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CHAPTER I  

INTRODUCTION

A l o n g s t a n d i n g  p ro b le m  i n v o l v i n g  h e a r i n g  a i d  r e ­

s e a r c h  i s  t h e  need  f o r  r e c o n c i l i a t i o n  o f  t h e  s u p r a -  

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

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

s e n s o r i n e u r a l  h e a r i n g  im p a i rm e n t .  W h ile  c o n v e r s a t i o n a l  

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

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

m ent is-  c h a r a c t e r i z e d  b y  f r e q u e n c y  d e p e n d e n t  r e d u c t i o n s  

i n  t h e  dynam ic r a n g e  o f  h e a r i n g  w i th  c o n c o m i ta n t  d i s ­

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

f r e q u e n c y .

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

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

s e n s o r i n e u r a l  h e a r i n g  im p a i rm e n t  h a s  b e e n  t h e  u t i l i z a t i o n  

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

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

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

t u i t i v e l y  ack n o w le d g ed  by  p r o f e s s i o n a l s  i n v o lv e d  w i th  

h e a r i n g  a i d  f i t t i n g s .  More r e c e n t l y ,  t h e  v a l i d i t y  o f  t h i s  

a p p ro a c h  h a s  b e e n  d e m o n s t r a t e d  e m p i r i c a l l y  ( B a r f o d ,  1972; 

R asco e ,  1975; S k i n n e r ,  1980 ; L ippm an, 1 9 8 1 ) .  W hile  v e ry  

e a r l y  a t t e m p t s  a t  f r e q u e n c y  s e l e c t i v e  a m p l i f i c a t i o n
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f o c u s e d  on  c o r r e c t i n g  t h e  l i s t e n e r ’ s r e d u c t i o n s  i n  t h r e s h ­

o l d  s e n s i t i v i t y ,  c u r r e n t  a p p l i c a t i o n s  em p h as ize  t h e  lo n g  

te rm  a v e r a g e  s p e e c h  s p e c t r u m  i n  e v a l u a t i n g  t h e  am ount o f  

f r e q u e n c y  s e l e c t i v e  g a i n  r e q u i r e d .

The dilem m a p r e s e n t e d  by  a  b r o a d  r a n g e  o f  i n p u t  

s i g n a l s  and a  r e d u c e d  dynam ic r a n g e  o f  h e a r i n g  h a s  g i v e n  

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

s p e e c h  so  t h a t  i t  w i l l  co n fo rm  t o  t h e  r e s i d u a l  a u d i t o r y  

a r e a  ( f r e q u e n c y  b y  dynam ic r a n g e )  o f  t h e  s e n s o r i n e u r a l  

im p a i r e d  i n d i v i d u a l .  T hese  m ethod s  i n c l u d e  p e a k  c l i p p i n g  

a n d  a  v a r i e t y  o f  c o m p r e s s io n  s t r a t e g i e s  a s  a  means o f  

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

Both p e a k  c l i p p i n g  an d  c o m p r e s s io n  l i m i t i n g  a r e  m ethods 

w hich  a r e  p r i m a r i l y  i n t e n d e d  t o  p r e v e n t  t h e  a m p l i f i e d  

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

l i m i t s  o f  t h e  i n d i v i d u a l .  O th e r  fo rm s  o f  c o m p re s s io n  

w hich  o p e r a t e  o v e r  t h e  e n t i r e  a m p l i f i c a t i o n  i n p u t - o u t p u t  

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

w hich  a t t e m p t s  t o  overcom e lo u d n e s s  d i s t o r t i o n  i n t r o d u c e d  

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

I t  h a s  b e e n  a c c e p t e d  c l i n i c a l  p r a c t i c e  t o  recommend 

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

whose dynam ic r a n g e  i s  s e v e r e l y  r e d u c e d  ( B e r g e r ,  1 9 7 7 ) .  

However, t h e  optimum m ethod o f  o u t p u t  l i m i t i n g  f o r  i n d i ­

v i d u a l s  w i th  b r o a d e r  dynam ic r a n g e s  h a s  n o t  b e e n  c a r e f u l l y  

s t u d i e d  s i n c e  t h e  H a rv a rd  h e a r i n g  a i d  s t u d y  (D a v is ,  e t  a l . , 

1 9 ^ 7 ) .  D av is  an d  h i s  c o -w o r k e r s  c o n c lu d e d  t h a t  c o m p re s s io n
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l i m i t i n g  i s  a  p r e f e r r e d  a l t e r n a t i v e  t o  o u t p u t  l i m i t i n g  

e m p lo y in g  p e a k  c l i p p i n g .  R e s n ic k  (1977)»  i n  a  c r i t i c a l  

e x a m in a t io n  o f  t h e  H a rv a rd  s t u d y ,  r e p o r t e d  t h a t  i m p l i c a ­

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

b a s e d  on  t h i s  s t u d y  a r e  l i m i t e d  by  a  num ber o f  f a c t o r s 0 

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

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

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

A r e v ie w  o f  h e a r i n g  a i d  f i t t i n g  p r o c e d u r e s  (R o ss ,  

19785 S c h m itz ,  198O) i n d i c a t e s  t h a t  m ea su re m e n ts  o f  com­

f o r t  a n d  d i s c o m f o r t  l e v e l s  u s e d  to  d e te r m in e  u s e r  g a i n  

a n d  o u t p u t  l i m i t a t i o n  r e q u i r e m e n t s  a r e  a  p a r t  o f  m ost 

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

R e c e n t  r e s e a r c h  (Kamm, e t  a l . ,  1978; V e n t ry  & Jo h n s o n ,  

1978) i n d i c a t e s  t h a t  t h e  i n t e n s i t y  r a n g e  b e tw e e n  c o m f o r t ­

a b l e  l i s t e n i n g  l e v e l s  an d  d i s c o m f o r t  l e v e l s  i s  much 

n a r r o w e r  t h a n  p r e v i o u s l y  t h o u g h t .  T h is  i s  t r u e  e v e n  f o r  

i n d i v i d u a l s  w i th  m o d e ra te  s e n s o r i n e u r a l  h e a r i n g  i m p a i r ­

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

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

ab o v e  p r e f e r r e d  l i s t e n i n g  l e v e l s .  R ed u c in g  t h e  l i m i t i n g  

l e v e l  t o  t h e s e  lo w e r  v a lu e s  i n c r e a s e s  t h e  p o t e n t i a l  f o r  

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

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

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

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

fo rm an c e  o f  h e a r i n g  im p a i r e d  l i s t e n e r s .  P e r fo rm a n c e



m e a s u re s  i n c l u d e d  t h e  m easu rem en t o f  l i s t e n e r - a d j u s t e d  

p r e f e r r e d  l i s t e n i n g  l e v e l s  and  t h e  m ea su re m e n t o f  sp e e c h  

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

a d j a c e n t  l e v e l s .  E f f e c t s  w ere  exam ined  a s  a  f u n c t i o n  o f  

p r e s e n t a t i o n  l e v e l ,  f r e q u e n c y  r e s p o n s e  a n d  b a c k g ro u n d  

n o i s e .
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CHAPTER I I  

REVIEW OF RELATED LITERATURE

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

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

E m phasis  i s  on t h e  a p p l i c a t i o n s  o f  M ost C o m fo r ta b le  Loud­

n e s s  (MCL) a n d  L o u d n ess  D is c o m f o r t  L e v e l  (LDL) m e a s u re ­

m en ts  an d  t h e  p o t e n t i a l  f o r  i n t e r a c t i o n  b e tw ee n  t h 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 ,  g a i n  a n d  s a t u r a t i o n  

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

i n t e r a c t i o n s  w i l l  be  exam ined  w i th  r e s p e c t  t o  a m p l i t u d e  

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

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

v e s t i g a t i o n .

A p p l i c a t i o n s  o f  MCL M easu rem en ts  

t o  H e a r in g  A id  S e l e c t i o n

The c o n c e p t  o f  m o s t  c o m f o r t a b l e  l o u d n e s s  l e v e l  (MCL) 

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

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

o f  c o m f o r t  l e v e l  m e a su re m e n ts  t o  h e a r i n g  a i d s  c a n  be 

d i v i d e d  i n t o  t h r e e  b a s i c  a p p r o a c h e s .  The f i r s t  a p p ro a c h  

u s e s  c o m f o r t  l e v e l  m e a su re m e n ts  a s  a n  a  p r i o r i  means o f  

p r e s c r i b 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 .  T h is  i s  t r u e  

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

The e a r l i e s t  a p p l i c a t i o n  o f  t h e  e q u a l  l o u d n e s s
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a p p r o a c h  t o  t h e  p r e s c r i p t i o n  o f  h e a r i n g  a i d  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  was p r o p o s e d  b y  W atson a n d  K nudsen  (1 9 ^ 0 ) .  

U s in g  a  f o rm u la  whose c e n t r a l  com ponent was b a s e d  on t h e  

c h a r a c t e r i s t i c s  o f  t h e  i n d i v i d u a l ' s  m ost  c o m f o r t a b l e  e q u a l  

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

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

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

a m p l i f i e r  c u rv e  r e q u i r e m e n t s 0 T h is  m ethod r e p r e s e n t e d  a  

s i g n i f i c a n t  d e p a r t u r e  f ro m  a p p r o a c h e s  em p lo y in g  u n ifo rm  

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

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

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

e t  a l .  (19 ^7 )*  i n  t h e i r  r e p o r t  o f  t h e  w e l l-k n o w n  H a rv a rd  

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

f i t t i n g  a s  i m p r a c t i c a l  a n d  i m p r e c i s e .

More r e c e n t l y ,  f u n d a m e n ta l  a s p e c t s  o f  W atson  an d  

Knudsen®s m ethod h av e  b e e n  r e i n t r o d u c e d  and  s y s t e m a t i c a l l y  

r e f i n e d .  B e g in n in g  w i t h  S h a p i ro  (1 9 7 5 ) ,  c u r r e n t  p ro p o ­

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

h e a r i n g  a i d  f i t t i n g s  h ave*  1) c a r e f u l l y  c o n s i d e r e d  t h e  

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

( S h a p i r o ,  1975? B yrne & T o n n is o n ,  1976 ; B e r g e r ,  1977; 

E a s c o e ,  1 9 7 8 ) ,  2 )  d e r i v e d  o b j e c t i v e  m ethods b y  w hich  

c o m f o r t - b a s e d  e q u a l  l o u d n e s s  e s t i m a t e s  c o u ld  be  a p p l i e d  

t o  t h e  i n d i v i d u a l  (B yrne  & T o n n is o n ,  1976; B e r g e r ,  1 9 7 7 ) ,  

3 ) c o n s i d e r e d  t h e  i n d i v i d u a l ’ s c o m f o r t a b l e  l i s t e n i n g  

r a n g e  r a t h e r  t h a n  s p e c i f i c  l e v e l s  (B a sc o e ,  1 9 7 8 ) ,  and
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i n c l u d e d  p r o c e d u r e s  h e l p f u l  i n  r e s o l v i n g  a c o u s t i c a l  

d i s c r e p a n c i e s  "between v a r i o u s  c o u p l e r  a n d  r e a l - e a r  b a s e d  

m e a su re m e n ts  n e c e s s a r y  i n  a c c u r a t e l y  im p le m e n tin g  th e  

p r e s c r i p t i v e  p r o c e d u r e  (B yrne  & T o n n is o n ,  1976; P a s c o e ,

1 9 7 8 ) ,  An i m p o r t a n t  and  a s  y e t  u n a n sw e re d  q u e s t i o n  r e l e ­

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

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

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

m e a su re m e n ts  a n d  t h e  m an n er  i n  w hich  a  h e a r i n g - i m p a i r e d  

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

E v id e n c e  f o r  a  p o s s i b l e  lo u d n e s s - b a n d w id th  e f f e c t  on MCL 

i n  n o rm a l  h e a r i n g  l i s t e n e r s  h a s  b e e n  t h e  s o u r c e  o f  c o n ­

s i d e r a b l e  c o n t r o v e r s y  i n  t h e  r e s e a r c h  l i t e r a t u r e  (D i r k s  & 

Kamm, 1976; D i r k s  & Kamm, 1977 ; V e n t ry ,  1 9 7 7 a ) .

The s e c o n d  a p p r o a c h  i n v o l v i n g  c o m fo r t  l e v e l  m e a s u re ­

m en ts  and  h e a r i n g  a i d s  em ploys MCL a s  a  means o f  a d j u s t i n g  

t h e  l e v e l  o f  a  p r e - s e l e c t e d  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 is  m e th o d , f i r s t  i n t r o d u c e d  a s  p a r t  o f  C a r h a r t ' s  (1 9 ^ 6 a ,  

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

w id e ly  u se d  i n  b o t h  r e s e a r c h  (M cC on ne ll ,  e t  a l . ,  i 9 6 0 ; 

V i l l c h u r ,  1973; P a s c o e ,  1975 ; L e v i t t ,  e t  a l . , 1978; 

S t u d e b a k e r ,  e t  a l . , I 98O; Lippm an, e t  a l . , 1981) an d  

c l i n i c a l  p r a c t i c e  (R o ss ,  1978; S c h m i tz ,  1980) i n  th e  

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

t e r i s t i c s .  The a i d e d  l i s t e n e r ' s  g a i n  f o r  a  c o n v e r s a t i o n a l  

l e v e l  s p e e c h  i n p u t  i s  a d j u s t e d  a c c o r d i n g  to  a  c o m fo r t  

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

p e r fo rm a n c e  on m e a s u re s  o f  s p e e c h  i n t e l l i g i b i l i t y .

The t h i r d  MCL m ethod  u s e d  i n  h e a r i n g  a i d  s e l e c t i o n  

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

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

d e s i r a b l e  h e a r i n g  a i d  c h a r a c t e r i s t i c s .  T h is  m e th o d , 

i n t r o d u c e d  b y  M ark le  and  Z a n e r  ( 1 9 6 6 ) ,  i n v o lv e s  o b t a i n i n g  

t h e  i n d i v i d u a l ' s  u n a id e d  MCL f o r  s p e e c h  u n d e r  e a r p h o n e s ,  

f ro m  w hich  a  l e v e l  r e p r e s e n t a t i v e  o f  c o n v e r s a t i o n a l  l e v e l  

s p e e c h  i s  s u b t r a c t e d .  T h is  r e m a in d e r  p r o v i d e s  a  means o f  

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

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

D e s p i t e  i t s  w id e s p r e a d  a p p l i c a t i o n  i n  h e a r i n g  a i d  

f i t t i n g ,  t h e  MCL a p p ro a c h  h a s  lo n g  b e e n  c r i t i c i z e d  f o r  

i t s  t e s t - r e t e s t  v a r i a b i l i t y .  T h is  i s s u e  was d e b a t e d  i n  

r e p o r t s  i s s u e d  b y  D a v is ,  e t  a l .  (1 9 ^ 7 )  a n d  C a r h a r t  (194-6b)„ 

D a v is ,  e t  a l .  c la im e d  u n s u i t a b l e  v a r i a b i l i t y  f o r  MCL 

b a s e d  p r o c e d u r e s ,  w h i l e  C a r h a r t  r e p o r t e d  a d e q u a te  c l i n i c a l  

r e l i a b i l i t y .  R e s u l t s  o f  i n v e s t i g a t i o n s  w h ich  h av e  r e p o r t e d  

i n t r a s u b j e c t  v a r i a b i l i t y  f o r  MCL m ea su re m e n ts  i n  h e a r i n g -  

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

a l s  r e v e a l  t e s t - r e t e s t  d i f f e r e n c e s  o f  from  ^ - 9  dB i n  90# 

o f  t h e  s u b j e c t s  (R e id ,  e t  a l . , 1977; W alden, e t  a l . , 1977; 

S h a p i r o ,  1978; V e n t ry  & J o h n s o n ,  1 9 7 8 ) .  I n t e r s t u d y  d i f ­

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

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

t e n i n g ,  and  d e g re e  o f  l i s t e n e r  e x p e r i e n c e .  The
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s i g n i f i c a n c e  o f  t h e s e  d i f f e r e n c e s  w i l l  d e p e n d  on how much 

o f  a  d i f f e r e n c e  4 -9  dB makes i n  t h e  l i s t e n e r ' s  s p e e c h  

i n t e l l i g i b i l i t y  p e r f o r m a n c e .

I n  t h e  H a rv a rd  h e a r i n g  a i d  s t u d y  ( D a v is ,  e t  a l , ,

1947) v a r i o u s  h e a r i n g  a i d  f r e q u e n c y  r e s p o n s e s  w ere  e v a l u ­

a t e d  on a  g ro u p  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  w i th  r e s p e c t  

t o  sp e e c h  i n t e l l i g i b i l i t y  p e r fo rm a n c e  a t  PB-max, r a t h e r  

t h a n  a t  c o m fo r t  l e v e l  g a i n  s e t t i n g s .  PB-max was d e t e r ­

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

s i t y  r e  1 t h e  o u t p u t  l i m i t i n g  l e v e l  o f  t h e  h e a r i n g  a i d .

T hese  r e s e a r c h e r s  r e p o r t e d  t h a t  a  r e - a n a l y s i s  o f  t h e i r  

o r i g i n a l  r e s u l t s  ( i b i d ,  p .  7 2 ) s u g g e s t e d  t h a t  h a d  p e r ­

fo rm an c e  a t  e q u a l  c o m f o r t  l e v e l s  b e e n  u s e d  a s  t h e  c r i t e r i o n  

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

r e l a t i v e  d i f f e r e n c e s  i n  p e r fo rm a n c e  m ig h t  h a v e  c h a n g e d .

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

s e t t i n g s ,  S h o r e ,  e t  a l .  ( i 9 6 0 ) e v a l u a t e d  t h e  r e l i a b i l i t y  

o f  h e a r i n g  a i d  s e l e c t i o n  p ro ce d u res*  by  c l i n i c a l l y  e v a l u ­

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

t o  c o r r e c t  f o r  t h e  i n d i v i d u a l ' s  e l e v a t e d  t h r e s h o l d  f o r  

sp eecho  S tu d e b a k e r  (1 9 8 0 )  h a s  p o i n t e d  o u t  t h a t  t h e  u n o r t h o ­

dox m anner f o r  e s t a b l i s h i n g  g a i n  i n  t h e  S h o r e ,  e t  a l .  s t u d y  

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

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

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

h e a r i n g  a i d  s e l e c t i o n  d o e s  n o t  y e t  e x i s t  a s  i n d i c a t e d  by 

t h e  c o n t r a s t i n g  a p p r o a c h e s  o f  two h e a r i n g  a i d  s t u d i e s
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r e c e n t l y  r e p o r t e d  i n  t h e  l i t e r a t u r e .  S k in n e r  ( 1 9 8 0 ) ,  

r e p o r t i n g  on a n  i n v e s t i g a t i o n  o f  h i g h  f r e q u e n c y  e m p h a s is  

i n  a  g ro u p  o f  s e n s o r i n e u r a l  im p a i r e d  l i s t e n e r s ,  com pared  

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

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

a t  f i v e  p r e - e s t a b l i s h e d  i n t e n s i t y  l e v e l s .  L ippm an, e t  a l .  

( 1 9 8 1 ) ,  h o w e v er ,  i n  t h e i r  s t u d y  c o m p a r in g  m u l t i - c h a n n e l  

a m p l i tu d e  c o m p r e s s io n  an d  l i n e a r  a m p l i f i c a t i o n  i n  s e n s o r i ­

n e u r a l  h e a r i n g  l o s s ,  em ployed  t h e  s u b j e c t ' s  m o s t  c o m f o r t ­

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

a s  t h e  l e v e l  a t  w h ich  s p e e c h  i n t e l l i g i b i l i t y  t e s t s  w ere  

p r e s e n t e d  and  r e l a t i v e  p e r fo rm a n c e  co m pared .

W ith  t h e  e x c e p t i o n  o f  v e r y  young  c h i l d r e n ,  i t  w ould 

a p p e a r  t h a t  m ost  h e a r i n g - i m p a i r e d  i n d i v i d u a l s  w i l l  i n d e ­

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

s e t t i n g  o f  t h e i r  h e a r i n g  a i d  (E a s c o e ,  1 9 7 8 ) .  T h u s ,  i t  i s  

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

w hich  w i l l  d e te r m in e  t h e  am ount o f  a u d i b l e  s i g n a l  an d  t h e  

p o t e n t i a l  b e n e f i t s  o f  a m p l i f i c a t i o n  (B yrne  & C h r i s t e n ,

1 9 7 9 ) .  The a d o p t i o n  o f  a  l o u d n e s s  b a s e d  c o m fo r t  l e v e l  

c o n c e p t  a s  a  c r i t e r i o n  m ea su re  f o r  e s t a b l i s h i n g  h e a r i n g  

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

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

(V e n t r y ,  1977b) seem s m ost c o m p a t ib l e  w i th  a n  i n d i v i d u a l ' s  

a d j u s t m e n t  t o  a  h e a r i n g  a i d  and  t h e  p e r fo rm a n c e  l e v e l  a t  

w h ich  h e / s h e  i s  m o s t  l i k e l y  t o  f u n c t i o n .  B ecau se  o f  t h e  

p r o c e d u r a l l y  d e p e n d e n t ,  v a r i a b l e  n a t u r e  o f  MCL m e a su re m e n t ,
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i t s  v a l i d i t y  i n  d e t e r m i n i n g  t h e  a b s o l u t e  g a i n  r e q u i r e m e n t s  

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

o f  p r o c e d u r e s  i s  q u e s t i o n a b l e  (B yrne  & C h r i s t e n ,  1 9 7 9 ) .  

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

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

a i d  r e s e a r c h  a n d  c l i n i c a l  p r a c t i c e  w i l l  r e m a in  i n  q u e s t i o n .

MCL an d  S p eech  I n t e l l i g i b i l i t y  P e r fo rm a n c e

One q u e s t i o n  w h ich  em erges  from  a  r e v ie w  o f  v a r i o u s  

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

r e l a t i o n s h i p  b e tw e e n  i n t e l l i g i b i l i t y  p e r fo rm a n c e  a n d  com­

f o r t a b l e  l i s t e n i n g  l e v e l s .  T h a t  i s ,  how c l o s e l y  do com­

f o r t  b a s e d  l i s t e n i n g  l e v e l s  a p p ro x im a te  t h e  p o i n t  o f  

maximum i n t e l l i g i b i l i t y  on  a  l i s t e n e r ’ s  p e r fo rm a n c e  

i n t e n s i t y  f u n c t i o n ?

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

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

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

h a b i l i t a t i v e  p u r p o s e s  ( C a r h a r t ,  1965; Y a n t i s ,  e t  a l . ,

1966} C lera is  & C a r v e r ,  1 9 6 7 ) .  R e s e a r c h e r s  h a v e  e v a l u a t e d  

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

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

d e r i v e  a  t im e  c o n s e r v i n g  m ethod  f o r  e s t i m a t i n g  t h e  PB-max 

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

i n d i v i d u a l  w i th  a  g i v e n  t e s t .  R e s u l t s  o f  t h e s e  s t u d i e s  

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

e s t i m a t i n g  PB-max on s t a n d a r d  s p e e c h  t e s t s  c an  b e  u s e d ,
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s i m i l a r  a p p ro a c h e s  a r e  n o t  p o s s i b l e  i n  c a s e s  o f  c o c h l e a r  

h e a r i n g  im p a irm e n t  ( C a r h a r t ,  1 9 6 5 ) .  U n l ik e  p e r fo rm a n c e  

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

s t e e p  s l o p e s ,  w ide  dynam ic r a n g e s  a n d  b r o a d  p l a t e a u s  

c o r r e s p o n d i n g  t o  maximum i n t e l l i g i b i l i t y ,  t h e  p e r fo rm a n c e  

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

l e s s  w e l l  d e fined®  I n  a d d i t i o n  t o  a  r e d u c t i o n  i n  maximum 

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

r i s i n g  t o  a  n a r ro w  r a n g e  o f  l e v e l s  w h i le  o c c a s i o n a l l y  

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

p e r fo rm a n c e  a r e  e x c e e d e d  ( C a r h a r t ,  1965; D i r k s ,  e t  a l . ,

1 9 7 7 )•  S t u d i e s  r e p o r t i n g  on t h e  r e l a t i o n s h i p  b e tw e e n  

PB-max a n d  s i n g l e  l e v e l  MCL's i n  c o c h l e a r  h e a r i n g  im p a i r e d  

i n d i v i d u a l s  i n d i c a t e  mean MCL's s i g n i f i c a n t l y  lo w e r  t h a n  

mean PB-max l e v e l s  a s  w e l l  a s  m ost  i n d i v i d u a l  MCL's 

u n d e r e s t i m a t i n g  t h e i r  r e s p e c t i v e  PB-max l e v e l s  ( Y a n t i s ,  

e t  a l® , 1966; C lem is & C a r v e r ,  1967; P o s n e r  & V e n t ry ,  1 9 7 7 )•  

D e s p i t e  e v id e n c e  o f  MCL p r o c e d u r e s  u n d e r e s t i m a t i n g  maximum 

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

c e d u r e s  c o n t i n u e  t o  em ploy  MCL's a s  a  y a r d s t i c k  b y  w hich  

g a i n  i s  s p e c i f i e d  and  r e l a t i v e  h e a r i n g  a i d  p e r fo rm a n c e  

e v a l u a t e d .

T r a d i t i o n a l l y ,  c l i n i c a l  a n d  l a b o r a t o r y  p r o c e d u r e s  

u se d  i n  e s t a b l i s h i n g  a n  i n d i v i d u a l ' s  c o m f o r t a b l e  l i s t e n i n g  

l e v e l  h av e  l i m i t e d  t h e  i n d i v i d u a l ' s  s e l e c t i o n  t o  o n ly  one 

l e v e l  (e®g®, K opra & B l o s s e r ,  1 9 6 8 } V e n try ,  e t  a l . , 1 9 7 1 ) .  

T h is  p r a c t i c e  h a s  b e e n  f o l lo w e d  d e s p i t e  r e s e a r c h  r e p o r t e d
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b y  P o l l a c k  ( 1 9 5 2 a ) ,  w h ich  i n d i c a t e d  t h a t  c o m f o r t a b l e  

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

More r e c e n t l y ,  P o l l a c k ’ s  f i n d i n g s  h ave  b e e n  r e a f f i r m e d  

( B e r g e r  & L o w r y , ,1971} Woods, e t  a l . , 1973} G a b r i e l l s o n ,  

e t  a l . , 197^} D irk s  & Kamm, 1976 ; V e n t ry  & J o h n s o n ,  1 9 7 8 ) .  

C o m fo r ta b le  lo u d n e s s  r a n g e s  e x c e e d in g  20 dB h av e  b e e n  

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

t h e  i n s t r u c t i o n a l  c r i t e r i a  ( P o l l a c k ,  1952a j G a b r i e l l s o n ,  

e t  a l . , 197*0 » t h e  a p p ro a c h  mode o f  s t i m u l u s  p r e s e n t a t i o n  

(Woods, e t  a l . , 1973} V e n t ry  & J o h n s o n ,  1978) o r  t h e  

s t r a t e g y  em ployed  w i t h  a n  a d a p t i v e  p r o c e d u r e  (D i r k s  &

Kamm, 1 9 7 6 ) .  More r e s t r i c t e d  c o m f o r t a b l e  l o u d n e s s  r a n g e s  

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

v a r y i n g  d e g r e e s  o f  b a c k g ro u n d  n o i s e  ( P o l l a c k ,  1952a ;

B e a t t i e  & C u l i b r k ,  1980) and  a s  a  f u n c t i o n  o f  d e g r e e  o f  

c o c h l e a r  h e a r i n g  im p a i rm e n t  ( D i r k s  & Kamm, 1976; V e n t ry  & 

J o h n s o n ,  1978; Kamm, e t  a l . , 1 9 7 8 ) .  I n  b o t h  o f  t h e s e  

c a s e s  t h e  lo w e r  l i m i t  o f  t h e  MCL r a n g e  was r e p o r t e d  to  

h a v e  b e e n  e l e v a t e d  t o  a  g r e a t e r  e x t e n t  t h a n  t h e  u p p e r  

l i m i t .

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

r a n g e  an d  sp e e c h  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  i s  i n  n e e d  o f  

c l a r i f i c a t i o n  (D irk s  & M organ, 1 9 7 9 ) ;  h o w e v e r ,  l i m i t e d  

a v a i l a b l e  r e s e a r c h  d a t a  from  C lem is  and  C a r v e r  ( I 9 6 7 ) and  

P o s n e r  and  V e n try  (1 9 7 7 )  im p ly  t h a t  im p ro vem en ts  i n  i n t e l ­

l i g i b i l i t y  c a n  be r e a l i z e d  a s  l i s t e n i n g  l e v e l s  e x c e e d  th e  

lo w e r  l i m i t s  o f  c o m f o r t a b l e  l i s t e n i n g  r a n g e s .  More r e c e n t
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f i n d i n g s ,  r e p o r t e d  b y  V e n try  an d  Jo h n s o n  (1978) e x p l o r i n g  

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

l i m i t  o f  t h e  MCL r a n g e  i s  m ore l i k e l y  t o  c o r r e s p o n d  to  t h e  

i n d i v i d u a l s  maximum i n t e l l i g i b i l i t y  p e r fo rm a n c e  (PB-m ax).

From t h e  s t a n d p o i n t  o f  f a c e  v a l i d i t y ,  i t  w ould  

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

g r e a t e r  s i g n i f i c a n c e  to  t h e  l i s t e n e r  when a d j u s t i n g  h i s / h e r  

l i s t e n i n g  l e v e l .  C om fort i s  more l i k e l y  t o  assum e a  

s e c o n d a r y  r o l e  w h ere  i n t e l l i g i b i l i t y  i s  m ax im ized  by  t h e  

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

l o u d n e s s .  R e s u l t s  o f  e x p e r i m e n t a l  i n v e s t i g a t i o n s  w hich  

h a v e  com pared  s p e e c h  MCL's f o r  c o n n e c te d  d i s c o u r s e  i n  

n o rm a l  h e a r i n g  l i s t e n e r s  w i th  i n s t r u c t i o n a l  s e t s  e m p h a s iz ­

i n g  lo u d n e s s  o r  i n t e l l i g i b i l i t y  h av e  b e e n  e q u iv o c a l  

( V e n t r y ,  e t  a l . , 1971,' H o ch b erg ,  1 9 7 5 ) .  I n t e l l i g i b i l i t y  

b a s e d  MCL i n s t r u c t i o n s  w ere  fo u n d  t o  r e s u l t  i n  h i g h e r  

MCL's o n l y  a s  a  s e c o n d a r y  e f f e c t ,  i n t e r a c t i n g  w i th  o t h e r  

e x p e r i m e n t a l  v a r i a b l e s .  A r e c e n t  s t u d y  c o n d u c te d  by 

P o s n e r  and  V e n t ry  (1 9 7 7 )  w i th  c o c h l e a r  h e a r i n g  im p a i r e d  

s u b j e c t s ,  c o n t in u e d  t o  d e m o n s t r a t e  no s i g n i f i c a n t  d i f ­

f e r e n c e  b e tw e e n  s u b j e c t - a d j u s t e d  MCL’ s  when i n s t r u c t e d  

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

m en ts  p r o v i d e d  b y  t h e i r  s u b j e c t s ,  t h e s e  a u t h o r s  c o n c lu d e d  

t h a t  c o n t e x t u a l  c l u e s  from  t h e  c o n n e c te d  d i s c o u r s e  m a t e r i ­

a l  u se d  f o r  o b t a i n i n g  MCL's may h a v e  a f f e c t e d  t h e  s u b j e c t s '  

a b i l i t y  t o  make c a r e f u l  i n t e l l i g i b i l i t y  ju d g m e n ts .  They 

s u g g e s t e d  t h a t  d i f f e r e n t  r e s u l t s  m ig h t  have  b e e n  o b ta in e d
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h a d  more dem anding  i n t e l l i g i b i l i t y  m a t e r i a l s ,  su c h  a s  

m o n o s y l la b i c  w o rd s ,  b e e n  u s e d .

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

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

r e l a t i o n s h i p  t o  s p e e c h  i n t e l l i g i b i l i t y .  R e ce n t  MCL r e ­

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

l i g i b i l i t y  a r e  more c o m p a t ib l e  t h a n  once  t h o u g h t .  An 

i n s t r u c t i o n  s e t  w h ich  f u l f i l l s  t h e  r e q u i r e m e n t s  o f  c o m fo r t  

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

t h e  d e v e lo p m e n t  o f  a  new i n t e l l i g i b i l i t y - b a s e d ,  s u b j e c t ­

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

" p r e f e r r e d  l i s t e n i n g  l e v e l  (PLL)" ( S tu d e b a k e r ,  e t  a l . , 

1 9 8 0 ) .  S tu d e b a k e r  h a s  o u t l i n e d  t h e  i n s t r u c t i o n a l  c r i t e r i a  

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

a d j u s t i n g  t h e  l i s t e n i n g  l e v e l  so  a s  t o  m axim ize  t h e  i n ­

t e l l i g i b i l i t y  o f  t h e  s i g n a l ,  w h i l e  n o t  e x c e e d in g  t h e  lo u d ­

n e s s  d i s c o m f o r t  l e v e l .  R e c e n t  h e a r i n g  a i d  r e s e a r c h  w i th  

n o rm a l  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  ( S tu d e b a k e r ,  e t  a l . , 

1980) s u p p o r t s  t h e  r e l i a b i l i t y  o f  t h i s  c o n c e p t .  G iven  

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

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

m e n ts ,  may p ro v e  m ore a p p r o p r i a t e  f o r  a p p l i c a t i o n s  o f  MCL 

m e a su re m e n ts  t o  h e a r i n g  a i d  s e l e c t i o n .
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A p p l i c a t i o n s  o f  LDL~*~ M easurem ent 

t o  H e a r in g  Aid S e l e c t i o n  

' LDL m ea su re m e n t  i s  u s e d  t o  d e f i n e  a n  u p p e r  l i m i t i n g  

l e v e l  f o r  a m p l i f i e d  o u t p u t ,  beyon d  w h ich  a m p l i f i e d  sound  

w ould  be  c o n s i d e r e d  u n c o m f o r t a b l e  b y  t h e  l i s t e n e r  (R o ss ,  

1978 ; S c h m i tz ,  1 9 8 0 ) .  P r i o r  t o  t h e  r e s e a r c h  r e p o r t e d  b y  

Hood a n d  P o o le  ( 1 9 6 6 ) ,  who i n v e s t i g a t e d  t h e  a p p l i c a t i o n  o f  

LDL m easu rem en t a s  a n  a i d  t o  t h e  d i f f e r e n t i a l  d i a g n o s i s  o f  

c o c h l e a r  v e r s u s  r e t r o c o c h l e a r  h e a r i n g  im p a i rm e n t ,  l i t t l e  

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

a f f e c t i n g  LDL m ea su re m e n t s i n c e  a n  e a r l i e r  s t u d y  r e p o r t e d  

b y  S i lv e r m a n  ( 1 9 ^ 7 ) .  S in c e  t h e  r e p o r t  o f  Hood and  P o o le ,  

a  num ber o f  i n v e s t i g a t i o n s  i n v o l v i n g  LDL h a v e  b e e n  r e ­

p o r t e d ,  F i n d i n g s  r e p o r t e d  i n  t h e s e  i n v e s t i g a t i o n s  h a v e  

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

c r i t e r i a  f o r  m e a s u r in g  LDL b a s e d  on t h e  S i lv e rm a n  s t u d y  

may h a v e  r e s u l t e d  i n  u n r e a l i s t i c a l l y  h ig h  l e v e l s .  U sing  

n e w ly  d e f i n e d  r e s p o n s e  c r i t e r i a  w h ich  e m p h a s iz e  l o u d n e s s  

a n n o y a n c e ,  r a t h e r  t h a n  p h y s i c a l  d i s c o m f o r t  (Hood & P o o le ,  

1966} M cC andless  & M i l l e r ,  1972; M organ, e t  a l , ,  197^ ; 

B e r g e r ,  1976 ; B e a t t i e ,  e t  a l , , 1 9 7 9 )»  LDL’ s a r e  now b e in g  

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

r e p o r t e d  b y  S i lv e r m a n ,  LDL’ s  o b t a i n e d  w i th  v a r y i n g  d e g r e e s  

o f  c o c h l e a r  h e a r i n g  im p a i rm e n t  h av e  i n d i c a t e d  t h a t  t h e i r

^The m ea su re m e n t o f  u n c o m f o r t a b l e  lo u d n e s s  h a s  b e e n  v a r i ­
o u s l y  r e f e r r e d  t o  a s  " t h r e h s o l d  o f  d i s c o m f o r t "  (TD), t h e  
" u n c o m f o r ta b le  l o u d n e s s  l e v e l "  (UCL), a n d  t h e  " lo u d n e s s  
d i s c o m f o r t  l e v e l "  (LDL), F o r  p u r p o s e s  o f  u n i f o r m i t y  i n  t h i s  
r e v i e w ,  t h i s  m ea su re m e n t w i l l  be r e f e r r e d  t o  a s  t h e  "LDL",
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LDL's a r e  e s s e n t i a l l y  e q u i v a l e n t  t o  t h o s e  m easured , i n  

n o rm a l  h e a r i n g  i n d i v i d u a l s  up  t o  m o d e ra te  l o s s e s  o f  h e a r ­

i n g ,  w h i l e  i n c r e a s i n g  r e l a t i v e l y  l i t t l e  f o r  ev en  p ro fo u n d  

h e a r i n g  l o s s e s  (Kamm, e t  a l . , 1978 ; S h a p i r o ,  1979; 

E d g e r to n ,  e t  a l . , 1 9 8 0 )•

Much of. t h e  c u r r e n t  r e s e a r c h  b e in g  r e p o r t e d  on LDL 

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

(M cC andless  & M i l l e r ,  1972 ; M c C an d le ss ,  1973)«  E x c e e d in g  

o r  u n d e r e s t i m a t i n g  a n  i n d i v i d u a l ' s  LDL when f i t t i n g  a  

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

i n  u n n e c e s s a r y  r e d u c t i o n  o f  t h e  i n d i v i d u a l ' s  u n d i s t o r t e d  

dynam ic  r a n g e  o f  h e a r i n g ,  e i t h e r  o f  w hich  c a n  a f f e c t  t h e  

i n d i v i d u a l ' s  a c c e p t a n c e  o f  a m p l i f i c a t i o n  (M cC and less ,

197 2 ; B e a t t i e ,  e t  a l . , 1 9 8 0 ) .  U na ided  i n p u t s  o f  p u re  

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

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

f o r  d e t e r m i n i n g  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  s a t u r a t i o n  

l e v e l  r e q u i r e m e n t s  (ANSI 1 9 7 6 ) ,  c o n s i s t e n t  w i th  d i s c o m f o r t  

l e v e l s  (G e n g e l ,  e t  a l . , 1971 ; E r b e r ,  1973; S h a p i r o ,  1975; 

B e r g e r ,  1977; B e a t t i e ,  e t  a l . , 1980; H aw kins , 1 9 8 0 a ) .

R eview s o f  LDL r e s e a r c h  ( B e a t t i e ,  e t  a l . , 1979; 

D i r k s  & M organ, 1979 ; H aw kins, 19 80a ; B e a t t i e ,  e t  a l . ,

1 9 7 9 t 1 9 8 0 ) h av e  i d e n t i f i e d  a  c o n s i d e r a b l e  am ount o f  

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

m e a su re m e n t .  T h is  v a r i a b i l i t y  h a s  b e e n  a t t r i b u t e d  t o  

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

m e th o d , ty p e  o f  s t i m u l u s ,  p r e - e x p o s u r e  a n d  p r a c t i c e
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e f f e c t s  a n d  c a l i b r a t i o n  f a c t o r s .  The d e g re e  o f  LDL 

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

d e v e lo p m e n t  o f  a n  a p p r o p r i a t e  m ethod  o f  m e a s u r in g  LDL 

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

e t  a l .  (1 9 8 0 )  h av e  p r o p o s e d  a n  LDL i n s t r u c t i o n a l  s e t  f o r  

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

I n  c o n t r a s t  w i t h  s e l e c t i o n -  o f  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  w h ich  o n ly  some r e s e a r c h e r s  p ro m o te  

a  p r e s c r i p t i v e ,  f r e q u e n c y  s p e c i f i c  a p p ro a c h  ( e . g . ,  S h a p i r o ,  

1975 . B yrne  & T o n n is o n ,  1976; B e r g e r ,  1977 ; E a s c o e ,  1 9 7 8 ) ,  

m ore w id e s p r e a d  e n d o rs e m e n t  o f  t h e  u s e  o f  f r e q u e n c y -  

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

r e q u i r e m e n t s  c a n  be  fo u n d  i n  t h e  l i t e r a t u r e  ( E r b e r ,  1973; 

S h a p i r o ,  197 5 i B e r g e r ,  1976; P a s c o e ,  1978 ; H aw kins, 1 9 8 0 b ) , .  

w i th  o n l y  a  few  e x c e p t i o n s  w here  sp e e c h  s t i m u l i  a r e  u s e d  

( e . g . ,  B e a t t i e ,  e t  a l « ,  1 9 8 0 ) .  T h is  i n t r o d u c e s  some o f  

t h e  same p ro b le m s  w h ic h  a f f e c t  e q u a l  l o u d n e s s  a p p ro a c h e s  

t o  h e a r i n g  a i d  c h a r a c t e r i s t i c  s e l e c t i o n ,  n am e ly , t h o s e  

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

f a c t o r s .

