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A b s tra c t

ON THE MEASUREMENT OF NOISE-INTENSITY DISCRIMINATION 

BY UP-DOWN PSYCHOPHYSICAL METHODS 

by

C h arles  F . M oschetto 

A dv iso r: P ro fe s so r  David H. Raab

N o is e - in te n s i ty  d is c r im in a t io n  was in v e s t ig a te d  in  a  tv o - in te r v a l  

fo rc e d -c h o ic e  t a s k ,  u s in g  th e  Up-Dovn Transform ed-R esponse method (UDTR). 

I t  was found th a t  th e  l e v e l  a t  w hich UDTR ru n s  a re  i n i t i a t e d  co u ld  have 

p ro found  e f f e c t s  on perfo rm ance. When UDTR i s  i n i t i a t e d  w ith  a  s ig n a l  

t h a t  i s  w e ll  below th re s h o ld ,  th e  r e s u l t s  approach  th e  p r e d ic t io n s  o f  

G reen 's  id e a l - r e c e iv e r  model f o r  th e  case  o f  n o is e -n a s k e d -b y -n o ise . On 

th e  o th e r  h and , when a d a p tiv e  t e s t i n g  b e g in s  w ith  a  s u p ra th re s h o ld  s ig n a l ,  

th e  p a t t e r n  o f  r e s u l t s  i s  in c o n s i s te n t  w ith  t h a t  p re d ic te d  f o r  an id e a l  

energy  d e te c to r .  I t  i s  p roposed  t h a t  p r a c t ic e  a t  su p ra th re s h o ld  s ig n ed  

le v e ls  co u ld  be harm fu l in  t h a t  th e  o b se rv e r  m ight adop t a  nonoptim al 

d e te c t io n  s t r a t e g y  based  on a  s tim u lu s  a t t r i b u t e  t h a t  i s  s a l i e n t  a t  h igh  

s ig n a l  l e v e l s ,  b u t which becomes u n a v a i la b le  as th e  s ig n a l  l e v e l  i s  

d e c re a se d .

In  a d d i t io n ,  i t  was found t h a t  UDTR, as employed h e re  and e lse w h e re , 

may y ie ld  e s tim a te s  o f  perform ance t h a t  a re  b ia s e d  f o r  p u re ly  s t a t i s t i c a l  

r e a s o n s . The m agnitude o f  t h i s  b ia s  was a s s e s s e d  by em ploying Monte C arlo  

com puter s im u la tio n s  f o r  an id e a l  o b s e rv e r . Recommendations a re  made f o r  

d a ta  c o l le c t io n  and re d u c tio n  in  o rd e r  t h a t  m e th o d o lo g ic a lly  b ia s - f r e e  

e s tim a te s  o f  perform ance may be o b ta in e d .
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C hapter I  

INTRODUCTION

In  an e a r ly  in v e s t ig a t io n  o f  n o is e -n a s k e d -b y -n o ise ,

M ille r  (19^7) concluded  t h a t  when th e  masking and masked s t im u li  a re  

i d e n t i c a l ,  th e  d e te c t io n  o f  a  masked s ig n a l  i s  e q u iv a le n t to  th e  

d is c r im in a t io n  o f  s ig n a l-p lu s -m a s k e r  from m asker a lo n e . T his 

o b s e rv a tio n , th a t  i n t e n s i t y  d is c r im in a t io n  i s  a  s p e c ia l  f o ra  o f  

m asking , has se rv ed  as a  fo u n d a tio n  f o r  subsequen t models o f  th e  

d e te c t io n  p ro c e s s .

For th e  case  o f  n o ise -m ask e d -b y -n o ise , id e a l  d e te c to r  models 

have o f te n  looked  to  s tim u lu s  c h a r a c t e r i s t i c s  to  p ro v id e  a  l i m i t  on 

d is c r im in a t io n .  P e te rs o n , B i r d s a l l ,  and Fox (195**) d e sc r ib e d  th e  

o p tim a l r e c e iv e r  f o r  each o f  a number o f  s ig n a ls  masked by G aussian  

n o ise  as  one th a t  b ases  each o f  i t s  d e c is io n s  on a  l ik e l ih o o d  r a t i o  — 

i . e . ,  th e  p r o b a b i l i ty  t h a t  an o b se rv a tio n  r e s u l t e d  from th e  

p r e s e n ta t io n  o f  th e  s ig n a l  added to  n o is e ,  r e l a t i v e  to  th e  p r o b a b i l i ty  

t h a t  i t  r e s u l t e d  from th e  p r e s e n ta t io n  o f  n o ise  a lo n e . For th e  case  o f  

n o ise -m ask e d -b y -n o ise , i t  was dem onstra ted  t h a t  th e  l i k e l ih o o d - r a t io  

r e c e iv e r  i s  an energy  d e te c to r .

T h is a n a ly s is  was th en  ex tended  by Green ( i 960 ) t o  th e  

tw o - in te rv a l  fo rc e d -c h o ic e  p ro ced u re  (2IFC ). The developm ent o f  such a  

model a llow s fo r  s p e c i f i c  p re d ic t io n s  t o  be made concern ing  th e  e f f e c t s  

o f  s tim u lu s  c h a r a c t e r i s t i c s  on th e  perform ance o f  an o p tim a l r e c e iv e r .
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I t s  a p p l i c a b i l i t y  as a  model o f  th e  human d e te c t io n  p ro cess  may th e n  he 

d i r e c t l y  a s c e r ta in e d  by com paring th e  p re d ic te d  e f f e c t s  o f  s tim u lu s  

c h a r a c t e r i s t i c s  to  th o s e  o b ta in e d  f o r  a  human o b se rv e r .
I

In  t h i s  d i s s e r t a t i o n ,  G reen 's  model f o r  n o i s e - in te n s i t y  

d is c r im in a t io n  w i l l  be p re se n te d  a long w ith  i t s  p r e d ic t io n s  fo r  th e  

perform ance o f  th e  o p tim a l r e c e iv e r .  We w i l l  th en  rev iew  th e  

p sy ch o aco u s tic  l i t e r a t u r e  p e r ta in in g  to  th e se  p r e d ic t io n s ,  and show 

th a t  G reen 's  model a lo n e  i s  in s u f f i c i e n t  to  account f o r  th e  perform ance 

o f  a  human o b s e rv e r .

A d is c u s s io n  o f  th e  p sy ch o p h y sica l p ro ced u res  employed to  

o b ta in  th e s e  d a ta  in d ic a te s  t h a t  th e  p r a c t ic e  o f  p ro v id in g  c l e a r ly  

a u d ib le  s ig n a ls  in  th e  e a r ly  s ta g e s  o f  t e s t i n g  i s  common to  a l l  

m ethods. I t  i s  p o s s ib le  t h a t  e a r ly  in  t e s t i n g ,  th e  o b se rv e r  adop ts  a  

nonoptim al d e te c t io n  s t r a te g y  based  on some s tim u lu s  c h a r a c t e r i s t i c  

which i s  s a l i e n t  a t  h ig h  s ig n a l  l e v e l s .  This d i s s e r t a t i o n ,  th e r e f o r e ,  

in v e s t ig a te s  n o i s e - in te n s i t y  d is c r im in a t io n  w ith  a  p ro ced u re  t h a t  

d e p riv e s  th e  o b se rv e r  o f  such su p ra th re sh o ld  in fo rm a tio n . An a d a p tiv e  

t e s t i n g  method (UDTR; se e  L e v i t t ,  1971) i s  i n t i a t e d  from a  le v e l  where 

th e  s ig n a l  i s  c l e a r ly  w e ll  below th r e s h o ld .  D ata c o l le c te d  in  t h i s  

manner in d ic a te  t h a t  th e  perform ance o f  human o b se rv e rs  c lo s e ly  

approx im ates t h a t  o f  G reen 's  id e a l  r e c e iv e r ,  w hereas d a ta  o b ta in e d  w ith  

th e  more t r a d i t i o n a l  a p p l ic a t io n  o f  UDTR ( s t a r t i n g  "h ig h ” w ith  a u d ib le  

s ig n a l s )  r e p l i c a t e  th e  d if f e re n c e s  betw een r e a l  and id e a l  o b se rv e rs  

no ted  in  th e  l i t e r a t u r e .
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A. G reen 's  Energy D e te c tio n  Model f o r  N o is e - in te n s i ty  D isc r im in a tio n

B efo re  d e s c r ib in g  G reen 's  m odel, i t s  assu m p tio n s, and 

p r e d ic t io n s ,  i t  would be in s t r u c t iv e  t o  d e f in e  th e  2IFC paradigm . A 

sam ple o f  n o is e  (which we s h a l l  c a l l  th e  s ig n a l )  i s  added to  a  

background n o is e  (sim ply  r e f e r r e d  to  as n o is e )  w ith  equal p r o b a b i l i ty  

in  one o r  th e  o th e r  o f  two tem p o ra l i n t e r v a l s .  The o b se rv e r  must 

d e s ig n a te  th e  i n t e r v a l  which c o n ta in s  th e  s ig n a l .  L et th e  f i n i t e  

d u ra tio n  o f  th e  o b s e rv a tio n  in t e r v a l s  be c a l le d  T , and th e  bandw idth  o f  

th e  s ig n a l  and m asker waveforms M-s and Wn, r e s p e c t iv e ly .

The n o ise  waveform i s  d e f in e d  as  F o u r ie r - s e r ie s  b a n d lim ite d  

w h ite  G aussian  n o is e .  That i s ,  th e  d i s t r i b u t io n  o f  in s ta n ta n e o u s  

am p litudes i s  G aussian  w ith  zero  mean, and v a r ia n c e  eq u a l t o  th e  

average  pow er, N. In  a d d i t io n ,  th e  waveform has th e  sane av erage  power 

in  each o f  i t s  F o u r ie r  com ponents. The waveform r e s u l t in g  from th e  

a d d i t io n  o f  a  s ig n a l  i s  l ik e w is e  G aussian  s in c e  th e  sum o f  two G aussian 

random v a r ia b le s  i s  i t s e l f  G aussian . The d i s t r i b u t i o n  o f  am p litu d es  

f o r  th e  s ig n a l -p lu s -n o is e  waveform has zero  mean, and v a r ia n c e  eq u a l to  

th e  average  pow er, S+N. Inasmuch as th e  average  power o f  th e  

s ig n a l - p lu s - n o is e  waveform w i l l  be g r e a te r  th a n  th a t  o f  th e  n o ise  

a lo n e , th e  o b se rv e r  need measure on ly  th e  average power (o r  energy) in  

each o b se rv a tio n  i n t e r v a l  and r e p o r t  th e  l a r g e r  o f  th e  two.

Perform ance w i l l  be l e s s  th a n  p e r f e c t ,  how ever, due to  th e  random 

n a tu re  o f  th e  s t im u l i .  I t  i s  p o s s ib le  t h a t  on some t r i a l s  th e  in t e r v a l  

c o n ta in in g  n o is e  a lo n e  w i l l  have g r e a te r  energy  th a n  th e  in t e r v a l  w ith  

s ig n a l - p lu s - n o is e .  As a  r e s u l t ,  an o p tim a l r e c e iv e r  w i l l  e x h ib i t  le s s  

th a n  p e r f e c t  perform ance in  t h i s  s i t u a t i o n .  The p r o b a b i l i ty  o f  a
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c o r r e c t  re sp o n se  w i l l  depend on th e  d i s t r i b u t io n s  o f  n o ise  and 

s ig n a l - p lu s - n o is e .  G reen 's  m odel, th e r e f o r e ,  b eg in s  w ith  th e  

d e r iv a t io n  o f  th e  d i s t r i b u t io n s  o f  energy  f o r  th e  two w aveform s.

( l )  The o b se rv e r  has ex ac t knowledge o f  th e  bandw idth and c e n te r  

frequency  o f  th e  s ig n a l ,  and employs a  r e c ta n g u la r  f i l t e r  matched to  

Ws . ( i t  shou ld  be no ted  t h a t  a  r e c ta n g u la r  f i l t e r  i s  a p p ro p r ia te  s in c e  

G reen 's  model d e a ls  s o le ly  w ith  r e c ta n g u la r  n o ise  s p e c t r a . )  I f  th e  

m asker bandw idth i s  w ider th a n  th e  s ig n a l ,  energy  o u ts id e  t h i s  i n t e r n a l  

f i l t e r  p la y s  no p a r t  in  m asking. S ince  \Tn i s  now b a n d lim ite d  to  match 

Ws, l e t  bandw idth sim ply  be c a l le d  W. (2 ) The o b se rv e r has e x a c t 

knowledge o f  th e  s t a r t i n g  tim e and d u ra tio n  o f  th e  s ig n a l ,  and sam ples 

th e  waveforms o n ly  d u rin g  th e  o b se rv a tio n  in t e r v a l s .  Only e v e n ts  

d u rin g  tim e  T , th e r e f o r e ,  have a  b e a r in g  on h is  d e c is io n .

1/2W seconds. A n o ise  sample o f  f i n i t e  d u ra t io n ,  T , nay be d i s c r e t e ly  

approxim ated  by making 2WT o b s e rv a tio n s .  C onsequen tly , th e  energy  o f  

th e  n o is e  b u r s t  may be approxim ated by o b ta in in g  2WP e s tim a te s  o f  

power.

