i l  t o  ( o r  choose  n o t  t o )  a l t e r  t h e  a r t i c u l a t o r y  g e s t u r e s  

u n d e r l y i n g  / a e / .  F a i l u r e  t o  do so may, i n  p a r t ,  be r e l a t e d  t o  t h e  s i z e  

o f  jaw s e p a r a t i o n  used  i n  t h i s  s t u d y .  R e s t r i c t i n g  t h e  jaw 1 cm i s  

rou g h ly  t h e  s i z e  o f  jaw open in g  u sed  in  normal s p e a k in g  f o r  / a e /  

p r o d u c t i o n s  and ,  t h u s ,  may p r o v i d e  a n e a r l y  e q u i v a l e n t  s p e a k in g  

s i t u a t i o n  r e q u i r i n g  l i t t l e  a d a p t a t i o n  f o r  RTP and LTP s u b j e c t s .  On t h e  

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

one vowel v e r s u s  a n o t h e r  may r e p r e s e n t  l i m i t a t i o n s  a s s o c i a t e d  w i th  t h e  

f l e x i b i l i t y  and a d a p t a b i l i t y  o f  t h e  motor speech  sys tems in  c o r t i c a l l y  

i n j u r e d  s p e a k e r s .

Although C on tro l  s u b j e c t s  s y s t e m a t i c a l l y  i n c r e a s e  F2 f r e q u e n c i e s  

tow ards  n o r m a l - s p e a k in g  fo rm a n t  f r e q u e n c i e s  d u r i n g  r e s t r i c t e d - j a w  

s p e a k i n g ,  c o r t i c a l l y  i n j u r e d  s u b j e c t s  do n o t .  S y s t e m a t i c  f r e q u e n c y  

changes  toward  normal s p e a k in g  v a l u e s  s u g g e s t  t h a t  C on t ro l  s u b j e c t s  

a t t e m p t  t o  o p t i m i z e  a r t i c u l a t o r y  d im ens ions  d u r i n g  r e s t r i c t e d - j a w  

s p e a k in g  by u s i n g  some f o r m ( s )  o f  s e n s o ry  feedback  t o  a i d  a r t i c u l a t o r  

p o s i t i o n i n g  w i th  p r a c t i c e .  Lack o f  a s i g n i f i c a n t  t r i a l  o r  p r a c t i c e  

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

s p e a k e r s  s u g g e s t s  RTP and LTP s u b j e c t s  may n o t  o p t i m i z e  a r t i c u l a t o r y  

g e s t u r e  r a n g e s  by a im ing  a d j u s t m e n t s  tow ards  v a l u e s  which y i e l d  

fo rm a n t s  com parab le  t o  normal s p e a k in g .  T h a t  i s ,  i f  t h e  a r t i c u l a t o r y  

range  u sed  d u r i n g  normal s p e a k in g  i s  l i m i t e d  o r  l e s s  f l e x i b l e ,  t h i s  may 

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

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

a d e q u a t e l y  a d j u s t  ( o r  o p t i m i z e )  a r t i c u l a t i o n .

Formant f r e q u e n c y  r e s p o n s e  p a t t e r n s  o f  c o r t i c a l l y  i n j u r e d  s p e a k e r s  

d i f f e r  from C on t ro l  s u b j e c t s  a l o n g  t h r e e  d im en s io n s :  (1)  d i r e c t i o n  o f

change ,  (2)  m agni tude  o f  change ,  and (3)  c o n s i s t e n c y  o f  change .  As 

m en t ioned  e a r l i e r ,  Lindblom and h i s  c o l l e a g u e s  [ s e e ,  f o r  a r e v i e w ,  Gay 

e t  a l . ( 1 9 8 1 ) ]  s u g g e s t  t h a t  t h e  motor  speech  sys tem u s e s  c e n t r a l  

s t r a t e g i e s  c a p a b l e  o f  t r a n s l a t i n g  a vowel t a r g e t  i n t o  s p a t i o - t e m p o r a l  

p a t t e r n s  o f  motor  e v e n t s .  Shaping  o f  p a t t e r n s  a p p e a r s  c o n t r o l l e d  by 

p r e - p l a n n i n g  o r  " s i m u l a t i o n "  s t r a t e g i e s  which p r e d i c t  and a d j u s t  

g e s t u r e s  p r i o r  t o  t h e i r  e x e c u t i o n .  D i r e c t i o n ,  m agn i tude  and 

c o n s i s t e n c y  d i f f e r e n c e s  between c o r t i c a l l y  i n j u r e d  and C on tro l  s p e a k e r s  

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

may d i f f e r  between t h e  g ro u p s .  Although  t h i s  s tu d y  does  n o t  d i r e c t l y  

a d d r e s s  t h e  d i f f e r e n c e s  in  c e n t r a l  s t r a t e g i e s  between t h e  g ro u p s ,  i t  i s  

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

F i r s t ,  c o r t i c a l  l e s i o n s  may i n f l u e n c e  t h e  t r a n s l a t i o n  o f  vowels i n t o  

s p a t i o - t e m p o r a l  p a t t e r n s .  Second ly ,  c o r t i c a l  l e s i o n s  may i n f l u e n c e  

p r e - p l a n n i n g  o r  s i m u l a t i o n  s t r a t e g i e s .  T h i r d ,  c o r t i c a l  l e s i o n s  may 

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

maneuvers  p r i o r  t o  t h e i r  e x e c u t i o n .  Although  t h e  Lindblom e t  a l .

(1979) c e n t r a l  s i m u l a t i o n  model r e p r e s e n t s  on ly  one p ro p o s a l  r e g a r d i n g  

motor speech  c o n t r o l ,  i t  a p p e a r s  amenable f o r  c o n s t r u c t i n g  frameworks  

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



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

hem isphere  a p p e a r s  t o  r e d u c e  t h e  f l e x i b i l i t y  and ran g e  o f  a r t i c u l a t o r y  

p o s i t i o n s  a v a i l a b l e  t o  s p e a k e r s ,  i t  seems r e a s o n a b l e  t o  i n q u i r e  i f  

c o r t i c a l  l e s i o n s  a l s o  l i m i t  te mpora l  f l e x i b i l i t y .  RTP and LTP s u b j e c t s  

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

s p e a k in g .  RTP s u b j e c t s  p ro d u ce  s h o r t e r  segments  and LTP s u b j e c t s  

p roduce  l o n g e r  segments  r e l a t i v e  t o  C on tro l  s u b j e c t s .  One o f  t h e  more 

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

c o n s t a n c y  o f  r e s p o n s e  by t h e  RTP and LTP s u b j e c t s .  S p e c i f i c a l l y ,  t h e  

segments  p roduced  by RTP s u b j e c t s  a r e  a lways  s h o r t e r  (w i th  one 

p r e v i o u s l y  d i s c u s s e d  e x c e p t i o n )  and t h o s e  o f  t h e  LTP group  a r e  a lways  

l o n g e r  t h a n  C on t ro l  s u b j e c t s .  Response p a t t e r n s  p roduced  by c o r t i c a l l y  

i n j u r e d  s u b j e c t s  may c o n t i n u e  t o  r e f l e c t  t h e  g e n e ra l  s l o w e r - f a s t e r  

d u r a t i o n s  n o te d  d u r i n g  normal s p e a k i n g .  Tha t  i s ,  LTP s u b j e c t s  may 

p roduce  l o n g e r  d u r a t i o n s  and RTP s p e a k e r s  may p roduce  s h o r t e r  

d u r a t i o n s ,  r e l a t i v e  t o  t h e  C o n t ro l  s u b j e c t s ,  d u r i n g  r e s t r i c t e d - j a w  

s p e a k i n g .  A l t e r n a t i v e l y ,  an abnormal p e r i p h e r a l  c o n d i t i o n  may p l a c e  

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

i n j u r e d  s p e a k e r s .

C on t ro l  s u b j e c t s  s y s t e m a t i c a l l y  l e n g t h e n  segments  d u r in g  

r e s t r i c t e d - j a w  s p e a k i n g .  D u r a t io n  Response  p a t t e r n s  p roduced  by 

c o r t i c a l l y  i n j u r e d  s u b j e c t s  d i f f e r  s u b s t a n t i a l l y  from C on tro l  s p e a k e r s .  

A l though RTP s u b j e c t s  s y s t e m a t i c a l l y  l e n g t h e n  most  t o t a l - w o r d  

d u r a t i o n s ,  th e y  do n o t  i n c r e a s e  d u r a t i o n  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  

as  much a s  C o n t ro l  s u b j e c t s .  F u r th e r m o re ,  RTP s u b j e c t s  do n o t  i n c r e a s e
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t o t a l - w o r d  d u r a t i o n s  o f  t h r e e - e l e m e n t  c o n s o n a n t  c l u s t e r s .  As no te d  

e a r l i e r ,  RTP s u b j e c t s  g e n e r a l l y  p roduce  s h o r t e r  t o t a l - w o r d  d u r a t i o n s  

th a n  C on t ro l  o r  LTP s u b j e c t s  d u r i n g  normal s p e a k in g  e x c e p t  f o r  t a r g e t  

words c o n t a i n i n g  t h e  i n i t i a l  c o n s o n a n t  c l u s t e r ,  / s t r / .  Exam ina t ion  o f  

t h e  i n d i v i d u a l  segment  d u r a t i o n s  r e v e a l  RTP s u b j e c t s  s h o r t e n  segments  

i n  / s t r /  words d u r in g  r e s t r i c t e d  jaw s p e a k i n g ;  however,  o v e r a l l  

d u r a t i o n  o f  t h r e e - e l e m e n t  c l u s t e r  words r em a ins  c o n s t a n t  a c r o s s  

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

c l o s u r e  p e r i o d  a s s o c i a t e d  w i t h  / t /  i n  / s t r / .  LTP s u b j e c t s ,  on t h e  

o t h e r  hand,  s e l e c t i v e l y  l e n g t h e n  t o t a l - w o r d  d u r a t i o n s .  T o ta l -w o rd  

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

s t i m u l i  c o n t a i n i n g  an i n i t i a l  tw o -e l e m e n t  c o n s o n a n t  c l u s t e r ,  and 

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

c l u s t e r .  I n d i v i d u a l  segment d u r a t i o n s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  

a r e  a l s o  i n c o n s i s t e n t - - s o m e  segments  l e n g t h e n ,  some segments  s h o r t e n ,  

and some segments  show no change .

I n c o n s i s t e n c y  in  m a gn i tude  and d i r e c t i o n  o f  change  a c r o s s  

t o t a l - w o r d  and i n d i v i d u a l - s e g m e n t  d u r a t i o n s  d u r i n g  r e s t r i c t e d - j a w  

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

d e p e n d e n t  in  RTP and LTP s p e a k e r s .  For example ,  r e l a t i v e  s i z e  o f  t h e  

t a r g e t  word ( i . e . ,  CVC v e r s u s  CCVC v e r s u s  CCCVC) a p p e a r s  t o  i n f l u e n c e  

t h e  d u r a t i o n  and f r e q u e n c y  r e s p o n s e  p a t t e r n s  f o r  RTP and LTP s u b j e c t s .  

C on t ro l  s u b j e c t s  l e n g t h e n  a g ive n  segment  ( i . e . ,  v o i c e - o n s e t  t im e  o r  

TR2) r e g a r d l e s s  o f  t h e  t a r g e t  word s i z e .  RTP s u b j e c t s ,  on t h e  o t h e r  

hand,  l e n g t h e n  segments  i n  CVC and CCVC c o n t e x t s  b u t  show an



186

i n c o n s i s t e n t  r e s p o n s e  p a t t e r n  f o r  segments  in  CCCVC c o n t e x t s .  LTP 

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

words o f  t h e  form CVC b u t  u se  i n c o n s i s t e n t  r e s p o n s e  p a t t e r n s  f o r  t a r g e t  

words o f  t h e  form CCVC and CCCVC. C o n t e x t u a l l y  depende n t  r e s p o n s e  

p a t t e r n s  i n  c o r t i c a l l y  i n j u r e d  s p e a k e r s  i s  p u z z l i n g .  The n a t u r a l  

q u e s t i o n  i s ,  why?

One p o s s i b i l i t y  i s  t h a t  c o r t i c a l l y  i n j u r e d  s p e a k e r s  may r e o r g a n i z e  

t h e  r e l a t i v e  t i m i n g  o f  g e s t u r e s  depend ing  upon t h e  p a r t i c u l a r  c o n t e x t  

o r  s p e a k in g  c o n d i t i o n .  Tab le  IV-2 and T ab le  IV-3 i n d i c a t e  t h e  r e l a t i v e  

t im e  a g iven  segment o c c u p i e s  d u r i n g  t h e  t o t a l - w o r d  frame f o r  t h e  two 

c o r t i c a l l y  i n j u r e d  g roups  d u r i n g  normal and r e s t r i c t e d - j a w  s p e a k i n g .

As m en t ioned  e a r l i e r ,  r e l a t i v e  t i m i n g  o f  g e s t u r e s  ( r e p r e s e n t e d  by 

segment t o  t o t a l - w o r d  d u r a t i o n  p e r c e n t a g e s )  i s  r e t a i n e d  a c r o s s  t h e  two 

s p e a k in g  c o n d i t i o n s  f o r  t h e  C o n t ro l  g roup .  S i m i l a r l y ,  e x a m in a t io n  o f  

T a b le  IV-2 and T a b le  IV-3 r e v e a l  t h e  c o r t i c a l l y  i n j u r e d  g roups  p r e s e r v e  

t h e  r e l a t i v e  t i m i n g  o f  g e s t u r e s  in  norm al -  and r e s t r i c t e d - j a w - s p e a k i n g  

c o n d i t i o n s .  Moreover ,  t h e  p e r c e n t  t im e  d e v o te d  t o  a g iven  segment  

p roduced  e i t h e r  in  normal o r  r e s t r i c t e d - j a w  s p e a k in g  i s  s i m i l a r  f o r  t h e  

t h r e e  g ro u p s ,  a l t h o u g h  RTP s u b j e c t s  p roduce  s h o r t e r  words and LTP 

s u b j e c t s  p roduce  l o n g e r  words r e l a t i v e  t o  t h e  C o n t ro l  g roup .  Tha t  i s ,  

one m igh t  c o n s i d e r  t h a t  RTP s u b j e c t s  speak  a t  a f a s t e r  r a t e  and LTP 

s u b j e c t s  speak a t  a s l o w e r  r a t e  r e l a t i v e  t o  a m ode ra te  r a t e  ( i . e . ,  

C on t ro l  r a t e ) .  These d a t a  r e l a t e  in  a r a t h e r  g e n e ra l  way t o  p r e v i o u s  

o b s e r v a t i o n s  by Kent e t  a l . (1974)  exam in ing  t h e  e f f e c t s  o f  

e x p e r i m e n t a l l y  imposed r a t e  changes  and i n d i c a t e  t h e  tempora l



