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A b s t r a c t

PERCEPTION OF FILTERED SPEECH 

BY HEARING-INPAIRED LISTENERS 

AND BY NORNALLY-HEARING LISTENERS 

WITH SIMULATED HEARING LOSS

by

Paul  H i l n e r

A d v i s o r s :  P r o f .  L o u i s  D. B r a i d a  (MIT)

P r o f .  H ar ry  L e v i t t  (CUNY) 

P r o f .  I r v i n g  Hochberg (CUNY)

S ix  s u b j e c t s  p a r t i c i p a t e d  in a s t u d y  t o  measure the  

p e r c e p t i o n  o f  f i l t e r e d  no nse ns e  s y l l a b l e s  and t e s t  the

a b i l i t y  o f  A r t i c u l a t i o n  Theory t o  p r e d i c t  i n t e l l i g i b i l i t y

p e r f o r m a n c e .  Tuio o f  t h e  l i s t e n e r s  had normal hea r ing*  t h r e e  

had b i l a t e r a l  s e n s o r i n e u r a l  h e a r i n g  l o s s  and one had a 

s e n s o r i n e u r a l  l o s s  in one e a r  and normal h e a r i n g  in the  

o t h e r .  Ten c o n d i t i o n s  o f  low-pass* h i g h - p a s s  and ba n d -p a s s  

f i l t e r e d  spe ec h  were p r e s e n t e d  a t  a minimum of  f i v e

d i f f e r e n t  p r e s e n t a t i o n  l e v e l s  r a n g i n g  f rom n e a r  t h r e s h o l d  to 

n e a r  d i s c o m f o r t  l e v e l .  Al l  l i s t e n e r s  hea rd  t h e  speech 

samples  w i th  no added background n o i s e .  In a d d i t i o n *  the
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n o r m a l l y - h e a r i n g  s u b j e c t s  l i s t e n e d  t o  t h e  s p e e c h  m a t e r i a l s  

in a background of  shaped uihi t e  n o i s e  d e s i g n e d  t o  s i m u l a t e  

th e  h e a r i n g  l o s s  of  s e l e c t e d  h e a r i n g - i m p a i r e d  s u b j e c t s .  Al l  

l i s t e n i n g  uias done in a s o u n d - p ro o f  room w i t h  headphones .

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

t h e  c o n d i t i o n s  and A r t i c u l a t i o n  Index  c a l c u l a t i o n s  were 

pe r fo rmed  t o  d e t e r m i n e  t h e  a c c u r a c y  of  p r e d i c t e d  

i n t e l l i g i b i l i t y  pe r fo rmance  v e r s u s  t h e  o b s e rv e d  pe r f o rm ance  

o f  t h e  l i s t e n e r s .

The r e s u l t s  o f  t h i s  s t u d y  have shown t h a t  f o r  a l l  

s u b j e c t s *  i n t e l l i g i b i l i t y  o f  th e  m a t e r i a l s  used  remained  

r e l a t i v e l y  h igh whe th er  h i g h - p a s s  f i l t e r e d  a t  700 Hz or  

low- pas s  f i l t e r e d  a t  2000 Hz* and h e a r d  w i t h  s u f f i c i e n t  

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

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

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

s e n s o r i n e u r a l  h e a r i n g  l o s s .

R o l l o v e r  in pe r fo rm a nc e  o c c u r r e d  a t  h i g h  p r e s e n t a t i o n  

l e v e l s  t h a t  were below r e p o r t e d  d i s c o m f o r t  t h r e s h o l d s .  

A r t i c u l a t i o n  Theory c a l c u l a t i o n s  g e n e r a l l y  p r e d i c t e d  lower 

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

c o n d i t i o n s  and most s u b j e c t s .  Al though s p r e a d  out* A . I .  

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

q u i e t  f e l l  c l o s e r  t o  a cu rv e  o f  e x p e c t e d  p e r f o r m a n c e  t h a n
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f o r  t h e s e  l i s t e n e r s  uihen t e s t e d  in n o i s e  and f o r  t h e  

h e a r i n g - i m p a i r e d  l i s t e n e r s .

E r r o r s  in th e  p r e d i c t i o n s  were g e n e r a l l y  s y s t e m a t i c /  in 

t h a t  o b s e r v e d  p er fo rm a n ce  f o r  t h e  n a r r o w e s t  band c o n d i t i o n s  

showed t h e  g r e a t e s t  d i f f e r e n c e  from t h e  p r e d i c t e d  s c o r e s .  

C a l c u l a t e d  A r t i c u l a t i o n  Index v a l u e s  d i d  n o t  e x h i b i t  t h e  

e x p e c t e d  m o n o t o n i c i t y  assumed by A r t i c u l a t i o n  Theory .  

Methods o f  comput ing t h e  A r t i c u l a t i o n  Index ap pe ar  t o  

r e q u i r e  r e v i s i o n  t o  ac cou n t  f o r  t h e  d i f f e r e n c e s  between t h e  

o b s e r v e d  d a t a  and per fo rm a nce  p r e d i c t e d  by A r t i c u l a t i o n  

Theory.
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CHAPTER I 

INTRODUCTION

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

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

s i g n a l s  t h a t  in t h e m s e l v e s  are u n a l t e r e d .  H ea r ing  a i d s  are  

d e s i g n e d  t o  h e l p  t h e  i n d i v i d u a l  ui i th a h e a r i n g  impairment  

overcome t h e  l o s s  in  s e n s i t i v i t y  by s e l e c t i v e l y  a m p l i f y i n g  

sound as a f u n c t i o n  o f  f r e q u e n c y  and improve h i s  or  he r  

speech  i n t e l l i g i b i l i t y .  The p r i m a r y  g o a l  of  f i t t i n g  a 

h e a r i n g  a i d  is* t h e r e f o r e *  to  match spe ec h  i n p u t  s i g n a l s  to  

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

h e a r i n g  l o s s .  However* one o f  t h e  major  d i f f i c u l t i e s  in 

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

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

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

For  h e a r i n g  a i d s  uiith l i n e a r  a m p l i f i c a t i o n *  t h e  most 

i m p o r t a n t  s p e c i f i c a t i o n  o f  p e r fo rm a n c e  i s  t h e  f u n c t i o n a l  

f r e q u e n c y - g a i n  c h a r a c t e r i s t i c  o f  t h e  h e a r i n g  a i d .  Al though 

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

c h a r a c t e r i s t i c s  h a s  been c a r r i e d  ou t  ( s e e  B r a i d a  e t  a l . *  

1979)* no c o m p l e t e l y  s a t i s f a c t o r y  method o f  i n d i v i d u a l  

f i t t i n g  o f  h e a r i n g  a i d s  has  emerged.  There  a re  s e v e r a l  

r e a s o n s  uihy t h i s  r e m a in s  a p roblem.

F i t t i n g  h e a r i n g  a i d s  i s  f r e q u e n t l y  c o m p l i c a t e d  by t h e
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f a c t  t h a t  s t a n d a r d  e l e c t r o a c o u s t i c  measurements  o f  h e a r i n g  

a id  p e r fo rm a n ce  may n o t  a c c u r a t e l y  r e f l e c t  t h e  a c t u a l  g a i n  

o f  t h e  h e a r i n g  a i d  when f i t t e d  on an. i n d i v i d u a l .  Hear ing  

a id  f i t t i n g  u s u a l l y  t a k e s  p l a c e  in an en v i ro n m e n t  t h a t  i s  

ve r y  d i f f e r e n t  f rom - t h e  normal e v e r y d a y  c i r c u m s t a n c e s  in 

which a h e a r i n g  a i d  i s  worn.  Such p r ob lem s  in h e a r i n g  a id  

f i t t i n g  o cc ur  as we l l  w i t h  l i s t e n e r s  h a v i n g  o n ly  c o n d u c t i v e  

h e a r i n g  im p a i r m en t s .  These pe r son s#  however# do not  

n o rm a l l y  s u f f e r  f rom t h e  d i s t o r t i o n s  in t h e  p e r c e i v e d  speech 

s i g n a l  e x p e r i e n c e d  by l i s t e n e r s  w i t h  s e n s o r i n e u r a l  o r  mixed 

h e a r i n g  l o s s .  Today# however# a b e t t e r  u n d e r s t a n d i n g  o f  t h e  

p rob lems  o f  f i t t i n g  h e a r i n g s  a i d s  i s  t a k i n g  p l a c e  as  seen# 

f o r  example# in L e v i t t  (1978)# and S t u d e b a k e r  and Hochberg 

(198 0) .

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

f i t t i n g  h e a r i n g  a i d s  i s  t h e  i n a d e q u a t e  u n d e r s t a n d i n g  of  

spe ech  p e r c e p t i o n  and a u d i t o r y  p r o c e s s i n g  in  i n d i v i d u a l s  

wi t h  h e a r i n g  impairment# e s p e c i a l l y  in t h o s e  wi th  

s e n s o r i n e u r a l  h e a r i n g  l o s s .  For  t h e s e  l i s t e n e r s #  reduce d  

s e n s i t i v i t y  i s  o f t e n  accompanied by l i m i t e d  dynamic range  

and o t h e r  d i s t o r t i o n s  w i t h i n  t h e  im p a i r e d  a u d i t o r y  sy s t em .  

S e l e c t i n g  t h e  optimum f r e q u e n c y - g a i n  c h a r a c t e r i s t i c #  

t h e r e f o r e #  becomes a complex problem# one n o t  s o l v e d  by 

mere ly  " m i r r o r i n g  t h e  audiogram"  t o  overcome t h e  f r e q u e n c y  

de p e n d en t  l o s s  in a u d i t o r y  s e n s i t i v i t y .  A t h i r d  r e a s o n  f o r  

t h e  d i f f i c u l t y  in f i t t i n g  h e a r i n g  a ids# and one t h a t  a p p l i e s



PAGE 18

t o  a l l  t y p e s  of  h e a r i n g  impai rments#  i s  r e l a t e d  to

d i f f e r e n c e s  in c h a r a c t e r i s t i c s  of  v a r i o u s  h e a r i n g  a i d s  and 

t h e  f a m i l i a r i t y  t h a t  any g iven  h e a r i n g  a i d  u s e r  has  uiith 

t h o s e  c h a r a c t e r i s t i c s #  i . e . #  t h e  de g re e  o f  t r a i n i n g  t h a t  any 

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

and u s e .

I t  has  been s u g g e s t e d  ( e . g . #  Radley e t  a l . # 1 9 4 7 ;

F l e t c h e r #  1951; Dugal e t  a l . #  1980) t h a t  t h e  p rob lem of  

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

somewhat an a lo gou s  t o  t h e  d e s i g n  o f  spe ec h  co m mu ni c a t io ns  

sy s t em s  such as t e l e p h o n e  c i r c u i t s .  T y p i c a l l y #  such s y s t e m s  

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

T h e o r y . (1)

(Col lard# 1930; Fre nch  and S t e i n b e r g #  1947;  Beranek# 1947; 

Kry te r#  1962a) .  A r t i c u l a t i o n  Theory i m p l i e s  t h a t

i n t e l l i g i b i l i t y  o f  speech  sounds may be p r e d i c t e d  from

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

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

any n o i s e  masking t h e  s p e e c h .  Acco rd ing  t o  A r t i c u l a t i o n

(1)  A r t i c u l a t i o n  Theory h e r e  r e f e r s  t o  c o n c e p t s  b a s ed  on 
measur ing  t h e  " a r t i c u l a t i o n "  c a p a b i l i t e s  o f  v o ic e  
communicat ions  sys tems#  a t e rm  f i r s t  used by t e l e p h o n e  
r e s e a r c h e r s  and d e s c r i b e d  f u l l y  by Egan (1 948) .  I t  doe s  no t  
app ly  t o  a s p e c t s  o f  a r t i c u l a t i o n  in s p e e c h  p r o d u c t i o n .
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Theory* a s i n g l e  number ( i n  t h e  r a n g e  between 0 and 1 . 0 )  

c a l l e d  t h e  A r t i c u l a t i o n  Index* p r e d i c t s  sp e ec h  

i n t e l l i g i b i l i t y  -for a v a r i e t y  of  l i s t e n i n g  s i t u a t i o n s  and 

speech  m a t e r i a l s .  For l i s t e n e r s  uiith normal  hea r ing*  

l i s t e n i n g  t o  spe ec h  a t  normal i n t e n s i t y  l e v e l s *  

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

s i g n a l - t o - n o i s e  r a t i o  u s u a l l y  may be p r e d i c t e d  as uiell by

A r t i c u l a t i o n  Theory as by r e a l - v o i c e  i n t e l l i g i b i l i t y

measurements  (Kry te r*  1962b) .  Computat ion o f  t h e  

A r t i c u l a t i o n  Index i s  ach iev ed  by summing t h e  r e l a t i v e  

c o n t i b u t i o n s  t o  t h e  a u d i b i l i t y  of  spe ech  of  a number of  

c o n t i g u o u s  s p e c t r a l  bands over  t h e  r a n g e  from 200 t o  6000 

Hz. The banduiidth* and* t h e r e f o r e *  t h e  number o f  bands 

depends on t h e  s p e c i f i c  method o f  c a l c u l a t i o n  used  to  

compute t h e  A r t i c u l a t i o n  Index ( s e e  Kry te r*  1962a) .  The 

e f f e c t s  o f  a l t e r i n g  f r e q u e n c y - g a i n  c h a r a c t e r i s t i c  a l s o  can 

be p r e d i c t e d  r e a s o n a b l y  uiell  by A r t i c u l a t i o n  Theory .  A 

number o f  i n v e s t i g a t o r s  ( e .  g .*  Radley e t  a l . *  1947;

F l e t c h e r *  1952; Wilber* 1964; Aniansson* 1974; Dugal* 

B r a i d a  and Durlach* 1980) a p p l i e d  A r t i c u l a t i o n  Theory t o

l i s t e n e r s  uiith h e a r i n g  l o s s .  In a d d i t i o n *  Radley  e t  a l . *

(1947)  and Dugal* B r a i d a  and Dur lach  (1980)  s t u d i e d  th e  

e x t e n t  t o  uihich A r t i c u l a t i o n  Theory can be used t o  s e l e c t  an 

optimum f r e q u e n c y - g a i n  c h a r a c t e r i s t i c  f o r  a h e a r i n g  a i d .

In t h e  form o f  A r t i c u l a t i o n  Theory d e v e lo p e d  by Dugal* 

B r a i d a  and Dur lach  (1980)  t o  a n a l y z e  t h e  r e s u l t s  o f  a s t u d y
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by S k in n e r  (1976)# h e a r i n g  l o s s  i s  model led as an e x t e r n a l  

masking n o i s e  in t h e  shape o f  t h e  h e a r i n g  l o s s  o f  t h e  t h e  

impa i r ed  e a r .  One uiay t o  examine t h e  v a l i d i t y  o f  t h i s  model 

i s  t o  examine t h e  r e s u l t s  o f  n o r m a l l y - h e a r i n g  l i s t e n e r s  uii th 

a s i m u l a t e d  s e n s o r i n e u r a l  l o s s  c r e a t e d  by adding  an e x t e r n a l  

masking n o i s e  t o  t h e  speech  s i g n a l #  s i n c e  A r t i c u l a t i o n  

Theory s h o u ld  p r e d i c t  t h e  e f f e c t  o f  l i s t e n i n g  in n o i s e  f o r  

t h e s e  l i s t e n e r s  as  i t  s h o u l d  f o r  l i s t e n i n g  in q u i e t .  

T h e r e f o re #  in a d d i t i o n  t o  e v a l u a t i n g  l i s t e n e r s  uiith 

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

u i i l l  be  t o  e v a l u a t e  n o r m a l l y - h e a r i n g  l i s t e n e r s  uiith shaped 

uihi te n o i s e  added t o  t h e  spe ech  s i g n a l  t o  c r e a t e #  as i t  

were# an a r t i f i c i a l  h e a r i n g  loss# s i m i l a r  in shape  t o  t h e  

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

Many i n v e s t i g a t o r s  have so u g h t  t o  d e t e r m i n e  t h e  

impor t an ce  o f  s p e c t r a l  c o n t r i b u t i o n s  to  spe ech  u n d e r s t a n d i n g  

in n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  l i s t e n e r s  by 

t e s t i n g  them w i th  speech  s i g n a l s  s p e c t r a l l y  l i m i t e d  by 

f i l t e r i n g  o r  n o i s e .  The r e s u l t s  of  th e  e a r l y  s t u d i e s  of  

t h i s  n a t u r e  on n o r m a l l y - h e a r i n g  l i s t e n e r s  led t o  t h e ,  

f o r m u l a t i o n  of  A r t i c u l a t i o n  Theory.  Mhile A r t i c u l a t i o n  

Theory has  been shown t o  p r e d i c t  p e r f o rm a n ce  f o r  

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

r e s u l t s  o f  s i m i l a r  s t u d i e s  wi th l i s t e n e r s  hav i ng  

s e n s o r i n e u r a l  l o s s  a r e  l e s s  c l e a r .  This  may be due# in 

p a r t #  t o  masking e f f e c t s  no t  w e l l  u n d e r s t o o d  f o r
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s e n s o r i n e u r a l  impa irments#  d i s t o r t i o n s  and o t h e r  

n o n - l i n e a r i t i e s  in t h e  im pa i r ed  ear# and e f f e c t s  t h a t  may be 

r e l a t e d  t o  re d u c e d  t o l e r a n c e  l e v e l s .  In many s t u d i e s #  on ly  

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

l i m i t e d  s e t  o f  c o n d i t i o n s .  For  example# a l l  t h e  s u b j e c t s  

may have had one t y p e  of  h e a r i n g  l o s s .  Measurements a l s o  

have n o t  co v e re d  a wide ra n g e  o f  c o n d i t i o n s  and l e v e l s #  nor  

has  t h e r e  been s y s t e m a t i c  and c o n t r o l l e d  t r a i n i n g  and 

t e s t i n g  o f  bo t h  n o r m a l l y - h e a r i n g  and impa i r ed  l i s t e n e r s  

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

T h is  t h e s i s  was d e s i g n e d  t o  p r o v i d e  a r e s p o n s e  to  some

o f  th e  l i m i t a t i o n s  c i t e d  above.  The s p e c i f i c  aims of  t h i s

s t u d y  a r e  f i r s t #  t h e  t h o r o u g h  t r a i n i n g  and t e s t i n g  of  bo th

n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  s u b j e c t s  wi th  

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

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

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

c o n t r i b u t e  w i l l  be measured by f i l t e r i n g  t h e  speech  in 

v a r i o u s  c o m b i n a t i o n s  o f  h i g h - p a s s #  low-pass  and b an d - p as s  

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

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

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

i n t e l l i g i b i l i t y  f o r  t h e s e  l i s t e n e r s  and examine some of  t h e  

f und am e nt a l  a s s u m p t i o n s  o f  A r t i c u l a t i o n  Theory.
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CHAPTER I I

PREUIOUS STUDIES 

ON FILTERED SPEECH PERCEPTION

R e sea rch  on t h e  p e r c e p t i o n  o f  f i l t e r e d  sp e ec h  has  t a ke n  

p l a c e  s i n c e  t h e  e a r l y  y e a r s  of  t h e  development  of  v o i c e  

communicat ions  s y s t e m s .  Many s t u d i e s  have been done on t h e  

p e r c e p t i o n  of  spe ech  by b o t h  n o r m a l l y - h e a r i n g  and 

h e a r i n g - i m p a i r e d  l i s t e n e r s .  B r a i d a  e t  a l . /  (1979)  rev iewed  

a l a r g e  number o f  t h e s e /  b u t  t h e i r  p r imary  f o c u s  was on 

p a p e r s  r e l a t e d  t o  a m p l i f i c a t i o n  an*d s i g n a l  p r o c e s s i n g  

schemes f o r  h e a r i n g  a i d s .  The p r e s e n t  r e v ie w  w i l l  examine 

only  p a p e r s  t h a t  have a d i r e c t  b e a r i n g  on t h e  r e s e a r c h  of  

t h i s  t h e s i s .  In a d d i t i o n /  s e v e r a l  s t u d i e s  have examined 

t h e i r  r e s u l t s  u s i n g  A r t i c u l a t i o n  Theory .  These w i l l  be 

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

P e r c e p t i o n  of  f i l t e r e d  speech  i s  a f u n c t i o n  o f  s e v e r a l  

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

of  t h e  sp e ec h  s i g n a l /  t h e  bandwidth  o f  t h e  f i l t e r s  and t h e i r  

c u t o f f  f r e q u e n c i e s /  t h e  s l o p e s  o f  t h e  f i l t e r  s k i r t s /  t h e  

t e s t  m a t e r i a l s  employed and t h e  c h a r a c t e r i s t i c s  o f  t h e  

t a l k e r s '  v o i c e s .  In t h e  p a p e r s  t o  be d i s c u s s e d /  however/  

f r e q u e n t l y  one o r  more o f  t h e s e  i m p o r t a n t  v a r i a b l e s  i s
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e i t h e r  c o n s i d e r e d  l i g h t l y  o r  ig no red  a l t o g e t h e r .

STUDIES OF NORMALLY-HEARING LISTENERS

One of  t h e  most co m preh en s iv e  p a p e r s  o f  t h e  s t u d y  of  

f i l t e r e d  speech i s  t h e  r e p o r t  o f  French and S t e i n b e r g  

(1947) /  summariz ing many y e a r s  of  r e s e a r c h  s t u d i e s  a t  Be l l

Telephone L a b o r a t o r i e s .  Tuio a s p e c t s  o f  t h e i r  r e p o r t  a re

i m p o r t a n t .  The f i r s t  i s  t h e i r  i n s i g h t  i n t o  t h e  n a t u r e  of

speech  p e r c e p t i o n  as s i g n a l  bandui idth i s  r e d u c e d  by lorn-pass 

o r  h i g h - p a s s  f i l t e r i n g .  The second  i s  t h e  r e f i n e m e n t  o f  

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

m a t h e m a t i c a l l y  from measurements  of  t h e  a v a i l a b l e  speech 

spect rum# i t s  i n t e n s i t y  d i s t r i b u t i o n  and any n o i s e

s i m u l t a n e o u s l y  masking t h e  s p e e c h .  Th i s  l a t t e r  p r o c e s s  has  

been te rmed A r t i c u l a t i o n  Theory and u i i l l  be examined l a t e r  

in t h i s  r e p o r t .

F rench  and S t e i n b e r g  d e s c r i b e d  e x p e r i m e n t s  in rnhich t h e  

h i g h - p a s s  and lorn-pass c u t o f f  f r e q u e n c i e s  of f i l t e r s  p la c e d  

in a spe ech  t r a n s m i s s i o n  c i r c u i t  mere s y s t e m a t i c a l l y  v a r i e d .  

The t e s t  m a t e r i a l s  t h e y  used mere nonsense  

c o n s o n a n t - v o m e l - c o n s o n a n t  CCVC) m o n o s y l l a b l e s .  When t h e  

u n f i l t e r e d  speech  pomer l e v e l  mas h e l d  f i x ed #  per fo rmance  

d e c r e a s e d  mo not on ica l  ly as  t h e  a v a i l a b l e  bandui idth mas 

r e d u c e d .  They a l s o  o b s e r v e d  t h a t  f o r  any one f i l t e r e d  

c o n d i t i o n #  per fo rm a nce  s c o r e s  i n c r e a s e d  as  a f u n c t i o n  of
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s i g n a l  i n t e n s i t y /  r e a c h i n g  a maximum a t  a g a i n  o f  0 t o  10 dB 

above t h e  o r t h o t e l e p h o n i c  c o n d i t i o n .  P e r fo rmanc e  u s u a l l y  

d i m i n i s h e d  a t  h i g h e r  i n t e n s i t i e s .

The o r t h o t e l e p h o n i c  c o n d i t i o n  ( I n g l i s #  1930) r e f e r s  to  

t h e  s i t u a t i o n  of  normal f a c e - t o - f a c e  c o n v e r s a t i o n  a t  a 

d i s t a n c e  o f  one meter  between a n o r m a l l y - h e a r i n g  l i s t e n e r  

and a normal  t a l k e r  in a q u i e t  room. T h is  i m p l i e s  a 

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

communica t ions  sys t em has  an o r t h o t e l e p h o n i c  g a i n  of  u n i t y  

(0 dB) i f  t h e  l e v e l s  of  t h i s  c o n d i t i o n  a r e  m a i n t a i n e d  from 

t r a n s m i t t e r  t o  r e c e i v e r #  in d e pe nde n t  of  s i g n a l  p r o c e s s i n g  in 

t h e  t r a n s m i s s i o n  c h a n n e l .  An o r t h o t e l e p h o n i c  g a i n  o f  0 dB 

i s  assumed t o  r e f e r  t o  a f r e e  f i e l d  sound p r e s s u r e  l e v e l  of  

65 dB SPL.

French and S t e i n b e r g  an a ly z e d  t h e i r  d a t a  w i t h  t h e  goal  

o f  a r r i v i n g  a t  a t h e o r y  t h a t  would p r e d i c t  t h e  pe r fo rma nce  

o f  t e l e p h o n e  sy s t e m s  w i t h o u t  t h e  need f o r  a r t i c u l a t i o n  or 

i n t e l l i g i b i l i t y  t e s t s .  They f i r s t  d i v i d e d  t h e  speech 

sp e c t r um  i n t o  two r e g i o n s #  wi th  a c r o s s o v e r  f r e q u e n c y

somewhere between 1500 Hz and 1930 Hz# each o f  which 

c o n t r i b u t e d  e q u a l l y  t o  o v e r a l l  p e r c e n t a g e  i n t e l l g i b i 1i t y . 

They e m p i r i c a l l y  d e t e r m i n e d  20 f r e q u e n c y  bands  over  t h e

r a n g e  from 250 Hz t o  7000 Hz t h a t  c o n t r i b u t e d  e q u a l l y  and 

i n d e p e n d e n t l y  t o  p e r c e n t a g e  i n t e l l i g i b i l i t y .  U i t h i n  each 

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

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

s p e c t r a l  l e v e l  o f  speech in t h e  band# t h e  t h r e s h o l d  of  

a u d i b i l i t y  o f  speech# and t h e  l o n g - t e r m  s p e c t r u m  l e v e l s  and 

e f f e c t i v e  masking l e v e l s  of  any n o i s e  masking t h e  spe ec h  

s i g n a l s .  Each of  t h e  20 bands c o n t r i b u t e d  a v a l u e  of  0 . 0 5  

t o  t h e  t o t a l  " A r t i c u l a t i o n  Index"  whose maximum v a l u e  was 

u n i t y .  These f i n d i n g s  formed t h e  b a s i s  o f  A r t i c u l a t i o n  

Theory# which w i l l  be d i s c u s s e d  in a l a t e r  c h a p t e r .

P o l l a c k  (1948)  examined t h e  e f f e c t s  o f  h i g h - p a s s  and 

low- pas s  f i l t e r i n g  in  n o r m a l l y - h e a r i n g  l i s t e n e r s  wi th  spe ech  

p a r t i a l l y  masked by b roadband  n o i s e  a t  82 dB SPL. Seven 

low-pass  c o n d i t i o n s  wi th  c u t o f f  f r e q u e n c i e s  r a n g i n g  from 425 

Hz t o  3950 Hz and s i x  h i g h - p a s s  c o n d i t i o n s  wi t h  c u t o f f  

f r e q u e n c i e s  r a n g i n g  from 350 Hz t o  2375 Hz were t e s t e d .  No 

s p e c i f i c a t i o n  o f  f i l t e r  s l o p e s  was g iv e n  o t h e r  t h a n  t h a t  

t h e y  were " s h a r p  c u t - o f f  f i l t e r s . "  He used t h e  Harvard PB-50 

m o n o s y l l a b i c  words (Egan# 1948) f o r  h i s  t e s t  m a t e r i a l s .  

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

d i f f e r e n t  f rom t h e  d a t a  r e p o r t e d  by French and S t e i n b e r g .  

They o b s e r v e d  f o r  bo th  h i g h - p a s s  and lo w-p ass  c o n d i t i o n s  a 

u n i fo rm  monotonic i n c r e a s e  in pe r fo r m a nce  as a v a i l a b l e  

bandwidth  i n c r e a s e d  a long wi th  a c o n s i s t e n t  i n c r e a s e  in  t h e  

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

ob se rv e d  t h i s  b u t  wi th  s e v e r a l  i m p o r t a n t  d i f f e r e n c e s .  

F i r s t #  f o r  bo th  h i g h - p a s s  and lo w - pa ss  c o n d i t i o n s #
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per fo rm an ce  i n c r e a s e d  to  a maximum l e v e l  more r a p i d l y *  i . e . *  

over  a na r r o w e r  r a n g e  of  i n t e n s i t i e s  than f o r  t h e  u n f i l t e r e d  

c o n d i t i o n s .  ' Secondly* f o r  t h e  h i g h - p a s s  c o n d i t i o n s *  

i n t e l l i g i b i l i t y  s c o r e s  remained  h igh  as i n f o r m a t i o n  up t o  

580 Hz uias removed.  In f a c t *  wi th  t h e  h i g h - p a s s  f i l t e r  

c u t o f f  f r e q u e n c y  a t  350 Hz* maximum s c o r e s  were h i g h e r  than  

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

s i g n i f i c a n c e  o f  band i n t e r a c t i o n s .  He observed* f o r  

example* t h a t  even though s c o r e s  f o r  a h i g h - p a s s  c o n d i t i o n  

wi th  t h e  c u t o f f  f r e q u e n c y  a t  2375 Hz were e x t r e m e l y  low* 

when t h i s  i n f o r m a t i o n  was added t o  t h e  lo w -pas s  c o n d i t i o n  

wi th  t h e  same c u t o f f  f requency*  g r e a t e r  improvements 

o c c u r r e d  in p e r c e n t a g e  c o r r e c t  pe r fo rma nce  t h a n  one would 

have e x p e c t e d  assuming t h e  independence  o f  s p e c t r a l  

c o n t r i b u t i o n s  as  d e s c r i b e d  by French and S t e i n b e r g .

M i l l e r  and N i c e l y  (1955)  s t u d i e d  p e r c e p t u a l  c o n f u s i o n s  

of  n ons ense  s y l l a b l e s  in low -pass  and h i g h - p a s s  c o n d i t i o n s  

wi th  masking n o i s e  added .  T h e i r  f i l t e r  c u t o f f  r a t e  was 24 

dB p e r  o c t a v e .  Under p r o g r e s s i v e l y  more s e v e r e  h i g h - p a s s  

c o n d i t i o n s *  t h e y  o b s e r v e d  t h a t  e r r o r  p a t t e r n s  were s c a t t e r e d  

and u n p r e d i c t a b l e .  Under p r o g r e s s i v e l y  more s e v e r e  low-pass  

c o n d i t i o n s *  however* t h e  r e s u l t s  were more s t r u c t u r e d  and 

showed p a t t e r n s  o f  e r r o r  s i m i l a r  t o  th o s e  f rom u n i f o r m - n o i s e  

masking a t  low s i g n a l - t o - n o i s e  r a t i o s .  (See* f o r  example* 

M i l l e r *  1 9 4 7 . )



PAGE 27

They ob se rv e d  t h a t :

. . h ig h  f r e q u e n c y  components of
speech  a r e  r e l a t i v e l y  weak and t h e r e f o r e  
more s u s c e p t i b l e  t o  masking by t h e  
un i f o rm  s p e c t r u m  of  n o i s e . "

Perhaps  t h e  most i m p o r t a n t  outcome o f  t h e i r  s tudy* however/  

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

p e r c e p t u a l  e r r o r s  made by t h e  l i s t e n e r s  under  t h e  v a r i o u s  

c o n d i t i o n s  o f  f i l t e r i n g .  Th i s  t e c h n i q u e  i s  e x t r e m e l y  

power fu l  in d e v e l o p i n g  a more d e t a i l e d  u n d e r s t a n d i n g  of  

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

c o l l e c t e d  in a manner t h a t  would a l s o  p e r m i t  c o ns ona n t  

c o n f u s i o n  a n a l y s i s .

C a s t l e  (1963)  s t u d i e d  normal  l i s t e n e r s  under  s e v e r a l  

b an d - p a s s  c o n d i t i o n s  u s i n g  Harvard PB-50 words and a s i n g l e  

male t a l k e r .  Band c e n t e r  f r e q u e n c i e s  v a r i e d  from 1080 Hz t o

1920 Hz and band w i d t h s  v a r i e d  f rom 240 Hz t o  1800 Hz.. In

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

v a r i e d  f rom 30 t o  120 dB p e r  o c t a v e  by c a s c a d i n g  one# two# 

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

f r e q u e n c i e s .  He found* as  exp e c t e d*  t h a t  as  t h e  bandwidth

in c re a s e d *  p e r c e n t a g e  i n t e l l i g i b i l i t y  i n c r e a s e d .

C a s t l e  a l s o  found  t h a t  t h e  f i l t e r  s k i r t s  a l s o  had a 

major  e f f e c t  on i n t e l l i g i b i l i t y  s c o r e s .  For  t h e  n a r r o w e s t  

band c o n d i t i o n s #  w i t h  band l i m i t s  o f  960-1200 Hz* 1400-1680 

Hz and 1800-2400 Hz* i n t e l l i g i b i l i t y  s c o r e s  were n e a r  100Z
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when only  one f i l t e r #  uiith s k i r t s  of  30 d B / o c t a v e  was used .  

When f o u r  f i l t e r s  were combined# p r o d u c i n g  s k i r t s  o f  120 

dBsoctave# s c o r e s  d ropped  t o  between 252 and 352.  For t h e  

wider  band c o n d i t i o n s #  t h e  s l o p e  o f  t h e  f i l t e r  s k i r t s  became 

l e s s  c r i t i c a l .  I n t e l l i g i b i l i t y  s c o r e s  became n e a r l y  equa l  

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

His r e s u l t s  c l e a r l y  p o i n t  o u t  t h e  dependence  of  

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

s k i r t s .  Analog f i l t e r s  a l s o  p o s s e s s  o t h e r  c h a r a c t e r i s t i c s  

t h a t  were n o t  a d d r e s s e d  by C a s t l e  o r  any o t h e r  of  th e  

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

in c l u d e  in - b a n d  d i s t o r t i o n #  f l a t n e s s  o f  t h e  passband# and 

f r e q u e n c y - d e p e n d e n t * p h a s e  e f f e c t s -  In  t h e  p r e s e n t  s tudy# 

t h e s e  i s s u e s  a r e  n o t  d e a l t  wi th  d i r e c t l y .  However# t h e  use 

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

At th e  same t ime# s e v e r a l  new ones  were i n t r o d u c e d  t h a t

e x p r e s s  some of  t h e  prob lems  o f  u s i n g  t h i s  a l t e r n a t i v e

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

d i f f e r e n c e s  in  th e  manner o f  s p e c i f y i n g  and g e n e r a t i n g  

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

f i l t e r s .  These i s s u e s  w i l l  be d e a l t  wi th  l a t e r  in t h i s  

r e p o r t .

P a l v a  (1965) h a s  a l s o  shown t h a t  t h e  f i l t e r  

c h a r a c t e r i s t i c s  a r e  e x t r e m e l y  i m p o r t a n t .  He examined th e

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

f i l t e r e d  spe ech  f o r  which t h e  h i g h - p a s s  and lo w - pa ss  c u t o f f
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f r e q u e n c i e s  uiere t h e  same. Mhen t h e  s l o p e  o f  t h e  f i l t e r s  

was 30 dB per  oc tave*  and t h e  f i l t e r s  s e t  t o  h i g h - p a s s  and 

lo w-p ass  c u t o f f  f r e q u e n c i e s  between 1200 Hz and 2000 Hz* 

maximum per fo rma nce  averaged  g r e a t e r  t h a n  80 p e r c e n t a g e  

c o r r e c t  i d e n t i f i c a t i o n .  Mhen th e  f i l t e r  s l o p e s  were 

i n c r e a s e d  t o  60 dB per  oc tave*  wi th  h i g h - p a s s  and low-pass  

c u t o f f  f r e q u e n c i e s  between 1560 Hz and 2040 Hz* p e r fo rm a n c e  

dropped  t o  a maximum of  ab ou t  50 p e r c e n t .  Pe r fo rm an c e  

improved* as expec ted*  as bandwidth  i n c r e a s e d  f o r  a f i x e d  

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

above* P a l v a  s t u d i e d  low-pass  and h i g h - p a s s  f i l t e r i n g  

c o n d i t i o n s  as w e l l .  He ob se rve d  t h a t  p e r f o rm a n c e  was 

c r i t i c a l l y  de penden t  on vowel d i s c r i m i n a t i o n  s i n c e  

p e r fo rm a n ce  maxima o c c u r r e d  when f i l t e r  p a s s  bands  c o i n c i d e d  

wi th  e i t h e r  f i r s t  o r  second vowel fo rma nt  r e g i o n s .  These 

r e s u l t s  a r e  no t  s u r p r i s i n g  in v iew of  t h e  h i g h  vowel c o n t e n t  

o f  t h e  F i n n i s h  d i s y l l a b i c  words he used f o r  h i s  t e s t s .

In a r e c e n t  s t u d y  by Mang* Reed and B i l g e r  (1978)* 

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

c o n d i t i o n s  o f  f i l t e r e d  spe ech  t o  compare t h e i r  p e r f o r m a n c e  

wi th  t h e  r e s u l t s  o f  an e a r l i e r  s t u d y  ( B i l g e r  and Mang* 1976) 

in which s u b j e c t s  wi th  s e n s o r i n e u r a l  h e a r i n g  l o s s  were 

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

d e t e r m i n e  whe ther  n o r m a l l y - h e a r i n g  s u b j e c t s  l i s t e n i n g  t o  

h i g h - p a s s  and low-pass  f i l t e r i n g  c o n d i t i o n s  would 

ap pr ox im a te  t h e  pe r fo rma nce  of  t h e  s e n s o r i n e u r a l  l i s t e n e r s .



PAGE 30

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

4 8 - s y l l a b l e  s e t s :  tuio consonan t -vowe 1 CCU) s e t s  and tuio

v o w e l - c o n s o n a n t  (UC) s e t s .  The f i l t e r  c o n d i t i o n s  were s i x  

h i g h - p a s s  c o n d i t i o n s  wi th  low c u t o f f  f r e q u e n c i e s  of  355/ 

710/ 1400/ 2000/  2800 and 4000 Hz; and f i v e  low-pass

c o n d i t i o n s  w i th  h ig h  c u t o f f  f r e q u e n c i e s  of  2800/ 1400/ 1000/ 

710 and 500 Hz. A wide-band  c o n d i t i o n  o f  80-5600 Hz. was 

a l s o  • i n c l u d e d .  Thus f o r  t h e  low-pass  c o n d i t i o n s /  t h e  lower 

l i m i t i n g  f r e q u e n c y  was 80 Hz/ and f o r  t h e  h i g h - p a s s  

c o n d i t i o n s /  t h e  u p p e r  l i m i t i n g  f r e q u e n c y  was 5600 Hz. 

F i l t e r  s l o p e s  were 48 dB per  o c t a v e .  A r e f e r e n c e  

p r e s e n t a t i o n  l e v e l  was e s t a b l i s h e d  a t  95 dB SPL r e  a 1000 Hz 

to n e  f o r  t h e  wide-band  speech  and a l l  f i l t e r e d  speech  

c o n d i t i o n s  were p r e s e n t e d  a t  a c o n s t a n t  s pe c t rum  l e v e l .  

Thus.  t h e  o v e r a l l  i n t e n s i t y  l e v e l  o f  t h e  s i g n a l s  was 

de p e n d e n t  on t h e  a v a i l a b l e  bandwidth o f  t h e  f i l t e r e d  s p e e c h .

The r e s u l t s  o f  t h e i r  s t u d y  were i n i t i a l l y  p r e s e n t e d  as 

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

f i l t e r  c u t o f f  f r e q u e n c y .  As e x p e c t e d /  pe r fo rma nce

d i m i n i s h e d  as a v a i l a b l e  sp ec t rum  was re duce d  by e i t h e r  

h i g h - p a s s  o r  lo w - p a s s  f i l t e r i n g .  In t h e  h i g h - p a s s  

c o n d i t i o n s /  however /  pe r fo rma nce  d id  n o t  d i m i n i s h  u n t i l  th e  

low c u t o f f  f r e q u e n c y  was above 700 Hz. For t h e  low-pass  

f i l t e r  c o n d i t i o n s /  pe r fo rm a nc e  d id  n o t  d i m i n i s h  u n t i l  th e  

h igh  c u t o f f  f r e q u e n c y  was r educe d  t o  2800 Hz.
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The pr imary  p u r p o s e  o f  t h e i r  s t u d y  uias t o  an a lyz e

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

d i f f e r e n t  f i l t e r  c o n d i t i o n s .  They f u r t h e r  ana ly ze d  t h e i r  

d a t a  us i ng  a p r o c e d u r e  c a l l e d  s e q u e n t i a l  i n f o r m a t i o n  

a n a l y s i s  (SINFA). D i s c u s s i o n  of  t h e s e  a n a l y s e s '  a re  not  

r e l e v a n t  t o  t h e  t o p i c  o f  t h i s  t h e s i s ;  however/  s i n c e

s i m i l a r  speech  m a t e r i a l s  were used f o r  t h i s  r e s e a r c h  (CV 's ) /

a s i m i l a r  a n a y l s i s  u s i n g  t h e  r e s u l t s  of  t h i s  t h e s i s  i s  

p o s s i b l e .

Mang# Reed and B i l g e r  co n c lu d e d  t h a t /

" P a t t e r n s  o f  c o n s o n a n t  c o n f u s i o n s
g e n e r a t e d  by s u b j e c t s  wi' th s e n s o r i n e u r a l  
h e a r i n g  l o s s  a r e  l i k e  t h o s e  g e n e r a t e d  by 
n o r m a l - h e a r i n g  s u b j e c t s  in r e s p o n s e  t o  
t h e  a p p r o p r i a t e  i n s t r u m e n t a l  d i s t o r t i o n  
of  s p e e c h .  . . . The p a t t e r n  on 
c o n s o n a n t  c o n f u s i o n s  f o r  s u b j e c t s  wi th  
s l o p i n g /  h i g h - f r e q u e n c y  s e n s o r i n e u r a l  
h e a r i n g  l o s s  i s  l i k e  t h a t  f o r
n o r m a l - h e a r i n g  s u b j e c t s  l i s t e n i n g  t o
lo w-p ass  f i l t e r e d  s p e e c h /  . . . t h e  
p a t t e r n  o f  c o n f u s i o n s  f o r  s u b j e c t s  wi th  
f l a t  s e n s o r i n e u r a l  h e a r i n g  l o s s  i s  l i k e  
t h a t  f o r  n o r m a l - h e a r i n g  s u b j e c t s  
l i s t e n i n g  t o  h i g h - p a s s  f i l t e r e d  s p e e c h . "

In  many of  t h e  s t u d i e s  c i t e d  above/  t h e  r e s e a r c h e r s  

found a " c r o s s o v e r "  f r e q u e n c y /  d i v i d i n g  t h e  s pe c t rum  i n t o  

r e g i o n s  o f  e q u a l  c o n t r i b u t i o n  t o  a r t i c u l a t i o n  or 

i n t e l l i g i b i l i t y .  F rench  and S t e i n b e r g  found t h a t  po.int to 

be between 1700 and 1900 Hz. These were avera ge  v a l u e s  f o r  

bo th  male and f e m a le  t a l k e r s  a t  h ig h  p r e s e n t a t i o n  l e v e l s .

P o l l a c k  (1948)  f oun d  t h a t  t h e  c r o s s o v e r  f r e q u e n c y  i n c r e a s e d
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f rom 000 Hz t o  1620 Hz as p r e s e n t a t i o n  i n t e n s i t y  i n c r e a s e d .  

H i l l e r  (1951) r e p o r t e d  v a l u e s  o f  1660 Hz f o r  male v o i c e s  and 

2140 Hz f o r  f emale  v o i c e s .  In t h e  M i l l e r  and N i c e l y  s t u d y /  

however/  th e  c r o s s o v e r  f r e q u e n c y  was 1550 Hz f o r  f emale  

v o i c e s .  They obse rve d  f o r  t h e i r  h i g h l y  r e s t r i c t e d  t e s t  

v o c a b u l a r y  a g r e a t  dependence o f  t h e  c r o s s o v e r  f r e q u e n c y  on 

" .  . . d i f f e r e n t  l i n g u i s t i c  f e a t u r e s :  450 cps  f o r

n a s a l i t y /  500 cps  f o r  v o i c i n g /  750 cps  f o r  a f f r i c a t i o n /  1900 

cps  f o r  p l a c e  o f  a r t i c u l a t i o n  and 2200 cps  f o r  d u r a t i o n .  

Mhat c r o s s o v e r  p o i n t  we g e t  depends  on how we load  t h e  t e s t  

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

Webster  (1964) r e p o r t e d  on a c o n f e r e n c e  t h a t  a t t e m p t e d  

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

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

v a r i a b i l i t y  o f  t h e  c r o s s o v e r  f r e q u e n c y .  In p a r t i c u l a r /  he 

o b s e rv e d  t h a t :

" .  . . no i se -m as ke d  speech  has  a 
c r o s s o v e r  or  im por ta nc e  f r e q u e n c y  as  
much as an o c t a v e  lower t h a n  t h e  
c r o s s o v e r  f r e q u e n c i e s  o f  f i l t e r e d  s p e e c h  
in q u i e t .  . . .  In s i m p l e  t e r m s /  a s  
l i s t e n i n g  c o n d i t i o n s  g e t  worse (more 
n o i s e  o r  p resumably /  g r e a t e r  h e a r i n g  
l o s s e s ) /  t h e  im po r ta nce  f r e q u e n c y  g e t s  
l o w e r . "
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Other  f a c t o r s  a f f e c t i n g  t h e  c r o s s o v e r  f r e q u e n c y  i n c l u d e  

t a l k e r  d i f f e r e n c e s  and t e s t  m a t e r i a l s .  For example# whereas  

French  and S t e i n b e r g ' s  t a l k e r s  uiere bo t h  male and female# 

M i l l e r  and N ic e ly  used o n l y  fem ale  t a l k e r s .  For P a l v a ' s  

male t a l k e r #  t h e  c r o s s o v e r  f r e q u e n c y  was a low 1100 Hz. 

O th e r  t h a n  t a l k e r  d i f f e r e n c e s #  s i g n i f i c a n t  d i f f e r e n c e s  occur  

in t h e  v o c a b u l a r y  s t r u c t u r e s  o f  t h e  t e s t  m a t e r i a l s  (Hi rsh# 

Reynolds  and- Joseph# 1954) .  French  and S t e i n b e r g  used 

c o n s o n a n t - v o w e l - c o n s o n a n t  m o n o s y l la b l e s #  M i l l e r  and N ic e ly  

used  16 c o n s o n a n t s  f o l l o w e d  on ly  by t h e  vowel / a / #  and 

P a l v a ' s  F i n n i s h  words were t r o c h a i c  d i s y l l a b l e s .  For  t h e  CU 

and UC s y l l a b l e s  o f  Mang# Reed and B i l g e r ' s  s tudy#  t h e  

c r o s s o v e r  f r e q u e n c y  was abou t  2000 Hz. The v a r i a b i l i t y  o f  

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

c o n d i t i o n s #  t a l k e r  d i f f e r e n c e s #  t e s t  m a t e r i a l s  and n o i s e  

masking l e v e l s  i m p l i e s  t h a t  i t  may be o f  l i m i t e d  use  in 

i t s e l f  as an i n d i c a t o r  o f  s p e c t r a l  c o n t r i b u t i o n  t o  speech  

i n t e l l i g i b i l i t y .  I t  s im p ly  p o i n t s  t o  t h e  s p e c t r a l  r e g i o n s  

a t  which h a l f  t h e  c o n t r i b u t i o n  t o  speech  i n t e l l i g i b i l i t y  l i e  

above and h a l f  o f  which l i e  below f o r  a s p e c i f i c  s e t  of  

measurement  c o n d i t i o n s .
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STUDIES OF HEARING-IMPAIRED LISTENERS

In most  of  t h e  s t u d i e s  d i s c u s s e d  so f a r *  a i l  s u b j e c t s  

had normal  h e a r i n g  and t h e  c o n d i t i o n s  o f  measurement  were 

s y s t e m a t i c a l l y  c o n t r o l l e d .  This* f r e q u e n t l y *  has  n o t  been 

t h e  c a s e  in s t u d i e s  w i th  h e a r i n g - i m p a i r e d  l i s t e n e r s .  

Another  p rob lem in n e a r l y  a l l  s t u d i e s  wi th  impai red  

l i s t e n e r s *  c o n c e r n s  s i g n i f i c a n t  s u b j e c t  v a r i a b i l i t y .  One 

can u s u a l l y  b a s e  c o n c l u s i o n s  on d a t a  o b t a i n e d  on a 

r e l a t i v e l y  s m a l l  number o f  s u b j e c t s  wi t h  normal h e a r i n g  and 

have r e a s o n a b l e  c o n f i d e n c e  t h a t  t h e  r e s u l t s  w i l l  ho ld  f o r  

most  of  t h e  n o r m a l l y - h e a r i n g  p o p u l a t i o n .  Hear ing  loss* on 

t h e  o t h e r  hand i s  a h i g h l y  i n d i v i d u a l i z e d  phenomenon. One 

c a n n o t  a lways assume w i th  t h e  same a s s u r a n c e s  f o r  

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

any one im pa i r ed  l i s t e n e r  w i l l  o b t a i n  f o r  another*  even 

though  a u d i o m e t r i c  d a t a  ap pe ar  s i m i l a r .

S t u d i e s  w i t h  h e a r i n g - i m p a i r e d  l i s t e n e r s  u s in g  f i l t e r e d  

sp e ec h  u s u a l l y  have been co ndu c t ed  t o  d e t e r m i n e  e f f e c t i v e  

f r e q u e n c y - g a i n  c h a r a c t e r i s t i c s  f o r  h e a r i n g  a id  f i t t i n g s .  

The p r i m a r y  q u e s t i o n  co nc ern ed  t h e  d e g r ee  of  h igh  f r e q u e n c y  

emphas i s  t o  i n c l u d e  in  t h e  f r e q u e n c y - g a i n  c h a r a c t e r i s t i c  

s i n c e  h e a r i n g  l o s s  i s  u s u a l l y  most p ronounced  a t  t h e  h i g h e r  

f r e q u e n c i e s .

LaBenz (1953*1956)  r e p o r t e d  e x p e r i m e n t s  in which bo th
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n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  l i s t e n e r s  hea rd 

loui-pass and b a n d - p a s s  f i l t e r i n g  c o n d i t i o n s .  He used 

f i l t e r s  mhose s l o p e s  uiere 30 to  33 dB p e r  o c t a v e .  Tes t

m a t e r i a l s  mere p h o n e t i c a l l y  b a l a n c e d  (PB) m o n o s y l l a b i c  mord 

l i s t s .  Lorn-pass c u t o f f  f r e q u e n c i e s  mere 500# 1000# 1500 and 

2000 Hz. B a nd- pa ss  c o n d i t i o n s  mere 200-500 Hz# 250-750 Hz# 

500-1000 Hz# 75 0- 1500  Hz# 1500-2000 Hz and 2000-3000 Hz.

For b o th  k i n d s  o f  f i l t e r i n g #  l i s t e n e r s  rnith s e n s o r i n e u r a l

h e a r i n g  l o s s  had g r e a t l y  r e d u c e d  per f o rm an ce  s c o r e s  r e l a t i v e  

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

Homever# f o r  t h e  lorn-pass  c o n d i t i o n s #  p e r f o r m a n c e  approached  

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

he chos e  f o r  each c o n d i t i o n  mere no t  f i x e d  in sound p r e s s u r e  

l e v e l  bu t  v a r i e d  in  s e n s a t i o n  l e v e l  f rom s u b j e c t  t o  s u b j e c t  

and from norma ls  t o  im p a i r e d  s u b j e c t s .  Thus# obse rved  

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

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

m a t e r i a l s .  ^

C a s t l e  (1964)  s t u d i e d  h e a r i n g - i m p a i r e d  l i s t e n e r s  us ing  

a v a r i e t y  o f  b a n d - p a s s  c o n d i t i o n s .  F i l t e r  s l o p e s  mere 30 dB 

per  oc tave#  and t h e  Harvard  PB-50 mords s e r v e d  as h i s  t e s t  

m a t e r i a l s .  C a s t l e  d e f i n e d  t h r e e  d i f f e r e n t  c l a s s e s  of  

f i l t e r i n g  o t h e r  t h a n  mideband .  The f i r s t  he c a l l e d  

"matching  bandui idth"  and used  one or  more f i l t e r s  mhich 

s e l e c t i v e l y  a m p l i f i e d  t h e  most  s e n s i t i v e  f r e q u e n c i e s  in th e  

s u b j e c t ' s  aud iogram.  The second he c a l l e d  " m i r r o r
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bandui idth"  c o n d i t i o n  used - f i l t e r s  uihich s e l e c t i v e l y  

a m p l i f i e d  r e g i o n s  of  l e a s t  s e n s i t i v i t y .  F i n a l l y *  he 

p r o v i d e d  a number o f  c o n d i t i o n s  he c a l l e d  " s e l e c t i v e  nar row 

bandwid th"  which used a v a r i e t y  o f  one o r  more d i s j o i n t  

ban dpass  f i l t e r  c o n f i g u r a t i o n s .  In d e s c r i b i n g  h i s  data*  he 

d id  n o t  i n d i c a t e  whe the r  1* 2* 3 o r  4 f i l t e r s  were used in 

c o m b i n a t i o n s  to  va r y  t h e  s l o p e s  o f  t h e  f i l t e r  s k i r t s  as he 

d i d  in h i s  s t u d y  w i t h  n o r m a l s .  Some o b s e r v a t i o n s  can be 

macJe* however.

S ix  o f  C a s t l e ' s  s u b j e c t s  showed improved per fo rmance  

f o r  some of  t h e  f i l t e r e d  speech  c o n d i t i o n s  b u t  on ly  two of  

t h e s e  s u b j e c t s  showed improvements  g r e a t e r  t h a n  t e s t - r e t e s t  

v a r i a t i o n s .  He co nc lu de d  t h a t  "among i n d i v i d u a l s  wi t h  

s e n s o r i n e u r a l  t y p e  h e a r i n g  lo s s e s *  t h e  a p p r o p r i a t e n e s s  of  a 

g i ve n  t y p e  of s e l e c t i v e  a m p l i f i c a t i o n  c a n n o t  be r e a d i l y  

a s c e r t a i n e d  from exami n i ng  t h e  a u d i o g r a m . "  U n f o r t u n a t e l y *  

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

d i f f e r e d  from t h o s e  h e a r d  by t h e  n o r m a l l y - h e a r i n g  l i s t e n e r s *  

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

B r a i d a  e t  a l . (1979)  f u r t h e r  p o i n t e d  o u t  t h a t  C a s t l e ' s  d a t a

p r e s e n t  an u n c l e a r  p i c t u r e  s i n c e  t e s t - r e t e s t  v a r i a t i o n s  a r e  

comparab le  t o  many of  t h e  d i f f e r e n c e s  in s c o r e s  obs e rv ed  f o r  

d i f f e r e n t  f i l t e r  c o m b i n a t i o n s .

Ambrose (1972)  d e s c r i b e d  a s t u d y  on t h e  e f f e c t s  of  

bandwidth  and harmonic  d i s t o r t i o n  in  b o th  n o r m a l l y - h e a r i n g
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and h e a r i n g - i m p a i r e d  l i s t e n e r s .  Three b a n d - p a s s  c o n d i t i o n s  

uiere t e s t e d :  300-4800 Hz# 600-1200  Hz and 1200-2400 Hz.

F i l t e r  s l o p e s  were 90 d B / o c t a v e .  D i s t o r t i o n  c o n d i t i o n s  were 

p roduced  by d i s a b l i n g  t h e  n e g a t i v e  f e e d b a c k  in a s t a n d a r d  

audio  l i n e  a m p l i f i e r .  D i s t o r t i o n  l e v e l s  were d e t e r m i n e d  by 

measur ing  t o t a l  harmonic  d i s t o r t i o n  of  a 400 Hz and 1000 Hz 

t o n e .  In a d d i t i o n  t o  no m e a s u r a b le  d i s t o r t i o n  (0%)# l e v e l s  

o f  5%# 10*4 and 20% t o t a l  harmonic  d i s t o r t i o n  were t e s t e d .

In a l l  c a s e s  bu t  two# mean i n t e l l i g i b i l i t y  s c o r e s  d e c r e a s e d  

as t h e  measured d e g r e e  o f  ha rmonic  d i s t o r t i o n  i n c r e a s e d .  

The e x c e p t i o n s  were a s l i g h t  i n c r e a s e  in p e r f o rm a n ce  by t h e  

s e n s o r i n e u r a l  im pa i r ed  l i s t e n e r s  when d i s t o r t i o n  i n c r e a s e d  

from 5% t o  10% f o r  t h e  w i d e s t  band c o n d i t i o n  (300-4800  Hz) 

and t h e  1200-2400 Hz band c o n d i t i o n .  Ambrose# however# d i d  

no t  i n d i c a t e  t h a t  t h e s e  d i f f e r e n c e s  were s i g n i f i c a n t .  The 

d i f f e r e n c e s #  most l i k e l y #  a r e  n o t  s i g n i f i c a n t  in view of  t h e  

low s c o r e s  r e p o r t e d  f o r  t h e s e  c o n d i t i o n s .  One problem# 

however# i s  t h e  f a c t  t h a t  s i n c e  i n s t a n t a n e o u s  sp eec h  l e v e l s  

vary  g r e a t l y #  t h e  a c t u a l  amount o f  d i s t o r t i o n  p r e s e n t  a t  any 

g ive n  t im e  w i l l  a l s o  v a r y .  As in La B en z ' s  s tudy# 

per f o rm an ce  f o r  s e n s o r i n e u r a l  l i s t e n e r s  was p o o r e r  t h a n  f o r  

n o r m a l l y - h e a r i n g  and c o n d u c t i v e l y  impa i r ed  l i s t e n e r s #  

in de pe nden t  o f  t h e  d e g r e e  o f  ha rm onic  d i s t o r t i o n #  f o r  t h e  

wide-band (3 00-4800)  and h i g h - b a n d  (1200-2400)  c a s e s .  For 

t h e  low band (600-1200)  c o n d i t i o n #  p e r f o rm a n c e  was r o u g h l y  

t h e  same f o r  a l l  l i s t e n e r s .  The s c o r e s  f o r  t h e  

s e n s o r i n e u r a l  l i s t e n e r s  f o r  t h e  wide band c o n d i t i o n  were#



PAGE 38

however* s i g n i f i c a n t l y  g r e a t e r  t h a n  f o r  t h e  two nar row band 

c o n d i t i o n s .  He conc luded  t h a t  l i s t e n e r s  w i th  s e n s o r i n e u r a l  

h e a r i n g  l o s s  ca nn o t  make use o f  h ig h  f r e q u e n c y  cues  and 

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

s e n s i t i v i t y .  That  is* he recommended "m a tc h i n g "  t h e  

audiogram* r a t h e r  t h a n  " m i r r o r i n g "  t h e  audiogram by 

s e l e c t i v e l y  a m p l i f y i n g  r e g i o n s  o f  r ed u c e d  s e n s i t i v i t y .  Th i s  

c o n c l u s i o n  does  n o t  c l e a r l y  f o l l o w  from h i s  r e s u l t s *  

e s p e c i a l l y  in view of  t h e  improved p e r f o r m a n c e  in t h e  

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

Ambrose d id  n o t  t e s t  a c o n d i t i o n  combining t h e  two nar row 

bands  which would have d e m o n s t r a t e d  t h e  i n f l u e n c e  o f  t h e  

h ig h  band on per fo rmance  s c o r e s .

In a l a t e r  s tudy* Ambrose and Neal  (1973)  measured 

t h r e e  b a n d - p a s s  c o n d i t i o n s  on normal  and i m p a i r ed  l i s t e n e r s .  

The f i l t e r s  were 200-1500  ( low)* 500-2000 ( m id d le )  and 

1000-3000 ( h i g h )  Hz. F i l t e r  s l o p e s  in t h i s  s t u d y  were on ly  

24 dB / o c ta v e  v s .  90 d b / o c t a v e  in t h e  p r e v i o u s  s t u d y  by 

Ambrose.  These s h a l l o w  f i l t e r  s l o p e s  a l o n e  can a c co un t  f o r  

t h e  h igh  s c o r e s  ach ieved  by t h e  n o r m a l l y - h e a r i n g  l i s t e n e r s  

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

l i s t e n e r s '  s c o re s *  however* ran ged  from 23 t o  903.  T es t  

m a t e r i a l s  f o r  t h i s  s t u d y  were t h e  CID W-22 m o n o s y l l a b i c  

words (H i r s h  e t  a l . *  1952)* a s e t  known t o  be e a s i e r  th a n  

t h e  Harvard PB word l i s t s .  In g e n e r a l *  t h e  impa i r ed  group 

s c o r e d  h i g h e r  f o r  t n e  h igh band c o n d i t i o n  t h a n  f o r  t h e  low
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and midd le  b a n d s .  P r e s e n t a t i o n  l e v e l s  uiere n o t  c o n s i s t e n t  

in SPL a c r o s s  a l l  c o n d i t i o n s  b u t  were a d j u s t e d  t o  40 dB 

above t h e  SRT ( spondee  r e c e p t i o n  t h r e s h o l d )  u n l e s s  t h i s  

l e v e l  uias u n c o m f o r t a b l e  f o r  t h e  s u b j e c t .  The g e n e r a l l y

improved per fo rm a nc e  of  t h e  s e n s o r i n e u r a l  l i s t e n e r s  f o r  t h e

h ig h  band c o n d i t i o n  r e l a t i v e  t o  t h e  lower bands  c o n t r a d i c t s

t h e  i m p l i c a t i o n  o f  Ambrose ' s  e a r l i e r  s t u d y  in which he

c l a im ed  t h a t  l i s t e n e r s  wi t h  h igh  f r e q u e n c y  s e n s o r i n e u r a l  

l o s s  ca n n o t  make use  o f  h ig h  f re q u e n cy  c u e s .  However* t h e  

im p o r ta n ce  o f  t h e  added i n f o r m a t i o n  above and below t h e

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

f i l t e r  s k i r t s  were r e l a t i v e l y  s h a l l o w .

