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B in a u ra l  m a sk e d  th re s h o ld  le v e ls  w e re  ob ta ined  a t  250 and  500 Hz 

f r o m  th r e e  s u b je c ts  fo r  the SON-^ -S0N0 and  S ttN ^-S ttNO l is te n in g  c o n ­

d i t io n s .  An i n t e r a u r a l  t im e  d e la y  w a s  in tro d u ce d  to  the b in a u ra l  n o ise  

w a v e fo r m s  by m e a n s  of a  p r e c i s io n  d e la y  l in e .  In p re v io u s  e x p e r im e n t s ,  

so m e  fo rm  of t h e r m a l  n o ise  s o u rc e  p ro v id ed  the m a sk in g  s t im u lu s  to  the 

l i s t e n e r .  Such n o ise  is  a  ra n d o m , a d m ix tu re  of c o m p o n e n ts ,  f o r e v e r  

chang ing  in in s ta n ta n e o u s  a m p l i tu d e ,  and  q u a n tif iab le  only in  t e r m s  of 

s t a t i s t i c a l  a v e r a g e s .  An e x p e r im e n t e r  could  not, t h e r e f o r e ,  s p e c ify  the 

p r e c i s e  n o ise  and  tone b u r s t  w a v e fo rm s  p re s e n te d  to  a  su b je c t  f r o m  t r i a l  

to  t r i a l .  In th is  s tu d y , h o w ev er ,  a  d ig i ta l  n o ise  g e n e r a to r  p ro v id ed  the 

id e n t ic a l  n o ise  w a v e fo rm  to  the l i s t e n e r  d u r in g  e a c h  t e s t  t r i a l .

A n u m b e r  of s i m i l a r i t i e s  v /e re  o b s e r v e d ,  be tw een  the th re s h o ld  le v e l  

fu nc tions  d e r iv e d  f ro m  th is  e x p e r im e n t  and  those  r e p o r t e d  in the  l i t e r a t u r e  — 

n o tab ly ,  the r e - d e m o n s t r a t i o n  of the f a m i l i a r  cy c lic  MLD p a t t e r n  f o r  a  

n u m b e r  of t e s t  s i tu a t io n s .  Som e s t r ik in g  d i f f e r e n c e s  b e tw een  p a s t  and  p r e ­

s e n t  f ind ings  w e r e  a l s o  o b s e r v e d .  T h ese  inc luded : an  a b se n c e  of the c l a s s i c  

M LD p a t t e r n  w hen  the t e s t  tone b u r s t  o c c u r r e d  w ith in  p a r t i c u l a r  p o r t io n s

of the  no ise  w a v e fo rm s  and an  a c tu a l  e le v a t io n  of the  M LD oeaks  a s  "V*»•»

in c r e a s e d ,  r a t h e r  th an  the  e x p ec te d  dam p in g  tha t  is  ty p ic a l ly  o b s e rv e d .
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C H A P T E R  I 

B I N A U R A L  H E A R I N G  - A N  O V E R V I E W *

B in a u ra l  h e a r in g  r e f e r s  to  h e a r in g  w ith  two e a r s .  S e v e ra l  

phenom ena  a r e  a s s o c ia te d  w ith  b in a u ra l  h e a r in g ,  inc lud ing : b in a u ra l  

fu s ion , lo c a l iza t io n ,  m ask in g  le v e l  d i f f e r e n c e s ,  enhanced  in te l l ig ib i l i ty  

of sp eech , the  p re c e d e n c e  e ffec t ,  b in a u ra l  b e a ts ,  and  o th e r  fo r m s  of 

b in a u ra l  in te ra c t io n .  T h ese  e f fec ts  a r e  not only  of i n t e r e s t  in  th e m ­

se lv e s  a s  p e rc e p tu a l  phen o m en a , but a l s o  b eca u se  th e y  p rov ide  

c o n s id e ra b le  in s ig h t  in to  the  u n d e r ly in g  h e a r in g  p r o c e s s ,  m o n a u ra l  o r  

b in a u ra l .  The p u rp o se  of th is  c h a p te r  is  to  p rov ide  a  b ro ad  ov e rv iew  

of the  m a jo r  e f fe c ts  of b in a u ra l  h e a r in g .

In a  n o rm a l  l i s te n in g  s i tu a t io n ,  the  s ig n a ls  re a c h in g  o u r  e a r s  a r e  

s im i l a r ,  but not quite  id e n t ic a l ;  ye t, we ty p ic a l ly  h e a r  one sound. T h is  

phenom enon, in w hich  a  s ing le  sound is  h e a rd  f o r  two s e p a ra te  in p u ts ,  

is  known a s  b in a u ra l  fu s ion . In the l a b o r a to r y ,  a b in a u ra l ly  fu sed  

sound im age  m a y  be c r e a t e d  by m e an s  of headphone l is te n in g .  In the 

m o st  b a s ic  c a s e ,  two id e n t ic a l  s t im u l i  a r e  a p p lied ,  one to  e a c h  e a r ,  i . e .  

d io t ic a l ly .  ** U nder th e se  c o n d it io n s ,  a  n o r m a l - h e a r in g  l i s t e n e r  a lm o s t

♦ P o r t io n s  of th is  c h a p te r  a r e  b a se d  on L e v i t t  and V oroba  (1973),

**A m o n a u ra l  (m onotic)  l i s te n in g  s i tu a t io n  invo lves  the  u se  of one 
e a r  only. B in a u r a l  l i s te n in g  u t i l iz e s  two e a r s ,  but a  d is t in c t io n  should
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a lw ays  c la im s  to  h e a r  a  s ing le  fu sed  sound im ag e  w ith in  o r  n e a r  his  

head and c lo se  to  o r  on the m ed ian  plane ( i . e .  ro u g h ly  in  line  w ith  his 

n o se) .

E a r ly  w o r k e r s  (B o rin g ,  1942; von B ek e sy ,  1930; von H o rn b o s te l  

and W e r th e im e r ,  1920) found th a t  the in tro d u c t io n  of an  i n t e r a u r a l  

t im e  d i f fe re n c e  b e tw een  s ig n a ls  re a c h in g  the two e a r s  p ro d u c e d  a 

sh if t  in  the l a t e r a l  p o s i t io n  of the fu sed  im a g e .  Von B e k e s y  (1930) 

in tro d u ce d  the i n t e r a u r a l  t im e  d e lay s  by t r a n s m i t t in g  s ig n a ls  to  the 

e a r s  v ia  b r a s s  tub ing  of d i f f e re n t  len g th s .  He em p lo y ed  a  s t r e a m  of 

a i r  d i r e c te d  a t  the s u b je c t 's  head a s  a  poin ting  dev ice  fo r  lo ca t in g  the 

l a t e r a l  p o s i t io n  of the sound im ag e . M o d ern  s tu d ie s  have u sed  e le c t ro n ic  

te c h n iq u e s .  In one p ro c e d u re  (T e a s ,  1962) o b s e r v e r s  c o n tro l le d  the 

d e g re e  of i n t e r a u r a l  t im e  d if f e re n c e  be tw een  p a i r s  of t e s t  p u ls e s .  T hey  

w e re  a sk e d  to  g ra p h  the p e rc e iv e d  lo ca t io n  of the  sound im a g e .  F ig u re  1 

d is p la y s  the change of a p p a r e n t  l a t e r a l  im age  p o s i t io n  a s  a  func tion  of the 

t im e  d e la y  b e tw een  the input s t im u l i .  The 20 dBSL c u rv e  is  l in e a r  to an  i n t e r ­

a u r a l  d e la y  of abou t 500 p s e c  ( H o rn b o s te l -W e r th e im e r  constan t)  a f te r  

w h ich  it  f la t te n s  out s h a r p ly .  T h a t  i s ,  fo r  i n t e r a u r a l  d e la y s  g r e a t e r  

than  500 j i s e c ,  the change of a p p a r e n t  l a t e r a l  p o s i t io n  w ith  in c r e a s e d

be m ade be tw een  the t e r m s  d io tic  and d ich o tic .  In a  d io t ic  l i s te n in g  
s i tu a t io n ,  the  id e n t ic a l  s ig n a l  i s  ap p lied  to  e ac h  e a r  of the l i s t e n e r .
D icho tic  l i s te n in g  a l s o  invo lves  both e a r s ,  but d i f fe re n t  s t im u l i  a r e  
ap p l ie d  to  e a c h  e a r .  The t e r m s  m onophonic  and  s te re o p h o n ic  a r e  
ty p ic a l ly  u sed  to  d e s c r ib e  l i s te n in g  s i tu a t io n s  em p lo y in g , r e s p e c t iv e ly ,  
one and  two sound s o u r c e s  w h e re  the output of e ac h  sound s o u rc e  r e a c h e s  
both e a r s .



20 dB SL

40 dB SL

0 dB SL

0 .5 1. 5 2.0 2. 5 3 . 01.00 3. 5

I N T E R A U R A L  T I M E  D I F F E R E N C E  ( M S E C . )

F ig .  1. - - T h e  change of a p p a r e n t  l a t e r a l  im a g e  p o s it io n  a s  a 
fu nc tion  of the t im e  d e la y  be tw een  the input s t im u l i  ( a f te r  T e a s ,  1962).
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d e la y  i s  r e l a t iv e ly  s m a l l .  F o r  c l ic k - l ik e  s t im u l i ,  d e lay s  g r e a t e r  than  

th re e  to  five  m s e c ,  w il l  beg in  to  b re a k  up the im ag e  and two p e rc e p ts  

w il l  be h e a rd  - -  one a t  e ach  e a r  (G uttm an , 1962).

F o r  sp e e c h  s ig n a l s ,  h o w ev er ,  a  l a r g e r  t im e  d e la y  re a c h in g  up to 

f if teen  m s e c ,  c an  be to le r a te d  (C h e r r y  and T a y lo r ,  1954). F o r  to n e s ,  

a n  obvious s p l i t  of the im ag e  does not o c c u r .  Since tones  a r e  p e r io d ic ,  

an  i n t e r a u r a l  t im e  d e lay  e q u a l  to  the p e rio d  w il l  b r in g  the tone b ack  to  

i ts  m e d ia n  plane p o s it io n .  The e ffec t  of s y s te m a t ic a l ly  in c r e a s in g  i n t e r ­

a u r a l  t im e  d e la y  in  th is  c a se  is  to  p roduce  cyc lic  changes  in a p p a re n t  

l a t e r a l  p o s i t io n ,  f r o m  the c e n te r  of the head to  one o r  the o th e r  e x t r e m i ty  

and back  ag a in  (S ay e rs  and C h e r r y .  1957). In the e x t r e m e  condition ,

c o r re sp o n d in g  to  a  t im e  d e la y  of 1 /2  p e r io d  of the s ig n a l  (w hich is
o

e q u iv a len t  to a 180 o r  Tf* ra d ia n s  i n t e r a u r a l  phase  d if fe ren c e )  the 

a u d i to ry  p e rc e p t  a p p e a r s  to  d i f f e r  be tw een in d iv id u a ls .  Som e c la im  to  

h e a r  a  s ing le  fu sed  im ag e  e m a n a t in g  f ro m  a l l  d i r e c t io n s ;  w hile  o th e r s  have 

c la im ed  to  h e a r  the  im age  s p l i t  in to  two p a r t s ,  one a t  e a c h  e a r .

The s m a l l e s t  d e te c ta b le  i n t e r a u r a l  t im e  d e la y  (the ju s t  n o ticeab le  

d if fe ren c e  o r  jnd) v a r i e s  w ith  the  type of s ig n a l  em p lo y ed . J n d s  a s  low 

a s  10^isec have b een  re p o r te d  w hen  wide band n o ise  b u r s t s  (T ob ias  and 

Z e r l in ,  1959) o r  con tinuous s p e e c h  (L ev it t ,  1964) a r e  u sed  a s  the  t e s t  

s t im u l i .  F o r  tones  the jnd in  i n t e r a u r a l  t im e  d e lay  v a r i e s  a s  a  func tion  

of f r e q u e n c y .  Z w is lo c k i  and F e ld m a n  (1956) have o b se rv e d  a  m in im um  

jnd of the o r d e r  of f i f teen  j is e c  a t  a  f r e q u e n c y  of 1kHz, r i s in g  to  about tw ice 

th is  value fo r  the t e s t  tone f r e q u e n c y  of 250 Hz (se e  F ig u re  2). S im i la r
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the  t e s t  tone f r e q u e n c y  ( a f te r  Z w is lo c k i  and F e ld m a n .  1956).
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d a ta  have been  r e p o r te d  by K lum pp and E ad y  (1956) fo r  n a r r o w  bands 

of n o ise .

An im p o r ta n t  c o n s id e ra t io n  in  e x p e r im e n ts  of th is  type is  the m a n n e r  

in  w hich  the b in a u ra l  s ig n a ls  a r e  sw itched  on and off. One a p p ro a c h  

is  to  have a  s h a r p  o n se t  fo r  the tone b u r s t  (see  F ig u re  3a). A n o th e r  

a p p ro a c h  is  to sw itch  the s ig n a ls  sy n ch ro n o u s ly ,  but w ith  an  i n t e r a u r a l  

t im e  d e lay  b e tw een  the ongoing s ig n a ls  (F ig u re  3b), T r a n s ie n t s  in  

sw itch ing  have a s u b s ta n t ia l  e f fe c t  on la te r a l iz a t io n  ju d g m en ts  and the 

e ffec t  is  l ik e ly  to be m o s t  s e v e re  w hen th e re  is  a p e r io d  of s i le n ce  a t 

one e a r  w hile  th e r e  a r e  sw itch ing  t r a n s ie n t s  a t  the o th e r  e a r  (as in 

F ig u r e  3a), In th is  c a s e ,  the  ju d g m en t of a p p a re n t  po s i t io n  m ay  be 

c r i t i c a l ly  d ependen t on the sw itch in g  t r a n s ie n t s .  Sw itching t r a n s ie n t s  

a l s o  o c c u r  fo r  the  condition  d e p ic ted  by F ig u r e  3b, but th ey  o c c u r  a t  

bo th  e a r s  s im u l ta n e o u s ly  and  should  in fluence  ju d g m en ts  of a p p a re n t  

po s i t io n  to  a  l e s s e r  e x ten t ,  A p r e f e r r e d  m ethod of sw itch ing  is  to u se  

sy n ch ro n o u s  sw itch ing , a s  shown in  F ig u r e  3b but w ith  a  r e la t iv e ly  

long  r i s e  t im e  ( > 2 5  m s e c . )  su p e r im p o s e d  on the tone b u r s t ,  a s  shown 

in  F ig u r e  3c. The long  r i s e  t im e  s u b s ta n t ia l ly  re d u c e s  the  e ffe c ts  of 

sw itch ing  t r a n s i e n t s .  T h e se  e f fec ts  a r e  fu r th e r  red u ced  by  having both 

s ig n a ls  sw itch ed  off sy n ch ro n o u s ly .  B ec a u se  of the c r u c ia l  ro le  of 

t r a n s ie n t s  in  l a t e r a l i z a t io n ,  c a r e  should  be taken  to  check  such  d e ta i l s  

w hen  c o m p a r in g  la t e r a l i z a t io n  d a ta .

I n te r a u r a l  in te n s i ty  d i f f e r e n c e s  a l s o  p ro d u ce  a  change of the  a p p a r e n t  

l a t e r a l  po s i t io n  of the fu sed  sound im age  (M oushegian  and J e f f r e s s ,  1959;
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3A

3B
—»!!

3C

F ig .  3. - - T o n e  b u r s t s  sw itch ed  on (a) a sy n c h ro n o u s ly  
(b) s y n c h ro n o u s ly  w ith  i n t e r a u r a l  t im e  d e la y  (c) sy n c h ro n o u s ly  
w ith  t im e  d e la y  plus long r i s e  and  d e c a y  t im e .
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W hitw orth  and J e f f r e s s ,  1961). In  th is  c a s e ,  th e r e  is  a  s im p le  m ono­

ton ic  re la t io n s h ip  fo r  a l l  s t im u l i  ( inc lud ing  p u re  tones)  be tw een  a p p a r e n t  

l a t e r a l  p o s i t io n  and in te n s i ty  d i f f e r e n c e .  The l a r g e r  the  i n t e r a u r a l  

in te n s i ty  d i f f e r e n c e ,  the g r e a t e r  the  d e g re e  of l a t e r a l i ty .  In the l im it in g  

cond ition  ( i . e .  e x t r e m e ly  la r g e  i n t e r a u r a l  in te n s i ty  d i f fe ren ce )  the  s ig n a l  

w i l l  be w e l l  below th re s h o ld  a t  one e a r  and h e a rd  only  a t  the opposite  e a r .  

The jnd fo r  i n t e r a u r a l  in te n s i ty  d i f fe ren c e  is  abou t 1 .0  dB a t  1000 Hz, 

d e c r e a s i n g  to  0. 5 dB a t  lo w er  and  h ig h e r  f r e q u e n c ie s  (M ills ,  I960).

The re la t iv e  im p o r ta n c e  of i n t e r a u r a l  t im e  and  in te n s i ty  d i f f e re n c e s  

upon a p p a r e n t  l a t e r a l  po s i t io n  is  v e r y  m uch  a  func tion  of f r e q u e n c y .  F o r  

low f r e q u e n c y  to n e s ,  both t im e  and  in te n s i ty  d i f f e r e n c e s  a r e  im p o r ta n t .  

I n t e r a u r a l  t im e  d i f f e re n c e s  becom e p r o g r e s s i v e ly  l e s s  im p o r ta n t  w ith  

in c r e a s in g  f r e q u e n c y ,  and is  no t a  m e a s u ra b le  e ffec t  above a p p ro x im a te ly  

1500 H z. A  n u m b e r  of w o r k e r s  (G uttm an , 1962; H a r r i s ,  I960; W hitw orth  

and  J e f f r e s s ,  1961) r e p o r t  th a t  t e m p o r a l  and m agn itude  cu es  tend  to  

c o m p en sa te  fo r  e ac h  o th e r s '  e f fe c ts  in  a  h igh ly  co m p lex  t r a d in g  re la t io n s h ip .  

The c o m p e n sa t io n  is  in c o m p le te ,  h o w e v er ,  fo r  the  r e s u l t in g  sound im age  

is  m o re  d if fu se .  A lso ,  th e r e  i s  no t n e c e s s a r i l y  a  unique t r a d in g  r e l a t io n ­

sh ip  be tw een  in te n s i ty  and t im e  d i f f e r e n c e s .  D avid , G u ttm an  and van  

B e r g e i jk  (1959), fo r  e x am p le ,  found two s e p a r a te  t r a d in g  re la t io n s h ip s  

w ith  to n a l  s t im u l i .

The use  of a d d i t io n a l  f a c to r s  w h ich  a p p e a r  to  sh if t  l a t e r a l  im ag e  

p o s i t io n  inc lude : head tu rn in g  and  jaw  c len ch in g  (B ow les , I960); 

ro ta t io n  o r  a c c e le r a t i o n  of the s u b je c t 's  head  (A rnou lt ,  1952; G ra y b ie l  

and  N iven , 1951); in te r a c t io n  w ith  v is u a l  s t im u l i  ( J a c k so n ,  1953; A rn o u lt ,
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1952); u n i l a t e r a l  m a sk in g  (B u t le r  and  N aunton , 1962; R aab  and O sm an , 

1962); u n i l a t e r a l  fa t ig u e  (W righ t,  I960); and  the s p e c t r a l  co n ten t  of the 

s t im u lu s  i t s e l f  (M ouzon, 1955).

B in a u ra l  fu s io n  c an  a l s o  o c c u r  w hen  n o n - id e n t ic a l  s t im u l i  a r e  u sed , 

so  long a s  the s ig n a l  en v e lo p es  a r e  the s a m e .  F ig u r e  4 d e p ic ts  two 

s ine  w av es  of d i f f e r in g  f re q u e n c y  but id e n t ic a l  e n v e lo p es  ( i . e .  the  g ra d u a l  

change w ith  t im e  of the  a m p li tu d e s  of the tw o s ine  w aves  is  the  s a m e ) .  

L a rg e  d i f f e r e n c e s  be tw een  s ig n a ls  re a c h in g  the two e a r s  need  no t cause  

a  b reak d o w n  in  fu s io n ,  p ro v id ed  the s ig n a ls  have a  co m m o n  envelope 

and the envelope  f r e q u e n c y  i t s e l f  does  not ex ceed  1500 H z. This  e ffec t  

has  been  d e m o n s t r a t e d  in  a  n u m b e r  of e x p e r im e n t s  u s in g  su ch  d i s p a r a te  

s t im u l i  a s :  id e n t ic a l ly  m odu la ted  s in e  w av es  of d i f fe re n t  f r e q u e n c y  a s  

shown in  F ig u re  4 (L eak ey , S a y e rs  and C h e r r y ,  1958); the  o s c i l l a to r y  

r e s p o n s e s  of tw o d i f f e r e n t  r e s o n a n t  c i r c u i t s  p u ls e d  in  s y n c h ro n ism  

(B ro ad b en t and  L adefoged , 1957), and a ls o  s im u l ta n e o u s  b u r s t s  of un ­

c o r r e l a t e d  n o is e  (David e t  a l .  , 1959). B in a u r a l  fu s io n  has  a l s o  been  

p ro d u ced  w ith  d i f f e r e n t ia l ly  f i l t e r e d  c l ic k s  by p re s e n t in g  the  low f re q u e n c y  

co m p o n en ts  to  one e a r  and  the high f r e q u e n c ie s  to  the  o th e r  e a r  

(D e a th e ra g e ,  1961).

Yet a n o th e r  m ean s  of c r e a t in g  a  fu sed  im ag e  i s  to  p r e s e n t  su b je c ts  

w ith  a  s p e e c h  s ig n a l  th a t  a l t e r n a t e s  f r o m  e a r  to e a r  ( C h e r r y ,  1953).

With a  sw itch in g  p e r io d  l e s s  th a n  0. 1 seco n d , the  l i s t e n e r s  r e p o r te d  

h e a r in g  a  fu se d  sound im a g e .  F o r  s lo w e r  sw itch in g  r a t e s ,  th e y  o b se rv e d  

one l a t e r a l  im a g e  th a t  f lu c tu a ted  f r o m  s ide  to  s id e .  The in te l l ig ib i l i ty



F ig .  4. - - I d e n t i c a l ly  m odu la ted  s in ew a v e s  hav ing  d i f f e r e n t  f r e q u e n c ie s .
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of the sw itched  sp e e c h  r e a c h e s  a  m in im u m  w hen the sw itch in g  r a t e  is 

6 p e r  seco n d , w h ich  is  ro u g h ly  the c r i t i c a l  sw itch ing  r a t e  fo r  the 

t r a n s i t io n  f ro m  an  a l t e rn a t in g  to a  c e n t r a l l y  fu sed  im ag e  ( C h e r r y  and 

T a y lo r ,  1954).

