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THE EFFECT OF CONTRALATERAL NOISE ON INTENSIVE DIFFERENTIAL

SENSITIVITY AS MEASURED BY TWO VARIANTS OF THE QUANTAL 

STIMULUS PATTERN EMPLOYING CONTINUOUS VERSUS 

DISCONTINUOUS BACKGROUND TONES

CHAPTER I 

INTRODUCTION

Man's environment i s  one of c o n s ta n t  change. S t im u li  e x i s t in g  

in  th e  world around him a re  c o n t in u a l ly  v a ry in g  in  any one o r  more of 

s e v e ra l  ways such as i n t e n s i t y ,  w avelength , s p e c t r a l  o r  m olecular compo

s i t i o n ,  and d u ra t io n .  Pne a b i l i t y  t o  re c o g n ize  and respond to  minute 

f l u c t u a t i o n s  in  env ironm enta l s t im u l i  i s  v i t a l l y  im portan t t o  the  l i v in g  

organism s in c e  i t  c o n s t i t u t e s  a prime mechanism f o r  s e l f  p r e s e r v a t io n .

I t  i s  no t  s u r p r i s in g ,  t h e r e f o r e ,  t h a t  most l iv in g  organisms are  more r e 

sponsive  t o  changes in  t h e i r  environment than  to  s t e a d y - s t a t e  c o n d i t io n s .  

This a b i l i t y  to  sense  small d i f f e r e n c e s  o r  changes in s t im u l i  has been 

s tu d ie d  by b e h a v io ra l  s c i e n t i s t s  fo r  over one hundred y e a rs  and an e x te n 

s iv e  body o f  in fo rm atio n  has been developed on the  su b je c t  of d i f f e r e n 

t i a l  s e n s i t i v i t y .

In o rd e r  t o  q u a n t i fy  an i n d i v i d u a l ' s  s e n s i t i v i t y  t o  small s t im 

u lu s  d i f f e r e n c e s  i n v e s t ig a t o r s  have used as an index th e  s m a l le s t  change 

in  a s t im u lu s  or th e  l e a s t  d i f f e r e n c e  between s t im u l i  t h a t  can be de-
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t e c t e d .  This index of s e n s i t i v i t y  i s  termed th e  d i f f e r e n c e  limen o r  d i f 

fe re n c e  th r e s h o ld .  Because an  o rg an ism 's  d i f f e r e n t i a l  s e n s i t i v i t y  appears 

to  f l u c t u a t e  as  a fu n c t io n  of time, i t  i s  g e n e ra l ly  agreed  t h a t  th e  d i f 

fe re n c e  limen should be sampled over  tim e and should  r e p r e s e n t  th e  sm a l l

e s t  change t h a t  i s  d e te c ta b le  in a t  l e a s t  h a l f  the  number o f  s t im u lus  

p r e s e n ta t i o n s .

In a s s e s s in g  th e  d i f f e r e n t i a l  s e n s i t i v i t y  of l i v i n g  organisms 

in v e s t i g a t o r s  have measured t h e  d i f f e r e n c e  limen f o r  v a r io u s  p aram eters  

of many d i f f e r e n t  s t i m u l i .  The p r e s e n t  in v e s t ig a t i o n  i s  concerned w ith  

th e  measurement of th e  d i f f e r e n c e  limen f o r  change in  th e  i n t e n s i t y  of 

an a c o u s t i c 'S t im u lu s .  Many s tu d i e s  have been d i r e c t e d  toward de te rm in ing  

th e  v a r i a b l e s  t h a t  may in fluence  th e  s i z e  o f  th e  d i f f e r e n c e  limen f o r  i n 

t e n s i t y  ( a b b re v ia te d  DLl). The m agnitude of th e  DLI has been found to  

be in f lu e n c e d  by th e  d e t a i l s  o f  th e  method used to  measure d i f f e r e n t i a l  

s e n s i t i v i t y ,  by p a th o lo g ica l  o r  a l t e r e d  p h y s io lo g ic a l  s t a t e s  w i th in  th e  

a u d i to ry  system , and by a v a r i e ty  o f  o th e r  f a c t o r s .

The measurement of d i f f e r e n t i a l  s e n s i t i v i t y  has been in c o rp o 

r a t e d  in to  th e  a u d i o lo g i s t ' s  armamentarium of c l i n i c a l  p ro ced u res  because 

v a r i a t i o n s  in  DLI s i z e  appear to be a s s o c ia te d  w ith  changes in  th e  s t a t e  

of th e  a u d i to ry  mechanism. The measurement of th e  DLI in  p a t i e n t s  ex

h i b i t i n g  a v a r i e t y  o f  a u ra l  p a th o lo g ie s  has r e s u l t e d  in  th e  o b se rv a t io n  

t h a t  th e  in te n s iv e  d if fe re n c e  limen appears  to  be s m a l le r  in  th o se  i n d i 

v id u a ls  w ith  h e a r in g  lo s s  of c o c h le a r  o r i g i n  than  in  th o se  w ith  normal 

h ea r in g  s e n s i t i v i t y  (11, 15, 28, 29, 37, 38, 39 ).

Two r e c e n t  r e p o r t s  ( 3 ,  9 )  which sugges t  t h a t  n o ise  p re s e n te d  to  

t h e  o p p o s i te  e a r  may s i g n i f i c a n t l y  a f f e c t  th e  magnitude of th e  monaural
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DLI a re  of p a r t i c u l a r  i n t e r e s t  to  those  employing v a r i a t i o n s  of DLI p ro

cedures  f o r  c l i n i c a l  pu rp o ses .  This f in d in g  holds im portan t im p l ic a t io n s  

f o r  th e  aud iom etric  a p p l i c a t io n s  of DLI t e s t i n g ,  s ince  c l i n i c a l l y  i t  i s  

o f te n  n ec e ssa ry  to  in t ro d u ce  a masking no ise  t o  the n o n - te s t  e a r  in  o rder  

to  p re v e n t  i t s  p a r t i c i p a t i o n  in  th e  measurement p ro cess .

While both of th e  s tu d ie s  a lluded  t o  above appeared to  show a 

d i s t i n c t  in f lu e n c e  o f  a c o n t r a l a t e r a l l y - p r e s e n te d  therm al n o ise  on the  

s iz e  o f  th e  DLI w ith  r e s p e c t  t o  th e  va lues  o b ta ined  in  th e  absence of 

th e  n o is e ,  one experiment dem onstra ted  an improvement in  th e  DLI, but 

th e  o th e r  showed a t r e n d  toward d e t e r i o r a t i o n  of performance.

Both in v e s t ig a t io n s  invo lved  the d e t e c t i o n  of b r ie f - a m p l i tu d e  

increm ents  superimposed on a background tone  of i d e n t i c a l  f requency . In 

one experim en t;  a s e r i e s  o f  20 increm ents was mounted on a continuous 

background tone  w hile  a therm al n o ise  was p re se n te d  to  th e  o p p o s i te  e a r .  

The r e s u l t  was a re d u c t io n  in  th e  magnitude of the DLI w ith  r e s p e c t  to  

th e  v a lu e s  ob ta ined  in  th e  absence of the n o is e  a t  both 1000 and 4000 Hz, 

two o f  th e  th r e e  f re q u e n c ie s  t e s t e d .  In th e  o the r  s tudy ,  th e  background 

tone and c o n t r a l a t e r a l  n o ise  were te rm ina ted  immediately a f t e r  th e  sub

j e c t  d e te c te d  th e  p resence  of a s in g le  increm en t.  The DLI observed under 

th e s e  c o n d i t io n s  tended t o  be p oo re r  than i t  was in q u ie t  a t  1000 Hz, the  

only frequency  t e s t e d .

Thus, while th e  two experim enta l paradigms resembled one another 

in  c e r t a i n  r e s p e c t s ,  they  d i f f e r e d  s i g n i f i c a n t l y  in  a t  l e a s t  one im port

a n t  p a r t i c u l a r .  S p e c i f i c a l l y ,  bo th  s tu d ie s  employed v a r i a t i o n s  of the  

q u a n ta l  s t im u lu s - p a t t e r n .  The s u b j e c t ' s  t a s k  in  e i t h e r  case was to  de 

t e c t  t h e  p resence  of increm ents  superimposed on a background s t im u lu s .
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Furtherm ore , in  both  s tu d ie s  th e  i n i t i a t i o n  and te rm in a t io n  of th e  co n tra 

l a t e r a l  n o ise  were c o in c id e n t  w ith  t h a t  of th e  background s t im u lu s .  The 

t e s t  frequency  of 1000 Hz was a lso  common to  both s t u d i e s .  In one of 

th e  experim en ts ,  however, t h e  background was p re s e n te d  con tin u o u s ly  u n t i l  

a f u l l  complement o f  20 increm ents  had been in t ro d u c e d ,  w hile  in  the  

o th e r  experim ent th e  background was in t e r r u p te d  a f t e r  th e  d e te c t io n  of 

each increm ent.

When cons ide red  to g e th e r ,  th e  two s tu d ie s  seem to  suggest the  

p o s s i b i l i t y  t h a t  a c o n t r a l a t e r a l l y - p r e s e n te d  therm al n o ise  may produce 

d i f f e r e n t  e f f e c t s  on th e  magnitude of the  DLI o b ta in ed  w ith  v a r i a t io n s  

of th e  q u an ta l  p a t t e r n  depending upon whether th e  background s tim ulus  is  

con tinuous or d isco n tin u o u s  in  c h a r a c te r .  The p r e s e n t  s tudy  was under

taken  to  ex p lo re  t h i s  p o s s i b i l i t y .  The fo llow ing  c h a p te r  p r e s e n ts  a r e 

view of th e  l i t e r a t u r e  p e r t i n e n t  to  th e  i n v e s t i g a t io n .



CHAPTER I I  

REVIEW OF THE LITERATURE 

In tro d u c t io n

The term " in te n s iv e  d i f f e r e n t i a l  s e n s i t i v i t y "  i s  used to  de

s c r ib e  an o rgan ism 's  a b i l i t y  to  a p p re c ia te  a b a r e ly  p e r c e p t ib le  change 

o r  d i f f e r e n c e  in  the  i n t e n s i t y  of a s t im u lu s .  The sm a l le s t  d i f f e r e n c e  

o r  change in  i n t e n s i t y  t h a t  can be recogn ized  i s  des ig n a ted  as th e  d i f 

fe ren ce  limen or d i f f e r e n c e  th re sh o ld  and may be expressed  e i t h e r  as an 

a b so lu te  o r  as a r e l a t i v e  v a lu e .  The a b so lu te  d i f f e r e n c e  limen (aI )  i s  

re p re s e n te d  by th e  amount of change in  s t im u lu s  magnitude req u ire d  to  

e l i c i t  a judgment of j u s t  n o t ic e a b ly  d i f f e r e n t .  The r e l a t i v e  d i f f e r e n c e  

limen ( ^ )  r e p re s e n t s  a r a t i o  between th e  amount of change in  s tim u lus  

magnitude re q u i re d  to  e l i c i t  a judgment of j u s t  n o t ic e a b ly  d i f f e r e n t  and 

th e  l e v e l  o f  th e  re fe re n c e  s tim u lus  a t  which th e  judgment i s  o b ta in ed .  

The r e l a t i v e  d i f f e r e n c e  limen expressed in  dB i s  given by the  formula 

10 log (1 + (52, p. 138),

Assessments of d i f f e r e n t i a l  s e n s i t i v i t y  fo r  i n t e n s i t y  change 

p rov ide  a means by which th e  re s o lv in g  power of th e  a u d i to ry  system can 

be e v a lu a te d .  In a d d i t io n ,  measurements of th e  in te n s iv e  d i f f e re n c e  l i 

men have been used c l i n i c a l l y  to  determ ine th e  p robab le  s i t e  of l e s io n  

in  v a r io u s  a u d i to ry  d i s o r d e r s .  U n fo r tu n a te ly ,  th e  d i f f e r e n c e  limen fo r
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i n t e n s i t y  o r  DLI does n o t  remain in v a r i a n t  under d i f f e r e n t  experim ental 

o r  c l i n i c a l  c o n d i t io n s  and i n v e s t ig a t o r s  have i s o l a t e d  s e v e ra l  d i f f e r e n t  

f a c t o r s  which in f lu e n c e  th e  magnitude of th e  DLI. R ecen tly ,  fo r  example, 

two s tu d ie s  were performed which in d ic a te d  th a t  n o ise  s t im u la t io n  of one 

e a r  a f f e c t s  th e  magnitude of th e  DLI ob ta ined  f o r  th e  o p p o s i te  e a r .

One of th e  s tu d ie s  suggested  t h a t  the  s i z e  of tn e  DLI inc reased  

in  th e  p resence  o f  c o n t r a l a t e r a l  s t im u la t io n ,  bu t th e  o th e r  i n v e s t ig a t io n  

showed t h a t  th e  DLI became sm a l le r .  The r e s u l t s  of th e s e  two s tu d ie s  

h i n t  a t  the  p o s s i b i l i t y  t h a t  th e  in f lu e n c e  which c o n t r a l a t e r a l  s t im u la 

t i o n  e x e r t s  on th e  DLI may be p a r t l y  dependent on th e  tem poral c h a r a c te r 

i s t i c s  of th e  measurement s t im u lu s .

The p re s e n t  s tu d y  was undertaken  to  in v e s t ig a t e  th e  e f f e c t  of 

c o n t r a l a t e r a l  n o ise  s t im u la t io n  on the  d i f f e r e n c e  limen f o r  i n t e n s i t y  ob

t a in e d  w ith  two te m p o ra l ly  d i f f e r e n t  s t im u lus  p a t t e r n s .  The fo llow ing 

s e c t io n s  of t h i s  ch ap te r  rev iew  th e  e a r ly  in v e s t ig a t io n s  of in t e n s iv e  

d i s c r im in a t io n  in  normal l i s t e n e r s ,  d is c u s s  th e  c l i n i c a l  a p p l ic a t io n s  of 

DLI measurements and th e  f a c t o r s  which a f f e c t  d i f f e r e n t i a l  s e n s i t i v i t y  

f o r  i n t e n s i t y ,  and p r e s e n t  a r a t i o n a l e  fo r  the  p r e s e n t  in v e s t i g a t io n .

E a r lv  S tu d ie s  o f  D i f f e r e n t i a l  S e n s i t i v i t y  
in Normal L is te n e r s

Many of the  e a r l i e r  s tu d ie s  of d i f f e r e n t i a l  s e n s i t i v i t y  f o r  in 

t e n s i t y  in  normal l i s t e n e r s  were concerned with observ ing  th e  change in  

th e  s iz e  of th e  DLI a c ro s s  frequency  as a fu n c t io n  of p r e s e n ta t io n  l e v e l .  

The f i r s t  i n v e s t i g a t i o n  employing e x c lu s iv e ly  e l e c t r o a c o u s t i c  appara tus  

was performed by Knudsen in  1923 (34).  Knudsen measured th e  DLI monau- 

r a l l y  by th e  method of l i m i t s  us ing  an am plitude-m odula tion  te ch n iq u e .
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He found t h a t  th e  r e l a t i v e  DLI decreased  as th e  p r e s e n ta t io n  le v e l  i n 

c re a se d  to  a "moderate i n t e n s i t y "  and t h e r e a f t e r  i t  remained r e l a t i v e l y  

c o n s ta n t  f o r  h ighe r  p r e s e n ta t io n  l e v e l s .  Using a 40-dB s e n sa t io n  le v e l  

(SL) and v a r io u s  t e s t  to n e s ,  Knudsen found th e  DLI to  be approx im ate ly  

c o n s ta n t  a c ro s s  the  frequency  range s tu d ie d  (800 to  1600 Hz).

The in v e s t i g a t io n  which produced th e  most w idely  accep ted  v a lu es  

f o r  in t e n s iv e  d i f f e r e n t i a l  s e n s i t i v i t y  and which i s  c r e d i te d  as  d e f in in g  

th e  r e l a t i o n s h i p  between th e  s iz e  of the  DLI and i t s  v a r i a t i o n  w ith  p r e s 

e n t a t i o n  le v e l  and a c ro s s  frequency i s  t h a t  of R iesz (4 8 ) .  R iesz  used a 

method of am plitude modulation which produced a s in u s o id a l ly -v a ry in g  in 

t e n s i t y  inc rem en t.  His r e s u l t s  show t h a t  th e  r e l a t i v e  DLI d ec re ase s  as 

i n t e n s i t y  in c re a s e s  t o  approxim ately  60-dB SL b u t  t h a t  above t h i s  l e v e l  

th e  DLI rem ains a lm ost cons tan t  in  s i z e .  G re a te r  v a r i a t i o n  in  th e  s iz e  

of th e  DLI a c ro s s  frequency  a t  l e v e l s  below 40-dB s e n s a t io n  l e v e l  was 

found by R iesz  than  by Knudsen.

Dimmick and Olsen ( l2 )  used a p a i r e d - to n e  comparison w ith  a 

method of c o n s ta n t  s t im u l i  in o b ta in in g  t h e i r  measurements of th e  DLI. 

T he ir  r e s u l t s  were o b ta in ed  in a sound f i e l d  under c o n d i t io n s  o f  b in a u ra l  

l i s t e n i n g .  T he ir  s u b je c t s  were i n s t r u c t e d  t o  r e p o r t  bo th  inc rem en ta l  and 

décrém enta i d i f f e r e n c e s  between th e  two to n e s  and, when in  doubt o r  when 

e q u a l i t y  of s e n s a t io n  was judged, th ey  were i n s t r u c t e d  to  r e p o r t  " e q u a l ."  

At a l l  p r e s e n ta t io n  l e v e l s  r e p o r te d ,  Dimmick and O ls e n 's  DLI v a lu e s  were 

l a r g e r  than th o se  of Knudsen (34) or of R iesz  (4 8 ) .

In a l a t e r  in v e s t ig a t io n ,  S tevens,  Morgan and Volkmann (53) in 

t roduced  th e  quan ta l psychophysical method. In the  q u an ta l  p rocedure  

th e  v a r i a b l e  s t im u lu s ,  which c o n s i s t s  of a s e r i e s  of am plitude inc rem en ts ,
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i s  superimposed on a c o n t in u o u s ly -p re se n te d  r e f e r e n c e  s t im u lu s  o r  back

ground. The s u b je c t  r e p o r t s  only h i s  d e t e c t i o n  of the  p resen ce  of an in 

crement and no t  a judgment of g r e a t e r  o r  l e s s  as  i s  common to  o th e r  p sy 

chophysica l p ro ced u res .

S tevens,  Morgan and Volkmann used a "random" s e l e c t i o n  of i n 

crem ental va lues  f o r  su c c e ss iv e  b locks  of tw e n ty -f iv e  inc rem ents  and the  

f i r s t  increm ent v a lue  s e le c te d  f o r  th e  s t a r t  of a s e s s io n  was one t h a t  

could be d e te c te d  100 p e r c e n t  of the  t im e. They dem onstra ted  th e  same 

dependence of DLI s i z e  on p r e s e n ta t io n  le v e l  as  had Knudsen, and R iesz , 

bu t  th e  s i z e  of th e  DLI determ ined  w ith  th e  q u an ta l  method was consider-- 

ab ly  sm a l le r  than  th e  v a lu e s  r e p o r te d  by th e  e a r l i e r  i n v e s t i g a t o r s .

A ll of th e  above i n v e s t ig a t io n s  showed t h a t  th e  s i z e  of th e  DLI 

v a r i e s  w ith  th e  s e n s a t io n  l e v e l  a t  which d i f f e r e n t i a l  s e n s i t i v i t y  i s  meas

u red .  An in t e r a c t i o n  between frequency and p r e s e n ta t io n  l e v e l  was noted 

by Knudsen, and by R ie sz .  In g e n e ra l ,  th e  s i z e  of the  DLI v a r i e s  ac ross  

frequency  when p r e s e n ta t io n  le v e l  i s  low bu t tends  to  remain approxim ate ly  

c o n s ta n t  f o r  p r e s e n ta t io n  le v e l s  above 40-dB to  60-dB SL. The d i f f e r e n c e s  

in  DLI s i z e  observed a t  e q u iv a le n t  f re q u e n c ie s  and p re s e n ta t io n  l e v e l s  

from in v e s t ig a t io n  t o  in v e s t ig a t i o n  may be a t t r i b u t a b l e  to  d i f f e r e n t  ex

p e r im en ta l  p o p u la t io n s  and p rocedu res .

C l i n i c a l  A p p lic a t io n s  of DLI Measurements 

The developers  of c l i n i c a l l y - o r i e n t e d  DLI p rocedures  have used 

a v a r i e t y  of te chn iques  to  measure d i f f e r e n t i a l  s e n s i t i v i t y .  The purpose 

o f  a lm ost a l l  of th e  p ro ced u re s ,  however, has been to  dem onstra te  t h a t  

th e  s e n s i t i v i t y  t o  change in  i n t e n s i t y  of e a r s  m a n ife s t in g  loudness r e 

c ru i tm e n t  i s  d i f f e r e n t  from th a t  of normal e a r s .  The assum ptions  under



9

ly in g  th e  use of th e  DLI as an i n d i c a to r  of the  p resence o f  r e c ru i tm e n t  

and th e  c l i n i c a l  p rocedures  developed to  a s s e s s  DLI magnitude a re  r e 

viewed in  the  fo llow ing  s e c t i o n s .

Assumptions U nderlying C l i n ic a l  A p p lica tio n s  
of DLI Measurements

Those who sought to  use DLI measurements c l i n i c a l l y  a n t i c ip a te d  

t h a t  a he igh tened  o r  in c re a se d  s e n s i t i v i t y  t o  i n t e n s i t y  d i f f e r e n c e s  would 

be found in  those  p a t i e n t s  w ith  a co ch lea r  h ea r in g  d is o rd e r  m a n ife s t in g  

r e c ru i tm e n t ,  a phenomenon c h a r a c te r i z e d  by an abnormally r a p id  growth of 

loudness  a t  s u p ra th re sh o ld  l e v e l s .  Furtherm ore , they  assumed th a t  i f  r e 

c ru i tm en t  was a s s o c ia te d  w ith  improved d i f f e r e n t i a l  s e n s i t i v i t y  f o r  in 

t e n s i t y ,  th e  r e c r u i t i n g  e a r  should  show a sm a l le r  DLI th an  th e  normal 

e a r  a t  e q u iv a le n t  p r e s e n ta t io n  l e v e l s .  These e x p e c ta t io n s  were p r e d i 

ca ted  upon the  two b a s ic  assum ptions enumerated by H irsh , Palva and 

Goodman (22):

F i r s t ,  i t  i s  assumed t h a t  s in c e  the  loudness change c o r r e 
sponding to  a given i n t e n s i t y  change i s  much g r e a te r  in  a r e 
c r u i t i n g  p a t i e n t ,  th e  s e n s i t i v i t y  t o  changes in  i n t e n s i t y  must 
be b e t t e r ,  i . e . ,  the  DL must be sm a l le r .

Second, s in c e  th e  c l a s s i c  d a ta  on d i f f e r e n t i a l  s e n s i t i v i t y  
show th a t  th e  s i z e  o f  th e  DL in  normal p e rsons  d ec re ase s  as th e  
i n t e n s i t y  a t  which i t  i s  measured i s  in c re a s e d ,  i t  i s  assumed 
t h a t  th e  DL a t  a given i n t e n s i t y  w i l l  be sm alle r  fo r  a r e c r u i t 
ing p a t i e n t  th an  fo r  a n o n - r e c r u i t in g  p a t i e n t ,  because th e  loud 
ness a s s o c ia te d  w ith t h a t  i n t e n s i t y  by th e  r e c r u i t i n g  p a t i e n t  i s  
g r e a t e r .

H irsh , Palva and Goodman (22) o b je c te d  to  th e  use of DLI meas

u re s  as a c l i n i c a l  i n d i c a to r  of th e  p resence  of re c ru i tm e n t  fo r  s e v e ra l  

re a so n s .  Their  main o b je c t io n s  concerned th e  assumptions und er ly in g  th e  

use  of DLI measurement f o r  t h i s  purpose . The t h e o r e t i c a l  o b je c t io n  th a t  

th e y  r a i s e d  to  th e  f i r s t  assumption was as fo l lo w s :



10

This assumption would p r e d i c t  t h a t  a to n e  which i s  40 DL's 
or j u s t  n o t i c e a b le  d i f f e r e n c e s  above th e  a b so lu te  th re s h o ld  
should sound tw ice  as loud as a tone  20 DL's above a b so lu te  
th re s h o ld ,  because t h e r e  a re  tw ice as many d is c r im in a b le  s te p s  
in the  former as in  th e  l a t t e r .  Newman made such comparison 
d i r e c t l y  and showed t h a t  tw ice  loudness i s  n o t  equal to  tw ice  
as many DL's. . . .  in  normal hear ing  the  loudness f o r  low tones  
in c re a se s  more r a p id l y  than does th e  loudness  fo r  m id d le - f r e -  
quency to n e s ;  bu t the  DL fo r  low tones  i s  l a r g e r ,  n o t  s m a l le r ,  
than i t  i s  fo r  m idd le -frequency  tones'. F urtherm ore , th e  func
t i o n  t h a t  r e l a t e s  loudness t o  i n t e n s i t y  goes up r a p id l y  a t  low 
i n t e n s i t i e s  and then  l e s s  r a p id l y  a t  h igh i n t e n s i t i e s .  I f  th e  
ab o v e-s ta ted  assumption were t r u e ,  then th e  DL should be sm all 
a t  low i n t e n s i t i e s  and la rg e  a t  h igh  i n t e n s i t i e s ,  b u t  as  a mat
t e r  of experim ental f a c t  i t  i s  j u s t  th e  o p p o s i te .

Luscher responded to  th e  c r i t i c i s m s  of H irsh , Pa lva  and Goodman 

by p o in t in g  o u t  t h a t  s in c e  n e i t h e r  re c ru i tm e n t  nor d i f f e r e n t i a l  s e n s i t i v 

i t y  had been " c l a r i f i e d  t h e o r e t i c a l l y ,  a r e j e c t i o n  (of a r e l a t i o n s h i p  

between the  two) . . . f o r  t h e o r e t i c a l  rea so n s ,  i s  not convinc ing  . . . " 

(3 8 ) .  L'uscher s ta t e d  t h a t  th e  f a c t  t h a t  loudness  grows r a p id l y  in  the  

lower f req u en c ie s  w ith  a concom itan tly  la rg e r  DLI than  th e  middle or 

h ig h e r  f req u en c ies  and th e  f a c t  t h a t  th e  DLI i s  l a r g e s t  nea r  th re s h o ld  

even though th e  growth of loudness  i s  more r a p id  in  t h i s  reg io n  does no t 

n e c e s s a r i ly  r e f u t e  th e  concept of us ing  d i f f e r e n c e  limen measurement as 

an in d i c a to r  o f  th e  p resence  of r e c ru i tm e n t .  He reasoned  t h a t  th e  a c tu a l  

number of d e c ib e ls  o r  f r a c t i o n  th e re o f  involved in  a DLI r e p r e s e n t s  as 

d i f f e r e n t  an amount of loudness growth as th e  d e c ib e l  s te p s  a t  a low in 

t e n s i t y  and a t  a h igh  i n t e n s i t y  r e p re s e n t  a d i f f e r e n t  amount of a b so lu te  

in c re a s e  in  th e  p h y s ic a l  s ig n a l .  In o th e r  words, i t  appears  t h a t  i f  the  

DLI i s  expressed  in  d e c ib e l s  i t  d ec re ase s  w ith  in c re a s in g  i n t e n s i t y ,  but 

i f  th e  DLI i s  expressed  as an a b so lu te  q u a n t i ty  i t  in c re a s e s  w ith  in 

c re a s in g  i n t e n s i t y .  In t h i s  r e s p e c t ,  th e  DLI conforms t o  what would be 

p r e d ic te d  from the  loudness-grow th  fu n c t io n .
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Pipart from th e  t h e o r e t i c a l  c o n s id e ra t io n s  d iscu ssed  by H irsh , 

Palva and Goodman (2 2 ) ,  and Luscher (38) th e  most im portan t r e a so n  fo r  

th e  la c k  o f  more w idespread use  of DLI p rocedures  c l i n i c a l l y  appea rs  to  

be i n t e r -  and i n t r a - s u b j e c t  v a r i a b i l i t y .  Reference d a ta  f o r  a l l  ca tego

r i e s  of hea r in g  c a p a c i ty  have n o t  been e s ta b l i s h e d  and in  s e v e r a l  s tu d 

i e s  (35, 36) a c l e a r  d i f f e r e n t i a t i o n  o f  DLI s iz e s  from ca teg o ry  to  c a t e 

gory has no t been found. In a d d i t io n ,  d i f f e r e n t  DLI measurement proced

u res  seem to  y ie ld  d i f f e r e n t  DLI magnitudes (12, 48, 53 ) .  H a r r i s  (20) 

has sugges ted  t h a t  d i f f e r e n t  DLI p rocedures  measure d i f f e r e n t  a re a s  of 

th e  in t e n s iv e  d i f f e r e n t i a l  s e n s i t i v i t y  domain, accounting  f o r  th e  d i f f e r 

ences in  DLI magnitude. This concept w i l l  be d iscu ssed  in  more d e t a i l  in  

a l a t e r  s e c t io n .