S e v e r a l  s t u d i e s  have examined . combina t ions  o f  d i s j o i n t  

bands  bo th  in  t h e  same e a r  and in d i f f e r e n t  ea r s*

p r e s e n t i n g *  f o r  example a h ig h  band t o  one e a r  and a low 

band t o  t h e  o t h e r .  F r a n k l i n  (1969* 1975) s t u d i e d  bo th

n o r m a l l y - h e a r i n g  s u b j e c t s  and s u b j e c t s  wi th  mo dera te  to

s e v e r e  s e n s o r i n e u r a l  h e a r i n g  l o s s .  Ro s en th a l*  Lang and 

L e v i t t  (1975)  s t u d i e d  on ly  n o r m a l l y - h e a r i n g  s u b j e c t s .  These 

s t u d i e s  showed, t h a t  p e r c e p t i o n  of  h igh  f r e q u e n c y  bands  may 

be enhanced by t h e  i n c l u s i o n  of  low f r e q u e n c y  bands  a t

r e l a t i v e l y  low en e rg y  l e v e l s  in  t h e  same o r  d i f f e r e n t  e a r s .  

These e f f e c t s  may a c c o u n t  f o r  t h e  good p er fo rm an ce  o f  t h e

s e n s o r i n e u r a l  l i s t e n e r s  t o  t h e  h igh  band c o n d i t i o n  in t h e

Ambrose and Neal s t u d y .  S in ce  t h e  f i l t e r  s l o p e s  were on ly

24 dB/oc tave*  some low f r e q u e n c y  ene rgy  was p r e s e n t .  As
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n o t e d  e a r l i e r *  P o l l a c k  (1948)  o b s e rv e d  t h a t  s c o r e s  f o r  h i s  

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

l e v e l s  when i n f o r m a t i o n  beloui 350 Hz was f i l t e r e d  o u t .  He 

conc lud ed  t h a t  i n f o r m a t i o n  below t h i s  f re q u e n c y  may be 

a u d i b l e  a t  lorn l e v e l s  and may enhance t h e  a u d i b i l i t y  of  

sp e ec h  by "a dd i ng  t o  t h e  o v e r a l l  l eve l*  whi le  a t  h igh  l e v e l s  

t h e y  may mask t h e  uieak h ig h  f r e q u e n c y  s o u n d s . "

Of t h e  s t u d i e s  examined* t h o s e  t h a t  used 

h e a r i n g - i m p a i r e d  l i s t e n e r s  as s u b j e c t s  show some r e a s o n a b l y  

c o n s i s t e n t  c o n c l u s i o n s  r e g a r d i n g  t h e i r  p e r fo rm ance .  

S u b j e c t s  wi t h  h ig h  f r e q u e n c y  s e n s o r i n e u r a l  h e a r i n g  l o s s e s '  

l i s t e n i n g  t o  u n f i l t e r e d  s p e e c h  re sp o n d  in a manner r ou gh ly  

s i m i l a r  t o  n o r m a l l y  h e a r i n g  s u b j e c t s  l i s t e n i n g  t o  low-pass  

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

h e a r i n g - i m p a i r e d  s u b j e c t s  whose low f r e q u e n c y  t h r e s h o l d s  

were n e a r  nor ma l .  N o r m a l l y - h e a r i n g  s u b j e c t s  l i s t e n i n g  to  

h i g h - p  ass  f i l t e r e d  spe ech  re sp o n d  more l i k e  s u b j e c t s  wi th  

f l a t  s e n s o r i n e u r a l  h e a r i n g  l o s s e s *  e . g . *  Mang* Reed and 

B i l g e r  (1 9 7 8 ) .

In t h e  p a p e r s  reviewed* we nave seen  a v a r i e d  a r r a y  of 

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

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

in b o t h  n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  l i s t e n e r s .  At 

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

t h e  p e r c e p t i o n  of  f i l t e r e d  sp e ec h  were d e s c r i b e d .  In s p i t e
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o f  t h e  many d i f f e r e n c e s  among t h e  s t u d i e s /  i t  i s  c l e a r  t h a t  

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

r e d u c e s  i n t e l l i g i b i l i t y .  In t h e  s t u d i e s  c i t e d /  however/  i t  

i s  d i f f i c u l t  t o  make d i r e c t  co m p ar i s o n s  between r e s u l t s  

o b t a i n e d  f o r  normal l i s t e n e r s  and impa i red  l i s t e n e r s .  Even 

when t h e  same i n v e s t i g a t o r  s t u d i e d  b o t h  normal  and impa i red  

l i s t e n e r s /  d i f f e r e n c e s  e x i s t e d  in p r e s e n t a t i o n  l e v e l s /  t e s t  

c o n d i t i o n s /  l e v e l s  o f  s u b j e c t  t r a i n i n g /  t a l k e r s  and t e s t  

m a t e r i  a l s .
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As p o i n t e d  o u t  by B r a i d a  e t  a l . #

" . . . s t u d i e s  o f  normal l i s t e n e r s  
. . . have o f t e n  d i f f e r e d  f rom t h e  
s t u d i e s  o f  impa i r ed  l i s t e n e r s  in t h a t  
t h e y  have employed more p r e c i s e  s t i m u l u s  
c o n t r o l /  b e t t e r  t r a i n e d  sp e ak er s#  b e t t e r  
t r a i n e d  l i s t e n e r s #  and more s y s t e m a t i c  
v a r i a t i o n  of  bo th  f i l t e r i n g  c o n d i t i o n  
and th e  i n t e n s i t y  l e v e l  a t  uihich t h e  
m a t e r i a l  i s  p r e s e n t e d . "

There  has  y e t  t o  be a c o n t r o l l e d  s t u d y  which s y s t e m a t i c a l l y  

t e s t s  bo t h  n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  l i s t e n e r s  

un der  i d e n t i c a l  t r a i n i n g  and t e s t i n g  c o n d i t i o n s  over  a wide 

r a n g e  o f  f i l t e r  c o n d i t i o n s  and p r e s e n t a t i o n  l e v e l s #  which 

u s e s  a c o n s i s t e n t  s e t  o f  spe ech  m a t e r i a l s  f o r  a l l  t e s t  

c o n d i t i o n s #  which t e s t s  c o n d i t i o n s  of  s i m u l a t e d  h e a r i n g  l o s s  

in nor mals  under  t h e  same c o n d i t i o n s #  and f i n a l l y #  which 

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

p r e d i c t  pe r f o rm ance  o f  t h e  s u o j e c t s .
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CHAPTER I I I  

ARTICULATION THEORY

One of  t h e  g o a l s  of  t h i s  r e s e a r c h  p r o j e c t  i s  t o  examine 

t h e  a c c u r a c y  uii th which A r t i c u l a t i o n  Theory p r e d i c t s  t h e  

p e r f o rm a n ce  o f  s u b j e c t s  wi th  s e n s o r i n e u r a l  h e a r i n g  l o s s  and 

o f  n o r m a l l y - h e a r i n g  s u b j e c t s  wi th  and w i t h o u t  s i m u l a t e d  

h e a r i n g  l o s s .  I f  t h e  p r o d i c t i o n s  o f  pe r fo rm a nc e  p rove  

a c c u r a t e ^  t h e  t h e o r y  can t h e n  be used t o  p r e d i c t  t h e  e f f e c t s  

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

l i n e a r  a m p l i f i c a t i o n  sys t em t o  be used as a h e a r i n g  a i d  by a 

l i s t e n e r  wi th  a h e a r i n g  l o s s .  The optimum c h a r a c t e r i s t i c  

co u l d  be s p e c i f i e d  as  t h a t  which maximizes t h e  v a l u e  o f  t h e  

A r t i c u l a t i o n  Index# g iv e n  t h e  h e a r i n g  l o s s  of  t h e  l i s t e n e r .

A r t i c u l a t i o n  Theory s t a t e s  . t h a t  in any f r e q u e n c y  band# 

spe ec h  c o n t r i b u t e s  t o  i n t e l l i g i b i l i t y  on ly  i f  s p e ec h  energy  

peaks  in t h a t  band a r e  aud ib le#  above t h e  l e v e l  o f  any 

masking n o i s e  p r e s e n t  in t h a t  band# bu t  below d i s c o m f o r t  

t h r e s h o l d s .  An i m p o r t a n t  a ssump t io n  o f  t h e  t h e o r y  i s  t h a t  

t h e  c o n t r i b u t i o n  o f  each band i s  inde pen de n t  of  t h a t  o f  any 

o t h e r  band.  The r e s u l t  of  c a l c u l a t i o n s  b as ed  on 

A r t i c u l a t i o n  Theory i s  a number r a n g i n g  from 0 t o  1 . 0  c a l l e d  

t h e  A r t i c u l a t i o n  Index  ( A . I . ) .  Th i s  v a l u e  r e p r e s e n t s  t h e  

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

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

t h e  t o t a l  a u d i b l e  speech  r a n g e .  Th i s  p r o p o r t i o n  in each
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band may be r e d u c e d  by i n c r e a s i n g  amounts of  e x t e r n a l  

masking no i s e*  by a t t e n u a t i o n  due t o  e x t e r n a l  f i l t e r i n g  or  

o t h e r  s p e c t r a l  shap in g*  and by r e d u c i n g  t h e  a u d i b i l i t y  of  

t h e  s p e ec h  i n f o r m a t i o n  e i t h e r  by i n s u f f i c i e n t  i n t e n s i t y  or  

by h e a r i n g  l o s s .

S e v e r a l  d i f f e r e n t  methods of  c a l c u l a t i n g  t h e  A . I .  have 

been d e s c r i b e d  (Col l a rd*  1930; French and S t e i n b e rg *  1947; 

Beranek* 1947; and Kry te r*  1962a) .  Al though Col l a r d ' s  

p r o c e d u r e  was t h e  e a r l i e s t  r e p o r t e d *  French  and S t e i n b e r g ' s  

method i s  most commonly used as t h e  b a s i s  f o r  l a t e r  

improvements in A . I .  c a l c u l a t i o n s .  They d i v i d e d  t h e  

f r e q u e n c y  sp e c t r u m  f rom 250 Hz t o  7000 Hz i n t o  20 bands* 

each o f  which was e m p i r i c a l l y  d e t e r m in e d  t o  c o n t r i b u t e  

e q u a l l y  t o  t h e  t o t a l  A r t i c u l a t i o n  Index .  The bands  were no t  

u n i f o r m  in e i t h e r  bandwid th  o r  p e r c e n t a g e  b a nd w id th .  In 

each band* t h e y  d e t e r m i n e d  a f a c t o r  'M'* which t h e y  d e f i n e d  

as be i n g

"e q u a l  t o  t h e  f r a c t i o n  of  l / 8 t h  second 
t im e  i n t e r v a l s  in which t h e  spe ech  
i n t e n s i t y  in t h e  p a r t i c u l a r  band i s  o f  
s u f f i c i e n t  i n t e n s i t y  t o  be h e a r d .
S t a t e d  d i f f e r e n t l y *  i t  i s  t h e  f r a c t i o n  
of  t h e s e  i n t e r v a l s  in which t h e  spe ech  
i n t e n s i t y  in  a band ex ceed s  t h e  
i n t e n s i t y  which c o r r e s p o n d s  t o  an 
e f f e c t i v e  s e n s a t i o n  l e v e l  o f  0 dB."
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In o r d e r  t o  c a l c u l a t e  'M'« one needed t h e s e  f a c t o r s :  

t h e  l e v e l  o f  t h e  sp e ec h  e x p r e s s e d  as t h e  long t e rm  average  

i n t e n s i t y  p e r  c y c l e  ( i . e . /  s p e c t r u m  l e v e l ) /  t h e  d i f f e r e n c e  

in dB between t h e  i n t e n s i t y  " i n  a c r i t i c a l  band exceeded  by 

1 p e r c e n t  o f  i / S t h  second  i n t e r v a l s  o f  r e c e i v e d  s p e e c h "  and 

t h e  long t e rm  a v e ra g e  i n t e n s i t y  in t h e  same band/  th e  

e f f e c t i v e  masking o f  an e x t e r n a l  n o i s e /  and t h e  long t e rm 

sp e c t r u m  l e v e l  o f  t h e  masking n o i s e .  French  and S t e i n b e r g  

found f rom t h e  d a t a  o f  Dunn and Mhite  (1940)  of  c u m u l a t i v e  

l e v e l  d i s t r i b u t i o n s  of  sp e ec h  t h a t  spe ech  became i n a u d i b l e  

uihen i t s  long t e rm  av e ra g e  i n t e n s i t y  p e r  c y c l e  was re duce d  

t o  abou t  30 dB below t h e  s i n g l e  f r e q u e n c y  t h r e s h o l d .  The 

t h r e s h o l d  l e v e l  of  spe ech  in any f r e q u e n c y  r e g i o n /  th e y

p o i n t e d  o u t /  was " d e t e r m i n e d  by t h e  most i n t e n s e  sounds  in 

t h a t  r e g i o n . "  Speech l e v e l s  g r e a t e r  t h a n  30 dB above t h e  

t h r e s h o l d  l e v e l  c o n t r i b u t e d  l i t t l e  f u r t h e r  to  

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

between t h e  l e v e l  in a c r i t i c a l  band exceeded  by 1 p e r c e n t  

o f  t h e  l / 'S th  second  i n t e r v a l s  and t h e  long t e rm  average

i n t e n s i t y  was abou t  12 dB. The v a l u e  M c o n s i s t e d  o f  t h e  sum 

of  t h e s e  f a c t o r s  d i v i d e d  by t h e  30 dB e f f e c t i v e  dynamic 

r a n g e  of  s p e e c h .  F i n a l l y /  t h e  A r t i c u l a t i o n  Index was

d e t e r m i n e d  by summing t h e  M's f o r  each band and d i v i d i n g  by 

20 (o r  m u l t i p l y i n g  by 0 . 0 5 ) .  The as sum pt i on  o f  band 

independence  was m o d i f i e d  t o  a c c o u n t  f o r  t h e  s p r e a d  of

masking o f  e x t e r n a l  n o i s e  as  we l l  as t h a t  o f  t h e  speech  

s i g n a l  i t s e l f .
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Beranek (1947) d e s c r i b e d  a s i m p l e r  v e r s i o n  o f  t h e  A . I .  

c a l c u l a t i o n  p r o c e d u r e .  He a l s o  o b s e r v e d  t h a t /  in g e n e r a l /  

t h e  t o t a l  u s e f u l  dynamic range  of  spe ech  i s  ab o u t  30 dB in 

any band.  He a l t e r e d  t h e  20 bands  t o  span f r e q u e n c i e s  from 

200 Hz t o  6100 Hz/ s t a t i n g  t h a t  t h e  r an g e  d e s c r i b e d  by 

French  and S t e i n b e r g  uias ba sed  on l e v e l s  f o r  combined male 

and female  t a l k e r s .  Beranek c l e a r l y  s t a t e d  t h a t  h i s  r ange  

mas f o r  male v o i c e s  o n l y .  Beranek assumed t h a t  t h e  peak 

l e v e l s  o f  speech  f e l l  12 dB above t h e  R .H.S .  long t e rm 

a ve ra ge  l e v e l  and minimum speech  l e v e l s  f e l l  18 dB belorn in 

each band.  The A . I .  mas t h e n  c a l c u l a t e d  by d e t e r m i n i n g  t h e

f r a c t i o n a l  p a r t  o f  t h e  30 dB dynamic r a n g e  a v a i l a b l e  f o r

each o f  t h e  20 band s /  m u l t i p l y i n g  by 0 . 0 5  and summing t h e  

i n d i v i d u a l  c o n t r i b u t i o n s  f o r  t h e  t o t a l  A . I .  He p r o v i d e d  

s i m p l i f i e d  g r a p h i c a l  methods of  comput ing t h e  A . I .  by

i n d i c a t i n g  t h e  e f f e c t i v e  t h r e s h o l d  o f  sp e e c h  in each of  t h e  

20 band s /  t h e  maximum d i s c o m f o r t  l e v e l s  and t h e  long t e rm  

R.M.S. l e v e l s  o f  sp e e c h  mith peaks  12 dB above and minima 

18 dB belom t h e  R.M.S. l e v e l .

K r y t e r  (1962a)  f u r t h e r  r e f i n e d  t h i s  p r o c e d u r e  and

i n c o r p o r a t e d  methods based on meig h te d  s i g n a l - t o - n o i s e  

r a t i o s  in t h e  s t a n d a r d  o n e - t h i r d  o c t a v e  or  o n e - o c t a v e  mide 

bands  found in c o m m er c i a l ly  a v a i l a b l e  sound measu r ing  

eq u i pment .  The m e ig h t s  mere d e s i g n e d  t o  i n c o r p o r a t e  t h e  

d i f f e r e n c e s  betmeen t h e  20 bands  o f  e q u a l  c o n t r i b u t i o n  and

t h e  s t a n d a r d i z e d  f i l t e r  b a n d m i d t h s .  These methods  mere
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e v e n t u a l l y  adop ted  as an American N a t i o n a l  S t a n d a r d  (ANSI 

S 3 . 5 - 1 9 6 9 ) .  Tuio s i g h t l y  d i f f e r e n t  s e t s  o f  w e i g h t s  a r e  

a v a i l a b l e *  one as  p u b l i s h e d  by K r y t e r  (1962a)* and t h e  o t h e r  

as  p u b l i s h e d  in t h e  ANSI s t a n d a r d .  Table  1 shows b o t h  s e t s  

o f  w e i g h t s  f o r  t h e  o n e - t h i r d  o c t a v e  method.  The newer* ANSI 

w e i g h t s  g i v e  s l i g h t l y  g r e a t e r  emphas i s  t o  t h e  r e g i o n s  above 

1000 Hz. O n e- o c t a v s  w e ig h t s  a r e  o b t a i n e d  s imply  by summing 

t h e  w e i g h t s  o f  t h e  c o n s t i t u e n t  o n e - t h i r d  o c t a v e  ba nds .

TABLE 1

WEIGHTS FOR ONE-THIRD OCTAUE BAND METHOD 

OF COMPUTING THE ARTICULATION INDEX

BAND CENTER
FREQUENCY (HZ) KRYTER (1962a) ANSI (1969)

200 0 .0 0 0 3 0 .0 0 0 4
250 0 .0 0 0 7 0 .0 0 1 0
315 0 .0 010 0 .0 0 1 0

400 0 .0 016 0 .0 0 1 4
500 0 .0 0 1 7 0 .0 0 1 4
630 0 .0 017 0 .0 0 2 0

000 0 .0 0 2 7 0 .0 0 2 0
1000 0 .0 03 0 0 .0 0 2 4
1250 0 .00 33 0 .0 0 3 0

1600 0 . 0037 0 .0 0 3 7
2000 0 .0 036 0 .0 0 3 8
2500 0 .0 030 0 .0 0 3 4

3150 0 .0 027 0 .0 0 3 4
4000 0 .0 026 0 .0 0 2 4
5000 0 .0 0 1 7 0 .0 0 2 0
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The r e l a t i o n s h i p  between A. I .  and p e r fo rm a n ce  of  

normal l i s t e n e r s  on v a r i o u s  k i n d s  of  sp eec h  m a t e r i a l s  i s  

shouin in F i g u re  1 (Kry te r#  1962a) .  Al though t h e  ANSI 

s t a n d a r d  s t a t e s  t h a t  t h e  methods are c o n s i d e r e d  v a l i d  f o r  

on ly  male t a l k e r s #  t h e  p r o c e d u r e s  a r e  o f t £ n  used w i t h o u t  

m o d i f i c a t i o n s  f o r  bo th  male and female  t a l k e r s  u n l e s s  t h e  

s p e c i f i c  s p e c t r a  o f  t h e  a c t u a l  t a l k e r s  be ing  u t i l i z e d  are  

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

In a d d i t i o n  t o  French  and S t e i n b e r g  (1947)# P o l l a c k  

(1948)# d i s c u s s e d  e a r l i e r #  and Hirsh# Reynolds  and Joseph 

(1954)  pe r fo rmed  A r t i c u l a t i o n  Index c a l c u l a t i o n s  t o  compare 

t h e  A . I .  p r e d i c t e d  s c o r e s  wi th  s c o r e s  d e t e r m i n e d  from 

n o r m a l l y - h e a r i n g  l i s t e n e r s .  They found# g e n e r a l l y #  t h a t  

t h e i r  r e s u l t s  were c o n s i s t e n t  wi th  t h e  t h e o r e t i c a l  

p r e d i c t i o n s .  Hirsh# Reynolds  and Joseph s t u d i e d  f i l t e r e d  

speech# however# t h e  main t h r u s t  of  t h e i r  work was a 

com par i son  o f  t h e  i n t e l l i g i b i l i t y  of  d i f f e r e n t  speech  

m a t e r i a l s #  such as s y l l a b l e #  words and s e n t e n c e s .  They were 

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

i n v e s t i g a t i o n  in t h i s  t h e s i s .  L e v i t t  and R a b in e r  (1967) 

used A . I .  methods t o  p r e d i c t  t h e  ga i n  in i n t e l l i g i b i l i t y  

f o r  b i n a u r a l  masking e x p e r i m e n t s  in which lo w - f r e q u e n c y  

p o r t i o n s  of  t h e  s p e ec h  s p e c t r u m  were p h a s e - s h i f t e d  

i n t e r a u r a l l y  and p r e s e n t e d  wi th  h i g h - l e v e l  G au ss ian  n o i s e  

masking .  They found t h a t  p r e d i c t i o n s  were " f a i r l y  

c o n s i s t e n t  wi t h  d a t a  o b t a i n e d  in an e a r l i e r  e x p e r i m e n t . "
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TEST VOCABULARY 
LIMITED TO 3 2  
PB WORDS

SENTENCES
(FIRST 

PRESENTATION 
TO LISTENERS)

SENTENCES 
(KNOWN TO 
LISTENERS)

PB WORDS 
(IOOO DIFFERENT WORDS)

NONSENSE SYLLABLES 
(1 0 0 0  DIFFERENT SYLLABLES)

RHYME TESTS

7 TEST VOCABULARY LIMITED 
TO 2 5 6  PB WORDS

NOTE THESE RELATIONS ARE 
APPROXIMATE. THEY DEPEND UPON 
TYPE OF MATERIAL AND SK IL L  OF 
TALKERS AND LISTENERS

0 .3  0 .4  0 .5  0 .6  0 .7
ARTICULATION INDEX

FIGURE 1

R e l a t i o n  betuieen A r t i c u l a t i o n  Index 

and V a r io u s  Measures  of  Speech I n t e l l i g i b i l i t y  

( f rom ANSI S3 .5 -1 9 6 9 )
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In t h i s  s tudy# t h e  A r t i c u l a t i o n  Index i s  c a l c u l a t e d  

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

French and S t e i n b e r g #  K r y t e r  and t h e  ANSI method.  I t  is  

d e s c r i b e d  in d e t a i l  by Dugal# B r a i d a  and Dur lac h  (1980) .  

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

method# I  w i l l  examine t h e  r e s u l t s  o f  s e v e r a l  e a r l i e r  

s t u d i e s  t h a t  employed A r t i c u l a t i o n  Theory c a l c u l a t i o n s  to  

a n a l y z e  d a t a  o b t a i n e d  wi th  h e a r i n g - i m p a i r e d  l i s t e n e r s .

PREUIOUS STUDIES INCORPORATING 

ARTICULATION THEORY PREDICTIONS

One of  t h e  e a r l i e s t  r e p o r t e d  a t t e m p t s  to  compare 

A r t i c u l a t i o n  Theory c a l c u l a t i o n s  t o  r e s u l t s  o b t a i n e d  wi th  

h e a r i n g - i m p a i r e d  l i s t e n e r s  i s  t h a t  by Ackroyd (19 48) .  Using 

Col l a r d ' s  approach t o  A r t i c u l a t i o n  Theory# Ackroyd d e s c r i b e d  

an a n a l y t i c a l  p r o c e d u r e  u s i n g  a s i m pl e  a p p l i c a t i o n  of  

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

optimum f r e q u e n c y - g a i n  c h a r a c t e r i s t i c  o f  a h e a r i n g  a i d  f o r  

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

l o s s .  Al though no c o m p a r a t i v e  d a t a  from Radley e t  a l . #  are 

d e s c r i b e d #  he co n c lu d e d  t h e  t h e  r e s u l t s  were " i n  t h e  main 

con f i rm ed  by C e x p e r i m e n t a l l  a r t i c u l a t i o n  t e s t s . "

i

F l e t c h e r  (1952)  a n a l y z e d  t h e  d a t a  o f  t h e  s o - c a l l e d  

Harvard S tudy (Davis  e t  a l . #  1947) u s i n g  a v e r s i o n  of  

A r t i c u l a t i o n  Theory d e v e lo p e d  by F l e t c h e r  and G a l t  (1950)
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tuhich* in p a r t *  i s  d e r i v e d  f rom French and S t e i n b e r g .  He

c o n s i d e r e d  a c o n d u c t i v e  h e a r i n g  l o s s  as a -Frequency

de pe nden t  a t t e n u a t i o n *  . and a s e n s o r i n e u r a l  l o s s  as

f i c t i t i o u s  i n t e r n a l  masking n o i s e .  He d id  no t  c o n s i d e r  

d i s c o m f o r t  l e v e l s  s i n c e  t h e  Harvard  Study employed l i m i t i n g

in i t s  Mas te r  H ea r i n g  Aid t o  avoid  u n c o m fo r t a b l y  loud 

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

uiere in good agreement  w i th  e x p e r i m e n t a l l y  o b s e r v e d  d a t a .  

To a c h i e v e  t h i s  agreement* however* he used " p r o f i c i e n c y  

f a c t o r s " *  numbers l e s s  t h a n  1.0* t o  re d u c e  t h e  A r t i c u l a t i o n  

Index t o  ac c o u n t  f o r  t h e  r e d u c e d  spe ec h  d i s c r i m i n a t i o n  

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

The f i r s t  r e p o r t e d  s t u d y  t o  use  t h e  now common K ry t e r  

method in a s t u d y  o f  h e a r i n g - i m p a i r e d  l i s t e n e r s  was by 

Mi lber  ( 1 9 6 4 ) .  She used t h e  o n e - o c t a v e  band method to  

p r e d i c t  t h e  spe ech  d i s c r i m i n a t i o n  s c o r e s  o f  a l a r g e  group, of 

n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  l i s t e n e r s .  Speech 

d i s c r i m i n a t i o n  i s  us e d  h e r e  in t h e  a u d i o l o g i c a l  c o n t e x t  and 

i s  e s s e n t i a l l y  synonymous w i th  a r t i c u l a t i o n  t e s t i n g  or 

i n t e l l i g i b i l i t y  t e s t i n g .  One c r u c i a l  d i f f e r e n c e *  however* 

e x i s t s  between t h e s e  t e r m s .  Tha t  d i f f e r e n c e  i s  s u b j e c t  

t r a i n i n g  which i s  n o t  u s u a l l y  p a r t  o f  r o u t i n e  c l i n i c a l
K.

speech  d i s c r i m i n a t i o n  p r o c e d u re s *  b u t  i s  u s u a l l y  assumed in 

a r t i c u l a t i o n  or  i n t e l l i g i b i l i t y  t e s t i n g .  W i l b e r ' s  s t u d y  was 

an a t t e m p t  t o  p r o v i d e  a d i r e c t  c o r r e l a t i o n  between c l i n i c a l  

measures  o f  s p e ec h  u n d e r s t a n d i n g  and p r e d i c t e d  pe r fo rmance
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ba sed  on A . I .  c a l c u l a t i o n s .  T h e r e f o r e *  s t a n d a r d  c l i n i c a l  

p r o c e d u r e s  uiere used  uiith he r  s u b j e c t s  and no t r a i n i n g  took 

p l a c e  w i th  t h e  t e s t  m a t e r i a l s  p r i o r  t o  i n i t i a l  p r e s e n t a t i o n .

M i l b e r  used 59 s u b j e c t s *  tw en ty  n o r m a l l y - h e a r i n g

l i s t e n e r s *  twen ty  u n i l a t e r a l l y  impa i r ed  l i s t e n e r s  wi th

c o n d u c t i v e  l o s s  and n i n e t e e n  l i s t e n e r s  w i th  u n i l a t e r a l  

s e n s o r i n e u r a l  impa i r men ts  d i a g n o s e d  as M e n i e r e ' s  d i s e a s e .  

The n o r m a l l y - h e a r i n g  s u b j e c t s  were s t u d e n t s  r a n g i n g  in age 

f rom 18 t o  25 y e a r s .  The c o n d u c t i v e l y - i m p a i r e d  group ranged  

in age f rom 18 t o  59 y e a r s .  M i t h i n  t h i s  group* bone

c o n d u c t i o n  t h r e s h o l d s  were w i t h i n  20 dB o f  normal  in t h e  

im pa i r ed  e a r  wi th  a d i f f e r e n c e  between a i r  c o n d u c t i o n  and 

bone c o n d u c t i o n  t h r e s h o l d  ( a i r - b o n e  gap)  o f  a t  l e a s t  10 dB. 

T h e i r  av e ra g e  h e a r i n g  l o s s  was a p p r o x i m a t e l y  45 dB. The 

s e n s o r i n e u r a l l y - i m p a i r e d  s u b j e c t s  r an g ed  in age from 24 t o  

74 y e a r s .  Mean h e a r i n g  l o s s  f o r  t h i s  group was

a p p r o x i m a t e l y  40 dB; however* g r e a t e r  v a r i a b i l i t y  was 

p r e s e n t  f o r  bo th  t h e  normal e a r s  and impa i red  e a r s  f o r  t h i s  

g roup compared t o  t h e  n o r m a l l y - h e a r i n g  and 

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

s u b j e c t s '  aud iograms  were g e n e r a l l y  f l a t  r a t h e r  th a n  

s l o p i n g .

A l l  s u b j e c t s  were g ive n  t n r e e  d i f f e r e n t  a u d i o m e t r i c  

measurements  t o  d e t e r m i n e  t h r e s h o l d s *  one u s i n g  s t a n d a r d  

c l i n i c a l  p r o c e d u r e s  wi t h  t h e  u s u a l  5 dB accuracy* one u s i ng
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Bekesy sw ep t—f r e qu en cy  aud io me t ry  and f i n a l l y  u s i n g  

o n e - o c t a v e - w i d e  bands  of  uihite n o i s e .  In a d d i t i o n #  spe ech  

r e c e p t i o n  t h r e s h o l d s  (SRT) were o b t a i n e d  from r e s p o n s e s  t o  

t h e  CID spondee l i s t s  ( H i r s h  e t  a l . #  1952) .  Speech 

p e r c e p t i o n  t e s t i n g  uias pe r fo rmed  wi th  a l l  s u b j e c t s  l i s t e n i n g  

t h r o u g h  TDH-39 e a r p h o n e s .  Speech m a t e r i a l s  were drawn from 

d i f f e r e n t  v e r s i o n s  o f  a s i n g l e  50-*word p h o n e t i c a l l y - b a l a n c e d  

CUC-type l i s t  d e ve lo pe d  a t  N o r t h w e s t e r n  U n i v e r s i t y .  A 

s i n g l e  male t a l k e r  spoke t h e  words and each t e s t  was 

p r e s e n t e d  on l y  once t o  each e a r  wi thout ,  t r a i n i n g  a t  each of  

t h r e e  p r e s e n t a t i o n  l e v e l s .  The t h r e e  p r e s e n t a t i o n  l e v e l s  

were +4# +8 and +12 dB r e l a t i v e  t o  t h e  measured SRT l e v e l s  

f o r  each s u b j e c t .  For  t h e  im pa i r ed  s u b j e c t s #  a l l  t e s t s  were 

pe r fo rme d  f i r s t  w i t h  t h e  p a t h o l o g i c a l  e a r  and th e n  in t h e  

n o r m a l l y - h e a r i n g  e a r .  Th i s  was done in an a t t e m p t  t o  

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

s e t  of  50 words was used f o r  a l l  t e s t s #  a l t h o u g h  in 

d i f f e r e n t  o r d e r .  For  t h e  n o r m a l l y - h e a r i n g  group# t h e  

f i r s t - t e s t e d  e a r  was randomly a s s i g n e d .  No f i l t e r i n g  or  

masking was used on t h e  speech m a t e r i a l s  wi th  t h e  e x c e p t i o n  

o f  c o n t r a l a t e r a l  masking in t h e  n o r m a l l y - h e a r i n g  e a r  o f  t h e  

impa i r ed  s u b j e c t s  i f  t h r e s h o l d  d i f f e r e n c e s  between e a r s  were 

g r e a t e r  t h a n  40 dB.

Data  p o i n t s  were averaged  ove r  a l l  s u b j e c t s  w i t h i n  a 

g roup a c c o r d i n g  t o  ty p e  o f  loss#  i . e .  normal# c o n d u c t i v e  

and s e n s o r i n e u r a l .  The av e ra g e  r e s u l t s  i n d i c a t e d  t h a t
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s c o r e s  improved as  s e n s a t i o n  l e v e l  i n c r e a s e d .  The 

dependence o f  p e r c e n t a g e  c o r r e c t  s c o r e s  on s e n s a t i o n  l e v e l  

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

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

uiere e s s e n t i a l l y  s i m i l a r  and uiell  u i i th in  t h e  d e v i a t i o n  

no r m a l l y  e x p e c t e d  f o r  u n t r a i n e d  l i s t e n e r s .  S c o r e s  f o r  t h e  

s e n s o r i n e u r a l  e a r s  uiere g e n e r a l l y  10 t o  15 p e r c e n t a g e  p o i n t s  

lower a t  t h e  same s e n s a t i o n  l e v e l s  as compared t o  t h e  o t h e r s  

l i s t e n e r s ;  houiever# t h e  s l o p e  o f  t h e  f u n c t i o n  uias s i m i l a r .  

No s a t u r a t i o n  e f f e c t s  such as  a f l a t t e n i n g  or  r o l l o v e r  of  

t h e  a r t i c u l a t i o n  f u n c t i o n s  was o b s e r v e d  in t h e  mean d a t a  

p r e s e n t e d .  This# o f  course#  does  n o t  p r e c l u d e  t h e

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

was n o t  r e p o r t e d  by Milber# however.

A r t i c u l a t i o n  Index  c a l c u l a t i o n s  were pe r fo rmed  f o r  a l l  

c o n d i t i o n s  t e s t e d  u s i n g  t h e  one o c t a v e  band method d e s c r i b e d  

by K r y t e r  ( 1 9 6 2 a ) .  They were per fo rmed  f o r  each o f  t h e  

t h r e e  d i f f e r e n t  t h r e s h o l d  measures  o b t a i n e d  f o r  each

s u b j e c t .  S in c e  t h r e s h o l d s  o b t a i n e d  wi th  t h e  t h r e e  measures  

were d i f f e r e n t #  t h e  c a l c u l a t e d  A . I .  v a l u e s  were d i f f e r e n t  

in each  c a s e .  However# t h e  A . I .  v a l u e s  as  a f u n c t i o n  of  

s e n s a t i o n  l e v e l  were s i m i l a r  a c r o s s  s u b j e c t  g rou ps  w i t h  t h e  

n o t a b l e  e x c e p t i o n  o f  t h e  s e n s o r i n e u r a l l y  impa i r ed  e a r s .  For  

t h e s e  ca se s #  a l l  c a l c u l a t e d  A . I .  v a l u e s  were s u b s t a n t i a l l y  

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

f o r  b o th  t h e  n o r m a l l y - h e a r i n g  and c o n d u c t i v e l y  impa i r ed
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e a r s .  Mi lbe r  a t t r i b u t e d  t h i s  d i v e r g e n c e  t o  a l a r g e  r e l a t i v e  

d i s c r e p a n c y  betuieen SRT and o t h e r  t h r e s h o l d  me asures  f o r  t h e  

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

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

poore r# SRT s c o r e s  would be e l e v a t e d  above t h e  commonly used 

t h r e e  f r e q u e n c y  (50 0-1 00 0-2 000  Hz) av e ra g e  o f  p u r e  to n e  

t h r e s h o l d s .  S in c e  t h e  A . I .  c a l c u l a t i o n s  were based  on 

s e n s a t i o n  l e v e l s  r e l a t i v e  t o  t h e  SRT r a t h e r  t h a n  t h e  

s p e c i f i c  SPL p r e s e n t a t i o n  l e v e l  o f  speech# t h e  c a l c u l a t e d  

A . I .  v a l u e s  were p r o b a b l y  to o  l a r g e  f o r  t h e s e  c a s e s .  In 

c o n v e r t i n g  s e n s a t i o n  l e v e l  t o  SPL in t h e  A . I .  c a l c u l a t i o n #  

t h e  SPL v a l u e s  w i l l  be much h i g h e r  r e l a t i v e  t o  t h e  pu re  to n e  

t h r e s h o l d s  and t h e r e f o r e  r e s u l t  in  h i g h e r  A . I .  v a l u e s .  The 

r e s u l t  of  t h i s  e r r o r  i s  h i g h e r  p r e d i c t e d  s c o r e s  f o r  t h e  

s e n s o r i n e u r a l l y  im pa i r ed  l i s t e n e r s  t h a n  were a c t u a l l y  t h e  

c a s e .  These s u b j e c t s  d i d  much more p o o r l y  t h a n  t h e  A . I .  

would p r e d i c t .  On t h e  o t h e r  hand# o b s e rv e d  s c o r e s  f o r  t h e  

n o r m a l l y - h e a r i n g  and c o n d u c t i v e l y  impa i red  l i s t e n e r s  were 

much c l o s e r  t o  t h e  s c o r e s  p r e d i c t e d  by A r t i c u l a t i o n  Theory.

The a c c u r a c y  o f  t h e  p r e d i c t i o n s  depended somewhat on 

which t h r e s h o l d  measure  was used in t h e  c a l c u l a t i o n .  

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

aud iomet ry  o r  f i l t e r e d  n o i s e  t h r e s h o l d s  f o r  t h e  A . I .  

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

impa i r ed  g ro u p .  For  t h e  s e n s o r i n e u r a l  group# however# 

c o n v e n t i o n a l  a u d i o m e t r i c  t h r e s h o l d s  p r e d i c t e d  pe r fo rmance
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s c o r e s  c l o s e r  t h a n  t h e  o t h e r  methods .  S in ce  t h r e s h o l d s  -for 

t h i s  method uiere h i g h e r  t h a n  t h e  o t h e r  tuio f o r  t h i s  group* 

t h e  r e s u l t a n t  t h r e s h o l d  SPL' s  used in t h e  A . I .  c a l c u l a t i o n  

had t h e  e f f e c t  o f  low er ing  t h e  A . I .  and making th e  

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

The r e s u l t s - o f  W i l b e r ' s  s tudy*  in  g e n e ra l *  do no t

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

A r t i c u l a t i o n  Theory t o  p r e d i c t  t h e  p e r fo rm a n c e  in impa i red  

ea r s*  a t  l e a s t  as r e l a t e d  t o  c l i n i c a l  measures  o f  h e a r i n g  

f u n c t i o n .  I n c o r p o r a t i n g  SRT l e v e l s  in t h e  c a l c u l a t i o n s

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

e r r o n e o u s l y  h ig h  A . I .  v a l u e s  f o r  t h e  l i s t e n e r s  uiith

s e n s o r i n e u r a l  h e a r i n g  I q s s .  The p r e s e n t a t i o n  l e v e l s  must be 

in d e p en d en t  o f  a p s y c h o p h y s i c a l  t h r e s h o l d  measure  such as 

t h e  SRT t h a t  i t s e l f  i s  d e f i n e d  around a h i g h l y  s p e c i f i c  

v o c a b u l a r y  and s e t  o f  measurement  c o n d i t i o n s .  Fur the rmore* 

some a c c u r a c y  i s  l o s t  in t h e  A . I .  c a l c u l a t i o n s  by u s i n g  t h e  

o n e - o c t a v e  band method s i n c e  v a r i a t i o n s  in s p e ec h  s pe c t rum  

and h e a r i n g  t h r e s h o l d s  in im pa i red  l i s t e n e r s  may no t  

a d e q u a t e l y  be a c c o u n te d  f o r  in such  a wide band .  Other  

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

s i g n i f i c a n t  r o l e  in t h e  e r r o r s  s i n c e  t h e  as s u m p t i o n s  of  

A r t i c u l a t i o n  Theory in  p r e d i c t i n g  p e r f o rm a n ce  a r e  based  upon 

e x t e n s i v e  t r a i n i n g  w i t h  t h e  t e s t  m a t e r i a l s  us e d .

A d i f f e r e n t  appr oac h  t o  examining A r t i c u l a t i o n  Index
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c a l c u l a t i o n s  and measurements  of  s p e e ch  p e r c e p t i o n  in 

h e a r i n g - i m p a i r e d  l i s t e n e r s  uias t a k e n  by Macrae and Br igden

(197 3) .  They measured t h e  p e r c e p t i o n  o f  "everyday  

s e n t e n c e s "  (Davis  and S i lverman* 1970) in 309 impa i red  

l i s t e n e r s  in "e ver yda y  l i s t e n i n g  s i t u a t i o n s " .  The v a s t  

m a j o r i t y  of  t h e s e  s u b j e c t s  (80k)  had s e n s o r i n e u r a l  

impairments* 20k had mixed h e a r i n g  l o s s e s  and 2 s u b j e c t s  had 

p u r e l y  c o n d u c t i v e  l o s s e s .  Age r an g e  o f  t h e  s u b j e c t s  uias 

from 23 t o  86 y e a r s .  Aud io me t r i c  c o n f i g u r a t i o n s  f o r  t h e s e  

s u b j e c t s  uiere n o t  i n d i c a t e d ;  houiever* a d i s t r i b u t i o n  o f  t h e  

t h r e e - f r e q u e n c y  (500* 1000 and 2000 Hz) a v e r a g e  h e a r i n g  l o s s  

in t h e  b e t t e r  e a r  uias p l o t t e d .  The peak o f  t h e  d i s t r i b u t i o n  

(a bou t  50k)  o c c u r r e d  in t h e  "10 t o  19 dB" r a n g e .

The' s e n t e n c e  m a t e r i a l s  uiere p r e s e n t e d  to  t h e  s u b j e c t s  

v i a  lo u d s p e a k e r  in a background o f  sha ped  random n o i s e  

d e s i g n e d  t o  s i m u l a t e  t r a f f i c  n o i s e  o r  ui i th r e c o r d e d  

c a f e t e r i a  n o i s e .  S i n c e  t h e  c a f e t e r i a  n o i s e  p roved  a more

e f f e c t i v e  masker* most t e s t s  uiere pe r f o rm e d  u s i n g  t h a t  

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

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

Macrae and Br igden  used t h e  20-band  method of

c a l c u l a t i n g  t h e  A r t i c u l a t i o n  Index  d e s c r i b e d  by K r y t e r  

( 1 9 6 2 a ) .  They m o d i f i e d  t h e  p r o c e d u r e  by u s i n g  t h e

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

s p e c t r u m  i f  t h a t  t h r e s h o l d  exceed t h e  n o i s e  s p e c t r u m  or  t h e
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masking sp ec t rum in any band .  They d e t e r m i n e d  an 

A r t i c u l a t i o n  Index f u n c t i o n  f o r  t h e  s e n t e n c e s *  based  on 

s c o r i n g  o f  keyuiords in each se n t en c e*  and used t h i s  cu rv e  t o  

p r e d i c t  i n t e l l i g i b i l i t y  pe r fo r m ance  f o r  t h e i r  impa i red  

l i s t e n e r s .  In a n a l y z i n g  t h e i r  r e s u l t s *  t h e y  compared 

p r e d i c t e d  p e r f o rm a n ce  u s i n g  t h e  t h r e e - f r e q u e n c y  av e ra g e  

h e a r i n g  l o s s  and t h e  A r t i c u l a t i o n  Inde x .  For t h e  

measurements  made in q u i e t  and uiith t h e  random n o i s e  

bac kground  a t  spe ec h  p r e s e n t a t i o n  l e v e l s  o f  60 dB and 80 dB 

long t e rm  RMS l e v e l *  t h e  A . I .  p r e d i c t i o n s  were deemed more 

a c c u r a t e  as an i n d i c a t o r  o f  p e r fo rm a n c e  t h a n  t h e  

t h r e e - f r e q u e n c y  av e ra g e  l o s s .  They d id  n o t  use  t h e  A . I .  t o  

p r e d i c t  pe r fo rm a nce  a t  60 dB nor  a t  80 dB SPL when t h e  

c a f e t e r i a  n o i s e  was added s i n c e  t h e y  o b s e rv e d  t h a t  t h e i r  

n o r m a l l y - h e a r i n g  s u b j e c t s  s c o r e d  much b e t t e r  th a n  would be 

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

They d i d  n o t  a n a l y z e  t h e i r  d a t a  in t e rms  of  t y p e  o r  d e g r e e  

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

Another  approach  t o  measur ing  spe ec h  p e r c e p t i o n  in 

"e v e r y d a y  l i s t e n i n g  s i t u a t i o n s " *  was t a k e n  by Aniansson

(1974)  who measured l i s t e n e r s  wi th  normal  h e a r i n g  and 

l i s t e n e r s  w i th  h ig h  f r e q u e n c y  s e n s o r i n e u r a l  h e a r i n g  l o s s .  

R e c o r d i n g s  were made in t h e  l i v i n g  room of  an a p a r t m e n t  w i th  

a b i n a u r a l  a r t i f i c i a l  head which p i c k e d  up spe ec h  p l a y e d  

t h r o u g h  a l o u d s p e a k e r .  The spe ech  m a t e r i a l  c o n s i s t e d  of  

t h r e e  l i s t s  of  50 Swedish m o n o s y l l a b i c  p h o n e t i c a l l y - b a l a n c e d
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uiords.  A v a r i e t y  of  compet ing "e ver yda y  n o i s e s "  were

c o n t r i v e d  t o  d i m i n i s h  t h e  i n t e l l i g i b i l i t y  o f  s p e e c h .  These

in c l u d e d  r e c o r d e d  t r a f f i c  n o i s e /  r a d i o  b r o a d c a s t s  and one/

two or  t h r e e  s i m u l t a n e o u s  v o i c e s  r e a d i n g  newspaper  t e x t .

S u b j e c t s /  b o t h  normal  and im pa i r ed /  l i s t e n e d  th rough  
«

b i n a u r a l ,  headphones  t o  e l i m i n a t e  s e v e r a l  of  t h e  e x t e r n a l  

f a c t o r s  t h a t  would i n f l u e n c e  p e r fo rm a n ce  wi th  l i v e - v o i c e  or 

lo u d s p e a k e r  p r e s e n t a t i o n s .  In a p r e l i m i n a r y  s t u d y  Aniansson 

found no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between 

d i r e c t  l i s t e n i n g  and ea rphone  l i s t e n i n g  f o r  t h e  spe ec h  in 

t r a f f i c  n o i s e  c o n d i t i o n s .  He found somewhat b e t t e r  

pe r f o rm a nc e  w i t h  ea rphone  l i s t e n i n g  f o r  t h e  m u l t i p l e  

compet ing  s p e a k e r s  s i n c e  v i s u a l  d i s t r a c t i o n s  were removed as
i

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

h i s  e x p e r i m e n t s  wi th  b i n a u r a l  e a r p h o n e s .

A n i a n s s o n ' s  n e x t  e x p e r i m e n t s  were measurements  on a 

l a r g e  s e t  o f  bo th  n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  

s u b j e c t s  wi th  b i l a t e r a l  s e n s o r i n e u r a l  h e a r i n g  l o s s /  measured 

in q u i e t  and in t h e  d i f f e r e n t  s i t u a t i o n s  o f  everyday  

l i s t e n i n g .  The impa i red  s u b j e c t s  had v a r y i n g  d e g r e e s  of 

h ig h  f r e q u e n c y  h e a r i n g  l o s s /  p resumably  n o i s e - i n d u c e d  s i n c e  

t h e y  were a l l  w orker s  in an a u t om obi le  f a c t o r y  and under  50 

y e a r s  of  age .  He grouped h i s  impa i r ed  s u b j e c t s  i n t o  f o u r  

c a t e g o r i e s  a c c o r d i n g  t o  t h e  ap prox imate  f r e q u e n c y  above 

which t h e  l o s s  was 50 dB or  g r e a t e r .  Three c u t o f f  

f r e q u e n c i e s  were u s e d :  2000/  3000 and 4000 Hz. The f o u r t h
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c a t e g o r y  mas a group uihich he c a l l e d  u n i l a t e r a l  3000 Hz#

composed o f  s u b j e c t s  whose l o s s  in one e a r  mas somewhat l e s s  

a t  3000 Hz t h a n  t h e  50 dB c r i t e r i o n  bu t  e x h i b i t e d  l o s s

g r e a t e r  t h a n  50 dB a t  4000 Hz and above.

The r e s u l t s  of  t h i s  s e t  of  e x p e r i m e n t s  shorn# as" 

expec te d#  t h a t  t h e  lower t h e  upper  l i m i t  o f  h e a r i n g #  t h e  

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

s i t u a t i o n s  t e s t e d .  Aniansson  observed# however# t h a t  t h e  

impa i r ed  l i s t e n e r s  w i t h  h e a r i n g  up t o  4000 Hz. d id  n e a r l y  

as  w e l l  as t h e  normal  l i s t e n e r s .  He a l s o  no te d  t h a t  t h e

compet ing  n o i s e  and v o i c e  s i t u a t i o n s  had a g r e a t e r  e f f e c t  in

r e d u c i n g  per fo rm a nce  f o r  t h o s e  l i s t e n e r s  whose upper  h e a r i n g  

l i m i t  was 3000 Hz or  lower as compared t o  t h e  no rm als  and 

t h e  l i s t e n e r s  wi th  h e a r i n g  up t o  4000 Hz.

An ianss on  n e x t  a t t e m p t e d  t o  a s s e s s  t h e  r e l a t i v e  

impor ta nc e  o f  v a r i o u s  s p e c t r a l  r e g i o n s  f o r  t h r e e  o f  h i s  

ev e ry d a y  l i s t e n i n g  s i t u a t i o n s  wi th  an u l t i m a t e  go a l  of  

examin ing  s p e c t r a l  r e g i o n s  c o n t r i b u t i n g  t o  i n t e l l i g i b i l i t y #  

as d id  French  and S t e i n b e r g  and o t h e r s .  His  e x p e r i m e n t s  

h e r e  c o n s i s t e d  of  measurements  o f  seven lo w -pas s  and 

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

s u b j e c t s .  The h i g h - p a s s  c u t o f f  f r e q u e n c i e s  were 950# 1500# 

2000 and 2600 Hz# t h e  low-pass  c u t o f f  f r e q u e n c i e s  were 

1400# 2300 and 3100 Hz. F i l t e r  s l o p e s  were 48 dB per

o c t a v e .  The t h r e e  eve ryd ay  l i s t e n i n g  s i t u a t i o n s  he used
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uiere s p e ec h  w i t h  s i m u l a t e d  t r a f f i c  n o i s e  a t  a 

s i g n a l - t o - n o i s e  r a t i o  of  0 dB/ t h e  same s i t u a t i o n  wi th  th e  

a d d i t i o n  of  a v o i c e  from a r a d i o  and f i n a l l y  wi th  t h r e e  

compet ing  v o i c e s  added .  The t r a f f i c  n o i s e  was s i m u l a t e d  by 

Shaping  b r ao d - b a n d  n o i s e  wi t h  a sp e c t r u m  d e c r e a s i n g  a t  5 dB 

p er  o c t a v e .  I t  was r e p r o d u c e d  th ro u g h  a lo u d s p e a k e r  p l a c e d  

abo u t  one me te r  o u t s i d e  a c l o s e d  window. As expected#  under  

a l l  c o n d i t i o n s #  as s p e c t r a l  i n f o r m a t i o n  was removed by 

e i t h e r  h i g h - p a s s  o r  lo w-p ass  f i l t e r i n g #  i n t e l l i g i b i l i t y  

s c o r e s  d i m i n i s h e d .  The' h i g h e s t  s c o r e s  were o b t a i n e d  f o r  th e  

u n f i l t e r e d  s p e ec h  in t h e  0 dB t r a f f i c  n o i s e  c o n d i t i o n  and 

t h e  low es t  were o b t a i n e d  f o r  sp e ec h  wi th  t h e  t h r e e  compet ing  

s p e a k e r s .  He a n a l y z e d  h i s  r e s u l t s  t o  look f o r  r e g i o n s  of  

comparab le  p e r f o r m a n c e .  That  is# he wanted t o  f i n d  ou t  

which lo w-p ass  and which h i g h - p a s s  c o n d i t i o n s  gave 

e q u i v a l e n t  r e s u l t s  f o r  t h e  t h r e e  l i s t e n i n g  s i t u a t i o n s .  Hi th  

t h i s  in mind# he found t h a t  t h e  low-pass  a t  2300 Hz and 

h i g h - p a s s  a t  1500 Hz were comparable# and t h a t  low -pass  a t  

3100 Hz and h i g h - p a s s  a t  950 Hz were co m p a ra b le .  No 

s p e c i f i c  b e n e f i t  was e v i d e n t  from h i s  r e s u l t s  o f  h i g h - p a s s  

f i l t e r i n g  under  t h e  n o i s y  c o n d i t i o n s .  The lo w es t  h i g h - p a s s  

c u t o f f  f r e q u e n c y  was# however# 950 Hz# and i s  q u i t e  h ig h  

r e l a t i v e  t o  t h e  t h e  350 Hz h i g h - p a s s  c u t - o f f  used by P o l l a c k  

in  which i n t e l l i g i b i l i t y  improved in n o i s e .

The f i n a l  a s p e c t  o f  A n i a n s s o n ' s  work was an a n a l y s i s  

ac cor d in g ,  t o  A r t i c u l a t i o n  Theory of  a p o r t i o n  of  t h e  r e s u l t s
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of  t h e  f i l t e r i n g  e x p e r i m e n t s  j u s t  d e s c r i b e d  and a p o r t i o n  of  

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

s u b j e c t s .  He a n a l y z e d  t h o s e  s i t u a t i o n s  u s i n g  s i m u l a t e d

t r a f f i c  n o i s e  u i i t hou t  any a d d i t i o n a l  v o i c e s  -  r e a l  o r  r a d i o .  

He used t h e  o n e - t h i r d  o c t a v e  band method as d e s c r i b e d  by 

K r y t e r  (1962a)  and t h e  ANSI S t a n d a r d .  P l o t t e d  p o i n t s  of  

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

p e r fo rm a n c e  uias s l i g h t l y  beloui measured f o r  n e a r l y  a l l  t h e  

f i l t e r e d  sp e ec h  c o n d i t i o n s  he a rd  by t h e  n o r m a l l y - h e a r i n g

l i s t e n e r s .  For  t h e  low -pass  1400 Hz and loui-pass 2600 Hz 

c o n d i t i o n s ^  however* p r e d i c t e d  pe r fo rm a nc e  was b e t t e r  th a n  

t h e  o b s e rv e d  p e r f o r m a n c e .  P r e d i c t e d  s c o r e s  f o r  t h e

h e a r i n g - i m p a i r e d  and n o r m a l l y - h e a r i n g  s u b j e c t s  were n e a r l y  

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

c o n d i t i o n *  whereas  o b s e rv e d  s c o r e s  were b e t t e r  t h a n  

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

Aniansson  co n c lu d e d  t h a t *  be c a u se  o f  a wide s p r e a d  of  

i n d i v i d u a l  da t a*  i t  i s  " d i f f i c u l t  t o  p r e d i c t  t h e  i n d i v i d u a l  

s p eec h  i n t e l l i g i b i l i t y  e x a c t l y  wi th  t h e  a id  o f  t o n e  

a u d i o m e t r y . "  However* he f e l t  t h a t  A . I .  c a l c u l a t i o n s  may be 

u s e f u l  in " c h e ck i n g  t h e  r e l e v a n c e  of  a p a r t i c u l a r  r e s u l t "  

and t h a t  " d e v i a t i o n  f rom e x p e c t e d  v a l u e  might  i n d i c a t e  

r e t r o c o c h l e a r  l e s i o n s  o r  m a l i n g e r i n g . "  He d id  n o t  p r o v i d e  

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

I t  i s  i m p o r t a n t  t o  c o n t r a s t  A n i a n s s o n ' s  s t u d y  wi th
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M i l b e r ' s  s i n c e  s h e  found  t h a t  A . I .  d id  no t  p r e d i c t  

pe r fo rm an ce  s c o r e s  f o r  l i s t e n e r s  w i th  s e n s o r i n e u r a l  h e a r i n g  

l o s s .  Aside  f rom i n d i v i d u a l  d i f f e r e n c e s  in s u b j e c t s #  

e t i l o g y  of  h e a r i n g  l o s s  ( n o i s e - i n d u c e d  v s .  M e n i e r e ' s  

d i s e a s e )  and c h a r a c t e r  of  l o s s  ( h ig h  f r e q u e n c y  v s .  f l a t ) #  

t h e  most s i g n i f i c a n t  d i f f e r e n c e  i s  t h a t  A n i a n s s o n ' s  

c a l c u l a t i o n s  were b a s e d  on a c t u a l  SPL measures  of  t h e  speech  

and n o i s e  in t h e  l i s t e n i n g  room and n o t  a d j u s t e d  by 

a d d i t i o n a l  f a c t o r s  such as t h e  SRT as Mi lber  d i d .  In 

a d d i t i o n #  sound p r e s s u r e s  un der  e a rp h o n e s  a re  no t  t h e  same 

as  sound p r e s s u r e s  in  a f r e e  f i e l d  o r  s e m i - r e v e r b e r a n t  f i e l d  

such as A n i a n s s o n ' s  l i v i n g  room ( U i l l c h u r #  1972# Lippmann# 

1981) .  Even t h oug h  h i s  t e s t s  were pe r f o rm ed  under  

ea rphones#  he o b t a i n e d  me asur es  o f  h i s  s i g n a l s  in t h e  a c t u a l  

l i s t e n i n g  room and r e l a t e d  them t o  t h e  ea rp ho ne  l e v e l s .  

S i n c e  t h e  A r t i c u l a t i o n  Theory i s  based  on measures  o b t a i n e d  

in a sound f i e l d # a p p r o r i a t e  c o r r e c t i o n s  must be a p p l i e d  to  

ea rp hon e  d a t a  t o  a l l o w  d i r e c t  com par i son  t o  t h e  c l a s s i c a l  

s t u d i e s  o f  F rench  and S t e i n b e r g #  e t c .  Th i s  i s s u e  w i l l  be 

d i s c u s s e d  more t h o r o u g h l y  in  C h a p te r  V.

Most r e c e n t l y #  Dugal (1978)  and Dugal# B r a i d a  and 

Dur lach  (1980) examined how A r t i c u l a t i o n  Theory can be used 

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

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

optimum f r e q u e n c y - g a i n  c h a r a c t e r i s t i c  o f  a h e a r i n g  a i d  f o r  

t h e s e  impa i r ed  l i s t e n e r s .  Using d a t a  from a s t u d y  by
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S k i n n e r  (1976)  on l i s t e n e r s  w i th  n o i s e - i n d u c e d  s e n s o r i n e u r a l  

h e a r i n g  l o s s /  t h e  a u t h o r s  found t h a t  p r e d i c t i o n s  wi th  

A r t i c u l a t i o n  Theory were in " r e l a t i v e l y  good agre ement "  wi th  

S k i n n e r ' s  d a t a .  They a t t e m p t e d  t o  d e t e r m i n e  t h e  optimum 

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

A r t i c u l a t i o n  Index  f o r  a l i s t e n e r  c o r r e s p o n d i n g  r o u g h ly  to  

"an a v e r a g e  o f  S k i n n e r ' s  i m p a i r e d  l i s t e n e r s . "  Using a 

" p r o f i c i e n c y  f a c t o r "  t o  a d j u s t  t h e  A . I .  v a l u e s  t o  ac cou n t  

f o r  d i f f e r e n c e s  in s u b j e c t  t r a i n i n g  and a b i l i t i e s #  a good 

f i t  was found f o r  t h e  p r e d i c t e d  optimum f r e q u e n c y - g a i n  

c h a r a c t e r i s t i c  w i t h  S k i n n e r ' s  o b s e rv e d  optimum 

c h a r a c t e r i s t i c .

Th i s  s tudy# however# i s  l i m i t e d  t o  d a t a  r e p o r t e d  f o r  

s u b j e c t s  wi th  one e t i o l o g y  o f  h e a r i n g  l o s s .  The speech  

m a t e r i a l  used  by S k inn er#  and on which p r e d i c t e d  performance-  

i s  based# i s  a h i g h l y  s p e c i a l i z e d  s e t  o f  50 m o n o s y l l a b i c  

words (Pascoe# 1975) whose A r t i c u l a t i o n  Index f u n c t i o n  i s  

u n c e r t a i n  s i n c e  i t  was n e v e r  measured  i n d e p e n d e n t l y .  S ince  

t h i s  s e t  o f  m a t e r i a l s  i s  smal l#  t h e  A r t i c u l a t i o n  Index 

f u n c t i o n ,  i s  l i k e l y  t o  be q u i t e  s t e ep #  go i ng  from poor  

p e r fo rm a n c e  t o  h ig h  p e r f o rm a n c e  ov er  a na r row ra n g e  of  A . I .  

v a l u e s .  The r e s o l v i n g  power o f  t h e  A r t i c u l a t i o n  Index t o  

d i f f e r e n t i a t e  among v a r i o u s  c o n d i t i o n s  i s  somewhat l i m i t e d  

in  t h i s  c a s e  s i n c e  r e l a t i v e l y  low v a l u e s  o f  A . I .  may be 

a s s o c i a t e d  wi th  v e r y  h ig h  e x p e c t e d  i n t e l l i g i b i l i t y .  Pe r ha ps  

t h e  most i m p o r t a n t  r e s u l t  o f  t h e  work o f  Dugal and Dugal
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B r a i d a  and Dur lach  t h a t  i s  o f  d i r e c t  r e l e v a n c e  to  t h i s  

t h e s i s  i s  t h e  s p e c i f i c  form of  A r t i c u l a t i o n  Theory de ve lop ed  

by t h e s e  a u t h o r s .  I t  i s  t h i s  form t h a t  u i i l l  be used t o  

a n a ly ze  t h e  r e s u l t s  o f  t h e  e x p e r i m e n t s  in t h i s  r e s e a r c h .
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ARTICULATION INDEX CALCULATION PROCEDURE

In t h i s  t h e s i s /  t h e  A r t i c u l a t i o n  Index  i s  c a l c u l a t e d  

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

French and S t e i n b e r g  and K r y t e r  and t h e  ANSI S ta n d a rd

method.