TABLE IV-2

PERCENT TIME INDIVIDUAL SEGMENTS CONTRIBUTE TO TOTAL-WORD 

DURATION IN NORMAL AND RESTRICTED-JAW SPEAKING BY RTP GROUP

C o n te x t  j F r i c
Normal Speak ing  

VOT TR2 VN SS CL1 F r i c
R e s t r i c t e d - J a w  

VOT TR2 VN SS CL1

/ i  /  1
t  1 4 3 .7 56 .2 45 .0 55 .0
d 1 14.2 8 5 .8 16.6 8 3 .3
s 1 66 .9 33.1 67 .0 33 .0
r  1 26 .0 36 .5 37 .5 25 .3 35 .8 38.9
t r  I 48.1 2 2 . 1 29 .9 49.1 21 .4 29 .5
s t r  | 36.1 1 2 . 0 17.2 17 .4 17.3 35 .8 1 2 . 8 15 .9 18.2 17 .3

/ a e /  |
t  1 33 .4 6 6 . 6 36 .0 6 4 .0
d 1 10.3 89 .7 14 .9 85 .1
s 1 51.3 48 .7 52.6 4 7 .4
r  1 30 .6 39.1 30 .3 32 .6 45.1 22 .3
t r  I 37 .3 27 .6 35.1 39 .8 25.1 35.1
s t r  | 31 .5 1 0 . 8 20 .5 24 .3 12 .9 31.7 10 .3 17.2 25 .7 15.1

/ u /  1
t  1 43 .1 56 .9 48 .5 51 .5
d 1 15 .8 8 4 .2 18.1 8 1 .9
s 1 67.7 32 .3 6 6 . 1 33 .9
r  1 24 .7 62 .5 1 2 . 8 26 .5 58 .0 15.5
t r  I 50 .3 16.7 33.0 53.1 12.9 30 .9
s t r  | 37 .3 13.9 1 2 . 1 19.7 17 .0 36.1 13.1 1 1 . 0 20 .5 19 .3

00



TABLE IV-3

PERCENT TIME INDIVIDUAL SEGMENTS CONTRIBUTE TO TOTAL-WORD 

DURATION IN NORMAL AND RESTRICTED-JAW SPEAKING BY LTP GROUP

C o n te x t  j F r i c
Normal Speak ing  

VOT TR2 VN SS CL1 F r i c
R e s t r i c t e d - J a w  

VOT TR2 VN SS CL1

H I  1
t  1 36 .7 6 3 .3 4 0 .0 6 0 .3
d | 1 0 . 8 8 9 .2 17 .4 8 2 .5
s 1 58.1 4 1 .9 58 .4 4 1 .6
r  1 2 9 .6 38 .9 31 .5 2 6 .9 43 .9 29.2
t r  | 4 4 .0 25 .4 30 .6 4 3 .0 19 .8 37.2
s t r  j 31 .5 15.1 19.7 23.1 1 0 . 6 29 .0 15 .3 16.0 24.1 15 .6

/ a e /  |
t  1 30 .7 69 .3 34 .5 6 5 .5
d 1 9 .2 90 .8 10.7 8 9 .3
s 1 47 .8 52 .2 50.6 4 9 .4
r  1 28 .6 43 .9 27 .5 37 .2 24.1 38.7
t r  I 3 5 .0 25 .9 39.1 37 .2 24.1 38.7
s t r  I 29 .4 1 2 . 0 19 .9 28 .3 10.4 24 .9 1 1 . 8 19.7 27 .0 16 .6

/ i i f  1
t  1 3 7 .8 62 .2 39 .2 6 0 .8
d 1 1 1 . 6 8 8 .4 14 .0 8 6 . 0
s 1 58 .0 4 2 .0 59.7 40 .3
r  1 29 .6 38 .9 31.5 26 .9 40 .2 34 .9
t r  I 46 .7 18.6 34.7 45 .3 16.3 38 .4
s t r  I 34 .5 16.6 13.6 2 2 . 8 12.5 31 .9 14 .8 13.2 24 .1 16 .0

00
00
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c h a r a c t e r i s t i c s  o f  t h e  c o r t i c a l l y  i n j u r e d  g roups  re sem ble  s p e a k e r s  

w i t h o u t  c o r t i c a l  i n j u r i e s  who e i t h e r  speed  o r  s low s p eech .  Although i t  

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

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

d i s r u p t i o n s  may r e f l e c t  an o v e r a l l  r a t e  change r a t h e r  t h a n  s p e c i f i c  

te mpora l  r e o r g a n i z a t i o n  o f  a r t i c u l a t o r y  g e s t u r e s .

Speech p r o d u c t i o n  u n d e r  normal and abnormal p e r i p h e r a l  c o n d i t i o n s  

r e q u i r e s  t h e  motor speech  sys tem  t o  p r o v i d e  a r e a / l e n g t h  a d j u s t m e n t s  f o r  

vowels and c o n s o n a n t s  under  dynamic c o n d i t i o n s .  C o r t i c a l  l e s i o n s  may 

i n f l u e n c e  motor speech  pe r fo rm a n ce  a lo n g  a number o f  d im e n s io n s .  For 

example ,  d a t a  from normal and r e s t r i c t e d - j a w  s p e a k in g  s u g g e s t s  RTP and 

LTP s u b j e c t s  use  a s l i g h t l y  d i f f e r e n t  ( o r  l i m i t e d )  s e t  and r ange  o f  

a r t i c u l a t o r y  d im ens ions  t o  a d j u s t  a r e a / l e n g t h  r e l a t i o n s h i p s  i n  t h e  

voca l  t r a c t .  I f  a r t i c u l a t o r y  d im ens ion  s e t s  and r a n g e s  c o n s i s t  o f  

i n t e g r a t e d  s p a t i o - t e m p o r a l  p a t t e r n s ,  i t  i s  p o s s i b l e  c o r t i c a l  l e s i o n s  

may a f f e c t  e i t h e r  t h e  amount o f  i n f o r m a t i o n  i n t e g r a t e d  o r  t h e  a c t u a l  

i n t e g r a t i o n  p r o c e s s ,  i t s e l f .  L i m i t a t i o n s  t o  t h e  amount o f  i n f o r m a t i o n  

i n t e g r a t e d  i n t o  s p a t i o - t e m p o r a l  p a t t e r n s  c o u l d  p o s s i b l y  o c c u r  in  two 

f a s h i o n s :  (1 ) an equal  l i m i t a t i o n  o f  s p a t i a l  and tempora l  i n f o r m a t i o n ;

o r  ( 2 ) an unequal  l i m i t a t i o n  o f  s p a t i a l  and te mpora l  i n f o r m a t i o n .  

Unequal l i m i t a t i o n s  may r e s u l t  i n  t h e  sys tem p l a c i n g  g r e a t e r  w e i g h t  on 

s p a t i a l  v e r s u s  temporal  i n f o r m a t i o n  o r  v i c e  v e r s a .  The a c t u a l  

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

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

s p e a k e r s .  I f  equal  amounts o f  s p a t i a l  and tempora l  i n f o r m a t i o n  a r e
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a v a i l a b l e ,  i n t e g r a t i o n  p r o c e s s e s  may p l a c e  more w e i g h t i n g  on one ty p e  

o f  i n f o r m a t i o n  v e r s u s  a n o t h e r  t o  meet  c o n t e x t u a l  r e q u i r e m e n t s .  These 

a r e  t e m p t i n g  p o s s i b i l i t i e s ;  however ,  th e y  a r e  n o t  d i r e c t l y  a d d r e s s e d  by 

t h i s  s t u d y .

In summary, f r e q u e n c y  r e s p o n s e  p a t t e r n s  p roduced  by Con tro l  

s p e a k e r s  s u g g e s t  t h e  motor  speech  sys tem u s e s  a r ange  o f  a r t i c u l a t o r  

p o s i t i o n s  t o  p roduce  c o n t e x t u a l  speech  under  normal and abnormal 

p e r i p h e r a l  c o n d i t i o n s .  In a d d i t i o n ,  d u r a t i o n  r e s p o n s e  p a t t e r n s  

p roduced  by C on tro l  s u b j e c t s  i n d i c a t e  te mpora l  r e l a t i o n s h i p s  o f  

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

g e s t u r e  t i m i n g  may be i n h e r e n t  t o  p h o n o lo g ic a l  r e p r e s e n t a t i o n s .  

A d jus tm e n ts  t o  f r e q u e n c y  and d u r a t i o n a l  r e l a t i o n s h i p s  d u r in g  normal and 

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

p o s i t i o n s  i s  composed o f  i n t e g r a t e d  s p a t i o - t e m p o r a l  r e p r e s e n t a t i o n s .

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

o r  r ange  o f  a r t i c u l a t o r  g e s t u r e s  t o  a d j u s t  a r e a / l e n g t h  r e l a t i o n s h i p s  in  

t h e  vocal  t r a c t  t h a n  C o n t ro l  s u b j e c t s .  Frequency  and d u r a t i o n  r e s p o n s e  

p a t t e r n s  d u r i n g  r e s t r i c t e d - j a w  s p e a k in g  s u g g e s t  motor  speech  sy s tem s  o f  

c o r t i c a l l y  i n j u r e d  s p e a k e r s  a r e  l e s s  f l e x i b l e  and more i n f l u e n c e d  by 

c o n t e x t u a l  frameworks .  In a d d i t i o n ,  d a t a  from t h e  no rm al -and  

r e s t r i c t e d - j a w  s p e a k in g  c o n d i t i o n s  i n d i c a t e  c o r t i c a l l y  i n j u r e d  s p e a k e r s  

may have d i f f i c u l t y  i n t e g r a t i n g  s p a t i o - t e m p o r a l  i n f o r m a t i o n  u n d e r l y i n g  

a r t i c u l a t o r y  maneuvers .
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Appendix A. Summary o f  i n d i v i d u a l  pe r fo rm a n ce  on n e u r o b e h a v io r a l  and 

1 e s i  o n -d o c u m e n ta t i  on a s s e s s m e n t s .
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SUBJECT: RTP1

March 8 , 1969

BIRTHDATE

COMPUTER TOMOGRAPHY NOTES

D ate :  December 6 , 1977

Summary: Benea th  t h e  s u r g i c a l  d e f e c t  i n  t h e  r i g h t  tempora l
r e g i o n  t h e r e  i s  a wel l  c i r c u m s c r i b e d  low d e n s i t y  which 
e x t e n d s  from t h e  s u p e r f i c i a l  c o r t e x  t o  t h e  a t r i u m  o f  
t h e  r i g h t  l a t e r a l  v e n t r i c l e .  I t  m easures  a b o u t  3x2x2 
cm and t h e  a n t e r i o r  marg in c o r r e s p o n d s  t o  t h e  c l i p s  in  
t h e  d u ra  j u s t  b e n e a th  t h e  i n n e r  t a b l e  o f  t h e  c a l v a r i u m .  
I b e l i e v e  t h a t  t h i s  l e s i o n  i s  p r i n c i p a l l y  in  t h e  
p o s t e r i o r  p o r t i o n  o f  t h e  S y l v i a n  f i s s u r e .  Invo lvem ent
o f  t h e  tem pora l  l o b e  i s  m in im a l .  He has  s l i g h t ,  b u t
d e f i n i t e  un i fo rm  e n l a r g e m e n t  o f  t h e  e n t i r e  r i g h t  
l a t e r a l  v e n t r i c l e  w i th  l o c a l i z e d  e n l a r g e m e n t  o f  t h e  
a t r i u m .  Septum p e l lu c id u m  and t h i r d  v e n t r i c l e  a r e  
m i d l i n e .  O th e r  t h a n  what  I presume t o  be h e m o s t a s i s  
c l i p s ,  I s ee  no opaque f o r e i g n  b o d i e s  i n t r a c r a n i a l l y .

Examiner :  Dr. Roger B. T u t to n
D epar tm en t  o f  R ad io logy  
O schner  C l i n i c
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NEUROLOGICAL NOTES: RTP1

Date :  December 6 , 1977

Summary: On r o u t i n e  t e s t i n g ,  t h e r e  were few abnormal f i n d i n g s
and t h o s e  p r e s e n t  were m in im a l .  In h i s  c r a n i a l  ne rv e  
t e s t i n g ,  t h e r e  was a tendency  f o r  h i s  Weber s ig n  t o  
l a t e r a l i z e  t o  t h e  l e f t .  On r e f l e x  e x a m in a t io n ,  t h e r e  
was a s l i g h t  d e c r e a s e  a p p r e c i a t i o n  t o  p i n p r i c k  o v e r  t h e  
l e f t  arm and l e f t  l e g .  All o t h e r  h i g h e r  s e n s a t i o n  
t e s t i n g  was normal and t h e r e  was no e v i d e n c e  o f  any 
ide om oto r  a p r a x i a .  The p a t i e n t  had some d i f f i c u l t y  
w i th  r i g h t - l e f t  o r i e n t a t i o n  on s e l f  and q u i t e  a b i t  o f  
d i f f i c u l t y  on t h e  e x am in e r .  There  was a g r e a t  d e lay  
and an obv ious  s t r u g g l e  f o r  c o r r e c t  r i g h t - l e f t  
o r i e n t a t i o n .

Examiner :  Dr. R ic h a rd  L. S t ru b
D epar tm en t  o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine

ELECTROENCEPHALOGRAM NOTES:

D ate :  December 5 ,  1977

Summary: Abnormal EEG showing t h e t a  ra n g e  a c t i v i t y  in  t h e  r i g h t
h em isphere  g r e a t e r  i n  t h e  m i d - p o s t e r i o r  temporal  
d e r i v a t i o n s  t h a n  e l s e w h e r e .  There a r e  o t h e r  
asym m etr ie s :  i n c r e a s e d  p rominence  i n  a m p l i t u d e  o f  b e t a
rhythm f r o n t a l l y  on t h e  r i g h t ,  p r e s e n c e  o f  a mu rhythm 
on t h e  r i g h t .  The r e c o r d  shows m i ld  d y s f u n c t i o n  i n  t h e  
r i g h t  tempora l  lo b e  and t o  a l e s s e r  e x t e n t  more 
g e n e r a l l y  in  t h e  r i g h t  h e m is p h e re ,  p o s t e r i o r l y  more 
t h a n  a n t e r i o r l y .

Exam iner : Dr. Gregory S. F e r r i s
Depar tm en t  o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine



NEUROPSYCHOLOGICAL NOTES:

194

RTP1

D a t e :

Summary:

December 6 , 1977

W echs le r  A d u l t  I n t e l l i g e n c e  S c a l e

F u l l  S c a l e  I . Q . — 122 
Verbal  I . Q . — 128 
P e r fo rm ance  I . Q . — 112

W esch le r  Memory S c a l e  

Memory Q u o t i e n t — 101

T r a i l  Making T e s t

R ig h t  Hemisphere P e r c e n t i l e - - 4 0  
L e f t  Hemisphere  P e r c e n t i l e - - 6 0

F i n g e r  Tapping  T e s t

R ig h t  Hand— 58 
L e f t  Hand— 51

T a c t i l e  R e c o g n i t i o n  T e s t  

No a s t e r e o g n o s i s  f o r  e i t h e r  hand .