C l i n i c a l  DLI P rocedures

B r i n i t z e r  (4) i s  c r e d i t e d  w ith  be ing  th e  f i r s t  to  use  th e  DLI 

fo r  th e  c l i n i c a l  assessm ent of h e a r in g  fu n c t io n .  His a t tem p t t o  show th e  

d ia g n o s t i c  p o t e n t i a l  of DLI measurements, however, was not com ple te ly  suc

c e s s f u l .  Most d eve lopers  of c l i n i c a l  DLI p rocedures  s in ce  B r i n i t z e r ' s  

time have t r i e d  to  dem onstra te  t h a t  in t e n s iv e  d is c r im in a t io n  in  hear ing  

im paired  p a t i e n t s  m a n ife s t in g  loudness  r e c ru i tm e n t  i s  d i f f e r e n t  than  in  

th o se  w ith o u t  r e c ru i tm e n t .

LUscher and Z w islock i (39) employed an am plitude-m odula tion  p ro 

cedure  to  a s s e s s  in t e n s iv e  d i s c r im in a t io n .  Their ap p ara tu s  produced 

t r a p e z o id a l  m odulations of a c a r r i e r  tone  a t  a r a t e  of 2 .5  p e r  second.

The p a t i e n t ' s  ta sk  was to  r e p o r t  th e  p o in t  a t  which he could no longer 

d i s t i n g u i s h  th e  m odulation . Luscher and Zw islocki reasoned t h a t  th e  most 

advantageous i n t e n s i t y  f o r  d e te rm in in g  th e  DLI was 40 dB above th re s h o ld
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s in c e  Riesz (48) had shown t h a t  a t  t h i s  l e v e l  in  th e  normal e a r  th e  s i z e  

o f  th e  DLI was on ly  s l i g h t l y  dependent on frequency  d i f f e r e n c e s .  The 

r a t i o n a l e  f o r  Luscher and Z w is lo c k i 's  t e s t  r e s t s  on th e  assumption t h a t  

th e  DLI a t  any l e v e l  i s  s m a l le r  in  an e a r  m a n ife s t in g  r e c ru i tm e n t  than  

In a n o n - r e c r u i t in g  e a r .

Denes and Naunton ( l l ) ,  on th e  o th e r  hand, reasoned  t h a t  th e  r e 

l a t i o n s h ip  between DLI magnitude and p r e s e n ta t io n  l e v e l  should be d i f f e r 

e n t  f o r  th e  e a r  showing re c ru i tm e n t  than  fo r  th e  n o n - r e c r u i t in g  e a r .  In 

asmuch as th e  normal e a r  y i e ld s  a DLI which d e c re a se s  in  magnitude w ith  

in c re a sed  p r e s e n ta t io n  l e v e l ,  th e y  concluded t h a t  th e  r e c r u i t i n g  ea r  

should  no t  show t h i s  d e c re a se  s ince  th e  loudness  growth in a r e c r u i t i n g  

e a r  i s  r a p id  n e a r  th re s h o ld  and then approaches th e  s lope  o f  th e  normal 

loudness  fu n c t io n  a t  h ig h e r  se n sa t io n  l e v e l s .  Consequently , th e s e  in v e s 

t i g a t o r s  concluded t h a t  th e  DLI in  a r e c r u i t i n g  e a r  should be small near  

th re s h o ld  and should  in c re a s e  in  magnitude as i n t e n s i t y  in c re a s e d .

Denes and Naunton employed a p a i r e d - to n e  comparison p rocedu re  

to  measure th e  DLI a t  two s e n sa t io n  l e v e l s .  The p resen ce  of r e c ru i tm e n t  

was in f e r r e d  i f  th e  DLI o b ta in e d  a t  a le v e l  c lo s e  t o  th re s h o ld  was equal 

to  o r  sm a l le r  th a n  t h a t  measured a t  a h ig h e r  s e n s a t io n  l e v e l .  The ab

sence of r e c r u i tm e n t ,  on t h e  o th e r  hand, was in f e r r e d  i f  th e  DLI decreased  

in  s i z e  as s e n s a t io n  l e v e l  was in c re a sed .

The "N orthw estern  DL T est"  developed by J e r g e r  (28) r e p re s e n te d  

a m o d if ic a t io n  of the  L uscher-Z w islock i p ro ced u re .  J e r g e r  a l s o  used am

p l i t u d e  m odula tion  t o  p roduce i n t e n s i t y  f l u c t u a t i o n s  b u t  he changed th e  

p r e s e n ta t io n  l e v e l  to  15-dB SL, f i r s t ,  on th e  prem ise t h a t  r e c ru i tm e n t  i s  

g r e a t e s t  j u s t  a t  and above th re sh o ld  and, second, on D o e r f l e r ' s  f in d in g s
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t h a t  " the  DL in  p e r c e p t iv e ly  deafened e a r s  i s  abnormally decreased  to  

th e  g r e a t e s t  degree  in  th e  range from 10 to  30-dB se n sa t io n  le v e l"  (15 ).  

The p resen ce  o f  r e c ru i tm e n t  was in f e r r e d  i f  th e  DLI o b ta in ed  from a p a t 

i e n t  w ith  decreased  h e a r in g  s e n s i t i v i t y  was sm a l le r  than t h a t  o b ta ined  

from normal h e a r in g  in d iv id u a l s .

J e r g e r  (29) took advantage of what he cons idered  to  be th e  b e s t  

a s p e c t s  o f  th e  p rocedures  of both Luscher and Zw islocki and Denes and 

Naunton in  h i s  "DL D if fe re n c e  T e s t ."  He used am plitude m odulation to  

produce i n t e n s i t y  v a r i a t i o n s  and o b ta ined  a measurement of th e  DLI a t  

two s e n s a t io n  l e v e l s  (lO- and 40-dB SL). The i n t e r p r e t a t i o n  of th e  r e 

s u l t s  of t h i s  t e s t  was e s s e n t i a l l y  th e  same as t h a t  used in  Denes and 

N aun ton 's  p ro ced u re ,  i . e . ,  when the  d i f f e r e n c e  between th e  s iz e  of the  

DL a t  10-dB SL and a t  40-dB SL was l a r g e ,  an absence of r e c ru i tm e n t  was 

i n f e r r e d .  The degree of re c ru i tm e n t  was presumed to  in c re a s e  as  t h i s  

d i f f e r e n c e  became sm a l le r .

Although a l l  th e  above i n v e s t i g a t o r s  have re p o r te d  t h a t  c l i n i c a l  

DLI p ro ced u res  posse ss  d ia g n o s t ic  p o t e n t i a l ,  o th e rs  have f a i l a d  to  demon

s t r a t e  a c o n s i s t e n t  d i f f e r e n c e  between th e  performance o f  th o se  i n d i v i 

d u a ls  w ith  normal h ea r in g  and those w ith  h ea r in g  lo s s .  Liden and N ilssen  

(3 5 ) ,  f o r  example, r e p o r te d  t h a t  the  v a r i a b i l i t y  in  the  s i z e  of th e  DLI 

o b ta in ed  w ith  th e  Luscher-Z w islocki p rocedu re  was so la rg e  t h a t  i t  was 

no t p o s s ib le  t o  d i s t i n g u i s h  between r e c r u i t i n g  and n o n - r e c ru i t in g  e a r s .  

S im i la r ly ,  Lund-Iverson (36) was not ab le  to  d i f f e r e n t i a t e  between h is  

th r e e  experim en ta l groups (normal, conduc tive  hearing  lo s s ,  and s e n s o r i 

n e u ra l  h e a r in g  lo s s  showing re c ru i tm e n t)  on th e  b a s is  o f  th e  s iz e  o f  th e  

DLI o b ta in ed  w ith  th e  Luscher-Zw islocki t e s t .



14

The e a r ly  c l i n i c a l  DLI p rocedures  were assumed to  be " i n d i r e c t "  

i n d i c a to r s  of th e  presence  of re c ru i tm e n t  (2 2 ) .  I t  now appears ,  however, 

t h a t  a reduced DLI and loudness r e c ru i tm e n t  are  no t in v a r ia b ly  l in k ed  

( 3 5 , 36) and t h a t  th e  p resence of loudness r e c ru i tm e n t  i s  not n e c e s s a r i l y  

a s s o c ia te d  w ith  a co ch lea r  s i t e  of le s io n  (5 , 4 1 ) .

J e r g e r  (32) appears t o  have been f i r s t  to  advance the  n o tio n  

t h a t  i t  i s  f a r  l e s s  im portant f o r  a t e s t  t o  be a good p r e d ic to r  of r e 

c ru i tm e n t  th an  to  be a good p r e d i c to r  of s i t e  of l e s io n  w ith in  th e  a u d i 

t o r y  system. According to  him, th e  Short Increment S e n s i t i v i t y  Index 

(S IS I)  i s  such a t e s t .  The S ISI t e s t  (33) r e p re s e n t s  an ex ten s io n  of 

th e  c l i n i c a l  DLI procedures a l though  i t  i s  no t fo rm a lly  a DLI t e s t  nor 

was i t  in tended  to  in d ic a te  th e  p resence  o f  r e c ru i tm e n t .  J e r g e r ,  in  

f a c t ,  has p re s e n te d  evidence which i n d i c a t e s  t h a t  th e  SISI t e s t  i s  a poor 

p r e d i c t o r  o f  re c ru i tm e n t  but a f a i r l y  good p r e d ic to r  of s i t e  of l e s i o n .

In th e  SISI procedure , tw enty i n t e n s i t y  increm ents  of 1.0-dB 

magnitude and b r i e f  d u ra t io n  a r e  superimposed on a continuous background 

to n e  p re sen te d  a t  20-dB se n s a t io n  l e v e l .  The p a t i e n t ' s  ta s k  i s  t o  r e 

p o r t  whenever he d e te c t s  the p resence  o f  an increm en t.  Performance i s  

sco red  from zero  p e r  cen t t o  100 p e r  cen t  where ze ro  per  cen t in d i c a t e s  

t h a t  none o f  th e  increments was d e te c te d  and 100 p e r  cen t in d ic a te s  t h a t  

a l l  of the  increm ents  were d e t e c te d .  J e r g e r  proposed t h a t  th e  t e s t  be 

i n t e r p r e t e d  as in d i c a t iv e  of a co c h le a r  s i t e  of l e s io n  i f  the  SISI sco re  

was 60 per  cen t  or g r e a t e r  (3 2 ) .  Values l e s s  than t h i s  a re  d i f f i c u l t  to  

i n t e r p r e t  and may be a s s o c ia te d  w ith  r e t r o c o c h le a r  l e s io n s .

R ecen tly ,  D allos  and C a rh a r t  (lO) have p re se n te d  evidence which 

i n d i c a t e s  t h a t  i t  i s  p o ss ib le  t o  p r e d i c t  m a th m a t ica l ly  th e  number of DL's
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f o r  i n t e n s i t y  change t h a t  normals w i l l  cumulate between two d i f f e r e n t  

s e n s a t io n  l e v e l s .  Horner (24) extended th e se  o b se rv a tio n s  to  in c lu d e  a 

comparison o f  the  performance o f  normal and hearing  im paired in d iv id u a l s  

on t h i s  t a s k .  He found a s i g n i f i c a n t  d i f f e r e n c e  between th e  number of 

DL's cumulated by th e se  two groups w ith  a l a rg e r  number of DL's being  

cumulated by those  w ith  impaired h ea r in g .

F in a l ly ,  i f  t h e i r  th e o ry  i s  c o r r e c t ,  C arh a r t  and M a tk in 's  r e c e n t  

r e p o r t s  (5 ,  41 ) may f o r c e  a sweeping r e a p p r a i s a l  o f  th e  t r a d i t i o n a l  c l i n 

i c a l  i n t e r p r e t a t i o n  of au d io lo g ic  d a ta .  They advance th e  h y p o th e s is  t h a t  

the  e f f e c t  o f  s e l e c t 'v e  neuronal damage in th e  c o c h le a r  n u c le i  r e s u l t i n g  

from i c t e r i c  d e p o s i t s  may y ie ld  r e s u l t s  on v a r io u s  a u d io lo g ic a l  p roced

u re s  t h a t  mimic thos- t h a t  t y p i c a l l y  have been a s s o c ia te d  w ith  coch lea r  

damage. This h y p o th t s i s  has im portan t im p l ic a t io n s  f o r  the  use  o f  c l i n i 

c a l  DLI p rocedu res ,  '^ i r s t  of a l l ,  of co u rse ,  i t  i n d i c a te s  t h a t  h e ig h t 

ened s e n s i t i v i t y  to  i n t e n s i t y  change may no t n e c e s s a r i l y  be a s s o c ia te d  

w ith  co ch lea r  damage a f t e r  a l l .  Secondly, i f  l e s io n s  o f  th e  c e n t r a l  au

d i t o r y  pathways c t  t i e  l e v e l  of the co c h le a r  n u c le i  can a f f e c t  s e n s i t i v 

i t y  t o  i n t e n s i t y  chc ge i t  would appear p e r t i n e n t  t o  q u es tio n  w hether o r  

no t o th e r  changes a t  t h i s  le v e l  could a l s o  a f f e c t  in t e n s iv e  d i s c r im in a 

t i o n .  S p e c i f i c a l l y ,  s in c e  th e r e  a re  numerous in te rc o n n e c t io n s  w ith in  th e  

c e n t r a l  a u d i to ry  pathways between th e  n e u ra l  f i b e r s  a s s o c ia te d  with each 

coch lea  th e  p o s s i b i l i t y  e x i s t s  t h a t  the  s e n s i t i v i t y  of the  normal system 

to  i n t e n s i t y  change n.ay be a l t e r e d  by c e n t r a l  i n t e r a c t io n  r e s u l t i n g  from 

b in a u ra l  s t im u la t io n .  L a te r  s e c t io n s  rev iew  the l i t e r a t u r e  which ex

p lo r e s  t h i s  p o s s i b i l i t y .
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F a c to rs  A ffec t in g  D i f f e r e n t i a l  S e n s i t i v i t y  
f o r  I n t e n s i t y

The v a r io u s  p rocedures  developed t o  a s s e s s  d i f f e r e n t i a l  s e n s i 

t i v i t y  seem to  y i e ld  DLI's of d i f f e r i n g  m agnitude. An ex p la n a t io n  fo r  

such poor agreement may be t h a t  th e  p ro ced u re s  measure d i f f e r e n t  aspec ts  

of i n t e n s iv e  d i f f e r e n t i a l  s e n s i t i v i t y  or t h a t  o th e r  v a r i a b le s  which a f 

f e c t  DLI magnitude a re  in troduced  in t o  th e  exp er im en ta l  o r  c l i n i c a l  t e s t  

s i t u a t i o n  because  o f  the  d i f f e r e n c e s  among p ro c e d u re s .  The e f f e c t s  on 

th e  DLI of p ro c e d u ra l  d i f f e r e n c e s ,  a d a p ta t i o n ,  and c o n t r a l a t e r a l  s t im u la 

t i o n ,  a re  reviewed in  th e  fo llow ing  s e c t i o n s .

Measurement Method

H a r r i s  (20) has performed perhaps t h e  most comprehensive in v es 

t i g a t i o n  of th e  DLI in  r e c e n t  t im es .  He a t tem p ted  to  determ ine i f  loud

ness  d i s c r im in a t io n  was " . . .  a c lo s e ly  spaced  domain such t h a t  a l l  

t e s t s  o s t e n s i b l y  o f  the  Al were e . 'u a l ly  m e a n in g fu l ."  He d id  no t th in k  

t h a t  t h i s  was th e  case  b u t ,  r a t h e r ,  t h a t  d i f f e r e n t  DLI measurement p ro 

cedures  sampled d i f f e r e n t  c o n s t i tu e n t  a re a s  o f  the  loudness d is c r im in a 

t i o n  domain. Three d i s t i n c t  a rea s  emerged as the  p rim ary  c o n s t i tu e n t s  

of th e  loudness  d i s c r im in a t io n  a rea  from a c o r r e l a t i o n  m a tr ix  a n a ly s i s  

composed o f  17 d i f f e r e n t  DLI and loudness t e s t s .  H a r r i s  c a l le d  th e se  

a rea s  Loudness-M odulation, Pure-Tone Loudness-Memory, and Loudness-Mask

in g .

Loudness-M odulation.

The Loudness-Modulation a rea  i s  t e s t e d  by an am plitude-modula

t i o n  te c h n iq u e .  While th e  techn ique  used may produce s in u s o id a l  ( l5 ,  4 8 ) ,  

t r a p e z o id a l  (28, 39) or o th e r  c o n f ig u ra t io n s  o f  am plitude v a r i a t i o n ,  a l l
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invo lve  th e  d e te c t io n  of i n t e n s i t y  f l u c t u a t i o n s  in  a con t inuous ly  p re 

sen ted  s ig n a l .

The s iz e  o f  th e  DLI o b ta in ed  by methods which sample th e  loud- 

ness-m odula tion  a rea  of th e  h i domain i s  s t r o n g ly  in f luenced  by th e  over

a l l  i n t e n s i t y  of s t im u la t io n  and shows v a r i a t i o n s  in  DLI magnitude across  

frequency  (20, 28, 34 , 39, 48, 5 6 ) .  In a d d i t io n ,  th e  r a t e  o f  m odulation 

used in  such te ch n iq u es  tias been shown to  in f lu e n c e  the s i z e  of th e  DLI 

(48, 5 4 ) .

Pure-Tone Loudness-Memory.

The Pure-Tone Loudness-Memory a rea  of th e  Al domain i s  sampled 

by t e s t s  which employ d i s c r e t e  p u re - to n e  s t im u l i  w ith  some tem poral sepa

r a t i o n  between the  s ta n d a rd  and th e  v a r i a b le  s t i m u l i .  Any p a i r e d - to n e  

comparison techn ique  samples t h i s  a re a .  According to  H a rr is  (2 0 ) ,  th e  

s i z e  o f  th e  DLI ob ta in ed  w ith  Pure-Tone Loudness-Memory te c h n iq u e s  i s  

g r e a t l y  a f f e c te d  by th e  cho ice  of judgm ental re sp o n se .  I f  th e  s u b je c t  

i s  fo rced  t o  make o n ly  " lo u d e r"  o r  " s o f t e r "  judgments a sm a l le r  DLI i s  

ob ta in ed  than  when "equa l"  o r  " d o u b tfu l"  judgments are  a l so  a llow ed. 

Pure-Tone Loudness-Memory t e s t s  a re  r e l a t i v e l y  in s e n s i t iv e  t o  frequency  

and i n t e n s i t y  d i f f e r e n c e s  when a fo rc e d -c h o ic e  technique i s  used .

Loudness-Masking.

H a r r i s  (20) s t a t e s  t h a t  th e  Loudness-Masking area i s  a s sessed  

by any t e s t  using increm en ts  e i t h e r  of to n e ,  no ise  o r  c l i c k s ,  o r  by any 

t e s t  u s ing  immediately a d ja c e n t  i n t e n s i t y  l e v e l s  o f  tone or n o is e  fo r  

com parison. The b e s t  example o f  a t e s t  sampling t h i s  area i s  th e  quanta! 

psychophys ica l method developed by S tev en s ,  Morgan and Volkmann (53 ) ,  in
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which inc rem en ts  a re  superimposed on a con t inuous  background s t im u lu s .  

H a r r i s  (20) in v e s t ig a t e d  the  e f f e c t s  of f requency  and i n t e n s i t y  on the  

s i z e  o f  th e  DLI ob ta in ed  w ith  a v a r i a n t  o f  t h i s  p rocedure . He found th e  

Loudness-Masking a re a  to  be a f f e c te d  by th e  o v e r a l l  i n t e n s i t y  o f  the  

s t im u la t io n  so t h a t  th e  r e l a t i v e  DLI decreased  in  s iz e  with in c re a s in g  

i n t e n s i t y .  Furtherm ore , H a r r is  noted  a s l i g h t  v a r i a t i o n  in  DLI s iz e  

a c ro s s  frequency  a t  lower se n sa t io n  l e v e l s .  A l a r g e r  r e l a t i v e  DLI was 

o b ta in e d  a t  the  lower freq u en c ies  a t  p r e s e n ta t i o n  le v e l s  below 40-dB SL.

The e f f e c t s  of the  d u ra t io n  and th e  r i s e - f a l l  time o f  th e  i n c r e 

ments on DLI s iz e  have a lso  been in v e s t ig a t e d  w ith  regard  to  th e  Loudness- 

Masking f a c t o r .  H a r r i s  (20) found an i n t e r a c t i o n  between s e n s a t io n  l e v e l  

and d u r a t i o n  of th e  increm ent on one hand and s e n s a t io n  le v e l  and r i s e -  

f a l l  t im e  on th e  o th e r .  R i s e - f a l l  tim es could be v a r ie d  from f i v e  to  50 

msec w ith  l i t t l e  change in  th e  s iz e  of th e  DLI a t  SL's of 20 dB and above. 

The DLI below 20-dB SL, however, became l a r g e r  f o r  longer r i s e - f a l l  t im e s .  

There was l i t t l e  v a r i a t i o n  in  DLI s iz e  a c ro s s  s e n s a t io n  le v e l s  f o r  i n c r e 

ment d u r a t io n s  o f  300 msec and lo n g e r .  The DLI tended to  in c re a se  in 

s i z e  w i th  d e c re a s in g  se n sa t io n  le v e l  f o r  increm ent d u ra t io n s  o f  l e s s  than  

300 msec.

As noted in  the  p reced ing  s e c t i o n s ,  th e  procedure s e le c te d  to  

measure d i f f e r e n t i a l  s e n s i t i v i t y  to  i n t e n s i t y  change in f lu e n c e s  th e  s i z e  

of th e  DLI o b ta in e d  and, acco rd ing  to  H a r r i s  (2 0 ) ,  determ ines th e  a rea  of 

th e  6 l  domain sampled. Two of th e se  a r e a s ,  namely, Loudness-Modulation 

and Loudness-Masking a re  sampled by measurement te chn iques  which invo lve  

co n tin u o u s  s t im u la t io n  of th e  t e s t  e a r .  R ece n t ly ,  evidence has been p r e 

se n te d  which i n d i c a t e s  t h a t  a d a p ta t io n ,  as  a consequence of s u s ta in e d
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s t im u la t io n ,  has a f a c i l i t a t i v e  e f f e c t  on d i f f e r e n t i a l  s e n s i t i v i t y .  The 

fo llo w in g  sec tion  d is c u s s e s  t h i s  and r e l a t e d  f in d in g s  in  more d e t a i l .

E f f e c t s  of A daptation and F a t ig u e  on 
D i f f e r e n t i a l  S e n s i t i v i t y

There a re  s e v e ra l  d i s t i n c t i o n s  between a u d i to ry  a d a p ta t io n  and 

f a t i g u e ,  a l l  of which need no t be mentioned in  t h i s  d i s c u s s io n .  S u f f ic e  

i t  t o  say  t h a t  both a d a p ta t io n  and f a t ig u e  r e s u l t  in  a d ec re a se  in  abso

l u t e  th re s h o ld  s e n s i t i v i t y .  The e f f e c t  of a u d i to ry  f a t i g u e ,  however, con

t i n u e s  to  accrue w ith  con tinued  s t im u la t io n  w h ile  a u d i to ry  a d a p ta t io n  

rea c h e s  a l im i t  beyond which th re s h o ld  s h i f t  in c re a s e s  only  s l i g h t l y  with 

con tinued  s t im u la t io n  (6, 23, 31 ).  Moreover, more in te n s e  s t im u la t io n  

i s  r e q u i re d  to  produce a u d i to ry  f a t ig u e  than to  produce a d a p ta t io n  ( l 9 ) .

In a d d i t io n  to  i t s  e f f e c t  on a b s o lu te  th re s h o ld ,  a d a p ta t io n  may r e s u l t  

a l s o  in  a "diminution of loudness  (of a s u p ra th re sh o ld  s ig n a l )  as a func

t i o n  of continued a c o u s t i c  s t im u la t io n  . . . "  (5 1 ) .

Upton and Holway (5 7 ) ,  O ld f ie ld  (43),  Rawdon-Smith and Sturdy 

(4 6 ) ,  and E ndico tt  ( iv )  found t h a t  a d ap ta t io n  r e s u l t s  in improved d i f f e r 

e n t i a l  s e n s i t i v i t y  t o  i n t e n s i t y  change. E l l i o t t ,  R iach, and S i lb i g e r  

( l6 )  and Riach, E l l i o t t  and Reed (47) have found t h a t  the  DLI i s  sm a l le r  

a t  lower p re s e n ta t io n  l e v e l s  o f  the  t e s t  tone when th e  e a r  i s  f a t ig u e d .

E nd ico tt  ( l7 )  hypo thesized  t h a t  a d a p ta t io n  in  normal e a r s  would 

r e s u l t  in  improved d i f f e r e n t i a l  s e n s i t i v i t y  t o  i n t e n s i t y  measured a t  

s u p ra th re sh o ld  l e v e l s .  He used two v a r i a n t s  of the  q u an ta l  method to  

t e s t  d i f f e r e n t i a l  s e n s i t i v i t y  a t  500 and 4000 Hz. One v a r i a n t  c o n s is te d  

of increm ents  superimposed on a continuous background to n e .  The o th e r  

v a r i a n t  involved the  d e t e c t io n  of increments added to  b r i e f  to n a l  pedes-



20

t a i s .  The continuous background was used to  m aintain  a d a p ta t io n  produced 

by a p r e - t e s t  adapting tone of e i g h t  m inutes  d u ra t io n .

E n d ic o t t  found l a r g e r  d i f f e r e n c e  limens a t  a 35-dB SPL p re s e n 

t a t i o n  le v e l  f o r  the continuous background p a t te rn  than fo r  th e  i n t e r 

ru p te d  p a t t e r n  a t  500 Hz, bu t  th e  e ig h t-m in u te  adapting tone a t  t h i s  p r e s 

e n t a t i o n  l e v e l  was found to  have produced very  l i t t l e  a d a p ta t io n .

E n d ic o t t  proposed t h a t  th e  sm a l le r  DLI ob ta ined  with the  in t e r r u p te d  p r o 

cedure  was th e  r e s u l t  of a d d i t io n a l  d e t e c t i o n  in form ation  a f fo rd ed  by th e  

p e d e s ta l s  on which th e  increm ents  were superimposed.