L et us deno te  (X^) as th e  am p litu d e  sampled a t  th e  i t h  p o in t  in  

tim e . The energy  o f  th e  n o is e  b u r s t  (En ) i s  th e n

The am p litude  d i s t r i b u t io n  o f  th e  n o is e  i s  G au ssian , w ith  zero  mean, 

and v a r ia n c e  N. I f  we n o rm alize  t h i s  d i s t r i b u t io n  so t h a t  th e  mean

Green makes two assum ptions in  th e  d e r iv a t io n  o f  h is  m odel:

Shannon (19^9) showed t h a t  a  n o is e  waveform o f  i n f i n i t e

d u ra tio n  may be re c o n s tru c te d  by sam pling  am p litu d es  every

2WT
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eq u a ls  zero  and th e  v a r ia n c e  eq u a ls  1 , th e n

Xj -  0

j i r

O r,

Power, th e n ,  i s

x i 2 -  * i 2 H

S ince  th e  n o is e  v a v e fo m  may he approxim ated  by c o n s tru c t in g  

am p litudes spaced  a t  in t e r v a l s  o f  1 / 2W, energy  w i l l  be th e  sun o f  

2UT p ro d u c ts  o f  power and i n t e r v a l  w id th  (1/2W ). T hat i s ,

2WT

i= l

Or s im p ly ,

2VJT
En = N ( 1 /2 W ) 2 H z , 2 .

i= l

2
Power d iv id e d  by N (which i s  z ) i s  d i s t r i b u te d  as c h i-s q u a re  w ith  

2WT d eg rees  o f  freedom . The mean o f  a  c h i-s q u a re  d i s t r i b u t i o n  i s  eq u a l 

t o  i t s  deg rees  o f  freedom  ( d f ) ,  and th e  v a r ia n c e  i s  sim ply  2 d f . In  

t h i s  c a s e ,  th e  mean eq u a ls  2WT and th e  v a r ia n c e  i s  UWP.

Green c o n s id e rs  th e  c h i-s q u a re  d i s t r i b u t io n  to  be norm al when
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2WT i s  g r e a te r  th a n  30. The mean power o f  th e  n o ise  d i s t r i b u t i o n  i s  

2WTN ( r e c a l l  t h a t  = z , and th e  v a r ia n c e  i s

The mean energy  o f  th e  n o ise  d i s t r i b u t io n  i s  th e re f o r e  

2NTN(l/2lT) ,  and th e  v a r ia n c e  i s  UVITN^(l/2W) The mean red u ces  to  

WTN0 l and th e  v a r ia n c e  to  WTNq^» where N = NqW* and N i s  th e  s p e c t r a l  

power d e n s ity  o f  th e  n o ise  waveform.

A s im i la r  a n a ly s is  nay be ex tended  to  th e  case  o f  

s ig n a l - p lu s - n o is e ,  by m erely  s u b s t i t u t i n g  S+H f o r  th e  v a r ia n c e  o f  th e  

am p litu d e  d i s t r i b u t io n .

The energy d i s t r i b u t io n s  f o r  n o is e  and s ig n a l -p lu s -n o is e  a re  

d e p ic te d  in  F ig u re  1 -1 : th e y  a re  o f  th e  fo r a  Normal(WTNC, 4 NT Nq ) and

Normal (WT (SQ+H ) ,  /  NT (So+Ho ) ) , r e s p e c t iv e ly .

I t  has been s t a t e d  t h a t  f o r  n o i s e - in te n s i t y  d is c r im in a t io n ,  th e  

o p tim a l d e c is io n  r u le  i s  to  s e l e c t  th e  i n t e r v a l  w ith  th e  g r e a te r  

energ y . The p r o b a b i l i t y  o f  a  c o r r e c t  re sp o n se  i s ,  th e r e f o r e ,  th e  

p r o b a b i l i t y  t h a t  th e  energy  o f  th e  sam ple drawn from th e  

s ig n a l - p lu s - n o is e  d i s t r i b u t io n  (Eg+n) i s  g r e a te r  th a n  t h a t  drawn from 

th e  d i s t r i b u t io n  o f  n o is e  a lo n e  (Er ) . T his i s  sim ply th e  p r o b a b i l i ty  

t h a t  th e  s t a t i s t i c  (Es+n -  EQ) i s  g r e a te r  th a n  z e ro . T h is p r o b a b i l i ty  

i s  c a lc u la b le  on ly  i f  th e  form o f  th e  d i s t r i b u t io n  from which t h i s  

s t a t i s t i c  i s  drawn i s  known. S in ce  Es+n and a re  assumed to  be 

no rm ally  d i s t r i b u t e d ,  so  to o  a re  t h e i r  d i f f e r e n c e s .  The mean o f  th e  

d if f e r e n c e  d i s t r i b u t io n  i s  th e  d if f e r e n c e  o f  th e  m eans, and th e  

v a r ia n c e  o f  th e  d i f f e re n c e  d i s t r i b u t i o n  i s  th e  sum o f  th e  in d iv id u a l  

v a r ia n c e s ,  s in c e  th e  d i s t r i b u t io n s  o f  n o ise  and s ig n a l - p lu s - n o is e  a re  

in d e p en d en tly  sampled a t  two in t e r v a l s  in  tim e . The r e s u l t in g  

d if f e r e n c e  d i s t r i b u t io n  i s  o f  th e  f o r a



Figure 1-1

T h e o re tic a l  d i s t r i b u t io n s  fo r  s ig n a l - p lu s - n o is e  and n o ise  a lo n e .
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Normal (WTS0 J\miQ2 + WT(S0 +N0 )2 ) .

The no rm alized  mean o f  t h i s  ap p ro x im ate ly  G aussian  d if f e r e n c e  

d i s t r i b u t io n  i s

WTS
m = r  p °  (1“ 1}V WTN + WT(S0+N0)

Or sim ply

(«>
S e v e ra l a sp e c ts  o f  th e  id e a l  r e c e iv e r ’s perform ance a re  

p re d ic te d  by E quation  1 -2 : ( l )  W eber's Law o b ta in s  — i . e . ,  f o r  f ix e d

W and T , S0 i s  p ro p o r t io n a l  t o  NQ, in  o rd e r  to  m a in ta in  a  g iv en  le v e l  

o f  d e t e c t a b i l i t y  (M); (2 ) For a  f ix e d  masker le v e l  (N0 ) a  decade

in c re a s e  in  T w i l l  y i e ld  a  h a l f  lo g - u n i t  (5 dB) d ec re a se  in  th e  Weber 

f r a c t io n ;  (3 ) S in ce  W and T a re  t r e a t e d  sym m etrica lly  by th e  m odel, a  

decade in c re a s e  in  W w i l l  a l s o  y ie ld  a  5-dB improvement in  th e  Weber 

f r a c t io n ;  (k )  The form o f  th e  p sychom etric  fu n c tio n  i s  s p e c if ie d  as 

th e  upper h a l f  o f  a  norm al og ive  (p e rc e n t c o r r e c t  p lo t te d  as a  fu n c tio n  

o f  S0 /N0 ) w ith  a  " s lo p e "  such t h a t ,  f o r  exam ple, a  7.1"dB  in c re a s e  in  

S0 /N0 i s  r e q u ire d  fo r  perform ance to  im prove from 60% (M = 0 .2 5 ) t o  90% 

(M = 1 .2 8 ) c o r r e c t  d e te c t io n s .  (P e rc e n t c o r r e c t  i s  m erely  th e  in t e g r a l  

o f  th e  d i f f e re n c e  d i s t r i b u t io n  from Es+n -  Eq = 0 to  i n f i n i t y ,  and may 

be o b ta in e d  from a  ta b le  o f  th e  norm al p r o b a b i l i ty  i n t e g r a l .  I t  shou ld  

a ls o  be no ted  th a t  th e  more commonly used  m easure o f  p e rfo rm ance , d ' ,  

i s  eq u a l to  M.)

In  a d d i t io n  to  th e  p r e d ic t io n s  r e s u l t in g  from E quation  1 -2 , two 

f u r th e r  p r e d ic t io n s  fo llo w  from th e  assum ptions o f  t h i s  m odel:

(5 ) S ince  th e  r e c e iv e r  i s  p o s i te d  t o  have e x ac t knowledge o f  th e  s ig n a l
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and n o is e  w aveform s, and employs a  r e c ta n g u la r  f i l t e r  matched to  th e  

s ig n a l  bandw id th , m asker energy o u ts id e  th e  s ig n a l  passband w i l l  have 

no e f f e c t  on perfo rm ance . The id e a l  o b s e rv e r ,  th e r e f o r e ,  perform s 

e q u a lly  w e ll  w ith  n o is e  m askers which a re  e i t h e r  m atched in  bandw idth  

to  th e  s ig n a l  ("homogeneous") o r w ider th a n  th e  s ig n a l  

(" h e te ro g e n e o u s" ) . (6 ) The id e a l  r e c e iv e r  i s  e q u a lly  s e le c t iv e  in  th e  

tim e dom ain. Events o c c u rr in g  b e fo re  and a f t e r  th e  s ig n a l  i s  p re se n te d  

w i l l  no t in f lu e n c e  th e  o b s e rv e r 's  d e c is io n  p ro c e s s .  E q u iv a le n t 

perform ance i s  th e r e f o r e  p re d ic te d  fo r  paradigm s in  w hich th e  n o ise  

m asker i s  e x te r n a l ly  g a ted  s im u lta n e o u sly  w ith  th e  s ig n a l ,  o r  i s  

c o n tin u o u s ly  p re s e n t  th ro u g h o u t an ex p erim en ta l s e s s io n .  These two 

m asker c o n d itio n s  w i l l  h e n c e fo rth  be  r e f e r r e d  to  as "g a te d "  and 

" c o n tin u o u s ."

D ata from r e a l  l i s t e n e r s  b e a r in g  on th e  above p r e d ic t io n s  and 

assum ptions w i l l  be p re se n te d  in  th e  fo llo w in g  s e c t io n s .  The 

p sy ch o aco u s tic  l i t e r a t u r e  em ploying h e terogeneous n o ise  s t im u li  

(W ) w i l l  be rev iew ed f i r s t .  I t  w i l l  be shown th a t  p r e d ic t io n  5S D

f a i l s  t o  be su p p o rte d : th e  o b se rv e r  ap p ea rs  unab le  to  f i l t e r

a c c u ra te ly  to  th e  bandw idth  o f  th e  s ig n a l .  I f  t h i s  assum ption  i s  

s a t i s f i e d  by f i l t e r i n g  th e  waveforms e x t e r n a l ly ,  co n firm a tio n  o f  th e  

rem ain in g  p r e d ic t io n s  o f  th e  model i s  a n t ic ip a te d .  The l i t e r a t u r e  

em ploying homogeneously f i l t e r e d  bands o f  n o is e  w i l l ,  th e r e f o r e ,  be  

rev iew ed  n e x t .  I t  w i l l  be seen th a t  many o f  th e  p r e d ic t io n s  o f  G reen 's  

model f a i l  t o  be su p p o rted  f o r  human o b s e rv e rs .

F i r s t ,  how ever, i t  would be in s t r u c t iv e  to  d e s c r ib e  some o f  th e  

p sy ch o p h y s ica l methods most w ide ly  employed in  th e  s tu d ie s  to  be  

rev iew ed . S p e c ia l  c o n s id e ra tio n  w i l l  be devo ted  to  th e  Up-Down



11

Transform ed-R esponse m ethod, inasmuch as i t  has been used to  c o l l e c t  

th e  d a ta  p re s e n te d  in  t h i s  d i s s e r t a t i o n .

B. P sy ch o p h y sica l Methods

Methods vised by p sy c h o p h y s ic is ts  to  m easure th re s h o ld s  may be 

d iv id e d  in to  two c la s s e s  — c o n s ta n t s tim u lu s  o r  f ix e d  m ethods, and 

a d a p tiv e  o r  t r a c k in g  m ethods. In  th e  fo rm er, a  number o f  o b se rv a tio n s  

a re  p la c e d  a t  each o f  s e v e ra l  p red e te rm in ed  s tim u lu s  l e v e l s .  The o rd e r  

o f  p r e s e n ta t io n  may be random ized , o r o rg a n iz e d  in to  b locks  o f  f ix e d  

in t e n s i t y .  The p r o b a b i l i ty  o f  d e te c t in g  th e  s ig n a l  may th e n  be 

c a lc u la te d  fo r  each in t e n s i t y  l e v e l ,  and i f  th e  s tim u lu s  le v e ls  were 

J u d ic io u s ly  chosen to  cover a  re a so n a b le  p o r t io n  o f  th e  psychom etric  

fu n c t io n ,  d e s ire d  le v e ls  o f  perform ance may be in te r p o la te d  from th e  

b e s t - f i t t i n g  psychom etric  fu n c tio n .

A d ap tiv e , o r  s t a i r c a s e ,  methods d i f f e r  from f ix e d  methods in  

th a t  r a th e r  th a n  seek in g  to  de term ine  th e  p e rc e n ta g e  o f  c o r r e c t  

resp o n ses  f o r  a  g iven  s tim u lu s  l e v e l ,  th e  s tim u lu s  le v e l  which would 

y i e ld  a  s p e c i f i c  p ro p o r tio n  o f  c o r r e c t  re sp o n ses  i s  sought d i r e c t l y .

In  o rd e r  t o  t r a c k  a  s in g le  p o in t  on th e  psychom etric  fu n c tio n ,  a d a p tiv e  

methods c o n c e n tra te  th e  t r i a l s  in  th e  re g io n  o f  i n t e r e s t  by u s in g  same 

p o r t io n  o f  th e  h i s to r y  o f  th e  run  in  d e te rm in in g  which s tim u lu s  l e v e l  

to  t e s t  n e x t .  A v a r i e ty  o f  a d a p tiv e  p ro ced u res  e x i s t ,  d i f f e r in g  

b a s ic a l ly  in  how le v e l-c h a n g in g  d e c is io n s  a re  made.
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1 . The Up-Down Method

The s im p le s t a d a p tiv e  p rocedu re  i s  m erely  an e x te n s io n  o f  th e  

method o f  l i m i t s .  Dixon and Mood (19^8) f i r s t  d e sc r ib e d  th e  

"Up-and-Down" method in  r e l a t i o n  to  t e s t i n g  th e  s e n s i t i v i t y  o f  

e x p lo s iv e s  to  shock . A w eigh t i s  dropped on an e x p lo s iv e  m ix tu re  from 

v a r io u s  h e ig h ts  in  o rd e r  t o  d e term ine  th e  h e ig h t a t  which th e  m ix tu re  

exp lodes 50% o f  th e  t i n e .  W ith t h i s  p ro c e d u re , t e s t i n g  b eg in s  by 

d ropp ing  th e  w eigh t from some a r b i t r a r i l y  chosen h e ig h t .  I f  th e  

m ix tu re  f a i l s  to  ex p lo d e , th e  n ex t w eigh t i s  dropped from a  h ig h e r  

l e v e l .  T e s t in g  c o n tin u e s  in  t h i s  manner u n t i l  th e  m ix tu re  ex p lo d es; 

th e  subsequen t t r i a l  i s  made from a  low er l e v e l ,  and so on. T his 

p ro ced u re  has th e  advan tage t h a t  t r i a l s  w i l l  a u to m a tic a l ly  be 

c o n c e n tra te d  n e a r  th e  50* p o in t .