The i l lu s io n  of a  s ing le  sound im ag e  m ay  a lso  o c c u r  to  l i s t e n e r s  

u n d e r  f r e e  sp ace  l i s te n in g  con d it io n s .  A  co m m o n  exam p le  is  the S te re o ­

phonic E f fe c t  w h ich  is  p ro d u ced  w hen  the s t im u l i  a r e  d e r iv e d  f ro m  two 

o r  m o re  s o u r c e s ,  e .  g. , two lo u d s p e a k e rs  in  the f r e e  sound f ie ld .  

L o c a l iz a t io n , r a t h e r  than  l a t e r a l i z a t io n ,  i s  the  t e r m  co m m o n ly  u sed  to  

d e s c r ib e  the  a p p a r e n t  p o s i t io n  of the s te reo p h o n ic  sound im a g e .  The 

r e a s o n  fo r  the  d if fe ren c e  in  te rm in o lo g y  is  th a t  the b in a u ra l  fu sed  im age  

u n d e r  headphone l i s te n in g  is  in te rn a l iz e d  ( i . e .  i t  is  h e a rd  e i th e r  in  o r  

n e a r  the head) and by f h r  the  m o s t  p ro m in e n t  s p a t i a l  c o -o rd in a te  of th is  

in te r n a l ly  fu sed  im ag e  is  i t s  a p p a re n t  l a t e r a l  po s it io n .  In  the  c a s e  of 

f r e e  sp ac e  l i s te n in g ,  the sound is  h e a rd  e x te r n a l ly  and , in  th is  in s ta n c e ,  

a l l  th r e e  s p a t i a l  c o - o r d in a te s  a r e  needed  to  s p ec ify  the lo ca t io n  of an  

e x te r n a l  sound im a g e .  The p e rc e p t io n  of the  th i rd  c o - o r d in a te ,  d is ta n ce  

f r o m  the sound s o u r c e ,  is  r e l a t iv e ly  i m p r e c i s e ,  h o w ev er .

The m e c h a n ism  u n d e r ly in g  the d i f fe re n c e  b e tw een  in te r n a l  and 

e x te r n a l  sound im a g e s  is  not c l e a r .  S e v e ra l  in v e s t ig a to r s  su g g e s t  th a t  

in  a n  e v e ry d a y ,  n o n - f r e e  sound f ie ld ,  the  c o n s ta n t  t in y  m o v e m e n ts  of the 

hu m an  head  p rov ide  a d d i t io n a l  cu es  to fo r m  and  lo ca te  an  e x te r n a l  sound 

im ag e  ( s e e ,  e .  g. F r a n s s e n ,  I960). An e x p e r im e n t  by D e B o e r  ( r e p o r te d  

by F r a n s s e n ,  I960) p ro v id ed  d a ta  w hich  s u p p o r t  th is  h y p o th e s is .
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M icro p h o n es  w e r e  m oun ted  a t  e a r  le v e l  upon an  a r t i f i c i a l  h ead , and  the 

am p lif ie d  ou tpu ts  fed  d ic h o t ic a l ly  th ro u g h  headphones  to  a l i s t e n e r .  If 

the d u m m y -h ea d  w a s  p laced  upon a  f ixed  o b je c t ,  su ch  a s  a  ta b le ,  an  

in te r n a l  sound im ag e  w as  p e rc e iv e d .  If the d u m m y -h ea d  w as  a t ta c h e d  

a top  the s u b je c t 's  own h ead , an  e x te r n a l  sound im age  w as  r e p o r te d .

The s ig n a ls  re a c h in g  the l i s t e n e r ' s  e a r s  a r e  m o re  com plex  u n d e r  

s te reo p h o n ic  l i s te n in g  than  fo r  d icho tic  (headphone) l i s te n in g .  As 

shown in  F ig u r e  5, fo r  the  b a s ic  tw o - lo u d s p e a k e r  s i tu a t io n  w ithout r e ­

f le c t io n s  off w a l ls  o r  o th e r  s u r f a c e s ,  th e re  a r e  two s ig n a ls  re a c h in g  

e a c h  e a r .  The s ig n a l  re a c h in g  the le f t  e a r  i s  the  su m  of the  s ig n a ls  

f ro m  the le ft  c h an n e l ,  o v e r  the pa th  AB, and the s ig n a l  f ro m  the r ig h t  

ch anne l,  o v e r  the  pa th  CB. The t im e  d e lay  and  a t te n u a t io n  re s u l t in g  

f r o m  t r a v e l l in g  the pa th  AB m ay  be r e p r e s e n te d  a s  T (in m s e c . ) and  I 

( in  dB) r e s p e c t iv e ly ,  w hile  the  d e lay  and  a t te n u a t io n  r e s u l t in g  f ro m  

t r a v e l l in g  the  p a th  CB is  T*AT and 14 fcl, r e s p e c t iv e ly .  & T  is  an  

a d d i t io n a l  t im e  d e la y  and A I is  an  a d d i t io n a l  a t te n u a t io n ,  both in c u r r e d  

by  t r a v e l l in g  the  g r e a t e r  d is ta n c e  CB. The s ig n a l  r e a c h in g  the r ig h t  e a r  

s i m i l a r l y  c o n s i s t s  of two c o m p o n en ts ,  a  s ig n a l  f ro m  the  r ig h t  ch an n e l  

and  a  de lay ed , s l ig h t ly  a t te n u a te d  s ig n a l  f ro m  the le f t  ch an n e l .  E i th e r  

lo u d s p e a k e r  a lone  w ould p roduce  a  b in a u ra l  sound im ag e  w ith  v a lu e s  of 

i n t e r a u r a l  t im e  and  in te n s i ty  d i f f e r e n c e s  th a t  would p lace  the sound im age  

a t  the  lo u d s p e a k e r .  When the two lo u d s p e a k e rs  p roduce  id e n t ic a l  s t im u l i ,  

s im u l ta n e o u s ly ,  the  co m b in a tio n  of the  two s e t s  of s ig n a ls  ba lance  e ac h  

o th e r  out, r e s u l t in g  in  the  e q u iv a len t  of one s ig n a l  and i t s  "ec h o "  a t  e a c h  e a r .
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F ig .  5. - -  A s te re o p h o n ic  l i s te n in g  s i tu a t io n .
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The re s u l t in g  sound im ag e  a p p e a r s  to  e m an a te  m idw ay be tw een  the 

s p e a k e r s  and has an  a l t e r e d  qu a li ty  due to the echo . If an  in te rc h a n n e l  

t im e  o r  in te n s i ty  d i f fe ren c e  is  in tro d u ce d ,  the ba lance  w il l  be d is tu rb e d  

and the im ag e  w ill  be lo c a l ize d  a t  so m e  o th e r  point in sp ace .

Q uan tita tive  m e a s u r e s  of the d e g re e  of a c c u r a c y  w ith  w hich  a  l i s t e n e r  

can  lo ca l ize  a  sound have been  obta ined  by s e v e r a l  w o r k e r s  (M il ls ,  1958; 

L eak ey , 1959; Sandel e t  a l.  , 1955; Snow, 1954; S tevens  and N ew m an,

1936). F o r  f r e e  sound fie ld  l i s te n in g  co n d itions , the a v e r a g e  e r r o r  in 

a z im u th  m ade  by a  su b jec t  l i s te n in g  to  s in u so id a l  sounds, v a r i e s  f ro m  

about 10° a t  the  e x t r e m e s  of the  f r e q u e n c y  range  of hum an h e a r in g  to about 

20° f o r  tones  w ith in  the  2000 to  5000 Hz zone. L o c a l iz a t io n  im p ro v e s  to 

e r r o r s  of abou t 5° fo r  com plex  s t im u l i  such  a s  c l ick s  and no ise  bands, 

p r e s u m a b ly  b eca u se  of the p re s e n c e  of a  wide ran g e  of in te n s i ty  and t im e  

in fo rm a t io n  w ith in  the s t im u lu s .  It should  be no ted  th a t  jn d s  and changes 

in  p o s i t io n  fo r  s te reo p h o n ic  sound im a g e s  re q u i r e  fo u r  to  five t im e s  as  

m uch  t e m p o r a l  o r  in te n s i ty  d i s p a r i t y  be tw een  the  ch an n e ls  a s  do s im i l a r  

e f fec ts  fo r  b in a u ra l  im a g e s  p ro d u ced  w ith  headphones.

A dd it io n a l  t e m p o r a l  and m agnitude  lo c a l iz a t io n  cues  m a y  a r i s e  f ro m  

the re f le c t iv e  p r o p e r t i e s  and t iny  m o v em en ts  of the  hum an head . Sound 

w aves  m a y  be r e f le c te d  f r o m ,  o r  p a s s  a ro u n d ,  an  o b jec t depend ing  upon 

the re la t io n s h ip  be tw een  the o b s ta c le 's  d im e n s io n s  and the f r e q u e n c y  of 

the in c id en t  w ave . As shown in  F ig u r e  6, sounds w ith  s m a l l  w aveleng ths  

tha t e n c o u n te r  la rg e  o b jec ts  w il l  c a s t  a  sound shadow , w hile  th o se  s ig n a ls  

w ith  w av e len g th s  tha t  a r e  la rg e  c o m p a re d  w ith  the  s iz e  of the  o b s tac le
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F ig .  6 , - - T h e  o b s ta c le  e ffec t :(a )so u n d  shadow  fo rm e d  w hen  X is  s m a l l
c o m p a r e d  to  s iz e  of o b s ta c le  (b) no shadow  w hen X is r e l a t iv e ly  big.

6B
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w il l  r e a d i ly  p a s s  a ro u n d  the o b jec t .

An o b je c t  the  s iz e  of a  hum an  w i l l  c a s t  a su b s ta n t ia l  sound shadow  

above 2000 Hz, I n t e r a u r a l  in te n s i ty  d i f f e r e n c e s  b e tw een  s u b je c t 's  e a r s  

have been  r e p o r te d  to  be a s  l a r g e  a s  10 dB f o r  a  4000 Hz tone  p re s e n te d  

in  a  sound fie ld  ( F i r e s to n e ,  1930; N ord lund , 1962). The va lue  of th is  

m agnitude  d if fe re n c e  v a r i e s  in  a  co m p lex  fa sh io n  a s  a  func tion  of both 

the  f r e q u e n c y  and  a z im u th  of the  a r r i v in g  s t im u lu s .  I n te r a u r a l  le v e l  

and t im e  of a r r i v a l  d i f f e r e n c e s  r e a c h  a  m ax im um  w hen the  in c id e n t  sound 

w ave has  a  90° a z im u th  ( 0° be ing  the f ro n t  of the  head). T h is  m ax im u m  

t im e  d if fe ren c e  is  s l ig h t ly  l e s s  th an  one m s e c ,  fo r  a  h e a d - s iz e d  ob jec t .  

B e c a u se  of the  d i f f ra c t iv e  and r e f le c t iv e  p r o p e r t ie s  of the  e x t e r n a l  e a r ,  

i t  i s  p o s s ib le  to m ake v e r y  c ru d e  lo c a l iz a t io n s  of sounds u s in g  on ly  one 

e a r  ( F r a n s s e n ,  I960; M a th e s ,  1955; M ouzon, 1955).

A r e la t e d  phenom enon  im p o r ta n t  to  lo c a l iz a t io n  of sounds is the  

p re c e d e n c e  e f fe c t  (W allach  e t a l . , 1949). The e f fe c t  m ay  be d e m o n s t r a t e d  

by  f i r s t  c r e a t in g  a  fu sed  sound im ag e  w ith  id e n t ic a l  d ich o tic  s t im u l i ,  

fo llow ed v e r y  s h o r t ly  a f t e r w a r d s  by  yet a n o th e r  p a i r  of s ig n a ls  d if fe r in g  

f r o m  the f i r s t  s e t  by  s m a l l  i n t e r a u r a l  t im e  o r in te n s i ty  d i s p a r i t i e s  (see  

F ig u re  7). S u b jec ts  r e p o r t  h e a r in g  a s in g le  im age  w ith  an  a p p a r e n t  

p o s i t io n  c o r r e s p o n d in g  to  the in i t i a l  s t im u lu s  p a i r .  P r e c e d e n c e  w il l  

take  p lace  w hen  tw o cond itions  a r e  m e t (a c co rd in g  to  W allach , N ew m an 

and R o sen zw eig ,  1949):

a) The second  p a i r  of d icho tic  s t im u l i  should 
no t lag  the  f i r s t  by m o re  th an  a  few m i l l i ­
s e c o n d s .  C r i t i c a l  v a lu e s  ra n g e  f ro m  one o r  
tw o t»JWB±f 40 m i l l i s e c o n d s  depend ing  upon
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F ig .  7. - - T h e  p re c e d e n c e  e ffec t .  L i s t e n e r s  p e rc e iv e  
the fu sed  sound im ag e  a s s o c ia te d  w ith  the in i t i a l  s t im u lu s  p a i r .
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the n a tu re  of the t e s t  s t im u li .

b) The second  s t im u lu s  p a i r  should  not exceed  
the f i r s t  by m o re  than  15 dB in  leve l .

In the r e a l  w o r ld ,  we r e ly  upon those  s t im u l i  a r r i v in g  f i r s t  a t  ou r e a r s

fo r  the d e te r m in a t io n  of the d i re c t io n  of a  sound s o u rc e .  Without th is

e ffec t  one would be confused  a s  to a  so u n d 's  lo ca t io n  even  in m o d e ra te ly

r e v e r b e r a n t  s u r ro u n d in g s ,  such  a s  a c l a s s r o o m  o r  office.

P r e c e d e n c e  and la t e r a l i z a t io n  e f fe c ts  a r e  m o s t  a p p a re n t  w hen the 

t e s t  s t im u l i  em p lo y ed  a r e  im p u ls iv e .  It s e e m s  th a t  the a u d i to ry  sy s te m  

m ak es  use  of and is  h ighly  s e n s i t iv e  to the wide range  of f req u e n cy  

com ponen ts  w ith in  t r a n s i e n t  c u es .  When a  b in a u ra l  s ig n a l  is  p re s e n te d  

w hich  con ta in s  co n flic tin g  la t e r a l i z a t io n  in fo rm a t io n ,  then  the cues  

con ta ined  in the  in i t ia l  o r  t r a n s ie n t  p o r t io n  of the  w av e fo rm  w ill  dom ina te . 

It has been  e s t im a te d  th a t  the e ffec t  of a  b r ie f  t r a n s ie n t  cue m a y  p e r s i s t  

fo r  s e v e r a l  hundred  m il l i s e c o n d s  a f t e r  i t s  o c c u r re n c e  ( F r a n s s e n ,  I960; 

T ob ias  and S c h u b e r t ,  1959).

The b in a u ra l  h e a r in g  m e ch a n ism  a s s i s t s  the  l i s t e n e r  w ith  m o re  than  

the l a te r a l iz a t io n  and lo c a l iz a t io n  of sounds. Indeed , fo r  a lm o s t  e v e r y  

p sy c h o a c o u s t ic a l  e ffec t  th e re  a p p e a r s  to  be a c o r re sp o n d in g ,  often  

enhanced , b in a u ra l  c o u n te r p a r t .  F o r  e x am p le ,  the b in a u ra l  a u d i to ry  

th re s h o ld  a p p e a r s  to be f ro m  3 to  6 dB lo w er  than  the m o n a u ra l  t h r e s h ­

old (H ir sh ,  1948a, 1948b; K eys , 1947; Shaw e t  a l .  , 1947). The lo u d n ess  

of a  b in a u ra l  sound im age  is  a l s o  g r e a t e r  than  th a t  fo r  m o n a u ra l  s t im u l ­

a t io n  and the d i f fe re n c e  in  lo u d n ess  a p p e a r s  to i n c r e a s e  w ith  the  s t im u lu s  

le v e l  (R eynolds and S te v e n s ,  I960). Im p ro v e m e n t  in  the  ju s t  no ticab le
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d if fe re n c e s  fo r  f re q u e n c y  have been  re p o r te d  ( P ik le r  and H a r r i s ,  1955) 

a lthough  th is  enhanced  f r e q u e n c y  d i s c r im in a t io n  m ay  be linked  to the 

in c r e a s e d  lo u d n ess  of the b in a u ra l  sound im ag e . In add ition , a  s h a r p e n ­

ing of the e a r ' s  a b i l i ty  to  f i l t e r  out p a r t i c u la r  no ise  f r e q u e n c ie s  a p p e a rs  

u n d e r  b in a u ra l  l is te n in g  cond itions  (F re n c h  and S te in b e rg ,  1947).

T h e re  is  a l s o  the b in a u ra l  c o u n te r p a r t  of the beat phenom enon. When 

two pu re  tones  of d if fe r in g  f re q u e n c y  a r e  p re s e n te d  d ic h o tic a l ly ,  the 

p re s e n c e  of a  s ing le  tone th a t  is  f lu c tu a tin g  in m agnitude  is often re p o r te d .  

This  phenom enon, c a l led  b in a u ra l  b e a ts ,  should  be d is t in g u ish ed  from  

ob jec tive  b ea ts  p e rc e iv e d  by e i th e r  o r  both e a r s  due to the in te ra c t io n  of 

two tones  ou ts ide  the head. E a r l y  s tu d ie s  (L an e , 1925; R ay le igh , 1907) 

re p o r te d  the o c c u r re n c e  of b in a u ra l  b ea ts  only  when f re q u e n c ie s  below 

1000 Hz w e re  em ployed . S ub seq u en t r e s e a r c h  (L ic k l id e r  e t a l.  , 1950; 

L o e sc h  and K apell ,  1948; W ever, 1949) has p ro v id ed  d a ta  w hich ex tend  

th is  f r e q u e n c y  l im i t  to  about 1500 Hz and s u g g e s ts  th a t  the  e ffec t  is  

linked  to  the com plex  sy n ch ro n y  of n e u ra l  f i r in g s .

B in a u ra l  l is te n in g  f a c i l i ta te s  the r e je c t io n  of unw anted  sp u r io u s  

n o ise s  th a t  in t e r f e r e  w ith  the  d e s i r e d  a c o u s t ic  s ig n a l .  Th is  im p ro v e m e n t  

of a s u b je c t 's  d e tec t io n  p e r fo rm a n c e  fo r  a  s ig n a l  w ith in  no ise  a s  a  

co n sequence  of d icho tic  r a t h e r  than  m onotic  l i s te n in g  has been in v e s t ­

ig a ted  by n u m e ro u s  r e s e a r c h e r s  s in ce  L ic k l id e r  (1948) and H i r s h  (1948c) 

f i r s t  r e p o r te d  the e ffec t .  The p r e s e n t  d i s s e r t a t i o n  w il l  focus  upon 

s e v e r a l  a s p e c ts  of th is  phenom enon.
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N o m e n c l a t u r e

A g re a t  m any  s tu d ie s  have b een  u n d e r ta k en  in th is  a r e a  of b in a u ra l  

h e a r in g ,  and it would be helpful to s u m m a r iz e  the  te rm in o lo g y  and 

b in a u ra l  l is ten in g  co n f ig u ra t io n s  tha t have been  em ployed  (See Table I).

A c la s s i f ic a t io n  m ay  a ls o  be m ade of the v a r ie ty  of no ise  and s ig n a l  

co m bina tions  w hich  have been  r e s e a r c h e d .  If both no ise  and s ig n a l  a r e  

in -p h a se  o r  both a r e  o u t-o f -p h a se  (v iz . S0N0 and SIT N it ) they a re  sa id  to 

be hom ophasic  l is te n in g  c o n d it io n s .  When the s ig n a ls  a r e  o u t-o f -p h a se  

and the no ise  w a v e fo rm s  a r e  in -p h a s e  o r  vice v e r s a  (v iz . S ttNO and SONTT ) 

an  an tip h as ic  cond ition  is  s a id  to  o c c u r .  O th e r  p o s s ib i l i t ie s  include the 

s o -c a l le d  h e te ro p h a s ic  (SONu, STTNu) the m ixed (SmNO, SmN7T) and the 

m onotic  (SmNm) l is te n in g  co n d itions . The d i f fe re n c e s  in  d e te c ta b i l i ty  

be tw een  th ese  s e p a r a te  l i s te n in g  cond itions  have been v a r io u s ly  labeled : 

b in a u ra l  r e le a s e  f ro m  m ask in g , b in a u ra l  unm ask ing , b in a u ra l  a n a ly s is ,  

b in a u ra l  m ask ing  le v e l  d i f f e r e n c e s  (BMLD), and  m ask in g  lev e l  d if fe re n c e s  

(MLD), M asking  le v e l  d i f f e r e n c e s  a r e  ty p ic a l ly  sp ec if ied  in t e r m s  of the 

s ig n a l  le v e l  (in dB) r e q u i r e d  fo r  a  fixed lev e l  of d e te c t io n  fo r  the e x p e r i ­

m e n ta l  condition  r e la t iv e  to  the s ig n a l  le v e l  fo r  the S0N0 o r  Sm Nm  cond itions , 

A rev iew  of the m a jo r  e m p i r i c a l  f ind ings fo r  v a r io u s  l is te n in g  c o n ­

d it io n s  and r e s e a r c h  p a r a m e t e r s  fo llow s.



T a b le  I -  M LD N o m e n c la tu re

S ym bo l

Sm

SO

S T

N m  •

NO

NTT

Np

B in a u r a l  F h a s e  R e la t io n sh ip

S ig n a l ,  m o n a u ra l ,  no s ig n a l  
p r e s e n te d  to o p p o s ite  e a r .

S ig n a l  in  pha.se a t  the  two e a r s .

S ig n a l  a t  one e a r  180° (T T rad ians)  
out of p h a se  w ith  the  s ig n a l  a t  
the  o p p o s i te  e a r .

N o is e ,  m o n a u ra l ,  d e l iv e r e d  to  
one e a r  only.

Id e n t ic a l  n o is e  p r e s e n te d  to  e a c h  
e a r .

N o ise  w a v e fo rm  a t  one e a r  i s  180° 
o u t - o f - p h a s e  w ith  n o is e  w a v e fo rm  
a t  the  o th e r  e a r .

U n c o r r e la t e d  n o ise  (i. e .  a r i s i n g  
f r o m  two s t a t i s t i c a l l y  id e n t ic a l  
bu t s e p a r a t e  s o u r c e s )  a t  the  tw o 
e a r s .