When the  p r e s e n ta t io n  le v e l  was r a i s e d  to  70-dB SPL th e  DLI's 

f o r  each p rocedure  a t  500 Hz were roughly  eq u iv a len t  in magnitude and 

much more a d ap ta t io n  was measured fo r  the  continuous background p roced

u re .  The continuous background c o n s i s t e n t ly  y ie lded  sm alle r  DLI's  than  

th e  i n t e r r u p t e d  background a t  bo th  p r e s e n ta t io n  le v e ls  a t  4000 Hz. There 

was a l s o  more adap ta tion  measured a t  both p r e s e n ta t io n  l e v e l s  fo r  th e  

con tinuous  background a t  4000 Hz than  th e r e  had been a t  500 Hz.

In an attem pt t o  e x p la in  h is  r e s u l t s ,  E nd ico tt  proposed t h a t  

a d a p ta t io n  reduces  th e  amount of "on-going" background n eu ra l  a c t i v i t y  

and i f  th e  amount of neural a c t i v i t y  i s  low a t  the  moment of increm ent 

p r e s e n ta t i o n ,  the  a d d i t io n a l  n e u ra l  a c t i v i t y  i n i t i a t e d  by th e  increm ent 

w i l l  be more e a s i l y  d e te c te d .  He concluded t h a t  ad ap ta tio n  has  a d e f i 

n i t e  f a c i l i t a t i v e  e f f e c t  on d i f f e r e n t i a l  s e n s i t i v i t y  fo r  i n t e n s i t y  a t  

bo th  f re q u e n c ie s  t e s t e d .

C o n t r a l a t e r a l  S t im u la t io n  

In  ad d i t io n  to a d a p ta t io n  and f a t i g u e ,  c o n t r a l a t e r a l  s t im u la t io n  

has  been shown to  a f f e c t  s e v e ra l  a u d i to ry  measures, in c lu d in g  in te n s iv e
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d i s c r im in a t io n .  The fo llow ing  rev iew  of th e  e f f e c t s  of c o n t r a l a t e r a l  

s t im u la t io n  on measures o th e r  than  d i f f e r e n t i a l  s e n s i t i v i t y  was inc luded  

t o  e s t a b l i s h  t h a t  th e  s p e c i f i c  in f lu e n c e  on th e  p a r t i c u l a r  param eter  

s tu d ie d  appears t o  be h ig h ly  dependent upon th e  tem poral c h a r a c t e r i s t i c s  

o f  th e  s t im u lu s .

E f f e c t s  on measurements o th e r  than  d i f f e r e n t i a l  s e n s i t i v i t y .

Absolute th r e s h o ld .  A s tim ulus  d e l iv e r e d  to  one e a r  can r e s u l t  

in  an e l e v a t io n  o f  th e  th re s h o ld  f o r  ano the r  s t im u lus  d e l iv e r e d  to  the  

o p p o s i te  e a r .  This  th re s h o ld  e l e ' i t i o n  may r e s u l t  from e i t h e r  p e r ip h e ra l  

o r  c e n t r a l  masking. P e r ip h e ra l  masking a r i s e s  when th e  sound d e l iv e re d  

to  one e a r  i s  s u f f i c i e n t l y  in te n s e  to  s t im u la te  th e  o p p o s i te  e a r  a l s o ,  

r e s u l t i n g  in  a th r e s h o ld  e l e v a t io n  fo r  bo th  e a r s .  This i s  termed over

masking or crossm ask ing . C e n t ra l  masking, on th e  o th e r  hand, a r i s e s  when 

a th re s h o ld  s h i f t  in  one e a r  i s  found in  th e  p resence  o f  a sound d e l iv e re d  

t o  th e  o p p o s ite  e a r  a t  a le v e l  to o  low to  be a t t r i b u t a b l e  t o  overmasking.

The e a r l i e s t  d e s c r ip t io n  of c e n t r a l  masking i s  p ro b ab ly  con ta ined  

in  Wegel and L an e 's  a r t i c l e  on th e  masking of p u re - to n e s  by p u re - to n e s  

( 5 9 ) .  These i n v e s t ig a t o r s  found a s l i g h t  th r e s h o ld  s h i f t  f o r  a t e s t  tone 

p re s e n te d  t o  one e a r  in  the  p resence  of a low s e n sa t io n  le v e l  masking 

tone  d e l iv e re d  to  th e  o p p o s ite  e a r .  This e f f e c t  was g e n e r a l ly  very  small 

and Wegel and Lane a t t r i b u t e d  i t  t o  an in t e r f e r e n c e  o c c u rr in g  w ith in  the  

c e n t r a l  nervous system , hence, th e  d e r iv a t io n  of th e  term " c e n t r a l  mask

in g . "

S evera l i n v e s t ig a t o r s  have exp lo red  th e  e f f e c t  of c e n t r a l  mask

ing on th e  th r e s h o ld s  fo r  both pu re  tones  (42, 44 , 55) and speech (40).

The amount of c e n t r a l  masking produced depends upon a number of f a c t o r s .
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i . e . ,  th e  n a tu re  o f  the  t e s t  s i g n a l ,  th e  type of masker, t h e  i n t e n s i t y  

l e v e l  of th e  m asker, th e  amount of f requency  s e p a r a t io n  between th e  t e s t  

s ig n a l  and th e  m asker, and th e  tem poral p a t t e r n s  o f  the  masker and th e  

masked sound.

Hughes (25) and Ingham (26, 27) found a s i g n i f i c a n t  v a r i a t i o n  

in  th e  amount o f  c e n t r a l  masking w ith  in c re a s in g  i n t e n s i t y  of th e  masker. 

Ingham used a s te a d y  masker and s te a d y  t e s t  tone  bo th  a t  30-dB se n sa t io n  

l e v e l  and found c e n t r a l  masking in  th e  o rder  o f  10 to  15 dB. He sug

g e s te d  t h a t  th e  c e n t r a l  masking e f f e c t  could be th e  r e s u l t  o f  in h i b i t i o n  

caused by th e  c e n t r a l  c o n t ro l  of p e r ip h e r a l  s t r u c t u r e s .

S h e r r ic k  and Albernaz (50) s p ecu la ted  t h a t  th e  d isc rep a n cy  be

tween th e  r e p o r t s  of Wegel and Lane, and Ingham concern ing  th e  amount of 

c e n t r a l  masking produced by c o n t r a l a t e r a l  s t im u la t io n  might be a t t r i b u 

t a b l e  to  d i f f e r e n c e s  in  the  p a t t e r n s  of th e  masking and th e  masked sounds. 

They compared th e  amount of c e n t r a l  masking produced by a pu lsed  masker 

w ith  t h a t  produced by a continuous masker and found more th re s h o ld  s h i f t  

f o r  th e  p u ls e d - m a s k e r /p u l s e d - t e s t - s ig n a l  co n d i t io n  than  f o r  the s te a d y -  

m a s k e r / p u l s e d - t e s t - s i g n a l  c o n d i t io n .

On th e  b a s i s  o f  S h e r r ick  and A lbernaz’ s f in d in g s ,  D irks and 

Malmquist ( l3 )  were led  to  extend th e  experim en ta l c o n d i t io n s  t o  inc lude  

a comparison n o t  on ly  o f  a pu lsed  t e s t - s i g n a l  w ith  e i t h e r  a pu lsed  o r  

s te a d y  m asker, b u t  a l s o  of a s te a d y  t e s t - s i g n a l  w ith  e i t h e r  a pu lsed  o r  

a s tead y  m asker. T he ir  r e s u l t s  suppo rted  S h e r r ic k  and Albernaz to  th e  

e x t e n t  t h a t  more c e n t r a l  masking was found in  th e  p u lsed -m ask e r /p u lsed -  

t e s t - s i g n a l  c o n d i t io n  than  in  th e  c o n t in u o u s -m a s k e r /p u l s e d - te s t - s ig n a l  

c o n d i t i o n .  However, D irks and Malmquist found t h a t  as much c e n t r a l  mask
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ing  was produced  when both  th e  masker and t e s t  s ig n a l  were continuous as 

when th ey  were both  p u ls e d .  They o f fe re d  th e  occurrence of a d a p ta t io n  

o r  f a t i g u e  d u r in g  th e  c o n t in u o u s -m a s k e r /c o n t in u o u s - te s t - s ig n a l  c o n d i t io n  

as a p o s s i b l e  e x p la n a t io n  f o r  the  l a rg e  amounts o f  th re s h o ld  s h i f t  found 

under t h i s  c o n d i t io n .

I t  i s  apparen t t h a t  th e  amount of th re s h o ld  s h i f t  a t t r i b u t a b l e  

to  c e n t r a l  masking i s  in f lu e n c e d  by th e  method o f  p re s e n t in g  the  t e s t  

tone  and th e  masker. Less th r e s h o ld  s h i f t  (3 dB or l e s s )  w i l l  be p ro 

duced i f  th e  t e s t  to n e  i s  p u lsed  and th e  masker i s  con tinuous ,  o r  i f  the  

t e s t  tone  i s  continuous and th e  masker i s  p u ls e d ,  than i f  both a re  e i t h e r  

p u lsed  or co n t in u o u s ,  in  which case th e  s h i f t  may amount t o  15 dB o r  more 

(13, 14, 5 0 ) .

Loudness judgm ents . P ra th e r  (4 5 ) ,  V igran (5 8 ) ,  and Rowley (49) 

have a l l  i n v e s t i g a t e d  th e  e f f e c t  o f  c o n t r a l a t e r a l  no ise  on th e  loudness  

of p u re - to n e  s t im u l i .  The former i n v e s t i g a t o r s  used th e  monaural loud

ness  b a la n c e  techn ique  in  t h e i r  i n v e s t i g a t i o n s .

In P r a t h e r ' s  s tudy ,  th e  re fe re n c e  to n e  was p re s e n te d  a t  20- and 

80-dB s e n s a t io n  l e v e l s  a t  250, 500, 1000, 2000, and 3000 Hz. C o n t r a l a t 

e r a l  n o is e  was p re se n te d  a t  40 and 100-dB s e n s a t io n  l e v e l s .  The r e s u l t s  

show a loudness  in c re a s e  f o r  both  r e f e r e n c e - to n e  l e v e l s  ac ro ss  a l l  f r e 

quencies  when th e  no ise  was p re sen te d  a t  40-dB SL. The re fe re n c e  to n e ,  

however, s u f f e r e d  a d ec re ase  in  loudness  in  th e  p resence  o f  the  100-dB SL 

n o ise  which was more pronounced f o r  th e  lower frequency  to n e s .  P ra th e r  

concluded t h a t  th e  40-dB c o n t r a l a t e r a l  n o ise  had a f a c i l i t a t i v e  e f f e c t  

on lo u d n e ss ,  w hile th e  loudness  r e d u c t io n  caused Ly th e  100-dB n o ise  

m ight be e x p la in e d  by c o n t ra c t io n  o f  th e  m id d le -e a r  m uscles and by c ro s s -
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masking.

Vigran found t h a t  the loudness of a comparison tone was in 

c re a se d  a t  a l l  f re q u e n c ie s  from 300 to  1500 Hz a lthough  loudness  s h i f t s  

were more pronounced a t  th e  h ighe r  f re q u e n c ie s .  He concluded t h a t  th e  

loudness  in c re a s e  was the  r e s u l t  o f  a c e n t r a l  i n t e r a c t i o n ,  p o s s ib ly  in  

th e  n a tu re  of a summation e f f e c t .

Rowley used th e  method of "numerical magnitude b a lance"  to  i n 

v e s t i g a t e  th e  e f f e c t  of va r ious  le v e l s  of c o n t r a l a t e r a l l y - p r e s e n te d  w hite  

n o is e  on judgments of th e  loudness of a 1000-Hz pure tone .  This method 

c o n s i s t s  o f  two judgment ta sk s :  magnitude e s t im a t io n  in  which the  sub

j e c t  i s  r e q u i r e d  to  a s s ig n  an a r b i t r a r y  loudness va lue  to  a g iven  p re s e n 

t a t i o n  l e v e l  and magnitude p roduction  in  which the  s u b je c t  a d ju s t s  th e  

l e v e l  of the  t e s t  s t im u lus  to  an a r b i t r a r i l y - a s s i g n e d  loudness  v a lu e .

Both measurements a re  made w ithout a des igna ted  re fe re n c e  loudness  s t a n 

d a rd .  Rowley's s p e c i f i c  procedure c o n s is te d  of p re s e n t in g  th re e - s e c o n d s -  

on and th r e e - s e c o n d s -o f f  b u rs ts  of a 1000-Hz pure tone  to  one e a r  and 

w hite  n o ise  t o  th e  o p p o s ite  e a r .  Loudness judgments in  q u ie t  were com

p ared  to  judgments ob ta ined  in th e  p resence of a c o n t r a l a t e r a l  n o ise  p r e 

s e n te d  a t  4 0 - ,  6 0 - ,  80-, and 100-dB SL. Rowley found t h a t  no t only was 

t h e  loudness  of th e  1000 Hz tone in c reased  in  th e  p resence  of c o n t r a l a t 

e r a l  no ise  compared to  th e  q u ie t  c o n d i t io n ,  but t h a t  th e  amount of lo u d 

n e ss  in c re a s e  and th e  r a t e  of loudness  growth was a f f e c te d  more as th e  

s e n s a t io n  l e v e l  o f  th e  no ise  was in c re a se d .  He concluded t h a t  a summa

t i o n  e f f e c t  between th e  no ise  and t e s t  tone was re s p o n s ib le  f o r  th e  i n 

c r e a s e  in  loudness  of th e  t e s t  tones  in  the  p resence of c o n t r a l a t e r a l  

n o i s e .
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Bekesy t r a c in g  w id th .  Dirks and Malmquist ( l 3 ) ,  D irks and 

N orr is  ( l 4 ) ,  and Blegvad ( l )  a l l  have re p o r te d  e f f e c t s  of c o n t r a l a t e r a l  

masking on the  Bekesy t r a c in g  width a t  th re s h o ld .  D irks and Malmquist 

found th e  excu rs ion  width o f  the  t r a c in g  to  be s i g n i f i c a n t l y  a f f e c te d  by 

the  p resence  of a c o n t r a l a t e r a l  masker only when the  t e s t  tone and the  

masker were both con tinuous .  When the  t e s t  tone was pu lsed  and the  masker 

was e i t h e r  pu lsed  o r  con tinuous , no s i g n i f i c a n t  red u c t io n  in  t r a c in g  width 

was no ted .  D irks and Malmquist sp ecu la ted  t h a t  th e  co n t in u o u s- to n e /co n -  

t inuous-m asker co n d i t io n  prov ided  an o p p o r tu n i ty  fo r  a d ap ta t io n  or f a t ig u e  

to  occur.

Dirks and N o r r is '  r e s u l t s  a l so  show s i g n i f i c a n t  changes in t r a c 

ing w idth only f o r  th e  co n tinuous- tone /con tinuous-m asker  c o n d i t io n .  This 

e f f e c t  was more e v id e n t  a t  1000 and 4000 Hz than a t  250 Hz fo r  both pu re-  

tone and narrow o r  wide-band maskers. Blegvad ( l ) ,  however, dem onstrated 

a s i g n i f i c a n t  r e d u c t io n  in  t r a c in g  am plitude fo r  bo th  pu lsed  and c o n t in 

uous t e s t  tones  o f  1000 and 4000 Hz when th e  c o n t r a l a t e r a l  masker was a 

continuous n o is e .  More re d u c t io n  in  t r a c in g  w idth , however, was found 

fo r  th e  c o n t in u o u s -m a sk e r /c o n t in u o u s - te s t - s ig n a l  c o n d i t io n  than fo r  the 

c o n t in u o u s -m a s k e r /p u ls e d - te s t - s ig n a l  c o n d i t io n .

E f f e c ts  on d i f f e r e n t i a l  s e n s i t i v i t y  fo r  i n t e n s i t y .

In 1935, Gage ( l8 )  in v e s t ig a te d  th e  e f f e c t  o f  a continuous tone 

in  one ea r  on th e  DLI o b ta in ed  w ith  a t e s t  tone of th e  same frequency de 

l iv e r e d  to  the  o p p o s i te  e a r .  His in s tru m en ta l  arrangement produced f iv e  

i n t e n s i t y  increm ents  pe r  second in th e  ongoing s tim u lus  while a tone of 

th e  same frequency was d e l iv e re d  con tinuous ly  to  th e  oppos ite  e a r .  Gage 

t e s t e d  a t  f re q u e n c ie s  of 300, 500, and 800 Hz. He used v a r io u s  back
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ground l e v e l s  o f  th e  t e s t  to n e  a t  each frequency in  th e  p resence  o f  v a ry 

ing  l e v e l s  o f  tone in  the  o p p o s i te  e a r .  His r e s u l t s  show a s l i g h t  t e n 

dency f o r  th e  DLI to  in c re a s e  in s iz e  w ith  in c re a s in g  l e v e l s  of c o n t r a 

l a t e r a l  to n e .  He a l s o  found l e s s  e f f e c t  o f  c o n t r a l a t e r a l  to n e  on DLI 

s i z e  as the  background l e v e l  of the  DLI measurement tone was in c re a se d  

and as th e  frequency  o f  th e  background tone  was in c re a s e d .  Gage s t a t e d  

t h a t  i t  was s u r p r i s in g  t h a t  th e r e  was so l i t t l e  e f f e c t  on th e  magnitude 

o f  the  DLI as  the  to n e  to  th e  n o n - te s t  e a r  was made more in te n s e  th a n  

t h a t  to  the  t e s t  e a r .  He d id  no t perform  a s t a t i s t i c a l  a n a ly s i s  o f  h i s  

d a ta  to  determ ine th e  s ig n i f i c a n c e  o f  th e  d i f f e r e n c e s  observed between 

th e  D LI's  ob ta ined  w ith  h igh  and low l e v e l s  of c o n t r a l a t e r a l  s t im u la t io n .

In a l a t e r  s tu d y ,  Chocholle (7) measured in te n s iv e  d i s c r im in a 

t i o n  a t  1000 Hz w ith  a 1000-Hz tone d e l iv e r e d  s im u l tan e o u s ly  to  th e  op

p o s i t e  e a r .  In c o n t r a s t  t o  Gage, he used in t e r r u p te d  background and con

t r a l a t e r a l  to n es  w ith  a s in g l e  increm ent superimposed upon each b r i e f  

background p e d e s ta l .  Chocholle found a s i g n i f i c a n t  in c re a s e  in  DLI s i z e  

in  the  p resence  of in c re a s in g  le v e ls  o f  c o n t r a l a t e r a l l y - p r e s e n t e d  to n e  

compared to  the  q u ie t  c o n d i t io n .  He observed t h a t  th e r e  may have been a 

summation e f f e c t  p r e s e n t  b u t ,  s ince  th e  DLI in c re a sed  in  magnitude r a t h e r  

th a n  decreased  in th e  p resen ce  o f  th e  c o n t r a l a t e r a l  s t im u la t io n ,  he sug

g e s te d  t h a t  the  r e s u l t s  might r e p r e s e n t  a c e n t r a l  in t e r f e r e n c e  cau s in g  a 

la c k  of c o n t r a s t  between th e  increm ents  and th e  background. In a d d i t io n ,  

he s t a t e d  t h a t  th e  amount of in c re a s e  in  DLI magnitudes from q u ie t  t o  

th o s e  l e v e l s  a t  which both  th e  c o n t r a l a t e r a l  to n e  and th e  t e s t  tone  were 

equa l in  i n t e n s i t y  i s  l e s s  than  would be expec ted  from an a c tu a l  b in a u ra l  

summation o f  the  to n e s .
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In 1959, Chocholle  (8) again in v e s t ig a t e d  th e  e f f e c t  of c o n t ra 

l a t e r a l  s t im u la t io n  on th e  monaural DLI by p r e s e n t in g  to n e s  t h a t  were 

h ig h e r  o r  lower in  f req u en cy  than  the  t e s t  tone t o  th e  c o n t r a l a t e r a l  e a r .  

The s tim u lus  p a t t e r n  t h a t  Chocholle used in  t h i s  s tu d y  was th e  same t h a t  

he had used p re v io u s ly ,  i . e . ,  in t e r r u p te d  t e s t  to n e s  on which b r i e f  am

p l i t u d e  increm ents  were superimposed were p r e s e n te d  s im u ltaneously  w ith  

in t e r r u p te d  to n es  to  th e  o p p o s i te  e a r .  The r e s u l t s  in d ic a te d  t h a t  th e  

DLI was in c re a sed  in  s i z e  compared to  th e  q u ie t  c o n d i t io n  when the  c o n t ra 

l a t e r a l  tone was c lo se  in  frequency  to  t h a t  of th e  t e s t  to n e .  When th e  

c o n t r a l a t e r a l  tone  was d i s s i m i l a r  in f requency , th e  DLI appeared to  be 

sm a l le r  than  t h a t  o b ta in ed  in  q u ie t .  Based on th e s e  r e s u l t s  i t  appears 

t h a t  c o n t r a l a t e r a l  s t im u la t io n  w ith a pure tone d i s s i m i l a r  in  frequency 

to  t h a t  of the  t e s t  to n e  has a f a c i l i t a t i v e  e f f e c t  on d i f f e r e n t i a l  sen

s i t i v i t y .

The e f f e c t  of a c o n t r a l a t e r a l l y - p r e s e n t e d  w hite  n o ise  on th e  

DLI ob ta ined  w ith  what appea rs  to  be a v a r i a n t  o f  th e  q u an ta l  s tim ulus 

p a t t e r n  was in v e s t ig a t e d  by Chocholle and S a u ln ie r  (9 ) .  The experim enters  

measured d i f f e r e n t i a l  s e n s i t i v i t y  fo r  a 1000 Hz to n e  a t  a 10-dB sen sa tio n  

le v e l  in  q u ie t  and in  th e  p resen ce  of a 40-dB s e n s a t io n  le v e l  noise  p r e 

sen ted  to  th e  o p p o s i te  e a r .  Both the  tone  and n o is e  were in t e r r u p te d  be

tween in c rem en ta l p r e s e n t a t i o n s .  The r i s e - f a l l  t im es  of th e  increments 

and background to n a l  p e d e s t a l s  were d e sc r ib e d  s im ply  as being  " a b ru p t ."

The d u ra t io n  of th e  t e s t  to n e  and the  c o n t r a l a t e r a l  n o is e ,  as well as the  

occurrence  o f  th e  in c re m en ts ,  were under c o n t ro l  o f  th e  s u b je c t .  The 

s u b je c t  was a l e r t e d  v i s u a l l y  to  p repa re  h im se lf  to  l i s t e n .  When he was 

r e a d y ,  he depressed  a sw itch  which p re se n te d  th e  background tone and the
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no ise  to  o p p o s ite  e a r s .  A second sw itch  under h is  c o n t ro l  caused a b r i e f  

increm ent in am plitude to  be added t o  th e  to n e .  A fte r  r e p o r t in g  h i s  de

c i s io n  as  to  the  p resence  o r  absence of an increm ent th e  s u b je c t  r e tu rn e d  

th e  f i r s t  sw itch  to  i t s  o r i g i n a l  p o s i t i o n  th e re b y  te rm in a t in g  t h e  s tim u

l a t i o n  o f  both  e a r s .  A s i l e n t  p e r io d  of in d e te rm in a te  len g th  in te rv e n e d  

between su c c e ss iv e  s t im u lu s  p r e s e n t a t i o n s .

Chocholle and S a u l n i e r ' s  r e s u l t s  showed t h a t  in  th r e e  o u t  of 

fou r  s u b je c t s  d i f f e r e n t i a l  s e n s i t i v i t y  tended  to  d e t e r i o r a t e  w i th  c o n t ra 

l a t e r a l  n o is e  s t im u la t io n .  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  in c re a s e  in DLI 

s i z e ,  however, was found f o r  o n ly  one of th e  s u b je c t s .  The a u th o rs  spec

u la te d  t h a t  a c e n t r a l  i n t e r f e r e n c e ,  perhaps in  the  form of a d is tu rb a n c e  

of " f ig u re -g ro u n d "  r e l a t i o n s h i p s ,  might form a p o s s ib le  ex p la n a t io n  fo r  

t h e i r  r e s u l t s .

R e su l t s  alm ost com ple te ly  o p p o s i te  from th o se  of Chocholle and 

S a u ln ie r  have been p re s e n te d  by Blegvad and T e rk i ld sen  (3) who a l s o  meas

ured d i f f e r e n t i a l  s e n s i t i v i t y  w ith  a v a r i a n t  of the  quan ta l s t im u lu s  p a t 

t e r n  in  q u ie t  and in  th e  p resence  o f  c o n t r a l a t e r a l l y - p r e s e n te d  n o is e .  

Unlike Chocholle  and S a u ln ie r ,  Blegvad and T e rk i ld sen  d e l iv e re d  th e  no ise  

and th e  background tone  c o n t in u o u s ly  u n t i l  a complement of tw enty  i n c r e 

ments of th e  same magnitude had been p re s e n te d .  The su b je c t s  i n  t h i s  

study  d id  not have c o n t ro l  over th e  background tone , th e  n o is e ,  o r  th e  

in c re m en ts .  Test tones  o f  250, 1000, and 4000 Hz were p re se n te d  a t  a 

20-dB s e n s a t io n  l e v e l .  The d i f f e r e n t i a l  s e n s i t i v i t y  of te n  normal h e a r 

ing s u b je c t s  was a s se s se d  in  q u ie t  and in  v a r io u s  le v e l s  of c o n t r a l a t 

e r a l l y - p r e s e n te d  n o is e .  Broad-band no ise  was p re sen te d  to  th e  o p p o s ite  

e a r  a t  5 0 - ,  70 - ,  and 90-dB SPL. The DLI was d e f in ed  as the  inc rem en t
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magnitude co rrespond ing  to  th e  50 pe r  cen t  p o in t  on a r e c t i l i n e a r  psycho

m e tr ic  fu n c t io n .

S t a t i s t i c a l  a n a ly s i s  of Blegvad and T e r k i ld s e n 's  r e s u l t s  showed 

t h a t  n o is e  s t im u la t io n  of th e  c o n t r a l a t e r a l  ea r  has an adverse  e f f e c t  on 

d i f f e r e n t i a l  s e n s i t i v i t y  a t  250 Hz. A ll no ise  l e v e l s  produced a s i g n i f i 

can t in c r e a s e  in  DLI magnitude a t  t h i s  frequency  w ith  r e s p e c t  to  th e  r e 

s u l t  o b ta in e d  under the  q u ie t  c o n d i t io n .  C o n t r a l a te r a l  s t im u la t io n  had 

th e  o p p o s i te  e f f e c t  on DLI magnitude a t  1000 and 4000 Hz. The DLI be

came s i g n i f i c a n t l y  s m a l le r  a t  th e se  freq u en c ie s  as t h e  no ise  l e v e l  was 

in c re a sed  in  the  c o n t r a l a t e r a l  e a r .  Blegvad and T e rk i ld sen  sp ecu la ted  

t h a t  a d a p t iv e  p ro c e s s e s  might be r e sp o n s ib le  fo r  th e  re d u c t io n  o f  DLI 

magnitude in  the  p resence  of continuous c o n t r a l a t e r a l  s t im u la t io n .

R a t io n a le  f o r  th e  P re sen t  Experiment

A rev iew  o f  th e  l i t e r a t u r e  le a d s  to  th e  conc lu s ion  t h a t  v i r t u 

a l l y  a l l  a sp e c ts  of a u d i to ry  behav ior  may be a f f e c t e d ,  a t  l e a s t  s u b t ly ,  

by a c o u s t ic  s t im u la t io n  o f  th e  o p p o s ite  e a r .  D i f f e r e n t i a l  s e n s i t i v i t y  

f o r  i n t e n s i t y  i s  a p p a re n t ly  no t an excep tion  to  t h i s  g e n e r a l i z a t io n .