The a p p l ic a t io n  to  a u d i to ry  psychophysics 

( in te n s i ty - d i s c r im in a t io n  in  p a r t i c u l a r )  i s  im m ediately  a p p a re n t — i f  

an o b se rv e r  f a i l s  to  c o r r e c t ly  d e te c t  a  s ig n a l ,  th e  s ig n a l  w i l l  be made 

more in te n s e  on th e  n ex t t r i a l ;  o th e rw ise , i t  w i l l  be made l e s s  

in te n s e .  T his method w i l l  converge on th e  l e v e l  a t  which th e  o b se rv e r  

c o r r e c t ly  d e te c ts  th e  s ig n a l  50* o f  th e  tim e .
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(a )  The Up-Down Transform ed-R esponse Method (UDTR)

U e th e r i l l  ( 1963) d e sc r ib e d  a  n o d if ie d  v e rs io n  o f  th e  up-down 

p ro c e d u re , g e n e ra liz e d  to  t r a c k  perform ance le v e ls  o th e r  th a n  50%, (T h is  

p ro ced u re  was a c tu a l ly  f i r s t  im plem ented by Heinemann (1961 ) to  o b ta in  

lum inance d if f e re n c e  lim ens i n  a  2 AFC p a ra d ig m .) R ather th a n  a l t e r in g  

th e  s tim u lu s  i n t e n s i t y  a f t e r  each re sp o n se , le v e ls  a re  changed o n ly  a f t e r  

a  p red e te rm in ed  sequence o f  re s p o n s e s . T h is i s  perhaps b e s t  explained , by 

exam ple. A ty p i c a l  s t r a t e g y  in v o lv e s  d e c re a s in g  th e  le v e l  o n ly  a f t e r  two 

c o n se c u tiv e  c o r r e c t  re sp o n ses  have been made, and in c re a s in g  th e  l e v e l  

a f t e r  each in c o r r e c t  re sp o n se .

I t  can be  shown t h a t  t h i s  s t r a t e g y  converges on th e  s tim u lu s  l e v e l  

f o r  which th e  p r o b a b i l i ty  o f  a  c o r r e c t  re sp o n se  i s  .707 . The s tim u lu s  

l e v e l  w i l l  be d ec reased  under one c o n d itio n  o n ly  —  th e  occu rren ce  o f  

two c o n secu tiv e  re sp o n se s . An in c re a s e  in  l e v e l  w i l l  fo llo w  e i t h e r  o f  

two resp o n se  sequences a  s in g le  in c o r r e c t  re sp o n se , o r  a  c o r r e c t  re sp o n se  

fo llo w ed  by an in c o r r e c t  re sp o n se . I f  th e  p r o b a b i l i ty  o f  o b ta in in g  a  

c o r r e c t  re sp o n se  eq u a ls  P(X) and th e  p r o b a b i l i ty  o f  o b ta in in g  an 

in c o r r e c t  re sp o n se  eq u a ls  1 -  P (X ), i t  fo llo w s  t h a t :

P (d e c re a s in g  th e  le v e l )  = P ((P (X ))*

P ( in c re a s in g  th e  le v e l )  = P (X )(l-P (X )) + ( l-P (X ))  .

S in ce  th e  up-down p ro ced u re  converges on a  s tim u lu s  l e v e l  where th e  prob­

a b i l i t y  o f  in c re a s in g  th e  l e v e l  e q u a ls  th e  p r o b a b i l i ty  o f  d e c re a s in g  

th e  l e v e l ,

(P(X) )* = .5  an d , th e r e f o r e ,

P(X) » .707  .



Ih

T his m od ified  s t a i r c a s e  has been term ed by W e th e r il l  (1963) th e  

"Up-Down T ransform ed-R esponse" p ro c e d u re , and w i l l  be r e f e r r e d  to  in  

t h i s  t h e s i s  as UDTR, fo llow ed  by th e  p e rc e n t c o r r e c t  t h a t  t h a t  

p a r t i c u l a r  v e rs io n  was designed  to  t r a c k  ( f o r  exam ple, UDTR(70.7#) 

above). T his method ha? th e  advantage t h a t  any p o in t  on th e  

p sychom etric  fu n c tio n  nay be e s tim a te d  by m erely  a l t e r in g  th e  s t r a t e g y  

f o r  l e v e l  change. L e v i t t  (1971) p ro v id e s  some r u le s  fo r  tr a c k in g  

p o in ts  o th e r  th a n  50* ; th e se  and some o th e rs  a re  p re s e n te d  in  

Table 1 -1 . N o tice  t h a t  in  o rd e r  to  t r a c k  p o in ts  on th e  psychom etric  

fu n c tio n  a p p re c ia b ly  h ig h e r  th a n  75* c o r r e c t ,  long  b lo c k s  a re  

n e c e s sa ry , and nay be im p ra c tic a l  to  im plem ent.

W ith UDTR, th e  ex p erim en te r makes s e v e ra l  m etho d o lo g ica l 

d e c is io n s .  These in c lu d e : ( l )  th e  i n i t i a l  s tim u lu s  l e v e l ,  (2 ) th e

s iz e  o f  th e  s te p  ta k e n  upon le v e l  change , and (3 ) th e  method by which 

th e  p aram ete r i s  e s tim a te d  from th e  h i s to r y  o f  th e  ru n .

( l )  The ch o ice  o f  th e  i n i t i a l  s tim u lu s  le v e l  seems 

s t r a ig h tfo rw a rd .  T r i a l s  w i l l  be m axim ally c o n c e n tra te d  in  th e  re g io n  

o f  i n t e r e s t  i f  th e  i n i t i a l  s tim u lu s  i s  chosen to  eq u a l th e  t a r g e t  

l e v e l .  A number o f  in v e s ig a to r s  have co n seq u en tly  su g g es ted  th a t  th e  

run  b eg in  a t  th e  a n t ic ip a te d  th re s h o ld  (se e  f o r  exam ple, Dixon and 

Mood, 19^8; C om sw eet, 1962; and W e th e r i l l  and L e v i t t ,  1965). In  

p r a c t i c e ,  how ever, t h i s  i s  r a r e ly  th e  c a s e . In  a d d i t io n  to  th e  

e x p e r im e n te r 's  i n i t i a l  u n c e r ta in ty  as to  th e  th re s h o ld  l e v e l ,  i t  i s  

c u r r e n t ly  in  vogue to  beg in  a  s t a i r c a s e  run  w ith  c l e a r ly  d is c r im in a b le  

s t im u li  in  o rd e r  t o  f a m i l ia r iz e  th e  o b se rv e r  w ith  th e  ta s k  (se e  

Cam pbell, 1963; S tuckey , H u tto n , and C am pbell, 1966; T ay lo r and
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Table 1-1

D ecis io n  R ules For T rack ing  V arious 
L evels o f D e te c ta b i l i ty  w ith  UDTR

Number Number
P e rcen t C o rre c t I n c o r r e c t
C o rre c t Responses Responses

50 .0 1 1

57.9 4 3

63.6 5 3

70.7 2 1

73.6 5 2

80 .0 7 2

89 .1 6 1

93.3 10 1
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Creelm an, 1967; Campbell and L asky, 1968; P o lla c k ,  1968 ; and Raab and 

G oldberg , 1975). T h is p r a c t i c e  co n tin u es  d e s p i te  th e  many 

recom m endations made a g a in s t  i t .  Dixon and Mood (19^8) f i r s t  warned 

th a t  th e  e s tim a te  o f  th re s h o ld  w i l l  be b ia se d  a p p re c ia b ly  tow ard th e  

i n i t i a l  t e s t i n g  le v e l  i f  th e  i n i t i a l  t e s t i n g  le v e l  i s  p o o rly  chosen 

( i . e . ,  f a r  from th e  a n t ic ip a te d  th r e s h o ld ) .  T his can be e s p e c ia l ly  

troub lesom e i f  th e  s te p  s iz e  i s  sm a ll. T his c a u tio n  has s in c e  been 

r e i t e r a t e d  by W e th e r i l l  and L e v i t t  (1 9 6 5 ), P o lla c k  (1968 ) ,  C reelnan  and 

T ay lo r ( 1969) ,  and L e v i t t  (1971 ).

S tu ck ey , H u tto n , and Campbell ( 1966) used  th e  r e s u l t s  o f  a 

com puter s im u la tio n  to  defend  t h e i r  p r a c t ic e  o f  s t a r t i n g  w ith  a u d ib le  

s ig n a l s .  The i n i t i a l  s tim u lu s  le v e l  as w e ll as o th e r  p ro c e d u ra l 

p a ram ete rs  were v a r ie d  in  a  Monte C arlo  s im u la tio n  o f  Cam pbell’s 

a d a p tiv e  m ethod. V alues o f  th e  i n i t i a l  s tim u lu s  le v e l  w ere chosen to  

be eq u a l t o  th e  a n t ic ip a te d  th re s h o ld  (75# p o in t  on th e  psychom etric  

fu n c tio n  p re s e n te d  to  th e  com pu ter), c lo se  t o ,  and w e ll above th i s  

l e v e l .  S im u la tio n s  o f  Cam pbell’s  m ethod, which in c lu d e s  on ly  le v e ls  

v i s i t e d  more th a n  once in  th e  p aram ete r e s t im a t io n ,  show a  n e g l ig ib le  

b ia s  r e s u l t in g  from s t a r t i n g  f a r  from th e  a n t ic ip a te d  th re s h o ld .  T h is  

c o n c lu s io n , how ever, i s  m is le a d in g  in  t h a t  th e  r e s u l t s  p re s e n te d  in  

S tu c k e y 's  T ab le I I I - I  (p . 1175) w ere averaged  a c ro ss  s e v e ra l  

p ro c e d u re s , one o f  which was th e  le n g th  o f  th e  ru n , which was allow ed 

to  v ary  from 96 to  2l»0 t r i a l s .  I t  i s  e n t i r e ly  p o s s ib le  (a s  was 

su g g ested  by Dixon and Mood, 19^8) t h a t  th e  b ia s  a r i s in g  from an 

in a p p ro p r ia te  ch o ice  o f  s t a r t i n g  le v e l  w i l l  be reduced  by ex ten d in g  th e  

le n g th  o f  th e  ru n . Campbell and Lasky (1968) ,  in  f a c t ,  found 

th re s h o ld s  to  d ec re a se  w ith  number o f  t r i a l s  f o r  human o b s e rv e rs .  In
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o rd e r  to  avo id  o b se rv e r  f a t i g u e ,  ru n s  as long  as 2U0 a re  r a r e ly

em ployed. In  a  l a t e r  c h a p te r  o f  t h i s  d i s s e r t a t i o n ,  Monte C arlo

s im u la tio n s  o f  UDTR em ploying runs o f  80 t r i a l s  show an a p p re c ia b le  

dependence o f  th e  e s tim a te d  p aram ete r on th e  ch o ice  o f  s t a r t i n g  l e v e l .

I f  th e  ru n  i s  a llow ed  to  c o n tin u e  fo r  as  many as 2h0 t r i a l s ,  how ever,

t h i s  b ia s  becomes n e g l ig ib le .

I t  rem a in s , t h a t  a lth o u g h  i t  i s  o p tim a l to  b eg in  a d a p tiv e  

t e s t i n g  as c lo se  as p o s s ib le  to  th e  a n t ic ip a te d  th re s h o ld  l e v e l ,  t h i s  

c o n d itio n  i s  r a r e ly  r e a l iz e d  in  p r a c t ic e .

(2 ) UDTR t y p i c a l l y  employs a  f ix e d  s te p  s i z e .  Cornsweet ( i 960 ) 

su g g e s ts  t h a t  s t im u l i  shou ld  be spaced so as to  approx im ate eq u a l 

sen so ry  s te p s .  In  a u d i t io n ,  a lo g a r i th m ic  s c a le  i s  w e ll s u i te d .  Both 

C ornsw eet, and Dixon and Mood (19I 8 ) s t a t e  t h a t  th e  up-down p ro ced u re  

becomes m axim ally e f f i c i e n t  when th e  s te p s  a re  th e  s iz e  o f  th e  

d i f f e r e n t i a l  th r e s h o ld .  In  n o i s e - in te n s i t y  d is c r im in a t io n ,  a  s te p  s iz e  

o f  1 .5  dB i s  f r e q u e n tly  em ployed, which a llow s ap p ro x im ate ly  6 l e v e ls  

to  co v er a  range  o f  d e t e c t a b i l i t y  o f  60% to  90* c o r r e c t  d e te c t io n s  fo r  

G reen 's  id e a l  o b s e rv e r .