T he n o is e  w a v e fo rm  a t  one e a r  i3 
t im e  d e la y e d  w ith  r e s p e c t  to  the 
n o is e  w a v e fo r m  in  the  o p p o s i te  e a r .  
Both w a v e fo rm s  a r e ,  how ever , 
id e n t ic a l .
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C H A P T E R  I I

R E V I E W  O F  T H E  L I T E R A T U R E  - M L D

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

The in fluence  of f r e q u e n c y  upon b in a u ra l  r e le a s e  f ro m  m a sk in g  w as 

f i r s t  e x am in ed  by H i r s h  (1948c). T h re e  su b jec ts  w e re  p re s e n te d  w ith  a  

tone w hich  re m a in e d  on fo r  one second  and off fo r  th re e  sec o n d s  in  a 

backg round  of white  n o ise  (f la t  s p e c t ru m  to  7000 Hz). Six e x p e r im e n ta l  

cond itions  w e re  exam ined : (1) SmNO (2) SmN7T (3) S0N0 (4) SflNTT 

(5) S0N1T (6) SKNO. The s p e c t ru m  le v e l  of the n o ise  w as  v a r ie d  f ro m  

-1 0 .9  dB to  59. 1 dB fo r  e a c h  condition. H i r s h  found th a t  fo r  the t e s t  

f r e q u e n c ie s  em ployed  (viz. 100 to 5000 Hz) the s u b je c t 's  d e te c t io n  

p e r fo rm a n c e  w as im p ro v e d  by about 10 to 12 dB fo r  a n t ip h a s ic  cond itions  

o v e r  th o se  v a lu e s  ob ta ined  fo r  hom ophasic  cond itions . F ig u r e  8 i s  a  

co m p o s i te  d is p la y  of H i r s h ' s  f ind ings . In the o r ig in a l  s tudy , H i r s h  had 

r e g a rd e d  the SmNO and SmN7T l is te n in g  conditions  to  be m onotic  ones . 

The ad d it io n  of the t e s t  s ig n a l  to the  opposite  e a r  ( i . e .  S0N0 and S0N7T 

conditions) p ro d u ced  a  n o ticeab le  re d u c t io n  in  s ig n a l  d e te c ta b i l i ty  and 

led  him to  s u g g e s t  th a t  so m e  fo rm  of b in a u ra l  inh ib it ion  had o c c u r r e d .  

The is s u e  is  c la r i f i e d ,  h o w ev er ,  w hen one c o m p a re s  the  th r e s h o ld s  

ob ta ined  by H i r s h  w ith  the d a ta  tak en  by F r e n c h  and S te in b e rg  (1947)
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fo r  a  t r u ly  m onotic  l i s te n in g  cond ition  (v iz . Sm N m ). A ll of H i r s h 's  

l i s te n in g  cond itions  a r e  then  s e e n  to y ie ld  im p ro v ed  d e tec t io n  t h r e s h ­

olds o v e r  the m onotic  c a se .  With the Sm Nm  condition  a s  the r e f e r e n c e ,  

a h ie r a r c h y  of d e te c t io n  im p ro v e m e n ts  e m e r g e s  f ro m  the d a ta ,  rang ing  

f ro m  the p o o re s t  to the  b e s t  d e te c ta b i l i ty ,  th ey  a r e :  S7TN7T, SONO,

SttNO, SONTT, and STNO. A c o m p a r iso n  be tw een  the STTNO and the SONO 

s i tu a t io n s  a s  a  func tion  of the  t e s t  s ig n a l  f r e q u e n c y  a p p e a r s  in  F ig u r e  9.

In th is  d is p la y  of the d a ta  f r o m  s e v e r a l  s tu d ie s  one m ay  see  th a t  above 

250 H z, MLD v a lu es  d e c r e a s e  f ro m  a m ax im u m  of 15 dB to  a  low of 3 o r  

4 dB (H ir sh ,  1948c; W e b s te r ,  1951; H i r s h  and B u rg e a t ,  1958; D u r la c h ,  

1972; S chenkel,  1964; W ilbanks and W h itm o re ,  1968). B elow  250 Hz, 

h o w ev er ,  d i s c r e p a n c ie s  b e tw een  MLD d a ta  a r e  ev iden t .  W eb s te r  (1951); 

J e f f r e s s ,  B lo d g e tt  and  D e a th e ra g e  (1962) and D u r la c h  (1972) have r e p o r t ­

ed MLD v a lu es  below 250 Hz to  be e s s e n t i a l ly  co n s ta n t  w h e re a s  S chenkel 

(1964); H i r s h  (1948c) and R a b in e r ,  L a u re n c e  and D u r la c h  (1966) found a 

ten d en c y  fo r  M LD s to  d e c r e a s e  below 250 Hz. T h e se  d i s p a r i t i e s  have 

not ye t been  fu l ly  re s o lv e d  and question*3 a r i s e  a s  to the in fluence  of 

p ro c e d u r a l  d i f f e r e n c e s  upon the t e s t  r e s u l t s .  In W e b s te r 's  s tudy , fo r  

e x a m p le ,  the n o ise  le v e l  w as a d ju s ted  w hile  the  m agnitude  of the  s in u s o id ­

a l  s ig n a l  w as k e p t  c o n s tan t .  T h is  is  in  c o n t r a s t  w ith  H i r s h 's  techn ique  

w hich  u t i l iz e d  a  fixed  no ise  le v e l  and v a ry in g  s ig n a l  leve l .

The m a n n e r  o r  seq u en ce  in  w hich  the s ig n a ls  a r e  p re s e n te d  to  the 

l i s t e n e r  m igh t be a n o th e r  f a c to r  th a t  a f fe c ts  d e te c t io n  p e r fo rm a n c e .  

R o se n b l i th  and  M il le r  (C ited  by H i r s h ,  1952) in  a n o th e r  e x p e r im e n ta l
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con tex t ,  found s u b s ta n t ia l  th re s h o ld  d i f f e r e n c e s  (as  high a s  fo u r  dB) 

to  o c c u r  w hen  th ey  em ployed  a  d e sc e n d in g  a s  opposed to  a sc e n d in g  

m ethod of l im i t s  p ro c e d u re .  In the sam e  fa sh io n ,  d i f f e r e n t  m odes of 

s ig n a l  d e l iv e r y  m igh t co n ce iv ab ly  give r i s e  to  d i f f e re n t  MLD r e s u l t s .

One m ight c o n s id e r ,  fo r  e x am p le ,  the c l e a r  c o n t r a s t  be tw een  H i r s h 's  

(1948c) s t r a ig h t f o r w a r d  to n e -o n ,  to n e -o ff  p ro c e d u re  w ith  the m o re  

e la b o ra te  seq u en ce  of s ig n a l  b u r s t s  u sed  by W eb s te r  (1951) and the d i s ­

p a ra te  r e s u l t s  of th e s e  two w o r k e r s  below 250 Hz. W e b s te r ,  h im se lf ,  

no ted  th a t  e v en  s l ig h t  chan g es  in  the in te r ru p t io n  p a t te r n  of his s t im u l i  

gave r i s e  to  " ,  . .h ig h e r  le v e l s  of m ask in g ,  s o m e t im e s  by s ix  o r  sev en  

dB , and g r e a t e r  i n t e r - o b s e r v e r  v a r ia b i l i ty .  "

S i g n a l  d u r a t i o n  a n d  M L D

J e f f r e s s ,  B lodge tt  and D e a th e ra g e  (1952) and J e f f r e s s  e t  a l .  (1956) 

c i ted  s u b s ta n t ia l ly  g r e a t e r  MLD v a lu es  f o r  the S^NO v e r s u s  SONO 

cond itions  th an  th o se  r e p o r te d  by H i r s h  (1948c). T h ese  w o r k e r s  have 

re la te d  su c h  d i f f e r e n c e s  in  MLD r e s u l t s  to  d i s p a r i t i e s  in  the d u ra t io n  

of the t e s t  s ig n a l  p re s e n te d  to  the l i s t e n e r .  F o r  a 500 H z tone of 500 

m se c ,  d u ra t io n ,  J e f f r e s s  e t  a l .  (1956) found an  MLD value  of 13 dB.

F o r  a  s ig n a l  of on ly  25 m s e c ,  d u ra t io n  th e s e  w o r k e r s  r e p o r te d  an  MLD 

of 16 dB. T he n o ise  s p e c t r u m  lev e l ,  in a l l  c a s e s ,  w as  58 dB. B lodge tt ,  

J e f f r e s s  and  T a y lo r  (1958) v a r ie d  the  s ig n a l  d u ra t io n  be tw een  5-500 

m s e c ,  and found th a t  s u b je c ts  r e q u i r e d  abou t 3 dB m o re  sound m agnitude  

p e r  doubling  of d u ra t io n  in  o r d e r  to  m a in ta in  a  fixed le v e l  of d e tec t io n
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p e r fo rm a n c e .  M cF ad d en  and P u l l ia m  (1971) r e p o r te d  s im i l a r  findings 

fo r  the SmNO condition . A r e la te d  phenom enon  had been  r e p o r te d  e a r l i e r  

fo r  the m ask in g  of a  tone by n o ise  in  one e a r  only (G a rn e r  and M il le r ,  

1947; G a les  and W ilco tt,  1954). M cF ad d en  and S h a rp le y  (1972) ex tended  

the r e s e a r c h  f o r  the b in a u ra l  c a s e  by  u t i l iz in g  a  n a r r o w  band n o ise  (50 

Hz wide) a s  both  m a s k e r  and t e s t  s ig n a l .  F o u r  of t h e i r  five su b jec ts  

d isp la y ed  im p ro v e d  d e tec t io n  p e r fo rm a n c e  a s  d u ra t io n  of the  t e s t  s ig n a l  

w as  in c r e a s e d .  One s u b je c t ,  h o w ev er ,  c l e a r ly  d isp lay ed  no dependence  

upon the p a r a m e t e r  of s ig n a l  d u ra t io n .

T h e  p a r a m e t e r  o f  n o i s e  i n t e n s i t y

The le v e l s  of m a sk in g  n o ise  d e l iv e re d  to  a  l i s t e n e r  a p p e a r s  to be a 

v a r ia b le  of m a jo r  s ig n if ic an ce  in  M LD r e s e a r c h .  E x p e r im e n ts  w h ich  

have e x am in ed  th is  p a r a m e te r  have had s e v e r a l  b a s ic  f o r m a t s .

In one p ro c e d u re ,  M cF ad d en  (1968) d e te rm in e d  M LD v a lu es  a s  a  

fu nc tion  of m a sk in g  n o ise  le v e l s ,  w hile  m ain ta in in g  a  fixed s ig n a l  to 

n o is e  r a t io  be tw een  the two e a r s  fo r  a l l  l i s te n in g  con d it io n s .  He c o n -

^ J ,

t r a s t e d  the  STTNO, Sm N m  and STf'NO1 l is te n in g  conditions  r a t h e r  than  

the  SmNO-SmNm te s t  s i tu a t io n s  used  by p re v io u s  w o r k e r s .  He su g g es ted  

th a t  the  cond itions  he ch o se  y ie lded  l a r g e r  MLD v a lu es  w hich  could be 

. . fo l lo w ed  o v e r  a s  g r e a t  a  ran g e  a s  p o s s ib le  b e fo re  b in a u ra l  d e te c t io n

* M cF ad d en  de fined  SIT'NO' to  be a  s p e c ia l  in s ta n c e  of the  S|TN0 
cond ition  w h e re in  d i f f e r e n c e s  in  i n t e r a u r a l  n o ise  le v e l  w e re  u sed .
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b e ca m e  'c o n ta m in a te d 1 by m o n a u ra l  d e te c t io n s .  " F ig u r e  10 show s a 

p lo t of s u b je c t s '  th r e s h o ld s  a s  a  func tion  of the  no ise  s p e c t ru m  lev e l 

em p lo y ed  (da ta  f ro m  M cF ad d en , 1968; H i r s h ,  1948c). M cF ad d en  noted 

th a t  the m a sk in g  in fluence  of the  no ise  in c r e a s e d  l in e a r ly  a s  the sp e c t ru m  

le v e l  w as  r a i s e d  fo r  the Sm Nm  te s t  cond ition . T h is  i s  in  a g re e m e n t  

w ith  the c l a s s i c  r e la t io n s h ip  d e te r m in e d  by H aw kins and  S tevens  (1950). 

Such l in e a r i ty ,  h o w ev er ,  is  not ev id en t  fo r  the STTNO cond ition  and 

M cF ad d en  a l e r t s  the r e a d e r  to  the  p o ss ib le  e x is te n c e  of o th e r  n o n l in ea r  

r e la t io n s h ip s  f o r  o th e r  M LD and n o ise  c o n f ig u ra t io n s .  He c i te s ,  a s  an  

e x a m p le ,  the r e p o r t  of C anah l and  S m a ll  (1965) who found th a t  M LD 

v a lu es  a c tu a l ly  d e c r e a s e  a t  e x t r e m e l y  high n o ise  s p e c t ru m  le v e ls .

F ig u r e  11, show s M LD v a lu es  f o r  the  STTNO v e r s u s  Sm N m  and SONO 

co n d itio n s  a s  a func tion  of the s p e c t r u m  le v e l  of n o ise  em p lo y ed . E ven  

though H i r s h  and M cF ad d en  u sed  v e r y  d i f f e r e n t  t e s t  p ro c e d u re s  and  

c o n d it io n s ,  the fu n c tio n a l  r e la t io n s h ip s  th e y  ob ta ined  w e r e  s im i l a r .

H i r s h ,  f o r  e x a m p le ,  c o m p a re d  the S1TN0 to  SONO te s t  s i tu a t io n  u s in g  a  

200 Hz tone( one second  d u ra t io n )  and a  m ethod  of a d ju s tm e n ts  t e s t  

p ro c e d u re .  M cF ad d en  u sed  the d i f fe re n t  t e s t  conditions  d e s c r ib e d  

abo v e ,  a  250 m s e c .  , 400 Hz tone  in  a  two a l te r n a t iv e  fo r c e d  cho ice  

p ro c e d u re .  One m ay  see  f ro m  F ig u r e  11 th a t  a t high s p e c t ru m  le v e ls  

(Above abou t 35 dB s p e c t ru m  leve l)  the M LD v a lu es  r i s e  a s  high a s  15 dB . 

A s the le v e l  of the  m ask in g  n o ise  is  lo w e re d ,  the M LD v a lu es  d e c r e a s e  

to  an  a s s y m p to t ic  th re e  o r  fo u r  dB . *

*In th is  e x t r e m e  c a s e  th e re  is  no aud ib le  n o ise  and  one is  e s s e n t i a l ly  
" c o m p a r in g  the d e te c ta b i l i ty  of a  m o n a u ra l  s ig n a l ,  S m , w ith  the d e te c t -
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F ig .  11. —M LD vs . n o ise  s p e c t r u m  le v e l .



In a n o th e r  p r o c e d u r e ,  B lo d g e tt ,  J e f f r e s s  and W hitw orth  (1962) and  

W eston  and M il le r  (1965) d e l iv e re d  a  fixed s p e c t r a l  le v e l  of w hite  no ise  

(41 d B /c y c le )  and  a  t e s t  tone of 500 Hz to  one of a  l i s t e n e r ' s  e a r s  and 

th en  v a r ie d  the n o ise  le v e l  in  the  opposite  n o n -s ig n a l  e a r .  In F ig u r e  12, 

the  su b je c ts  th r e s h o ld s  f o r  the tone in  the r ig h t  e a r  a r e  s e e n  to  in c r e a s e  

f ro m  abou t 52 dB S. P .  L .  to  abou t 62 dB S. P .  L. in a  r e la t iv e ly  l in e a r  

fa sh io n  a s  the n o ise  in  the  n o n -s ig n a l  e a r  is  d e c r e a s e d  f ro m  41 d B /c y c le  

to  to ta l  a t te n u a t io n  ( i . e .  a s  the SmNO condition  a p p ro a c h e s  the  SmNm 

condition). S e v e ra l  o th e r  e x p e r im e n t e r s  em ploy ing  th e se  l i s te n in g  co n ­

d it io n s  (v iz, b in a u ra l  n o ise  and m o n a u ra l  s ignal) have r e p o r te d  e s s e n t i a l ly  

s i m i l a r  find ings (E gan , 1965; M ulligan  and W ilbanks, 1965; and D olan 

and  R obinson , 1967).

T h e  l i n k  b e t w e e n  n o i s e - s i g n a l  l a t e r a l i z a t i o n  a n d  M L D  

S e v e ra l  w o r k e r s  have d i s c u s s e d  the s im i l a r i t i e s  be tw een  the 

p h enom ena  of b in a u ra l  r e l e a s e  f r o m  m ask in g  and b in a u ra l  l a te r a l iz a t io n  

( e .  g. E g a n  and B enson , 1966; R ob inson  and E gan , 1967; G re en  and 

H enning , 1969; H a f te r ,  1971). In th is  r e g a r d ,  H i r s h  and  B u rg e a t  (1958) 

have po in ted  out th a t  m o s t  l i s t e n e r s  p e rc e iv e  b in a u ra l  in -p h a s e  to n e ,  o r  

n o is e ,  w a v e fo r m s ,  to  be l a t e r a l i z e d  in  the c e n te r  of the  head w hile  ou t-

^ b i l i ty  of a  b in a u ra l  s ig n a l ,  SIT, (180° out of phase ) .  " F r o m  G re e n  and 
H enning , 1969. T h ese  w r i t e r s  r e m in d  us tha t  th is  phenom enon  had 
b een  d e m o n s t r a t e d  quite  e a r l y  ( se e  H i r s h ,  1948b; L ic k l id e r ,  1951;
P o l la c k ,  1948) and  th a t  i t  m igh t a l s o  be e a s i e r  to  d e te c t  f o r  the  SIT, a s  
opposed  to  SO, i n t e r a u r a l  s ig n a l  cond ition  (see  D ie rc k s  and J e f f r e s s ,  1962).
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o f-p h ase  s t im u l i  a p p e a r " .  . . e i t h e r  s p re a d  th roughou t the head  o r  

c o n c e n tra te d  a t  the two e a r s .  " The add ition  of i n t e r a u r a l  phase  changes  

to e i th e r  n o ise  o r  tones  g ives r i s e  to sh if ts  in both the l a te r a l iz a t io n  

and th re s h o ld  d e tec t io n  p e r fo rm a n c e  of the l i s t e n e r .

Some co m m en t and d a ta  has been  re p o r te d  w hich su g g es t  tha t 

la te r a l iz a t io n  and b in a u ra l  r e l e a s e  f ro m  m ask in g  a r e  s e p a ra te  and 

d is t in c t  phenom ena  a r i s in g  f ro m  d if fe re n t  b in a u ra l  m e c h a n ism s  (see  

L ic k l id e r ,  1948; E gan  and B en so n , 1966; R ob inson  and E gan , 1967; and 

C olburn  and D u rlach , 1965). E gan  and B en so n  (1966), fo r  e x am p le ,  

c o m p ared  the p s y c h o m e tr ic  func tions  fo r  m o n a u ra l  s ig n a l  l a te r a l iz a t io n  

a s  w e ll  a s  m o n a u ra l  s ig n a l  d e te c t io n  th re s h o ld s  w ith in  back g ro u n d s  of 

p e r fe c t ly  c o r r e l a t e d  and u n c o r re la te d  b in a u ra l  n o ise .  T hese  w o r k e r s  

found the p sy c h o m e tr ic  func tions  fo r  l a te r a l i z a t io n  and d e tec t io n  to  be 

n e a r ly  e q u a l  (only one or two dB a p a r t )  in a  background  of u n c o r re la te d  

n o ise .  F o r  c o r r e la t e d  n o ise ,  h o w ev er ,  the func tions  fo r  l a te r a l iz a t io n  

and d e tec t io n  w e re  d is p la c e d  to w ard  s m a l l e r  s ig n a l  leve ls  than fo r  the 

u n c o r re la te d  n o ise . The l a te r a l i z a t io n  func tion  a ls o  p o s s e s s e d  a  low er 

s lope  in the background  of c o r  r e l a t e d ,a s  opposed to  u n c o r re la te d  n o ise . 

See F ig u re  13. J e f f r e s s  and M cF ad d en  (1971); M cF adden , J e f f r e s s  

and E r m y  (1971); and  M c F a d d e n ,  J e f f r e s s  and L akey  (1972) m e a s u re d  

s u b je c ts '  l a t e r a l i z a t io n  and d e te c t io n  p e r fo rm a n c e  fo r  the SONO and  STTNO 

cond itions . The t e s t  s ig n a l  em p loyed  w as  the s am e  n a r ro w  band no ise  

(50 Hz w ide , c en te re d  a ro u n d  500 Hz) th a t  w as  u sed  a s  the m ask in g  s t im -

* See Appendix I fo r  a d e s c r ip t io n  of S h o r t - T e r m  C o r re la t io n  A n a ly s is .
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u lus . The a u th o rs  found th a t  fo r  a l l  of the t e s t  f r e q u e n c ie s  e x p lo re d  

(viz . 250, 500, 1000, and 2000 Hz) l i s t e n e r s  did not a p p e a r  to r e ly  upon 

la t e r a l i z a t io n  cu es  f o r  im p ro v in g  th e i r  d e te c t io n  p e r fo rm a n c e .  The 

m a jo r  in fluence  upon both d e te c t io n  and la t e r a l i z a t io n  w as the s ize  of 

the p hase  ang le  in tro d u ced  be tw een  the s ig n a l  and n o ise  ch an n e ls  by a 

p h a s e - s h i f t in g  n e tw o rk .