W ith  r e s p e c t  t o  c a l i b r a t i o n  p r o b le m s ,  i t  becom es 

n e c e s s a r y  t o  a c c u r a t e l y  r e l a t e  u n a id e d  LDL m easu rem en ts  

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

i n d i v i d u a l  h e a r i n g  a i d  u s e .  M ethods f o r  o ve rcom in g  some 

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

a i d  a p p l i c a t i o n s  o f  LDL h a v e  b e e n  r e p o r t e d  by E ascoe  (1978) 

a n d  Hawkins ( 1 9 8 0 a ) .  I k s c o e  d e s c r i b e d  a  f r e e - f i e l d  m ethod
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b y  w h ich  c o r r e c t i o n  f a c t o r s  c a n  be  a p p l i e d  t o  s t a n d a r d  

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

o r d e r  t o  o b t a i n  t h e  t a r g e t  r e a l  e a r  l e v e l .  I n  t h e  m ethod

r e p o r t e d  by  Hawkins w h ich  b e a r s  r e s e m b la n c e  t o  a  p r o c e d u r e  

r e p o r t e d  e a r l i e r  by  E r b e r  (1973)»  u n a id e d  LDL*s a r e  ob­

t a i n e d  w i th  a  h e a r i n g  a i d  ty p e  r e c e i v e r  r e f e r e n c e d  t o  t h e  

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

h e a r i n g  a i d  s p e c i f i c a t i o n s  (ANSI 1 9 7 6 ) .

W ith  r e s p e c t  t o  s t i m u l u s  f a c t o r s ,  no i n f o r m a t i o n  

h a s  y e t  b e e n  r e p o r t e d  a s  t o  w h e th e r  SSPL 90 c u rv e s  (ANSI 

1 9 7 6 ) ,  s p e c i f i e d  by  f r e q u e n c y  s p e c i f i c  LDL m e a su re m e n ts ,  

a r e  c o m p a t ib le  w i th  a c t u a l  h e a r i n g  a i d  i n p u t  s t i m u l i ,  su c h  

a s  sp e e c h  o r  o t h e r  e n v i r o n m e n t a l  so u n d s  c h a r a c t e r i z e d  by  

d i f f e r e n t  s p e c t r a l ,  b a n d w id th ,  a n d  t e m p o r a l  c h a r a c t e r i s ­

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

f e r e n c e s  b e tw e e n  u n a id e d  LDL's f o r  f r e q u e n c y  s p e c i f i c  

s t i m u l i  an d  s p e e c h  s t i m u l i  (D i rk s  & Kamm, 1976 ; H aw kins, 

1980b )  i n  a c c o rd a n c e  w i th  sum m ation  e f f e c t s  a t  h ig h  i n ­

t e n s i t i e s  (Z w ic k e r ,  e t  a l . , 1 9 5 7 ) ,  t h i s  e f f e c t  i s  i n  n e e d  

o f  f u r t h e r  s t u d y  w i th  h e a r i n g  im p a i r e d  i n d i v i d u a l s  e x p o se d  

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

a l t e r e d  by  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  o f  a  h e a r i n g  

a i d .

The ab o v e  l i m i t a t i o n s  n o t w i t h s t a n d i n g ,  c o n c l u s i o n s  

b a s e d  on LDL r e s e a r c h  h a v e  r e s u l t e d  i n  a t  l e a s t  one r e ­

s e a r c h e r  (M cC and less ,  1973) s u g g e s t i n g  t h a t  h e a r i n g  a i d  

s a t u r a t i o n  sound  p r e s s u r e  l e v e l s  o f  from  a b o u t  100 dB SPL
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t o  a b o u t  120 dB SPL a r e  a p p r o p r i a t e  f o r  a l l  b u t  s e v e r e - t o -  

p ro f o u n d  h e a r i n g  l o s s e s .  B ased  on a  r e v i e w  o f  c l i n i c a l  

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

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

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

B e a t t i e ,  e t  a l .  (1 9 8 0 )  d i s c u s s e d  i n d i v i d u a l  SSPL s p e c i f i ­

c a t i o n  i n  te rm s  o f  a n  u p p e r  a n d  lo w e r  l i m i t .  They recom ­

mend t h a t  t h e  u p p e r  l i m i t  o f  SSPL r e q u i r e m e n t s  be  b a s e d  

on LDL m e a s u re s  a s  l o n g  a s  i t  d o e s  n o t  p r e s e n t  a  d a n g e r  

o f  e x c e s s i v e  e x p o s u r e  t o  lo u d  so u n d .  T h e i r  recommended 

lo w e r  l i m i t  i s  d e te r m in e d  b y  a n  a s s e s s m e n t  o f  e a c h  i n d i ­

v i d u a l  *s PB-max t o  a v o i d  t h e  p o t e n t i a l  d e t r i m e n t a l  e f f e c t s  

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

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

r e s e a r c h  i s  n e e d e d  t o  a s c e r t a i n  t h e  a c t u a l  u s e  SSPL s e t ­

t i n g 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  i n  r e a l - l i f e  e n v i r o n ­

m en ts  b e f o r e  c l i n i c a l l y  p ro p o s e d  m ethods o f  LDL-based SSPL 

re c o m m e n d a t io n s  c a n  b e  v a l i d a t e d .  R e g a r d l e s s  o f  w ha t 

s i g n a l  i s  u s e d  i n  t h e  u n a id e d  d e t e r m i n a t i o n  o f  SSPL 

r e q u i r e m e n t s ,  R oss (1 9 7 8 )  recom mended o b t a i n i n g  a  m e a su re ­

m en t o f  a i d e d  LDL f o r  sp e e c h  a s  a  f i n a l  d e t e r m i n a t i o n  o f  

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

The LDL-MCL R e l a t i o n s h i p > I m p l i c a t i o n s  f o r  t h e  S e l e c t i o n  o f  

B a s ic  H e a r in g  A id  P a r a m e te r s  

C o n v e n t io n a l  a m p l i f i c a t i o n  c o n s i s t s  b a s i c a l l y  o f  

t h r e e  p a r a m e t e r s : f r e q u e n c y  s h a p i n g ,  g a i n  an d  o u t p u t
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l i m i t i n g  i n  t h e  fo rm  o f  p e ak  c l i p p i n g .  The c o m b i n a t i o n  o f  

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

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

l e v e l  s p e e c h  a p p e a r s  t o  r e m a in  a n  open q u e s t i o n .  W hile  

r e l e v a n t  i s s u e s  w ere  e x t e n s i v e l y  s t u d i e d  i n  b o th  t h e  

H a rv a rd  ( D a v is ,  e t  a l . , 19^7) and  MedResCo (H a d le y ,  e t  a l . , 

19^ 7 ) s t u d i e s ,  c r i t i c a l  r e v ie w s  o f  t h e s e  s t u d i e s  h av e  

em erged  q u e s t i o n i n g  t h e i r  r i g i d  c o n c l u s i o n s  and recom menda­

t i o n s  (R e s n ic k ,  1977. B r a id a ,  e t  a l . , 1977)o I n  r e c e n t  

y e a r s  new t e c h n iq u e s  f o r  p r o c e s s i n g  sp e e c h  f o r  t h e  h e a r i n g  

im p a i r e d  have  b e en  i n t r o d u c e d .  T hese  i n c l u d e  f r e q u e n c y -  

s e 3 .e c t iv e  m u l t i - b a n d  c o m p r e s s io n  s y s te m s  ( V i i l c h u r ,  1 9 7 3 ) .  

a im ed  a t  r e s t o r i n g  some o f  t h e  c h a r a c t e r i s t i c s  o f  n o rm a l  

h e a r i n g .  7 / i th  t h e  d e v e lo p m e n t  o f  new t e c h n i q u e s ,  t h e  need  <
i
1

i n c r e a s e s  f o r  s p e c i f y i n g  and s e l e c t i n g  optimum c o n v e n t i o n a l  ' 

a m p l i f i c a t i o n  s y s te m s  w i th  w hich  p ro p o s e d  im p ro vem en ts  c an  

be  com pared ( S tu d e b a k e r ,  e t  a l . , 1977)«

R e c e n t  l a b o r a t o r y  i n v e s t i g a t i o n s  o f  th e  r e l a t i v e  

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

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

on sp e e c h  i n t e l l i g i b i l i t y  p e r fo rm a n c e  in d e p e n d e n t l y  o f  

o u t p u t  l i m i t i n g  (Thompson & Lassm an, 1969; Ambrose & N e a l ,  

197 3 l P a s c o e ,  1975; S k i n n e r ,  7.9 8 0 ; Lippman, e t  a l . ,  1 9 8 1 ) .  

O u tp u t  l i m i t i n g  was e i t h e r  n o t  a  c o n s i d e r a t i o n  o r  was 

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

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

c o m b in a t io n  o f  more l i b e r a l l y  d e f i n e d  LDL c r i t e r i a  and
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m ore c o n s e r v a t i v e l y  d e f i n e d  MCL l e v e l s  r e s u l t e d  i n  w id e r  

a v a i l a b l e  dynam ic r a n g e s  o f  a m p l i f i c a t i o n  l e s s  l i k e l y  to  

im pose  a n y  e f f e c t  on sp e e c h  e v a l u a t e d  a t  a n  i n d i v i d u a l ' s  

MCL, t h e  i m p l i c a t i o n s  o f  r e c e n t  LDL and  MCL r e s e a r c h  s i g ­

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

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  an d  l i m i t i n g  l e v e l .  Rede­

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

a i d  s a t u r a t i o n  r e q u i r e m e n t s .  I n v e s t i g a t i o n s  o f  MCL have  

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

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

o f  maximum 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 .  I n  one o f  t h e  

o n ly  s t u d i e s  i n v e s t i g a t i n g  b o th  MCL a n d  LDL on a  g ro u p  o f  

s u b j e c t s  w i t h  c o c h l e a r  h e a r i n g  im p a i rm e n t ,  Kamm, e t  a l .  

(1978 )  r e p o r t e d  m e d ia n  LDL's f o r  a  g r o u p  o f  m i l d - t o -  

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

8 dB o f  t h e  m ed ian  u p p e r  l i m i t s  o f  t h e i r  c o m f o r t a b l e  lo u d ­

n e s s  r a n g e  f o r  s p o n d a ic  w o rd s .

C u r r e n t  LD L-based h e a r i n g  a i d  o u t p u t  rec o m m e n d a tio n s  

i n d i c a t e  t h a t  s a t u r a t i o n  so u n d  p r e s s u r e  l e v e l s  s h o u ld  be 

s e l e c t e d  w h ich  c o r r e s p o n d  t o  t h e  rms l e v e l  o f  t h e  LDL 

m e a s u r in g  s t i m u l u s  (R o s s ,  1978 ; S c h m itz ,  1 9 8 0 ) .  T h is  

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

s t u d i e s  ( D i r k s  & Kamm, 1978) a n d  e a r l y  p e a k  c l i p p i n g  and 

h e a r i n g  a i d  s t u d i e s  ( L i c k l i d e r ,  1 9 ^ ;  D a v is ,  e t  a l . , 1 9 ^ 7 ) ,  

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

to  th e  pow er l e v e l  o f  t h e  m e a s u r in g  s t i m u l u s .  C o n s id e r a ­

t i o n  o f  t h e  a m p l i tu d e  c h a r a c t e r i s t i c s  o f  a  sp e e c h  s i g n a l
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a n d  i t s  r e l a t i o n s h i p  t o  LDL-based SSPL s p e c i f i c a t i o n s  i n  

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

b e tw e e n  g a i n  a n d  s a t u r a t i o n  r e q u i r e m e n t s .  The r e l a t i o n ­

s h i p  b e tw e e n  rms l e v e l s  a n d  p e a k  l e v e l s  o f  a  s p e e c h  s t i m u ­

lu s !  known a s  i t s  p e a k  f a c t o r ,  h a s  b e e n  d e s c r i b e d  a s  v a r y ­

in g  f ro m  1 2 -1 5  dB ( K r y t e r ,  e t  a l . ,  1 9 ^ 7 ;  D a v is ,  e t  a l . , 

19^7» W athen-Dunn & L ip k e ,  1 9 5 8 ) .  T hus , s e l e c t i n g  t h e  

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

r e s p o n d in g  t o  t h e  rms l e v e l  o f  a n  LDL m ea su re m e n t would 

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

rms l e v e l  i s  1 2 -1 5  dB b e lo w  t h e  a c t u a l  s a t u r a t i o n  l e v e l .  

A c c o rd in g  t o  D a v i s ,  e t  a l .  (1 9 ^ 7 ) ,  h i g h  f r e q u e n c y  e m p h as is  

o f  +9 d B /o c ta v e  f u r t h e r  i n c r e a s e s  t h e  p e a k  f a c t o r  o f  

s p e e c h .  T h is  w i l l  f u r t h e r  r e d u c e  t h e  rms i n p u t  l e v e l  a t  

w hich  s p e e c h  p e a k s  b e g i n  t o  be  c l i p p e d .  C o n s e r v a t i v e l y  

d e f i n i n g  SSPL i n  t h i s  m an ner  w i l l  a l l o w  a s  much a s  2k  dB 

o f  p e a k  c l i p p i n g  (W athen-D unn & L ip k e ,  1958) b e f o r e  t h e  

pow er l e v e l  o f  t h e  o u t p u t  s p e e c h  s i g n a l  a p p r o a c h e s  LDL 

rms v a l u e s .  T h u s ,  t h e  c o m b in a t io n  o f  r e d u c e d  SSPL a n d  

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

t h e  p o s s i b i l i t y  o f  t h e  p e a k s  o f  a  c o n v e r s a t i o n a l  l e v e l  

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

sy s te m  w i th  c o n c o m i t a n t  d i s t o r t i o n .

The p o s s i b i l i t y  o f  s u c h  i n t e r a c t i o n s  was acknow­

le d g e d  a s  e a r l y  a s  t h e  H a rv a rd  s t u d y  (D a v is ,  e t  a l . , 1 9 ^ 7 , 

p .  76) and a l l u d e d  to  more r e c e n t l y  by  Byrne an d  T o n n iso n  

( 1 976 ) who s t a t e d :



24

" I t  i s  c o n c e i v a b l e  t i i a t  i n  some 
c i r c u m s t a n c e s  a l t e r i n g  t h e  a i d  
t o  a c h i e v e  t h e  m o s t  d e s i r a b l e  
g a i n  a t  a l l  f r e q u e n c i e s  may 
h a v e  a n  a d v e r s e  e f f e c t  on  o t h e r  
p e r fo r m a n c e  c h a r a c t e r i s t i c s  t o  
t h e  d e t r i m e n t  o f  t h e  o v e r a l l  
r e s u l t . "

(Po 57)

E f f e c t s  o f  Peak  C l i p p i n g  on L i s t e n e r  P e r fo rm a n c e  

Peak c l i p p i n g  i s  d e f i n e d  a s  a  fo rm  o f  a m p l i tu d e  

d i s t o r t i o n  i n  w h ich  t h e  p e a k s  o f  t h e  i n p u t  v o l t a g e  wave 

on  b o th  s i d e s  o f  t h e  t im e  a x i s  a r e  c l i p p e d  o f f ,  w h i l e  th e  

c e n t e r  p o r t i o n  o f  t h e  wave r e m a in s  i n t a c t o  T h is  p r o c e s s  

r e s u l t s  i n  t h e  g e n e r a t i o n  o f  h a rm o n ic  a n d  i n t e r m o d u l a t i o n  

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

a p p e a r  i n  t h e  o r i g i n a l  i n p u t  s i g n a l .  E a r l y  i n v e s t i g a t i o n s  

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

w i th  n o rm a l  h e a r i n g  s u b j e c t s  w ere  p e r fo rm e d  i n  o r d e r  t o  

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

c a t i o n s  i n  m i l i t a r y  r a d i o  c o m m u n ic a tio n  ( L i c k l i d e r ,  1944, 

1 9 4 6 ) ,  T hese  s t u d i e s  r e v e a l e d  t h a t ,  when p r e s e n t e d  a t  

c o m f o r t a b l e  l i s t e n i n g  l e v e l s ,  a s  much a s  20 dB o f  p e a k  

c l i p p i n g  h ad  l i t t l e  d e t r i m e n t a l  e f f e c t  on sp e e c h  i n t e l l i ­

g i b i l i t y .  Even i n f i n i t e l y  c l i p p e d  sp e e c h  ( i . e . ,  40 dB

c l i p p i n g )  re m a in e d  i n t e l l i g i b l e ,  w i th  i t s  d e g re e  o f  i n t e l ­

l i g i b i l i t y  fo u n d  t o  im p ro v e  w i th  l i s t e n e r  p r a c t i c e .

A d v e rse  e f f e c t s  o f  p e a k  c l i p p i n g  on t h e  p e r c e i v e d  q u a l i t y  

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

low  a s  6 -1 2  dB o f  c l i p p i n g  (G ro ss  & L i c k l i d e r ,  1 9 4 6 ) .
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F u r t h e r  r e s e a r c h  r e v e a l e d  a  num ber o f  i n t e r a c t i v e  

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

a b le s *  When h ig h  f r e q u e n c y  em p h as is  o f  t h e  s p e e c h  s i g n a l  

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

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

n i f i c a n t l y  a f f e c t i n g  i n t e l l i g i b i l i t y  ( L i c k l i d e r  & P o l l a c k ,  

19^8? P o l l a c k ,  1952b)*  W ith  t h i s  fo rm  o f  p r e - p r o c e s s i n g ,  

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

f o l l o w i n g  c l i p p i n g  ( L i c k l i d e r  & P o l l a c k ,  1 9 ^ 8 ) .

When t h e  p r i m a r y  s p e e c h  s i g n a l  was p r e s e n t e d  a g a i n s t  

a  b a c k g ro u n d  n o i s e  d i f f e r e n t  e f f e c t s  w ere  i d e n t i f i e d  d e ­

p e n d in g  on th e  ty p e  o f  n o i s e  and  t h e  p o i n t  a t  w h ich  t h e  

n o i s e  e n t e r e d  t h e  s y s te m .  D e t r i m e n t a l  e f f e c t s  on sp e e c h  

i n t e l l i g i b i l i t y  w ere  a t t r i b u t e d  t o  p e a k  c l i p p i n g  when 

n o i s e  e n t e r e d  t h e  s y s te m  p r i o r  to  c l i p p i n g  ( L i c k l i d e r ,

19^6 ; K r y t e r ,  e t  a l . , 1 9 ^ 7 ) .  Under t h e s e  c i r c u m s ta n c e s  

i t  was r e p o r t e d  t h a t  a t  low  s i g n a l - t o - n o i s e  r a t i o s  i n t e r ­

m o d u la t io n  b e tw e e n  s p e e c h  an d  i n t e n s e  low  f r e q u e n c y  n o i s e  

was r e s p o n s i b l e  f o r  d e g ra d e d  i n t e l l i g i b i l i t y  ( K r y t e r ,  e t  

a l . , 19^7)0  I t  s h o u l d  be  n o t e d ,  h o w e v er ,  t h a t  i n  g e n e r a l  

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

t e r i s t i c s  o f  t h e  n o i s e s  s t u d i e d  w ere  o f t e n  u n iq u e  t o  th e  

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

g a t i o n .

I n  t h e  c a s e  o f  n o i s e  e n t e r i n g  t h e  sy s te m  f o l l o w i n g  

t h e  c l i p p e r ,  p e a k  c l i p p i n g  was fo u n d  t o  im prove  sp e e c h  

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

( L i c k l i d e r ,  e t  a l . ,  1 9 ^ 8 , P o l l a c k  & P i c k e t t ,  1 9 5 9 ) .  C l i p ­

p in g  p u t  a  maximum am ount o f  p h y s i c a l  pow er i n t o  t h e  

sp e e c h  w ave, o f f e r i n g  a  u n iq u e  a d v a n ta g e  i n  c e r t a i n  com­

m u n ic a t io n  s i t u a t i o n s .  One su c h  s i t u a t i o n  c i t e d  b y  

L i c k l i d e r  (1 9 ^ 6 )  was t h a t  o f  h e a r i n g  a i d  l i s t e n i n g  i n  

w h ich  a m p l i tu d e  h a n d l i n g  c a p a c i t y  i s  l i m i t e d  by  t h e  i n d i ­

v id ua l®  s  d i s c o m f o r t  l e v e l .

The abo ve  f i n d i n g s  i n d i c a t e  t h a t  c e r t a i n  a d v a n ta g e s  

c a n  b e  r e a l i z e d  when p e a k  c l i p p i n g  s p e e c h .  T hese  f i n d i n g s  

w ere  t h e  im p e tu s  f o r  a  s e r i e s  o f  i n v e s t i g a t i o n s  c o n d u c te d  

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

f i n i t e  p e a k  c l i p p i n g  a s  a  fo rm  o f  s i g n a l  p r o c e s s i n g  by  

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

on t h e  i n t e l l i g i b i l i t y  o f  i n f i n i t e l y  c l i p p e d  s p e e c h .  I n  

t h e  f i r s t  o f  t h i s  s e r i e s  o f  s t u d i e s ,  Thomas (1 9 6 8 )  c o n ­

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

d ep en d ed  on t h e  r e t e n t i o n  o f  se c o n d  fo rm a n t  i n f o r m a t i o n ,  

w h i l e  b e n e f i t t i n g  from  t h e  e l i m i n a t i o n  o f  f i r s t  f o rm a n t  

i n f o r m a t i o n .  Thomas an d  N ie d e r jo h n  (19 70 )  i n v e s t i g a t e d  

t h e  i d e a l  a s y m p to t i c  h i g h 'p a s s  f i l t e r  s l o p e  a n d  c u t o f f  

f r e q u e n c y  f o r  o p t i m i z i n g  t h e  i n t e l l i g i b i l i t y  o f  i n f i n i t e l y  % 

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

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

f i l t e r e d ,  i n f i n i t e l y  c l i p p e d  s p e e c h ,  a s  com pared  w i th  

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

r a t i o s .  A l l  b a ck g ro u n d  n o i s e  was i n t r o d u c e d  a f t e r  t h e
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c l i p p i n g  s t a g e .  T h is  r e s u l t  r e p r e s e n t e d  a n  im provem en t 

o v e r  e a r l i e r  f i n d i n g s  r e p o r t e d  b y  L i c k l i d e r ,  e t  a l .  (19^8 b )  

i n  t h a t  ev en  when c l i p p e d  and  u n c l i p p e d  s p e e c h  w ere  p r e ­

s e n t e d  a t  e q u a l  a v e r a g e  pow er l e v e l s ,  t h e  f i l t e r e d  c l i p p e d  

s p e e c h  re m a in e d  more i n t e l l i g i b l e .

H av in g  d e m o n s t r a te d  t h e  p o s i t i v e  e f f e c t s  o f  h ig h  

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

s u b j e c t s ^  Thomas an d  S p a rk s  (19 71 )  e v a l u a t e d  t h i s  fo rm  o f  

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

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

g ro u n d ,  f i l t e r e d / c l i p p e d  s p e e c h  p r e s e n t e d  a t  t h e  same 

a v e r a g e  SPL a s  u n m o d if ie d  sp e e c h  was found  t o  r e s u l t  i n  

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  a t  a l l  p r e s e n t a t i o n  l e v e l s  

i n  13 o f  17 c a s e s .  Thomas and S p a rk s  c o n c lu d e d  t h a t  

f i l t e r e d / c l i p p e d  sp e e c h  c a n  be  a n  e f f e c t i v e  means o f  

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

t y p e s  a n d  d e g r e e s  o f  h e a r i n g  im p a i rm e n t .

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

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

c o l l e a g u e s  w i th  n o rm a l  a n d  h e a r i n g  im p a i r e d  s u b j e c t s  was 

t h e  c o n d i t i o n  i n  w hich  n o i s e  e n t e r s  t h e  s y s te m  p r i o r  to  

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

by  L i c k l i d e r  (1 9 ^ 6 )  a s  d e t r i m e n t a l l y  i n t e r a c t i v e  w i th  p e ak  

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

e m p h a s i s .  Thomas and  R a v in d ra n  (197*0 p e r fo rm e d  a  norm a­

t i v e  s t u d y  o f ] t h e  e f f e c t s  o f  band l i m i t e d  w h i t e  n o i s e  ad ded  

p r i o r  t o  c l i p p i n g  on s p e e c h  i n t e l l i g i b i l i t y  when f i l t e r e d
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a n d  i n f i n i t e l y  p e a k  c l i p p e d .  They c o n c lu d e d  t h a t  d e s p i t e  

t h e  f a c t  t h a t  t h e  c u t o f f  f r e q u e n c y  and  a s y m p to t i c  h ig h  

p a s s  s l o p e  c h a r a c t e r i s t i c s  w ere  n o t  i d e a l i z e d  f o r  t h e  t e s t  

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

a d v a n ta g e o u s  fo rm  o f  p r e - p r o c e s s i n g  a t  s i g n a l - t o - n o i s e  

r a t i o s  a s  low  a s  0 dB S /N . W hile  t h e  m a rg in  o f  s u p e r i o r i ­

t y  was s m a l l  when com pared  w i th  r e s u l t s  i n  a  q u i e t  b a c k ­

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

p e r f o r m a n c e .

W hile  m e t i c u l o u s  m e th o d s  o f  c a l i b r a t i n g  t e s t  s t i m u ­

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

and  h i s  c o l l e a g u e s ,  a  num ber o f  l i m i t a t i o n s  a p p e a r  e v i d e n t .  

A s t a t i s t i c a l  t r e a t m e n t  o f  t h e  d a t a  was n o t  p r e s e n t e d ,  

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

t h e  a c o u s t i c  o u t p u t  c h a r a c t e r i s t i c s  o f  t h e  e n t i r e  sy s te m  

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

w ere  n o t  a d e q u a t e l y  s i m u l a t e d .  D e s p i t e  t h e s e  l i m i t a t i o n s  

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

i n g s  o f  L i c k l i d e r  w i th  r e s p e c t  t o  t h e  r o b u s t n e s s  o f  c l i p p e d  

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

More r e c e n t l y ,  C a r h a r t  a n d  Young (1976) r e p o r t e d  on 

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

o f  i n p u t  s i g n a l  p r o c e s s i n g  i n  n o rm a l  a n d  h e a r i n g  im p a i re d  

s u b j e c t s  w i th  r e s p e c t  t o  i t s  e f f e c t s  on s p e e c h  i n t e l l i g i ­

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

com m endations  o f  t h e  Thomas s t u d i e s  on t h e o r e t i c a l  g r o u n d s ,  

b a s e d  on t h e  f a c t  t h a t  i t  e l i m i n a t e d  to o  much im p o r t a n t
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f i r s t  f o r m a n t  i n f o r m a t i o n .  I n s t e a d ,  t h e s e  a u t h o r s  f i l ­

t e r e d  t h e  s p e e c h  i n  su c h  a  way so  a s  t o  f l a t t e n  o r  " w h i te n "  

t h e  a v e r a g e  s p e e c h  s p e c t r u m .  O th e r  f e a t u r e s  o f  t h i s  e x ­

p e r i m e n t  w h ich  d i f f e r e d  from  t h o s e  o f  t h e  Thomas s t u d i e s  

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

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

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

i n g  a i d  r e c e i v e r  i n  one  p o r t i o n  o f  t h e  e x p e r im e n t ,  i n  a n  

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

a i d  u s e .  R e s u l t s  w e re  r e p o r t e d  w hich  i n d i c a t e d  t h a t  u n d e r  

q u i e t  c o n d i t i o n s ,  w h i te n e d  o n ly  o r  w h i t e n e d  a n d  p e a k  

c l i p p e d  s p e e c h  was a t  l e a s t  a s  i n t e l l i g i b l e  a s  u n m o d if ie d  

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

l i s t e n e r s  i n  a  q u i e t  b a c k g ro u n d  u n d e r  h e a d p h o n e s .  I n t e l ­

l i g i b i l i t y  was a d v e r s e l y  a f f e c t e d  by  w h i t e n in g  and 30 dB 

o f  c l i p p i n g  i n  t h e  p r e s e n c e  o f  m u l t i t a l k e r  b a b b le  w hich  

e n t e r e d  t h e  s y s te m  p r i o r  t o  c l i p p i n g ,  w i t h  t h e  p r o c e s s e d  

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

T h is  a d v e r s e  e f f e c t  was r e p o r t e d ,  w i th  some q u a l i f i c a t i o n s ,  

t o  be  e v e n  more p ro n o u n c e d  i n  t h e i r  g ro u p  o f  h e a r i n g  im­

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

One f a c t o r  w h ich  a p p e a r s  n o t  t o  h a v e  b e e n  c a r e f u l l y  

c o n s i d e r e d  i n  t h e  C a r h a r t  a n d  Young s t u d y  was t h e  c a l i b r a ­

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

tem  f o r  t h e  sp e e c h  s t i m u l u s .  S e c o n d ly ,  when s t u d y i n g  t h e  

i n t e r a c t i v e  e f f e c t s  o f  a  c o m p e t in g  m essag e  w i th  w h i t e n i n g  

and  p e ak  c l i p p i n g ,  t h e y  u se d  h e a r i n g  im p a i re d  s u b j e c t s
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w i t h  p r e s b y c u s i c  h e a r i n g  l o s s  and  a n  i n s e r t  e a rp h o n e  w i th  

a n  i r r e g u l a r  f r e q u e n c y  r e s p o n s e .  T hese  f a c t o r s  i n t r o d u c e d  

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

d i s t o r t i o n s  w hich  may h a v e  a d v e r s e l y  i n t e r a c t e d  w i th  t h e i r  

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

w ere  f i x e d  a n d  c o u ld  n o t  be  i n d i v i d u a l l y  a d j u s t e d  b y  th e  

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

c h o s e n  f o r  t h i s  s t u d y  w ere  u n iq u e  and c a n  n o t  be  r e a d i l y  

com pared  w i th  r e s u l t s  b a s e d  on t h e  i d e a l i z e d  p a r a m e te r s  

c a r e f u l l y  d e v e lo p e d  i n  t h e  Thomas s t u d i e s .

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

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

u n d e r  q u i e t  l i s t e n i n g  c o n d i t i o n s  w i th  n o rm a l  h e a r i n g  i n d i ­

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

i n t e l l i g i b i l i t y  a n d  may, a t  t i m e s ,  e n h an ce  i t .  A number 

o f  open  q u e s t i o n s  s t i l l  r e m a in  w i th  r e s p e c t  t o  c o n d i t i o n s  

i n  w h ich  n o i s e  e n t e r s  t h e  s y s te m  p r i o r  t o  c l i p p i n g  and  i t s  

i n t e r a c t i v e  e f f e c t s  w i th  h e a r i n g  im p a i rm e n t .

A n o th e r  g ro u p  o f  s t u d i e s  whose c o n c l u s i o n s  a r e  

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

p e a k  c l i p p i n g  on s p e e c h  i n t e l l i g i b i l i t y  i n v o lv e  i n v e s t i g a ­

t i o n s  t h a t  h av e  s o u g h t  t o  c o r r e l a t e  e l e c t r o a c o u s t i c  mea­

s u r e m e n ts  o f  c o m m e rc ia l  h e a r i n g  a i d  p e r fo rm a n c e  w i th  

m e a su re s  o f  s p e e c h  i n t e l l i g i b i l i t y  i n  b o th  n o rm a l  an d  

h e a r i n g  im p a i r e d  s u b j e c t s .  T hese  s t u d i e s  d i f f e r  i n  a p ­

p ro a c h  from  th o s e  d i s c u s s e d  p r e v i o u s l y  i n  t h a t  c o n t r o l l e d  

am o un ts  o f  c l i p p i n g  w ere  n o t  im posed  on th e  s p e e c h  s i g n a l .
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R a t h e r ,  t h e  d i s t o r t i o n  c h a r a c t e r i s t i c s  t h r o u g h  w h ich  t h e  

s p e e c h  s i g n a l  was t r a n s d u c e d  w ere  m e a su re d .

M ethod o log y  t y p i c a l l y  em ployed i n  t h e s e  s t u d i e s  

i n v o lv e d  o b t a i n i n g  a  b r o a d  r a n g e  o f  e l e c t r o a c o u s t i c  mea­

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

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

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

phones*  A id  c o n d i t i o n s  w ere  ra n k e d  a c c o r d i n g  t o  i n t e l l i ­

g i b i l i t y  p e r fo rm a n c e  m e a su re s  a n d  t h e s e  r a n k i n g s  w ere  

com pared  w i th  r a n k i n g s  b a s e d  on e l e c t r o a c o u s t i c  m e a s u re ­

m en t p e r f o r m a n c e .  H i g h e s t  r a n k i n g s  w ere  d e te r m in e d  b y  th e  

b e s t  s p e e c h  i n t e l l i g i b i l i t y  p e r fo rm a n c e  among th e  h e a r i n g  

a i d s  a n d  t h e  b e s t  e l e c t r o a c o u s t i c  p e r fo rm a n c e  w i t h i n  eac h  

m ea su re m e n t c a t e g o r y  ( e . g 0 , h a rm o n ic  d i s t o r t i o n ,  i n t e r ­

m o d u la t io n  d i s t o r t i o n ) . R e s u l t s  c o m p a r in g  h e a r i n g  a i d  

r a n k i n g s  b a s e d  on h a rm o n ic  d i s t o r t i o n  a n d  i n t e r m o d u l a t i o n  

d i s t o r t i o n  m ea su re m e n ts  w i th  i n t e l l i g i b i l i t y  p e r fo rm a n c e  

b a s e d  r a n k i n g s  w ere  i n c o n s i s t e n t  a c r o s s  s t u d i e s .  W hile  

some i n v e s t i g a t i o n s  r e p o r t e d  a  p o s i t i v e  c o r r e l a t i o n  b e tw e e n  

d i s t o r t i o n  a n d  i n t e l l i g i b i l i t y  r a n k i n g s  ( H a r r i s ,  e t  a l . ,  

1961 ; J e r g e r ,  e t  a l . ,  1 9 6 6 ; J e r g e r ,  1967; H a s te n  & 

L o t te rm a n ,  1967 ; J i r s a  & H odgson, 1970; O ls e n ,  1 9 7 1 )1 

o t h e r s  r e p o r t e d  e i t h e r  no c o r r e l a t i o n  (O ls e n  & W ilb u r ,

1967 ; Bode & H a s te n ,  1971) o r ,  i n  some s t u d i e s ,  ev en  a  

n e g a t i v e  r e l a t i o n s h i p  (O ls e n  & C a r h a r t ,  1967 ; J e r g e r  & 

T h e l i n ,  1 9 6 8 ) .

A n a l y s i s  o f  t h e  d i f f e r e n c e s  among t h e s e  s t u d i e s
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r e v e a l s  t h a t  i n  t h o s e  s t u d i e s  w hich  d e m o n s t r a te d  p o s i t i v e  

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

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

a d d i t i o n ,  sp e e c h  p r e s e n t a t i o n  l e v e l s  w ere  f i x e d  b y  t h e  

e x p e r i m e n t e r  w i th  no c o n s i d e r a t i o n  o f  t h e  a l t e r e d  a m p l i ­

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

i n t e r a i d  c o n d i t i o n s  o f t e n  v a r i e d  i n  a  num ber o f  w ays, 

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

com plex  i n t e r a c t i o n s  among t h e  v a r i o u s  e l e c t r o a c o u s t i c  

p a r a m e t e r s  o f  t h e  h e a r i n g  a i d  s y s te m s .  C u r ra n  ( 1 9 7 6 ) ,  i n  

h i s  r e v i e w  o f  h a rm o n ic  d i s t o r t i o n  m easu rem en t m e th o d s ,  

c o n c lu d e d  t h a t  a l t h o u g h  t h e  q u a l i t y  o f  t h e  s i g n a l  m ig h t  

b e  a f f e c t e d  by  h a rm o n ic  d i s t o r t i o n ,  p e r fo rm a n c e  a p p e a r s  

r e l a t i v e l y  u n a f f e c t e d  u n t i l  e x tre m e  l e v e l s  a r e  r e a c h e d .

A m ore b a s i c  q u e s t i o n  t h a n  t h e  e f f e c t s  o f  c o n t r o l l e d  

am oun ts  o f  a m p l i tu d e  d i s t o r t i o n  on s p e e c h  i n t e l l i g i b i l i t y  

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

l i m i t i n g  l e v e l s  on a  l i s t e n e r ' s  p e r fo rm a n c e  w i th  a n  o t h e r ­

w is e  l i n e a r  a m p l i f i c a t i o n  s y s te m .  T h a t  i s ,  g iv e n  a n  

a b i l i t y  t o  a d j u s t  o n e ' s  own l i s t e n i n g  l e v e l ,  how w i l l  

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

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

a d j u s t m e n t  and  s u b s e q u e n t  p e r fo r m a n c e ?  Under c o n d i t i o n s  

w here  p r e f e r r e d  g a i n  l e v e l s  c a u s e  t h e  sp e e c h  s i g n a l  to  

e x c e e d  t h e  o u t p u t  l i m i t s  o f  t h e  s y s te m  b e in g  u s e d ,  th e  

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

o f  i n t e r a c t i v e  e f f e c t s  w i th  r e s p e c t  t o  g a i n  a d ju s tm e n t
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a n d  s u b s e q u e n t  i n t e l l i g i b i l i t y  p e r fo r m a n c e .

The r e l a t i o n s h i p  b e tw e e n  g a i n  and maximum o u t p u t  

w i t h i n  a n  o t h e r w i s e  l i n e a r  a m p l i f i c a t i o n  s y s te m  was i n ­

v e s t i g a t e d  i n  a  p i l o t  s t u d y  r e p o r t e d  by  M a r t in  (1 9 7 6 ) ,

A g ro u p  o f  s e n s o r i n e u r a l  im p a i r e d  l i s t e n e r s  w ere  i n s t r u c t ­

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

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

a s  t h e  maximum o u t p u t  was v a r i e d  b y  th e  e x a m in e r .  M artin® s 

d a t a  i n d i c a t e d  t h a t  when s u f f i c i e n t  o u t p u t  was p r e s e n t ,  

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

i n g  l e v e l  was r e d u c e d .  How ever, w i t h  i n c r e a s e d  r e d u c t i o n  

o f  t h e  o u t p u t  l i m i t i n g , a  c r i t i c a l  v a lu e  was r e a c h e d  w here  

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

t h e  o u t p u t  l i m i t s  o f  t h e  s y s te m  i n  a n  a p p a r e n t  e f f o r t  t o  

a c h i e v e  t h e  r e l a t i v e l y  h ig h  s i g n a l  l e v e l s  ju d g e d  c o m f o r t ­

a b l e  i n  t h e  u n l i m i t e d ,  h i g h  maximum o u t p u t  c o n d i t i o n s .

T hese  r e s u l t s  s u g g e s t  t h a t  when f a c t o r s  r e l a t i n g  t o  i n ­

t e l l i g i b i l i t y  a r e  d e -e m p h a s iz e d ,  a  l i s t e n e r  w i l l  a t t e m p t  

t o  i n c r e a s e  h i s / h e r  l i s t e n i n g  l e v e l  up to  a n d  beyond  t h e  

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

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

I n t e r p r e t a t i o n s  b a s e d  on M a r t i n ' s  f i n d i n g s  a r e  

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

o f  a n y  s t a t i s t i c a l  a n a l y s i s .  A m e t h o d o l o g ic a l  l i m i t a t i o n  

a ck n o w led g ed  by  M a r t in  was t h e  u s e  o f  o n ly  a  f l a t  f r e -  

q u e n c y  r e s p o n s e  s y s te m .  A d d i t i o n a l  l i m i t a t i o n s  o f  th e  

M a r t in  s t u d y  i n c l u d e  t h e  a b s e n c e  o f  a  b a c k g ro u n d  n o i s e
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c o n d i t i o n .  F u r t h e r m o r e ,  t h e  i m p l i c a t i o n s  o f  o u t p u t  l i m i t ­

i n g  on s p e e c h  i n t e l l i g i b i l i t y  w ere  n o t  c o n s i d e r e d .  S p eech  

i n t e l l i g i b i l i t y  was o v e r l o o k e d  b o th  a s  a n  i n s t r u c t i o n a l  

c r i t e r i o n  f o r  l e v e l  a d j u s t m e n t s ,  a s  w e l l  a s  w i th  r e s p e c t  

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

m en ts  on s p e e c h  i n t e l l i g i b i l i t y .