In  a tte m p tin g  to  circum vent th e  p o s s i b i l i t y  o f  compounding th e  

b ia s  produced by an in a p p ro p r ia te  ch o ice  o f  s t a r t i n g  l e v e l  w ith  to o  

sm all a  s te p  s i z e ,  i t  has o f te n  been su g g es ted  th a t  UDTR s t a r t  w ith  

r e l a t i v e l y  la rg e  s t e p s ,  w hich would be made sm a lle r  as th e  run  

p ro g re s se d  (see  Dixon and Mood, 191*8 ; C ornsw eet, 1962; U e th e r i l l  and 

L e v i t t ,  1965; L e v i t t  and Bock, 1967* L e v i t t  and T reism an , 1969} and 

L e v i t t ,  1971 ). L e v i t t  (1971) su g g e s ts  a  s t r a t e g y  whereby th e  s te p  s iz e  

i s  h a lv ed  a f t e r  th e  f i r s t ,  t h i r d ,  s e v e n th , f i f t e e n t h ,  e t c .  r e v e r s a l s ,  

w hereas L e v i t t  and Bock ( 1967) su g g es t a  s im p le r  s t r a t e g y  o f  h a lv in g
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s te p  s iz e  on ly  once a f t e r  a  few i n i t i a l  t r i a l s .  Such s t r a t e g i e s ,  

how ever, r e q u ir e  a d d i t io n a l  s t in u lu s  programm ing. In  n o i s e - in te n s i t y  

d is c r im in a t io n ,  a  f ix e d  s te p  s iz e  i s  f r e q u e n t ly  em ployed, combined w ith  

th e  e x c lu s io n  o f  some p o r t io n  o f  th e  run  in  which th e  re g io n  o f  

i n t e r e s t  i s  approached .

(3 ) I n  e s t im a tin g  th re s h o ld  from th e  h i s to r y  o f  a  s t a i r c a s e  

ru n , i t  i s  common p r a c t ic e  to  b eg in  by d is c o u n tin g  some p o r t io n  o f  th e  

i n i t i a l  t r i a l s  in  which th e  re g io n  o f  i n t e r e s t  i s  approached . A 

ty p i c a l  s t r a te g y  i s  to  c o l l e c t  d a ta  o n ly  a f t e r  th e  f i r s t  r e v e r s a l  in  

th e  d i r e c t io n  o f  le v e l-c h a n g e  o c c u rs . T h is shou ld  h o p e fu lly  reduce  th e  

b ia s  in tro d u c e d  by an in a p p ro p r ia te  ch o ice  o f  s t a r t i n g  l e v e l .  I t  w i l l  

be seen  in  a  l a t e r  c h a p te r ,  how ever, t h a t  a  s iz e a b le  b ia s  rem ains 

d e s p i te  t h i s  p re c a u tio n a ry  m easure.

A number o f  a l t e r n a t iv e s  e x i s t  f o r  e s tim a tin g  th re s h o ld  from 

th e  rem ain ing  h i s to r y  o f  th e  ru n . F i r s t ,  one may average  th e  "peaks 

and v a l le y s "  o f  th e  s t a i r c a s e  ru n ,  assum ing th e se  p o in ts  o f  change in  

d i r e c t io n  o f  le v e l-c h a n g e  r e p re s e n t  momentary th r e s h o ld s .  Second, 

th re s h o ld  may be d e f in e d  as th e  s tim u lu s  le v e l  t h a t  r e c e iv e s  an eq u a l 

number o f  c o r r e c t  and in c o r r e c t  re sp o n ses  ( t r e a t in g  th e  s t a i r c a s e  as  a  

m o d ified  method o f  c o n s ta n t s t im u l i ) .  T h ird , th e  mean o f  le v e ls  

r e v i s i t e d ,  w eigh ted  by th e  frequency  o f  p r e s e n ta t io n  may be c a lc u la te d .  

F o u r th , th e  median o f  le v e l s  r e v i s i t e d  may be c a lc u la te d .

Feeny, K a is e r ,  and Thomas (1966) t e s t e d  th e  eq u iv a len c e  o f  th e  

f i r s t  th r e e  m ethods. UDTR(70.7/>) vas employed in  a  2AFC ta s k  in  which 

th e  o b se rv e r  had to  r e p o r t  in  which o f  two p o s i t io n s  a  b lu r r e d  co n to u r 

was p re s e n te d .  A f te r  d is c a rd in g  th e  f i r s t  20 t r i a l s  o f  6 0 - t r i a l  r u n s ,  

th re s h o ld  was e s tim a te d  by each m ethod. I t  was concluded t h a t  th e
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th r e e  methods y ie ld e d  e q u iv a le n t r e s u l t s .  Rose, T e l l e r ,  and 

Rendleman (1970) in v e s t ig a te d  th e  eq u iv a len c e  o f  u s in g  th e  mean o r  

median as a  th re s h o ld  e s t im a te .  For a  co m p u ter-s im u la ted  l i s t e n e r ,  a 

2IFC ta s k  vas  employed w ith  UDTR(7G.77»); th e  number o f  t r i a l s  p e r  run  

was v a r ie d  from 25 to  200. A f te r  ex c lu d in g  th e  f i r s t  10 t r i a l s ,  mean 

and median e s t im a te s  d id  no t d i f f e r ,  a lth o u g h  th e  w ith in - ru n  

v a r i a b i l i t y  f o r  median e s tim a te s  averaged  5* h ig h e r  th a n  t h a t  o b ta in e d  

f o r  m eans. I t  nay be concluded t h a t  a l l  fo u r m easures y ie ld  e q u iv a le n t 

e s tim a te s  o f  th r e s h o ld .

In  s e c t io n s  to  fo llo w , th e  p sy ch o aco u s tic  l i t e r a t u r e  b e a r in g  on 

th e  p r e d ic t io n s  o f  G reen 's  model w i l l  be rev iew ed . When UDTR is  u sed , 

th e  fo llo w in g  c o n d itio n s  a re  ty p i c a l l y  em ployed: th e  i n i t i a l  s tim u lu s

le v e l  i s  h igh  ( s t im u li  a re  e a s i l y  d is c r im in a b le ) , each run  i s  

ap p ro x im ate ly  100 t r i a l s ,  s te p  s iz e  i s  f ix e d ,  t r i a l s  o c c u rr in g  b e fo re  

th e  f i r s t  r e v e r s a l  a re  d is c a rd e d , and th e  median o f  th e  rem ain ing  

h i s to r y  i s  ta k e n  as th e  e s tim a te  o f  th r e s h o ld .

(b ) The B locked Up-Down T w o -In te rv a l Forced-C hoice 

P rocedure  (BUDTIF)

Campbell (1963) o f f e r s  sm other s t a i r c a s e  p ro ced u re  desig n ed  to  

t r a c k  p o in ts  on th e  p sychom etric  fu n c tio n  o th e r  th a n  50/». C am pbell's  

B locked Up-Down T w o -In te rv a l F o rced -ch o ice  method (BUDTIF) d i f f e r s  from 

UDTR in  t h a t  th e  s tim u lu s  l e v e l  need n o t be changed a f t e r  th e  

co m ple tion  o f  a  b lo ck  o f  t r i a l s .  For exam ple, in  tr a c k in g  a  l e v e l  

y ie ld in g  73.**$ c o r r e c t  d e te c t io n s ,  a  BUDTIF run  w i l l  c a l l  f o r  a  l e v e l



20

change i f  th e  number o f  c o r r e c t  re sp o n ses  i s  g r e a te r  o r  le s s  th a n  3 in  

a  b lo ck  o f  h t r i a l s ;  i f  e x a c tly  3 t r i a l s  a r e  c o r r e c t ,  th e  le v e l  rem ains 

unchanged f o r  th e  n ex t b lo c k . In  a d d i t io n ,  b lo ck s  must be com pleted .

I f  th e  f i r s t  two resp o n ses  in  a  b lo c k  a re  in c o r r e c t ,  i t  i s  c l e a r  th a t  

th e  n ex t b lo c k  w i l l  be t e s t e d  a t  a h ig h e r  l e v e l  r e g a rd le s s  o f  th e  

re sp o n ses  on th e  n ex t two t r i a l s .  Whereas UDTR would change le v e l s  a t  

t h i s  p o in t  w ith o u t com pleting  th e  b lo c k , BUDTIF b locks a re  run  to  

com ple tion .

In  a l l  o th e r  r e s p e c t s ,  BUDTIF i s  p ro c e d u ra lly  i d e n t i c a l  to  

UDTR: th e  i n i t i a l  s tim u lu s  le v e l  i s  h igh  ( s t im u li  a re  e a s i ly  

d is c r im in a b le ) , each run  i s  app ro x im ate ly  100 t r i a l s ,  s te p  s iz e  i s  

f ix e d ,  t r i a l s  o c c u rr in g  b e fo re  th e  f i r s t  r e v e r s a l  a re  d is c a rd e d , and 

th e  median o f  th e  rem ain in g  h i s to r y  i s  ta k e n  as th e  e s tim a te  o f  

th r e s h o ld .  (For a d is c u s s io n  o f  th e s e  p ro c e d u ra l v a r ia b le s  w ith  

r e s p e c t  to  th e  BUDTIF m ethod, see  C am pbell, 1963; Cam pbell, H u tto n , and 

S tu ck ey , 1966; S tuckey , H u tto n , and Cam pbell, 1966; Cam pbell, 1967; and 

Campbell and L asky, 1968 .)

2 . P aram eter E s tim a tio n  by S e q u e n tia l T e s tin g  (PEST)

In  an a ttem p t to  in c re a s e  th e  e f f ic ie n c y  o f  a d a p tiv e  

p ro c e d u re s , T ay lo r and Creelman (1967 ) developed  a  method d i f f e r in g  

s u b s t a n t i a l l y  from UDTR and BUDTIF. A lthough t h i s  method has n o t been 

used  to  p ro v id e  th e  d a ta  to  be rev iew ed in  th e  fo llo w in g  s e c t io n s ,  a 

b r i e f  rev iew  i s  n o n e th e le ss  w a rra n te d .
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T ay lo r and C re e ln a n 's  v e rs io n  o f  PEST (P aram eter E s tim a tio n  by 

S e q u e n tia l  T e s tin g )  employs th e  fo llo w in g  decision r u le s :

(1 ) A Wald (191*7) s e q u e n tia l  l i k e l i h o o d - r a t io  t e s t  i s  used  to  

de term ine  w hether perform ance a t  th e  c u r re n t  l e v e l  i s  above o r  below 

th e  t a r g e t  p r o b a b i l i ty .  In  s h o r t ,  a  ru n n in g  accoun t o f  th e  e n t i r e  

h i s to r y  o f  th e  run  i s  used to  d e term ine  w hether perform ance f a l l s  

w ith in  some p red e te rm in ed  boundary su rro u n d in g  th e  t a r g e t  p e rc e n t 

c o r r e c t .  I f  perform ance f a l l s  below th e  low er bound, th e  n ex t t r i a l  i s  

p re se n te d  a t  a  h ig h e r  l e v e l ,  i f  above th e  Tipper bound, th e  n ex t t r i a l  

i s  a t  a  low er l e v e l .  I f  perform ance f a l l s  w ith in  th e  bounds, no change 

i s  made and t e s t i n g  c o n tin u e s .

(2) S tep  s iz e  i s  n o t f ix e d  w ith  PEST. The i n i t i a l  s tim u lu s  

le v e l  i s  chosen to  be e a s i l y  d is c r im in a b le ,  and th e  s te p  s iz e  i s  

i n i t i a l l y  la r g e .  As t e s t i n g  c o n tin u e s ,  s te p  s iz e  i s  a llow ed  to  change 

by th e  fo llo w in g  r u l e s :  (a )  S tep  s iz e  i s  h a lv ed  fo r  every  r e v e r s a l  in

s te p  d i r e c t io n ,  (b ) I f  a  second s te p  i s  c a l le d  f o r  in  a  g iven  

d i r e c t io n ,  th e  s te p  s iz e  rem ains th e  same as th e  f i r s t ,  (c )  The fo u r th  

and subsequen t s te p s  in  a  g iven  d i r e c t io n  each double t h e i r  p re d e c e sso r  

(w ith in  some p red e te rm in ed  upper bound on s te p  s i z e ) ,  (d ) The s iz e  o f  

th e  t h i r d  su c e s s iv e  s te p  in  a  g iven  d i r e c t io n  i s  determ ined  by th e  

h i s to r y  o f  r e v e r s a l s .  I f  th e  s te p  im m ediately  p rece ed in g  th e  most 

r e c e n t  r e v e r s a l  r e s u l te d  from a  d o u b lin g , th e  t h i r d  s te p  i s  no t 

do u b led , w h ile  i f  t h a t  r e v e r s a l  was n o t th e  r e s u l t  o f  a  d o u b lin g , th e  

t h i r d  s te p  i s  doubled .

(3 ) A PEST ru n  i s  te rm in a te d  when th e  s te p  s iz e  re a c h e s  a  

p red e te rm in ed  minimum. By com puter s im u la tio n , Creelman and
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Kaplan (1973) e s tim a te  t h a t  60 t r i a l s  a re  n e c e ssa ry  to  re a c h  t h i s  

c r i t e r i o n .

(U) In  th e  o r ig in a l  in p le n e ta t io n  o f  PEST, th e  th re s h o ld  i s  th e  

c u r re n t  s tim u lu s  le v e l  a t  which t h i s  f in e d  change o f  le v e l  i s  c ed led  

f o r .

A nother v e rs io n  o f  PEST i s  o f fe re d  by P o lla c k  (1 9 6 8 ), which 

d i f f e r s  from C ree lr tan 's  in  i t s  r u le s  f o r  le v e l-c h a n g in g . P o lla c k  

employs th e  same d e c is io n  r u le s  as a re  used  in  BUDTIF: in  t r a c k in g

7 3 . ^  c o r r e c t  d e te c t io n s ,  th e  s tim u lu s  l e v e l  i s  in c re a se d  i f  few er th a n  

3 c o r r e c t  re sp o n ses  a re  made in  a  b lo c k  o f  H t r i a l s ,  d ecreased  i f  U 

c o r r e c t  re sp o n ses  a re  made, and l e f t  unchanged i f  e x a c tly  3 o u t o f  U 

resp o n ses  a re  c o r r e c t .  In  a  Monte C arlo  s im u la tio n , B endlenan, R ose, 

and T e l le r  (1971) r e p o r t  t h a t  th e  betw een-runs v a r i a b i l i t y  o f  P o l la c k 's  

PEST(73.ll3) i s  eq u a l to  t h a t  o f  UDTR(70.7S). This f in d in g  i s  

unexpected  in  l i g h t  o f  PEST's more s o p h is t ic a te d  s tim u lu s  programming. 