The n a tu re  of th e  e f f e c t  of c o n t r a l a t e r a l  s t im u la t io n  w ith  pure 

tones on the  DLI seems to  depend on th e  r e l a t i o n s h i p  of the  frequency of 

th e  t e s t  tone  to  t h a t  o f  th e  tone p resen ted  to  the  o p p o s i te  e a r .  I f  the  

frequency  of the  to n e  p re s e n te d  to  th e  o th e r  e a r  i s  th e  same a s ,  or s im i

l a r  t o ,  t h a t  of th e  t e s t  to n e ,  the  e f f e c t  appears  t o  be a d e t e r i o r a t i o n  

of d i f f e r e n t i a l  s e n s i t i v i t y  r e g a r d l e s s  of th e  tem poral c h a r a c t e r i s t i c s  of 

th e  measurement s t im u lu s  (7, 18). The p re s e n ta t io n  of tones  of d i s s im i 

l a r  frequency  to  t h e  two e a r s ,  however, appears to  r e s u l t  in  an improve

ment o f  d i f f e r e n t i a l  s e n s i t i v i t y ,  a t  l e a s t  a s  t e s t e d  w ith  a p rocedure
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us ing  s t im u l i  of r e l a t i v e l y  s h o r t  d u ra t io n  (S ).

Based upon t h i s  in fo rm a tio n ,  i t  would seem d i f f i c u l t  to  p r e d i c t  

th e  outcome of s t im u la t in g  th e  o p p o s i te  ea r  w ith  b road-spec trum  noise  

s in c e  i t  would co n ta in  components c lo s e  to  th e  frequency  of th e  t e s t  tone  

as w ell as  components p r o g re s s iv e ly  f u r th e r  removed from t h a t  frequency. 

Aside from being of c o n s id e ra b le  academic i n t e r e s t ,  knowledge of the  p r e 

c i s e  r e s u l t  to  be expected  i s  im p o rtan t  to  th e  a u d io lo g i s t  s ince  i t  i s  

common p r a c t i c e  to  use a c o n t r a l a t e r a l  broad-band masking n o ise  w hile ad

m in is te r in g  c l i n i c a l  p rocedures  based upon measures o f  d i f f e r e n t i a l  sen 

s i t i v i t y .  As an a s id e ,  i t  i s  i r o n i c  t h a t  d e l iv e r in g  a masking noise  to  

th e  n o n - te s t  e a r  appears to  a f f e c t  th e  magnitude o f  th e  DLI s in ce  i t  i s  

th e  very  purpose of th e  no ise  to  p re v e n t  th e  n o n - te s t  e a r  from in f lu e n c 

ing th e  r e s u l t s  through p a r t i c i p a t i o n  in  th e  measurement t a s k .

The two s tu d ie s  which have t r e a t e d  th e  e f f e c t  o f  c o n t r a l a t e r a l  

n o ise  on th e  DLI have y ie lded  d ia m e t r i c a l l y  opposed r e s u l t s  (3 ,  9 ) .  The 

experim ents  were d i s s im i l a r  in  a number of im portan t p a r t i c u l a r s ,  bu t the  

most s a l i e n t  d i f f e r e n c e  appears  to  be in  th e  temporal p a t t e r n s  a s s o c ia te d  

w ith  th e  t e s t  s t im u l i .  One s tu d y  (3 ) ,  us ing  a pro longed background s t im 

u lu s ,  showed a re d u c t io n  in  magnitude o f  th e  DLI w ith  th e  in t ro d u c t io n  of 

a c o n t r a l a t e r a l  no ise  s t im u lu s .  The o th e r  (9 ) ,  us ing  t e s t  s t im u l i  of 

r e l a t i v e l y  s h o r t  d u ra t io n ,  showed a d e t e r i o r a t i o n  of performance upon the  

in t r o d u c t io n  of noise  to  th e  o p p o s i te  e a r .

In th e  face of a number of o th e r  p ro ced u ra l  d i f f e r e n c e s  between 

th e  two s tu d ie s ,  the  d i s s i m i l a r i t y  in  tem poral p a t t e r n  was viewed as th e  

elem ent most l i k e l y  r e s p o n s ib le  f o r  th e  c o n f l i c t i n g  r e s u l t s .  This f a c t o r  

was s in g le d  ou t from among th e  o th e rs  because of i t s  recogn ized  r o le  in
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in f lu e n c in g  o th e r  a s p e c t s  of a u d i to ry  behavior such as a d a p ta t io n  and 

c e n t r a l  masking.

Consequently , th e  p r e s e n t  experiment was under tak en  to  exp lo re  

th e  p o s s i b i l i t y  t h a t  c o n t r a l a t e r a l  noise s t im u la t io n  may a f f e c t  th e  DLI 

d i f f e r e n t l y  depending upon w hether the  measurement s t im u lu s  i s  co n t in u 

ous o r  d isco n t in u o u s  in  n a tu re .  I t  was designed  to  reduce o r  e l im in a te  

th e  in f lu e n c e  o f  o th e r  ex traneous  v a r ia b le s  which m igh t have p layed  a 

p a r t  in  e a r l i e r  work conducted along th e se  l i n e s .

Summary

This c h a p te r  has reviewed the  e a r l y  i n v e s t i g a t io n s  o f  in te n s iv e  

d i s c r im in a t io n  in  no rm al-hear ing  l i s t e n e r s  which in d i c a te d  t h a t  v a r i a 

t i o n s  in  DLI magnitude were noted ac ross  f re q u e n c ie s  and s e n sa t io n  l e v 

e l s .  I t  was th e  op in ion  of s e v e ra l  i n v e s t ig a to r s  t h a t  in d iv id u a l s  w ith  

a h ea r in g  lo s s  and m a n ife s t in g  re c ru i tm e n t  would o b ta in  D LI's  of d i f f e r 

e n t  magnitude than  normal l i s t e n e r s .  Several p ro c e d u re s  were developed 

f o r  c l i n i c a l  use in  t h i s  r e s p e c t ,  but co n s id e ra b le  in c o n s i s t e n c y  between 

p rocedu res  and w ith in  p rocedu res  was noted . In a d d i t io n ,  th e  use of DLI 

p rocedures  t o  i n d i c a te  th e  p resen ce  of re c ru i tm e n t  was a t ta c k e d  on th e o 

r e t i c a l  as w ell  as p ro ced u ra l  grounds. In s p i t e  of th e  arguments p r e 

sen ted  by some i n v e s t i g a t o r s ,  c l i n i c a l  DLI t e s t s  have f a l l e n  in to  g en e ra l  

d i s u s e  and, j u s t i f i a b l y ,  the im portance of a t e s t  b e in g  a good in d ic a to r  

o f  s i t e  of l e s io n  has gained  precedence over th e  n e c e s s i t y  t h a t  a t e s t  

be an in d i c a to r  of th e  p resence  of re c ru i tm e n t .  I t  has been sugges ted ,  

however, t h a t  th e  r e s u l t s  of one such t e s t ,  the  SISI which has been con

s id e r e d  a good in d i c a to r  of s i t e  o f  le s io n ,  may be m odified  by damage to  

th e  h ig h e r  a u d i to ry  pathways. This  f ind ing  supports  th e  o b se rv a t io n  t h a t
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many f a c t o r s  may be im p o rtan t  in  determ in ing  th e  outcome o f  t e s t s  t h a t  

a s s e s s  s e n s i t i v i t y  to  i n t e n s i t y  change. These f a c t o r s  may be r e l a t e d  to  

p ro c e d u ra l  d i f f e r e n c e s ,  to  p h y s io lo g ic a l  e f f e c t s  g enera ted  by th e  tempo

r a l  c h a r a c t e r i s t i c s  of th e  p rocedure  used , and to  c o n t r a l a t e r a l  s t im u la 

t i o n .  The e f f e c t s  of c o n t r a l a t e r a l  s t im u la t io n  on th e  DLI have been 

found t o  be d is c re p a n t  in  s e v e ra l  s t u d i e s .  These d i f f e r e n c e s  appear to  

be r e l a t e d  to  the  tem poral p a t t e r n s  of the  t e s t  s t i m u l i .  The p r e s e n t  i n 

v e s t i g a t i o n  was designed  t o  exp lo re  th e  p o s s i b i l i t y  t h a t  th e  e f f e c t  of 

c o n t r a l a t e r a l  no ise  on th e  magnitude of the  DLI, measured w ith  v a r i a n t s  

of the  q u a n ta l  s t im ulus  p a t t e r n ,  may be dependent on th e  tem poral c h a r 

a c t e r i s t i c s  of the background s t im u lu s .

The next c h a p te r  c o n ta in s  a d e s c r ip t io n  of th e  p rocedure  and in 

s t ru m e n ta t io n  used in t h i s  i n v e s t ig a t i o n .



CHAPTER I I I  

INSTRUMENTATION AND PROCEDURES 

In t ro d u c t io n

Blegvad and T e rk i ld sen  (3) have r e p o r te d  t h a t  c o n t r a l a t e r a l  

masking may have a f a c i l i t a t i v e  e f f e c t  on DLI magnitude. T he ir  measure

ment p rocedu re  invo lved  th e  d e te c t io n  o f  increm ents  added to  a continuous- 

background s t im u lu s .  Chocholle and S a u ln ie r  ( 9 ) ,  however, found a t r e n d  

in  th e  o p p o s i te  d i r e c t i o n ,  i . e . ,  toward a l a r g e r  DLI in  th e  p resence  of 

c o n t r a l a t e r a l  no ise  s t im u la t io n .  T h e ir  s t im u lu s  p a t t e r n  a lso  c o n s is te d  

of inc rem en ts  added to  a background to n e ,  b u t  th e  background and th e  con

t r a l a t e r a l  n o ise  s t im u lu s  were both i n t e r r u p te d  between in c rem en ta l p r e s 

e n t a t i o n s .

These s tu d ie s  seem to  sugges t t h a t  th e  in f lu en ce  which c o n t ra 

l a t e r a l  n o is e  s t im u la t io n  e x e r t s  on DLI m agnitude, as measured w ith  a 

q u an ta l  s t im u lu s  p a t t e r n ,  may d i f f e r  depending  on th e  temporal p a t t e r n  

of th e  background s t im u lu s .  I t  was th e  purpose of th e  p r e s e n t  study  to  

i n v e s t i g a t e  t h i s  p o s s i b i l i t y .

The experim en ta l  design  c a l l e d  f o r  th e  use of two v a r i a t io n s  of 

th e  q u a n ta l  s t im u lu s  p a t t e r n  to  o b ta in  e s t im a te s  of DLI magnitude in  

q u ie t  and in  th e  p re sen ce  of a c o n t r a l a t e r a l l y  p re se n te d  n o is e .  One of 

p a t t e r n s  c o n s is te d  o f  am plitude inc rem en ts  superimposed on a con tinuous-

33
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background tone .  The o th e r  p a t t e r n  c o n s is te d  of amplitude increm ents  

cen te red  on b r i e f ,  to n a l  p e d e s t a l s ,  which were sepa ra ted  by i n t e r v a l s  of 

s i l e n c e .  The l a t t e r  c o n s t i t u t e d  an in t e r r u p te d  background s t im u lu s .

S u b je c ts

E ig h t young a d u l t s  between th e  ages o f  18 and 30 were used as 

s u b je c t s  i n  th e  p r e s e n t  i n v e s t i g a t i o n .  Three were male and f iv e  fem ale. 

The s u b je c t s  were s e le c te d  from th e  s tu d e n ts  e n ro l l e d  in  the Department 

of Communication D is o rd e rs ,  U n iv e r s i ty  of Oklahoma Medical C en ter  and 

from th e  undergraduate  s tu d e n t  body of C e n tra l  S ta te  College, Edmond, 

Oklahoma. All s u b je c t s  were r e q u i r e d  to  p ass  a pu re - to n e  sc reen ing  t e s t  

ad m in is te red  a t  15-dB h ea r in g  le v e l  (ISO-1964) a t  octave in t e r v a l s  b e 

tween 250 and 8000 Hz.

Apparatus

A coustic  Environment 

S u b jec t  f a m i l i a r i z a t i o n  and d a ta  c o l l e c t io n  sess ions  were con

ducted in a two-room so u n d - is o la te d  aud io m etr ic  t e s t  s u i te  lo c a te d  in  

th e  Speech and Hearing C enter  a t  th e  U n iv e r s i ty  of Oklahoma Medical Cen

t e r ,  Oklahoma C ity ,  Oklahoma. The s u b je c t  was sea ted  in  the t e s t  room 

of the  s u i t e  while th e  experim en ta l  ap p a ra tu s  was s i tu a te d  in  a s e p a ra te  

c o n t ro l  room. V isual communication between th e  s u b je c t  and th e  e x p e r i 

menter was m a in ta ined  through  an acous tica l ly -d am p ed  window in  th e  w all 

s e p a ra t in g  the  t e s t  and c o n t ro l  rooms. Two-way v e rb a l  communication was 

accomplished by means of a " ta lk -b a c k "  system. The t e s t  room con ta ined  

a s tandard  headse t w ith  matched earphones, a p ush -bu tton  for r e g i s t e r i n g  

re sp o n se s ,  and a ta lk b a c k  microphone.
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Screening Apparatus 

The sc reen in g  appara tu s  co n s is te d  of a p u re - to n e  audiometer 

(B e l to n e ,  15CX) connected to  a p a i r  of earphones (T elephon ies ,  TDH-39 

lOZ) mounted in  a s tandard  headband and f i t t e d  w ith  MX-41/AR cush ions.

The o u tpu t of t h i s  audiometer was c a l ib r a t e d  to  th e  ISO-1964 s tan d a rd .

Experim ental S tim uli  

S tim ulus p a t t e r n s - t e s t  e a r .

Two v a r i a n t s  of the  q u an ta l  s t im ulus  p a t t e r n  were used to  ob ta in  

measurements o f  d i f f e r e n t i a l  s e n s i t i v i t y  to  i n t e n s i t y  change. One v a r i 

a n t  c o n s is te d  of a continuous background tone on which am plitude in c re 

ments were superimposed a t  p e r io d ic  i n t e r v a l s .  The o th e r  v a r i a n t  con

s i s t e d  of an in t e r r u p te d  background tone made up of b r i e f  to n a l  p e d e s ta ls  

s e p a ra te d  by i n t e r v a l s  of s i l e n c e .  Amplitude increm ents were superim

posed on su ccess iv e  to n a l  p e d e s ta l s .  The increm ents  and backgrounds fo r  

bo th  s t im u lus  p a t t e r n s  were of th e  same frequency and phase . The ch a r

a c t e r i s t i c s  o f  th e  s ig n a l  envelopes a re  re p re se n te d  d iag ram m atica lly  in  

F ig u re  1.

As F ig u re  1 i l l u s t r a t e s ,  each increm ent was of 200 msec d u ra tio n  

a t  maximum am plitude w ith  r i s e - f a l l  t im es of 10 msec. The increments oc

cu r re d  a t  f iv e -sec o n d  i n t e r v a l s .  Twenty increm ents  of th e  same magnitude 

were p re s e n te d  d u r in g  each in d iv id u a l  t e s t  run .  The background tone r e 

mained on fo r  120 seconds d u ring  th e  continuous background c o n d i t io n .  

During th e  in te r ru p ted -b ack g ro u n d  co n d i t io n  each increment was superim

posed on a to n a l  p e d e s ta l  of 1950 msec d u ra t io n  a t  maximum am plitude w ith 

a r i s e - f a l l  tim e of 50 msec. The p e d e s ta ls  were sep a ra ted  by 2950 msec
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of s i l e n c e .  The in t e r r u p te d  background p a t t e r n  recy c led  fo r  a t o t a l  pe 

r io d  of 120 seconds du r in g  each t e s t  ru n .

Noise s t im u lu s - c o n t r a l a t e r a l  e a r .

The o th e r  a u d i to ry  s t im u lu s  was a broadband therm al n o is e .  This 

n o is e  was p re s e n te d  to  th e  e a r  c o n t r a l a t e r a l  t o  the  t e s t  ear  co n t in u o u s ly  

fo r  120 seconds when c a l l e d  fo r  by the  experim en ta l d e s ig n .  The i n t r o 

d u c t io n  of th e  no ise  o ccu rred  s im u l tan e o u s ly  w ith  the  i n i t i a t i o n  of th e  

to n a l  background p a t t e r n  in the  o p p o s i te  e a r ,  and a f t e r  120 seconds th e  

n o is e  was te rm in a te d  c o n c u r re n t ly  w ith  th e  end of the  to n a l  background 

p a t t e r n .

Experim ental T es t  Equipment

The fo llow ing  s u b - s e c t io n s  d e s c r ib e  th e  equipment com prising  the  

s ig n a l  and n o is e  channels  as w ell a s  t h a t  used f o r  th e  s e le c t io n  and t im 

ing of th e  tem poral c h a r a c t e r i s t i c s  of th e  t e s t  s t im u l i .  A dd itiona l sub

s e c t i o n s  d e s c r ib e  the  response  t a b u la t i o n  equipment, s u b je c t -e x p e r im e n te r  

communication system, and th e  power s u p p l ie s  re q u ire d  by c e r t a in  compon

e n t s  of th e  t im ing  and programing a p p a ra tu s .

S ig n a l  channe l .

F ig u re  2 p r e s e n ts  a block diagram  of th e  equipment com pris ing  

th e  s ig n a l  ch an n e l.  The p u re - to n e  s ig n a l s  forming th e  increm ental and 

background s t im u l i  were produced by an aud io -f req u en cy  o s c i l l a t o r  

(H ew le tt -P ackard ,  201 CR). The s ig n a l  from th e  o s c i l l a t o r  was s p l i t  by 

means o f  a r e s i s t i v e  network, th e  p o r t s  of which were te rm in a ted  by th e  

in p u ts  of two e l e c t r o n i c  sw itch es .  One of th e se  sw itches  (Grason- 

S t a d l e r ,  829 E, d e s ig n a ted  ESI) c o n t r o l l e d  the  tem poral c h a r a c t e r i s t i c s



INC.
ATTENS.

TRANS.SPLIT MAIN
ATTEN.MIXEROSC

wœ

n e l .
F ig u re  2 .  S im p l i f ie d  b lock  diagram  o f  th e  e x p e r im e n ta l  equipm ent com pris ing  th e  s ig n a l  chan-



39

of th e  increm ents  added to  the  background s i g n a l .  The o th e r  e l e c t r o n i c  

sw itch  (G ra so n -S ta d le r ,  829 C, d e s ig n a te d  ES2) c o n t ro l le d  the  temporal 

c h a r a c t e r i s t i c s  of the  background s ig n a l .

The ou tpu t from ESI was ro u te d  th rough  one of two co n t inuous ly -  

v a r i a b l e  a t t e n u a to r s  (M allory, T-600) which c o n t ro l le d  th e  magnitudes of 

th e  inc rem en ta l  s ig n a l s .  The ou tpu t from ESI could  be sw itched manually 

by means o f  a t h r e e - p o s i t io n  switch to  one o r  th e  o the r  of th e  two a t t e n 

u a to rs  d u r in g  each experim ental ru n .  The inc rem en ta l and background s ig 

n a ls  passed  through se p a ra te  20-dB i s o l a t i o n  pads (Daven, 1030-G, lab e led  

P) p r i o r  t o  being combined by means of a r e s i s t i v e  network (m ixer) .  These 

pads e l im in a te d  s ig n a l  in t e r a c t i o n  so t h a t  any change in th e  le v e l  of the 

in c rem en ta l  s ig n a l  d id  no t r e s u l t  in  a change in  le v e l  of th e  background 

s ig n a l .

A f te r  th e  increm ental and background s ig n a l s  were combined in 

th e  m ixer ,  th e  composite s ig n a l  passed  th rough  an a t te n u a to r  (H ew le tt-  

Packard , 350 D) w ith  which the  experim en ter  e s ta b l i s h e d  th e  o v e r a l l  in 

t e n s i t y  of th e  s ig n a l s  during  d i f f e r e n c e  limen measurements. This le v e l  

was h e ld  c o n s ta n t  a t  60-dB SPL f o r  a l l  measurements. The a t te n u a te d  s ig 

na l  th en  passed through an i s o l a t i o n  pad ( la b e le d  P) and an impedance- 

matching t ra n s fo rm e r  (UTC, LS-33) t o  an earphone (Telephonies, TDH-39 

lOZ), mounted in  an MX-41/AR cushion .

Noise ch a n n e l .

A block diagram of th e  equipment com prising the  n o ise  channel 

appears  in  F igu re  3. A broad-band therm al n o ise  produced by a n o ise  gen

e r a t o r  (G ra so n -S ta d le r ,  455 C) was used in  th o se  experim ental co n d it io n s  

r e q u i r i n g  c o n t r a l a t e r a l  s t im u la t io n .  The o u tp u t  from the no ise  g en era to r
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was ro u te d  to  a t h i r d  e l e c t r o n i c  sw itch  (G ra so n -S ta d le r ,  829 C, d es ig n a ted  

ES3) which c o n t ro l le d  th e  d u ra t io n  of th e  n o is e .  The n o ise  s ig n a l  passed 

from t h i s  e l e c t r o n i c  sw itch  through an a t t e n u a t o r  (H ew le tt-Packard , 350 D) 

which c o n t ro l l e d  the  o u tp u t l e v e l  o f  th e  n o is e .  The a t te n u a te d  s ig n a l  

then passed  through an i s o l a t i o n  pad (M allo ry , T-600) and an impedance- 

m atching tran s fo rm e r  (UTC, LS-33) t o  a second earphone (Telephonies,

TDH-39 lOZ).

Programming a p p a ra tu s .

The programming system c o n s is te d  o f  fou r s e n s i t i v e  r e l a y s ,  two 

115 V r e l a y s ,  th r e e  6 V r e l a y s ,  a l a t c h in g  r e l a y  and s e v e ra l  manual 

s w itc h e s .  The s u b j e c t ' s  pushbutton  sw itch  i n i t i a t e d  th e  program by en

e r g iz in g  th e  la tc h in g  r e l a y  which, in  t u r n ,  pe rm itted  th e  e l e c t r o n i c  t im 

ing a p p a ra tu s  (T ek tron ix , 160 s e r i e s )  t o  c y c le .  The tim ing  appara tus  

w i l l  be d iscu ssed  in  more d e t a i l  in  a l a t e r  s e c t io n .  A f te r  th e  program 

was begun t h i s  pushbutton served  to  re c o rd  s u b je c t  responses  on an e l e c 

trom echan ica l coun te r .  The i n i t i a t i o n  of th e  program was accomplished by 

s h o r t in g  one s e t  of c o n ta c ts  on the  l a t c h in g  r e la y  a c ro s s  the pushbutton  

c o n ta c t s  o f  waveform g e n e ra to r  A (INFG-A) a f t e r  the  mode c o n t ro l  o f  the 

waveform g e n e ra to r  had been s e t  to  th e  "m anual-continuous"  p o s i t i o n .  In 

t h i s  f a s h io n ,  WFG-A continued  to  cy c le  a t  f iv e -sec o n d  i n t e r v a l s  f o r  as 

long as the  la tc h in g  r e l a y  c o n ta c ts  remained c lo sed .  Once during  each 

tim ing  c y c le ,  a pu lse  was s e n t  to  a s e n s i t i v e  r e la y  which en erg ized  an

o th e r  e lec trom echan ica l  c o u n te r .  This c o u n te r  reco rded  th e  t o t a l  n m b er  

of inc rem en ts  p resen ted  d u ring  a t e s t  r u n .  I t  was p o s s ib le  to  i n t e r r u p t  

th e  p u ls e  to  th e  counter  whenever a c a tc h  t r i a l  was in s e r t e d  so t h a t  th e  

co u n te r  reco rded  only th e  number of inc rem ents  p re se n te d  to  th e  s u b je c t .
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A fte r  20 increm ents  had been counted , th e  experim en te r  a c tu a te d  a push

b u tto n  sw itch  which threw th e  l a t c h in g  r e l a y  t o  the  open p o s i t i o n  te rm i

n a t in g  th e  experim en ta l sequence.

A tw o -p o s i t io n  sw itch  on th e  c o n t ro l  pane l o f  th e  programming 

d ev ice  allowed f o r  s e l e c t io n  of a con tinuous  o r  an i n t e r r u p te d  background 

tone  by e i t h e r  p e rm i t t in g  a p u lse  g e n e ra to r  t o  tu rn  ES2 o f f  o r  n o t ,  de

pending upon the  p o s i t i o n  t o  which i t  was thrown. A second sw itch  on 

th e  c o n t ro l  panel p e rm i t te d  the  n o ise  from ES3 to  be p re s e n te d  co n t in u 

o u s ly  du r in g  the  course  of an experim enta l run or to  be om itted  by con

t r o l l i n g  th e  p r e s e n ta t io n  o f  th e  i n i t i a t i n g  p u lse  to  ES3. ES3 was tu rn ed  

o f f  a t  th e  te rm in a t io n  of an experim enta l run by th e  l a t c h in g  r e la y  

s h o r t in g  across  i t s  "B on" t e rm in a l s .

Timing equipm ent.

The p r e c i s e  t im ing  and sequencing of th e  t h r e e  e l e c t r o n i c  

sw itches  was c o n t ro l le d  by means of th e  c i r c u i t  i l l u s t r a t e d  in  F igu re  4 . 

This system was composed of th r e e  waveform g e n e ra to rs  (T ek tro n ix ,  162) 

and s ix  p u lse  g e n e ra to r s  (T ek tro n ix ,  161). The waveform g e n e ra to r s  were 

o p e ra ted  in a cascaded fa sh io n  in  o rd e r  to  op tim ize  t h e  s t a b i l i t y  and ac 

cu racy  o f  the  t im in g  sequence f o r  each of th e  s u b ro u t in e s .  S p e c i f i c a l ly ,  

waveform g e n e ra to r  A e s ta b l i s h e d  a b a s ic  r e p e t i t i o n  r a t e  o f  f i v e  seconds 

f o r  th e  e n t i r e  system, WFG-B e s ta b l i s h e d  a 2050 msec base  f o r  th e  to n a l  

p e d e s t a l ,  and WFG-C governed the  210 msec i n t e r v a l  du r in g  which th e  in 

crement ro se  to  maximum am plitude and remained on fo r  200 msec. The tim 

ing r e l a t i o n s h i p s  p e r t a in in g  among th e  waveform and p u ls e  g e n e ra to r s  are  

i l l u s t r a t e d  sch e m a t ic a l ly  in  F igure  5.

The 2050 msec waveform produced by WFG-B was used to  c o n t ro l
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(TO LATCHING RELAY)

WFG-C

WFG-B

WFG-A

A on

ES 2

B on

A on

ES 3

'B on A on

ES 1

B on

F igure  4 . S im p l if ie d  flow diagram of  th e  b a s ic  t im ing  appara tus  
f o r  c o n t r o l l i n g  th e  background, inc rem en ts ,  and n o is e .  '



WFG-C on f o r  210 msec

WFG-B on f o r  2050 msec

WFG-A on f o r  5000 msec

-  P u lse  G e n e ra to rs  1 and 2 f i r e  a t  i n i t i a t i o n  o f  waveform from WFG-A and WFG-B, r e s p e c 
t i v e l y .

B — P u lse  G e n e ra to rs  4 and 5 f i r e  920 msec a f t e r  P u lse  G en e ra to r  2 .

-  P u lse  G e n e ra to r  6 f i r e s  210 msec a f t e r  P u lse  G e n e ra to r  5.

-  P u lse  G e n e ra to r  3 f i r e s  2050 msec a f t e r  P u lse  G e n e ra to r  2 .

•p.

F ig u re  5 . I l l u s t r a t i o n  o f  cascaded  waveform g e n e r a to r  o p e ra t io n  d e p i c t i n g  th e  d u r a t i o n s  of 
saw too th  waveforms produced  by waveform g e n e r a to r s  A, B, and C and th e  p o r t i o n  o f  th e  waveforms on 
which p u ls e  g e n e r a to r s  1, 2 ,  3 , 4 ,  5 , and 6 were a c t i v a t e d .
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th e  sw itch ing  cycle  o f  ES2 f o r  th e  in t e r r u p te d  background t e s t  c o n d i t io n .  