Wide Range Ach ievement T e s t

Read ing— 1 6 .8  g rad e  
S p e l l i n g — 1 2 .0  g rade

Examiner : Dr.  F. W. Black 
D epar tm en t  o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine



SPEECH AND LANGUAGE NOTES:

195

RTP1

D a t e : 

Summary:

December 5 ,  1977

Aphas ia  t e s t i n g  r e v e a l s  s e v e r a l  v e ry  i n t e r e s t i n g  
f i n d i n g s .  F i r s t ,  t h e  p a t i e n t  h ad ,  by and l a r g e ,  normal 
c o n v e r s a t i o n a l  speech  e x c e p t  t h a t  he paused  on r a t h e r  
r e g u l a r  o c c a s i o n s  t o  s e a r c h  f o r  i n d i v i d u a l  words .  In 
r u n n in g  s p e e c h ,  he p roduced  a few l i t e r a l  p a r a p h a s i a s ;  
however,  in  s p e c i f i c  r e p e t i t i o n  t a s k s ,  r e a d i n g  a l o u d ,  
and naming t a s k s ,  he p roduced  s c a t t e r e d  l i t e r a l  
p a r a p h a s i a s .  His com prehens ion  was by and l a r g e  
norm al ,  however ,  he d i d  make some smal l  e r r o r s  on 
p a r a g r a p h  com prehens ion .  W r i t i n g  seemed c o m p le te ly  
no rm al ,  a l t h o u g h  he d id  make s e v e r a l  s p e l l i n g  e r r o r s  
w i th  d i f f i c u l t  words.  He p roduced  on ly  r a r e  a c t u a l  
v e rb a l  s u b s t i t u t i o n s  ( v e r b a l  o r  s em an t ic  
p a r a p h a s i a s ) . . . I n  t a k i n g  t h e  h i s t o r y ,  t h e  p a t i e n t  does 
say t h a t  many o f  h i s  p rob lems  p a r t i c u l a r l y  h i s  speech  
p ro b le m s ,  a r e  e x a c e r b a t e d  by f a t i g u e  and a l c o h o l .  
[E x a m in a t io n  was c om ple te d  w i th  t h e  Boston  D i a g n o s t i c  
A phas ia  E x a m in a t io n ] .

Examiner: Dr. R ic h a rd  L. S t ru b  
D epar tm en t  o f  Neuro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine



AUDIOLOGICAL NOTES: RTP1

Date: December 4 , 1977

Summary:
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E x a m in e r :  D r .  C h a r l e s  I .  B e r l i n
K r e s g e  H e a r i n g  R e s e a r c h  L a b o r a t o r y  o f  t h e  

S o u th
D e p a r t m e n t  o f  O t o r h i n o l a r y n g o l o g y  
L o u i s i a n a  S t a t e  U n i v e r s i t y  Schoo l  o f  M e d ic i n e



INITIAL SURGICAL NOTES:

197

RTP1

D a te :  March 8 , 1969

Summary: A h o r s e s h o e  i n c i s i o n  was made w i t h  t h e  p a t i e n t  i n  a
s u p i n e  p o s i t i o n .  A 1cm h o l e  was i n  t h e  bone .  
C r a n i e c t o m y .  A 1 x 2cm h o l e  i n  d u r a .  About 50cc  c l o t  
e x t r u d e d  s p o n t a n e o u s l y .  T r a c t  d e b r i d e d .  Dura c l o s e d  
w i t h  4 - 0  s i l k  and  g r a f t .  S k in  c l o s e d  2 l a y e r s .  EBC 
5 0 0 c c .

E x a m in e r :  N e u r o s u r g i c a l  Team
U n i t e d  S t a t e s  Armed F o r c e s  
Chu L a i ,  R e p u b l i c  o f  V ie tnam

SURGICAL DIAGRAM:

D a t e :  March 8 , 1969

Summary:

E x a m in e r :  N e u r o s u r g i c a l  Team
U n i t e d  S t a t e s  Armed F o r c e s  
Chu L a i ,  R e p u b l i c  o f  V ie tnam
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SUBJECT: RTP 2

WOUNDED: J u l y  16 ,  1969

BIRTHDATE: December 1,  1946

COMPUTER TOMOGRAPHY NOTES:

Date: December 19,  1978

Summary: There  i s  a smal l  d e f e c t  i n  t h e  c r a n i a l  v a u l t  in  t h e
r i g h t  f r o n t a l  bone c l o s e  t o  t h e  f l o o r  o f  t h e  a n t e r i o r  
f o s s a .  J u s t  deep t o  t h e  p o s t e r i o r  l i p  i s  a t i n y  
o p a c i t y  t h a t  l o o k s  l i k e  a m i n i s c u l e  m e t a l l i c  f o r e i g n  
body.  I t  c o u l d  be a v a s c u l a r  c l i p ,  b u t  we u s u a l l y  g e t  
more a r t i f a c t  f o r m a t io n  from c l i p s .  The on ly  abnormal 
a r e a  o f  b r a i n  t i s s u e  seems t o  be im m ed ia te ly  b e n e a th  
t h e  c r a n i e c to m y  d e f e c t  e x t e n d i n g  f o r  a b o u t  2 cm below 
t h e  s u r f a c e  o f  t h e  b r a i n .  Th is  i s  a v a r i e d  d e n s i t y  
p i e c e  o f  t i s s u e  n o t  p u r e l y  l i k e  an o l d  s c a r  no r  i s  t h e  
a n e t e r i o r  ho rn  o f  t h e  r i g h t  l a t e r a l  v e n t r i c l e  
p a r t i c u l a r l y  e n l a r g e d .

Examiner :  Dr.  Roger B. T u t to n
D epar tm en t  o f  R ad io logy  
Ochsner  C l i n i c



NEUROLOGICAL NOTES:

199

RTP 2

Date: December 20 , 1978

Summary: The n e u r o l o g i c a l  e x a m in a t io n  was c o m p le t e ly  w i t h i n  
normal l i m i t s  . . .  The p a t i e n t  a l s o  had no e v id e n c e  o f  
f i n g e r  a g n o s i a ,  r i g h t - l e f t  d i s o r i e n t a t i o n ,  o r  ideom oto r  
a p r a x i a .

Examiner: Dr. R ic h a r d  L. S t ru b  
D epar tm en t  o f  Neuro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine

ELECTROENCEPHALOGRAM NOTES:

D ate :  December 18,  1978

Summary: Th i s  i s  a normal r e c o r d  showing low v o l t a g e  and
p r e d o m i n a n t l y  f a s t  background  a c t i v i t y .  There  a r e  some 
minor  a s y m m e t r i e s ,  w i th  s l i g h t l y  slow a c t i v i t y  
a n t e r i o r l y ,  t h o u g h t  t o  r e p r e s e n t  eye  movement f o r  t h e  
most  p a r t  b u t  p o s s i b l y  o f  c e r e b r a l  o r i g i n ,  and 
asymmetry o f  t h e  a l p h a  rhy thm ,  which i s  s l i g h t l y  l e s s  
r e g u l a r  and more c o n t a m in a t e d  w i th  f a s t e r  f r e q u e n c i e s  
i n  t h e  l e f t  hem isphere  p o s t e r i o r l y .  S ince  
s t a t i s t i c a l l y ,  t h e  a l p h a  rhythm i s  o f t e n  norm al ly  
b e t t e r  d e v e lo p e d  on t h e  r i g h t  th a n  t h e  l e f t ,  t h i s  
asymmetry would very  l i k e l y  r e p r e s e n t  a normal 
s i t u a t i o n  r a t h e r  th a n  a d y s f u n c t i o n  on t h e  l e f t .

Examiner: Dr. Gregory  S. F e r r i s  
D epar tm en t  o f  Neuro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine



NEUROPSYCHOLOGICAL NOTES:

200

RTP2

D a t e :

Summary:

December 20 ,  1978

W echs le r  A d u l t  I n t e l l i g e n c e  S c a l e

F u l l  S c a l e  I . Q . — 122 
Verba l  I . Q . — 128 
P e r fo rm ance  I . Q . — 112

W esch le r  Memory S c a l e  

Memory Q u o t i e n t —-112

T r a i 1 Making T e s t

R i g h t  Hemisphere P e r c e n t i l e — 75 
L e f t  Hemisphere P e r c e n t i l e — 75-90

F i n g e r  Tapping  T e s t

R i g h t  Hand— 56.66  
L e f t  Hand— 56.33

T a c t i l e  R e c o g n i t i o n  T e s t  

W i th in  normal l i m i t s .

Wide Range Achievement T e s t

R ead ing— 17.1  g rade  
S p e l l i n g — 1 2 .4  g rade

Examiner :  Dr.  F.  W. Black
D epar tm en t  o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine



SPEECH AND LANGUAGE NOTES:

201

RTP2

D a t e :

Summary:

Examiner :

December 20 ,  1978

The co m p le te  Boston  D i a g n o s t i c  Aphas ia  E xam ina t ion  was 
w i t h i n  normal l i m i t s .

Dr. R ic h a rd  L. S t ru b  
D epar tm en t  o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  Medic ine



AUDIOLOGICAL NOTES:
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RTP 2

D a te :  December 17 ,  1978

Summary:
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Exam iner :  Dr.  C h a r l e s  I .  B e r l i n
K res g e  H e a r in g  R e s e a rc h  L a b o r a t o r y  o f  t h e  

South
D e p a r tm e n t  o f  O t o r h i n o l a r y n g o l o g y  
L o u i s i a n a  S t a t e  U n i v e r s i t y  School  o f  M ed ic ine



INITIAL SURGICAL NOTES:

203

RTP 2

D ate : J u l y  16 ,  1969

Su m m ary: S u p in e  e n d o h a l o  head  t o  l e f t .  P r e p p e d ,  d r a p e d  wound
i r r i g a t e d  and d e b r i d e d .  C u r v a l i n e a r  i n c i s i o n  
i n c o r p o r a t i n g  wound r i g h t  f r o n t a l  c r a n i e c t o m y .  Dura 
opened  s t e l l a t e ,  b r a i n  r e s e c t e d .  Dura c l o s e d  w i t h  4 -0  
s i l k .  M u s c le s ,  g a l e z  s k i n  c l o s e d  3 - 0  s i l k .

Exam iner :  N e u r o s u r g i c a l  Team
U n i t e d  S t a t e s  Armed F o r c e s  
Chu L a i ,  R e p u b l i c  o f  Vie tnam

SURGICAL DIAGRAM:

D a te :  J u l y  16 ,  1969

Summary:

Exam iner :  N e u r o s u r g i c a l  Team
U n i t e d  S t a t e s  Armed F o r c e s  
Chu L a i ,  R e p u b l i c  o f  Vie tnam
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SUBJECT: RTP3

WOUNDED: March 8 ,  1969

BIRTHDATE: August  1,  1948

COMPUTER TOMOGRAPHY NOTES:

D ate :  March 20 ,  1979

Summary: He has  a c ra n i e c to m y  d e f e c t  on t h e  r i g h t  s i d e  o f  t h e
c a l v a r i u m  c l o s e d  t o  t h e  la mbdord .  There  i s  a t i n y  
m e t a l l i c  f o r e i g n  body,  p r e s u m ab ly ,  a h e m o s t a s i s  c l i p  a t  
t h e  a n t e r i o r - i n f e r i o r  marg in  o f  t h e  c r a n i e c to m y  
d e f e c t .  Immedia te ly  b e n e a th  t h e  bone d e f e c t ,  t h e r e  i s
very  l i t t l e ,  i f  any ,  a p p a r e n t  g l i o s i s  i n  t h e  c e r e b r a l
t i s s u e .  The body and a t r i u m  o f  t h e  r i g h t  l a t e r a l  
v e n t r i c l e  a r e  normal i n  s i z e  and p o s i t i o n ,  a s  i s  t h e
c a l c i f i c a t i o n  w i t h i n  t h e  glomus o f  t h e  r i g h t  c h o r o i d
p l e x u s .

Examiner: Dr.  Roger B. T u t to n  
D epar tm en t  o f  Rad io logy  
O chsner  C l i n i c



NEUROLOGICAL NOTES:

205

RTP 3

D ate :  March 19,  1979

Summary: The e n t i r e  n e u r o l o g i c a l  e x a m in a t io n  was w i t h i n  normal
l i m i t s .  On some o f  t h e  v e rb a l  a g i l i t y  t a s k s  he d id  
e x t e r e m e l y  wel l  b u t  on r a p i d  movements o f  t h e  tongue  he 
had some c l u m s i n e s s .

Examiner :  Dr.  R ic h a rd  L. S t ru b
D epar tm ent  o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M ed ic ine

ELECTROENCEPHALOGRAM NOTES:

D a t e : March 20 ,  1979

Summary: C l i n i c a l l y  normal waking and s l e e p i n g  EEG. Some minor
d i f f e r e n c e s  a r e  n o te d  f o r  r e s e a r c h  p u r p o s s ,  namely,  
s l i g h t l y  h i g h e r  a m p l i t u d e  o f  bo th  background  a lp h a  
rhy thm s ,  s l e e p  s p i n d l e s ,  and t h e t a  r ange  a c t i v i t y  in  
t h e  r i g h t  h em isphere  t h a n  t h e  l e f t .  The d i f f e r e n c e s  
a r e  e s p e c i a l l y  n o t i c e a b l e  in  t h e  tem pora l  and p o s t e r i o r  
d e r i v a t i o n s .

Examiner: Dr. Gregory  S. F e r r i s  
D epar tm en t  o f  Neuro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine



NEUROPSYCHOLOGICAL NOTES:
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RTP3

D a t e :

Summary:

March 19 ,  1979

W echs le r  A d u l t  I n t e l l i g e n c e  S c a l e

F u l l  S c a l e  I . Q . — 97 
Verbal  I . Q . — 92 
Pe r fo rm ance  I . Q . - - 1 0 5

W esch le r  Memory S c a l e  

Memory Q u o t i e n t - - 9 3

T r a i l  Making T e s t

R i g h t  Hemisphere  P e r c e n t i l e —75-90 
L e f t  Hemisphere P e r c e n t i l e —25-50

F i n g e r  Tapp ing  T e s t

R i g h t  Hand— 70.33  
L e f t  Hand— 71 .33

T a c t i l e  R e c o g n i t i o n  T e s t  

W i th in  i n  normal l i m i t s .

Wide Range Achievement T e s t

Read ing— 9 .1  g rade  
S p e l l i n g — 7 . 2  g rad e

Examiner: Dr. F. W. Black
Department o f  Neurology
Louisiana S ta te  U niversity  School o f  Medicine



SPEECH AND LANGUAGE NOTES:
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RTP3

D a t e : 

Summary:

March 19 ,  1979

The p a t i e n t  has  com pla ined  o f  no r e s i d u a l  d i f f i c u l t i e s  
i n c l u d i n g  g e o g ra p h ic  p ro b le m s ,  memory, r e a d i n g ,  
w r i t i n g ,  o r  m a th m a t ic s .  He has  n o t i c e d  no d i f f i c u l t y  
i n  s i n g i n g  and no problem w i th  c a r r y i n g  o u t  any s k i l l e d  
movement. . .The e n t i r e  Boston  D i a g n o s t i c  Aphas ia  
Exam ina t ion  was a d m i n i s t e r e d  and t h e  p a t i e n t  had no 
d i f f i c u l t y  on any o f  t h e  v e rb a l  l a n g u ag e  t e s t s .  He 
made s e v e r a l  e r r o r s  on t h e  r e a d i n g  p a r a g r a p h s  and in  
s p e l l i n g ,  b u t  I f e e l  t h a t  t h e s e  a r e  p ro b a b ly  more 
e d u c a t i o n a l  t h a n  th e y  a r e  se c o n d a ry  t o  any a c q u i r e d  
b r a i n  l e s i o n .  In h i s  c a s e  h i s t o r y ,  he does  d e s c r i b e  a 
very  s l i g h t  l a n g u ag e  im pa i rm en t  p r i m a r i l y  c h a r a c t e r i z e d  
by t h e  i n a b i l i t y  t o  p roduce  speech  a t  a r a p i d  r a t e  when 
n e c e s s a r y .