In  a d d i t io n ,  Rendleman e t  a l .  q u e s tio n  th e  e f f ic ie n c y  o f  P o l la c k 's  

PEST. A lthough th e  number o f  t r i a l s  r e q u ire d  to  ach iev e  th e  minimum 

s te p  s iz e  averaged  80 , v a r i a b i l i t y  was c o n s id e ra b le .  Computer 

s im u la te d  runs ranged  in  le n g th  from 20 to  310 t r i a l s .  This 

v a r i a b i l i t y  cou ld  become troub lesom e in  p r a c t i c e ,  s in c e  n e i th e r  th e  

ex p erim en te r no r th e  o b se rv e r  would know befo rehand  how long  th e  run  

would l a s t .

In  summary, a d a p tiv e  methods a re  w e l l - s u i te d  to  t r a c k  a  g iven  

le v e l  o f  perfo rm ance . F ixed  m ethods, on th e  o th e r  hand , a re  

i n e f f i c i e n t  in  t r a c k in g  a  s in g le  p o in t  on a  psychom etric  fu n c tio n  s in c e  

many o b se rv a tio n s  a re  p la c e d  in  re g io n s  o f  l i t t l e  i n t e r e s t .  In  keep ing



23

w ith  a  su g g e s tio n  made by Smith (1961 ) ,  a d a p tiv e  methods have been 

w idely  used  in  p sy c h o a c o u s tic s  when a  s in g le  le v e l  o f  perform ance i s  

so u g h t, w h ile  f ix e d  methods have been la r g e ly  re se rv e d  f o r  in s ta n c e s  

where th e  form o f  th e  e n t i r e  psychom etric  fu n c tio n  i s  o f  i n t e r e s t .  An 

ex c e p tio n  to  t h i s  g e n e r a l iz a t io n  i s  C am pbell's  (1965) use o f  BUDTIF to  

t r a c k  th r e e  le v e ls  o f  d i f f i c u l t y  in  a  n o i s e - in te n s i t y  d is c r im in a t io n  

paradigm . D ec is io n  ru le s  w ere designed  to  t r a c k  62$, 751»% and 88jf 

c o r r e c t  d e te c tio n s  by r e p e a tin g  a  l e v e l  i f  e x a c tly  5 , 6 , o r  7 c o r re c t  

re sp o n ses  w ere made in  8 - t r i a l  b lo c k s . The r e s u l t i n g  th r e e - p o in t  

p sychom etric  fu n c tio n s  e x h ib ite d  th e  same " s te e p n e s s "  c h a r a c t e r i s t i c  o f  

th o se  more a rd u o u s ly  o b ta in e d  by Green ( i 960 ) w ith  b lo ck s  o f  f ix e d  

in te n s i ty .

C. S tu d ie s  Employing H eterogeneous N oise

1 . In te n s i ty -D is c r im in a t io n  F unctions  -  W eber's Law

I t  has lo n g  been known to  p sy c h o p h y s ic is ts  t h a t  f o r  many 

sen so ry  c o n tin u a , th e  Weber f r a c t io n  (ex p ressed  as th e  r a t i o  o f  th e  

J u s t -n o tic e a b le - in c re m e n t in  i n t e n s i t y ,  A I ,  to  th e  s ta n d a rd  com parison 

i n t e n s i t y ,  I )  i s  c o n s ta n t o ver a  m oderate range o f  i n t e n s i t i e s .  That 

i s ,

A I / I  » k  . ( l - 3 l
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The e x te n t  to  v h ic h  W eber's Law i s  obeyed nay be a s se s se d  by p lo t t i n g  

th e  Weber f r a c t io n  as a  fu n c tio n  o f  i n t e n s i t y .  A fu n c tio n  w e ll f i t  by 

a  h o r iz o n ta l  l i n e  i s  p r e d ic te d .  A l te r n a t iv e ly ,  th e  

in t e n s i t y - d i s c r i n in a t io n  fu n c tio n  nay be d isp la y e d  by p lo t t i n g  th e  

ju s t - n o t ic e a b le - in c r e n e n t  as a  fu n c tio n  o f  i n t e n s i t y .  When p lo t te d  on 

lo G -log  c o o rd in a te s ,  a  s t r a i g h t  l i n e  w ith  a  s lo p e  o f  1 .0  i s  p r e d ic te d .  

C onsider a  n o re  g e n e ra l f o m  o f  E quation  1 -3 :

A I  = k ln  . (1-U)

Taking lo g a r i th n s  o f  b o th  s id e s  o f  E quation  1-U , we o b ta in :

lo g  A I = n  lo g  I  + lo g  k . (1 -5 )

The s lo p e  o f  th e  r e s u l t in g  in t e n s i t y - d i s c r i n in a t io n  fu n c tio n  i s  m.

The few s tu d ie s  t h a t  have used  he terogeneous bands o f  n o ise  in  

t h e i r  in v e s t ig a t io n s  o f  W eber's Law y ie ld  c o n f l i c t in g  r e s u l t s .

Campbell (196*0 o b ta in e d  a  d e p a r tu re  from Weber’s Law f o r  a  number o f  

h e terogeneous m asker c o n d i t io n s .  C am pbell's  s u b je c ts  w ere re q u ire d  to  

d e te c t  th e  p re sen ce  o f  a  one second b u r s t  o f  narrowband n o ise  added to  

a  co n tinuous w ideband m asker (Wn = U9U0 H z). The s ig n a l  was w h ite  

G aussian  n o is e  w ith  a  bandw idth  o f  e i t h e r  300 o r  700 Hz, each c e n te re d  

a t  a number o f  f re q u e n c ie s ;  a  w ideband s ig n a l  (Ws = 3200 Hz) was a ls o  

em ployed. In  each c o n d i t io n ,  th e  o v e r a l l  m asker l e v e l  was v a r ie d  from 

0 to  90 dB EL, in  10-dB s te p s .  T h resh o ld s  tra c k e d  w ith  BUDTIF y ie ld e d  

W eber's Law fo r  m asker le v e ls  ^ 2 0  dB SL w ith  th e  e x c e p tio n  o f  a  s in g le  

p o in t .  For a l l  c o n d i t io n s ,  Weber f r a c t io n s  were 2 dB l a r g e r  when th e  

m asker l e v e l  e q u a lle d  60 dB SL. T his s n a i l  b u t c o n s is te n t  d e p a r tu re  

from W eber's Law i s  e v id e n t in  C am pbell's  homogeneous d a ta  as w e l l ,  b u t
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c u r io u s ly  enough, i s  no t ev idenced  in  th e  d a ta  o f  any o th e r  r e s e a r c h e r .

Moore (1975) p re s e n ts  d a ta  fo r  300-msec "bursts o f  1 /3 -o c ta v e  

"bands o f  n o is e  g a te d  s im u lta n e o u sly  w ith  2 -o c ta v e  m askers. Masker 

l e v e ls  o f  10 , 20 , 30 , Uo, and 50 dB SL w ere in v e s t ig a te d  w ith  a  

tw o - a l te r n a t iv e  fo rc e d -c h o ic e  p ro ced u re  (UDTR(73.6js)) .  Weber' s Law 

o b ta in e d  fo r  s ig n a ls  c e n te re d  a t  1000, 3150, and U000 Hz (Ws = 232,

729, and 926 Hz, r e s p e c t iv e ly ) .  For s ig n a ls  c e n te re d  a t  5000 and 

6300 Hz (Wg = 1158 and 1^*59 Hz), perform ance w orsened w ith  l e v e l ,  

th e re b y  v io l a t i n g  W eber's Law.

Schacknow and Raab (1976) r e p l i c a t e d  many o f  th e  c o n d itio n s  o f  

th e  Campbell ( I 96U) and Moore (1975) s tu d ie s .  UDTR (73.6?-) p ro v id ed  

th re s h o ld s  f o r  100-msec s ig n a ls  w ith  b o th  g a te d  and con tin u o u s m askers. 

S ig n a l bandw idths o f  100, 316, 1000, and 3160 Hz w ere p re se n te d  w ith  

m askers o f  b ro a d e r  bandw id th . Masker l e v e ls  o f  5 , 25 , and 1*5 dB SPL 

w ere t e s t e d :  W eber's Law o b ta in e d  in  every  c o n d i t io n .  These r e s u l t s  

a r e  i n  acco rd  w ith  th e  f in d in g s  o f  Moore (1975) f o r  narrow band s ig n a l s ,  

b u t  d i f f e r  from M oore's f in d in g s ,  where perform ance d e te r io r a te d  w ith  

in c re a s in g  m asker l e v e l  f o r  s ig n a l  bandw idths o f  1158 and 1^59 Hz. A 

d i r e c t  com parison canno t be  made betw een th e  f in d in g s  o f  

Campbell ( 196H) and Schacknow and Raab (1976) f o r  c o n tin u o u s ly  masked 

s ig n a l s ,  due to  th e  l e t t e r ' s  c h o ice  o f  a  l im i te d  ran g e  o f  m asker 

l e v e l s .

The e f f e c t s  o f  m asker l e v e l  on h e terogeneous n o i s e - i n te n s i t y  

d is c r im in a t io n  a re  summarized in  T ab le  1 -2 . W eber's Law o b ta in s  f o r  

c o n tin u o u s ly  masked s ig n a ls  (w ith  th e  p o s s ib le  e x c e p tio n  o f  a  sm all 

decrem ent in  perform ance a t  ap p ro x im ate ly  60 dB SL). For narrow band 

s ig n a ls  (W8 ^ 1000 Hz) w ith  g a te d  m ask ers , W eber's Law o b ta in s  in  b o th



T able 1 -2

Studies Investigating Weber's Law 
for Heterogeneous Masker Conditions

Study Method
Mode o f 
Masker Bandwlth* F ind ings

C am pbell (1 9 6 4 ) BUDTIF (757.)

Schacknow and 
Raab (1976)

Schacknow and 
Raab (1976)

Moore (1975) 

Moore (1975)

UDTR (73 .67 .). 

UDTR (7/3.67.) 

UDTR (7 3 .6 7 .)  

UDTR (7 3 .6 7 .)

Cont.

Cont.

Gated

Gated

Gated

S = 300, 700, 3200 
M = 4940

S = 100, 316, 1000, 3160 
M = 1000, 3160, 10000
S = 100, 316, 1000, 3160 
M = 1000, 3160, 10000

S = 232, 729, 926 
M = 1500, 4725, 6000

S = 1158, 1459 
M = 7500, 9450

Weber's Law

Weber’s Law 

Weber's Law

Weber's Law

Performance
w orsens
w /le v e l

*S. and Mi r e f e r  to  s ig n a l  and masker, bandw id ths, r e s p e c t iv e ly .
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th e  Moore (1975) and Schacknow and Raab (1976) s tu d ie s .  For s ig n a l  

bandw idths w ider th a n  1000 Hz, r e s u l t s  a re  c o n f l i c t i n g :  Schacknow and

Raab r e p o r t  W eber's Law, w h ile  Moore r e p o r ts  a  d e c l in e  in  perform ance 

w ith  in c re a s in g  n a sk e r  l e v e l .

2 . S lope o f  th e  Psychom etric  F unc tio n

For a  2IFC parad igm , th e  psychom etric  fu n c tio n  i s  p re d ic te d  to  

be th e  upper h a l f  o f  a  norm al og ive  when p e rc e n t c o r r e c t  i s  p lo t te d  as 

a fu n c tio n  o f  S0/1T0 . I t s  " s lo p e "  can be c a lc u la te d  over a  re a so n a b ly  

l i n e a r  p o r t io n ;  an app ro x im ate ly  7-dB in c re a s e  in  S0/N0 i s  r e q u ire d  f o r  

perform ance to  im prove from 60% to  90# c o r r e c t  d e te c t io n s .  T here i s  a  

p a u c i ty  o f  d a ta  b e a r in g  on t h i s  p r e d ic t io n .  Most s tu d ie s  em ploying 

he te ro g en eo u s m askers have used  a d a p tiv e  p ro ced u res  to  t r a c k  a  s ig n a l  

le v e l  y ie ld in g  ap p ro x im ate ly  75* c o r r e c t  d e te c t io n s ,  th e re b y  d is c a rd in g  

th e  in fo rm a tio n  n ece ssa ry  f o r  th e  r e c o n s tru c t io n  o f  th e  o b s e rv e r 's  

p sychom etric  fu n c tio n .

Psychom etric  fu n c tio n s  a re  p ro v id ed  by Green ( i 960 ) ,  who 

c o l le c te d  d a ta  by p re s e n tin g  b lo c k s  o f  f ix e d  in t e n s i t y .  In  t h i s  

m anner, p sychom etric  fu n c tio n s  were c o n s tru c te d  from 5 o r  6 p o in ts  

spann ing  a  range  o f  app ro x im ate ly  50* to  100# c o r r e c t  d e te c t io n s .

These a re  th e  on ly  a v a i la b le  p sychom etric  fu n c tio n s  fo r  he terogeneous 

n o is e .  G reen 's  s ig n a ls  were 250-msec b u r s ts  o f  narrowband n o ise  

(Ws = 650 H z), p re se n te d  a t  s e v e ra l  c e n te r  f re q u e n c ie s .  The n a sk e r  

bandw idth  was always 5100 Hz, and was p re se n te d  co n tin u o u s ly  th ro u g h o u t 

an e x p e rim en ta l s e s s io n .  A ll  psychom etric  fu n c tio n s  w ere c o n s id e ra b ly
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s te e p e r  th a n  p r e d ic te d .  D e te c ta b i l i ty  grew r a p id ly :  a  change o f  on ly  

3 dB was r e q u ire d  f o r  perform ance to  in c re a s e  from 60J* to  905 c o r r e c t  

d e t e c t io n s .