Pu lse  g e n e ra to r  2 (PG-2) t r i g g e r e d  ES2 on a t  th e  i n i t i a t i o n  of t h i s  2050 

msec waveform. Following a 2050 msec d e la y  PG-3 tu rned  ES2 o f f .  E lec 

t r o n i c  sw itch  3 was a l s o  a c t iv a t e d  by PG-2, bu t  i t  was tu rn ed  o f f  by mo

m e n ta r i ly  s h o r t in g  a c ro s s  i t s  "B on" te rm in a ls  a t  th e  end of a t e s t  ru n .

The 210-msec waveform produced by WFG-C was used to  c o n t ro l  th e  

sw itch in g  cy c le  of ESI which determ ined th e  temporal c h a r a c t e r i s t i c s  o f  

the  inc rem en ts .  PG-5 tu rned  ESI on a t  th e  i n i t i a t i o n  of th e  210-msec 

waveform, and PG-6 tu rn ed  ESI o f f  a t  th e  te rm in a t io n  of th e  waveform.

Accessory f u n c t io n s .

Response t a b u la t i o n .  Sub jec t re sp o n ses  du ring  each t e s t  run were 

cumulated by means of an e lec tro m ech an ica l  co u n te r .  A c t iv a tio n  of the  

c o u n te r  depended on th e  co n c u rre n t  o p e ra t io n  o f  th e  s u b je c t  response  b u t 

ton  and a s e n s i t i v e  r e l a y  in  th e  programming d e v ic e .  The s e n s i t i v e  r e l a y  

was en e rg ized  by waveform g e n e ra to r  D o p e ra t in g  w ith in  th e  tim ing  p a t t e r n  

e s ta b l i s h e d  by waveform g e n e ra to r  A. The c o n ta c ts  o f  the  r e l a y  were h e ld  

c lo sed  by WFG-D fo r  a 1600 msec in t e r v a l  beginning  im mediately a f t e r  an 

increm ent had been p re s e n te d .  I f  th e  response  pushbutton sw itch  was 

c lo se d  during  the  1600 msec i n t e r v a l  the  coun ter  was en e rg ized .  This 

r e p r e s e n t s ,  in  terms o f  c i r c u i t  l o g i c ,  an "and ga te"  o p e ra t io n .  I f  the  

response  sw itch  was c lo se d  o u ts id e  the  1600 msec i n t e r v a l ,  however, th e  

a c t iv a t in g  p u lse  was r e d i r e c t e d  to  the  la t c h in g  r e l a y  throwing i t  t o  th e  

open p o s i t i o n  and immediately te rm in a t in g  th e  program.

The purpose of th e  "and g a te "  c i r c u i t  and th e  d e f i n i t i o n  of a 

s p e c i f i c  response  i n t e r v a l  was to  reduce th e  p o s s i b i l i t y  of reco rd in g  

f a l s e  p o s i t i v e  re sp o n ses .  The v a l i d i t y  of responses  ob ta ined  during  each



46

t e s t  run was a lso  checked by randomly in s e r t in g  four  c a t c h - t r i a l s  th rough

o u t  th e  twenty inc rem en ta l p r e s e n ta t io n s .  A s p r in g - lo a d e d  to g g le  sw itch  

on th e  c o n t ro l  pane l of th e  programming dev ice  allowed th e  experim en ter  

t o  p re v e n t  th e  p r e s e n ta t io n  of an increm ent a t  any p o in t  during  a t e s t  

ru n .  Responses made du r in g  the  c a t c h - t r i a l s  caused th e  program to  be 

te rm in a te d  in  th e  same manner as responses  made o u ts id e  th e  response  i n 

t e r v a l .

S u b jec t-ex p e r im en te r  communication. Two-way v e rb a l  communica

t i o n  between th e  experim en te r  and th e  s u b je c t  was accomplished by means 

o f  a s p e c i a l l y - f a b r i c a t e d  ta lk b ack  and ta lk o v e r  system. This system a l 

so p e rm it ted  th e  experim en te r  to  m onitor both  th e  s ig n a l  and the  no ise  

channe ls  a u d i t o r i l y  w i th o u t  a f f e c t in g  the  s t im u l i  reac h in g  th e  s u b je c t s .

Power s u p p l i e s .

Two power s u p p l ie s  (T ek tron ix , 160A) p rov ided  th e  v o l ta g e s  nec

e s s a r y  f o r  the  o p e ra t io n  of the  fo u r  waveform and s ix  p u lse  g e n e ra to r s .

A DC power supply was used fo r  th e  o p e ra t io n  of th e  s u b je c t - r e s p o n se  c i r 

c u i t ,  117 V olts  AC was used fo r  th e  o p e ra t io n  of two of the  r e l a y s  in the  

programming dev ice  and 6 V AC was used fo r  two o th e r  r e l a y s .  The s e n s i 

t i v e  r e la y s  in  th e  programming dev ice  were energ ized  by th e  p u lse  and 

g a te  o u tp u ts  of c e r t a i n  waveform and pu lse  g e n e ra to r s .

P rocedures

Experim ental C ontrol

The in f lu e n c e  o f  experim enta l e r r o r  was reduced by c a r e fu l  a t t e n 

t i o n  to  th e  fo llow ing  c o n t ro l s :  ( l )  f req u en t  c a l i b r a t i o n  checks on th e

a c o u s t i c  ou tpu t of th e  experim en ta l equipment; (2) m on ito ring  and r e -
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s e t t i n g  of the  v a r io u s  t im in g  sequences a s s o c ia te d  w ith  th e  p roduc tion  

of th e  increm ents  and th e  p e d e s ta l s  b e fo re  each s e s s io n ;  (3) continuous 

m o n ito r in g  of th e  f requency  o f  th e  t e s t  to n e s ;  (4) th e  use  of s tandard  

i n s t r u c t i o n s  fo r  each s u b je c t ;  ( s )  thorough f a m i l i a r i z a t i o n  of each sub

j e c t  w ith  both  th e  in t e r r u p te d  and th e  con tinuous background DLI measure

ment p rocedures  in  q u ie t  and in  th e  p resen ce  of th e  c o n t r a l a t e r a l l y - p r e -  

s en ted  n o is e .

General D e s c r ip t io n  of Experim ental P rocedure 

E s tim a te s  of DLI magnitude were o b ta in ed  f o r  each  s u b je c t  a t  500 

and 4000 Hz. The background s t im u lu s  was p re se n te d  a t  60-dB SPL a t  both 

t e s t  f r e q u e n c ie s .  The measurements a t  each frequency  were ob ta ined  in 

q u ie t  and in  the  p resence  o f  a con tinuous c o n t r a l a t e r a l  n o ise  p re sen te d  

a t  60-dB SPL. Two d i f f e r e n t  quan ta l s t im u lu s  p a t t e r n s  were used in  the  

measurement of d i f f e r e n t i a l  s e n s i t i v i t y .  One p a t t e r n  invo lved  th e  a d d i

t i o n  of increm ents  to  a con tinuous  background tone  w hile  the  o th e r  i n 

vo lved  th e  a d d i t io n  o f  inc rem ents  to  b r i e f  to n a l  p e d e s ta l s  se p a ra te d  by 

p e r io d s  of s i l e n c e  c o n s t i t u t i n g  an in t e r r u p te d  background p a t t e r n .  The 

d i f f e r e n c e  limen fo r  i n t e n s i t y  was ob ta ined  f o r  th e  r i g h t  ea r  of each 

s u b je c t  and th e  no ise  was p re se n te d  in  every  case to  th e  l e f t  e a r .

Test Sequence

T e s t in g  of each s u b je c t  was completed in  two o r  th re e  d i f f e r e n t  

s e s s io n s  w ith  n o t  more than  th r e e  days e la p s in g  between th e  i n i t i a l  and 

f i n a l  t e s t  s e s s io n .  P r io r  t o  th e  p r e s e n ta t io n  of each experim en ta l  con

d i t i o n ,  each s u b je c t  was f a m i l i a r i z e d  w ith  th e  t e s t  s t im u l i  and th e  de

t e c t i o n  and response  t a s k s .  A co u n te rb a lan c in g  schedu le  was used to  de-
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te rm ine th e  o rd e r  of p r e s e n ta t io n  of each of th e  ex p er im en ta l  c o n d i t io n s .  

A f te r  th e  in d iv id u a l  s u b j e c t ' s  p o s i t io n  in  th e  co u n te rb a lan c in g  schedule  

had been de te rm ined ,  th e  purpose  of the  s tu d y  was e x p la in e d  to  him and he 

was in s t r u c t e d  f o r  th e  f a m i l i a r i z a t i o n  ru n s .  The i n s t r u c t i o n s  were as 

fo l lo w s:

In t h i s  p rocedure  we a re  a t tem p tin g  to  measure your a b i l i t y  
t o  d e t e c t  small in c re a s e s  in  the  i n t e n s i t y  of a p u re - to n e  s tim u
lu s .  l i .e s e  small in c re a s e s  or p ips  w i l l  be added t o  a continuous 
tone  ir. some c o n d i t io n s  and to  an i n t e r r u p te d  o r  d isco n t in u o u s  
tone  in  c th o r  c o n d i t io n s .  In a l l  c o n d i t io n s ,  however, the  tones  
w i l l  be p re s e n te d  to  your r i g h t  e a r .  We a re  i n t e r e s t e d  in  com
p a r in g  your a b i l i t y  t o  d e t e c t  th e se  in c re a s e s  in  th e  two p a t t e r n s  
o f  to n e  p r e s e n ta t io n  in  q u ie t  w ith  your d e t e c t i o n  a b i l i t y  when a 
con tinuous  no ise  i s  p re s e n te d  s im u l tan e o u s ly  t o  th e  o p p o s ite  e a r .

We w i l l  beg in  th e  measurement p ro ced u re  w ith  a run in  which 
sm all increm ents  o r  p ip s  w i l l  be added t o  ( c o n d i t io n  t o  be p r e 
sen ted  f i r s t  as d i c t a t e d  by co u n te rb a lan ce  s c h e d u le ) .  I want you 
t o  r e p o r t  v e r b a l ly  whenever you hear  a p ip .  I w i l l  a d ju s t  the  
magnitude of th e  i n t e n s i t y  in c re a s e s  u n t i l  I  can o b ta in  a gen
e r a l  id ea  o f  th e  s iz e  o f  p ip s  to  which you can re spond . This w i l l  
s e rv e  a s  a b a s is  f o r  s e l e c t i n g  o th e r  p ip  magnitudes in  subsequent 
r u n s .  Follow ing t h i s ,  th e  tone  (and n o is e )  w i l l  cea se  and I w i l l  
t e l l  you to  r e s t  b r i e f l y .

A f te r  a l im i te d  range o f  increm ent magnitudes had been exp lo red  

th e  i n s t r u c t i o n s  f o r  the  f a m i l i a r i z a t i o n  segment c o n t in u e d ;

We w i l l  now begin  a s e r i e s  of p r a c t i c e  runs  to  f a m i l i a r i z e  
you w i th  th e  d e t e c t io n  t a s k  and to  a c q u a in t  you w ith  th e  response  
p ro c e d u re .  A f te r  I i n d i c a t e  t h a t  th e  equipment i s  ready  you can 
i n i t i a t e  a run whenever you wish by p r e s s in g  t h i s  b u t to n  ( i n d i c a t 
ing s u b je c t  p u sh b u tto n ) .  A f te r  the  run  has  s t a r t e d ,  t h i s  bu tton  
w i l l  s e rv e  to  r e g i s t e r  your response  each tim e you p r e s s  i t .  I f  
you p r e s s  th e  b u t to n ,  however, and a p ip  has  n o t  been p re s e n te d ,  
a w arning l i g h t  w i l l  f l a s h  and the  run  w i l l  be a u to m a t ic a l ly  t e r 
m in a ted .  The ru n  w i l l  be te rm in a ted  a b ru p t ly  in  t h i s  manner sim ply 
in  t h e  i n t e r e s t  o f  sav ing  tim e , s in c e  th e  on ly  u s e fu l  runs  fo r  our 
purpose  a re  th o se  f r e e  of f a l s e - p o s i t i v e  re s p o n s e s .  I t  would se rv e  
no pu rpose  to  complete a run  in  which a f a l s e - p o s i t i v e  response  had 
been g iv e n .  For t h i s  re a s o n ,  you should  be f a i r l y  c o n f id e n t  a p ip  
has been p re se n te d  b e fo re  you respond . In a d d i t i o n ,  th e r e  i s  a 
time r e s t r i c t i o n  p laced  on your d e c i s io n  as  to  th e  p resence  of a 
p ip .  I f  you w a it  too long to  make your r e s p o n se ,  i t  may f a l l  o u t 
s id e  th e  response  i n t e r v a l  and th e re b y  p rem a tu re ly  te rm in a te  th e  
ru n .  Are th e re  any q u e s t io n s ?
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A fte r  th e  s u b je c t  had been f a m i l i a r i z e d  w ith  th e  d e t e c t i o n  and 

re sp o n se  t a s k s  and a g en e ra l  range of response  magnitude f o r  two d i f f e r 

e n t  increm ent s iz e s  had been e s t a b l i s h e d ,  the  s u b je c t s  were in s t r u c t e d  

f o r  th e  experim ental ru n s  in  th e  fo llo w in g  manner:

Now we w i l l  beg in  th e  ex perim en ta l  ru n s .  These w i l l  be p r e 
sen ted  in  p a i r s  u s in g  d i f f e r e n t  s iz e d  p ip s .  In your c a s e ,  the  
f i r s t  p a i r  of runs  w i l l  c o n s i s t  of a run using a r e l a t i v e l y  [ l a r g e ,  
sm all]  p ip ,  followed almost im mediately  by a run us ing  a r e l a t i v e l y  
[ s m a l l ,  la rg e ]  p ip .  The n ex t  p a i r  of runs w i l l  r e v e r s e  t h i s  o rd e r  
o f  p ip  s i z e s  and so on f o r  a l l  subsequent p a i r s .  Because o f  t h i s  
changing p ip  s iz e  between r u n s ,  your a b i l i t y  to  d e t e c t  th e  p ip s  w i l l  
v a ry .  Sometimes i t  w i l l  be very  [ e a s y ,  d i f f i c u l t ]  to  d e t e c t  th e  
p ip s  w hile  on the  im m ediately  fo llo w in g  run i t  may be v e ry  [ d i f f i 
c u l t ,  e a s y ] .

B r ie f  r e s t  p e r io d s  were p rov ided  between each exp er im en ta l  ru n .  

Longer r e s t  p e r io d s  were p rov ided  between experim enta l c o n d i t io n s .

C ounte rba lanc ing  o f  Experim ental C ond it ions

The o rd e r  of p r e s e n ta t io n  of th e  f re q u e n c ie s ,  th e  s t im u lu s  p a t 

t e r n s ,  and th e  noise  were coun te rba lanced  according t o  th e  schedu le  p r e 

se n te d  in  Table 1 in  o rd e r  t o  reduce  th e  e f f e c t s  of any s y s te m a t ic  b ia s e s  

on th e  d a t a .  Four of th e  e ig h t  s u b je c t s  p a r t i c i p a t i n g  in  t h i s  s tudy  were 

t e s t e d  w ith  th e  in te r ru p te d  background p a t t e r n  p re se n te d  f i r s t  and fo u r  

w ith  th e  con tinuous p a t t e r n  p re s e n te d  f i r s t .  In a d d i t io n ,  fo u r  were 

t e s t e d  in  th e  q u ie t  co n d i t io n  f i r s t  and fo u r  w ith  th e  c o n t r a l a t e r a l  no ise  

f i r s t .  Four o f  th e  s u b je c t s  were t e s t e d  a t  500 Hz f i r s t  and fo u r  a t  

4000 Hz f i r s t .  I t  w i l l  be no ted  by r e fe re n c e  to  Table 1 t h a t  w i th in  f r e 

quency th e  v a r io u s  com binations of increm ent magnitude o rd e r ,  p rocedure  

o rd e r ,  and n o ise  le v e l  o rd e r  a r e  a lso  coun te rb a lan ced .

Measurement Technique

The s u b je c t s  were f a m i l i a r i z e d  w ith  th e  d e t e c t i o n  ta s k  and th e
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TABLE 1

COUNTERBALANCING SCHEDULE FOR TREATMENT CONDITIONS

S u b je c t
Increment
Magnitude

Order®

Frequency
Orderb

Procedure
Order^

Noise Level 
Ckderd

1 S-L 12 12 12
2 L-S 12 12 21
3 L-S 12 21 12
4 S-L 12 21 21
5 S-L 21 12 12
6 L-S 21 12 21
7 L-S 21 21 12
8 S-L 21 21 21

S = sm a l l ;  L = l a rg e ,  

f r e q u e n c y :  1 = 500 Hz; 2 = 4000 Hz.

^Procedure: 1 = i n t e r r u p t e d  background; 2 = con tinuous back
ground.

Noise: 1 = q u i e t ;  2 = 60-dB SPL therm al n o ise .

re sp o n se  procedure p r i o r  t o  th e  a c t u a l  experim en ta l runs  f o r  each condi

t i o n .  The experim en ter  v a r ie d  th e  s i z e  of th e  increments p re s e n te d  in 

th e  i n i t i a l  p a r t  o f  th e  f a m i l i a r i z a t i o n  p e r io d  u n t i l  i t  was judged th a t  

a p a r t i c u l a r  increm ent magnitude was being d e tec te d  approx im ate ly  h a l f  

th e  number of tim es i t  was p re s e n te d .  The magnitude o f  t h i s  increment 

was then  measured and th e  two increm ent a t t e n u a to r s  were a d ju s te d  so t h a t  

one of the  a t t e n u a to r s  y ie ld e d  an increm ent t h a t  was 0.2-dB below the  i n 

crem ental value  t h a t  was d e te c te d  approx im ate ly  50 pe r  cen t of th e  time 

w hile  th e  o th e r  a t t e n u a t o r  y ie ld e d  an increm ent t h a t  was 0 .2-dB  g re a te r  

th a n  th e  inc rem enta l v a lu e  which was d e te c te d  approxim ately  50 p e r  cent 

o f  th e  tim e. This 0 .4-dB range was adequate fo r  most of th e  s u b je c t s  t o
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a t t a i n  response  sc o re s  l e s s  than  50 p e r  cen t  b u t  g r e a te r  than  20 p e r  cen t 

f o r  th e  lower increment v a lu e  and response  sco res  g re a te r  than  50 p e r  

cen t but l e s s  than 80 p e r  cen t  f o r  th e  h ig h e r  increm ent v a lu e .  The ex

p er im en ta l runs were begun a f t e r  a number of t r i a l s  with th e s e  two in 

crement v a lu e s .

The two increm ent v a lu es  s e le c te d  f o r  th e  experim ental ru n s  were 

p resen ted  co n se c u t iv e ly  in  p a i r s .  The o rd e r  o f  p re s e n ta t io n  of th e  small 

increment f i r s t  o r  th e  l a rg e  increm ent f i r s t  was counterbalanced  ac ro ss  

s u b je c ts  and across  c o n d i t io n s .  Four of th e s e  p a i r s  of increm ent magni

tudes  were p resen ted  to  each su b je c t  under each co n d it io n .  The f i r s t  

and t h i r d  p a i r  were p re s e n te d  in  th e  same o rd e r ,  and the  second and fo u r th  

p a i r  were p resen ted  in  r e v e r s e  o rd e r  from t h a t  o f  th e  f i r s t  and t h i r d  

p a i r .  An example of the coun te rba lanced  p r e s e n ta t io n  schedule o f  th e  

fou r p a i r s  i s  as fo llow s: P a ir  1 ( s m a l l - l a r g e ) ;  P a i r  2 ( l a r g e - s m a l l ) ;

P a ir  3 ( s m a l l - l a r g e ) ;  and P a i r  4 ( l a r g e - s m a l l ) .  In each p a i r  th e  f i r s t  

increment va lue  was p re s e n te d  twenty tim es and th e  number of c o r r e c t  r e 

sponses reco rd ed .  The a t t e n u a t o r  c o n t r o l l i n g  t h i s  increment was then  

switched o u t  of th e  l i n e  and the  second a t t e n u a to r  in s e r te d  by means of 

th e  sw itch ing  arrangement p re v io u s ly  d e s c r ib e d .  The second increm ent of 

th e  p a i r  was then p re sen te d  twenty tim es and th e  number of c o r r e c t  r e 

sponses t o  i t  was reco rd ed .

A fu n c tio n  was c o n s tru c te d  f o r  each o f  th f  four t r i a l  p a i r s  by 

p lo t t i n g  response  score  in  p e r  cen t  a g a in s t  increm ent magnitude and the  

increment magnitude corresponding  to  th e  50 p e r  cen t po in t  on each l in e  

was in t e r p o la t e d .  The fo u r  i n t e r p o la t e d  inc rem en ta l va lues  co rresp o n d 

ing to  th e  50 per  cen t  response  p o in t  were ob ta ined  in  t h i s  manner fo r
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every  s u b je c t  under each of th e  experim en ta l c o n d i t io n s .  These fo u r  i n 

crem ental v a lu e s  were th en  averaged to  o b ta in  the  DLI of each s u b je c t  

under each co n d i t io n .

The d e c is io n  t o  use o n ly  fou r p a i r s  of increm ents  was based on 

th e  r e s u l t s  of a p i l o t  i n v e s t i g a t i o n  which was undertaken  to  de te rm ine  

th e  p r a c t i c a l  number of tw o -p o in t  fu n c t io n s  th a t  would be r e q u i r e d  to  

y ie ld  a s a t i s f a c t o r i l y  p r e c i s e  e s t im a te  o f  DLI m agnitude. In th e  p i l o t  

in v e s t ig a t io n  s tandard  d e v ia t io n s  were computed based on sample s iz e s  of 

two, fo u r ,  and n ine tw o -p o in t  fu n c t io n s  f o r  a s in g le  s u b je c t .  The s t a n 

dard  d e v i a t io n s  were .045 dB f o r  two fu n c t io n s ;  .032 dB f o r  f o u r  fu n c 

t i o n s ;  and .022 dB fo r  n in e  f u n c t io n s .  I t  was dec ided  to  use fo u r  two- 

p o in t  f u n c t io n s .  This d e c i s io n  was based on two p r a c t i c a l  c o n s id e r a 

t i o n s .  F i r s t ,  the s tan d ard  d e v ia t io n  computed fo r  fo u r  fu n c t io n s  was 

sm a l le r  th a n  t h a t  computed f o r  two fu n c t io n s .  Second, the  d u ra t io n  of 

th e  t e s t  would have had to  have been in o r d in a te ly  pro longed t o  ach ieve  

th e  s l i g h t  ga in  in  p r e c i s io n  a ffo rd e d  by th e  use of n ine  f u n c t io n s .

C a l ib r a t i o n

The ou tpu t of th e  s c re e n in g  audiom eter and th e  p u re - to n e  and 

n o ise  channe ls  of the  ex p er im en ta l  equipment was measured by coup ling  the  

r e s p e c t iv e  sc reen ing  and ex perim en ta l  earphones to  a Western E l e c t r i c  

640 AA Condenser Microphone by means of an MBS 9A c o u p le r .  The conden

s e r  microphone was in tu rn  coupled to  a Western E le c t ro -A c o u s t ic  Labora

to r y  Condenser Microphone Complement, Type 100 D/E. A true-RMS, vacuum- 

tube  v o l tm e te r  (B a l la n t in e ,  321 ) served as th e  re a d o u t  dev ice  f o r  t h i s  

measurement system.

The magnitudes of th e  increm ents  were s e t  v i s u a l l y  by observ ing
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th e  d i f f e r e n c e  between th e  background s ig n a l  a lone (ES2 sw itched  on) and 

th e  background s ig n a l  p lu s  the  increm ent s ig n a l  (both  ESI and ES2 sw itched 

o n ) .  This d i f f e r e n c e  was determ ined on th e  d e c ib e l  s c a le  of a true-RMS, v ac 

uum-tube v o l tm e te r  (B a l la n t in e ,  321) p a r a l l e d  a c ro s s  th e  in p u t  t o  the  

o v e r a l l  l e v e l  a t t e n u a t o r .  The s c a le  of t h i s  m eter  i s  marked o f f  in 0 .2 -dB  

s t e p s .  The v is u a l  e r r o r  in  s e t t i n g  th e  increm en ts  was e s t im a ted  as be ing  

n o t  g r e a t e r  than 0 .05  dB. During th e  s e t t i n g  o f  th e  increm ent magnitudes 

th e  o u tp u t  le v e l  a t t e n u a t o r  was a d ju s te d  to  f u l l  a t te n u a t io n  so t h a t  th e  

to n e s  were in a u d ib le .

S t a t i s t i c a l  A na lys is  

The da ta  o b ta in ed  from t h i s  s tu d y  were t r e a t e d  s t a t i s t i c a l l y  by

means of an a n a ly s i s  of v a r ia n ce  p rocedu re  d e r iv e d  from a 2 x 2 x 2 f a c 

t o r i a l  des ign  w ith  re p e a te d  measurements on each f a c t o r .  Sub-analyses  

o f  v a r ia n c e  were a l s o  performed a s  an a id  in  th e  i n t e r p r e t a t i o n  of th e  

r e s u l t s .  The .05 le v e l  o f  confidence was adopted as th e  c u t o f f  p o in t  

f o r  r e j e c t i n g  the  n u l l  h y p o th e s i s .  The r e s u l t s  of t h i s  in v e s t ig a t io n

and a d is c u s s io n  o f  t h e i r  s ig n i f i c a n c e  a re  p re se n te d  in  th e  fo llow ing

c h a p te r .



CHAPTER IV 

RESULTS AND DISCUSSION 

In tro d u c t io n

This experim ent was undertaken  to  i n v e s t i g a t e  th e  p o s s i b i l i t y  

t h a t  th e  in f lu en ce  o f  c o n t r a l a t e r a l  no ise  s t im u la t io n  on DLI magnitude 

i s  dependent, a t  l e a s t  in  p a r t ,  on th e  tem poral p a t t e r n  of th e  measure

ment s t im u lu s .  To t h i s  end e s t im a te s  of DLI magnitude were ob ta ined  a t  

two d i f f e r e n t  t e s t  f re q u e n c ie s  w ith  a con tinuous and w ith a d i s c o n t in u 

ous q u an ta l  s t im u lus  p a t t e r n  in  q u ie t  and in  th e  p resence  o f  c o n t r a l a t 

e r a l  no ise  s t im u la t io n .  The fo llow ing  s e c t io n s  o f  t h i s  ch ap te r  inc lude  

a d e t a i l e d  d e s c r ip t io n  of th e  t r e a tm e n t  of th e  d a ta  and a d is c u s s io n  of 

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

The E s tim a tes  o f  th e  DLI O btained 
in  th e  Study

The averaged e s t im a te s  o f  th e  DLI computed from th e  d a ta  of each 

s u b je c t  under each experim en ta l co n d it io n  appear in  Table 2 . The column 

means in  Table 2 r e p r e s e n t  th e  D LI's  averaged over a l l  e ig h t  su b je c t s  f o r  

each experim ental c o n d i t io n .  The in d iv id u a l  DLI e s t im a te s  which appear 

in  th e  body of th e  t a b l e  were subm itted  to  an a n a ly s i s  of v a r ia n c e ,  the  

r e s u l t s  of which a re  r e p o r te d  l a t e r .