R e s e a r c h  Q u e s t io n s

The p r e s e n t  s t u d y  was d e s ig n e d  t o  i n v e s t i g a t e  

q u e s t i o n s  r e l e v a n t  t o  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 o ­

t e n t i a l  i n t e r a c t i o n s  b e tw e e n  h e a r i n g  a i d  g a i n  a n d  s a t u r a ­

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

b i l i t y ,  R e s e a r c h  q u e s t i o n s  i n c l u d e d :

a )  What i s  t h e  r e l a t i o n s h i p  b e tw e e n  d e g re e  o f  

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

i m p a i r e d  l i s t e n e r ' s  p r e f e r r e d  l i s t e n i n g  l e v e l s ?

b )  What i s  th e  r e l a t i o n s h i p  b e tw e e n  d e g r e e  o f  

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

i n t e l l i g i b i l i t y  p e r fo rm a n c e  a t  t h e  p r e f e r r e d  

l i s t e n i n g  l e v e l ?

c )  What i s  t h e  r e l a t i o n s h i p  b e tw e e n  d e g r e e  o f  

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

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

d )  How w i l l  a  l i s t e n e r ' s  p e r fo rm a n c e  u n d e r  

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

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

f r e q u e n c y  r e s p o n s e  o f  t h e  s y s te m ?



e )  How w i l l  a  l i s t e n e r ' s  p e r f o rm a n c e  u n d e r  

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

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

b a c k g ro u n d  n o i s e ?
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CHAPTER I I I  

METHODOLOGY

D e s c r i p t i o n  o f  t h e  S u b j e c t s  

S u b j e c t s  c o n fo rm in g  t o  s p e c i f i c  s e l e c t i o n  c r i t e r i a  

w ere  r e c r u i t e d  f o r  p a r t i c i p a t i o n  i n  t h i s  e x p e r im e n t#  Se­

l e c t i o n  c r i t e r i a  in c lu d e d *  a )  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  ( i . e . ,  a i r - b o n e  g a p s  n o t  e x c e e d in g  10 dB a t
2a n y  t e s t  f r e q u e n c y )  o f  a  c o n f i rm e d  c o c h l e a r  n a t u r e  ,

b )  a  m o d e r a t e - t o - m o d e r a t e l y  s e v e r e  ( i . e . ,  ^ 1 -7 0  dB HTL) 

d e g re e  o f  h e a r i n g  im p a irm e n t  i n  t h e  t e s t  e a r  b a s e d  on t h e  

t h r e e - f r e q u e n c y  ( i . e . ,  5 0 0 ,  1000 and  2000 Hz) p u re  to n e  

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

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

d i s c r i m i n a t i o n  t e s t s  ( e . g . ,  CID, W-2 2 ) ,  d )  A m erican  E n g l i s h  

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

f o r  n o rm a l  h e a r i n g  p e r s o n s  ( i . e . ,  d i d  n o t  a t t e n d  s p e c i a l  

s c h o o l  o r  p ro g ram  f o r  t h e  h e a r i n g  i m p a i r e d ,  f )  p r e v io u s  

m o n a u ra l  h e a r i n g  a i d  e x p e r i e n c e ,  a n d  g ) 20 t o  60 y e a r s  o f  

a g e .

C o n f i r m a t io n  o f  t h e  c o c h l e a r  n a t u r e  o f  t h e  h e a r i n g  l o s s  
was d e te r m in e d  on t h e  b a s i s  o f  a n  o t o l o g i c a l  d i a g n o s i s  
a n d / o r  a n  a u d i o l o g i c a l  i m p r e s s io n .  A u d i o l o g i c a l  im p r e s ­
s i o n s  w ere  b a s e d  on t h e  r e s u l t s  o f  a  t e s t  b a t t e r y  s e n s i ­
t i v e  t o  d i f f e r e n t i a t i n g  c o c h l e a r  d y s f u n c t i o n  from  o t h e r  
t y p e s  o f  a u d i t o r y  d y s f u n c t i o n  ( e . g . ,  a c o u s t i c  im pedance  
t e s t  b a t t e r y ,  t o n e  d e c a y  t e s t i n g ,  S I S I  t e s t ,  sp e e c h  
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 - i n t e n s i t y  f u n c t i o n s ) .
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A u d io m e t r ic  c r i t e r i a  ( n a t u r e  an d  d e g re e  o f  i m p a i r ­

m en t ,  s p e e c h  d i s c r i m i n a t i o n  a b i l i t y )  w ere  c h o s e n  a s  r e p r e ­

s e n t a t i v e  o f i  a )  good  h e a r i n g  a i d  c a n d i d a c y ,  b )  c o m p a t i ­

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

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

l e v e l s  a t  . 5  an d  2 KHz, r e p o r t e d  f o r  i n d i v i d u a l s  w i th  

e q u i v a l e n t  d e g r e e s  o f  h e a r i n g  im p a irm e n t  (Kamm, e t  a l 8 , 

1 9 7 8 , p 6 6 7 5 )» a n d  c )  h a v in g  t h e  p o t e n t i a l  f o r  p r o v i d i n g  

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

t h e  v a r i o u s  a i d e d  c o n d i t i o n s .  N o n -a u d io m e tr ic  c r i t e r i a  

w ere  e s t a b l i s h e d  a s  a  means o f  r e d u c i n g  t h e  l i k e l i h o o d  o f :  

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

( n a t i v e  la n g u a g e  a n d  e d u c a t i o n ) ,  b )  a d a p t a t i o n  t o  h e a r i n g  

a i d  p r o c e s s e d  s p e e c h  ( h e a r i n g  a i d  e x p e r i e n c e ) ,  and  c )  

c e n t r a l  a u d i t o r y  p r o c e s s i n g  p ro b le m s  ( a g e ) .

Ten s u b j e c t s  (6  m a le s ,  ^  f e m a l e s ) ,  f u l f i l l i n g  t h e s e  

c r i t e r i a ,  p a r t i c i p a t e d  i n  t h i s  s t u d y .  S u b j e c t s  r a n g e d  i n  

a g e  from  27 t o  59 y e a r s  o f  a g e  w i th  a  mean a g e  o f  ^ 2 . 7 «

The e a r  i n  w hich  e a c h  i n d i v i d u a l  wore h i s / h e r  h e a r i n g  a i d  

was u s e d  a s  t h e  t e s t  e a r  (3 r i g h t ,  7 l e f t ) .  S even  o f  t e n  

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

i n  c h i l d h o o d  ( s e c o n d a r y  t o  i l l n e s s  ( 3 )» unknown e t i o l o g y  

( 2 ) ,  f a m i l y  h i s t o r y - g e n e t i c  ( 1 ) ,  c o n g e n i t a l  a n o x ia  ( 1 ) ) .

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

f i c u l t y  b e g in n i n g  i n  a d u l t h o o d  ( p o s i t i v e  f a m i ly  h i s t o r i e s ) ,  

a n d  one s u b j e c t  d e v e lo p e d  a  h e a r i n g  l o s s  a s  a  young a d u l t  

s e c o n d a r y  t o  i l l n e s s  ( k id n e y  d i s o r d e r ) .
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A u d io m e tr ic  an d  o t o l o g i c  i n f o r m a t i o n  was p ro v id e d  

by  a  l o c a l  sp e e c h  a n d  h e a r i n g  c e n t e r ,  w h ich  s e r v e d  a s  a  

r e f e r r a l  s o u r c e  f o r  a l l  s u b j e c t s .  P u re  t o n e  a i r  an d  bone 

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

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

( d o u b le - w a l l e d  t e s t  b o o th )  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  ( C a r h a r t  & J e r g e r ,  1959) an d  i n s t r u m e n t a t i o n  (G raso n  

S t a d l e r  a u d io m e te r ,  m odel 1 7 0 1 ) ,  d u r i n g  a n  o r i e n t a t i o n  

s e s s i o n  c o n d u c te d  p r i o r  t o  t h e  o n s e t  o f  t h e  e x p e r im e n t .  

R e s u l t s  o b t a in e d  w ere  i n  e x c e l l e n t  a g re e m e n t  w i th  p u re  

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

The t h r e e - f r e q u e n c y  p u r e  to n e  a v e r a g e  o f  t h e  s u b ­

je c ts ®  t e s t  e a r s  r a n g e d  from  **5-65 ( r ® ANSI 1 9 6 9 ) ,

w h i l e  t h e  a v e r a g e  o f  t h e  n o n - t e s t  e a r  r a n g e d  from  3 5 -6 7  dB 

HTL. A u d io m e tr ic  c o n f i g u r a t i o n s  o f  i n d i v i d u a l  s u b j e c t ' s  

t e s t  e a r s  v a r i e d  from  r e l a t i v e l y  f l a t  t o  p r o g r e s s i v e l y  

downward s l o p i n g  c o n f i g u r a t i o n s .  One s u b j e c t  had a  t r o u g h  

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

i n  th e  m id - f r e q u e n c y  r a n g e  t h a n  a t  e i t h e r  t h e  low  o r  h ig h  

f r e q u e n c i e s .  A t o c t a v e  i n t e r v a l s  w i t h i n  t h e  a u d i o m e t r i c  

f r e q u e n c y  r a n g e  o f  250 t o  **000 Hz, h e a r i n g  s e n s i t i v i t y  o f  

t h e  t e s t  e a r  was e i t h e r  b e t t e r  t h a n  o r  w i t h i n  10 dB o f  t h e  

b o n e - c o n d u c t io n  t h r e s h o l d  o f  t h e  n o n - t e s t  e a r  f o r  8 o f  t h e  

10 s u b j e c t s .  Two s u b j e c t s  had  a i r - c o n d u c t i o n  t h r e s h o l d s  

f o r  t h e  t e s t  e a r  1 5 -2 5  dB p o o r e r  t h a n  b o n e - c o n d u c t i o n  s e n -  •. 

s i t i v i t y  l e v e l s  i n  t h e  n o n - t e s t  e a r  a t  some t e s t  f r e q u e n ­

c i e s .  W ith th e  e x c e p t i o n  o f  some i n d i v i d u a l  t e s t
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f r e q u e n c i e s  f o r  two s u b j e c t s ,  b o n e - c o n d u c t io n  t h r e s h o l d s  

w ere  a lw a y s  w i t h i n  10 dB o f  a i r - c o n d u c t i o n  t h r e s h o l d s  f o r  

t h e  t e s t  e a r .  T a b le s  1 and 2 an d  F i g u r e s  1 and  2 sum­

m a r iz e  t h e  p u r e  t o n e  c h a r a c t e r i s t i c s  o f  t h e  t e s t  a n d  non­

t e s t  e a r s  u s e d  i n  t h e  s t u d y .  T a b le  3 p r o v i d e s  a  summary 

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

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

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

s o u r c e .  T hese  d a t a  d e p i c t  o v e r a l l  sym m etry  w i th  r e s p e c t  

t o  t h e  a u d i t o r y  c h a r a c t e r i s t i c s  o f  t h e  t e s t  and  n o n - t e s t  

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

m e a s u re s  f o r  i n d i v i d u a l  s u b j e c t s  i s  a v a i l a b l e  i n  A ppend ix  A.

T e s t  A rea

A l l  t e s t i n g  was p e r fo rm e d  i n  a  tw o-room  d o u b le ­

w a l l e d  t e s t  s u i t e  ( I n d u s t r i a l  A c o u s t i c s  C o r p o r a t i o n ) .  T e s t  

e q u ip m e n t ,  w i th  t h e  e x c e p t i o n  o f  t h e  s u b j e c t ' s  a t t e n u a t o r  

c o n s o l e  ( i . e . ,  g a i n  c o n t r o l )  an d  e a rp h o n e  h e a d s e t ,  was 

l o c a t e d  i n  one room . The s u b j e c t  s a t  i n  t h e  o t h e r  room 

w e a r in g  t h e  e a rp h o n e  h e a d s e t ,  w i th  th e  a t t e n u a t o r  c o n s o le  

p l a c e d  on a  t a b l e  b e f o r e  h i m / h e r .

A m bien t n o i s e  i n  t h e  s u b j e c t  l i s t e n i n g  a r e a  was 

m ea su re d  w i th  a  sound l e v e l  m e te r  (B&K, Type 2203) e q u ip p e d  

w i th  a  f i e l d  m ic ro p h o n e  (B&K, Type ^14 5 )  and  o c ta v e  band 

f i l t e r  s e t  (B&K, Type 1 6 1 3 ) .  R e s u l t s  o f  t h e s e  m e a s u re ­

m e n ts ,  when c o r r e c t e d  f o r  t h 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  e a rp h o n e  a r r a n g e m e n t  a n d  t h e  i n t e r n a l  n o i s e  l e v e l s
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T a b le  1* Mean p u r e  t o n e  h e a r i n g  t h r e s h o l d  l e v e l s  (dB HTL) 
o f  t h e  t e s t  e a r ,  f o r  t e n  s u b j e c t s .  S t a n d a r d  
d e v i a t i o n s  a n d  l o w e s t  a n d  h i g h e s t  t h r e s h o l d s  
a r e  a l s o  i n c l u d e d .

F r e q u e n c y ,  Hz

250 500 1000 2000 4000

Mean t h r e s h o l d ,  3 2 .0  4 3 .5  5 8 .0  6 0 .5  6 4 .0
dB HTL

S t a n d a r d  d e v i a t i o n ,  1 3 .5  8 , 4  5»1 8 . 8  1 6 .4
dB

L ow est -  h i g h e s t  1 0 -5 5  30 -60  5 0 -6 5  5 0 -8 0  3 0 -9 5
t h r e s h o l d s ,  dB HTL
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T a b le  2 .  Mean p u r e  t o n e  h e a r i n g  t h r e s h o l d  l e v e l s  (dB HTL) 
o f  t h e  n o n - t e s t  e a r ,  f o r  t e n  s u b j e c t s .  S ta n d a r d  
d e v i a t i o n s  a n d  l o w e s t  and  h i g h e s t  t h r e s h o l d s  
a r e  a l s o  i n c l u d e d .

F r e q u e n c y ,  Hz

250 500 1000 2000 4000

Mean t h r e s h o l d ,  3 0 .5  4 1 .0  5 7 .0  6 0 .5  6 7 .0
dB HTL

S t a n d a r d  d e v i a t i o n ,  1 2 .5  1 2 .0  1 2 .9  1 1 .5  1 5 .4
dB

Low est -  ^ h ig h e s t  
t h r e s h o l d s ,  dB HTL

1 5 -5 5  2 0 -5 5 35 -80 4 5 -8 0  4 5 -9 5
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T a b le  3 .  Mean s p e e c h  r e c e p t i o n  t h r e s h o l d s  (SRT, dB HTL) 
a n d  s p e e c h  d i s c r i m i n a t i o n  s c o r e s  (SDS, %) o f  
t h e  t e s t  a n d  n o n - t e s t  e a r s #  f o r  t e n  s u b j e c t s .  
S ta n d a r d  d e v i a t i o n s  a n d  l o w e s t  an d  h i g h e s t  
v a lu e s  a r e  a l s o  i n c l u d e d .

T e s t  E a r N o n - t e s t  E a r

Mean SRT, dB HTL 4 5 .5 4 5 .0

S t a n d a r d  d e v i a t i o n ,  
dB

5o2
/

7 .7

L ow est -  h i g h e s t  
S R T 's ,  dB HTL

*1-0-55 3 5 -55

Mean SDS, $ 7 5 .5 6 9 .9

S ta n d a r d  d e v i a t i o n ,
%

1 9 .7 2 3 .2

L ow est -  h i g h e s t  SDS, 3 6 -9 6 2 4 -9 6
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r e p o r t e d  by  t h e  m a n u f a c t u r e r  f o r  t h e  sound  l e v e l  m e te r  

u s e d ,  r e v e a l e d  o c t a v e  band n o i s e  l e v e l s  n o t  e x c e e d in g  

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

a u d io m e t r i c  t e s t i n g  (ANSI 1977)» o v e r  t h e  f r e q u e n c y  r a n g e  

o f  125-8000  Hz. T hese  l e v e l s  w ere  w e l l  be low  t h e  a u d i o ­

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

T e s t  E qu ipm ent

D e s c r i p t i o n

An e x p e r i m e n t a l  a m p l i f i c a t i o n  s y s te m  was d e s ig n e d  

w hich  p r o v id e d  dB o f  v a r i a b l e  g a i n  (1 dB s t e p s )  p r i o r  

t o  o u t p u t  l i m i t i n g  i n  t h e  fo rm  o f  s y m m e t r i c a l ,  " h a rd "

( i . e . ,  a b r u p t  o v e r l o a d  c h a r a c t e r i s t i c s )  p e a k  c l i p p i n g .

T h is  s y s te m  u s e d  one c h a n n e l  o f  a  two c h a n n e l  w e a ra b le  

m a s t e r  h e a r i n g  a i d  ( B o l t ,  B e ran e k  & Newman, WMHA m odel 206) 

a s  i t s  c e n t r a l  com p onen t.  The WMHA was o f  m o d u la r  d e s i g n  

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

l i m i t i n g  ( h a rd  o r  s o f t  p e a k  c l i p p i n g ) ,  s a t u r a t i o n  sound  

p r e s s u r e  l e v e l  (SS PL ), f r e q u e n c y  r e s p o n s e  s l o p e ,  and o v e r ­

a l l  b a n d w id th .  A n c i l l a r y  e q u ip m e n t ,  i n c l u d i n g  a m p l i f i e r s  

and a t t e n u a t o r s ,  w ere  i n t e r f a c e d  w i t h  th e  WMHA i n  o r d e r  t o  

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

m e n ta l  d e s i g n .  U s in g  t h e  WMHA a s  a n  e l e c t r o n i c  com ponent 

w i t h i n  t h e  s y s te m ,  r e q u i r e d  t h a t  i t s  m ic ro p h o n e  a n d  e a r ­

phone be  r e p l a c e d  w i th  s p e c i a l l y  c o n s t r u c t e d  e l e c t r i c a l  
3 'a n a l o g s ,  p r e s e n t i n g  t o  t h e  WMHA t h e  same im pedance  

3
d e s ig n e d  by  Dr. R ic h a rd  E .G . W h ite .
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c h a r a c t e r i s t i c s  a s  t h e  i n t e n d e d  a c o u s t i c  t r a n s d u c e r s .  The 

m ic ro p h o n e  a n a l o g  c o n s i s t e d  o f  a  h i g h  im pedance  i n p u t  

p r o v i d e d  p r i n c i p a l l y  by  t h e  one megohm s e r i e s  r e s i s t o r  

i n  t h e  F . E .T .  s o u r c e  f o l l o w e r  c i r c u i t  shown i n  F i g u r e  3«

The r e c e i v e r  a n a l o g  c o n s i s t e d  o f  a  l i l  t r a n s f o r m e r  w i th  

a  600 ohm r e s i s t o r  i n  p a r a l l e l  w i th  t h e  i n p u t .

P eaks  o f  t h e  o u t p u t  s i g n a l  w ere  l i m i t e d  a t  one o f  

t h r e e  s a t u r a t i o n  so u n d  p r e s s u r e  l e v e l s  (120* 110 o r  100 dB 

SPL). E l e c t r o a c o u s t i c  com po nen ts  w i t h i n  t h e  WMHA l o c a t e d  

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

qu e n cy  r e s p o n s e  s l o p e s  (0 o r  +6 d B /o c ta v e )  b e tw ee n  a  f i x e d  

b a n d w id th  o f  500 t o  6000 Hz. Below 500 Hz t h e  f r e q u e n c y  

r e s p o n s e  f e l l  o f f  a t  a p p r o x i m a t e ly  21 d B /o c ta v e .

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

a m p l i f i c a t i o n  s y s te m  from  a  t a p e  r e c o r d e r  (Revox B - 7 7 ) 0 

O u tp u t  s i g n a l s  f ro m  t h e  s y s te m  w ere  p r e s e n t e d  m o n a u r a l ly  

t o  t h e  l i s t e n e r  v i a  a  TDH-49 e a rp h o n e  and a  s u p r a - a u r a l  

m uff  (MX 41 /A R ), m ounted  on a  h e a d b a n d .

I n  a d d i t i o n  t o  t h e  p la y b a c k  s y s te m ,  a  DC m o n i t o r i n g  

s y s te m  d e s ig n e d  f o r  r e m o te  m o n i t o r i n g  o f  l i s t e n i n g  l e v e l s  

a s  DC v o l t a g e s ,  was c o n n e c te d  t o  t h e  s u b j e c t ' s  a t t e n u a t o r  

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

s u p p ly  ( H e a t h k i t )  and  a  DC v o l t m e t e r  ( T e k t r o n ix ,  m odel 5 0 2 ) .  

A b lo c k  d ia g ra m  o f  t h e  t e s t  s y s te m  and DC m o n i t o r i n g  s y s ­

tem i s  shown i n  F i g u r e  k ,

d e s ig n e d  by  D r0 R ic h a r d  E .C . W h ite ,  b a se d  on a  p r o p o s a l  
b y  P r o f e s s o r  G.A. S tu d e b a k e r .
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R a t i o n a l e  f o r  E l e c t r o a c o u s t i c  V a r i a b l e s  

S a t u r a t i o n  L e v e ls

S a t u r a t i o n  l e v e l s  o f  120 , 110 an d  100 dB SPL w ere  

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

c o m fo r t  l e v e l s  c u r r e n t l y  b e in g  r e p o r t e d  f o r  h e a r i n g  im­

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

p o p u l a t i o n  (M cC andless & M i l l e r ,  1972? Kamm, e t  a l . ,  1978,* 

S h a p i r o ,  1978} E d g e r to n ,  e t  a l . , 1 9 8 0 ) .  T hese  l e v e l s  

r a n g e d  from  s a t u r a t i o n  v a lu e s  e x p e c te d  t o  im pose v i r t u a l l y  

no a m p l i tu d e  d i s t o r t i o n  (120 dB SPL) on sp e e c h  p e a k s  a t
S

s u b j e c t  a d j u s t e d  l i s t e n i n g  l e v e l s ,  t o  p r o g r e s s i v e l y  lo w e r  

s a t u r a t i o n  v a lu e s  (110 an d  100 dB SPL), w h ich  w ould  i n ­

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

c o m i t a n t  i n t e r a c t i o n  w i t h  o t h e r  e x p e r i m e n t a l  v a r i a b l e s .

As a  means o f  v a l i d a t i n g  t h e  c h o ic e  o f  l i m i t i n g  

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

d i s c o m f o r t  l e v e l  (LDL) m ea su re m e n ts  w ere  o b ta in e d  i n  t h e  

p r e s e n t  s t u d y .  LDL's f o r  e ac h  s u b j e c t ' s  t e s t  e a r  w ere  

m e a su re d  a t  5 00 , 100 0 , 2000 and 4000 Hz. T hese l e v e l s  

w ere  m easu red  i n  each  o f  two s e s s i o n s  ( t e s t  and  r e t e s t ) .

An a d ju s tm e n t  m ethod , e m p lo y in g  a  B ekesy  t r a c k i n g  p r o c e d u r e  

w i th  i n s t r u c t i o n s  and  s i g n a l  p a r a m e t e r s , e q u i v a l e n t  t o  t h o s e  

u s e d  b y  M organ, e t  a l .  ( 1 9 7 4 ) ,  was u s e d .  S i g n a l  p a r a m e t e r s  

w ere  a c h i e v e d  by  d e l i v e r i n g  t h e  c o n t in u o u s  o u t p u t  o f  a  

G rason  S t a d l e r  c l i n i c a l  a u d io m e te r  (m odel 1701) o p e r a t i n g  

i n  t h e  f i x e d  f r e q u e n c y  B ekesy  mode th r o u g h  a  m o d u la r  

p rogram m ing  sy s te m  (G ra so n  S t a d l e r ,  s e r i e s  1 2 0 0 ) .  The
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s u b j e c t ,  s e a t e d  i n  a  d o u b l e - w a l l e d ,  IAG s o u n d - t r e a t e d  t e s t  

b o o th ,  o p e r a t e d  a  r e c o r d i n g  a t t e n u a t o r  w i th  a  f i x e d  a t ­

t e n u a t i o n  r a t e  o f  2 . 5  d B /s e c o n d .  The o r d e r  o f  t e s t  f r e ­

q u e n c i e s  was ra n d o m iz e d  f o r  e a c h  s u b j e c t  and s e s s i o n .

The r e c o r d s  o f  LDL r e s p o n s e s  o b t a i n e d  w i th  t h e  

B ekesy  t r a c k i n g  p r o c e d u r e  w ere  a n a l y z e d  f o r  each  s u b j e c t .  

T rou ghs  i n  t h e  s a w to o th - s h a p e d  r e c o r d  w ere  i n t e r p r e t e d  a s  

c o r r e s p o n d i n g  t o  t h e  p o i n t  w here  LDL was r e a c h e d ,  c a u s i n g  

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

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

mean o f  t h e  n e x t  s i x  t r o u g h s  was r e c o r d e d  a s  t h e  LDL f o r  

t h a t  f r e q u e n c y .  T h is  p r o c e d u r e  was f o l lo w e d  i n  o r d e r  t o
'fc

a n a l y z e  t h e  m ost s t a b l e  p o r t i o n  o f  eac h  s u b j e c t ' s  r e s p o n s e  

r e c o r d .

T a b le  4 su m m arize s  t h e  LDL d a t a  o b t a i n e d  f o r  t h e  

e n t i r e  g ro u p  o f  s u b j e c t s  f o r  eac h  t e s t  s e s s i o n .  More 

e x t e n s i v e  a n a l y s e s  w ere  p r e c l u d e d  due t o  e i t h e r  m i s s i n g  

o r  u n m e a s u ra b le  d a t a .  T hese  r e s u l t s  i n d i c a t e  a n  e s s e n ­

t i a l l y  e q u i v a l e n t  a n d  b r o a d  r a n g e  o f  LDL's a t  e ac h  t e s t  

f r e q u e n c y  f o r  b o th  t e s t  s e s s i o n s .  LDL's ra n g e d  from  j u s t  

o v e r  100 dB SPL t o  l e v e l s  e x c e e d in g  123 dB SPL ( o u t p u t  

l i m i t s ) ,  w i th  a  m ed ian  l e v e l  o f  a p p r o x i m a t e ly  113 dB SPL 

a c r o s s  a l l  t e s t  f r e q u e n c i e s  f o r  b o th  t e s t  s e s s i o n s .  T hese  

f i n d i n g s  w ere  c o n s i d e r e d  s u p p o r t i v e  o f  t h e  c h o ic e  o f  

l i m i t i n g  l e v e l s  u s e d  i n  t h i s  i n v e s t i g a t i o n .

A complete listing of LDL's obtained for each sub­
ject in each session is provided in Appendix B. Inspection
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T a b le  4 .  H i g h e s t ,  m e d ia n ,  and  l o w e s t  p u re  to n e  lo u d n e s s  
d i s c o m f o r t  l e v e l s  (dB SPL) o f  t h e  e x p e r i m e n t a l  
s u b j e c t s *  t e s t  e a r  f o r  f o u r  f r e q u e n c i e s ,  t e s t  
(T) and  r e t e s t  (R)„

F re q u e n c y ,  Hz 

500 1000 2000 4000

T R T R T R T R  

H >122 >122 >123 >123 >122 >122 >122 >122

M 1 1 6 .5  112 1 1 6 .5  111 113 112 1 1 3 .5  113

L 105 102 102 102 103 103 102 102

KEY:

T: t e s t  
R: r e t e s t  
H: h i g h e s t  
M: m ed ian  
Li l o w e s t



52

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

f o r  c e r t a i n  s u b j e c t s  b e tw e e n  LDL's o b t a i n e d  f o r  t h e  same 

t e s t  f r e q u e n c y  i n  d i f f e r e n t  s e s s i o n s .  Some o f  t h i s  v a r i ­

a b i l i t y  a p p e a r e d  due  t o  d i f f i c u l t i e s  w i t h  t h e  B ek esy  

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

c o n c e n t r a t i o n  a s  t h e  t a s k  p r o c e e d e d .  One s u b j e c t  (#8 )  

s t a t e d  t h a t  he  s u f f e r e d  a  h e a d a c h e  from  t h e  h i g h  l e v e l s  

he  t o l e r a t e d  i n  t h e  f i r s t  s e s s i o n  a n d  was d e te r m in e d  n o t  

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

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

LDL d a t a  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  w ere  com­

p a r e d  w i t h  LDL's r e p o r t e d  by  Kamm, e t  a l .  (1978 )  who 

m e a su re d  LDL a s  a  f u n c t i o n  o f  h e a r i n g  l o s s  f o r  p u r e  to n e s  

( . 5  a n d  2 KHz), u s i n g  a n  a d a p t i v e  p r o c e d u r e .  The h e a r i n g  

l o s s  l i m i t s  a t  e a c h  t e s t  f r e q u e n c y  ( s e e  T a b le  1 ) f o r  t h e  

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

h e a r i n g  l o s s  c a t e g o r i e s  d e f i n e d  by  Kamm, e t  a l .  They 

r e p o r t e d  LDL's r a n g i n g  i n  l e v e l  from  a p p r o x i m a t e l y  100 dB 

SPL c o r r e s p o n d i n g  to  t h e  2 5 th  p e r c e n t i l e  v a lu e  i n  t h e i r  

3 1 -50  dB HL c a t e g o r y  t o  LDL's i n  e x c e s s  o f  12^ dB SPL 

f o r  l i s t e n e r s  i n  t h e i r  51 -70  dB HL a n d  70 dB HL c a t e g o r i e s .  

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

o f  LDL's m e a su re d  i n  t h e  p r e s e n t  s t u d y ,  l e n d i n g  f u r t h e r  

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

f o r  u s e  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .
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F r e q u e n c y  R espon se  C h a r a c t e r i s t i c s

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

t i v e  a m p l i f i c a t i o n  b y  d e m o n s t r a t i n g  im proved  i n t e l l i g i b i ­

l i t y  p e r fo rm a n c e  w i th  v a r y i n g  d e g r e e s  o f  h ig h  f r e q u e n c y  

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

im p a irm e n t  (B a sc o e ,  1975i L e v i t t ,  e t  a l . ,  1978 ; S k i n n e r ,  

1980; L ippm an, e t  a l . ,  1 9 8 1 ) .  As r e v ie w e d  i n  C h a p te r  2 ,  

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

l i g i b i l i t y  p e r fo rm a n c e  w i th  h ig h  f r e q u e n c y  e m p h a s is  ( e . g . ,

+ 6 d B /o c t a v e )  o f  s p e e c h  p r i o r  t o  p e a k  c l i p p i n g  ( L i c k l i d e r ,  

19^6 ; Thomas & N ie d e r jo h n ,  1 9 7 0 ) .  A c o n s i d e r a t i o n  f a v o r ­

in g  h ig h  f r e q u e n c y  e m p h a s is  o f  +6 dB t o  +9 d B /o c ta v e  i n

c o n v e n t i o n a l  h e a r i n g  a i d  a m p l i f i c a t i o n  s y s t e m s ,.  w i th  o u t -~\
p u t  l i m i t i n g  i n  t h e  fo rm  o f  c l i p p i n g ,  i s  b a s e d  on t h e  

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

s p e e c h  (Dunn & W h ite ,  1 9^0 ; B y rne , 1 9 7 7 ) .  H igh f r e q u e n c y  

e m p h a s is  f l a t t e n s  t h e  n e g a t i v e l y  s l o p i n g  s p e e c h  s p e c t ru m ,  

a l l o w i n g  more sp e e c h  e n e r g y  t o  be  l i n e a r l y  a m p l i f i e d  p r i o r  

t o  c l i p p i n g .  B e ca u se  o f  t h e s e  i s s u e s ,  f r e q u e n c y  r e s p o n s e  

e f f e c t s  w ere  exam ined  u s i n g  s l o p e s  o f  0 and  +6 d B /o c ta v e  

o v e r  t h e  e f f e c t i v e  b a n d w id th  o f  t h e  p la y b a c k  s y s te m .

B andw id th

F re q u e n c y  b a n d w id th  c h a r a c t e r i s t i c s  o f  t h e  p l a y b a c k  

sy s te m  rem a in e d  c o n s t a n t  f o r  a l l  c o n d i t i o n s  w i th  a  low  

f r e q u e n c y  c u t o f f  o f  a p p r o x i m a t e ly  . 5  KHz an d  a  h ig h  f r e ­

q u e n cy  c u t o f f  o f  a p p r o x i m a t e ly  6 KHz. The f r e q u e n c y



54-

r e s p o n s e  f e l l  o f f  s h a r p l y  b e lo w  a n d  abov e  t h e  r e s p e c t i v e  

b a n d w id th  l i m i t s .

A low  f r e q u e n c y  c u t o f f  o f  500 Hz was s e l e c t e d  b a s e d  

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

( D a v i s , e t  a l . ,  194-7; L e v i t t ,  e t  a l . ,  1978) t h a t  f o r  h e a r ­

i n g  im p a i r e d  l i s t e n e r s  w i th  r e s i d u a l  h e a r i n g  f o r  mid a n d  

h i g h  f r e q u e n c i e s ,  a m p l i f i c a t i o n  b e lo w  500 Hz do es  n o t  

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

so m e tim es  p r o v i n g  d e t r i m e n t a l ,  due  to  e f f e c t s  o f  upw ard  

s p r e a d  o f  m ask in g  ( M a r t in  & P i c k e t t ,  1970; D an ah e r  & 

P i c k e t t ,  1975)#

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

e x t e n d in g  e f f e c t i v e  a m p l i f i c a t i o n  t o  f r e q u e n c i e s  beyond  

t h e  4- KHz u p p e r  l i m i t ,  t y p i c a l  o f  m ost c o m m e rc ia l  w e a r a b le  

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

mance i n  h e a r i n g  im p a i r e d  i n d i v i d u a l s  w i th  h i g h - f r e q u e n c y  

r e s i d u a l  h e a r i n g  (P h s c o e ,  1975; S k in n e r  & K a r s t a e d t ,  1 9 7 9 )•  

The h ig h  f r e q u e n c y  c u t o f f  o f  6 KHz u s e d  i n  t h i s  s t u d y  was 

b a s e d  on t h i s  f i n d i n g ,  w i t h  s y s te m  im posed  l i m i t a t i o n s  

p r e c l u d i n g  a m p l i f i c a t i o n  beyond 6 KHz.

C a l i b r a t i o n  o f  th e  E x p e r im e n ta l  T e s t  System  

S t a n d a r d  C a l i b r a t i o n  P r o c e d u r e s

A s e r i e s  o f  c a l i b r a t i o n  p r o c e d u r e s  w ere  p e r fo rm e d  

a t  r e g u l a r  i n t e r v a l s  d u r i n g  t h e  e x p e r im e n t ,  i n  a d d i t i o n  to  

r o u t i n e  a c o u s t i c a l  o u t p u t  c a l i b r a t i o n s  p e r fo rm e d  on a  d a i l y  

b a s i s  a n d  e l e c t r i c a l  o u t p u t  c a l i b r a t i o n s  p e r fo rm e d  i n  e v e r y
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s u b j e c t  s e s s i o n r  The f r e q u e n c y  r e s p o n s e  o f  t h e  e n t i r e  

s y s te m  was c a l i b r a t e d  a c o u s t i c a l l y  i n  a  6 cc c o u p l e r  (B&K, 

m odel *fl84) a t  t h e  e a rp h o n e  o u t p u t .  A c o n s t a n t  v o l t a g e  

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

(B&K, m odel 103*0 was d e l i v e r e d  th r o u g h  t h e  a m p l i f i e r  o f  

t h e  p l a y b a c k  t a p e  r e c o r d e r  (R evox , m odel B 077), whose 

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

v e r i f i e d  a s  f l a t  (+ 1 dB) o v e r  a  f r e q u e n c y  r a n g e  o f  2 5 0 -  

15 ,0 0 0  Hz, u s i n g  a n  NAB r e p r o d u c e  a l i g n m e n t  t a p e  (Ampex). 

The e a rp h o n e  o u t p u t  i n  t h e  6 cc  c o u p l e r  was d e l i v e r e d  

th r o u g h  a  sound  l e v e l  m e te r  (B&K, m odel 2203) t o  a  g r a p h i c  

l e v e l  r e c o r d e r  (B&K, m odel 2 3 0 5 ) ,  m e c h a n i c a l ly  s y n c h r o n iz e d  

w i th  t h e  s i n e  random  g e n e r a t o r .  T h is  m easu rem en t was made 

w i t h i n  t h e  l i n e a r  a m p l i tu d e  o p e r a t i n g  r a n g e  o f  th e  sy s te m  

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

l e v e l  s e t t i n g  ( i . e . ,  120 dB SP L ),

F i g u r e  5 show s t h e  f r e q u e n c y  r e s p o n s e  o f  t h e  sy s te m  

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

l e v e l s  a n d  t e s t  s e t t i n g s .  T h ese  r e s p o n s e s  v e r i f i e d  th e  

s l o p e ,  r o l l o f f  and  b a n d w id th  o f  t h e  s y s te m .  The 0 d B /  

o c t a v e  s l o p e  c o n d i t i o n  a p p e a r e d  f l a t  (+ 2 dB) b e tw e e n  600 

a n d  6000 Hz w i th  a  b a n d w id th  (3 dB down p o i n t s )  o f  a p p r o x i ­

m a te ly  550-6000  Hz. R o l l o f f  c h a r a c t e r i s t i c s  o f  a p p r o x i ­

m a te ly  21 an d  *f2 d B /o c ta v e  w ere  m ea su re d  be low  and  abov e  

t h e  p a s s b a n d  o f  t h e  s y s te m ,  r e s p e c t i v e l y .  R e p la c in g  t h e  

0 d B /o c ta v e  WMHA s l o p e  m odule  w i th  a  +6 d B /o c ta v e  m odule 

i n d i c a t e d  a  p i v o t  p o i n t  i n  t h e  f r e q u e n c y  r e s p o n s e  a ro u n d
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Figure 5 . Frequency response curves for the 0 dB/octave and +6 dB/octave slope
conditions measured acoustically in a 6-cc coupler at the earphone output. ^
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1100 Hz an d  a  s l o p e  o f  a p p r o x i m a t e l y  +6 d B /o c ta v e  b e tw e e n  

500 and  6000 Hz. B an d w id th  r o l l o f f  c h a r a c t e r i s t i c s  a p ­

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

F re q u e n c y  r e s p o n s e s  w ere  m easu red  i n  t h e  same 6 cc  

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

l e v e l s .  An e q u i v a l e n t  e a rp h o n e  (TDH-49) was u s e d  i n  e a c h  

c a s e .  Thus* t h e  two f r e q u e n c y  r e s p o n s e s  p r o v i d e d  a  u n i ­

fo rm  i n s e r t i o n  g a i n  a n d  a  +6 d B /o c ta v e  i n s e r t i o n  g a i n  

when a m p l i f y i n g  o v e r  t h e  s y s t e m 's  l i n e a r  o p e r a t i n g  r a n g e .

E l e c t r o a c o u s t i c  s a t u r 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  

t e s t  s y s te m  w ere  d e r i v e d  w i t h  t h e  same t e s t  e q u ip m e n t .

W ith t h e  WMHA s e t  t o  t h e  h i g h e s t  s a t u r a t i o n  l e v e l  v a lu e  

(120 dB SPL ), t h e  l e v e l  o f  a  4000 Hz i n p u t  s i g n a l  was 

a d j u s t e d  a t  t h e  s u b j e c t ' s  a t t e n u a t o r  t o  a  p o i n t  w here  a  

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

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

r e s p o n s e  o f  t h e  s y s te m  was t h e n  m e a su re d  a t  t h i s  same 

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

u s e d  i n  t h i s  e x p e r i m e n t .  F i g u r e s  6 and  7 show t h e  s a t u r a ­

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

u p p e r  c u rv e  i n  F i g u r e  7 d e p i c t s  how, f o r  t h e  i n p u t  s i g n a l  

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

c ee d ed  o n ly  i n  t h e  v i c i n i t y  o f  4000 Hz, w i th  h i g h  f r e q u e n c y  

e m p h a s is  f o r  t h e  h i g h e s t  s a t u r a t i o n  l e v e l  v a l u e .  S l i g h t  

y i e l d i n g  ( a p p r o x i m a t e l y  2 dB) o f  t h e  l i m i t e r  was n o te d  

when t h e  s a t u r a t i o n  t h r e s h o l d  was e x c e e d e d  by  8 dB. W ith 

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



dB 
S

130

120

100 100 dB SSPL 
110 dB SSPL 
120 dB SSPL

500 1000  2000  5000  .10000 20000100 200
Frequency, Hz

Figure 6. Saturation frequency response curves for the three saturation sound 
pressure level (SSPL) values used with the 0 dB/octave slope.
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i n c r e a s i n g l y  e x c e e d e d  a s  s a t u r a t i o n  l e v e l  m odules  w ere  

v a r i e d  from  120 t o  100 dB SPL. T h is  r e s u l t e d  i n  y i e l d i n g  

o f  t h e  c l i p p e r  o n ly  f o r  t h e  two lo w e r  s a t u r a t i o n  l e v e l  

m odu les  (110 a n d  100 dB SPL ), T h e r e f o r e ,  F i g u r e s  6 a n d  7 

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

two s a t u r a t i o n  l e v e l s  (120 and  110 dB SPL) t h a n  b e tw ee n  

t h e  lo w e r  two s a t u r a t i o n  l e v e l s  (110 a n d  100 dB SPL),

The a c o u s t i c  o u t p u t  o f  t h e  t e s t  s y s te m  i n  a  6 cc  

c o u p l e r ,  a t  a  l e v e l  p r o d u c in g  a p p r o x i m a t e ly  5^  t o t a l  h a r ­

m onic  d i s t o r t i o n  (THD) w i t h  t h e  f l a t  (0 d B /o c ta v e )  r e s p o n s e ,  

was m easu red  f o r  e a c h  o f  t h e  t h r e e  s a t u r a t i o n  m odules  u s e d ,  

A 5% THD l e v e l  f o r  a  p u re  to n e  i n p u t  was e s t a b l i s h e d  a s  

t h e  " s a t u r a t i o n  t h r e s h o l d " , '*  H arm onic  d i s t o r t i o n  was 

m easu red  b o th  a c o u s t i c a l l y  a t  t h e  e a rp h o n e  o u t p u t  and 

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

t o r t i o n  a n a l y z e r  ( H e w le t t  P a c k a rd ,  m odel 332A ).