Examiner: Dr. R ic h a rd  L. S t ru b  
D epar tm en t  o f  Neuro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine
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AUDI0L0GICAL NOTES: RTP3

D ate : March 19, 1979

Summary:
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E x a m in e r : Dr.  C h a r l e s  I .  B e r l i n
K resg e  H e a r i n g  R e s e a rc h  L a b o r a t o r y  o f  t h e  

S ou th
D e p a r tm e n t  o f  O t o r h i n o l a r y n g o l o g y  
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M ed ic in e



INITIAL SURGICAL NOTES:
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RTF 3

D a te :  March 8 , 1969

Summary: An S - s h a p e d  i n c i s i o n .  .5cm h o l e  i n  bone .  .5cm h o l e  i n
d u ra  c a u s e d  by s e v e r a l  d e p r e s s e d  bone  f r a g m e n t s .  
M e t a l l i c  f r a g m e n t s  e x t r a d u r a l l y ,  b r a i n  d e b r i d e d .  Dura 
c l o s e d  w i t h  4 -0  s i l k  and sm al l  g r a f t .  Sk in  c l o s e d  2 
l a y e r s .

Exam iner :  N e u r o s u r g i c a l  Team
U n i t e d  S t a t e s  Armed F o r c e s  
Chu L a i ,  R e p u b l i c  o f  Vie tnam

SURGICAL DIAGRAM:

D a t e : March 8 , 1969

Summary:

E xam iner : N e u r o s u r g i c a l  Team 
U n i t e d  S t a t e s  Armed F o r c e s  
Chu L a i ,  R e p u b l i c  o f  Vie tnam
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SUBJECT: RTP4

December 15 ,  1968

COMPUTER TOMOGRAPHY NOTES

D ate :  March 21,  1978

Summary: M e t a l l i c  f o r e i g n  m a t e r i a l  in  t h e  r i g h t  f r o n t a l  p o l a r
r e g i o n  i s  r a t h e r  s u p e r f i c i a l l y  p l a c e d  and c o u l d  be a
c l i p  on t h e  d u ra .  In a d d i t i o n ,  t h e r e  i s  a bone d e f e c t  
i n  t h e  r i g h t  p a r i e t a l  bone w i th  u n d e r l y i n g  m e t a l l i c  
m a t e r i a l  r e s e m b l in g  c l i p s .  A pprox imate ly  m i d - c o n v e x i t y  
i n  t h e  r i g h t  f r o n t a l  l o b e ,  a t  t h e  same l e v e l  a s  t h e  
j u n c t i o n  o f  t h e  a n t e r i o r  ho rn  w i th  t h e  body o f  t h e  
r i g h t  l a t e r a l  v e n t r i c l e ,  t h e r e  i s  a rou g h ly  e q u i l a t e r a l  
t r i a n g u l a r  a r e a  o f  d e c r e a s e d  d e n s i t y  t h a t  p ro b a b ly  
measures  2 cm on a s i d e .  Th is  i s  s een  on t h e  4-A and 
4-B s l i c e s .  On t h e  3-B s l i c e ,  n e a r  t h e  a r e a  o f  t h e  
i n s u l a ,  t h e r e  i s  a r o u g ly  c u r v i l i n e a r  d e c r e a s e d  d e n s i t y  
d e n s i t y  which would i n d i c a t e  a d d i t i o n a l  l o s s  o f  
t i s s u e  on t h e  medial  a s p e c t  and s u p e r i o r  a s p e c t  o f  
t h e  tempora l  l o b e .  S e p a r a t e d  from t h e s e  two p r e v i o u s l y  
men t ioned  a r e a s ,  t h e r e  i s  a t h i r d  l o c a t e d  im m edia te ly  
b e n e a th  t h e  a c r y l i c  bone f l a p  in  t h e  r i g h t  p a r i e t a l  
tempora l  a r e a .  Aga in ,  t h i s  i s  r o u g h ly  t r i a n g u l a r  in  
shape  w i t h  i t s  b ase  a g a i n s t  t h e  e x t e r i o r .  I t  e x t e n d s  
t o  t h e  a t r i u m  o f  t h e  r i g h t  l a t e r a l  v e n t r i c l e .  I t  
p ro b a b ly  m easu re s  3 t o  3 . 5  cm a c r o s s  t h e  b a s e  and 
e x t e n d s  a s i m i l a r  d i s t a n c e  i n t e r c r a n i a l l y .  The 
a n t e r i o r  marg in  o f  t h i s  l e s i o n  i s  a t  t h e  group o f  c l i p s  
a t  t h e  a n t e r i o r  marg in  o f  t h e  f l a p .  The v e n t r i c l e  i s  
n o t  e n l a r g e d  o r  d i s p l a c e d .  The l e f t  hem isp h e re  lo o k s  
n o rm a l .

Examiner :  Dr. Roger B. T u t to n
D epar tm en t  o f  R ad io logy  
O chsner  C l i n i c
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NEUROLOGICAL NOTES: RTP4

D ate :  March 22 ,  1978

Summary: On n e u r o l o g i c  t e s t i n g ,  t h e  p a t i e n t  had on ly  a s l i g h t
i n c r e a s e  i n  r e f l e x e s  i n  t h e  l e f t  arm and l e g ,  b u t  no 
o t h e r  n e u r o l o g i c  f i n d i n g s .  There was a q u e s t i o n a b l e  
d e c r e a s e  i n  o p t o k i n e t i c  nystagmus w i th  t h e  f l a g  go ing  
t o  t h e  r i g h t ,  b u t  t h i s  was n o t  a d i s t i n c t  f i n d i n g .

Examiner :  Dr.  R ic h a rd  L. S t r u b
Depar tm en t  o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  Medic ine

ELECTROENCEPHALOGRAM NOTES: 

D ate :  March 21,  1978

Summary: Normal waking and s l e e p i n g  EEG. There a r e  minor
asym m etr ie s  w i th  l e s s  p ro m in e n t  normal p a t t e r n s  on t h e  
l e f t ,  and more t h e t a  a c t i v i t y  i n  t h e  l e f t  temporal  
r e g i o n  d u r i n g  d r o w s i n e s s .  These a r e  well  i n  l i m i t s  o f  
normal v a r i a t i o n .

Examiner: Dr.  Gregory  S. F e r r i s  
Depar tm en t  o f  Neuro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine



NEUROPSYCHOLOGICAL NOTES:
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RTP4

D a t e : 

Summary:

March 22,  1978

W echs le r  A d u l t  I n t e l l i g e n c e  S c a l e

F u l l  S c a l e  I . Q . — 94 
Verbal  I . Q . — 93 
P e r fo rm ance  I . Q . — 97

W esch le r  Memory S c a l e  

Memory Q u o t i e n t — 83

T r a i l  Making T e s t

R ig h t  Hemisphere P e r c e n t i l e —75 
L e f t  Hemisphere P e r c e n t i l e — 60

F i n g e r  Tapping  T e s t

R ig h t  Hand— 39 
L e f t  Hand— 38

T a c t i l e  R e c o g n i t i o n  T e s t  

No a s t e r o g n o s i s .

Wide Range Achievement T e s t

Read ing— 9.1  g rade  
S p e l l i n g — 6 . 5  g rade

Examiner: Dr. F. W. Black
Department o f  Neurology
Louisiana S ta te  U n iversity  School o f  Medicine



SPEECH AND LANGUAGE NOTES:
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RTP4

D a t e : 

Summary:

March 22 ,  1978

On t h e  Bos ton  D i a g n o s t i c  A pahas ia  E xa m in a t io n ,  t h e  
p a t i e n t  had f l u e n t  l a n g u a g e ,  a l t h o u g h  o c c a s i o n a l l y  
used  a l i t e r a l  p a r a p h a s i c  s u b s t i t u t i o n ,  such a s  "The 
s i n k  i s  o v e r s e w in g , "  i n s t e a d  o f  " o v e r f l o w i n g . "  He made 
t h e  same t y p e  o f  e r r o r  i n  r e a d i n g  and in  g e n e ra l  
c o n v e r s a t i o n .  I f e e l  t h i s  i s  p ro b a b ly  a r e f l e c t i o n  o f  
h i s  i m p u l s iv e  r a p i d  speech  r a t h e r  t h a n  any t r u e  a p h a s i a  
d i s t u r b a n c e  o f  an a c q u i r e d  t y p e .  On comprehens ion  
t e s t i n g ,  he showed a l m o s t  c o m p le t e ly  normal 
p e r fo rm a n c e ;  he d i d  miss  one o f  t h e  q u e s t i o n s  on t h e  
complex p a r a g r a p h  t e s t ,  b u t  when he saw me mark i t  
wrong,  he a s k ed  me t o  ask t h e  q u e s t i o n  a g a i n ,  and he 
c o r r e c t e d  h i m s e l f  on t h e  second  r e a d i n g .  He had some 
d i f f i c u l t y  w i th  c e r t a i n  s i n g l e  words .  He was mixed-up 
on "eyebrow" and " e y e l i d "  and on " t h i g h "  and " h i p . "
T h i s  does seem t o  be a g en u in e  com prehens ion  c o n f u s io n  
o f  a s e m a n t i c  t y p e .  I am n o t  s u r e  w h e th e r  t h i s  i s  
a c q u i r e d  o r  c o n g e n i t a l .  His a b i l i t y  t o  name, r e a d ,  
r e p e a t ,  and s i n g ,  a l l  seem t o  be w i t h i n  normal l i m i t s .  
In e s s e n c e ,  I do n o t  t h i n k  he has  an a p h a s i c  
d i s t u r b a n c e  o f  an a c q u i r e d  t y p e ,  b u t  does  have some 
very  m i ld  l a n g u a g e  p rob lems which may a n t e d a t e  h i s  
i n j u r y .

Exam iner :  Dr.  R ic ha rd  L. S t r u b
Depar tm en t  o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine
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RTP4

Date:  March 21,  1978

Summary:

FREQUENCY
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Examiner:  Dr. C h a r l e s  I .  B e r l i n
--------------  Kresge  H ea r in g  Research  L a b o ra to ry  o f  th e

South
Depar tm ent o f  O to r h in o l a r y n g o lo g y  
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  Medicine



INITIAL SURGICAL NOTES:
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RTP4

Date : December 15, 1968

Summary: Removal 50cc i n t r a c e r e b r a l  c l o t .  Debridment o f  bone 
f r a g m e n ts .  Second e x p l o r a t i o n  removed two f u r t h e r  bone 
f r a g m e n ts .  Wound s u t u r e d  w i th  w i r e .

Examiner: N eu ro s u rg i c a l  Team 
U n i ted  S t a t e s  Armed F o rc e s  
Chu L a i ,  R epub l ic  o f  Vietnam

SURGICAL DIAGRAM:

D a t e : December 15 ,  1968

Summary:

Examiner:  N e u ro s u rg i c a l  Team
U ni ted  S t a t e s  Armed F o rces  
Chu L a i ,  Repub l ic  o f  Vietnam
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SUBJECT: LTP1

WOUNDED:

BIRTHDATE:

A pr i l  13 ,  1969 

O c tober  18 ,  1948

COMPUTER TOMOGRAPHY NOTES:

Date:

Summary:

J a n u a r y  31,  1979

He has  a c r a n i e c to m y  d e f e c t  i n  t h e  l e f t  p a r i e t a l  bone 
w i th  a small  l i n e a r  o p a c i t y  i n  t h e  c e n t e r  o f  i t  which 
lo o k s  as  though  i t  i s  t h e  d e n s i t y  o f  bone.  Imm edia te ly  
b e n e a th  t h e  c ra n i e c to m y  d e f e c t ,  t h e  c e r e b r a l  c o r t e x  i s  
d e c r e a s e d  i n  d e n s i t y ,  and t h e  u n d e r l y i n g  a t r i u m  o f  t h e  
l e f t  l a t e r a l  v e n t r i c l e  and th e n  a l s o  e x t e n d s  s u p e r i o r l y  
and m e d i a l l y  i n v o l v i n g  on ly  t h e  w h i t e  m a t t e r .  I t  l o o k s  
t o  me as  though t h e  in v o lv e m e n t  i s  e x c l u s i v e l y  p a r i e t a l  
l o b e .  The r i g h t  hem isphere  i s  norm al .  I do n o t  t h i n k  
t h e r e  i s  any i n f r a t e n t o r i a l  in v o lv e m e n t  by t h i s  p r o c e s s  
e i t h e r .

Examiner :  Dr.  Roger B. T u t to n
D epar tm ent  o f  Rad io logy  
Ochsner  C l i n i c
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NEUROLOGICAL

D ate ;

Summary:

NOTES: LTP1

F eb ru a ry  2 ,  1979

On my n e u r o l o g i c a l  e x a m in a t io n  h i s  o n ly  abnormal 
f i n d i n g s  were  c o n s i d e r a b l e  u n s t e a d i n e s s  on tandom 
w a lk in g  w i t h  accompaning c l u m s i n e s s  on hee l  t o  s h in  
t e s t i n g .  The c r a n i a l  n e r v e s  were t e s t e d  and showed 
o n ly  a r i g h t  i n f e r i o r  q u a d r a n t  f i e l d  d e f e c t .  R e f l e x e s  
were  normal and no p a t h o l o g i c  r e f l e x e s  were n o t e d .  On 
s e n s a t i o n  t e s t i n g  t h e r e  was some d e c r e a s e  in  p in  p r i c k  
and v i b r a t o r y  a p p r e c i a t i o n  below t h e  a n k l e  and t h e  l e f t  
f o o t .  Again ,  t h e s e  f i n d i n g s  a r e  s econda ry  t o  a 
p e r i p h e r a l  ne rve  l e s i o n  from s h r a p n e l .  On s e n s a t i o n  
t e s t i n g ,  a l s o ,  i t  was i n t e r e s t i n g  t o  n o te  t h a t  i t  took 
him o ver  f i v e  t r i a l s  t o  a p p r e c i a t e  t h e  doub le  
s i m u l t a n e o u s  s t i m u l a t i o n  o f  f a c e  and hand.  His 
n e u r o l o g i c  e x a m in a t io n  shows p r i m a r i l y  t h e  v i s u a l  f i e l d  
d e f e c t .  I am n o t  s u r e  a b o u t  h i s  d i f f i c u l t y  w i th  
b a l a n c e  and  c l u m s in e s s  in  t h e  l e g s .  I t  i s  p o s s i b l e  
t h a t  he has  a lways  been somewhat c lum sy .  There i s  no 
e v i d e n c e  o f  a s p e c i f i c  c e r e b e l l a r  l e s i o n ,  a l t h o u g h  h i s  
c l i n i c a l  p i c t u r e s  s u g g e s t  c e r e b e l l a r  d i f f i c u l t y .  I 
wonder i f  t h e  y e a r s  o f  D i l a n t i n  have a n y t h i n g  t o  do 
w i th  t h i s .