54
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TABLE 2

INDIVIDUAL AVERAGED DLI ESTIMATES IN dB FOR EACH SUBJECT 
UNDER EACH EXPERIMENTAL CONDITION AND MEAN DLI's 

FOR EACH EXPERIMENTAL CONDITION AVERAGED 
OVER ALL EIGHT SUBJECTS

S u b jec t

C ond it ion

500 Hz 4000 Hz

Continuous In te r ru p te d  Continuous In te r ru p te d
Quiet Noise Q uie t Noise Q uiet Noise Quiet Noise

1 1.243 1.225 1.210 1.545 1.206 1.062 1.400 1.605
2 .967 1.100 .853 .959 .742 .683 .944 .988
3 1.305 1.310 1.071 1.278 .918 .697 .813 .784
4 .951 1.161 .769 1.079 .725 .585 1.075 1.115
5 .732 1.083 .674 .880 .465 .491 .737 .805
6 1.493 1.281 .973 .904 .436 .442 1.050 1.344
7 .931 .839 .865 1.122 .830 .638 1.018 1.253
8 1.090 .940 .842 .874 .628 .554 .767 1.141

Grand
Mean

1.089 1.117 .907 1.080 .744 .644 .976 1.129

P re c is io n  o f  E s t im a t io n  o f  th e  DLI 

The measurement p rocedure  employed in  t h i s  in v e s t ig a t io n  y ie ld ed  

e s t im a te s  of the  in te n s iv e  d i f f e r e n c e  limen f o r  each s u b je c t  under e ig h t  

experim en ta l c o n d i t io n s .  The e s t im a te s  were o b ta in ed  by averaging the  

inc rem en ta l  va lues  a s s o c ia te d  w ith  th e  50 p e r  cen t  response  p o in t s  on four 

s e p a ra te  psychom etric f u n c t io n s .  The in d iv id u a l  increm ent va lues  a re  r e 

p o r te d  in  the  Appendix. T h ir ty - tw o  psychom etric  fu n c t io n s  were con

s t r u c t e d  fo r  each s u b je c t  and each fu n c t io n  was based upon two d a ta  

p o in t s .  The p o in ts  f o r  each fu n c t io n  were de term ined  in  the  fo llow ing  

manner. Two increment v a lu es  were p re se n te d  to  each s u b je c t  under each 

ex p er im en ta l  c o n d i t io n .  One increm ent was s e le c te d  to  y ie ld  a p e r c e n t 
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age of c o r r e c t  responses  g r e a t e r  than 50 p e r  cen t but l e s s  than  80 per  

c e n t .  The o the r  increment was s e le c te d  t o  y i e ld  a p e rcen tage  of c o r r e c t  

responses  l e s s  than 50 pe r  c e n t  bu t g r e a t e r  than  20 pe r  c e n t .  Each p a i r  

of increm ent v a lu es  was s e le c te d  s e p a r a t e ly  fo r  each experim ental condi

t i o n  and p re s e n te d  to  a s u b je c t  four s u c c e s s iv e  t im es .  Each p a i r  of the  

two increm ent va lues  and t h e i r  corresponding  percen tage  of c o r r e c t  r e 

sponses were p lo t t e d  on graph p ap e r .  The increm ent value  corresponding  

to  the  50 per  cen t  p o in t  on each o f  th e  f o u r  r e s u l t i n g  tw o-po in t fu n c t io n s  

was i n t e r p o la t e d  and th e  mean o f  th e se  fo u r  increm ent va lues  was taken  as 

an e s t im a te  of th e  DLI. The p re c i s io n  of th e se  e s t im a te s  i s  r e f l e c t e d  in 

th e  s tan d a rd  e r r o r  of th e  mean. This s t a t i s t i c  g ives  th e  magnitude of 

d e v ia t io n  t h a t  could be expected  between th e  ob ta ined  DLI and the  means 

of o th e r  samples o f  the  same s i z e .

The s tandard  e r r o r s  of th e  mean fo r  each s u b je c t  under each ex

p e r im en ta l  cond ition  are  p re sen te d  in Table 3. The row averages in  t h i s  

t a b l e  r e p r e s e n t  th e  mean s tandard  e r r o r  f o r  each s u b je c t  averaged across  

a l l  experim en ta l c o n d i t io n s .  The column averages re p re s e n t  th e  mean s ta n 

da rd  e r r o r  fo r  each experim enta l c o n d i t io n  averaged across  a l l  s u b je c t s .  

Although th e s e  values were n o t  t r e a t e d  s t a t i s t i c a l l y ,  the  p r e c i s io n  of 

DLI e s t im a t io n  a t ta in e d  by th e  procedure d e sc r ib e d  was considered  to  be 

a c c e p ta b le .

A nalvsis  of th e  Data

In  o rder  to  d e s c r ib e  more com plete ly  th e  r e s u l t s  o f  the  e x p e r i 

ment i t  was necessary  to  t r e a t  th e  da ta  i n  s e v e ra l  d i f f e r e n t  ways. An 

o v e r a l l  a n a ly s i s  o f  var ian ce  was performed t o  e v a lu a te  the  s ig n i f i c a n c e  

of f a c t o r  main e f f e c t s  and i n t e r a c t i o n s .  Subsequent to  the  o v e r a l l  ana-
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TABLE 3

STANDARD ERRORS OF THE MEAN IN dB BASED ON FOUR SEPARATE 
ESTIMATES OF THE DLI YIELDED BY EACH SUBJECT 

UNDER EACH EXPERIMENTAL CONDITION

S u b jec t
Number

500 Hz 4000 Hz

Avg.
Continuous 

Q uiet Noise
In te r ru p te d  
Q uiet Noise

Continuous 
Q uiet Noise

I n te r r u p t e d  
Q uiet Noise

I .026 .009 .036 .045 .018 .053 .000 .058 .031
2 .022 .049 .063 .037 .009 .029 .066 .042 .040
3 .021 .027 .039 .027 .009 .024 .009 .031 .023
4 .029 .041 .035 .047 .013 .022 .022 .013 .028
5 .000 .027 .040 .050 .013 .013 .013 .027 .024
6 .056 .009 .042 .030 .030 .029 .009 .057 .033
7 .027 .032 .009 .037 .009 .013 .030 .020 .022
8 .030 .032 .032 .027 .033 .013 .046 .040 .032

Grand
Mean

Avg. .026 .028 .037 .038 .017 .025 .026 .035 .029

l y s i s  of v a r ia n c e ,  c e r t a i n  su b -an a ly se s  were performed. The aim o f th e se  

was t o  c l a r i f y  th e  s p e c i f i c  in f lu e n c e  of c e r t a in  of th e  v a r i a b l e s  w ith  

p a r t i c u l a r  r e s p e c t  to  t h e i r  c o n t r ib u t io n s  toward the  s i g n i f i c a n t  i n t e r a c 

t i o n s  shown in  th e  o v e r a l l  a n a l y s i s .

O v e ra l l  A nalysis  

The d a ta  from t h i s  experim ent were t r e a te d  as being d e r iv e d  from 

a 2 X 2 X 2 f a c t o r i a l  d es ig n  w ith  re p e a te d  measurements on each f a c t o r .  

This des ign  r e p r e s e n t s  a m o d if ic a t io n  of th e  method o u t l in e d  by Winer 

(60) fo r  a n a ly s i s  of a f o u r - f a c t o r  experim en t.  In t h i s  d e s ig n ,  th e  ap

p r o p r i a t e  e r r o r  terms a re  the  su b je c t  in t e r a c t i o n s  a s s o c ia te d  w ith  each 

main e f f e c t  and f a c t o r  i n t e r a c t i o n  term .
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The r e s u l t s  of t h i s  a n a ly s i s ,  p re s e n te d  in  Table 4 , show t h a t  

th e  th r e e  main e f f e c t s ,  frequency , background, and c o n t r a l a t e r a l  no ise  

l e v e l  a re  s i g n i f i c a n t  a t  th e  .025 l e v e l  o f  con fidence .  S ig n i f i c a n t  in 

t e r a c t i o n s  between frequency  and background, background and n o ise  l e v e l ,  

and among f req u en cy ,  background, and n o ise  l e v e l  were found a t  the  .01 

l e v e l  o f  c o n f id e n c e .  Only th e  i n t e r a c t i o n  between frequency and no ise  

l e v e l  f a i l e d  t o  a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e .  The lack  of i n t e r a c t i o n  

between frequency  and n o ise  le v e l  i n d i c a t e s  t h a t  frequency  and c o n t r a l a t 

e r a l  no ise  l e v e l  a c t  independently  o f  each o th e r  in t h e i r  e f f e c t s  on DLI 

magnitude.

Sub-Analyses of Treatm ent I n te r a c t i o n s

In a m u l t i f a c to r  experiment such a s  t h i s  one in  which th e  i n 

fo rm ation  r e l a t i v e  t o  the  e f f e c t  of any one f a c t o r  i s  ob ta ined  by av e r 

ag ing  a c ro s s  a l l  l e v e l s  o f  the  o th e r  f a c t o r s ,  i t  i s  n ece ssa ry  t o  e v a lu a te  

any i n t e r a c t i o n s  which may e x i s t .  S i g n i f i c a n t  i n t e r a c t io n s  in d i c a t e  t h a t  

th e  f a c t o r s  t r e a t e d  a re  no t independent o f  one a n o th e r .  That i s ,  th e  e f 

f e c t  of one f a c t o r  may no t be e q u iv a le n t  f o r  a l l  l e v e l s  of the  o th e r  f a c 

t o r s .  For t h i s  re a so n ,  th e  main e f f e c t s  in  t h i s  s tu d y ,  which were found 

to  be s i g n i f i c a n t  in th e  o v e ra l l  a n a l y s i s ,  can not be i n t e r p r e t e d  a s  i f  

they  were d e r iv e d  from sep a ra te  s in g le  f a c t o r  experim ents .  I t  was nec

e s s a ry  t o  perfo rm  sub -ana ly ses  a s  a means o f  determ in ing  what combina

t i o n s  o f  f a c t o r  l e v e l s  b e s t  exp la ined  th e  s i g n i f i c a n t  d i f f e r e n c e s  among 

th e  d a ta  o b ta in e d  under var ious  l e v e l s  o f  frequency , background, and 

n o ise  l e v e l .  I t  should  be borne in mind t h a t  comparisons of d a ta  in  t h i s  

manner a re  performed a t  th e  expense o f  r e p l i c a t i o n  and are  not independent 

of one a n o th e r .  T h e re fo re ,  the p r o b a b i l i t y  l e v e l s  a t t a in e d  in  th e s e  com-
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TABLE 4

SUMMARY OF THE RESULTS OF THE OVERALL ANALYSIS OF VARIANCE 
PERFORMED ACCORDING TO A 2 x 2 x 2 FACTORIAL 

DESIGN WITH REPEATED MEASUREMENTS 
ON EACH FACTOR

Source Degrees of 
Freedom

Sum of 
Squares

Mean
Square

F

S ub jec ts

Frequency

7

1

1.565

.492 .492 10.25*
Sub jec ts  X Frequency 7 .338 .048

Background 1 .248 .248 10.78*
S u b jec ts  X Background 7 .160 .023

Noise Level 1 .066 .066 11.00*
S ub jec ts  X Noise Level 7 .042 .006

Frequency x Background 1 .876 .876 15.64^
S u b jec ts  X Frequency x 

Background 7 .390 .056

Frequency x Noise Level 1 .021 .021 .91
S u b jec ts  X Frequency x 

Noise Level 7 .164 .023

Background x Noise Level 1 .158 .158 1 3 .17b
S u b jec ts  X Background x 

Noise Level 7 .084 .012

Frequency x Background x 
Noise Level 1 .013 .013 13.00^

S u b jec ts  X Frequency x 
Background x Noise Level 7 .005 .001

^ S ig n i f ic a n t  a t  th e  

^ S ig n i f ic a n t  a t  th e

.025 le v e l  of 

.01 le v e l  of

confidence .

con fidence .
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p a r is o n s  a re  only approxim ate .

Frequency x background i n t e r a c t i o n s .

The s i g n i f i c a n t  i n t e r a c t i o n  between frequency and background 

dem onstra ted  in  th e  o v e ra l l  a n a ly s i s  im p lie s  t h a t  d i f f e r e n c e s  in DLI mag

n i tu d e  ac ro ss  frequency  a re  dependent on th e  s t im u lus  p a t t e r n  used to  de

te rm ine  th e  DLI. F igure  6 d e p ic t s  t h i s  i n t e r a c t i o n  g r a p h ic a l l y .  The 

g rand  mean DLI v a lu es  fo r  each experim en ta l c o n d i t io n  r e p o r te d  in  Table 

2 were used to  compute each of th e  fou r  d a ta  p o in t s  shown in  t h i s  f ig u r e .  

The d a ta  p o in t s  la b e le d  C r e p re s e n t  th e  combined averages o f  the  D LI's  

o b ta ined  in  q u ie t  and no ise  w ith  th e  continuous-background s t im u lus  o f  

500 Hz and of 4000 Hz. The d a ta  p o in ts  la b e le d  I r e p r e s e n t  th e  combined 

averages  o f  the D LI's  ob ta in ed  in  q u ie t  and n o ise  w ith  th e  in t e r r u p te d -  

background s tim ulus  of 500 Hz and 4000 Hz.

I t  may be seen from the  f ig u re  t h a t  th e  d i f f e r e n c e  between th e  

D L I's  ob ta ined  with th e  in te r r u p te d - s t im u lu s  p a t t e r n  of 500 Hz and 4000 

Hz i s  not la rg e  bu t  t h a t  th e r e  i s  a c o n s id e ra b le  d i f f e r e n c e  between th e  

D LI's  ob ta ined  w ith  th e  c o n t in u o u s -s t im u lu s  p a t t e r n  a t  th e  two t e s t  f r e 

q u en c ies .  I t  ap p ea rs ,  then ,  t h a t  th e  s i g n i f i c a n t  main e f f e c t  fo r  f r e 

quency i s  based p r im a r i ly  on the  marked d i f f e r e n c e  between th e  magnitudes 

of DLI's  o b ta ined  a t  500 Hz and 4000 Hz w ith  th e  continuous-background 

s t im u lu s .

F igure  6 a l s o  p r e s e n ts  in fo rm a tio n  r e le v a n t  to  th e  s ig n i f ic a n c e  

of th e  main e f f e c t  f o r  backgrounds noted in  th e  o v e ra l l  a n a l y s i s .  I t  ap

p e a rs  from t h i s  graph t h a t  th e  s i g n i f i c a n t  d i f f e r e n c e  between background- 

s t im u lu s  p a t t e r n s  may be a t t r i b u t a b l e  p r im a r i ly  to  th e  d i f f e r e n c e s  be

tween the  r e s u l t s  o b ta ined  w ith  th e  con tinuous  and i n t e r r u p t e d  s t im u lus
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F igu re  6. P lo t  of frequency x background i n t e r a c t i o n .  Po in ts  
la b e le d  C and I r e p r e s e n t  mean DLI's averaged ac ro s s  no ise  le v e ls  and ob
ta in e d  w ith  th e  con tinuous and in te r ru p te d  backgrounds, r e s p e c t iv e ly ,  a t  
each t e s t  frequency .
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p a t t e r n s  a t  4000 Hz. A s u b -a n a ly s is  o f  v a r ian ce  was performed to  perm it 

e v a lu a t io n  of the  d i f f e r e n c e s  o b ta in ed  w ith  the  two s tim u lus  p a t t e r n s  

s e p a r a t e ly  a t  each t e s t  f requency .  This a n a ly s i s  i s  p re sen te d  in  Table 

5 which shows t h a t  th e  d i f f e r e n c e  between the  two backgrounds a t  500 Hz 

i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  There i s ,  however, a s i g n i f i c a n t  d i f 

fe re n c e  between th e  two backgrounds a t  4000 Hz where a sm a l le r  DLI was 

o b ta in ed  w ith  the  con tinuous-background s t im u lu s .  The outcome of th e  

t e s t  was found to  be s i g n i f i c a n t  beyond the  .005 le v e l  of co n f id e n ce .

TAÜLE 5

SUMMARY OF ANALYSIS OF VARIANCE OF FREQUENCY x BACKGROUND INTERACTION 
IN WHICH THE DATA OBTAINED WITH THE CONTINUOUS BACKGROUND ARE 

COMPARED WITH THE DATA OBTAINED WITH THE INTERRUPTED 
BACKGROUND ACROSS NOISE LEVELS AT 

500 Hz AND AT 4000 Hz

Source Degrees of 
Freedom

Sum of 
Squares

Mean
Square

F

C vs I w i th in  4000 Hz 1 1.028 1.028 22.348*
S u b je c ts  X Background

w ith in  4000 Hz 7 .320 .046

C vs I w i th in  500 Hz 1 .097 .097 2.939
S u b je c ts  X Background

w ith in  500 Hz 7 .230 .033

^ S ig n i f i c a n t  beyond th e  .005 le v e l  of confidence .

Background x n o ise  l e v e l  i n t e r a c t i o n .

In a d d i t io n  t o  th e  i n t e r a c t i o n  of background w ith  frequency ,  the 

o v e r a l l  a n a ly s i s  shows t h a t  a s i g n i f i c a n t  i n t e r a c t i o n  a lso  e x i s t s  between 

background and no ise  l e v e l .  In o th e r  words, the  magnitude of th e  DLI ob

t a in e d  w ith  e i t h e r  o f  th e  two s t im u lu s  p a t t e r n s  depends upon w hether or
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no t n o is e  i s  p re se n te d  to  th e  c o n t r a l a t e r a l  e a r .  F igu re  7 i s  a graph of 

th e  r e l a t i o n s h i p  i n  q u e s t io n .  The grand mean DLI's f o r  each experim en ta l 

c o n d i t io n  r e p o r te d  in Table 2 were again  used to  compute each of th e  fou r  

d a ta  p o in t s  shown. The d a ta  p o in ts  la b e led  N r e p re s e n t  an average of th e  

mean D LI's  o b ta in e d  in  n o is e  a t  b o th  t e s t  f req u en c ie s  w ith  th e  con t inuous-  

background s t im u lu s  and w ith  th e  in te r ru p ted -b ack g ro u n d  s t im u lu s .  The 

d a ta  p o in t s  l a b e le d  Q r e p r e s e n t  th e  average of the  mean DLI's  in  q u ie t  

a t  bo th  f re q u e n c ie s  o b ta in e d  w ith  th e  continuous-background s t im u lu s  as 

w ell as w ith  th e  in te r ru p te d -b a c k g ro u n d  s t im u lu s .  T here fo re ,  th e  p o in t s  

N r e p r e s e n t  th e  d a ta  o b ta in e d  under the  c o n t r a l a t e r a l - n o i s e  c o n d i t io n  

averaged over both  f r e q u e n c ie s ,  w h ile  th e  p o in t s  Q r e p re s e n t  th e  d a ta  ob

t a in e d  d u r in g  th e  q u ie t  e x p e r im en ta l  co n d i t io n s  averaged over both  t e s t  

f r e q u e n c ie s .

I t  appears  from th e  graph t h a t  th e  e f f e c t  of c o n t r a l a t e r a l  n o ise  

on th e  DLI i s  no t the  same fo r  both  background p a t t e r n s .  A s u b -a n a ly s is  

of v a r ia n c e  was perform ed to  e lu c id a t e  th e  background x no ise  l e v e l  i n t e r 

a c t io n  and to  de term ine i f  th e  observed d i f f e r e n c e s  were of s t a t i s t i c a l  

s i g n i f i c a n c e .  This a n a l y s i s  i s  p re se n te d  in  Table 6 . The t a b l e  shows 

t h a t  on ly  th e  d i f f e r e n c e  between no ise  l e v e l s  under the  in te r r u p te d - b a c k 

ground c o n d i t io n  i s  s i g n i f i c a n t .  The va lue  o f  F y ie ld e d  by th e  a n a ly s i s  

i s  s i g n i f i c a n t  beyond th e  .005 l e v e l  of con fidence .  Any d i f f e r e n c e  ex

i s t i n g  between th e  q u ie t  and n o ise  c o n d i t io n s  fo r  th e  con t inuous-back -  

ground s t im u lu s  f a i l e d  t o  achieve s ig n i f i c a n c e  a t  th e  .05 l e v e l  o f  c o n f i 

dence.

I t  would appear from th e  r e s u l t s  of t h i s  a n a ly s i s  t h a t  th e  e f 

f e c t  of c o n t r a l a t e r a l  n o is e  i s  s i g n i f i c a n t  on ly  fo r  th e  DLI's o b ta ined
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Background Stim ulus P a t te rn

F igure 7 . P lo t  o f  background x n o ise  le v e l  i n t e r a c t i o n .  Po in ts  
l a b e le d  Q and N r e p re s e n t  mean D LI's  averaged ac ross  both f req u en c ie s  
and o b ta in ed  in q u ie t  and in  n o is e ,  r e s p e c t iv e ly ,  w ith  the  continuous 
and in t e r r u p te d  p ro ced u re s .
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TABLE 6

SUMMARY OF ANALYSIS OF VARIANCE OF BACKGROUND x NOISE LEVEL INTERACTION 
IN WHICH THE DATA OBTAINED IN QUIET ARE COMPARED WITH THE DATA 

OBTAINED IN NOISE AVERAGED OVER FREQUENCY WITHIN THE 
CONTINUOUS BACKGROUND AND WITHIN THE 

INTERRUPTED BACKGROUND CONDITIONS

Source Degrees of 
Freedom

Sum of  
Squares

Mean
Square

F

Noise vs Q uiet w ith in  
Continuous 1 .011 .011 .846

S u b je c ts  X Noise Level 
w i th in  Continuous 7 .089 .013

Noise vs Q uiet w ith in  
I n te r r u p t e d 1 .214 .214 42.800*

S u b je c ts  X Noise Level 
w i th in  In te r ru p te d 7 .037 .005

S ig n i f i c a n t  beyond the  .005 le v e l  o f  confidence .

w ith  th e  in t e r r u p te d  background. However, in  a subsequent a n a ly s i s  which 

i s  p re se n te d  l a t e r  a s i g n i f i c a n t  d i f f e r e n c e  was found between D LI's  ob

ta in e d  in  q u ie t  and n o ise  w ith  th e  continuous background a t  4000 Hz. The 

a n a ly s i s  p re sen te d  in  Table 6, of co u rse ,  i s  based on D LI's  averaged 

a c ro s s  both  t e s t  f re q u e n c ie s  and i t  i s  t h i s  averag ing  which obscures  the  

s i g n i f i c a n t  d i f f e r e n c e  between no ise  l e v e l s  f o r  th e  con tinuous background 

a t  4000 Hz. F igure  8 i l l u s t r a t e s  t h i s  p o in t  and shows t h a t  th e  mean DLI 

o b ta in ed  w ith  th e  con tinuous background d ec re ase s  in  magnitude from the  

q u ie t  t o  no ise  c o n d i t io n s  a t  4000 Hz, b u t  t h e r e  i s  a s l i g h t  in c re a se  in 

magnitude of th e  mean DLI a t  500 Hz from q u ie t  to  n o is e .  In c o n t r a s t ,  

th e  mean DLI in c re a sed  in  magnitude from the  q u ie t  to  n o ise  c o n d i t io n s  

a t  bo th  t e s t  f r e q u e n c ie s .  T h ere fo re ,  averag ing  th e s e  r e l a t i o n s h i p s  ac ro ss  

f r e q u e n c ie s  tends  t o  obscure the  change in  DLI s i z e  b rought about by the
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F igure  8. P lo t  of the  grand mean DLI in dB fo r  each experimen
t a l  c o n d i t io n  averaged ac ro ss  a l l  s u b je c t s .  Solid  l i n e s  connect th e  
D L I 's  ob ta ined  with the  continuous background and th e  dashed l i n e s  con
n e c t  th e  DLI's  ob ta ined  w ith th e  in te r ru p te d  background. The frequency  
a t  which each DLI was o b ta ined  i s  a lso  in d ic a te d  on each l i n e .
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in f lu e n c e  o f  c o n t r a l a t e r a l  n o ise  on th e  c o n tin u o u s  background a t  4000 Hz, 

w h ile  th e  changes in DLI s iz e  from q u ie t  t o  n o ise  fo r  th e  in te r ru p te d  

background a re  no t  s i m i l a r l y  a f f e c t e d  by av e ra g in g .

Frequency x background x n o ise  l e v e l  i n t e r a c t i o n .

F ig u re  8 a lso  shows t h a t  th e  mean D LI's  ob ta ined  w ith  the  con

t inuous-backg round  s t im u lu s  a t  500 Hz a re  l a r g e r  in  q u ie t  and no ise  than  

th e  mean D L I 's  ob ta ined  w ith  th e  i n t e r r u p t e d  background, bu t the  mean 

D L I 's  o b ta in ed  a t  4000 Hz w ith  th e  i n t e r r u p t e d  background a re  la rg e r  a t  

bo th  no ise  l e v e l s  than th o se  o b ta in ed  w ith  th e  continuous background.

This  r e v e r s a l  of r e l a t i o n s h ip  f o r  backgrounds and no ise  l e v e l s  a t  the  two 

f re q u e n c ie s  appears  to  account f o r  th e  s i g n i f i c a n t  second o rder i n t e r a c 

t i o n  found in  th e  o v e ra l l  a n a ly s i s  o f  v a r i a n c e .

As mentioned p re v io u s ly ,  th e  p re s e n c e  o f  s i g n i f i c a n t  i n t e r a c t io n  

i n d i c a t e s  t h a t  th e  simple e f f e c t s  of a f a c t o r  d i f f e r  from le v e l  to  le v e l  

o f  an o th e r  f a c t o r  so t h a t  i n t e r p r e t a t i o n  of a f a c t o r ' s  in f lu e n c e  n eces 

s i t a t e s  an exam ination of i t s  simple e f f e c t s  a t  each l e v e l .  In l i k e  man

n e r ,  th e  i n t e r p r e t a t i o n  of th e  s i g n i f i c a n t  second o rder i n t e r a c t io n  ne

c e s s i t a t e s  th e  e v a lu a t io n  o f  th e  sim ple i n t e r a c t i o n  o f  two f a c to r s  w ith in  

th e  le v e l s  of th e  remaining f a c t o r .  Toward t h i s  end, an a n a ly s i s  of v a r 

ia n ce  was performed comparing th e  i n t e r a c t i o n  of backgrounds and no ise  

l e v e l s  w ith in  each of th e  t e s t  f r e q u e n c ie s .  The r e s u l t s  of th e  a n a ly s i s  

a re  p re s e n te d  in  Table 7 .

This  a n a ly s i s  shows a s i g n i f i c a n t  sim ple i n t e r a c t i o n  between 

background and no ise  l e v e l  a t  th e  .05 l e v e l  of confidence  w ith in  500 Hz 

and a t  th e  .005 le v e l  o f  confidence  w ith in  4000 Hz. Thus, th e  s i g n i f i 

c a n t  frequency  x background x n o ise  l e v e l  i n t e r a c t i o n  r e p o r te d  in the
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o v e r a l l  a n a ly s i s  h i g h l i g h t s  th e  f a c t  t h a t  th e  D LI's  ob ta ined  w ith  the  

con tinuous background a re  l a r g e r  than  th o se  ob ta ined  w ith  th e  in t e r r u p te d  

background a t  500 Hz, bu t  a re  sm a l le r  than  th o se  ob ta ined  w ith  th e  i n t e r 

ru p ted  background a t  4000 Hz in  bo th  th e  q u ie t  and no ise  c o n d i t io n s .

TABLE 7

SUMMARY OF ANALYSIS OF VARIANCE OF THE BACKGROUND x NOISE LEVEL 
SIMPLE INTERACTION WITHIN 500 Hz AND WITHIN 4000 Hz

Source Degrees of 
Freedom

Sum of 
Squares

Mean p 
Square

Background x Noise Level 
w i th in  500 Hz 1 .041 .041 5.857^

S u b je c ts  X Background x
Noise Level w ith in  500 Hz 7 .052 .007

Background x Noise Level 
w i th in  4000 Hz 1 .129 .129 25.800^

S u b je c ts  X Background x Noise 
Level w i th in  4000 Hz 7 .038 .005

^ S ig n i f ic a n t  a t  .05  l e v e l  of co n f id e n ce .  