A c o u s t i c  d i s t o r t i o n  m ea su re m e n ts  w ere  c o m p l ic a te d  

b y  a m b ie n t ,  low f r e q u e n c y  room n o i s e s .  I n  o r d e r  t o  r e d u c e  

b a c k g ro u n d  n o i s e  i n t e r f e r e n c e ,  A -w e ig h t in g  was u se d  o n ly  

f o r  a c o u s t i c  d i s t o r t i o n  a n a l y s i s .  T o t a l  h a rm o n ic  d i s ­

t o r t i o n  l e v e l s  f o r  a  num ber o f  i n p u t  f r e q u e n c i e s ,  u s i n g  

t h e  f l a t  (0 d B /o c ta v e )  r e s p o n s e ,  a r e  shown i n  T ab le  5« 

E l e c t r i c a l  and  a c o u s t i c a l  v a lu e s  d id  n o t  v a r y  from  e ac h  

o t h e r  by  more t h a n  Q,6fo0 T hese  l e v e l s  c l o s e l y  a p p ro x im a te

^ " S a t u r a t i o n  t h r e s h o l d "  i s  d e f i n e d  a s  t h e  p o i n t  a t  w hich  
c l i p p i n g  becomes j u s t  a p p r e c i a b l e  i n  t h e  o u t p u t .  5% THD 
was a  c o n v e n i e n t ,  p r a c t i c a l  way o f  d e f i n i n g  th e  b o u n d a ry  
f o r  c l i p p i n g .



T a b le  5 .  T o t a l  h a rm o n ic  d i s t o r t i o n  (THD, %) l e v e l s  a t  
s a t u r a t i o n ,  f o r  a  num ber o f  i n p u t  f r e q u e n c i e s ,  
u s i n g  t h e  f l a t  (0 d B /o c t a v e )  r e s p o n s e .  B oth  
e l e c t r i c a l  a n d  a c o u s t i c a l  v a l u e s  a r e  i n c l u d e d .

I n p u t  F r e q u e n c y ,  Hz 

600 700 800 900 l5 0 0

% THD, e l e c t r i c a l  1 . 1  4 . 2  4 . 4  4 . 5  4 . 1

% THD, a c o u s t i c a l  1 . 7  4 . 8  4 . 9  5 . 0  4 , 3



62

t h e  5% THD l e v e l  d e s i g n a t e d  a s  t h e  s a t u r a t i o n  t h r e s h o ld , ,  

O u tp u t  l e v e l s  o f  11 9 .5*  1 0 9 .5  an d  99*5 dB SPL w ere mea­

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

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

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

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

l y  f o r  t h e  0 d B /o c ta v e  s l o p e  c o n d i t i o n ,  u s i n g  a n  o s c i l l o ­

s c o p e  ( T e k t r o n i x ,  m ode l ^ 5 5 ) .  P h o to g ra p h s  o f  t h e  o s c i l l o -  

s c o p i c  d i s p l a y  w ere  t a k e n .  U n re to u c h e d  t r a c i n g s  o f  t h e s e  

p h o to g r a p h s  f o r  a  1 KHz p u r e  t o n e  i n p u t  s i g n a l  a r e  shown 

i n  F ig u r e  8 ,  T hese  p h o to g r a p h s  r e v e a l  e s s e n t i a l l y  e q u i ­

v a l e n t  c l i p p i n g  c h a r a c t e r i s t i c s  f o r  b o th  m ethods o f  mea­

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

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

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

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

o f  t h e  t h r e e  WMHA s a t u r a t i o n  m o d u le s  u se d  i n  t h e  e x p e r im e n t  

was e s t a b l i s h e d  i n  t h e  f o l l o w i n g  two ways t a )  S a t u r a t i o n  

t h r e s h o l d s  f o r  e ac h  m odule  w ere  e x c e e d e d  b y  th e  same am ount 

and  e q u i v a l e n t  am ou n ts  o f  t o t a l  h a rm o n ic  d i s t o r t i o n  w ere  

m e a s u re d ,  b )  The i n d i v i d u a l  d i s t o r t i o n  p r o d u c t s  and  t h e i r  

r e l a t i o n s h i p  t o  t h e  fu n d a m e n ta l  f r e q u e n c y  w ere  m easu red  f o r  

e a c h  m odule  u s i n g  a n  o c t a v e  b and  a n a l y z e r  (B&K, m odel 1613) 

c o n n e c te d  t o  t h e  sound l e v e l  m e t e r .  T h is  a n a l y s i s  f u r t h e r  

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

L i n e a r i t y  o f  t h e  s u b j e c t ' s  a t t e n u a t o r  ( A t t e n u a t o r  I I -  

**4 dB r a n g e ,  1 dB s t e p s )  was c h e c k e d  b o th  a c o u s t i c a l l y  and
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A / W

F i g u r e  8 .  Peak c l i p p i n g  c h a r a c t e r i s t i c s  o f  th e  l i m i t e r  
f o r  a  1 KHz p u re  t o n e  i n p u t  s i g n a l ,  m easu red  
e l e c t r i c a l l y  a t  t h e  i n p u t  to  t h e  e a rp h o n e s  
( u p p e r  t r a c i n g )  and  a c o u s t i c a l l y  i n  a  6 cc 
c o u p l e r  ( l o w e r  t r a c i n g )  a t  t h e  e a rp h o n e  
o u t p u t  ( t r a c i n g  o f  o s c i l l o s c o p e  p h o t o g r a p h ) 0
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e l e c t r i c a l l y  w i th  t h e  e a rp h o n e  lo a d e d  b y  a  6 cc  c o u p l e r ,  

u s i n g  a  v o l t m e t e r  ( H e w l e t t - P a c k a r d ,  m odel 400 F L ) ,  I n d i ­

v i d u a l  s t e p s  n e v e r  v a r i e d  b y  more t h a n  , 1  dB from  t h e i r  

e x p e c te d  v a lu e  a n d  a  t o t a l  a t t e n u a t i o n  r a n g e  o f  4 3 ,7  dB 

was m ea su re d  b e tw e e n  t h e  f u l l y - o n  and  f u l l y - o f f  a t t e n u a t o r  

p o s i t i o n s .

The DC v o l t a g e  m o n i t o r i n g  s y s te m ,  c o n n e c te d  t o  t h e  

s u b j e c t ' s  a t t e n u a t o r ,  was c a l i b r a t e d  u s i n g  a  35 v o l t ,  20 

m i l l i a m p  i n p u t  f ro m  t h e  r e g u l a t e d  low  v o l t a g e  pow er s u p p l y .  

The s u b j e c t ' s  a t t e n u a t o r  was a d j u s t e d  i n  1 dB s t e p s  o v e r  

i t s  44  dB r a n g e  and  t h e  c o r r e s p o n d i n g  DC v o l t a g e  l e v e l s ,  

a s  m e a su re d  on a  DC v o l t m e t e r ,  w ere  r e c o r d e d .  T hese  l e v e l s  

w ere  r e f e r r e d  t o  t h r o u g h o u t  t h e  e x p e r im e n t  f o r  d e t e r m i n i n g  

l i s t e n e r  c o n t r o l l e d  a d j u s t m e n t s  o f  th e  s u b j e c t ' s  a t t e n u a t o r .  

L e v e l  a d j u s t m e n t s  i n d i r e c t l y  d e r i v e d  i n  t h i s  m anner were 

a c c u r a t e  t o  w i t h i n  + 1 dB o f  t h e  l i s t e n e r ' s  a c t u a l  a d j u s t ­

m en t .

I n h e r e n t  s y s te m  n o i s e  i n  dB SPL f o r  b o th  s l o p e  

c o n d i t i o n s  was m ea su re d  a c o u s t i c a l l y  a t  t h e  e a rp h o n e  o u t ­

p u t  i n  a  6 cc c o u p l e r  f o r  o c ta v e  b a n d s  b e tw ee n  125 and 

8000 Hz. The s p e c t r u m  l e v e l  w i t h i n  e a c h  o c ta v e  band was 

m ea su re d  and t h e  c r i t i c a l  band  l e v e l s  w ere  d e te r m in e d  f o r  

b an d s  c e n t e r e d  a ro u n d  t h e  o c ta v e  band c e n t e r  f r e q u e n c i e s .

Two s e t s  o f  c a l c u l a t i o n s  w ere  made, one u s i n g  F l e t c h e r ' s  

(1953) c r i t i c a l  b a n d w id th s  f o r  m ask in g  and  th e  o t h e r  u s i n g  

t h e  b r o a d e r  c r i t i c a l  b a n d w id th s ,  r e p o r t e d  by Z w ic k e r ,  e t  

a l .  ( 1 9 5 7 ) .  F o r  b o th  s e t s  o f  c a l c u l a t i o n s  t h e  l e v e l s
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w i t h i n  a  c r i t i c a l  band w ere  s u f f i c i e n t l y  b e lo w  s u b j e c t s '  

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

f e r i n g  b a c k g ro u n d  n o i s e  l e v e l s  o r  m ask in g  e f f e c t s  when 

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

o v e r a l l  l e v e l  o f  s y s te m  n o i s e  w i t h i n  a  125-8000  Hz band 

was a p p r o x i m a t e l y  k-6 dB SPL f o r  t h e  0 d B /o c ta v e  f r e q u e n c y  

r e s p o n s e  s l o p e  and a p p r o x i m a t e ly  52 dB SPL f o r  t h e  +6 d B /  

o c t a v e  f r e q u e n c y  r e s p o n s e  s l o p e .  T h is  l e v e l  was n o t  

i n f l u e n c e d  by  t h e  s e t t i n g  o f  t h e  s u b j e c t ' s  a t t e n u a t o r .

S p e c i a l  C a l i b r a t i o n  P r o c e d u r e s

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

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

was d e v e lo p e d  l o r  e s t a b l i s h i n g  t h e  p la y b a c k  s y s t e m 's  

s a t u r a t i n g  c h a r a c t e r i s t i c s  w i t h  r e s p e c t  t o  t h e  p e ak  l e v e l s  

o f  t h e  r e c o r d e d  sp e e c h  s t i m u l i .  T h is  p r o c e d u r e  em ployed 

a  p e a k  e q u i v a l e n t  m ethod  f o r  e q u a t i n g  t h e  t r a n s i e n t  p e a k s  

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

The t r i g g e r  l e v e l  o f  a n  o s c i l l o s c o p e  was u s e d  t o  p ro d u c e  

a n  o u t p u t  e v e r y  t im e  a  p r e s c r i b e d  l e v e l  was e x c e e d e d .

The t r i g g e r  u n i t  h ad  a n  e x c e e d i n g ly  f a s t  t im e  c o n s t a n t  

( a p p r o x i m a t e l y  5 n a n o s e c o n d s ) ,  w h ich  was c o n s i d e r e d  

s u i t a b l e  f o r  m o n i t o r i n g  i n s t a n t a n e o u s  sp e e c h  p e a k s .  An 

e l e c t r o n i c  c o u n t e r  ( G r a s o n - S t a d l e r ,  m odel 1219) c o n t r o l l e d  

b y  a  t i m e r  ( G r a s o n - S t a d l e r ,  m odel 1216A) and  a s s o c i a t e d  

l o g i c  e q u ip m e n t  ( G r a s o n - S t a d l e r ,  1200 s e r i e s )  was used  

f o r  c o u n t i n g  t h e  s p e e c h  p e a k s 0 The t i m e r  was a d j u s t e d  so
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t h a t  o n ly  one t r i g g e r  p e r  t e s t  word c o u ld  be  c o u n te d .

M o d if ie d  v e r s i o n s  o f  t h e  t e s t  t a p e s  u s e d  i n  th e  

e x p e r im e n t  w ere  r e q u i r e d  f o r  p e r f o r m in g  t h i s  c a l i b r a t i o n  

p r o c e d u r e .  T hese  t a p e s  w ere  e q u i v a l e n t  r e c o r d i n g s  o f  two 

o f  t h e  NU#6 t e s t  l i s t s  u se d  i n  th e  s t u d y  ( q u i e t  b a c k g ro u n d )  

w i t h  c a r r i e r  p h r a s e s  d e l e t e d .  T hese  l i s t s  e n a b le d  d e t e r ­

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

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

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

T h is  c a l i b r a t i o n  p r o c e d u r e  was a c c o m p l i s h e d  i n  two 

s t a g e s .  The f i r s t  s t a g e  i n v o lv e d  d e r i v i n g  a  c a l i b r a t i o n  

t e s t  s i g n a l  f o r  a d j u s t i n g  a l l  com ponen ts  o f  t h e  p la y b a c k  

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

l i m i t i n g .  A 1 KHz p u r e  to n e  c a l i b r a t i o n  i n p u t  s i g n a l ,  

w h ich  e x c e e d e d  t h e  h i g h e s t  p e a k s  o f  t h e  r e c o r d e d  sp e e c h  

s t i m u l i  by  3 .5  dB, was u se d  f o r  t h i s  p u r p o s e .  The l e v e l  

o f  a  1 KHz p u re  t o n e  i n p u t  s i g n a l  from  a  f u n c t i o n  g e n e r a t o r  

' ( T e k t r o n i x ,  m odel F65Q1) was a d j u s t e d  t o  ex ceed  t h e  l e v e l  

o f  t h e  r e c o r d e d  c a l i b r a t i o n  s i g n a l  on t h e  NU#6 t e s t  t a p e  

b y  a p p r o x i m a t e ly  12 dB. Then t h e  s e n s i t i v i t y  o f  t h e  o s c i l ­

l o s c o p e ' s  t r i g g e r  u n i t ,  p l a c e d  i n  p a r a l l e l  w i th  t h e  t a p e  

r e c o r d e r  o u t p u t ,  was a d j u s t e d  to  be  j u s t  a c t i v a t e d  a t  t h i s  

l e v e l ,  a s  m ea su re d  on t h e  c o u n t e r .  The s p e e c h  s i g n a l  was 

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

o f  i t s  p e a k s  was com pared  w i th  t h e  p u re  t o n e ' s  p e a k  v i a  

t h e  t r i g g e r  t h r e s h o l d .  W ith t h e  s p e e c h  s i g n a l  r e p e a t e d l y  

p la y e d  b a c k  v i a  t h e  t a p e  r e c o r d e r ,  t h e  l e v e l  o f  t h e  to n e
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a n d  t h e  t r i g g e r  s e n s i t i v i t y  w ere  s y s t e m a t i c a l l y  a d j u s t e d .  

I n  t h i s  m an ner ,  a  c a l i b r a t i o n  s i g n a l  was o b t a i n e d  w hich  

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

more t h a n  1 dB. The c a l i b r a t i o n  s i g n a l  was r a i s e d  by  a n  

a d d i t i o n a l  3*5 dB, c o r r e s p o n d i n g  t o  t h e  maximum l e v e l  

i n d i c a t e d  on t h e  t a p e  r e c o r d e r ’ s VU m e t e r  ( i . e . ,  + 3  dB 

VU), p r o v i d i n g  a  c o n v e n i e n t  r e f e r e n c e  p o i n t  and  a d d i t i o n a l  

headroom  b e tw e e n  t h e  c a l i b r a t i o n  to n e  a n d  t h e  p e a k s  o f  

t h e  sp e e c h  s t i m u l u s .

The s y s t e m 's  o u t p u t  f o r  t h e  c a l i b r a t i o n  s i g n a l  was 

a d j u s t e d  f o r  a  120 dB SPL s a t u r a t i o n  t h r e s h o l d  ( s e e  f o o t ­

n o te  5)» a s  m ea su re d  a c o u s t i c a l l y  th r o u g h  t h e  TDH-49 

r e c e i v e r  i n  a  6 cc  c o u p l e r .  A p p r o p r i a t e  a d ju s tm e n t s  were 

made, w h e re v e r  n e c e s s a r y ,  f o r  e n s u r i n g  a d e q u a te  pow er and 

a m p l i tu d e  h a n d l i n g  c a p a c i t y  f o r  a l l  com ponen ts  o u t s i d e  t h e  

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

t h e  s t u d y .

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

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

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

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

S p e c i f i c a l l y ,  t h i s  i n v o lv e d  c a l i b r a t i o n  a t  th e  l o c a t i o n  o f  

t h e  s u b j e c t s *  a t t e n u a t o r  su c h  t h a t  a l l  l i s t e n i n g  l e v e l s  

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

t h r e s h o l d  f o r  e ac h  c o m b in a t io n  o f  SSPL a n d  f r e q u e n c y  

r e s p o n s e .

The f i r s t  s t e p  i n v o lv e d  a d j u s t i n g  t h e  t h r e s h o l d
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l e v e l  o f  t h e  t r i g g e r  u n i t  su c h  t h a t  a  1 KHz to n e  a t  t h i s  

l e v e l  p ro d u c e d  5f° THD a t  a n  o u t p u t  o f  120 dB SPL. T h is  

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

a t  120 dB SSPL. The 1 KHz s i g n a l  was t h e n  r e p l a c e d  w i th  

t h e  m o d i f i e d  v e r s i o n  o f  a n  NU#6 t e s t  l i s t  and  t h e  s p e e c h  

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

a t t e n u a t o r  t o  a  l e v e l  w here  c l i p p i n g  o c c u r r e d  on 10$ o f  

t h e  t e s t  w ords ( i . e . , t h e  e l e c t r o n i c  c o u n t e r  showed c l i p ­

p i n g  on f i v e  w o r d s ) .  T h i s  a d j u s t m e n t  c o r r e s p o n d e d  t o  a  

s e t t i n g  o f  5 dB o f  a t t e n u a t i o n  on t h e  s u b j e c t ' s  a t t e n u a t o r  

f o r  t h e  f l a t  f r e q u e n c y  r e s p o n s e  c o n d i t i o n .  F o r  t h e  +6  d B /  

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

fo u n d  t o  be  13 dB on t h e  s u b j e c t ' s  a t t e n u a t o r .  T h is  was 

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

e n e r g y  p e a k s  o f  t h e  f r i c a t i v e s  b y  a s  much a s  8 dB r e l a t i v e
/

t o  t h e  f l a t  c o n d i t i o n .  A t t e n u a t o r  a d j u s t e d  l e v e l s  w ere  

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

NU#6 t e s t  l i s t s  an d  t h e  c r i t e r i o n  o f  10$ was w i t h i n  3 dB 

o f  no c l i p p i n g  f o r  b o th  f r e q u e n c y  r e s p o n s e  c o n d i t i o n s .

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

tem  f o r  e a c h  c o m b in a t io n  o f  SSPL a n d  f r e q u e n c y  r e s p o n s e  c a n  

be  d e r i v e d  b y  c o n s i d e r i n g  t h e  two e x tre m e  c o n d i t i o n s .  F o r  

t h e  120 dB SSPL, 0 d B /o c t a v e  c o n d i t i o n ,  0 dB a t t e n u a t i o n  

i s  e q u a l  t o  5 dB o f  c l i p p i n g .  F o r  t h e  100 dB SSPL, +6 d B / 

o c t a v e  c o n d i t i o n ,  0 dB a t t e n u a t i o n  i s  e q u a l  t o  33 dB o f  

c l i p p i n g .  T h e r e f o r e ,  d e p e n d in g  on t h e  a t t e n u a t o r  s e t t i n g  

a n d  t h e  c o n d i t i o n  u n d e r  t e s t ,  anyw here  from  0 t o  33 dB
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p e a k  c l i p p i n g  o f  t h e  t e s t  s i g n a l  was p o s s i b l e .

T e s t  M a t e r i a l s

I n t e l l i g i b i l i t y  L i s t s

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

d o m iz a t io n s  o f  t h r e e  word l i s t s  (A ppend ix  C) from  t h e  

N o r th w e s t e r n  U n i v e r s i t y  A u d i to r y  T e s t  #6 (NU#6), d e v e lo p e d  

b y  T i l lm a n  a n d  C a r h a r t  (1 9 6 6 ) .  Each l i s t  i s  p h o n e m ic a l ly  

b a l a n c e d  a n d  c o n t a i n s  f i f t y  m o n o s y l la b ic  w ords o f  a  c o n -  

s o n a n t - n u c l e u s - c o n s o n a n t  (GNC) c o n s t r u c t i o n .

R e c o rd in g s  o f  t h e s e  NU#6 l i s t s ,  a s  p r e p a r e d  by  

S o m m e rv i l le  ( 1 9 6 7 ) ,  w e re  u s e d  i n  t h i s  i n v e s t i g a t i o n .  T hese  

r e c o r d i n g s  w ere  made u s i n g  a  m ale  t a l k e r  d e s c r i b e d  a s  h a v ­

i n g  a  " g e n e r a l  A m erican  d i a l e c t , "  A l l  t e s t  w ords w ere  p r e ­

c e d e d  by  t h e  c a r r i e r  p h r a s e  " s a y  t h e  w o rd ,"  and  a  ^ . 5  

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

o f  t e s t  w ords w i t h i n  e a c h  l i s t .  A 1000 Hz c a l i b r a t i o n  

t o n e  c o r r e s p o n d i n g  t o  t h e  p e a k  VU m e te r  r e a d i n g  f o r  th e  

l e v e l  m o n i to r e d  c a r r i e r  p h r a s e  was r e c o r d e d  w i th  e a c h  l i s t .  

The t a r g e t  t e s t  word f o l lo w e d  t h e  c a r r i e r  p h r a s e  a s  a  

n a t u r a l  u t t e r a n c e .

R e s e a rc h  p e r f o rm e d  by  S o m m e rv i l le  w i t h  t h e s e  t a p e s  

d e m o n s t r a te d  good i n t e r -  an d  i n t r a - l i s t  c o m p a r a b i l i t y  f o r  

a  g ro u p  o f  n o rm a l  h e a r i n g  l i s t e n e r s .  No s i g n i f i c a n t  d i f ­

f e r e n c e  i n  p e r fo rm a n c e  b e tw e e n  o r d e r s  o f  t h e  same l i s t  was 

m easu red  a n d  a  s i g n i f i c a n t  d i f f e r e n c e  i n  p e r fo rm a n c e  b e ­

tw e e n  l i s t s  o c c u r r e d  o n ly  a t  a  4 dB SL p r e s e n t a t i o n  l e v e l .
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F i n a l l y ,  an  a r t i c u l a t i o n  g a i n  f u n c t i o n  s l o p e  ( a p p r o x im a te ­

l y  5%/d.B ) ,  t y p i c a l  o f  su c h  t e s t s ,  was r e p o r t e d , .

M o d if ie d  I n t e l l i g i b i l i t y  L i s t s

I n  a d d i t i o n  t o  t h e  t e s t  l i s t s  d e s c r i b e d  a b o v e ,  

t h r e e  m o d i f i e d  l i s t s  w ere  p re p a re d , ,  E ach  l i s t  c o n s i s t e d  

o f  NU#6 t e s t  w ords w i t h  c a r r i e r  p h r a s e s  rem oved b y  means 

o f  a  c o m p u te r  im p le m e n te d  e d i t i n g  p r o c e s s . ,  Two o f  t h e s e  

l i s t s  w ere  u se d  f o r  s e t t i n g  t h e  c l i p p i n g  l e v e l  o f  t h e  t e s t  

s y s te m  a s  d e s c r i b e d  e a r l i e r , ,  T hese  l i s t s  w ere  two r a n ­

d o m iz a t io n s  o f  NU#6 word l i s t s  ( L i s t s  2A and  3C)„ P r e ­

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

v a le n c y  o f  t h e  s y s t e m 's  c h a r a c t e r i s t i c s  f o r  two o f  t h e  

t h r e e  NU#6 word l i s t s  a c t u a l l y  u s e d  i n  t h i s  e x p e r im e n t .

A t h i r d ,  c o n c a t e n a t e d  word l i s t ,  was u s e d  f o r  p r e ­

f e r r e d  l i s t e n i n g  l e v e l  a d j u s t m e n t s .  The c o n c a t e n a t e d  

l e v e l  a d j u s t m e n t s  l i s t  c o n t a i n e d  kZ NU#6 w ords (A ppen d ix  D ), 

w i th  1^  w ords r a n d o m ly  s e l e c t e d  from  e ac h  o f  t h e  t h r e e  t e s t  

l i s t s ,  so  a s  t o  c o n t r o l  f o r  a n y  l e a r n i n g  e f f e c t s  t a k i n g  

p l a c e  d u r i n g  l e v e l  a d j u s t m e n t s  w h ich  c o u ld  i n f l u e n c e  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 .  I n  a d d i t i o n  t o  r e m o v a l  o f  t h e  

c a r r i e r  p h r a s e ,  i n t e r s t i m u l u s  i n t e r v a l s  ( i . e . ,  ^ , 5  s e c o n d s )  

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

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

i n g  l e v e l .  The l i s t  was r e p e a t e d  t w i c e ,  r e s u l t i n g  i n  a n  

u n i n t e r r u p t e d  s t r i n g  o f  m o n o s y l l a b l e s  o f  a p p r o x i m a t e ly  

1 - 3 / ^  m in u te s  d u r a t i o n .
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The r a t i o n a l e  u n d e r l y i n g  t h e  p r e p a r a t i o n  o f  word 

l i s t s  w i th  t h e  c a r r i e r  p h r a s e  e l i m i n a t e d  was t h a t  r e t e n ­

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

i n t e r f e r e d  w i th  a d j u s t m e n t s  o f  t h e  t e s t  s y s t e m 's  s a t u r a t i o n  

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

l i s t e n i n g  l e v e l s  f o r  t h e  t e s t  w o rd s .  T h is  p o t e n t i a l  

p ro b le m  was u n d e r s c o r e d  b y  t h e  f a c t  t h a t  t h e  i n i t i a l  / s /  

phoneme o f  t h e  f i r s t  word o f  t h e  c a r r i e r  p h r a s e  was fo u n d  

t o  c o n t a i n  h ig h  l e v e l s  o f  h i g h  f r e q u e n c y  e n e r g y  w h ich , 

p a r t i c u l a r l y  f o r  t h e  h i g h  f r e q u e n c y  (+6 d B /o c t a v e )  em p h as is  

c o n d i t i o n ,  a lm o s t  a lw a y s  e x c e e d e d  t h e  s a t u r a t i o n  t h r e s h o l d  

o f  t h e  t e s t  s y s te m  b e f o r e  a n y  o f  t h e  a c t u a l  t e s t  w ords .

B ackground  N oise

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

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

b y  R e s n ic k  f o r  u s e  i n  a  p r e v i o u s  s t u d y  ( L e v i t t ,  e t  a l . , 

1978 , p p .  5 o3 6 - 5 o37)»  P r o c e s s i n g  o f  t h e  o r i g i n a l  t a p e  

i n c l u d e d  e x t e n s i v e  e q u a l i z a t i o n  a n d  e d i t i n g .  T hese  p r o ­

c e s s e s  r e s u l t e d  i n  a  tw o -m in u te  s e g m e n t ,  from  w hich  a l l  

c l e a r l y  i n t e l l i g i b l e  m a t e r i a l s  and  e x tre m e  t r a n s i e n t s  

w ere  rem oved and  f o r  w h ich  no p e a k s  d e v i a t e d  b y  more t h a n  

1 .5  dB from  t h e  o v e r a l l  a v e r a g e .  L o n g er  se g m e n ts  o f  t h i s  

t a p e  w ere  g e n e r a t e d  b y  m eans o f  a  t a p e  l o o p .  T h is  m a t e r i a l  

was s e l e c t e d  a s  a  c o m p e t in g  s i g n a l  on t h e  b a s i s  t h a t  i t  

had  more f a c e  v a l i d i t y  i n  s i m u l a t i n g  c o n d i t i o n s  o f  a c t u a l  

h e a r i n g  a i d  u s e  t h a n  n o i s e  s t i m u l i  w hich  a r e  m a t h e m a t i c a l ly
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m ore e a s i l y  d e f i n e d  ( e . g . ,  w h i te  n o i s e ,  s p e e c h - s p e c t r u m  

n o i s e ) .

I n  o r d e r  t o  i n v e s t i g a t e  b a c k g ro u n d  n o i s e  e f f e c t s  

w i t h i n  t h e  c o n t e x t s  o f  t h i s  s t u d y ,  two s i g n a l - t o - n o i s e  

r a t i o s  w ere  u s e d ,  n o m in a l ly  q u i e t  ( i . e . ,  l i m i t e d  by  s y s te m  

n o i s e )  an d  +7 dB S /N . An e f f e c t i v e  s i g n a l  t o  s y s te m  n o i s e  

r a t i o  o f  b e t t e r  t h a n  +35 dB was a c h i e v e d  u n d e r  a l l  l i s ­

t e n i n g  c o n d i t i o n s .  The +7 dB S/N n o i s e  c o n d i t i o n  was 

s e l e c t e d  on t h e  b a s i s  o f  p r e v i o u s  e x p e r i e n c e  w i th  h e a r i n g  

im p a i re d  l i s t e n e r s  o f  s i m i l a r  c h a r a c t e r i s t i c s ,  f o r  w hich  

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

among a  v a r i e t y  o f  h e a r i n g  a i d s  ( S tu d e b a k e r ,  e t  a l „ ,  1 9 8 0 ) .

R e c o rd in g  o f  T e s t  M a t e r i a l s  -  E qu ipm en t and  P ro c e d u re  

I n t e l l i g i b i l i t y  T e s t  L i s t s

C o p ies  o f  each  o f  t h e  r e c o r d i n g s  o f  f o u r  ra n d o m iz a ­

t i o n s  o f  t h e  t h r e e  NU#6 l i s t s  w ere  p r e p a r e d  f o r  b o th  q u i e t  

and  b a c k g ro u n d  n o i s e  c o n d i t i o n s .  A l l  r e c o r d i n g s  w ere  made

u s i n g  h ig h  o u t p u t ,  low  n o i s e  r e c o r d i n g  t a p e  ( S c o tc h  2 0 6 ) .
/

The r e c o r d i n g  s y s te m  c o n s i s t e d  o f  two t a p e  r e c o r d e r s  

(Revox B- 7 7 )  f o r  p l a y i n g  b a c k  t h e  m a s t e r  r e c o r d i n g s  o f  t h e  

NU#6 t e s t  a n d  t h e  c a f e t e r i a  n o i s e ,  one a m p l i f i e r - m i x e r  

( S w i t c h c r a f t ,  m odel 308TR) f o r  c o m b in in g  t e s t  m a t e r i a l s  

i n t o  one c h a n n e l  f o r  t h e  b a c k g ro u n d  n o i s e  c o n d i t i o n  and  

one t a p e  r e c o r d e r  (Ampex ^ O B )  f o r  r e c o r d i n g  t h e  o u t p u t  

s i g n a l  from  t h e  m ix e r .  S i g n a l - t o - n o i s e  a d ju s tm e n t s  f o r  

t h e  b a ck g ro u n d  n o i s e  c o n d i t i o n  w ere made by  a d j u s t i n g  th e  

g a i n  o f  t h e  m i x e r ' s  i n d i v i d u a l  c h a n n e l s  u n t i l  t h e
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a p p r o p r i a t e  v a lu e s  w ere  r e a c h e d  f o r  t h e  i n t e r n a l  c a l i b r a ­

t i o n  s i g n a l s  on t h e  m a s t e r  t a p e s ,  a s  m o n i to r e d  on a n  AC 

v o l t m e t e r  (H e w le t t  P a c k a r d ,  m odel ^00 F L ) ,  p l a c e d  i n  

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

The 1000 Hz c a l i b r a t i o n  s i g n a l  on t h e  NU#6 t e s t  t a p e  was 

u s e d  t o  a d j u s t  t h e  r e c o r d i n g  l e v e l .  T h is  c a l i b r a t i o n  t o n e ,  

w h ich  was s e t  t o  t h e  p e a k  VU l e v e l  o f  t h e  c a r r i e r  p h r a s e ,  

was c o n s e r v a t i v e l y  a d j u s t e d  ( -1 0  VU) t o  a l l o w  s u f f i c i e n t  

h e a d  room ( i . e . ,  16 VU) f o r  t h e  h ig h  p e a k  f a c t o r  c h a r a c ­

t e r i s t i c  o f  s p e e c h  s t i m u l i o  A b lo c k  d ia g ra m  o f  t h e  r e ­

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

l i s t s  i s  shown i n  F i g u r e  9 .

C a l i b r a t i o n  o f  t h e  r e c o r d i n g  s y s te m  was p e rfo rm e d  

u s i n g  t h e  same f r e q u e n c y  r e s p o n s e  c a l i b r a t i o n  eq u ip m en t 

d e s c r i b e d  e a r l i e r  f o r  t h e  p la y b a c k  s y s te m .  The sw eep f r e ­

q u e n cy  o u t p u t  from  t h e  s i n e  random  g e n e r a t o r  was d e l i v e r e d  

th r o u g h  t h e  i n d i v i d u a l  p l a y b a c k  a n d  m ix in g  c h a n n e l s  and 

r e c o r d e d  on t h e  Ampex t a p e  r e c o r d e r .  The r e c o r d e d  sweep 

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

g r a p h i c  l e v e l  r e c o r d e r  w hich  was m e c h a n i c a l l y  s y n c h r o n iz e d  

w i th  t h e  s i n e  random  g e n e r a t o r .  F i g u r e  10 shows t h e  f r e ­

q u e n cy  r e s p o n s e  o f  t h e  r e c o r d i n g  s y s te m .  Note t h a t  t h e  

f r e q u e n c y  a x i s  was a d j u s t e d  f o r  t h e  p la y b a c k  d e l a y .  The 

f r e q u e n c y  r e s p o n s e  was v i r t u a l l y  f l a t  (+ ,5  dB) o v e r  th e  

f r e q u e n c y  r a n g e  o f  a p p r o x i m a t e l y  1 0 0 -1 0 ,0 0 0  Hz. I n  a d d i ­

t i o n  t o  t h i s  o v e r a l l  c a l i b r a t i o n  o f  th e  t e s t  s y s te m ,  th e  

r e p r o d u c e  c h a r a c t e r i s t i c s  o f  t h e  p la y b a c k  t a p e  r e c o r d e r s



MIXER

TAPE RECORDER

PLAYBACK

(SPEECH)

RECORD 
TAPE RECORDER

(SPEECH/ 
SPEECH & NOISE)

TAPE RECORDER

PLAYBACK

(NOISE)

F ig u r e  9 . B lock  d iag ra m  o f  t h e  r e c o r d i n g  s y s te m .



Re
la
ti
ve
 

Le
ve
l 

(d
B

20

10

1000  2000  5000  10000  20000100 200
Frequency, Hz

Figure io. Frequency response of the system used for recording speech 
intelligibility lists.

Vj\



76

w ere  c h e c k e d  and  v e r i f i e d  a s  f l a t  (+ 1 dB) by  m eans o f  an  

NAB r e p r o d u c e - a l i g n m e n t  t a p e  (Ampex), The s p e e d s  o f  a l l  

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

M o d if ie d  NU#6 L i s t s

As n o t e d  i n  a  p r e v i o u s  s e c t i o n ,  two m o d i f i e d  v e r ­

s i o n s  o f  NU#6 t e s t  m a t e r i a l s  w ere  p r e p a r e d  f o r  c a l i b r a t i o n  

a n d  p r e f e r r e d  l i s t e n i n g  l e v e l  a d j u s t m e n t s .  T apes o f  t h e s e  

v e r s i o n s  w ere  dubbed  f ro m  t h e  s t a n d a r d  NU#6 l i s t s  w h i l e  

rem o v in g  t h e i r  c a r r i e r  p h r a s e s .  T h is  was done by  means o f  

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

c o m p u te r  s y s t e m .^  The c e n t r a l  com ponent o f  t h i s  s y s te m  

c o n s i s t e d  o f  a  DEC PDP 8 / e  c o m p u te r  ( c o r e  memory, 16 k , 12 

b i t  w o rd s )  i n t e r f a c e d  w i th  a  t a p e  r e c o r d e r  (TEAG, m odel 

A 7030), f i l t e r  ( A l l i s o n ,  m odel A12B), s t o r a g e  o s c i l l o s c o p e  

( T e k t r o n i x ,  RM503)» k e y b o a rd  ( D i g i t a l  DEC s c o p e )  a n d  c o n ­

t r o l  box ( c u s t o m - b u i l t ) .  A b l o c k  d ia g ra m  o f  t h i s  s y s te m  

i s  shown i n  F i g u r e  1 1 .

S peech  was l o w - p a s s  f i l t e r e d  ( a p p r o x i m a t e l y  9 KHz) 

and  sam p led  a t  a  f r e q u e n c y  o f  20 KHz u s i n g  a  12 b i t  q u a n ­

t i z e r .  The d i s k - s t o r e d  d i g i t i z e d  s i g n a l  c o u ld  be  p l a y e d  

b a c k  w h i le  b e in g  m o n i to r e d  s i m u l t a n e o u s l y  th ro u g h  a  lo u d ­

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

s c o p e .  The c o n t r o l  box  c o n t a i n e d  b o th  c o a r s e  a n d  f i n e  

a d ju s tm e n t  knobs f o r  a d j u s t i n g  t h e  s t a r t  a n d  s t o p  t im e s  

6
T h is  sy s te m  was d e v e lo p e d  by  D r. R ic h a rd  E.G. W h ite .

A more c o m p le te  d e s c r i p t i o n  o f  t h i s  s y s te m  can  be  fo u n d  
i n  O s b e rg e r  (1978 , p p .  4 -5-51).
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o f  t h e  s t o r e d  s i g n a l ,  p e r m i t t i n g  d u r a t i o n  a d ju s tm e n t s  

r a n g i n g  i n  s t e p s  f ro m  0 .0 5  m secs t o  3 s e c o n d s .  The s t a r t  

an d  s t o p  t im e s  o f  t h e s e  i n t e r v a l s  w ere  d i s p l a y e d  on a  k e y ­

b o a r d  m o n i t o r .

A l l  NU#6 m a t e r i a l s  w ere  p la y e d  i n t o  th e  c o m p u te r  

from  t h e  TEAG t a p e  r e c o r d e r  w i t h  s t e p s  t a k e n  t o  i n s u r e  

l i n e a r  a m p l i tu d e  d i g i t i z a t i o n  b y  a d j u s t i n g  t h e  p la y b a c k  

i n p u t  l e v e l  t o  t h e  c o m p u te r ,  w h i l e  m o n i t o r i n g  t h e  d i g i t i z e d  

a m p l i tu d e  l e v e l  o f  t h e  s i g n a l  on t h e  v id e o  m o n i t o r .  F o l ­

lo w in g  t h e  e d i t i n g  p r o c e s s ,  t h e  d i g i t i z e d  o u t p u t  s i g n a l  

from  t h e  c o m p u te r  was r e c o r d e d  i n  a n a l o g  form  on a n  Ampex 

t a p e  r e c o r d e r  (m odel 4 4 0 B ).  T h is  p r o c e s s  f u l l y  d e s c r i b e s  

t h e  m anner i n  w h ich  t h e  c a l i b r a t i o n  t e s t  l i s t s  w ere  p r e ­

p a r e d .  The l i s t e n i n g  l e v e l  a d j u s t m e n t  t a p e  r e q u i r e d

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

s t i m u l u s  i n t e r v a l  by  m a n u a l ly  s p l i c i n g  them  o u t ,  l e n g t h e n ­

in g  t h e  o r i g i n a l  l i s t  o f  ^2 w ords b y  a d d in g  a  d u p l i c a t e  

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

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

same r e c o r d i n g  s y s te m  shown i n  F i g u r e  9«

P r o c e d u r e s

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

e a c h  i n d i v i d u a l ’ s* a )  p r e f e r r e d  l i s t e n i n g  l e v e l  f o r  each  

o f  tw e lv e  c o n d i t i o n s ,  b )  i n t e l l i g i b i l i t y  p e r fo rm a n c e  s c o r e  

(NU#6) a t  t h r e e  p r e s e n t a t i o n  l e v e l s  f o r  eac h  o f  t h e  tw e lv e  

t e s t  c o n d i t i o n s ,  and  c )  l o u d n e s s  d i s c o m f o r t  l e v e l  (LDL)
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a t  f o u r  t e s t  f r e q u e n c i e s  ( d e s c r i b e d  e a r l i e r ) .  A l l  t e s t i n g  

was p e r fo rm e d  u s i n g  t h e  e a r  i n  w hich  t h e  s u b j e c t  r e g u l a r l y  

wore h i s / h e r  h e a r i n g  a i d .  W ith  th e  e x c e p t i o n  o f  LDL 

m e a su re m e n ts !  a l l  t e s t  s t i m u l i  ( i . e . ,  sp e e c h  m a t e r i a l s )  

were  p r e s e n t e d  th r o u g h  one TDH-49 e a rp h o n e  a n d  MX^-1/AR 

m u f f ,  m ounted  i n  a  c o n v e n t i o n a l  s p r i n g  ty p e  h e a d b a n d ,  w i th  

t h e  n o n - t e s t  e a r  u n o c c lu d e d .  The n o n - t e s t  e a r  was n o t  

o c c lu d e d  i n  o r d e r  t o  e l i m i n a t e  i n c r e a s e s  i n  so u n d  p r e s s u r e  

d e l i v e r e d  t o  t h e  n o n - t e s t  e a r  c a u s e d  by  t h e  o c c l u s i o n  

e f f e c t ,  w h i l e  more c l o s e l y  s i m u l a t i n g  c o n d i t i o n s  o f  mon­

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

The t e s t  p r o t o c o l  was d i s t r i b u t e d  o v e r  f i v e  s e s s i o n s  

c o n d u c te d  a t  w e e k ly  i n t e r v a l s .  Each s e s s i o n  l a s t e d  a p p r o x i ­

m a te ly  one and  o n e - h a l f  h o u r s .  The f i r s t  s e s s i o n  was d e ­

v o te d  t o  o r i e n t a t i o n  a n d  p r a c t i c e  w i th  a l l  o f  t h e  e x p e r i ­

m e n ta l  t e s t  p r o c e d u r e s .  T h is  i n c l u d e d  f a m i l i a r i z i n g  each  

s u b j e c t  w i th  t h e  e n t i r e  p o o l  o f  150 t e s t  words by  h a v in g  

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

w h i l e  t h e  e x a m in e r  r e a d  e a c h  word a l o u d .  I n  a d d i t i o n ,  

i n s t r u c t i o n s  f o r  a l l  t e s t  p r o c e d u r e s  w ere  r e a d  by  each  

s u b j e c t .  T hese  i n s t r u c t i o n s  a r e  i n c l u d e d  i n  A ppendix  S. 