Examiner :  Dr.  R ic h a rd  L. S t r u b
D epar tm en t  o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine



ELECTROENCEPHALOGRAM NOTES: LTP1

D a t e : 

Summary:

Examiner :

J a n u a ry  29 ,  1979

Abnormal wak ing  EEG showing e x t e n s i v e  slow waves i n  t h e  
l e f t  hem isphere  and a r e d u c t i o n  o f  a l p h a  background 
rhythm on t h e  l e f t .  Th i s  i s  e v i d e n c e  o f  d y s f u n c t i o n  
and h y p o f u n c t i o n  in  t h e  l e f t  h e m is p h e re ,  e s p e c i a l l y  
p o s t e r i o r l y .

Dr.  Gregory S.  F e r r i s  
Deparment o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine



NEUROPSYCHOLOGICAL NOTES:
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LTP1

D a t e :

Summary:

J a n u a ry  30 ,  1979

Wechsle r  A d u l t  I n t e l l i g e n c e  S c a l e

F u l l  S c a l e  I . Q . —78 
Verbal  I . Q . - - 7 6  
Pe r fo rm ance  I . Q . — 85

Wesch le r  Memory S c a l e  

Memory Q u o t i e n t - - 7 2

T r a i l  Making T e s t

R ig h t  Hemisphere P e r c e n t i l e —0 
L e f t  Hemisphere P e r c e n t i l e — <10

F i n g e r  Tapping  T e s t

R ig h t  Hand— 63 
L e f t  Hand— 59

T a c t i l e  R e c o g n i t i o n  T e s t  

No a s t e r e o g n o s i s .

Wide Range Achievement T e s t

Read ing— 2 . 2  g rade  
S p e l l i n g — 3 . 3  g rade

Examiner: Dr. F. W. Black
Department o f  Neurology
Louisiana S ta te  U n iversity  School o f  Medicine



SPEECH AND LANGUAGE NOTES:
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LTP1

D a t e :

Summary:

F eb rua ry  2 ,  1979

On a p h a s i a  t e s t i n g  u s i n g  t h e  Bos ton D i a g n o s t i c  Aphas ia  
E x a m in a t io n , we n o te  t h a t  t h e  p a t i e n t  i s  r i g h t - h a n d e d  
w i th  a l e f t - h a n d e d  b r o t h e r .  He has  a t w e l f t h  g rade  
e d u c a t i o n  w i th  a s i n g l e  g ra d e  f a i l u r e .  On t h e  
e x a m in a t io n  h i s  s p o n ta n e o u s  speech  shows a c e r t a i n  
c a u t i o u s n e s s  and h a l t i n g  c h a r a c t e r  w i th  word f i n d i n g  
p au ses  and a g e n e ra l  t e n d e n c y  tow ard  s h o r t  s e n t e n c e s .
He o c c a s i o n a l l y  would p roduce  a p a r a p h a s i a  o f  e i t h e r  
phonemic o r  s e m a n t i c  t y p e .  O c c a s i o n a l l y ,  he t e n d s  t o  
be c i r c u m l o c u t o r y  b u t  u s u a l l y  i s  a b l e  t o  e x p r e s s  h i s  
p o i n t s  a d e q u a t e l y .  A u d i to ry  comprehens ion  showed some 
mi ld  d e f e c t s  w i th  d i f f i c u l t  i t e m s  p a r t i c u l a r l y  t h e  
lo ng  p a r a g r a p h s .  In g e n e r a l ,  h i s  com prehens ion  showed 
s low ness  r a t h e r  t h a n  i n a c c u r a c y .  He d id  make some 
e r r o r s ,  however ,  on body p a r t  i d e n t i f i c a t i o n  w i th  " in  
k ind"  s u b s t i t u t i o n s  made.  In o r a l  e x p r e s s i o n ,  t h e r e  
was a d e c r e a s e  i n  o r a l  a g i l i t y  b u t  no g r o s s - f a c i a l  
ideom otor  a p r a x i a .  On r e p e t i t i o n  he had e r r o r s  w i th  
c o m p l i c a t e d  s e n t e n c e s .  His c o n f r o n t a t i o n  naming was 
good,  a l t h o u g h  t h e r e  was some s low ness  t o  h i s  r e s p o n s e .  
In g e n e r a l ,  I f e e l  t h a t  t h e  p a t i e n t  has  a m i ld ,  
m ix e d - ty p e  o f  a p h a s i a  i n  accompaniment  w i th  r e a d i n g  and 
w r i t i n g  p ro b le m s .  I am n o t  s u r e  i f  t h i s  l i t e r a c y  
p rob lem s tems from e a r l y ,  p oo r  e d u c a t i o n ,  o r  i s  t h e  
r e s u l t  o f  a  l e f t  p a r i e t a l  wound.

Examiner: Dr. R ic h a r d  L. S t ru b  
D epar tm ent o f  Neurology
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine



AUDIOLOGICAL NOTES: LTP1

Date:

Summary:

Examiner:

January 29, 1977
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Dr. C h a r l e s  I .  B e r l i n  
Kresge H ear ing  Research  L a b o ra to ry  o f  th e  

South
Depar tm ent o f  O t o r h in o l a r y n g o lo g y  
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  Medicine
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LTP1

D a t e :

Summary:

Examiner:

SURGICAL

D a t e :

Summary:

Examiner:

April 13, 1969

P a t i e n t  s u p in e  w i th  t h e  head t o  t h e  r i g h t .  Endohalo.  
Head shaved ,  p repped  wound, d e b r i d e d ,  d raped .
C u r v e l i n e a r  i n c i s i o n  i n c o r p o r a t i n g  wound, c r an i ec to m y .  
Dura opened s t e l l a t e .  Bra in  d e b r i d e d ,  bond c h i p s  o u t .  
Dura c l o s e d  w i th  g r a f t  and 4 -0  s i l k .  Galez and sk in  
c l o s e d  w i th  3-0 s i l k .  P re-op  a l e r t  w i th  some 
d i f f i c u l t y  w i th  speech .

N eu ro s u rg i c a l  Team 
U n i te d  S t a t e s  Armed F o rces  
Chu L a i ,  R epub l ic  o f  Vietnam

DIAGRAM:

A pr i l  13 ,  1969

N eu ro s u rg i c a l  Team 
U n i te d  S t a t e s  Armed F o rces  
Chu L a i ,  Repub l ic  o f  Vietnam
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SUBJECT

WOUNDED

O cto b e r  17 ,  1948BIRTHDATE

COMPUTER TOMOGRAPHY NOTES:

D ate :  May 24,  1978

Summary: We have a very  u n f o r t u n a t e  s i t u a t i o n  in  t h a t  t h e r e  i s
o b v io u s ly  a m e t a l l i c  p l a t e  i n  t h e  c a l v a r i u m  t h a t  s t a r t s
a p p r o x im a te ly  m id c o n v e x i ty  and e x t e n d s  r a t h e r  h igh  i n
t h e  l e f t  p a r i e t a l  bone.  Th i s  h igh  d e n s i t y  m a t e r i a l  
c o m p le t e ly  r u i n s  t h e  h i g h e r  s c a n s  a s  f a r  a s  g l e a n i n g  
any u s e f u l  i n f o r m a t i o n .  The p o s t e r i o r  f o s s a  i s  normal 
and bo th  tem pora l  l o b e s  a r e  sym m etr ica l  in  d e n s i t y .
The t h i r d  v e n t r i c l e  i s  a s l i t  and m i d l i n e .  The 
a n t e r i o r  horni o f  t h e  r i g h t  l a t e r a l  v e n t r i c l e  i s  
s l i g h t l y  l a r g e r  th a n  t h e  l e f t  b u t  I am n o t  s u r e  how 
s i g n f i c a n t  t h i s  m igh t  be .

Examiner:  Dr.  Roger B. T u t to n
D epar tm en t  o f  R ad io logy  
Ochsner  C l i n i c
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May 23, 1978

On n e u r o l o g i c a l  e x a m i n a t i o n ,  I found  very  l i t t l e  
p rob lem .  He has  a very  s l i g h t  d r i f t  o f  h i s  r i g h t  arm 
when i t  i s  o u t s t r e t c h e d .  His r i g h t  and l e f t  hands  seem 
t o  be a b o u t  e q u a l l y  c o o r d i n a t e d  which l e a d s  me t o  
b e l i e v e  t h e  r i g h t  hand p e rh a p s  has  l o s t  some o f  i t s  
c o o r d i n a t i o n .  On t h e  c r a n i a l  n e r v e s ,  t h e r e  i s  an 
anosmia ( l o s s  o f  s e n s e  o f  s m e l l )  on t h e  l e f t .  There 
was e n u c l e a t i o n  o f  t h e  l e f t  e y e ,  and t h e r e  i s  a s l i g h t  
d e c r e a s e  i n  s e n s a t i o n  a p p r e c i a t i o n  i n  t h e  m a x i l l a r y  
d i v i s i o n  o f  t h e  l e f t  t r i g e m i n a l  n e r v e .  There  i s  a 
q u e s t i o n  o f  a s l i g h t  low er  r i g h t  f a c i a l  weakness  b u t  
t h i s  i s  v e r y ,  v e ry  m i l d .  On r e f l e x  e x a m in a t io n ,  t h e r e  
i s  a s l i g h t  a c c e n t u a t i o n  o f  t h e  r i g h t  A c h i l l e s  r e f l e x  
and t h e r e  i s  a r i g h t  W ar tenberg  hand s i g n .  S e n s a t i o n ,  
o t h e r  t h a n  t h e  f a c e  s e n s a t i o n  i s  norm al .  There  i s  no 
e v i d e n c e  o f  e x t i n c t i o n  on d o u b le  s im u l t a n e o u s  
s t i m u l a t i o n .

Dr.  R ic h a r d  L. S t r u b  
D epar tm en t  o f  Neuro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine

ELECTROENCEPHALOGRAM NOTES:

D a t e :

Summary:

D a t e :

Summary:

Examiner :

Examiner :
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D a t e :

Summary:

May 23 ,  1978

W echs le r  A d u l t  I n t e l l i g e n c e  S c a l e

F u l l  S c a l e  I - Q . — 113 
Verbal  I . Q . — 109 
P er fo rm ance  I . Q . — 118

W esch le r  Memory S c a l e  

Memory Q u o t i e n t — 110

T r a i l  Making T e s t

R ig h t  Hemisphere P e r c e n t i l e — 75 
L e f t  Hemisphere P e r c e n t i l e - -  60

F i n g e r  Tapp ing  T e s t

R ig h t  Hand— 52 
L e f t  Hand— 43

T a c t i l e  R e c o g n i t i o n  T e s t  

No t r u e  a s t e r e o g n o s i s  p r e s e n t .

Wide Range Ach ievement T e s t

Read ing— 15 .3  g rade  
S p e l l i n g — 1 1 .6  g rade

Examiner: Dr. F. W. Black
Department o f  Neurology
Louisiana S ta te  U n iversity  School o f  Medicine
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D a t e :

Summary:

May 23,  1978

Aphas ia  e x a m in a t io n  u s i n g  t h e  Boston D i a g n o s t i c  
Aphas ia  E xam ina t ion  showed on ly  some m i ld  h e s i t a n c y  and 
d e l i b e r a t e n e s s  o f  h i s  s p o n ta n e o u s  s p e e c h .  There  d id  
seem t o  be a l a c k  o f  c o m p le x i ty  t o  h i s  g e n e ra l  
n a r r a t i v e  s p e e c h .  Verbal  f l u e n c y  was v e r y ,  ve ry  
s l i g h t l y  d e c r e a s e d .  W r i t i n g  and r e a d i n g  showed m i ld  
d e f i c i t s  when lo n g  m a t e r i a l  was r e q u e s t e d .  There were 
no o t h e r  d e f i c i t s  i n  l a n g u a g e  t e s t i n g .  The p a t i e n t  
d e s c r i b e s  some h e s i t a n c y  w i th  h i s  speech  when he g e t s  
e x c i t e d  o r  t i r e d .  He a l s o  d e s c r i b e d  some d i f f i c u l t y  
s a y i n g  e x a c t l y  what  he w an ts  t o  say  on o c c a s i o n  and 
o f t e n  f i n d s  h i m s e l f  r e p h r a s i n g  t h i n g s .  He o f t e n  has  t o  
r e p e a t  words when he p ro d u c e s  a p a r a p h a s i a .  He has  
e x p e r i e n c e d  some d i f f i c u l t y  i n  r e a d i n g ;  t h i s  i s  u s u a l l y  
in  te rm s  o f  l o n g  p a r a g r a p h - 1 e n g t h  m a t e r i a l .  He n o t i c e s  
a s l i g h t  s i m p l i f i c a t i o n  and d e l i b e r a t e n e s s  t o  h i s  
s p o n tan eo u s  speech  p r o d u c t i o n  s i n c e  h i s  i n j u r y .

Examiner:  Dr.  R ic h a r d  L. S t r u b
D epar tm en t  o f  Neuro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine
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Summary:

Examiner:

May 21,  1978
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Dr. C h a r l e s  I .  B e r l i n  
Kresge H ear ing  Research  L a b o ra to ry  o f  t h e  

South
Depar tm ent o f  O t o r h in o l a r y n g o lo g y  
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  Medic ine
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D a t e :

Summary:

Examiner

SURGICAL

D a t e :

Summary:

June  8 , 1969

A l e f t  p a r i e t a l  c r an i ec to m y  and b r a i n  debr idm en t  done.  
P o s t - o p  p a t i e n t  remains  a l e r t .  He s e e s  w e l l .  He has a 
mi ld  r i g h t  h e m i p a r e s i s  arm and l e g .  He has  been 
a f e b r i l e .

N e u ro s u rg i c a l  Team 
U n i te d  S t a t e s  Armed F o rces  
Chu L a i ,  Repub l ic  o f  Vietnam

DIAGRAM:

June  8 , 1969

< r> W
Examiner: N e u ro s u rg i c a l  Team 

U n i te d  S t a t e s  Armed F o rc e s  
Chu L a i ,  Repub l ic  o f  Vietnam
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SUBJECT:

F eb ru a ry  26 ,  1970

BIRTHDATE

COMPUTER TOMOGRAPHY NOTES

D ate :  A p r i l  18 ,  1978

Summary: P o s t  s u r g i c a l  d e f e c t s  i n  t h e  l e f t  te mpora l  r e g i o n  have
some m e t a l l i c  c l i p s  t h a t  i n t r o d u c e  a r t i f a c t u a l  
i n f o r m a t i o n  i n t o  t h e  exam. I can  s e e  t h a t  t h e r e  i s  a 
l i t t l e  d e c r e a s e d  d e n s i t y  o f  t h e  t i p  o f  t h e  l e f t  
te mpora l  l o b e  a n t e r i o r l y  a s  wel l  as  on i t s  i n f e r i o r  
s u r f a c e .  The body o f  t h e  l e f t  v e n t r i c l e  i s  very  
s l i g h t l y  l a r g e r  th a n  t h e  r i g h t .  The meta l  c l i p  on t h e  
d u ra  i n  t h e  l e f t  p a r i e t a l  r e g i o n  does  n o t  s i g n i f i c a n t l y  
o b s c u re  any ana tom ic a l  d e t a i l .  R ig h t  hem isphere  i s  
n o rm a l .