N o i s e  c o r r e l a t i o n  a n d  M L D - T e c h n i q u e  I ( add ing  u n c o r re la te d  no ise) 

L ic k l id e r  (1948), w o rk in g  w ith  sp ee c h  a s  the t e s t  s ig n a l ,  found tha t  

a  l i s t e n e r ' s  in te l l ig ib i l i ty  s c o r e  im p ro v ed  by about th re e  dB fo r  b in a u ra l  

a n t ip h a s ic  l i s te n in g  cond itions  o v e r  the hom ophasic  c a s e s .  He d e te rm in e d  

th a t  the  ad d it io n  of u n c o r r e la te d  n o ise  a t  the two e a r s  red u ced  the 

im p ro v e m e n t  ob ta ined  by r e v e r s i n g  the i n t e r a u r a l  phase  of e i th e r  the 

no ise  o r  s ig n a l .  J e f f r e s s ,  B lodge tt ,  and D e a th e ra g e  (1953a) e x p lo re d  the 

e f fec ts  of su ch  no ise  d e c o r r e l a t io n  upon the m ask in g  of to n a l  s ig n a ls  and 

ob ta ined  c o n s id e ra b ly  l a r g e r  M LDs than  did  L ic k l id e r  (1948). T h ese  

w o r k e r s  a s s u m e d  th a t  a  z e r o  c o r r e la t io n  fo r  the  n o ise  would lead  to  no 

r e l e a s e  f ro m  m a sk in g  and th a t  the SONO s i tu a t io n  would be the m o s t  

a p p ro p r ia te  r e f e r e n c e  condition . S ubsequen t r e s e a r c h ,  h o w ev er ,  has 

c o n tra in d ic a te d  th e se  a s s u m p t io n s .  J e f f r e s s ,  e t  a l .  (1956) found M LDs 

(us ing  tona l s t im u li)  f o r  the SONO v e r s u s  SONb co nd itions . V alues  of 

4. 7 dB and 6. 1 dB w e re  ob ta ined  w hen, r e s p e c t iv e ly ,  100 and 25 m sec ,  

d u ra t io n  t e s t  s ig n a ls  w e re  em p lo y ed . R ob inson  and J e f f r e s s  (1963) found 

a n  MLD of abou t th re e  dB be tw een  the h e te ro p h a s ic  (SONp, STTNu) and the 

m onotic  (SmNm) l i s te n in g  co n d itions . The l a t t e r  r e s u l t s  w e re  ob ta ined
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in a back g ro u n d  of wide band m ask in g  noise  (100-3000 Hz) a t  a  r a th e r  

high s p e c t r a l  le v e l  of 50 dB. A 500 Hz tone of 150 m s e c ,  d u ra t io n  and 

25 m se c ,  r i s e  and d e c a y  tim e  c o m p r is e d  the  to n a l  s t im u lu s .  F o r  a n t i -  

p h a s ic ,  a s  w e l l  a s ,  hom ophasic  t e s t  c o n d it io n s ,  th e se  a u th o rs  found a 

c l e a r  d ro p  in  M LD s iz e  a s  the in t e r a u r a l  n o ise  c o r r e la t io n  w as  red u ced  

by the ad d it io n  of u n c o r re la te d  n o ise .  W ilbanks and W hitm ore  (1968) 

ex tended  th is  type of e x p e r im e n t  o v e r  a  wide ran g e  of f r e q u e n c ie s  (150- 

4000 Hz ). T h ey  e x am in ed  the d e te c ta b i l i ty  of m o n a u ra l ly  p re s e n te d ,

200 m sec  .d u ra t io n ,  tones  a s  a func tion  of the  fo llow ing i n t e r a u r a l  no ise  

c o r r e la t io n s :  1 .0 0 ,  0 .9 0 ,  0 .7 5 ,  0 .5 0 ,  0 .2 5 ,  and z e ro .  The c o r r e la t e d  

n o ise  w as ob ta ined  by us ing  one g e n e r a to r  fo r  both  e a r s  w h e re a s  the 

v a r io u s  d e c o r r e l a t e d  n o ise  s t im u l i  w e re  p ro d u ced  by add ing  the no ise  

f r o m  two a d d it io n a l ,  independen t,  g e n e r a to r s .  F ig u r e  14 show s tha t 

a s  the no ise  c o r r e l a t i o n  is  d e c r e a s e d  f r o m  unity, (NO), to  zero ,(N Ji) ,  the 

MLD v a lu es  d im in is h  s h a r p ly  (Sm Nm  is  tak en  a s  the r e f e r e n c e  condition) 

A t 150, 200, 3000, and 4000 Hz, l i t t l e  o r  no change in  d e te c t io n  p e r fo rm  

a n ce  o c c u r s .

I n t e r n a l  n o i s e  a n d  C o r r e l a t i o n

As m en tioned  in  an  e a r l i e r  footnote (p.30)> D ie rc k s  and J e f f r e s s  

(1962) have r e p o r te d  th a t  w hen the b in a u ra l  v e r s u s  m o n a u ra l  d e tec t io n  

of a  s ig n a l  a r e  c o m p a re d ,  the SIT r a t h e r  than  the  SO i n t e r a u r a l  phase  

cond ition  y ie ld s  s l ig h t ly  im p ro v ed  d e te c t io n  th re s h o ld s  when no e x te r n a l  

n o ise  is  ap p lied  to the  s u b je c t 's  e a r s .  P r e s u m a b ly ,  in  th is  s i tu a t io n ,
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F ig .  14. - -M L D  as  a  fu nc tion  of i n t e r a u r a l  no ise  
c o r r e la t io n ( a f t e r  W ilbanks and W h itm o re ,  1968).
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only  the in d iv id u a l 's  own p h y s io lo g ica l  n o ise  is  p re s e n t .  The im p r o v e ­

m ent f o r  SIT l is te n in g  o v e r  the SO condition  w as  re p o r te d  to  be only 

about one dB b e t t e r  and the q u e s t io n  a r i s e s  a s  to how re l ia b le  o r  s ig n if ­

ic an t  th is  f ig u re  m igh t be. Two w o r k e r s  have been  unable to  d e te c t  any  

d if fe re n c e  be tw een  the cond itions  ( Chocholle,1959; L ev it t ,  1973). S e v e ra l  

w r i t e r s  have su g g es te d  th a t  an y  such  e n h an cem en t f o r  the Slf phase  

condition  m ight be linked  to the  p re s e n c e  of no ise  in  the e a r  c an a l  w hich  

has a s l ig h t  p os it ive  c o r r e la t io n  (D ie rc k s  and J e f f r e s s ,  1962; D olan and 

R ob inson , 1967; M cF ad d en , 1968). It has been  su g g es te d  th a t  th is  c o r r e ­

la t io n  a r i s e s  f r o m  the fa c t  th a t  the v a s c u la r  flow is  sy n c h ro n iz e d  w ith  

the h e a r tb e a t  (G re e n  and H enning , 1969).

N o i s e  c o r r e l a t i o n  a n d  M L D - T e c h n i q u e  I I (  I n t e r a u r a l  t im e  delay) 

A n o th e r  w ay  of p roduc ing  d e c o r r e l a t e d  n o ise  is  to  in tro d u ce  a 

s u b s ta n t ia l  t im e  d e la y  be tw een  the n o ise  w a v e fo rm s  d e l iv e re d  to  e ac h  

e a r  ( J e f f r e s s ,  B lo d g e tt ,  and D e a th e ra g e ,  1952, 1962; R a b in e r ,  1964).

T h is  l i s te n in g  cond ition  is  p o r t r a y e d  in  F ig u re  15. The s u b je c t  l i s te n s  

to  the id e n t ic a l  band of n o ise  in  e a c h  e a r .  In one e a r ,  h o w ev er ,  the 

no ise  w a v e fo rm  is  d e lay ed  by so m e  t i m e . ' f .  The v a r ia t io n  in  MLD 

va lues  due  to  i n t e r a u r a l  t im e  d e la y  of the n o ise  w a v e fo rm  (a s  r e p o r te d  

by J e f f r e s s ,  B lo d g e tt ,  and D e a th e ra g e ,  1952) i s  shown in  F ig u r e  16.

The re la t io n s h ip  is  cy c lic  in n a tu re  w ith  s u c c e s s iv e ly  d am p ed  m ax im a  

and m in im a  o c c u r r in g ,  r e s p e c t iv e ly ,  a t  the  half and fu l l  p e r io d  t im e s  

f o r  the p a r t i c u l a r  tone em ployed  (in th is  in s ta n c e ,  500 Hz). The m a n n e r



w v
'V x/W

t i m e  >

S I G N A L
G E N E R A T O R

N O I S E
G E N E R A T O R

w v
^ \ / \ / \ a a A / w

T I M E

F ig .  15. - - T h e  SON^f l i s te n in g  cond ition  ( s ig n a ls  b in a u ra l ly  
in  p h a se ,  n o ise  d e la y  to  one e a r ) .  The s ig n a l  d e te c ta b i l i ty  v a r i e s  
w ith  the  i n t e r a u r a l  d e lay .



M
A

S
K

IN
G

 
L

E
V

E
L

 
D

IF
F

E
R

E
N

C
E

 
(d

B
)

F R E Q U E N C Y  2? 5 0 0  H z

10

8

6

4

2

0

3000 4000200010000

'Fn <a’s e c ->
F ig .  16. - -M L D  v s , i n t e r a u r a l  t im e  d e la y  be tw een  the n o ise  w a v e fo rm s .



L!

40

in  w hich  th e se  a u th o rs  in tro d u ce d  the i n t e r a u r a l  t im e  d e la y  fo r  the 

no ise  w a v e fo rm s  has p ro m p ted  som e c r i t i c a l  co m m e n ts  (R a b in e r ,  1964). 

In th e i r  f i r s t  p ro c e d u re  they  em ployed  a n  R -C  p hase  n e tw o rk  to  sh if t  the 

500 Hz com ponen t of the n o ise .  This  techn ique  would be a p p ro p r ia te  fo r  

sh if t ing  to n a l  s t im u l i  but is  in cap ab le  of u n ifo rm ly  a l t e r in g  the p h ase  of 

a l l  com ponen ts  in  a band of n o is e ,  a s  r e q u i re d .  T h e ir  second  a p p ro a c h  

w as to d e lay  the n o ise  w a v efo rm  to one e a r  by m ean s  of a  b in a u ra l  tape 

r e p r o d u c e r .  The no ise  w as f i r s t  r e c o rd e d  in -p h a s e  on both chan n e ls  

and then  one tape  head w as m oved l a t e r a l l y  to in tro d u ce  the d e s i r e d  no ise  

p hase  sh if t .  E ven  though th is  rough  techn ique  w as  p rone  to  e r r o r ,  

e s s e n t i a l ly  s i m i l a r  d a ta  have been  ob ta ined  by su b seq u en t w o r k e r s  using  

d i f f e re n t  te ch n iq u es  (R a b in e r ,  1964; R a b in e r ,  L a u re n c e ,  and D u r la c h ,  

1966; L angfo rd  and J e f f r e s s ,  1964), T h e se  l a t e r  in v e s t ig a to r s  found 

th a t  fo r  e x t r e m e l y  la rg e  i n t e r a u r a l  d e la y s ,  the s h o r t - t e r m  c o r r e la t io n  

b e tw een  the n o ise  w av e fo rm s  re a c h in g  the  two e a r s ,  w as n eg lig ib le ,  and 

a  s te a d y  MLD of abou t th re e  dB is  ob ta ined  (see  F ig u re  17).

F o r  the  low f re q u e n c y  t e s t  s ig n a l  of 167 Hz, J e f f r e s s ,  B lodge tt ,  and 

D e a th e ra g e  (1962) pub lished  a  cu rv e  w ith  no a p p a re n t  cy c lic  r e la t io n s h ip  

be tw een  M LD and*Jn . A f te r  ^ n * 0 .  6 m s e c ,  the c u rv e  is  s ee n  to  " f la t ten  

ou t"  a t  MLD v a lu es  n e a r  fo u r  dB. Th is  r e s u l t  has been  e x p lo re d  fo r  

l a r g e r  v a lu es  of *£n (up to  s ix  m s e c . ,R a b i n e r ,  L a u re n c e ,  and D u r la c h ,  

1966) and  the ex tended  c u rv e  r e p o r te d ,  show s d im in ish in g  MLD v a lu es  

a s  the s ix  m s e c .  , fu ll  p e r io d ,  point is  a p p ro a ch e d .  B oth  s e t s  of d a ta  

a r e  d isp la y ed  in  F ig u r e  18.
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F ig .  17. - -M L D  v s .  TTn in back g ro u n d  of positively- 
c o r r e l a t e d  n o ise  ( a f t e r  L an g fo rd  and  J e f f r e s s ,  1964).
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D E L A Y  ( M S E C . )

J e f f r e s s ,  B lodge tt  
& D e a th e ra g e  (1962)6

4

R a b in e r ,  L a u re n c e  
& D u r la c h  (1966)2

F ig .  18. - - M L D  v s .  ~ fn  fo r  167 H z.0
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P h a s e  d i f f e r e n c e s  b e t w e e n  t e s t  t o n e s  a n d  r e s u l t i n g  M L D s  

S e v e ra l  r e s e a r c h e r s  have ex am in ed  the  change in  MLD va lues  due 

to  v a r io u s  phase  d i f f e r e n c e s  be tw een  the to n a l  s t im u l i  a t  the two e a r s  

w ithin  backgrounds  of in -p h a s e  n o ise .  S ee ,  fo r  e x a m p le ,  H ir s h  (1948c) 

and J e f f r e s s ,  B lo d g e tt ,  and  D e a th e ra g e  (1952, 1962). F ig u re  19 shows 

how MLD va lues  d im in is h  s h a r p ly  w hen a  s l ig h t  p h ase  sh ift  is in tro d u ced  

to  the two t e s t  to n es .  As the STTNO point is  ap p ro a ch e d ,  th is  d e c r e a s e  is 

l e s s  ab ru p t .

M L D s  f o r  s p e e c h  s t i m u l i

M ask ing  le v e l  d i f f e r e n c e s  f o r  sp eech  s t im u l i  have a l s o  been  s tud ied .

It is  im p o r ta n t  to d is t in g u is h  b e tw een  b in a u ra l  r e l e a s e  f ro m  m ask in g  fo r  

the d e tec t io n  of sp ee c h  (M LD), and the r e l e a s e  f r o m  m ask in g  fo r  a  sp ec if ic  

le v e l  of sp ee c h  in te l l ig ib i l i ty .  F o r  the l a t t e r  c a s e ,  the t e r m ,  b in a u ra l  

in te l l ig ib i l i ty  d i f f e r e n c e  (ILD)* has b een  su g g es ted  (L ev i t t  and R a b in e r ,  

1967a). The da ta  on the b in a u ra l  e n h a n c e m e n t  of sp eech  in no ise  a r e  

quite d i s p a r a te .  ILD s a s  low a s  th re e  dB ( L ic k l id e r ,  1948) and a s  high 

a s  twelve dB (Kock, 1950) have b een  re p o r te d .  The m agnitude  of the ILD, 

how ever, a p p e a r s  to  depend  on the in te l l ig ib l i ty  le v e l ,  a  g r e a t e r  ILD 

being o b se rv e d  fo r  low le v e ls  of in te l l ig ib i l i ty .  I t has  been  d e te rm in e d  

tha t the low f re q u e n c y  re g io n  of the  s p e e c h  s ig n a l  (a ro u n d  300 Hz) is  of

*The n o m e n c la tu re  BM LD and BILD w as  o r ig in a l ly  u sed  in  the L e v i t t  
and R a b in e r  p a p e r ,  but w as  s h o r te n e d  to  M LD and ILD in o r d e r  to  be 
c o n s is te n t  w ith  n o m e n c la tu re  u sed  in  th is  c h a p te r  and e ls e w h e re .
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e a r s  ( a f te r  J e f f r e s s ,  B lodge tt  and  D e a th e ra g e ,  1962).
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p r i m a r y  im p o r ta n c e  in  r e l e a s e  f ro m  m a sk in g  (MLD) w hile  both the high 

and low p o r t io n s  of the sp e e c h  s p e c t ru m  p lay  a  s ig n if ic a n t  ro le  in  b in a u ra l  

gain  in  in te l l ig ib i l i ty  (ILD), a lthough  the lo w er  f r e q u e n c ie s  a r e  r e la t iv e ly  

m o re  im p o r ta n t ,  L e v i t t  and R ab in e r  (1967b) have p ro v id ed  a  s im p le  

n u m e r i c a l  p ro c e d u re  f o r  p re d ic t in g  the  ILD and  M LD v a lu es  fo r  sp ee c h  

us in g  the  A r t ic u la t io n  Index (K ry te r ,  1962a). T h e se  p re d ic t io n s  in d ica te  

th a t  ILD v a lu es  beco m e  p r o g r e s s i v e ly  l a r g e r  a s  one m oves f ro m  high 

in te l l ig ib i l i ty  le v e ls  to  low in te l l ig ib i l i ty  l e v e l s ,  u n ti l  z e r o  in te l l ig ib i l i ty  

i s  r e a c h e d .  At th is  po in t, sp ee c h  is  ju s t  d e tec ta b le  but no lo n g e r  

in te l l ig ib le  and a  m a x im u m  im p ro v e m e n t ,  e q u a l  to  the M LD, is  ach iev ed . 

The M LD fo r  sp e e c h  m a y  be thought of a s  a l im it in g  case  of the ILD.

T h e o r e t i c a l  V i e w p o i n t s

W e b s t  e r  - J  e f  f r  e s s ( t i m e  d i f f e r e n c e )  f r a m e w o r k

W eb s te r  (1951) has  p ro p o se d  the e s s e n t i a l  f a c to r  in  MLD phenom ena  

to  be " , . . . t h e  t im e - d iv e r g e n c e  be tw een  the two e a r s  th a t  is  p roduced  

by the s ig n a l  w h e n e v e r  i t  is  n e i th e r  e x a c t ly  in -p h a s e  w ith  the  m ask in g  

to n e ,  n o r  e x a c t ly  out of p h ase  w ith  i t .  " H is c h a r a c t e r i z a t i o n  of the  

m a sk in g  s t im u lu s  a s  a  tone b eco m es  m ean ing fu l in  view of the  f a c t  th a t  

a n  e x t r e m e ly  n a r ro w  band n o ise  m a s k e r  (e. g. a s  d e r iv e d  f r o m  the 

c r i t i c a l  bandw idth  f i l t e r in g  of the e a r )  m a y  be c o n s id e re d  a n a lo g o u s  to  a  

m odu la ted  s ine  w ave s lo w ly  v a ry in g  in  am p li tu d e  and f re q u e n cy .  Indeed , 

W e b s te r  su g g e s ts  th a t  o v e r  s h o r t  in te r v a l s  ( e .g .  10-20 m s e c . )  one m ight
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. . c o n s id e r  the  s ig n a l  and  m a s k e r  to  be id e n t ic a l  in f req u en cy . " 

O p e ra t in g  u n d e r  th is  a s s u m p t io n ,  W eb s te r  (and su b seq u en tly ,  J e f f r e s s ,  

e t  a l .  , 1956) w e re  ab le  to  d e p ic t  MLD lis te n in g  cond itions  in  a  v e c to r  

f o r m a t .  F ig u re  20 is  su ch  a d is p la y  of the S1TN0 c a se  a t  one in s ta n t  in 

t im e .  The h o r iz o n ta l  v e c to r  r e p r e s e n t s  the in -p h a s e  m a s k e r  a t  the two 

e a r s .  The two s ig n a l  com p o n en ts  (S^e£t and S r £ght) a r e  c l e a r ly  s e e n  to 

be s u p p le m e n ta ry  ( i . e .  180° p h ase  s e p a ra t io n ) .  The d a sh e d  v e c to r  l ines  

show the  r e s u l ta n t  s ig n a l -n o is e  v o ltag es  a t the two headphones . The 

d ia g ra m  re v e a ls  th a t  fo r  th is  p a r t i c u l a r  m om ent in t im e ,  the left e a r  

s ig n a l  le ad s  the c o m b in ed  n o ise  v e c to r  by  a  p h ase  angle,O ^, of 45°  The 

value of °< is  c i ted  by J e f f r e s s  (1972) a s  a  conven ien t m idva lue  while  

one u n it  a long  e a c h  of the v e c to r s  i s  tak en  a s  the  rm s  vo ltage  of the  n o ise .  

A p p ro p r ia te  t r ig o n o m e tr ic  c o m p u ta t io n s  give r i s e  to  an  in t e r a u r a l  phase  

d i f fe re n c e  betw een  the r e s u l t a n t s  a t  the e a r s  of 1 7 .5 ?  T h is  is eq u iv a len t  

to  a t im e  d if fe ren c e  b e tw een  the s ig n a ls  of 9 7 ^asec, (for--.-500 Hz) and 

it is  th is  t im e  d i f fe re n c e  th a t  i s  p u rp o r te d  to  be the p r in c ip a l  cue fo r  

b in a u ra l  r e l e a s e  f r o m  m ask ing .

J e f f r e s s  (1965, 1972) in c o rp o ra te d  and ex tended  W e b s te r 's  b a s ic  

concep t in to  a  m o re  c o m p lex  n e u ro -p h y s io lo g ic a l  f r a m e w o rk  w hich 

r e l a t e s  r e l e a s e  f ro m  m a sk in g  to  lo c a l iz a t io n - l a te r a l iz a t io n  phenom ena . 

J e f f r e s s 1 concep t w as  th a t  the tw o e a r s  a c t  as  a  m a tch ed  p a i r  of f i l t e r  

banks w ith  the com ponen t f i l t e r s  in  e a c h  bank p o s s e s s in g  a  w idth  ro u g h ­

ly  th a t  of a  c r i t i c a l  band. M y r ia d s  of n e u r a l  l in k s  f ro m  the  r ig h t  and 

le ft  e a r  f i l t e r s  w e re  e n v is io n ed  a s  m e rg in g  a t ,  and  t r i g g e r in g  " h ig h e r
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F ig .  20. - - V e c to r  d ia g r a m  fo r  the  S1TN0 
l is te n in g  co n d itio n  ( a f te r  J e f f r e s s ,  1972).
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o r d e r  n e u ro n s .  " Th is  t r ig g e r in g  ac t io n  would o c c u r  only when the le f t  

and r ig h t  n e u r a l  b ra n c h e s  would s im u l ta n e o u s ly  s t im u la te  the p a r t i c u la r  

" h ig h e r  o r d e r  n eu ro n . " If, f o r  e x a m p le ,  the id e n t ic a l  w av e fo rm  is 

d e l iv e re d  to e a c h  e a r ,  the e l e c t r i c a l  im p u ls e s  would tend to m e e t  a t  and 

ex c ite  one of those  n eu ro n s  w hich  re s id e  in the m ed ian  plane of the 

l i s t e n e r ' s  head. J e f f r e s s  su g g e s ts  tha t f o r  th o se  in s ta n c e s  w h e re in  the 

s ig n a l  to  one e a r  l a g g e d ,  in t im e ,  behind the s t im u l i  sen t  to the c o n t r a ­

l a t e r a l  e a r ,  the n e u ra l  a c t iv i ty  would tend to  c o n v erg e  upon the v ic in i ty  

of so m e  n e u r a l  locus th a t  r e p r e s e n t s  the e a r  th a t  is  lagging. Such a 

d e s c r ip t i o n  p ro v id e s  a  link  be tw een  the locus  of the n e u ra l  a c t iv i ty  and 

the lo ca t io n  of the sound so u rc e  i t s e l f .

T h e  E q u a l i z a t i o n  a n d  C a n c e l l a t i o n  M o d e l

D u r la c h  (I960 ; 1963; 1972) has  deve loped  a  "b lack  box" r a t h e r  than  

n e u ro -p h y s io lo g ic a l  m o d e l  of the m ask in g  le v e l  d i f f e re n c e  m e c h a n ism .  