^ S ig n i f ic a n t  a t  .005 l e v e l  of c o n f id e n c e .

A nalys is  o f  th e  E f f e c t  of C o n t r a la te r a l  
Noise on DLI Magnitude

The main concern of t h i s  in v e s t ig a t i o n  was to  de term ine  i f  con

t r a l a t e r a l  n o ise  s t im u la t io n  a f f e c t s  th e  magnitude of the  DLI ob ta ined  

w ith  v a r i a t i o n s  of the  q u a n ta l  s t im u lu s  p a t t e r n  d i f f e r e n t l y ,  depending 

upon whether th e  background s t im u lu s  i s  con tinuous  or d isc o n t in u o u s  in  

c h a r a c t e r .  A f i n a l  a n a l y s i s  o f  v a r ia n c e  was performed f i r s t  t o  t e s t  th e  

s ig n i f i c a n c e  of th e  d i f f e r e n c e s  observed between the  D LI's  in  q u ie t  and 

in  n o ise  f o r  each background a t  each t e s t  frequency .  This a l s o  p e rm it te d
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o v e r a l l  a n a ly s i s  h ig h l ig h t s  th e  f a c t  t h a t  th e  D L I 's  o b ta ined  w ith  the  

con tinuous  background a re  l a rg e r  than th o se  o b ta in ed  w ith  the  in t e r r u p te d  

background a t  500 Hz, bu t  a re  sm alle r  than  th o se  o b ta in ed  w ith  th e  i n t e r 

ru p te d  background a t  4000 Hz in both th e  q u ie t  and n o ise  c o n d i t io n s .

TABLE 7

SUMMARY OF ANALYSIS OF VARIANCE OF THE BACKGROUND x NOISE LEVEL 
SIMPLE INTERACTION WITHIN 500 Hz AND WITHIN 4000 Hz

Source Degrees of 
Freedom

Sum of 
Squares

Mean p 
Square

Background x Noise Level 
w i th in  500 Hz 1 .041 .041 5.857®

S u b je c ts  X Background x
Noise Level w i th in  500 Hz 7 .052 .007

Background x Noise Level 
w i th in  4000 Hz 1 .129 .129 25.800^

S u b je c ts  X Background x Noise 
Level w i th in  4000 Hz 7 .038 .005

^ S ig n i f i c a n t  a t  .05 le v e l  of co n f id en ce .  

^ S i g n i f i c a n t  a t  .005 le v e l  o f  confidence .

A nalysis  of th e  E f f e c t  of C o n t r a la te r a l  
Noise on DLI Magnitude

The main concern of t h i s  in v e s t ig a t io n  was to  de term ine  i f  con

t r a l a t e r a l  n o ise  s t im u la t io n  a f f e c t s  th e  magnitude of th e  DLI o b ta in ed  

w ith  v a r i a t i o n s  of th e  q u a n ta l  s t im u lu s  p a t t e r n  d i f f e r e n t l y ,  depending 

upon w hether th e  background s tim ulus  i s  continuous or d is c o n t in u o u s  in  

c h a r a c t e r .  A f i n a l  a n a ly s i s  of v a r ia n c e  was performed f i r s t  t o  t e s t  the  

s ig n i f i c a n c e  o f  the  d i f f e r e n c e s  observed between th e  D L I 's  in  q u ie t  and 

in  n o ise  f o r  each background a t  each t e s t  f req u en cy .  T his  a l s o  p e rm it ted
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a more d i r e c t  comparison of the  p r e s e n t  f in d in g s  w ith  th e  l i t e r a t u r e  con

ce rn in g  th e  e f f e c t  o f  c o n t r a l a t e r a l  s t im u la t io n  on DLI s i z e .

The d i f f e r e n c e s  observed among the  mean DLI v a lu e s  p re s e n te d  in  

Table 2 suggest t h a t  d i f f e r e n t i a l  s e n s i t i v i t y  fo r  i n t e n s i t y  as measured 

w ith  th e  in t e r r u p te d  background was ad v e rse ly  a f f e c t e d  by c o n t r a l a t e r a l  

n o ise  a t  bo th  500 and 4000 Hz. When D LI's  were o b ta in ed  w ith  th e  con

t in u o u s  background, however, c o n t r a l a t e r a l  no ise  appeared to  have a f a -  

c i l i t a t i v e  e f f e c t  on DLI magnitude a t  4000 Hz, bu t  a s l i g h t l y  adverse  e f 

f e c t  a t  500 Hz. To eva lua te  th e  s t a t i s t i c a l  s ig n i f i c a n c e  of th e s e  changes 

in  DLI magnitude an a n a ly s is  o f  v a r ia n c e  was performed in  which th e  DLI's 

ob ta ined  in  q u ie t  were compared w ith  th o se  ob ta ined  in  th e  p resence  of 

c o n t r a l a t e r a l  n o ise  s t im u la t io n .  The r e s u l t s  of t h i s  a n a ly s i s  appear in  

Table 8. The r e s u l t s  show th e  d i f f e r e n c e s  between th e  D L I 's  ob ta in ed  in  

q u ie t  and in  no ise  t o  be s i g n i f i c a n t  a t  th e  .025 l e v e l  o f  confidence  fo r  

both  background p a t te r n s  a t  4000 Hz and fo r  the  in t e r r u p te d  background 

a t  500 Hz. The d if fe re n c e  between DLI's  ob ta ined  in  q u i e t  and in  no ise  

w ith  th e  con tinuous background a t  500 Hz f a i l e d  to  ach iev e  s ig n i f i c a n c e  

a t  th e  .05 l e v e l  of confidence.

These r e s u l t s  are g e n e r a l ly  in  agreement w i th  th e  f in d in g s  of 

bo th  Blegvad and Terk ildsen  (3) and Chocholle and S a u ln ie r  (9 ) .  Compari

sons w ith  th e  r e s u l t s  of each of th e se  e a r l i e r  i n v e s t i g a t i o n s  a re  p r e 

sen ted  in  th e  nex t  s ec tio n .

Comparison of the R esu lts  o f  the  P re sen t  Study w ith  
Those Obtained by Blegvad and T e rk i ld sen  

and by Chocholle and S au ln ie r

I t  w i l l  be r e c a l le d  t h a t  Blegvad and T e rk i ld se n  used a c o n t in u 

ous-background q u an ta l  stim ulus p a t t e r n  to  measure i n t e n s iv e  d is c r im in a -
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TABLE 8

SUMMARY OF ANALYSIS OF VARIANCE COMPARING TOE DLI’ s MEASURED IN 
QUIET WITH THOSE MEASURED IN NOISE FOR EACH COMBINATION 

OF BACKGROUND AND FREQUENCY

Source Degrees of 
Freedom

Sum of 
Squares

Mean
Square

F

Q uie t vs Noise w ith in
C ontinuous a t  4000 Hz 

S u b je c ts  X Noise Level 
w i th in  Continuous a t

1 .040 ,040 10.00*

4000 Hz 7 .028 .004

Q uie t vs Noise w ith in
I n t e r r u p t e d  a t  4000 Hz 

S u b je c ts  X Noise Level 
w i th in  In te r ru p te d  a t

1 .095 .095 9.50*

4000 Hz 7 .071 .010

Q uie t vs N oise w ith in
C ontinuous a t  500 Hz 

S u b je c ts  X Noise Level 
w i th in  Continuous a t

1 .004 .004 .222

500 Hz 7 .127 .018

Q uie t vs Noise w ith in
I n t e r r u p t e d  a t  500 Hz 

S u b je c ts  X Noise Level 
w i th in  In te r ru p te d  a t

1 .119 .119 11.90*

500 Hz 7 .070 .010

^ S ig n i f i c a n t  a t  the  .025 le v e l  of confidence .

t i o n .  They o b ta in ed  D L I 's  (d e f in e d  as th e  f i f t y  p e r  cen t p o in t  on a r e c 

t i l i n e a r  psychom etric  fu n c t io n )  in q u ie t  and with t h r e e  le v e l s  o f  c o n t ra 

l a t e r a l  n o is e  s t im u la t io n .  Their  r e s u l t s  a t  1000 and 4000 Hz show t h a t  

th e  a d d i t io n  of no ise  to  th e  c o n t r a l a t e r a l  e a r  r e s u l t e d  in  a s i g n i f i c a n t  

r e d u c t io n  in DLI magnitude w hile  th e  c o n t r a l a t e r a l  s t im u la t io n  caused a 

s i g n i f i c a n t  in c re a s e  in  th e  magnitude of th e  DLI a t  250 Hz.
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In th e  p r e s e n t  s tu d y ,  a s im i la r  e f f e c t  was noted a t  4000 Hz, th e  

only  frequency  common t o  both s tu d i e s .  The DLI a t  t h i s  frequency was 

found to  be s i g n i f i c a n t l y  reduced in magnitude in  th e  p resence of c o n t r a 

l a t e r a l  no ise  s t im u la t io n  fo r  th e  continuous-background s t im u lu s .  A s i g 

n i f i c a n t  d i f f e r e n c e  was no t found between th e  D LI's  ob ta ined  in  q u ie t  and 

in  n o is e  w ith  th e  con tinuous  background a t  500 Hz. I t  i s  i n t e r e s t i n g  t o  

no te  t h a t  t h i s  frequency  l i e s  between 1000 Hz where Blegvad and T erk i ld sen  

found a s l i g h t  f a c i l i t a t i v e  e f f e c t  and 250 Hz where they  found a d e t e r i o 

r a t i o n  in performance.

Chocholle and S a u ln ie r  (9 ) ,  on th e  o th e r  hand, used a d i s c o n t in 

uous q u an ta l  s t im u lus  p a t t e r n  to  measure i n t e n s iv e  d is c r im in a t io n  a t  

1000 Hz. They found a tendency  f o r  th e  DLI to  be l a r g e r  in  th e  p resence  

o f  in t e r r u p te d  c o n t r a l a t e r a l  n o is e  s t im u la t io n  th a n  in  q u ie t ,  bu t  a s t a 

t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  was found fo r  on ly  one o f  t h e i r  fou r  

s u b je c t s .

The r e s u l t s  o f  th e  p r e s e n t  i n v e s t i g a t i o n  a t  both t e s t  f requen

c ie s  show a s h i f t  in  DLI magnitude from q u ie t  to  n o ise  s im i la r  to  t h a t  

found by Chocholle and S a u ln ie r .  S p e c i f i c a l l y ,  th e  DLI's o b ta ined  in  

n o is e  were l a rg e r  than  th o se  in  q u ie t  f o r  th e  in te rrup ted -b ack g ro u n d  

s t im u lu s  o f  e i t h e r  500 Hz o r  4000 Hz. The d i f f e r e n c e s  were found to  be 

s t a t i s t i c a l l y  s i g n i f i c a n t  a t  th e  .025 l e v e l  o f  confidence  a t  both f r e 

q u en c ie s .

Taken to g e th e r ,  th e  r e s u l t s  of C hocholle  and S a u ln ie r  and th e  

p r e s e n t  i n v e s t ig a t io n  su g g es t  t h a t  c o n t r a l a t e r a l  n o ise  s t im u la t io n  has 

an adverse  e f f e c t  on d i f f e r e n t i a l  s e n s i t i v i t y  over a wide frequency range 

when th e  background s t im u lu s  i s  i n t e r r u p te d .  In c o n t r a s t ,  th e  j o i n t  r e 
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s u i t s  o f  Blegvad and T e rk i ld sen  and of th e  p r e s e n t  s tudy  sugges t a f r e 

quency-dependent c h a r a c t e r i s t i c  f o r  c o n t r a l a t e r a l  n o ise  s t i m u la t io n 's  

f a c i l i t a t i v e  e f f e c t  on d i f f e r e n t i a l  s e n s i t i v i t y .  A f a c i l i t a t i v e  e f f e c t  

on DLI magnitude appears  to  r e s u l t  on ly  when th e  t e s t  frequency i s  ap

p ro x im a te ly  1000 Hz o r  above, w hile  a d e t e r i o r a t i o n  of performance ap

p ea rs  t o  o b ta in  f o r  lower t e s t  f r e q u e n c ie s .

D iscussion

The r e s u l t s  o f  th e  a n a ly se s  of v a r ia n c e  emphasize the  com plexity  

of th e  in f lu e n c e  of frequency ,  background, and n o ise  lev e l  on DLI magni

tu d e .  N e v e r th e le s s ,  th e  fo llow ing  g e n e r a l i z a t io n s  may be drawn:

(1 )  D if fe re n c e s  in  DLI magnitude were observed between measures 

o b ta in ed  a t  th e  two t e s t  f re q u e n c ie s .  The d i f f e r e n c e s  appeared to  be r e 

l a t e d  t o  th e  tem poral c h a r a c t e r i s t i c s  of th e  measurement s t im u lu s .

a .  The in te r ru p ted -b ac k g ro u n d  s t im u lu s  y ie ld e d  measures 

t h a t  v a r ie d  only  s l i g h t l y  in  magnitude a c ro s s  f re q u e n c ie s .

b . The continuous-background s t im u lu s  y ie ld e d  measures 

t h a t  v a r ie d  s i g n i f i c a n t l y  in  magnitude a c ro s s  f re q u e n c ie s .

S m aller  DLI's  were ob ta ined  a t  4000 Hz than  a t  500 Hz f o r  both  

n o is e  l e v e l s .

(2 ) The p resence  of c o n t r a l a t e r a l  n o ise  s t im u la t io n  d u r in g  DLI 

measurements a f f e c t e d  d i f f e r e n t l y  th e  magnitudes of th e  DLI's o b ta in ed  

w ith  th e  in te r ru p ted -b ac k g ro u n d  s t im u lu s  v e rsu s  th e  continuous-background 

s t im u lu s .

a .  The in t ro d u c t io n  of n o ise  t o  th e  o p p o s i te  ear under th e  

in te r ru p te d -b a c k g ro u n d  c o n d i t io n  caused a s i g n i f i c a n t  d e t e r i o r a 

t i o n  o f  d i f f e r e n t i a l  s e n s i t i v i t y  a t  b o th  500 and 4000 Hz. The
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m agnitudes o f  th e  changes were s im i la r  a t  th e  two experim enta l 

f r e q u e n c ie s .

b . The in t ro d u c t io n  of n o ise  to  th e  o p p o s i te  e a r  under th e  

con tinuous-background  c o n d i t io n  produced c o n t r a s t in g  r e s u l t s  a t  

th e  two experim en ta l f r e q u e n c ie s .  There was no s i g n i f i c a n t  

change in  d i f f e r e n t i a l  s e n s i t i v i t y  a t  500 Hz compared to  t h a t  

measured in  q u i e t ,  whereas d i f f e r e n t i a l  s e n s i t i v i t y  a t  4000 Hz 

in th e  p resen ce  o f  c o n t r a l a t e r a l  no ise  was s i g n i f i c a n t l y  s u p e r io r  

to  th e  perform ance in  q u ie t .

In g e n e ra l ,  th e  r e s u l t s  support an a f f i r m a t iv e  answer to  th e  

q u e s t io n ,  "Does th e  in t ro d u c t io n  of c o n t r a l a t e r a l  n o ise  a f f e c t  th e  mag

n i tu d e  o f  th e  DLI d i f f e r e n t l y  depending upon whether th e  measurement 

s t im u lu s  i s  i n t e r r u p te d  o r  con tinuous in  c h a ra c te r? "  The n a tu re  o f  the  

p ro c e s se s  u n d e r ly in g  th e  observed b eh av io r ,  however, i s  open to  sp ecu la 

t i o n .

The f i r s t  g e n e r a l i z a t io n  o u t l in e d  above appears  to  be consonant 

w ith  th e  o b se rv a t io n  o f  H a r r i s  (20) concerning th e  v a r i a t i o n  in  DLI mag

n i tu d e  a c ro s s  frequency . H a r r i s  found t h a t  th e  DLI o b ta in ed  w ith  e i t h e r  

Loudness-M odulation o r  Loudness-Masking te c h n iq u e s  in v o lv in g  r e l a t i v e l y  

p ro longed  s t im u la t io n  i s  a f f e c te d  by d i f f e r e n c e s  in  t e s t  frequency , w hile  

t h a t  o b ta in e d  w ith  th e  Pure-Tone Loudness-Memory ta sk  in  which th e  s t im 

u l i  are  p r e s e n te d  fo r  r e l a t i v e l y  s h o r t  p e r io d s  o f  time i s  l e s s  in f lu en ced  

by f requency  d i f f e r e n c e s .  The continuous-background s t im u lus  used in  

th e  p r e s e n t  s tudy  c o n s t i t u t e s  a Loudness-Masking t a s k ,  w hile  th e  i n t e r 

rup ted -background  s t im u lu s  sh a re s  th e  c h a r a c t e r i s t i c  of r e l a t i v e l y  b r i e f  

s t im u lu s  d u r a t io n  w ith  th e  Loudness-Memory t a s k .  I t  would appear, th e n .
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t h a t  th e  v a r i a t i o n  in  DLI magnitude ac ro ss  frequency may depend, in  p a r t ,  

on whether the  t e s t  procedure  invo lves  prolonged or r e l a t i v e l y  s h o r t - te rm  

s t im u la t io n  of the t e s t  e a r .

P o r t io n s  of th e  r e s u l t s  of the  c u r r e n t  in v e s t ig a t io n  a re  a l so  in 

e x c e l l e n t  agreement w ith  those  of E n d ic o t t  ( iv )  who employed s t im u lu s  p a t 

t e r n s  w ith  temporal c h a r a c t e r i s t i c s  s im i la r  to  those  used in  th e  p re s e n t  

i n v e s t i g a t i o n .  E n d ic o t t  found sm alle r  DLI's  a t  4000 Hz w ith  a c o n t in u 

ous-background p a t t e r n  than  w ith  an in te r r u p te d  p a t t e r n .  He a t t r i b u t e d  

t h i s  d i f f e r e n c e  to  a d a p ta t io n ,  s in c e  he dem onstrated  t h a t  more a d a p ta t io n  

had taken  p la c e  d u ring  th e  con tinuous c o n d i t io n  than  during th e  i n t e r 

ru p te d  c o n d i t io n .  E n d ico t t  concluded t h a t  ad ap ta t io n  has a f a c i l i t a t i v e  

e f f e c t  upon in te n s iv e  d i s c r im in a t io n  and sp ecu la ted  th a t  a d a p ta t io n  r e 

s u l t s  in  a reduced le v e l  of background n eu ra l  a c t i v i t y  a g a in s t  which th e  

n e u ra l  a c t i v i t y  g en e ra ted  by th e  am plitude increments i s  more e a s i l y  p e r 

c e iv e d .  This s p e c u la t io n  i s  consonant w ith  th e  f in d in g s  of b o th  Hood 

(23) and J e r g e r  (30 ).  Hood observed t h a t  o n -e f f e c t  no rm ali ty  may be 

m a in ta ined  in  the  p resence  of a d a p ta t io n .  J e rg e r  rep o r te d  t h a t  increm ents 

superim posed on a background tone  may remain d e te c ta b le  d e s p i t e  th e  decay 

o f  th e  background tone  beyond th e  th r e s h o ld  of a u d i b i l i t y .  Based on 

th e s e  f in d in g s ,  i t  seems rea so n ab le  to  assume th a t  the  d i f f e r e n c e  ob

served  in  th e  p re s e n t  s tudy  between the  r e s u l t s  ob ta ined  w ith  th e  d is s im 

i l a r  background p a t t e r n s  a t  4000 Hz may, a t  l e a s t  in  p a r t ,  be a t t r i b u t a 

b le  to  a g r e a t e r  amount of a d a p ta t io n  be ing  produced a t  t h i s  frequency  

by th e  continuous-background s t im u lu s .

The second g e n e r a l iz a t io n  d esc r ib e d  above c h a r a c te r i z e s  th e  r e 

s u l t s  ob ta in ed  when c o n t r a l a t e r a l  no ise  s t im u la t io n  was in t ro d u ced  in to
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th e  t e s t  s i t u a t i o n .  I t  would seem reaso n ab le  to  suppose t h a t  whatever 

e f f e c t  might be a t t r i b u t a b l e  to  c o n t r a l a t e r a l  noise was added to  o r  

superimposed upon th e  e f f e c t  a t t r i b u t a b l e  t o  the  to n a l  s t im u lu s  a lone , 

s in ce  the  s t im u l i  p re s e n te d  to  th e  t e s t  e a r  were i d e n t i c a l  in  both  the  

q u ie t  and n o ise  c o n d i t io n s .

In an e f f o r t  t o  e x p la in  th e  r e s u l t s  o f  t h e i r  in v e s t i g a t i o n ,  

Blegvad and T e rk i ld sen  (3) suggested  th e  p o s s i b i l i t y  t h a t  c o n t r a l a t e r a l  

no ise  s t im u la t io n  e x e r te d  i t s  in f lu e n c e  on d i f f e r e n t i a l  s e n s i t i v i t y  by 

means o f  an ad ap t iv e  p ro c e s s .  The no tion  i s  ap p ea lin g ,  p a r t i c u l a r l y  in 

l i g h t  o f  E n d i c o t t ' s  conc lusions  ( iv )  and m ight s u f f i c e  t o  e x p la in  the  

p re s e n t  r e s u l t s  o b ta in ed  under th e  continuous background c o n d i t io n .  I t  

does no t  appear adequa te ,  however, to  account fo r  th e  s i g n i f i c a n t  d e t e r i 

o ra t io n  of d i f f e r e n t i a l  s e n s i t i v i t y  a s s o c ia te d  with th e  in t ro d u c t io n  of 

no ise  under the  in t e r r u p te d  c o n d i t io n .

In o rder  to  account adequa te ly  fo r  both  s e t s  of d a ta ,  a s in g le  

mechanism would a p p a re n t ly  have to  be capable  of caus ing  a d e t e r i o r a t i o n  

of d i f f e r e n t i a l  s e n s i t i v i t y  when s t im u l i  of r e l a t i v e l y  b r i e f  d u ra t io n  are  

used on th e  one hand, bu t  f a c i l i t a t i o n  of d i f f e r e n t i a l  s e n s i t i v i t y  when 

prolonged s t im u la t io n  i s  used on th e  o th e r .  A search  o f  th e  l i t e r a t u r e  

f a i l e d  to  d i s c l o s e  ev idence f o r  th e  e x i s te n c e  of such a mechanism. This 

prompted a thorough r e c o n s id e r a t io n  of th e  c h a r a c t e r i s t i c s  of the  measure

ment s t im u l i  which r e v e a le d  t h a t  a p a r t  from th e  obvious d i f f e r e n c e  in  

d u ra t io n  between th e  two experim ental s t im u l i  another im p o rtan t  d i s t i n c 

t i o n  e x i s t e d .

S p e c i f i c a l l y ,  th e  temporal r e l a t i o n s h ip  between th e  o n se t  o f  the  

background s t im ulus  and th e  onse t  o f  the  increm ents d i f f e r e d  r a d i c a l l y
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in  th e  two q u an ta l  p a t t e r n s .  Under th e  in te r ru p ted -b ac k g ro u n d  c o n d i t io n ,  

th e  increm ent always occu rred  a f t e r  a b r i e f ,  f ix e d  d e la y  w ith  r e s p e c t  to  

th e  o n se t  of th e  background s t im u lu s .  Under th e  continuous-background  

c o n d i t io n ,  however, th e  increm ents  occurred  a t  p ro g r e s s iv e ly  lo n g e r  de 

la y s  w ith  r e s p e c t  to  th e  s in g le  o n se t  o f  th e  background s t im u lu s .  Thus, 

each  increm ent under th e  in te r ru p ted -b ac k g ro u n d  co n d i t io n  was c lo s e ly  

p receded  by th e  o n se t  o f  th e  p e d e s ta l ,  w hile  only  th e  f i r s t  few i n c r e 

ments occurred  c lo se  to  th e  on se t  of th e  background under th e  con tinuous-  

background c o n d i t io n  and most a ro se  from a s t e a d y - s t a t e  background. This 

d i f f e r e n c e  between the  two s t im u lus  p a t t e r n s  sugges ted  t h a t  th e  lo c a t io n  

o f  an increm ent w ith  r e s p e c t  to  background o n se t  may a l s o  be an im portan t 

v a r i a b l e  a f f e c t in g  th e  measurement of d i f f e r e n t i a l  s e n s i t i v i t y .

Within t h i s  c o n te x t ,  th e  r e s u l t s  seemed to  r e f l e c t  th e  e x is te n c e  

o f  a mechanism which produces an i n i t i a l  d i s r u p t i v e  e f f e c t  t h a t  e v e n tu a l ly  

su b s id e s  in to  an o p p o s ite  kind of b eh av io r .  Hind, G oldberg, Greenwood 

and Rose (21) d e sc r ib e d  j u s t  such a mechanism in  t h e i r  i n v e s t i g a t i o n  of 

n e u ra l  sp ike  a c t i v i t y  in  th e  i n f e r i o r  c o l l i c u l u s  of th e  c a t  d u r in g  monau

r a l  and b in a u ra l  a c o u s t ic  s t im u la t io n .  An ex c e rp t  from t h e i r  d is c u s s io n  

may be i l lu m in a t in g :

Some o b se rv a t io n s  sugges t t h a t  a s t im u lus  which causes  a 
n e t  i n h i b i to r y  r e s u l t  may e x e r t ,  a t  l e a s t  f o r  an i n i t i a l  p e r io d  
of tim e, an e f f e c t  which i s  u s u a l ly  in t e r p r e te d  as th e  r e s u l t  
of e x c i t a t i o n .  Thus, when b in a u ra l  s t im u la t io n  r e s u l t s  in  fewer 
sp ik e s  than a re  produced by monaural s t im u la t io n ,  th e  b in a u ra l  
s t im u la t io n  may n e v e r th e le s s  cause an o n se t  b u r s t  w ith  a s h o r t e r  
l a t e n t  p e r io d  and p robab ly  a l a r g e r  number of sp ik e s  in  th e  on
s e t  b u r s t  than  i s  th e  case  fo r  th e  monaural e x c i t a t o r y  s t im u lu s .

Here i s  a p rocess  which appears  to  e x h ib i t  th e  c h a r a c t e r i s t i c s  

n e c e s s a ry  to  ex p la in  th e  r e s u l t s  ob ta ined  in  n o is e .  I f ,  as E n d ic o t t  sug

g e s t s ,  increm ent d e t e c t a b i l i t y  v a r i e s  w ith  th e  le v e l  of background neura l
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a c t i v i t y ,  th e n  i t  i s  c o n ce iv ab le  t h a t  c o n t r a l a t e r a l  s t im u la t io n  e x e r t s  

i t s  in f lu e n c e  on d e t e c t a b i l i t y  by a l t e r i n g  o r  in  some manner modifying 

such background a c t i v i t y ,  perhaps through th e  mechanism o f  b in a u ra l  ex

c i t a t i o n  and i n h i b i t i o n  as d e sc r ib e d  by Hind and h i s  c o l le a g u e s .

I f  c o n t r a l a t e r a l  n o ise  does, indeed , cause a more v igo rous  n eu ra l  

response  t o  th e  o n s e t  o f  th e  background than  t h a t  produced by the  back

ground in q u ie t ,  th e  in c re a se d  amount of n e u ra l  a c t i v i t y  r e s u l t i n g  from 

t h i s  i n t e r a c t i o n  could re n d e r  th e  c lo s e ly  fo llow ing  increm ent more d i f 

f i c u l t  to  d e t e c t  d u r in g  th e  in te r ru p te d -b a c k g ro u n d  c o n d i t io n .  During 

th e  continuous-background  c o n d i t io n ,  on th e  o th e r  hand, th e  i n i t i a l  b u r s t  

o f  neural a c t i v i t y  soon would subside  in t o  a n e t  i n h i b i to r y  e f f e c t  so 

t h a t  w hile  th e  d e t e c t a b i l i t y  o f  th e  f i r s t  few increm ents  in  a s e r i e s  might 

be ad v e rse ly  a f f e c t e d  by th e  o n s e t  a c t i v i t y ,  t h a t  of th e  rem aining in c r e 

ments might be enhanced by v i r t u e  of the  r e d u c t io n  of background n e u ra l  

a c t i v i t y  over  and above t h a t  a t t r i b u t a b l e  to  s im ple a d a p ta t io n .