I n s t r u c t i o n s  w ere  a l s o  r e a d  by  each  s u b j e c t  a n d  p a r a p h r a s e d  

a lo u d  by  t h e  e x a m in e r  i n  s u b s e q u e n t  t e s t  s e s s i o n s  p r i o r  t o  

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

P r e f e r r e d  L i s t e n i n g  L e v e ls  (P L L 's )

P r e f e r r e d  l i s t e n i n g  l e v e l s  (P L L 's )  w ere  o b t a in e d
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t w i c e  f o r  e a c h  o f  12 c o n d i t i o n s  u s i n g  a  3x2x2 b a la n c e d  

f a c t o r i a l  d e s i g n .  The t h r e e  f a c t o r s  w e re :  SSPL (1 2 0 , 110 

an d  100 d B ), b a c k g ro u n d  ( q u i e t ,  + 7 dB S /N ) ,  an d  f r e q u e n c y  

r e s p o n s e  s l o p e  (0 d B / o c t a v e ,  + 6  d B / o c t a v e ) .  T hese  12 

c o n d i t i o n s  w ere  p r e s e n t e d  i n  a  random  se q u e n c e  w i t h i n  

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

t h e i r  PL L 's  f o r  each  c o n d i t i o n  u s i n g  t h e  c o n t r o l  knob on 

t h e  s u b je c t® s  a t t e n u a t o r  w h i le  l i s t e n i n g  t o  t h e  l e v e l  

a d ju s tm e n t  t a p e .  The s u b j e c t ' s  a t t e n u a t o r  s e t t i n g  f o r  

e a c h  t e s t  c o n d i t i o n  was m o n i to re d  u s i n g  t h e  DC v o l t a g e  

m o n i t o r i n g  s y s te m .

I n  o r d e r  t o  p r e v e n t  a t t e n u a t o r  p o s i t i o n a l  c u e s  from  

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

w ere  t a k e n :

a )  The a t t e n u a t o r  s h a f t  was f i t t e d  w i th  a  c i r c u l a r  

knob h a v in g  no p o i n t e r  and  d e t e n t s  on th e  

c o n t r o l  knob w ere  n o t  l a b e l e d .

b )  F o l lo w in g  a n  i n d i v i d u a l ' s  PLL a d ju s tm e n t  f o r  a  

t e s t  o o n d i t i o n ,  t h e  e x a m in e r  r e s e t  t h e  p o s i t i o n  

o f  t h e  c o n t r o l  knob t o  a  ran d o m ly  s e l e c t e d  

p o s i t i o n .

c )  The s u b j e c t ' s  a t t e n u a t o r  c o n s o le  a c t u a l l y  c o n ­

s i s t e d  o f  two c a s c a d e d  a t t e n u a t o r s ,  e a c h  w i t h  a  

44  dB a t t e n u a t i o n  r a n g e ,  p r o v i d i n g  a  t o t a l  a t t e n u ­

a t i o n . r a n g e  o f  88 dB. Only one a t t e n u a t o r  was 

c o n t r o l l e d  by  t h e  s u b j e c t .  The o t h e r  a t t e n u a t o r  

was c o n t r o l l e d  b y  th e  e x a m in e r .  The s u b j e c t  was
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un aw are  o f  t h e  s e t t i n g  o f  th e  se c o n d  a t t e n u a t o r .

I n t e l l i g i b i l i t y  T e s t i n g

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

m i n i s t e r e d  t o  e a c h  s u b j e c t .  A 3x2x2x3 b a l a n c e d  f a c t o r i a l  

d e s i g n  was u s e d .  The f o u r  f a c t o r s  w ere* SSPL, f r e q u e n c y  

r e s p o n s e  s l o p e ,  b a c k g ro u n d  n o i s e  a n d  p r e s e n t a t i o n  l e v e l .

T h re e  p r e s e n t a t i o n  l e v e l s  w ere  u s e d .  T hese  t h r e e  p r e s e n t a ­

t i o n  l e v e l s  w ere  t h e  PL L 's  o b t a i n e d  i n  t h e  f i r s t  t e s t  s e s ­

s i o n  f o r  e ac h  s u b j e c t .  F o r  e x am p le ,  i f  f o r  a  g i v e n  com bin a ­

t i o n  o f  f r e q u e n c y  r e s p o n s e  and b a c k g ro u n d ,  t h e  PLL was X dB 

a t  a n  SSPL o f  1 2 0 , Y dB a t  a n  SSPL o f  110 and  Z dB a t  a n  

SSPL o f  1 00 , t h e n  l e v e l s  X, Y and Z w ere  u s e d  a s  p r e s e n t a ­

t i o n  l e v e l s  f o r  i n t e l l i g i b i l i t y  t e s t i n g  f o r  e a c h  c o m b in a t io n
/

o f  SSPL, f r e q u e n c y  r e s p o n s e  and b a c k g ro u n d .  I n c l u s i o n  o f  

t h e s e  o t h e r  l e v e l s ,  i n  a d d i t i o n  t o  t h e  i n d i v i d u a l ' s  PLL, a s  

a n  i n t e l l i g i b i l i t y  t e s t  p r e s e n t a t i o n  l e v e l ,  p r o v id e d  a n  

o p p o r t u n i t y  f o r  c o n t r a s t i n g  t h e  i n d i v i d u a l ' s  p e r fo rm a n c e  a t  

h i s / h e r  PLL w i th  p e r f o r m a n c e  a t  s u b j e c t i v e l y  l e s s  d e s i r a b l e  

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

c h o ic e  o f  PLL. I t  a l s o  p r o v id e d  a n  o p p o r t u n i t y  f o r  s t u d y ­

in g  t h e  e f f e c t s  o f  p e ak  c l i p p i n g  on s p e e c h  i n t e l l i g i b i l i t y ,  

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

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

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

t y  c o n d i t i o n s  r u n  i n  e a c h  s e s s i o n .  One NU#6 word l i s t  was 

u s e d  f o r  e ac h  c o n d i t i o n .  NU#6 l i s t  o r d e r s  and  r a n d o m iz a t io n s  

w ere  v a r i e d  a c r o s s  s u b j e c t s  and  s e s s i o n s  and e v e n ly  d i s t r i b u t ­

ed w i t h i n  each  s e s s i o n .



82

CHAPTER IV 

RESULTS

The m ain  p a r t  o f  t h e  e x p e r im e n t  was c o m p r is e d  o f
I

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

p r e f e r r e d  l i s t e n i n g  l e v e l s  (PLL) tw i c e  f o r  tw e lv e  e x p e r i ­

m e n ta l  c o n d i t i o n s  p e r  s u b j e c t  (3 S S P L 's  x 2 b a c k g ro u n d s  x 

2 f r e q u e n c y  r e s p o n s e  s l o p e s )  an d  t h e  se c o n d  d e s i g n  was 

u se d  i n  t h e  m ea su re m e n t  o f  s p e e c h  i n t e l l i g i b i l i t y  f o r  

t h i r t y - s i x  e x p e r i m e n t a l  c o n d i t i o n s  p e r  s u b j e c t  (3 S S P L 's  x 

2 b a c k g ro u n d s  x  2 f r e q u e n c y  r e s p o n s e  s l o p e s  x 3 p r e s e n t a ­

t i o n  l e v e l s ) .  D a ta  f rom  t h e  se c o n d  d e s i g n  w ere  a l s o  a n a ­

ly z e d  u s i n g  v a r i o u s  c o m b in a t io n s  o f  f a c t o r s  f rom  w i t h i n  

t h e  m ain  d e s i g n .

The p r i m a r y  q u e s t i o n  w i th  r e g a r d  t o  l i s t e n i n g  

l e v e l  w a s »

a )  What i s  t h e  r e l a t i o n s h i p  b e tw e e n  o u t p u t  l i m i t i n g  

l e v e l  and  l i s t e n e r  a d j u s t e d  P L L 's?

S e c o n d a ry  q u e s t i o n s  r e l e v a n t  t o  t h e  s t u d y  o f  PLL r e l i a b i ­

l i t y  w e r e «

b )  Are P L L 's  c o n s i s t e n t  a c r o s s  t e s t  s e s s i o n s ?

c )  What i s  t h e  m a g n i tu d e  o f  PLL t e s t - r e t e s t  

d i f f e r e n c e s ?

The p r im a r y  q u e s t i o n  w i th  r e s p e c t  t o  s p e e c h  i n t e l l i ­

g i b i l i t y  was*
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a )  What i s  t h e  r e l a t i o n s h i p  b e tw ee n  o u tp u t  l i m i t i n g  

and  sp e e c h  i n t e l l i g i b i l i t y  p e r fo rm a n c e  m e a su re s  

a t  PLL p r e s e n t a t i o n  l e v e l s ?

S e c o n d a ry  r e s e a r c h  q u e s t i o n s  r e l e v a n t  t o  t h e  v a r i a b l e s  

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

i n c l u d e d »

b )  How d o e s  a  l i s t e n e r ' s  p e r fo rm a n c e  a t  h i s / h e r  

PLL com pare w i th  p e r fo rm a n c e  a t  o t h e r  l e v e l s ?

c )  What i s  t h e  r e l a t i o n s h i p  b e tw ee n  o u tp u t  l i m i t i n g  

i n  t h e  fo rm  o f  s y m m e t r i c a l  p e ak  c l i p p i n g  and  

s p e e c h  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 ?

Two fo rm s  o f  d a t a  r e l e v a n t  t o  t h i s  q u e s t i o n  were a v a i l a b l e .  

The f i r s t  was p r o v id e d  by  a n a l y z i n g  i n t e l l i g i b i l i t y  p e r ­

fo rm an c e  a t  a  f i x e d  p r e s e n t a t i o n  l e v e l  a s  o u t p u t  l i m i t i n g  

was v a r i e d  from  v i r t u a l l y  no l i m i t i n g  ( i . e . ,  120 dB SSPL) - 

t o  p r o g r e s s i v e l y  more l i m i t i n g  ( i . e . ,  110 an d  100 dB SSPL). 

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

b y  s t u d y i n g  i n t e l l i g i b i l i t y  p e r fo rm a n c e  a t  v a r io u s  p r e ­

s e n t a t i o n  l e v e l s  f o r  f i x e d  l i m i t i n g  l e v e l s .  A l l  o f  th e  

a b o v e  q u e s t i o n s  w ere  s t u d i e d  a s  a  f u n c t i o n  o f  v a r i a t i o n s  

i n  b a c k g ro u n d  n o i s e  and  f r e q u e n c y  r e s p o n s e  c o n d i t i o n s .



7
P r e f e r r e d  L i s t e n i n g  L e v e ls

F a c t o r s  i n  t h e  a n a l y s i s  o f  PLL r e s u l t s  i n c l u d e d  th e  

f o l l o w i n g s  a )  t h r e e  s a t u r a t i o n  sound, p r e s s u r e  l e v e l s  

(SSPLs 120 , 110 and  1 0 0 ) ,  b )  two f r e q u e n c y  r e s p o n s e  s l o p e s  

(0 ,  +6  d B / o c t a v e ) ,  c )  two l i s t e n i n g  b a c k g ro u n d s  ( q u i e t ,

4*7 dB S /N ) ,  d ) t i m e - o r d e r  ( t e s t - r e t e s t ) , a n d  e )  s u b j e c t s  

(n = 1 0 )8 D a ta  w ere  a n a ly z e d  by  m eans o f  a  f a c t o r i a l  a n a ­

l y s i s  o f  v a r i a n c e .

A summary o f  t h e  r e s u l t s  o f  t h i s  a n a l y s i s  i s  p r o ­

v id e d  i n  T a b le  6 .  S t a t i s t i c a l l y  s i g n i f i c a n t  (p<»05) m ain  

e f f e c t s  a r e  r e v e a l e d  f o r  SSPL, f r e q u e n c y  r e s p o n s e  s l o p e ,  

t i m e - o r d e r  and  s u b j e c t s .  T h ere  a r e  s i g n i f i c a n t  tw o-w ay 

i n t e r a c t i o n s  (p<..001) b e tw e e n  s u b j e c t s  and  b a c k g ro u n d  and  

b e tw e e n  s u b j e c t s  and  f r e q u e n c y  r e s p o n s e  s l o p e .  Two- an d  

th r e e - w a y  i n t e r a c t i o n s  t h a t  a p p ro a c h  s i g n i f i c a n c e  

( . l > p > . 0 5 )  a r e  fo u n d  b e tw e e n  SSPL a n d  b a c k g ro u n d ,  t im e -  

o r d e r  and  s u b j e c t s  an d  b a c k g ro u n d ,  f r e q u e n c y  r e s p o n s e  

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

E f f e c t s  o f  O u tp u t  L im i t i n g  

Group D ata

O u tp u t  l i m i t i n g  e f f e c t s  on PLL*s w ere  e v a l u a t e d  i n  

te rm s  o f  t h e  s i g n i f i c a n c e  o f  SSPL an d  i t s  i n t e r a c t i o n  w i th

7
B ecau se  o f  d i f f i c u l t i e s  e n c o u n te r e d  i n  r e l a t i n g  sp e e c h  

p e a k  l e v e l s ,  a s  m ea su re d  i n  t h i s  s t u d y ,  t o  t h e i r  RMS 
e q u i v a l e n t  and  i n  s p e c i f y i n g  t h e  a b s o l u t e  l e v e l  o f  c l i p p e d  
a n d / o r  s p e c t r a l l y  sh a p e d  s p e e c h ,  a l l  PL L 's  i n  t h i s  s t u d y  
a r e  e x p r e s s e d  i n  dB a t t e n u a t i o n  ( i . e . ,  r e l a t i v e  dB ). 
A ppend ix  F p r o v i d e s  i n f o r m a t i o n  r e l e v a n t  t o  c o n v e r t i n g  
some o f  t h e s e  d a t a  i n t o  a b s o l u t e  l i s t e n i n g  l e v e l s  ( i . e . ,  
dB SP L ).



Table 6. Summary table of the analysis of variance for the five factorial PT.T. design.
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o t h e r  f a c t o r s .  The a n a l y s i s  o f  v a r i a n c e  r e v e a l e d  a  s i g ­

n i f i c a n t  m ain  e f f e c t  f o r  SSPL w i th  a  tw o-w ay i n t e r a c t i o n  

b e tw e e n  SSPL and  b a c k g ro u n d  b o r d e r i n g  on s t a t i s t i c a l  s i g ­

n i f i c a n c e .  Means f o r  t h e  m ain  e f f e c t  a n d  i n t e r a c t i o n  a r e  

sum m arized  i n  F i g u r e s  12 a n d  13 , r e s p e c t i v e l y .  F i g u r e  12 

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

t h e  l o w e s t  l i m i t i n g  l e v e l  (100 dB SSPL) r e l a t i v e  t o  t h e  

o t h e r  two l i m i t i n g  l e v e l s .  No c h an g e  i n  l i s t e n i n g  l e v e l  

was i n d i c a t e d  b e tw ee n  120 and  110 dB SSPL. In  F i g u r e  13 

t h e  i n t e r a c t i o n  b e tw ee n  SSPL a n d  b a ck g ro u n d  r e v e a l s  t h a t  

s u b j e c t s  r e d u c e d  t h e i r  P L L 's  more u n d e r  c o n d i t i o n s  o f  

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

f o r  th e  l o w e s t  l i m i t i n g  l e v e l .

I n d i v i d u a l  D a ta

An a n a l y s i s  o f  i n d i v i d u a l  PLL d a t a  p ro v e d  e s s e n t i a l ­

l y  c o n s i s t e n t  w i th  t h e  e f f e c t s  o b s e r v e d  f o r  g ro u p  p e r ­

fo rm a n c e .  I n d i v i d u a l  PLL d a t a  a v e r a g e d  o v e r  t h e  two t e s t  

s e s s i o n s  a r e  shown i n  F i g u r e s  14 th r o u g h  17 a s  a  f u n c t i o n  

o f  SSPL f o r  a l l  c o m b in a t io n s  o f  b a c k g ro u n d  n o i s e  and  f r e ­

qu e n cy  r e s p o n s e .  S haded  a r e a s  a r e  u s e d  to  r e p r e s e n t  t h e  

am ount e ac h  l i s t e n i n g  l e v e l  e x c e e d e d  t h e  s a t u r a t i o n  t h r e s h ­

o l d  f o r  a  g i v e n  SSPL. Raw PLL d a t a  f o r  i n d i v i d u a l  t e s t  

s e s s i o n s  c a n  be  found  i n  A ppend ix  G.

T hese  d a t a  r e v e a l e d  t h a t ,  w i th  t h e  h i g h e s t  l e v e l  o f  

o u t p u t  l i m i t i n g  ( i . e . ,  120 dB SSPL), PLL*s d i d  n o t  e x c e e d  

t h e  s a t u r a t i o n  t h r e s h o l d  f o r  a lm o s t  a l l  s u b j e c t s  f o r  b o th
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120 110 100
dB SSPL

F i g u r e  12# P r e f e r r e d  l i s t e n i n g  l e v e l s  (dB a t t e n u a t i o n )  
a s  a  f u n c t i o n  o f  o u t p u t  l i m i t i n g  l e v e l  
(dB SSPL ).
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20

•  Q u ie t  

XT +7 dB S/N

120 110 100

dB SSPL

F i g u r e  1 3 . P r e f e r r e d  l i s t e n i n g  l e v e l  (dB a t t e n u a t i o n )  
a s  a  f u n c t i o n  o f  o u t p u t  l i m i t i n g  l e v e l  
(dB SSPL) and  b a ck g ro u n d  ( q u i e t ,  +7  dB S /N ) .
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F ig u r e  14. PL L 's  (dB a t t e n u a t i o n )  o f  i n d i v i d u a l  s u b j e c t s  a v e ra g e d
o v e r  t e s t  s e s s i o n s  ( t e s t  and  r e t e s t )  f o r  t h e  0 d B /o c ta v e  
s l o p e  i n  q u i e t  w i th  e a c h  o u t p u t  l i m i t i n g  l e v e l  (dB SSPL). 
Shaded a r e a  d e p i c t s  t h e  amount e a c h  l i s t e n i n g  l e v e l  
e x c e e d e d  t h e  s a t u r a t i o n  t h r e s h o l d  f o r  e ac h  SSPL v a l u e .
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F ig u r e  15 . P L L 's  (dB a t t e n u a t i o n )  o f  i n d i v i d u a l  s u b j e c t s  a v e ra g e d  
o v e r  t e s t  s e s s i o n s  ( t e s t  and r e t e s t )  f o r  t h e  0 d B /o c ta v e  
s l o p e  i n  n o i s e  (+7 dB S/N) w i th  e ac h  o u t p u t  l i m i t i n g  
l e v e l  (dB SSPL). Shaded a r e a  d e p i c t s  t h e  amount e a c h  
l i s t e n i n g  l e v e l  ex ce ed e d  t h e  s a t u r a t i o n  t h r e s h o l d  f o r  
e a c h  SSPL v a l u e .
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F ig u r e  16 . PL L 's  (dB a t t e n u a t i o n )  o f  i n d i v i d u a l  s u b j e c t s  a v e ra g e d
o v e r  t e s t  s e s s i o n s  ( t e s t  and  r e t e s t )  f o r  t h e  +6 d B /o c ta v e  
s l o p e  i n  q u i e t  w i th  e a c h  o u t p u t  l i m i t i n g  l e v e l  (dB SSPL). 
Shaded a r e a  d e p i c t s  t h e  amount e a c h  l i s t e n i n g  l e v e l  
e x ce ed e d  t h e  s a t u r a t i o n  t h r e s h o l d  f o r  e ac h  SSPL v a l u e .
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F ig u r e  1 ? .  PL L 's  (dB a t t e n u a t i o n )  o f  i n d i v i d u a l  s u b j e c t s  a v e ra g e d
o v e r  t e s t  s e s s i o n s  ( t e s t  and r e t e s t )  f o r  t h e  +6 d B /o c ta v e  vo
s l o p e  i n  n o i s e  (+7 dB S/N) w i th  e a c h  o u t p u t  l i m i t i n g  l e v e l  w
(dB SSPL). Shaded a r e a  d e p i c t s  t h e  amount e a c h  l i s t e n i n g  
l e v e l  e x ce ed e d  t h e  s a t u r a t i o n  t h r e s h o l d  f o r  e a c h  SSPL v a l u e .
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t h e  0 d B /o c ta v e  a n d  +6 d B /o c ta v e  s l o p e  c o n d i t i o n s 0 In  

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

100 dB SSPL), P L L 's  e x c e e d e d  t h e  s a t u r a t i o n  t h r e s h o l d  f o r  

a lm o s t  a l l  s u b j e c t s .  T h is  was a l s o  t r u e  f o r  t h e  i n t e r ­

m e d ia te  l i m i t i n g  l e v e l  ( i . e . ,  110 dB SSPL) f o r  t h e  +6 d B /  

o c ta v e  s l o p e  c o n d i t i o n .  A lm ost  a l l  s u b j e c t s ,  whose u n ­

l i m i t e d  PLL ( a t  120 dB SSPL) e q u a l e d  o r  e x c e e d e d  t h e  

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

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

i n g  l e v e l  c o n d i t i o n s .  T h is  e f f e c t  a p p e a r e d  t o  be even  

more m arked  u n d e r  c o n d i t i o n s  c h a r a c t e r i z e d  by  c o m p e tin g  

n o i s e .

F i g u r e s  14- t h r o u g h  17 a l s o  r e v e a l  th e  n a t u r e  o f  t h e  

i n t e r a c t i o n s  b e tw e e n  b a c k g ro u n d  and s u b j e c t s  and  b e tw e e n  

f r e q u e n c y  r e s p o n s e  an d  s u b j e c t s .  F o r  e x am p le , s u b j e c t  #2 

c o n s i s t e n t l y  h a d  a  h i g h e r  PLL i n  n o i s e  t h a n  i n  q u i e t 0 

S i m i l a r l y ,  s u b j e c t s  a n d  #8 had  r e l a t i v e l y  h i g h e r  PLL 

s e t t i n g s  f o r  t h e  +6 d B /o c t a v e  f r e q u e n c y  r e s p o n s e  c o n d i t i o n .

R e l i a b i l i t y

D a ta  r e l e v a n t  t o  a n  a n a l y s i s  o f  r e l i a b i l i t y  was 

i n c l u d e d  i n  t h e  m ain  e x p e r i m e n t a l  d e s i g n .  T a b le  6 r e v e a l e d  

a n  u n e x p e c te d ,  s i g n i f i c a n t  m ain  e f f e c t  f o r  t im e  o r d e r .  One 

tw o-w ay i n t e r a c t i o n  ( t i m e - o r d e r  x s u b j e c t s )  an d  one t h r e e -  

way i n t e r a c t i o n  (b a c k g ro u n d  x f r e q u e n c y  r e s p o n s e  x t im e -  

o r d e r )  a p p r o a c h i n g  s i g n i f i c a n c e  w ere  a l s o  r e v e a l e d .  Main 

e f f e c t  and i n t e r a c t i o n  means f o r  t h e s e  f a c t o r s  a r e  p r o v id e d



9̂ -

i n  T a b le  7 .  T h ese  t a b l e s  i n d i c a t e  a  s l i g h t l y  h i g h e r  g ro u p  

l i s t e n i n g  l e v e l  ( 1 .0  dB) when r e t e s t i n g  P L L 's .  The t h r e e -  

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

l e v e l s  w ere  h i g h e r  on r e t e s t  f o r  t h e  u p w a rd ly  s l o p i n g  

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

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

l y  t h e  same from  t e s t  t o  r e t e s t .  F i n a l l y ,  t h e  tw o-w ay 

i n t e r a c t i o n  r e v e a l s  t h a t  s u b j e c t s  #3  a n d  #7 l i s t e n e d  a t  

much h i g h e r  l e v e l s  u p o n  r e t e s t  t h a n  a n y  o f  t h e  o t h e r  su b ­

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

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

r e s u l t s  o f  t h e s e  two s u b j e c t s .

The s t a n d a r d  d e v i a t i o n  o f  t e s t - r e t e s t  d i f f e r e n c e s  

f o r  PLL a d j u s t m e n t s  was d e r i v e d  from  T a b le  6 by  c o l l a p s i n g  

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

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

m ated  t e s t - r e t e s t  s t a n d a r d  d e v i a t i o n  o f  3.14- dB. S i m i l a r ­

l y ,  i n d i v i d u a l  d a t a  w ere  a n a l y z e d  w i th  r e s p e c t  t o  t h e  

p e r c e n t a g e  o f  t o t a l  c o m p a r is o n s  t h a t  t e s t  a n d  r e t e s t  PLL 's 

w ere  w i t h i n  a  s p e c i f i e d  number o f  dB fro m  e a c h  o t h e r .

T hese  d a t a  a r e  sum m arized  i n  T a b le  8 a n d  a r e  i n  good a g r e e ­

m ent w i th  t h e  e s t i m a t e d  s t a n d a r d  d e v i a t i o n .  From t h i s  

t a b l e  i t  c a n  be  s e e n  t h a t  t h e  f i r s t  a n d  se co n d  PL L 's were 

w i t h i n  3 dB o f  e a c h  o t h e r  f o r  a lm o s t  60% o f  t h e  c o m p a r iso n s  

and  w i t h i n  6 dB o f  e a c h  o t h e r  f o r  a lm o s t  90% o f  t h e  c o m p a r i ­

s o n s .
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Table 7

TxS

BxFxT

PLL m ain  e f f e c t  an d  i n t e r a c t i o n  means e x p r e s s e d  
i n  dB a t t e n u a t i o n  f o r  f a c t o r s  i n v o l v i n g  t i m e -  
o r d e r  ( t e s t - r e t e s t ) .

T e s t  R e t e s t

F r e q ,
R espon se

+6

17.8 16„8

s#

1 18.8 18,7

2 1 6 . k 1^.8

3 2^.1 19.8

i+ 17.3 18.5

5 19.9 19.2

6 13.5 12.8

7 18.6 15.5

8 16.9 16 .1

9 17.7 16.8

10 14.7 15.7

B ack­
g ro u n d

q u i e t 17.9 17.^

n o i s e 18.5 17.6

q u i e t 17.6 15 .1

n o i s e 17.0 17.0
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T a b le  8 .  O b served  a n d  p r e d i c t e d  r e l i a b i l i t y  f o r  PLL
j u d g m e n t s , e x p r e s s e d  a s  t h e  p e r c e n t a g e  o f  PLL 
t e s t - r e t e s t  c o m p a r is o n s  t h a t  w ere  w i t h i n  a  
s p e c i f i e d  num ber o f  dB from  e ac h  o t h e r .

P r e d i c t e d
O bserved  a g re e m e n t

dB d i f f e r e n c e  a g re e m e n t  {fo) ($ ,  <r :  3 , W  dB)
e

3 5 7 .5  - 6 8

4  6 6 .7

5 7 9 .2

6 8 8 .3  - 9 5

7 9 1 .7

8 9 7 .5
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O th e r  Main E f f e c t s

F re q u e n c y  r e s p o n s e  s l o p e  was i d e n t i f i e d  a s  a  s i g ­

n i f i c a n t  m ain  e f f e c t  i n  T a b le  6 .  An a n a l y s i s  o f  t h e  mean 

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

l y  h i g h e r  l e v e l  ( a p p r o x i m a t e l y  1 .2  dB) f o r  t h e  +6 d B / 

o c ta v e  c o n d i t i o n  r e : t h e  0 d B /o c ta v e  c o n d i t i o n .

T a b le  6 a l s o  r e v e a l e d  a  m ain  e f f e c t  an d  two-way 

i n t e r a c t i o n s  i n v o l v i n g  s u b j e c t s .  3 e c a u s e  o f  t h e  h e t e r o -  

t e n e i t y  o f  t h e  s u b j e c t  g r o u p ,  t h e s e  e f f e c t s  w ere  n o t  

u n e x p e c te d .

S peech  I n t e l l i g i b i l i t y  P e r fo rm a n c e  

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

lo w in g  f a c t o r s :  a )  t h r e e  s a t u r a t i o n  sound  p r e s s u r e  l e v e l s  

(SSPL: 120 , 110 and  1 0 0 ) ,  b )  t h r e e  p r e s e n t a t i o n  l e v e l s  

(X, Y and  Z, a s  e x p l a i n e d  i n  t h e  p r o c e d u r e  s e c t i o n ) ,

c )  two f r e q u e n c y  r e s p o n s e  s l o p e s  (0 and  + 6  d B / o c t a v e ) ,

d )  two l i s t e n i n g  b a c k g ro u n d s  ( q u i e t  an d  + 7  dB S /N ) ,  an d

e )  s u b j e c t s  (n « 1 0 ) .  A phoneme s c o r i n g  p r o c e d u r e  (W alker & 

B o o th ro y d ,  1976) was u s e d  i n  s c o r i n g  a l l  i n t e l l i g i b i l i t y  

t e s t s  ( t h r e e  p o s s i b l e  e r r o r s  p e r  m o n o s y l la b ic  w o rd ) ,  mak­

i n g  a  150 i t e m  l i s t  f ro m  e a c h  50 word l i s t .  T h is  s c o r i n g  

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

s c o r i n g  t h a n  w hole  word s c o r i n g ,  w h i l e  s t i l l  m a i n t a i n i n g

a  m on o to n ic  r e l a t i o n s h i p  t o  w hole  word s c o r e s  (W alker &

B o o th ro y d ,  1976} S t u d e b a k e r ,  e t  a l . ,  1 9 7 8 ) .  A l l  d a t a  f o r
\

t h e  m ain  d e s i g n  and  f o r  t h e  v a r i o u s  c o m b in a t io n  o f  f a c t o r s
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from  w i t h i n  t h e  m ain  d e s i g n  w ere  a n a l y z e d  b y  means o f  th e  

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

a n a l y s i s  o f  PLL d a t a .  P r i o r  t o  t h e s e  a n a l y s e s ,  a l l  p e r -
g

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

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

m ea su re d  s c o r e .

E f f e c t s  o f  O u to u t  L i m i t i n g  on I n t e l l i g i b i l i t y  

P e r fo rm a n c e  a t  PLL

The e f f e c t s  o f  o u t p u t  l i m i t i n g  on i n t e l l i g i b i l i t y  

p e r fo rm a n c e  a t  PLL w ere  exam ined  u s i n g  a  f a c t o r i a l  d e s i g n .  

I n  t h i s  c a s e  i n t e l l i g i b i l i t y  s c o r e s  a t  o n ly  one l e v e l ,  PLL, 

w ere  a n a l y z e d .  A summary t a b l e  o f  t h e  a n a l y s i s  o f  v a r i a n c e  

i s  p r o v id e d  i n  T a b le  9» No s i g n i f i c a n t  m ain  o r  i n t e r a c t i v e  

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

o f  t h e  m ain  e f f e c t s  a n d  i n t e r a c t i o n  means s u g g e s t e d  a  more 

s u b t l e  th r e e - w a y  i n t e r a c t i o n  i n v o l v i n g  SSPL, b a c k g ro u n d  

a n d  f r e q u e n c y  r e s p o n s e ,  f o r  w hich  t h e  o v e r a l l  F - t e s t  d o e s  

n o t  a p p e a r  t o  be  s e n s i t i v e .

T a b le  10 g i v e s  t h e  means i n  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  t h r e e - w a y  i n t e r a c t i o n  te r m .  From t h i s  t a b l e  i t  

c a n  be  s e e n  t h a t  no s y s t e m a t i c  e f f e c t s  o f  o u t p u t  l i m i t i n g  

a r e  o b v io u s  f o r  e i t h e r  t h e  0 o r  +6 d B /o c ta v e  s l o p e  i n  

q u i e t  o r  f o r  t h e  0 d B /o c ta v e  s l o p e  i n  n o i s e .  However, f o r  

t h e  +6 d B /o c ta v e  s l o p e  i n  n o i s e  t h e r e  i s  a  r e d u c t i o n  i n  

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

8
The t r a n s f o r m a t i o n  u se d  was © = 2 a r c s i n e  / p ( C o h e n  & 

Cohen, 1975 , p .  2 5 6 ) ,  w here  p -  t h e  p r o p o r t i o n  c o r r e c t .



T ab le  9 .  Summary t a b l e  o f  t h e  a n a l y s i s  o f  v a r i a n c e  f o r  t h e  f o u r  f a c t o r i a l  i n t e l l i g i b i l i t y
d e s i g n ,  a n a l y z i n g  t h e  e f f e c t s  o f  o u t p u t  l i m i t i n g  on sp e e c h  i n t e l l i g i b i l i t y  a t
PLL p r e s e n t a t i o n  l e v e l s .  A l l  i n t e l l i g i b i l i t y  p e r c e n t a g e  s c o r e s  w ere  t r a n s f o r m e d
i n t o  a r c s i n e  v a l u e s .

SOURCE OF 
V « U I A T IC N

SUMS OF 
SQUARES

DEGREES OF 
FREEDOM

1 i 
m cm m F SIGNIF.

M - O • ij 2 6 3 I 0 . 0 1 3 1 5 0 - 4 7 1 ~U.“661
B 5 . 5 1 2 6 4 1 5 . 5 1 2 6 4 1 8 0 . 7 1 6 0 . 0 0 1MB 0 , 0 2 7 7 6 2 0 . 0 1 3 8 8 • 0 . 4 5 5 . 0 . 6 4 7F 0 . 0 0 2 4 9 I 0 . 0 0 2 4 9 0 . 0 8 2 ' 0 . 7 7 5MF ..........  O.OTT^b ....... 2 ........0 . 0 2 0 9 7 0T67T8 0 . 5 2 0R F 0 . 0 0 1 0 5  . 1 0 . 0 0 1 8 5 0 . 0 6 1 0 . 8 0 3M 0 F 0 . 0 3 9 2 3 2 0 . 0 1 9 6 2 0 . 6 4 3 0 . 5 4 2S 7 . 4 0 0 5 1 9 0 . 8 2 2 2 8 2 6 . 9 5 6 0 . 0 0 1M S 0 . 2 9 6 3 3 .................. ... 18 0 . 0 1 6 4 6 0 . 5 4 0 U 7 9 0 0 -
HS 0 . 4 3 4 3 5 9 0 , 0 4 8 2 6 1 . 5 8 2 0 . 1 9 4
MBS 0 , 3 8 0 4 1 18 0 . 0 2 1 1 3 0 . 6 9 3 0 . 7  73F S 0 . 1 0 5 6 5 9 0 . 0 1 1 7 4 0 . 3 8 5 0 . 9 2 7M F S 0 . 4 8 0 2 8 18 0 " Q2668 “ 0 . 8 7 5 0 . 6 1 0  "
QFS 0 . 1 1 9 1 7 9 0 . 0 1 3 2 4 0 . 4 3 4 0 . 8 9 9
MBPS 0 . 5 4 9 0 0 LH 0 . 0 3 0 5 0
T C I A L 1 5 . 4 1 8 0 2 119

KEY
Ms SSPL* 120, 110 , 100 
B* Background* Q u i e t ,  +7 dB S/N
F* F re q u e n c y  Response* 0 d B /o c ta v e ,  +6 d B /o c ta v e  
S* S u b j e c t s

vo
VO
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T a b le  1 0 . Mean s p e e c h  i n t e l l i g i b i l i t y  p e r fo rm a n c e  {%) 
a t  PLL, a s  a  f u n c t i o n  o f  SSPL, b a c k g ro u n d ,  
a n d  f r e q u e n c y  r e s p o n s e .

dB SSPL

F re q u e n c y  B ack g ro u n d  120 110 100
r e s p o n s e ___________________________________________________________

q u i e t  9 6 .1  9 5 .5  9 5 .9

n o i s e  8 3 .5  8 2 .8  8 3 .9

q u i e t  9 5 .9  9 7 .1  9 5 .2
+ 6

n o i s e  8 6 .0  82<,k 8 1 ,9
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T h is  e f f e c t  r e s u l t s  i n  c h a n g e s  i n  t h e  r e l a t i v e  p e r fo rm a n c e  

o f  t h e  two f r e q u e n c y  r e s p o n s e  s l o p e s  i n  b a c k g ro u n d  n o i s e ,  

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

F u r t h e r  a n a l y s i s  o f  t h i s  o b s e r v a t i o n  was u n d e r t a k e n  

on a n  i n d i v i d u a l  s u b j e c t  b a s i s .  T h is  a n a l y s i s ,  h o w ev er ,  

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

o b s e r v a t i o n ,  t h u s  l i m i t i n g  a n y  c o n c l u s i o n s  w h ich  c o u ld  be 

d e r i v e d .  F o u r  s u b j e c t s  (# 1 ,  # 2 ,  # 6 ,  # 7 )  d e m o n s t r a t e d  a  

s i g n i f i c a n t  (p  < , 0 0 5 ) s h i f t  f rom  a  f r e q u e n c y  r e s p o n s e  

s u p e r i o r i t y  f a v o r i n g  t h e  +6 d B /o c ta v e  s l o p e  f o r  t h e  r e l a ­

t i v e l y  u n l i m i t e d  c o n d i t i o n  (120 dB SSPL), i n  f a v o r  o f  t h e  

f l a t  r e s p o n s e  f o r  t h e  m a x im a l ly  l i m i t e d  c o n d i t i o n  (100 dB 

SSPL), a t  p r e s e n t a t i o n  l e v e l s  c h o s e n  b y  t h e  s u b j e c t  f o r  

e ac h  c o n d i t i o n .  No s i g n i f i c a n t  d i f f e r e n c e s  w ere  m ea su re d  

f o r  f o u r  s u b j e c t s  (# 3 ,  # 5 ,  # 1 0 )  a n d  two s u b j e c t s  (# 8 ,

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

P e r fo rm a n c e  a t  PLL v s .  O th e r  P r e s e n t a t i o n  L e v e ls

F u r t h e r  a n a l y s i s  was u n d e r t a k e n  to  d e te r m in e  w h e th e r  

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

p e r fo rm a n c e  w i t h  e a c h  o u t p u t  l i m i t i n g  l e v e l  b e tw e e n  PLL 

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

( C h a p te r  3 ,  P «  8 1 ) .  A f o u r - f a c t o r  a n a l y s i s  o f  v a r i a n c e  

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

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

c a r r i e d  o u t  f o r  eac h  o f  t h e  t h r e e  SSPL v a l u e s  u s e d .  Summary 

t a b l e s  o f  t h e s e  a n a l y s e s  a r e  shown i n  T a b le s  11 th r o u g h  13.



Table 11. Summary table of the analysis of variance for the four factorial intelligibility
d e s i g n ,  c o m p a r in g  sp e e c h  i n t e l l i g i b i l i t y  p e r fo rm a n c e  a t  PLL v s .  o t h e r  p r e s e n t a t i o n  
l e v e l s  w i th  a  120 dB SSPL o u t p u t  l i m i t i n g  l e v e l .  A l l  i n t e l l i g i b i l i t y  p e r c e n t a g e  
s c o r e s  w ere  t r a n s f o r m e d  i n t o  a r c s i n e  v a l u e s .

SULKCE GF 
VARIATION
L -----
B
LB 
F •
L F 
BF 
LRF 
S
LS 
BS 
LBS 
FS 
L FS 
BFS 
L B F S 
TOTAL

SUMS OF 
SQUARES

DECREES OF 
FREEDOM

~0. 0349  6 
5 . 1 5 6 5 4  
0 . 0 0 8 9 8  
0 j_0 5192
0 .  130 5 O ' 
0 . 0 0 6 7 8  
0 . 0 0 9 7 2  
6 . 5 1 6 2 1

1X7X4 38 8 
0 . 2 8 5 6 2  
0 . 2 2 9 8 9  
0 . 2 8 0 8 9

“07 19479“  
0 . 3 4 3  3 7 
0 . 2 9 6 8 7  

1 3 . 6 7 0 8 0

T
1
2
L
2
1
2
9

T9
9

18
9nr
9

10
XTL

MEAN
SQUARES SIGMIF.