The b a s i c  form can be e x p r e s s e d  a s :

15

A . I .  = P * ^>2 B I ( i )  * BE ( i )  

i =1

uihere P = p r o f i c i e n c y  f a c t o r

B I ( i )  = I mp or t an ce  o f  Band i

BECi) = E f f i c i e n c y  o f  Band i

i = Band index

The A . I .  i s  d e t e r m i n e d  u s i n g  t h e  f i f t e e n  s t a n d a r d  

o n e - t h i r d  o c t a v e  bands  uiith c e n t e r  f r e q u e n c i e s  f rom 200 Hz 

t o  5000 Hz. The band impo r t an ce  f o r  each band i s  s im p ly  th e  

weight  d e s c r i b e d  by K r y t e r  (Ta b le  1) t h a t  r e f l e c t  t h e  

r e l a t i o n s h i p  t o  French and S t e i n b e r g ' s  20 bands  of  equal  

c o n t r i b u t i o n  t o  t h e  A r t i c u l a t i o n  Index o f  t h e  15 b an ds .  The 

w e i g h t s  r e f l e c t  b o th  t h e  impor tanc e  p e r  c y c l e  and t h e  

i n c r e a s i n g  ban dwid ths  o f  t h e  o n e - t h i r d  o c t a v e  b a n d s .  In 

t h i s  t h e s i s  t h e  w e i g h t s  d e s c r i b e d  in t h e  ANSI S t a n d a r d  w i l l  

be used /  as l i s t e d  e a r l i e r  in Ta b l e  1/ r a t h e r  t h a n  K r y t e r ' s
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weigh ts#  s i n c e  most c u r r e n t  A . I .  c a l c u l a t i o n s  w i l l  be 

l i k e l y  t o  use  t h e s e .  D i f f e r e n c e s  in t h e  r e s u l t s  u s in g  

e i t h e r  w e ig h t s  a r e  n e g l i g i b l e .  Band E f f i c i e n c y  i s  t h e  

p r o p o r t i o n  o f  t h e  speech  s i g n a l  in t h e  g iv e n  band t h a t  i s  

above t h e  t h r e s h o l d  o f  a u d i b i l i t y  or  masked t h r e s h o l d  and 

below t h e  d i s c o m f o r t  l e v e l  o f  a l i s t e n e r .

The p r o f i c i e n c y  f a c t o r #  P# as  o r i g i n a l l y  d e s c r i b e d  by 

F l e t c h e r  (1952)# may r e f l e c t  t h e  amount o f  t r a i n i n g  o f  t h e  

l i s t e n e r s  on a p a r t i c u l a r  s e t  o f  u t t e r a n c e s  and t h e  

p r e c i s i o n  wi t h  which t h e  t a l k e r s  r e c i t e  t h e  t e s t  m a t e r i a l s .  

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

Dugal# B r a i d a  and Dur lach  used t h e  p r o f i c i e n c y  f a c t o r  as a 

f i t t i n g  p a r a m e t e r .  I f  one assumes t h a t  t h e  s p e a k e r s  a re

t r a i n e d  and e n u n c i a t e  c l e a r l y #  and t h a t  t h e  l i s t e n e r s '  a re  

h i g h l y  t r a i n e d #  t h e n  t h i s  f a c t o r  sh o u ld  eq ua l  u n i t y .  I t  has  

been shown (Milner#  1973) t h a t  u s i n g  t r a i n e d  l i s t e n e r s  over  

a long p e r i o d  r e s u l t s  in r e l a t i v e l y  s t a b l e  p e r f o r m a n c e .  For 

t h e  c a l c u l a t i o n s  o f  p r e d i c t e d  pe r fo r m a nce  in t h e  p r e s e n t  

s tudy#  a p r o f i c i e n c y  f a c t o r  o f  1 . 0  was used  f o r  a l l

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

S i n c e  t h e  t a l k e r s  used in t h i s  s t u d y  were no t

p r o f e s s i o n a l  s p e a k e r s  o r  e s p e c i a l l y  t r a i n e d -  in v o ic e  

t e c h n i q u e s #  p r o f i c i e n c y  f a c t o r s  o f  s l i g h t l y  l e s s  t h a n  1 . 0  

were i n c o r p o r a t e d  i n t o  t h e  A r t i c u l a t i o n  Index c a l c u l a t i o n s  

t o  a c co un t  f o r  t h e i r  o c c a s i o n a l  poor  e n u n c i a t i o n .  The
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f o l l o w i n g  p r o f i c i e n c y  f a c t o r s  were used t o  a d j u s t  t h e  

c a l c u l a t e d  A . I .  f o r  t h e  t a l k e r s '  c h a r a c t e r i s t i c s :

T a l k e r  D ( f e m a l e ) :  0.90  

T a l k e r  P (male)  : 0 . 9 0  

% T a l k e r  B (male )  : 0 . 9 6

T a l k e r  M ( f e m a l e ) :  1 .0 0

i

These v a l u e s  were d e t e r m i n e d  e m p i r i c a l l y  t o  p r o v i d e  a good 

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

r e t a i n e d  and/  o f  co ur se *  used in a l l  c a l c u l a t i o n s  f o r  a l l  

c o n d i t i o n s .

Measurements  o f  t h e  R.M.S. sp e c t r u m  o f  t h e  f o u r  v o i c e s  

used in t h i s  s t u d y  were i n c o r p o r a t e d  i n t o  t h e  A r t i c u l a t i o n  

Index c a l c u l a t i o n s  r a t h e r  t h a n  u s i n g  t h e  av e ra g e  speech  

s p e c t r u m  d e s c r i b e d  by K r y t e r .  The v a l u e s  o f  t h e  o f  R.M.S. 

l e v e l s  and peak l e v e l s  f o r  t h e  f o u r  t a l k e r s  a r e  d e s c r i b e d  in 

Appendix A. A r t i c u l a t i o n  Index c a l c u l a t i o n s  were done 

s e p a r a t e l y  f o r  each t a l k e r  bu t  in t h e  a n a l y s i s  r e p o r t e d *  t h e  

A . I .  v a l u e s  were av erag ed  a c r o s s  t h e  f o u r  t a l k e r s  to  

p r o v i d e  a more g e n e r a l i z e d  r e s u l t .  As i s  s e en  from t h i s  

da t a*  t h e  spe ec h  p ea k s  were no t  assumed t o  be 12 dB above 

t h e  R.M.S. l e v e l ;  however* maximum dynamic r an g e  in t h e  

band was h e l d  t o  30 dB.

In u s i n g  A r t i c u l a t i o n  Theory* h e a r i n g  l o s s  w i l l  be
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m ode l le d  in t h e  manner d e s c r i b e d  by Dugal# B r a i d a  and

D u r l a c h .  In t h i s  model# t h e  s u b j e c t ' s  t h r e s h o l d  e l e v a t i o n

i s  t r e a t e d  as i f  caused  by an i n t e r n a l  masking n o i s e .  

E x t e r n a l  masking no i s e#  i f  p r e s e n t #  i s  th e n  added uiith

a p p r o p r i a t e  c o r r e c t i o n s  f o r  t h e  upuiard and downward s p r e a d  

o f  mask ing .  The methods o f  K r y t e r  (1962a)  and French  and 

S t e i n b e r g  f o r  t r e a t i n g  t h e  s p r e a d  of  masking are

i n c o r p o r a t e d  i n t o  t h e  p r o c e d u r e .  Also i n c l u d e d  i s  a method# 

b a s e d  on d a t a  o b t a i n e d  by B i l g e r  and H i r s h  (1956)# in which 

t h e  douinuiard s p r e a d  o f  masking of  a band o f  n o i s e  i s  r o u g h l y  

t h e  same a t  a l l  f r e q u e n c i e s  be low t h a t  band# i s  p r o p o r t i o n a l  

t o  t h e  s e n s a t i o n  l e v e l  o f  t h e  no i s e#  and i s  l e s s  s e v e r e  f o r  

h ig h  f r e q u e n c y  n o i s e  t h a n  f o r  low f r e q u e n c y  n o i s e .  As 

d e s c r i b e d  by Dugal# B r a i d a  and Dur lach  (1960)# "The masked

t h r e s h o l d  i n '  a g i v e n  band i s  d e t e r m in e d  by comput ing  t h e

t o t a l  e q u i v a l e n t  power o f  t h e  i n t e r n a l  n o i s e  r e q u i r e d  to

a c c o u n t '  f o r  t h e  q u i e t  t h r e s h o l d #  t h e  e f f e c t i v e  e x t e r n a l  

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

c a u s e d  by s p e ec h  in o t h e r  ' ba nds .  The t h r e s h o l d  i s  t h e n  

t a k e n  t o  be t h e  t o t a l  e q u i v a l e n t  n o i s e  power . "

No c o r r e c t i o n s  f o r  r e v e r b e r a t i o n  were i n c o r p o r a t e d

s i n c e  t h e  sp e ec h  m a t e r i a l s  were r e c o r d e d  in an an e ch o i c  

e n v i ro n m e n t  and a l l  l i s t e n i n g  was done wi th  he a dp hon es .  The 

e x t e r n a l  masking n o i s e  used  t o  s i m u l a t e  h e a r i n g  l o s s  was 

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

l i s t e n e r s  w i t h  s i m u l a t e d  loss#  o t h e rw i s e #  no e x t e r n a l  n o i s e
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uias i n c l u d e d  in t h e  c a l c u l a t i o n s .  Appendix B l i s t s  th e  

o n e - t h i r d  o c t a v e  band l e v e l s  o f  t h e  n o i s e  s i g n a l s  used to  

s i m u l a t e  h e a r i n g  l o s s  in each of  t h e  t h r e e  s u b j e c t s  uiho uiere 

t e s t e d  in t h i s  manner .  An a d d i t i o n a l  c o r r e c t i o n  (Lippmann* 

1981) t o  t h e  c a l c u l a t i o n  uias i n c o r p o r a t e d  t o  ac c o u n t  f o r  t h e  

d i f f e r e n c e  between ea rp ho ne  sound p r e s s u r e s  and f r e e  f i e l d  

sound p r e s s u r e s  a t  each  o f  t h e  o n e - t h i r d  o c t a v e  band c e n t e r  

f r e q u e n c i e s .  T h i s  u i i l l  be d i s c u s s e d  in d e t a i l  in C ha p te r  U* 

r e l a t i n g  t o  c a l i b r a t i o n  p r o c e d u r e s .
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CHAPTER IV 

SUBJECTS

Six  s u b j e c t s  p a r t i c i p a t e d  in t h i s  s t u d y .  Three

s u b j e c t s  had b i l a t e r a l  s e n s o r i n e u r a l  hea’r i n g  loss# one had a 

u n i l a t e r a l  s e n s o r i n e u r a l  l o s s  and tuio s u b j e c t s  had normal

h e a r i n g .  The h e a r i n g - i m p a i r e d  s u b j e c t s  uiere s p e c i f i c a l l y

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

impa i rme nt s  s i n c e  a more g e n e r a l  t e s t  o f  A r t i c u l a t i o n  Theory 

p r e d i c t i o n s  uiould be p r o v i d e d .  As n o te d  e a r l i e r #  many 

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

l o s s .  I t  uias f e l t  t h a t #  in vieui of  t h e  l a r g e  amount o f  d a t a  

t o  be c o l l e c t e d  f rom each s u b j e c t #  s i g n i f i c a n t  i n i t i a l  

d i f f e r e n c e s  betuieen a feui s u b j e c t s  mould p r o v i d e  more 

i n s i g h t  i n t o  t h e  r e s u l t s  t h a n  a sm al l  amount o f  d a t a  

c o l l e c t e d  on a l a r g e  number o f  s u b j e c t s .  In p a r t i c u l a r #  

b e c a u s e  t h e  s u b j e c t s  mere t h o r o u g h l y  t r a i n e d  on each o f  t h e  

many c o n d i t i o n s  e v a l u a t e d #  a c o n s i s t e n c y  in t h e  d a t a  s e t  

mould r e s u l t  even though  a s m a l l  number of  s u b j e c t s  mould be 

u s e d .  F u r t h e r #  s i n c e  such a s m a l l  number o f  s u b j e c t s  mere 

t e s t e d #  no a t t e m p t  mas made t o  av era ge  t h e  d a t a  over  t h e  

1i s t e n e r s .

P r i o r  t o  b e g i n n i n g  t h e  e x p e r i m e n t a l  s tudy# a l l  

s u b j e c t s #  n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d #  underwent
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com ple te  o t o l o g i c a l  and a u d i o l o g i c a l  e v a l u a t i o n s  a t  e i t h e r  

t h e  M a s s a c h u s e t t s  Eye and Ear I n f i r m a r y  or  t h e  M. I .  T. 

Medical  D ep ar tm ent .  None shouted any s i g n i f i c a n t  

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

im pa i rm en ts .  Al l  t h r e s h o l d s  utere d e t e r m i n e d  u s i n g  s t a n d a r d  

c l i n i c a l  au d i om et e r s #  and s t a n d a r d  c l i n i c a l  p r o c e d u r e s  uiith 

e x p e c t e d  v a r i a b i l i t y  o f  p l u s  o r  minus 5 dB in t h e  accu racy  

o f  t h r e s h o l d s .  AH t h e  a u d i o m e t e r s  used utere c a l i b r a t e d  

p r i o r  t o  p e r f o r m i n g  t h e s e  t e s t s  and met t h e  r e q u i r e m e n t s  of  

ANSI S t a n d a r d  S 3 . 6 - 1 9 6 9  S p e c i f i c a t i o n s  f o r  A ud io me te r s .  The 

c l i n i c a l  t e s t s  p e r f o rm e d  utere p u r e - t o n e  a i r  and bone 

c o n d u c t i o n  t h r e s h o l d s #  s p e ec h  r e c e p t i o n  t h r e s h o l d s  CSRT)# 

spe ech  d i s c r i m i n a t i o n  t e s t s  u s i n g  t h e  CID 14-22 l i s t s  (Hi r sh  

e t  a l . #  1952) and o t h e r  t e s t s  as  n e c e s s a r y  t o  c h a r a c t e r i z e  

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

measurements# a l t e r n a t e  b i n a u r a l  l oudn e ss  b a l a n c e  (ABLB) 

t e s t s #  t o n e  decay and measures  of  most c o m f o r t a b l e  loud ness  

(MCL) f o r  sp e ec h  o f  d i s c o m f o r t  t h r e s h o l d s  (UCL) f o r  bo th  

t o n e s  and s p e e c h .  UCL l e v e l s  utere d e t e r m in ed  by as k in g  t h e  

s u b j e c t  t o  i n d i c a t e  uihen t h e  p a r t i c u l a r  s i g n a l  became 

i n t o l e r a b l y  lo ud .  In a d d i t i o n  t o  t h e s e  i n i t i a l  e v a l u a t i o n s #  

r e p e a t e d  pur e  t o n e  t h r e s h o l d  measurements  uiere made on each 

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

t h e  same TDH-49 e a r p h o n e s  used f o r  t h e  e x p e r i m e n t s .  Thi s  

uias done t o  m on i t o r  any p o s s i b l e  change in t h e  s u b j e c t ' s  

h e a r i n g  d u r i n g  t h e  c o u r s e  o f  t h e  s t u d y .
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S u b j e c t  F.G. uias a 46 y e a r  o ld  male uiith b i l a t e r a l  

symmet r ic  s l o p i n g  h i g h  f r e q u e n c y  l o s s  above 1060 Hz. His 

audiogram i s  p r e s e n t e d  i s  F i g u r e  2.  Speech d i s c r i m i n a t i o n  

s c o r e s  uiere good in b o th  e a r s  wi th  maximum s c o r e s  o f  962 in 

b o t h  l e f t  and r i g h t  e a r s .  D is c o m fo r t  t h r e s h o l d s  in both 

e a r s  were s i m i l a r  and found t o  be n e a r  t h o s e  of  

n o r m a l l y - h e a r i n g  l i s t e n e r s .  F . G . ' s  h e a r i n g  l o s s  was 

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

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

o n s e t  o f  t h i s  l o s s  was documented in an audiogram of  -1954 

showing d i m i n i s h e d  h e a r i n g  above 2000 Hz. Th i s  s u b j e c t

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

s t u d y ;  however# he d i d  so w ea r ing  bo th  e a r  p l u g s  and e a r  

muf fs  s i m u l t a n e o u s l y .  His  h e a r i n g  t h r e s h o l d s  were mon i to re d  

d u r i n g  t h e  c o u r s e  o f  t h e  r e s e a r c h  and no changes  were 

o b s e r v e d .  Both e a r s  o f  F.G.  were t e s t e d  s i n c e  t h e r e  were 

d i f f e r e n c e s  in t h r e s h o l d s  a t  t h e  h i g h e r  f r e q u e n c i e s .
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FIGURE 2

Audiogram  -  S u b je c t  F .G .
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S u b j e c t  G.M. uias a 70 y ea r  o ld  male wi th  as ym m et r i ca l  

b i l a t e r a l  s e n s o r i n e u r a l  h e a r i n g  l o s s  ( F i g u r e  3 ) .  His l e f t  

e a r  had a m o d e ra t e l y  s l o p i n g  loss*  whereas  h i s  r i g h t  e a r  had 

a somewhat f l a t t e r  s e n s o r i n e u r a l  l o s s .  Low f r e q u e n c y  

h e a r i n g  in t h e  l e f t  e a r  was b e t t e r  th a n  in t h e  r i g h t  e a r ;  

b u t  h igh  f r e q u e n c y  h e a r i n g  in t h e  r i g h t  e a r  was b e t t e r  t h a n  

in t h e  l e f t .  Speech d i s c r i m i n a t i o n  s c o r e s  were somewhat 

r e d u c e d  in b o t h  e a r s  wi th  s c o r e s  o f  803 in h i s  r i g h t  e a r  and 

883 in h i s  l e f t  e a r .  E t i o l o g y  f o r  t h e  h e a r i n g  impa i rment  

was u n c l e a r *  b u t  t h e r e  was p r o b a b l y  a component  of  

p r e s b y c u s i s  in t h e  l o s s .  Onset  o f  t h i s  l o s s  had been 

g r a d u a l  over  t h e  l a s t  t e n  y e a r s .  There was no s i g n i f i c a n t  

h i s t o r y  o f  n o i s e  e x p o s u re  nor  any o t h e r  o t o l o g i c a l  

a b n o r m a l i t i e s *  a l t h o u g h  t h e r e  was some f a m i l i a l  h i s t o r y  o f  

h e a r i n g  l o s s .  S inc e  n o t a b l e  d i f f e r e n c e s  in p e r fo rm a n ce  f o r  

t h i s  l i s t e n e r ' s  two e a r s  were o b s e rv e d  d u r i n g  t h i s  s tudy*  

bo t h  e a r s '  were t e s t e d  i n d e p e n d e n t l y .
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The t h i r d  s u b j e c t  ui i th b i l a t e r a l  s e n s o r i n e u r a l  h e a r i n g  

impa irment  uias T .T .*  a 27 y e a r  o ld  fem a le  uii th s e v e r e  

c o n g e n i t a l  h e a r i n g  l o s s  ( F i g u r e  4 ) .  She mas t h e  on ly  

s u b j e c t  mho r e g u l a r l y  more a h e a r i n g  a i d .  Speech 

d i s c r i m i n a t i o n  s c o r e s  rnith CID W-22 mords ( H i r s h  e t  a l . *  

1952) mere good (882)  in h e r  r i g h t  e a r  and poor  (282)  in he r  

l e f t  e a r .  She more an a i d  on ly  in t h e  r i g h t  e a r  and only 

t h e  r i g h t  e a r  mas t e s t e d  d u r i n g  t h i s  s t u d y .  D is c o m fo r t  

l e v e l s  in he r  r i g h t  e a r  mere found t o  be q u i t e  h ig h  mhereas* 

in he r  l e f t  ear# t h r e s h o l d s  f o r  d i s c o m f o r t  mere much lorner.

S u b j e c t  J . G .  mas a 43 y e a r  o l d  fema le  rnith normal 

h e a r i n g  in he r  l e f t  e a r  and a mi ld  t o  mod era te  g r a d u a l  

s l o p i n g  s e n s o r i n e u r a l  h e a r i n g  l o s s  in h e r  r i g h t  e a r  . ( F i g u r e  

5 ) .  The o n s e t  of  t h e  h e a r i n g  l o s s  mas sudden rnith no 

c l e a r l y  d e f i n e d  e t i o l o g y  o r  o t h e r  symptoms such as v e r t i g o  

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

Speech d i s c r i m i n a t i o n  s c o r e s  mere 1002 in h e r  l e f t  (normal )  

e a r  and 882 in h e r  r i g h t  e a r .  Other  a u d i o l o g i c a l  t e s t s  

s u g g e s t  a c o c h l e a r  p a t h o l o g y .  R e s u l t s  on A l t e r n a t e  B i n a u r a l  

Loudness  Ba lance  ( ABLB) t e s t s  and r e f l e x  t h r e s h o l d  

measurements  i n d i c a t e  r e c r u i t m e n t  and r e d u c e d  dynamic r a n g e /  

a l t h o u g h  measured d i s c o m f o r t  t h r e s h o l d s  mere somemhat h i g h e r  

t h a n  mould have been e x p e c t e d .  T h i s  l i s t e n e r  mas t e s t e d  

b o th  as  a h e a r i n g - i m p a i r e d  l i s t e n e r  and as a 

n o r m a l l y - h e a r i n g  l i s t e n e r .
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Audiogram -  S u b j e c t  T.T.
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The tuio r e m a in in g  s u b j e c t s #  R.M. and J . T .  had h e a r i n g  

t h r e s h o l d s  u i i th in  normal  l i m i t s  in bo th  e a r s  ( F i g u r e s  6 and 

7)  and had no h i s t o r y  of  any o t o l o g i c a l  p r o b le m s .  S u b j e c t  

R.M. was a 67 y e a r  fem ale  and was t e s t e d  as an age c o n t r o l  

t o  S u b j e c t  G.II. S u b j e c t  J . T .  was a 26 y e a r  o ld  female  and 

was t e s t e d  as a n o r m a l l y - h e a r i n g  young a d u l t  c o n t r o l  

s u b j e c t .
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Audiogram  -  S u b je c t  R.M.
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SIMULATION OF HEARING LOSS IN NORMALS

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

uii th normal h e a r i n g  in q u i e t  and under  masking c o n d i t i o n s  

s i m u l a t i n g  h e a r i n g  l o s s .  The s i m u l a t e d  l o s s  uias c r e a t e d  by 

i n t r o d u c i n g  shaped uiidp band n o i s e  masking in t h e  t e s t  e a r  

a t  an i n t e n s i t y  t h a t  uias in d e p e n d e n t  o f  sp eec h  p r e s e n t a t i o n  

l e v e l .  The masking s i g n a l  c o n s i s t e d  o f  uihi te  n o i s e  shaped 

by a Genera l  Radio 1 / 3 - o c t a v e  band s p e c t r u m  s h a p e r .  The 

i n t e n s i t y  and shape  o f  t h e  masker  were s e l e c t e d  to  s i m u l a t e  

t h e  audiogram o f  t h e  h e a r i n g  l o s s e s  in t h e  s u b j e c t s  uiith 

impa i r ed  h e a r i n g .  Appendix B l i s t s  t h e  one t h i r d  o c t a v e  

band n o i s e  l e v e l s  used  t o  c r e a t e  t h e  s i m u l a t e d  l o s s  f o r  each 

s u b j e c t .

Shouin in t h e  aud iograms  f o r  l i s t e n e r s  J .G .*  R.M. and 

J . T .  ( F i g u r e s  5 - 7 )  a r e  t h e  masked t h r e s h o l d s  and th e  

h e a r i n g  l o s s  of  t h e  s u b j e c t s  uihose impa i rment s  uiere 

s i m u l a t e d .  For S u b j e c t  J .G .*  uii th a u n i l a t e r a l  h e a r i n g  

loss*  t h e  masker  uias chosen to  c r e a t e  a t h r e s h o l d  s h i f t  in 

h e r  normal  e a r  as c l o s e  as  p o s s i b l e  t h e  t o  t h e  h e a r i n g  l o s s  

in  he r  impa i red  e a r .  In S u b j e c t  R.M.* t h e  masker  uias chosen 

i n i t i a l l y  t o  s i m u l a t e  t h e  h e a r i n g  l o s s  o f  G .M . ' s  r i g h t  e a r .  

However* due t o  much p o o r e r  p e r f o rm a n ce  in  G .M . ' s  r i g h t  e a r  

as  compared t o  h i s  l e f t *  p e r f o rm a n c e  co m p ar i s o n s  u i i l l  be 

made wi t h  t h e  mode ra t e  h ig h  f r e q u e n c y  s l o p i n g  l o s s  o f  G .M. ' s  

l e f t  e a r .  even though  t h e  s i m u l a t e d  l o s s  i s  somewhat



PAGE 84

g r e a t e r  t h a n  t h e  a c t u a l  below 3000 Hz. S u b j e c t  J . T .  had a 

s i m u l a t e d  l o s s  more c l o s e l y  matched t o  S u b j e c t  J . G .  S ince  

S u b j e c t  T . T . ' s  l o s s  i s  so se v e r e#  no a t t e m p t  was made to  

s i m u l a t e  i t  s i n c e  t h e  masking n o i s e  would have had t o  be 

v e r y  i n t e n s e .

T h re s h o l d  s h i f t s  f o r  t h e  s i m u l a t e d  l o s s  were measured 

using,  a s i n e  wave g e n e r a t o r  in t h e  l a b o r a t o r y ' s  d i g i t a l  

compute r  as  an a u d i o m e t r i c  t o n e  s o u r c e .  Due t o  t h e  upper  

l i m i t  o f  t h e  c o m p u t e r ' s  d i g i t a l - t o - a n a l o g  c o n v e r t e r #  masked, 

t h r e s h o l d s  on ly  up t o  4000 Hz co u l d  be o b t a i n e d .  Masking 

e x i s t e d  beyond t h a t  f r e que ncy#  however# wi th  t h e  n o i s e  

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

C a l i b r a t i o n  o f  t h e  spe ech  a u d i o m e t e r  f o r  t h e s e  measurements  

was o b t a i n e d  by d e t e r m i n i n g  t h e  s i n e  wave v o l t a g e  r e q u i r e d  

t o  p roduce  t h e  n e c e s s a r y  sound p r e s s u r e  l e v e l  a t  each  t e s t  

f r e q u e n c y  as measured wi th  t h e  ea rphone  p l a c e d  on a s t a n d a r d  

a r t i f i c i a l  e a r .  Masked and unmasked t h r e s h o l d s  c o u l d  t h e n  

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

t h r e s h o l d s  were a c c u r a t e #  unmasked aud iograms  were o b t a i n e d  

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

a u d i o m e t e r  co m b in a t io n  and a n o t h e r  c l i n i c a l  p u r e - t o n e  

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

5 dB o r  l e s s  were o b s e rv e d  between t h r e s h o l d s  o b t a i n e d  wi th  

t h e  two methods .  Masked t h r e s h o l d s  were t h e n  o b t a i n e d  u s i n g  

t h e  computer  g e n e r a t e d  t o n e s  and t h e  i n t e n s i t y  and sh a p e  of  

t h e  masking n o i s e  a d j u s t e d  u n t i l  t h e  d e s i r e d  t h r e s h o l d  s h i f t



PAGE 85

uias a c h i e v e d  a t  each  t e s t  - f requency.  S in ce  t h e  speech  

a u d i o m e t e r  uias used t o  d e t e r m i n e  masked t h r e s h o l d s #  ac cu rac y  

o f  t h e s e  . v a l u e s  uias p l u s  or  minus 2 dB# t h e  r e s o l u t i o n  of  

t h e  a u d i o m e t e r  a t t e n u a t o r .

Dur ing t h e  c o u r s e  o f  t h i s  s tudy# p u r e - t o n e  a u d i o m e t r i c  

t h r e s h o l d s  uiere m o n i t o r e d  t o  o b s e r v e  any p o s s i b l e  t e m pora ry  

o r  pe rmanen t  t h r e s h o l d  s h i f t s  e s p e c i a l l y  a f t e r  e x p o s u r e  to  

s t i m u l i  n e a r  d i s c o m f o r t  l e v e l s .  No changes  mere obs e rv e d  in 

any l i s t e n e r  a l t h o u g h '  one im pa i r ed  s u b j e c t #  F.G.# 

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

l e v e l .  I f  t h a t  o c c ur r ed #  no f u r t h e r  t e s t i n g  to ok  p l a c e  in 

t h a t  e a r  on t h a t  da y .
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CHAPTER U 

EXPERIMENTS

SPEECH SIGNALS

For t h i s  s tudy#  t h e  p r im ar y  s o u r c e  of  spe ech  s i g n a l s

f o r  a l l  ex p e r i m en ts -u te re  o r i g i n a l  n a t u r a l  v o i c e  r e c o r d i n g s  

o f  72 co ns onan t -vom el  (CU) s y l l a b l e s  r e c o r d e d  in an ane cho ic  

en v i ronm e n t  by each o f  f o u r  d i f f e r e n t  t a l k e r s  -  two male and 

tuio f e m a l e .  These r e c o r d i n g s  mere a l r e a d y  a v a i l a b l e  s i n c e  

th e y  had been c r e a t e d  f o r  e a r l i e r  s t u d i e s  in t h e  l a b o r a t o r y .

The 72 CV's c o n s i s t e d  o f  a l l  c o m b i n a t i o n s  o f  24 i n i t i a l

c o n s o n a n t s  and t h e  t h r e e  vomels / 'a/’* and / \x/  ( a s  in bah#

bee# b o o ) .  The f u l l  s e t  i s  shomn in F i g u r e  8# a long rnith

t h e  i n s t r u c t i o n s  t o  t h e  s u b j e c t .  (The v o ic e d  co n s o n a n t  " t h "  

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

e n t r y  i n t o  t h e  computer  d u r i n g  t e s t i n g . )  Each u t t e r a n c e  mas 

spoken t h r e e  t i m e s  by each t a l k e r #  t h e r e b y  p ro d u c in g  a t o t a l  

o f  864 u t t e r a n c e s  f o r  t h e  e n t i r e  s e t  o f  r e c o r d e d  CD's.



PAGE

I n s t r u c t io n s  for  Consonant I d e n t if ic a t io n  Ex p e r im e n t

Type th e  name o f  th e  sound you hear and press "RETURN,"

I f  you make an e r r o r ,  press "J1ELETE" as many tim es  as necessary
TO ERASE THE INCORRECT LETTERS.

You may ta k e  a b re a k  from te s t in g  a t  any tim e  and l a t e r  resume 
THE EXPERIMENT BY TYPING "RETURN."

The FOLLOWING LIST OF SYLLABLES ARE THE ONLY ONES RECOGNIZED BY 

THE COMPUTER, IF  YOU TYPE ANYTHING ELSE AND PRESS "RETURN" THE
COMPUTER WILL TYPE

tifjlt AND GIVE'YOU ANOTHER CHANCE,

BA ( as IN b o x ) BI (AS IN BEE) BU
c h a ( as IN chop) CHI(AS IN CHEAP) CHU
DA DI DU
FA F I FU
GA ( as IN s a p ) GI GU
HA HI HU
JA ( as IN j a c k ) J I JU

KA KI KU
LA L I LU

MA MI MU
NA H I NU

PA PI PU'

RA RI RU

SA SI SU

SHA SHI SHU

TA T I X U -
t h a ( as IN i i i iN ) THI * t u u
VA v i vu
WA ( as IN MALL) WI '  WU.
w haCas IN w hat) WHI WHU
x h a Cas IN IH A T) XHI XHU
YA Y I YU

ZA Z I ZU
z h a ( as IN a zu r e ) ZHI ZHU

(AS IN BOOT)

FIGURE 8 

L i s t  o f  CU S y l l a b l e s  and 

S u b j e c t  I n s t r u c t i o n s
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The r e c o r d e d  s y l l a b l e s  utere lout-pass f i l t e r e d  a t  4500 

Hz and c o n v e r t e d  t o  12 b i t  d i g i t a l  samples  a t  a sampl ing  

r a t e  o f  10*000 Hz. A l l  t h e  d i g i t i z e d  s p e ec h  utaveforms utere 

n o r m a l i z e d  t o  e qua l  RMS C r o o t - m e a n - s q u a r e )  l e v e l s  r e l a t i v e  

t o  t h e  voutel i n t e n s i t i e s  and s t o r e d  as waveform f i l e s  on a 

l a r g e  d i s k  memory a c c e s s e d  by t h e  l a b o r a t o r y ' s  D i g i t a l
4

Equipment  Corp.  PDP-11X55 computer  sy s t em .

FILTERING OF SPEECH SAMPLES

The b a s i c  s e t  o f  864 CU waveforms compr i sed  t h e

" u n f i l t e r e d "  c o n d i t i o n .  However* t h e  t o t a l  bandwidth  was

r e s t r i c t e d  t o  4500 Hz r e s u l t i n g  f rom t h e  use  o f

a n t i - a l i a s i n g  f i l t e r s  r e q u i r e d  by t h e  c o m p u t e r ' s

a n a l o g - t o - d i g i t a l  and d i g i t a l - t o - a n a l o g  c o n v e r s i o n .  Nine 

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

1. Low-pass  f i l t e r e d  a t  700 Hz

2 .  Low-pass f i l t e r e d  a t  1400 Hz

3 .  Low-pass f i l t e r e d  a t  2800 Hz

4 .  H i g h - p a s s  f i l t e r e d  a t  700 Hz

5 .  H i g h - p a s s  f i l t e r e d  a t  1400 Hz

6.  H i g h - p a s s  f i l t e r e d  a t  2800 Hz

7.  B an d-p as s  f i l t e r e d  from 700 t o  1400 Hz

8 .  Ba nd -pa ss  f i l t e r e d  from 1400 t o  2800 Hz

9 .  B an d-p as s  f i l t e r e d  from 700 t o  2800 Hz
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F i l t e r i n g  uias a c c om pl i sh ed  by u s i n g  d i g i t a l  f i l t e r i n g  

t e c h n i q u e s  on t h e  s t o r e d  CU waveforms.  For each of  t h e  n in e  

c o n d i t i o n s  l i s t e d  above# a l l  864 waveforms were p r o c e s s e d  

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

r e s p o n s e  f i l t e r s  d e s i g n e d  w i th  a compute r  program d e s c r i b e d  

by McClel lan* P ar ks  and R a b in e r  ( 1 9 7 3 ) .  Each f i l t e r e d  

c o n d i t i o n *  t h e r e f o r e *  p roduced a new s e t  o f  864 waveforms.

t

D i g i t a l  f i l t e r i n g  t e c h n i q u e s  were used f o r  s e v e r a l  

r e a s o n s .  One i s  t h e  s i m p l i c i t y  o f  computer  s i g n a l  

p r o c e s s i n g .  In a d d i t i o n *  d i g i t a l  f i l t e r s  have e x t r e m e l y  

s h a r p  s l o p e s  and no phase  d i s t o r t i o n .  F i g u r e s  9* 10 and 11 

show t h e  c h a r a c t e r i s t i c s  o f  t h e  n i n e  f i l t e r s  o b t a i n e d  us i ng  

a F a s t  F o u r i e r  T ra ns f or m  t e c h n i q u e .  Al l  f i l t e r s  have a 

un i fo rm  t r a n s i t i o n  r e g i o n  o f  200 Hz and a s t o p  band 

a t t e n u a t i o n  of  a t  l e a s t  60 dB. T h i s  f i n i t e  a t t e n u a t i o n  

meant t h a t  u n l i k e  an a lo g  f i l t e r s  which a t t e n u a t e  

p r o g r e s s i v e l y  beyond t h e  c u t o f f  f r e qu en cy *  t h e r e  i s  

i n f o r m a t i o n  p r e s e n t  in t h e  s t o p - b a n d  r e g io n *  a l b e i t *  in t h i s  

c a s e  a t t e n u a t e d  by 60 dB. At h ig h  p r e s e n t a t i o n  l e v e l s *  t h i s  

i n f o r m a t i o n  might  become a u d i b le *  e s p e c i a l l y  f o r  r e l a t i v e l y  

i n t e n s e  low f r e q u e n c y  vowel e n e r g y .
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M -P in  700 * 1400 Ht
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FIGURE 11 

FFT Frequency  Response 

Band-Pass  F i l t e r s
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For e v e r y  c o n d i t i o n #  each s u b j e c t  h e a rd  e x a c t l y  t h e  

same s e t  o f  u t t e r a n c e s .  S in c e  t h e  CU's mere s t o r e d  on a 

computer  d isk#  t h e  e x p e r i m e n t e r  had d i r e c t  and immediate 

random a c c e s s  t o  eac h  u t t e r a n c e  s t o r e d  on t h a t  d i s k .  Th i s  

c a p a b i l i t y  p e r m i t t e d  t h e  use  o f  a pow er fu l  t r a i n i n g  

t e c h n i q u e  t h a t  ui i l l  be d e s c r i b e d  l a t e r .

EXPERIMENTAL SETUP AND CALIBRATION

Using computer  s i g n a l  p r o c e s s i n g  f o r  a l l  spe ech  samples  

p e r m i t t e d  an e x t r e m e l y  s i m p l e  e x p e r i m e n t a l  s e t u p .  The 

o u t p u t  o f  t h e  compute r  d i g i t a l - t o - a n a l o g  c o n v e r t e r  mas 

c o n n e c t e d  d i r e c t l y  t o  t h e  i n p u t  o f  a G r a s o n - S t a d l e r  Model 

162 spe ech  a u d i o m e t e r .  A matched p a i r  o f  T e l e p h o n i e s  TDH-49 

ea rp h o n e s  rnith “Z u i i s l o c k i " t y p e  c i r c u m a u r a l  c u s h i o n s  mere 

used f o r  l i s t e n i n g  by a l l  s u b j e c t s .  C a l i b r a t i o n  o f  t h e  

a u d i o m e t e r  c o n s i s t e d  s im pl y  o f  v e r i f y i n g  t h a t  t h e  o u t p u t  mas 

f r e e  of  s i g n i f i c a n t  n o i s e  and d i s t o r t i o n  and t h a t  t h e  " g a i n "  

mas a c c u r a t e l y  20 dB# c o r r e s p o n d i n g  t o  t h e  s t a n d a r d  h e a r i n g  

t h r e s h o l d  l e v e l  f o r  s p o n d e e s .  C a l i b r a t i o n  measurements  mere 

made in a c co rd a n c e  rnith t h e  ANSI S t a n d a r d  S 3 .6 -1 9 6 9  

S p e c i f i c a t i o n s  f o r  A u d io m e te r s .  Repea ted  c a l i b r a t i o n  checks  

d u r i n g  t h e  c o u r s e  o f  t h i s  s t u d y  showed no c h a n g e s .

C a l i b r a t i o n  o f  t h e  spe ech  l e v e l s  mas d e t e r m i n e d  by 

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

i n p u t  c a l i b r a t i o n  l e v e l  o f  t h e  a u d i o m e t e r  so  t h a t  " f r e q u e n t
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p e a k s "  o f  t h e  u n f i i t e r e d  CU's r e a d  0 UU# implying  t h a t  th e  

g a i n  o f  t h e  a u d i o m e t e r  i s  e x a c t l y  . 20 dB r e l a t i v e  t o  t h e  

l e v e l  i n d i c a t e d  on t h e  main a t t e n u a t o r .  A p r e c i s e  s ineuiave 

v o l t a g e  a t  1000 Hz f rom t h e  c o m p u t e r ' s  s ineuiave g e n e r a t o r  

uias t h e n  d e t e r m i n e d  t h a t  uiould ca us e  t h e  UU mete r  t o  r e a d  0 

UU. Tha t  s ineuiave t h e n  became t h e  r e f e r e n c e  s i g n a l  f o r  

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

EARPHONE CALIBRATION

A r t i c u l a t i o n  Theory i s  based on measurements  o f  speech 

and n o i s e  s i g n a l s  in  f r e e  a c o u s t i c  f i e l d  c o n d i t i o n s .  Thus/  

t o  p e r f o r m  A . I .  c a l c u l a t i o n s  and p e r m i t  d i r e c t  compar i son  

o f  t h e  d a t a  o f  t h i s  s t u d y  t o  o t h e r  s t u d i e s ,  i n v o l v i n g  A . I .  

c a l c u l a t i o n s /  i t  mas n e c e s s a r y  to  d e t e r m i n e  t h e  e q u i v a l e n t  

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

t o  t h e  s u b j e c t s  un der  e a r p h o n e s .  Lippmann (1981)  measured 

t h e  e q u i v a l e n t  f r e e - f i e l d  sound p r e s s u r e  on a s p e c i a l  s e t  of  

e a rp h o n e s  ( T e l e p h o n i e s  Model 556/  U i l l c h u r /  1970) /  d e s i g n e d  

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

TDH-39/TIX41-AR ( o r  TDH-49) ea rphone / ' cush  ion c o m b i n a t i o n .  

For  t h e  p r e s e n t  s t u d y /  Z m i s l o c k i - t y p e  c i r c u m a u r a l  c u s h i o n s  

mere used  r a t h e r  t h a n  t h e  s u p r a - a u r a l  MX41-AR. Homever/ i t  

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

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

In  o r d e r  t o  o b t a i n  t h e  f r e e  f i e l d  c a l i b r a t i o n  o f  t h e
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TDH-49 headphones  used in  t h i s  s tudy* p u r e - t o n e  a u d i t o r y  

t h r e s h o l d s  utere o b t a i n e d  wi th  t h e s e  headphones  and t h e

T e l e p h o n i e s  556 s e t .  Bekesy c o n t i n u o u s  sutept f r e q u en c y

t h r e s h o l d s  utere d e t e r m i n e d  f o r  b o t h  t h e  r i g h t  and l e f t

e a rp h o n e s  o f  each s e t  u s i n g  a G r a s o n - S t a d l e r  Type E-800

Bekesy a u d i o m e t e r .  S in c e  r e l a t i v e  r a t h e r  t h a t  a b s o l u t e  

t h r e s h o l d  d i f f e r e n c e s  utere r i f ^ i n t e r e s t *  c a l i b r a t i o n  o f  t h e  

a u d i o m e t e r  uias u n n e c e s s a r y .  Four  c l i n i c a l  a u d i o l o g i s t s  uiith 

normal h e a r i n g  utere used as  l i s t e n e r s  t o  r e d u c e  t h e  amount 

o f  t r a i n i n g  and f a m i l i a r i z a t i o n  r e q u i r e d  t o  pe r fo rm  t h e

measu reme nts .  Appendix C shouts t h e  t a b l e  o f  d i f f e r e n c e s  in 

t h r e s h o l d s  between t h e  two s e t s  o f  ea rphones*  t h e  f r e e  f i e l d  

c o r r e c t i o n  f rom Lippmann and t h e  t o t a l  c o r r e c t i o n  a p p l i e d  t o  

t h e  A . I .  c a l c u l a t i o n  p r o c e d u r e s  a t  each o f  t h e  one t h i r d  

o c t a v e  band c e n t e r  f r e q u e n c i e s .  The o v e r a l l  l e v e l  

d i f f e r e n c e  between f r e e - f i e l d  SPL and c o u p l e r  SPL was 

d e t e r m i n e d  by compar ing t h e  u n f i l t e r e d  spe ech  l e v e l  as r e a d

on t h e  spe ech  a u d i o m e t e r  UU mete r  t o  t h e  l e v e l  when t h e  same

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

e q u a l i z e r  which had been a d j u s t e d  t o  d u p l i c a t e  t h e  

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

l e v e l  d i f f e r e n c e  was found t o  be 6 dB and* t h e r e f o r e *  a 

c o r r e c t i o n  o f  - 6  dB (1)  was a p p l i e d  t o  t h e  p r e s e n t a t i o n  

l e v e l s  in a l l  c a l c u l a t i o n s  o f  A . I .  and shown in t h e  P . I .  

f u n c t i o n  p l o t s .

(1)  An a d d i t i o n a l  c o r r e c t i o n  o f  - 6  dB was r e q u i r e d  f o r  a l l  
t h e  f i l t e r e d  spe ec h  sa mp les  s i n c e  t h e  computer  program which 
f i l t e r s  t h e  waveforms s c a l e d  a l l  t h e  i n p u t  waveforms by 0 . 5  
t o  avoid  o v e r l o a d i n g  d a t a  b u f f e r s  d u r i n g  p r o c e s s i n g .



PAGE: 96

P r e s e n t a t i o n  l e v e l s  w i l l  be r e p o r t e d  in dB -free - f ie ld  

Sound P r e s s u r e  Level  (SPL)/  a l t h o u g h  d u r i n g  t h e  ex pe r iments #  

p r e s e n t a t i o n  l e v e l s  uiere r e a d  d i r e c t l y  in dB Hear ing  Level  

( r e  20 dB SPL) on t h e  au d i o m et e r  d i a l .  Al l  f i l t e r e d  speech 

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

u n f i l t e r e d  c o n d i t i o n .  S in ce  no o t h e r  c o m pe nsa t i ons  in 

o v e r a l l  sys t em g a i n  were made f o r  t h e  f i l t e r e d  CU's# 

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

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

f i l t e r e d  speech  sa m p le s  and a b s o l u t e  d i f f e r e n c e s  in t h e  

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

Al l  f i l t e r e d  CU u t t e r a n c e s  were a n a l y z e d  f o r  a b s o l u t e  l e v e l s  

o f  each s y l l a b l e  r e l a t i v e  t o  t h e  u n f i l t e r e d  CU. No change 

in t h e  r e l a t i v e  s p e c t r a l  l e v e l s  o c c u r r e d  as  a r e s u l t  of  t h e  

d i g i t a l  f i l t e r i n g  p r o c e s s .
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EXPERIMENTAL PROCEDURES

Each s u b j e c t  uias t e s t e d  i n d i v i d u a l l y  uihi le s e a t e d  in 

f r o n t  of  a compute r  v id e o  t e r m i n a l  in a sound p r o o f  room. 

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

p r o c e d u r e  and an a b s o l u t e  i d e n t i f i c a t i o n  p r o c e d u r e .  For  

b o t h  t y p e s  o f  e x p e r i m e n ts #  t h e  computer  s e l e c t e d  an 

u t t e r a n c e  a t  r andom,f rom a p r e d e t e r m i n e d  l i s t  o f  u t t e r a n c e s  

and p l a y e d  o u t  t h e  waveform t o  t h e  l i s t e n e r .  The l i s t e n e r  

t h e n  t y p e d  i n t o  t h e  computer  one o f  72 p o s s i b l e  r e s p o n s e s  

r e p r e s e n t i n g  t h e  s y l l a b l e  h e a r d .  I f  t h e  r e s p o n s e  was n o t  

one o f  t h e  72 p e r m i s s i b l e  cho ic es #  t h e  computer  asked ag a in  

f o r  a r e s p o n s e  t o  be ty pe d  i n .  The r e s p o n s e  was saved  in a 

d a t a  f i l e  f o r  f u t u r e  a n a l y s i s .  A comple te  l i s t  o f  a l l  

u t t e r a n c e s  p r e s e n t e d  d u r i n g  an e x p e r i m e n t  was c o n t a i n e d  in 

t h e  f i l e  a long wi th  t h e  s u b j e c t ' s  r e s p o n e s  and t h e  

c u m u l a t i v e  s c o r e  in  p e r c e n t a g e  c o r r e c t .  . An i m p o r t a n t  

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

r e s p o n s e s  on t h e  d a t a  s i m i l a r  t o  t h e  a n a l y s e s  o f  M i l l e r  and 

N ic e ly  (1955)  and Mang# Reed and B i l g e r  (1978)  Dur ing  t h e  

c o u r s e  o f  an exper iment#  t h e  e x p e r i m e n t e r  co u l d  m on i t o r  t h e  

s u b j e c t ' s  p r o g r e s s  on a n o t h e r  computer  t e r m i n a l  o b s e r v i n g  

e i t h e r  t h e  e n t i r e  r e s p o n s e  f i l e  o r  j u s t  t h e  most r e c e n t  

t r i a l  a l ong  wi th  a g r a p h i c  d i s p l a y  o f  t h e  s u b j e c t ' s  

c u m u l a t i v e  pe r fo rm a nc e  s i n c e  t h e  b e g i n n i n g  of  t h e  

e x p e r i m e n t .
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The t r a i n i n g  e x p e r i m e n t  was d e s i g n e d  t o  p r o v i d e  r a p i d  

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

t h e  s u b j e c t  t h r o u g h  t h e  use  of  immediate f ee dba ck  when 

e r r o r s  were commi t ted  ( M i l l e r  e t  a l . *  1975) .  I f  t h e  s u b j e c t  

ty p e d  in a c o r r e c t  r e sp on se *  a new sample was p l a y e d .  The 

computer  m a i n t a i n e d  an i n t e r n a l  co u n t  of  t h e  to k e n s  

c o r r e c t l y  i d e n t i f i e d  and t h e  c u m u l a t i v e  number of  c o r r e c t  

r e s p o n s e s .  These t o k e n s  were t h e n  g i v e n  a lower p r o b a b i l i t y  

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

t h e  s u b j e c t  would have more p r a c t i c e  on t h e  d i f f i c u l t  i t em s .  

As a m o t i v a t i o n  t o  t h e  s u b j e c t *  t h e  " c o r r e c t  c o u n t "  was 

d i s p l a y e d  on t h e  s u b j e c t ' s  t e r m i n a l .

I f  t h e  s u b j e c t  t y p e d  in an i n c o r r e c t  r es po ns e *  t h e  

s u b j e c t  h e a r d  a " b e e p "  to n e  in fo rm in g  him t h a t  an e r r o r  had 

o c c u r r e d .  The compute r  t h e n  d i s p l a y e d  on t h e  t e r m i n a l  bo th  

t h e  r e s p o n s e  CU t y p e d  in by t h e  s u b j e c t  and t h e  s i g n a l  CU. 

S i m u l t a n e o u s ly *  t h e  computer  a l t e r n a t e l y  p la y ed  t o  t h e  

s u b j e c t  t h e  s i g n a l  CM and t h e  r e s p o n s e  CU spoken by t h e  same 

t a l k e r  w h i l e  t h e  t e r m i n a l ' s  c u r s o r  i n d i c a t e d  t h e  u t t e r a n c e  

b e i n g  p l a y e d .  The s u b j e c t  s e t  h i s  o r  h e r  own pace in t h e  

e x p e r i m e n t  s i n c e  t h e  computer  would no t  p r e s e n t  a new s i g n a l  

o r  i n i t i a t e  a f e e d b a c k  seq ue nc e  u n t i l  t h e  RETURN key was 

ty p e d  on t h e  t e r m i n a l .  S in ce  t h i s  was a t r a i n i n g  

ex pe r iment*  no f i x e d  number o f  t r i a l s  o c c u r r e d .  The 

computer  c o n t i n u e d  t o  p l a y  samples  u n t i l  e x p r e s s l y  s t o p p e d  

by t h e  e x p e r i m e n t e r .  Th i s  u s u a l l y  took  p l a c e  a f t e r  40 t o  50



PAGE 99

m in ut es  o f  l i s t e n i n g  o r  a f t e r  abou t  500 t r i a l s  were 

co m p le t ed /  w hiche ver  came s o o n e r .  Th i s  was done t o  avoid 

s u b j e c t  f a t i g u e .  A t r a i n i n g  e x p e r i m e n t  to ok  p l a c e  w i th  each 

s u b j e c t  a t  t h e  b e g i n n i n g  o f  e v e r y  day o f  t e s t i n g  and when a 

new c o n d i t i o n  was t e s t e d  on any g i v e n  day.

In t h e  i d e n t i f i c a t i o n  e x p e r i m e n t s /  t h e  CU's were p l a y ed  

t o  t h e  s u b j e c t  a t  random w i th  e q u a l  p r o b a b i l i t y  f o r  t h e  

u n p la yed  s i g n a l s  f rom t h e  e n t i r e  s e t  o f  u t t e r a n c e s .  No 

f e e d b a c k  was g iv e n  and a new t r i a l  was i n i t i a t e d  as  soon as 

t h e  r e s p o n s e  t o  a g i v e n  t r i a l  was e n t e r e d .  For  t h e s e  

e x p e r i m e n t s /  each t o k e n  was p l a y e d  once t o  t h e  s u b j e c t  and 

t h e  e x p e r i m e n t  was co n c lu d e d  when t h e  l i s t  was e x h a u s t e d .  

The s u b j e c t  had t h e  o p t i o n  in bo t h  t h e  i d e n t i f i c a t i o n  and 

t r a i n i n g  e x p e r i m e n t  t o  s i m p l y  p r e s s  t h e  RETURN key w i t h o u t  

e n t e r i n g  a r e s p o n s e .  These s k i p p e d  t r i a l s  were n o t  co un te d  

in t h e  c u m u l a t i v e  s c o r e  b u t  t h e  t o k e n s  were p u t  back i n t o  

t h e  u t t e r a n c e  l i s t  and p r e s e n t e d  l a t e r  in t h e  e x p e r i m e n t .  

The s u b j e c t s  were n o t  en c ou raged  t o  use  t h i s  - o p t i o n  e x c e p t  

under  o c c a s i o n a l  c i r c u m s t a n c e s  when a compute r  p r o c e s s i n g  

e r r o r  o c c u r r e d  o r  a d i s t r a c t i o n  c a u s e d  t h e  s u b j e c t  t o  miss  

t h e  u t t e r a n c e .

For  t h e  t r a i n i n g  e x p e r i m e n t s  t h e  l i s t  of  CU u t t e r a n c e s  

p la y e d  t o  t h e  s u b j e c t  c o n s i s t e d  of  two of  t h e  t h r e e  

u t t e r a n c e s  o f  a l l  72 CU's spoken by a l l  f o u r  t a l k e r s .  Thus/  

t h e  s e t  of  u t t e r a n c e s  c o n s i s t e d  of  576 p o s s i b l e  t o k e n s .
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T h is  uias done t o  p r e v e n t  t h e  s u b j e c t  -from l e a r n i n g  any 

i d i o s y n c r a t i c  cue s  f o r  any one u t t e r a n c e  s i n c e  any i tem may 

be r e p e a t e d  d u r i n g  f e e d b a c k .  Not a l l  t o k e n s  uiere 

n e c e s s a r i l y  p l a y e d /  however ,  s i n c e  a f i n i t e  t im e  l i m i t  of  

between 40 and 50 m i n u t e s  uias p l a c e d  on t h e  d u r a t i o n  o f  a 

t r a i n i n g  e x p e r i m e n t  to  avo id  s u b j e c t  f a t i g u e .  The token
4

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

r e m a i n i n g  u t t e r a n c e ,  spoken by each t a l k e r  b u t  n o t  used in 

t r a i n i n g ,  f o r  a t o t a l  o f  288 i t e m s .  An i d e n t i f i c a t i o n  

e x p e r i m e n t  would g e n e r a l l y  t a k e  between 15 and 20 m in u te s  to  

c o m p l e t e .  A l i s t e n e r ' s  t e s t  day t y p i c a l l y  s t a r t e d  wi t h  one 

t r a i n i n g  e x p e r i m e n t  f o l l o w e d  by f i v e  o r  s i x  i d e n t i f i c a t i o n  

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

d i f f e r e n t  p r e s e n t a t i o n  l e v e l s .  The o r d e r  o f  p r e s e n t a t i o n s  

o f  t h e  t h r e e  d i f f e r e n t  u t t e r a n c e s  of  t h e  CU's was randomized 

so t h e  a s u b j e c t  d i d  no t  h e a r  t h e  same one in s u c c e s s i o n  on 

any day .

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

minimum of  f i v e  d i f f e r e n t  p r e s e n t a t i o n  l e v e l s .  As a r u l e ,  

a t  l e a s t  two r u n s  o f  288 t r i a l s  were pe r fo rmed  a t  each 

p r e s e n t a t i o n  i n t e n s i t y .  Some e x c e p t i o n s  o c c u r r e d  be c a u se  of  

t h e  l a r g e  volume o f  d a t a  c o l l e c t e d ,  e s p e c i a l l y  f o r  S u b j e c t  

J . G .  who was t e s t e d  bo th  as a h e a r i n g  impa i red  s u b j e c t  and 

as a n o r m a l l y - h e a r i n g  l i s t e n e r .  During t h e  c o u r s e  o f  t h i s  

s t u d y ,  however ,  each  s u b j e c t  l i s t e n e d  t o  abou t  4 0 ,0 0 0  CU 

s y l l a b l e s  pe r  c o n d i t i o n ,  o r  over  4000 p e r  f i l t e r  c o n d i t i o n .
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S in c e  a l l  s u b j e c t s  b u t  one uiere used f o r  more than ,  one 

e a r - c o n d i t i o n /  t h e s e  s u b j e c t s  h e a r d  between 80 /0 00  and 

120/000  CU's .

PRESENTATION CONDITIONS

The p r e s e n t a t i o n  l e v e l s  f o r  t r a i n i n g  uiere d e t e r m i n e d  

f o r  each c o n d i t i o n /  f i l t e r e d  and u n f i l t e r e d /  by p la y in g ,  t h e  

CU's t o  t h e  s u b j e c t  and a s k i n g  him o r  h e r  t o  r e p o r t  uthen 

most c o m f o r t a b l e  l o u d n e s s  (MCL) was a c h i e v e d .  In some 

c a s e s /  and in p a r t i c u l a r  f o r  t h e  two nar row b a n d - p a s s  

c o n d i t i o n s /  MCL. was d i f f i c u l t  t o  d e t e r m i n e  s i n c e  l e v e l  

v a r i a t i o n  f rom s y l l a b l e  t o  s y l l a b l e - w a s  g r e a t  and depended 

on t h e  p a r t i c u l a r  s p e c t r a l  shape  o f  t h e  u t t e r a n c e .  For 

example /  f o r  t h e  Band-Pass  700-1400  Hz c o n d i t i o n /  t h e  second  

fo rm a nt  o f  t h e  vowel / 'a/ '  f e l l  w i t h i n  t h i s  band/  whereas  i t  

d id  n o t  f o r  ✓i/'  and ✓u/.  Thus/  t h e  CU's wi th  / a /  were/  on 

t h e  a v e r a g e /  t h e  same l e v e l  as t h e  u n f i l t e r e d  CU's.  

However/ t h e  / i / a n d  / u /  s y l l a b l e s  were 20 t o  40 dB below t h e  

av era ge  u n f i l t e r e d  CU l e v e l .  MCL was/ t h e r e f o r e /  n o t  used 

f o r  any p r e c i s e  c o n s i d e r a t i o n s  in pe r f o r m a nce  b u t  r a t h e r  

used as a g u i d e l i n e  in d e t e r m i n i n g  t h e  r a n g e  o f  p r e s e n t a t i o n  

l e v e l s  t o  t h e  s u b j e c t .

P r e s e n t a t i o n  l e v e l s  u s u a l l y  e x t e n d e d  over  a 40 t o  50 dB 

r a n g e /  f rom about  20 t o  30 dB below t h e  e s t i m a t e d  MCL t o  

abou t  15 t o  20 dB above .  Leve l  i n c r e m e n t s  were e i t h e r  6 dB
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and 10 dB# as n e c e s s a r y  t o  d e f i n e  u s e f u l  

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

T r a i n i n g  and i d e n t i f i c a t i o n  e x p e r i m e n t s  uiere f i r s t  run on 

t h e  u n f i l t e r e d  spe ech  and t h e n  on t h e  ui ider  band f i l t e r e d  

c o n d i t i o n s  t o  i n c r e a s e  t h e  l e a r n i n g  r a t e  f o r  t h e  t a s k  as 

we l l  as f a m i l i a r i t y  w i t h  t h e  m a t e r i a l s .  A p r a c t i c a l  l i m i t  

was p l a c e d  on t h e  t e s t  o rder#  however# by t h e  l i m i t e d  

computer  s t o r a g e  s p a c e  f o r  t h e  d i g i t i z e d  spe ec h  waveforms.  

Thus c e r t a i n  t e s t s  c o u l d  n o t  be run  u n t i l  a l l  s u b j e c t s  had 

comple ted  a s p e c i f i c  number of  c o n d i t i o n s .

I n i t i a l l y #  t r a i n i n g  e x p e r i m e n t s  were co n d u c te d  a t  t h e  

MCL d e t e r m i n e d  f o r  t h e  s p e c i f i c  f i l t e r  c o n d i t i o n .  