T h is  d is c u s s io n  concern ing  th e  p o s s i b i l i t y  t h a t  th e  r e s u l t s  of 

th e  experim ent may be ex p la in ed  on th e  b a s i s  o f  a b in a u r a l ly  produced 

e x c i t a t i v e - i n h i b i t i v e  i n t e r p l a y  of neura l e lem en ts  i s ,  of cou rse ,  e n t i r e l y  

s p e c u la t iv e .  Moreover, in fo rm a tio n  p e r t i n e n t  t o  th e  h y p o th e s is  t h a t  th e  

temporal r e l a t i o n s h i p s  e x i s t i n g  between th e  o n s e t  of th e  background s t im 

u lu s  and th e  increm ents  may c o n s t i t u t e  a c r i t i c a l  f a c t o r  in  de term in ing  

th e  e f f e c t  o f  c o n t r a l a t e r a l  n o is e  s t im u la t io n  on th e  DLI appears  to  be 

la c k in g  in  t h e  p sy ch o aco u s t ic  l i t e r a t u r e .

C onsequen tly ,  in  the  i n t e r e s t  of com pleteness a sub-experim ent 

was undertaken  t o  i n v e s t i g a t e  th e  problem d i r e c t l y .  The experim en ta l 

s t im u l i  s e le c te d  resem bled th o s e  used in  th e  main experim ent excep t f o r
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th e  t im ing  of th e  in t ro d u c t io n  o f  th e  inc rem en ts .  These were in troduced  

v a r io u s l y  a t  z e ro ,  250, and 1000 msec d e lay s  w ith  r e s p e c t  t o  th e  o n se t  o f  

th e  background to n e .  The r i s e  tim e of th e  background tone was re v is e d  

from 50 msec t o  10 msec to  avo id  a d i s c o n t in u i t y  in  th e  envelope of the  

com posite  s ig n a l  under th e  z e ro -d e la y  c o n d i t io n .  The d u ra t io n  of the  

background to n e  was m ain ta ined  a t  2000 msec.

A f o u r th  c o n d i t io n  was in t ro d u ced  to  r e p re s e n t  d e te c t io n  p e r f o r 

mance a f t e r  a prolonged d e la y .  O r ig in a l ly ,  t h i s  took the  form of a d e la y  

o f  s e v e ra l  seconds between th e  o n s e t  of th e  background and t h a t  o f  th e  

inc rem en t,  b u t  t h i s  posed s e v e ra l  problem s. S p e c i f i c a l ly ,  i t  prolonged 

th e  t e s t  p rocedure  in o r d in a te ly  and th e  s u b je c t s ,  using  the  method of 

a d ju s tm e n t ,  tended to  " lo se  t h e i r  p la c e "  in  th e  ad justm ent t a s k  and were 

u nab le  to  a r r i v e  a t  a c r i t e r i o n  s e t t i n g  w ith in  a reasonab le  p e r io d  of 

t im e .  C onsequently ,  th e  con tinuous-background  s tim u lus  as used in  th e .  

main experim en t was s u b s t i t u t e d .  While t h i s  did  not r e p re s e n t  an ex ac t  

e x te n s io n  o f  th e  s t im u lu s  used f o r  th e  o th e r  c o n d i t io n s ,  i t  d id  r e p r e s e n t  

a s i t u a t i o n  in  which most of th e  increm ents  were tem pora lly  remote from 

th e  o n se t  o f  th e  background.

E ig h t  young a d u l t s ,  seven o f  whom had s a t  fo r  the  main e x p e r i 

ment, se rved  as  experim en ta l s u b j e c t s .  The s tim u lus  p a t t e r n s  d esc r ib e d  

above were p re se n te d  a t  500 and 4000 Hz, bo th  w ith and w ithout c o n t r a l a t 

e r a l  n o ise  and accord ing  to  a co u n te rb a lan ced  schedu le .  Each s tim u lus  

p a t t e r n  was r e c y c le d  u n t i l  th e  s u b je c t  in d ic a te d  t h a t  h is  a t t e n u a t o r  was 

s e t  to  th e  p o s i t i o n  a t  which th e  increm ent was j u s t  b a re ly  d e t e c t a b l e .  

Only a s in g le  run was accom plished under each experim ental c o n d i t io n .

F ig u re  9 summarizes th e  r e s u l t s  observed a t  500 Hz. The DLI's
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F ig u re  9. I l l u s t r a t i o n  of the  r e s u l t s  of th e  sub-experim ent in  
which th e  mean DLI's in  dB fo r  500 Hz in  q u ie t  and n o ise  a re  p lo t te d  as 
a fu n c t io n  of increm ent d e lay  from background onse t .
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ob ta ined  in  th e  p resence  o f  c o n t r a l a t e r a l  no ise  are  seen to  be l a r g e r  

than  th o se  o b ta in ed  in q u ie t  under a l l  fou r  co n d i t io n s  o f  d e lay .  The r e 

s u l t s  are in v e ry  good agreement with those  y ie ld ed  by th e  main e x p e r i 

ment under th e  in t e r r u p te d  and continuous co n d i t io n s  which correspond 

c lo s e ly  t o  th e  1000-msec d e la y  co n d it io n  and th e  continuous c o n d i t io n  

used in  th e  sub-experim ent.

F ig u re  10 summarizes th e  r e s u l t s  ob ta ined  a t  4000 Hz. I t  may 

be seen t h a t  th e  z e ro -d e la y  c o n d i t io n  y ie ld e d  a much l a rg e r  DLI in  the  

presence  of c o n t r a l a t e r a l  n o ise  than in  q u ie t .  As the  d e la y  between the  

o n se t  of the  background and th e  in t ro d u c t io n  of the  increm ent was in 

c rea sed  t o  250 msec and then  to  1000 msec th e  d i f f e r e n c e  in  magnitude de 

c rea sed  p r o g r e s s iv e ly  u n t i l  under the  continuous c o n d i t io n  th e  r e l a t i o n 

sh ip  i s  r e v e rse d  and th e  DLI ob ta ined  w ith  c o n t r a l a t e r a l  no ise  became 

s m a l le r  than t h a t  o b ta ined  in  q u ie t .  Once ag a in ,  the  r e s u l t s  a re  in  ex

c e l l e n t  agreement w ith th e  outcome of the  main experiment under th e  con

d i t i o n s  which a re  common to  th e  two experim en ts .  S p e c i f i c a l ly ,  th e  DLI 

i s  s l i g h t l y  l a r g e r  in  n o ise  under both th e  1000-msec d e lay  c o n d i t io n  in 

th e  sub-experim ent and under th e  in te r ru p te d  cond it io n  ( in v o lv in g  a meas

ured  920-msec d e la y )  in  th e  main experim ent. Under the  two continuous 

c o n d i t io n s ,  bo th  experim ents  show the  DLI to  be sm alle r  in  th e  presence  

o f  c o n t r a l a t e r a l  n o ise  than  in  q u ie t  a t  4000 Hz.

The r e s u l t s  of th e  sub-experim ent appear to  support the  hypoth

e s i s  t h a t  c o n t r a l a t e r a l  n o ise  e x e r t s  i t s  in f lu e n c e  on increment d e te c 

t i o n  by producing an i n i t i a l  d i s r u p t iv e  e f f e c t  which e v e n tu a l ly  subsides  

as th e  onse t o f  th e  increm ents  i s  delayed w ith  re s p e c t  t o  th e  i n i t i a t i o n  

o f  th e  background s t im u lu s .  For prolonged d e la y s ,  r e p re se n te d  in  the
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experim ent by th e  use o f  a con tinuous background, th e r e  appea rs  t o  be a 

frequency-dependent e f f e c t .  That i s ,  th e  DLI ob ta ined  a t  500 Hz w ith  

c o n t r a l a t e r a l  no ise  s im ply  te n d s  to  approach t h a t  ob ta ined  in  q u i e t .  At 

4000 Hz, however, th e  n o is e  appears  to  e x e r t  a s i g n i f i c a n t  f a c i l i t a t i v e  

e f f e c t  on d e t e c t a b i l i t y ,  r e s u l t i n g  in  a d im inu tion  of th e  DLI compared 

to  t h a t  o b ta in ed  in  q u i e t .

C l i n i c a l  Im p l ic a t io n s  of th e  E f f e c t  
o f  C o n t r a l a t e r a l  Noise on 

DLI Magnitude

I t  i s  hazardous to  g e n e ra l iz e  r e s u l t s  o b ta in ed  on one ca tego ry  

of s u b je c t s  t o  p r e d i c t  t h e  b ehav io r  of o th e r  i n d iv id u a l s .  N e v e r th e le s s ,  

i t  would appear t h a t  d i f f e r e n t i a l  s e n s i t i v i t y  can be m odified  by c o n t r a 

l a t e r a l  no ise  s t im u la t io n  and r e s u l t s  analogous to  th o se  observed  in  th e  

la b o ra to r y  may p o s s ib ly  be ob ta ined  in  th e  c l i n i c a l  s e t t i n g  i f  c o n t r a l a t 

e r a l  masking i s  employed du ring  the  assessm ent o f  s e n s i t i v i t y  to  i n t e n 

s i t y  change.

Blegvad and T e rk i ld s e n  (3) have shown t h a t  c o n t r a l a t e r a l  no ise  

s t im u la t io n  improves d i f f e r e n t i a l  s e n s i t i v i t y  a t  1000 and 4000 Hz in  

n o rm al-hear ing  s u b je c t s  when th e  DLI i s  measured w ith  a q u a n ta l  p a t t e r n  

employing a con tinuous-background  s t im u lu s .  In a n o th e r  in v e s t i g a t io n  (2 ) ,  

th e  same a u th o rs  found th e  SISI score f o r  th re e  ou t  of f iv e  h e a r in g -  

im paired s u b je c t s  t o  be d r a m a t ic a l ly  improved in  th e  p resen ce  of c o n t in u 

ous c o n t r a l a t e r a l  m asking.

The r e s u l t s  of the  p r e s e n t  in v e s t ig a t io n  sup p o r t  th e  f in d in g s  

of Blegvad and T e rk i ld s e n  t h a t  c o n t r a l a t e r a l  n o ise  improves d i f f e r e n t i a l  

s e n s i t i v i t y  a t  4000 Hz and i n d i r e c t l y  s u p p o r ts  t h e i r  f in d in g  o f  improved 

S ISI s co re s  i n  th e  p re se n c e  of c o n t r a l a t e r a l  masking. The average im
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provement in  increm ent d e t e c t i o n  p r o je c te d  f o r  the normal h e a r in g  sub

j e c t s  in  th e  p r e s e n t  s tu d y  was approx im ate ly  f i f t e e n  p e r  cen t  w ith  a 

range of from s ix  t o  t h i r t y - tw o  p e r  c e n t .



CHAPTER V 

SUMMARY AND CONCLUSIONS 

I n t ro d u c t io n

The e f f e c t  of a no ise  s t im u lu s  d e l iv e r e d  to  one e a r  on th e  d i f 

f e ren ce  limen measured a t  th e  o p p o s i te  e a r  has not been e x te n s iv e ly  in 

v es t ig a ted , ,  a l though  in t e n s iv e  d i f f e r e n t i a l  s e n s i t i v i t y  has re c e iv e d  con

s id e ra b le  a t t e n t i o n  in  th e  a rea  o f  psychophysica l r e s e a rc h ,  and a s s e s s 

ments of d i f f e r e n t i a l  s e n s i t i v i t y  have been used as a c l i n i c a l  to o l  fo r  

many y e a r s .  The l im i te d  in fo rm a tio n  p re se n te d  in  the  l i t e r a t u r e  appears 

to  be in  d i r e c t  c o n f l i c t  as to  w hether the  DLI i s  made l a r g e r  or sm alle r  

as a r e s u l t  of c o n t r a l a t e r a l  n o ise  s t im u la t io n .

Blegvad and T e rk i ld sen  (3) found t h a t  the  DLI a t  two of th re e  

t e s t  f req u en c ie s  was s i g n i f i c a n t l y  sm a l le r  in  the  presence o f  n o ise  than 

in  q u ie t ,  w hile  C hocholle  and S a u ln ie r  (9) found a tendency f o r  th e  DLI

a t  a s in g le  t e s t  frequency  t o  be l a r g e r  in  n o ise  than in q u i e t .  The two

experim ents  d i f f e r e d  in  a t  l e a s t  one im portan t p a r t i c u l a r .  S p e c i f i c a l ly ,  

th e  tem poral c h a r a c t e r i s t i c s  of th e  measurement s t im u li  were d i f f e r e n t  

in  the  two s tu d ie s .  The i n v e s t i g a t o r s  who had found a f a c i l i t a t i o n  of 

d i f f e r e n t i a l  s e n s i t i v i t y  on th e  in t ro d u c t io n  of c o n t r a l a t e r a l  n o ise  had 

used a continuous-background s t im u lu s ,  w hile  those  who showed an adverse 

e f f e c t  had employed a d iscon t inuous-backg round  s tim ulus .

84
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E xperim ental Design

Taken to g e th e r ,  th e  r e s u l t s  of th e  two in v e s t ig a t io n s  suggested  

th e  p o s s i b i l i t y  t h a t  th e  e f f e c t  t h a t  c o n t r a l a t e r a l  n o ise  e x e r t s  on DLI 

measurement might depend upon th e  tem poral c h a r a c t e r i s t i c s  o f  th e  t e s t  

s t im u lu s .  The p re s e n t  s tudy  was undertaken  to  ex p lo re  t h i s  p o s s i b i l i t y  

by in v e s t ig a t in g  th e  e f f e c t  of c o n t r a l a t e r a l  no ise  s t im u la t io n  on th e  

DLI's o b ta in e d  w ith  v a r i a t i o n s  of th e  quan ta l  s tim u lus  p a t t e r n  employing 

con tinuous  v e rsu s  d iscon tinuous-background  to n e s .  In te n s iv e  d i f f e r e n c e  

limens were o b ta in ed  w ith  th e  two s t im u lu s  p a t t e r n s ,  bo th  in  q u ie t  and 

in  th e  p resen ce  o f  a c o n t r a l a t e r a l l y - p r e s e n t e d  therm al n o is e .

E ig h t  normal young a d u l t s  served as su b je c ts  f o r  th e  experim en t.  

E s tim a te s  o f  DLI magnitude were ob ta ined  w ith  both s tim ulus  p a t t e r n s  fo r  

each s u b je c t  a t  t e s t  f re q u e n c ie s  o f  500 and 4000 Hz in  q u ie t  and in  the  

p resence  o f  c o n t r a l a t e r a l  n o i s e .  Both th e  to n a l  s t im u l i  and th e  no ise  

were p re s e n te d  a t  60-dB SPL. The o rd e r  o f  p r e s e n ta t io n  of the  e i g h t  d i f 

f e r e n t  experim en ta l c o n d i t io n s  was counterbalanced  ac ro ss  th e  e i g h t  sub

j e c t s  t o  reduce th e  e f f e c t s  of any sy s tem a tic  b ia se s  on the d a t a .  The 

e s t im a te s  of DLI magnitude o b ta in ed  f o r  each su b je c t  under each e x p e r i 

m ental c o n d i t io n  r e p re s e n te d  th e  mean of fou r inc rem en ta l v a lu e s  c o r r e 

sponding to  th e  f i f t y  pe r  c e n t  c o r r e c t  response  p o in t  on fou r s e p a r a t e ly  

determ ined  psychom etric  f u n c t io n s .

R esu l ts

The d a ta  ob ta ined  in  th e  in v e s t ig a t io n  were subm itted  t o  an ana

l y s i s  o f  v a r ia n ce  p rocedure  d e r iv e d  from a 2 x 2 x 2 f a c t o r i a l  d e s ig n  

w ith  r e p e a te d  measurements on each f a c t o r .  The r e s u l t s  of th e  a n a ly s i s  

showed t h a t  th e  main e f f e c t s  c o n s i s t i n g  o f  frequency , background, and
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n o ise  le v e l  were a l l  s i g n i f i c a n t  a t  the  .025 l e v e l  o f  co n f id en ce .  S ig 

n i f i c a n t  i n t e r a c t io n s  between frequency and background, background and 

n o ise  l e v e l ,  and among frequency ,  background, and n o ise  le v e l  were ob

t a in e d  a t  th e  .01 l e v e l  o f  con fidence .  Whatever i n t e r a c t i o n  e x i s t e d  be

tween frequency and n o is e  le v e l  was not s i g n i f i c a n t  a t  th e  .05 l e v e l  of 

con fidence .

In th e  p resence  of s i g n i f i c a n t  f a c t o r  i n t e r a c t i o n s  th e  main e f 

f e c t s  could not be e v a lu a te d  as i f  they  had been d e r iv e d  from se p a ra te  

s in g le  f a c t o r  experim en ts .  For t h i s  re a s o n ,  v a r io u s  su b -an a ly se s  o f  v a r 

iance  were performed on th e  s i g n i f i c a n t  f a c t o r  i n t e r a t i o n s  in  o rd e r  to  

c l a r i f y  th e  d e t a i l s  o f  th e  s i g n i f i c a n t  main e f l e c t s .

The r e s u l t s  o f  th e  i n v e s t ig a t io n  a re  summarized below:

(1) D if fe re n c e s  in DLI magnitude were observed between measures 

o b ta ined  a t  th e  two t e s t  f re q u e n c ie s .  The d i f f e r e n c e s  appeared to  be r e 

l a t e d  t o  th e  tem poral c h a r a c t e r i s t i c s  of th e  measurement s t im u lu s .

a .  The in te r ru p ted -b ac k g ro u n d  s t im u lus  y ie ld e d  measures t h a t  

v a r ie d  only  s l i g h t l y  in  magnitude ac ro s s  f r e q u e n c ie s .

b .  The con tinuous  background y ie ld e d  measures t h a t  v a r ie d  

s i g n i f i c a n t l y  in  magnitude ac ro ss  f r e q u e n c ie s .  Sm aller DLI's  

were ob ta ined  a t  4000 Hz th a n  a t  500 Hz fo r  both  no ise  l e v e l s .

(2 ) The p re sen ce  of c o n t r a l a t e r a l  n o ise  s t im u la t io n  d u r in g  DLI 

measurements a f f e c te d  d i f f e r e n t l y  the  magnitudes of th e  D LI's  ob ta ined  

w ith  the  in te r ru p ted -b ack g ro u n d  stim ulus  and the  continuous-background 

s t im u lu s .

a .  The in t ro d u c t io n  o f  noise  t o  th e  o p p o s i te  ea r  under th e  

in te r ru p ted -b ack g ro u n d  c o n d i t io n  caused a s i g n i f i c a n t  d é t é r i o r a -
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t i o n  of d i f f e r e n t i a l  s e n s i t i v i t y  a t  b o th  500 and 4000 Hz. The 

magnitudes of th e  changes were s im i la r  a t  th e  two experim enta l 

f r e q u e n c ie s .

b . The in t ro d u c t io n  of no ise  to  th e  o p p o s i te  e a r  under the  

continuous-background c o n d i t io n  produced c o n t r a s t in g  r e s u l t s  a t  

t h e  two experim en ta l f r e q u e n c ie s .  At 500 Hz th e r e  was no s i g n i 

f i c a n t  change in  d i f f e r e n t i a l  s e n s i t i v i t y  compared t o  t h a t  meas

ured  in  q u ie t .  At 4000 Hz, d i f f e r e n t i a l  s e n s i t i v i t y  was s i g n i 

f i c a n t l y  improved over th e  performance observed in  q u ie t .

The e f f e c t s  produced by c o n t r a l a t e r a l  s t im u la t io n  in  th e  p r e s e n t  

i n v e s t ig a t io n  could no t  be accounted f o r  e n t i r e l y  by the  model of a sim

p le  a d a p t iv e - l ik e  p ro cess  sugges ted  by Blegvad and T e rk i ld s e n .  Accord

in g ly ,  i t  was sp ecu la ted  t h a t  the  r e s u l t s  m ight be a t t r i b u t a b l e  to  a 

n eu rona l  e x c i t a t i v e - i n h i b i t o r y  i n t e r p l a y  r e s u l t i n g  from b in a u ra l  s t im u

l a t i o n .  This l i n e  of thought s t im u la te d  a r e c o n s id e r a t io n  of th e  d e t a i l s  

c h a r a c t e r i z in g  the  two measurement p a t t e r n s ,  whereupon i t  became r e a d i l y  

ap p a re n t  t h a t  a p a r t  from th e  obvious d i f f e r e n c e  in  d u ra t io n  e x i s t i n g  be

tween th e  two experim en ta l s t im u l i  the  tem pora l r e l a t i o n s h i p s  p e r t a in in g  

between th e  o n se t  of th e  background tones  and th e  on se t  of th e  increm ents  

d i f f e r e d  r a d i c a l l y  in  th e  two p a t t e r n s .

A sub-experim ent was undertaken t o  e v a lu a te  th e  r o l e  which t h i s  

f a c t o r  might have played in  th e  outcome of th e  main experim en t.  The r e 

s u l t s  sugges ted  t h a t  d i f f e r e n t i a l  s e n s i t i v i t y  improves, both in  q u ie t  and 

in  th e  p resence  of c o n t r a l a t e r a l  n o is e ,  as th e  onse t of th e  s t im u lu s  in 

crem ents  i s  delayed  w ith  r e s p e c t  t o  the  o n s e t  of the  background to n e .

In g e n e r a l ,  c o n t r a l a t e r a l  n o is e  s t im u la t io n  r e s u l t s  in  poorer  increm ent
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d e te c t i o n  compared to  t h a t  measured in  q u ie t  when th e  o n se t  of th e  i n 

crements i s  r e l a t i v e l y  nea r  th e  o n se t  of th e  background s t im u lu s .  De

t e c t i o n  in  n o ise  undergoes a g rad u a l improvement, however, as th e  d e lay  

between th e  o n s e ts  of th e  background and th e  increm ent i s  made p ro g re s s 

iv e ly  lo n g e r .  E v e n tu a l ly ,  a t  l e a s t  a t  4000 Hz, t h i s  r e s u l t s  in  p e r f o r 

mance s u p e r io r  t o  t h a t  measured in  q u i e t .  In g e n e ra l ,  th e  r e s u l t s  com

plemented th e  r e s u l t s  of th e  main experim ent t h a t  were o b ta in ed  under 

analogous c o n d i t io n s .

Conclusions

The m ajor conc lu s ion  de r ived  from th e  s tudy  i s  t h a t  c o n t r a l a t 

e r a l  n o is e  s t im u la t io n  a f f e c t s  th e  magnitude of th e  DLI d i f f e r e n t l y  de

pending upon w hether the  measurement s t im u lu s  employs a background p a t 

t e rn  which i s  con tinuous  o r  d isco n t in u o u s  in  n a tu re .

In  a d d i t i o n ,  th e  r e s u l t s  o f  th e  sub-experim ent appear to  support 

th e  h y p o th e s is  t h a t  c o n t r a l a t e r a l  n o ise  e x e r t s  an in f lu e n c e  on d i f f e r e n 

t i a l  s e n s i t i v i t y  by caus ing  an ex ag g e ra t io n  o f  th e  i n i t i a l  d i s r u p t i v e  e f 

f e c t  produced by th e  o n se t  of th e  background s t im u lu s .  This g ra d u a l ly  

subsides  in to  what may become a f a c i l i t a t i v e  e f f e c t ,  a t  l e a s t  a t  4000 Hz.

F in a l l y ,  c o n t r a l a t e r a l  s t im u la t io n  appears  to  r e s u l t  in  an s i g 

n i f i c a n t  improvement of d i f f e r e n t i a l  s e n s i t i v i t y  when the s t im u lu s  p a t t e r n  

employs a con tinuous-background  to n e .  This may hold im portan t im p lic a 

t io n s  f o r  th e  use of c o n t r a l a t e r a l  masking d u ring  th e  a d m in is t r a t io n  of 

such c l i n i c a l  p rocedu res  as th e  SISI t e s t .
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TABLE 9

INDIVIDUAL SUBJECT DATA IN dB USED TO COMPUTE THE DLI FOR EACH SUBJECT UNDER EACH 
EXPERIMENTAL CONDITION. THE DATA ARE THE INCREMENT VALUES CORRESPONDING 

TO THE 50 PER CENT RESPONSE POINTS OBTAINED FROM FOUR SEPARATE 
PSYCHOMETRIC FUNCTIONS CONSTRUCTED FOR EACH SUBJECT 

UNDER EACH EXPERIMENTAL CONDITION

S u b je c t
Number

500 Hz 4000 Hz

C ontinuous 
Q u ie t  Noise

I n t e r r u p t e d  
Q u ie t  N oise

C ontinuous 
Q u ie t  Noise

I n t e r r u p t e d  
Q u ie t  N oise

1 1 .200 1.199 1.191 1.668 1.166 .989 1 .400 1 .753
1.228 1.233 1.131 1 .520 1 .187 .981 1 .400 1 .467
1.222 1 .233 1 .300 1 .458 1 .250 1.211 1.400 1 .600
1.321 1.233 1.219 1 .533 1 .220 1 .068 1.400 1 .600

2 .933 1.168 .980 1 .068 .768 .750 .867 1.001
1 .028 1.083 .802 .933 .733 .689 1.035 1.101

.934 1.181 .701 .900 .736 .681 1.075 .915

.973 .968 .930 .935 .729 .613 .800 .934

3 1.368 1.311 .960 1 .215 .950 .756 .829 .715
1 .272 1.350 1.134 1 .333 .922 .717 .800 .829
1 .300 1.343 1 .080 1 .313 .901 .668 .800 .751
1.279 1 .234 1.111 1 .250 .900 .646 .822 .841

4 .900 1 .090 .690 1 .034 .700 .601 1 .100 1.117
.900 1 .240 .801 .980 .750 .634 1.129 1.076

1.001 1.223 .734 1.101 .750 .528 1 .034 1.138
1.001 1 .090 .850 1 .200 .701 .576 1.037 1 .130

\o



TABLE 9—Continued

Subject
Number

500 Hz

Continuous 
Q u ie t  N oise

Interrupted 
Q u ie t  N oise

4000 Hz

Continuous 
Q u ie t  N oise

Interrupted 
Q u ie t  Noise

5 .719 1 .000 .720 .734 .439 .460 .701 .800
.716 1 .100 .560 .900 .500 .500 .679 .783
.736 1 .112 .734 .951 .463 .509 .786 .772
.755 1.121 .682 .933 .459 .493 .781 .866

6 1.501 1 .282 .850 .900 .450 .522 1.061 1.301
1 .620 1 .300 .986 .823 .368 .390 1.072 1.437
1 .350 1.261 1.021 .934 .511 .424 1 .033 1 .437
1 .500 1 .279 1 .033 .957 .416 .433 1.033 1 .202

7 .978 .841 .882 1 .219 .841 .639 .972 1 .300
.950 .841 .851 1.135 .816 .661 .962 1 .242
.946 .760 .846 1 .045 .834 .650 1 .069 1.268
.851 .912 .879 1 .090 .830 .600 1.069 1 .200

8 1.130 1 .003 .828 .836 .634 .517 .726 1 .152
1.100 .968 .817 .834 .688 .568 .900 1 .183
1 .000 .935 .789 .950 .651 .550 .742 1.201
1.130 .853 .934 .874 .538 .580 .700 1 .029

\0
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