TT.UTTW
5 . L 5 6 5 4
0 . 0 0 4 4 9
0 . 0 3 1 9 2
0 . 0 6 5 2 5
0 . 0 0 6 7 8
0 . 0 0 4 3 6
0 . 7 2 4 0 2

1 7 060  
3 1 2 . 6 5 5  

0 . 2 7 2  
 1 . 9 3 5

TT707J7W
0 . 0 3 1 7 2
0 . 0 1 2 7 7
0 . 0 3 121
1.01082  

0 . 0 3 8 1 5  
0 . 0 1 6 4 9

3 . 9 5 6
0 . 4 L 1
0 . 2 9 5

4 3 . 9 0 0

0 . 3 6 9  
0 . 0 0 1  
0 . 7 6 8  
0 .  178

0 . 4 8 5
1 . 9 2 4
0 . 7 7 4
1 . 8 9 2
0 . 6 5 6
2 . 3 1 3

0 . 0 3 7
0 . 5 3 6
0 . 7 5 2
0 . 0 0 1
0 . 9 3 3
0 . 1 1 4
0 . 7 0 4

_0jl1_19
0 . 6 1 0
0 . 0 6 2

KEY

Li L e v e l i X, Y, Z 
Bi B ackground i Q u ie t ,  +7 
Fi F re q u e n c y  R e sp o n se i  0 
S« S u b j e c t s

dB S/N 
d B / o c t a v e , +6 d B /o c ta v e

102



Table 12. Summary table of the analysis of variance for the four factorial intelligibility 
design, comparing speech intelligibility performance at PLL vs. other presenta­
tion levels with a 110 dB SSPL output limiting level. All intelligibility 
percentage scores were transformed into arcsine values.

SLlKCE OF 
VARIATION
I.
H
LB
F
L F
BF 
LB F 
S
L 5 
BS 
LOS 
FS 
L F‘S 
BFS 
LiiFS 
T U 1 A L

SUMS UF 
SQUARES

0 . 0 2 1 6 2  
5 . 3 7 1 2 5  
0 , 0 5 6 2 3  
0 . 0 2 6 6 9  

U.0269B" 
0 . 0 0 6 7 2  
0 . 0 3 1 7 9  
8 . 1 9 8 1 0  

"UT3T360”' 
0 . 6 2 6 9 9  
0 . 6 6 5 0 5  
0 . 1 7  36 50770702“
0 . 3 7 1 2 8
0 . 3 1 5 5 3

1 6 . 0 0 2 8 8

DEGREES OF 
FREEDOM

2
1
2 
1
2
1
2 
9

TFT
9

18
9nr
9

18
119

MEAN
SQUARES S1GNIF

0 . 0 1 0 8 r
5 . 3 7 1 2 5  
0 . 0 2 7 1 1  
0 . 0 2 6 6 9
0 . 0 1 3 6 9  
0 . 0 0 6 7 2  
0 . 0 1 5 8 9  
0 . 9 1 0 9 0

07617 
3 0 6 . 6 1 2  

1 . 5 6 7  
1 . 5 1 1

““FJ70T5T7 
0 . 0 6 7 6 6  
0 . 0 2 6 7 3  
0 . 0 1 9 2 7  
0 . 0 1 1 I T  
0 . 0 6 1 2 5  
0 . 0 1 7 5 3

0 . 7 6 9  
0 . 2 7 0  
0 . 9 0 7  

5 1 . 9 6 6  
~ i : 0 5  7 

2 . 7 0 6  
1 . 6 1 0  
1 . 0 9 9  

—0 . 6 6 0 ” 
2 . 3 5 3

0 . 5 5 5  
0.001  
0 . 2  39 

-fla-2.33
0 . 5 1 8  
0 . 6 1 5  
0 . 5 76 
U.001-

TT76S6
0 . 0 3 6 .
0 . 2 3 6
0 . 6 1 1
0 . 8 2 6
0 . 0 5 8

KEY
Lt Leveli X, Y, Z
B» Backgroundi Quiet, +7 dB S/N
Fi Frequency Responsei 0 dB/octave, +6 dB/octave
S» Subjects



Table 13. Summary table of the analysis of variance for the four factorial intelligibility
design, comparing speech intelligibility performance at PLL vs. other presentation 
levels with a 100 dB SSPL output limiting level. All intelligibility percentage 
scores were transformed into arcsine values.

SU LRC E OF 
VARI ATI ON

SUMS OF 
SQUARES

L
8
L R 
F
L"F------
BF
L8F
Scs----
BS
LBS
FS
LFS----
BFS
LBFS
TCTAL

" 0 .0 1 1 9 9  
7 . 7 7 2 7  3 
0 . 1 3 1 0 6  
0 . 0 1 6 4 3

“T r r o n w
0 . 0 2 7 4 5  
0 .G 0 5 4 6  
6 . 1 4 6 8 0

0 . 9 0 8 8 0  
0 , 4 5 3 0 9  
0 . 2 3 0 1 3  

“ TJ77ri965‘ 
0 . 1 2 2 1 5  
0 . 4 0 3 4 2  

L 7 . 42284

DEGREES OF 
FREEDOM

T
1
2
1

~2~
1
2 
9

~TB~
9

18
9

TIT
9

18
119

MEAN
SQUARES F SIGNIF.
" 0 . 0 1 6 0 0  

7 , 7 7 2 7 3  
0 . 0 6 5 5 3  
0 . 0 1 6 4 3

0 , 7 1 4
3 4 6 . 8 1 1

2 . 9 2 4
0 . 7 3 3

0 . 5 0 7
o . o o t
0 .  078  
0 . 5 9 2

0 . 0 0  5 7T"' 
0 . 0 2 7 4 5  
0 . 0 0 2 7  3 
0 . 6 8 2 9 8

0 . 2 5 5
1 . 2 2 5
0 . 1 2 2

3 0 . 4 7 4

0 . 7 8 0
0 . 2 8 3
0 . 8 8 6
0 . 0 0 1

0 , 0 2 9 0 2  
’ 0 . 1 0 0 9 8  

0 . 0 2 5 1 7  
0 . 0 2 5 5 7

1 . 2 9 5
4 . 5 0 6
1 . 1 2 3
1 . 1 4 1

0 7 7 9 4
0 . 0 0 4
0 . 4 0 4
0 . 3 8 6

0 . 0 3 5 5 4
0 . 0 1 3 5 7

1 . 5 8 6
0 . 6 0 6

0 .  168 
0 . 7 7 7

0 . 0 2 2 4 1

KEY
Ls Level* X, Y, Z
Bs Backgrounds Quiet, +7 dB S/N
Fs Frequency Responses 0 dB/octave, +6 dB/octave
Ss Subjects
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The p r im a r y  f a c t o r  o f  i n t e r e s t  i n  t h i s  a n a l y s i s  

i s  t h a t  o f  l e v e l  and i t s  i n t e r a c t i o n s  w i th  o t h e r  f a c t o r s .  

W ith  t h e  e x c e p t i o n  o f  T a b le  11 , s t a t i s t i c a l  s i g n i f i c a n c e  

i n v o l v i n g  p e r fo rm a n c e  d i f f e r e n c e s  i s  o n ly  a c h ie v e d  f o r  

b a c k g ro u n d  and s u b j e c t s .  Such d i f f e r e n c e s  a c r o s s  i n d i ­

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

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

o b s e rv e d  w i t h  a n y  o f  t h e  o u t p u t  l i m i t i n g  l e v e l s .

T a b le  11 i n d i c a t e s  a  s t a t i s t i c a l l y  s i g n i f i c a n t  

(p  s  . 0 3 7 ) i n t e r a c t i o n  b e tw e e n  l e v e l  and f r e q u e n c y  r e s p o n s e  

f o r  t h e  l o w e s t  o u t p u t  l i m i t i n g  l e v e l  ( i . e . ,  120 dB SSPL). 

Mean v a lu e s  f o r  t h e s e  com bined f a c t o r s  r e v e a l e d  t h a t  f o r  

t h e  +6 d B /o c ta v e  s l o p e  c o n d i t i o n ,  a  h i g h e r  s p e e c h  i n t e l l i ­

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

r e s p o n d i n g  t o  t h a t  c h o s e n  f o r  t h e  110 dB SSPL c o n d i t i o n s  

( i . e . ,  l i s t e n i n g  l e v e l  Y ). T h is  p r e s e n t a t i o n  l e v e l  was 

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

f o r  t h i s  c o m b in a t io n  o f  c o n d i t i o n s .

The o n l y  o t h e r  i n t e r a c t i o n  i n v o l v i n g  l e v e l  w hich  

a p p ro a c h e d  s t a t i s t i c a l  s i g n i f i c a n c e  ( i . e . ,  . l > p > .0 5 )  may 

be  fo un d  i n  T a b le  13 f o r  t h e  tw o-w ay i n t e r a c t i o n  i n v o l v i n g  

l e v e l  and b a ck g ro u n d  (p  a . 0 7 8 ) .  Mean p e r fo rm a n c e  l e v e l s  

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

fo rm an c e  was o b t a i n e d  a t  t h e  l o w e s t  p r e s e n t a t i o n  l e v e l ,i

w hich  c o r r e s p o n d e d  t o  t h e  mean PLL o f  t h e  g ro u p  w i th  

t h a t  o u t p u t  l i m i t i n g  l e v e l  ( i . e . ,  100 d3 SSPL), T h us , w i th  

t h e  e x c e p t i o n  o f  t h i s  t r e n d  f a v o r i n g  i n t e l l i g i b i l i t y
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p e r fo rm a n c e  a t  PLL p r e s e n t a t i o n  l e v e l s  w i t h  t h e  l o w e s t  

o u t p u t  l i m i t i n g  l e v e l  ( i . e . ,  100 dB SSPL), no s i g n i f i c a n t  

d i f f e r e n c e  i n  p e r fo rm a n c e  b e tw e e n  t h e  t h r e e  p r e s e n t a t i o n  

l e v e l s  was o b s e rv e d  w i th  a n y  o f  t h e  o u t p u t  l i m i t i n g  l e v e l s  

usedo

E f f e c t s  o f  L im i t i n g  L e v e ls  on 

S peech  I n t e l l i g i b i l i t y

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

c e n t e r e d  a ro u n d  i s s u e s  r e l a t e d  to  o u t p u t  l i m i t i n g  l e v e l  i n  

t h e  fo rm  o f  p e ak  c l i p p i n g  and i t s  e f f e c t s  on  i n t e l l i g i b i ­

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

e x p e r i m e n t a l  c o n d i t i o n s  w i th  c o n t r o l l e d  am ou n ts  o f  d i s t o r ­

t i o n ,  t h e  v a r i o u s  p r e s e n t a t i o n  l e v e l s  and  SSPL v a lu e s  used  

i n  t h e  s t u d y  p r o v id e d  d a t a  w hich  c o u ld  b e  u t i l i z e d  i n  

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

d i s t o r t i o n .

Two ty p e s  o f  a n a l y s e s  w ere  r e l e v a n t  t o  a  s t u d y  o f  

t h i s  i s s u e .  The f i r s t  i n v o lv e d  t h e  s i g n i f i c a n c e  o f  SSPL 

a s  a  m ain  e f f e c t  and  i t s  i n t e r a c t i o n s  w i t h  o t h e r  f a c t o r s .  

T h is  i n f o r m a t i o n  i s  c o n t a in e d  i n  th e  a n a l y s i s  o f  v a r i a n c e  

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

g i b i l i t y  p ro v id e d  i n  T a b le  1 ^ .

A s i g n i f i c a n t  m ain  e f f e c t  i s  s e e n  f o r  SSPL, w i th  a  

s i g n i f i c a n t  tw o-w ay i n t e r a c t i o n  b e tw ee n  SSPL and b a c k -
V

g ro u n d .  A two-way i n t e r a c t i o n  b e tw ee n  SSPL and  s u b j e c t s  

a p p ro a c h e s  s i g n i f i c a n c e  ( . l > p > . 0 5 ) .  T h re e -w a y  i n t e r a c t i o n s



T ab le  14 . Summary t a b l e  o f  th e  a n a l y s i s  o f  v a r i a n c e  f o r  t h e  f i v e  f a c t o r i a l  i n t e l l i g i b i l i t y  
d e s i g n ,  c o m p a rin g  t h e  e f f e c t s  o f  o u t p u t  l i m i t i n g  l e v e l s  on s p e e c h  i n t e l l i g i b i l i t y .  
A l l  i n t e l l i g i b i l i t y  p e r c e n t a g e  s c o r e s  w ere  t r a n s f o r m e d  i n t o  a r c s i n e  v a l u e s .

SOIRCE OF 
VAR I AT ION

L
M
L V

~B-----
L3 
MB 
L M Erp— -
LF 
MF 
L MF
B f~
LBF
MfiF
LMEF_

I MS 
LMS
D'S----
LBS 
MGS 
L M £S 

i~f s —
I LFS 
: MFS 
1 L M FS
"OFS"

L H FS 
M n F s 
LMFFS 
T C T AX'

SUM§ OF 
SQUARES

0 . 0 1 3 7 ?
0 . 1 2 9 4 1
0 , 0 7 4 8 0

10'. 13893 
0 . 0 9  7 37 
0 . 1 6 3 6 3  
0 . 0 9 6 9 0
0 . 0 1 5 1 6
0 , 0 7 0 0 4
0 . 0 5 9 6 8
0 . 0 9 8 8 0crrooTTT
0 . 0 2 0 7 1
0 . 0 3 1 2 5
0 . 0 2 6 2 5“Z0T4T982"
0 . 2 7 4 6 6
0 . 4 4 1 3 0
0 . 7 2 4 9 2
0785486-
0 . 3 1 1 4 6
0 . 7 6 6 4 4
0 . 8 1 6 5 6

"0724395" 
0 . 3 8 7 9 2  
0 . 4 4 0 5 2  
0 , 6 4  853

"074TT8T" 
0 . 5 3 6 1 8  
0 . 4 2 2 9 B  
0 . 4 7 9 6 4  

4772 2 5 31“

DEGREES OF 
FREEDOM

2
2
4

“I
2
2
4

T
2
2
4
1
2 
2 
4
9

18
18
36

18
18
36

—’9“ 
18 
16 
36
18
18
36

3 5 9

MEAN 
SQUARES ,

0 . 0 0 6 8 9
0 . 0 6 4 7 1
0 . 0 1 8 7 0

Tff 13693  
0 . 0 4 8 6 9  
0 . 0 8 1 8 1  
0 . 0 2 4 2 3

0.5174.857
1 . 4 0 3

"0701516“ 
0 . 0 3 5 0 2  
0 , 0 2 9 8  4 
0 7 0 2 4 7 2

1 3 6 1 7 2 7 7  
3 . 6 5 4  
6 .  141 
1 . 8 1 8

"0.007 71 
0 . 0 1 0  36 
0 . 0 1 5 6 2  
0 . 0 0 6 5 6

17138
2 . 6 2 8
2 . 2 4 0
1 . 8 5 5

7 . 2 6 8 8 7
0 . 0 1 5 2 6
0 . 0 2 4 5 2
0 . 0 2 0 1 4

0 7 5 7 9
0 . 7 7 7
1.  173 
0 . 4 9 3

“0 7 0 9 4 7 8 “ 
0 . 0 1 7 3 0  
0 . 0 4 2 5 8  
0 . 0 2 2 6 8  

"0. 0 2 7 1 r  
0 . 0 2 1 5 5  
0 . 0 2 4 4 7  
0 . 0 1 8 0 1

1707271
1 . 1 4 5
1 . 8 4 0
1 . 5 1 1

77X29"
1 . 2 9 9
3 . 1 9 6
1 . 7 0 2

"0704 5y 8 
0 . 0 2 9 7 9  
0 . 0 2 3 5 0  
0 . 0 1 3 3 2

2 7 0 3 4
1.618
1 . 8 3 71.352
3 . 4 5 1
2 . 2 3 6
1 . 7 6 4

SIGN IF.

0 . 6 0 6
0 . 0 1 3
0 . 2 5 2

"07001 
0 . 0 3 5  
0 . 0 0 5  
0 . 1 4 6  

"0.293"" 
0 . 0 8 4  
0 . 1 1 9  
0 .  139"07542
0 . 5 2 9
0 . 3 2 1
0 . 7 4 4

“0 7 9 0  r  
0 . 3 5 3  
0 . 0 5 9  
0 . 1  10

"OTOOT
0 . 2 4 50.002
0 . 0 5 7

"07063“
0 , 1 0 8
0 . 0 5 9
0 . 1 8 5

“07004"
0 . 0 2 0
0 . 0 7 2

KEY
Ls L ev e ls  X, Y, Z
Ms SSPLi 1 2 0 ,  1 1 0 , 100
Bs Backgrounds Q u ie t ,  +7 dB S/N
F: F re q u en c y  R esponses  0 d B /o c ta v e ,  +6 d B /o c ta v e
Ss S u b j e c t s
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f o r  SSPL x f r e q u e n c y  r e s p o n s e  x s u b j e c t s ,  and s i g n i f i c a n t  

f o u r -w a y  i n t e r a c t i o n s ,  l e v e l  x SSPL x b a ck g ro u n d  x s u b j e c t s  

and SSPL x b a c k g ro u n d  x f r e q u e n c y  r e s p o n s e  x s u b j e c t s ,  

a p p r o a c h in g  s i g n i f i c a n c e  ( . l > p > . 0 5 )  c an  a l s o  be s e e n .

Means f o r  t h e  m ain  e f f e c t  (T a b le  15) s u g g e s t  a  s l i g h t  

d e c r e a s e  {<1 , 2%)  i n  p e r f o r m a n c e  a t  100 dB SSPL when com­

p a re d  w i th  120 o r  110 dB SSPL, Two-way i n t e r a c t i o n  means 

(T a b le  15) i n d i c a t e  t h a t  t h i s  e f f e c t  o c c u r r e d  u n d e r  c o n d i ­

t i o n s  o f  b a c k g ro u n d  n o i s e  and  o n ly  f o r  c e r t a i n  s u b j e c t s ,  

b u t  n o t  i n  q u i e t .  F u r t h e r  a n a l y s i s  o f  t h e  t h r e e -  and  f o u r ­

way i n t e r a c t i o n  te rm s  in v o lv e d  i n d i v i d u a l  s u b j e c t  d i f ­

f e r e n c e s ,  w h ich  w ere  n o t  o f  d i r e c t  i n t e r e s t .

A n o th e r  way i n  w h ich  t h e  e f f e c t s  o f  l i m i t i n g  l e v e l s  

on i n t e l l i g i b i l i t y  w e re  s t u d i e d  in v o lv e d  a n a l y z i n g  p e r ­

fo rm an ce  d i f f e r e n c e s  a t  a  c o n s t a n t  SSPL v a l u e ,  w h i l e  p r e ­

s e n t a t i o n  l e v e l  was v a r i e d .  As i n d i c a t e d  i n  t h e  e a r l i e r  

a n a l y s i s  o f  P L L 's ,  l i s t e n i n g  l e v e l s  e x ce ed e d  t h e  s a t u r a t i o n  

t h r e s h o l d  f o r  a lm o s t  e v e r y  s u b j e c t  f o r  t h e  100 dB SSPL 

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

l i m i t i n g  s h o u ld  have  r e s u l t e d  i n  v a r y in g  d e g re e s  o f  c l i p p i n g  

w i th  c o n c o m i ta n t  e f f e c t s  on 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 .

The e f f e c t s  o f  l i s t e n i n g  l e v e l  on i n t e l l i g i b i l i t y  

a s  a  f u n c t i o n  o f  a l l  s l o p e  and  b a c k g ro u n d  n o i s e  com bina ­

t i o n s  a c r o s s  i n d i v i d u a l  s u b j e c t s  a r e  shown a s  F i g u r e s  18 

th r o u g h  2 3 .  T hese  f i g u r e s  r e v e a l  t h a t  f o r  r e l a t i v e l y  

u n l i m i t e d  c o n d i t i o n s  ( i . e . ,  120 and  110 dB SSPL), s y s te m a ­

t i c  p a t t e r n s  o f  i n t e l l i g i b i l i t y  p e r fo rm a n c e  were n o t
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T a b le  15* S peech  i n t e l l i g i b i l i t y  m ain  e f f e c t  and
i n t e r a c t i o n  means {%) f o r  f a c t o r s  i n v o l v i n g  
SSPL from  t h e  f i v e - f a c t o r i a l  i n t e l l i g i b i l i t y  
d e s i g n  c o m p a r in g  t h e  e f f e c t s  o f  o u t p u t  
l i m i t i n g  l e v e l s  on s p e e c h  i n t e l l i g i b i l i t y .

dB. SSPL

120 110 100

9 1 .0 9 1 .1 8 9 .9

MxB

B ackground

q u i e t

n o i s e

9 6 .1

8 4 .2

9 6 .2

8 4 .1

9 6 .2

8 0 .9

S u b j e c t  #  

1 9 5 .1 9 5 .5 9 4 .7

. 2 ' 9 0 .8 9 3 .3 8 7 .7

3 8 7 .5 8 5 .5 8 6 ,0

4 6 7 .2 6 5 .9 6 7 .8

MxS
5 9 7 .2 9 7 .9 9 6 . 1

6 9 4 .9 9 6 .0 9 5 .6

7 9 1 .9 9 4 .1 9 2 .5
8 9 0 .7 8 7 .1 8 8 , 2

9 8 9 .6 8 7 .3 8 6 . 9
10 9 5 .7 9 5 .3 9 3 .7
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Figure 18. Individual intelligibility performance ($) as a function of 
presentation level (dB attenuation) for the 0 dB/octave,
120 dB SSPL, +7 dB S/N condition. The saturation threshold 
is also given.

110



pe
rc

en
t 

C
o

rr
ec

t
saturation
threshold

100

90

80

70

6o

50

20 15
L e v e l ,  dB a t t e n u a t i o n

F ig u r e  19. I n d i v i d u a l  i n t e l l i g i b i l i t y  p e r fo rm a n c e  (fo) a s  a  f u n c t i o n  o f  
p r e s e n t a t i o n  l e v e l  (dB a t t e n u a t i o n )  f o r  t h e  0 d B /o c ta v e ,
110 dB SSPL, +7 dB S/N c o n d i t i o n .  The s a t u r a t i o n  t h r e s h o l d  
i s  a l s o  g i v e n .
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Figure 20, Individual intelligibility performance ($) as a function of 
presentation level (dB attenuation) for the 0 dB/octave,
100 dB SSPL, +7 dB S/N condition. The saturation threshold 
is also given.
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F ig u r e  21 . I n d i v i d u a l  i n t e l l i g i b i l i t y  p e r fo rm a n c e  (fo) a s  a  f u n c t i o n  o f  
p r e s e n t a t i o n  l e v e l  (dB a t t e n u a t i o n )  f o r  t h e  +6 d B /o c ta v e ,  
120 dB SSPL, +7 dB S/N c o n d i t i o n .  The s a t u r a t i o n  t h r e s h o l d  
i s  a l s o  g i v e n .
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Figure 22. Individual intelligibility performance ( f )  as a function of 
presentation level (dB attenuation) for the +6 dB/octave, 
110 dB SSPL, +7 dB S/N condition. The saturation threshold 
is also given.

ti
l



P
er

ce
nt

 
C

o
rr

ec
t

saturation threshold at 33 dB attenuation

100

90

80

70

60

30 25 20 15 10 5
L e v e l ,  dB a t t e n u a t i o n

F ig u r e  2 3 , I n d i v i d u a l  i n t e l l i g i b i l i t y  p e r fo rm a n c e  ( f o )  a s  a  f u n c t i o n  o f  
p r e s e n t a t i o n  l e v e l  (dB a t t e n u a t i o n )  f o r  t h e  +6 d B /o c ta v e ,  
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i s  a l s o  g iv e n .
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readily apparent,, However, Figures 19 and 22, which 
represent intelligibility performance under conditions of 
background noise and severe limiting (100 dB SSPL) for 
both slope conditions, suggest decreased intelligibility 
performance at higher listening levels, which were pro­
gressively more limited. Furthermore, these figures sug­
gest more of a deleterious effect on intelligibility for 
the high frequency emphasis condition as presentation 
level was increased. Similar effects were not revealed 
for quiet background conditions. Data plots for the quiet 
background conditions are given in Appendix H,

As a means of further contrasting these differences 
in performance for the different frequency slopes in noise 
at different limiting levels, a linear regression line 
was fitted to the "normalized” arcsine scores (y-axis) and 
"normalized" listening levels (x-axis) of the individual 
subjects. Normalization of the data was necessary because 
of the heterogeneous characteristics of the subject group. 
Arcsine scores were normalized by assigning a value of 1.0 
to the score at the subject’s lowest listening level and 
relative arcsine values to scores obtained at higher lis­
tening levels. With respect to listening levels, a value 
of 10 was assigned to the individual’s lowest listening 
level (i.e., highest attenuation value), and relative dB 
attenuation values to higher listening levels. The re­
sulting slopes are shown in Figures 2h and 25- These 
lines represent an average slope or average change in
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p e r f o r m a n c e ,  u n d e r  e a c h  o f  t h e  s i x  c o n d i t i o n s  a s  l i s ­

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

f r e q u e n c y  r e s p o n s e  c o n d i t i o n s  (0 and +6 d B / o c t a v e ) ,  p e r ­

fo rm a n c e ,  on a v e r a g e ,  i n c r e a s e d  v e r y  s l i g h t l y  w i th  d e ­

c r e a s i n g  a t t e n u a t i o n  a t  120 dB SSPL, A t 110 dB SSPL, 

a v e r a g e  p e r fo rm a n c e  d e c r e a s e d  w i th  h i g h e r  l i s t e n i n g  

l e v e l s ,  more f o r  t h e  +6 d B /o c ta v e  t h a n  f o r  th e  0 d B /  

o c t a v e  s l o p e .  At 100 dB SSPL, a v e r a g e  p e r fo rm a n c e  d e ­

c r e a s e d  a t  a b o u t  t h e  same r a t e  a s  a t  110 dB SSPL f o r  

t h e  0 d B /o c ta v e  s l o p e ,  b u t  a t  a  f a s t e r  r a t e  f o r  ■+6 d B /  

o c t a v e .

T a b le  16 p r o v i d e s  i n f o r m a t i o n  r e l e v a n t  t o  t h e  

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

e a c h  s l o p e  c o n d i t i o n .  I n  a d d i t i o n ,  t h i s  t a b l e  p r o v i d e s  

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

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

i n  te rm s  o f  t h e  p e r c e n t a g e  c h an g e  w hich would o c c u r  i n  th e  

50?o p e r fo rm a n c e  r e g i o n  f o r  e a c h  dB o f  chang e  i n  l i s t e n i n g  

l e v e l .  P e r c e n ta g e  c h a n g e s  i n  te rm s  o f  i n t e l l i g i b i l i t y  

r e d u c t i o n  r a n g i n g  f ro m  ,06?S/dB f o r  t h e  0 d B /o c t a v e ,  120 dB 

SSPL c o n d i t i o n  t o  l , 8 3 $ / d B  f o r  t h e  -+6 d B /o c t a v e ,  100 dB 

SSPL c o n d i t i o n  a r e  r e v e a l e d .
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T a b le  1 6 . C a lc u la te d ,  v a lu e s  f o r  l i n e a r  b e s t  f i t  f u n c t i o n s
o f  F i g u r e s  24 and 2 5 .  A lso  g i v e n  a r e  t h e  p e r ­
c e n t a g e  c h a n g e s  w h ich  w ould  o c c u r  i n  t h e  50%
p e r fo rm a n c e  r e g i o n  f o r  e a c h  dB o f  ch an g e  i n
l i s t e n i n g  l e v e l .
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CHAPTER V 

DISCUSSION 

I n t r o d u c t i o n

The p u r p o s e  o f  t h i s  s t u d y  was t o  e v a l u a t e  t h e  e f ­

f e c t s  o f  o u t p u t  l i m i t i n g  i n  t h e  form  o f  p e ak  c l i p p i n g  on 

t h e  p e r fo rm a n c e  o f  h e a r i n g  im p a i re d  l i s t e n e r s .  P e r fo rm a n c e  

was, e v a l u a t e d  i n  two s t a g e s .  F i r s t ,  each  i n d i v i d u a l ' s  s e l f ­

a d j u s t e d  l i s t e n i n g  l e v e l s  w ere  o b t a i n e d  u n d e r  v a r y i n g  d e g ­

r e e s  o f  l i m i t i n g .  T hen , i n t e l l i g i b i l i t y  s c o r e s  f o r  mono­

s y l l a b i c  word l i s t s  w ere  o b t a i n e d  u n d e r - t h e s e  same c o n d i ­

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

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

p u t  l i m i t i n g  on t h e s e  p e r fo rm a n c e  m e a su re s  w ere  s t u d i e d  a s  

a  f u n c t i o n  o f  f r e q u e n c y  r e s p o n s e  and  b a ck g ro u n d  n o i s e .

' The e x p e r i m e n t a l  h y p o t h e s i s  s o u g h t  t o  d e m o n s t r a te  

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

l i m i t i n g  w hich  c o u ld  a f f e c t  a n  i n d i v i d u a l ' s  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 .  P r e v io u s  r e s e a r c h  r e v ie w e d  i n  C h a p te r  2 , 

i n d i c a t e d  a  p o t e n t i a l  f o r  p e a k  c l i p p i n g  t o  im pose  q u a l i t a ­

t i v e  a n d / o r  q u a n t i t a t i v e  e f f e c t s  on a n  i n d i v i d u a l ' s  p e r ­

c e p t i o n  o f  s p e e c h .  I n  l i s t e n i n g  c i r c u m s ta n c e s  w here  a  

l i s t e n e r ' s -  u n l i m i t e d  l i s t e n i n g  l e v e l s  f o r  s p e e c h  a r e  h i g h ,  

p r o g r e s s i v e  am oun ts  o f  l i m i t i n g  i n  t h e  form  o f  p e ak  c l i p ­

p in g  c o u ld  l e a d  to  c o m p e n s a to ry  l i s t e n i n g  l e v e l  ( g a i n )



122

a d j u s t m e n t s  a n d / o r  s u b s e q u e n t  c h a n g e s  i n  t h e  l i s t e n e r ' s  

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 .

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

a d j u s t m e n t s  was d e v e lo p e d .  T h is  a p p r o a c h ,  c a l l e d ,  t h e  

" P r e f e r r e d  L i s t e n i n g  L e v e l"  (PLL) i n s t r u c t e d  t h e  l i s t e n e r  

t o  a d j u s t  h i s / h e r  l i s t e n i n g  l e v e l  w i th  a  p r im a r y  e m p h as is  

on i n t e l l i g i b i l i t y ,  w h i l e  r e m a in in g  c o m p a t ib l e  w i th  l i s ­

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

was d i s c u s s e d  i n  C h a p te r  2 .  I t  was h y p o t h e s i z e d  t h a t  th e  

PLL a p p ro a c h  would r e p r e s e n t  a n  e f f e c t i v e  com prom ise  b e ­

tw een  h e a r i n g  a i d  l e v e l  s e t t i n g  a p p r o a c h e s  b a se d  on a n  

i n d i v i d u a l ' s  maximum sp e e c h  i n t e l l i g i b i l i t y  s c o r e  (PB- 

m ax ) ,  in d e p e n d e n t  o f  l i s t e n e r  p r e f e r e n c e ,  and a p p ro a c h e s  

b a s e d  on a n  i n d i v i d u a l ' s  c o m fo r t  l e v e l ,  i n d e p e n d e n t  o f  

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 .
i

PLL a d j u s t m e n t s  w ere  o b t a i n e d  u s i n g  t e s t  m a t e r i a l s  

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

m e a su re m e n ts .  T hese  m a t e r i a l s  w ere  c o n t e x t u a l l y  more 

dem anding  o f  t h e  l i s t e n e r ' s  a t t e n t i o n  t o  i n t e l l i g i b i l i t y  

t h a n  s t a n d a r d l y  u se d  s p o n d a ic  word o r  c o n t in u o u s  d i s c o u r s e  

s p e e c h  m a t e r i a l s .  W ith  a n  em p h asis  on i n t e l l i g i b i l i t y ,  

c h o s e n  p r e f e r r e d  l i s t e n i n g  l e v e l s  w ere  e x p e c te d  t o  more 

c l o s e l y  a p p ro x im a te  t h e  u p p e r  l i m i t s  o f  t h e  c o m fo r t  l e v e l  

r a n g e .  T h ese  s e t t i n g s  c o u ld  r e s u l t  i n  s p e e c h  p e a k  l e v e l s  

e x c e e d in g  t h e  lo w e r  l i m i t s  o f  t h e  r a n g e  o f  LDL's now b e in g  

r e p o r t e d  f o r  h e a r i n g  im p a i re d  i n d i v i d u a l s  w i th  m o d e ra te  

h e a r i n g  im p a i rm e n t .
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P r e f e r r e d  L i s t e n i n g  L e v e ls  

The m a in  q u e s t i o n  w i th  r e s p e c t  t o  p r e f e r r e d  l i s ­

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

d e g r e e  o f  o u t p u t  l i m i t i n g  on a  l i s t e n e r ' s  PLL, a s  a  f u n c ­

t i o n  o f  f r e q u e n c y  r e s p o n s e  a n d  b a ck g ro u n d  n o i s e .  A t t h e  

same t im e ,  f a c t o r s  r e l e v a n t  t o  a n  e v a l u a t i o n  o f  t h e  PLL 

c o n c e p t  i t s e l f  w ere  e x a m in e d ,  a s  a  means o f  e s t a b l i s h i n g  

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

a n  e v a l u a t i o n  o f  i t s  r e l i a b i l i t y  and  a  c o m p a r is o n  o f  a b ­

s o l u t e  PLL l e v e l s  i n  dB SPL w i th  c o m fo r t  l e v e l  and g a i n  

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

p o p u l a t i o n s  o f  h e a r i n g  im p a i rm e n t .

E f f e c t s  o f  O u tp u t  L i m i t i n g

B e fo re  c o n s i d e r i n g  t h e  e f f e c t s  o f  o u t p u t  l i m i t i n g  

on  PLL, a n  i n i t i a l  d e t e r m i n a t i o n  was made o f  e a c h  i n d i ­

v i d u a l ' s  PLL f o r  t h e  h i g h e s t  l i m i t i n g  l e v e l  ( i . e . ,  120 dB 

SSPL), T h is  a n a l y s i s  was u n d e r t a k e n  i n  o r d e r  to  d e te r m in e  

w h e th e r  o r  n o t  t h e  p e a k  l e v e l s  o f  t h e  s p e e c h  a d j u s t e d  by  

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

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

I t  was r e v e a l e d  t h a t ,  f o r  a l l  s u b j e c t s ,  t h e  s p e e c h  p e a k  

l e v e l s  o f  P L L 's  f o r  t h e  l e a s t  l i m i t e d  c o n d i t i o n  a lw a y s  

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

l e v e l  (100 dB SSPL), an d  som etim es  ex ceed ed  t h e  s a t u r a t i o n  

t h r e s h o l d  o f  t h e  i n t e r m e d i a t e  l i m i t i n g  l e v e l  (110 dB SSPL). 

PL L 's  f o r  t h e  h i g h e s t  l i m i t i n g  l e v e l ,  h o w e v e r ,  v i r t u a l l y  

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

e x i s t e d .

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

in g  a n d  l i s t e n e r s *  PLL g a in ^  a d j u s t m e n t s  r e v e a l e d  a  s i g ­

n i f i c a n t  r e d u c t i o n  o f  mean g a i n  a d j u s t m e n t s  f o r  t h e  low ­

e s t  o u t p u t  l i m i t i n g  l e v e l ,  when com pared  w i t h  g a i n  a d j u s t ­

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

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

was l a r g e l y  a t t r i b u t a b l e  t o  a  r e d u c t i o n  i n  mean g a i n  u n d e r  

b a c k g ro u n d  n o i s e  (+7 dB S/N) c o n d i t i o n s .

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

s u b s t a n t i a l  i n d i v i d u a l  d i f f e r e n c e s .  PLL a d j u s t m e n t s  ra n g e d  

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

much a s  9 dB, a s  o u t p u t  l i m i t i n g  c o n d i t i o n s  changed  from  

v i r t u a l l y  no l i m i t i n g  to  t h e  m ost s e v e r e  d e g re e  o f  o u t p u t  

l i m i t i n g  ( i . e . ,  100 dB SSPL).

To t h e  e x t e n t  t h a t  SSPL v a lu e s  u s e d  i n  t h i s  s t u d y  

w ere  r e p r e s e n t a t i v e  o f  l e v e l s  now b e in g  recommended f o r  

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

l o s s  c h a r a c t e r i s t i c s ,  t h e  PL L 's  o b t a i n e d  u n d e r  e s s e n t i a l l y  

u n l i m i t e d  c o n d i t i o n s  w ere  h ig h  enough to  be  i n f l u e n c e d  by 

p r o g r e s s i v e l y  more o u t p u t  l i m i t i n g  i n  t h e  fo rm  o f  p e ak  

c l i p p i n g .  R ed u c in g  t h e  l i m i t i n g  l e v e l  t o  i t s  l o w e s t  v a lu e  

im posed  c l i p p i n g  and a s s o c i a t e d  a m p l i tu d e  d i s t o r t i o n  o f

9 ; |
In  t h i s  s e c t i o n ,  i n c r e a s e s  and d e c r e a s e s  i n  PLL w i l l  be 

r e f e r r e d  t o  a s  i n c r e a s e s  a n d  d e c r e a s e s  i n  g a i n ,  r e s p e c t i v e ­
l y ,  t o  r e m a in  c o n s i s t e n t  w i th  h e a r i n g  a i d  t e r m in o lo g y .
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s p e e c h  p e a k s  a t  t h e  l i s t e n e r ' s  PLL c h o se n  f o r  t h e  u n ­

l i m i t e d  c o n d i t i o n , ,  T h is  r e s u l t e d  i n  r e l a t i v e  g a i n  s e t t i n g  

r e d u c t i o n s ,  p a r t i c u l a r l y  u n d e r  c o n d i t i o n s  w i th  b a c k g ro u n d  

n o i s e 0 D e s p i t e  t h e s e  g a i n  r e d u c t i o n s ,  a s  t h e  l i m i t i n g  

l e v e l  was p r o g r e s s i v e l y  r e d u c e d ,  a lm o s t  a l l  l i s t e n e r s  

c o n t i n u e d  to  l i s t e n  a t  l e v e l s  w here  s p e e c h  p e a k s  e x c e e d e d  

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

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

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

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

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

l i t y .  W ith a n  i n t e n s i t y  r a n g e  b e tw e e n  s t r o n g  and weak 

s p e e c h  so u n d s  o f  30 t o  50 dB, r e d u c i n g  t h e  g a i n  t o  e l i ­

m in a te  c l i p p i n g  o f  t h e  s p e e c h  would  have  r e s u l t e d  i n  

i n a u d i b i l i t y  o f  s e g m e n ts  o f  t h e  o v e r a l l  s i g n a l .  T hus, i t  

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

c e r t a i n  l e v e l  may be r e a c h e d  w here  t h e  l i s t e n e r  c h o o s e s  

t o  l i s t e n  t o  a  somewhat d i s t o r t e d  a u d i b l e  s i g n a l ,  r a t h e r  

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

L i s t e n e r s  a p p e a re d  t o  t o l e r a t e  g r e a t e r  am ou n ts  o f  

c l i p p i n g  w i th  h ig h  f r e q u e n c y  e m p h a s is  t h a n  w i th  t h e  f l a t  

f r e q u e n c y  r e s p o n s e .  T h is  a p p a r e n t l y  g r e a t e r  t o l e r a n c e  f o r  

c l i p p i n g  w i th  h ig h  f r e q u e n c y  e m p h a s is  may be p a r t l y  e x ­

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

p r o c e d u r e .

F o r  t h e  0 d B /o c ta v e  s l o p e  c o n d i t i o n ,  s a t u r a t i o n  

t h r e s h o l d  was d e te rm in e d  by  th e  low  f r e q u e n c y  vow el
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phonem es w h ich  w ere o f  r e l a t i v e l y  h ig h  i n t e n s i t y  and o c ­

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

o ld  f o r  t h e  *f6 d B /o c ta v e  c o n d i t i o n  was i n i t i a l l y  d e t e r ­

m ined b y  i n d i v i d u a l ,  h ig h  f r e q u e n c y  and h ig h  i n t e n s i t y  

f r i c a t i v e s  ( i . e . ,  / s / ,  / S / ) »  w h ich  o c c u r r e d  r e l a t i v e l y  

i n f r e q u e n t l y .  W ith t h e  v ow els  made r e l a t i v e l y  l e s s  i n ­

t e n s e  b y  t h e  h ig h  f r e q u e n c y  e m p h a s is  s l o p e ,  t h e  s a t u r a t i o n  

t h r e s h o l d  was e x ce ed e d  a t  a  much s l o w e r  word p e r  dB r a t e  

a s  g a i n  was i n c r e a s e d .

O th e r  f a c t o r s  w h ich  may e x p l a i n  t h e  d i f f e r e n c e s  i n  

l i s t e n i n g  l e v e l s  c h o s e n  u n d e r  t h e  0 d B /o c ta v e  and 4 6 d B /  

o c ta v e  c o n d i t i o n s  may i n c l u d e  a  l i s t e n e r ' s  i n t e n t  to  

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

o f  i t s  pow er, a s  w e l l  a s  t h e  f a c t  t h a t  w i th  h ig h  f r e q u e n c y  

e m p h a s is  many o f  th e  d i s t o r t i o n  p r o d u c t s  f e l l  beyond t h e  

u p p e r  b a n d w id th  l i m i t s  o f  t h e  s y s te m ,  m aking  them i n a u d i b l e .