Subsequent* t r a i . n i n g  e x p e r i m e n ts #  o c c u r i n g  a f t e r  a s e r i e s  o f  

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

were run  a t  a l e v e l  a t  o r  n e a r  t h e  p e r f o r m a n c e  maximum f o r  

t h e  c o n d i t i o n .  A f t e r  t r a i n i n g #  i d e n t i f i c a t i o n  e x p e r i m e n t s  

were run  on t h a t  c o n d i t i o n  a t  d e c r e a s i n g  l e v e l s  in 10 o r  20 

dB s t e p s  u n t i l  a lower  a u d i b i l i t y  l i m i t  o r  p r a c t i c a l  

p e r fo rm a n c e  l i m i t  was r e a c h e d .  I n t e n s i t y  l e v e l s  were th e n  

i n c r e a s e d  in 6 o r  10 dB i n c r e m e n t s .  The s i z e  o f  t h e  

in c re m en t  depended on t h e  o b s e rv e d  s l o p e  of  t h e  

p e r f o r m a n c e - i n t e n s . i t y  f u n c t i o n .  T h i s  p r o c e d u r e  was d e s i g n e d  

t o  avo id  a u d i t o r y  f a t i g u e  t h a t  might  a f f e c t  s u b s e q u e n t  

e x p e r i m e n t s  on any g iv e n  day.  P r e s e n t a t i o n  l e v e l s  were 

i n c r e a s e d  u n t i l  maximum t o l e r a b l e  l e v e l  was r e a c h e d  or  

p e r f o rm a n ce  began t o  r o l l  o v e r .  I f  r o l l o v e r  o c c u r r e d  we l l
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beloui d i s c o m f o r t  t h r e s h o l d *  t h e n  i n t e n s i t y  uias i n c r e a s e d  

f u r t h e r  in 6 dB s t e p s  u n t i l  t h e  lo ud ne ss  d i s c o m f o r t  l i m i t  

uias r e a c h e d .  Th i s  uias n o t  done uiith t h e  n o r m a l l y - h e a r i n g  

s u b j e c t s  s i n c e  a f l a t t e n i n g  o f  pe r f o rm an ce  uias f e l t  t o  be an 

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

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

r e p o r t e d  any a f t e r e f f e c t s  such as t i n n i t u s  t e s t i n g  uias 

s t o p p e d  in t h a t  e a r  f o r  t h a t  day .

C o n t r a l a t e r a l  masking uias used in t h e  n o n - t e s t  e a r '  

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

p r e s e n t a t i o n  l e v e l s .  The masking s i g n a l  uias t h e  " spe ech  

n o i s e "  masker  b u i l t  i n t o  t h e  G r a s o n - S t a d l e r  spe ec h  

a u d i o m e t e r .  Masking l e v e l s  uiere d e t e r m i n e d  i n d i v i d u a l l y  f o r  

each s u b j e c t  based  on an assumpt ion  o f  40 dB i n t e r a u r a l  

a t t e n u a t i o n .  Whenever p r e s e n t a t i o n  l e v e l s  uiere g r e a t e r  t h a n  

40 dB above t h e  t h r e s h o l d  of  t h e  n o n - t e s t  ear* masking uias 

i n t r o d u c e d  a t  a maximum l e v e l  o f  20 dB beloui t h e  h e a r i n g  

l e v e l  o f  t h e  spe ec h  s i g n a l s  b e i ng  p l a y e d .  I f  t h e  o v e r a l l  

l e v e l  o f  t h e  f i l t e r e d  speech s i g n a l s  uiere s u f f i c i e n t l y  loui* 

as  in t h e  h i g h - p a s s  1400 Hz and h i g h - p a s s  2800 Hz 

c o n d i t i o n s *  masking was r ed uc e d  o r  e l i m i n a t e d  t o  avoid  t h e  

dan ge r  o f  ov er m a sk in g .



PAGE 104

CHAPTER VI 

RESULTS

INTRODUCTION

Data  f o r  t h i s  t h e s i s  c o n s i s t  of  p e r c e n t a g e  c o r r e c t  

s y l l a b l e  i d e n t i f i c a t i o n  s c o r e s  f o r  each of  t h e  t e n  

c o n d i t i o n s  o f  f i l t e r e d  spe ech  a t  each t e s t e d  i n t e n s i t y .  

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

f o r  each f i l t e r  c o n d i t i o n  and each o f  t w e l v e  c a s e s  as 

d e f i n e d  in C ha p t e r  IV. In a d d i t i o n /  c o n s o n a n t  and vowel 

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

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

f u t u r e  d a t e .

In t h e  r e p o r t /  d a t a  w i l l  be p r e s e n t e d  in two b a s i c  

fo rm s :

Cl) Per for roance v s . I n t e n s i t u  ( P . I . ) f u n c t i o n s

Mean p e r c e n t a g e  c o r r e c t  s c o r e s  v s .  p r e s e n t a t i o n  l e v e l  in dB 

F re e  F i e l d  SPL a r e  p l o t t e d  f o r  a l l  t e n  f i l t e r  c o n d i t i o n s  

( i n c l u d i n g  wideband o r  " u n f i l t e r e d "  s p e e c h ) .  For  t h e s e  

d a t a /  i n t e l l i g i b i l i t y  s c o r e s  were ave ra ged  a c r o s s  t h e  f o u r  

t a l k e r s  and r e p r e s e n t  bo th  c o n s o n a n t  and vowel e r r o r s .  That
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is* i f  e i t h e r  t h e  co n s o n a n t  o r  vowel component  o f  t h e  CU 

u t t e r a n c e  was i n c o r r e c t l y  i d e n t i f i e d *  t h e n  t h e  e n t i r e  

u t t e r a n c e  was s c o r e d  as i n c o r r e c t .

(2)  Art  i c u l a t  ion Index ( A . I . ) f u n c t i o n s

Observed p e r c e n t a g e  c o r r e c t  s c o r e s  f o r  each o f  t h e  t e n  

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

c a l c u l a t e d  A r t i c u l a t i o n  Inde x .  Super imposed on t h e s e  p l o t s  

i s  a curve  o f  p e r c e n t a g e  c o r r e c t  v s .  A r t i c u l a t i o n  Index 

d e r i v e d  by i n t e r p o l a t i n g  a c u r v e  between t h e  1000 PB words 

cu r v e  and t h e  1000 n on se nse  s y l l a b l e  c u r v e  in F i g u r e  1. 

Th i s  c u r v e  i s  n o t  a f u n c t i o n  ba sed  on t h e  o b s e r v e d  d a t a  bu t  

a r e f e r e n c e  cu r v e  f o r  c o m p a r a t i v e  p u r p o s e s .  T h i s  w i l l  be 

d i s c u s s e d  l a t e r  in t h i s  r e p o r t . -

Appendix El c o n t a i n s  t h e  i n d i v i d u a l  r e s u l t s  f o r  each 

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

t h i s  c h a p t e r .  I n c l u d e d  in t h e  t a b l e s  are-  t h e  mean 

p e r c e n t a g e  c o r r e c t  s y l l a b l e  i n t e l l i g i b i l i t y  s c o r e  f o r  each 

f i l t e r  c o n d i t i o n *  a t  each p r e s e n t a t i o n  l e v e l *  ave ra ged  f o r  

t h e  f o u r  t a l k e r s .  Also l i s t e d  i s  t h e  c a l c u l a t e d  

A r t i c u l a t i o n  Index- av era ged  f o r  t h e  f o u r  t a l k e r s *  t h e  t o t a l  

number o f  CU t o k e n s  h e a r d  by t h e  s u b j e c t  f o r  each d a t a  

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

s c o r e s  a c r o s s  t h e  f o u r  t a l k e r s  a t  each  l e v e l .
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O v e r a l l  r e l i a b i l i t y  o f  t h e  i n d i v i d u a l  s c o r e s  uias q u i t e  

h i g h .  D i r e c t  e s t i m a t e s  of  t e s t - r e t e s t  r e l i a b i l i t y  uiere 

pe r f o rm ed  on s u b j e c t s  f o r  uihom t e s t  p o i n t s  were r e p e a t e d /  

and a s p l i t - h a l f  method of  a n a l y s i s  was used f o r  t h o s e  

c o n d i t i o n s  which were run  on ly  on ce .  G e n e ra l l y #  

i n t e l l i g i b i l i t y  d i f f e r e n c e s  o f  g r e a t e r  th a n  3 p e r c e n t a g e  

p o i n t s  were s i g n i f i c a n t .  T h i s  c r i t e r i o n  was used f o r  

d e t e r m i n i n g  w he the r  s a t u r a t i o n  o r  " r o l l o v e r ” in 

i n t e l l i g i b i l i t y  s c o r e  was a p p a r e n t  in any s u b j e c t ' s  

p e r fo rm a n c e  a t  h ig h  p r e s e n t a t i o n  l e v e l s .  T h e r e fo re #  in t h e  

t a b l e s  t h a t  fo l lo w# i f  r o l l o v e r  i s  i n d i c a t e d #  

i n t e l l i g i b i l i t y  s c o r e  was more t h a n  3 p e r c e n t a g e  p o i n t s  

below t h e  maximum s c o r e  a t  a p r e s e n t a t i o n  l e v e l  above t h a t  

found t o  show maximum p e r f o r m a n c e .  I f  no r o l l o v e r  i s  

i n d i c a t e d #  th e n  t h e  p r e s e n t a t i o n  l e v e l  shown i s  t h e  l e v e l  a t  

which t h e  maximum s c o r e  o c c u r r e d .  A t h i r d  i n d i c a t i o n #  

d e s i g n a t e d  by " - "#  means t h a t  s c o r e s  a t  p r e s e n t a t i o n  l e v e l s  

h i g h e r  t h a n  t h a t  a t  which t h e  maximum i n t e l l i g i b i l i t y  

o c c u r r e d  were lower t h a n  t h e  maximum# b u t  by l e s s  t h a n  t h r e e  

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

FILTERED SPEECH PERCEPTION -  NORMALLY-HEARING LISTENERS

P er fo rm an ce  v s .  I n t e n s i t y  ( P . I . )  f u n c t i o n s  f o r  t h e  

t h r e e  n o r m a l l y - h e a r i n g  l i s t e n e r s  t e s t e d  in q u i e t  a r e  shown 

in F i g u r e s  12# 13 and 14. Tab le  2# fo l l o w i n g #  shows f o r  t h e  

n o r m a l l y - h e a r i n g  l i s t e n e r s #  t h e  maximum s c o r e s  o b t a i n e d  f o r
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each c o n d i t i o n  t e s t e d *  t h e  p r e s e n t a t i o n  l e v e l  in dB sound 

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

l e v e l  a t  uihich t h e  maximum s c o r e  was ac h ie v e d  and whether  

r o l l o v e r  o c c u r r e d .

TABLE 2

PERCENTAGE CORRECT SCORES* LEUEL FOR MAXIMUM PERFORMANCE 

AND PRESENCE OF ROLLOUER AT HIGH INTENSITY 

NORMALLY-HEARING SUBJECTS IN QUIET

FILTER PERCENTAGE CORRECT

JG JT RM

UNFILT. 9 3 . 9 9 4 . 8 9 0 . 4

LP 700 3 7 . 2 3 7 . 4 33 .1

LP 1400 6 2 . 6 5 7 . 9 5 7 . 5

LP 2800 8 7 . 2 8 8 . 9 8 5 . 2

HP 700 9 1 . 0 9 2 . 4 8 9 . 5

HP 1400 7 6 . 5 7 7 . 3 7 3 . 3

HP 2800 3 8 . 2 4 9 . 6 3 0 . 2

BP . 7 - 1 . 4 K 5 5 . 2 5 4 . 9 4 9 . 8

BP1.4-2 .8K 7 2 . 9 7 1 . 3 6 7 . 0

BP . 7 —2 . 8K 8 2 . 7 8 3 . 0 8 1 . 0

LEUEL (SPL) ROLLOUER

JG JT RM JG JT RM

62 56 56 Y Y -

86 76 76 N Y Y

76 76 76 - N N

56 76 76 N N N

56 66 76 N - N

66 66 76 - N N

66 96 76 N N Y

66 86 66 Y N Y

66 76 66 - - -

66 86 76 Y N —
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FIGURE 12 

Per fo rmance  -  I n t e n s i t y  F u n c t i o n s :

S u b j e c t  J . G .  -  L e f t  Ear  CNorma l ly -H ea r ing l

O  UnfilUnmi Sp w h 
*  LP 700 Hi 

V LP 1400 H*
A LP 2000 Hi.
+• HP 700 Hi 

o  HP 1400 H*
□ HP 2000 Hi 

O BP 700-1400 Hi 
X BP 1400-2900 Hi 
fi BP 700-2000 Hi

S u b jec t J .  G. -  L e f t  E ar [Normally-Hearing]

»_________ I_________ I_________ I______
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FIGURE 13 

Pe r fo rm anc e  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J . T .  -  R i gh t  Ear  CNormai iy -Hear ing l
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FIGURE 14 

Pe r fo rm anc e  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  R.II. -  R i g h t  Ear  CNormai ly - H ea r in g3
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The p e r f o r m a n c e - i n t e n s i t y  f u n c t i o n s  f o r  t h e

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

p e r fo rm a n ce  improvements  as p r e s e n t a t i o n  l e v e l  i n c r e a s e d  and 

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

For t h e  u n f i l t e r e d  speech* maximum pe r fo rm a nc e  uias a c h ie v e d  

a t  a p r e s e n t a t i o n  l e v e l  of  62 dB SPL CFF) f o r  a l l  t h r e e  

s u b j e c t s .  One hundred  p e r c e n t  pe r f o r m a nce  uias n o t  ac h ie v e d  

by any l i s t e n e r .  Among t h e  r e a s o n s  f o r  t h i s  a r e  t h e  f a c t  

t h a t  t h e  “u n f i l t e r e d  sp e e c h "  has  an upper  l i m i t  o f  4500 Hz* 

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

spe ec h  m a t e r i a l s  ( e . g . *  Hirsh* Reynolds  and Joseph* 1954)* 

and t h e  absence  o f  a c a r r i e r  p h r a s e  (Egan* 1948) .  F rench 

and S t e i n b e r g ' s  maxima occur  a t  betuieen 0 and -1-10 dB 

“o r t h o t e l e p h o n i c  r e s p o n s e . "  0 dB o r t h o t e l e p h o n i c  r e s p o n s e  

c o r r e s p o n d s  t o  an RMS sound p r e s s u r e  l e v e l  o f  65 dB SPL 

(K ry te r*  1962a) .  Peak p er fo rm a n ce  i s  a c h ie v e d  a t  

e s s e n t i a l l y  t h e  same p r e s e n t a t i o n  l e v e l s  as f o r  F rench and 

S t e i n b e r g .  A d i s c u s s i o n  o f  t h e s e  i s s u e s  and a compar i so n  of  

t h e  d a t a  o f  t h e  p r e s e n t  s t u d y  uiith French and S t e i n b e r g ' s  

d a t a  and o t h e r  i n v e s t i g a t o r s *  as uiell* u i i l l  be made in t h e  

n e x t  c h a p t e r .

Of p a r t i c u l a r  i n t e r e s t  a re  t h e  c u r v e s  f o r  t h e  h i g h - p a s s  

700 Hz c o n d i t i o n .  Pe r fo rmance  f o r  t h i s  c o n d i t i o n *  a l t h o u g h  

p o o r e r  t h a n  t h e  u n f i l t e r e d  sp e ec h  a t  lorn p r e s e n t a t i o n  

l e v e l s *  e v e n t u a l l y  e q u a l s  p e r fo rm a n c e  f o r  t h a t  c o n d i t i o n  a t  

h ig h  l e v e l s .  For  u n f i l t e r e d  sp e ec h  a t  louier p r e s e n t a t i o n
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l e v e l s *  t h e  i n f o r m a t i o n  beloui 700 Hz o b v i o u s l y  c o n t r i b u t e s  

t o  i n t e l l i g i b i l i t y .  However* a t  h i g h e r  l e v e l s *  t h i s  

i n f o r m a t i o n  may n o t  be e s s e n t i a l .  In a d d i t i o n *  a t  h igh  

l e v e l s *  t h e r e  may be a g r e a t e r  s p r e a d  of  masking of  more 

i n t e n s e  loui f r e q u e n c y  vouiel en e rg y  t o  t h e  h igh  f r e q u e n c y  

componen ts .  However* in t h e  h i g h - p a s s  700 Hz c o n d i t i o n  a t  

h ig h  p r e s e n t a t i o n  l e v e l s *  t h e  en e rg y  below 700 Hz may no t  be 

c o m p l e t e l y  a b s e n t  f rom t h e  s i g n a l s  used in t h i s  s t u d y  due to  

t h e  c h a r a c t e r i s t i c s  o f  t h e  d i g i t a l  f i l t e r s  us ed .  The f i l t e r  

c u t o f f  r a t e s  were suc h  t h a t  a l l  ene rgy  below 500 Hz was 

p r e s e n t  b u t  a t t e n u a t e d  by 60 dB. Between 700 Hz and 500 Hz 

t h e  s l o p e  of  t h e  a t t e n u a t i o n  was l i n e a r *  e q u i v a l e n t  to  a 

r a t e  o f  abou t  105 dB p e r  o c t a v e .  At t h e  maximum t e s t e d  

l e v e l  o f  76 dB SPL* t h i s  low f r e q u e n c y  energy  may be about  

16 dB SPL* and t h e r e f o r e  may be j u s t  b a r e l y  a u d i b l e .  

P o l l a c k  (1946)  and R os en tha l*  Lang and L e v i t t  (1975) 

o b s e r v e d  t h a t  c o n t r i b u t i o n s  of  low f r e q u e n c i e s  a t  low energy  

l e v e l s  may be s i g n i f i c a n t .  P o l l a c k  a l s o  ob se rv e d  t h a t

ex t reme  h ig h  f r e q u e n c y  i n f o r m a t i o n  i s  i m p o r t a n t .  Thi s  i s  

co n f i r m ed  by t h e  improved p er fo rm a n ce  f o r  t h e  c o n d i t i o n s  

when i n f o r m a t i o n  above 2800 Hz i s  added t o  t h e  lo w-p ass  and 

b a n d - p a s s  c o n d i t i o n s  w i th  upper  c u t o f f  f r e q u e n c i e s  o f  2800

Hz.

In compar ing  t h e  r e s u l t s  f o r  R.tl .  in F i g u r e  14 t o  t h e  

r e s u l t s  o f  J . G .  and J . T .  in F i g u r e s  12 and 13* one

o b s e r v e s  f o r  R.M. somewhat s t e e p e r  s l o p e s  of  t h e
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p e r f o r m a n c e - i n t e n s i t y  f u n c t i o n s  and louier s c o r e s  a t  t h e  same 

p r e s e n t a t i o n  l e v e l s .  The maximum s c o r e s  were a l s o  s l i g h t l y  

lower f o r  a l l  c o n d i t i o n s /  and in p a r t i c u l a r  f o r  HP 2800 Hz. 

Th is  r e d u c e d  p er fo rm a n ce  was l i k e l y  due t o  t h e  s l i g h t  

e l e v a t i o n  in t h r e s h o l d  shown by R.M. as we l l  as p o s s i b l e  

age e f f e c t s  t h a t  a r e  no t  we l l  u n d e r s t o o d .

As seen  in Tab le  2/ r o l l o v e r  in p e r f o rm a n ce  o c c u r r e d  

f o r  l i s t e n e r s  J . G .  and J . T .  f o r  t h e  u n f i l t e r e d  s p e e c h /  and

f o r  l i s t e n e r s  J . T .  and R.M. f o r  t h e  LP 700 Hz f i l t e r e d

c o n d i t i o n .  In a d d i t i o n /  r o l l o v e r  o c c u r r e d  f o r  o t h e r

f i l t e r e d  c o n d i t i o n s  b u t  no t  c o n s i s t e n t l y  t h e  same ones  f o r  

each s u b j e c t .  I t  i s  no t  c l e a r  from t h i s  r e s u l t  whether

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

s u b j e c t s /  i n c l u d i n g  R.M./ t h e  o l d e r  a d u l t  c o n t r o l  a t  t h e  

l e v e l s  t e s t e d .  A more i m p o r t a n t  o b s e r v a t i o n  i s  t h a t  a 

p e r fo rm a n ce  p l a t e a u  was r e a c h e d  by each s u b j e c t  and was

g e n e r a l l y  m a i n t a i n e d  over  a 30 t o  40 dB r an g e  in

p r e s e n t a t i o n  l e v e l .  For  a l l  f i l t e r  c o n d i t i o n s  bu t  one/  

maximum p er fo rm a n ce  was ac h ie v e d  between 60 and 65 dB SPL. 

The e x c e p t i o n  was t h e  HP 2800 Hz f i l t e r  c o n d i t i o n  which/  f o r  

s u b j e c t  J . T . /  showed i n c r e a s e d  i n t e l l i g i b i l i t y  as 

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

i n t e l l i g i b i l i t y  may a l s o  have been due t o  t h e  f i n i t e

a t t e n u 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  d i g i t a l  f i l t e r s  u se d .

The f i l t e r s  were d e s i g n e d  t o  have t h e  s t o p  band a t  200 Hz 

above or  below t h e  c u t o f f  f r e q u e n c y /  wi th  a s t o p  band
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a t t e n u a t i o n  o f  60 dB. For t h e  HP 2800 f i l t e r /  t h i s  meant 

t h a t  components  beloui 2600 Hz uiere p r e s e n t  bu t  a t t e n u a t e d  60 

dB r e l a t i v e  t o  t h e  p a s s  band i n f o r m a t i o n .  The f i l t e r  s k i r t s  

f o r  t h i s  f i l t e r  uiere e q u i v a l e n t  t o  800 dB p e r  o c t a v e  over  

t h i s  200 Hz band .  At h ig h  p r e s e n t a t i o n  l e v e l s /  some of  t h e  

more i n t e n s e  loui f r e q u e n c y  vowel energy  uias p r o b a b l y  

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

S i n c e  s u b j e c t  J . T .  uias an a u d i o l o g i s t  and e x p e r i e n c e d  in 

a d m i n i s t e r i n g  and l i s t e n i n g  t o  speech  t e s t s /  she may have 

been more auiare o f  t h e s e  loui i n t e n s i t y  cue s  t h a n  t h e  o t h e r  

s u b j e c t s .

PERCEPTION OF FILTERED SPEECH -  HEARING-IMPAIRED LISTENERS 

SUBJECT F.G.

For  S u b j e c t  F . G . /  uii th b i l a t e r a l  n o i s e - i n d u c e d  h igh  

f r e q u e n c y  h e a r i n g  l o s s /  t e s t i n g  uias pe r fo rmed  on b o t h  e a r s  

s i n c e  h i s  h e a r i n g  l o s s  uias somewhat a s y m m e t r i c a l .  His l e f t  

e a r  e x h i b i t e d  g r e a t e r  h e a r i n g  l o s s  above 2000 Hz t h a n  h i s  

r i g h t .  P e r f o r m a n c e - i n t e n s i t y  f u n c t i o n s  a r e  shouin in F i g u r e s  

15 and 16. Tab le  3 shows t h e  maximum s c o r e s /  t h e  l e v e l  a t  

which t h e y  o c c u r r e d  and whe the r  r o l l o v e r  o c c u r r e d .
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TABLE 3

PERCENTAGE CORRECT SCORES/ LEUEL FOR MAXIMUM PERFORMANCE 

AND PRESENCE OF ROLLOUER AT HIGH INTENSITY 

SUBJECT F.G. -  HEARING-IMPAIRED

FILTER PERCENTAGE CORRECT LEUEL (SPL) ROLLOUER

RIGHT LEFT RIGHT LEFT RIGHT LEI

UNFILT. 7 9 . 7 71 .1 94 74 Y Y

LP 700 3 7 . 6 3 5 .6 78 78 Y -

LP 1400 5 2 . 6 5 2 . 4 68 68 Y Y

LP 2800 7 9 . 4 7 6 . 9 78 88 N Y

HP 700 8 3 . 3 8 2 . 8 98 98 Y -

HP 1400 6 2 . 9 5 7 . 8 88 88 Y Y

HP 2800 3 5 . 0 3 4 . 2 104 108 Y Y

BP . 7 - 1 . 4 K 5 1 . 6 4 8 . 8 78 78 Y -

BP1.4-2.8K 6 1 . 7 5 9 . 6 88 88 - -

BP . 7 - 2 . 0 K 7 9 . 6 7 9 . 5 98 88 Y Y
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P erfo rm ance  -  I n t e n s i t y  F u n c t io n s :

S u b je c t  F .G .  -  L e f t  Ear C lm p a ire d l
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S u b je c t  F .G .  -  R ig h t  E ar [ Im p a i r e d ]



PAGE 118

O v e r a l l  maximum pe r fo rm a nc e  o c c u r r e d  f o r  the- HP 700 Hz 

c o n d i t i o n  in bo th  e a r s #  wi th  l i t t l e  d i f f e r e n c e  between t h e i r  

s c o r e s .  However# maximum p er fo rm a n ce  f o r  t h e  u n f i l t e r e d  

c o n d i t i o n  in t h e  l e f t  ( p o o r e r )  e a r  was n e a r l y  10 p e r c e n t a g e  

p o i n t s  lower and was r e a c h e d  a t  20 dB lower  i n t e n s i t y  th a n  

f o r  t h e  r i g h t .  Both e a r s  e x n i b i t e d  r o l l o v e r  f o r  t h i s  

c o n d i t i o n #  b u t  t h e  l e f t  e a r  much s o o n e r .  On t h e  o t h e r  hand# 

no s i g n i f i c a n t  r o l l o v e r  o c c u r r e d  in t h e  l e f t  ear, f o r  t h e  HP 

700 Hz c o n d i t i o n .  T h i s  was t h e  on ly  c a s e  f o r  t h e  h i g h - p a s s  

c o n d i t i o n s  f o r  which no r o l l o v e r  o c c u r r e d .  Hhen low 

f r e q u e n c y  i n f o r m a t i o n  was removed below 700 Hz# F.G.  was 

b e t t e r  a b l e  t o  make use  o f  h i s  r e s i d u a l  h ig h  f r e q u e n c y  

h e a r i n g .  D i f f e r e n c e s  in maximum pe r fo rm a nc e  between l e f t  

and r i g h t  e a r s  a l s o  o c c u re d  f o r  t h e  HP 1400 Hz c o n d i t i o n .  

Maximum pe r fo r m ance  s c o r e s  between r i g h t  and l e f t  e a r s  f o r  

t h e  HP 2800 Hz c o n d i t i o n  were n e a r l y  eq u a l  and a t  

e s s e n t i a l l y  t h e  same p r e s e n t a t i o n  l e v e l s .  His  s c o r e s  f o r  

t h e  HP 2800 Hz c o n d i t i o n  were a l s o  n ea r  t h a t  f o r  t h e  

n o r m a l l y - h e a r i n g  l i s t e n e r s .  As noted# due t o  t h e  d i g i t a l  

f i l t e r s #  some low f r e q u e n c y  en e r g y  may become a u d i b l e  a t  

h ig h  p r e s e n t a t i o n  l e v e l s .  His maximum p e r fo rm a n c e  o c c u r r e d  

a t  104 dB SPL in b o th  e a r s .  Thus# vowel en e rgy  in t h e  low 

f r e q u e n c i e s  i s  a t  44 dB SPL# no doub t  a u d i b l e  t o  t h i s  

1 i s t e n e r .

S i n c e  F . G . ' s  h e a r i n g  below 1000 Hz was n e a r  normal  in 

b o t h  e a r s #  i t  i s  n o t  s u r p r i s i n g  t h a t  p e r f o r m a n c e  f o r  t h e  LP
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700 Hz c o n d i t i o n  uias comparab le  t o  t h a t  f o r  t h e  nor ma ls .  

For  LP 2000 Hz speech* s c o r e s  in t h e  r i g h t  e a r  uiere s l i g h t l y  

h i g h e r  and a t  a louier i n t e n s i t y  t h a n  t h e  l e f t .  The r i g h t  

, e a r  shouted no r o l l o v e r  uihereas t h e  l e f t  d i d .  For LP 700 Hz 

and LP 1400 Hz maximum p e r fo rm a n c e  s c o r e s  uiere n e a r l y  

i d e n t i c a l  and o c c u r r e d  a t  t h e  same t e s t  l e v e l .  However* 

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

f o r  LP 700 Hz# b u t  in bo th  e a r s  f o r  LP 1400 Hz. I t  may be 

i m p o r t a n t  t h a t  f o r  t h e  LP 1400 Hz c o n d i t i o n #  r o l l o v e r  

o c c u r r e d  a t  a r e l a t i v e l y  loui p r e s e n t a t i o n  l e v e l .  Maximum 

p e r f o rm a n c e  f o r  t h i s  c o n d i t i o n  uias a c h ie v e d  a t  70 dB SPL* a 

l e v e l  louier t h a n  t h a t  f o r  any o t h e r  f i l t e r  c o n d i t i o n .  I t  i s  

l i k e l y  t h a t  a t  h i g h e r  l e v e l s *  even t h e  m o d e r a t e l y  i n t e n s e  

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

uihat l i t t l e  h ig h  f r e q u e n c y  i n f o r m a t i o n  may be a v a i l a b l e  to  

t h i s  s u b j e c t .  S i m i l a r  t o  p e r f o rm a n c e  in F . G . ' s  l e f t  ear* as 

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

as  f o r  t h e  LP 700 Hz c o n d i t i o n .

S c o r e s  i n c r e a s e d  f o r  t h e  t h r e e  b a n d - p a s s  c o n d i t i o n s  

f rom t h e  BP 700-1400  Hz t o  BP 1400-2000 Hz and BP 700-2000 

Hz. R o l l o v e r  o c c u r r e d  in b o th  e a r s  f o r  t h e  BP 700-2000 Hz 

case*  in t h e  r i g h t  e a r  f o r  BP 700-1400  Hz# bu t  in n e i t h e r  

e a r  f o r  BP 1400-2000 .  No o b v io u s  p a t t e r n  appeared  in t h e .  

c o n d i t i o n s  t h a t  e x h i b i t e d  r o l l o v e r *  a l t h o u g h  more c o n d i t i o n s  

e x h i b i t e d  r o l l o v e r  in t h e  r i g h t  o r  b e t t e r  e a r .  Th i s  i s  

c o n t r a r y  t o  uihat one uiould i n t u i t i v e l y  e x p e c t ;  t h a t  is*
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t h a t  s a t u r a t i o n  or  r o l l o v e r  uiould occu r  in t h e  e a r  uiith t h e  

more s e v e r e  h e a r i n g  l o s s .

I t  i s  p o s s i b l e  t h a t  r o l l o v e r  mould e v e n t u a l l y  o cc u r  as 

l e v e l  i n c r e a s e d  even in t h o s e  c o n d i t i o n s  f o r  mhich i t  mas 

no t  ob se rv e d  d u r i n g  t h i s  s t u d y .  E x t r a  p r e c a u t i o n s  mere 

taken# homever/  in F . G . ' s  c a s e  t o  keep p r e s e n t a t i o n  l e v e l s  

belom t h e  t h r e s h o l d  o f  d i s c o m f o r t .  The r e a s o n  f o r  t h i s  mas 

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

r e l a t i v l y  h ig h  i n t e n s i t y ;  homever/  he d i d  no t  i n d i c a t e  t h a t  

t h e  l e v e l s  mere u n c o m f o r t a b l e .  I f  t i n n i t u s  d i d  o c c u r /  no 

f u r t h e r  t e s t i n g  in t h a t  e a r  to ok  p l a c e  t h a t  day .

SUBJECT G.H.

For  s u b j e c t  G.M./ e a r  d i f f e r e n c e  mas much more 

s i g n i f i c a n t  t h a n  f o r  F.G.  F i g u r e s  17 and 18 shorn t h e  

p e r f o r m a n c e - i n t e n s i t y  f u n c t i o n s  f o r  t h i s  s u b j e c t /  and Table  

4 shoms t h e  maximum per fo rmance  s c o r e s /  l e v e l  and r o l l o v e r  

c o n d i t i o n s .
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TABLE 4

PERCENTAGE CORRECT SCORES# LEUEL FOR MAXIMUM PERFORMANCE 

AND PRESENCE OF ROLLOUER AT HIGH INTENSITY 

SUBJECT G.M. -  HEARING-IMPAIRED

FILTER PERCENTAGE CORRECT LEUEL (SPL) ROLLOUER

RIGHT LEFT RIGHT LEFT RIGHT LEFT

UNFILT. 5 8 . 5 7 8 . 3 84 74 Y Y

LP 700 2 8 .0 2 9 . 0 78 78 — Y

LP 1400 31 .1 4 7 . 0 80 68 Y Y

LP 2800 55 .1 7 1 . 2 88 78 - Y

HP 700 5 7 . 9 7 5 . 2 88 88 Y Y

HP 1400 3 7 . 6 5 3 . 8 94 88 - Y

HP 2000 2 4 . 0 2 9 .7 114 98 N Y

BP .7 - 1 .4 K 2 6 .0 3 9 .9 94 68 Y Y

BP1.4-2 .8K 3 5 . 2 5 8 . 3 108 84 Y Y

BP . 7 - 2 . 8 K 5 5 . 6 6 9 . 6 104 78 N Y
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In a l l  cases#  maximum s c o r e s  in t h e  l e f t  e a r  uiere 

h i g h e r  and o c c u r r e d  a t  lower  i n t e n s i t i e s  t h a n  in t h e  r i g h t .  

R o l l o v e r  took  p l a c e  f o r  ev e ry  t e s t e d  c o n d i t i o n  in t h e  l e f t  

e a r /  and f o r  f i v e  of  t h e  t e n  c o n d i t i o n s  in t h e  r i g h t .  

However/ in t h e  r i g h t  e a r /  r o l l o v e r  d id  n o t  oc cu r  in any

p r e d i c t a b l e  manner.

In G . M . ' s  l e f t  e a r /  s i g n i f i c a n t l y  h i g h e r  pe r fo rm a nc e

was o b t a i n e d  f o r  t h e  f o u r  w i d e s t  band c o n d i t i o n s :  

u n f i l t e r e d  sp e e c h /  LP 2800 HZ/ HP 700 Hz and BP 700-2800  Hz. 

S i m i l a r  t o  t h e  r e s u l t s  f o r  F .G . /  t h e  s c o r e s  f o r  t h e  HP 1400 

Hz and BP 700-1400 Hz c o n d i t i o n s  were lower and n e a r l y  

e q u a l .  I n t e l l i g i b i l i t y  f o r  t h e  LP 700 Hz and HP 2800 Hz 

c o n d i t i o n s  were t h e  p o o r e s t .  Un l ik e  f o r  F . G . /  however/  

o v e r a l l  maximum p e r fo rm a n c e  in bo th  e a r s  was no t  a c h i ev e d  

f o r  t h e  HP 700 Hz c o n d i t i o n /  b u t  f o r  t h e  u n f i l t e r e d  s p e e c h .  

G .M . ' s  maximum s c o r e s  were a l s o  lower o v e r a l l  t h a n  F . G . ' s .  

P o s s i b l y  due to  f a c t o r s  a s s o c i a t e d  w i th  age and e t i o l o g y /

G.M. may have been l e s s  a b l e  t o  use  r e s i d u a l  h ig h  f r e q u e n c y  

h e a r i n g  as  F.G.  seemed t o  be ab l e  t o  do.  In G .M . ' s  l e f t  

e a r /  r o l l o v e r  f o r  t h e  LP 1400 Hz c o n d i t i o n  o c c u r r e d  a t  a 

r e l a t i v e l y  low p r e s e n t a t i o n  l e v e l /  as i t  d i d  f o r  F.G.

S c o r e s  in G .M . ' s  r i g h t  e a r  were/  as n o t e d /  lower 

o v e r a l l  t h a n  in t h e  l e f t  e a r  even a t  h igh  p r e s e n t a t i o n  

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

w i d e s t  band c o n d i t i o n s .  At t h e  h i g h e s t  l e v e l  t e s t e d /  t h e s e
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s c o r e s  were n e a r l y  e q u a l .  However* t h e  s l o p e s  o f  t h e  P . I .  

c u r v e s  ap p e ar  s i g n i f i c a n t l y  d i f f e r e n t .  Th i s  e f f e c t  was 

l i k e l y  due t o  p o o r e r  low f r e q u e n c y  t h r e s h o l d s  in t h e  r i g h t  

ear* as compared t o  t h e  l e f t .  The somewhat b e t t e r  h igh 

f r e q u e n c y  t h r e s h o l d s  in t h e  r i g h t  ear*  however* a l lo w  h i s  

p e r fo rm a n c e  t o  improve as i n t e n s i t y  i n c r e a s e s  bu t  n o t  t o  t h e  

l e v e l s  r e a c h e d  by t h e  l e f t  e a r .  T h i s  may have been t h e  

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

in t h i s  ear* as w e l l  as some unmeasured r e t r o c o c h l e a r  

involvement* as  e v i d e n c e d  by s i g h t l y  p o o r e r  a u d i o m e t r i c  

sp e ec h  d i s c r i m i n a t i o n  p e r f o rm a n c e .  Al though p er f o rm a n ce  f o r  

t h e  BP 700—1400 Hz and BP 1400-2800 Hz bands  a r e  n e a r l y  

e q u a l  and r e l a t i v e l y  poor* pe r f o r m a nce  f o r  t h e  r e s u l t a n t  

band* BP 700-2800 Hz* i s  s u b s t a n t i a l l y  b e t t e r .

SUBJECT J .G .

S u b j e c t  J . G .  was t e s t e d  in h e r  impa i r ed  r i g h t  e a r .  

( J . G .  was a l s o  t e s t e d  as a normal  l i s t e n e r  in he r  

n o r m a l l y - h e a r i n g  l e f t  e a r . )  Tab le  5 i n d i c a t e s  t h e  maximum 

p e r f o rm a n c e  s c o r e s *  t h e  l e v e l  a t  which t h e  maximum occur r ed*  

and whe the r  r o l l o v e r  o c c u r r e d  f o r  t h e  i n d i c a t e d  c o n d i t i o n .
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TABLE 5

PERCENTAGE CORRECT SCORES# LEUEL FOR MAXIMUM PERFORMANCE 

AND PRESENCE OF ROLLOUER AT HIGH INTENSITY 

SUBJECT J .G .  -  RIGHT EAR (IMPAIRED)

PERCENTAGE LEUEL

FILTER CORRECT . (SPL) ROLLOUER

UNFILT. 6 9 . 5 104 N

LP 700 3 0 . 8 98 -

LP 1400 4 3 . 8 88 N

LP 2800 7 0 . 8 98 N

HP 700 7 2 .3 98 N

HP 1400 5 1 . 9 98 —

HP 2800 2 3 . 2 108 Y

BP . 7 - 1 . 4K 4 0 . 2 88 N

BP1.4-2 .8K 5 5 . 2 108 -

BP . 7 —2.8K 6 6 . 2 98 Y

P e r f o r m a n c e - i n t e n s i t y  f u n c t i o n s  f o r  J .G .  a r e  shown in 

F i g u r e  19.  In compar ing t h e  r e l a t i v e  s c o r e s  f o r  t h e  t e n  

c o n d i t i o n s #  h i g h e r  pe r f o rm an ce  s c o r e s  uiere o b t a i n e d  f o r  t h e  

wider  band c o n d i t i o n s #  as was t r u e  f o r  G.M. and F.G. 

S i m i l a r l y #  p e r fo rm a n c e  f o r  t h e  h i g h - p a s s  700 Hz c o n d i t i o n  

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

p e r fo rm a n ce  o c c u r r e d  f o r  t h e  HP 2800 Hz c o n d i t i o n .  The 

h e a r i n g  l o s s  in J . G . ' s  r i g h t  e a r  was s i m i l a r  t o  G .M . ' s  l e f t



PAGE 127

e a r  in shape and d e g r e e  o f  h e a r i n g  l o s s .  Age and e t i o l o g y  

d i f f e r e n c e s  between t h e  s u b j e c t s  uiould no rm a l l y  p r e c l u d e  

d i r e c t  c o m p a r i s o n s .  However/ be c a u se  o f  s i m i l a r i t i e s  in t h e  

t h r e s h o l d  c u r v e s /  some co m p ar i s o n s  a r e  o f  i n t e r e s t .  Her 

maximum s c o r e s  were g e n e r a l l y  lower th a n  G .M . ' s  s c o r e s  and 

o c c u r  a t  h i g h e r  l e v e l s  t h a n  f o r  G.M. R o l l o v e r  was obse rv e d  

f o r  two c o n d i t i o n s /  HP 2Q00 Hz and BP 700-2800  Hz. In 

p a r t i c u l a r /  t h e  r o l l o v e r  was e s p e c i a l l y  g r e a t  f o r  BP 

700-2800  Hz. For  s e v e r a l  o t h e r  c o n d i t i o n s /  t h e  drop in 

s c o r e  was ve r y  s l i g h t .  I t  i s  l i k e l y /  however /  t h a t  a t  

i n c r e a s e d  i n t e n s i t y /  a r e d u c t i o n  in s c o r e  would have 

o c c u r r e d .
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Per formance  — I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J . G .  -  R i g h t  Ear  Clmpai red l
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SUBJECT T.T.

S u b j e c t  T . T . ' s  r e s u l t s  a r e  shown in Tab le  6 and F i g u r e  

20.  As f o r  t h e  o t h e r  impa i red  l i s t e n e r s *  t h e  w i d e s t  band 

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

t o  t h e  o t h e r  f i l t e r e d  c o n d i t i o n s .  However* u n l i k e  t h e  

r e s u l t s  o f  t h e  o t h e r  impa i r ed  l i s t e n e r s *  t h e  r e s u l t s  f o r  t h e  

h i g h - p a s s  700 Hz c o n d i t i o n  showed no improvement ov er  t h e  

u n f i l t e r e d  c o n d i t i o n  a t  any p r e s e n t a t i o n  l e v e l .  For  T.T.* 

t h e  h i g h - p a s s  2800 Hz band was b a r e l y  a u d i b l e  and t h e r e f o r e  

c o n t r i b u t e d  l i t t l e  u s e f u l  i n f o r m a t i o n .  The im po r ta nce  of  

t h e  1400-2800 Hz band app ea red  s i g n i f i c a n t  when t h i s  band 

was added t o  t h o s e  below i t  in f r e q u e n c y .
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TABLE 6

PERCENTAGE CORRECT SCORES/ LEUEL FOR MAXIMUM PERFORMANCE 

AND PRESENCE OF ROLLOUER AT HIGH INTENSITY 

SUBJECT T.T.  -  RIGHT EAR

FILTER

PERCENTAGE LEUEL 

CORRECT (5PL) ROLLOUER

UNFILT. 6 7 . 0

LP 700 2 9 . 2
\

LP 1400 3 9 . 4

LP 2800 6 3 . 4

HP 700 6 5 . 0

HP 1400 3 5 . 3

HP 2800 1 1 .5

BP . 7 —1 . 4K 3 8 . 7

BP1. 4 —2 . 8K 3 1 . 4

BP . 7 —2 . 8K 5 7 . 3

120

114

124

114

118

124

108

124

124

128

N

N

Y

Y

Y 

N

N
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FIGURE 20

P erfo rm anc e  -  I n t e n s i t y  F u n c t io n s :

S u b je c t  T . T .  -  R ig h t  E ar C Im p a ire d I

l
1 4 0
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Based on t h e  3% c r i t e r i o n  ment ioned  e a r l i e r *  r o l l o v e r  

of  pe r fo rm a nce  o c c u r r e d  f o r  t h r e e  c o n d i t i o n s .  I t  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  t o  o b s e rv e  t h e  h igh p r e s e n t a t i o n  

l e v e l s  a t  uihich maximum per fo rm a nc e  uias a c h i e v e d .  She neve r  

r e p o r t e d  t h a t  t h e s e  l e v e l s  were u n c o m f o r t a b l e  even though 

f o r  some c o n d i t i o n s  t h e  speech au d i o m et e r  used t o  c o n t r o l  

p r e s e n t a t i o n  l e v e l s  was s e t  t o  t h e  maximum p o s s i b l e  o u t p u t .  

T.T.  r e g u l a r l y  wore a h e a r i n g  a id  in t h e  e a r  t h a t  was

t e s t e d  f o r  t h i s  s t u d y .  She may* t h e r e f o r e *  have had a

g r e a t e r  t o l e r a n c e  t o  loud and p o s s i b l y  d i s t o r t e d  speech  th a n  

t h e  o t h e r  impa i red  l i s t e n e r s  who were i n e x p e r i e n c e d  wi th  

h e a r i n g  a i d s .  As a h e a r i n g  a i d  w e a re r  she  was accustomed t o  

h e a r i n g  " f i l t e r e d "  s p e e c h .  T h i s  may have accou nted  somewhat 

f o r  t h e  r e l a t i v e l y  h ig h  s c o r e s  f o r  t h e  wider  band f i l t e r e d  

c o n d i t i o n s .

NORMALLY-HEARING LISTENERS HITH SIMULATED LOSS -  

COMPARISON TO TESTS IN QUIET

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

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

l o s s  a re  p r e s e n t e d  in Ta b l e  7* which shows t h e  maximum

s c o r e s  o b ta in ed *  t h e  p r e s e n t a t i o n  l e v e l s  and whether

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

f u n c t i o n s  f o r  t h e  t h r e e  l i s t e n e r s  are  shown in F i g u r e s  21* 

22 and 23.
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TABLE 7

PERCENTAGE CORRECT SCORES/ LEUEL FOR MAXIMUM PERFORMANCE 

AND PRESENCE OF ROLLOUER AT HIGH INTENSITY 

NORMALLY-HEARING LISTENERS WITH SIMULATED LOSS

FILTER PERCENTAGE CORRECT LEUEL (SPL) ROLLOUER

JG JT RM JG 1 1 RM JG JT RM

UNFILT. 8 8 . 2 9 2 . 0 86 .*5 92 92 92 N N Y

LP 700 4 0 . 6 4 0 . 1 3 4 . 8 76 86 86 N Y Y

LP 1400 5 7 . 8 5 8 . 3 5 3 . 9 86 76 86 N Y Y

LP 2800 8 5 . 8 8 7 . 2 8 1 . 9 96 86 96 N N N

HP 700 8 5 . 9 9 0 . 8 8 2 . 3 96 96 96 N N N

HP 1400 7 5 . 6 8 0 . 7 6 8 . 4 102 96 106 Y N N

HP 2800 4 6 . 2 5 5 . 9 3 2 . 3 112 106 106 N Y -

BP . 7 - 1 . 4 K 5 2 . 5 52 .1 4 6 . 5 86 86 86 Y Y Y

BP1.4-2 .8K 7 1 . 5 7 0 . 8 6 2 . 2 96 96 96 Y Y Y

BP . 7 - 2 . 8 K 7 9 . 3 8 4 . 6 7 6 . 9 96 96 96 N N N
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P erfo rm an c e  -  I n t e n s i t y  F u n c t io n s :

S u b je c t  J .G .  -  L e f t  E a r  C S im u la ted  H e a r in g  L o ss l

I
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P erfo rm an ce  -  I n t e n s i t y  F u n c t io n s :

S u b je c t  J . T .  -  R ig h t  E ar [S im u la te d  H e a r in g  L oss!
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As might  be exp e c t e d#  -for a l l  s u b j e c t s  t e s t e d  wi th

i p s i l a t e r a l  masking# P . I .  f u n c t i o n s  s h i f t e d  as a f u n c t i o n

of  i n t e n s i t y  as a r e s u l t  of  t h e  t h r e s h o l d  s h i f t  ca us ed  by

t h e  masking .  Maximum s c o r e s  ac h ie v e d  by each s u b j e c t  uiere 

g e n e r a l l y  lower t h a n  t h o s e  o f  t h e  unmasked c o n d i t i o n s .

E x c e p t i o n s  t o  t h i s  o c c u r r e d  f o r  t h e  LP 700 Hz and HP 2800 Hz 

c o n d i t i o n s .  S lo p es  o f  t h e  f u n c t i o n s  were g e n e r a l l y  s t e e p e r #  

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

f o r  t h e  h i g h - p a s s  and b a n d - p a s s  c o n d i t i o n s .  As f o r  t h e  

h e a r i n g - i m p a i r e d  s u b j e c t s #  P . I .  f u n c t i o n s  f o r  t h e  wider  

band c o n d i t i o n s  were c l u s t e r e d  and r e p r e s e n t e d  t h e  h i g h e s t

l e v e l s  o f  p e r f o r m a n c e .  In none o f  t h e  c a s e s  d id  t h e  HP 700

Hz c o n d i t i o n  a t  h ig h  l e v e l s  exceed t h e  pe r fo rma nce  o f  t h e

u n f i l t e r e d  speech  as i t  d i d  f o r  most o f  t h e  impa i red

s u b j e c t s .  F i g u r e s  24 t h r o u g h  32 r e p l o t  t h e  

p e r f o r m a n c e - i n t e n s i t y  f u n c t i o n s  f o r  l i s t e n e r s  J .G .#  J . T .

and R.M. when t e s t e d  in q u i e t  ( F i g u r e s  12# 13 and 14) and 

t h e  P . I .  f u n c t i o n s  o f  F i g u r e s  21# 22 and 23 t o  p e r m i t

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

l i s t e n e r s  when t e s t e d  in q u i e t  and w i t h  masking n o i s e .

One i m p o r t a n t  o b s e r v a t i o n  in examin ing  t h e  r e s u l t s  o f  

t h e  t e s t i n g  wi th  s i m u l a t e d  l o s s  i s  t h a t  r o l l o v e r  o c c u r r e d  

f o r  e s s e n t i a l l y  t h e  same c o n d i t i o n s  f o r  which i t  o c c u r r e d  in 

t h e  unmasked ca se s #  t h e  na r row b a n d - p a s s  f i l t e r s  and

lo w-p ass  700 Hz f i l t e r e d  s p e e c h .  Even as l e v e l  i n c r e a s e d  t o  

overcome masking# w i t h  o n l y  one e x c e p t i o n #  r o l l o v e r  d i d  no t
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o cc u r  in t h e  wider  band c o n d i t i o n s  as i t  d i d  f o r  t h e  

. im pa i r ed  s u b j e c t s .  As l e v e l  i n c r e a s e d  above t h e  masking 

n o i s e /  pe r fo rm a nc e  s c o r e s  ach i ev e d  n e a r l y  t h e  same maximum 

l e v e l s  as f o r  t h e  unmasked c o n d i t i o n s .
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FIGURE 24 

Pe r fo rm an c e  -  I n t e n s i t y  F u n c t i o n s !  

S u b j e c t  J . G .  -  L e f t  Ear  T es t ed  in Q u ie t  

Compared uii th L e f t  Ear S i m u l a t e d  Loss 

Loui-Pass F i l t e r e d  Speech
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FIGURE 25 

Per fo r mance  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J . G .  -  L e f t  Ear  T es t ed  in Q u ie t  

Compared ui i th L e f t  Ear  S i m u l a t e d  Loss  

H ig h - P a s s  F i l t e r e d  Speech
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FIGURE 26 

P er fo rm an ce  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J . G .  -  L e f t  Ear  T es t ed  in Q u ie t  

Compared wi th  L e f t  Ear S i m u l a t e d  Loss 

U n f i l t e r e d  and Band-Pass  F i l t e r e d  Speech
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FIGURE 27 

Per fo rmance  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J . T .  -  R i gh t  Ear T e s t e d  in Q u ie t  

Compared wi th  R i gh t  Ear  S i m u l a t e d  Loss  

Loui-Pass F i l t e r e d  Speech

1 4 0
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FIGURE 2 8  

Per formance  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J . T .  -  R i gh t  Ear T e s t e d  in Qu ie t  

Compared w i th  R i gh t  Ear S i m u l a t e d  Loss 

H i g h - P a s s  F i l t e r e d  Speech

__□
1 4 0
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Subject J .  T. ■ Right Ear Tested In Quiet 
Compared with Rl^ht Ear with Simulated Loss 
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FIGURE 29 

Per fo rmance  -  I n t e n s i t y  F u n c t i o n s :P

S u b j e c t  J . T .  -  R i gh t  Ear  T e s t e d  in Qui e t  

Compared wi th  R i gh t  Ear  S i m u l a t e d  Loss 

U n f i l t e r e d  and Band-Pass  F i l t e r e d  Speech
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FIGURE 30 

Pe r fo rm anc e  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  R.M. -  R i gh t  Ear T e s t e d  in Q u ie t  

Compared uii th R i gh t  Ear S i m u l a t e d  Loss 

Loui-Pass F i l t e r e d  Speech

T

1 4 0
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FIGURE 31 

Pe r fo rmanc e  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  R.M. -  R igh t  Ear  T e s t e d  in Q u ie t  

Compared w i t h  Righ t  Ear  S i m u l a t e d  Loss 

H i g h - P a s s  F i l t e r e d  Speech

T

1 4 0
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FIGURE 32 

P er fo rm an ce  -  I n t e n s i t y  F u n c t i o n s :

S u b j e c t  R.M. -  R i g h t  Ear T e s t e d  in Quie t  

Compared uii th R i gh t  Ear  S i m u l a t e d  Loss 

U n f i l t e r e d  and Band-Pass  F i l t e r e d  Speech

SIMULATED LOSS 

O  U rf ilU rw l SpM «h 
*  BP 7 0 0 -1 4 0 ©  H t 

V  BP 1 4 0 0 -2 9 0 0  H i 

A B P 7 0 0 -2 9 0 0  Hji

IN  QUIET

©  UnPllUr*d 9p»iet> 
- f  B P 7 0 0 -1 4 0 0  H i 

©  B P 140O -2B 0O  H i 

□  B P 7 0 0 -2 8 0 0  H i

Subject R. M. “ Right Ear Tested In Quiet 
Compared with Right Ear with Simulated Loss 

j _________ |_________ |_________ I_________ I...
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NORMALLY—HEARING LISTENERS HITH SIMULATED LOSS -  

COMPARISON TO HEARING-IMPAIRED LISTENERS

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

s i m u l a t e d  h e a r i n g  l o s s  c o n d i t i o n s  appe ar  t o  be more l i k e  

t h o s e  o f  t h e  f l a t t e r  l o s s  s u b j e c t s /  J . G . /  T.T.  and G .M . ' s  

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

F.G.  o r  G .M . ' s  l e f t  e a r .  Comparison o f  t h e  r e s u l t s  f o r  

J . G .  ui i th p e r f o rm a n ce  in h e r  im pa i red  r i g h t  e a r  i s  seen  in 

F i g u r e s  33/  34 and 35 .  Higher  s c o r e s  o c c u r r e d  f o r  a l l  

c o n d i t i o n s  uii th t h e  s i m u l a t e d  l o s s /  even though  t h e  masked 

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

matched.  R o l l o v e r  d id  n o t  o c c u r  f o r  t h e  uiider band 

c o n d i t i o n s  b u t  d i d  o c c u r  f o r  HP 1400 Hz/ BP 700-1400  Hz and 

BP 1400-2800 Hz. For t h e  HP 1400 Hz f i l t e r /  r o l l o v e r  uias 

s e v e r e .  However/ t h e  s i g n i f i c a n c e  of  t h i s  i s  n o t  uiell  

u n d e r s t o o d .
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10 - L eft Ear with Simulated Loss 
Compared With Right Ear (Impaired).

S u b jec t J .G .

1 4 01201006 0 8 02 0

PRESENTATION LEVEL [dB FF SPL)

FIGURE 33 

P er fo rm an ce  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J . G .  -  L e f t  Ear  uiith S im u la te d  Loss 

Compared t o  R i g h t  Ear  A c tua l  Loss 

Lotu-Pass F i l t e r e d  Speech
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FIGURE 34 

Per fo rmance  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J .G .  -  L e f t  Ear uii th S i m u l a t e d  Loss 

Compared t o  R i gh t  Ear  A c t u a l  Loss 

H ig h - P a s s  F i l t e r e d  Speech

__LJ
1 4 0
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FIGURE 35 

Per fo r manc e  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J .G .  -  L e f t  Ear  uiith S im ul a te d  Loss 

Compared to  Righ t  Ear  Ac tua l  Loss 

U n f i l t e r e d  and Band-Pass  F i l t e r e d  Speech

1 4 0
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F i g u r e s  36# 37 and 38 compare t h e  r e s u l t s  o f  J . T .  uiith 

s i m u l a t e d  h e a r i n g  l o s s  t o  J . G . ' s  r i g h t  e a r /  which was 

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

l o s s .  In ev ery  c a s e /  J . T . ' s  i n t e l l i g i b i l i t y  s c o r e s  were 

h i g h e r  t h a n  J . G . ' s .  These d i f f e r e n c e s  a r e  p a r t l y  accoun ted  

f o r  by f a c t  t h a t  J . T . ' s  s i m u l a t e d  l o s s  was n o t  as g r e a t  as 

t h e  a c t u a l  l o s s .  For  J . T / .  r o l l o v e r  o c c u r r e d  as f o r  J .G .  

in t h e  LP 700 Hz/ BP 700-1400 Hz, ?nd BP 1400-2800 Hz bands .  

R o l l o v e r  a l s o  t ook  p l a c e  f o r  t h e  HP 2800 Hz c o n d i t i o n .  - I t  

d i d  n o t /  however/  t a k e  p l a c e  f o r  t h e  HP 1400 Hz band.

F i g u r e s  39/ 40 and 41 compare R . M . ' s  s i m u l a t e d  l o s s  

p e r fo rm a n ce  wi t h  G .M . ' s  l e f t  e a r /  which he r  s i m u l a t e d  l o s s  

was s e l e c t e d  t o  match.  In  e v e ry  c a s e /  R . M . ' s  p e r f o rm a n ce  a t  

low p r e s e n t a t i o n  l e v e l s  was p o o r e r  th a n  -G.M. ' s .  As 

p r e s e n t a t i o n  l e v e l  i n c r e a s e d /  however/  R . M . ' s  s c o r e s  

i n c r e a s e d  a t  a much g r e a t e r  r a t e  and e v e n t u a l l y  exceed.ed

G .M . ' s  s c o r e s .  For  R.M./ r o l l o v e r  o c c u r r e d  in t h e  

u n f i l t e r e d  sp e e c h /  LP 700 HZ/ LP 1400 Hz/ BP 700-1400 Hz and 

BP 1400-2800 Hz and HP 2800 Hz bands .
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FIGURE 36 

Per fo r manc e  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J . T .  -  R i g h t  Ear  uiith S i m u l a t e d  Loss 

Compared t o  J .G .  -  R i g h t  Ear  Ac tua l  Loss 

Loui-Pass F i l t e r e d  Speech
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Subject J .  T. “ Rlght^Eor with Simulated Loss 
Compared to J .G . ** Right E ar Actual Loss 
 ........1______ ;__ I_________ I_________ I-------------

FIGURE 37 

Per fo rmance  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J . T .  -  R i g h t  Ear  uii th S i m u l a t e d  Loss 

Compared t o  J . G .  -  R i gh t  Ear  Ac t ua l  Loss 

H i g h - P a s s  F i l t e r e d  Speech
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FIGURE 38 

Per fo r mance  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  J . T .  -  R i g h t  Ear  uii th S i m u l a t e d  Loss 

Compared t o  J .G .  — R i g h t  Ear  Ac tua l  Loss 

U n f i l t e r e d  and Band-Pass  F i l t e r e d  Speech
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FIGURE 39 

Per fo r manc e  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  R.M. -  R i g h t  Ear  uii th S i m u l a t e d  Loss 

Compared t o  G.M. -  L e f t  Ear  A c tu a l  Loss 

Loui~Pass F i l t e r e d  Speech
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FIGURE 40 

Per fo r manc e  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  R.M. -  R i gh t  Ear  uiith S i m u l a t e d  Loss 

Compared t o  G.M. -  L e f t  Ear  Ac tu a l  Loss 

H i g h - P a s s  F i l t e r e d  Speech
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FIGURE 41 

Per fo r manc e  -  I n t e n s i t y  F u n c t i o n s :  

S u b j e c t  R.M. -* R i g h t  Ear  uiith S i m u l a t e d  Loss 

Compared t o  G.M. -  L e f t  Ear  Ac tua l  Loss.  

U n f i l t e r e c f  and Band-Pass  F i l t e r e d  Speech
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ARTICULATION THEORY CALCULATIONS

The r e s u l t s  o f  c a l c u l a t i o n s  o f  A r t i c u l a t i o n  Index  a r e  

shown in t h e  f o l l o w i n g  f i g u r e s :

N o rm a l l u - H e a r in a  Sub i e c t s

F i g u r e 42: S u b j e c t J .G .  L e f t Ear

F i g u r e 43: S u b j e c t J . T  Righ t Ear

F i g u r e 44: S u b j e c t R.M. Righ t Ear

i - ImDaired S u b j e c t s

F i g u r e 45: S u b j e c t F.G. Ri gh t Ear

F i g u r e 46: S u b j e c t F.G. L e f t Ear

F i g u r e 47: S u b j e c t G.M. Righ t Ear

F i g u r e 48: S u b j e c t G.M. L e f t Ear

F i g u re 49: S u b j e c t J .G Righ t Ear

F i g u r e 50: S u b j e c t T.T.  R igh t Ear

Nor m a l l u -H e a r i n o  L i s t e n e r s  wi th  Simu 1a t e d  Loss 

F i g u r e  51:  S u b j e c t  J .G .  L e f t  Ear

F i g u r e  52:  S u b j e c t  J . T .  R igh t  Ear

F i g u r e  53:  S u b j e c t  R.M. R i gh t  Ear

The g r a p h s  show o b s e rv e d  p e r c e n t a g e  c o r r e c t  s y l l a b l e

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

I nde x .  In p e r f o r m i n g  t h e  c a l c u l a t i o n s  of  A r t i c u l a t i o n

Index# a p r o f i c i e n c y  f a c t o r  o f  u n i t y  was use d  f o r  t h e  

l i s t e n e r s  and p r o f i c i e n c y  f a c t o r s  of  one o r  s l i g h t l y  l e s s
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t h a n  one uiere used f o r  t h e  t a l k e r s *  as d e s c r i b e d  in C ha p te r  

I I I .  The c a l c u l a t e d  v a l u e s  of  A . I .  p r e s e n t e d  h e r e  and in 

Appendix E are  t h e  a r i t h m e t i c  av e ra g e  of  t h e  i n d i v i d u a l  

v a l u e s  f o r  each t a l k e r .  Also p l o t t e d  on each g r aph  i s  a 

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

Index d e r i v e d  from t h e  c u r v e s  of  F i g u r e  1 by i n t e r p o l a t i n g  a 

cu rv e  between t h e  PB 1000 word p e r fo rm a n c e  c u r v e  and t h e  

n on sense  s y l l a b l e  c u r v e .  The cu rv e  was o b t a i n e d  from a 

s e v e n t h  o r d e r  po l ynom ia l  r e g r e s s i o n  u s i n g  a l e a s t - s q u a r e s

method of  d e t e r m i n a t i o n .  Al though  t h e  r e f e r e n c e  cu rv e  shown
\

may n o t  be a p p r o p r i a t e  f o r  t h e  sp e ec h  m a t e r i a l s  used in t h i s  

s tudy* i t  i s  p r e s e n t e d  in t h e s e  g r a p h s  t o  p r o v i d e  a 

r e f e r e n c e  f rom which c o m p a r a t i v e  a s s e s s m e n t s  o f  t h e  d a t a  may 

be made. P o i n t s  t h a t  l i e  t o  t h e  l e f t  o r  above t h e  cu rv e  

shown imply t h a t  t h e  pe r f o r m a nce  of  t h e  s u b j e c t  f o r  t h a t  

c o n d i t i o n  i s  b e t t e r  t h a n  would be p r e d i c t e d  by A r t i c u l a t i o n  

Theory u s i n g  t h e  c u r v e  p l o t t e d .  P o i n t s  l y i n g  t o  t h e  r i g h t  

or  below t h e  curve* t h e r e f o r e *  a r e  p o i n t s  t h a t  a r e  lower 

t h a n  would be p r e d i c t e d  by t h e  Theory u s i n g  t h i s  c u r v e .
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ARTICULATION INDEX

O U N FB LT. CV 

+  L P  7 0 0  

V  L P  1 4 0 0  

A  L P  2 8 0 0  

•f- H P  7 0 0  

o  H P  1 4 0 0  

□  H P  2 8 0 0  

O  B P  7 0 0 - 1 4 0 0  

X  B P  1 4 0 0 - 2 8 0 0  

©  B P  7 0 0 - 2 8 0 0

SL E U E C T i J .  C . 