Oreen (1960a) a t t r i b u t e d  t h i s  c h a r a c t e r i s t i c  s te e p n e ss  to  th e  

o b s e r v e r 's  u n c e r ta in ty  conce rn ing  th e  s ig n a l  o n se t and d u ra tio n .

F u r th e r  d is c u s s io n  o f  th e  u n c e r ta in ty  model w i l l  be re se rv e d  fo r  a  

l a t e r  s e c t io n ,  where i t  w i l l  be shown th a t  th e  p sychom etric  fu n c tio n  i s  

o f  th e  p ro p e r s lo p e  fo r  g a te d  m asker c o n d itio n s  in  which tem pora l 

u n c e r ta in ty  i s  red u ced .

3. E f fe c ts  o f  th e  Mode o f  Masker

A b a s ic  assum ption o f  G reen 's  model i s  th a t  th e  o b se rv e r 

f i l t e r s  in  th e  tim e domain — i . e . ,  d e c is io n s  a re  based  on ev en ts  

o c c u rr in g  on ly  d u rin g  th e  o b s e rv a tio n  in t e r v a l s  (which a re  assumed to  

be eq u a l to  th e  s ig n a l  d u ra t io n ) .  E q u iv a len t perform ance i s  th e re f o r e  

p re d ic te d  in  paradigm s in  which th e  m asker i s  c o n tin u o u s , o r  g a ted  

s im u lta n e o u s ly  w ith  th e  s ig n a l*

I t  i s  w e ll documented th a t  t h i s  eq u iv a len c e  i s  no t found in  th e  

l i t e r a t u r e  fo r  to n e - in te n s i t y  d is c r im in a t io n  (see  fo r  exam ple,

G reen, 1961i; Cam pbell, 1966; Campbell and Lasky, 1967; G reen, 1969 ; 

Zw icker and F a s t i ,  1972; and Leshow itz and Cudahy, 1975)* o r 

to n e -m ask ed -Jb y -n o ise  (see  S h e rr ic k  and A lb e rn az , 1961; G reen, I 96U; 

D irks and N o r r is ,  1966 ; T ucker, W illiam s and J e f f r e s s ,  1968;

C am pbell, 1969; and W ier, G reen, H a f te r ,  and B u rk h a rd t, 1977). For 

to n e - i n te n s i t y  d is c r im in a t io n ,  a  g a te d  m asker i s  more e f f e c t iv e  th a n  a
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co n tinuous n a s k e r ;  th re s h o ld s  d i f f e r  by ap p ro x im ate ly  10 dB vhen th e  

s ig n a l  and n a sk e r  a re  o f  th e  sane freq u en cy . For to n e -n n sk e d -h y -n o ise , 

ag a in  g a ted  n a sk e rs  a re  more e f f e c t i v e ,  th e  d if f e r e n c e  in  perform ance 

av erag in g  l» dB. I t  seens p a ra d o x ic a l t h a t  g a te d  m askers shou ld  be more 

e f f e c t iv e .  I f  th e  o b s e rv e r 's  tem p o ra l f i l t e r i n g  i s  i n e f f i c i e n t ,  

perform ance w ith  a  co n tinuous n a sk e r  shou ld  be worse due to  th e  

a d d i t io n a l  n o is e  p re s e n t  b e fo re  and a f t e r  th e  s ig n a l  i s  p re s e n te d . 

E x p lan a tio n s  f o r  th e se  o b ta in e d  g a te d -c o n tin u o u s  d if f e re n c e s  in  

perform ance a r e ,  th e r e f o r e ,  n o t to  be found in  a  s tra ig h tfo rw a rd  

a n a ly s is  o f  th e  tem p o ra l f i l t e r i n g  a b i l i t i e s  o f  th e  o b se rv e r .

Schacknow and Eaab (1 9 7 0  p re s e n t  th e  o n ly  w i th in - s u b je c ts  

a n a ly s is  o f  perform ance w ith  g a ted  and co n tinuous m askers fo r  th e  case  

o f  n o ise -n a sk e d -b y -n o ise . For a  w ide range  o f  s ig n a l  and m asker 

bandw idth co m b in a tio n s , 100-msec s ig n a ls  were e a s ie r  to  d e te c t  (by 

U dB) when masked c o n tin u o u s ly .

U. E f fe c ts  o f  In c re a s in g  Masker Bandwidth

G reen 's  id e a l  o b se rv e r  i s  assumed to  have e x ac t knowledge o f  

th e  s ig n a l  bandw id th , and to  employ an a p p ro p r ia te ly  m atched 

re c ta n g u la r  f i l t e r .  Masker energy  o u ts id e  th e  s ig n a l  passband w i l l ,  

th e r e f o r e ,  have no e f f e c t  on perfo rm ance. A d i r e c t  t e s t  o f  t h i s  

assum ption  i s  t o  in c re a s e  th e  m asker bandw idth as th e  s ig n a l  bandw idth 

rem ains f ix e d .  Perform ance shou ld  rem ain u n a f fe c te d  by a d d i t io n a l  

m asker energy  o u ts id e  th e  o b s e rv e r 's  i n t e r n a l  f i l t e r .

Moore (1975) presents such data. For each o f three center
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f re q u e n c ie s ,  a 1 /3 -o c ta v e  n o ise  s ig n a l  was masked by e i t h e r  a  

1 /3 -o c ta v e  (homogeneous) o r  a  2 -o c ta v e  band o f  n o ise  (h e te ro g e n e o u s ) .

In  each c a s e , s ig n a l  and m asker waveforms w ere g a ted  s im u lta n e o u s ly . 

In c re a s in g  th e  m asker bandw idth r e s u l t e d  in  an average decrem ent in  

perform ance o f  5 .6  dB.

Schacknow and Raab (1976) p re s e n t  d a ta  t h a t  a re  in  acco rd  

w ith  M oore's f in d in g s .  For each o f  th r e e  s ig n a ls  (Wa = 316, 1000, 

and 3160 H z), th e  m asker bandw idth  was in c re a s e d  from homogeneous 

to  10000 Hz in  h a l f  lo g - u n i t  s te p s .  S ig n a ls  were 100-msec b u r s ts  

embedded in  e i t h e r  a  g a ted  o r  co n tinuous background. For th e  two 

narrow band s ig n a l s ,  perform ance d e c lin e d  d ra m a tic a l ly  w ith  th e  a d d i t io n  

o f  a sm all amount o f  m asker bandw id th , and th e n  rem ained c o n s ta n t as  

th e  m asker bandw idth grew f u r th e r .  For c o n tin u o u s ly  masked s ig n a l s ,  

th e  decrem ent in  perform ance r e s u l t i n g  from a  h a l f  lo g - u n i t  in c re a s e  in  

Wn was ap p ro x iam te ly  8 dB fo r  th e  316 Hz s ig n a l  and 7 dB f o r  th e  

1000 Hz s ig n a l .  Perform ance w ith  th e  3160 Hz s ig n a l  d e c lin e d  o n ly  

3 .5  dB as a  r e s u l t  o f  a  h a l f  lo g - u n i t  in c re a s e  in  Wn . The e f f e c t  o f  

in c re a s in g  th e  m asker bandw idth was s im i la r  f o r  g a ted  c o n d i t io n s ,  

a lth o u g h  th e  decrem ent in  perform ance was somewhat l e s s .

The above r e s u l t s  pose s e r io u s  problem s fo r  G reen 's  d e te c t io n  

scheme as a p p lie d  to  human o b s e rv e rs .  F i r s t ,  a  b a s ic  assum ption  o f  th e  

model i s  v io la te d  — th e  s u b je c t  does no t impose an in t e r n a l  f i l t e r  

m atched to  th e  s ig n a l  bandw id th . Second, even i f  th e  model i s  m od ified  

by in c re a s in g  th e  bandw idth o f  th e  in t e r n a l  f i l t e r ,  th e  observed  

decrem ent in  perform ance due to  in c re a s in g  m asker bandw idth i s  to o  

la rg e  to  be accoun ted  fo r  by a d d i t io n a l  s tim u lu s  f lu c tu a t io n .  T hat i s ,  

a  5-dB in c re a s e  in  Wn (a  h a l f  lo g - u n i t )  co u ld  n o t produce th e  8-dB
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decrem ent in  p e r f o r m a n c e  r e p o r te d  by Schacknow and Raab. A p p ro p ria te  

m o d if ic a t io n  o f  th e  m odel, how ever, i s  d i f f i c u l t  a t  t h i s  p o in t ,  s in c e  

th e  in c re a s e s  in  m asker bandw idth in  th e  above s tu d ie s  w ere to o  

c o a rs e ly  spaced  to  a c c u ra te ly  t r a c e  th e  d e c lin e  in  perform ance 

accompanying th e  in c re a s e  in  energy  o u ts id e  th e  s ig n a l  passb an d .

5. In te n s ity -B a n d w id th  R e c ip ro c ity

S tim u lus f lu c tu a t io n s  a re  th e  s o le  so u rce  o f  e r r o r  f o r  G reen 's  

o p tim a l r e c e iv e r .  A d e c re a se  in  s tim u lu s  v a r i a b i l i t y  w i l l ,  

th e r e f o r e ,  r e s u l t  in  an improvement in  perform ance. C onsider th e  

r e l a t i v e  v a r i a b i l i t y  o f  a  n o is e  s ig n a l  (sigm a-to-m ean r a t i o ) :

  (1- 6)
WTNo

T his red u ce s  t o :

^  1
-5“  = 7= -/WT

(R e c a ll t h a t  f o r  th e  id e a l  r e c e iv e r ,  V = Wg = W s in c e  an in t e r n a l  

f i l t e r  i s  s e t  eq u a l to  th e  s ig n a l  p a s s b a n d .)

N ote from E quation  1 -7 , t h a t  as e i t h e r  th e  bandw idth (W) o r 

d u ra tio n  (T) o f  th e  s ig n a l  in c r e a s e s ,  th e  r e l a t i v e  v a r i a b i l i t y  

d e c re a se s  by th e  square  ro o t  o f  th e  co rresp o n d in g  in c re a s e  in  e i t h e r  

W o r  T. The change in  th e  Weber f r a c t io n  (m easured in  dB) as a 

r e s u l t  o f  a  lo g - u n i t  in c re a s e  in  e i t h e r  W o r T , i s  known a s  th e  

" r e c ip r o c i ty  f a c t o r . "  For th e  id e a l  r e c e iv e r ,  a  5'dB  decrem ent in  

perfo rm ance i s  p re d ic te d  f o r  e i t h e r  W o r  T. To d a te ,  no experim en ts
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have been  perform ed w ith  he tero g en eo u s n o is e  to  e m p ir ic a lly  d e term ine  

th e  r e c ip r o c i ty  f a c to r  f o r  d u ra t io n ,  w hereas a  number o f  s tu d ie s  

confirm  G reen 's  p r e d ic t io n  fo r  in c re a s in g  bandw idth .

Green ( i 960 ) p re se n te d  h is  s u b je c ts  w ith  250 msec b u r s ts  o f  

narrow band n o ise  (Ws = 650 Hz, a t  a  number o f  c e n te r  f r e q u e n c ie s ) ,  

masked by & co n tinuous w ideband n o ise  (Wn = 5100 H z). At an o v e r a l l  

m asker l e v e l  o f  Ho dB SPL, perform ance was independen t o f  c e n te r  

freq u en cy ; Weber f r a c t io n s  averaged  -6 .1 5  dB. The same s u b je c ts  were 

th e n  r e q u ire d  to  d e te c t  a  250 msec increm en t in  th e  co n tinuous 

w ideband n a sk e r ;  Weber f r a c t io n s  averaged  -9 .8 0  dB. This 

app ro x im ate ly  8 -fo ld  change in  s ig n a l  bandw idth (from  650 t o  5100 Hz) 

r e s u l t e d  in  a  3 .65” dB improvement in  perfo rm ance. E x tra p o la te d  to  a 

f u l l  lo g - u n i t  in c re a s e  in  W, th e  o b ta in e d  r e c ip r o c i ty  f a c to r  i s  

-U .08  dB, somewhat sm a lle r  th a n  p r e d ic te d .

Campbell (196U) r e p l i c a te d  G reen 's  f in d in g s  w ith  an a d a p tiv e  

method o f  d a ta  c o l le c t io n  (BUDTIF). Weber f r a c t io n s  w ere o b ta in e d  fo r  

1 -second  s ig n a ls  masked by a  con tin u o u s w ideband n o ise  (Vn = H z).

S ig n a l bandw idths w ere: ( l )  300 IIz a r i th m e t ic a l ly  c e n te re d  a t  250,

500, 1000, 1500, and 2000 Hz; (2 ) 700 Hz c e n te re d  a t  500, 1000, 2000, 

and 3000 Hz; and (3) 3200 Hz c e n te re d  a t  1750 Hz. For each c o n d i t io n ,  

th e  m asker l e v e l  was v a r ie d  from 0 to  90 dB SL in  10-dB s te p s .  C en ter 

freq u en cy  was found to  i n t e r a c t  w ith  n a sk e r  l e v e l  fo r  b o th  weak and 

in te n s e  m askers. At m oderate i n t e n s i t i e s  (Uo dB SL) Weber f r a c t io n s  

w ere independen t o f  c e n te r  freq u en cey . Averaged a c ro ss  s u b je c ts  and 

c e n te r  f re q u e n c ie s  fo r  Ho-dB m askers, Weber f r a c t io n s  were - 6 .0 0 ,  

- 7 .7 5 ,  and -1 1 .0 0  dB fo r  s ig n a l  bandw idths o f  300, 700, and 3200 Hz,
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r e s p e c t iv e ly .  The r e c ip r o c i ty  f a c to r  i s  c a lc u la te d  to  "be 

-U .87 dB/decade in c re a s e  in  bandw idth .