G a in  a d j u s t m e n t s  b y  t h e  l i s t e n e r  may h av e  r e p r e ­

s e n t e d  a  com prom ise  b e tw e e n  a u d i b i l i t y ,  i n t e l l i g i b i l i t y ,  

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

W hile  t h e  e m p h a s is  on i n t e l l i g i b i l i t y  when i n s t r u c t i n g  

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

by  c h a n g e s  i n  t h e  d e g re e  o f  l i m i t i n g  s h o u ld  h av e  p r i n c i p a l l y  

b e e n  m o t i v a te d  by i n t e l l i g i b i l i t y  f a c t o r s ,  e a r l y  r e s e a r c h  

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

g i b i l i t y  ( K r y t e r ,  e t  a l . ,  19^7; D a v is ,  e t  a l . ,  19^7) 

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

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

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

a v o id  t h e s e  q u a l i t a t i v e  e f f e c t s  im posed by  p e ak  c l i p p i n g .  

The u s e  o f  p r e s e n t a t i o n  l e v e l s  i n  a d d i t i o n  t o  P L L 's ,  a s  

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

fo rm an c e  (p .  1 3 8 ) ,  was h e l p f u l  i n  d i f f e r e n t i a t i n g  b e tw e e n  

t h e s e  e f f e c t s .

C om parison  w i th  R e la te d  R e se a rc h

Only one s t u d y  r e p o r t e d  i n  t h e  l i t e r a t u r e  i s  known 

t o  h a v e  e x p lo r e d  t h e  r e l a t i o n s h i p  b e tw e e n  o u t p u t  l i m i t i n g  

i n  t h e  fo rm  o f  p e a k  c l i p p i n g  ahd  a  l i s t e n e r ' s  g a i n  a d j u s t ­

m e n ts .  M a r t in  (197 6 )  s t u d i e d  t h e  e f f e c t s  o f  o u t p u t  l i m i t ­

i n g  on t h e  c o m f o r t  l e v e l  a d ju s tm e n t s  o f  a  g r o u p  o f  h e a r i n g  

im p a i r e d  l i s t e n e r s  w i t h  m o d e r a t e - t o - s e v e r e  d e g r e e s  o f  

s e n s o r i n e u r a l  h e a r i n g  im p a i rm e n t .  H is  s y s te m  was d e s ­

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

l i m i t i n g  i n  t h e  fo rm  o f  p e a k  c l i p p i n g  v a r y i n g  from  a p p r o x i ­

m a t e l y  9 5 -130  dB SSPL. C o n t in u o u s  d i s c o u r s e  a g a i n s t  a  

q u i e t  b a c k g ro u n d  was u s e d  a s  t h e  s p e e c h  m a t e r i a l  and 

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

and  n o t  t o  p a y  a t t e n t i o n  t o  c l a r i t y .

M a r t in  d id  n o t  p r o v i d e  a n y  s t a t i s t i c a l  a n a l y s i s ,  o r  

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

p e r fo rm a n c e  f u n c t i o n s  and  c o n c l u s i o n  w ere g e n e r a l l y  c o n ­

s i s t e n t  w i th  t h o s e  m ea su re d  i n  t h i s  i n v e s t i g a t i o n .  H ig h e s t  

l i s t e n e r  a d j u s t e d  g a i n  l e v e l s  w ere  i n d i c a t e d  f o r  t h e  h i g h e s t
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l i m i t i n g  l e v e l ,  w i th  e v id e n c e  o f  t r e n d s  to w a rd s  a  l o w e r ­

in g  o f  i n d i v i d u a l  g a i n  a d j u s t m e n t s  a s  t h e  l i m i t i n g  l e v e l  

was d e c r e a s e d .  M a r t in  r e p o r t e d  t h a t ,  a s  t h e  o u t p u t  l i m i t ­

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

t h e i r  g a i n  u n t i l  a  c r i t i c a l  l e v e l  was r e a c h e d ,  a f t e r  w h ich  

l i s t e n e r s  i n c r e a s e d  t h e i r  g a i n  i n  o r d e r  t o  m a i n t a i n  a  com­

f o r t a b l e  l i s t e n i n g  l e v e l .

T h is  s t u d y  d i f f e r e d  from  M a r t i n ' s  i n  f o u r  i m p o r t a n t  

a s p e c t s : I n  t h i s  i n v e s t i g a t i o n  a  more hom ogeneous g ro u p  

o f  s u b j e c t s  was u s e d .  I n  a d d i t i o n ,  l i s t e n i n g  c o n d i t i o n s  

c h a r a c t e r i z e d  b y  c o m p e t in g  n o i s e  w ere  i n c l u d e d ,  l i s t e n e r s  

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

a d j u s t m e n t s ,  and  m o n o s y l la b i c  word l i s t s  w ere  u sed  a s  

s p e e c h  m a t e r i a l s .  T hese  f a c t o r s  may h ave  c o n t r i b u t e d  t o  

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

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

i n  t h i s  i n v e s t i g a t i o n .  The o b s e r v a t i o n  made by  M a r t in  

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

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

was i n c r e a s e d ,  i s  c o n s i s t e n t  w i th  t h e  s u g g e s t i o n  made 

e a r l i e r  t h a t ,  a s  l i m i t i n g  becom es i n c r e a s i n g l y  s e v e r e ,  

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

a u d i b i l i t y .  W ith M a r t i n ' s  i n s t r u c t i o n s  e m p h a s iz in g  com­

f o r t a b l e  l o u d n e s s ,  l i s t e n e r s  w ere  more l i k e l y  t o  i n c r e a s e  

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

c r e a s e  t h e  pow er o f  t h e  s p e e c h  ('7a 'then-Dunn & L ip k e ,  1 9 5 8 ) ,  

w hich  i s  a s s o c i a t e d  w i th  t h e  p e r c e p t i o n  o f  t h e  lo u d n e s s  o f  

s p e e c h  (D a v is ,  e t  a l . , 1 9 ^ 7 ) .



129

PLL a s  a  L i s t e n i n g  L e v e l  C oncep t

I n t r o d u c t i o n  o f  t h e  PLL c o n c e p t  i n  t h i s  s t u d y  was 

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

r a n g e  o f  l e v e l s ,  t h e  u p p e r  l i m i t s  o f  w h ich  may be more 

c l o s e l y  a s s o c i a t e d  w i t h  a  l i s t e n e r * s  maximum s p e e c h  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  l e v e l  ( P o s n e r  & V e n t ry ,  1 9 7 7 i 

V e n t ry  & J o h n s o n ,  1 9 7 8 ) ,  T hus, i t  was e x p e c te d  t h a t  u se  

o f  t h e  PLL c o n c e p t  w ou ld  more c l o s e l y  a p p r o x im a te  a n  

i n d i v i d u a l ’ s  maximum i n t e l l i g i b i l i t y  p e r fo rm a n c e  w i t h i n  

h i s / h e r  c o m f o r t  r a n g e .  T h is  l e v e l  was b e l i e v e d  t o  more 

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

w here  s p e e c h  i n t e l l i g i b i l i t y  i s  t h o u g h t  t o  be  more i m p o r t ­

a n t .  H ig h e r  a b s o l u t e  l i s t e n i n g  l e v e l s  w ere  a n t i c i p a t e d  

u s i n g  t h e  PLL i n s t r u c t i o n s  and  sp e e c h  m a t e r i a l  t h a n  th o s e  

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

( P o s n e r  & V e n t r y ,  1 9 7 7 ) .  V a l id  r e p r e s e n t a t i o n  o f  u s e  

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

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

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

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

i n  t h i s  s t u d y ,  t h r e e  c o m p a r is o n s  w ere  u n d e r t a k e n .  F i r s t ,  

a n  e s t i m a t e  o f  t h e  a b s o l u t e  PLL’ s m easu red  i n  t h i s  s t u d y  

w ere  com pared  w i th  s t u d i e s  o f  c o m fo r t  l e v e l  r a n g e s  and  

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

l i t e r a t u r e  f o r  s i m i l a r  s u b j e c t  s a m p le s .  S eco n d , a n  

e s t i m a t e  o f  g a i n  l e v e l s  u se d  by  s u b j e c t s  i n  t h i s  s t u d y  was 

d e r i v e d  and  com pared w i th  e s t i m a t e s  o f  g a i n  l e v e l s  f o r
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e x p e r i e n c e d  h e a r i n g  a i d  u s e r s  r e p o r t e d  i n  o t h e r  s t u d i e s .  

F i n a l l y ,  t h e  i n t r a - s u b j e c t  r e l i a b i l i t y  o f  t h e  PLL c o n c e p t  

was e v a l u a t e d  and  com pared  w i th  t h e  r e l i a b i l i t y  o f  s i m i l a r  

m ea su re m e n ts  a s  r e p o r t e d  i n  t h e  r e s e a r c h  l i t e r a t u r e .

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

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

s t u d i e s  o f t e n  d i f f e r e d  from  t h o s e  u se d  i n  t h i s  s t u d y .  I n  

p a r t i c u l a r ,  D i r k s ,  e t  a l .  (1977) h av e  p o i n t e d  o u t  t h e  

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

u s i n g  a  VU m e t e r ,  a s  a  l i m i t i n g  f a c t o r  i n  m aking  i n t e r ­

s t u d y  and i n t e r - s t i m u l u s  c o m p a r is o n s .  H ow ever, d e s p i t e  

t h e s e  l i m i t a t i o n s ,  g e n e r a l  c o n c l u s i o n s  o r  im p r e s s io n s  c a n  

be  draw n i n  c o m p a r is o n s  w i th  o t h e r  s t u d i e s  w hich  a r e  h e l p ­

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

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

PLL and  t h e  C o m fo r ta b le  L i s t e n i n g  Range

I n  o r d e r  t o  p r o v i d e  a  r e f e r e n c e  PLL l e v e l  i n  dB SPL 

w i th  w hich  o t h e r  s p e e c h  l i s t e n i n g  l e v e l  d a t a  b a s e d  on VU 

m e te r  c a l i b r a t i o n s  c o u ld  be com pared , mean PL L 's  i n  dB 

a t t e n u a t i o n  f o r  t h e  u n l i m i t e d  (120 dB SSPL) f l a t  f r e q u e n c y  

r e s p o n s e  c o n d i t i o n  i n  b o th  a  q u i e t  and  n o i s e  b a c k g ro u n d  

w ere  c o n v e r t e d  i n t o  dB SPL f o r  t h e  s u b j e c t  g ro u p  ( s e e  

A ppend ix  F ) .  Mean P L L 's  a c r o s s  t e s t  s e s s i o n s  f o r  t h e s e  

two c o n d i t i o n s  w e r e ' v i r t u a l l y  i d e n t i c a l .  U sing  a  

13 dB (+ 1 dB) p e a k  f a c t o r  o f  s p e e c h ,  d e f i n e d  

a s  t h e  dB d i f f e r e n c e  b e tw e e n  i n s t a n t a n e o u s  sp e e c h  

p e a k s  m ea su re d  on a  VU m e te r  an d  t h e  maximum i n s t a n t a n e o u s
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v o l t a g e  o f  t h e  h i g h e s t  p e a k s  o f  s p e e c h ,  a  PLL e s t i m a t e  o f  

101 dB SPL (+ 1 dB) (<y* 3 .5  dB) was d e r i v e d .

Two i n v e s t i g a t i o n s  ( V e n tr y  & Jo h n s o n ,  1978; Kamm, 

e t  a l . , 1 9 7 8 ) h av e  r e c e n t l y  b e e n  r e p o r t e d  w h ich  h av e  d e ­

f i n e d  a  c o m f o r t a b l e  l i s t e n i n g  r a n g e  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  im p a i rm e n t .  B oth  i n v e s t i g a t i o n s  

u s e d  r e c o r d e d  l i s t s  o f  s p o n d a ic  w ords a s  t h e  sp e e c h  

m a t e r i a l .  H ow ever, d i f f e r e n t  p s y c h o p h y s i c a l  m ethods w ere  

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

d e s c e n d in g  and a s c e n d i n g  a p p ro a c h  modes w ere  u s e d  i n  each  

s t u d y .  V e n t ry  and Jo h n s o n  (1 9 7 8 )  d e s c r i b e d  a  c o m f o r t a b l e  

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

im p a i rm e n t .  The 5^  dB HTL mean p u r e  to n e  a v e r a g e  and 

^5«5  dB mean SRT f o r  t h e  t e s t  e a r  i n  t h i s  i n v e s t i g a t i o n  

p l a c e s  t h e  g ro u p  o f  s u b j e c t s  i n  t h i s  s t u d y  b e tw e e n  t h e  

c a t e g o r i e s  o f  m o d e ra te  (mean PTA s  i+6 .8  dB HTL) an d  s e v e r e  

(mean PTA = 5 9 .8  dB HTL) d e f i n e d  b y  V e n t ry  and J o h n s o n .  

T hey r e p o r t e d  mean c o m f o r t  l e v e l  l i m i t s  o f  83 dB SPL and 

103 dB SPL f o r  t h e i r  m o d e r a t e l y  im p a i r e d  g ro u p  and mean 

c o m fo r t  l e v e l  l i m i t s  o f  91 dB SPL an d  107 dB SPL f o r  t h e i r  

s e v e r e l y  im p a i r e d  g r o u p .  I n t e r p o l a t i o n  o f  V e n t ry  and 

J o h n s o n 's  d a t a  f o r  t h e  d e g re e  o f  h e a r i n g  im p a irm e n t  mea­

s u r e d  i n  t h i s  s t u d y  w ould  e s t i m a t e  t h e  101 dB SPL v a lu e  

f o r  PLL m e a su re d  i n  t h i s  s t u d y  t o  be w i t h i n  t h e  u p p e r  

p o r t i o n  o f  t h e  r a n g e  d e f i n e d  by t h e i r  u p p e r  and lo w e r  

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

Kamm, e t  a l .  (1978) s t u d i e d  MCL and LDL f u n c t i o n s
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f o r  v a r y i n g  d e g r e e s  o f  c o c h l e a r  h e a r i n g  im p a irm e n t  u s i n g  

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

g i e s ,  u p p e r  and  lo w e r  l i m i t s  o f  a n  MCL r a n g e  w ere  d e f i n e d .  

U sing  a  n o n - l i n e a r  r e g r e s s i o n  t e c h n i q u e ,  t h e y  p l o t t e d  a  

b e s t - f i t  l i n e  f o r  t h e s e  two MCL's i n  dB SPL a s  a  f u n c t i o n  

o f  sp e e c h  r e c e p t i o n  t h r e s h o l d  (p .  6 7 6 , F i g u r e  2 ) .  E x t r a ­

p o l a t i n g  from  t h e i r  d a t a ,  a n  u p p e r  l i m i t  MCL o f  a p p r o x i ­

m a te ly  96 dB SPL a n d  a  lo w e r  l i m i t  o f  a p p r o x i m a t e l y  86 dB 

SPL was fo u n d  t o  be  a s s o c i a t e d  w i th  a  ^5 dB SRT, C l e a r l y ,  

th e  101 dB SPL e s t i m a t e d  a s  t h e  mean PLL i n  t h i s  s t u d y ,  

c l o s e l y  a p p r o x im a te s  t h e  h i g h e r  o f  t h e  two MCL v a l u e s .

These i n t e r - s t u d y  c o m p a r is o n s  s u g g e s t  t h a t  PLL i n s t r u c t i o n s ,  

e m p h a s iz in g  i n t e l l i g i b i l i t y ,  r e s u l t  i n  l i s t e n i n g  l e v e l s  

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

PLL and PB-Max

As r e v ie w e d  i n  C h a p te r  2 ,  no one h a s  i n v e s t i g a t e d  

t h e  r e l a t i o n s h i p  b e tw e e n  PB-max and t h e  c o m f o r t a b l e  l o u d ­

n e s s  r a n g e .  V e n t ry  and J o h n s o n  ( 1 9 7 8 ) ,  b a s e d  on t h e i r  own 

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

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

s e n s o r i n e u r a l  h e a r i n g  im p a i rm e n t ,  s u g g e s t e d  t h a t  PB-max 

may c l o s e l y  c o r r e s p o n d  w i t h  t h e i r  d e s c e n d in g  MCL f o r  

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

P o s n e r  a n d  V e n t ry  (1 977 )  i n v e s t i g a t e d  t h e  r e l a t i o n ­

s h i p  b e tw ee n  s p e e c h  p r e s e n t a t i o n  l e v e l s  b a se d  on c o m f o r t ­

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

m a t e r i a l s  and  m o n o s y l l a b i c  s p e e c h  d i s c r i m i n a t i o n  i n
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s e n s o r i n e u r a l  h e a r i n g  im p a i rm e n t ,  u s i n g  two s e t s  o f  i n ­

s t r u c t i o n s .  One s e t  o f  i n s t r u c t i o n s  em p hasized  c o m fo r t  

and  a n o t h e r  e m p h a s iz e d  c o m p re h e n s io n .  T h e i r  e x p e r i m e n t a l  

g ro u p  was d e s c r i b e d  a s  h a v in g  a  mean PTA o f  k $ , 2  dB HTL 

a n d  a  mean SRT o f  ^ 2 . 6  dB HTL. The mean l e v e l  a t  w hich  

PB-max was r e a c h e d  f o r  t h e  g ro u p  was 37*2 dB ab o v e  th e  

mean SRT. Both i n s t r u c t i o n a l  s e t s  r e s u l t e d  i n  l i s t e n i n g  

l e v e l s  w hich  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 d  t h e  mean l e v e l  

a t  w hich  PB-max was m e a s u re d .  An a d m i t t e d  s h o r t c o m in g  o f  

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

f o r  l i s t e n i n g  l e v e l  ju d g m e n ts .  I n  t h e  p r e s e n t  s t u d y ,  

t h e  101 dB SPL (81  dB HTL) v a lu e  f o r  PLL was a p p r o x i m a t e l y  

3 6 .5  dB abo ve  t h e  SRT, a p p r o x i m a t i n g  t h e  mean s e n s a t i o n  

l e v e l  a t  w hich  PB-max was m ea su re d  i n  t h e  P o s n e r  and 

V e n t ry  s t u d y .  T hese  d a t a  s u p p o r t  t h e  h y p o t h e s i s  t h a t  PLL 

r e s u l t s  i n  a  l i s t e n i n g  l e v e l  w h ich  m ax im izes  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 .

PLL and G a in  A d ju s tm e n ts  o f  

E x p e r ie n c e d  H e a r in g  Aid U se rs

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

g a i n  l e v e l s  o f  e x p e r i e n c e d  h e a r i n g  a i d  u s e r s  (B ro o k s ,  1973; 

Byrne & T o n n is o n ,  1976; B e r g e r ,  e t  a l . ,  1980) h a v e  g e n e r a l ­

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

recommended by  L y b a rg e r  ( 1 9 6 3 ) .  T h is  r u l e  s t a t e s  t h a t  

a id e d  g a i n  c h a n g e s  a t  a  r a t e  o f  a p p r o x i m a t e ly  h a l f  th e  

h e a r i n g  l o s s ,  m easu red  i n  dB HTL. I n  t h e s e  i n v e s t i g a t i o n s  

t h e  d e g re e  o f  h e a r i n g  l o s s  h a s  b e e n  d e te r m in e d  by  one o r
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a  c o m b in a t io n  ( a v e r a g e )  o f  f r e q u e n c i e s  u s e d  i n  d e t e r m i n i n g  

t h e  p u r e  to n e  a v e r a g e  ( . 5» 1 an d  2 KHz).

I n  a d d i t i o n  t o  b e in g  d e te r m in e d  by  t h e  e x t e n t  o f  

h e a r i n g  im p a i rm e n t ,  a id e d  g a i n  i s  a l s o  d e te r m in e d  by  th e  

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

s t u d i e s  h a v e  recommended a n d / o r  u s e d  l e v e l s  a p p r o x im a t in g  

a  70 dB SPL i n p u t  (G e n g e l ,  e t  a l . , 197 1 ; Byrne & T o n n iso n ,  

1976; R e id ,  e t  a l . ,  1977; W alden, e t  a l . , 1977) a s  r e p r e ­

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

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

W ith  t h e  s y s te m  u s e d  i n  t h e  p r e s e n t  s t u d y ,  i n p u t  

s p e e c h  l e v e l  was n o t  a  f a c t o r .  H ow ever, t h e  am ount o f  

g a i n  t h a t  would be  u s e d  b y  t h e  g ro u p  i n  l i s t e n i n g  to  

c o n v e r s a t i o n  c a n  be e s t i m a t e d - b y  s u b t r a c t i n g  70 dB SPL 

from  t h e  a c t u a l  l i s t e n i n g  l e v e l .  A ssum ing  su c h  a n  i n p u t  

l e v e l ,  t h e  r e f e r e n c e  PLL o f  101 dB SPL w ould  be  o b t a in e d  

u s i n g  a  g a i n  o f  31 dB. T h is  am ount o f  g a i n  i s  a t  a  r a t i o  

o f  .5 7  t o  t h e  g ro u p  t h r e e - f r e q u e n c y  p u r e  to n e  a v e r a g e  o f  

t h e  t e s t  e a r .  T h is  r a t i o  i s  c o n s i s t e n t  w i th  t h o s e  r e p o r t e d  

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

The o v e r a l l  c o n c l u s i o n  b a sed  on t h e  c o m p a r is o n  o f  

t h e  r e f e r e n c e  PLL l e v e l  w i th  d a t a  r e p o r t e d  from  o t h e r  r e ­

l a t e d  i n v e s t i g a t i o n s  i s  c o n s i s t e n t  w i th  t h e  n o t i o n  t h a t  

PLL i s  r e p r e s e n t a t i v e  o f  a  u s e  g a i n  s e t t i n g ,  w h i l e  a l s o  

a p p r o x im a t in g  t h e  l e v e l  a t  w hich  maximum s p e e c h  i n t e l l i ­

g i b i l i t y  p e r fo rm a n c e  w i l l  be  a c h i e v e d .  T hese  c o n c l u s i o n s  

a r e  c o n s i s t e n t  w i th  t h e  f i n d i n g s  r e p o r t e d  by  Y a n t i s ,  e t  a l .
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( 1 9 6 6 ) ,  who fo u n d  t h a t  t h e  g a i n  a d j u s t m e n t  o f  e x p e r i e n c e d  

h e a r i n g  a i d  u s e r s ,  a s  a d j u s t e d  i n  t h e i r  own e n v ir o n m e n t ,  

c l o s e l y  c o r r e s p o n d e d 'w i t h  t h e  l e v e l  a t  w h ich  maximum 

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  was m e a su re d .

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

i n v e s t i g a t i o n  from  t h e  P o s n e r  and  V e n t ry  s t u d y ,  w h ich  a l s o  

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

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

and t h e  u s e  o f  m o n o s y l l a b i c  w ords a s  l i s t e n i n g  m a t e r i a l s .  

E i t h e r  one o f  t h e s e  f a c t o r s  c o u ld  h av e  c o n t r i b u t e d  t o  t h e  

h i g h e r  l e v e l s  m easu red  i n  t h e  p r e s e n t  s t u d y .  F u t u r e  

r e s e a r c h  s h o u ld  e v a l u a t e  t h e  PLL m ethod used  h e r e  on l i s ­

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

m ine  t h e  c o n t r i b u t i o n  o f  e x p e r i e n c e  a s  a  f a c t o r .  I n  

a d d i t i o n ,  t h e  r e l a t i o n s h i p  o f  PLL t o  PB-max s h o u ld  be 

a s c e r t a i n e d .

PLL R e l i a b i l i t y

A p r e r e q u i s i t e  i n  e s t a b l i s h i n g  t h e  u s e f u l n e s s  o f  

a n y  c l i n i c a l  m ea su re m e n t i s  a  m ea su re  o f  i t s  v a r i a b i l i t y .  

I f  t h e  PL L 's  m ea su re d  i n  t h i s  s t u d y  w ere  n o t  r e l i a b l e ,  i t  

would, h a v e  a f f e c t e d :  a )  i t s  s e n s i t i v i t y  t o  a n y  e f f e c t s  o f  

o u t p u t  l i m i t i n g  and  b )  i t s  c l i n i c a l  u t i l i t y  on a n  i n d i ­

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

d i f f e r e n t i a t i n g  among a id e d  c o n d i t i o n s .  The a n a l y s i s  o f  

v a r i a n c e  r e v e a l e d  a n  u n e x p e c te d ,  s i g n i f i c a n t  t i m e - o r d e r  

e f f e c t .  H ow ever, o n l y  1 dB s e p a r a t e d  t h e  means o f  th e
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PL L 's m easu red  i n  t h e  two t e s t  s e s s i o n s .  I n s p e c t i o n  o f  

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

a t t r i b u t e d  to  r e l i a b i l i t y  p ro b le m s  i n v o l v i n g  two s u b j e c t s .  

The 1 dB t e s t - r e t e s t  d i f f e r e n c e  was c o n s i d e r e d  s m a l l  

enough so  a s  n o t  t o  h av e  p r a c t i c a l  s i g n i f i c a n c e .

I n t r a - s u b j e c t  r e l i a b i l i t y  (T a b le  8 P p„ 96) was 
e v a l u a t e d  i n  two w ays . I n  t h e  f i r s t  m etho d , 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  t i m e - o r d e r  e f f e c t  was c a l c u l a t e d  b a sed

on t h e  t o t a l  v a r i a n c e  o f  t h e  t i m e - o r d e r  e f f e c t  and  i t s

i n t e r a c t i o n s .  The s t a n d a r d  d e v i a t i o n  o f  t e s t - r e t e s t

e r r o r  f o r  PLL d e te r m in e d  i n  t h i s  m anner was 3*1^  dB.

T hus, b a s e d  on t h i s  m e th o d , 68% o f  t e s t - r e t e s t  PL L 's  w ere

w i t h i n  + 3 .1 ^  dB o f  e a c h  o t h e r  and 95% w i t h i n  6 ,2 8  dB,

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

t e s t - r e t e s t  m e a su re m e n ts  d i f f e r i n g  by  a  s p e c i f i e d  num ber 

o f  dB was c a l c u l a t e d .  T hese  r e s u l t s  r e v e a l e d  t h a t  67% o f  

r e p e a t e d  t r i a l s  w ere  w i t h i n  4 dB o f  e ac h  o t h e r ,  88% 

w i t h i n  6 dB o f  e a c h  o t h e r  and 98% o f  t h e  r e p l i c a t i o n s  

w ere  w i t h i n  8 dB o f  e ac h  o t h e r .  An e v a l u a t i o n  o f  t h e s e  

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

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

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

f e r e n c e s  c a n  o n l y  be e v a l u a t e d  by  d e t e r m i n i n g  t h e  am ount 

o f  d i f f e r e n c e  t h a t  t h e s e  am ounts  a r e  l i k e l y  t o  make i n  a n  

i n d i v i d u a l ' s  i n t e l l i g i b i l i t y  p e r fo rm a n c e  v a r i a t i o n s .

A c o m p a r is o n  o f  t e s t - r e t e s t  d i f f e r e n c e s  o f  t h i s  

i n v e s t i g a t i o n  and  t h o s e  r e p o r t e d  by  o t h e r  i n v e s t i g a t o r s
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f o r  h e a r i n g  im p a i re d  l i s t e n e r s  u s i n g  s p e e c h  m a t e r i a l s ,  

r e v e a l e d  e s s e n t i a l l y  good a g re e m e n t .  Y e n t ry  and Jo h n so n  

(1 9 7 8 )  r e p o r t e d  t e s t - r e t e s t  d i f f e r e n c e s  w i t h i n  5 d3 f o r  

78 fo o f  t h e i r  s u b j e c t s  f o r  a s c e n d i n g  MCL, w h i l e  9^?° o f  

t h e  s u b j e c t s  had  t e s t - r e t e s t  MCI/s w i t h i n  5 dB f o r  

d e s c e n d in g  a p p r o a c h e s .

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

a i d  g a i n  a d j u s t m e n t s ,  W alden , e t  a l .  (1977 )  r e p o r t e d  t h a t  

90$  o f  t h e i r  t e s t - r e t e s t  c o m p a r is o n s  o f  a i d e d  g a i n  w ere  

w i t h i n  8 .5  dB, w h i le  50$ o f  t h e  t e s t - r e t e s t  c o m p a r is o n s  

w ere  w i t h i n  k  dB. R e id ,  e t  a l .  (1977)»  i n  t h e i r  s t u d y  o f  

h e a r i n g  a i d  g a i n  s e t t i n g s  i n  e x p e r i e n c e d  h e a r i n g  a i d  u s e r s ,  

fo u n d  a id e d  g a i n  l e v e l s  f o r  t e s t  and  r e t e s t  t o  be w i t h i n  

dB f o r  a p p r o x i m a t e l y  88$ o f  t h e i r  s u b j e c t s .  The 

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

r a t e d  i n  t h e s e  o t h e r  i n v e s t i g a t i o n s .

The o v e r a l l  c o n c l u s i o n s  c o n c e r n i n g  PLL b a se d  on 

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

g a i n  s e t t i n g  a p p r o a c h .  PLL em erges  a s  a  r e l i a b l e  m easu re  

n e a r  t h e  u p p e r  l i m i t s  o f  a n  i n d i v i d u a l ' s  c o m f o r t  l e v e l  

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

n e c e s s a r y  f o r  a n  i n d i v i d u a l ' s  maximum 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 .  F u r t h e r  r e s e a r c h  e v a l u a t i n g  t h e  PLL a p p ro a c h  

s h o u l d :  a )  i n c l u d e  n o n - e x p e r i e n c e d  h e a r i n g  a i d  u s e r s ,  

b )  m ea su re  t h e  r e l a t i o n s h i p  b e tw e e n  PLL an d  PB-max on th e  

same s u b j e c t s ,  and c )  e v a l u a t e  t h e  i m p l i c a t i o n s  o f  t e s t -  

r e t e s t  v a r i a b i l i t y  on i n t e l l i g i b i l i t y  p e r fo r m a n c e .  I n
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a d d i t i o n ,  t h i s  a p p r o a c h  s h o u l d  be e v a l u a t e d  f o r  o t h e r  

l i s t e n i n g  c o n d i t i o n s .

Speech  I n t e l l i g i b i l i t y  P e r fo rm a n c e  

The se co n d  s t a g e  o f  t h e  p r e s e n t  s t u d y  e v a l u a t e d  

e f f e c t s  o f  o u t p u t  l i m i t i n g  on sp e e c h  i n t e l l i g i b i l i t y .

F o r  e a c h  c o m b in a t io n  o f  o u t p u t  l i m i t i n g ,  f r e q u e n c y  r e s p o n s e  

s l o p e  a n d  b a ck g ro u n d  n o i s e ,  sp e e c h  i n t e l l i g i b i l i t y  u s i n g  

m o n o s y l l a b i c  word l i s t s  was e v a l u a t e d  a t  e ac h  i n d i v i d u a l ' s  

p r e v i o u s l y  a d j u s t e d  PLL and  two a d d i t i o n a l  l e v e l s  ( s e e  

C h a p te r  3» P» 8 1 ) .  T hese  a d d i t i o n a l  p r e s e n t a t i o n  l e v e l s  

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

e f f e c t s  o f  p e ak  c l i p p i n g  a s  a  fo rm  o f  a m p l i tu d e  d i s t o r t i o n  

on s p e e u  i n t e l l i g i b i l i t y .  D a ta  p r o v id e d  b y  t h i s  e x p e r i ­

m e n ta l  d e s i g n  w ere  a l s o  u s e f u l  i n  e v a l u a t i n g  l i s t e n e r s *  

s t r a t e g i e s  when a d j u s t i n g  t h e i r  PL L 's  u n d e r ,  v a r y i n g  c o n ­

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

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

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

E f f e c t s  o f  O u tp u t L im i t i n g  on I n t e l l i g i b i l i t y  

P e r fo rm a n c e  a t  PLL

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

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

o f  o u t p u t  l i m i t i n g  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  

b e tw e e n  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 .  T h is  r e s u l t  s u g ­

g e s t e d  t h a t ,  f o r  t h e  c o n d i t i o n s  s t u d i e d ,  t h e r e  was no 

m e a s u r a b le  e f f e c t  o f  o u t p u t  l i m i t i n g  on i n t e l l i g i b i l i t y
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when l i s t e n e r s  l i s t e n e d  a t  t h e i r  s e l f - a d j u s t e d  PLL ( g a i n )  

l e v e l s .

E f f e c t s  o f  L i m i t i n g  L e v e ls  on 

S peech  I n t e l l i g i b i l i t y

R e s u l t s  o f  two s e p a r a t e  s t a t i s t i c a l  a n a l y s e s  o f  

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

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

s p e e c h  i n t e l l i g i b i l i t y  p e r fo rm a n c e  i n  b a ck g ro u n d  n o i s e .

I n  one a n a l y s i s  t h e  e f f e c t s  o f  l e v e l  c h a n g e s  a t  

e a c h  SSPL w ere  a n a l y z e d .  T h is  a n a l y s i s  r e v e a l e d  a  t r e n d  

to w a rd s  p o o r e r  i n t e l l i g i b i l i t y  p e r fo rm a n c e  a t  i n c r e a s e d  

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

g ro u n d  n o i s e .  A s e c o n d  a n a l y s i s  in v o lv e d  t h e  e f f e c t s  o f  

SSPL on o v e r a l l  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 .  T h is  a n a ­

l y s i s  r e v e a l e d  a  t r e n d  to w a rd  p o o r e r  i n t e l l i g i b i l i t y  p e r ­

fo rm an c e  i n  b a c k g ro u n d  n o i s e  a t  i n c r e a s e d  g a i n  s e t t i n g s  

f o r  t h e  l o w e s t  o u t p u t  l i m i t i n g  l e v e l .

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

i z e d  d a t a  r e v e a l e d  t h a t  a s  t h e  o u t p u t  l i m i t i n g  l e v e l  was 

d e c r e a s e d ,  i n t e l l i g i b i l i t y  was r e d u c e d  a s  g a i n  was i n ­

c r e a s e d  f o r  t h e  b a c k g ro u n d  n o i s e  c o n d i t i o n s .  T h is  e f f e c t  

was g r e a t e r  f o r  t h e  4-6 d B /o c ta v e  s l o p e  c o n d i t i o n  t h a n  f o r  

t h e  0 d B /o c ta v e  s l o p e  c o n d i t i o n .  T hese  a n a l y s e s  i n d i c a t e  

t h a t  th e  r e d u c t i o n  i n  g a i n  made by  th e  g ro u p  u n d e r  t h e  

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

p r e s e r v e  i n t e l l i g i b i l i t y .

A n o th e r  f i n d i n g  t o  em erge from  t h e s e  a n a l y s e s
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s u g g e s t e d  a  p o s s i b l e  f r e q u e n c y  r e s p o n s e  s l o p e  i n t e r a c t i o n  

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

l y s i s  o f  i n t e l l i g i b i l i t y  p e r fo rm a n c e  a t  PLL s u g g e s t e d  t h a t  

p e r fo rm a n c e  w i th  h i g h  f r e q u e n c y  e m p h a s is  i n  b a c k g ro u n d  

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

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

I n t e l l i g i b i l i t y  p e r fo rm a n c e  a s  a  f u n c t i o n  o f  l i s t e n i n g  

l e v e l  an d  l i m i t i n g  f u r t h e r  s u p p o r t e d  t h i s  t r e n d  b y  i n d i ­

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

w i th  i n c r e a s i n g  l e v e l  i n  th e  h ig h  f r e q u e n c y  e m p h a s is  

c o n d i t i o n .

O v e r a l l  f i n d i n g s  b a se d  on s p e e c h  i n t e l l i g i b i l i t y  

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

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

fo rm an c e  i s  more l i k e l y  t o  be r e d u c e d  w i th  i n c r e a s e d  

p r e s e n t a t i o n  l e v e l s  w h ich  ex ceed  PLL a n d / o r  t h e  s a t u r a t i o n  

t h r e s h o l d  i n  b a c k g ro u n d  n o i s e .  T h is  e f f e c t  was more e v i ­

d e n t  w i th  h i g h  f r e q u e n c y  e m p h a s is .  H ow ever, f o r  q u i e t  

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

h ig h  o u t p u t  l i m i t i n g  l e v e l s )  maximum i n t e l l i g i b i l i t y  

a p p e a r s  t o  b e  more e f f e c t i v e l y  p r e s e r v e d  o v e r  a  b r o a d e r  

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 .  I t  i s  p o s s i b l e  t h a t ,  w i th  

i n t e l l i g i b i l i t y  p e r fo rm a n c e  b e in g  v e r y  n e a r  100%,  t h e s e  

c o n d i t i o n s  may h av e  b e e n  c h a r a c t e r i z e d  b y  e x c e s s i v e  

r e d u n d a n c y  w h ich  o b s c u re d  an  e f f e c t .



C om parison  w i th  P r e v io u s  R e s e a rc h

U n l ik e  r e s e a r c h  s t u d i e s  w hich  exam ined  t h e  e f f e c t s  

o f  c o n t r o l l e d  am ou n ts  o f  p e a k  c l i p p i n g  on sp e e c h  i n t e l l i ­

g i b i l i t y ,  p r im a r y  e m p h a s is  i n  t h i s  s t u d y  was i n  c o n t r o l l i n g  

t h e  p e a k  c l i p p i n g  o u t p u t  l i m i t i n g  l e v e l  i n  an  o t h e r w i s e  

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

c h a r a c t e r i z e d  by  v a r y i n g  am oun ts  o f  p e a k  c l i p p i n g  d e ­

p e n d in g  on t h e  l i s t e n i n g  l e v e l  c h o s e n .  T h is  made d i r e c t  

c o m p a r is o n s  w i th  e a r l i e r  s t u d i e s  d i f f i c u l t .  H ow ever, t h e  

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

f i n d i n g s  o f  L i c k l i d e r  and h i s  c o - w o r k e r s .

L i c k l i d e r ,  i n  1 9 ^ 6 , sum m arized  t h e  r e s u l t s  o f  a  

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

d i s t o r t i o n  on s p e e c h  i n t e l l i g i b i l i t y .  He c o n c lu d e d  

t h a t ,  i n  a  q u i e t  b a c k g ro u n d ,  n o rm a l l i s t e n e r s  d e m o n s t r a te d  

a  h ig h  d e g r e e  o f  t o l e r a n c e  f o r  p e a k  c l i p p i n g  b e f o r e  i n ­

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

was e n h a n c e d  when h i g h  f r e q u e n c y  e m p h a s is  p r e c e d e d  th e  

c l i p p e r .  I n  c o n t r a s t ,  when n o i s e  e n t e r e d  t h e  s y s te m  a t  

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

r e s u l t e d ,  d e g r a d in g  s p e e c h  i n t e l l i g i b i l i t y .  T h is  i n t e r ­

a c t i o n  was r e p o r t e d l y  more a d v e r s e l y  a f f e c t e d  by  h ig h  

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

K r y t e r ,  e t  a l .  (19^7 )  e x p la in e d  t h e  a d v e r s e  i n t e r ­

a c t i o n  b e tw e e n  n o i s e  a n d  c l i p p i n g  a f f e c t i n g  s p e e c h  i n t e l ­

l i g i b i l i t y  a s  r e s u l t i n g  from  t h e  low  f r e q u e n c y  n o i s e  

a c t i n g  a s  a  c a r r i e r  f o r  t h e  sp e e c h  w ave, c a r r y i n g  i t
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beyon d  t h e  a m p l i tu d e  l i m i t s  a t  w hich  t h e  c l i p p e r  a c t s 0 

T h is  c a u s e s  a  l o s s  o f  p a r t  o f  t h e  s t r u c t u r a l  d e t a i l  o f  

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

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

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

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

u n i n t e l l i g i b l e , ,  T hese  d i s t o r t i o n  p r o d u c t s  t e n d  t o  mask 

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

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

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

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

b a c k g ro u n d  n o i s e .

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

W hile  t h e  g e n e r a l i z a b i l i t y  o f  f i n d i n g s  r e p o r t e d  i n  

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

a n d  p r o c e d u r e s  u s e d ,  a  num ber o f  c l i n i c a l  i m p l i c a t i o n s  

a r e  i n d i c a t e d .  C u r r e n t  re c o m m e n d a tio n s  f o r  h e a r i n g  a i d  

c h a r a c t e r i s t i c s  a p p e a r i n g  i n  t h e  l i t e r a t u r e  ( s e e  C h a p te r  2) 

s u g g e s t  t h e  u s e  o f  i n c r e a s e d  h i g h  f r e q u e n c y  e m p h a s is ,  h ig h  

g a i n  an d  low  s a t u r a t i o n  sound  p r e s s u r e  l e v e l s .  W ith  t h e s e  

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

a c t i o n s  o f  t h e  ty p e  r e v e a l e d  i n  t h e  p r e s e n t  s t u d y 0 T hese 

c o u ld  a f f e c t  sp e e c h  i n t e l l i g i b i l i t y  p e r fo rm a n c e  u n d e r  co n ­

d i t i o n s  c h a r a c t e r i z e d  by  b a c k g ro u n d  n o i s e  when p e a k  c l i p ­

p in g  i s  u s e d  a s  a  fo rm  o f  l i m i t i n g .  W hile  i t  i s  p o s s i b l e  

t h a t  t h e  l i s t e n e r  c a n  c o m p e n sa te  f o r  t h e s e  e f f e c t s  t o  a
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c e r t a i n  e x t e n t  b y  r e d u c i n g  h i s / h e r  g a i n ,  t h e  o v e r a l l  e f f e c t  

w ould  b e  a  n a r ro w in g  o f  t h e  i n p u t  o p e r a t i n g  r a n g e  o v e r  

w h ich  a d e q u a te  sp e e c h  i n t e l l i g i b i l i t y  c a n  be  m a i n t a i n e d .  