L E F T  EA R  (NORMAL]

FIGURE 42

A r t i c u l a t i o n  In de x  F u n c t io n s

S u b je c t  J .G .  -  L e f t  Ear  C N o r m a l ly - H e a r in g l
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ARTICULATION INDEX
FIGURE 43

Q UNFIL.T. CV 
+  LP 700 
V LP 1400 
A LP 2800 
-f- HP 700 
o  HP 1400 
□  HP 2800 
O BP 700-1400 
X BP 1400-2800 
© BP 700-2800

SLBJECTi J. T. 
RIGHT EAR [NORIALJ

A r t i c u l a t i o n  Index  F u n c t i o n s  

S u b j e c t  J . T .  -  R i g h t  Ear  CNormal ly -Hear ing l
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Q  U N F IL T . CV 
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X  B P  1 4 0 0 - 2 8 0 0  

<§ B P  7 0 0 - 2 8 0 0

SUBJECT* R. M. 

RIG H T EAR [NORMAL]

FIGURE 44

A r t i c u l a t i o n  In d e x  F u n c t io n s

S u b je c t  R.M. -  R ig h t  Ear  CNorma11y -H e a r in g 3
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FIGURE 45

A r t i c u l a t i o n  In d e x  F u n c t io n s

S u b j e c t  F .G .  -  R i g h t  Ear  C H e a r in g - Im p a ire d D
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O  U h F IL T . CV 

+  L P  7 0 0  

V  L P  1 4 0 0  

A  L P  2 0 0 0  
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<> H P  1 4 0 0  
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FIGURE 46

A r t i c u l a t i o n  In d ex  F u n c t io n s

S u b je c t  F . G .  -  L e f t  Ear  C H e a r in g - Im p a i r e d l
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ARTICULATION INDEX

O  U N F 1L T . CV  

+  L P  7 0 0  

V  L P  L 4 0 0  

A  L P  2 8 0 0  

+  H P  7 0 0  

o  H P  1 /4 0 0  

□  H P  2 8 0 0  

O  B P  7 0 0 - 1 4 0 0  

X  B P  1 4 0 0 - 2 8 0 0  

©  B P  7 0 0 - 2 8 0 0

SU B JEC T S C. M.

R IG H T  E A R  [IM PA IR E D ]

FIGURE 47

A r t i c u l a t i o n  In de x  F u n c t io n s

S u b je c t  G.M. -  R i g h t  Ear  [ H e a r i n g - I m p a i r e d !
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O U NFDLT. CV 

+  L P  7 0 0  

V  L P  1 4 0 0  
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□  H P  2 8 0 0  
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FIGURE 48

A r t i c u l a t i o n  In d e x  F u n c t io n s

S u b je c t  G.M. -  L e f t  E a r  C H e a r in g - Im p a ire d D
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S L B JE C T i J .  C.

R IG H T EAR [OTPAIRED]

FIGURE 49

A r t i c u l a t i o n  In d e x  F u n c t io n s

S u b je c t  J .G .  -  R ig h t  Ear C H e a r in g - Im p a ire d D
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ARTICULATION INDEX
FIGURE 50

A r t i c u l a t i o n  In d e x  F u n c t io n s

S u b je c t  T . T .  -  R i g h t  E a r  C H e a r i n g - I m p a i r e d l

S L B JE C T i r .  T .

R IG H T  E A R  [O T FA IR E D ]
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O  U N F IL T . CV 

4  L P  7 0 0  

V  L P  1 4 0 0  
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S U B JE C T i J .  G.

FIGURE 51

A r t i c u l a t i o n  In d e x  F u n c t io n s

S u b je c t  J .G .  -  L e f t  Ear  [ S i m u l a t e d  H e a r in g  Loss!
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V  LP 1400 
A LP 2800 
-f- HP 700 
o  HP 1400 
□ HP 2800 
O BP 700-1400 
X BP 1400-2800 
© BP 700-2800

SLBJECT* J. T.

R IG H T  E A R  -  SIM U LA TED  L O S S

FIGURE 52

A r t i c u l a t i o n  Index F u n c t i o n s

S u b j e c t  J . T .  -  R i gh t  Ear  [ S i m u l a t e d  H ea r ing  Loss!)
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9LBJECTI R. M.

R IG H T  E A R  -  SIM U LA TED  L O S S

FIGURE 53

A r t i c u l a t i o n  Index F u n c t i o n s

S u b j e c t  R.M. -  R i g h t  Ear  [ S i m u l a t e d  H ea r ing  Loss l
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As se en  in a l l  t h e  g raphs#  most o f  t h e  d a t a  p o i n t s

g e n e r a l l y  do no t  f a l l  c l o s e  t o  t h e  r e f e r e n c e  cu rv e  shown. 

However# t h e  d i s t r i b u t i o n  o f  c a l c u l a t e d  A . I .  v a l u e s  i s  

s y s t e m a t i c a l l y  g rouped  by bandwidth# w i th  t h e  A . I .  v a l u e s  

f o r  t h e  w i d e s t  band c o n d i t i o n s  p l a c e d  toward  t h e  r i g h t  of  

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

c o n d i t i o n s  p l a c e d  toward  t h e  l e f t .  The A . I .  v a l u e s  f o r  t h e  

n a r r o w e s t  bands  i n c l u d i n g  LP 700 Hz# BP 700-1400 Hz# BP

1400-2800 Hz and HP 2800 Hz were# as t h e y  s h o u l d  have been#

t h e  low es t  v a l u e s  f o r  each s u b j e c t .  A . I .  v a l u e s  f o r  t h e  

two-band c o m b in a t io n s #  LP 1400 Hz# HP 1400 Hz and BP

700-2800  Hz# were g e n e r a l l y  somewhat c l o s e r  t o  t h e  r e f e r e n c e  

c u r v e .  For  t h e  t h r e e - b a n d  c o m b i n a t i o n s  LP 2800 Hz# HP 700 

Hz and a l s o  t h e  u n f i l t e r e d  sp e e c h  ( a l l  f o u r  bands)# 

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

curve# and f o r  J . G .  and J . T . #  f e l l  below t h e  c u r v e .

For  t h e  n o r m a l l y - h e a r i n g  s u b j e c t s  l i s t e n i n g  in q u i e t #  

c a l c u l a t e d  A . I .  v a l u e s  f e l l  o ve r  most o f  t h e  r an g e  from 

n e a r  z e r o  to  n e a r  u n i t y .  S i g n i f i c a n t l y #  however# f o r  some 

c o n d i t i o n s #  such as  LP 700 Hz and LP 1400 Hz f o r  S u b j e c t s  

J .G .  and J . T . #  t h e  p e r c e n t a g e  c o r r e c t  s c o r e  i n c r e a s e d  even 

though c a l c u l a t e d  A . I .  v a l u e s  changed l i t t l e  w h i l e  f o r  

o t h e r  c o n d i t i o n s  A . I .  i n c r e a s e d  b u t  s c o r e s  changed ver y  

l i t t l e .  These phenomena w i l l  be d i s c u s s e d  in t h e  n e x t  

c h a p t e r .  For  b o t h  J . G .  and J . T . #  t h e  A . I .  v a l u e s  f o r  

u n f i l t e r e d  s p e e c h  f e l l  below t h e  r e f e r e n c e  cu rv e  whereas  f o r
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R.tl .  t h e  v a l u e s  f e l l  above t h e  c u r v e .  For R.M.* homever* 

t h e  p o i n t s  shorn t h e  l e a s t  s c a t t e r  of  t h e  t h r e e  

n o r m a l l y - h e a r i n g  l i s t e n e r s  t e s t e d  in q u i e t  and a l l  a r e  above 

t h e  c u r v e .  For J . G .  t h e  p o i n t s  shout more r e l a t i v e  s c a t t e r *  

uii th s e v e r a l  v a l u e s  f a l l i n g  belom t h e  c u r v e  and f o r  J . T . *  

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

more p o i n t s  f a l l i n g  be lout t h e  c u r v e .  Using t h e  r e f e r e n c e  

cu r v e  t o  p r e d i c t  p e r fo rm an ce  f o r  t h e s e  l i s t e n e r s  u i i l l  

g e n e r a l l y  p r e d i c t  p o o r e r  t h a n  ob se rv e d  per f o r m a nc e  f o r  most 

c o n d i t i o n s *  p a r t i c u l a r l y  t h e  bands of  na r r ou ie s t  and medium 

b a n d m id th s .  For  t h e  rnidest  band c o n d i t i o n s *  p r e d i c t i n g  

p e r fo rm a n c e  u s i n g  t h i s  c u r v e  m i l l  g e n e r a l l y  r e s u l t  in b e t t e r  

pe r f o r m a n c e  t h a n  obse rved*  e s p e c i a l l y  f o r  J .G .  and J . T .

•

In c o n t r a s t  t o  t h e  n o r m a l l y - h e a r i n g  l i s t e n e r s  t e s t e d  in 

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

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

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

t h a n  t h o s e  ob se rv e d  f o r  t h e s e  s u b j e c t s  f o r  n e a r l y  a l l  

c o n d i t i o n s  t e s t e d .  The e x c e p t i o n s  c o n s i s t  of  s e v e r a l  p o i n t s  

f o r  F.G.  mhich l i e  on o r  c l o s e  t o  t h e  c u r v e  and p o i n t s  f o r  

J . G .  mhich l i e  on o r  belom t h e  c u r v e .  In a l l  cases*  t h e s e  

v a l u e s  a r e  f o r  u n f i l t e r e d  speech* LP 1400 Hz and LP 2S00 Hz. 

For T .T .  a l l  p o i n t s  f e l l  s i g n i f i c a n t l y  above t h e  c u r v e  and 

shorn l e s s  s c a t t e r  t h a n  f o r  t h e  o t h e r  l i s t e n e r s .  S in c e  he r  

h e a r i n g  l o s s  mas t h e  most s e v e r e  o f  t h e  s u b j e c t s  t e s t e d *  t h e  

A . I .  v a l u e s  c a l c u l a t e d  mould be e x p e c t e d  t o  be t h e  lo m e s t .
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However* r e l a t i v e  t o  t h e  o t h e r  l i s t e n e r s *  he r  pe r fo rmance  

was g e n e r a l l y  much b e t t e r  th a n  uiould be e x p e c t e d  f o r  t h e  low 

v a l u e s  of  A . I .  c a l c u l a t e d .

The d i s t r i b u t i o n  o f  p e r c e n t a g e  c o r r e c t  v s .  A . I .  

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

n o i s e  t o  s i m u l a t e  h e a r i n g  l o s s  were s i m i l a r  t o  t h e  impa ired  

l i s t e n e r s  in t h a t  most p o i n t s  f e l l  above t h e  r e f e r e n c e  

c u r v e .  However* t h e  r e s u l t s  were no t  a t  a l l  l i k e  th e  

r e s u l t s  of  t h e  h e a r i n g  l o s s e s  th e y  were in te n d e d  to  

s i m u l a t e .  Al though t h e  r a n g e  o f  c a l c u l a t e d  A . I .  v a l u e s  was 

s i m i l a r *  wi th  maximum c a l c u l a t e d  A . I .  values -  on ly  between

0 . 5  and 0.6* i n t e l l i g i b i l i t y  s c o r e s  were s i g n i f i c a n t l y

h i g h e r  t h a n  f o r  s i m i l a r  c o n d i t i o n s  f o r  t h e  impa ired 

l i s t e n e r s *  i n d i c a t i n g  t h a t  A r t i c u l a t i o n  Theory as used in 

t h i s  s t u d y  would s i g n i f i c a n t l y  u n d e r e s t i m a t e  pe r fo rm ance  f o r  

t h e  n o r m a l l y - h e a r i n g  l i s t e n e r s  when t e s t e d  wi th  masking 

n o i s e .  A d e t a i l e d  a n a l y s i s  and d i s c u s s i o n  o f  th e

i m p l i c a t i o n s  of  t h e s e  r e s u l t s  w i l l  be g iv en  in t h e  nex t  

c h a p t e r .
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CHAPTER UII  

DISCUSSION OF RESULTS

INTRODUCTION

This  c h a p t e r  examines  s e v e r a l  a s p e c t s  o f  t h e  d a t a  

p r e s e n t e d  in t h e  p r e v i o u s  c h a p t e r .  F i r s t /  some o b s e r v a t i o n s  

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

Then* t h e s e  r e s u l t s  a r e  compared t o  t h e  r e s u l t s  o f  s e v e r a l  

e a r l i e r  s t u d i e s  in which t h e  i n v e s t i g a t o r s  a l s o  measured t h e  

p e r c e p t i o n  of  f i l t e r e d  speech  in n o r m a l l y - h e a r i n g  and 

h e a r i n g - i m p a i r e d  l i s t e n e r s .  Other  i s s u e s  such  as t h e  

e x i s t e n c e  and impor t an ce  o f  r o l l o v e r  and d i s c o m f o r t  l i m i t s  

a r e  examined.  Also d i s c u s s e d  a r e  s e v e r a l  i s s u e s  r e l a t i n g  to  

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

i n c l u d i n g  an a n a l y s i s  of  t h e  a d d i t i v i t y  and m o n o t o n i c i t y  of

t h e  A . I .  v a l u e s  as t e s t s  of  t h e  c a l c u l a t i o n s  pe r f o rm ed  in
%

t h i s  r e p o r t  and t h e  as su m p t i o n s  o f  t h e  independence  o f  t h e  

band A . I . ' s .  F i n a l l y /  r ecommenda t ions  in cha ng in g  t h e  A . I .  

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

s u g g e s t e d .
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FILTERED SPEECH PERCEPTION

The n o r m a l l y - h e a r i n g  l i s t e n e r s  and t h e  h e a r i n g - i m p a i r e d  

l i s t e n e r s  e x h i b i t e d  s i m i l a r  c h a r a c t e r i s t i c s  in 

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

g e n e r a l l y  i n c r e a s e d  as p r e s e n t a t i o n  l e v e l  i n c r e a s e d  and as 

more s p e c t r a l  i n f o r m a t i o n  became a v a i l a b l e .  However* as 

se en  in t h e  d a t a  in t h e  p r e v i o u s  c h a p t e r *  once maximum 

pe r fo rm a nc e  f o r  a c o n d i t i o n  uias reached*  many i n s t a n c e s  

o c c u r r e d  where p e r f o rm a n c e  d e c r e a s e d  as p r e s e n t a t i o n  l e v e l  

was i n c r e a s e d  f u r t h e r .  Th i s  was t r u e  f o r  bo t h  

n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  s u b j e c t s .  Th i s  

" r o l l o v e r "  e f f e c t  w i l l  be d i s c u s s e d  l a t e r  in t h i s  c h a p t e r .  

At p r e s e n t *  t h e  d i s c u s s i o n  w i l l  f o c u s  on two a s p e c t s  o f  

f i l t e r e d  sp eec h  p e r c e p t i o n  o b s e rv e d  in t h e  d a t a  r e s u l t i n g  

f rom e l i m i n a t i n g  t h e  lowes t  band* LP 700 Hz* or  t h e  h i g h e s t  

band* HP 2800 Hz* or  bo th  a t  t h e  same t i m e .

INFLUENCE OF SPECTRAL COMPONENTS BELOM 700 H2

In normal  s p e ec h  s i g n a l s *  most o f  t h e  en e rg y  i s  

p r i m a r i l y  in low f r e q u e n c i e s .  However* t h i s  r eg io n*  below 

700 Hz in t h i s  s tu dy*  may have n e g a t i v e  i n f l u e n c e s  on 

i n t e l l i g i b i l i t y  t h a t  a r e  most a p p a r e n t  a t  h ig h  p r e s e n t a t i o n  

l e v e l s *  p a r t i c u l a r l y  f o r  l i s t e n e r s  wi th  s e n s o r i n e u r a l  h ig h  

f r e q u e n c y  h e a r i n g  l o s s .  A compar i son  o f  t h e  r e s u l t s  f o r  

c o n d i t i o n s  o f  f i l t e r e d  spe ec h  w i th  and w i t h o u t  t h i s  energy



PAGE 178

f o r  b o th  n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  l i s t e n e r s  

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

For  t h e  n o r m a l l y - h e a r i n g  s u b j e c t s  ( F i g u r e s  12* 13 and

14)* i n t e l l i g i b i l i t y  o f  t h e  HP 700 Hz c o n d i t i o n  a t  loui 

p r e s e n t a t i o n  l e v e l s  was lower t h a n  t h a t  o f  t h e  u n f i l t e r e d  

s p e e c h .  At h ig h  p r e s e n t a t i o n  l e v e l s *  however* 

i n t e l l i g i b i l i t y  s c o r e s  f o r  t h e  HP 700 Hz c o n d i t i o n  were 

eq u a l  or  n e a r l y  eq u a l  t o  t h e  u n f i l t e r e d  s p e e c h .  The same 

was t r u e  when t h e s e  l i s t e n e r s  were t e s t e d  w i t h  masking n o i s e  

t o  s i m u l a t e  h e a r i n g  l o s s .  I t  i s  l i k e l y *  however* t h a t  

be c au se  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  d i g i t a l  f i l t e r s  used 

in t h i s  s tudy*  p a r t  o f  t h e  improvement- in s c o r e s  f o r  t h e  HP 

700 Hz c o n d i t i o n  a t  . h ig h  l e v e l s  r e s u l t e d  f rom some low 

f r e q u e n c y  en e rgy  b e i n g  a u d i b l e  a t  ve r y  h ig h  p r e s e n t a t i o n  

l e v e l s .  The i n f l u e n c e  o f  t h e  en e rg y  below 700 Hz may be 

seen  in compar ing i n t e l l i g i b i l i t y  s c o r e s  f o r  t h e  LP 1400 Hz 

and BP 700-1400 Hz c o n d i t i o n s .  For  t h e  n o r m a l l y - h e a r i n g  

l i s t e n e r s  in q u i e t  and in no i se *  i n t e l l i g i b i l i t y  s c o r e s  f o r  

t h e  LP 1400 Hz c o n d i t i o n  were h i g h e r  t h a n  f o r  BP 700-1400  Hz 

a t  low p r e s e n t a t i o n  l e v e l s .  H ow eve r* .a t  h i g h e r  p r e s e n t a t i o n  

l e v e l s *  pe r fo rm a nc e  f o r  BP 700-1400  Hz was n e a r l y  e q u a l  t o  

LP 1400 Hz i n d i c a t i n g  t h a t  ene rgy  a t  normal  i n t e n s i t y  l e v e l s  

below 700 Hz was n o t  e s s e n t i a l  f o r  r e l a t i v e l y  good speech 

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

i s  a l s o  p o s s i b l e  t h a t  as p r e s e n t a t i o n  l e v e l s  i n c r e a s e  f o r  LP 

1400 Hz* t h e  upward s p r e a d  o f  masking o f  low f r e q e u n c y
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en e rgy  u i i l l  l i m i t  any improvement in i n t e l l i g i b i l i t y .

For  t h e  im pa i r ed  s u b j e c t s #  t h e  e f f e c t  o f  removing 

en erg y  beloui 700 Hz was de pe nden t  on t h e  c o n f i g u r a t i o n  of  

t h e  h e a r i n g  l o s s .  For  l i s t e n e r  F.G.  ( F i g u r e s  15 and 16)# 

who had n e a r l y  normal  h e a r i n g  a t  low f r e q u e n c i e s #  t h e  

p r e s e n c e  o f  t h i s  e n e rg y  in u n f i l t e r e d  spe ech  caused  h i s  

p e r fo rm a n c e  t o  d i m i n i s h  when p r e s e n t e d  a t  normal  and h i g h e r  

l e v e l s  as compared t o  t h e  same p r e s e n t a t i o n  l e v e l s  when t h i s  

en e rgy  was removed by f i l t e r i n g  (or# a t  l e a s t  r e du ce d  t o  

v e r y  low i n t e n s i t i e s  be c au se  o f  t h e  f i l t e r  c h a r a c t e r i s t i c s ) .  

At h ig h  p r e s e n t a t i o n  l e v e l s #  s c o r e s  f o r  bo th  u n f i l t e r e d  

sp e ec h  and LP 2800 Hz f i l t e r e d  speech  were lower t h a n  f o r  HP 

700 Hz and BP 700-2800 Hz f i l t e r e d  s p e e c h .  The e f f e c t  was 

more n o t i c e a b l e  in t h e  l e f t  e a r  which had a g r e a t e r  h igh  

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

I n t e l l i g i b i l i t y  s c o r e s  n e a r l y  eq ua l  t o  t h e  wideband 

sp e ec h  were t h e  r e s u l t  a t  h igh  p r e s e n t a t i o n  l e v e l s  f o r  t h e  

HP 700 Hz and BP 700-2800 Hz c o n d i t i o n s  f o r  measurements  in 

J . G . ' s  impa i r ed  r i g h t  e a r  ( F i g u r e  19) and G .M . ' s  l e f t  e a r  

( F i g u r e  17)# in which t h e  l o s s  was more s t e e p l y  s l o p i n g  in 

t h e  h ig h  f r e q u e n c i e s  th a n  h i s  r i g h t  e a r .  In a d d i t i o n #  f o r  

t h e s e  l i s t e n e r s #  when t h e  LP 700 Hz band was added t o  BP 

700-1400 Hz t o  p r od uce  LP 1400 Hz# i n t e l l i g i b i l i t y  f o r  t h e  

LP 1400 Hz f i l t e r e d  spe ech  was h i g h e r  t h a n  BP 700-1400 Hz a t  

low i n t e n s i t i e s .  As p r e s e n t a t i o n  l e v e l  i n c r e a s e d #
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d i f f e r e n c e s  between s c o r e s  f o r  LP 1400 Hz and BP 700-1400 Hz

d i m i n i s h e d  and a t  t h e  h i g h e s t  t e s t e d  l e v e l s  were n e a r l y

e q u a l  f o r  each s u b j e c t .  For  l i s t e n e r  T.T.  ( F i g u r e  20)and 

t h e  r i g h t  e a r  o f  G.M. ( F i g u r e  18)# which have f l a t t e r

h e a r i n g  l o s s e s #  t h e  r e s u l t s  were more l i k e  t h o s e  of  t h e  

normal  l i s t e n e r s  t e s t e d  in q u i e t  and in n o i s e .  In t h e s e  

l i s t e n e r s #  removing low f r e q u e n c y  energy  d id  no t  r e s u l t  in, 

t h e  d e g r e e  o f  improved p er fo rm a n ce  r e l a t i v e  t o  t h o s e  

c o n d i t i o n s  which c o n t a i n  t h i s  i n f o r m a t i o n  as i t  d id  f o r  t h e  

n o r m a l l y - h e a r i n g  l i s t n e r s  o r  l i s t e n e r s  wi th  s l o p i n g  l o s s e s .  

However# s c o r e s  f o r  LP 1400 v s .  BP 700-1400 were much 

c l o s e r  a t  h igh  p r e s e n t a t i o n  l e v e l s #  as t h e y  were f o r  t h e  

s l o p i n g  l o s s  s u b j e c t s  j u s t  c i t e d .

A p o s s i b l e  ca us e  of  t h e  e f f e c t s  ob se rve d  f o r  t h e  LP 700 

Hz band i s  t h e  upward s p r e a d  o f  masking (French  and 

S t e i n b e r g #  1947; B i l g e r  and Hi r sh# 1956# Kry t e r#  1962a)  of  

r e l a t i v e l y  i n t e n s e  low f r e q u e n c y  vowel en e rg y  a t  h ig h

p r e s e n t a t i o n  l e v e l s .  Th i s  may t e n d  t o  re d u c e  

i n t e l l i g i b i l i t y  f o r  l i s t e n e r s  wi th  s l o p i n g  h ig h  f r e q u e n c y  

h e a r i n g  l o s s .  As s e e n  in  t h e  r e s u l t s  of  F.G.  in F i g u r e s  15 

and 16# s i g n i f i c a n t  improvements  in pe r f o r m a nc e  r e s u l t e d  

when i n f o r m a t i o n  below 700 Hz uias removed by low-pass  

f i l t e r i n g #  e s p e c i a l l y  in  h i s  l e f t  e a r  which s u f f e r e d  from a 

somewhat g r e a t e r  h ig h  f r e q u e n c y  h e a r i n g  l o s s  t h a n  h i s  r i g h t  

e a r .  The f a c t  t h a t  some low f r e q u e n c y  ene rgy  may be p r e s e n t  

in  h i g h - p a s s  f i l t e r e d  c o n d i t i o n s  such  as HP 700 Hz and BP
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700-2800  Hz a l s o  s h o u l d  no t  be f o r g o t t e n *  however .  S ince  

i t s  i n t e n s i t y  i s  g r e a t l y  reduced* t h e  s p r e a d  of  masking 

utould be r edu ced  o r  e l i m i n a t e d .  o t h e r  r e s e a r c h e r s  have 

shouin t h a t  low f r e q u e n c y  energy  a t  low i n t e n s i t i e s  may 

c o n t r i b u t e  t o  i n t e l l i g i b i l i t y  ( e . g . *  F r a n k l i n *  1969 and 

1975; R o s e n th a l  e t a ”! . *  1975) .  The r e s u l t s  of  t h i s  s t u d y  

a re  c o n s i s t e n t  wi th  t h e  f i n d i n g s  o f  t h e s e  i n v e s t i g a t o r s .

INFLUENCE OF SPECTRAL COMPONENTS ABOUE 2800 HZ

As t h e  low f r e q u e n c y  r e g i o n  c o n t a i n s  most o f  t h e  energy  

in a normal  speech  s i g n a l *  so* i t  i s  g e n e r a l l y  r e g a r d e d  t h a t  

t h e  h i g h e r  f r e q u e n c y  r e g i o n  c o n t a i n s  most of  t h e  

i n t e  11i g i b i 1 i t y  i n f o r m a t i o n .  Where t h a t  r e g i o n  s p e c i f i c a l l y  

l i e s  i s  p a r t i a l l y  a d d r e s s e d  by examining  t h e  r e s u l t s  

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

r e g i o n  t e s t e d  in t h i s  s tudy* from 2800 Hz t o  4500 Hz. S ince  

4500 Hz was t h e  a b s o l u t e  upper  l i m i t  of  t h e  speech  s i g n a l s  

used* t h e  c o n t r i b u t i o n s  of  en e rgy  beyond t h i s  f r e q u e n c y  

c a n n o t  be d e t e r m i n e d  f rom t h e s e  d a t a .

For  t h e  n o r m a l l y - h e a r i n g  l i s t e n e r s *  F i g u r e s  12* 13 and 

14* improved i n t e l l i g i b i l i t y  r e s u l t e d  f o r  t h e  u n f i l t e r e d  

spe ech  and HP 700 Hz c o n d i t i o n s  as  compared t o  t h e  LP 2800 

Hz and BP 700-2800 Hz c o n d i t i o n s .  When t h e s e  l i s t e n e r s  were 

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

( F i g u r e s  21* 22 and 23)* t h e  i n c l u s i o n  of  t h e  HP 2800 Hz
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band a l s o  improved i n t e l 1 i g i b i 1 i ty#  bu t  n o t  t o  t h e  de g re e  

obs e rv ed  f o r  t h e  t e s t s  in q u i e t .  The o b s e rv e d  r e s u l t s  f o r  

HP 1400 Hz f i l t e r e d  s p e e c h /  whicn# in e f f e c t /  c o n s i s t s  of  

adding HP 2800 Hz t o  BP 1400-2800 Hz/ were a l s o  h i g h e r  f o r  

t h e  tuider band c o n d i t i o n  f o r  t h e  t e s t s  bo th  in q u i e t  and in 

n o i s e .  For  normal  l i s t e n e r  J . G . /  however/  t h e  improvement 

in q u i e t  uias no t  a s  g r e a t  as f o r  t h e  o t h e r  two normal 

l i s t e n e r s ;  and in n o i s e /  t h e r e  was no o b s e r v a b l e  d i f f e r e n c e  

in h e r  s c o r e s  f o r  t h e s e  two c o n d i t i o n s .  S c o r e s  f o r  J .G .  

and J . T .  f o r  t h e  HP 2800 Hz c o n d i t i o n  when t e s t e d  in n o i s e  

a t  t h e  h i g h e s t  p r e s e n t a t i o n  l e v e l s #  however# were h i g h e r  

t h a n  when t e s t e d  in  q u i e t .  T h i s  may have been due t o  t h e  

energy  below t h e  2800 Hz c u t o f f  becoming a u d i b l e  a t  t h e  h igh  

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

For. t h e  h e a r i n g - i m p a i r e d  l i s t e n e r s #  t h e  im por tance  of  

t h e  HP 2800 Hz band was de p e n d e n t  on t h e  s u b j e c t s '  h e a r i n g  

l o s s  c o n f i g u r a t i o n .  For  t h e  s u b j e c t s  w i t h  h igh  f r e q u e n c y  

s l o p i n g  l o s s e s #  F.G.  ( F i g u r e s  15 and 16)# J . G .  ( F i g u r e  19) 

and th e  l e f t  e a r  o f  S u b j e c t  G.M. ( F i g u r e  17)# no 

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

between HP 700 Hz and BP 700-2800 Hz. For t h e  s u b j e c t s  

whose l o s s e s  were f l a t t e r #  T.T.  ( F i g u r e  20) and G .M . ' s  

r i g h t  e a r  ( F i g u r e  18)# adding t h e  HP 2800 Hz band t o  BP 

700-2800 Hz r e s u l t e d  in h i g h e r  r e l a t i v e  i n t e l l g i b i 1 i t y  

s c o r e s  a t  low and mode ra te  p r e s e n t a t i o n  l e v e l s .  At t h e
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h i g h e s t  t e s t e d  l e v e l s  f o r  t h e s e  tuio s u b j e c t s /  however/  t h e r e  

were v i r t u a l l y  no d i f f e r e n c e s  between s c o r e s  f o r  any o f  t h e  

f o u r  c o n d i t i o n s :  u n f i l t e r e d /  LP 2800 Hz/ HP 700 Hz and BP

700-2800  Hz. When HP 1400 Hz and BP 1400-2800 Hz are  

compared/  t h e  a d d i t i o n  o f  t h e  I n f o r m a t i o n  above 2800 Hz made 

l i t t l e  or  no d i f f e r e n c e  in i n t e l l i g i b i l i t y  s c o r e  f o r  any of  

t h e  s u b j e c t s  wi th  t h e  e x c e p t i o n  of  T.T.  Even though  she 

d e s c r i b e d  t h e  HP 2800 Hz c o n d i t i o n  as  d i f f i c u l t  t o  h e a r  by 

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

HP 1400 Hz c o n d i t i o n  a t  lower p r e s e n t a t i o n  l e v e l s  th a n  f o r  

t h e  BP 1400-2800 Hz c o n d i t i o n  p a r t i c u l a r l y  a t  t h e  lower 

p r e s e n t a t i o n  l e v e l s .  At t h e  h i g h e s t  l e v e l s  t e s t e d /  however/  

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

1400 Hz were s t i l l  h i g h e r .  None o f  t h e  s u b j e c t s  had h igh  

s c o r e s  f o r  t h e  HP 2800 Hz c o n d i t i o n  a l o n e /  a l t h o u g h  r . G .  

d id  b e t t e r  t h a n  t h e  o t h e r s .  However/ b ec au se  of  h i s  b e t t e r  

low f r e q u e n c y  h e a r i n g /  he may have hea rd  some low l e v e l  

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

h ig h  i n t e n s i t i e s .

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

band c o n d i t i o n s  LP 700 Hz/ BP 700-1400 Hz and HP 2800 Hz 

were t h e  lowes t  s c o r i n g  c o n d i t i o n s  f o r  a l l  s u b j e c t s  under  

a l l  t e s t  c o n d i t i o n s .  S co r es  f o r  t h e  f o u r t h  c o n d i t i o n /  BP 

1400-2800 Hz/ were h i g h e r  t h a n  t h e s e  e x c e p t  f o r  S u b j e c t  

T . T . /  who d id  b e t t e r  on t h e  BP 700-1400 Hz c o n d i t i o n .
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These r e s u l t s  shoui t h a t  i f  t h e  p r e s e n t a t i o n  l e v e l  i s  

s u f f i c i e n t l y  high# t h e  up p er  and lower ex t r e me s  o f  t h e  

a v a i l a b l e  speech  bandui idth were n o t  e s s e n t i a l  f o r  good 

speech  i n t e l l i g i b i l i t y  o f  t h e  t e s t  m a t e r i a l s  used in t h i s  

s t u d y  f o r  any o f  t h e  l i s t e n e r s  t e s t e d .  However# removing 

i n f o r m a t i o n  below 780 Hz had a l e s s e r  e f f e c t  on r e d u c i n g  

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

i n f o r m a t i o n  above 2800 Hz. I t  a l s o  seems a p p a r e n t  f rom 

t h e s e  r e s u l t s  t h a t  t h e  band from 1400-2800 Hz c o n t r i b u t e s  

t h e  major  p o r t i o n  of  t h e  i n t e l l i g i b i l i t y  o f  t h e  CU s y l l a b l e s
s

used in t h e  p r e s e n t  r e s e a r c h .  The r e s u l t s  of  t h e  

e x p e r i m e n t s  wi th  n o r m a l l y - h e a r i n g  l i s t e n e r s  t e s t e d  wi th  

s i m u l a t e d  h e a r i n g  l o s s  show t h a t  un de r  t h e s e  two f i l t e r  

c o n d i t i o n s  t h e y  p e r fo rm e d  s i m i l a r l y  t o  t h e  l i s t e n e r s  wi th  

f l a t  s e n s o r i n e u r a l  h e a r i n g  l o s s  t h a n  t o  l i s t e n e r s  whose 

h e a r i n g  l o s s  was p r e d o m i n a n t l y  in t h e  h i g h e r  f r e q u e n c i e s .
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COMPARISON OF PRESENT DATA TO PREVIOUS STUDIES

In C ha p te r  I I /  s e v e r a l  p a p e r s  were examined in which 

t h e  i n v e s t i g a t o r s  measured t h e  i n t e l l i g i b i l i t y  of  f i l t e r e d  

spe ec h  in bo th  n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  

l i s t e n e r s  in a v a r i e t y  o f  l i s t e n i n g  c o n d i t i o n s .  Mhile none 

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

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

s p e e c h /  i t  i s  i n s t r u c t i v e  t o  compare some of  t h e i r  r e s u l t s  

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

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

r e s t r i c t e d  sp e ec h  in bo th  n o r m a l l y - h e a r i n g  and 

h e a r i n g - i m p a i r e d  l i s t e n e r s .  The e a r l i e s t  d e t a i l e d  

i n v e s t i g a t i o n s  were t h o s e  pe r fo rmed  a t  B e l l  Telephone 

L a b o r a t o r i e s  in t h e  l a t e  1920'S/ and r e p o r t e d  by F l e t c h e r

(1929). French  and S t e i n b e r g  (1947) summarized t h i s  and 

l a t e r  e f f o r t s  t o  u n d e r s t a n d  t h e  f a c t o r s  a s s o c i a t e d  wi th  

sp e ec h  i n t e l l i g i b i l i t y .  T h e i r  r e p o r t  w i l l  be examined

f i r s t .

COMPARISON OF NORMAL LISTENERS TO FRENCH & STEINBERG

S i n c e  t h e  d a t a  r e p o r t e d  by French  and S t e i n b e r g  (1947) 

ar e  o f t e n  c o n s i d e r e d  t o  be r e p r e s e n t a t i v e  o f  t h e  pe r f o rm an ce  

o f  n o r m a l l y - h e a r i n g  s u b j e c t s  l i s t e n i n g  t o  f i l t e r e d  s pe ec h /  

i t  was o f  i n t e r e s t  t o  make d i r e c t  co m par i s ons  of  t h e  r e s u l t s  

o f  t h i s  s t u d y  wi th  t h e i r  r e s u l t s .  For  t h i s  com par i s on /  t h e
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r e s u l t s  -for J .G .  and J . T .  were combined s i n c e  t h e y  uiere 

n o r m a l l y - h e a r i n g  young l i s t e n e r s .  The P e r f o r m a n c e - I n t e n s i t y  

(P.. I . )  c u r v e s  f o r  t h e i r  combined r e s u l t s  a r e  shown in F i g u r e  

54.  The d a t a  f o r  t h e s e  f u n c t i o n s  a r e  in Appendix E. 

F i g u r e s  55 and 56 r e p r o d u c e  t h e  c u r v e s  of  F rench and 

S t e i n b e r g  f o r  t h e  f i l t e r e d  c o n d i t i o n s  c l o s e s t  t o  t h o s e  

t e s t e d  in t h i s  s t u d y  a long wi th  t h e  p r e s e n t  d a t a  r e p i o t t e d  

f rom F i g u r e  54 t o  .al low easy  co m p a r i s o n s  o f  t h e  d a t a .  

F i g u r e  55 compares  low p a s s  c o n d i t i o n s ;  F i g u r e  56 compares  

h ig h  p a s s  c o n d i t i o n s .  F rench  and S t e i n b e r g  o r i g i n a l l y  

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

c o n d i t i o n .  T h i s  was. c o n v e r t e d  to  sound p r e s s u r e  l e v e l  by 

assuming t h a t  0 dB o r t h o t e l e p h o n i c  g a i n  e q u a l s  65 dB SPL.

In F i g u r e  55# f o u r  o f  French  and S t e i n b e r g ' s  low-pass  

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

p r e s e n t  lo w - pa ss  c o n d i t i o n s  and t h e  " u n f i l t e r e d "  spe ech  

c o n d i t i o n .  The q u o t a t i o n s  marks h e r e  r e f e r  t o  t h e  f a c t  t h e  

t h e  u n f i l t e r e d  c o n d i t i o n  i s  a c t u a l l y  lo w - pa ss  f i l t e r e d  a t  

4500 Hz. Thus# t h e  u n f i l t e r e d  sp e e c h  may be compared t o  

French and S t e i n b e r g ' s  low-pass  4500 Hz c o n d i t i o n .
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P erfo rm an ce  -  In t e n s i t y  F u n c tio n s

Combined R e s u lts #  J .G . and J .T .  C N o rm a lly -H e a r in g ]
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Per fo rmance  -  I n t e n s i t y  F u n c t i o n s  

Combined R e s u l t s *  J . G .  and J . T .  

Compared t o  French  and S t e i n b e r g  Data  

Loui-Pass F i l t e r e d  Speech
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Per fo rmance  -  I n t e n s i t y  F u n c t i o n s  

Combined R e s u l t s *  J . G .  and J . T .  

Compared t o  French  and S t e i n b e r g  Data  

H i g h - P a s s  F i l t e r e d  Speech
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In compar ing t h e  p r e s e n t  u n f i l t e r e d  c o n d i t i o n  t o  French  

and S t e i n b e r g ' s  LP 4500 Hz* one n o t e s  t h a t  maximum 

p e r fo rm a n c e  uias n e a r l y  equa l  and t h a t  i t  o c c u r r e d  a t  

a p p r o x i m a t e l y  t h e  same l e v e l .  However* as l e v e l  d e c r e a s e d *  

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

t h a n  f o r  F rench and S t e i n b e r g .  The d i f f e r e n c e s  between t h e  

p r e s e n t  wideband d a t a  and t h o s e  o f  F rench  and S t e i n b e r g  a r e  

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

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

Al though t h e  p r e s e n t a t i o n  l e v e l s  used in t h i s  e x p e r i m e n t  

were c a l i b r a t e d  r e l a t i v e  t o  f r e e  f i e l d  sound p r e s s u r e  

l e v e l s *  t h e r e *  n e v e r t h e l e s s *  a p p e a r s  t o  be a s y s t e m a t i c  

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

used in t h i s  s t u d y  and t h e  l e v e l s  i n d i c a t e d  by Fre nch  and 

S t e i n b e r g .

R e t u r n i n g  t o  F i g u r e  55* one a l s o  o b s e r v e s  d i f f e r e n c e s  

in p e r fo rm a n ce  f o r  t h e  LP 2800 Hz and French  and S t e i n b e r g ' s  

LP 2850 Hz c o n d i t i o n s  s i m i l a r  t o  t h e  wider  band c o n d i t i o n s .  

F rench  and S t e i n b e r g ' s  r e p o r t e d  s c o r e s  a r e  g e n e r a l l y  h i g h e r  

t h a n  t h o s e  o b t a i n e d  in t h i s  s t u d y .  Again* t h e r e  a p p e a r s  t o  

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

s i n c e  t h e  s l o p e s  o f  t h e  c u r v e s  a r e  s i m i l a r .  However* f o r  

t h e  lo w -pas s  1400/1500 Hz and low -p ass  70 0 /7 50  Hz 

c o n d i t i o n s *  s c o r e s  ac h ie v e d  by t h e  l i s t e n e r s  in t h i s  s t u d y  

were s i g n i f i c a n t l y  h i g h e r  t h a n  French and S t e i n b e r g *  even 

though  t h e  c u t o f f  f r e q u e n c i e s  were s l i g h t l y  lower  and t h e
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f i l t e r  s k i r t s  s i g n i f i c a n t l y  s t e e p e r .

H i g h - p a s s  f i l t e r  c o n d i t i o n s  a r e  compared in F i g u r e  56.  

F rench  and S t e i n b e r g ' s  s c o r e s  a r e  h i g h e r  f o r  t h e  HP 700/750  

Hz and HP 1400/1500 Hz c o n d i t i o n s .  As f o r  t h e  low pa s s  

ca ses #  t h e r e  a p p e a r s  t o  be a s y s t e m a t i c  l e v e l  d i f f e r e n c e  

s i n c e  t h e  s l o p e s  o f  t h e  P . I .  f u n c t i o n s  a r e  s i m i l a r .  For HP 

2800 Hz# however# s c o r e s  in t h e  p r e s e n t  s t u d y  were h i g h e r  

and i n c r e a s e d  above 80 dB SPL. Th is  i s  most l i k e l y  due t o  

low f r e q u e n c y  en e r g y  becoming a u d i b l e  a t  v e r y  h igh  

p r e s e n t a t i o n  l e v e l s .  As n o t e d  e a r l i e r #  d i g i t a l  f i l t e r s  do 

n o t  a t t e n u a t e  t h e  s i g n a l  p r o g r e s s i v e l y #  b u t  p a s s  en e rgy  in 

t h e  " s t o p  band" a t  a f i n i t e  a t t e n u a t i o n  l e v e l  d e t e r m i n e d  by 

t h e  f i l t e r  s p e c i f i c a t i o n s .  These f i l t e r s  had a s t o p  band 

a t t e n u a t i o n  o f  a p p r o x i m a t e l y  60 dB, Th er e f o re #  a t  100 dB 

SPL p r e s e n t a t i o n  l e v e l #  some vowel en e rgy  may have been 

p r e s e n t  a t  40 dB SPL.

D i f f e r e n c e s  be tween  t h e  r e s u l t s  o f  t h i s  s t u d y  and 

French  and S t e i n b e r g  may be a t t r i b u t a b l e  t o  s e v e r a l  f a c t o r s .  

These i n c l u d e  d i f f e r e n c e s  in p r o c e d u r e s #  spe ech  l e v e l s  

sp e ec h  m a t e r i a l s #  s u b j e c t  and t a l k e r  d i f f e r e n c e s #  f i l t e r  

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

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

sp e ec h  m a t e r i a l s  and t h e  t r a i n i n g  and r e s p o n s e  manner of  t h e  

s u b j e c t s .  For  t h e  French  and S t e i n b e r g  r e p o r t #  t h e  s u b j e c t s  

h e a r d  t h e  s p e ec h  s i g n a l s  r e a d  by n a t u r a l  v o i c e s  over  a
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s i m u l a t e d  t e l e p h o n e  l i n k .  They r es pond e d  v e r b a l l y  o r  uirote 

t h e  r e s p o n s e s  from a v i r t u a l l y  u n l i m i t e d  r e s p o n s e  s e t .  In 

t h e  p r e s e n t  s t u d y /  t h e  s u b j e c t s '  r e s p o n s e s  uiere r e s t r i c t e d  

t o  t h e  72 p o s s i b l e  c h o i c e s  of  t h e  u t t e r a n c e .  Th i s  l i m i t e d  

r e s p o n s e  s e t  may ac cou nt  f o r  t h e  r e l a t i v e l y  h i g h e r  

pe r fo rmance1 s c o r e s  a c h ie v e d  by t h e  l i s t e n e r s  in  t h i s  s tu d y  

f o r  t h e  more d i f f i c u l t  f i l t e r e d  s p e ec h  c o n d i t i o n s  such  as LP 

700 Hz and HP 2800 Hz.

In French  and S t e i n b e r g ' s  r e p o r t *  s p e e c h  l e v e l s  a re  

s p e c i f i e d  in dB r e f e r r e d  t o  t h e  " o r t h o t e l e p h o n i c  c o n d i t i o n . "  

The "0 dB" o r t h o t e l e p h o n i c  c o n d i t i o n  has  been assumed t o  be 

65 dB sound p r e s s u r e  l e v e l .  However* t h i s  a s su m pt io n  i s  

based  on av erag ed  d a t a  ove r  many t a l k e r s .  I t  i s  p o s s i b l e  

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

by French and S t e i n b e r g *  t h e  spe ech  l e v e l  a t  0 dB 

o r t h o t e l e p h o n i c  g a i n  was n o t  65 dB. These i n d i v i d u a l  

d i f f e r e n c e s  co u l d  a c co un t  f o r  some of  t h e  s h i f t  in t h e  

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

between t h e i r  d a t a  and t h o s e  o f  t h e  p r e s e n t  r e p o r t .

S in c e  h igh  q u a l i t y  aud io  s i g n a l  s t o r a g e  media  such as 

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

r e p o r t e d  by French and S t e i n b e r g *  a l l  m a t e r i a l  was u t t e r e d  

on t h e  s p o t .  In  t h e  p r e s e n t  s tudy* a l l  f i l t e r e d  u t t e r a n c e s  

were d e r i v e d  f rom t h e  same s e t  of  speech  sa mp les  and s t o r e d  

in d i g i t a l  form on a com pute r .  Al though p r e c a u t i o n s  were
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t a k e n  t o  av o i d  h a v i n g  t h e  l i s t e n e r s  remember any p a r t i c u l a r  

u t t e r a n c e  o r  s e t  o f  u t t e r a n c e s *  t h e  f a c t  t h a t  t h e  same 

u t t e r a n c e s  uiere used r e p e a t e d l y  no doubt  ac c o u n te d  f o r  some 

of  t h e  d i f f e r e n c e s  between t h e  r e s u l t s .  In a d d i t i o n *  s i n c e  

t h e  s u b j e c t s  in t h i s  s t u d y  were t r a i n e d  e x t e n s i v e l y  on each 

c o n d i t i o n *  as  shown by M i lner  (1973)* p e r f o rm a n ce  l e v e l s  

would be e x p e c t e d  t o  be h i g h e r  t h a n  when s u b j e c t s  were g iven 

l e s s  r i g o r o u s  t r a i n i n g *  u n l e s s  t e s t i n g  c o n t i n u e d  ov er  a long 

p e r i o d  of  t im e  wi th  t h e  same s u b j e c t s .

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

somewhat f o r  t h e  h i g h e r  s c o r e s  in t h e  LP 700 Hz and LP 1400 

Hz c o n d i t i o n s . o f  t h i s  . .study as . .compared t o  French .and 

S t e i n b e r g .  The s e t  o f  CU's employed f o r  t h i s  s t u d y  used 

on ly  t h r e e  vowels  e n v i ro n m e n t s  / a / *  / i *  and / u / .  The

l i s t e n e r s  a l s o  had t o  choose  one c o n s o n a n t  o u t  of  24 to  

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

S t e i n b e r g ' s  s u b j e c t s  l i s t e n e d *  however* t o  CUC's in an open 

r e s p o n s e  format*  and t h e r e f o r e *  had much lower  a. o r i o r i  

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

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

c o n s o n a n t s  a re  u s u a l l y  lower t h a n  f o r  i n i t i a l  c o n s o n a n t s  

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

i n t e l l i g i b i l i t y  s c o r e .

D i f f e r i n g  f i l t e r  c h a r a c t e r i s t i c s  were p a r t l y  

r e s p o n s i b l e  f o r  d i f f e r e n c e s  between t h e  p r e s e n t  s t u d y  and
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French and S t e i n b e r g  in t h e  r e s u l t s  f o r  t h e  h igh  p a s s  f i l t e r  

c o n d i t i o n s .  The d i g i t a l  f i l t e r s  used in t h i s  s t u d y  had 

e x t r e m e l y  s h a rp  s l o p e s .  S in ce  d i g i t a l  f i l t e r s  a t t e n u a t e  

l i n e a r l y  as a f u n c t i o n  of  f r e q u e n c y  r a t h e r  th a n  

l o g a r i t h m i c a l l y ^  t h e  s l o p e  c h a r a c t e r i s t i c s  a re  d i f f e r e n t  as 

w e l l .  The e q u i v a l e n t  a t t e n u a t i o n  r a t e s  range d  from about  

100 dB / o c ta v e  t o  abo u t  800 d B / o c t a v e .  F rench and S t e i n b e r g  

used s t a n d a r d  an a lo g  f i l t e r s  whose s l o p e s  were u n s p e c i f i e d /  

b u t  no t  l i k e l y  as  s t e e p  as t h e  100 d B / o c t a v e  o f  t h e  

s h a l l o w e s t  d i g i t a l  f i l t e r .  In a d d i t i o n  t o  t h e  d i g i t a l  

f i l t e r s /  a 4500 Hz a n t i - a l i a s i n g  f i l t e r  was used t h a t  had a 

c u t o f f  s l o p e  o f  a p p r o x i m a t e l y  120 d B / o c t a v e .  As C a s t l e  

(1963) a n d P a l v a - (1965)  o b s e r v e d /  t h e  s l o p e s  o f  t h e  f i l t e r  

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

s p e e c h .  At t h e  h i g h e r  p r e s e n t a t i o n  l e v e l s /  t h e  f i n i t e

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

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

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

i s  t h e  absence  o f  ph ase  d i s t o r t i o n .  Th i s  may a l s o  have had 

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

improve s c o r e s  r e l a t i v e  t o  s i m i l a r  an a lo g  f i l t e r s  where 

phase  d i s t o r t i o n  may be s i g n i f i c a n t .

T a l k e r  v a r i a t i o n  may have a l s o  ac c o u n te d  f o r  

p e r fo rm a n ce  d i f f e r e n c e s  between t h e  s t u d i e s .  The t a l k e r s  

used in t h i s  s t u d y  were n o t  " t r a i n e d "  t a l k e r s  in t h e  s e n s e  

o f  hav i ng  p r o f e s s i o n a l l y  t r a i n e d  v o i c e s /  as have been used
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in many s t u d i e s  o f  sp e e c h  p e r c e p t i o n .  In f a c t /  t h e  

p r e c i s i o n  o f  t h e s e  t a l k e r s  in r e c i t i n g  some o f  t h e  CU 

s y l l a b l e s  used  h e r e  uias/ on o c c a s i o n /  q u i t e  p o o r .  Ev idence 

f o r  t h i s  i s  t h e  f a c t  t h a t  no n o r m a l l y - h e a r i n g  l i s t e n e r  

a c h i e v e d  100 p e r c e n t  i n t e l l i g i b i l i t y  f o r  t h e  4500 Hz 

(wideband)  s p e ec h  c o n d i t i o n .  For  t h e  d a t a  r e p o r t e d  by

French  and S t e i n b e r g /  p r o f e s s i o n a l l y  t r a i n e d  t a l k e r s  uiere 

n o t  u s e d /  e i t h e r .  However/ t h e y  d id  us e  t h e i r  l i s t e n i n g  

crews as b o t h  t a l k e r s  and l i s t e n e r s  ( o r  as F l e t c h e r  (1929) 

r e f e r r e d  t o  them/ " c a l l e r s  and o b s e r v e r s " ) .  That  i s /  f o r  a 

s e r i e s  o f  a r t i c u l a t i o n  t e s t s /  each member o f  t h e  crew s e r v e d  

as  bo th  l i s t e n e r  and t a l k e r /  g i v i n g  t h e s e  s u b j e c t s  an

ad v a n ta g e  in f a m i l i a r i t y  of  . v o ic e s  and s p e a k i n g  manner isms 

t h a t  was no t  a v a i l a b l e  t o  t h e  s u b j e c t s  used h e r e .  Thus f o r  

t h e i r  l i s t e n e r s /  F rench and S t e i n b e r g ' s  t a l k e r s  were 

p r o b a b l y  more i n t e l l i g i b l e  f o r  comparab le  c o n d i t i o n s  of  

sp e ec h  d e g r a d a t i o n  t h a n  f o r  t h e  t a l k e r s  and l i s t e n e r s  used 

in t h i s  s t u d y .

For  t h e  spe ech  m a t e r i a l s  used in t h i s  s t u d y /  Each of  

t h e  f o u r  t a l k e r s  spoke each CU s y l l a b l e  t h r e e  t i m e s .  

Obvious d i f f e r e n c e s  in t h e  same CU spoken by t h e  d i f f e r e n t  

t a l k e r s  were o b s e r v e d .  To b a l a n c e  o u t  t h i s  e f f e c t /  each

t r a i n i n g  run  i n c l u d e d  two u t t e r a n c e s  and s u b s e q u e n t

i d e n t i f i c a t i o n  r u n s  used  t h e  t h i r d  u t t e r a n c e  n o t  he a rd  

d u r i n g  t r a i n i n g .  L a t e r  i d e n t i f i c a t i o n  r u n s  used  one o f  t h e  

t h r e e  u t t e r a n c e s  b u t  p r e s e n t e d  in a random o r d e r  t o  avoid
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m e m o r i z a t io n .  As seen  in Appendix E# t h e  s t a n d a r d

d e v i a t i o n s  a c r o s s  t a l k e r s  f o r  many of  t h e  p o i n t s  uiere q u i t e  

h i g h .  Th i s  meant t h a t  f o r  a p a r t i c u l a r  l e v e l  and f i l t e r  

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

d e p e n d e n t .  No s p e c i f i c  p a t t e r n  o f  i n d i v i d u a l  t a l k e r  

v a r i a b i l i t y  was o b s e r v e d /  however/  nor  was any p a t t e r n  c l e a r  

by g rou p in g  male v s .  f e m a l e .  For  any g iv en  f i l t e r

c o n d i t i o n /  t h e  t a l k e r  h a v i n g - t h e  h i g h e s t  p e r c e n t a g e  c o r r e c t  

s c o r e  a t  one p r e s e n t a t i o n  l e v e l  was no t  n e c e s s a r i l y  t h e  same 

t a l k e r  or  t h e  same sex  of  t a l k e r  a t  o t h e r  p r e s e n t a t i o n
s

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

Another  s o u r c e  of  v a r i a t i o n  r e s u l t e d  f rom t h e  

s p e c i f i c a t i o n  and c o n t r o l  o f  sp e ec h  l e v e l s .  In t h i s  s t u d y /  

t h e  u n f i l t e r e d  CU's were n o r m a l i z e d  t o  eq u a l  vowel RMS 

l e v e l s .  I t  i s  no t  l i k e l y  t h a t  any l e v e l  c o n t r o l  was used in 

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

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

m a i n t a i n  a u n i f o rm  s p e a k i n g  l e v e l .  These d i f f e r e n c e s  l i k e l y  

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

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

d i s a g r e e m e n t  in p r e s e n t a t i o n  l e v e l s  and s t e e p n e s s  o f  t h e  

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

r e s u l t s  from t h e  way in which spe ech  p r e s e n t a t i o n  l e v e l s  

were d e t e r m i n e d .
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OTHER STUDIES OF FILTERED SPEECH PERCEPTION

One d i f f i c u l t y  in making co m pa r i so ns  o f  t h i s  r e s e a r c h  

t o  o t h e r  s t u d i e s  i s  t h e  f a c t  t h a t  most o t h e r  s t u d i e s  of  

f i l t e r e d  spe ech  p e r c e p t i o n  c o n s i s t e d  of  e x p e r i m e n t s  a t  one 

t e s t  l e v e l .  Uery feui i n v e s t i g a t o r s  t e s t e d  s u b j e c t s  over  a 

wide r a n g e  of  i n t e n s i t i e s *  and none e v a l u a t e d  both

n o r m a l l y - h e a r i n g  and h e a r i n g - i m p a i r e d  l i s t e n e r s  under  

i d e n t i c a l  t r a i n i n g - a n d  t e s t  c o n d i t i o n s .  Another  p rob lem i s  

t h a t  w i t h  one e x c e p t i o n *  s p e ec h  m a t e r i a l s  used by th e

i n v e s t i g a t o r s  d i f f e r e d  c o n s i d e r a b l y  f rom t h o s e  of  th e  

p r e s e n t  s t u d y .  Of t h o s e  t h a t  t e s t e d  a r a n g e  o f  i n t e n s i t i e s *  

p r i m a r i l y  French and S t e i n b e r g *  j u s t  d i s c u s s e d *  and P o l l a c k  

(1948)  have r e l e v a n c e  to  t h i s  r e s e a r c h .  P o l l a c k ' s  s t u d y  can 

be compared t o  t h e  r e s u l t s  o b t a i n e d  h e r e  wi th  t h e  

n o r m a l l y - h e a r i n g  l i s t e n e r s  t e s t e d  wi t h  masking n o i s e  to  

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

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

l i s t e n e r s  wi th  s e v e r a l  h i g h - p a s s  and low-pass  f i l t e r e d

sp e ec h  c o n d i t i o n s  in t h e  p r e s e n c e  of  a c o n s t a n t  i n t e n s i t y  

w h i t e  n o i s e  s i g n a l .  The- n o i s e  l e v e l  was abou t  81 dB SPL* 

much more i n t e n s e  t h a n  t h e  maskers  used in t h e  p r e s e n t  s t u d y  

which ave ra ge d  abou t  65 t o  70 dB SPL. At t h e  h i g h e s t  l e v e l s  

t e s t e d *  however* maximum i n t e l l i g i b i l i t y  s c o r e s  were 

com parab le  f o r  comparab le  c o n d i t i o n s .  P o l l a c k  found t h a t  

maximum p er fo rm a n ce  f o r  masked h i g h - p a s s  f i l t e r e d  speech 

w i t h  a c u t o f f  o f  350 Hz was h i g h e r  t h a n  t h a t  f o r  t h e
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u n f i l t e r e d  c o n d i t i o n .  S in c e  t h e  louiest  h i g h - p a s s  c u t o f f  

f r e q u e n c y  in t h i s  s t u d y  uias 700 HZ/ no d i r e c t  compar i son  may

be made r e g a r d i n g  t h i s  e f f e c t  in t h e  n o r m a l l y - h e a r i n g

l i s t e n e r s .  However/ f o r  a l l  t h e  h e a r i n g - i m p a i r e d  l i s t e n e r s  

e x c e p t  T . T . /  t h e  maximum i n t e l l i g i b i l i t y  f o r  t h e  HP 700 Hz 

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

However/ i t  i s  i m p o r t a n t  t o  n o t e  t h a t  a t  P o l l a c k ' s  nex t

h i g h e s t  h i g h - p a s s  c u t o f f /  580 Hz/ t h e  e f f e c t  d i s a p p e a r e d /  

c o n s i s t e n t  wi th  t h e  p e r fo rm a n ce  o f  t h e  normal  l i s t e n e r s  

t e s t e d  wi th  t h e  n o i s e - s i m u l a t e d  h e a r i n g  l o s s .

P o l l a c k  o b s e rv e d  d i f f e r e n c e s  in t h e  " g a i n  f u n c t i o n s "  of  

t h e  h i g h - p a s s  and lo w-p ass  f i l t e r  c o n d i t i o n s /  n o t i n g  t h a t  

t h e  s l o p e s  o f  t h e  h i g h - p a s s  f u n c t i o n s  were much s t e e p e r  th a n  

t h e  lo w-p ass  f u n c t i o n s .  A s i m i l a r  e f f e c t  was seen  in t h i s  

s t u d y /  where one may o b s e r v e  t h a t  t h e  minimum per fo rmance  

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

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

lo w -pas s  c o n d i t i o n s  and r o s e  s h a r p l y  t o  maximum pe r f o rm ance  

l e v e l s  comparab le  t o  t h e  l e v e l s  in t h e  unmasked c a s e s .