Schacknow and Raab ( 1976) p ro v id e  IV t r a d e s  fo r  b o th  g a ted  and 

con tin u o u s c o n d i t io n s .  A w ideband n o is e  (Wn = 10000 Hz) was used  to  

mask 100-nsec s ig n a ls  whose bandw idth v a r ie d  in  h a l f  lo g - u n i t  s te p s  

from 100 to  10000 Hz. Averaged a c ro ss  m asker le v e ls  and s u b je c t s ,  IW 

r e c i p r o c i t i e s  w ere - 6 .0  and - 5 .1  dB/decade in c re a s e  in  W f o r  g a te d  and 

con tin u o u s c o n d i t io n s ,  r e s p e c t iv e ly .

Averaged a c ro ss  s tu d ie s ,  th e  in te n s ity -b a n d w id th  r e c ip r o c i ty  

f a c to r  i s  -5  dB (se e  T ab le  1 - 3 ) ,  a  f in d in g  which i s  in  acco rd  w ith  th e  

p r e d ic t io n  o f  G reen 's  m odel.

6 . R e a l- Id e a l  D if fe re n c e s  in  Perform ance

I t  has been s t a t e d  t h a t  s tim u lu s  f lu c tu a t io n s  a re  th e  s o le  

sou rce  o f  e r r o r  f o r  G reen 's  o p tim a l r e c e iv e r .  The perform ance o f  a  

r e a l  o b se rv e r  can be no b e t t e r  th a n  th a t  which th e  in h e re n t  

v a r i a b i l i t y  o f  th e  s tim u lu s  a llo w s . I t  i s  th e n  l i k e ly  to  be deg rad ed , 

in  t h a t  a  human sen so ry  system  i s  no t a  p e r f e c t  t r a n s d u c e r  o f  p h y s ic a l  

s t im u l i .  T h is  a d d i t io n a l  n o ise  s e rv e s  to  make th e  d e te c t io n  p ro c e ss  

le s s  e f f i c i e n t .  The e x te n t  o f  t h i s  d e g ra d a tio n  i s ,  how ever, n o t a  

p r i o r i  known. Green ( i 960) ,  in  th e  o r ig in a l  t e s t  o f  h is  m odel, 

r e p o r te d  Weber f r a c t io n s  t o  be  ap p rox im ate ly  5-dB worse th a n  id e a l  f o r  

250-msec narrowband s ig n a ls  (W8 = 650 Hz) masked by a  con tin u o u s 

wideband n o is e  (Wa  = 5100 H z). A number o f  o th e r  s tu d ie s  a re  rev iew ed 

below  in  which o b ta in e d  Weber f r a c t io n s  f o r  he te ro g en eo u s n o is e  a re
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Table 1-3

S tu d ie s  I n v e s t ig a t in g  th e  In te n s ity -B a n d w id th  
R e c ip ro c ity  fo r  H eterogeneous Masker C o nd itions

Study Method
Mode o f 
Masker

R e c ip ro c ity  
F ac to r 
( in  dB)

Green (1960)

Campbell (1964)

Schacknow and 
Raab (1976)

Schacknow and 
Raab (1976)

F ixed  I  C ont. -4 .0 8

BUDTIF (757.) Cont. -4 .8 7

UDTR (73.67.) C ont. -5 .1 0

UDTR (73.67.) Gated -6 .0 0
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compared to  G reen 's  t h e o r e t i c a l  id e a l .

Campbell (1961»), in  a  r e p l i c a t io n  o f  Green ( i 960 ) ,  re p o r te d  

Weber f r a c t io n s  fo r  c o n tin u o u s ly  masked s ig n a ls  t h a t  averaged  l* .l8-dB 

w orse th a n  id e a l .  (A lthough C am pbell's  s ig n a ls  were 1 second in  

d u ra t io n ,  a  s ig n a l  d u ra tio n  o f  300 msec was used in  c a lc u la t in g  th e  

id e a l  Weber f r a c t io n  s in c e  fo r  s ig n a ls  lo n g e r th a n  300 m sec, 

perform ance i s  independen t o f  d u ra tio n  (G reen, i 960 ) .  T his r u le  w i l l  

be used  f o r  a l l  s tu d ie s  em ploying s ig n a l  d u ra tio n s  lo n g e r th an  

300 m sec .) Schacknow and Raab (1976) p ro v id e  d a ta  fo r  co n tin u o u s ly  

masked n o is e .  For he terogeneous c o n d i t io n s ,  Weber f r a c t io n s  averaged  

a c ro ss  s ig n a l  and m asker bandw idths were 5.50*dB worse th a n  id e a l .

I t  has been shown th a t  n o ise  m askers a re  more e f f e c t iv e  when 

ga ted  s im u lta n e o u sly  w ith  th e  s ig n a l ,  th a n  when p re se n te d  th ro u g h o u t 

an ex p erim en ta l s e s s io n .  I t  fo llo w s th a t  r e a l - i d e a l  d if f e re n c e s  in  

perform ance w i l l  be g r e a te r  f o r  g a ted  m askers. Schacknow and 

Raab (1976) show th a t  f o r  g a ted  m askers , th e  r e a l - i d e a l  d if f e r e n c e  in  

perform ance i s  10 .22  dB (averaged  a c ro ss  s ig n a l  and masker 

b an d w id th s). Moore (1975)» p re s e n tin g  1/ 3-o c ta v e  s ig n a ls  in  2-o c ta v e  

m askers, r e p o r ts  Weber f r a c t io n s  t h a t  a re  12.29-dB  w orse th a n  id e a l  

(averaged  a c ro ss  s ig n a l  bandw id th , a t  an o v e r a l l  m asker l e v e l  o f  

Uo dB SL).
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7 . Summary o f  R e su lts  O btained  w ith  H eterogeneous N oise

The p sy ch o aco u s tic  l i t e r a t u r e  f o r  th e  d e te c t io n  o f  a  G aussian 

n o ise  waveform added to  a  m asker o f  g r e a te r  bandw idth has been 

rev iew ed . To summarize th e  d a ta  b e a r in g  on th e  p r e d ic t io n s  o f  G reen 's  

model as l i s t e d  in  s e c t io n  A:

(1 ) W eber's Law i s  o b ta in e d  f o r  c o n tin u o u s ly  masked s ig n a l s ,  

w ith  th e  p o s s ib le  ex ce p tio n  o f  a  sm all decrem ent in  perform ance a t  a  

m asker l e v e l  o f  app ro x im ate ly  60 dB SL. For g a te d  m askers , W eber's Law 

i s  upheld  fo r  narrow band s ig n a ls  (Wg ^ 1 0 0 0  Hz) embedded in  wideband 

m ask ers , w h ile  th e  l i t e r a t u r e  i s  in c o n s is te n t  f o r  s ig n a l  bandw idths 

w id er th a n  1000 Hz.

(2 ) There a re  no e x i s t in g  d a ta  t r a c in g  th e  co u rse  o f  d e te c t io n  

as a  fu n c tio n  o f  s ig n a l  d u ra t io n .

(3 ) In te n s ity -b a n d w id th  r e c i p r o c i t i e s  a re  o f  th e  a p p ro p r ia te  

m agn itude , av e rag in g  -5  dB/decade in c re a s e  in  W fo r  b o th  g a ted  and 

con tin u o u s c o n d it io n s .

(U) The psychom etric  fu n c tio n  i s  s te e p e r  th a n  p re d ic te d  fo r  

c o n tin u o u s ly  masked s ig n a l s ;  no he terogeneous d a ta  have been re p o r te d  

em ploying g a ted  m askers.

(5 ) With b o th  g a te d  and con tinuous m askers , th e  o b se rv e r  behaves 

as though unab le  to  employ an in t e r n a l  f i l t e r  matched to  th e  s ig n a l  

bandw idth  -  a s  a  n o ise  masker in c re a s e s  in  bandw idth beyond th e  s ig n a l  

p a ssb an d , perform ance p ro g re s s iv e ly  d e c l in e s .
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(6 ) The o b se rv e r  i s  unab le  t o  perfo rm  e q u iv a le n t ly  in  g a ted  and 

co n tin u o u s masking paradigm s — g a te d  m askers a re  more e f f e c t iv e  th a n  

co n tin u o u s m askers.

The tv o  b a s ic  assum ptions upon which th e  developm ent o f  G reen 's  

model r e s t s  do n o t ap p ly  to  human o b s e rv e rs .  F i r s t ,  th e  o b se rv e r  

perform s as though u n ab le  to  l i m i t  th e  bandw idth o f  h is  in t e r n a l  f i l t e r  

to  th e  s ig n a l  passband  — as a  n o is e  m asker in c re a s e s  in  bandw idth 

beyond th e  s ig n a l  p assb an d , perform ance p ro g re s s iv e ly  d e c l in e s .

Second, th e  o b se rv e r  appears  unab le  to  f i l t e r  in  th e  tim e domain — 

perform ance i s  no t e q u iv a le n t in  g a te d  and co n tin u o u s m asker parad igm s. 

In  n e i th e r  case  w i l l  a  sim ple m o d if ic a tio n  o f  G reen 's  model r e c o n c i le  

th e  d a ta  and p r e d ic t io n s .

I t  would no t be u n reaso n ab le  to  assume t h a t  th e  o b se rv e r  i s  

unab le  to  l i m i t  th e  bandw idth o f  h is  i n t e r n a l  f i l t e r  to  m atch t h a t  o f  

th e  s ig n a l  p assb an d , and in s te a d  a llow s m asker energy  o u ts id e  th e  

s ig n a l  passband to  e n te r  th e  d e c is io n  p ro c e s s .  T h is le a d s  t o  th e  

p r e d ic t io n  th a t  perform ance w i l l  d e c lin e  as m asker bandw idth  in c re a s e s  

beyond th e  s ig n a l  passb an d . A lthough Schacknow and Raab (1976) p re s e n t  

such d a ta ,  th e  decrem ent in  perform ance due to  in c re a s in g  m asker 

bandw idth i s  to o  la rg e  to  be accounted  f o r  by a d d i t io n a l  s tim u lu s  

f lu c tu a t io n .  T hat i s ,  a 5-dB in c re a s e  in  n a sk e r bandw idth ( h a l f  

lo g - u n i t )  cou ld  no t produce th e  o b ta in e d  8-dB decrem ent in  perfo rm ance. 

B efore th e  human o b s e rv e r 's  i n t e r n a l  f i l t e r i n g  may be a c c u ra te ly  

m odeled, how ever, th e  d e c l in e  in  perform ance due to  in c re a s in g  m asker 

bandw idth m ust be t r a c e d  w ith  f i n e r  s te p s  th a n  th o se  employed by 

Schacknow and Raab.
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S im i la r ly t i t  i s  n o t s u f f i c i e n t  to  a t t r i b u t e  th e  

g a ted -co n tin u o u s  d i f f e r e n c e  in  perform ance to  m erely  th e  o b s e rv e r 's  

i n a b i l i t y  t o  p ro v id e  a c c u ra te  tem p o ra l f i l t e r i n g  o f  th e  s tim u lu s  

waveform s. I f  t h i s  w ere th e  c a s e , a  g a ted  m asker shou ld  p ro v id e  more 

a c c u ra te  tim in g  in fo rm a tio n  th a t  a con tin u o u s m asker, and th e r e f o r e  

le a d  to  b e t t e r  perform ance in  g a ted  n a sk e r  c o n d i t io n s .  Perform ance i s ,  

in  f a c t ,  w orse w ith  g a te d  m askers. F u r th e r  c o n s id e ra tio n  o f  

g a ted -co n tin u o u s  d if f e r e n c e s  i n  perform ance w i l l  be re se rv e d  f o r  a  

l a t e r  c h a p te r ,  where i t  w i l l  be seen  t h a t  f o r  homogeneous m asker 

c o n d i t io n s , I f  t r a d e s ,  W  t r a d e s , and th e  s lo p e  o f  th e  psychom etric  

fu n c tio n  a re  a l l  dependent on th e  node o f  th e  m asker.

D. S tu d ie s  Employing Homogeneous N oise

In  t h i s  s e c t io n ,  th e  l i t e r a t u r e  f o r  homogeneous n o is e - in te n s i t y  

d is c r im in a t io n  w i l l  be rev iew ed . I t  i s  a n t ic ip a te d  th a t  th e  

perform ance o f  a  r e a l  l i s t e n e r  w i l l  more c lo s e ly  approxim ate t h a t  o f  

G reen 's  id e a l  o b se rv e r i f  th e  assum ptions o f  h is  model a re  s a t i s f i e d  

e x te r n a l ly  (hom ogeneously f i l t e r e d  s ig n a ls  and m askers s a t i s f y  th e  

assum ption  th a t  th e  o b se rv e r  f i l t e r s  th e  m asker to  match th e  s ig n a l  

p a ssb an d ). I t  w i l l  be e s p e c ia l ly  i n s t r u c t iv e  to  c o n s id e r  th e  

homogeneous c o n d itio n s  i n  w hich e x te rn a l  f i l t e r i n g  i s  p ro v id ed  in  th e  

tim e domain as  w e l l ;  g a te d  homogeneous n a sk e r  c o n d itio n s  s a t i s f y  b o th  

b a s ic  assum ptions o f  G reen 's  m odel.