He p o s tu la te s  th a t  the b in a u ra l  m e c h a n ism  p e r f o r m s  a  l im ited  n u m b e r  

of o p e ra t io n s  upon the input s t im u l i  in o r d e r  to  enhance  the d e te c t io n

p r o c e s s .  D u r la c h  (1963) has re d u c ed  th e se  o p e ra t io n s  in to  two b as ic

s t e p s :
" . ..................w hen the su b jec t  is  p r e s e n te d  w ith  a
b in a u ra l -m a s k in g  s t im u lu s ,  the a u d i to ry  sy s te m  
a t te m p ts  to e l im in a te  the m ask in g  com ponen ts  
by t r a n s f o r m in g  the to ta l  s ig n a l  in  one e a r  r e la t iv e
to  the to ta l  s ig n a l  in  the o th e r  e a r  u n ti l  the m ask in g
com ponen ts  a r e  e x a c t ly  the s a m e  in both e a r s  (the E 
p r o c e s s ) ,  and th en  s u b t ra c t in g  the to ta l  s ig n a l  in 
one e a r  f ro m  the to ta l  s ig n a l  in  the o th e r  e a r  (the C 
p ro c e s s ) .  If th is  o p e ra t io n  is  p e r fo rm e d  w ith  
c o m p le te  p re c is io n ,  the m ask in g  s ig n a l  w ill  be 
c o m p le te ly  e l im in a te d .  "
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A f te r  the in i t ia l  e q u a l iz a t io n  of the n o ise  w av e fo rm  a m p l i tu d e s ,  

c a n c e l la t io n  of the m ask in g  s t im u l i  i s  a ch iev ed  th ro u g h  the s im p le  

a lg e b ra ic  su m m a tio n  of the two in v e r te d  n o ise  w a v e fo rm s .  In th is  

id e a l iz e d  c a s e ,  a doubling  of the s ig n a l  m agn itude  a c c o m p a n ie s  the 

e l im in a t io n  of the n o ise  - -  giving r i s e  to  p e r f e c t  d e te c t io n .  P e r f e c t  

p e r fo rm a n c e  i s ,  of c o u r s e ,  not r e a l iz e d  in  the hum an l i s t e n e r  and  

D u r la c h  p o s tu la te s  the p re s e n c e  of two ty p es  of s ig n a l  p r o c e s s in g  e r r o r s  

to  a cc o u n t  f o r  th is  l e s s  than  id e a l  d e tec t io n .  The f i r s t  be ing  so m e  fo rm  

of te m p o r a l  in s ta b i l i ty  o r  " j i t t e r "  in the p r o c e s s in g  of the  s ig n a ls  a t  the 

two e a r s .  T h is  " j i t t e r "  i s  ra n d o m  in  n a tu re  and c o n s id e re d  to be quite 

s m a l l  in  m agn itude  - -  about 105(^jsec. ^). A t low f r e q u e n c ie s  ( e .g .  250 Hz)

th is  " j i t t e r "  has l i t t le  e f fe c t  upon the p hasic  r e la t io n s h ip  b e tw een  the two

inpu ts .  A t h igh f r e q u e n c ie s ,  how ever , th e re  is  s ig n if ic a n t  a l t e r in g  of the 

c o h e re n c e  be tw een  the  w a v e fo rm s  th a t  a r e  p re s e n te d  to  the  two e a r s  - -  

hence  p o o r e r  d e tec t io n  p e r fo rm a n c e  and a  low er MLD. A n e v e r  p r e s e n t  

am p li tu d e  v a r ia n c e  c o m p r i s e s  the second  type  of p r o c e s s in g  e r r o r .  This  

v a r ia n c e  i s  e s t im a te d  to  be on the o r d e r  of (0 .25) in  m agn itude .

C r i t i c i s m  o f  t h e  T - D  a n d  E - C  m o d e l s

A  n u m b e r  of a u th o rs  have co m m en ted  upon the  p re d ic t io n s  m ade  by 

the  W e b s te r - J e f f r e s s  and D u r la c h  m o d e ls .  H a f te r  (1971) has  e n d o rs e d  

th a t  a s p e c t  of the t im e  d i f f e re n c e  m ode l w hich  r e l a t e s  M LD s to l a t e r a l ­

iz a t io n  phenom ena  a s  it  is  in  a g re e m e n t  w ith  h is own r e c e n t  r e s e a r c h  f in d ­

in g s .  He po in ts  out, h ow ever , th a t  the T -D  m ode l cannot acco u n t  fo r  MLD
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v a lu es  w hich  have b een  ob ta ined  a t  f r e q u e n c ie s  " , . .w h e r e  i n t e r a u r a l

t im e  is  known to  be ine ffec tive  fo r  lo c a l iz a t io n "  ( s e e ,  fo r  e x a m p le ,

H i r s h  and B u rg e a t ,  1958), D olan and R ob inson  (1967) have noted  th a t

the T -D  m ode l , . p re d ic ts  no change in  d e te c ta b i l i ty  a s  the  le v e l  of

the m a s k e r  a t  the n o n -s ig n a l  e a r  is  v a r ie d .  " This would s e e m  to  be

c o n tra in d ic a te d  by the d a ta  ob ta ined  by n u m e ro u s  w o r k e r s  ( s e e  pages  27-

30, above) . G re e n  and Henning (1969) su g g e s t  tha t both the  T -D  and

E - C  m o d e ls  do not a d d r e s s  th e m s e lv e s  to  the  in f lu en ces  of t r a n s ie n t

c u es  in  the  b in a u ra l  l is te n in g  s i tu a t io n .  T h e se  w r i t e r s  have posed  the

q u e s t io n  of w h e th e r  the T -D  and E - C  p re d ic t io n s  m igh t not be b a sed

upon a n  u n r e a l i s t i c  concep tion  of the p r o c e s s  of r e l e a s e  f r o m  m ask in g .

S p e c if ic a l ly ,  the  p re d ic t io n s  a r e  b a sed  only  upon ", . . s ta t ic  q u a n t i t ie s ,

q u a n t i t ie s  th a t  r e p r e s e n t  the a v e r a g e  o v e r  so m e  in te r v a l  of t im e .  "

The E - C  m o d e l  has  s u c c e s s fu l ly  a cco u n ted  fo r  m uch  of the  MLD da ta

but i t  too  has d ra w n  c r i t i c a l  c o m m e n t  on s e v e r a l  i s s u e s .  H a f te r  (1971)

d ra w s  o u r  a t te n t io n  to  the fa c t  th a t  the  E - C  m odel:

" . . .d o e s  not e x p la in  the r e la t io n  b e tw een  d e te c t io n  
and s ig n a l  to  n o ise  p h ase .  S ince n o is e  is  p re s u m e d  
c a n c e led  in the E - C  p r o c e s s ,  the e n e r g y  of the 
d i f f e r e n c e ,  and hence  d e te c t io n ,  should  be in d e p e n d ­
e n t  of the  p h ase  an g le  be tw een  the s ig n a l  and  the 
m a s k e r .  Yet, H a f te r  and C a r r i e r  (1970), u s in g  
to n a l  m a s k e r s  in  o r d e r  to  fix  the s ig n a l - t o - m a s k  
p h a se ,  have found th a t  d ich o tic  d e te c t io n  is  v e r y  
dep en d en t on th is  phase  re la t io n .  "

N e w  D e v e l o p m e n t s

H a f te r  (1971) has  p ro p o sed  a  m ode l of b in a u ra l  r e l e a s e  f r o m  

m a sk in g  in  w h ich  a  s ing le  th e o r e t i c a l  q jan tity( r e la te d  to  l a t e r a l i z a t i o n
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of the  b in a u ra l  fu sed  im age)  s e r v e s  a s  the u n d e r ly in g  f a c to r  in  the MLD 

m e c h a n is m . The t e s t  quan tity ,  (i , is  be liev ed  to  be the w e igh ted  a v e ra g e  

of the in s ta n tan e o u s  i n t e r a u r a l  t im e  and in te n s i ty  d i s p a r i t i e s  be tw een  the 

s t im u l i  re a c h in g  the two e a r s .  V a r ia t io n s  in  the m agnitude  of a r e  

thought to p roduce  d is p la c e m e n ts  of the fu sed  a u d i to ry  im age  a long  the 

m ed ian  plane of the s u b je c t 's  head . This  sh if t  is  d e te c te d  by the l i s t e n e r  

and i t  i s  the d if f e re n c e  in  d e te c t io n  p e r fo rm a n c e  fo r  the v a r io u s  t e s t  

s i tu a t io n s  w hich  c o m p r is e  the MLD v a lu e s .

O sm an  (1971) has r e c e n t ly  p ro p o sed  a  m odel of the MLD p ro c e s s  

", . . .w h ic h  p ro v id e s  a  d e s c r ip t io n  of a  la rg e  m a s s  of r e s u l t s ,  s im p ly  

o rg a n iz ed  w ith  r e g a r d  to i n t e r a u r a l  c o r r e l a t i o n . "  O sm an  has p o s tu la ted  

th a t  the r e c e iv e r  u t i l iz e s  a  s ing le  d e c is io n  v a r ia b le  th a t  is  d e r iv e d  f ro m  a  

l in e a r  co m b in a tio n  of th re e  b as ic  q u a n t i t ie s :  the m agnitude  of the e n e rg y  

lev e ls  a t  the two e a r s ,  p lus the i n t e r a u r a l  c r o s s  c o r r e l a t i o n  of the 

w a v e fo rm s  a t  the two e a r s .

T h e  P r o p o s e d  S t u d y

The fo c a l  point of m uch of the r e s e a r c h  in to  M LD phenom ena  has 

been  upon the ro le  w hich  in t e r a u r a l  c o r r e la t io n  of n o ise  and s ig n a l  

w a v e fo rm s  p lays  in  the d e te c t io n  p e r fo rm a n c e  of a  l i s t e n e r .  To th is  

a u th o r ,  the d a ta  r e p o r te d  in  the l i t e r a tu r e  and  c i ted  in  th is  re v iew , 

su g g es t  th a t  i n t e r a u r a l  c o r r e la t io n  is  the p iv o ta l ,  u n d e r ly in g  f a c to r  in 

the MLD p r o c e s s .  See the w o rk  of O sm an ,  1971. In d e e d ,  it  is  p o ss ib le  

to  t r a n s l a t e  e a c h  of the m a jo r  th e o r e t i c a l  v iew poin ts  in to  the  f r a m e w o rk  of 

i n t e r a u r a l  c o r r e la t io n .
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The v e c to r  m o d e l  of m ask in g  le v e l  d i f f e r e n c e s  m ay  be d e s c r ib e d  

in  t e r m s  of c o r r e la t io n  when it is  c o n s id e re d  o v e r  som e continuous 

t im e  p e r io d  r a th e r  than  fo r  an  in s ta n t  in t im e  (as  p o r t r a y e d  above). In 

F ig u re  21, the to n a l s ig n a ls  a r e  r e p r e s e n te d  a s  v e c to r s  of fixed length  

(d isp lay in g  th e i r  in v a r ia n t  am p li tu d e s ) .  F o r  the n a r ro w  band no ise  

w av e fo rm  a t  e ach  e a r ,  h o w ev er ,  the v e c to r  w ill  change in length fro m  

m o m en t to m om en t.  This is b ecau se  band l im ited  noise  a p p ro x im a te s  

a  s in u so id  th a t  is  s low ly  v a ry in g  in  m agn itude . The r e s u l ta n t  n o ise  and 

s ig n a l  v e c to r  fo r  e a c h  e a r  is then seen  to f luc tua te  a s  the angle betw een 

the no ise  and s ig n a l  v a r i e s  be tw een  0-360.° The r e s u l ta n t  noise and s ig n a l  

v e c to r s  w il l  a l t e r n a t e ly  wax and w ane in  s iz e .  As g r e a t e r  tim e  d e lay s  a r e  

in tro d u ce d ,  the m ax im a  of e ach  cyc le  w il l  d im in ish .  Th is  m ay  be likened  

to  the d e c o r r e l a t io n  th a t  o c c u rs  b e tw een  n o ise  w a v e fo rm s  to w hich  an  

i n t e r a u r a l  t im e  d e la y  has b een  in tro d u ce d .  This  r e la t io n s h ip  is  d isp lay ed  

in F ig u re  23.

R ab in e r ,  L a u re n c e ,  and D u r la c h  (1966) expanded the E q u a liza t io n  

and C an c e lla t io n  th e o ry  to include a  d is c u s s io n  of the influence  w hich  

no ise  d e c o r r e l a t io n  has  upon both the e m p i r i c a l  ev idence  th ey  obtained 

and the th e o r e t ic a l  c o n s id e ra t io n s  they  have o f f e r r e d .  In the e a r l i e r  

v e r s io n  of the m odel, co m p le te  c an c e l la t io n  of the no ise  w a v e fo rm s  w as  

a s s u m e d .  In the expaned  th e o ry ,  h o w e v er ,  the c a n c e l la t io n  is thought 

to  be only  p a r t i a l .  In F ig u re  22a, two p e r f e c t ly  c o r r e la t e d ,  id en tic a l ,
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F ig . 21. - -  V ec to r  r e p r e s e n ta t io n  of n a r ro w  band noise  
and s ig n a l  a t  the  two e a r s .  The s ig n a l  is  in v a r ia n t  but 
the n o ise  f lu c tu a te s  in m agn itude  a s  the s ig n a l - a n d - n o is e  
v e c to r s  ro ta te  a ro u n d  e a c h  o th e r  w ith  the p a ssa g e  of t im e .



22A 22B 22C 22D

r
F ig .  22. - -  B in a u r a l  n a r r o w  band n o is e  w a v e fo r m s .  The id e n t ic a l  
w a v e fo rm s  a r e  a t  e a c h  e a r  in  fig . 22A. F ig .  22, B* C, D, show  the 
w a v e fo rm  to  one e a r  w ith  d i f f e r e n t  t im e  d e la y s  in tro d u ce d .
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F ig .  23. - - T h e  change in  c o r r e l a t i o n  f o r  two id e n t ic a l  n a r ro w  
band n o ise  w a v e fo rm s  a s  a  fu n c tio n  of the  i n t e r a u r a l  d e la y  
b e tw een  w a v e fo rm s .

1
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n a r r o w  band n o is e  w a v e fo rm s  a r e  d isp lay ed . In F ig u re  22b, c , d, 

one m ay  see  th a t  the r e s u l t a n t  no ise  w av e fo rm  would change a s  g r e a t ­

e r  t im e  d e la y s ,  £ , a r e  in tro d u ced  betw een  the com ponent w a v e fo rm s .

F o r  those  in s ta n ts  w h e re in  peaks on the two com ponen t w a v e fo rm s  c o ­

in c id e ,  the r e s u l ta n t  w i l l  exh ib it  a " lo c a l"  m ax im um  am p li tu d e .  T hese  

m a x im a  becom e p r o g r e s s iv e ly  s m a l l e r  a s  the d e c o r r e l a t io n  of the noise  

w a v e fo rm s  i n c r e a s e s .  This  re la t io n sh ip  is  shown in F ig u re  23. The 

cyc lic  n a tu re  of th is  cu rv e  is r e m in is c e n t  of the func tion  o b s e rv e d  fo r  

M LD v a lu es  and i n t e r a u r a l  t im e  d e lay  of no ise  w a v e fo r m s ( F ig u re s  16-17), 

F o r  v e r y  la rg e  v a lues  of , no m ax im um  is ob ta ined  and th e re  is  z e ro  

c o r r e la t io n  be tw een  the no ise  w a v e fo rm s .  In the r e v i s e d  E - C  m odel, the 

MLD m e c h a n is m  m ay  be c h a r a c te r i z e d  a s  sh if t ing  one no ise  w a v e fo rm , 

in  t im e ,  w ith  r e s p e c t  to  the w a v efo rm  a t  the o th e r  e a r  (p e rh a p s  to  the 

n e a r e s t  m e sh in g  of the w a v e fo rm  peaks).  Subsequen t s u b t r a c t io n  of the 

w a v e fo rm s  w ould not, then , lead  to co m p le te  c a n c e la t io n  of the m ask in g  

n o ise .  Such a d e s c r ip t io n  (em p h as iz in g  the ro le  of n o ise  c o r r e la t io n  in 

MLD phenom ena) a long  w ith  the p re v io u s ly  d e s c r ib e d  te m p o r a l  and a m p ­

litude v a r i a n c e s ,  aid  the m odel in  a ccoun ting  fo r  the r e a l  w o r ld  s i tu a t io n  

of le s s  than p e r f e c t  de tec t io n .

To c o n f irm  the n a tu re  and ex ten t  of the in fluence  w hich  n o ise  d e c o r r ­

e la t io n  e x e r t s  upon d e te c t io n  p e r fo rm a n c e ,  one m u s t  sp ec ify  the c h a r a c t e r  

i s t i c s  of the n o ise  w a v e fo rm  th a t  a  su b jec t  l i s te n s  to  d u r in g  e a c h  t e s t  t r i a l .  

It is  not ye t p o ss ib le  to  d e te r m in e  the e x a c t  n a tu re  of a  s u b je c t 's  own in ­

te r n a l ,  p h y s io lo g ica l ,  n o ise .  R ecen t  a d v a n c e s ,  h o w ev er ,  in  d ig i ta l ly
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p ro d u ced  w a v e fo rm s  o ffe r  the e x p e r im e n t e r  a  d e g re e  of c o n t ro l  and 

re p e a ta b i l i ty  o v e r  m ask in g  s t im u l i  th a t  is  u n a tta inab le  w ith  conven tiona l 

t h e r m a l  n o ise  s o u r c e s .  P faffl in  and M athew s (1966) and  P fa f f l in  (1968) 

have em ployed  an  IBM 7094 c o m p u te r  to  g e n e ra te  a  s e r i e s  of 240 ran d o m  

n u m b e rs  w hich  a  d ig i ta l  to  ana log  c o n v e r te r  then  t r a n s f o r m e d  to  e l e c t ­

r i c a l  im p u ls e s  a t  a sam p lin g  ra te  of 2500 s a m p le s  p e r  second . This  

wide band no ise  w as  then  p a sse d  th ro u g h  a low p a ss  f i l t e r  and d e l iv e re d  

to  su b je c ts  a s  the m ask in g  s t im u lu s  fo r  the d e tec t io n  of c o m p u te r  g e n e r ­

a ted  s in u so id s .  The a p p l ic a b i l i ty  of su ch  re p ro d u c ib le  no ise  to r e s e a r c h  

in  p sy c h o a c o u s t ic s ,  and the s u p e r io r i ty  of d ig i ta l  no ise  g e n e r a to r s  o v e r  

tape  r e c o rd e d  s t im u l i  (with i ts  in h e re n t  d i s to r t io n  due to wow and f lu t te r )  

a r e  c l e a r .

The l im it in g  f a c to r  in  d e tec t io n  and the s ize  of M LD v a lu e s  is  p ro b ab ly  

due to som e fo rm  of in te rn a l  l i s t e n e r  e r r o r  (v iz . in te rn a l  n o ise  ). The 

use  of ran d o m  no ise  so u rces ,  in  p re v io u s  e x p e r im e n t s ,  com pounded w ith 

the l i s t e n e r ' s  own in te r n a l  no ise  has led  to  th e o r e t i c a l  in te r p r e ta t io n s  of 

M LD d a ta  w hich  a r e  quite c o m p lic a te d .  Th is  is  b ecau se  the m odel m ust 

a cco u n t fo r  the ro le  of both the e x te r n a l  and in te r n a l  no ise  in  the e x p e r im e n t .  

It is  the goal of the p ro p o sed  s tudy , h o w ev er ,  to  e l im in a te  the f lu c tu a tio n s  

of e x te r n a l  no ise  th rough  the use  of r ig o r o u s ly  sp ec if ied ,  d ig i ta l ly  g e n e ra te d  

m ask in g  s t im u l i .  This, i t  is  hoped, m igh t le ad  to a  m o re  d i r e c t  in te r p r e ta t io n  

of in t e r n a l  n o ise .
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C H A P T E R  I I I  

E X P E R I M E N T A L  M E T H O D

S u b j e c t s

T h re e  s o p h is t ic a te d  l i s t e n e r s  (two m en and  one w om an , ran g in g  

in  age f r o m  23 to  27 y e a r s )  w e re  the  su b je c ts  fo r  th is  s tudy . P u re  

tone h e a r in g  th re s h o ld  le v e ls  f o r  e a c h  in d iv id u a l w e re  d e te r m in e d  

and  found to  be w ith in  n o r m a l  a u d io lo g ic a l  l im i t s .  The f r e q u e n c ie s  

ex am in ed  inc luded: 125, 250, 500, and  1000 Hz. The t e s t  tone , 

i t s e l f ,  w a s  of the  s am e  d u ra t io n  and r i s e - d e c a y  t im e  a s  the e x p e r i ­

m e n ta l  to n e s  em p lo y ed  in  th is  r e s e a r c h  and d e s c r ib e d  below.

P s y c h o m e t r i c  P r o c e d u r e

In th is  r e s e a r c h ,  the s u b je c t 's  b a s ic  ta s k  w as  to  d e te c t  a  b in a u ra l ly  

p r e s e n te d  tone b u r s t  w ith in  a  background  of b in a u r a l  n o is e .  The p s y c h o ­

p h y s ic a l  p ro c e d u re  u sed  to d e te r m in e  th re s h o ld  v a lu es  w as  the  two 

in te r v a l ,  fo rc e d  cho ice  (2IFC) tech n iq u e .  With th is  type of p ro c e d u re ,  

the  l i s t e n e r  is  ex p o sed  to  two c o n se cu tiv e  o b s e rv in g  in t e r v a l s - - b o th  

co n ta in in g  the n o ise  m a s k e r  but only  one co n ta in in g  the b in a u ra l  t e s t  

s ig n a l .  The su b je c t  d e c id e s  w ith in  w h ich  of th e se  two in te r v a l s  the tone 

w as  d e l iv e re d ,  and  r e p o r t s  h is  cho ice  to  the e x p e r im e n te r .
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S tim u lu s  m ag n itu d es  w e re  v a r ie d  a c c o rd in g  to  a n  ad ap tiv e  t e s t  

p ro c e d u re .  In an  adap tive  m ethod , the s t im u lu s  v a lu es  a r e  dependen t 

upon the s u b je c t 's  r e s p o n s e s .  In g e n e r a l ,  w hen a  c o r r e c t  d e te c t io n  o r  

e r r o r  is  m ade , the tone i s ,  r e s p e c t iv e ly ,  a t te n u a ted  o r  in c r e a s e d  in  

m ag n itu d e .  The sp ec if ic  adap tive  techn ique  used  fo r  th e se  e x p e r im e n ts  

w as  a  t r a n s f o r m e d  up-dow n p ro c e d u re  (L ev it t ,  1971). F o r  e ach  two 

c o n se c u t iv e ,  c o r r e c t ,  in te r v a l  id en t i f ic a t io n s  ach iev ed  by the l i s t e n e r ,  

one dB of a t te n u a t io n  (the in c re m e n t  o r  s te p  s ize )  w as  ap p lied  to  the 

s ig n a l .  A ny i n c o r r e c t  re s p o n s e  gave r i s e  to  an  a u to m a t ic  one dB in c r e a s e  

in  the  s ig n a l  le v e l .  E r r o r s  o c c u r r in g  a f t e r  a t te n u a t io n  of the s ig n a l  

c o n s t i tu te d  r e v e r s a l s  and  m a rk e d  the beg inn ing  of a n  u p w ard  s e r i e s  of 

s te p s  known as  a  ru n .  Tw elve su ch  upw ard  runs  c o m p le ted  one e x p e r i ­

m e n ta l  t e s t  cond ition . F ig u re  24 d e p ic ts  a  h y p o th e tic a l  s u b je c t 's  r e s p o n s e  

p a t te rn  showing s e v e r a l  r e v e r s a l s  and  r u n s .  With th is  p a r t i c u l a r  up- 

down p ro c e d u re ,  i t  is  p o ss ib le  to  ob ta in  a n  e s t im a te  of the 70% p r o ­

b a b i l i ty  of r e s p o n s e  point a long  the s u b je c t 's  p s y c h o m e tr ic  func tion . The 

o p e ra t io n a l  d e f in i t io n  of th re s h o ld  , a s  u sed  in  th is  s tudy , w as  tak en  to be 

th is  point.