Examiner :  Dr. Roger B. T u t to n
D epar tm en t  o f  R ad io logy  
O chsner  C l i n i c
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D ate :  A pr i l  17 ,  1978

Summary: N e u ro lo g ic  e v a l u a t i o n  r e v e a l s  s e v e r a l  r e l a t i v e l y  m i ld
d e f i c i t s .  The f i r s t  i s  a t r i g e m i n a l  ne rv e  l e s i o n  
on t h e  l e f t  s i d e  o f  t h e  f a c e  w i th  d e c r e a s e d  s e n s a t i o n  
which i s  q u i t e  marked and m i ld  t o  m ode ra te  weakness 
i n  t h e  m usc les  o f  m a s t i c a t i o n  on t h e  l e f t .  There  i s  a 
very  s l i g h t  l e f t  low er  f a c i a l  w eakness ,  b u t  t h i s  i s  
m in im a l .  Visual  a c u i t y  shows 20 /25  on l e f t .  The gag 
r e f l e x  i s  s u p p r e s s e d  b i l a t e r a l l y  and c o rn e a l  r e f l e x  i s  
d r a m a t i c a l l y  d e c r e a s e d  on t h e  l e f t  s i d e . . . t h e r e  a r e  no 
p a t h o l o g i c  r e f l e x e s .  On motor  e x a m i n a t i o n ,  he i s  
somewhat u n s te a d y  and t e n d s  t o  f a l l  on tandem w a lk i n g .  
One o f  h i s  prob lems  i s  r e l a t e d  t o  f r a g m e n t  wounds o f  
t h e  r i g h t  l e g  w i t h  i n a b i l i t y  t o  d o r s i f l e x  t h e  r i g h t  
l e g .

Examiner :  Dr.  R ic h a rd  L. S t r u b
D epar tm en t  o f  Neuro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine

ELECTROENCEPHALOGRAM NOTES:

D ate :  A pr i l  17 ,  1978

Summary: Abnormal EEG showing a random p o s i t i v e  s p i k e  in  t h e
l e f t  te mpora l  r e g i o n .  There  i s  a l s o  some s l i g h t l y  slow 
a c i t i v i t y  in  t h e  l e f t  t em pora l  r e g i o n  more t h a n  t h e  
r i g h t ,  b u t  t h i s  i s  a very  s u b t l e  f i n d i n g  and c o u l d  be 
w i t h i n  l i m i t s  o f  normal v a r i a t i o n .

Examiner : Dr. Gregory S. F e r is s
Department o f  Neurology
Louisianan STate U n iversity  School o f  Medicine
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D a t e :

Summary:

Examiner :

A p r i l  17 ,  1978

Wechsle r  A d u l t  I n t e l l i g e n c e  S c a l e

F u l l  S c a l e  I . Q . — 8 6  
Verba l  I . Q . — 101 
P e r fo rm ance  I . Q . — 8 6

Weschler  Memory S c a l e  

Memory Q u o t i e n t - - 7 0

T r a i l  Making T e s t

R ig h t  Hemisphere P e r c e n t i l e - - 5 0  
L e f t  Hemisphere P e r c e n t i l e - - 1 0

F i n g e r  Tapping  T e s t

R i g h t  Hand— 59 
L e f t  Hand— 50

T a c t i l e  R e c o g n i t i o n  T e s t

Im p a i red  b i l a t e r a l l y  (2 o u t  o f  4 e r r o r s / h a n d ) .

Wide Range Ach ievement T e s t

Read ing— 5 . 4  g rade  
S p e l l i n g — 3 .7  g rad e

Dr. F. W. Black
Department o f  Neurology
Louisiana S ta te  U n iversity  School o f  Medicine
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D a t e :

Summary:

A pr i l  17 ,  1978

On a p h a s i a  t e s t i n g ,  t h e  p a t i e n t  shows an e x t r e m e ly  m i ld  
anomic a p h a s i a  w i th  mode ra te  t o  marked d i f f i c u l t y  in  
r e a d i n g  w i th  a r a t h e r  s e v e r e  problem i n  w r i t i n g .  The 
p a t i e n t  had tremendous  d i f f i c u l t y  w i th  s p e l l i n g  and any 
e x t e n d e d  d i s c o u r s e  w r i t i n g .  P r o n o u n c i a t i o n  o f  l a nguage  
i s  good,  and com prehens ion  i s  f a i r l y  good,  a l t h o u g h  he 
had some d i f f i c u l t y  w i th  l o n g  c o m p l i c a t e d  p a ra g ra p h  
m a t e r i a l .  His a c t u a l  c o n f r o n t a t i o n  naming showed very  
few p ro b le m s ,  a l t h o u g h  he d id  o c c a s i o n a l l y  have t o  
d e m o n s t r a t e  t h e  use  o f  an o b j e c t  b e f o r e  he c o u ld  a r r i v e  
a t  t h e  name. There  were on ly  a few e v i d e n c e s  o f  
p a r a p h a s i c  r e s p o n s e s .  One, he c a l l e d  t h e  c o l o r  b l u e ,  
y e l l o w  and he had a g r e a t  dea l  o f  t r o u b l e  naming 
c a c t u s .  With t h e  word,  key ,  he had t o  show t h e  use  and 
i t  took  him a p p r o x im a te ly  1 0  s econds  t o  come up w i th  
t h e  r i g h t  answ er .  The c o l o r  p ink  was a l s o  named very  
s l o w l y ,  however,  c o r r e c t l y .  The p a t i e n t  d id  n o t  show 
any e v id e n c e  o f  s t e r e o g n o s t i c  d i f f i c u l t y ,  b u t  d id  show 
some naming p rob lem s w i th  t h e  s t e r e o g n o s i s  t a s k  which 
m igh t  l e a d  one t o  b e l i e v e  t h a t  t h e r e  was a t r u e  
s t e r e o g n o s i s ,  b u t  t h i s  i s  n o t  t h e  c a s e .  There  was no 
e v i d e n c e  o f  id e o m o to r  a p r a x i a  i n  t h e  l imb o r  
b u c c o f a c i a l  commands o f  nonverba l  t a s k s ,  however,  
v e rb a l  a g i l i t y  seems somewhat r ed u ce d  w i th  many r a p i d  
t a s k s  w i th  t o n g u e .

Examiner :  Dr. R ic h a rd  L. S t r u b
D epar tm en t  o f  Neuro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M edic ine
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Exam iner: Dr. C h a r le s  I .  B e r l in
K resge H ea r in g  R esearch  L a b o ra to ry  o f  th e  

South
D epartm ent o f  O to rh in o la ry n g o lo g y  
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D a te :

Summary:

Exam iner:

SURGICAL

D a te :

Summary:

Exam iner:

February 26, 1970

L e f t  tem pora l c r a n ie c to m y .  When in s p e c t io n  made e x t r a  
d u r a l l y ,  th e  tem poral lo b e  du ra  was seen  to  have a h o le  
o v e r  a n t e r i o r  tem poral t i p .  There  was a dime s i z e  h o le  
in  l e f t  sp h en o id  bone ( a n t e r i o r  w all o f  m idd le  f o s s a ) .  
The h o le  was j u s t  s u p e r i o r  t o  a n e rve  t ru n k  which was 
most l i k e l y  th e  m a x i l l a r y  d iv .  o f  V a s  th e  m an d ib u la r  
d iv i s i o n  o f  V was i d e n t i f i e d  low er  down. T h is  h o le  
opened i n t o  th e  m a x i l l a r y  s in u s .  There  were s e v e ra l  
l a r g e  1 x .5  bone c h ip s  e x t r a d u r a l l y .  A f te r  th e s e  were 
removed, th e  dura  was opened o v e r  l a t e r a l  a n t e r i o r  
tem poral lo b e  and o u t e r  3 cm r e s e c t e d  r e v e a l in g  3 small 
bone c h ip s  in  b r a i n .  Fragm ent h o le  c lo s e d  w ith  s i l k  
and oversewn w ith  a f a s c i a  g r a f t  e x t r a d u r a l l y .  I t  was 
t e s t e d  and found to  be w a te r  t i g h t .  Temporal lo b e  dura  
c lo s e d  w ith  small g r a f t .

N e u ro su rg ic a l  Team 
U n ite d  S t a t e s  Armed F o rc e s  
Chu L a i ,  R epub lic  o f  Vietnam

DIAGRAM:

F eb ruary  26 , 1970

N e u ro su rg ic a l  Team 
U n ite d  S t a t e s  Armed F o rces  
Chu L a i ,  R epub lic  o f  Vietnam
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SUBJECT: LTP4

WOUNDED:

BIRTHDATE:

F eb ru a ry  28 , 1969 

June  21 , 1946

COMPUTER TOMOGRAPHY NOTES: O C H S N E R  CL

D ate:

Summary:

O ctober  2 5 ,  1978

T here  i s  a c ra n ie c to m y  d e f e c t  in  t h e  l e f t  p a r i e t a l  
r e g io n  j u s t  b eh in d  th e  c o ro n a l  s u t u r e .  There  i s  a 
sm all amount o f  m e t a l l i c  m a te r i a l  a t  t h i s  c ran iec to m y  
d e f e c t  b u t  i t  does n o t  s i g n i f i c a n t l y  im p a ir  
v i s u a l i z a t i o n  o f  th e  c e r e b r a l  t i s s u e .  The body o f  th e  
l e f t  l a t e r a l  v e n t r i c l e  i s  v e ry  s l i g h t l y  l a r g e r  on th e  
r i g h t .  There  i s  no s h i f t  o f  t h e  m id l in e  s t r u c t u r e s .  
The o n ly  b r a i n  parenchymal a b n o r m a l i t i e s  seem t o  be 
l o c a t e d  im m ed ia te ly  b e n e a th  t h e  bone f l a p  and e x te n d  
on ly  ab o u t  2 cm i n t o  t h e  b r a i n  s u b s t a n c e .  These a r e  
c h a a r a c t e r i z e d  by a l i t t l e  d e c r e a s e  in  d e n s i t y  as  
though t h e r e  may be some g l i o s i s .  As we app roach  th e  
s u p e r i o r  p o r t i o n  o f  t h e  bone f l a p ,  i t  lo o k s  t o  me as  
though th e  b r a i n  t i s s u e  r e t u r n s  t o  normal and th e  same 
i s  t r u e  c l o s e  t o  t h e  i n f e r i o r  a s p e c t .

Exam iner: Dr. Roger B. T u t to n  
D epartm en t o f  R ad io logy  
O chsner C l i n i c
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D a te :  O c to b e r  2 4 ,  1978

Summary: On n e u r o l o g i c a l  e x a m in a t io n  t h e r e  i s  somewhat a
d i f f i c u l t y  i n  s e p a r a t i n g  p ro b lem s  w hich s tem  from h i s  
r e c e n t  back i n j u r y  from  t h o s e  o r i g i n a t i n g  from  h i s  
c e r e b r a l  m i s s i l e  wound. He h a s  a b ro a d b a s e  g a i t  and i s  
u n a b le  t o  h e e l  w a lk ,  how ever ,  he can  walk tandem  w i th  
some d i f f i c u l t y .  He h as  a m i ld  d y s m e t r i a  and a c t i o n  
t r e m o r  i n  t h e  r i g h t  arm and some b i l a t e r a l  l e g  
w e a k n e ss .  C o o r d in a t io n  shows d i f f i c u l t y  on t h e  r i g h t  
w i th  some t e r m in a l  i n t e n t i o n a l  t r e m o r  and c lu m s in e s s  
w i th  a l t e r n a t i n g  and r a p i d  movem ents. P a t i e n t  has  
normal movements w i th  l e f t  l im b s .  H is c r a n i a l  n e rv e s  
show o n ly  a s l i g h t  d e c r e a s e  in  s e n s a t i o n  a ro u n d  t h e  
c o r n e r  o f  t h e  mouth in  t h e  r i g h t  w i th  a very  s u b t l e  
f a c i a l  d ro o p .  R e f l e x e s  showed a s l i g h t  i n c r e a s e  in  t h e  
r i g h t  b ic e p  r e f l e x  and  r i g h t  W arte n b e rg  b u t  no o t h e r  
a b n o r m a l i t i e s .  S e n s a t i o n  t e s t i n g  showed some d e c r e a s e  
i n  a l l  m o d a l i t i e s  i n  t h e  r i g h t  arm and l e g .  T here  i s  
no e v id e n c e  o f  id e o m o to r  a p r a x i a ,  r i g h t - l e f t  
d i s o r i e n t a t i o n ,  o r  f i n g e r  a g n o s i a .

E xam iner:  D r. R ic h a rd  L. S t r u b
D ep a r tm e n t  o f  N eu ro logy
L o u i s i a n a  S t a t e  U n i v e r s i t y  School o f  M ed ic in e

ELECTROENCEPHALOGRAM NOTES:

D ate :

Summary:

O c to b e r  2 1 ,  1978

The p ro m in e n t  f e a t u r e  s e e n  i s  some a b n o r m a l i t y  in  t h e  
l e f t  h e m is p h e re  in  w hich t h e r e  i s  s lo w in g  o f  4 -5  c p s .  
T h i s  r e c o r d i n g  i s  c o n s i s t e n t  w i th  c e r e b r a l  d y s f u n c t i o  
i n v o l v i n g  t h e  l e f t  h e m is p h e re .

E xam iner: Dr. Gregory S. F e r r is
Department o f  Neurology
L ouisiana S ta te  U n iv ers ity School o f  M ed ic in e



NEUROPSYCHOLOGICAL NOTES: LTP4

D a te : 

Summary:

O c to b e r  2 1 ,  1978

W ec h s le r  A d u l t  I n t e l l i g e n c e  S c a l e

F u l l  S c a l e  I . Q . — 133 
V erbal I . Q . — 130 
P e r fo rm a n c e  I . Q . — 132

W esch le r  Memory S c a l e  

Memory Q u o t i e n t — 143+

T r a i l  Making T e s t

R ig h t  H em isphere  P e r c e n t i l e — 75 
L e f t  H em isphere  P e r c e n t i l e — 75

F i n g e r  T a p p in g  T e s t

R ig h t  Hand— 39 
L e f t  Hand— 6 8

T a c t i l e  R e c o g n i t i o n  T e s t  

Normal l i m i t s .

Wide Range A ch ievem en t T e s t

R e ad in g — 18 g ra d e  
S p e l l i n g — 14 g ra d e

Examiner: Dr. F. W. Black
Department o f  Neurology
Louisiana S ta te  U n iv e r s ity  School o f  Medicine



SPEECH AND LANGUAGE NOTES:
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LTP4

D a te :

Summary:

O ctober  24 , 1978

I a d m in i s t e r e d  th e  e n t i r e  B oston  D ia g n o s t i c  A phasia  
E x am in a t io n .  A v e ry  s l i g h t  p rob lem  w i th  a r t i c u l a t i o n  
and r a r e  problem s w i th  word c h o ic e  was n o t i c e d .  T h is  
c e r t a i n l y  i s  n o t  enough t o  c l a s s i f y  a s  a t r u e  la n g u ag e  
d i s t u r b a n c e .  On one o c c a s io n  d u r in g  v e rb a l  commands, 
he showed some p r e s e r v e r a t i o n  b u t  t h i s  was n o t  a 
c h a r a c t e r i s t i c  o f  h i s  p e r fo rm a n ce  in  g e n e r a l .  Of n o te ,  
i s  th e  f a c t  t h a t  th e  p a t i e n t  i s  l e f t - h a n d e d  and t h i s  
p ro b a b ly  e x p l a i n s  t h e  p a u c i ty  o f  la n g u a g e  f i n d i n g s . . .h e  
has  a m ild  la n g u a g e  r e s i d u a l  which I would c o n s id e r  n o t  
a s  a s i g n i f i c a n t  a p h a s i a ,  how ever, t h e r e  a r e  some 
s u b t l e  prob lem s w i th  word and s y l l a b l e  s u b s t i t u t i o n s  On 
r a r e  o c c a s io n s .