Another  o b s e r v a t i o n  in compar ing t h e  p r e s e n t  s t u d y  t o  

P o l l a c k  i s  t h a t  none o f  h i s  smoothed " g a i n  f u n c t i o n s "  

e x h i b i t e d  r o l l o v e r  o r  r e d u c e d  p e r f o rm a n c e .  Only one d a t a  

p o i n t  i n d i c a t e d  by P o l l a c k  a p pe ar ed  t o  show a r e d u c t i o n  in 

p e r fo rm a n c e  a t  t h e  h i g h e s t  t e s t e d  l e v e l .  Th i s  i s  s u r p r i s i n g  

c o n s i d e r i n g  t h a t  h i s  p r e s e n t a t i o n  l e v e l s  seem t o  be q u i t e
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i n t e n s e .  His d a t a  a r e  p r e s e n t e d  in dB o r t h o t e l e p h o n i c  g a i n .  

P o l l a c k  i n d i c a t e d  t h a t  h i s  o v e r a l l  sp e e ch  l e v e l  uias 68 dB 

SPL/ based  on VU meter  i n d i c a t i o n s  a t  0 dB o r t h o t e l e p h o n i c  

g a i n .  Thus P o l l a c k ' s  maximum p r e s e n t a t i o n  l e v e l  i s  about  

108 dB SPL. For t h e  s u b j e c t s  in t h e  p r e s e n t  s t u d y /  r o l l o v e r  

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

belotu 100 dB f o r  some c o n d i t i o n s .

LaBenz (1956) used m o n o s y l l a b i c  p h o n e t i c a l l y - b a l a n c e d  

words t o  t e s t  100 a d u l t  s u b j e c t s  c o n s i s t i n g  of  a n e a r l y  

u n i f o r m  mix o f  n o r m a l l y - h e a r i n g /  c o n d u c t i v e /  mixed and 

s e n s o r i n e u r a l  ( " p e r c e p t i v e " )  h e a r i n g  l o s s e s .  Al l  t e s t i n g  

uias done a t  30 dB r e l a t i v e  t o  spondee t h r e s h o l d  (SRT). 

R e l a t i v e  t o  t h e  n o rm al s /  c o n d u c t i v e  and mixed l o s s  s u b j e c t s /  

t h e  s u b j e c t s  uii th s e n s o r i n e u r a l  l o s s  s c o r e d  lower as c u t o f f  

f r e q u e n c i e s  i n c r e a s e d  in low-pass  c o n d i t i o n s .  For  b a n d - p a s s  

c o n d i t i o n s  c o n s i s t i n g  o f  v a r y i n g  w i d t h s  wi th  c u t o f f  

f r e q u e n c i e s  r a n g i n g  from 250 Hz t o  3000 HZ/ h i g h e s t  s c o r e s  

f o r  a l l  l i s t e n e r s  were ac h ie v e d  f o r  t h e  bands o f  1500-2000 

Hz and 2000-3000 Hz. However/ pe r fo rm ance  o f  t h e  

s e n s o r i n e u r a l l y - i m p a i r e d  s u b j e c t s  was s u b s t a n t i a l l y  p o o r e r  

t h a n  f o r  t h e  o t h e r s .

Compared t o  t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y /  LaBenz ' s  

s e n s o r i n e u r a l l y - i m p a i r e d  s u b j e c t s  pe r fo rmed  much more p o o r l y  

t h a n  t h e  impa i r ed  s u b j e c t s  used h e r e /  e x c e p t  f o r  T.T.  and 

t h e  r i g h t  e a r  o f  G.M. D i r e c t  co m pa r i so ns  a r e  d i f f i c u l t
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s i n c e  La B en z ' s  d a t a  uias av era ged  over  h i s  22 s u b j e c t s  uiith 

s e n s o r i n e u r a l  l o s s .  F u r t h e r *  s i n c e  h i s  p r e s e n t a t i o n  l e v e l s  

mere s p e c i f i e d  r e l a t i v e  t o  t h e  s u b j e c t ' s  SRT* n o t  in

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

uiere n o t  s p e c i f i e d *  it* i s  n o t  p o s s i b l e  t o  make d i r e c t  

co m p a r i s o n s  o f  p e r fo rm a n ce  v e r s u s  l e v e l .

LaBenz c la im ed  t h a t  t h e  s u b j e c t s  uiith s e n s o r i n e u r a l

h e a r i n g  l o s s  pe r f o rm e d  s i m i l a r l y  t o  n o r m a l l y - h e a r i n g  

l i s t e n e r s  h e a r i n g  loui-pass  f i l t e r e d  s p e e c h .  The r e s u l t s  of  

t h e  p r e s e n t  s t u d y  a g r e e  uiith t h i s  f i n d i n g  as f a r  as 

c o m p a r i s o n s  between t h e  s t u d i e s  a r e  p o s s i b l e .  Gen e ra l l y *  

t h e  s u b j e c t s  uiith h ig h  f r e q u e n c y  s l o p i n g  l o s s e s  t e s t e d  f o r  

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

t h e  wideband c o n d i t i o n  compared t o  t h e  normal l i s t e n e r s .  

T h e i r  maximum s c o r e s  f e l l  in  a r ang e  where t h e  r e s u l t s  f o r  a 

lo w-p ass  c o n d i t i o n  might  have f a l l e n  had such a c o n d i t i o n  

been t e s t e d .  LaBenz d id  no t  t e s t  h i g h - p a s s  c o n d i t i o n s  so 

one c a n n o t  s e e  i f  p e r fo rm a n ce  f o r  h i g h - p a s s  c o n d i t i o n s  wi th  

low c u t o f f  f r e q u e n c i e s  improved r e l a t i v e  t o  wideband speech  

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

C a s t l e  (1963)  s t u d i e d  n o r m a l l y - h e a r i n g  l i s t e n e r s  u s i n g  

m o n o s y l l a b i c  words r e a d  by a s i n g l e  male t a l k e r .  Some

c o m p a r i s o n s  w i t h  s p e c i f i c  c o n d i t i o n s  s t u d i e d  in t h e  p r e s e n t  

r e s e a r c h  may be made. In t h i s  r e s e a r c h *  C a s t l e  s t u d i e d

b a n d - p a s s  f i l t e r s  o f  v a r y i n g  wid th  and f i l t e r  s k i r t  s l o p e s .
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Only t h r e e  of  C a s t l e ' s  many c o n d i t i o n s  match c l o s e l y  to  

t h o s e  s t u d i e d  h e r e .  They a r e  b a n d - p a s s  720-1440 Hz/ 

1440-2400 Hz and 720-2400 Hz. The s c o r e s  ach iev e d  by 

C a s t l e ' s  s u b j e c t s  f o r  t h e s e  c o n d i t i o n s  mere de p e n d en t  on t h e  

f i l t e r  s k i r t  c o n f i g u r a t i o n .  Only one such c o n f i g u r a t i o n /  

t h e  s t e e p e s t  s k i r t s /  uias used f o r  t h e  720-2400 Hz c o n d i t i o n  

and t h e  s u b j e c t s '  s c o r e s  ave ra ge d  abou t  99k.  For t h e  o t h e r  

two c o n d i t i o n s /  s c o r e s  f o r  720-1440 Hz ran ged  from. 60k to  

70k/ and f o r  1440-2400 Hz ran ged  from 70k t o  90k.  The 

maximum s c o r e s  f o r  t h e  comparable  c o n d i t i o n s  in t h i s  s t u d y  

uiere somewhat lower t h a n  C a s t l e ' S /  b u t  t h e  r e l a t i v e  o r d e r i n g  

o f  p e r fo rm an ce  was t h e  same: BP 700-1400 Hz was t h e  p o o r e s t

( a v .  s c o r e  54 k ) /  ne x t  h i g h e s t  was BP 1400-2800 Hz (av .  

s c o r e  71k) and h i g h e s t  was BP 700-2800 Hz (a v .  s c o r e  8 l k ) .

C a s t l e  (1964) a l s o  t e s t e d  h e a r i n g - i m p a i r e d  l i s t e n e r s  

wi th  b a n d - p a s s  f i l t e r e d  s p e e c h .  U n f o r t u n a t e l y /  t h e

c o n d i t i o n s  between t h e  normal  and im pa i r ed  g roups  of

s u b j e c t s  were n o t  t h e  same and t h u s  c a n n o t  be compared 

d i r e c t l y .  Comparison of  t h e  d a t a  o f  t h e  h e a r i n g - i m p a i r e d  

s u b j e c t s  in t h e  p r e s e n t  s t u d y  t o  C a s t l e ' s  d a t a  o b t a i n e d  wi th

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

o f  e x p e r i m e n t s  was n o t  pe r fo rmed  on a l l  s u b j e c t s .  D i f f e r e n t  

s u b j e c t s  l i s t e n e d  t o  d i f f e r e n t  c o n d i t i o n s  o f  f i l t e r i n g /  and 

no s u b j e c t  l i s t e n e d  t o  a l l .  His s u b j e c t s  a l s o  had 'more  

s e v e r e  h e a r i n g  l o s s e s  th a n  t h e  s u b j e c t s  used h e r e  e x c e p t  f o r  

T.T.  C a s t l e ' s  " S u b j e c t  U I I I "  had a h e a r i n g  l o s s  s i m i l a r  to



PAGE 202

T.T.# and f o r  h i s  "maximum oandui idth (60-20160  Hz)” 

c o n d i t i o n  compared t o  t h e  u n f i l t e r e d  c o n d i t i o n  of  t h i s  

s t u d y /  t h e s e  tuio l i s t e n e r s  pe r fo rmed  s i m i l a r l y .  C a s t l e ' s  

d e s i g n a t i o n  o f  60-20160  Hz bandwidth  i s  o b v i o u s l y  

u n r e a l i s t i c /  s i n c e  h i s  s u b j e c t s  l i s t e n e d  u s i n g  e a rp hone s  

uihich t y p i c a l l y  have a f r e q u e n c y  ran ge  o f  about  80-6000 Hz.

, P a l v a  (1965)  s t u d i e d  * t h e  pe r fo rm a nc e  of

n o r m a l l y - h e a r i n g  s u b j e c t s  l i s t e n i n g  t o  F i n n i s h  t w o - s y l l a b l e  

words t h r o u g h  v a r i o u s  lo w -p a s s /  h i g h - p a s s  and b a n d - p a s s

f i l t e r s .  No masking was used so co m par i so ns  may on l y  be

made, w i t h  t h e  p r e s e n t  l i s t e n e r s  t e s t e d  in q u i e t .  For

P a l v a ' s  h i g h - p a s s  c o n d i t i o n s /  s u b j e c t s  g e n e r a l l y  d i d  more 

p o o r l y  t h a n  t h o s e  in t h e  p r e s e n t  s t u d y  a t  comparable  f i l t e r  

c u t o f f  f r e q u e n c i e s  whereas  f o r  l o w - p a ss  c o n d i t i o n s  th ey  d id  

b e t t e r .  For  example /  in t h e  p r e s e n t  r e s e a r c h /  maximum

p e r fo rm a n c e  f o r  HP 700 Hz .was n e a r l y  eq u a l  t o  t h e  wideband 

c o n d i t i o n .  P a l v a ' s  s u b j e c t s '  pe r fo rm a nc e  d i m i n i s h e d  when

t h e  h i g h - p a s s  c u t o f f  was above 500 Hz. For LP 2800 Hz/

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

lower t h a n  wideband /  whereas  f o r  P a l v a ' s  low-pass  2000 Hz/

pe r f o r m a n c e  was e s s e n t i a l l y  t h e  same as h i s  wideband 

c o n d i t i o n .  These d i f f e r e n c e s  were due/  most l i k e l y /  t o  t h e  

g r e a t e r  vowel c o n t e n t  o f  t h e  F i n n i s h  words P a l v a  u s e d .  Th i s  

m a t e r i a l  s h o u l d  be a f f e c t e d  l e s s  by low -pass  f i l t e r i n g  th a n  

by h i g h - p a s s  f i l t e r i n g .  The b a n d - p a s s  f i l t e r  c o n d i t i o n s  he 

s t u d i e d  i n c r e a s e d  in  bandw id th  s t e p s  from e x t r e m e l y  nar row
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t o  1 - 1 / 2  o c t a v e  wide f i l t e r s .  Band c e n t e r  f r e q u e n c i e s  

v a r i e d  from about  300 t o  5000 Hz. The one o c t a v e  c a s e  i s  

d i r e c t l y  comparable  t o  t h e  b a n d - p a s s  f i l t e r s  BP 700-1400 and 

BP 1400-2000 Hz* s t u d i e d  f o r  t h i s  r e s e a r c h .  P a l v a ' s  r e s u l t s  

uiere t h e  r e v e r s e  o f  t h e  outcome of  t h i s  s tudy*  uii-th h i g h e r  

s c o r e s  f o r  t h e  louier o c t a v e  band .  P a l v a ' s  o v e r a l l  maximum 

s c o r e  o c c u r r e d  f o r  t h e  bands  900-1800 Hz and 1080-2160 Hz. 

Again* t h i s  r e s u l t  uias m o s t . l i k e l y  due t o  t h e  n a t u r e  o f  t h e  

speech  m a t e r i a l s .

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

s u b j e c t s  l i s t e n i n g  t o  f i l t e r e d  spe ech  uias t h a t  o f  Ambrose 

(1 9 7 2 ) .  Using CIO m o n o s y l l a b i c  uiords* ( H i r s h  e t  al* 1952) 

he examined t h r e e  c o n d i t i o n s  o f  b a n d - p a s s  f i l t e r e d  speech  

and v a r i e d  t h e  amount of d i s t o r t i o n  p r e s e n t  in t h e  speech  

s i g n a l .  The t h r e e  band p a s s  c o n d i t i o n s  uiere 300-4800 Hz* 

600-1200 Hz and 1200-2400 Hz. The z e r o  p e r c e n t  d i s t o r t i o n  

c o n d i t i o n  i s  t h e  o n ly  one t h a t  uias comparab le  t o  any 

c o n d i t i o n  o f  t h i s  s t u d y .  S c o r e s  f o r  t h e  600-1200 Hz 

c o n d i t i o n  uiere o n ly  around 10-152  f o r  b o t h  t h e  

n o r m a l l y - h e a r i n g  and s e n s o r i n e u r a l l y  impa i r ed  l i s t e n e r s .  

For t h e  1200-2400 Hz c o n d i t i o n *  s c o r e s  av erag ed  around 452 

f o r  t h e  normals  and o n ly  202 f o r  t h e  s e n s o r i n e u r a l l y  

im pa i red  s u b j e c t s .  The 300-4800 Hz c a s e  i s  someuihat l i k e  

t h e  u n f i l t e r e d  and t h e  HP 700 Hz c o n d i t i o n s  o f  t h i s  r e p o r t .  

For t h i s  c o n d i t i o n *  Ambrose ' s  n o r m a l l y - h e a r i n g  s u b j e c t s  

s c o r e d  ve r y  high* 952; h i s  s e n s o r i n e u r a l  impa i red
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l i s t e n e r s /  s c o r e d  o n ly  602/ someuihat louier t h a n  t h e  impa i red  

s u b j e c t s '  s c o r e s  f o r  t h e  HP 700 Hz c o n d i t i o n  in t h i s  s t u d y .  

He gave no d e t a i l e d  d e s c r i p t i o n s  of  h i s  impa i red  l i s t e n e r s /  

so  no d i r e c t  co m p ar i s o n s  can be made.

In a l a t e r  s t u d y /  Ambrose and Neal (1973)  t e s t e d  

s u b j e c t s  wi th  s e n s o r i n e u r a l  impa i rments  u s i n g  t h r e e  

b a n d - p a s s  c o n d i t i o n s .  Comparison wi th  t h e  d a t a  o f  t h i s  

s t u d y  would n o t  be mean ing fu l  s i n c e  t h e  s k i r t s  o f  f i l t e r s  

t h e y  used were e x t r e m e l y  s h a l l o w  -  24 d B / o c t a v e .  S c o r e s  f o r  

t h e s e  s u b j e c t s  r a n g e d  from 22 t o  902.  T h e i r  r e s u l t s  

however /  e x h i b i t e d  c h a r a c t e r i s t i c s  s i m i l a r  to  t h e  r e s u l t s  of  

t h i s  s t u d y ;  maximum s c o r e s  f o r  t h e  h i g h e r  band c o n d i t i o n s  

were h i g h e r  t h a n  f o r  t h e  lower band c o n d i t i o n s .

The s t u d y  by Aniansson (1975) a l s o  d i f f e r e d  in many 

ways f rom t h e  p r e s e n t  r e s e a r c h .  His v o i c e s  were r e c o r d e d  

w h i l e  r e a d i n g  a sm a l l  s e t  o f  Swedish m o n o s y l l a b i c  words in a 

home l i v i n g  room f o r  b i n a u r a l  ea rphone  p r e s e n t a t i o n .  He 

a l s o  r e c o r d e d  "e ver yda y  n o i s e s "  c o n s i s t i n g  o f  r e c o r d e d  

t r a f f i c  n o i s e  and compet ing  speech  from a r a d i o  and r e a l  

v o i c e s  a long wi th  t h e  speech  m a t e r i a l s  t o  c r e a t e  a v a r i e t y  

o f  "e ver yday  l i s t e n i n g  s i t u a t i o n s . "  His  s u b j e c t s  a l l  had/  

p r e s u m a b ly /  n o i s e - i n d u c e d  h e a r i n g  l o s s /  o f  v a r y i n g  

m a g n i t u d e s .  In A n i a n s s o n ' s  s t u d y /  f i l t e r e d  spe ech  t e s t s  

were pe r f o rm e d  o n l y  on t h e  n o r m a l l y - h e a r i n g  l i s t e n e r s .  The 

im pa i r ed  l i s t e n e r s  h ea rd  on ly  u n f i l t e r e d  spe ech  under  t h e
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v a r i o u s  c o n d i t i o n s  of  everyday  l i s t e n i n g .  Aniansson  t e s t e d

h i s  s u b j e c t s  a t  o n ly  one l e v e l *  60 dB(C-uie i g h t e d ) * which 

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

s i n c e  he measured h i s  sound l e v e l s  in t h e  r e c o r d i n g  room a t  

t h e  t ime  t h e  m a t e r i a l s  uiere r e c o r d e d .

Only one s u b j ' e c t  in t h e  p r e s e n t  s tudy* F.G.* had a

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

n o i s e - i n d u c e d .  F . G . ' s  h e a r i n g  in t h e  r i g h t  e a r  uias c l o s e s t  

t o  A n i a n s s o n ' s  **L 4000" g roup o f  s u b j e c t s *  uihose h e a r i n g  

l o s s  uias 50 dB or  more above 4000 Hz. His  l e f t  e a r  uias 

s i m i l a r  t o  t h e  >aL 3000" group* d e f i n e d  s i m i l a r l y .  In q u ie t*  

A n i a n s s o n ' s  L 4000 group av erag ed  902 and t h e  L 3000

s u b j e c t s  ave raged  882.  For t h e  u n f i l t e r e d  speech  in t h i s  

s tudy* F.G. ' s-maximum s c o r e s  uiere 802 in h i s  r i g h t  e a r  and 

712 in h i s  l e f t  ear* s i g n i f i c a n t l y  beloui A n i a n s s o n ' s  

s u b j e c t s '  s c o r e s .  Fu r the rm ore*  F . G . ' s  r i g h t  e a r  s c o r e  uias 

t h e  h i g h e s t  of  any o f  t h e  im pa i r ed  s u b j e c t s  f o r  t h e  

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

Aniansson a l s o  t e s t e d  a. g roup o f  n o r m a l l y - h e a r i n g  

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

t e s t s *  houiever* uiere co n d u c te d  uii th one o f  t h r e e  k i n d s  of  

background  n o i s e .  None uias t e s t e d  in  q u i e t .  I t  i s

v i r t u a l l y  i m p o s s i b l e  t o  compare t h e s e  s i t u a t i o n s  uiith t h o s e  

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

d i f f e r e n t .  Also* b i n a u r a l  r e c o r d i n g  s i t u a t i o n s  p r o v i d e  a
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p e r c e p t u a l  ad va n t ag e  uihen l i s t e n i n g  t o  s p e e c h  masked by 

e x t e r n a l  no i s e#  e s p e c i a l l y  uihen t h e  n o i s e  i s  r e c o r d e d  

b i n a u r a l l y  a t  t h e  same t ime  a s . t h e  s p e e c h .  For example# in 

a 0 dB s i g n a l - t o - n o i s e  s i t u a t i o n  wi th  t r a f f i c  n o i s e  as t h e  

masker# t h e  av e ra g e  i n t e l l i g i b i l i t y  s c o r e  f o r  A n i a n s s o n ' s  

s u b j e c t s  uias 942.  In a monaural  s i t u a t i o n #  uii th uihi te n o i s e  

masking sp e e c h  wi t h  a s i g n a l - t o - n o i s e  r a t i o  o f  0 dB# a s c o r e  

o f  502 t o  602 would be e x p e c t e d .  ,

The s t u d y  by Mang# Reed and B i l g e r  (1978)  has  some

r e l e v a n c e  t o  t h e  p r e s e n t  r e s e a r c h  s i n c e  t h e y  used speech  

m a t e r i a l s  s i m i l a r  t o  t h o s e  used h e r e .  ■ Nonsense s y l l a b l e s  

c o n s i s t i n g  o f  b o t h  c o n s o n a n t - v o w e 1 (CV) p a i r s  and

vo w e l - c o n s o n an t  (VC) p a i r s  were p r e s e n t e d  under  e a rp h o n e s  t o  

e i g h t  n o r m a l l y - h e a r i n g  l i s t e n e r s .  The t a l k e r  of- t h e s e

m a t e r i a l s  was u n s p e c i f i e d  and on ly  one tok en  p e r  s y l l a b l e

was p r e s e n t e d #  as  c o n t r a s t e d  t o  f o u r  f o r  t h i s  s t u d y .  A

s i n g l e  p r e s e n t a t i o n  l e v e l  was used t h a t  was d e s c r i b e d  as "95 

dB SPL r e  a 1000 Hz t o n e "  f o r  t h e  wide band c o n d i t i o n .  A 

c o n s t a n t  s p e c t r u m  l e v e l  was used f o r  a l l  f i l t e r  c o n d i t i o n s .  

Th i s  a p p e a r s  t o  c o r r e s p o n d  t o  a p r e s e n t a t i o n  l e v e l  of

between 85 and 90 dB FF SPL f o r  t h e  d a t a  o f  t h e  p r e s e n t  

s t u d y .  Not a l l  s u b j e c t s  were t e s t e d  a t  t h a t  l e v e l  f o r  t h e  

p r e s e n t  r e s e a r c h  s i n c e  i t  was f e l t  t o  be somewhat i n t e n s e  

f o r  t h e  n o r m a l l y - h e a r i n g  s u b j e c t s  used  h e r e  and t h e

l i s t e n e r s  u s u a l l y  r e a c h e d  maximum p er fo rm a n ce  below t h a t  

l e v e l .  S in c e  t h e  major  f i n d i n g s  o f  Mang# Reed and B i l g e r
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mere p r e s e n t e d  in t e r m s  o f  S e q u e n t i a l  I n f o r m a t i o n  A n a l y s i s  

o f  p e r c e p t u a l  c o n f u s i o n s #  no d i r e c t  compar i son  t o  t h e s e  d a t a  

can be made a t  p r e s e n t .  The d a t a  of  t h i s  s tudy# however# 

may be s i m i l a r l y  a n a ly z e d  and t h i s  sh ou ld  be t h e  d i r e c t i o n  

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

Mang# Reed and B i l g e r  d id  p r e s e n t  ave raged  c u r v e s  of  

p e r c e n t a g e  c o r r e c t  as a f u n c t i o n  o f  f i l t e r  c u t o f f  f r e q u e n c y .  

A compar i son o f  t h e s e  d a t a  shows s i m i l a r i t e s  in t h e  

p e r fo rm a n c e  o f  s u b j e c t s  f o r  b o th  lo w-p ass  and h i g h - p a s s  

c o n d i t i o n s .  For  t h e i r  s u b j e c t s #  i d e n t i f i c a t i o n  s c o r e  in 

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

c u t o f f  f r e q u e n c y  was below 2800 Hz# as was t r u e  f o r  t h e  

r e s u l t s  o f  t h i s  s t u d y  as w e l l .  However# s c o r e s  f o r  low-pass  

700 Hz were much h i g h e r  f o r  Mang# Reed and B i l g e r .  As f o r  

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

f o r  Mang# Reed a n d . B i l g e r ' s  s u b j e c t s  d id  n o t  d e c r e a s e  u n t i l  

t h e  c u t o f f  f r e q u e n c y  exc eeded  700 Hz. However# s c o r e s  f o r  

h i g h - p  a s s  2800 Hz f i l t e r e d  spe ech  were h i g h e r  f o r  Mang# Reed 

and B i l g e r  t h a n  f o r  t h e  p r e s e n t  s t u d y .  Thus# as f a r  as one 

may compare# t h e  d a t a  o f  t h e  s t u d i e s  appear  s i m i l a r  e x c e p t
4

a t  t h e  ex t reme  r a n g e s  o f  h i g h - p a s s  and low- pas s  f i l t e r i n g .  

(No b a n d - p a s s  c o n d i t i o n s  were t e s t e d  Mang# Reed and B i l g e r ) .  

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

c h a r a c t e r i s t i c s .  T h e i r  f i l t e r s  were ana log  f i l t e r s  wi th  

s l o p e s  o f  48 d B / o c t a v e .  The a u t h o r s  made no ment ion of  

waveform a m p l i tu d e  n o r m a l i z a t i o n  as was done on t h e '  speech
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s i g n a l s  f o r  t h i s  s t u d y .

In compar ing t h e  r e s u l t s  o f  t h e s e  s t u d i e s  t o  t h e  

p r e s e n t  i n v e s t i g a t i o n *  a n o t h e r  f a c t o r  must be c o n s i d e r e d  as 

uiell  as t h o s e  d i s c u s s e d  above* i n c l u d i n g  sp e ec h  m a t e r i a l s *  

t a l k e r s *  p r e s e n t a t i o n  l e v e l s  and f i l t e r  c h a r a c t e r i s t i c s .  

Most o f  t h e  s t u d i e s  c i t e d  used m o n o s y l l a b i c  words f o r  t h e  

speech  s i g n a l s .  E x c lu d i n g  t h e  f o r e i g n  l anguage m a t e r i a l s  of  

P a l v a  and Aniansson* t h e  E n g l i s h  words were p r o b a b l y  spoken 

wi t h  a c a r r i e r  p h r a s e  p r e c e e d i n g  t h e  t e s t  word.  Al though 

t h i s  f a c t  was n o t  c l e a r l y  s t a t e d  by t h e  i n v e s t i g a t o r s *  i t  i s  

cus tomary  p r a c t i c e  t o  ‘ use  a p h r a s e  such as "you w i l l  say  

. . . " o r  "you w i l l  w r i t e  . . . "  p r o i r  t o  each key word.  

I t  i s  we l l  known (Egan* 1948) t h a t  t h e  p r e s e n c e  of  a c a r r i e r  

p h r a s e  w i l l  a f f e c t  i n t e l l i g i b i l i t y *  p a r t i c u l a r l y  of  i n i t i a l  

c o n s o n a n t s .  Mith a c a r r i e r  p h r a s e  t h e  l i s t e n e r  i s  p r e p a r e d  

f o r  each t e s t  word and has  t h e  ad va n tage  o f  a d d i t i o n a l  cues  

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

Mang* Reed and B i l g e r  and t h e  p r e s e n t  a u t h o r  p r e s e n t e d  

no nsense  s y l l a b l e s  w i t h o u t  a c a r r i e r  p h r a s e .  The p r im ar y  

e f f e c t  o f  t h i s  would be t o  i n c r e a s e  i n i t i a l  c o n s o n a n t  e r r o r s  

f o r  CU s y l l a b l e s  r e l a t i v e  t o  s i m i l a r  m a t e r i a l s  which used a 

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

d i f f e r e n c e s  in p e r f o rm a n ce  between t h e s e  s t u d i e s  and o t h e r  

t e s t i n g  s i m i l a r  c o n d i t i o n s  a r e  l i k e l y  t o  o c c u r  due to  

d i f f e r e n c e s  in t h e  manner o f  spe ec h  sample p r e s e n t a t i o n .
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IMPLICATIONS OF SATURATION AND ROLLOUER

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

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

h e a r i n g - i m p a i r e d  s u b j e c t s *  uias t h e  o c c u r r e n c e  of  s a t u r a t i o n  

or  r o l l o v e r  in  i n t e l l i g i b i l i t y  p e r fo rm an ce  as p r e s e n t a t i o n  

l e v e l  i n c r e a s e d  above t h e  p o i n t  uthere t h e  s u b j e c t  ac h ie v e d  

maximum s c o r e .  As d i s c u s s e d  e a r l i e r *  r o l l o v e r  f o r  t h e s e  

d a t a  uias d e f i n e d  as  a d e c r e a s e  in pe r fo rman ce  o f  3*4 o r  

g r e a t e r  a t  a p r e s e n t a t i o n  l e v e l  h i g h e r  t h a n  t h a t  a t  uihich 

t h e  maximum i n t e l l i g i b i l i t y  o c c u r r e d .  For  t h e  

n o r m a l l y - h e a r i n g  l i s t e n e r s  t e s t e d  in q u i e t *  and uiith masking 

n o i s e  t o  s i m u l a t e  h e a r i n g  loss*  such r o l l o v e r  o c c u r r e d  

s p o r a d i c a l l y  f o r  t h e  t h r e e  l i s t e n e r s  uiith no a p p a r e n t  

p a t t e r n  t o  t h e  e f f e c t .  Houiever* as  seen  in T a b le s  2 - 7 *  

and in t h e  p e r f o r m a n c e - i n t e n s i t y  f u n c t i o n s  in t h e  p r e v i o u s  

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

S e v e r a l  h y p o t h e s e s  e x i s t  f o r  t h e  p r e s e n c e  o f  r o l l o v e r .  

One i s  t h e  upuiard s p r e a d  o f  masking t h a t *  a c c o r d i n g  t o  

A r t i c u l a t i o n  Theory* u i i l l  c a u s e  i n t e l l i g i b i l i t y  t o  d i m i n i s h  

as masking n o i s e  in loui f r e q u e n c y  r e g i o n s  i n c r e a s e s  in 

i n t e n s i t y  above c e r t a i n  t h r e s h o l d  l e v e l s .  Speech c o n t a i n s  

more loui f r e q u e n c y  en e rgy  r e l a t i v e  t o  h igh  and* as no ted  by 

French and S t e i n b e r g  (1947)* K r y t e r  (1962a)  and o t h e r s *  a t  

h ig h  i n t e n s i t i e s  t h e  loui f r e q u e n c i e s  o f  speech  u i i l l  

c o n t r i b u t e  t o  t h e  upuiard s p r e a d  of  masking .  In  t h i s  s tudy*
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s p r e a d  of  masking e f f e c t s  may have caused  r o l l o v e r  a t  l e v e l s  

beloiu d i s c o m f o r t  t h r e s h o l d s  f o r  t h e  loui -pass  c o n d i t i o n s .

For t h e  h e a r i n g - i m p a i r e d  l i s t e n e r s  w i t h  h igh  f r e q u e n c y

s e n s o r i n e u r a l  loss# loui l e v e l  c o n s o n a n t  en e rgy  i s  c r u c i a l  to  

i n t e l l i g i b i l i t y .  The s p r e a d  o f  masking e f f e c t s  u i i l l  be 

l i k e l y  to  have g r e a t e r  i n f l u e n c e  on i n t e l l i g i b i l i t y  s i n c e  

t h e  t h e  masking e x t e n d s  i n t o  r e g i o n s  uihere l i s t e n e r s  have 

impa i r ed  h e a r i n g  mechanisms.

Another  r e a s o n  f o r  r o l l o v e r  i s  t h e  p o s s i b l e  i n c r e a s e  in 

i n t e r n a l  d i s t o r t i o n #  e s p e c i a l l y  in im pa i r ed  a u d i t o r y  

sys tems# caused  by h ig h  i n t e n s i t y  sp e ec h  n e a r  d i s c o m f o r t  

t h r e s h o l d s .  S in ce  spe ech  c o n s i s t s  of  a d i s t r i b u t i o n  o f  

sound l e v e l s #  b r i e f  peak s p e ec h  l e v e l s  may have been 

a s s o c i a t e d  uiith such i n t e r n a l  d i s t o r t i o n ,  b u t  n o t  f o r  a 

long enough t im e  p e r i o d  t h a t  a s u b j e c t  e x p e r i e n c e d

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

a c c u r a t e l y  s p e c i f y i n g  t h e  spe ech  l e v e l s .  S ince  

r o o t - m e a n - s q u a r e  s p e ec h  l e v e l s  uiere r e f e r r e d  t o  a s ineuiave 

l e v e l  in c a l i b r a t i o n #  i t  i s  p r o b a b l e  t h a t  f o r  some o f  t h e  

speech  s i g n a l s  used in t h i s  s tudy#  peak v a l u e s  exc eeded  t h e  

l e v e l s  assumed f o r  t h e  A r t i c u l a t i o n  Index c a l c u l a t i o n s  ( se e  

Appendix A) and e x te nded  above d i s c o m f o r t  t h r e s h o l d s .

In  examining t h e  obs e rv ed  i n t e l l i g i b i l i t y  pe r fo rm a nc e  

o f  t h i s  s tudy# r o l l o v e r  o c c u r r e d  more o f t e n  f o r  t h e  impa i red  

s u b j e c t s  t h a n  f o r  t h e  n o r m a l l y - h e a r i n g  s u b j e c t s .  Houiever#
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as uii th t h e  n o r m a l l y - h e a r i n g  s u b j e c t s /  t h e r e  uias no 

d i s c e r n a b l e  p a t t e r n  t o  i t s  o c c u r r e n c e .  For example# f o r  

s u b j e c t  F.G.  / uiith b e t t e r  h igh f r e q u e n c y  h e a r i n g  in h i s

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

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

f o r  s i x  o u t  o f  t e n  c o n d i t i o n s .  Those c o n d i t i o n s  f o r  uihich 

i t  o c c u r r e d  in b o th  e a r s  (See Tab le  3) uiere u n f i l t e r e d  

speech# LP 1400 Hz# HP 1400 Hz# HP 2000 Hz# and BP 700-2800 

Hz. R o l l o v e r  d i d  no t  o c c u r  f o r  t h e  BP 1400-2800 Hz

c o n d i t i o n  in e i t h e r  e a r .  For  t h e  o t h e r  impa i r ed  s u b j e c t s #  

t h e  c o n d i t i o n s  in uihich r o l l o v e r  o c c u r r e d  do n o t  lend 

t h e m s e l v e s  t o  s i m p l e  e x p l a n a t i o n .  Only f o r  t h e  t e s t s

co n d u c te d  in t h e  l e f t  e a r  of  S u b j e c t  G.M. d i d  r o l l o v e r  

o cc u r  f o r  ev e ry  c o n d i t i o n .

The r e s u l t s  o b t a i n e d  f o r  s u b j e c t  F.G.  d e m o n s t r a t e  t h e  

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

d i s t o r t i o n .  For t h i s  l i s t e n e r #  r o l l o v e r  o c c u r r e d  a t  a louier 

l e v e l  f o r  u n f i l t e r e d  speech  t h a n  f o r  HP 700 Hz uihen t h e  loui 

f r e q u e n c y  ene rgy  i s  removed by f i l t e r i n g .  His  pe r f o rm ance  

a t  h ig h  l e v e l s . f o r  HP 700 Hz improved r e l a t i v e  t o  u n f i l t e r e d  

sp e ec h  i n d i c a t i n g  t h a t  he uias a b l e  t o  make use of  h i s  

r e s i d u a l  h ig h  f r e q u e n c y  h e a r i n g  in t h e  absence  of  i n t e n s e  

loui f r e q u e n c y  e n e r g y .
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PREDICTIONS OF ROLLOVER BY ARTICULATION THEORY

The p r e s e n c e  o f  r o l l o v e r  in t h e  ob se rv ed  d a t a  r a i s e s  

t h e  q u e s t i o n  of  whether  r o l l o v e r  would occur  in th e

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

Theory.  A d d i t i o n a l  a n a l y s e s  of  t h e  d a t a  were per fo rmed  to

d e t e r m i n e  uihen t h e  Theory would p r e d i c t  r o l l o v e r  as the

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

t h r e s h o l d s .  Three examples  o f  t h i s  a n a l y s i s  a re  shown in 

F i g u r e s  57/ 58 and 59.  These f i g u r e s  p l o t  i n d i v i d u a l

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

c o n d i t i o n s  o f  f i l t e r e d  s p e e ch  hea rd  f o r  t h e  c o n d i t i o n

a n a l y z e d .  Each s e t  o f  t e n  p l o t s  show t h e  r e s u l t s  f o r  a

s i n g l e  t a l k e r  and a s i n g l e  s u b j e c t .  F i g u r e  57 shows th e

r e s u l t s  f o r  S u b j e c t  J . G . ' s  n o r m a l l y - h e a r i n g  l e f t  e a r  and 

F i g u r e  58 f o r  h e r  impa i red  r i g h t  e a r /  bo th  f o r  T a l k e r  B 

(m a l e ) ;  F i g u r e  59 shows t h e  r e s u l t s  f o r  t h e  l e f t  e a r  of 

S u b j e c t  F . G . / T a l k e r  D ( f e m a l e ) .  I n d i c a t e d  in each 

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

(open c i r c l e s )  and a l i n e  showing t h e  p r e d i c t e d  pe r fo rmance  

based  on A r t i c u l a t i o n  Theory c a l c u l a t i o n s  e x t e n d i n g  above 

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

cu rv e  shown in F i g u r e s  42 -  53 t o  p r e d i c t  t h e

i n t e l l i g i b i l i t y  s c o r e .  The r e a d e r  must  be c a u t i o n e d  t h a t  

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

Index f u n c t i o n  which i s  a rough e s t i m a t e  o f  a f u n c t i o n  based 

on t h e  o b s e rv e d  d a t a .  Also shown in t h e  c u r v e s  a t  t h e
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l e v e l s  -for uihich o b s e rv e d  d a t a  p o i n t s  e x i s t  i s  t h e  2 - s ig ma  

e x p e c t e d  rang e  -for t h e  p r e d i c t e d  s c o r e  assuming a b ino mi a l  

d i s t r i b u t i o n .  T h e r e f o r e  t h e  p r e d i c t i o n s  shouin in t h e s e  

f i g u r e s  are# in r e a l i t y #  a t e s t  of  t h e  methods used to  

c a l c u l a t e  t h e  A . I .  v a l u e s  d e t e r m i n e d  in t h i s  s t u d y .

The manner of  t h e  f i t  o f  t h e  obs e rv ed  d a t a  t o  t h e  

p r e d i c t e d  p e r f o rm a n c e  cu rv e  e n a b l e s  one t o  o b s e r v e  t h e  

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

r e f e r e n c e  c u r v e  more e a s i l y  tha n  in t h e  A r t i c u l a t i o n  Index 

p l o t s  o f  F i g u r e s  42 -  53.  In F i g u r e  57# t h e  b e s t  f i t  of  

o b s e rv e d  t o  p r e d i c t e d  d a t a  f o r  S u b j e c t  J . G . ' s  

n o r m a l l y - h e a r i n g  e a r  o c c u r r e d  on ly  f o r  u n f i l t e r e d  spe ec h  and 

LP 2800 Hz. The r e s u l t s  f o r  t h e  same s u b j e c t ' s  impa i red  

ear# F i g u r e  58# shouted r e l a t i v e l y  poor  f i t s  f o r  a l l  

c o n d i t i o n s .  For S u b j e c t  F.G.# shouin in F i g u r e  59# 

r e a s o n a b l y  good f i t s  o f  ov se rv e d  and p r e d i c t e d  pe r fo rm a nce  

a r e  found f o r  t h e  wideband and low-pass  c o n d i t i o n s #  bu t  ve ry  

poor  f i t s  e l s e w h e r e .  These o b s e r v a t i o n s  a r e  s i m i l a r  to  

t h o s e  made e a r l i e r #  t h a t  f o r  most l i s t e n e r s #  o b s e r v e d  p o i n t s  

f o r  t h e  lo w-p ass  and wideband c o n d i t i o n s  f e l l  c l o s e r  t g  th e  

r e f e r e n c e  cu rv e  t h a n  t h e  h i g h - p a s s  and b a n d - p a s s  c o n d i t i o n s .

As se en  in a l l  t h r e e  f i g u r e s #  p r e d i c t e d  i n t e l l i g i b i l i t y  

s c o r e  showed r o l l o v e r  as l e v e l  c o n t i n u e d  t o  i n c r e a s e  f o r  a l l  

c o n d i t i o n s  e x c e p t  HP 2800 Hz. The r e a s o n s  f o r  t h i s  a r e  t h e  

i n f l u e n c e  o f  t h e  d i s c o m f o r t  l e v e l s  s p e c i f i e d  f o r  each
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l i s t e n e r .  As peak s p e e c h  l e v e l s  in any band r e a c h  t h e  

d i s c o m f o r t  l e v e l s /  t h a t  band c o n t r i b u t e s  no f u r t h e r  t o  t h e  

A . I .  v a l u e .  As a d d i t i o n a l  peak l e v e l s  r i s e  above 

d i s c o m f o r t  t h r e s h o l d s /  t h e  c a l c u l a t e d  A . I .#  and t h e r e f o r e /  

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

s p r e a d  of  masking i n c r e a s e s  a t  h igh  i n t e n s i t i e s  and t h u s  

d i m i n i s h e s  t h e  c a l c u l a t e d  A . I .  v a l u e .  For  t h e  HP 2800 Hz 

c o n d i t i o n #  t h e  p r e s e n t a t i o n  l e v e l s  mere so h igh  t h a t  t h e  

c a l c u l a t e d  A . I .  v a l u e s  r e f l e c t e d  t h e  i n c r e a s i n g  i n f l u e n c e

of  t h e  f i n i t e  60 dB a t t e n u a t i o n  of  loui. f r e q u e n c y  energy  by
\

t h e  d i g i t a l  f i l t e r s .

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

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

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

p e r f o r m n a c e - i n t e n s i t y  f u n c t i o n .  Dugal# B r a i d a  and Dur lach 

(1978) s p e c i f i e d  d i s c o m f o r t  l e v e l s  uihich ave ra ged  90 dB SPL. 

These l e v e l s  a re  louier t h a n  t h o s e  used h e r e .  Had louier 

e s t i m a t e s  o f  d i s c o m f o r t  t h r e s h o l d s  been used f o r  t h e  

s u b j e c t s  in t h i s  s tud y#  r o l l o v e r  uiould have been p r e d i c t e d  

t o  o cc ur  a t  louier i n t e n s i t i e s #  p o s s i b l y  n e a r  t h e  p o i n t s  a t  

uihich i t  uias o b s e rv e d  in t h e  l i s t e n e r s .  Th i s  p o i n t  s u g g e s t s  

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

s u b j e c t s  used in s t u d i e s  in uihich A . I .  c a l c u l a t i o n s  ui i l l  be 

p e r f o r m e d .

In t h e  t h r e e  f i g u r e s #  57# 58 and 59 one o b s e r v e s
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s e v e r a l  c o n d i t i o n s  f o r  uihich r o l l o v e r  a c t u a l l y  o c c u r r e d  a t  

p r e s e n t a t i o n  l e v e l s  louier t h a n  t h o s e  a t  uihich p r e d i c t e d  

r o l l o v e r  o c c u r r e d .  Th i s  o c c u r r e d ,  f o r  example ,  f o r  J .G .  

f o r  u n f i l t e r e d  s p e e c h ,  LP 700 Hz, HP 1400 Hz, HP 2000 Hz and 

BP 700-1400 Hz uihen t e s t e d  in h e r  n o r m a l l y - h e a r i n g  e a r  in 

q u i e t .  In h e r  im p a i r e d  e a r ,  i t  on ly  o c c u r r e d  f o r  t h e  HP 

1400 Hz arid BP 700-2800 Hz c o n d i t i o n s .  For  F . G . ,  in h i s  

l e f t  e a r ,  t h i s  o c c u r r e d  a l s o  f o r  HP 1400 Hz and HP 2800 Hz. 

In t h e s e  ex am ple s ,  houiever,  o n ly  one c o n d i t i o n  showed 

p r e d i c t e d  pe r f o r m a nc e  t o  be c l o s e  t o  o b s e r v e d  p e r f o rm a n ce .  

Th i s  was f o r  J .G .  l i s t e n i n g  t o  u n f i l t e r e d  spe ech  when 

t e s t e d  in q u i e t .  As se en  in t h e s e  t h r e e  f i g u r e s  and e a r l i e r  

in C ha p te r  UI, A r t i c u l a t i o n  Theory as  a p p l i e d  t o  t h i s  s t u d y  

d id  no t  a c c u r a t e l y  o r  u n i f o r m l y  p r e d i c t  p e r fo rm a n ce  f o r  a l l  

c o n d i t i o n s  and a l l  s u b j e c t s .  One p r im a ry  r e a s o n  i s ,  as 

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

c o r r e c t  v s .  A r t i c u l a t i o n  I n d e x .  However,  o t h e r  fundamenta l  

f a c t o r s  r e l a t i n g  t o  c a l c u l a t i o n  o f  t h e  A r t i c u l a t i o n  Index 

must a l s o  be c o n s i d e r e d .  These i n c l u d e  t h e  a s s u m p t i o n s  of  

band independence  as e v i d e n c e d  by t h e  a d d i t i v i t y  of  t h e  band 

A . I .  v a l u e s  and t h e  m o n o t o n i c i t y  o f  o b s e rv e d  and p r e d i c t e d  

A . I .  f u n c t i o n s  and p e r f o r m a n c e - i n t e n s i t y  c u r v e s .  I t  i s  

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

o f  e a r l y  r o l l o v e r ,  one may n o t  s u c c e s s f u l l y  apply 

A r t i c u l a t i o n  Theory t o  s e l e c t  an a p p r o p r i a t e  f r e q u e n c y - g a i n  

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

1 i s t e n e r s .
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FIGURE 57

- Per fo rmance  -  I n t e n s i t y  F u n c t i o n s :  

Observed and P r e d i c t e d  F u n c t i o n s  

S u b j e c t  J . G .  L e f t  Ear /  N orm al ly -H ea r i n g  

T a lk e r  B/ (Male)
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FIGURE SB 

Per fo r mance  -  I n t e n s i t y  F u n c t i o n s :  

Observed and P r e d i c t e d  F u n c t i o n s  

S u b j e c t  J .G .  R i g h t  Ear /  Im pa i r ed  

T a l k e r  B/ (Male)
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PRESENTATION LEVEL (dB FF SPL)

FIGURE 59 

Per fo rm an ce  -  I n t e n s i t y  F u n c t i o n s :  

Observed  and P r e d i c t e d  F u n c t i o n s  

S u b j e c t  F.G.  L e f t  Ear# Impai red  

T a l k e r  D# (Female)
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A D D IT IV IT Y  OF ARTICULATION INDEX

An i m p o r t a n t  a ssump t ion  o f  A r t i c u l a t i o n  Theory i s  t h e  

independence  o f  t h e  c o n t r i b u t i o n s  o f  each of  t h e  15 

o n e - t h i r d  o c t a v e  bands  (o r  20 e q u a l l y  i n t e l l i g i b l e  bands  of  

F rench  and S t e i n b e r g /  i f  t h e i r  method i s  u s e d ) .  One may to  

v e r i f y  t h i s  a ssum pt io n  i s  t o  examine t h e  a d d i t i v i t y  o f  t h e  

A r t i c u l a t i o n  Index v a l u e s  c a l c u l a t e d  and p e r c e n t a g e  c o r r e c t  

s c o r e s  p r e d i c t e d  f o r  t h e  narroui bands  o f  spe ec h  t h a t #  uihen 

combined/  c o n s t i t u t e  t h e  uiider  band c o n d i t i o n s  p r e s e n t e d  to  

t h e  l i s t e n e r s .  I f  a d d i t i v i t y  o b t a i n s /  t h e  sum of  t h e  A . I .

v a l u e s  f o r  each component  band m i l l  eq ua l  t h e  A . I .  v a l ue

f o r  t h e  b r o a d e r  band rnhich i n c l u d e s  a l l  t h e  component  bands .  

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

band s h o u l d  be c o r r e c t l y  p r e d i c t e d  from t h e  sum of  t h e  A . I .  

v a l u e s  of  t h e  component  ban ds .  These as s u m p t i o n s  sh o u ld  

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

and t h e  s p r e a d  o f  masking does  n o t  c o n t r i b u t e  to  a l t e r i n g  

t h e  A . I .  v a l u e  f o r  any c o n d i t i o n .

Another  i m p o r t a n t  a ssump t ion  i s  t h a t  t h e  A r t i c u l a t i o n  

Index f u n c t i o n s  a r e  monoton ic /  t h a t  f o r  any A . I .  v a l u e  a 

s i n g l e  p r e d i c t e d  p e r c e n t a g e  c o r r e c t  s c o r e  e x i s t s  and

i n c r e a s e s  as t h e  A . I .  v a l u e  i n c r e a s e s .  I f  no e x t e r n a l  

n o i s e  i s  p r e s e n t /  p r e d i c t e d  pe r fo rm a nce  i n t e n s i t y  f u n c t i o n s  

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

i n c r e a s e  u n t i l  t h e y  r e a c h  t h e  l i m i t s  imposed by e i t h e r
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lo u d n e s s  d i s c o m f o r t  t h r e s h o l d s  o r  t h e  maximum A . I .  v a l u e  

f o r  a g iv e n  bandwidth  c o n d i t i o n .  I f  t h e  band l i m i t  i s  

r eached#  t h e  c u r v e s  w i l l  become f l a t ;  i f  d i s c o m f o r t  l e v e l s  

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

t h a t  t h e  s p r e a d  o f  masking i n f l u e n c e s  t h e  A . I .  v a l u e /  th e  

P . I .  c u r v e s  w i 11 r o l l  ove r  as A . I .  v a l u e s  d i m i n i s h  f o r  

f u r t h e r  i n c r e a s e s  in p r e s e n t a t i o n  l e v e l .  In c a l c u l a t i n g  

A . I .  v a l u e s  speech  peak l e v e l s  in any band do n o t  i n c r e a s e  

beyond d i s c o m f o r t  l e v e l s /  b u t  r emain t h e r e  as e i t h e r  o v e r a l l  

sp e ec h  l e v e l  i n c r e a s e s  o r  e f f e c t i v e  masking n o i s e  i n c r e a s e s .

In t h e  d i s c u s s i o n  t o  f o l l o w /  t h e  t e r m s  summation o r  sum 

band w i l l  be used t o  d e s c r i b e  t h i s  b r o a d e r  band which i s  

composed o f  t h e  component  f i l t e r  b a n d s .  I t  must be 

u n d e r s t o o d  t h a t  t h e  l i s t e n e r s  in t h i s  s t u d y  ne ve r  a c t u a l l y  

h e a r d  wide-band c o n d i t i o n s  t h a t  were c r e a t e d  from a d i r e c t  

c o m b i n a t i o n  of  t h e  n a r r o w e r  bands  as would o c c u r  by summing 

f i l t e r  o u t p u t s .  The wide band c o n d i t i o n s  were c r e a t e d  

s i m p ly  by f i l t e r i n g  w i t h i n  t h e  s p e c i f i e d  l i m i t s .  For  t h e  

t e n  f i l t e r  c o n d i t i o n s  t e s t e d  in t h i s  s t u d y /  t e s t s  o f  

a d d i t i v i t y  and m o n o t o n i c i t y  were pe r fo rmed  on s i x t e e n  

d i f f e r e n t  c o m b i n a t i o n s  o f  component  and summation bands .  

The t e s t s  were pe r fo rme d  t o  d e t e r m i n e  whether  t h e  

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

These s i x t e e n  c o m b i n a t i o n s  a re  show in Tab le  S.
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TABLE 8

COMPONENT BANDS AND SUMMATION BANDS 

FOR TESTS OF ADDITIVITY OF A . I .  VALUES

COMPONENT BANDS SUMMATION BAND

1. LP 700 + HP 700 UNFILTERED
2. LP 1400 + HP 1400 UNFILTERED
3. LP 2800 + HP 2800 UNFILTERED
4. LP 700 + BP 700-2800 + HP 2800 UNFILTERED
5. LP 1400 + BP 1400-2800 + HP 2800 UNFILTERED
6. LP 700 + BP 700-1400 + LP 1400 UNFILTERED
7. LP 700 + BP 700-1400+BP 1400-2800 + HP 2800 UNFILTERED

8. LP 700 + BP 700-2800 LP 2800
9. LP 1400 + BP 1400-280 LP 2800

10. LP 700 + BP 700-1400 + BP 1400-2800 LP 2800

11. BP 700-1400 + HP 1400 HP 700
12. BP 700-2800 + HP 2800 HP 700
13. BP 700-1400 + BP 1400-2800 + HP 2800 HP 700

14. LP 700 + BP 700-1400 LP 1400
15. BP 1400-2800 HP 2800 HP 1400
16. BP 700-1400 + BP 1400-2800 BP 700-2800

For  each of  t h e  s i x t e e n  ca se s *  t h e  c a l c u l a t e d  

A r t i c u l a t i o n  Index v a l u e s  o f  t h e  component  bands uiere summed 

and compared t o  t h e  A . I .  o f  t h e  summation band.  

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

s i x t e e n  a d d i t i v i t y  c o n d i t i o n s *  showing in each case* t h e  

P . I .  f u n c t i o n  f o r  each component band and t h e  r e s u l t a n t  

summation band.  S i n c e  t h e  r e s u l t  o f  t h i s  a n a l y s i s  c o n s i s t s  

o f  384 (16 c a s e s  x 12 c o n d i t i o n s  x 2 p l o t s )  graphs*  on ly  a

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

B e fo re  d i s c u s s i n g  t h e s e  s p e c i f i c  examples* however* 

some g e n e r a l  o b s e r v a t i o n s  may be made r e g a r d i n g  t h e s e
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c a l c u l a t i o n s .  In t h e  A . I .  co m put a t io ns#  a l l  o f  t h e  sums of  

t h e  A . I .  v a l u e s  o f  t h e  component  bands  were equa l  to  or  

g r e a t e r  t h a n  t h e  A . I .  v a l u e  o f  t h e  summation bands .  At 

p r e s e n t a t i o n  l e v e l s  below 80 dB SPL# t h e  sum of  t h e  A . I . ' s  

was eq ua l  t o  t h e  A . I .  o f  t h e  summation band .  At h i g h e r

p r e s e n t a t i o n  l e v e l s #  however# t h e  sum o f  t h e  component  band 

A . I . ' s  exceeded  t h e  A . I .  o f  t h e  summation band f o r  s e v e r a l

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

f o r  s u b j e c t  F.G.  in b o t h  e a r s #  J . G .  in he r  impa i r ed  e a r

and in h e r  normal  e a r  t e s t e d  in q u i e t  and J . T .  in he r  

normal e a r  t e s t e d  in q u i e t .

The sum of  t h e  A . I . ' s  exceeded  t h e  A . I .  o f  t h e  sum 

band,  in on ly  a few c a s e s  f o r  G .M . ' s  l e f t  ea r#  f o r  J . G . ' s  

normal l e f t  e a r  t e s t e d  in n o i s e  and R . M . ' s  r i g h t  e a r  t e s t e d

in n o i s e .  I t  d i d  n o t  o c c u r  a t  a l l  f o r  G .M . ' s  r i g h t  ear#

T . T . ' s  r i g h t  ear#  R . M . ' s  r i g h t -  e a r  t e s t e d  in q u i e t  and

J . T . ' s  r i g h t  e a r  t e s t e d  in n o i s e .  In a d d i t i o n #  t h e  sum of

t h e  component  band A . I .  v a l u e s  exceeded  u n i t y  f o r  f o u r

s p e c i f i c  c a s e s .  T h i s  was# o f  course#  improper# s i n c e #  by 

d e f i n i t i o n #  t h e  maximum A . I .  v a l u e  i s  u n i t y .  The sums

g r e a t e r  t h a n  t h e  A . I .  o f  t h e  summation band and t h e  sums

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

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

p r o c e d u r e .  As no ted  e a r l i e r #  t h e  d i g i t a l  f i l t e r s  had a 

f i n i t e  s t o p  band a t t e n u a t i o n  o f  60 dB. Mhen t h e  A . I .

v a l u e s  were computed f o r  each component  band a t  h ig h



PAGE 223

p r e s e n t a t i o n  l e v e l s *  t h e  s t o p  band r e g i o n s  were i n c o r p o r a t e d  

i n t o  t h e  t o t a l  band A . I .  u n l e s s  r ed uce d  o r  e l i m i n a t e d  by 

t h r e s h o l d  s h i f t s  o r  e x t e r n a l  masking.  When a d j a c e n t  band 

A . I . ' s  a r e  added* t h e  s t o p  band c o n t r i b u t i o n  o f  t h e  h i g h e r  

(o r  lower )  component  band i s  added t o  t h e  p a s s  band 

c o n t r i b u t i o n  o f  t h e  lower  ( o r  h i g h e r )  component  band .  Th i s  

r e s u l t s  in  a h i g h e r  A . I .  v a l u e  th a n  t h a t  f o r  t h e  summation 

band.  The r e a d e r  s h o u l d  u n d e r s t a n d  th a t -  t h e s e  c i r c u m s t a n c e s  

e x i s t  be c au s e  o f  t h e  methods o f  co m p u ta t io n  used* and no t  by 

any fun da m e nt a l  f a u l t  of  A r t i c u l a t i o n  Theory .

Examining s p e c i f i c  examples  o f  t h i s  a d d i t i v i t y  

a n a l y s i s *  F i g u r e  60 e x h i b i t s  one r e s u l t  f o r  S u b j e c t  J . T . ' s  

r i g h t  e a r  t e s t e d  in q u i e t .  Shown i s  an a n a l y s i s  f o r  t h e  t h e
t

c a s e  o f  t h e  f o u r  component  bands summing- t o  eq u a l  t h e  

o v e r a l l  u n f i l t e r e d  spe ech  c o n d i t i o n .  The sum of  t h e  

component  band A . I . ' s  was computed o n ly  f o r  t h o s e  

p r e s e n t a t i o n  l e v e l s  where d a t a  p o i n t s  e x i s t  t h a t  a r e  common 

t o  a l l  component  c o n d i t i o n s .  The P . I .  f u n c t i o n s  

c o r r e s p o n d i n g  t o  t h i s  c a s e  a r e  shown in F i g u r e  61.  Al l  

p e r f o rm a n c e  l e v e l s  were s u b s t a n t i a l l y  below t h a t  of  t h e  

o v e r a l l  wide band c o n d i t i o n .  Notably* in compar ing  t h e s e  

two f i g u r e s *  one can o b s e r v e  t h a t  t h e  component  band w i th  

t h e  h i g h e s t  A . I .  v a l u e s *  BP 1400-2600 Hz* a l s o  d e m o n s t r a t e d  

t h e  h i g h e s t  component  band i n t e l l i g i b i l i t y .

Masking n o i s e  improved t h e  a d d i t i v i t y  of  t h e  c a l c u l a t e d
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A r t i c u l a t i o n  Index v a l u e s  s i n c e  t h e  low l e v e l  i n f o r m a t i o n  of  

t h e  f i l t e r  s t o p  bands  i s  e f f e c t i v e l y  removed from t h e  

c a l c u l a t i o n s .  F i g u r e s  63 and 64 show t h e  r e s u l t s  f o r  

S u b j e c t  J . T .  wi t h  s i m u l a t e d  h e a r i n g  l o s s  f o r  t h e  same 

a d d i t i v i t y  c a s e  j u s t  d e s c r i b e d .  In t h i s  example/  t h e  A . I .  

sum i s  e s s e n t i a l l y  eq u a l  t o  t h e  A . I .  o f  t h e  sum band.

An example f o r  a h e a r i n g - i m p a i r e d  l i s t e n e r  i s  seen  in 

F i g u r e s  64 and 65.  In t h i s  c a s e /  t h e  a n a l y s i s  was f o r  

S u b j e c t  F . G . # w i t h  t h e  c a s e  of  LP 700 combin ing  wi th  HP 700 

t o  e q u a l  t h e  u n f i l t e r e d  s p e e c h .  As in t h e  p r e v i o u s  

example s /  t h e  sum o f  t h e  component  band A . I .  v a l u e s  was 

e q u a l  t o  o r  g r e a t e r  t h a n  t h e  A . I .  o f  t h e  sum band.  

A d d i t i v i t y  f o r  t h e s e  c a s e s /  t h e r e f o r e /  a p p e a r s  t o  o b t a i n .
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1.2  
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0.2  

0.0
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PRESENTATION LEVEL dB SPL

+  LP. 700  
a  BP 708*14C0 
X  BP 1400-99093 —  
□  H* 2990  
O LMTLT.

J. I. - RIGHT EAR TESTED IN QUIET

FIGURE 60 

A d d i t i v i t y  of  A . I .  Values  

S u b j e c t  J . T .  -  Normal ly -H ear ing#  T e s t e d  in Qu ie t  

Summation o f  LP 700# BP 700-1400#

BP 1 4 0 0 -2 8 0 0  and HP 2800  Hz Bands
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100
+  LP 700 
a  BP 700 *140©
X  BP 14QXB-gBCBB —  
□  KP 2800  

-O LNFILT.
80

60 -

40

20

J . r. - MONT EAR TESTED IH QUIET

20 40 60 80 100 120 140
PRESENTATION LEVEL dB SPL

FIGURE 61 

Per fo rmance  -  I n t e n s i t y  F u n c t i o n s  

S u b j e c t  J . T .  -  Norm al ly -H ea r ing^  T e s t e d  in Qui e t  

Summation o f  LP 700# BP 700-1400#

BP 140O-2800 and HP 2800 Hz Bands
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1.