T h e  t e s t  t o n e  b u r s t s

Tone b u r s t s  of 250, an d  500 Hz w e re  ch o zen  a s  the s ig n a ls  fo r  th is  

s tudy , MLD v a lu e s  a r e  m o s t  p ronounced  fo r  f r e q u e n c ie s  w ith in  and  

n e a r  th is  f r e q u e n c y  range  ( see  c h a p te r  II). The tone  b u r s t s  had a  

d u ra t io n  of 12 m s e c ,  (equ iva len t to  a  to ta l  of s ix  p e r io d s  a t  500 Hz and



S
T

IM
U

L
U

S
 

IN
T

E
N

S
IT

Y
 

(A
R

B
IT

R
A

R
Y

 
U

N
IT

S
)

+ + -

+ +

+ + H—

- 3

T R I A L  N U M B E R

F ia .  24. - -T y p ic a ]  r e s p o n s e  p a t te rn  fo r  the 
t r a n s f o r m e d  up-dow n p ro c e d u re  u sed  in  th is  s tu d y  
( a f t e r ,  L e v i t t ,  1971).
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th re e  p e r io d s  a t  250 Hz. See A ppendix  II fo r  o s c i l lo g ra m s  of a l l  the 

w a v e fo rm s  used  in  th is  s tudy . Such b r i e f  d u ra t io n  s ig n a ls  have been  

found to  y ie ld  r e l a t iv e ly  la rg e  MLD v a lu e s  (see  c h a p te r  II). The s ig n a l  

w as  p re s e n te d  on a  ra n d o m  sch ed u le  to  one of the two o b se rv a t io n  

in te rv a l s  (fo llow ed, in  tu rn ,  by a  one second  l i s t e n e r  r e s p o n se  pe riod ) .

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

D if fe re n c es  be tw een  d e te c t io n  p e r fo rm a n c e  fo r  the SO N ^and 

STTN^ l is te n in g  cond itions  w e re  ex am in ed  (the S0N0 and S7TN0 c a s e s  a r e  

ob ta ined  w hen  “fcs 0). As d is c u s s e d  in  c h a p te r  II, e x p e r im e n ta l  cond itions  

su ch  a s  th e se  ty p ic a l ly  give r i s e  to  s u b s ta n t ia l  d i f f e r e n c e s  in  su b jec t  

d e te c t io n  p e r fo rm a n c e .

M a s k i n g  S t i m u l i

The n o ise  s t im u l i  fo r  th is  s tu d y  w e re  p ro d u ced  by m ean s  of a  d ig i ta l  

no ise  g e n e r a to r  w h ich  could  be p ro g r a m m e d  to  r e p e a t  the  id e n t ic a l  w a v e ­

fo rm  fo r  e ac h  p re s e n ta t io n .  The wide band output of the n o ise  g e n e r a to r  

w as  p a s s e d  th ro u g h  a  n a r ro w  band f i l t e r  (50 Hz bandwidth) w hose  c e n te r  

f r e q u e n c y  w as  th a t  of the t e s t  s ig n a l  i t s e l f .  F o u r  d i f fe re n t  n a r ro w  band 

w a v e fo rm s  (two fo r  e a c h  f req u en cy )  w e re  em p lo y ed  a s  m ask in g  s t im u l i .  

W aveform s w ith  d i f f e r in g  a u to - c o r r e l a t i o n  func tions  w e re  s e le c te d  in 

o r d e r  to  ex p lo re  the in fluence  of su ch  w a v e fo rm  d i s p a r i t i e s  upon the t h r e s h ­

old p e r fo rm a n c e  of the l i s t e n e r .  An e x am in a t io n  of the r e la t iv e  p os it ions  

of the  tone b u r s t s  w ith in  the d i f f e r e n t  n o ise  w a v e fo rm s  r e v e a l s  th a t  fo r
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noise  cond itions  I and  III, the tone b u r s t  is  lo ca ted  w ith in  a  p o r t io n  of 

the n o ise  w a v e fo rm  th a t  co n ta in s  l e s s  am p litu d e  v a r ia b i l i ty  than  is  ev id en t  

fo r  n o is e s  II an d  IV (c o n t r a s t  P la te  I w ith  P la te  III, and P la te  V w ith  P la te  

VII). One m a y  see  f ro m  P la te s  II an d  IV a s  w e l l  a s  VI an d  VIII, tha t as  

g r e a te r  i n t e r a u r a l  t im e  d e lay s  a r e  in tro d u ce d  to  the b in a u ra l  l is te n in g  

co nd itions , the  tone b u r s t  i s  d is p la c e d  in to  p o r t io n s  of the  w a v e fo rm s  

th a t  a r e  m o re  and  m o re  like a  s in u so id .

The m agnitude  of the n o ise  m a s k e r  w as  fixed  a t  a  va lue  of 90 dB S P L . 

In c h a p te r  II i t  w as  no ted  th a t  MLD v a lu es  a r e  l a r g e s t  w ith in  high in te n s i ty  

no ise  b a ck g ro u n d s .  I t  i s  im p o r ta n t  to  d e s c r ib e  the m agnitude  of no ise  

s t im u l i  in  t e r m s  of the o v e r a l l  bandw idth  of the n o ise  i t s e l f .  The s p e c t ­

ru m  le v e l  of n o ise  , w hich  is  the  n o ise  p e r  unit c y c le ,  is  a  va luab le  

m e a s u re  of n o ise  in te n s i ty .  The com pu ted  s p e c t ru m  lev e l  of the^m ask ing  

s t im u l i  u sed  in  th is  s tu d y  w a s  73 d B /c y c le  fo r  a  bandwidth of 50 Hz.

An i n t e r a u r a l  t im e  d e l a y , w a s  in tro d u ced  betw een  the n o ise  w a v e ­

fo rm s  by m ean s  of th r e e  p r e c i s io n  L -C  d e la y  l ines  ( to ta ll in g  s e v e n  m sec ,  

de lay , w ith  tap s  e v e r y  40 / i s e c . ). V alues of ^  we r e  s e le c te d  w ith  two 

b as ic  c r i t e r i a  in  m ind:

1) A n u m b e r  of d e la y  t im e s  should  c e n te r  a ro u n d  
m u lt ip le s  of the ha lf  p e r io d  and fu ll  p e r io d  
points f o r  e a c h  f re q u e n cy ,  so  tha t the influence  
of no ise  d e c o r r e l a t io n  upon the m a x im a  and 
m in im a  MLD v a lu e s  m ight be r e v e a le d .  Of 
p a r t i c u la r  i n t e r e s t  w as  the f la t ten in g  of the 
MLD vs .X »ftm c1don o b se rv ed  by som e w o r k e r s  
(see  c h a p te r  II).

2) T im e d e lay s  should  ex tend  fo r  s e v e r a l  p e r io d s  
fo r  the 500 Hz tone b u r s t  to  b e t te r  c o n t r a s t  the
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ty p ic a l ly  s m a l l e r  M LD v a lu es  ob ta ined  fo r  such  
long t im e  d e lay s  w ith  the d im in ish e d  c r o s s ­
c o r r e l a t i o n  p ro d u c t  of the  n o ise  w a v e fo rm s  a t  
the two e a r s .

On th is  b a s i s ,  the fo llow ing t e s t  points w e re  s e le c ted :

F r e q u e n c y  500 Hz P e r io d  2000 p s e c .
0 , 400, 800, 1000, 1200, 1 8 0 0 ,2 0 0 0 ,2 2 0 0 ,2 8 0 0 ,  3000, 3200,
3800, 4000, 4200, 4800, 5000, 5200, 5800, 6000, and  6 200 jasec .

F r e q u e n c y  250 Hz P e r io d  4000 jusec.
0, 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, and  4500 *isec .

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

A  tone  b u r s t  w as  in tro d u c e d  to  the  d e la y  line and  both the  input and 

output w a v e fo rm s  fo r  e a c h  d e la y  s e t t in g  w e re  e x am in ed  upon an  o s c ­

i l lo sc o p e  to  in s u re  the  p r e c i s io n  and a c c u r a c y  of the d e la y  l in e 's  p e r f o r m ­

a n ce .  P h o to g ra p h s  w e r e  ta k e n  a t  the  beg inn ing  and  end of e a c h  t e s t  

s e s s io n ,  c o m p a r in g  the  e l e c t r i c a l  no ise  input to  one headphone w ith  i ts  

d e lay ed  c o u n te r p a r t  on the opposite  chan n e l (see  P la te s  XIH-XVIII) a s  w e l l  

a s  the tone b u r s t ,  a lo n e ,  on one channel v e r s u s  the d e lay ed  n o ise  on the 

o th e r  ( s e e  P la te s  I-X II) . T h is  w as  done so  th a t  the s ta b i l i ty  of the d e lay  

t im e s  th ro u g h o u t the e n t i r e  e x p e r im e n t  m igh t be m o n ito red .  T h ese  

o s c i l lo g r a m s  have a  t im e  b a se  of 10 m se c .  /  d iv is io n .

B e fo re  and  a f t e r  e a c h  t e s t  s e s s io n ,  the m ag n itu d es  of the  n o ise  m a s k e r  

and  tone b u r s t  s t im u l i  w e re  m o n ito re d  so  a s  to  a s c e r t a i n  the  s ta b i l i ty  of 

th e se  w a v e fo rm s  f ro m  d a y  to  day . The s e le c te d  v a lu es  of 90 dB S P L  fo r  

the n o ise  s t im u l i ,  and  92 dB S P L  fo r  the tone b u r s t s  (a t an  a t te n u a to r  

s e t t in g  of 40 dB) w e r e  m e a s u r e d  upon a  B r u e l  and  K ja e r  type  2203 sound
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le v e l  m e t e r ,  1613 oc tave  f i l t e r  s e t ,  and a  type  4152 a r t i f i c i a l  e a r  

equ ipped  w ith  a  s p e c ia l  cuff (m ade  f ro m  an  MX 41 /A R  cush ion) to 

a c c o m m o d a te  the K oss  PR O  -50  headphones  used  in  th is  s tudy .

A p p a r a t u s

F ig u r e  25 d is p la y s  a  b lo ck  d ia g ra m  of the  e x p e r im e n ta l  equ ipm en t 

e m ployed  in  th is  r e s e a r c h .  The h eav y  l in e s  r e p r e s e n t  the aud io  paths 

w h ich  the n o is e  and s ig n a l  fo llow , w h e r e a s  the th in  l in es  d e m a r k  the 

s t im u lu s  c o n t ro l  c i r c u i t r y .  Of s p e c ia l  note  is  the m a n n e r  in  w hich  the 

tone b u r s t s  w e re  added  to  the  no ise  w a v e fo rm s .  The ty p ic a l  sequence  of 

s te p s  w e re  a s  fo llow s . The c o n t ro l  logic c i r c u i t r y  in i t ia te s  the  f i r s t  

o b se rv in g  in te r v a l  d u r in g  w h ich  , sw itch  #1 is  tu rn e d  on f o r  the d u ra t io n  

of the in te rv a l .  Within th is  i n t e r v a l ,  the tone p a s s e d  by sw itch  #1 is 

p r e - s h a p e d  and  gated  by a n o th e r  sw itch  in  s e r i e s  w ith  the f i r s t .  Switch 

#2 w as  added  in  s e r i e s  w ith  #1 to  in s u r e  th a t  no s ig n a l  w ould feed  th ro u g h  

to  the su b je c t  d u r in g  the  w ro n g  in te rv a l .  Sw itch #2 ga tes  the a c tu a l  tone 

"p ac k e t"  su b m it te d  to  the l i s t e n e r  , on ly  d u r in g  the  in t e r v a l  c h o se n  by the 

e x p e r im e n te r  w ith  the in te r v a l  s e le c t io n  sw i tch .  In ad d it io n ,  a  t im e r  

w ith in  the tone b u r s t  sw itch  un it ,  i n s u r e s  th a t  the  tone b u r s t  w i l l  be 

ga ted  a t  the  id e n t ic a l  z e r o  c r o s s in g  of the w a v e fo rm  f r o m  t r i a l  to  t r i a l .  

T h is  w as  done to  m a in ta in  the s am e  p h as ic  r e la t io n s h ip  b e tw een  no ise  

and  s ig n a l  d u r in g  e a c h  t e s t  cond ition .
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C H A P T E R  I V  

R E S U L T S

C o d i n g  a n d  P r o c e s s i n g  o f  T h r e s h o l d  D a t a

A s u b je c t 's  th re s h o ld  fo r  the d i f f e r e n t  t e s t  cond itions  w as  d e te r m in e d  

by  encod ing  the lev e ls  of the peaks  and v a l le y s  a p p e a r in g  upon the r e c o r d ­

ing a t te n u a to r  c h a r t  onto punched c a r d s .  An IBM 1130 c o m p u te r  w as  

em p lo y ed  to  c a lc u la te  the s u b je c t 's  th re s h o ld  f r o m  the a v e ra g e  of twelve 

su ch  p a i r s  of peaks  and v a l ley s  on e a c h  c a r d .  In ad d it io n ,  a  fou r  fa c to r  

a n a ly s i s  of v a r ia n c e  fo r  th e se  m e a n  th re s h o ld  v a lu e s  w as  p e r fo rm e d  by 

the  c o m p u te r .

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

One p ro m in e n t  fe a tu re  of the  d a ta  ob ta ined  in  th is  s tudy , and p lo tted  

in  f ig u re s  2 6 -4 3 ,a r e  the g re a t  in t e r s u b je c t  d i f f e r e n c e s .  In a  n u m b e r  of 

in s ta n c e s  ( p a r t i c u la r ly  fo r  the  c a s e  w h e re in  500 H z w as  the  s ig n a l  

f req u en cy )  in te r s u b je c t  th r e s h o ld s  d if fe re d  by m o re  than  te n  to f if teen  

d e c ib e ls .  T h ese  d i s p a r i t i e s  w e re  r e l a t iv e ly  f ixed , w ith  one l i s t e n e r

*In th is  s tudy , the 70 % lo cu s  on the in d iv id u a l 's  p sy c h o m e tr ic  
fu nc tion  w a s  c h o se n  a s  the  o p e ra t io n a l  d e f in i t io n  of th re s h o ld .  Th is  
po in t c o r r e s p o n d s  to  a  d 1 value of 0. 74.
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hav ing  a  h ig h e r  th re s h o ld  th a n  a n o th e r ,  o v e r  m o s t  t e s t  co n d i t io n s .  The 

q u e s t io n  r e m a i n s ,  h o w e v e r ,  a s  to  w h e th e r  o r  not the  v a r i a b i l i t y  of th e se  

d a ta  i s  so  g r e a t , th a t  the r e s u l t i n g  c u r v e s  f a i l  to  f i t  a n y  m e an in g fu l  

-pa tte rn . A  s t a t i s t i c a l  m e thod  is  a v a i la b le  w h ich  g ives  the  e x p e c te d  * 

v a r i a b i l i t y  of a  m e an  fo r  a  s e t  of d a ta  w ith  a  g iven , ran g e  (L o rd ,

1947). T h is  p ro c e d u re  e m p lo y s  the  ra n g e  of the d a ta  a s  the  m e a s u r e  of a  

s u b je c t ' s  i n - s e s s i o n  v a r ia b i l i ty .  The a v e r a g e  ra n g e  w ith in  t e s t  cond itions  

w as  o b ta ined  fo r  the  a l l  t h r e e  s u b je c ts  and  found to  be a p p ro x im a te ly :  5 dB 

f o r  s u b je c t  I ( r e p r e s e n te d  by  x - x ,  d a ta  po in ts  on e a c h  g raph);  10 dB fo r  

s u b je c t  II ( 0 -0  d a ta  po in ts );  and  10 dB fo r  su b je c t  III (A  d a ta  p o in ts ) .  

The m a x im u m  a c c e p ta b le  d e v ia t io n  fo r  a  t e s t  va lue  m a y  be c o m p u ted  f ro m  

the r e la t io n s h ip :

T s  X -  A
W

W here:
T — c r i t i c a l  v a lu e s  w h ich  have  b e en  ta b u la te d

fo r  d i f f e r e n t  le v e ls  of s t a t i s t i c a l  s ig n if ic a n ce  
(L o r d ,  1947).

X =  the a v e r a g e  m agn itude  of a  n u m b e r  of 
e x p e r im e n t a l  o b s e r v a t io n s .

A  — the va lu e  of a  point on so m e  known c u rv e  
w h ich  has  b een  f i t te d  to  the  e x p e r im e n ta l  
fun c tio n .

W r  the  m ag n itu d e  of the  ra n g e .

S u b jec t  I, a s  a n  i l l u s t r a t i v e  e x a m p le ,  had a  ty p ic a l  i n t r a s e s s i o n  ran g e  

of 5 dB and a  va lu e  fo r  T , of 0. 3 (w ith  te n  th r e s h o ld  o b s e r v a t io n s  and  a t  

the  .0 1  le v e l  of s ig n if ic a n c e ) .  The va lu e  of X -  A, w h ich  is  the  ex p ec ted
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d e v ia t io n  of the d a ta  poin ts  f ro m  the e s t im a te d  c u rv e ,  would be:

X — A =  (0. 3) (5 dB) o r  1. 5 dB 

In a  s i m i l a r  fa sh io n ,  the com puted  v a lu es  fo r  su b je c ts  II and III would be

3 dB eac h .  F ig u re  23 (pg. 54, above) d isp lay ed  the c o r r e la t io n  co ef f ic ien t  

fo r  two id e n t ic a l  n a r ro w  band no ise  w a v e fo rm s  a s  a function  of 7T. This  

cu rv e  has the s im i l a r  c y c l ic ,  d am p ed , c h a r a c t e r i s t i c s  a s  the ty p ic a l  MLD 

v s .* £  func tions  w hich  have a p p e a re d  in the l i t e r a tu r e .  F ig u r e  23 is  not 

n e c e s s a r i l y  id e n t ic a l  to  the c u rv e s  w hich  have been  re p o r te d  in the l i t e r a tu r e ,  

but the c o r r e la t io n  func tion  is p ro b ab ly  re s p o n s ib le  fo r  the cy c lic  c h a r a c t e r ­

i s t i c s  of the r e a l  d a ta .  The h a lf -c y c le  com ponen ts  in  F ig u r e  23 m a y  be 

r e g a rd e d  a s  be ll  sh ap ed  func tions  and can  be f i t ted  to the p lo tted  r e s u l t s  of 

th is  s tudy  ( s e e  f ig u r e s ,  38-43). F r o m  the c a lc u la t io n  m ade  above , one is  

a l e r t e d  to  a n y  d a ta  po in ts  on the e x p e r im e n ta l  c u rv e s  th a t  d ev ia te  f ro m  the 

f i t ted  b e ll  c u rv e  by m o re  than  1. 5 dB fo r  su b jec t  I and by m o re  than  3 dB fo r  

su b je c ts  II and III. A s ca n  of the  p lo tted  r e s u l t s  r e v e a l s  th a t  the bulk  of the 

d a ta  po in ts  a p p e a r  to  lie w ith in  the p e r m is s ib le  l im i ts  of d e v ia t io n  and m ay, 

th e r e f o r e ,  be c o n s id e re d  to fit  som e m ean ingfu l,  r a t h e r  than  ra n d o m  p a t te rn .  

S p e c i f i c  c h a r a c t e r i s t i c s  ( 2 5 0  H z ,  t o n e  l e a d s  n o i s e )

F ig u re  38, a - f ,  d e p ic ts  the l is te n in g  cond ition  w h e re in  the 250 Hz 

b in a u ra l  tone b u r s ts  w e re  in -p h a s e .  One m ay  see  tha t  the e x p ec ted  

p a t te r n  of a  v a l le y  a t  0 and 4 m s e c .  ; and a  peak  a t  the h a l f -p e r io d  point 

of 2 m se c .  , a r e  c l e a r ly  p r e s e n t  fo r  su b jec t  I and rou g h ly  in  e v id en ce  fo r  

the o th e r  two l i s t e n e r s .  A lso , su b jec ts  I and II d is p la y  so m ew h a t b e t te r  

th re s h o ld s  f o r  the f i r s t  n o ise  w a v efo rm  condition  than  fo r  the second .

T h is  e ffe c t  i s  p r e s e n t  fo r  su b jec t  III only fo r  d e la y s  beyond abou t 2. 5 m se c .  

F o r  the l i s te n in g  s i tu a t io n  w h e re in  the b in a u ra l  tone b u r s t s  w e re  o u t-o f -
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phase  ( SIT, f ig u re  39 a -f )  one f inds  a l l  t h r e e  s u b je c ts  d isp la y in g  the 

expec ted  p a t te r n  of peak  a t  z e r o  d e lay , v a l le y  a t  h a l f -p e r io d  poin t, 

and peak , a g a in ,  a t  the fu l l  p e r io d  point. In th e s e  in s ta n c e s  , h o w ev er ,  

th e re  is r e l a t iv e ly  l i t t le  d if fe ren c e  in s e n s i t iv i ty  be tw een  the two n o ise  

w av e fo rm  co n d it io n s .

S p e c i f i c  c h a r a c t e r i s t i c s  ( 5 0 0  H z )

In  f ig u re  40, a - c  (no ise  i n ,  s ig n a ls  in -p h a se )  one f inds  the f a m i l i a r  

cyc lic  MLD p a t te rn ,  w ith  peaks and v a l ley s  o c c u r r in g  in  a  n u m b e r  of 

t e s t  s i tu a t io n s .  T h e re  a r e  so m e  d i f f e r e n c e s ,  h o w ev er ,  be tw een  th e se  

c u rv e s  and  the  a l r e a d y  pu b lish ed  da ta .  One fa i ls  to  n o t ic e ,  fo r  e x am p le ,  

any  s ig n if ic a n t  d im u n it io n  of the th re s h o ld  peaks  a s  the  t im e  d e la y  is  

in c r e a s e d  (w ith  the  e x cep tio n  of peak  t h r e e ,  s u b je c t  II). Indeed , fo r  

su b je c ts  I and  III, the  peaks  a c tu a l ly  a sc e n d  in  m a g n itu d e ,

F o r  n o ise  w a v e fo rm  IV, only  a  few p e a k s  and v a l le y s  o c cu r  a t  th e i r  

appoin ted  t im e  d e la y s .  The cy c l ic  p a t te r n  p o s s e s s e s  f a r  le s s  r e g u la r i t y  

and  s y m m e t r y  th an  fo r  the th i rd  n o ise  w a v e fo rm  cond ition . In  add ition , 

th e r e  is  a  te n d en c y  fo r  th r e s h o ld s  to  b e a  l i t t le  poorer fo r  th is  w a v e fo rm  

condition  th a n  fo r  the  n o is e  III c a s e s .