E xam iner: Dr. R ic h a rd  L. S t ru b  
D epartm en t o f  N eurology
L o u i s i a n a  S t a t e  U n iv e r s i t y  School o f  M edic ine



AUDIOLOGICAL NOTES: LTP4

D ate:

Summary:
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Exam iner: Dr. C h a r le s  I .  B e r l i n
K resge H ear in g  R esearch  L ab o ra to ry  o f  th e  

South
D epartm ent o f  O to rh in o la ry n g o lo g y  
L o u is ia n a  S t a t e  U n iv e r s i t y  School o f  M edicine
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LTP4

D ate : F eb ruary  24, 1969

Summary: P re -o p  p a t i e n t  d y sp h a s ic  m odera te  to  s e v e re .  Area
p repped  and d rap ed .  L e f t  p a r i e t a l  h o rse sh o e  f l a p .
L e f t  p a r i e t a l  c ra n ie c to m y .  Dura opened s t e l l a t e .
B ra in  d e b r id e d  and i n - d r i v e n  bone c h ip s  e x c i s e d .  20-30 
cc b r a in  removed. Dura c lo s e d  w ith  4-0  s i l k  and g r a f t .  
(The l a t e r a l  v e n t r i c l e  was e n la r g e d  by t r a c t ) .  M uscles 
and g a le z  s k in  c lo s e d  w i th  3-0  s i l k .

Exam iner: N e u ro su rg ic a l  Team
U n ite d  S t a t e s  Armed F o rc e s  
Chu L a i ,  R ep u b lic  o f  Vietnam

SURGICAL DIAGRAM:

D ate :  F eb rua ry  24 , 1969

Summary:

E xam iner: N e u ro su rg ic a l  Team
U n ite d  S t a t e s  Armed F o rc e s  
Chu L a i ,  R ep u b lic  o f  Vietnam
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Appendix B Summary o f  s i g n i f i c a n t  ANOVA v a lu e s  f o r  C o n t r o l ,  RTP, and 

LTP g ro u p s .



APPENDIX B

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR F i FORMANT FREQUENCY MEASURES 

OF CONTROL, RTP, AND LTP GROUPS.

Source
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 73724180.408 36862090.204 330.904 **
E r r o r 24 2673551.288 11397.970

Consonant 5 193074.264 38614.852 6 .573 **
E r r o r 60 352435.657 5873.927

Vowel x C o n d i t io n 2 87545.460 43772.730 3.612 *
E r r o r 24 290834.878 12118.119

* S i g n i f i c a n t  beyond th e  5 - p e r c e n t  l e v e l

** S i g n i f i c a n t  beyond th e  1 - p e r c e n t  l e v e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR Fx FORMANT FREQUENCY MEASURES OF

CONTROL SUBJECTS ONLY.

Source
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 40337456.000 20168720.000 168.604 **
E r r o r 12 1435456.000 119621.312

C onsonan t 5 232801.750 46560.347 5.376 **
E r r o r 30 259790.000 8659.664

Vowel x C onsonan t x
R e p e t i t i o n 30 82468.375 2748.945 1.539 *

E r r o r 180 321318.562 1785.103

* S i g n i f i c a n t  beyond t h e  5 - p e r c e n t  l e v e l  

** S i g n i f i c a n t  beyond t h e  1 - p e r c e n t  l e v e l



APPENDIX B

(Continued)

SUMMARY OF SIGNFICANT ANOVA VALUES FOR Fi FORMANT FREQUENCIES

IN RTP AND LTP GROUPS.

D egrees  o f Sums o f Mean
S ource Freedom S quares S quares F - r a t i o P

Vowel 2 33542624.000 16771312.000 162.489 **
E r r o r 12 1238576.000 103214.625

** S i g n i f i c a n t  beyond th e  1 - p e r c e n t  l e v e l
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APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES OF Fi FORMANT FREQUENCIES IN

CONTROL AND PATHOLOGICAL GROUPS.

Source
D egrees  o f  

Freedom
Sums o f  
S quares

Mean
S quares F - r a t i o P

Vowel 2 73709040.000 36854512.000 330.842 **
E r r o r 24 2673504.000 111396.000

C onsonant 5 193074.125 38614.824 6 .574 **
E r r o r 60 352419.312 5873.652

Vowel x C onsonan t 10 100157.875 10015.785 1.977 *
E r r o r 1 2 0 607709.687 5064.246

Vowel x C o n d i t io n 2 95440.437 47720.218 3 .938 *
E r r o r 24 290794.375 12116.429

Group x C onsonan t x
C o n d i t io n 5 49036.542 9807.308 3.816 **

E r r o r 60 154200.625 2570.010

* S i g n i f i c a n t  beyond th e  5 - p e r c e n t  l e v e l

* * S ig n if ic a n t  beyond the 1-percent le v e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR F2 FORMANT FREQUENCIES FOR

CONTROL, RTP, AND LTP GROUPS.

Source
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 261083648.000 130541824.000 198.796 **
E r r o r 24 15759856.000 656660.625
C onsonant 5 18176384.000 3635276.000 117.252 **
Group x C onsonan t 15 941600.000 62773.332 2 .024 *
E r r o r 60 1860224.000 31003.730
Vowel x C onsonan t 10 5476736.000 547673.562 24.495 **
E r r o r 1 2 0 2683024.000 22358.531
C o n d i t io n 1 4324551.000 4324551.000 58 .018 **
E r r o r 12 894442.000 74536.812
Vowel x C o n d i t io n 2 406153.000 203076.500 4.937 *
E r r o r 24 987174.000 41132.250
C onsonan t x R e p e t i t i o n 15 174245.812 11616.386 1.759 *
E r r o r 180 1188087.000 6600.480
C o n d i t io n  x R e p e t i t i o n 3 150400.812 50133.601 5.101 **
E r r o r 36 353811.937 9829.109

* S i g n i f i c a n t  beyond th e  5 - p e r c e n t  l e v e l

** S ig n i f ic a n t  beyond the 1-percent lev e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR F2 FORMANT FREQUENCIES FOR

CONTROL SUBJECTS ONLY.

Source
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
S quares F - r a t i o P

Vowel 2 123151872.000 61575936.000 238.511 **
E r r o r 12 3098016.000 258168.000
C onsonant 5 12744653.000 2548930.000 74.551 **
E r r o r 30 1025700.000 34190.000
Vowel x C onsonan t 1 0 4627136.000 462713.562 20.641 **
E r r o r 60 1344988.000 22416.464
C o n d i t io n 1 3482926.000 3482926.000 86 .884 **
E r r o r 6 240520.000 40086.664
Vowel x C o n d i t io n 2 365922.000 182961.000 7.636 **
E r r o r 12 287512.000 23959.332
Vowel x C onsonan t x

R e p e t i t i o n 30 296051.062 9868.367 1.566 *
E r r o r 180 1133984.000 6299.410
C o n d i t io n  x R e p e t i t i o n 3 90158.000 30052.664 5 .054 *
E r r o r 18 107030.812 5946.156

* S i g n i f i c a n t  beyond th e  5 - p e r c e n t  l e v e l

** S ig n i f ic a n t  beyond the 1-percent lev e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR ?2 FORMANT FREQUENCIES FOR

RTP AND LTP SUBJECTS.

Source
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
S quares F - r a t i o P

Vowel 2 138440064.000 69220032.000 65 .603 **
E r r o r 12 12661536.000 1055128.000

C onsonant 5 6073102.000 1214620.000 43 .660 **
E r r o r 30 834593.00 27819.765

Vowel x C onsonan t 1 0 1491954.000 149195.375 6 .694 **
E r r o r 60 1337263.000 22287.714

C o n d i t io n 1 1154937.000 1154937.000 10.595 *
E r r o r 6 654013.000 109002.125

* S ig n i f ic a n t  beyond the 5-percent le v e l

** S ig n i f ic a n t  beyond the 1-percent lev e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES OF F2 FORMANT FREQUENCIES FOR

CONTROL AND PATHOLOGICAL GROUPS.

Source
D egrees  o f  

Freedom
Sums o f  
S quares

Mean
S quares F - r a t i o P

Vowel 2 261083648.000 130541824.000 198.793 **
E r r o r 24 15760096.000 656670.625
C onsonant 5 18176384.000 3635276.000 117.252 **
Group x Consonant 5 641280.000 128256.000 4 .136 **
E r r o r 60 1860224.000 31003.730
Vowel x C onsonan t 1 0 5476736.000 547673.562 24.497 **
Group x Vowel x Consonant 1 0 642384.000 64238.398 2 .873 **
E r r o r 1 2 0 2682784.000 22356.531
C o n d i t io n 1 4324551.000 4324551.000 58 .019 **
E r r o r 1 2 894441.000 74536.750
Vowel x C o n d i t io n 2 406153.000 203076.500 4.937 *
E r r o r 24 987111.000 41129.625
C onsonan t x R e p e t i t i o n 15 174245.812 11616.386 1.759 *
E r r o r 180 1188089.000 6600.492
C o n d i t io n  x R e p e t i t i o n 3 150400.812 50133.601 5.100 **
E r r o r 36 353820.875 9828.355

* S i g n i f i c a n t  beyond th e  5 - p e r c e n t  l e v e l

** S ig n i f ic a n t  beyond the 1-percent le v e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR F3 FORMANT FREQUENCIES FOR

CONTROLS, RTP, AND LTP GROUPS.

Source
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
S quares F - r a t i o P

Vowel 2 71904352.000 35952176.000 81 .678 **
E r r o r 24 10563968.000 440165.312

Consonant 5 15321525.000 3064305.000 63 .623 **
E r r o r 60 2889781.000 48163.015

Vowel x Consonant 1 0 1195563.000 119556.250 3 .020 **
E r r o r 1 2 0 4749963.000 39583.023

C o n d i t io n 1 4516821.000 4516821.000 49 .299 **
E r r o r 12 1099449.000 91620.750

Group x C onsonan t x
C o n d i t io n 15 546192.00 36412.796 2.177 *

E r r o r 60 1003234.000 16720.566

* S i g n i f i c a n t  beyond th e  5 - p e r c e n t  l e v e l

** S ig n i f ic a n t  beyond the 1-percent le v e l
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APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR F3 FORMANT FREQUENCIES FOR

CONTROL SUBJECTS ONLY.

Source
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
S quares F - r a t i o P

Vowel 2 45858032.000 22929008.000 78 .675 **
E r r o r 12 3497264.000 291438.625

C onsonant 5 10496064.000 2099212.000 60 .316 **
E r r o r 30 1044095.000 34803.164

C o n d i t io n 1 1883395.000 1883395.000 35.067 **
E r r o r 6 322244.000 53707.332

Consonan t x C o n d i t io n 5 257970.000 51594.000 2 .802 *
E r r o r 30 552333.000 18411.097

* S ig n i f ic a n t  beyond the 5-percent le v e l

** S ig n i f ic a n t  beyond the 1-percent le v e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR F3 FORMANT FREQUENCIES OF

RTP AND LTP SUBJECTS.

Source
D egrees  o f  

Freedom
Sums o f  
S quares

Mean
Squares F - r a t i o P

Vowel 2 27503872.000 13751936.000 23.351 **
E r r o r 12 7067056.000 588921.312

C onsonan t 5 5326237.000 1065247.000 17.313 **
E r r o r 30 1845838.000 61527.929

C o n d i t io n 1 2667457.000 2667457.000 20 .594 **
E r r o r 6 777148.000 129524.625

** S i g n i f i c a n t  beyond th e  1 - p e r c e n t  l e v e l

rouiro



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR F3 FORMANT FREQUENCIES FOR

CONTROL AND PATHOLOGICAL GROUPS.

Source
D egrees  o f  

Freedom
Sums o f  
S quares

Mean
S quares F - r a t i o P

Vowel 2 71904352.000 35952176.0001 81 .678 **
E r r o r 24 10563968.000 440165.312

C onsonant 5 15321525.000 3064305.000 63 .623 **
E r r o r 60 2889781.000 48163.015

Vowel x C onsonan t 1 0 1195563.000 119556.250 3 .020 **
E r r o r 1 2 0 4749963.000 39583.000

Condi t i  on 1 4516821.000 4516821.000 49 .299 **
E r r o r 12 1099440.00 91620.00

Group x C onsonan t x
C o n d i t io n 5 350891.00 70178.187 4 .197 **

E r r o r 60 1003243.000 16720.714

** S ig n i f ic a n t  beyond the 1-percent lev e l

rounco



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR FUNDAMENTAL FREQUENCY OF

CONTROL, RTP, AND LTP GROUPS.

Source
D egrees  o f  

Freedom
Sums o f  
S quares

Mean
S quares F - r a t i o P

Vowel 2 217175.125 108587.562 94.727 **
E r r o r 24 27511.625 1146.317

C onsonant 5 44639.750 8927.949 43 .874 **
E r r o r 60 12209.437 203.490

Vowel x C onsonan t 1 0 11529.125 1152.912 9 .200 **
E r r o r 1 2 0 15036.625 125.305

C o n d i t io n 1 49734.941 49734.941 47.157 **
E r r o r 12 12655.878 1054.656

Vowel x C o n d i t io n 2 3317.808 1658.904 17.524 **
E r r o r 24 2271.875 94.661

** S ig n i f ic a n t  a t  the 1-percent le v e l
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APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR FUNDAMENTAL FREQUENCY OF

CONTROL SUBJECTS ONLY.

Source
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
S quares F - r a t i o P

Vowel 2 105650.312 52825.156 29 .560 **
E r r o r 12 21422.312 1785.192

C onsonant 5 27385.812 5477.160 25 .380 **
E r r o r 30 6473.976 215.799

Vowel x Consonant 1 0 7579.562 757.956 4 .915 **
E r r o r 60 9252.523 154.208

C o n d i t io n 1 19899.890 19899.890 12.858 *
E r r o r 6 9285.332 1547.555

* S ig n i f ic a n t  beyond the 5 -p ercen t lev e l

** S ig n i f ic a n t  beyond the 1-percent le v e l

rocnui



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR FUNDAMENTAL FREQUENCY IN

RTP AND LTP GROUPS.

Source
D egrees  o f  

Freedom
Sums o f  
S quares

Mean
Squares F - r a t i o P

Vowel 2 111608.125 55804.062 109.930 **
E r r o r 12 6091.562 507.630

C onsonant 5 19345.726 3869.145 20.241 **
E r r o r 30 5734.347 191.144

Vowel x C onsonan t 1 0 4777.335 477.733 4 .955 **
E r r o r 60 5784.152 96.402

Condi t i  on 1 30391.386 30391.386 54.096 ■kk
E r r o r 6 3370.796 561.799

Vowel x C o n d i t io n 2 3007.363 1503.681 19.316 **
E r r o r 12 934.140 77.845

** S ig n i f ic a n t  beyond the 1-percent le v e l

PO
tn



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES OF FUNDAMENTAL FREQUENCY FOR

CONTROL AND PATHOLOGICAL GROUPS.