T hus, ev en  i f  i n t e l l i g i b i l i t y  c a n  b e  m a i n t a i n e d  b y  t h e  

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

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

l e v e l s  c h a r a c t e r i z i n g  c o n v e r s a t i o n a l  s p e e c h .  T h e r e f o r e ,  

f o r  i n d i v i d u a l s  whose low  LDL®s r e q u i r e  s e v e r e  o u t p u t  

l i m i t i n g ,  i f  t h e  l i s t e n e r ' s  u n l i m i t e d  p r e f e r r e d  l i s t e n i n g  

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

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

l i m i t i n g  p e r h a p s  s h o u ld  be  c o n s i d e r e d .  T h is  re c o m m e n d a tio n  

i s  t h e  same a s  t h a t  p r e v i o u s l y  made i n  t h e  H a rv a rd  h e a r i n g  

a i d  s t u d y  (D a v is ,  e t  a l . ,  1 9 4 7 ) .

I n  t h e  p r e s e n t  s t u d y ,  i n t e l l i g i b i l i t y  p e r fo rm a n c e  

was u s e d  a s  t h e  c r i t e r i o n  m ea su re  f o r  e v a l u a t i n g  a d v e r s e  

e f f e c t s  o f  o u t p u t  l i m i t i n g .  S i g n i f i c a n t  e f f e c t s  w ere  s e e n  

o n ly  i n  b a c k g ro u n d  n o i s e .  H ow ever, t h e  r e d u c e d  PL L 's  s e e n  

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

d i s s a t i s f a c t i o n  w i th  lo w  o u t p u t  l i m i t i n g  l e v e l s  em p lo y in g  

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

T hese  e f f e c t s  may n o t  i n f l u e n c e  t h e  i n t e l l i g i b i l i t y  o f  

a d e q u a t e l y  h ig h  l e v e l  s p e e c h  s i g n a l s  m e a s u r a b ly ,  b u t  

c o u ld  a d v e r s e l y  a f f e c t  t h e  l i s t e n e r ' s  p e r fo rm a n c e  i n  

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

low  l e v e l  sp e e c h  s i g n a l  i n p u t s .
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S u g g e s t io n s  f o r  F u r t h e r  R e se a rc h  

A d d i t i o n a l  r e s e a r c h  i s  n e ed e d  t o  c l a r i f y  some o f  

t h e  i s s u e s  r a i s e d  b y  t h i s  i n v e s t i g a t i o n .  A re as  i n  n e ed  

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

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

t o  f u r t h e r  c l a r i f y  t h e  f r e q u e n c y  an d  b a c k g ro u n d  e f f e c t s  

i d e n t i f i e d  i n  t h e  p r e s e n t  s t u d y .  I n  a d d i t io n s ,  t h e  l e v e l  

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

f i r s t  a f f e c t e d  s h o u ld  be  e x p lo r e d  b y  i n v e s t i g a t i n g  t h e  

l i s t e n e r ' s  dynam ic r a n g e  o f  h e a r i n g  w i th  f i x e d  i n t e n s i t y  

l e v e l  p r e s e n t a t i o n s  b e lo w  an d  ab o v e  t h e  c l i p p i n g  t h r e s h ­

o l d ,  I n  t h i s  m an n e r ,  a  more a c c u r a t e  d e t e r m i n a t i o n  c o u ld  

be  made o f  t h e  a p p r o p r i a t e n e s s  o f  a  c o n v e n t i o n a l  p e ak  

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

c u l a r  g a i n  a n d  s a t u r a t i o n  r e q u i r e m e n t s .

S peech  d i s c r i m i n a t i o n  t e s t s  more s e n s i t i v e  t o  h ig h  

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

u s e d  b y  L e v i t t ,  e t  a l .  ( 1 9 7 8 ) ,  may be more u s e f u l  i n  

u n d e r s t a n d i n g  t h e  m echanism  by w hich  s p e e c h  i n t e l l i g i b i ­

l i t y  p e r fo rm a n c e  i s  a f f e c t e d .

F i n a l l y ,  a  c o n c l u s i o n  b a s e d  on r e s u l t s  o f  th e  

p r e s e n t  s t u d y  s u g g e s t s  t h a t  t h e  e f f i c a c y  o f  c o m p re s s io n  

a s  a n  a l t e r n a t i v e  t o  p e a k  c l i p p i n g  fo rm s o f  l i m i t i n g  

s h o u ld  b e  i n v e s t i g a t e d .  I n i t i a l  i n d i c a t i o n s  from  th e  

H a rv a rd  h e a r i n g  a i d  s t u d y  s u g g e s t e d  t h a t  c o m p re ss io n -  

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

im p a i r e d  p o p u l a t i o n .  T h is  i s  i n  n e e d  o f  e x p e r i m e n t a l
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v e r i f i c a t i o n  w i th  t h e  h e a r i n g  im p a i r e d  p o p u l a t i o n s  now 

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

p a r t i c u l a r l y  t r u e  when c o n s i d e r i n g  t h e  more com plex  s i g n a l  

p r o c e s s i n g  s y s te m s  now b e i n g  d e v e lo p e d  o r  p ro p o s e d  f o r  

i n d i v i d u a l 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  ( V i l l c h u r ,  

e t  a l . ,  1973; A b ra m o v i tz ,  1979; L ippm an, e t  a l . , 1 9 8 0 ) .

' C o n c lu s io n s

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

t h a t  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  a s  a  g r o u p :

1 )  u n l i m i t e d  s p e e c h  p e a k s  o f  PLL’ s  o b t a i n e d  w i th  a  h ig h  

o u t p u t  l i m i t i n g  l e v e l  (120 dB SSPL) a lw a y s  e x c e e d e d  

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

l e v e l  (100 dB SSPL) ;

2 ) PLL g a i n  a d j u s t m e n t s  w i t h  t h e  l o w e s t  o u t p u t  l i m i t i n g  l e v e l  

w ere  r e d u c e d  r e l a t i v e  t o  t h o s e  w i th  h i g h e r  o u t p u t  l i m i t ­

in g  l e v e l s ,  p r i n c i p a l l y  i n  b a c k g ro u n d  n o i s e  (+7 dB S /N );

3) PLL i s  a  r e l i a b l e  m e a su re  c l o s e l y  c o r r e s p o n d i n g  t o  t h e  up­

p e r  l i m i t s  o f  t h e  c o m f o r t  l e v e l  r a n g e  a s s o c i a t e d  w i t h  PB-max 

an d  r e p r e s e n t a t i v e  o f  h e a r i n g  a i d  u s e r  g a i n  a d j u s t m e n t s ;

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

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

g ro u n d  n o i s e , ,  e s p e c i a l l y  f o r  h ig h  f r e q u e n c y  e m p h a s is  ;

5 )  PLL r e d u c t i o n  was a n  a p p r o p r i a t e  s t r a t e g y  f o r  p r e s e r v i n g  

s p e e c h  i n t e l l i g i b i l i t y  w i th  low o u t p u t  l i m i t i n g  l e v e l s c 

However, s u b s t a n t i a l  i n d i v i d u a l  d i f f e r e n c e s  w ere  

o b s e r v e d  w hich  n e c e s s a r i l y  l i m i t  t h e  g e n e r a l i z a t i o n  o f  th e  

g ro u p  r e s u l t s  t o  t h e  i n d i v i d u a l  l i s t e n e r .
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APPENDIX A

I n d i v i d u a l  S u b j e c t  A u d io m e t r ic  T e s t  R e s u l t s

T a b le  1 7 . P u re  t o n e  t h r e s h o l d s  (dB HTL re *  ANSI 1 9 6 9 ) ,  
f o r  i n d i v i d u a l  s u b j e c t s ,  t e s t  a n d  n o n - t e s t  
e a r s ,  a s  m e a su re d  i n  t h e  s u b j e c t  o r i e n t a t i o n  
s e s s i o n .

SUBJECT FREQUENCY (Hz)
250 500 1000 2000 4000 8000

#1 *R (A) 25 45 55 60 75 70
(B) 40 45

L (A) 15 20 35 50 65 80
(B) 20 25 45 45 65

#2 *R (A) 55 60 65 70 70 85
(B) NR NR 65

L (A) 35 35 50 50 55 60
(B) 25 35 50 60 60

#3 R (A) 15 35 80 80 80 65

*L
V-D/
(A) 10 30 65 & £5 65
(B) 5 20 NR 60 60

#4 R (A) 40 55 65 80 95 NR

*L (A) 35 45 60 80 95 NR
(B) 4o 45 65 NR NR

#5 R (A) 15 25 45 45 60 50
(B) 10 35 40 50 60

*L (A) 20 35 50 50 60 60

#6 R (A)
(Bl

45 50 75 55 45 20

*L (A) 35 50 60 50 25 5
(B) 35 40 55 50 30

#7 'R (A) 35 50 60 65 85 80

*L
V-O/
(A) 40 50 60 70 65 65(B) 45 60 65 75 70
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Appendix A— continued

SUBJECT FREQUENCY (Hz)
250 500 1000 2000 4000 8000

#8 R (A) 30 50 55 55 50 50
(B) 40 NR 55 60 50

*L (A) 45 50 60 55 50 60
(B)

#9 *R (A) 40 40 50 60 75 95
(B) NR 50 55 60 NR

L (A) 55 50 50 65 75 70
(B)

#10 R (A) 25 35 55 55 60 50

*L
J

(A) 15 35 55 6o 55 55
(B) 35 50 60 70 65

KEY

Ri R ig h t  E a r
Li L e f t  E a r
(A ) i  A i r  C o n d u c t io n
(B ) t  Bone C o n d u c t io n* i fP<»ej+ T7or>
DNTi D id  Not T e s t
NRi No R esponse
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Appendix A— continued
T a b le 18 . S p eech  r e c e p t i o n  t h r e s h o l d s  (SRT) (dB HTL

r e *  ANSI 1 9 6 9 ) an d  s p e e c h  d i s c r i m i n a t i o n
s c o r e s  ( f t ) ,  f o r  i n d i v i d u a l  s u b j e c t s ,  t e s t
a n d  n o n - t e s t  e a r s ,  a s  m e a su re d  by  t h e
c l i n i c a l  r e f e r r a l  s o u r c e .

SUBJECT SRT (dB HTL) SDS (fo)

#1 *R 45 60
L 35 44

#2 *R 55 96
L 35 80

#3 R 35 24
*L 40 60

m R 50 48
*L 50 36

#5 R 40 95
*L 40 95

#6 R 55 80
*L 40 88

#7 R 50 84
*L 50 84

#8 R 45 96
*L 50 92

#9 *R 40 56
L 55 60

#10 R 50 88
*L 45 88

KEY

Ri R ig h t  E a r
L : L e f t  E a r

T e s t  E a r
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APPENDIX B

I n d i v i d u a l  S u b j e c t  L oudn ess  D is c o m f o r t  L e v e ls

T a b le  19 . P u re  t o n e  l o u d n e s s  d i s c o m f o r t  l e v e l s  (d 3  SPL) 
o f  i n d i v i d u a l  s u b j e c t ' s  ( t e s t  e a r )  f o r  f o u r  
f r e q u e n c i e s ,  t e s t  (T) a n d  r e t e s t  ( R) .

F re q u e n c y ,  Hz 

500  1000 2000 *W00

s # T R • T R T R T R

1 115 >122 116 >123 109 120 112 >122

2 118 112 113 111 >122 118 106 113

3 105 109 108 109 106 110 108 112

k >122 >122 • 120 >123 >122 >122 >122 > 122

5 >122 DNT >123 DNT >122 DNT >122 DNT

6 120 114- 118 115 113 107 115 102

7 >122 >122 118 122 113 >122 >122 >122

8 115 102 117 102 >122 107 >122 103

9 109 110 107 109 108 112 112 120

10 105 107 102 109 103 103 102 109

KEY

T j t e s t
Rs r e t e s t
DNTi d i d  n o t  t e s t
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APPENDIX C

Intelligibility Test Lists (NU#6)

1 . p i c k 1 1 . dab

L i s t  2A 

2 1 .  t o n 3 1 . h a t e 4 1 . l o r e
2 . room 1 2 . numb 2 2 . k eg 32 . l i v e 4 2 . b i t e
3 o n i c e 1 3 . j u i c e 2 3 . ca lm 3 3 . book 4 3 . h a z e
4 . s a i d 1 4 . c h i e f 2 4 . t o o l 3 4 . v o i c e 4 4 . m a tch
5* f a i l 15 . m erge 2 5 . p ik e 3 5 . g a z e 4 5 . l e a r n
6 . s o u t h 1 6 . wag

r a i n
2 6 . m i l l 3 6 . pad 4 6 , sh a w l

7 . w h i t e 17 . 2 7 . h u sh 3 7 . th o u g h t 4 7 . d e e p
8 0 k e e p 1 8 . w i t c h 2 8 . s h a c k 3 8 . b o u g h t 4 8 . g i n
9 . d e a d 19 o s o a p 2 9 . r e a d 3 9 . t u r n 4 9 . g o a l
10 o l o a f 20 . young 3 0 . r o t 4 0 . c h a i r 5 0 . f a r

1 . b a s e 1 1 . p e a r l

L i s t  3A 

2 1 .  r o a d 3 1 . r a t 4 1 . mouse
2 . m ess 12 . s e a r c h 2 2 . s h a l l 3 2 . v o i d 4 2 . h i r e
3 . c a u s e 13 . d i t c h 2 3 . l a t e 3 3 . w i r e 4 3 . cab
4 . mop 14. t a l k 2 4 . ch eek 3 4 . h a l f 4 4 . h i t
5 . good 1 5 . r i n g 2 5 . b e g n o t e 4 5 . c h a t
6 . l u c k 1 6 . germ 2 6 . gun 3 6 . when 4 6 . phone
7 . w a lk 1 7 . l i f e 2 7 . ju g 3 7 . name 4 7 . so u p
8 . y o u th 18 . team 2 8 , s h e e p 3 8 . t h i n 4 8 . dodge
9 . p a i n 19 . l i d 2 9 . f i v e 3 9 . t e l l 4 9 . s e i z e
10 . d a t e 20 . p o le 3 0 . r u s h 4 0 . b a r 5 0 . c o o l

1 . p a s s 1 1 . s a i l

L i s t  4A 

2 1 .  l e a s e 3 1 . came 4 1 . l o s e
2 . d o l l 12 . y e a r n 2 2 . lo n g 3 2 . f i t 42* n e a r
3 . b a c k 13 . w i f e 2 3 . c h a i n 3 3 . make 4 3 . p e r c h

s h i r t4 . r e d 1 4 . su c h 2 4 . k i l l 3 4 . v o t e 4 4 .
5 . wash 15 . n e a t 2 5 . h o le 3 5 . ju d g e 4 5 . b a t h
6 . s o u r 16 . peg 2 6 . l e a n 3 6 . fo o d 4 6 . t im e
7 . bone 17 . mob 2 7 . t a p e 3 7 . r i p e 4 7 . h a l l
8 . g e t 18 . g a s 2 8 . t i r e 3 8 . h av e 4 8 . mood
9 . w h e a t 1 9 . c h e c k 2 9 . d i p 3 9 . ro u g h 4 9 . dog
1 0 . thumb 2 0 . j o i n 3 0 . r o s e 4 0 . k i c k 5 0 . sh o u l i
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Appendix C—  continued

List 2B
1 . l i v e 1 1 . ca lm 2 1 . f a i l 3 1 . j u i c e 4 1 . s o a p
2 . v o i c e 1 2 . book 2 2 . s a i d 3 2 . keg 4 2 . h a t e
3 . to n 1 3 . dab 2 3 . wag 3 3 . g i n 4 3 . t u r n
4 . l e a r n 1 4 . l o a f 2 4 . h a z e . 3 4 . n i c e 4 4 . r a i n
5 . m atch 1 5 . g o a l 2 5 . w h i t e 3 5 . numb 4 5 . s h a w l
6 . c h a i r 1 6 . s h a c k 2 6 . h u sh 3 6 . c h i e f 4 6 . b o u g h t
7 . de ep 1 7 . f a r 2 7 . dead 3 7 . g a z e 4 7 . th o u g h t
8 . p ik e 1 8 . w i tc h 2 8 . pad 3 8 . young 4 8 . b i t e
9 . room 1 9 . r o t 2 9 . m i l l 3 9 . k e ep 4 9 . l o r e
1 0 . r e a d 2 0 . p i c k 3 0 . m erge 4 0 . t o o l 50 . s o u t h

L i s t  3B

1 . s h e e p 1 1 . r u s h 2 1 . l i f e 3 1 . c o o l 4 1 . when
2 . c a u s e 1 2 . f i v e 2 2 . p a i n 3 2 . s e i z e 4 2 . r i n g
3 . r a t 1 3 . team 2 3 . b a s e 3 3 . dodge 4 3 . c h e e k
4 . b a r 1 4 . p e a r l 2 4 . mop 3 4 . y o u th 4 4 . n o t e
5 . mouse 1 5 . so u p 2 5 . m ess 3 5 . h i t 4 5 . gun
6 . t a l k 16 . h a l f 2 6 . germ 3 6 . l a t e 4 6 . b eg
7 . h i r e 1 7 . c h a t 2 7 . t h i n 3 7 . ju g

w ir e
4 7 . v o i d

8 . s e a r c h 1 8 . r o a d 2 8 . name 3 8 . 4 8 . s h a l l
9 . l u c k 1 9 . p o l e 2 9 . d i t c h 3 9 . w alk 4 9 . l i d
1 0 . cab 2 0 . phone 3 0 . t e l l 4 0 . d a t e 5 0 . good

L i s t  4B

1 . r o s e
2 .  dog
3 . t im e
4 .  su c h
5 . h av e
6 . mob
7 . bone
8 . s a i l
9 . ro u g h
1 0 . d i p

1 1 . j o i n
1 2 , c h e c k  
1 3 * w h ea t
1 4 .  thumb
1 5 . n e a r
1 6 . l e a s e
1 7 . y e a r n
1 8 .  k i c k
1 9 . g e t
2 0 . l o s e

2 1 . k i l l
2 2 . f i t
2 3 .  ju d g e
2 4 .  s h o u l d
2 5 .  p a s s
2 6 . b a c k
2 7 . h a l l
2 8 .  b a th
2 9 . t i r e
3 0 . p eg

3 1 .  p e rc h
3 2 . c h a i n
3 3 .  make
3 4 .  lo n g
3 5 .  wash
3 6 . fo o d
3 7 . mood
3 8 . n e a t
3 9 .  t a p e  
k o • r i p e

k l .  h o l e  
k 2 .  g a s  
k 3 • came
4 4 .  v o t e
4 5 .  l e a n  
k 6 . r e d  
k 7 .  d o l l
4 8 .  s h i r t
4 9 .  s o u r
5 0 . w i f e
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Appendix C — continued

List 2C
1 . dead 1 1 . n i c e 2 1 . g i n 3 1 . h a z e 4 1 . c h a i r
2 . j u i c e 1 2 . b o u g h t 2 2 . p ad 3 2 . p i c k 4 2 . c h i e f
3 . m erge 1 3 . t o n 2 3 . g a z e 3 3 . t u r n 4 3 . keg
4 . young 1 4 . sh a w l 2 4 . l i v e 3 4 . g o a l 4 4 . s o a p
5 . ca lm 1 5 . w h i t e 2 5 . room 3 5 . v o i c e 4 5 . s a i d
6 . b i t e 1 6 . h a t e 2 6 . s o u t h 3 6 . k e e p 4 6 . dab
7 . r a i n 1 7 . s h a c k 2 7 . m i l l 3 7 . th o u g h t 4 7 . wag
8 . m atch 1 8 . p i k e 2 8 . w i t c h 3 8 . f a r 4 8 . d e e p
9 . book 1 9 . f a i l 2 9 . t o o l 3 9 . r e a d 4 9 . l e a r n
10 . l o a f 2 0 . r o t 3 0 . numb 4 0 . h u sh 5 0 . l o r e

L i s t  30

1 . mop 1 1 . l a t e 2 1 . p o le 3 1 . c o o l 4 1 . team
2 . t e l l 1 2 . when 2 2 . l i f e 3 2 . f i v e 4 2 . so u p
3 . germ 1 3 . gun 2 3 . d a t e 3 3 . r u s h 4 3 . dodge
4 . s e i z e 1 4 . name 2 4 . r o a d 3 4 . phone 4 4 . c h a t
5 . good 1 5 . p a i n 2 5 . t a l k mouse 4 5 . s h e e p
6 . b a s e 1 6 . d i t c h 2 6 . c a u s e 3 6 . t h i n 4 6 . n o t e
7 . s e a r c h 1 7 . r a t 2 7 . y o u th 3 7 . p e a r l 4 7 . v o i d
8 . r i n g 1 8 . h i r e 2 8 . b a r 3 8 . beg 4 8 . ju g
9 . h a l f 1 9 . s h a l l 2 9 . l i d 3 9 . w alk 4 9 . w i r e
10 . m ess 2 0 . c h e e k 3 0 . h i t 4 0 . l u c k 5 0 . c ab

L i s t  4C

1 . p e rc h 1 1 . make 2 1 . r o s e 3 1 . y e a r n 4 1 . h a l l
2 . b a t h 1 2 . mob 2 2 . k i l l 3 2 . l e a n 4 2 . ro u g h
3 . b a ck 1 3 . d o l l 2 3 . came 3 3 . g a s

s a i l
4 3 . Peg

4 . bone 1 4 . p a s s 2 4 . fo o d 3 4 . 4 4 . g e t
5 . w i f e 1 5 . s o u r 2 5 . l o s e 3 5 . r e d 4 5 . c h a i n
6 . f i t 1 6 . dog 2 6 . s h o u ld 3 6 . w h ea t 4 6 . j o i n
7 . s h i r t 1 7 . v o t e 2 7 . c h ec k 3 7 . have 47 . r i p e

ju d g e8 . wash 1 8 . t im e 2 8 . k i c k 3 8 . mood 4 8 .
9 . n e a t 1 9 . n e a r 2 9 . lo n g 3 9 . d i p 4 9 . h o l e
1 0 . t i r e 2 0 . l e a s e 3 0 . t a p e 4 0 . su c h 50 . thumb
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List 2D
1 . l o a f 1 1 . d e e p 2 1 . g a z e 3 1 . c h i e f 4 1 . r e a d
2 . c h a i r 12 . m atch 2 2 . l i v e 3 2 . b i t e 4 2 . m erge
3 . g o a l 13 . f a i l 2 3 . keg 3 3 . n i c e 43- h a t e
4 . s h a c k 1 4 . s a i d 2 4 . ca lm 3 4 . room 4 4 . l e a r n
5 . f a r 1 5 . wag 2 5 . t u r n 3 5 . book 4 5 . s o a p
6 . t o n 1 6 . p i k e 2 6 . l o r e 3 6 . numb 4 6 . young
7 . w i t c h 1 7 . h a z e 2 7 . t h o u g h t 3 7 . pad 4 7 . v o i c e
8 . r o t 1 8 . w h i te 2 8 . t o o l 3 8 . b o u g h t 4 8 . m i l l
9 . dab 19 . h u sh 2 9 . r a i n 3 9 . s o u th 4 9 . g i n
1 0 . p i c k 2 0 , d ead 3 0 . k e ep 4 0 . j u i c e 5 0 . sh a w l

L i s t  3D

1 . germ 11 . s h e e p 2 1 , so u p 3 1 . t e l l 4 1 , l a t e
2 . t a l k 1 2 . mouse 2 2 . p o le 3 2 . ju g 4 2 , v o i d
3 . w a lk 13 . c h e e k 2 3 . cab 3 3 . p e a r l 4 3 . r u s h
4 . d i t c h 1 4 . b a r 2 4 . s h a l l 3 4 . b a s e 4 4 , r a t
5 . mop 1 5 . phone 2 5 . c h a t 3 5 . team 4 5 . t h i n
6 . h i r e 16 , b e g 2 6 . good 3 6 . w i r e 4 6 . h a l f
7 . y o u th 1 7 . m ess 2 7 , n o t e 3 7 . d a t e 4 7 . name
8 . p a i n 1 8 . l i f e 2 8 , h i t 3 8 . ro a d 4 8 . l i d
9 . gun 1 9 . f i v e 2 9 . when 3 9 . c o o l 4 9 . r i n g
10 . dodge 20 . s e i z e 3 0 . l u c k 4 0 . s e a r c h 5 0 . c a u s e

1 .  fo o d
2 .  l e a s e
3 .  h a l l
4 .  r o s e  
5 o d o l l
6 .  k i l l
7 .  j o i n
8 ,  d i p
9 ,  r e d  
10 o came

1 1 .  h o l e  
12• wash
1 3 .  s a i l
1 4 . mob
1 5 . r i p e
1 6 . bone
1 7 . su c h
1 8 . c h ec k
1 9 .  w h ea t
2 0 . s h o u ld

L i s t  4D

2 1 . ju d g e
2 2 .  g a s
2 3 .  b a th
2 4 .  y e a r n  
25• t im e
2 6 .  w i f e  
27• thumb
2 8 .  have
2 9 .  n e a t
3 0 . g e t

31 . l o s e
3 2 . t a p e  
33* make 
3 4 .  t i r e  
35» n e a r  
3 6 . c h a i n  
37• s h i r t  
3 8 . lo n g  
39• ro u g h  
4 0 ,  f i t

4 1 .  k i c k
4 2 .  mood
4 3 .  l e a n
4 4 . dog
4 5 .  peg
4 6 . s o u r
4 7 .  p a s s
4 8 .  v o t e
4 9 .  p e rc h
5 0 . b a c k
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.APPENDIX D 

Word L i s t  Used f o r  L e v e l  A d ju s tm e n ts

1 . w h i t e 1 5 . s h i r t 2 9 . s e a r c h

2 . c h i e f 1 6 . p a s s 30 . name

3 . t o n 1 7 . r o s e 3 1 . p o le

4 . s h a c k 1 8 . k i c k 3 2 . b a r

5 . g a z e 1 9 . r e d 33 . mouse

6 . L i t e 2 0 . ro u g h 34 . so u p

7 . g o a l 2 1 . h o l e 35 . w i r e

8 . h i r e 2 2 . d e ep 36 . j o i n

9 . p e a r l 2 3 . l o a f 3 7 . mob

1 0 . l i f e 2 4 . f a i l 3 8 . ju d g e

1 1 . name 2 5 . pad 3 9 . h av e

1 2 . h i t 2 6 . numb 4 0 . n e a r

1 3 . r i n g 2 7 . h a t e 4 1 . mood

1 4 . l i d 2 8 . l o r e 4 2 . p e rc h
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APPENDIX E
\

S u b j e c t  I n s t r u c t i o n s

I n s t r u c t i o n s  f o r  P r e f e r r e d  L i s t e n i n g  L e v e l

I n  t h i s  e x e r c i s e  you  w i l l  h e a r  a  man r e c i t i n g  a  l i s t  

o f  w o rd s .  You w i l l  be  h e a r i n g  t h e s e  w ords i n  one e a r .

T hese  w ords w i l l  so m e tim es  be p r e s e n t e d  a g a i n s t  a  b a c k ­

g ro u n d  n o i s e  w hich  w i l l  i n t e r f e r e  t o  some d e g r e e  w i th  y o u r  

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

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

by  r o t a t i n g  t h e  d i a l  l a b e l e d  " l o u d n e s s  c o n t r o l "  on t h e  

p a n e l  i n  f r o n t  o f  yo u , I  w an t you  t o  a d j u s t  t h e  l o u d n e s s  

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

t h a t  t h e  s p e e c h  i s  a s  i n t e l l i g i b l e  ( c l e a r )  a s  p o s s ib l e *  

b u t  n o t  so  h i g h  t h a t  i t  i s  u n c o m f o r t a b ly  l o u d .  I n  r e a c h i n g  

t h i s  l o u d n e s s  l e v e l ,  b e  s u r e  t o  a d j u s t  t h e  l o u d n e s s  upw ard 

u n t i l  i t  i s  c l e a r l y  to o  lo u d  a n d  t h e n  downward u n t i l  i t  

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

you  r e q u i r e  f o r  r e a c h i n g  a  f i n a l  a n d  d e c i s i v e  ju d g m e n t .  

Remember,, p l e a s e  a d j u s t  t h e  s p e e c h  l e v e l  so  t h a t  i t  i s  a s  

i n t e l l i g i b l e  ( c l e a r )  a s  p o s s i b l e ,  b u t  n o t  so  h ig h  t h a t  i t  

i s  u n c o m f o r t a b ly  l o u d .  A re  t h e r e  a n y  q u e s t i o n s ?
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A ppend ix  E— c o n t i n u e d

I n s t r u c t i o n s  f o r  Word L i s t s

T h is  e x e r c i s e  i n v o l v e s  l i s t e n i n g  t o  word l i s t s .  T hese  

word l i s t s  c o n s i s t  o f  one s y l l a b l e  w o rd s .  Some l i s t s  w i l l  

be  sp o k e n  i n  t h e  p r e s e n c e  o f  b a c k g ro u n d  n o i s e .  Each t e s t  

word i s  p r e c e d e d  b y  t h e  p h r a s e .  "S ay  t h e  w o r d , . . . " .

P l e a s e  w r i t e  e a c h  t e s t  w ord t h a t  you  h e a r  i n  t h e  num bered

s p a c e s  on t h e  fo rm  i n  f r o n t  o f  y o u .  Each l i s t  c o n s i s t s  o f

50 w ords and  t h e  fo rm  h a s  50 s p a c e s  num bered  f ro m  (1 )  t o  

(50)o  Be s u r e  t o  k e e p  y o u r  p l a c e  on  t h e  fo rm  a s  t h e  w ords 

a r e  p r e s e n t e d .  I f  a  word i s  p r e s e n t e d  w hich  you  do n o t  

u n d e r s t a n d ,  d raw  a  s h o r t  l i n e  on t h e  fo rm  i n  t h e  a p p r o p r i ­

a t e  s p a c e  a n d  move on t o  t h e  n e x t  s p a c e .  I f  you u n d e r ­

s t a n d  o n ly  p a r t  o f  t h e  w ord , w r i t e  a n y  p a r t  o f  t h e  word 

t h a t  you  h e a r  i n  t h e  a p p r o p r i a t e  s p a c e .  P l e a s e  p r i n t  y o u r  

r e s p o n s e s .  A re t h e r e  a n y  q u e s t i o n s ?
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A p pend ix  E— c o n t i n u e d

B ek esy  LDL I n s t r u c t i o n s

T h is  i s  a  t e s t  i n  w h ich  you  w i l l  be  h e a r i n g  so u n d s  

i n  y o u r  r i g h t  o r  l e f t  e a r ,  We w a n t  you t o  d e c id e  when 

t h e  sound i s  a t  a  l e v e l  t h a t  you  t h i n k  i s  u n c o m f o r t a b ly  

l o u d  o r  u n p l e a s a n t l y  l o u d .  By " u n c o m f o r ta b ly  lo u d "  we 

mean when t h e  so u n d  i s  so  lo u d  t h a t  you w ould  c h o o se  n o t  

t o  l i s t e n  t o  i t  f o r  a n y  p e r i o d  o f  t im e .

Push  t h e  b u t t o n  when t h e  lo u d n e s s  o f  t h e  p u l s e s  

a t t a i n s  a  l e v e l  t o  w h ich  you  w ou ld  n o t  l i s t e n .  Keep t h e  

b u t t o n  p u sh e d  a s  lo n g  a s  i t  i s  a t  t h a t  l e v e l .  R e le a s e  

t h e  b u t t o n  when t h e  l o u d n e s s  i s  b e lo w  t h e  l e v e l  t o  w hich  

you  w ould  n o t  l i s t e n .  Are t h e r e  a n y  q u e s t i o n s ?
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APPENDIX F

C o n v e r s io n  o f  PLL’ s  from  

dB A t t e n u a t i o n  t o  A b s o lu te  L e v e ls

I n  t h i s  s t u d y ,  s p e e c h  was c a l i b r a t e d  w i th  r e s p e c t  t o  

i t s  p e a k  l e v e l s .  T h e re  a r e  a  num ber o f  d i f f i c u l t i e s  i n ­

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

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

m in in g  t h e  p e a k  f a c t o r  o f  s p e e c h  ( s e e  p .  1 3 0 ) .  S e c o n d a ry  

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

w i t h  t h e  p r o c e s s i n g  o f  s p e e c h  w i th  r e s p e c t  t o  h ig h  f r e ­

q u e n c y  e m p h a s is  (+6 d B /o c t a v e )  a n d / o r  p e a k  c l i p p i n g .

D a v i s ,  e t  a l .  (1 9 ^ 7 )  r e p o r t e d  a  12 dB p e ak  f a c t o r ,  

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

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

f r e q u e n c y  r e s p o n s e .  O th e r  a u t h o r s  h av e  r e p o r t e d  a  p e a k  

f a c t o r  o f  a s  much a s  1^  dB (W athen-D unn & L ip k e ,  1959) 

f o r  s p e e c h .  I n  t h i s  s t u d y  a  13 dB ( + 1  dB) p e ak  f a c t o r  

was a d o p te d  a s  a n  e s t i m a t e  o f  t h e  p e a k  to  VU r e l a t i o n s h i p  

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

l i s t e n i n g  l e v e l s  f o r  t h e  0 d B / o c t a v e ,  u n l i m i t e d  ( i . e 0 ,

120 dB SSPL) condition to absolute levels corresponding 
to an equivalent VU based measurement.

Mean dB attenuation levels for PLL for both the
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Appendix F— continued

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

w ere  1 6 .7 5  dB (<?= 3 . 7 )  a n d  17*05 dB (<fs  3 . 5 ) ,  r e s p e c t i v e l y 0 

Com bining  a c r o s s  t h e s e  c o n d i t i o n s  r e s u l t e d ,  i n  a  mean l e v e l  

o f  1 6 .9  dB a t t e n u a t i o n  (<r= 3 * 5 ) .  The s a t u r a t i o n  t h r e s h o l d  

f o r  t h i s  c o n d i t i o n  ( i . e . ,  t h e  p o i n t  w here  10$ o f  t h e  t e s t  

w ords e x c e e d e d  t h e  5$ THD o f  a  1 KHz, 120 dB SPL RMS p u re  

t o n e )  was 5 dB on t h e  a t t e n u a t o r .  The a b s o l u t e  p e a k s  o f  

s p e e c h ,  h o w e v e r ,  when m easu red  i n  t h i s  m an n e r ,  w ere  3 dB 

h i g h e r .  T h is  means t h a t  8 dB o f  a t t e n u a t i o n  on t h e  a t ­

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

123 dB SPL. (3 dB i s  a d d ed  t o  a c c o u n t  f o r  t h e  p e a k  f a c t o r  

o f  t h e  p u r e  t o n e . )  T h e r e f o r e ,  17 dB o f  a t t e n u a t i o n  i s  

e q u a l  t o  11^  dB SPL p e a k  l e v e l .  T hus, a s s u m in g  a  13 dB 

(+ 1 dB) p e a k  f a c t o r ,  a n  e s t im a t e d  VU l e v e l  o f  101 dB SPL 

(+ 1 dB) i s  d e r i v e d .
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APPENDIX G

I n d i v i d u a l  S u b j e c t  P r e f e r r e d  L i s t e n i n g  L e v e ls

T a b le  2 0 o PL L 's  (dB a t t e n u a t i o n )  o f  i n d i v i d u a l  s u b j e c t s
f o r  t h e  0 d B / o c t a v e ,  q u i e t  b a ck g ro u n d  c o n d i t i o n ,  
w i t h  e a c h  o f  t h r e e  o u t p u t  l i m i t i n g  l e v e l s  
(dB SSPL), t e s t  (T) and  r e t e s t  (R ) .  v

M  l  R
dB SSPL dB SSPL

120 110 ' 100 120 110 100

1 18 13 19 20 18 19

2 19 20 23 16 19 18

3 2k 21 27 17 20 18

k 20 20 19 20 16 22

5 20 10 23 15 26 20

6 11 11 9 7 10 7

7 . 18 17 14 15 15 16

8 18 2k 20 15 18 22

9 17 20 20 22 18 23
10 8 19 16 15 16 19
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T a b le  2 1 . PLL’ s (dB a t t e n u a t i o n )  o f  i n d i v i d u a l  s u b j e c t s  
f o r  t h e  0 d B /o c t a v e ,  + 7 dB S/N c o n d i t i o n ,  
w i t h  e a c h  o f  t h r e e  o u t p u t  l i m i t i n g  l e v e l s  
(dB SSPL), t e s t  (T) and  r e t e s t  ( R j .

M I  &
dB SSPL dB SSPL

120 110 100 120 110 100

1 21 25 23 15 22 22

2 6 9 19 12 12 15

3 23 22 25 19 18 22

4 18 26 22 22 22 28

5 21 13 20 17 20 23

6 13 15 17 13 18

7 23 21 22 15 16 17

8 18 15 24 19 .16 14

9 17 14 21 13 11 22

10 17 12 18 15 15 18

* S5 i n i t i a l l y  c h o se  a  PLL o f  "5" f o r  t h i s  c o n d i t i o n .  T h is  
l e v e l  was l a t e r  changed  to  " 2 0 ” , t h e  v a lu e  w hich  was used  
a s  p r e s e n t a t i o n  l e v e l  Z f o r  a l l  b u t  one o f  t h e  0 d B / 
o c t a v e ,  +7 dB S/N i n t e l l i g i b i l i t y  t e s t  c o n d i t i o n s .
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Appendix G-continued

T a b le  2 2 . PL L 's (dB a t t e n u a t i o n )  o f  i n d i v i d u a l  s u b j e c t s
f o r  t h e  +6 d B / o c t a v e ,  q u i e t  b a c k g ro u n d  c o n d i t i o n ,  
w i th  e a c h  o f  t h r e e  o u t p u t  l i m i t i n g  l e v e l s  
(dB SSPL), t e s t  (T) a n d  r e t e s t  (R ) .

M  T R

dB SSPL dB SSPL

120 110 lO'O 120 110 100

1 18 17 22 12 17 23

2 22 22 20 17 16 12

3 25 28 24 19 20 25

4 15 14 14 11 13 11

5 21 18 19 18 15 20

6 11 11 12 12 8 7

7 17 17 18 14- 16 16

8 14 18 10 16 13 12

9 16 18 21 15 17 15
10 18 15 14 13 14 15
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Appendix G-continued

T a b le  2 3 , PLL*s (dB a t t e n u a t i o n )  o f  i n d i v i d u a l  s u b j e c t s  
f o r  t h e  +6 d B / o c t a v e ,  +7 dB S/N c o n d i t i o n ,  
w i th  e a c h  o f  t h r e e  o u t p u t  l i m i t i n g  l e v e l s  
(dB SSPL), t e s t  (T) and  r e t e s t  (R ) .

M.
-

1

dB SSPL

R

dB SSPL

120 110 100 120 110 100

l 18 18 14 19 18 19

2 10 12 15 11 7 22-

3 27 19 24 19 19 21

4 13 12 14 19 18 20

5 ' 25 22 27 20 14 22

6 15 21 20 18 18 19

7 17 18 21 17 16 13

8 13 13 16 14 18 16

9 17 14 17 14 15 17

10 9 14 16 17 17 14



ce
nt
 

Co
rr

ec
APPENDIX H

Individual Subject's Intelligibility Performance { % ) as a Function of Level 
(dB attenuation) for all Combinations of Output Limiting (dB SSPL) and 
Frequency Response Slope (0 dB/octave, +6 dB/octave) in a Quiet Background.

saturation-
threshold”^100

80

2530 20 15 10 5Level, dB attenuation
o\

Figure 26. Individual intelligibility performance' { f t ) , as a function of ^
presentation level (dB attenuation) for the 0 dB/octave,
120 dB SSPL, quiet condition. The saturation threshold 
is also given.
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Appendix H— continued
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Figure 27. Individual intelligibility performance (/) as a function of
presentation level (dB attenuation) for the 0 dB/octave,
110 dB SSPL, quiet condition. The saturation threshold
is also given.
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Appendix H— continued
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Figure 2 8 . Individual intelligibility performance (f o ) as a function of 
presentation level (dB attenuation) for the 0 dB/octave,
100 dB SSPL, quiet condition. The saturation threshold 
is also given.
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Figure 29. Individual intelligibility performance ( f o ) as a function of 
presentation level (dB attenuation), for the +6 dB/octave, 
120 dB SSPL, quiet condition. The saturation threshold 
is also given.
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Figure 30. Individual intelligibility performance (f o) as a function of 
presentation level (dB attenuation) for the +6 dB/octave,
110 dB SSPL, quiet condition. The saturation threshold 
is also given.
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Figure 31. Individual intelligibility performance ( f « ) as a function of 
presentation level (dB attenuation) for the +6 dB/octave, 
100 dB SSPL, quiet condition. The saturation threshold 
is also given.
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