When the b in a u ra l  to n es  a r e  a n t ip h a s ic  ( f igu re  41, a - f )  one , a g a in ,  

finds w a v e fo rm  III t e s t  r e s u l t s  to  be f a r  m o r e  s y m m e t r i c a l  th an  thoseof noise  

IV (w ith the ex ce p t io n ,  p e rh a p s ,  of s u b je c t  III, f ig .  41f).

As w ith  the  250 Hz d a ta ,  one f inds  s e v e r a l  in s ta n c e s  of a sc e n d in g
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c r e s t s ,  w ith  in c r e a s e d  t im e  d e lay  fo r  the 500 Hz c a s e s  (note , fig. 41, 

b, c ,  e). And, a s  w ith  the SO c a s e  m en tioned  above, fo r  500 H z, t h r e s h ­

olds a r e  g e n e ra l ly  p o o re r  fo r  no ise  w a v e fo rm  condition  IV than  fo r  n o ise  III.

S p e c i f i c  c h a r a c t e r i s t i c s  ( 2 50  H z ,  t o n e  i n  n o i s e )

In f ig u re  42, a - d ,  one finds the b a s ic ,  e x p ec ted ,  p a t te r n  fo r  the 

SO cond ition . H e r e ,  ag a in ,  th e re  is  ev idence  th a t  th re s h o ld s  fo r  no ise  I 

a r e  so m ew h a t b e t te r  than  those  fo r  n o ise  II.

The a n t ip h a s ic  cond ition  shown in  fig. 43, a - d ,  shows the b a s ic  

p a t te rn ,  fo r  no ise  I, w ith  the v a l le y  c u r io u s ly  d is p la c e d  to  the left by 

about 500 j i s e c .  F o r  no ise  w a v e fo rm  II, th e re  does  not s ee m  to be much 

of a  m ean in g fu l  p a t te rn  a t  a l l .  A c o m p a r i s o n  of f ig u re s  39 w ith  42, fo r  

the 250 Hz cond itions  r e v e a ls  s l ig h t ly  b e t te r  th re s h o ld s  w hen the tone w as 

em bedded  in  the no ise  ( fo r  the SIT condition). T h is  r e s u l t  is  s u r p r i s in g ,  

in ligh t of the fac t  th a t  w hen ( in an  in i t ia l  p ilo t e x p e r im e n t )  su b jec t  I w as 

p re s e n te d  w ith  a  250 Hz tone b u r s t  w hich  ex tended  beyond, but a t  no point 

o v e r lap p ed  w ith , the no ise  w a v e fo rm ,  th re s h o ld s  w e re  enhanced  by 30 to 

40 d e c ib e ls .  I t  w as  th e re fo re  a n t ic ip a te d  th a t  an  ad d i t io n a l  d u ra t io n a l  cue 

m ight be ob ta ined  by a llow ing  the tone b u r s t  to  lead  the  n o ise  s l ig h t ly  - -  

th e r e b y  y ie ld ing  m o re  s e n s i t iv e  th r e s h o ld s .

A n a l y s i s  o f  V a r i a n c e  f o r  T h r e s h o l d s

A c o m p u te r  p r in to u t  of the a n a ly s e s  of v a r ia n c e  fo r  the th re e
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e x p e r im e n ta l  co n d itio n s  a p p e a r s  in  ta b le s  II, i n ,  and IV. A s w a s  

exp ec ted  f r o m  the  w ide v a r ia b i l i ty  of the da ta  p o in ts ,  th e r e  w a s  a  

c l e a r ly  s ig n if ic a n t  d if fe re n c e  b e tw een  su b je c ts  a t  the . 005 le v e l  fo r  

e ac h  t e s t  f r e q u e n c y  u sed . F o r  the  c a se  w h e re in  the  250 Hz tone b u r s t  

led the n o is e  th e r e  w e r e  a l s o  s ig n if ic a n t  d i f f e re n c e s  be tw een  the two 

p h ases  (. 025 level) and  be tw een  the no ise  w a v e fo rm s  (. 01 leve l) .  F o r  

the 500 Hz to n e ,  th e r e  w e re  s ig n if ic a n t  d i f f e r e n c e s  be tw een  p h a se s  

( . 01 level);  d e lay s  (0. 1 level) ;  s u b je c t -n o is e  in te ra c t io n s  (. 01 level); 

p h a se -n o is e  in te r a c t io n s  ( .0 0 5  level)  and p h a s e - d e la y  in te r a c t io n s ( .  05 

level) .  The f in a l  t e s t  cond ition , w h e re in  the  250 Hz tone w as  em b ed d ed  

in the  n o is e ,  d isp la y ed  s ig n if ic a n t  d i f fe re n c e s  b e tw een  : p h a se s  (. 005 level);  

n o is e s  (. 1 leve l) ;  d e lay s  (. 1 level);  p h a s e -n o is e  in te r a c t io n s  (. 1 level);  

and  s u b je c t - p h a s e - n o i s e  in te r a c t io n s  (. 025 leve l) .
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S - -  Sub jec ts  (3) N - -  N oise W avefo rm s  (2)
P  - -  S igna l P h a s e s  (2) T A B L E I I D - - T i m e  D elays  (10)

A N A L Y S I S O F  V A R I A N C E  - - 2 5 0 H z  ( T O N E L E A D S  N O I S E )

SOURCE OF SUPS OF OEGREES OF MEAN
VARIATION SQUARES FREEDOM SQUARES

S 3 0 1 . 4 0 0 2 6 2 1 5 0 . 7 0 0 1 3
P 6 8 . 8 1 8 8 6 1 6 8 . 8 1 8 8 6

• SP 2 5 . 2 0 1 8 0 2 1 2 . 6 0 0 9 0
N 9 5 . 9 2 8 9 2 1 9 5 . 9 2 8 9 2
SN 2 1 . 4 0 9 3 7 2 1 0 . 7 0 4 6 8
PN 1 9 . 9 0 6 3 6 1 1 9 . 9 0 6 3 6

i SPN 1 5 . 2 7 4 2 1 2 7 . 6 3 7 1 0  i
0 9 2 . 1 8 9 4 5 9 1 0 . 2 4 3 2 7  I
SO 1 0 3 . 7 7 7 8 3 18 5 . 7 6 5 4 3  I
PO 3 0 . 0 5 1 1 0 9 3 . 3 3 9 0 1  ■!
SPO 1 5 4 . 3 2 4 1 2 18 8 . 5 7 3 5 6
ND 1 1 4 . 6 6 7 9 9 9 1 2 . 7 4 0 8 8
SNO 1 2 7 . 7 7 4 5 9 18 7 . 0 9 8 5 8
PNO 1 0 6 . 8 3 9 4 9 9 1 1 . 8 7 1 0 5
SPNO1 1 9 4 . 0 1 3 8 2 18 1 0 . 7 7 8 5 4

TOTAL
i

1 4 7 1 . 5 7 7 1 5 119

F s =  13 .98  Fp  =. 6. 38 F n  -  8. 89



S - -  Subjec ts  (3)
P  - -  P h a s e s  (2) T A B L E  I I I

N - -  Noise  W av e fo rm s  (2)
D - -  T im e  Delays  (20)

' a n a l y s i s O F  V A R I A N C E  -  -  5 0 0 H z  ( T O N E  IN N O I S E )

SOURCE OF SUPS OF OEGREES OF MEAN
VARIATION SQUARES FREEDOM SOUARES

S 8 1 1 . 3 1 1 6 4 2 4 0 5 . 6 5 5 8 2
P 1 1 4 . 8 1 6 6 6 1 1 1 4 . 8 1 6 6 6
SP 0 . 2 6 5 6 6 2 0 . 1 3 2 8 3
N 5 . 5 5 1 0 9 I 5 . 5 5 1 0 9
SN 1 6 0 . 8 4 8 3 5 2 8 0 . 4 2 4 1 7
PN 1 7 8 . 9 6 8 8 7 1 1 7 8 . 9 6 8 8 7
SPN 3 7 .  '52939 2 1 8 . 7 6 4 6 9
0 4 7 7 . 5 4 1 3 8 19 2 5 . 1 3 3 7 5
SO 7 3 7 . 0 6 7 8 7 38 1 9 . 3 9 6 5 2
P0 5 3 5 . 4 8 2 1 7 19 2 8 . 1 8 3 2 6
SPO 4 8 9 . 3 7 6 6 4 38 1 2 . 8 7 8 3 3
NO 3 9 0 . 4 6 9 7 2 19 2 0 . 5 5 1 0 3
SNC 8 7 5 . 8 8 3 9 1 38 2 3 . 0 4 9 5 7
PNO 3 6 3 . 0 0 1 5 2 19 1 9 . 1 0 5 3 4
SPNO 5 5 6 . 4 3 7 8 6 38 1 4 . 6 4 3 0 9

TOTAL 5 7 3 4 . 5 5 0 7 9 239

F s  — 27. 70 Fp  — 7. 8 4  F s n - 5 . 4 9  F p n = 1 2 . 2 2

F d =  1. 716 Fpd = 1. 92 F s n d = 1 .5 7



S - - S u b je c t s  (Z)
P  - - P h a s e s  (2)

T a b l e  i v

N - -  Noise  W av e fo rm s  (2)
D - ' -T im e  Delays  (10)

A N A L Y S I S  O F V A R I A N C E 2 5 0  H z  ( T O N E  IN N O I S E )

SOURCE OF 
VARIATION

SUMS OF 
SQUARES

DEGREES OF 
FREEDOM

MEAN
SQUARES

S 1 1 1 . 1 3 6 4 9 1 1 1 1 . 1 3 6 4 9
• P 5 7 3 . 1 1 9 0 2 1 5 7 3 . 1 1 9 0 2

SP 0 . 0 2 9 7 0 1 0 . 0 2 9 7 0
N 2 1 . 9 1 8 9 1 1 2 1 . 9 1 8 9 1
SN 1 7 . 2 2 8 3 4 1 1 7 . 2 2 8 3 4
PN 2 3 . 0 6 7 7 8 I 2 3 . 0 6 7 7 8
SPN 51 . 00C16 1 5 1 . 0 0 0 1 6
0 1 6 5 . 0 4 5 5 9 9 1 8 . 3 3 8 3 9  J
SO 1 2 5 . 4 4 1 2 9 9 1 3 . 9 3 7 9 2  j
P0 5 7 . 8 4 2 6 1 9 6 . 4 2 6 9 5  _j
SPO 1 0 0 . 3 4 2 3 4 9 1 1 . 1 4 9 1 4
NO 8 8 . 0 5 9 8 9 9 9 . 7 8 4 4 3
SNO 7 6 . 2 3 9 2 4 9 8 . 4 7 1 0 2
PNO 1 3 8 . 0 5 4 2 6 9 1 5 . 3 3 9 3 5
SPNO 5 2 . 8 1 0 1 8 9 5 . 8 6 7 7 9

TOTAL 1 6 0 1 . 3 3 4 9 6 79

F s =  18 .94  F p  = 9 7 . 6 7  F n =  3. 73

Fpn  = 3 . 93  F sp n = 8 .6 9  F d = 3 . 1 2
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C H A P T E R  V 

D I S C U S S I O N

As re p o r te d  in  c h a p te r  IV, som e s im i l a r i t i e s  e x i s t  be tw een  the r e ­

su l ts  of th is  s tu d y  and the findings of p rev io u s  r e s e a r c h e r s .  M ost notably , 

the cyc lic  n a tu re  of the th re s h o ld  c u rv e s  a s  a func tion  of i n t e r a u r a l  t im e  

d e la y  b e tw een  n o ise  w a v e fo rm s  has been  r e - d e m o n s t r a t e d .  Due to 

s e v e r a l  fu n d a m e n ta l  d i f f e r e n c e s  (e s p e c ia l ly ,  the  use  of f ro z e n  noise) b e ­

tw een  the r e s e a r c h  d e s ig n  of the p r e s e n t  s tu d y  and the m ethods  em ployed  

in  p re v io u s  in v e s t ig a t io n s ,  c e r t a in  a d d i t io n a l  e f fe c ts  have b een  noted w h ich  

th ro w  ligh t upon the b a s ic  m e ch a n ism .

S u m m a r y  o f  m a j o r  f i n d i n g s

T a b le s  V and VI c o m p r is e  a  s u m m a r y  of the e x p e r im e n ta l  r e s u l t s  

r e p o r te d  in  c h a p te r  IV, A m o s t  p ro m in en t  finding is  th a t  th e re  a r e  s u b ­

s ta n t ia l  d i s p a r i t i e s  b e tw een  the th re s h o ld  func tions  fo r  the d i f fe re n t  

no ise  w a v e fo rm s  u sed  in  th is  s tudy . The fa m il ia r ,  cy c lic  , M LD v s . ' l'  , 

p a t te rn  p r e s e n te d  in  the  l i t e r a t u r e  ( e .  g. see  f ig u re s  16-18 , above) w a s ,  

in  a  n u m b e r  of in s ta n c e s ,  not in  ev id en ce .  Th is  r e s u l t  w as  m o s t  a p p a re n t

j .
The o rd in a te  fo r  the th re s h o ld  c u rv e s  in  th is  s tu d y  m a y  be c o n v e r te d  to  

M LDs by m ean s  of an  ad d itive  c o n s tan t .
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T A B L E  V

S U M M A R Y  O F E X P E R I M E N T A L  F I N D I N G S ____250 H z

E x p e r im e n ta l S igna l N o i s e '  I ' N o i s e  I I
R e s u l t P h a s e 5ub. I Sub. II | Sub. I l l Sub. 11 Sub. II | Sub. I l l

P e a k  #1 o c c u r s  a t
(tone ,  
l e a d s  2 m sec. SO X X X X
n o ise )  o m sec . [ Sir X X X X

( in ne v r . 2 mSeC*1 SO X X
n o ise )  q fngec s i r X

P e a k  #2 a t  4 m s e c ,  
( tone  le a d s  no ise)
(tone in  n o ise )

1 sir X

1 S IT X

V a l le y # !  o c c u r s  at
X X X X X

n o ise )  *-*2 m s e c . l  S H X X • X X X X

(tone 0 m s e c . l  SO X X

t s 2 m s e c . j  S 7T X

V a lle y  #2 a t  4 m se c  
( tone  l e a d s  no ise) I SO X X X X X X

(tone in  n o ise ) I SO

I SO 10JB 8dB 2dB 7dB 3dB 2 dB
heading 40-50 42-50 4 4 -4 6 37-44 4 2-45 46-48

M ax . MLD( p eak  #1 
m in u s  v a l le y  #1) 

R ange (dB)

I S "IT 
h ead in g

7dB 5dB 5dB 7dB 4dB 5 dB
38-45 3 8 -4 T "47^48 " 40 -47 4 0 -4 4 43-48

| SO
I (in
| n o ise

3dB 6dB 2dB 2dB
4 3-46 46-52 4 3 -4 5 4 4 -4 6

.S i r  
I (m 4dB 5dB
1 n o ise  i 46-50 46-51
I so higher h ig h e r s i m i l a r

T h r e s h o ld s  w e re |lead inc 6dB 4dB
' bf i , t t e  r  f o r 1 STT

lleadLm sam e sam e sam e
n o is e  I th an  II

(a p p ro x .  dB) I SO higher h ig h e r
|(inndse 4dB 6dB
1 S¥ sam e sam e
{(in noise
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T A B L E  VI

S U M M A R Y  O F  E X P E R I M E N T A L  F I N D I N G S  5 0 0  H z

E x p e r im e n ta l
R e s u l t

S igna l N o i s e ' I I I N o i s e  I V
P h a s e Sub. I Sub. II Sub. I ll Sub. I | Sub. II | Sub. I l l

P e a k  #1 ^ l  msec./ SO X X X X X X
o c c u r s  a t  * 0 m s e c . STT X X X X X X

P e a k  # 2 ^ 3  m se c . SO X

o c c u r s  a t  2 m s e c . STr X X X X

P e a k  #3 ^  5 m sec . SO X -

‘o c c u r s  a t  4 m s e c . ’ S Tl X X X X

V a l le y # l  0 m sec , SO X X X X X

o c c u r s  a t  : l m s e c . s IT X X X

V alley  #2 2 m s e c . SO X
o c c u r s  a t  *^*3 m s e c . S TT X X

V a lley  #3 4 m se c . SO X X X

o c c u r s  a t  *5 m se c . S IT X

M ax. M L D (peak# l 
m inus  v a l le y  #1) 

R ange (dB)

6 dB 12 dB 9 dB 5 dB 3 dB 7 dB
SO

46-52 43-55 41-50 48^53 51-54 4 5 -5 2

s ir 9 dB 11 dB 9 dB 7 dB 9 dB 5 dB
48-57 4 5-56 43 - 54 49 -5 6 49-58 45-50

P e a k s  r i s e  o r  fa l l  
with- g r e a t e r  (,n 

d B /x  m s e c .

so r i s e
fa l l  a f t .  
p eak # 2 r i s e r i s e

3dB /5 2d B /2 2d B /5 2dB/5

STT fa ll r i s e r i s e r i s e
2dB/5 3d B /5 2dB / 5 2dB /  5

V a lleys  r i s e  o r  
f a l l  w ith  g r e a t e r  

dB /x  m s e c .

SO
r i s e r i s e fa ll

4dB/5 3dB/5 2dB/5

SIT
r i s e r i s e
5dB/ 5 ' 2dB/5 '

P e a k s  r e l a t i v e ly  
s h a r p  o r  f la t

SO fla t s h a r p f la t
sir fla t s h a r p f la t

V a lleys  r e l a t iv e ly  
s h a r p  o r  f la t

so s h a rp s h a r p s h a r p
'  SIT sh a rp s h a r p s h a r p

T h r e s h o ld s  w e re  
b e / t t e  r  fo r  

n o is e  IE  th an  IV 
(a p p ro x .  dB)

SO highei h ig h e r hi ghe r
2dB 3dB 2dB

s ir highei h ig h e r h ig h e r
4dB 3dB 5dB



fo r  the th re s h o ld  func tions  of n o ise  cond itions  II and  IV. Such an  e ffec t  

could not be a t t r ib u te d  to a n y  ra n d o m n e ss  in  the e x p e r im e n t  b e c a u se  it  

w as  c o n s is te n t ly  o b s e rv e d  fo r  a l l  th r e e  s u b je c ts .  A no ther  e x p e r im e n ta l  

f ind ing  w as  tha t  n o ise  w a v e fo rm s  I and  III d isp la y ed  c o n s is te n t ly  l a r g e r  

M LDs th an  d id , r e s p e c t iv e ly ,  n o is e s  II and  IV. T h re sh o ld  v a lu e s  w e r e ,  

in  ad d it io n ,  g e n e r a l ly  - b e t t e r  w ith in  n o is e  conditions  I an d  III than  

fo r  II and IV.

F o r  th o se  MLD c o n to u rs  w h ich  d id  d is p la y  a  cyc lic  p a t te r n  ( s e e  the 

in -p h a s e  c a s e s  fo r  500 Hz) th e re  w a s  no c h a r a c t e r i s t i c  g ra d u a l  re d u c t io n  

in  c r e s t  a m p l i tu d e s  a s  i n t e r a u r a l  t im e  d e la y  w as  in c r e a s e d .  T h e re  w a s ,  

in s te a d ,  a  n o t ic e ab le  r i s e  in  peak  h e ig h ts .

The m a jo r i ty  of th o se  c u rv e s  w h ich  show ed a  c l e a r c u t  p r e s e n c e  of 

th re s h o ld  v a l le y s ,  p o s s e s s e d  the ex p ec ted  3 to  4 dB r i s e  in  v a l le y  he igh t 

a s  " ^ i n c r e a s e d .  T h is  is  l inked  to  the  fac t  th a t  the b in a u ra l  n o ise  is  un ­

c o r r e l a t e d  a t  v e ry  la rg e  v a lu es  of and  th re s h o ld s  a r e  found to  be about 

th r e e  d e c ib e ls  _ b e t t e r  fo r  the  Nu cond ition  than  fo r  the NO c a s e .

One f in a l ,  m o re  q u a l i ta t iv e ,  e f fe c t  no ted  in  the r e s u l t s  w as  the  p re s e n c e  

of r e l a t iv e ly  s h a r p e r  peaks  and  v a l ley s  upon the MLD func tions  ob ta ined  

in  th is  s tu d y  than  ev id en t  f r o m  those  d isp la y ed  in  the  l i t e r a tu r e .

D i s c u s s i o n  o f  f i n d i n g s

The q u e s t io n  th a t  a r i s e s ,  and w i l l  now be c o n s id e re d ,  is  w h y  d i f f e r e n c e s  

e x i s t  b e tw een  the r e s u l t s  of the  p r e s e n t  s tu d y  and p re v io u s  r e s e a r c h e s .
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The e x p lan a t io n  is  linked to the type of n o is e  w a v e fo rm  u sed  a s  the 

m a sk in g  s t im u lu s  in the  e x p e r im e n t .

In the  p a s t ,  som e fo rm  of t h e r m a l  n o is e  s o u rc e  has ty p ic a l ly  s e r v e d  

a s  the m ask in g  g e n e r a to r .  The n o is e  w a v e fo rm s  p roduced  by su ch  a 

d ev ice  a r e  a  ran d o m  a d m ix tu re  of co m p o n en ts ,  f o r e v e r  changing  in  in s t a n t ­

aneous  a m p li tu d e ,  and quan tif iab le  on ly  in  t e r m s  of s t a t i s t i c a l  a v e r a g e s .  

With th is  type of n o is e ,  an  e x p e r im e n te r  w a s  unable  to sp ec ify  the  p a r t ­

i c u la r  w a v e fo rm  d e l iv e re d  to  a  l i s t e n e r  f r o m  t r i a l  to  t r i a l .  A n u m b e r  of 

c o n se q u e n c e s ,  both th e o r e t i c a l  and p r a c t i c a l ,  e m e r g e  f r o m  th is  lack  of 

s p e c if ic i ty .  S ince , fo r  e x a m p le ,  the n a r r o w  band, f i l t e r e d ,  output of a  

t h e r m a l  n o ise  s o u rc e  is  e s s e n t i a l ly  like  a  s in u so id  w hich  is  s low ly  v a r y ­

ing  in  am p li tu d e  and f r e q u e n c y ,  one could e x p e c t  th a t  fo r  a  p a r t i c u la r  

t r i a l ,  a  l i s t e n e r  m ight be p re s e n te d  w ith  a  n o ise  an d  tone b u r s t  w hose  

p hase  co n f ig u ra t io n s  w e re  add itive  and  gave r i s e  to  an  e n e r g y  in c re m e n t .  