S ource
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 217175.125 108587.562 94.726 **
E r r o r 24 27511.750 1146.322

C onsonant 5 44639.750 8927.949 43 .873 **
E r r o r 60 12209.605 203.493

Vowel x C onsonan t 1 0 11529.125 1152.912 9 .200 **
E r r o r 1 2 0 15036.457 125.303

C o n d i t io n 1 49734.941 49734.941 47.156 **
E r r o r 12 12656.046 1054.670

Vowel x C o n d i t io n 2 3317.808 1658.904 17.525 **
E r r o r 24 2271.707 94.654

** S ig n i f ic a n t  beyond the 1 -percent lev e l

IN5cn



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES OF VOWEL NUCLEI DURATION FOR

CONTROL, RTP, AND LTP GROUPS.

Source
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 16567.679 8283.839 273.338 **
E r r o r 24 727.347 30.306

C onsonan t 5 23258.851 4651.769 321.175 **
E r r o r 60 869.015 14.483

Vowel x C onsonan t 1 0 1962.445 196.244 43 .569 **
Group x Vowel x

C onsonant 30 282.265 9 .408 2 .088 **
E r r o r 1 2 0 540.496 4 .504

C o n d i t io n 1 377.483 377.483 8 .547 *
E r r o r 12 529.985 44 .165

C onsonant x C o n d i t io n 5 92.242 18.448 5.606 **
Group x C onsonan t x

C o n d it io n 15 93.051 6 .203 1.885 *
E r r o r 60 197.444 3 .290

* S ig n i f ic a n t  beyond the 5 -percent le v e l ** S ig n i f ic a n t  beyond the 1-percent le v e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA 

CONTROL

VALUES FOR VOWEL 

SUBJECTS ONLY.

NUCELI DURATION IN

Source
D egrees  o f  

Freedom
Sums o f  
S quares

Mean
Squares F - r a t i o P

Vowel 2 9737.031 4868.515 140.085 **
E r r o r 12 417.046 34 .753

C onsonant 5 10740.535 2148.106 124.944 **
E r r o r 30 515.773 17.192

Vowel x C onsonan t 1 0 900.136 90.013 18.389 **
E r r o r 60 293.683 4 .8 9 4

C o n d i t io n 1 465.768 465.768 15.688 **
E r r o r 6 178.129 29.688

C onsonant x C o n d i t io n 5 94 .758 18.951 4 .802 **
E r r o r 30 118.393 3.946

** S ig n i f ic a n t  beyond the 1-percent le v e l
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APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR VOWEL NUCLEI DURATION IN

RTP AND LTP GROUPS.

Source
D egrees o f  

Freedom
Sums o f  
Squares

Mean
S quares F - r a t i o P

Vowel 2 6972.355 3486.177 134.640 **
Group x Vowel 2 226.074 113.037 4 .365 *
E r r o r 12 310.710 25.892

Consonant 4 12684.570 2536.914 215.244 **
E r r o r 30 353.585 11.786

Vowel x C onsonan t 1 0 1144.214 114.421 27.892 **
Group x Vowel x

C onsonant 1 0 152.710 15.271 3 .722 **
E r r o r 60 246.132 4 .102

C onsonant x C o n d i t io n 5 37.551 7 .510 2 .863 *
E r r o r 30 78.677 2.622

* S i g n i f i c a n t  beyond th e  5 - p e r c e n t  l e v e l

** S ig n i f ic a n t  beyond the 1-percent lev e l



APPENDIX B

(Cont inued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR VOWEL NUCLEI DURATION IN

CONTROL AND PATHOLOGICAL GROUPS.

Source
Degrees  o f  

Freedom
Sums o f  
S quares

Mean
Squares F - r a t i o P

Vowel 2 16567.679 8283 .839 273.338 **
E r r o r 24 727.347 30 .306

Consonant 5 23258.851 4651.769 321.175 **
E r r o r 60 869.015 14.483

Vowel x Consonant 10 1962.445 196.244 43.569 **
Group x Vowel x

Consonant 10 119.199 11.919 2.646 **
E r r o r 120 540.496 4 .504

C o n d i t i o n 1 377.483 377.483 8.547 *
E r r o r 12 529.985 44.165

Consonant  x C o n d i t i o n 5 92.242 18.448 5.606 **
Group x Consonan t  x

C o n d i t io n 5 39.970 7 .994 2 .429 *
E r r o r 60 197.444 3.290

* S ig n i f ic a n t  beyond the 5-percent le v e l ** S ig n i f ic a n t  beyond the 1-percent lev e l



APPENDIX B

(Cont inued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR FRICTION SEGMENTS OF

CONTROLS, RTP AND LTP GROUPS.

Source
Degrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 776.287 388.143 43 .541 **
E r r o r 24 213 .944 8 .914

Consonant 1 15332.648 15332.648 193.560 **
E r r o r 12 950.562 79.213

Vowel x Consonan t 2 43.183 21.591 3.642 *
E r r o r 24 142.281 5.928

* S i g n i f i c a n t  beyond t h e  5 - p e r c e n t  l e v e l  

** S i g n i f i c a n t  beyond t h e  1 - p e r c e n t  l e v e l

PO
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APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR FRICTION SEGMENTS IN

CONTROL SUBJECTS ONLY.

Source
Degrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 491.810 245.905 19.367 **
E r r o r 12 152.357 12.696

Consonant 1 8251.769 8251 .769 85.815 **
E r r o r 6 576.941 96.156

** S i g n i f i c a n t  beyond t h e  1 - p e r c e n t  l e v e l

POCTl
CO



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR FRICTION SEGMENTS IN

RTP AND LTP GROUPS.

Source
D egrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 297.671 148.835 28.996 **
E r r o r 12 61.595 5.132

Consonant 1 7102 .738 7102.738 114.106 **
E r r o r 6 373.480 62.246

Vowel x Consonant 2 51.296 25.648 4.511 **
E r r o r 12 68.218 5 .684

Cosonan t  x C o n d i t i o n 1 96.499 96.499 6.065 *
E r r o r 6 95.457 15.909

Consonant  x R e p e i t i o n 3 24.895 8 .298 3.251 *
E r r o r 18 45.940 2 .552

Group x Vowel x
C o n d i t i o n  x R e p e t i t i o n 6 65.116 10.852 3.092 *

E r r o r 36 126.352 3 .509

* S ig n i f ic a n t  beyond the 5 -p ercen t lev e l ** S ig n i f ic a n t  beyond the 1-percent lev e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR FRICTION SEGMENTS IN

CONTROL AND PATHOLOGICAL GROUPS.

Source
Degrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 776.287 388.143 43.540 **
E r r o r 24 213.947 8 .914

Consonant 1 15332.648 15332.648 193.560 **
E r r o r 12 950.566 79.213

Vowel x Consonant 2 43.183 21.591 3.642 *
E r r o r 24 142.281 5 .928

Group x Consonan t  x
Repe t i  t i  on 3 49.947 16 .649 3 .884 *

E r r o r 36 154.298 4.286

* S i g n i f i c a n t  beyond t h e  5 - p e r c e n t  l e v e l

** S ig n i f ic a n t  beyond the 1-percent lev e l

ro<r>



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR VOICE-ONSET TIME SEGMENTS IN

CONTROLS, RTP, AND LTP GROUPS.

Source
Degrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 211.541 106.270 12.706 **
E r r o r 24 200.725 8 .363
Consonant 3 34332.671 11444.222 293.872 **
E r r o r 36 1401.941 38.942
Vowel x Consonant 6 156.390 26.065 3 .763 **
E r r o r 72 498 .625 6.925
C o n d i t io n 1 295 .143 295.143 8 .136 *
E r r o r 12 435 .292 36.274
Vowel x C o n d i t i o n 2 20.041 10.020 7.448 **
Group x Vowel x

C o n d i t io n 6 44.125 7 .354 5.466 **
E r r o r 24 32.289 1.345
R e p e t i t i o n 3 44.790 14.930 3.374 *
E r r o r 36 159.291 4 .424
Group x Consonan t  X

C o n d i t i o n  x R e p e t i t i o n 27 85.335 3.160 1.673 *
E r r o r 108 203.909 1 .888

* S ig n i f ic a n t  beyond the 5-percent le v e l ** S ig n i f ic a n t  beyond the 1-percent le v e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA 

CONTROL

VALUES OF VOICE 

SUBJECTS ONLY.

-ONSET TIME SEGMENTS IN

Source
Degrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 177.143 88.571 6.730 *
E r r o r 12 157.928 13.160

Consonant 3 19067.492 6355 .828 174.292 **
E r r o r 18 656 .394 36 .466

Vowel x Consonant 6 104.164 17.360 2.656 *
E r r o r 36 235.277 6 .535

C o n d i t io n 1 189.110 189.110 6 .923 *
E r r o r 6 163.887 27.314

* S ig n i f ic a n t  beyond the 5-percent l e v e l .

** S ig n i f ic a n t  beyond the 1 -percent l e v e l .

no



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA 

RTP

VALUES FOR VOICE 

AND LTP SUBJECTS.

-ONSET TIME SEGMENTS IN

Source
Degrees  o f  

Freedom
Sums o f  
Squares

Mean
S quares F - r a t i o P

Vowel 2 57.326 28.663 8 .037 **
E r r o r 12 42.795 3.566

Consonant 3 15406.564 5135.515 123.995 **
E r r o r 18 745.507 41.417

Vowel x C o n d i t io n 2 20.328 10.164 11.582 **
Group x Vowel x

C o n d i t i o n 2 14.933 7.466 8 .509 **
E r r o r 12 10.530 0 .877

Group x Consonant  x
C o n d i t i o n  x R e p e t i t i o n 9 45.410 5.045 2.676 *

E r r o r 54 101.779 1.884

* S i g n i f i c a n t  beyond t h e  5 - p e r c e n t  l e v e l

** S ig n i f ic a n t  beyond the 1-percent le v e l
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APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR VOICE-ONSET TIME SEGMENTS IN

CONTROL and PATHOLOGICAL GROUPS.

Source
Degrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 212.541 106.270 12.706 **
E r r o r 24 200.725 8 .363

Consonant 3 34332.671 11444.222 293.872 **
E r r o r 36 1401.941 38.942

Vowel x Consonant 6 156.390 26.065 3.763 **
E r r o r 72 498.628 6 .925

C o n d i t io n 1 295.143 295.143 8 .136 *
E r r o r 12 435.292 36.274

Vowel x C o n d i t io n 2 20.041 10.020 7.448 **
Group x Vowel x

C o n d i t io n 2 19.272 9.636 7.162 **
E r r o r 24 32.289 1.345

R e p e t i t i o n 3 44.790 14.930 3 .374 *
E r r o r 36 159.291 4 .424

* S ig n i f ic a n t  beyond the 5-percent lev e l ** S ig n i f ic a n t  beyond the 1-percent le v e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR TR2 SEGMENTS IN

CONTROL, RTP, AND LTP GROUPS.

Source
Degrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 2406.348 1203.174 101.952 **
E r r o r 24 283.232 11.801
Consonant 2 365.282 182.641 27.066 **
E r r o r 24 161.948 6.747
Vowel x Consonant 4 271.286 67.821 10.197 **
E r r o r 48 319.240 6 .650
Consonant  x C o n d i t io n 2 60.191 30.095 6 .192 **
Group x Consonan t  x

C o n d i t io n 6 75.694 12.615 2.595 *
E r r o r 24 116.642 4 .860
Group x Vowel x

Consonant  x R e p e t i t i o n 36 93.750 2 .604 1.520 *
E r r o r 144 246.646 1.712
Group x Vowel x

C o n d i t i o n  x R e p e t i t i o n 18 84.519 4 .695 2 .278 **
E r r o r 72 148.387 2 .060

* S i g n i f i c a n t  beyond t h e  5 - p e r c e n t  l e v e l

** S ig n i f ic a n t  beyond the 1-percent lev e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR TR2 SEGMENTS IN

CONTROL GROUP ONLY.

Source
Degrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 1104.860 552.430 30.842 **
E r r o r 12 214.934 17.911

Consonant 2 242.420 121.210 13.391 **
E r r o r 12 108.615 9.051

Vowel x Consonant 4 182.057 45.514 6 .312 **
E r r o r 24 173.040 7 .210

Consonan t  x C o n d i t i o n 2 80.807 40.403 7.514 **
E r r o r 12 64 .517 5.376

** S i g n i f i c a n t  beyond t h e  1 - p e r c e n t  l e v e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT ANOVA VALUES FOR TR2 SEGMENT DURATION IN

RTP AND LTP GROUPS.

Source
Degrees  o f  

Freedom
Sums o f  
S quares

Mean
S quares F - r a t i o P

Vowel 2 1331.125 665 .562 116.885 **
E r r o r 12 68.329 5 .694
Consonant 2 167.979 83 .989 18.898 **
E r r o r 12 53.331 4 .444
Vowel x Consonant 4 100.193 25.048 4 .113 *
E r r o r 24 146.151 6 .089
Group x Vowel x

C o n d i t io n 2 14.090 7.045 4.283 *
E r r o r 12 19.736 1.644
Vowel x Consonan t  x

Repe t i  t i  on 12 45.590 3.799 2.163 *
Group x Vowel x

Consonan t  x R e p e t i t i o n 12 41.876 3.489 1.987 *
E r r o r 72 126.415 1.755
Group x Consonant  x

C o n d i t i o n  x R e p e t i t i o n 6 28.153 4.692 3.088 *
E r r o r 36 54.699 1.519

* S ig n i f ic a n t  beyond the 5 -p ercen t le v e l ** S ig n i f ic a n t  beyond the 1-percent le v e l



APPENDIX B

(Continued)

SUMMARY OF SIGNIFICANT 

CONTROL

ANOVA VALUES FOR 

AND PATHOLOGICAL

TR2 SEGMENT DURATION IN 

GROUPS.

Source
Degrees  o f  

Freedom
Sums o f  
Squares

Mean
Squares F - r a t i o P

Vowel 2 2406.348 1203.174 101.952 **
E r r o r 24 283.232 11.801
Consonant 2 365.282 182.641 27.066 **
E r r o r 24 161.948 6 .747
Vowel x Consonant 4 271.286 67.821 10.197 **
E r r o r 48 319.249 6.651
Group x Vowel x

C o n d i t i o n 2 27.002 13.501 5.646
E r r o r 24 57.382 2 .390
Consonant  x C o n d i t io n 2 60.191 30.095 6 .192 **
Group x Consonan t  x

C o n d i t io n 2 41.539 20.769 4.273 **
E r r o r 24 116.642 4 .860
Group x Vowel x

Consonan t  x R e p e t i t i o n 12 42.985 3.582 2.091 *
E r r o r 144 246.651 1.712
Group x Consonan t  x

C o n d i t i o n  x R e p e t i t i o n 6 28.719 4.786 2.492 *
E r r o r 72 138.283 1.920

* S ig n if ic a n t  beyond the 5-percent lev e l ** S ig n i f ic a n t  beyond the 1-percent lev e l
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