1 .

0.

0.

0.

0.

0.

a  gp 7oa-i4©0
X  BP 1400-3300 —  
□  H3 2800  
O U'FTLT.

J. r. - RtDHT EAR WITH 8IMULATcb LC08

20 40 G0 80 100 120 140
PRESENTATION LEVEL dB SPL

FIGURE SB 

A d d i t i v i t y  o f  A . I .  Values  

S u b j e c t  J . T .  -  Normal ly -H ea r ing^  T e s t e d  in Noise  

Summation o f  LP 700# BP 700-1400 ,

BP 1 4 0 0 -2 8 0 0  and HP 2800  Hz Bands
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100
+  LP 700
a  BP 709-1400 
X BP 1400-0000 —  
□  HP 2800 
O  INFTLT.
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40

20

a  r. -  RDQHr E f R  WITH 8B1LATED lo g s

20 40 60 80 100 120 140
PRESENTATION LEVEL dB SPL

FIGURE 63 

Per fo r mance  -  I n t e n s i t y  F u n c t i o n s  

S u b j e c t  J . T .  -  N o r m a l l y - H e a r i n g /  Tes ted ,  in Noise 

Summation o f  LP 700/ BP 700-1400/

BP 1 4 0 0 -2 8 0 0  and HP 2800  Hz Bands
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1 .2

1 .0 * A.C. sun

0.8
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0.2

P.O. -  LETT EAR [mPMREDI0.0

20 40 60 80 100 120 140
PRESENTATION LEVEL dB SPL

FIGURE 64 

A d d i t i v i t y  o f  A . I .  Values  

S u b je c t  F .G.  -  H e a r in g - I m p a i r e d .  L e f t  Ear  

Summation o f  LP 700 and HP 700 Hz Bands
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PRESENTATION LEVEL dB SPL

t— r t—m —i—i—i—i i i r
4  LP 700
+ h> 7«a
Q LNFtLT.

F .a  - LEFT EAR CCMPAIREDI

I 1 I 1___ |___ |___ |___ |___ L J I L

FIGURE 65 

Per fo rm ance  -  I n t e n s i t y  F u n c t io n s  

S u b j e c t  F .G. -  H ea r in g - Im p a i re d *  L e f t  Ear  

Summation o f  LP 700 and HP 700 Hz Bands
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MONOTONICITY OF ARTICULATION INDEX FUNCTIONS

Another  im p o r ta n t  as sum ption  of  A r t i c u l a t i o n  Theory i s  

t h a t  o f  t h e  m o n o to n ic i t y  of  t h e  A r t i c u l a t i o n  Index f u n c t i o n s  

and t h e  p e r c e n t a g e  c o r r e c t  s c o r e s  p r e d i c t e d  by th o s e  

f u n c t i o n s .  T h is  im p l i e s  t h a t  as c a l c u l a t e d  A . I .  v a l u e s  

i n c r e a s e /  whether  by adding a d d i t i o n a l  sp e c t ru m  in fo rm a t io n  

in a d j a c e n t  b ands /  or  by i n c r e a s i n g  t h e  i n t e n s i t y  o f  t h e  

speech  s i g n a l /  o r  by r e d u c i n g  th e  i n f l u e n c e s  o f  e x t e r n a l  

n o i s e  and masking/ t h e  p e r c e n t a g e  c o r r e c t  s c o r e  p r e d i c t e d  by 

th e  A . I .  u i i l l  a l s o  i n c r e a s e .  F u r t h e r /  a g iv e n  A . I .  v a lu e  

may be ac h ie v e d  in d i f f e r e n t  ways. However/ f o r  any 

s p e c i f i c  c u rv e  o f  A . I .  v s .  p e r c e n t a g e  c o r r e c t /  t h e  same 

v a lu e  of  A . I .  w i l l  p roduce  t h e  same v a lu e  o f  p e r c e n t a g e  

c o r r e c t .  The c u r v e s  p r e s e n t e d  in F ig u re  1 and F ig u r e s  

42 -  53 o f  t h i s  r e p o r t  a re  t y p i c a l  examples  o f  A . I .  

f u n c t i o n s  f o r  d i f f e r e n t  s e t s  of- sp e ech  m a t e r i a l s .  I t  i s  

c l e a r /  however/  f rom an ex a m in a t io n  of  t h e  o b se rv ed  d a t a  in 

t h e  f i g u r e s  j u s t  c i t e d  t h a t  t h e  a s su m p t io n s  o f  m o n o to n ic i ty  

do n o t  h o ld .  For a l l  s u b j e c t s /  t h e r e  a re  a number of  

c o n d i t i o n s  f o r  which t h e  o b se rv e d  p e r c e n ta g e  c o r r e c t  

d im in i s h e d  even though t h e  c a l c u l a t e d  A . I .  v a l u e s  f o r  t h e s e  

p o i n t s  were h i g h e r  th a n  p o i n t s  w i th  h ig h e r  p e r c e n t a g e  

c o r r e c t  v a l u e s .  T here  were /  in a d d i t i o n /  s e v e r a l  c o n d i t i o n s  

f o r  each s u b j e c t  f o r  which t h e  c a l c u l a t e d  A . I .  v a l u e s  

rem ained  c o n s t a n t  b u t  had s e v e r a l  v a l u e s  of  o b se rv e d  

p e r c e n t a g e  c o r r e c t .  Such c o n d i t i o n s  were LP 700 Hz/ LP 1400
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Hz and BP 1400-2B00 Hz* uihere t h e  c a l c u l a t e d  A . I .  v a l u e s  

mere a t  t h e  maximum p o s s i b l e  band A . I .  ove r  a r an g e  of 

t e s t e d  p r e s e n t a t i o n  l e v e l s .  A ccord ing  t o  t h e  a s su m p t io n s  of 

m o n o to n i c i t y /  i f  t h e  A . I .  r em a in s  c o n s t a n t /  t h e  p e r c e n t a g e  

c o r r e c t  s c o r e  sh o u ld  remain c o n s t a n t .  As seen  in th e  

o b se rv e d  da ta#  however/  t h i s  was no t  t h e  c a s e .

SUMMATION OF PERCENTAGE CORRECT SCORES

The r e l a t i o n s h i p s  o f  t h e  a d d i t i v i t y  o f  t h e  o b se rv e d  

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

model.  By d e f i n i t i o n /  th e  p e r c e n t a g e  c o r r e c t  s c o r e s  a re  

p r o b a b i 1 i t i e s  s im p ly  m u l t i p l i e d  by 100. I f  t h e  e v e n t s  a re  

s t a t i s t i c a l l y  in d e p e n d e n t /  t h e .p r o b a b i 1 i t y  of  a j o i n t  e v e n t  

i s  d e f i n e d  by t h e  sum of th e  i n d i v i d u a l  p r o b a b i l i t e s  l e s s  

t h e  p r o d u c t  o f  th e  p r o b a b i l i t e s .  I f  t h e  a s su m p t io n s  of  

a d d i t i v i t y  in A r t i c u l a t i o n  Theory o b t a i n s /  t h e  r e l a t i o n s h i p  

between t h e  p r o b a b i l i t e s  may th e n  be e x p r e s s e d  by s t a t i n g  

t h a t  t h e  p r o b a b i l i t y  o f  t h e  sum of  two o r  more in d e p e n d e n t  

bands i s  eq u a l  t o  t h e  sum o f  t h e  p r o b a b i l i t i e s  o f  t h e  bands 

minus t h e  p ro d u c t  o f  th e  p r o b a b i l i t i e s  o f  t h e s e  b an d s .  For 

example/  f o r  two b an d s /

P ( b l  + b2) = p ( b l )  + p (b 2 )  -  p ( b l ) p ( b 2 )

T a b le s  9 and 10/ f o l l o w i n g /  p r o v id e  t h e  r e s u l t s  o f  such
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c o m p u ta t io n s  f o r  t h e  tw e lv e  s u b j e c t  e a r - c o n d i t  io n s  f o r  t e n  

two-band c o m b in a t io n s .  All  p r o b a b i l i t i e s  have been 

c o n v e r t e d  back t o  p e r c e n t a g e  c o r r e c t .  I n c lu d e d  in each 

t a b l e  a re  t h e  o b s e rv e d  maximum s c o r e s  f o r  each band (obs)»  

t h e  o b se rv e d  maximum s c o r e  f o r  t h e  sum band/ and th e  s c o re  

p r e d i c t e d  by th e  above r e l a t i o n s h i p  Cpre) .  An example of 

t h e  c a l c u l a t i o n s  f o r  th e  f i r s t  c a se  shown in T ab le  9 is  

g iv e n  below.

The example a p p l i e s  to  t h e  c a se  of S u b j e c t  J . G . /  t e s t e d  

in q u i e t  in  h e r  n o r m a l l y - h e a r i n g  l e f t  e a r .  The summation 

t e s t e d  i s  t h a t  o f  lo w -p ass  700 Hz and h i g h - p a s s  700 Hz* 

which combine t o  t h e  wideband c o n d i t i o n .  From Table  2/  t h e  

o b se rv e d  s c o r e s  o f  37* and 91* a re  o b t a i n e d  f o r  t h e  LP 700 

Hz and HP 700 Hz c o n d i t i o n s /  r e s p e c t i v e l y .  D iv id in g  each 

s c o r e  by 100 g i v e s  t h e  o b se rv e d  p r o b a b i l i t i e s  f o r  each 

c o n d i t i o n .  A pply ing  th e  r e l a t i o n s h i p  d e s c r i b e d /  one o b t a i n s  

th e  f o l l o w i n g :

0 .9 4  = .3 7  + .91 -  C .3 7 X .9 1 )

The v a lu e  o f  0 . 9 4  o b t a i n e d  i s  t h e  p r e d i c t e d  p r o b a b i l i t y  

f o r  t h e  summation band/ in t h i s  c a s e  th e  u n f i l t e r e d  or 

wideband c o n d i t i o n /  based  on t h e s e  o b se rv e d  s c o r e s .  

M u l t i p l y i n g  0 .9 4  by 100 g i v e s  a p r e d i c t e d  p e r c e n t a g e  c o r r e c t  

s c o r e  o f  94* which /  as seen  in T ab le  2 and T ab le  9/ 

c o r r e s p o n d s  t o  t h e  o b se rv e d  s c o r e  o f  9 3 .9 *  ( o r  94*) f o r  th e  

u n f i l t e r e d  c o n d i t i o n .
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TABLE 9

PROBABILITY ANALYSIS OF ADDITIVITY 

NORMALLY-HEARING LISTENERS IN QUIET AND IN NOISE

LISTENERXCONDITION

J . G. J . G. J . T. J . T. R. M. R. M.
FILTER QUIET NOISE QUIET NOISE QUIET NOISE

Obs p re Obs p re obs p re obs pre obs pre obs pre
LP 700 37 37 33 41 40 35.
HP 700 91 92 90 86 91 82
UNFILT. 94 94 95 95 94 93 88 92 92 95 86 88

LP 1400 63 58 58 58 58 54
HP 1400 76 77 73 76 81 68
UNFILT. 94 91 95 90 94 89 88 90 92 92 86 85

LP 2800 87 89 85 86 87 82
HP 2800 38 49 30 46 56 32
UNFILT. 94 92 95 94 94 90 88 92 92 94 86 88

LP 700 37 37 33 41 40 35
BP 728 83 83 81 79 85 77
LP 2800 87 89 89 89 85 87 86 88 87 91 82 85

LP 1400 63 ‘ 58 58 58 58 54
BP 1428 73 71 67 71 71 62
LP 2800 87 90 89 88 85 86 86 88 87 88 82 83

BP 728 83 83 81 79 85 77
HP 2800 38 49 30 46 56 32
HP 700 91 89 92 91 90 87 86 89 91 93 82 84

BP 714 55 55 50 52 52 46
HP 1400 76 77 73 76 81 68
HP 700 91 94 92 90 90 87 86 88 91 91 82 83

LP 700 37 37 33 41 40 35
BP 714 55 55 50 52 52 46
LP 1400 63 72 58 72 58 67 58 72 58 71 54 65

BP 1428 73 71 67 71 71 62
HP 2800 38 49 30 46 56 32
HP 1400 76 83 77 85 73 77 76 84 81 87 68 74

BP 714 55 55 50 52 52 46
BP 1428 73 71 67 71 71 62
BP 728 83 88 83 87 81 84 79 86 85 86 77 79
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TABLE 10

PROBABILITY ANALYSIS OF ADDITIOITY 

HEARING IMPAIRED LISTENERS

LISTENER/CONDITION

F. G. F. G. G. M. G. M. J . G. T. T.
FILTER RIGHT • LEFT RIGHT LEFT RIGHT RIGHT

obs p re obs p re obs p re obs pre obs pre obs p re
LP 7 0 0 38 36 28 29 31 30
HP 700 83 83 58 75 72 65
UNFILT. 80 89 71 89 58 70 78 82 70 81 67 76

LP 1400 53 52 31 47 44 39
HP 1400 63 58 38 54 52 35
UNFILT. 80 83 71 80 58 57 78 76 70 73 67 60

LP 2800 79 77 55 71 71 63
HP 2800 35 35 24 30 23 11
UNFILT. 80 86 71 85 58 66 78 80 70 78 67 67

LP 700 38 36 28 29 31 30
BP 728 80 80 56 70 66 57
LP 2800 79 88 77 87 55 68 71 79 71 77 63 70

LP 1400 53 52 31 47 44 39
BP 1428 62 60 35 58 55 31
LP 2800 79 82 77 81 55 55 71 78 71 75 63 58

BP 728 80 80 56 70 66 57
HP 2800 35 35 24 30 23 11
HP 700 83 87 83 87 58 67 75 79 72 74 65 62

BP 714 52 49 26 40 40 39
HP 1400 63 58 38 54 52 35
HP 700 83 62 83 79 58 54 75 72 72 71 65 60

LP 700 38 36 28 29 31 30
BP 714 52 49 26 40 40 39
LP 1400 53 70 52 67 31 47 47 57 44 59 39 57

BP 1428 62 60 35 58 55 31
HP 2800 35 35 24 30 23 11
HP 1400 63 75 58 74 38 51 54 71 52 65 35 39

BP 714 52 49 26 40 40 39
BP 1428 62 60 35 58 55 31
BP 728 80 82 80 80 56 52 70 75 66 73 57 58
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In  T ab le  9# one may se e  t h a t  f o r  t h e  n o r m a l l y - h e a r i n g  

l i s t e n e r s  t e s t e d  b o th  in q u i e t  and n o i s e /  t h e  p r e d i c t e d  

v a lu e s  o f  p e r c e n t a g e  c o r r e c t  f a l l  g e n e r a l l y  w i t h i n  5 

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

summation c o n d i t i o n s :  LP 700 + BP 700-1400 = LP 1400 and BP

1428 + HP 2800 = HP 1400. For t h e  f i r s t  o f  t h e s e /  th e

d i f f e r e n c e s  between o b se rv e d  and p r e d i c t e d  i s  s u b s t a n t i a l /  

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

p o i n t s  g r e a t e r  th a n  t h e  o b se rv e d  s c o r e .

For t h e  im p a i red  l i s t e n e r s  shown in Table  10/ 

s i g n i f i c a n t  d i f f e r e n c e s  between o b se rv e d  and p r e d i c t e d  

s c o r e s  o c c u r r e d  f o r  a l l  summation c a s e s  t h a t  in c lu d e d  th e  LP 

700 Hz band .  As f o r  t h e  normal l i s t e n e r s /  t h e  p r e d i c t e d  

scohe was h ig h e r  th a n  th e  o b se rv e d  s c o r e .  Note a l s o /  t h a t  

as f o r  t h e  n o r m a l l y - h e a r i n g  s u b j e c t s /  p r e d i c t e d  s c o r e s  were 

h ig h e r  th a n  o b se rv e d  f o r  BP 1428 + HP 2800 = HP 1400. I t  i s  

c l e a r  from t h i s  a n a l y s i s  t h a t  t h e  LP 700 Hz band has  a 

n e g a t i v e  i n f l u e n c e  on th e  p e r fo rm a n ce  o f  h e a r i n g  im pa ired  

l i s t e n e r s /  an o b s e r v a t i o n  made e a r l i e r  when d i s c u s s i n g  th e  

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

seems l i k e l y  t h a t  on t h e  b a s i s  o f  t h i s  a n a l y s i s /  f u r t h e r  

r e s e a r c h  i n t o  t h e  e f f e c t s  o f  t h i s  low f r e q u e n c y  ene rgy  may 

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

masking in l i s t e n e r s  w i th  s e n s o r i n e u r a l  h e a r i n g  l o s s .
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GENERAL CONSIDERATIONS

The o v e r a l l  r e s u l t s  of  th e  c a l c u l a t i o n s  o f  A r t i c u l a t i o n  

Index have shown t h a t  f o r  t h e  d a t a  o b t a in e d  in t h i s  s tu d y /  

A r t i c u l a t i o n  Theory d id  no t  a c c u r a t e l y  p r e d i c t  

i n t e l l i g i b i l i t y  pe r fo rm an ce  of  t h e  l i s t e n e r s  for1 a l l

c o n d i t i o n s  e v a l u a t e d .  This  uias e s p e c i a l l y  t r u e  f o r  th e

h e a r i n g - i m p a i r e d  s u b j e c t s  and th e  n o r m a l l y - h e a r i n g  s u b j e c t s  

l i s t e n i n g  to  speech  masked uiith b roadband shaped n o i s e  to  

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

r e f e r e n c e  cu rve  used  t o  p r e d i c t  i n t e l l i g i b i l i t y  was n o t

n e c e s s a r i l y  a p p r o p r i a t e /  some d a t a  p o i n t s  f e l l  a long  t h i s  

curve# i n d i c a t i n g  t h a t  a r e f e r e n c e  cu rv e  d e te rm in e d  f o r  some 

o f  t h e  d a t a  p o i n t s  would n o t  have d i f f e r e d  g r e a t l y  from th e  

c u rv e  shown. However# such a cu rv e  must be o b t a i n e d  f o r  

each  s u b j e c t .  T h is  curve# once o b ta in e d #  sh o u ld  apply  to  

a l l  c o n d i t i o n s  e v a l u a t e d  f o r  any g iv en  s u b j e c t #  n o t  j u s t  a 

few c o n d i t i o n s .  Nor sh o u ld  a d i f f e r e n t  cu rv e  be r e q u i r e d  

f o r  a s u b j e c t  when t e s t e d  in q u i e t  and t e s t e d  in a n o i s e

e n v i ro n m e n t .  These p roblem s imply t h a t  a r e e x a m in a t io n  of  

t h e  fundam en ta l  a s su m p t io n s  and p a r a m e te r s  o f  A r t i c u l a t i o n  

Theory i s  n e c e s s a r y  t o  d e te rm in e  th e  e l e m e n ts  t h a t  might be 

m o d i f ie d  to  p e r m i t  g r e a t e r  a ccu racy  in  p r e d i c t i n g  th e  

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

In  A r t i c u l a t i o n  Theory# t h e  p r im ary  v a r i a b l e s  a re  t h e
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Band E f f i c i e n c y  and t h e  Band Im p o r tan ce .  The Band

E f f i c i e n c y  i s  d e t e rm in e d  p r i m a r i l y  from p h y s i c a l

m easurem ents  t h a t  d e s c r i b e  t h e  com m onicat ions  c h a n n e l .  

Houiever/ band e f f i c i e n c y  i s  m o d i f ie d  by th e  e f f e c t s  of t h e  

s p r e a d  o f  masking t h a t  may f u r t h e r  r ed u ce  th e  band 

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

i n t e n s e .  K r y t e r ' s  p ro c e d u re  (and# of  c o u r s e /  the  ANSI 

S ta n d a rd  p r o c e d u r e )  i n c o r p o r a t e  c o r r e c t i o n s  f o r  bo th  -upward 

and downward s p r e a d  o f  m asking .  In c lu d e d  in t h e  p ro c e d u r e s  

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

s e l f - m a s k i n g  o f  sp e ech  as  d i s c u s s e d  by French and S t e i n b e r g .  

In t h e  c a l c u l a t i o n s  p e r fo rm ed  f o r  t h i s  r e s e a r c h /  h e a r i n g

l o s s  was m ode l led  as an e x t e r n a l  n o i s e .  I t  i s  p o s s i b l e  t h a t  

th e  c o m b in a t io n  of  t h e  s e l f  masking o f  speech  and s p re a d  of  

masking o f  t h i s  n o i s e  has  g r e a t  i n f l u e n c e  on the  band

e f f i c i e n c y  o f  t h e  h i g h e r  f r e q u e n c y  b an d s .  F u r th e rm o re /  f o r  

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

im pairm ent  i s  c l e a r l y  g r e a t e r  th a n  t h a t  o f  t h e  n o i s e  a lo n e .

The Band Im p o r tan ce  w e ig h t s  were d e r i v e d  by K ry te r  

(1962a)  and o t h e r s  f rom e m p i r i c a l l y  d e te rm in e d  f u n c t i o n s  f o r  

n o r m a l l y - h e a r i n g  l i s t e n e r s .  However/ s i n c e  t h e  

n o r m a l l y - h e a r i n g  l i s t e n e r s  in t h i s  s tu d y  e x h i b i t e d  th e  same 

prob lem  w i th  low f r e q e u n c y  ene rgy  as t h e  l i s t e n e r s  w i th  

h e a r i n g  l o s s / ,  a r e d e t e r m i n a t i o n  o f  t h e  Band Im portance  

w e ig h t s  may be n e c e s s a r y  t o  more a c c u r a t e l y  r e f l e c t  t h e  

s i g n i f i c a n c e  o f  low f r e q u e n c y  energy  r e l a t i v e  to  h ig h
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f r e q u e n c y  f o r  t h e s e  sp e ech  m a t e r i a l s .  The n o r m a l l y - h e a r i n g  

l i s t e n e r s  o b v io u s l y  have ve ry  good h igh  f r e q u e n c y  h e a r i n g ;  

however* t h e  im pa ired  s u b j e c t s  may have a r e s i d u a l  h igh  

f re q u e n c y  c a p a b i l i t y  n o t  acco u n ted  f o r  in t h e  c a l c u l a t i o n s  

uihen i n t e n s e  lout f r e q u e n c y  in f o r m a t i o n  i s  removed.

The s u g g e s t i o n s  o f  Dugal* B r a id a  and D urlach  (1980) to  

expand t h e  e x p e r i m e n ta l  s t u d i e s  t o  t e s t  A r t i c u l a t i o n  Theory 

under  a w ide r  v a r i e t y  of  c o n d i t i o n s  uiere met t o  a l a rg e  

d eg re e  by t h i s  s t u d y .  One c l e a r  p roblem i s  t h e  g e n e r a l l y  

b e t t e r  p e r fo rm an ce  o f  t h e  l i s t e n e r s  r e l a t i v e  t o  t h e  

p e r fo rm an ce  p r e d i c t e d  by th e  t h e o r y .  For h e a r i n g - i m p a i r e d  

s u b j e c t s  w i th  h igh  f r e q u e n c y  h e a r i n g  lo s s  t h e  f a c t o r s  o f  t h e  

in -b an d  and i n t e r - b a n d  masking o f  sp eech  i t s e l f  must be 

b e t t e r  u n d e r s to o d .  The th e o r y  as p r e s e n t l y  s t a t e d  does no t  

e n t i r e l y  a cco u n t  f o r  t h e  improved p e r fo rm a n ce  o f  t h e s e  

s u b j e c t s  a t  h igh  l e v e l s  as low f re q u e n c y  s p e c t r a l  

i n f o r m a t i o n  i s  removed. Spread  o f  masking of  t h e  low 

f r e q u e n c y  speech  e n e rg y  c l e a r l y  i s  one c a u s e  o f  t h e  improved 

p e r fo rm a n c e .  However* a c c o rd in g  t o  t h e  th e o ry *  e x c e p t  f o r  

t h e  e f f e c t s  o f  s p r e a d  of  masking* removing any p o r t i o n  of 

th e  a v a i l a b l e  sp eech  sp e c t ru m  w i l l  r e s u l t  in a red u ced  

p e r fo rm a n c e  s i n c e  t h e  sum o f  t h e  Band Im p o r tan ce  w e ig h t in g  

f a c t o r s  d e c r e a s e s .  Any masking or  h e a r i n g  l o s s  t h a t  removes 

any p o r t i o n  o f  t h e  a u d i b l e  speech  a r e a  must a l s o  by th e o r y  

r ed u ce  p e r fo rm a n c e .
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Dugal# B ra id a  and D urlach  (1960) found  a r t i c u l a t i o n  

f u n c t i o n s  t h a t  p r e d i c t e d  per fo rm ance  f o r  h e a r i n g - i m p a i r e d  

l i s t e n e r s  w ith  some accuracy#  a l th o u g h  th e y  co u ld  n o t  do so 

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

v a l u e s  f e l l  in  a h ig h  ran g e  ( A . I .  > 0 . 8 5 ) .  T h is  meant t h a t  

p r e d i c t e d  s c o r e s  would be n e a r  1005s. They o b se rv e d  t h a t  a 

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

a p r o f i c i e n c y  f a c t o r  o f  l e s s  th an  1 .0  was u sed  f o r  t h e i r  

n o r m a l l y - h e a r i n g  l i s t e n e r s  as well  as t h e i r  im pa ired  

l i s t e n e r s .  I n c o r p o r a t i n g  a p r o f i c i e n c y  f a c t o r  to  f i t  d a t a  

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

However# s i n c e  a l l  s u b j e c t s  in t h i s  s tu d y  were h ig h l y

t r a i n e d #  th e y  were assumed t o  have a p r o f i c i e n c y  f a c t o r  o f
>

1 . 0 .  The o n ly  v a r i a b l e  upon which thd^jafti 'ficiSrifcy f a c t o r  

co u ld  o p e r a t e  h e r e  i s  the. l i s t e n e r  s i n c e  a l l  s u b j e c t s  hea rd  

t h e  same . sp e ech  m a t e r i a l s  spoken by t h e  same t a l k e r s #  and 

r e c e i v e d  e s s e n t i a l l y  t h e  same amount of  t r a i n i n g .  For a 

s u b j e c t  l i s t e n i n g  under  d i f f e r e n t  t e s t  c o n d i t i o n s #  b u t  

assuming th e  same amount o f  t r a i n i n g  f o r  each# t h e  

p r o f i c i e n c y  f a c t o r  sh o u ld  rem ain  t h e  same. Thus# f o r  t h e  

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

same t a l k e r #  t h e  p r o f i c i e n c y  f a c t o r  must be t h e  same as  when 

th e  same s u b j e c t s  a r e  t e s t e d  in q u i e t .  In a d d i t i o n #  and 

p e rh a p s  more fundam en ta l#  i s  t h e  i s s u e  of  m o n o to n ic i t y  under  

such  c o n d i t i o n s .  As noted# e a r l i e r #  f o r  a g iv e n  s u b j e c t #  

t a l k e r #  l i s t e n i n g  c o n d i t i o n  and speech  m a t e r i a l s #  an s i n g l e  

A . I .  v a lu e  s h o u ld  c o r r e s p o n d  to  a s i n g l e  v a l u e  of
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p e r c e n t a g e  c o r r e c t .  T h is  utas c l e a r l y  n o t  t h e  c a se  -for th e  

n o r m a l l y - h e a r i n g  l i s t e n e r s  when l i s t e n i n g  in q u i e t  and in 

n o i s e .

As d i s c u s s e d  in  C h ap te r  I I I /  i n v e s t i g a t o r s  such as
V

P o l l a c k  (1948) and A niansson  (1974) found r e a s o n a b l y  c l o s e  

agreem ent be tween o b s e rv e d  and p r e d i c t e d  p e r fo rm ance  u s in g  

A r t i c u l a t i o n  T heo ry .  K r y t e r  (1962b) p e r fo rm ed  c a l c u l a t i o n s  

u s in g  th e  r e s u l t s  o f  s e v e r a l  s t u d i e s  o f  speech  p e r c e p t i o n  

and a l s o  found good ag reem en t  between o b se rv e d  and p r e d i c t e d  

s c o r e s .  M i lb e r  (1964)  found t h a t  o b se rv e d  and p r e d i c t e d  

s c o r e s  were c l o s e  f o r  h e r  s u b j e c t s  w i th  normal h e a r i n g  and 

c o n d u c t iv e  im p a i rm e n t s .  In c o n t r a s t *  f o r  h e r  s u b j e c t s  w ith  

s e n s o r i n e u r a l  h e a r i n g  lo ss*  p r e d i c t i o n s  o f  "speech  

d i s c r i m i n a t i o n "  were p o o r .  For h e r  l i s t e n e r s *  however* t h e  

p r e d i c t e d  s c o r e s  were s u b s t a n t i a l l y  h ig h e r  th a n  th e  obse rved  

s c o r e s .  T h is  i s  t h e  o p p o s i t e  o f  th e  r e s u l t s  o f  t h e  A . I .  

c a l c u l a t i o n s  o f  t h e  p r e s e n t  r e p o r t .  Here* o b se rv e d  s c o r e s  

were g e n e r a l l y  much h i g h e r  th a n  t h e  p r e d i c t e d  sc o re s*  

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

and th e  n o r m a l l y - h e a r i n g  l i s t e n e r s  w i th  s i m u l a t e d  h e a r i n g  

l o s s .

The c a l c u l a t i o n s  t h a t  were pe r fo rm ed  t o  t e s t  t h e  b a s i c  

a s su m p t io n  ■ o f  a d d i t i v i t y  in t h e  A r t i c u l a t i o n  Theory 

p r o c e d u r e s  used  in t h i s  s tu d y  showed t h a t  t h e  a s su m p t io n s  of  

a d d i t i v i t y  were r e a s o n a b l e .  However* t h e  assum ption  of
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m o n o to n ic i ty  t h a t  r e s u l t e d  in c u r v e s  such as t h o s e  shown in 

F ig u r e s  1 and 42 -  53 d id  n o t  ho ld  f o r  t h e  d a t a  o f  t h e  

p r e s e n t  s t u d y .  The v i o l a t i o n  o f  t h i s  b a s i c  a s su m p t io n  must 

be th o r o u g h ly  u n d e r s to o d  a long  w i th  o t h e r  m o d i f i c a t i o n s  to  

th e  t h e o r y .

From th e  a s su m p t io n s  o f  independence  o f  F rench  and 

S t e i n b e r g  and B e r a n e k ' s  tw en ty  bands o f  e q u a l  c o n t r i b u t i o n  

to  t h e  A . I .*  K ry te r  d e r i v e d  th e  Band Im p o r tan ce  w e ig h t s  used 

in t h e  s t a n d a r d  methods of C a l c u l a t i n g  A . I .  and used in 

t h i s  r e p o r t .  C le a r ly *  in t h e  r e s u l t s  o f  t h i s  s tudy*  th e  

bands* a s ' d e s c r i b e d  by French  and S t e i n b e r g  and Beranek* d id  

n o t  appear  t o  m a in t a in  e q u a l  c o n t r i b u t i o n  as i n t e n s i t y  and 

a v a i l a b l e  s p e c t r a l  i n f o rm a t io n  was changed .  Th is  was 

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

h e a r i n g  l o s s .  T h e re fo re *  th e  Band Im p o r tan ce  w e ig h ts  

d e s c r i b e d  by K ry te r  s h o u ld  be a l t e r e d  in some way t o  r e f l e c t  

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

p r e s e n t a t i o n  l e v e l  i s  v a r i e d  and as t h e  a v a i l a b l e  r e s i d u a l  

h e a r i n g  o f  an im p a ired  s u b j e c t  i s  v a r i e d .
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CHAPTER V I I I  

SUMMARY AND CONCLUSIONS

SUMMARY

Six  s u b j e c t s  p a r t i c i p a t e d  in a s tu d y  to  measure t h e  

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

A r t i c u l a t i o n  Theory t o  p r e d i c t  i n t e l l i g i b i l i t y  pe r fo rm an ce  

o f  t h e s e  l i s t e n e r s .  Two o f  t h e  l i s t e n e r s  had normal 

h ea r in g #  t h r e e  had b i l a t e r a l  s e n s o r i n e u r a l  h e a r i n g  l o s s  and 

one had a s e n s o r i n e u r a l  l o s s  in one e a r  and normal h e a r i n g  

in t h e  o t h e r .  Recorded con so n an t-v o w el  nonsense  s y l l a b l e s  

were d i g i t a l l y  f i l t e r e d  to  produced  n in e  c o n d i t i o n s  of  

low-pass#  h i g h - p a s s  and b a n d - p a s s  f i l t e r e d  s p e e c h .  All  

s u b j e c t s  l i s t e n e d  t o  a l l  c o n d i t i o n s  in c lu d in g  u n f i l t e r e d  

speech  a t  a minimum o f  f i v e  d i f f e r e n t  p r e s e n t a t i o n  l e v e l s  

r a n g in g  from n e a r  t h r e s h o l d  t o  n e a r  d i s c o m f o r t  l e v e l .  A ll  

l i s t e n e r s  h ea rd  t h e  sp e ech  sam ples  w i th  no added background  

n o i s e .  In a d d i t i o n #  th e  n o r m a l l y - h e a r i n g  s u b j e c t s  l i s t e n e d  

t o  t h e  speech  m a t e r i a l s  in a background of  shaped  w h i te  

n o i s e  d e s ig n e d  t o  p roduce  in t h e s e  l i s t e n e r s  masked a u d i t o r y  

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

s u b j e c t s .  A l l  l i s t e n i n g  was done in a s o u n d -p ro o f  room w ith  

h e a d p h o n e s .



PAGE 244

The b a s i c  d a t a  o f  t h i s  t n e s i s  c o n s i s t  o f  s e t s  of  

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

by each s u b j e c t .  U sing  th e  model o f  A r t i c u l a t i o n  . Theory 

deve loped  by Dugal* B ra id a  and O ur lach  (1 9 8 0 ) /  A r t i c u l a t i o n  

Index c a l c u l a t i o n s  mere p e r fo rm ed  to  d e t e rm in e  t h e  ac cu racy  

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

per fo rm ance  o b ta in e d  by t h e  l i s t e n e r s .

CONCLUSIONS

The r e s u l t s  o f  t h i s  s tu d y  have shown t h a t :

(1)  For t h e  n o r m a l l y - h e a r i n g  s u b j e c t s  l i s t e n i n g  in q u i e t  and 

n o i s e  and th e  h e a r i n g - i m p a i r e d  s u b j e c t s  l i s t e n i n g  in q u i e t  

who p a r t i c i p a t e d  in t h i s  s tudy*  speech  i n t e l l i g i b i l i t y  o f  

t h e  m a t e r i a l s  u s e d  rem a ined  r e l a t i v e l y  h ig h  w hethe r  

h i g h - p a s s  f i l t e r e d  a t  700 Hz o r  lo w -p ass  f i l t e r e d  a t  2800 

Hz* and h ea rd  w ith  s u f f i c i e n t  i n t e n s i t y .

(2)  For a l l  t h e  l i s t e n e r s  in  t h i s  s tudy*  r o l l o v e r  in 

p er fo rm ance  o c c u r r e d  a t  h ig h  p r e s e n t a t i o n  l e v e l s  t h a t  were 

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

when t h a t  might o c c u r  was n o t  s p e c i f i c a l l y  c l e a r  from th e  

r e s u l t s  o f  t h i s  s t u d y .

(3)  For l i s t e n e r s  w i th  s l o p i n g  s e n s o r i n e u r a l  h e a r i n g  loss*  

removing t h e  high f re q u e n c y  e n e rg y  from 2800 Hz up t o  t h e
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4500 Hz c u t o f f  o f  t h e  m a t e r i a l  p r e s e n t e d  h e r e /  had l i t t l e  

e f f e c t  on r e d u c i n g  i n t e l 1 i g i b i 1i t y . A more s i g n i f i c a n t  

e f f e c t  r e s u l t e d  from removing th e  energy  below 700 Hz. At
j

s u f f i c i e n t l y  h igh  p r e s e n t a t i o n  l e v e l s #  i n t e l l g i b i 1 i ty  

p e r fo rm an ce  u s u a l l y  e q u a l l e d  o r  exceeded  t h a t  a c h iev e d  f o r  

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

i n f o rm a t io n  below 700 Hz.

(4) The p e r f o r m a n c e - i n t e n s i t y  f u n c t i o n s  o f  t h e  

n o r m a l l y - h e a r i n g  l i s t e n e r s  w i th  s i m u l a t e d  h ig h  f re q u e n c y  

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

s e n s o r i n e u r a l  h e a r i n g  l o s s .  E l i m i n a t i n g  low f re q u e n c y  

ene rgy  f o r  t h e s e  s u b j e c t s  d id  n o t  have as  d r a m a t i c  e f f e c t  on 

t h e i r  i n t e l l i g i b i l i t y  pe r fo rm an ce  as i t  d id  on t h e  im paired  

s u b j e c t s  w i th  m ain ly  h igh  f r e q u e n c y  h e a r i n g  l o s s .  That  is# 

t h e  s i m u l a t i o n  o f  s l o p i n g  lo s s  in t h e  n o r m a l l y - h e a r i n g  

l i s t e n e r s  was more l i k e  a f l a t  l o s s  r a t h e r  th a n  a s l o p i n g  

l o s s .

(5) E s t im a te d  p r e d i c t i o n s  o f  i n t e l l i g i b i l i t y  u s i n g  an 

A r t i c u l a t i o n  cu rv e  d e r i v e d  from 1 0 0 0 -m o n o sy l la b ic  words were 

g e n e r a l l y  lower th a n  t h e  o b se rv e d  s c o r e s  f o r  most c o n d i t i o n s  

and most s u b j e c t s .  A lthough  somewhat s p r e a d  out# A . I .  

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

q u i e t  f e l l  c l o s e r  t o  t h e  cu rv e  o f  e x p e c te d  p e r fo rm a n ce  th an  

f o r  t h e s e  l i s t e n e r s  when t e s t e d  in n o i s e  and f o r  th e  

h e a r i n g - i m p a i r e d  l i s t e n e r s .  E r r o r s  in t h e  p r e d i c t i o n s  were
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g e n e r a l l y  s y s t e m a t i c #  in t h a t  o b se rved  p e r fo rm ance  s c o r e s  

f o r  t h e  n a r ro w e s t  band c o n d i t i o n s  shouted t h e  g r e a t e s t  

d i f f e r e n c e  from th e  p r e d i c t e d  s c o r e s .

(6)  The b a s i c  a s sum pt ion  of  a d d i t i v i t y  o f  t h e  A r t i c u l a t i o n  

Index and p e r c e n t a g e  c o r r e c t  s c o r e s  p r e d i c t e d  by i t  utas 

r e a f f i r m e d  by th e  d a t a  o f  t h i s  s tu d y .  However# th e  

a s su m p t io n  o f  m o n o to n ic i t y  was found to  be v i o l a t e d  by th e  

d a t a  o b s e rv e d  h e r e .  For many c o n d i t io n s #  d i f f e r e n t  

p e r c e n t a g e  c o r r e c t  s c o r e s  were ob se rv ed  f o r  th e  same v a lu e  

o f  A r t i c u l a t i o n  In d ex .  In a d d i t i o n #  as A r t i c u l a t i o n  Index 

in c re a s e d #  o b se rv ed  p e r c e n t a g e  c o r r e c t  s c o r e  d ropped .

(7)  Methods o f  c a l c u l a t i n g  th e  A r t i c u l a t i o n  Index appear  to  

r e q u i r e  r e v i s i o n  t o  acco u n t  f o r  th e  g r e a t e r  s p r e a d  of 

masking o f  low f r e q u e n c y  speech  energy  to  h igh  f re q u e n c y  

r e g i o n s  and to  ac co u n t  f o r  th e  improved p e r fo rm an ce  in both  

n o r m a l l y - h e a r i n g  l i s t e n e r s  and l i s t e n e r s  w i th  h igh  f re q u e n c y  

s e n s o r i n e u r a l  h e a r i n g  lo s s  when low f r e q u e n c y  ene rgy  i s  

removed. Band im por tance  w e ig h t s  must be r e v i s e d  to  

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

i n t e l l i g i b i l i t y  o f  i n d i v i d u a l  f re q u e n cy  b an d s .  Band 

e f f i c i e n c y  must be d e te rm in ed  t o  r e f l e c t  t h e  i n f l u e n c e  of 

a d j a c e n t  bands  on o v e r a l l  i n t e l l i g i b i l i t y #  p a r t i c u l a r l y  low 

f r e q u e n c y  b an d s .  Also r e q u i r e d  i s  a th o ro u g h  u n d e r s t a n d in g  

o f  t h e  la c k  o f  m o n o to n ic i t y  of t h e  d a t a  of t h i s  s t u d y .
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APPENDIX A

RMS AND PEAK LEUELS FOR TALKERS

The f o l lo w in g  t a b l e  i n d i c a t e s  t h e  1 / 3 - o c t a v e  band p r e s s u r e  
l e v e l s  r e l a t i v e  to  0 dB SPL  f o r  t h e  f o u r  t a l k e r s  u s e d ^ in  
t h i s  s t u d y .  These v a l u e s  were used  in t h e  c a l c u l a t i o n s  ' o f  
A r t i c u l a t i o n  Index .

TALKER D<F) TALKER P ( M) TALKER BCM) TALKER M(F

BAND RMS PEAK RMS PEAK RMS PEAK RMS PEAK

200 -1 4 -  4 - 1 4 -  5 - 1 2 -  3 -1 5 -  5
250 -1 0 2 -  8 2 -  6 3 -  9 2
315 -  7 5 -  5 5 -  5 5 -  6 5

400 -  5 5 -  7 5 -  8 3 -  8 4
500 -1 4 -  1 - 1 6 -  4 - 1 7 -  4 -  7 6
630 -1 7 -  4 -1 1 0 -1 4 -  1 -1 5 -  2

800 -1 5 -  1 -  9 3 -11 2 -1 2 2
1000 -1 3 0 - 1 0 4 -11 3 -1 2 2
1250 -11 2 -1 3 0 -1 3 0 -1 8 -  4

1600 -2 2 -  8 -2 1 -  6 -2 5 -1 2 -3 3 -2 0
2000 -3 2 -1 9 - 2 3 - 1 0 - 2 3 -  9 -3 6 -2 2
2500 -3 0 -1 7 - 2 4 -1 1 -2 3 -1 0 -3 6 -2 2

3150 -3 0 -1 8 - 2 5 -1 1 -3 1 -1 7 -3 0 -1 6
4000 -3 4 -21 - 3 7 - 2 3 - 3 7 -2 3 -3 0 -1 6
5000 -4 9 -3 7 - 4 4 -3 1 -4 6 -3 3 -4 2 -2 8

<F) Female T a lk e r  
(M) Male T a lk e r
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APPENDIX B

MASKING NOISE FOR SIMULATED HEARING LOSS

T h is  append ix  l i s t s  t h e  o n e - t h i r d  o c ta v e  band sound p r e s s u r e  
l e v e l s  of  t h e  masking n o i s e  used  t o  s i m u l a t e  h e a r i n g  lo s s  in 
each o f  t h e  n o r m a l l y - h e a r i n g  s u b j e c t s .  Values  a re  c o u p l e r  
so u n d -  p r e s s u r e  l e v e l s -  u s in g  an NBS-9A ea rphone  coup le r*  
TDH-49 ea rp h o n e s  and MX-41/AR c u s h i o n s .

BAND BAND PRESSURE LEVEL <dB r e  20 uPa) 
CENTER

FREQ. SUBJECT: J .G . • 
1 

H 
1 

• 
1 

•-> 
I R.M.

200 24 24 24
250 26 26 26
315 28 30 28

400 32 30 31
500 34 33 34
630 36 35 37

800 38 36 40
1000 43 38 43
1250 4 7 .5 3 9 .5 48

1600 51 43 53
2000 54 45 57
2500 57 48 5 9 .5

3150 60 5 1 .5 64
4000 61 53 6 7 .5
5000 61 53 66

O v e ra l l  Level
(C-uie i g h t e d ) 70 68 74
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APPENDIX C 

FREE FIELD CALIBRATION DATA

This  append ix  l i s t s  t h e  d i f f e r e n c e s  in a u d i t o r y  t h r e s h o l d  
sound p r e s s u r e  l e v e l s  a t  t h e  o n e - t h i r d  o c ta v e  band c e n t e r  
f r e q u e n c i e s  between t h e  TD H-49/Zw islocki c u s h io n  ea rp h o n e s  
used in . t h e s e  e x p e r im e n t s  and t h e  T e l e p h o n ie s  Model 556; 
t h e  f r e e  f i e l d  c o r r e c t i o n  d e t e rm in e d  by Lippmann (1 9 8 1 ) ;  
and th e  t o t a l  c o r r e c t i o n  a p p l i e d  t o  t h e  A r t i c u l a t i o n  Index 
c a l c u l a t i o n s .  A l e v e l  c o r r e c t i o n  o f  - 6  dB was a p p l i e d  to  
t h e  p r e s e n t a t i o n  l e v e l s  o f  sp e ech  s i g n a l s  t o  c o n v e r t  from 
o v e r a l l  sound p r e s s u r e  in t h e  e a rp h o n e  c o u p l e r  t o  t h e  
e q u i v a l e n t  f r e e  f i e l d  sound p r e s s u r e .

BAND dB THRESHOLD dB FREE
CENTER DIFFERENCE FIELD OVERALL

FREQ. TDH-49 V S .  556 CORRECTION CORRECTION

200 - 1 . 2  -  9 . 0  - 1 0 . 2
250 + 6 .0  -  7 . 0  -  1 .0
315 + 1 .8  -  4 . 0  -  2 .2

400 + 1 .2  - 3 . 5  - 1 . 3
500 + 1 .4  -  6 . 5  -  5 .1
630 +3 .3  -  6 . 5  -  3 .2

800 +3 .4  -  3 . 5  -  0 .1
1000 + 1 .8  -  6 . 0  -  4 .2
1250 +2 .2  -  5 . 0  -  2 . 8

1600 + 1 .3  -  4 . 0  -  2 . 7
2000 + 5 .9  -  2 . 5  + 3 .4
2500 + 1 .2  -  6 . 0  -  4 .8

3150
4000
5000

- 0 . 7
- 0.2
- 0.6

- 10.0  
-  8.0  
-  4 . 5

- 1 0 . 3
-  7 .8
-  5 .1
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APPENDIX D

ANALYSIS OF UARIANCE

A n a l y s i s  o f  U ar ia n c e  o f  d a t a  f o r  p r e s e n t a t i o n  l e v e l s  a t  
which lo w es t  and h i g h e s t  s c o r e s  were ac h iev ed  f o r  each  
s u b j e c t  e a r  c o n d i t i o n  (1 2 ) /  each f i l t e r  ( 1 0 ) /  and each 
t a l k e r  ( 4 ) .  All  d a t a  p o i n t s  t r a n s f o r m e d  u s in g  a r c - s i n e  
t r a n s f o r m a t i o n .

ANALYSIS OF UARIANCE 

ARC-SINE TRANSFORMATION

GRAND MEAN = 1 .444

SUM OF MEAN DEGREES OF F- UARIANCE
SQUARES SQUARE FREEDOM RATIO COMPONENT

6 5 .1 3 7 7 .2 4 9 65. 8* FILTER
1 .6 2 2 0 .5 4 3 54 .0* TALKER
2 .9 5 5 0 .11 27 11 .0* TALKERXFILTER

1 2 3 .009 123.01 1 159 .5* LEUEL
1 3 .688 1 .52 9 19 .0* LEUELxFILTER

2 .3 1 2 0 .7 7 3 7 7 .0 * LEUELxTALKER
2 .2 5 2 0 .0 8 27 8 .0 * LEUELxTALKERxFILTER

2 8 .1 3 3 2 .5 6 11 SUBJECT
6 .7 4 8 0 .0 7 99 SUBJECTxFILTER
1.334 0 .0 4 33 SUBJECTXTALKER
2 .8 2 6 0 .01 297 SUBJECTxTALKERxFILTER
4 .8 8 0 0 .4 4 11 SUBJECTxLEUEL
6 .5 4 0 0 .0 7 99 SUBJECTxLEUELxFILTER
0 .3 8 9 0 .01 33 SUBJECTxLEUELxTALKER
2 .3 0 4 0 .01 297 SUBJECTXLEUEL

xTALKERxFILTER
2 6 4 .1 2 9 0 .2 8 959 TOTAL

♦SIGNIFICANT P < 0 .0 0 1
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APPENDIX E

SUBJECT DATA

The f o l l o w i n g  t a b l e s  shoui t h e  d a t a  used  to  p l o t  th e  
P e r fo rm ance  -  I n t e n s i t y  F u n c t io n s  and A r t i c u l a t i o n  Index 
F u n c t i o n s .  The c a l c u l a t e d  A . I .  v a l u e s  and p e r c e n t a g e  
c o r r e c t  s c o r e s  were ave raged  over  t h e  f o u r  t a l k e r s .

For each  f i l t e r  c o n d i t io n *  t h e  sound p r e s s u r e  l e v e l  i s  in dB 
f r e e  f i e l d  SPL ( r e  20 u P a ) .  (See Appendix C r e g a r d i n g  th e  
f r e e  f i e l d  l e v e l s . )

The s u b j e c t s '  p r o f i c i e n c y  f a c t o r  f o r  t h e  A . I .  v a l u e s  in 
t h e s e  t a b l e s  i s  1 .0 0 .  The t a l k e r ' s  p r o f i c i e n c y  f a c t o r  i s  
d e c r i b e d  in C h ap te r  I I I .

In th e  "FILTER” column* t h e  Band-Pass  c o n d i t i o n s  a re  
a b b r e v i a t e d  as  f o l l o w s :

Band-Pass  700-1400 Hz: BP 714
Band-Pass  1400-2800 Hz: BP 1428
Band-Pass  700-2800 Hz: BP 728

In t h e  "NO. OF TOKENS" column* p r e s e n t a t i o n  le v e ls ,  a t  which 
t r a i n i n g  o c c u r r e d  may be i d e n t i f i e d  by numbers which a r e  no t  
i n t e g e r  m u l t i p l e s  o f  288 ( i . e .  576* 864* e t c ) .

The s t a n d a r d  d e v i a t i o n  i s  c a l c u l a t e d  a c r o s s  t h e  f o u r  t a l k e r s  
t o  i n d i c a t e  t h e  v a r i a b i l i t y  f o r  each c o n d i t i o n  a t  each 
p r e s e n t a t i o n  l e v e l  due t o  t h e  t a l k e r s .
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SUBJECT J . G. -  LEFT EAR CNORMAL3

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER - dB SPL A. I . CORRECT TOKENS DEU.
---------- ---------- — —— —

UNFILT. 28 0 .3 2 1 9 30 .21 288 11.64
UNFILT. 32 0 .4 2 1 5 41 .6 7 288 9 .2 9
UNFILT. 38 0 .5 6 4 7 60 .0 7 288 5 .82
UNFILT. 42 0 .6 3 7 5 73 .61 576 4.21
UNFILT. 52 0 .7 6 0 8 8 8 .0 2 576 3 .18
UNFILT. 62 0 .8 1 6 7 9 3 .9 2 576 3 .3 7
UNFILT. 72 0 .8 4 5 8 85 .9 6 1406 2 .3 6

LP 700 46 0 .1 7 5 7 2 1 .8 7 288 3 .2 8
LP 700 52 0 .1 8 7 2 2 5 .3 5 288 2 .0 9
LP 700 56 0 .1 8 9 2 33 .33 288 4 .54
LP 700 66 0 .1 8 9 7 35 .16 791 5 .7 5
LP 700 76 0 .1 8 9 7 36 .41 756 4 .91
LP 700 86 0 .1 8 9 7 3 7 .1 5 288 4 .5 9

LP 1400 40 0 .3 7 6 3 30 .21 576 3 .4 7
LP 1400 46 0 .3 9 0 6 4 3 .5 8 576 7 . 04
LP 1400 52 0 .3 9 3 8 5 3 .3 0 576 1.43
LP 1400 56 0 .3 9 5 3 5 8 .8 5 576 5 .3 0
LP 1400 66 0 .3 9 5 8 6 0 .7 7 2064 2 .1 5
LP 1400 76 0 .3 9 5 8 6 2 .6 2 795 1.96
LP 1400 86 0 .3 9 5 8 61.11 576 5 .8 6

LP 2800 30 0 .3 6 3 0 3 0 .9 0 288 6 .1 5
LP 2800 32 0 .4 0 9 9 4 3 .7 5 288 8 .8 2
LP 2800 36 0 .4 9 8 9 6 0 .0 7 288 8.21
LP 2800 42 0 .5 9 3 2 6 9 .1 0 288 3 .9 9
LP 2800 46 0 .6 3 3 9 7 9 .1 7 288 6.31
LP 2800 56 0 .6 8 2 3 8 7 .1 6 288 5 .3 6
LP 2800 66 0 .6 8 7 6 86 .57 545 4 .0 0
LP 2800 76 0 .6 8 7 6 86 .81 288 3 .6 8

HP 700 36 0 .3 6 6 8 5 2 .7 8 576 7 .2 8
HP 700 42 0 .4 5 9 0 6 6 .1 4 576 6 .7 9
HP 700 46 0 .5 1 0 5 7 5 .5 2 576 4 .5 5
HP 700 52 Q .5731 8 5 .4 2 576 4 .2 8
HP 700 56 0 .6 0 3 0 9 0 .9 8 647 4 .1 9
HP 700 66 0 .6 3 8 8 8 8 .0 3 701 3 .3 2
HP 700 76 0 .6721 9 0 .6 3 576 3 .5 2
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SUBJECT J .  G. -  LEFT EAR C NORMAL!

LEVEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEV.

HP 1400 36 0 .1 7 3 3 3 4 .0 3 576 6 .4 4
HP 1400 42 0 .2 5 3 7 4 2 .5 3 576 6 .7 7
HP 1400 46 0 .3 0 4 4 55 .21 864 7 .9 2
HP 1400 56 0 .3 9 6 9 7 4 .6 5 576 5 .2 1
HP 1400 66 0 .4 3 3 8 7 6 .5 3 1090 6 .01
HP 1400 76 0 .4 9 7 0 7 3 .2 4 1085 5 .1 9
HP 1400 86 0 .5 6 4 2 7 1 .6 8 1066 6 .3 5

HP 2000 46 0 .0 6 1 0 1 4 .9 3 288 6 .3 5
HP 2800 50 0 .0 8 1 6 2 7 .2 6 576 8 .9 0
HP 2000 56 0 .1 0 9 8 3 3 .6 9 576 10 .46
HP 2800 66 0 .1 4 0 9 3 8 .2 0 576 11.01
HP 2000 76 0 .1 6 8 9 3 7 .1 6 623 12 .70
HP 2800 86 0 .2 1 6 6 3 8 .0 9 875 8 .2 8

BP 714 46 0 .2 0 6 1 2 9 .5 1 288 5 .7 1
BP 714 52 0 .2 0 6 1 3 9 .2 4 288 2 .3 7
BP 714 56 0 .2 0 6 1 4 7 .2 2 288 4 .0 9
BP 714 66 0 .2 0 6 1 5 5 .2 1 288 4 .7 3
BP 714 76 0 .2 1 4 9 5 3 .9 9 605 1 .8 9
BP 714 86 0 .2 4 3 8 4 8 .2 6 208 1 .7 5

BP 1428 36 0 .1 4 9 5 2 3 .6 1 288 12 .57
BP 1428 42 0 .2 0 9 4 4 0 .9 7 288 6 .1 6
BP 1428 46 0 .2 4 3 3 5 2 .0 9 288 9 .4 5
BP 1428 56 0 .2 8 7 1 6 0 .7 6 288 8 .0 5
BP 1428 66 0 .2 9 2 9 7 2 .9 2 288 6 .6 6
BP 1428 76 0 .3 3 1 6 7 1 .6 2 769 6 .2 5
BP 1428 86 0 .3 8 2 3 7 0 .4 9 238 6 .5 5

BP 728 36 0 .3 4 2 9 4 1 .8 4 576 7 .9 4
BP 728 42 0 .4 1 4 6 5 9 .2 0 576 7 .7 2
BP 728 46 0 .4 4 9 4 7 1 .5 3 576 3 .8 8
BP 728 56 0 .4 9 3 2 8 1 .9 4 576 4 .2 0
BP 728 66 0 .4 9 7 9 8 2 .6 8 1383 2 .3 1
BP 728 76 0 .5 0 6 7 7 9 .5 9 1234 4 .1 7
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SUBJECT J .  T. -  NORMALLY-HEARING

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEV.

UNFILT. 22 0 .2 9 8 4 2 1 .8 8 288 7 .6 4
UNFILT. 28 0 .4 6 5 1 ' 2 9 .8 6 288 8 .5 3
UNFILT. 32 0 .5 7 8 0 5 9 .0 3 288 11 .43
UNFILT. 38 0 .7 1 9 4 6 8 .4 0 288 7 .8 9
UNFILT. 42 0 .7 8 8 5 8 4 .7 2 288 4 .6 8
UNFILT. 52 0 .8 9 4 3 8 8 .8 9 288 3 .7 6
UNFILT. 62 0 .9 2 2 7 9 4 .7 9 288 2 .8 6
UNFILT. 72 0 .9361 9 1 .3 4 606 2 .3 6

LP 700 46 0 .1 9 7 9 2 4 .3 1 288 3 .3 1
LP 700 56 0 .2 0 2 0 29. 17 288 2 .2 7
LP 700 66 0 .2 0 2 0 3 6 .9 5 880 2 .8 2
LP 700 76 0 .2 0 2 0 3 7 .3 9 898 3 .7 7
LP 700 86 0 .2 0 2 0 3 4 .2 9 504 1.51

LP 1400 40 0 .4 0 1 3 3 0 .0 4 576 3 .8 2
LP 1400 46 0 .4 0 7 3 4 0 .1 0 576 3 . 9 4
LP 1400 52 0 .4 0 9 6 4 7 .2 2 576 4 .5 0
LP 1400 ‘ 56 0 .4 1 0 6 5 1 .5 7 576 3 .6 9
LP 1400 66 0 .4 1 0 6 5 7 .8 4 1025 2 .1 0
LP 1400 76 0 .4 1 0 6 5 7 .9 2 981 2 .6 3

LP 2800 36 0 .5 9 0 7 4 7 .2 2 288 1 0 .5 8
LP 2800 42 0 .6 6 4 0 6 2 .8 5 288 2 .8 7
LP 2800 46 0 .6 8 8 7 7 3 .2 6 288 4 .7 3
LP 2800 56 0 .7 1 7 3 8 1 .2 5 288 2 .6 6
LP 2800 66 0 .7 1 7 3 8 3 .9 7 867 2 .9 8
LP 2800 76 0 .7 1 7 3 8 8 .8 9 288 4 .9 5

HP 700 36 0 .4 9 1 1 4 9 .8 3 576 5 .8 2
HP 700 42 0 .5 9 1 9 6 5 .8 0 576 3 .3 2
HP 700 46 0 .6 4 0 8 7 8 .3 0 576 5 .4 2
HP 700 52 0 .6 9 3 3 8 4 .7 2 576 3 .9 3
HP 700 56 0 .7 0 9 4 8 9 .0 8 869 4 .0 0
HP 700 66 0 .7 3 2 0 9 2 .3 9 916 3 .0 0
HP 700 76 0 .7 6 8 4 9 0 .8 0 576 4 .0 7
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SUBJECT J j. L .  -  NORMALLY-HEARING

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU,

HP 1400 36 0 .2904 2 8 .8 2 576 1 0 .1 5
HP 1400 42 0 .3834 38 .55 576 1 2 .0 2
HP 1400 46 0 .4322 5 8 .8 6 576 1 0 .7 3
HP 1400 56 0 .5008 7 0 .6 6 576 8 .8 1
HP 1400 66 0 .5209 74 .26 1158 7 . 5 2
HP 1400 76 0 .5710 7 7 .2 6 1307 6. 15

HP 2B00 46 0 .1508 24 .31 576 7 . 4 6
HP 2800 52 0 .1823 2 8 .4 7 576 5 . 2 6
HP 2800 56 0 .1941 3 5 .4 2 576 1 0 .5 0
HP 2800 62 0 .2054 32 .81 576 5 . 4 5
HP 2800 66 0 .2127 4 2 .1 9 576 6 . 3 0
HP 2800 76 0 .2 3 8 9 3 8 .7 2 621 8 . 2 9
HP 2800 86 0 .2910 4 7 .4 7 743 12 .01
HP 2800 96 0 .3586 4 9 .6 5 288 1 5 .0 2

BP 714 46 0 .2086 3 3 .1 6 576 4 . 4 0
BP 714 52 0 .2086 3 6 .6 3 576 1 .5 4
BP 714 56 0 .2086 4 2 .9 4 864 1 .9 0
BP 714 62 0 .2098 4 5 .1 4 288 3 . 3 0
BP 714 66 0 .2 1 2 5 54 .01 689 1 0 .0 4
BP 714 76 0 .2417 5 3 .2 7 767 6 . 7 4
BP 714 86 0 .2735 5 4 .8 6 288 7 . 5 7

BP 1428 46 0 .2813 3 8 .3 7 576 6 . 5 5
BP 1428 56 0 .3067 5 4 .0 0 576 7 .1 1
BP 1428 66 0 .3081 6 5 .4 5 576 6 . 4 5
BP 1428 76 0 .3510 7 1 .2 5 1069 7 . 6 4
BP 1428 86 0 .4018 70 .59 1099 9 . 6 0
BP 1428 96 0 .4512 69 .79 576 6 .9 1

BP 728 40 0 .4504 4 2 .1 9 576 4 . 8 6
BP 728 46 0 .4899 5 6 .2 5 576 2 . 2 7
BP 728 52 0 .5109 7 0 .8 3 576 3 . 7 2
BP 728 56 0 .5 1 5 3 7 7 .9 5 693 2 . 0 2
BP 728 66 0 .5193 7 9 .8 0 1159 4 . 8 5
BP 728 76 0 .5484 8 2 .5 5 1300 4 . 3 7
BP 728 86 0 .5 8 0 2 8 2 .9 9 576 5 . 9 6
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SUBJECTS J .  G. & J . T . COMBINED CNORMALLY-HEARING!