The v e r y  nex t t r i a l  m igh t co n ta in  a  tone b u r s t  th a t  w as  o u t-o f -p h a se  w ith  

r e s p e c t  to  the n o ise  and  w ould thus  y ie ld  a n  o v e r a l l  e n e r g y  d e c r e m e n t .

F r o m  one o b s e rv a t io n  to  the nex t,  the  s u b je c t  m igh t use a  s im p le  e n e rg y
❖

a l t e r a t i o n  c r i t e r i o n  fo r  d e te c t io n  of the  s ig n a l .  F o r  l a rg e  n u m b e rs  of 

t r i a l s ,  the  e f fec ts  of th e se  in s ta n tan e o u s  in c r e m e n t s  and d e c r e m e n ts  in

e n e r g y  w ould be a v e ra g e d  out and e x p e r im e n ta l  t e s t  r e s u l t s ,  a s  a  co n ­

s e q u e n c e ,  would only m i r r o r  the  o p e ra t io n  of the a u d i to ry  s y s te m  in 

a v e r a g e  t e r m s .  An e x a m in a t io n  of P la te  VII (500 H z case )  r e v e a l s  tha t 

the  tone b u r s t  s ig n a l  o c c u r s  w ith in  a  p o r t io n  of the n o ise  IV w a v e fo rm  th a t

i s  r e l a t iv e ly  l e s s  s in u so id a l  in  shape  than  the  an a lo g o u s  t im e  d e la y  po s it io n  

* C hanges in the  loudness  of the p e rc e p t  a r i s e  f r o m  th ese  e n e r g y  changes .
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of the tone b u r s t  w ith in  i ts  n o ise  III c o u n te r p a r t  (P la te  V). A s im i l a r  

r e la t io n s h ip  m ay  be s e e n  to  e x i s t  be tw een  the  tone b u r s t  and no ise  

w a v e fo rm s  I and II ( c o n t r a s t  P la te  I w ith  P la te  III). As m en tioned  above , 

su ch  a  s ig n a l -n o is e  c o n f ig u ra t io n  m ig h t,  u s in g  t h e r m a l  n o is e ,  e x is t  

so le ly  fo r  one t e s t  t r i a l ,  to  be fo llowed by e v e r  changing  w a v efo rm  c o m b ­

in a t io n s  d u r in g  su b seq u en t t r i a l s .  When ta k en  to g e th e r ,  th e se  d if fe ren t  

cond itions  m igh t a v e r a g e  out and  o b s c u re  the  e ffec t  of the sp ec if ic  s ig n a l -  

n o ise  pa irsupon  the a u d i to ry  s y s te m .  With the re p ro d u c ib le  n o ise  used  

in  th is  r e s e a r c h ,  h o w ev er ,  the su b je c t  re c e iv e d  the id e n t ic a l  w a v efo rm  

fo r  m any  t r i a l s  and the o b s e rv e d  t e s t  r e s u l t s  (b a s e d  upon the use  of " f ro z e n  

n o is e "  ) showed s u b s ta n t ia l  d i f f e r e n c e s  f r o m  the p re d ic t io n s  and d a ta  

of p re v io u s  s tu d ie s .

M uch of the pu b lish ed  d a ta  s u g g e s t  so m e  fo r m  of l in e a r  c o r r e la t io n  

m ode l to  a cco u n t  fo r  the b e h av io r  of the b in a u ra l  m e c h a n is m .  Such 

m o d e ls  depend  upon s t a t i s t i c a l  a v e r a g e s  of the n o ise  and  of the s ig n a l -  

p lu s -n o is e .  One p o s s ib i l i ty  w hy  th e se  m ode ls  have been  e ffec t ive  p r e ­

d ic to r s  of MLD d a ta  cou ld  be th a t  the ty p ic a l  M LD e x p e r im e n ta l  cond itions ,

u s in g  ra n d o m  n o is e ,  f lu c tu a te  be tw een  t r i a l s .  The r e s u l t in g  body of d a ta  

w h ich  is  e x t r a c te d  f r o m  th e se  t r i a l s  c o n s i s t s ,  i t s e l f ,  t h e r e f o r e ,  of 

s t a t i s t i c a l  a v e r a g e s  of th e sh o ld  v a lu e s .  The f ind ings  of th is  s tu d y  tend 

to  in d ic a te  th a t  m o re  th a n  a  s im p le  l in e a r  c o r r e l a t i o n  p r o c e s s  m a y  be 

invo lved  in  b in a u ra l  m a sk in g  le v e l  d i f f e r e n c e s .  C o n s id e r ,  fo r  e x am p le ,  

the  p re d ic t io n s  of a  l in e a r  c o r r e l a t i o n  (av e rag in g )  m o d e l  fo r  the c a s e ,  

d e s c r ib e d  above , w h e r e in  the 500 Hz s ig n a l  o c c u r r e d  in a  r e la t iv e ly  l e s s
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p e r io d ic  p o r t io n  of w a v e fo r m  IV than  i t  d id  f o r  w a v e fo rm  III. Such  a  

m o d e l  w ould  p r e d ic t  l i t t l e  o r  no  d i f f e r e n c e  in  p e r fo rm a n c e  b e tw een  th e se  

two in s ta n c e s  b e c a u s e  i t  is  the  a v e r a g e  o v e r  the e n t i r e  n o is e  b u r s t  (and 

no t a n y  in d iv id u a l  p o r t io n  of the  w a v e fo r m ) th a t  is  im p o r ta n t  to  the  l in e a r  

s y s te m .  As a  d e m o n s t r a t io n  of th is  p r in c ip le ,  c o n s id e r  the  fo llow ing  

s ig n a l  and  n o is e  w a v e fo r m s  w h ich  a r e  r e p r e s e n t e d  in  b in a r y  fa s h io n  a s  

a  s e r i e s  of z e r o s  and  ones:

0 1 1 0 1 0 0 0 1 1 0 1 0 0 1 1 0 1 0 0 1 0 1 1 1 * _ T o  t h i s  r a n d o m  n o i s e  b u r s t  o n e

ADDS
0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ■ T h is  p e r io d ic  tone b u r s t .

0 1 1 0 1 1 0 1 1 2 0 1 0 0 1 1 0 1 0 0 1 0 1 1 1  su m  c f th e s e  w a v e fo r m s  i s  then
C O R R E L A T E D

0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  With a n o th e r  tone w h ich  is  in -p h a s e
•____________________________________________w ith  r e s p e c t  to  the f i r s t  s ig n a l .

0 0 0 0 0 1 0  1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 1 1 0 1 0 0 0 1 1 0 1 0 0 1 1 0 1 G 0 1 0 1 1 1

The r e s u l t a n t  c o r r e l a t i o n  va lue  is  
4 / 2 5 .

0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  The Pr o c e s s  18 r e p e a te d  w ith  the
sec o n d  tone sh if te d  in  t im e  by

0 1 1 0 1 1 0 1 1 2 0 1 0 0 1 1 0 1 0 0 1 0 1 1 1

0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

one ha lf  p e r io d .

0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  T he r e s u l t i n g  c o r r e l a t i o n  fu n c tio n
is  now 1 /2 5 .

One m a y  see  th a t  w h en  the two to n es  a r e  a n t ip h a s ic ,  the  c o r r e l a t i o n  

fu n c tio n  i s  m u ch  s m a l l e r  than  fo r  the  in -p h a s e  c a s e .  T he  d i f f e r e n c e  b e ­

tw een  th e s e  c o r r e l a t i o n  v a lu e s  is  a n  in d ic a t io n  th a t  a  s ig n a l  w a s ,  in d eed ,  

p r e s e n t  w ith in  the  n o is e .  If one r e p e a t s  the  e n t i r e  p r o c e d u r e ,  bu t a s s ig n s
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the  f i r s t  tone to  s o m e  o th e r  p o r t io n  of the  n o ise  w a v e fo r m ,  one o b s e r v e s  

th a t  th e re  is  h a r d ly  a n y  d i f fe re n c e  b e tw ee n  the c o r r e l a t i o n  p ro d u c ts  in  th is  

e x a m p le  and  the p re v io u s  s ig n a l -n o is e  co m b in a t io n .  T h is  is  the c a se  b e ­

c a u s e  we have  a v e r a g e d  o v e r  the  s a m e  no ise  b u r s t  in  e a c h  c a s e .

E x a m p le  2 —Tone added  to  d i f f e r e n t  p a r t  of n o is e .

0 1 1 0 1 0 0 0 1 1 0 1 0 0 1 1 0 1 0 0 1 0 1 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0

0 1 1 0 1 0 0 0 1 1 0 1 0 0 1 2 0 2 0 1 1 0 1 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0  1 0 0 0 0 0  C o r r e l a t i o n  func tion  =  5 / 2 5

0 1 1 0 1 0 0 0 1 1 0 1 0 0 1 1 0 1 0 0 1 0 1 1 1  

0 0 0 0 0 0  0 0 0 0 0 0 0 0 0  10 10  1 0 0 0 0 0

0 1 1 0 1 0 0 0 1 1 0 1 0 0 1 2 0 2 0 1 1 0 1 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0
C o r r e l a t i o n  func tion  S  1 /2 5  

One of the  m a jo r  f ind ings  of th is  e x p e r im e n t  w a s  th a t  the re la t iv e  

p o s i t io n  of the  tone b u r s t  w ith in  the n o is e  does  m ak e  a  d i f f e re n c e  to  the 

th re s h o ld  fu n c t io n s .  In p a r t i c u l a r ,  w h en  the tone  o c c u r r e d  d u r in g  a  

p o r t io n  of the  no ise  th a t  w as  r e l a t i v e ly  s in u s o id a l  in  a p p e a ra n c e  (as  fo r  

n o i3 e s  I and  III) the  M LD fu n c tio n  th a t  r e s u l t e d  w a s  s i m i l a r  to  the  ones
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w hich have a p p e a re d  in the l i t e r a t u r e .  I f ,  h o w ev er ,  the tone b u rs t  

o c c u r re d  w ith in  a  r e la t iv e ly  a p e r io d ic  p o r t io n  of the no ise  w av efo rm  

(as w ith  no ise  conditions  II and  IV) the f a m i l i a r  MLD p a t te rn  w as lo s t .

T hese  d a ta ,  the au th o r  s u s p e c t s ,  ind ica te  tha t  the d e tec t io n  m e ch a n ism  

is  heav ily  dependen t upon the shape  of the w av e fo rm  i ts e l f ,  and tha t  a  l in e a r  

a v e rag in g  p ro c e s s  such  a s  c o r r e la t io n  m ay  be inadequate  to d e s c r ib e  the 

a u d i to ry  s y s te m . It i s ,  p e rh a p s ,  a p p ro p r ia te  fo r  m odels  w hich  a r e  b ased  

upon c o r r e la t io n  p r o c e s s e s  to  co n ta in  som e fo rm  of n o n - l in e a r  o p e ra t io n .

T h e  P r o b l e m  o f  D e t e c t i o n  C r i t e r i a

B ecau se  the w a v e fo rm s  p re s e n te d  to  the su b je c ts  w e re  in v a r ia n t  f ro m

t r i a l  to t r i a l ,  a  p ro b le m  e m e r g e d  in  th is  s tu d y  w hich had not a ffec ted  p r io r  

r e s e a r c h  and m ay  acco u n t,  in  p a r t ,  fo r  the high v a r ia b i l i ty  in su b jec t  p e r ­

fo rm an ce  o b se rv ed  in th e se  e x p e r im e n t s .  As m entioned  above, the ty p ica l  

l is ten in g  cue in MLD e x p e r im e n t s  has been  so m e  fo rm  of e n e rg y  d e te c t io n  

fa c to r .  In th is  r e s e a r c h ,  h o w e v er ,  su b je c ts  r e p o r te d  the p re s e n c e  of a d d i t ­

iona l cues  s te m m in g ,  undoubtedly , f ro m  the fa c t  tha t  the id e n t ic a l  w a v e fo rm s  

w e re  p re s e n te d  thousands  of t im e s  to  the l i s t e n e r .  It becam e  p o ss ib le  to 

recogn ize  and ev en  m e m o r iz e ,  the q u a l i ty  o r  p a t te rn  of e a c h  noise  b u r s t  

tha t w as linked to the p a r t i c u la r  shape  of i ts  w a v e fo rm . In add ition , a f te r  

m uch e x p o su re ,  it  becam e  p o ss ib le  to  d e te c t  a  s l igh t change in the p itch  of 

the s t im u lu s -p lu s -n o is e  p e rc e p t .  A ll th re e  su b je c ts  a l s o  r e p o r te d  e a s e  in 

d e tec t in g  the f i r s t  t e s t  c o n d i t io n (250 Hz, tone lead ing  no ise) due to  the p r e ­

sence  of a  d u ra t io n  cue. T h ese  d iv e r s e  f a c to r s  would o c ca s io n a l ly  give r i s e  

to  an a b ru p t  th re s h o ld  sh if t  ( s u b s ta n t ia l ly  in e x c e s s  of the range  of the d a ta  

under  s tab le  cond itions)*  If the s u b je c t 's  r e s p o n s e  p a t te rn  c o n s is te n t ly
X  " 1 . . . . .     -     -

T r ia l  to  t r i a l  f lu c tu a tio n s  in  c r i t e r i o n  o r  in  sen s i t iv i ty (d u e  p e rh ap s  to
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re m a in e d  a t  th is  new lev e l ,  i t  w as  p re s u m e d  tha t the l i s t e n e r  had changed 

his d e te c t io n  c r i t e r i o n .  Only the b e t te r  th re sh o ld  va lues  w e re  acc e p ted  

because  they  r e p r e s e n te d  the l im it in g  p e r fo rm a n c e  of the su b jec t .  A ll 

o b s e r v e r s  had been  u n ifo rm ly  in s t ru c te d  to  em p lo y  a  s im p le  lo u d n ess  cue , 

but it  w as found th a t  m a in ta in in g  th is  c r i t e r i o n  w as  f a r  m o re  d if f icu l t  than  

a t f i r s t  a n t ic ip a te d .

A r e a s  f o r  F u r t h e r  I n v e s t i g a t i o n

It is  c l e a r  f r o m the r e s u l t s  of th is  s tu d y  tha t  two new fa c to r s  have been  

iso la ted  and c a l l  fo r  fu r th e r  e x p lo ra t io n .  The in s ta n tan e o u s  phase r e l a t i o n ­

sh ips be tw een  the s ig n a l  and no ise  w a v e fo rm s  a re  now s e e n  to be im p o r ta n t  

along  w ith  the m a n n e r  in  w hich  the no ise  w a v e fo rm  changes  a s  a  function  of 

t im e . Both  of th e se  f a c to r s  could be b e t te r  u n d e rs to o d  if  a  wide v a r ie ty  of 

f ro z e n  n o ise  b u r s t s  w ith  s p e c ia l ly  s e le c te d  c h a r a c t e r i s t i c s  w e re  used  in 

fu tu re  e x p e r im e n t s .

It m ig h t  p rove  w orthw h ile  fo r  fu tu re  s tu d ie s  to m ake a  d e ta i le d  c o m ­

p a r is o n  of the r e s u l t s  of e x p e r im e n t s  such  a s  the p r e s e n t  s tu d y  and those  in  

w hich to n e -o n - to n e  m ask in g  has been  used  ( e .g .  H a f te r  and C a r r i e r ,  1970; 

W ightm an, 1969; and Y ost, 1972).

M ask ing  lev e l  d i f f e r e n c e s  m ay  prov ide  f ru i t fu l  a p p l ic a t io n s  to  Audiology.

It a p p e a r s  tha t  M LDs a r e  linked to  so m e  sp ec if ic  le v e l  in the a u d i to ry  s y s te m  

and th e re  is  r e a s o n  to  be lieve  tha t  MLD v a lu e s  would be d i f f e r e n t ia l ly  s e n ­

s itive  to  le s io n s  in d i f f e r e n t  p a r t s  of the h e a r in g  m e c h a n is m .  The au th o r  

env isa 'ges , h o w ev er ,  th a t  the co m p lex ity  of the  l i s te n in g  t a s k  and the m any

c r i t e r io n  d if f icu l t ie s  w ith  M LDs m ay  l im it  i ts  d iag n o s t ic  e f fe c t iv e n e s s .

sh if ts  in  a t te n t io n  to  d i f f e r e n t  d e c is io n  v a r ia b le s )  m a y  be confounded w ith  o th e r  
fo rm s  of in te r n a l  n o is e .  T h is  m ay  m ake in te r p r e ta t io n  of r e s u l t s  d iff icu l t .
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A P P E N D I X  I

C ro s s  c o r r e la t io n  invo lves  the c o m p a r is o n  of one s ig n a l  to  a  tim e  

d e lay ed  second  s ig n a l .  A u to c o r re la t io n  r e f e r s  to  a  s p e c ia l  c a se  of 

c r o s s  c o r r e la t io n  w h e r e in  one s ig n a l  inpu t i s  c o m p a re d  w ith  a  t im e -  

d e lay e d  v e r s io n  of i t s e l f .

The a u to c o r r e la t io n  fu n c tio n  m ay  be r ig o r o u s ly  defined  a s :

c ( t )  r  if
AA Ti-

1
2 T i

-Ti

W here:

C ( * t )  s :  the au to  c o r r e la t io n  function .
AA

f (t) =  the inpu t s ignal .
A

" t  3  the t im e  de lay .

f (t-*£) — the t im e  d e lay ed  v e r s io n  of the inpu t s ig n a l .
AA

T i -  the t im e  p e r io d  o v e r  w h ich  the i n t e r g r a l  i s  com puted .

The c r o s s  c o r r e la t io n  fu n c tio n  m ay  be r ig o r o u s ly  d e finedas :

-+  T i

C AB ~  Um 1 /  f (t) f dt
“  Ti-*«o 2 T i /  A  B
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W here:

C (*£■) — the c r o s s  c o r r e l a t i o n  function .
AB

f (t) =  the f i r s t  input s ig n a l .
A

f ( t - t )  -- the seco n d  inpu t s ig n a l  de layed  w ith  r e s p e c t  to 
B the f i r s t  s ig n a l .
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U pper t r a c e  —  

L o w e r  t r a c e  —

A P P E N D I X  I I  

S T I M U L I  W A V E F O R M S

250 Hz tone b u r s t  s ignal(no te  th a t  fo r  6 m s e c ,  
d e la y  the tone le ad s  the no ise  in  t im e ) .
O utput of d e lay  line  showing n a r ro w  band no ise  
d e lay ed  w ith  r e s p e c t  to  tone on opposite  ch anne l.

N o i s e  W a v e f o r m  I N o i s e  W a v e f o r m  I I

P la te  I - -  0 m s e c ,  d e la y P la te  III - -  0 m s e c ,  d e la y

P late  II - -  6 m sec ,  delay Plate  IV - -  6 m se c ,  d e lay
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U p p er  t r a c e  - - - -  500 Hz tone b u r s t  s ig n a l(n o te  th a t  tone is 
a lw ays  em b ed d ed  w ith in  n o ise ) .

L o w er  t r a c e  Output of d e la y  line show ing n a r ro w  band noise
d e lay ed  w ith  r e s p e c t  to  tone on opposite  channel.

N o i s e  W a v e f o r m  III N o i s e  W a v e f o r m  I V

P la te  V - -  0 m s e c ,  d e la y  P la te  VII - -  0 m s e c ,  d e la y

Plate  VI - -  6 m sec ,  delay  P la te  VIII -  -  6 m se c ,  delay
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U pper t r a c e  - -  

L o w er  t r a c e  - -

- -  250 Hz tone b u r s t  s ig n a l  (note th a t  tone is  
a lw ay s  e m b ed d ed  w ith in  n o ise) .

— O utput of d e la y  line show ing n a r ro w  band no ise  
d e lay ed  w ith  r e s p e c t  to  tone on opposite  channel.

N o i s e  W a v e f o r m  I N o i s e  W a v e f o r m  I I

P la te  IX - -  0 m s e c ,  d e la y P la te  XI - -  0 m sec ,  d e la y

Plate X - -  6 m s e c ,  d e lay Plate  XII — 6 m sec , delaL
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U pper and L o w e r  t r a c e s  d i s p la y  the e l e c t r i c a l  no ise  inpu ts  to 
the le ft  and r ig h t  headphones . No t im e  d e la y  has been  i n t r o ­
duced  to  the n o ise  w a v e fo rm s  (note the  s l ig h t  d i f f e re n c e s  
be tw een  the two c h an n e ls  due to  s m a l l  d i s p a r i t i e s  in  the 
r e s p o n s e  of the n a r ro w  band f i l t e r s  ).

N o i s e  W a v e f o r m  I N o i s e  W a v e f o r m  I I

r

P la te  XIII - -  250 Hz 

N o i s e  W a v e f o r m  I I I

P la te  XIV - -  250 Hz 

N o i s e  W a v e f o r m  I V

Plate  X V - -  500 Hz Plate  XVI - -  500 Hz
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E L E C T R I C A L  I N P U T  T O  H E A D P H O N E S  
L o w er  t r a c e  d is p la y s  n o ise  w a v e fo rm  (f as 500 Hz) to  r ig h t  
c h an n e l  ( d e lay ed  6 m s e c ,  w ith  r e s p e c t  to  w a v e fo rm  in 
opposite  channel).

N o i s e  W a v  e f o  r  m III N o i s e  W a v e f o r m  i y

P la te  XVII - -  6 m s e c ,  d e la y  P la te  XVIII - - 6  m s e c ,  d e la y

E L E C T R I C A L  I N P U T  T O  H E A D P H O N E S  
5 0 0  H z  T O N E  P L U S  N O I S E

N o i s e  W a v e f o r m  III N o i s e  W a v e f o r m  IV

Plate X IX --  0 msec', de lay Plate XX - -  0 m se c ,  delay
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A C O U S T I C  O U T P U T  O F  H E A D P H O N E S

N O I S E  W A V E F O R M  I -  -  F  c ~  2 5 0  H z

P la te  XXI - -  L eft  headphone P la te  XXII - - R ig h t  headphone

N O I S E  W A V E F O R M  II  F c =  2 50  H z

Plate XXIII - -L e f t  headphone P late  XXIV - -R ig h t  headphone
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A C O U S T I C  O U T P U T  O F  H E A D P H O N E S

N O I S E  W A V E F O R M  III -  - F  =  5 0 0  H zc

P la te  XXV - - L e f t  headphone P la te  X X V I-R igh t headphone

N O I S E  W A V E F O R M  I V-  F c =  5 0 0 H z

Plate  XXVII -L e ft  headphone P late  XXVIII-Right headphone
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