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.
---------- ---------- -------- ——————— ————

UNFILT. 22 0 .2 6 0 7 2 1 .8 8 288 7 .6 4
UNFILT. 28 0 .4 1 6 5 3 0 .0 4 576 8 .7 0
UNFILT. 32 0 .5 3 1 0 5 0 .3 5 576 10 .06
UNFILT. 38 0 .6 7 9 6 6 4 .2 4 576 5 .9 3
UNFILT. 42 0 .7 5 0 9 7 7 .3 2 064 3 .91
UNFILT. 52 0 .8 6 7 9 88 .31 064 2 .6 8
UNFILT. 62 0 .9 0 8 6 94 .21 064 2 .9 8
UNFILT. 72 0 .9 2 5 6 8 7 .5 3 2012 1 .13

LP 700 46 0 .1901 2 3 .0 9 576 2 .5 0
LP 700 52 0 .1 9 6 6 2 5 .3 5 200 2 .0 9
LP 700 56 0 .1 9 7 6 3 1 .2 5 576 2 .5 4
LP 700 66 0 .1 9 7 6 3 6 .1 0 1671 4 .1 3
LP 700 76 0 .1 9 7 6 3 6 .9 3 1654 4 .1 6
LP 700 86 0 .1 9 7 6 3 5 .3 3 792 1 .76

LP 1400 40 0 .3 9 3 0 3 0 .1 2 1152 3 .3 5
LP 1400 46 0 .4 0 1 7 4 1 .8 4 1152 5 .2 6
LP 1400 52 0 .4 0 3 9 5 0 .2 6 1152 2 .3 5
LP 1400 56 0 .4 0 4 9 55 .21 1152 3 .1 7
LP 1400 . 66 0 .4 0 4 9 5 9 .7 0 3089 0 .8 4
LP 1400 76 0 .4 0 4 9 60 .01 1776 1 .99
LP 1400 86 0 .4 0 4 9 61 .11 576 5 .8 6

LP 2800 30 0 .4 4 0 7 3 0 .9 0 288 6 .1 5
LP 2800 32 0 .4 8 8 3 4 3 .7 5 288 8 .8 2
LP 2800 36 0 .5 7 1 3 5 3 .6 5 576 8 .9 2
LP 2800 42 0.6521 6 5 .9 7 576 2 .4 8
LP 2800 46 0 .6791 7 6 .2 2 576 4 .9 9
LP 2800 56 0 .7 0 9 8 84 .21 576 2 .3 0
LP 2800 66 0 .7 0 9 8 8 4 .9 6 1412 3 .1 5
LP 2800 76 0 .7 0 9 8 8 7 .8 5 576 3 .7 0

HP 700 36 0 .4 6 2 2 51 .31 1152 6 .1 7
HP 700 42 0 .5 5 9 8 6 5 .9 7 1152 4 .6 3
HP 700 46 0 .6101 76 .91 1152 4 .4 3
HP 700 52 0 .6 7 1 3 8 5 .0 7 1152 3 .3 2
HP 700 56 0 .6 9 3 9 8 9 .8 7 1516 3 .9 8
HP 700 66 0 .7 1 9 3 9 0 .4 4 1617 2 .5 9
HP 700 76 0 .7 5 0 7 90 .71 1152 3 .5 6
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SUBJECTS J j .  f i i .  & i t .  Tj_ COMBINED CNORMALLY-HEARING!

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.
---------- ------------------- -------- — — — —

HP 1400 36 0 .2 6 2 8 3 1 .4 2 1152 8 .0 5
HP 1400 42 0 .3 5 2 5 4 0 .5 4 1152 9 .1 8
HP 1400 46 0 .4 0 2 8 5 6 .6 7 1440 8 .7 9
HP 1400 56 0 .4 8 6 6 7 2 .6 6 1152 6 .8 2
HP 1400 66 0 .5 1 2 5 . 7 5 .4 0 2248 . 6 .5 3
HP 1400 76 0 .5 6 7 6 7 5 .4 2 2392 5 .6 1
HP 1400 86 0 .6 1 9 2 7 1 .6 8 1066 6 .3 5

HP 2800 46 0 .1 2 5 3 2 1 .1 9 864 6 .9 3
HP 2800 50 0 .1 5 1 4 2 7 .2 6 576 8 .9 0
HP 2800 52 0 .1 6 4 5 2 8 .4 7 576 5 .2 6
HP 2800 56 0 .1 8 1 7 3 4 .5 5 1152 10 .35
HP 2800 62 0 .1 9 8 8 32 . 81 576 5 .4 5
HP 2800 66 0 .2 0 6 2 4 0 .1 9 1152 8 .5 4
HP 2800 76 0 .2 3 4 8 3 8 .0 0 1244 10 .49
HP 2800 86 0 .2 8 4 9 4 2 .3 7 1618 9 .8 3
HP 2800 96 0 .3521 4 9 .6 5 288 15.02

BP 714 46 0 .2 0 7 3 3 1 .9 4 864 3 .9 5
BP 714 52 0 .2 0 7 3 3 7 .5 0 864 1 .36
BP 714 56 0 .2 0 7 3 44 .01 1152 1 .48
BP 714 62 0 .2 0 7 3 4 5 .1 4 288 3 .3 0
BP 714 66 0 .2 0 8 2 5 4 .3 2 977 8 .3 5
BP 714 76 0 .2 2 7 4 5 3 .6 5 1372 3 .0 4
BP 714 86 0 .2 5 8 7 5 1 .5 6 576 3 .9 8

BP 1428 36 0 .1 9 8 2 2 3 .6 1 288 12 .57
BP 1428 42 0 .2 5 3 7 4 0 .9 7 288 6 .1 6
BP 1428 46 0 .2 7 7 4 4 2 .9 4 864 6 .8 2
BP 1428 56 0 .3 0 4 9 5 6 .2 5 864 7 .1 5
BP 1428 66 0 .3 0 6 3 6 7 .9 4 864 6 .1 4
BP 1428 76 0 .3 4 9 2 7 1 .4 3 1838 6 .9 5
BP 1428 86 0 .4 0 0 0 7 0 .5 8 1387 8 .9 5
BP 1428 96 0 .4 4 9 3 6 9 .7 9 576 6 .91

BP 728 36 0 .3 9 7 6 4 1 .8 4 576 7 .9 4
BP 728 40 0 .4 4 3 4 4 2 .1 9 576 4 .8 6
BP 728 42 0 .4 6 1 0 5 9 .2 0 576 7 .7 2
BP 728 46 0 .4 8 4 8 6 3 .8 9 1152 2 .51
BP 728 52 0 .5 0 6 8 7 0 .8 3 576 3 .7 2
BP 728 56 0 .5 1 2 2 7 9 .7 6 1269 2 .2 5
BP 728 66 0 .5131 8 1 .3 6 2542 3 .3 7
BP 728 76 0 .5 3 2 3 8 1 .1 0 2534 4 .1 5
BP 728 86 0 .5 6 3 6 8 2 .9 9 576 5 .9 6
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SUBJECT R. M. -  NORMALLY-HEARING

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB. SPL A. I . CORRECT TOKENS DEU.

UNFILT. 32 0 .1531 2 6 .3 9 576 4 .6 8
UNFILT. 38 0 .2 6 7 4 4 0 .2 8 576 3 .9 3
UNFILT. 42 0 .3 6 1 2 62. 15 •576 3 .5 1
UNFILT. 52 0 .5 6 7 4 7 6 .5 6 576 2 .3 6
UNFILT. 62 0 .6 8 9 6 9 0 .3 9 864 3 .4 3
UNFILT. 72 0 .7 4 3 6 8 7 .8 3 828 3 .6 5
UNFILT. 82 0 .7 5 9 9 8 6 .2 1 514 8 .1 2

LP 700 46 0 .1 1 7 0 2 1 .8 7 288 3 .0 8
LP 700 56 0 .1 4 9 9 2 5 .3 4 288 6 .1 5
LP 700 66 0 .1 5 7 5 3 2 .9 9 288 3 .6 5
LP 700 76 0 .1 5 9 0 3 3 .0 9 536 3 .3 0
LP 700 82 0 .1 5 9 0 3 0 .0 0 310 4 .7 5
LP 700 86 0 .1 5 9 0 3 1 .7 7 619 3 .2 1

LP 1400 40 0 .2 2 3 3 3 2 .2 9 576 4 .7 3
LP 1400 46 0 .2 8 6 8 4 1 .3 2 576 0 .8 9
LP 1400 56 0 .3 2 1 3 5 3 .6 8 1080 2 .2 6
LP 1400 66 0 .3 2 6 3 54. 10 1182 ' 3 .9 6
LP 1400 76 0 .3 2 7 7 5 7 .4 9 642 4 .7 7

LP 2800 36 0 .2 2 3 7 3 4 .9 0 576 5 .3 3
LP 2800 42 0 .3 4 3 2 5 2 .6 0 576 4 .2 6
LP 2800 46 0 .4 2 0 1 6 5 .6 2 576 8 .1 5
LP 2800 56 0 .5 3 6 3 8 1 .2 5 576 5 .0 4
LP 2800 66 0 .5 7 4 4 8 1 .3 5 798 3 .5 8
LP 2800 76 0 .5 7 7 9 8 5 .2 0 804 3 .91

HP 700 40 0 .2 0 8 4 4 6 .7 0 576 5 .2 7
HP 700 46 0 .3 2 0 6 6 1 .2 9 576 5 .4 2
HP 700 52 0 .4 1 9 3 7 3 .9 6 576 6 .4 3
HP 700 56 0 .4 7 1 1 8 1 .8 9 762 6 .5 4
HP 700 66 0 .5 6 3 3 8 7 .7 5 1297 4 .6 5
HP 700 76 0 .5 9 3 0 8 9 .5 4 1107 4 .4 0
HP 700 86 0 .6 1 9 0 8 9 .2 4 576 4 .7 6
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SUBJECT R. M. -  NORMALLY-HEARING

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A .I . CORRECT TOKENS DEU.

HP 1400 48 0 .1 6 7 4 3 7 .1 5 288 1 0 .9 0
HP 1400 52 0 .2 5 1 7 5 0 .3 5 576 10 .02
HP 1400 56 0 .3 0 2 3 5 9 .3 8 576 1 1 .17
HP 1400 66 0 .3 9 4 5 7 0 .1 5 1041 10 .34
HP 1400. 76 0 .4 2 3 5 7 3 .3 0 1486 9 .3 0

HP 2800 60 0 .1 1 2 3 1 9 .2 7 576 5 .0 5
HP 2800 66 0 .1 4 6 5 2 3 .4 4 576 4 .7 9
HP 2800 76 0 .1 7 3 3 3 0 .2 3 939 9 .3 5
HP 2800 86 0 .1 8 7 6 2 6 .1 9 897 8 .8 4

BP 714 46 0 .1 5 3 3 2 6 .3 9 288 2 .2 7
BP 714 52 0 .1 6 7 6 3 6 .4 6 288 2 .3 7
BP 714 56 0 .1 6 8 8 4 3 .0 6 288 5 .6 7
BP 714 66 .0 .1 6 8 8 4 9 .8 4 651 7 .2 6
BP 714 76 0 .1 6 9 6 4 6 .4 9 607 7 .4 1

BP 1428 46 0 .1333 3 4 .9 0 576 12 .10
BP 1428 56 0 .2 1 5 0 5 3 .4 7 576 9 .0 2
BP 1428 66 0 .2481 67 .01 576 7 .11
BP 1428 76 0 .2 5 0 3 6 3 .8 6 761 6 .2 3
BP 1428 86 0 .2 6 7 6 6 2 .2 8 751 8 .1 7

BP 728 46 0 .2 8 6 5 4 8 .7 8 576 7 .3 1
BP 728 52 0 .3 5 4 7 6 6 .4 9 576 3 .4 2
BP 728 56 0 .3 8 3 7 7 6 .7 4 576 1 .7 5
BP 728 66 0 .4 1 6 8 7 6 .6 9 1100 5 .0 1
BP 728 76 0 .4 1 9 8 8 1 .0 3 1277 4 .3 9
BP 728 86 0 .4346 8 0 .4 4 864 6 .6 7
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SUBJECT F. G. -  RIGHT EAR CIMPAIRED!

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.
--------- ------------- ----------- ------ -—

UNFILT. 54 0 .4 1 2 8 40. 61 1152 10.94
UNFILT. 60 0 .4 6 0 8 5 6 .7 7 576 16 .66
UNFILT. 64 0 .4 8 9 6 6 7 .7 8 598 14 .77
UNFILT. 70 0 .5 2 0 9 7 2 .7 4 576 10.51
UNFILT. 74 0 .5 3 7 2 7 3 .1 0 771 7 .5 6
UNFILT. 84 0 .5 6 7 2 76*. 28 1382 7 .1 6
UNFILT. 94 0 .5 7 1 4 7 9 .7 1 1063 4 .2 9
UNFILT. 104 0 .4 9 3 9 7 1 .8 8 864 8 .7 4

LP 700 48 0 .1 7 6 8 2 6 .3 9 576 4 .6 8
LP 700 58 0 .1 8 9 5 2 8 .1 2 576 3 .9 9
LP 700 64 0 .1 8 9 9 3 3 .1 6 576 6 .6 7
LP 700 . 68 0 .1 8 9 9 3 5 .0 3 983 8 .7 7
LP 700 78 0 .1 8 9 9 3 7 .6 5 916 9 .5 3
LP 700 88 0 .1 8 9 4 3 2 .8 1 576 7 .9 5

LP 1400 38 0 .2 5 7 1 2 3 .0 9 576 2 .6 2
LP 1400 48 0 .3 3 3 7 3 7 .6 7 576 9 .3 4
LP 1400 58 0 .3 5 3 4 4 9 .4 6 928 9 .2 2
LP 1400 68 0 .3 5 3 8 5 2 .6 4 1434 2 .8 3
LP 1400 78 0 .3 5 3 8 4 8 .5 5 714 8 .91
LP 1400 88 0 .3 5 3 3 4 5 .4 8 576 11 .84
LP 1400 98 0 .3 2 3 2 4 0 .6 3 576 9 .9 9

LP 2800 48 0 .3 6 2 0 3 8 .3 7 576 7 .9 5
LP 2800 58 0 .4 4 5 6 5 4 .5 1 576 11 .95
LP 2800 68 0 .5 1 0 8 7 1 .5 4 1046 9 .2 3
LP 2800 78 0 .5 4 1 2 7 9 .4 5 1135 5 .9 5
LP 2800 88 0 .5 4 3 9 7 8 .1 2 576 9 .6 9
LP 2800 98 0 .5 1 3 8 7 8 .9 9 576 8 .0 8

HP 700 58 0 .2561 5 1 .0 4 576 9 .2 6
HP 700 64 0 .2 9 9 9 5 8 .8 5 576 12 .66
HP 700 68 0 .3 2 2 5 7 1 .1 8 864 9 .6 5
HP 700 78 0 .3 7 7 6 7 7 .7 3 1264 3 .7 4
HP 700 88 0 .4 3 1 9 8 1 .2 8 1092 3 .4 7
HP 700 98 0 .4 6 5 1 8 3 .3 5 1009 2 .8 6
HP 700 108 0 .4 2 1 2 7 6 .3 9 288 3 .5 9



SUBJECT F. G. - RIGHT EAR CIMPAIRED!

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.

HP 1400 68 0 .1 5 7 0 3 3 .9 1 864 8 .8 9
HP 1400 74 0 .1 8 3 4 4 1 .9 0 864 9 .7 4
HP 1400 78 0 .1 9 7 9 53 .01 864 8 .4 7
HP 1400 88 0 .2 3 6 2 6 2 .8 5 1257 9 .4 9
HP 1400 98 0 .2880 62 .81 1942 12 .41
HP 1400 108 0 .3307 5 4 .3 4 576 1 3 .2 9

HP 2600 88 0 .0308 15 .98 576 5 .1 0
HP 2800 94 0 .0 3 9 4 2 3 .4 4 576 6 .2 4
HP 2800 98 0 .0 4 0 9 30 .81 869 4 .9 8
HP 2800 104 0 .0 5 3 3 3 4 .9 8 883 4 .9 2
HP 2800 108 0 .0 6 3 4 3 1 .8 5 1268 6 .1 6
HP 2800 114 0 .0 8 8 8 3 0 .21 576 6 .3 3
HP 2800 118 0 .1 0 7 4 2 2 .9 2 288 7 .3 9

BP 714 52 0 .1 5 8 6 2 1 .1 8 576 3 .6 1
BP 714 58 0 .1 6 4 0 3 2 .2 9 576 5 .6 0
BP 714 64 0.1641 3 7 .8 5 576 5 .3 6
BP 714 68 0 .1 6 5 5 4 7 .4 0 576 5 .8 5
BP 714 78 0 .1 7 9 7 5 1 .5 5 956 4 .1 8
BP 714 88 0 .2 1 0 5 4 5 .9 6 1006 4 .4 5

BP 1428 68 0 .1 5 7 0 3 0 .7 3 576 1 0 .3 4
BP 1428 74 0 .1 8 0 3 4 4 .9 7 576 9 .1 3
BP 1428 78 0 .1 8 7 4 5 3 .3 0 576 1 0 .5 7
BP 1428 84 0 .1 9 6 2 5 9 .0 2 696 9 .5 4
BP 1428 88 0 .2 0 5 4 6 1 .7 4 1080 11 .31
BP 1428 98 0 .2471 6 0 .9 4 576 12 .61

BP 728 58 0.2561 4 4 .5 6 864 1 2 .1 9
BP 728 64 0 .2 9 9 9 5 6 .4 3 576 1 0 .8 4
BP 728 68 0 .3 2 2 5 67 .71 864 9 .8 3
BP 728 78 0.3671 7 4 .6 5 1120 3 .8 6
BP 728 88 0 .4 0 1 2 7 8 .6 0 1500 5 .1 6
BP 728 98 0 .4 2 4 2 7 9 .5 7 1083 2 .9 8
BP 728 108 0 .3703 7 6 .0 4 288 5 .1 2
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SUBJECT F. G. -  LEFT EAR CIMPAIRED!

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL

1

A. I . CORRECT TOKENS DEU.

UNFILT. 54 0 .3 9 1 3 4 2 .9 4 864 8 .7 7
UNFILT. 60 0 .4 2 6 7 5 0 .3 5 576 11 .54
UNFILT. 64 0 .4 5 2 0 6 0 .2 4 576 13 .97
UNFILT. 70 0 .4 8 0 5 6 8 .0 6 576 11 .82
UNFILT. . 74 0 .4 9 7 6 71 .11 765 10 .04
UNFILT. 84 0 .5 2 0 7 6 7 .9 9 1342 12.11
UNFILT. 94 0 .5161 7 0 .6 7 1070 11.81
UNFILT. 104 0 .4 4 4 2 6 3 .1 9 864 10 .23

LP 700 52 0 .1 7 4 9 2 5 .4 7 864 1 .7 3
LP 700 58 0 .1 8 1 9 2 8 .8 2 576 6 .3 5
LP 700 64 0 .1 8 2 3 3 1 .2 5 576 7 .6 3
LP 700 68 0 .1 8 2 3 3 3 .1 5 927 10 .32
LP 700 78 0 .1 8 2 3 3 5 .6 3 883 12 .07
LP 700 88 0 .1 8 1 7 3 5 .3 0 864 4 .5 4

LP 1400 38 0 .2 6 3 2 2 1 .7 0 576 5 .1 5
LP 1400 48 0 .3 3 9 4 3 4 .2 0 576 4 .6 9
LP 1400 58 0 .3 5 3 9 4 7 .2 3 576 11 .99
LP 1400* 68 0 .3 5 4 2 5 2 .3 7 1554 5 .7 2
LP 1400 78 0 .3 5 4 2 4 6 .1 5 969 8 .1 2
LP 1400 88 0 .3 5 3 7 4 9 .4 8 576 1 0 .6 8
LP 1400 98 0 .3 2 2 4 3 8 .1 9 576 10.81

LP 2800 48 0 .3 5 8 0 3 2 .4 7 576 7 .4 5
LP 2800 58 0 .4 1 3 9 5 0 .7 0 576 13 .70
LP 2800 68 0 .4 7 2 6 6 4 .9 5 1031 1 3 .0 8
LP 2800 78 0 .5 1 2 3 7 4 .6 9 1143 9 .5 7
LP 2800 88 0 .5 2 3 2 76 .91 576 11 .43
LP 2800 98 0 .4 9 3 4 7 1 .7 0 576 11 .38

HP 700 58 0 .2 3 2 0 4 6 .0 1 576 9 .4 4
HP 700 64 0 .2 6 9 8 4 8 .4 4 576 12 .32
HP 700 68 0 .2 9 0 4 6 6 .7 8 864 7 .4 5
HP 700 78 0 .3 3 6 2 7 5 .6 0 1235 5 .4 6
HP 700 88 0 .3 7 7 3 8 2 .7 6 1136 5 .3 2
HP 700 98 0 .4 1 1 8 8 2 .8 3 1027 4 .9 9
HP 700 108 0 .3 7 3 5 8 1 .6 0 288 3 .0 8
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SUBJECT F . G. -  LEFT EAR CIMPAIRED]

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A .I .

HP 1400 68 0 .1184
HP 1400 74 0 .1 4 3 4
HP 1400 78 0 .1621
HP 1400 88 0 .2000
HP 1400 . 98 0 .2 5 5 2
HP 1400 108 0 .2 9 3 0

HP 2800 86 0 .0 0 0 4
HP 2800 94 0 .0 0 4 0
HP 2800 98 0 .0 0 9 8
HP 2800 104 0 .0 1 7 7
HP 2800 108 0 .0253
HP 2800 114 0 .0 3 3 5
HP 2800 118 0 .0 4 2 3

BP 714 52 0 .1 6 9 4
BP 714 58 0 .1 7 1 9
BP 714 64 0 .1 7 1 9
BP 714 68 0 .1 7 1 9
BP 714 78 0 .1781
BP 714 88 0 .2 0 7 3

BP 1428 68 0 .1 1 8 4
BP 1428 74 0 .1 4 3 4
BP 1428 78 0 .1621
BP 1428 84 0 .1 8 2 9
BP 1428 88 0 .1 9 9 5
BP 1428 98 0 .2 4 5 4

BP 728 58 0 .2 3 2 0
BP 728 64 0 .2 6 9 8
BP 728 68 0 .2 9 0 4
BP 728 78 0 .3 3 6 2
BP 728 88 0 .3 7 6 9
BP 728 98 0 .4 0 2 0
BP 728 108 0 .3 5 3 5

CORRECT TOKENS DEU.
------------ — -----------

25. 70 864 9. 07
34 .2 1 1152 10 .38
4 7 .0 9 1385 8 .0 4
57. 82 1442 6 .2 9
5 6 .2 7 1453 7 .6 3
4 9 .7 7 864 12.51

9 .7 2 576 2 .8 9
1 4 .5 9 576 0 .9 9
2 5 .9 3 864 3 .9 8
3 0 .9 4 887 4 .0 8
34. 13 981 4 .3 3
3 3 .2 5 627 9 .0 6
2 5 .3 5 288 7 .3 8

2 0 .8 3 • 576 4 .5 7
2 7 .6 0 576 6 .3 5
4 1 .5 0 576 5 .2 1
4 5 .3 2 576 6 .7 4
4 8 .7 5 922 4 .3 2
47. 12 998 6 .0 3

2 3 .9 6 576 8 .2 6
3 5 .2 5 576 7 .1 8
4 7 .4 0 576 8 .1 4
5 5 .5 6 576 11 .04
5 9 .6 0 728 5 .0 8
5 9 .0 2 797 12.31

3 8 .8 9 864 9 .5 2
4 5 .1 4 576 13 .66
6 2 .7 3 864 11 .76
7 5 .4 6 1105 6 .7 5
7 9 .5 0 1517 3 .7 9
7 8 .8 5 1083 4 .6 9
6 5 .2 8 288 8 .71
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SUBJECT G. M. -  RIGHT EAR CIMPAIRED]

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.

UNFILT. . 54 0 .1370 18.71 731 3 .8 8
UNFILT. 64 0 .2446 3 0 .7 3 576 4 .5 1
UNFILT. 74 0 .3 4 4 2 4 7 .9 2 576 5 .8 7
UNFILT. 84 0 .4097 58 .51 576 7 .7 4
UNFILT. 94 0 .4339 5 5 .0 8 1414 6 .5 6
UNFILT. 104 0 .3880 5 7 .6 8 1113 3 .2 6

LP 700 58 0 .1030 17.71 576 2 .3 0
LP 700 68 0 .1 2 3 5 2 5 .0 0 576 4 .2 8
LP 700 78 0 .1303 2 7 .9 5 576 3 .7 3
LP 700 88 0 .1 3 0 0 2 6 .4 6 691 1 .8 2
LP 700 98 0 .1 1 1 0 2 6 .2 2 640 3 .9 4

LP 1400 48 0 .0864 10 .76 288 1 .7 5
LP 1400 58 0 .1 6 1 5 17 .59 864 1 .3 1
LP 1400 68 0 .2133 2 3 .1 5 864 4 .6 8
LP 1400 78 0 .2238 2 6 .6 3 1286 7 .8 9
LP 1400 88 0 .2 2 3 4 3 1 .1 2 1370 3 .2 7
LP 1400 92 0 .2180 2 7 .0 8 576 3 .0 0
LP 1400 98 0 .1 9 9 5 2 8 .2 3 1391 2 .9 6

LP 2800 58 0 .1 7 8 5 19 .44 576 5 .0 4
LP 2800 64 0 .2 4 4 4 30 .21 288 6 .6 5
LP 2800 68 0 .2 8 3 5 3 3 .6 8 864 9 .2 8
LP 2800 78 0.3501 4 5 .6 6 576 6 .8 4
LP 2800 84 0 .3 6 5 4 4 7 .7 3 711 6 .8 7
LP 2800 88 0 .3698 5 5 .1 2 747 6 .7 0
LP 2800 98 0 .3 4 6 3 5 4 .5 0 988 7 .1 2

HP 700 72 0 .1 9 6 3 2 6 .7 4 576 6 .3 5
HP 700 78 0 .2 4 3 5 40 .51 864 5 .0 2
HP 700 84 0 .2793 5 1 .1 6 864 4 .3 8
HP 700 88 0 .2 9 7 2 5 7 .8 9 1764 4 .1 1
HP 700 98 0.3221 5 3 .7 8 1675 6 .4 6
HP 700 108 0 .3113 5 5 .9 0 576 11 .8 7
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SUBJECT G. M. -  RIGHT EAR EIMPAIRED]

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.

HP 1400 82 0 .1 7 4 9 2 0 .2 6 864 6 .2 3
HP 1400 88 0 .2 0 3 8 2 6 .0 4 1637 9 .0 6
HP 1400 94 0 .2 2 0 4 3 7 .6 0 1006 1 0 .0 7
HP 1400 98 0 .2 2 9 3 3 1 .4 3 2799 11 .0 8
HP 1400 104 0 .2 3 8 6 3 6 .9 2 864 1 0 .0 7
HP 1400 108 0 .2 3 7 7 35 .4 0 625 9 .5 2

HP 2800 88 0 .0 5 7 4 15 .28 288 2 .2 7
HP 2800 98 0 .0 8 2 5 20 .81 541 5 .1 3
HP 2800 104 0 .0 9 2 4 2 2 .5 7 288 5 .2 4
HP 2800 108 0 .0 9 7 6 19 .52 946 7 .7 1
HP 2800 114 0 .1 0 8 4 2 3 .9 9 613 7 .7 0

BP 714 78 0 .0 9 3 4 13 .02 576 2 .0 8
BP 714 84 0 .0 9 3 4 18 .58 576 4 .1 0
BP 714 88 0 .0 9 3 4 2 3 .6 7 653 3 .5 1
BP 714 94 0 .0 9 4 7 26 .0 4 576 5 .6 8
BP 714 98 0 .0 9 2 7 2 5 .6 8 631 3 .9 2
BP 714 104 0 .0821 2 3 .7 9 576 8 .7 0

BP 1428 88 0 .1 4 6 4 2 4 .6 5 576 8 .6 5
BP 1428 94 0 .1 4 6 8 3 1 .6 0 576 1 2 .8 0
BP 1428 98 0 .1 4 6 8 3 4 .3 7 695 8 .1 8
BP 1428 104 0 .1 4 6 2 3 2 .9 9 576 1 0 .1 7
BP 1428 108 0 .1401 3 5 .2 2 650 1 1 .0 5
BP 1428 118 0 .1 2 3 2 2 7 .2 6 576 1 5 .0 9

BP 728 68 0 .1 5 3 9 16 .90 864 4 .1 7
BP 728 74 0 .2 0 0 5 2 6 .0 5 576 8 .6 4
BP 728 78 0 .2 1 9 8 3 4 .5 6 1024 7 .1 4
BP 728 88 0 .2 3 9 9 4 5 .7 7 1426 4 .1 0
BP 728 94 0 .2 4 1 5 4 7 .1 0 313 11.41
BP 728 98 0 .2 3 9 6 5 0 .3 2 1316 7 .8 3
BP 728 104 0 .2 2 8 3 55 .5 6 576 7 .0 8
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SUBJECT G. M. -  LEFT EAR CIMPAIRED]

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.

UNFILT. 44 0 .2 3 3 2 2 7 .6 0 576 7 .4 0
UNFILT. 50 0 .3 0 1 9 3 6 .9 8 576 7 .2 0
UNFILT. 54 0 .3 3 5 6 5 0 .5 2 576 10.32
UNFILT. 64 0 .3 9 8 3 6 9 .1 0 576 10.54
UNFILT. 74 0 .4 3 5 8 7 8 .3 0 576 4 .9 9
UNFILT. 84 0 .4 6 1 8 6 9 .1 7 1773 7 .0 7
UNFILT. 94 0 .4 7 5 7 7 3 .1 7 692 8 .7 5
UNFILT. 100 0 .4 5 0 5 6 3 .9 8 606 9 .7 9

LP 700 48 0 .1 3 4 3 1 7 .0 2 288 1 .74
LP 700 58 0 .1 5 9 2 23 .61 576 . 2 .6 0
LP 700 64 0 .1 6 5 0 2 1 .1 8 288 4 .1 5
LP 700 68 0 .1 6 5 0 2 8 .4 7 576 3 .1 6
LP 700 78 0 .1 6 5 0 2 9 .0 0 900 4 .2 5
LP 700 82 0 .1 6 5 0 23 .61 288 5 .8 9
LP 700 88 0 .1 6 4 6 2 5 .7 7 647 4.21

LP 1400 48 0 .2 6 7 9 3 4 .2 6 864 3 .8 3
LP 1400 52 0 .2 9 4 3 3 6 .4 6 288 4 .9 9
LP 1400 58 0 .3 1 1 8 4 6 .9 9 864 - 2 .4 6
LP 1400 68 0 .3 1 4 2 4 7 .0 2 1405 '7 .4 9
LP 1400 78 0 .3 1 4 2 4 4 .6 7 1714 5 .7 2
LP 1400 88 0 .3 1 3 7 3 8 .5 5 576 6 .7 2
LP 1400 98 0 .2 8 2 6 3 4 .3 7 288 4 .7 3

LP 2800 48 0 .2 8 0 4 3 8 .7 2 576 6 .8 6
LP 2800 58 0 .3 6 3 4 5 3 .6 5 576 12.29
LP 2800 64 0 .3 9 8 3 6 6 .3 2 288 15.93
LP 2800 68 0 .4 1 5 7 6 6 .8 7 984 11.18
LP 2800 78 0 .4 4 7 9 7 1 .2 4 809 11.33
LP 2800 88 0 .4 6 5 5 6 5 .6 2 576 14.12

HP 700 58 0 .1 9 8 8 4 8 .3 8 864 6 .8 5
HP 700 64 0 .2 3 3 3 5 3 .3 9 1152 4 .6 4
HP 700 68 0 .2 5 0 7 6 7 .6 0 1051 4 .0 3
HP 700 78 0 .2 8 2 9 7 1 .9 0 1752 4 .1 6
HP 700 88 0 .3 1 4 8 7 5 .1 9 1069 4 .5 3
HP 700 98 0 .3 5 8 0 6 8 .6 3 864 7 .5 3
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SUBJECT G. M. -  LEFT EAR CIMPAIRED}

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER cfB SPL A .I . CORRECT TOKENS DEU.

HP 14Q0 62 0 .0 7 3 3 2 7 .7 8 576 7 .0 8
HP 1400 68 0 .1 0 1 5 4 0 .9 8 864 5 .2 2
HP 1400 78 0 .1 3 3 7 4 7 .2 8 1035 5. 13
HP 1400 88 0 .1 6 2 2 5 3 .8 4 1083 2 .2 4
HP 1400 98 0 .2 1 6 9 5 2 .8 9 864 6 .5 7
HP 1400 108 0 .2 6 2 6 3 8 .5 4 288 8 .5 9

HP 2800 88 0 .0 0 6 8 2 0 .3 1 576 3 .9 4
HP 2800 94 0 .0 1 7 2 2 4 .4 8 576 6 .5 5
HP 2800 98 0 .0 2 3 3 2 9 .6 9 576 9 .1 7
HP 2800 104 0 .0 3 0 4 2 0 .2 5 949 6 .7 6
HP 2800 108 0 .0 3 8 8 1 4 .1 0 887 5 .4 6

BP 714 48 0 .1 1 7 6 1 7 .7 4 213 6 .0 2
BP 714 58 0 .1 4 7 2 2 7 .0 8 576 5 .9 8
BP 714 64 0 .1 4 9 2 3 4 .9 0 576 1 .7 4
BP 714 68 0 .1 4 9 2 3 9 .9 4 576 1 .6 5
BP 714 78 0 .1 4 9 2 3 9 .8 4 747 5 .3 9
BP 714 88 0 .1 5 6 2 3 4 .9 1 693 0 .9 2

BP 1428 68 0 .1 0 1 5 3 7 .8 5 576 7 .0 3
BP 1428 74 0 .1 2 1 6 4 4 .6 2 576 7 .8 0
BP 1428 78 0 .1 3 3 7 5 1 .7 7 820 5.. 51
BP 1428 84 0 .1 4 5 8 5 8 .3 3 576 8 .5 1
BP 1428 88 0 .1 5 5 4 5 2 .8 8 773 5 .6 8
BP 1428 98 0 .1 9 3 6 4 8 .6 1 288 12 .00

BP 728 58 0 .1 9 8 8 3 9 .9 3 864 6 .9 8
BP 728 64 0 .2 3 3 3 5 6 .4 2 576 8 .5 7
BP 728 68 0 .2 5 0 7 6 3 .7 2 576 4 .5 2
BP 728 78 0 .2 8 2 9 6 9 .5 5 1625 4 .8 6
BP 728 84 0 .2 9 6 6 6 8 .5 3 308 6. 36
BP 728 88 0 .3 0 8 0 6 8 .0 4 1109 2 .6 8
BP 728 98 0 .3 3 4 8 6 1 .2 8 576 9 .5 0
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SUBJECT J .  G. ~ RIGHT EAR CIMPAIRED!

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.
— ------ ---------------- --------

UNFILT. 54 0 .3 2 7 0 1 1 .4 6 288 2 .8 7
UNFILT. 64 0 .4 3 6 5 2 5 .0 0 576 5 .0 4
UNFILT. 70 0 .4 8 3 3 3 9 .5 8 288 1 0 .5 5
UNFILT. 74 0 .5 0 5 6 5 4 .1 7 288 1 7 .6 7
UNFILT. 84 0 .5 4 2 9 6 2 .2 3 706 6 .7 6
UNFILT. 94 0 .5461 6 8 .2 7 806 9 .5 4
UNFILT. 104 0 .4 7 5 6 6 9 .4 5 576 3 .3 5

LP 700 62 0 .1 4 6 4 12 .50 288 4 .4 0
LP 700 68 0 .1 5 1 3 1 8 .7 5 288 5 .1 3
LP 700 74 0 .1 5 1 3 19 .97 576 5 .0 5
LP 700 78 0 .1 5 1 3 2 5 .1 7 576 3 .6 0
LP 700 88 0 .1 5 0 9 3 0 .7 6 623 4 .3 1
LP 700 98 0 .1 3 0 4 3 0 .8 0 634 3 .6 4
LP 700 104 0 .1 0 7 9 3 0 .5 6 288 5 .8 9

LP 1400 58 0 .2 8 4 9 '2 0 .3 1 576 3 .7 4
LP 1400 64 0 .2 9 0 1 2 6 .5 7 576 6 .9 8
LP 1400 68 0 .2901 3 2 .9 9 864 5 .2 7
LP 1400 78 0 .2901 4 1 .8 4 1544 6 .0 2
LP 1400 88 0 .2 8 9 7 4 3 .7 5 864 5 .5 1
LP 1400 98 0 .2 5 9 9 4 3 .5 8 576 3 .6 5

LP 2000 58 0 .3 7 4 7 2 1 .1 8 288 3 .0 8
LP 2800 64 0 .4 2 6 3 3 1 .2 5 288 5 .1 3
LP 2800 68 0 .4491 3 4 .7 2 288 7 .8 6
LP 2800 74 0 .4 7 1 0 5 2 .0 8 288 1 0 .7 3
LP 2800 78 0 .4 7 8 3 5 9 .9 2 699 1 2 .6 9
LP 2800 88 0 .4 7 9 7 62. 15 288 1 1 .3 6
LP 2800 98 0 .4 4 9 9 7 0 .8 3 288 1 .9 7

HP 700 68 0 .3 1 7 7 3 1 .7 7 576 5 .3 9
HP 700 74 0 .3 5 4 3 4 4 .2 7 576 5 .9 3
HP 700 78 0 .3 7 2 6 5 8 .1 5 702 5 .4 5
HP 700 88 0 .3 9 9 4 66. 10 792 5 .2 4
HP 700 98 0 .4 2 3 8 7 2 .3 4 864 3 .2 8
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SUBJECT J . G. -  RIGHT EAR CIMPAIRED]

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.

HP 14Q0 68 0 .1 7 8 8 9 .7 2 288 8 .3 3
HP 1400 78 0 .2 3 3 7 3 0 .7 8 864 3 .8 6
HP 1400 88 0 .2 5 9 2 4 5 .5 6 974 6 .3 6
HP 1400 98 0 .2 9 2 8 5 1 .8 5 864 4 .8 8
HP 1400 108 0 .3 3 0 8 4 9 .1 9 864 8 .2 3

HP 2800 92 •0 .0753 13 .37 576 2 .8 6
HP 2800 98 0 .0 8 2 7 17 .5 4 576 3 .8 2
HP 2800 104 0 .0921 19 .80 576 5 .7 9
HP 2800 108 0 .1 0 1 5 2 3 .1 5 569 4 .5 5
HP 2800 118 0 .1516 18 .06 576 3 .7 6

BP 714 72 0 .1 3 8 9 2 3 .6 1 288 3 .5 9
BP 714 78 0 .1 3 8 9 2 9 .1 7 288 3 .4 0
BP 714 84 0 .1 3 9 0 3 5 .4 2 288 6 .0 5
BP 714 88 0 .1 4 0 2 4 0 .2 0 686 3 .4 4
BP 714 98 0.1511 3 9 .2 4 288 5 .9 3

BP 1428 78 0 .1 8 8 2 2 0 .4 9 288 9 .9 7
BP 1428 84 0 .1 9 0 0 3 5 .4 2 288 6 .4 7
BP 1428 88 0 .1 9 0 0 4 6 .5 3 288 6 .2 6
BP 1428 98 0.2101 5 3 .8 2 604 6 .8 4
BP 1428 108 0 .2 4 3 9 55 .21 288 7 .2 1
BP 1428 114 0 .2 4 6 3 5 3 .4 7 288 9 .9 8

BP 728 68 0 .2 9 7 9 28 .01 864 8 .8 2
BP 728 74 0 .3 1 9 8 4 0 .3 9 864 9 .2 7
BP 728 78 0.3271 5 3 .4 7 576 10 .38
BP 728 88 0 .3 3 0 2 6 5 .8 2 1217 4 .0 5
BP 728 98 0 .3411 66 .21 864 2 .8 0
BP 728 104 0 .3 2 8 4 5 1 .7 4 288 5 .2 4
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SUBJECT T. T. -  RIGHT EAR CIMPAIRED!

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL ; A .I . CORRECT TOKENS DEU.

UNFILT. 90 0 .1 1 4 8 2 5 .4 6 864 6 .0 0
UNFILT. 100 0 .1 8 6 6 4 7 .0 5 576 5 .5 1
UNFILT. 104 0 .2 1 2 0 6 0 .5 9 576 8 .1 7
UNFILT. 110 0 .2 4 3 4 5 7 .7 8 2049 3 .9 1
UNFILT. 114 0 .2 5 1 7 66. 14 1900 4 .1 0
UNFILT. 120 0 .2331 6 7 .0 1 576 1 .3 3

LP 700 92 0 .0 4 7 4 17. 19 576 1 .7 3
LP 700 98 0 .0 6 0 3 2 0 .9 3 481 4 .1 4
LP 700 104 0 .0 6 7 8 2 3 .2 6 576 1 .6 6
LP 700 108 0 .0 6 9 0 2 6 .6 4 640 3 .3 3
LP 700 114 0 .0 6 4 1 2 9 .1 8 975 2 .2 7
LP 700 118 0 .0 5 7 7 2 8 .1 2 576 4 .8 3

LP 1400 84 0 .0621 1 0 .0 7 576 2 .5 7
LP 1400 94 0 .1 2 1 6 2 1 .7 0 576 3 .0 2
LP 1400 104 0 .1 3 2 1 3 1 .6 0 576 6 .2 8
LP 1400 108 0 .1 3 2 9 38. 12 794 4 .1 6
LP 1400 114 0 .1 2 5 6 3 8 .5 9 1095 2 .7 7
LP 1400 118 0 .1 0 8 4 3 4 .5 8 814 5 .4 2
LP 1400 124 0 .0 6 6 5 3 9 .4 1 576 4 .2 6

LP 2800 98 0 .1 6 9 0 3 3 .1 6 576 8 .7 4
LP 2000 104 0 .1 9 8 0 4 6 .3 0 864 6 .1 8
LP 2800 108 0 .2 0 9 8 5 0 .5 3 1305 6 .4 9
LP 2800 114 0 .2 1 2 2 6 3 .3 7 576 5 .8 5
LP 2800 118 0 .1 9 6 3 5 6 .9 0 1035 4 .6 3
LP 2800 124 0 .1531 6 0 .8 8 864 7 .3 3

HP 700 98 0 .1 0 5 7 31. 13 864 8 .0 0
HP 700 104 0 .1 4 3 8 4 1 .9 0 864 6 .5 3
HP 700 108 0 .1 6 4 9 5 4 .3 5 1034 4 .3 9
HP 700 114 0 .1 8 7 8 5 8 .5 3 712 3 .7 9
HP 700 118 0 .1 8 6 7 6 5 .0 2 1378 1 .8 6
HP 700 128 0 .1 5 1 4 6 3 .6 6 864 6 .2 1
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SUBJECT T. T. ~ RIGHT EAR CIMPAIRED!

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.

HP 1400 98 0 .0 4 2 4 10 .0 7 576 5 .2 4
HP 1400 104 0*. 0798 18 .75 939 9 .8 2
HP 1400 108 0 .1 0 1 0 2 7 .6 0 539 10.44
HP 1400 114 0 .1 2 6 2 3 2 .8 2 515 10 .46
HP 1400 118 0 .1 3 4 3 3 3 .0 3 776 9 .2 4
HP 1400 124 0 .1401 3 5 .2 5 576 9 .6 0
HP 1400 128 0 .1 3 5 4 3 2 .4 1 864 11 .70

HP 2800 108 0 .0 2 4 1 1 1 .4 5 288 5 .6 0
HP 2800 114 0 .0 3 9 6 9 .0 3 288 2 .6 6
HP 2800 118 0 .0 4 6 3 8 .6 8 576 3 .0 3
HP 2800 128 0 .0 5 6 3 7 .8 3 907 2 .4 9

BP 714 SB 0 .0 6 3 3 1 3 .7 2 576 3 .4 7
BP 714 104 0 .0 6 4 0 2 1 .8 8 576 4 .4 8
BP 714 108 0 .0 6 4 0 2 7 .7 4 982 1 .9 0
BP 714 114 0 .0 6 1 6 3 4 .4 0 999 3 .7 6
BP 714 118 0 .0 5 2 5 3 6 .6 3 576 3 .9 9
BP ‘ 714 124 0 .0 3 1 0 3 8 .7 2 576 4 .9 3

BP 1428 108 0 .0 7 6 9 14 .24 576 8 .7 9
BP 1428 114 0 .0 8 6 6 2 3 .9 6 576 10 .29
BP 1428 118 0 .0 8 8 0 3 0 .5 0 1024 7 .8 3
BP 1428 124 0 .0 8 6 5 3 1 .3 9 999 7 .3 1
BP 1428 128 0 .0 7 9 1 3 0 .9 0 576 9 .4 6

BP 728 98 0 .1 0 2 9 19 .68 864 8 .4 8
BP 728 104 0 .1 2 9 8 3 1 .9 4 576 2 .6 0
BP 728 108 0 .1 4 0 9 4 2 .7 0 989 6 .7 3
BP 728 118 0 .1 4 0 4 5 5 .3 6 1538 3 .6 7
BP 728 128 0 .0951 5 7 .2 9 864 7 .0 2
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SUBJECT J .  G. -  LEFT EAR SIMULATED LOSS 

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A .I .
— ---------- — _  — . ------------

UNFILT. 52 0 . 299B
UNFILT. 62 0 .4 1 7 3
UNFILT. 72 0 .4 9 4 9
UNFILT. 82 0 .5 3 7 3
UNFILT. 92 0 .5 4 8 9

LP 700 56 0 .1 3 3 6
LP 700 62 0 .1 4 6 4
LP 700 66 0 .1 5 0 7
LP 700 72 0 .1 5 1 3
LP 700 76 0 .1 5 1 3
LP 700 86 0 .1 5 1 3
LP 700 96 0 .1 3 5 7

LP 1400 56 0 .2 7 7 9
LP 1400 62 0 .2 8 9 8
LP 1400 66 0.2901
LP 1400 72 0.2901
LP 1400 76 0 .2901
LP 1400 86 0 .2901

LP 2B00 56 0 .3 5 2 7
LP 2000 62 0 .4 1 1 8
LP 2800 66 0 .4 3 8 3
LP 2800 72 0 .4655
LP 2800 76 0 .4 7 5 5
LP 2800 86 0 .4801
LP 2800 96 0 .4 6 0 3

HP 700 66 0 .3 0 2 2
HP 700 72 0 .3 4 3 7
HP 700 76 0 .3 6 4 4
HP 700 82 0.3861
HP 700 86 0 .3 9 5 8
HP 700 96 0 .4 2 0 0

CORRECT TOKENS DEU.

2 6 .3 9 288 4 .8 2
4 9 .6 5 208 7 .7 2
7 1 .1 8 576 4 .5 9
8 2 .8 8 751 3 .9 0
8 8 .1 9 288 5 .8 4

23 .61 288 3 .5 9
26 .04 288 3 .4 8
30 .21 280 6 .0 4
3 6 .4 6 288 6 .2 5
4 0 .6 2 288 4 .3 0
38 .48 649 3 .7 2
3 8 .5 4 288 4 .3 0

33 .33 576 4 .6 1
3 7 .6 7 576 4 .3 4
4 5 .2 0 1022 4 .8 2
5 4 .8 6 576 3 .3 6
5 6 .6 7 970 3 .7 9
57 .81 576 4 .6 6

3 5 .4 2 288 5 . 13
40 .28 208 4 .6 8
5 2 .7 8 288 1 2 .5 3
6 6 .3 2 280 4 . 15
7 5 .5 0 651 5 .4 0
8 4 .3 7 288 5 .8 3
05 .76 288 7 .3 8

3 9 .0 6 576 7 . 25
5 3 .4 8 576 9 .3 9
7 2 .7 4 576 5 .5 1
76 .54 953 7 .2 8
8 4 .6 0 1071 2 .7 1
8 5 .9 4 576 2 .4 9
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SUBJECT J .  G. -  LEFT EAR SIMULATED LOSS 

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A .I .

HP 1400 76 0 .2 2 5 5
HP 1400 82 0 .2 4 7 2
HP 1400 86 0 .2 5 6 2
HP 1400 92 0 .2 6 7 4
HP 1400 96 0 .2 8 3 5
HP 1400 102 0 .3 1 1 4
HP 1400 106 0 .3 2 5 5

HP 2800 86 0 .0661
HP 2800 92 0 .0 7 5 3
HP 2800 96 0 .0 8 0 4
HP 2800 102 0 .0 8 9 0
HP 2800 106 0 .0 9 5 6
HP 2800 112 0 .1 1 7 9

BP 714 66 0 .1 3 8 9
BP 714 72 0 .1 3 8 9
BP 714 76 0 .1 3 8 9
BP 714 86 0 .1 3 9 6
BP 714 96 0 .1 4 9 6

BP 1428 76 0 .1 8 5 4
BP 1428 82 0 .1 9 0 0
BP 1428 86 0 .1 9 0 0
BP 1428 92 0 .1921
BP 1428 96 0 .2031
BP 1428 106 0 .2 3 9 7

BP 728 66 0 .2871
BP 728 72 0 .3 1 4 3
BP 728 76 0 .3 2 4 3
BP 728 86 0 .3 2 9 6
BP 728 96 0 .3 3 9 6

CORRECT TOKENS DEO.
mm mm mm ^  mm

3 1 .2 5 576 5 .7 5
4 4 .2 7 576 6 .4 4
5 7 .6 8 668 ■ 6 .2 3
6 8 .0 5 576 5 .3 5
7 0 .5 8 735 3 .3 9
7 5 .6 9 576 6 .2 4
55 .21 288 8 .8 9

1 1 .4 6 288 6 .4 5
2 3 .2 6 288 2 .6 3
3 1 .9 4 288 7 .4 4
38. 19 288 11 .37
4 5 .9 8 630 7 .4 8
46. 18 288 10 .29

3 0 .5 6 288 4 .0 9
3 7 .1 5 288 3 .4 8
4 4 .1 0 288 7 .3 0
5 2 .5 4 706 2 .6 3
4 8 .6 1 288 3 .4 0

2 8 .1 2 288 7 .9 7
4 9 .3 1 288 9 .1 8
5 8 .6 4 639 8 .5 4
6 7 .3 6 288 4 .8 8
7 1 .5 3 288 5 .1 3
67 .01 288 11 .86

3 4 .9 5 864 5 .3 0
4 8 .0 9 576 9 .8 9
6 3 .8 4 1283 5 .1 1
7 8 .6 7 1457 4 .0 7
7 9 .3 4 576 6 .0 9
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SUBJECT J . T . -  RIGHT EAR SIMULATED LOSS

LEVEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEV.

UNFILT. 52 0 .2 4 8 4 3 2 .6 4 288 8 .9 7
UNFILT. 58 0 .3 1 1 5 5 1 .7 4 288 4 .1 5
UNFILT. 62 0 .3 4 9 8 5 8 .5 7 594 6 .3 0
UNFILT. 68 0 .3 9 9 7 7 4 .3 1 288 4 .6 1
UNFILT. 72 0 .4 2 9 4 8 0 .2 1 864 5 .9 8
UNFILT.' 02 0 .4 8 7 5 0 9 .6 4 850 1 .6 9
UNFILT. , 92 0 .5 1 0 7 9 2 .0 1 288 3 .0 8

LP 700 56 0 .1 3 6 7 2 4 .3 1 288 3 .3 1
LP 700 66 0 .1 5 2 2 2 6 .7 4 288 4 .4 5
LP 700 72 0 .1 5 2 5 3 0 .2 1 288 3 .2 8
LP 700 76 0 .1 5 2 5 3 6 .1 4 638 6 .4 8
LP 700 . 86 0 .1 5 2 5 4 0 .9 7 288 5 .6 1
LP 700 96 0 .1 3 6 9 3 7 .5 0 288 6 .8 0

LP*1400 56 0 .2551 3 4 .4 9 864 3 .3 5
LP 1400 62 0 .2 7 5 5 4 3 .9 3 576 2 .8 5
LP 1400 66 0 .2 7 9 5 5 0 .9 2 1001 3 .9 8
LP 1400 72 0 .2 7 9 9 5 3 .9 9 576 5 .5 9
LP 1400 76 0 .2 7 9 9 5 8 .3 3 1039 5 .6 4
LP 1400 86 0 .2 7 9 9 5 4 .3 4 576 6 .01

LP 2000 56 0 .2 9 1 9 4 4 .4 4 288 9 .2 8
LP 2800 62 0 .3 4 9 7 5 8 .3 3 208 7 .6 1
LP 2800 66 0 .3 0 2 2 7 5 .0 0 288 4 .8 2
LP 2800 76 0 .4 3 3 7 8 1 .2 9 811 3 .6 9
LP 2800 86 0 .4 4 8 6 8 7 .1 5 288 6 .8 4

HP 700 56 0 .1 4 3 0 2 6 .5 6 576 4 .4 4
HP 700 62 0 .1 9 8 9 3 9 .7 6 576 8 .4 4
HP 700 66 0 .2 3 2 2 6 2 .8 5 576 6 .5 3
HP 700 72 0 .2 7 6 9 7 8 .0 2 576 3 .0 8
HP 700 76 0 .3 0 3 8 8 4 .7 8 1097 4 .3 3
HP 700 86 0 .3 5 3 2 8 7 .1 9 1411 3 .9 8
HP 700 96 0 .3911 9 0 .8 0 576 3 .7 3



PAGE 275

SUBJECT J . T . -  RIGHT EAR SIMULATED LOSS

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.

HP 1400 66 0 .1049 3 1 .7 1 864 6 .2 5
HP 1400 72 0 .1495 47. 92 864 7 .9 9
HP 1400 76. 0 .1764 58. 73 997 7 .7 2
HP 1400 82 0 .2076 7 0 .6 0 864 4 .6 1
HP 1400 86 0 .2234 7 5 .0 0 1107 5 .5 7
HP 1400 96 0 .2449 8 0 .7 3 576 6. 01

HP 2800 80 0 .0340 15 .9 8 288 2 .6 6
HP 2800 86 0 .0547 2 4 .9 1 501 4 .9 2
HP 2800 92 0 .0687 3 5 .7 7 288 8 .4 4
HP 2800 96 0 .0752 4 7 .9 2 288 1 2 .8 5
HP 2800 106 0 .0926 5 5 .9 0 288 5 .2 4
HP 2800 112 0 .1078 5 1 .0 4 288 1 2 .7 5

BP 714 56 0 .1 0 6 2 1 8 .4 0 288 3 .4 7
BP 714 62 0 .1245 2 8 .1 2 288 7 .1 2
BP 714 66 0 .1 2 7 2 4 3 .7 5 288 4 .3 2
BP 714 76 0 .1 2 7 4 4 7 .8 4 •343 5 .3 6
BP 714 86 0 .1 2 9 9 5 2 .0 8 288 4 .8 8
BP 714 96 0.1471 4 7 .9 2 288 4 .3 2

BP 1428 66 0 .1027 3 0 .2 1 288 8 .2 1
BP 1428 72 0 .1369 37. 16 288 7 .5 6
BP 1428 76 0 .1537 4 7 .5 7 288 9 .9 1
BP 1428 86 0 .1687 6 9 .4 4 288 1 0 .0 8
BP 1428 96 0 .1696 7 0 .8 0 689 1 1 .0 5
BP 1428 106 0 .1963 6 3 .8 9 288 15. 13

BP 728 56 0 .1430 2 4 .8 3 576 2 .6 8
BP 728 62 0 .1988 4 3 .0 6 576 6 .8 3
BP 728 66 0 .2299 5 2 .6 0 1314 5 .3 0
BP 728 72 0 .2643 7 3 .9 6 576 3 .2 4
BP 728 76 0 .2811 76. 18 810 6 .4 0
BP 728 86 0 .2985 8 4 .2 6 864 5 .3 8
BP 728 96 0 .3158 8 4 .5 5 576 5 .9 0
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SUBJECT R. M. -  RIGHT EAR SIMULATED LOSS

LEVEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEV.

UNFILT. 62 0 .2 8 2 3 42 .71 288 3 .8 2
UNFILT. 72 0 .3 4 6 0 6 0 .2 4 576 8 .8 5
UNFILT. 82 0 .4 0 9 2 7 5 .7 3 1382 5 .7 3
UNFILT. 92 0 .4 4 7 3 8 6 .4 6 288 3 .6 6
UNFILT. 102 0 .4 0 5 6 8 1 .9 4 288 5 .8 9

LP 700 56 0 .1 2 3 9 17.01 576 3 .0 8
LP 700 66 0 .1 4 3 3 2 7 .4 3 576 2 .01
LP 700 76 0 .1 4 4 9 3 3 .8 6 576 4 .5 8
LP 700 86 0 .1 4 4 9 3 4 .7 7 693 2 .9 6
LP 700 96 0 .1 2 9 6 3 1 .3 9 672 3 .11

LP 1400 56 0 .2 3 5 0 3 1 .2 5 576 4 .6 8
LP 1400 66 0 .2 6 5 6 4 2 .7 8 986 5 .61
LP 1400 76 0 .2 6 7 4 4 9 .7 6 1220 5 .6 8
LP 1400 86 0 .2 6 7 4 5 3 .9 0 1285 4 .4 9
LP 1400 92 0 .2 6 1 0 5 3 .1 2 288 5 .71
LP 1400 96 0 .2 4 7 9 4 8 .1 5 864 6 .6 0

LP 2800 56 0 .2 4 1 2 3 1 .2 5 576 3 .6 7
LP 2800 62 0 .2 8 2 3 3 9 .9 4 576 4 .0 3
LP 2800 66 0 .3 0 6 3 4 8 .8 0 730 8 .6 7
LP 2800 72 0 .3 4 4 3 5 9 .7 2 576 4 .5 0
LP 2800 76 0 .3 6 5 6 6 8 .7 6 806 12 .27
LP 2800 86 0 .3 9 9 2 7 8 .7 1 799 3 .5 0
LP 2800 96 0 .3 8 4 5 8 1 .9 4 576 4 .8 4

HP 700 66 0 .1 6 1 7 3 0 .6 8 864 4 .8 3
HP 700 72 0 .2 0 1 2 4 5 .1 4 864 5 .0 2
HP 700 76 0 .2 2 6 8 6 2 .5 8 1139 6 .6 2
HP 700 82 0 .2 6 4 4 7 3 .0 1 1039 5 .9 2
HP 700 86 0 .2 8 6 2 7 7 .8 8 1105 4 .6 5
HP 700 96 0 .3 2 6 0 8 2 .2 9 576 5 .7 1
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SUBJECT R. M. -  RIGHT EAR SIMULATED LOSS

LEUEL CALC. PERCENTAGE NO. OF STD.
FILTER dB SPL A. I . CORRECT TOKENS DEU.

HP 1400 76 0 .1 0 4 2 2 4 .4 2 864 8 .9 7
HP 1400 82 0 .1 4 1 8 3 8 .7 2 576 8 .6 1
HP 1400 86 0 .1 6 3 0 5 3 .0 1 1115 5 .8 4
HP 1400 96 0 .1 9 6 1 6 6 .0 0 1503 6 .7 1
HP 1400 106 0 .2 3 0 1 6 8 .4 0 576 8 .2 1

HP 2800 86 0 .0 3 1 1 6 . 43 576 2 .6 8
HP 2800 92 0 .0 5 0 1 1 3 .0 2 576 3 .1 8
HP 2800 96 0 .0 5 8 7 2 0 .4 9 658 5 .5 0
HP 2800 102 0 .0 6 7 5 2 9 .1 7 288 6 .3 1
HP 2800 106 0 .0 7 2 7 3 2 .3 5 373 5 .6 4
HP 2800 112 0 .0 7 9 5 3 1 .2 5 288 8 .6 8

BP 714 66 0 .1 2 1 1 2 6 .2 2 576 1.91
BP 714 72 0 .1 2 2 5 3 7 .6 8 576 6 .0 9
BP 714 76 0 .1 2 2 5 4 2 .5 9 640 6 .6 7
BP 714 86 0 .1 2 3 3 4 6 .5 4 713 3 .9 2
BP 714 96 0 .1 3 0 8 4 0 .4 5 576 4 .9 6

BP 1428 76 0 .0 9 8 3 2 5 .0 0 288 9 .8 2
BP 1428 82 0 .1 2 2 0 4 1 .6 7 288 8 .2 5
BP 1428 86 0 .1 3 1 8 4 8 .0 9 419 8 .6 0
BP 1428 92 0 .1 3 6 3 5 9 .7 2 288 9 .0 0
BP 1428 96 0 .1 3 7 4 6 2 .1 5 288 8 .8 1
BP 1428 106 0 .1 5 7 4 5 7 .6 4 288 14 .23

BP 728 66 0 .1 6 1 7 2 8 .8 2 576 6 .4 3
BP 728 72 0 .1 9 9 5 4 5 .3 2 576 5 .1 1
BP 728 76 0 .2 2 0 8 5 7 .3 6 953 6 .9 7
BP 728 86 0 .2 5 5 1 7 0 .4 6 686 5 .0 8
BP 728 96 0 .2 6 7 3 7 6 .9 1 576 10 .63
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