The l i t e r a t u r e  f o r  homogeneous n o is e - in te n s i t y  d is c r im in a t io n  i s  

c o n s id e ra b ly  more volum inous th a n  t h a t  which has been rev iew ed t o t  th e
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h e terogeneous c o n d i t io n .  D ata p e r ta in in g  to  each o f  th e  p r e d ic t io n s  o f  

G re e n '8 model a re  a v a i la b le .  In  a d d i t io n ,  d a ta  from s e v e ra l  la b s  a re  

rem arkab ly  c o n s i s te n t .  In  t h i s  s e c t io n ,  i t  w i l l  be seen  t h a t  s a t i s f y in g  

th e  tem p o ra l f i l t e r i n g  assum ption  o f  G reen 's  model by g a t in g  th e  m asker 

s im u lta n e o u sly  w ith  th e  s ig n a l  a llow s f o r  a  c lo s e r  app rox im ation  to  some 

o f  th e  p r e d ic t io n s  o f  th e  model th a n  i s  o b ta in e d  w ith  a  co n tin u o u s 

m asker — W eber' s  Law i s  more c o n s is te n t ly  o b ta in e d , and th e  s lo p e  o f  th e  

p sychom etric  fu n c tio n  i s  o f  th e  p ro p e r  s lo p e .  In  o th e r  w ays, how ever, 

g a te d  m askers le a d  to  l e s s  e f f i c i e n t  p ro c e s s in g  o f  th e  s ig n a l  — 

in te n s i ty - d u r a t io n  t r a d e s  a re  c o n s id e ra b ly  more sha llow  (when 10 lo g  ^ I / I  

i s  p lo t t e d  as a  fu n c tio n  o f  T) th a n  th o se  o b ta in e d  w ith  co n tin u o u s 

m askers , and f o r  lo n g -d u ra t io n  s ig n a l s  ( lo n g e r  th a n  ap p ro x im ate ly  10 msec) 

th e  Weber f r a c t i o n  i s  l a r g e r  by abou t 2 .5  dB. In  n e i th e r  g a te d  no r 

co n tin u o u s  m asker c o n d i t io n s ,  how ever, a r e  IW tr a d e s  as  p r e d ic te d  —  IW 

tr a d e s  o b ta in e d  w ith  homogeneously f i l t e r e d  n o is e  a re  more sh a llo w  

(10 lo g  ^ I / I  a s  a  fu n c tio n  o f  Ws ) th a n  p r e d ic te d .

1 .  In te n s i ty -D is c r im in a t io n  F u n c tio n s  -  W eber's Law

A la rg e  number o f  s tu d ie s  su p p o rt th e  c la im  t h a t  th e  d e t e c t a b i l i t y  

o f  a  n o is e  increm en t i s  independen t o f  m asker i n t e n s i t y .  Those em ploying 

co n tin u o u s  m askers w i l l  be  rev iew ed  f i r s t .

M ille r  (191*7), i n  one o f  th e  e a r l i e s t  in v e s t ig a t io n s  o f  

n o is e - i n te n s i t y  d is c r im in a t io n ,  r e q u ire d  h is  l i s t e n e r s  t o  d e te c t  a  

1 .5 -se c o n d  increm en t i n  w ideband n o is e  (W ■ 6850 H z). The in c rem en ts  

w ere p e r io d i c a l ly  added t o  a  co n tin u o u s  m asker a t  i n t e r v a l s  o f  

U.5 seco n d s; th e  l i s t e n e r  had to  r e p o r t  w hether o r  n o t th e  s ig n a l  was
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p re s e n t  on th a t  t r i a l .  A number o f  t r i a l s  were perform ed a t  each  o f  

5 to  8 s ig n a l  i n t e n s i t i e s ,  p sychom etric  fu n c tio n s  were c o n s tru c te d , and 

th e  s ig n a l  i n t e n s i t i e s  n e c e ssa ry  f o r  50* c o r r e c t  d e te c tio n s  were 

in t e r p o la te d .  For m asker le v e ls  g r e a te r  th a n  30 dB SL, th e  Weber 

f r a c t io n  was c o n s ta n t o v er a  range o f  70 dB. H a rr is  (1 9 5 0 ), in  a  

r e p l i c a t io n  o f  M i l l e r 's  ex p erim en t, o b ta in e d  W eber's Law fo r  

i n t e n s i t i e s  g r e a te r  th a n  15 dB SL.

Two s tu d ie s  em ploying tw o - a l te r n a t iv e  fo rc e d -c h o ic e  p ro ced u res  

a ls o  r e p o r t  a  c o n firm a tio n  o f  W eber's Law fo r  co n tinuous m asker 

c o n d i t io n s .  Raab, Osman, and R ich (1963) used an a d a p tiv e  p ro ced u re  

(UDTR(73.6*)) to  de term ine  th e  Weber f r a c t io n  fo r  500-msec in c rem en ts  

in  a  con tinuous wideband n o ise  (W = 6900 Hz) .  W eber's Law o b ta in e d  f o r  

m asker le v e ls  g r e a te r  th a n  20 dB SPL. V iem eia te r ( l9 7 ^ b ) p re se n te d  

in c rem en ts  in  w ideband n o ise  which v a r ie d  in  d u ra tio n  from 0 .8  to  

1600 msec. For each d u ra t io n ,  W eber's Law d e sc r ib e d  th e  d a ta  f o r  th e  

c o n tin u o u s ly  masked s ig n a l s .

W eber's Law has a ls o  been o b ta in e d  in  paradigm s in  which th e  

s ig n a l  and m asker waveforms a re  g a te d  s im u lta n e o u sly .

Tostman (19^6) in v e s t ig a te d  th e  t in e - o r d e r  e r r o r  f o r  

d i f f e r e n t ia l ,  s e n s i t i v i t y  by v a ry in g  th e  in te r s t im u lu s  in t e r v a l  ( IS I )  

betw een two b u r s t s  o f  n o is e  from 0 to  6 seconds. E leven com parison 

s t im u li  were p a ire d  w ith  each o f  th r e e  s ta n d a rd  n o ise  b u r s ts  ran g in g  

from 35 to  75 dB SL. The s u b je c t  Judged th e  com parison s tim u lu s  as 

" lo u d e r"  o r  " s o f t e r "  th a n  th e  s ta n d a rd . The d u ra tio n  o f  th e  n o is e  

b u r s t s  (W = 2500 Hz) was 1 second. P sychom etric  fu n c tio n s  (p e rc e n t 

Judged " lo u d e r"  as a  fu n c tio n  o f  s tim u lu s  in t e n s i ty )  were c o n s tru c te d  

and d if f e r e n c e  lim ens in t e r p o la te d .  For I S I 's  o f  1 and 2 seco n d s ,
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d i f f e r e n t i a l  s e n s i t i v i t y  was g r e a t e s t  and was independen t o f  th e  

s ta n d a rd  in t e n s i t y  — Weber*s Law o b ta in e d .

H a rr is  (1950, 19&3) a ls o  enployed th e  ne thod  o f  c o n s ta n t

s tim u lu s  d if f e re n c e s  in  an in v e s t ig a t io n  o f  wideband n o is e - in te n s i t y

d is c r im in a t io n  (W = 6900 Hz).  For 1 -second  b u r s ts  o f  s ta n d a rd  and 

com parison s t im u l i ,  W eber's Law o b ta in e d  f o r  i n t e n s i t i e s  g r e a te r  th a n  

15 dB SL.

S m all, Bacon, and Fozard (1 9 5 9 ), in  a  s im i la r  parad igm , had 

s u b je c ts  a d ju s t  th e  i n t e n s i t y  o f  a 1 -second  n o ise  b u r s t  which was 

a l t e r n a t e d  w ith  a  1 -second  s ta n d a rd  b u r s t  u n t i l  a  con tinuous n o ise  was 

h e a rd . This a l t e r n a t io n  nethod  co rresp o n d s to  P o s tm a n 's , in  which 

IS I = 0 . For o c tave  bands o f  n o ise  whose bandw idths e q u a lle d  128,

10l*0, H080 , and 8033 Hz, perform ance was d e sc r ib e d  by W eber's Law,

a lth o u g h  d i f f e r e n t i a l  s e n s i t i v i t y  was r e l a t i v e l y  poor due to  th e  

co n tig u o u s n a tu re  o f  th e  s ta n d a rd  and com parison s t im u l i .  (Perform ance 

was w o rst in  th e  Postman s tu d y  when IS I = 0 . )

P o lla c k  ( l9 5 l )  enployed th e  nethod  o f  l i m i t s  in  a  decrem ent 

d e te c t io n  parad igm , iri w hich a  5-second p re s e n ta t io n  o f  con tinuous 

w ideband n o is e  was a l te r n a te d  w ith  a  5-second p re s e n ta t io n  o f  

p e r io d i c a l ly  decrem ented n o is e .  Decrem ents l a s t e d  55 msec and were 

p receed ed  and fo llow ed  by 1*5 msec o f  th e  s ta n d a rd  in t e n s i t y .  The s iz e  

o f  th e  decrem ent was e i t h e r  in c re a se d  o r  d ec reased  u n t i l  th e  2 b u r s ts  

w ere ^ -d i s t in g u is h a b le .  The Weber f r a c t io n  was c o n s ta n t over a  range 

o f  35 to  95 dB SPL.

Four s tu d ie s  em ploying 2IFC p ro ced u res  have a ls o  confirm ed 

W eber's Law f o r  g a ted  m asker c o n d i t io n s .  V iem e is te r  ( l9 7 ^ a )  employed 

an a d a p tiv e  p ro ced u re  (UDTR(70.7/»)) to  m easure th re s h o ld s  f o r  200-rasec
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b u r s ts  o f  w ideband n o is e .  W eber's Law h e ld  over an 80-dB range  o f  

m asker i n t e n s i t y .  In  th e  cou rse  o f  in v e s t ig a t in g  th e  e f f e c t s  o f  s ig n a l  

d u ra t io n  on wideband n o i s e - in te n s i t y  d is c r im in a t io n ,  V ie n e is te r  ( 197**"b) 

re p o r te d  W eber's Law fo r  c o n d itio n s  em ploying s ig n a l  d u ra tio n s  o f  .8  to  

1600 msec. Moore (1975) a ls o  used a  tr a c k in g  p ro ced u re  (UDTR(73.6j»)) 

to  a s s e s s  th e  d i f f e r e n t i a l  th re s h o ld  fo r  300-n se c  s ig n a ls  embedded in  

g a ted  m askers . For l /3 - o c ta v e  bands o f  n o ise  c e n te re d  a t  1000, U000, 

and 6300 Hz, th e  Weber f r a c t io n  was independen t o f  masker i n t e n s i t i e s  

g r e a te r  th a n  20 dB SL. In  a d d i t io n ,  Moore and Raab (1975) confirm ed 

W eber's Law fo r  w ideband n o ise  b u r s ts  o f  10 and 250 m sec, tr a c k e d  by 

UDTR( 7 3 .6f .) .

A lthough W eber's Law g e n e ra lly  o b ta in s  f o r  n o i s e - in te n s i t y  

d is c r im in a t io n ,  a  few s tu d ie s  have re p o r te d  d e p a r tu re s  from W eber's 

Law.

Campbell ( 196I4) found a  d e c l in e  in  perform ance o f  app ro x im ate ly  

2 dB a t  a  m asker l e v e l  o f  65 dB SL, f o r  1 -second  in crem en ts in  a  

con tin u o u s wideband n o ise  (W = 5000 H z). A side from t h i s  decrem ent in  

perfo rm an ce , th e  in te n s i ty - d i s c r im in a t io n  fu n c tio n  was e s s e n t i a l l y  

l i n e a r .

I t  i s  w e ll e s ta b l is h e d  th a t  th e  Weber f r a c t io n  d e c re a se s  w ith  

in t e n s i t y  f o r  p u re - to n e  i n t e n s i t y  d is c r im in a t io n  (see  f o r  exam ple, 

Diramick and O lson , 19^1; C am pbell, 1966 ; Campbell and L asky, 1967 ; 

M cGill and G oldberg , 1968a ,b ;  V ie m e is te r ,  1972; Schacknow and 

Raab, 1976; P en n er, L eshow itz , Cudahy, and R ic a rd , 197^; and J e s t e a d t ,  

W ier, and G reen, 1977). These in t e n s i ty - d i s c r im in a t io n  fu n c tio n s  have 

s lo p e s  between 0 .8 0  and 1 .0 0 . T his s o - c a l le d  "n ea r m iss"  t o  W eber's 

Law i s  a ls o  ev idenced  in  a  number o f  s tu d ie s  em ploying homogeneous
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Green and S ew all (1962) c o l le c te d  th re s h o ld s  w ith  a  2IFC 

paradigm  in  which 100-nsec increm en t s ig n a ls  o f  f ix e d  in t e n s i t y  w ere 

masked hy a  con tinuous wideband n o ise  (TT = U000 H z). A f te r  c o l le c t in g  

d a ta  a t  6 s tim u lu s  l e v e l s ,  p sychom etric  fu n c tio n s  were c o n s tru c te d  from 

which s ig n a l  le v e ls  r e q u ire d  f o r  75?? c o r r e c t  d e te c tio n s  were 

in te r p o la te d .  A n e a r  m iss t o  W eber's Law o b ta in e d  -  as th e  m asker 

i n t e n s i t y  in c re a s e d  from 55 to  95 dB SPL, perform ance im proved by 

app ro x im ate ly  2 dB.

Bos and deBoer (1966) had s u b je c ts  a d ju s t  th e  i n t e n s i t y  o f  

125-msec in crem en ts in  a  con tin u o u s narrow band n o ise  w ith  a  Bekesy 

aud io m ete r. For bandw idths o f  200 and 800 Hz, c e n te re d  a t  1000 Hz, 

Weber f r a c t io n s  were found to  v a ry  in v e rs e ly  w ith  masker i n t e n s i t y .

V iem e is te r (l97*+a) o b ta in e d  a  n e a r  m iss to  W eber's Law fo r  

200-nsec in crem en ts  in  a  g a te d ,  b a n d l in i te d  m asker (W = 1350 H z). When 

a  broadband n o ise  f lo o r  was added , how ever, W eber's Law was r e in s t a t e d .

Schacknow and Paab (1976) p ro v id e  homogeneous d a ta  f o r  b o th  

g a te d  and co n tinuous m asker c o n d i t io n s .  In  a l l  c o n d i t io n s ,  th re s h o ld s  

w ere determ ined  by UDTR(73.6f?) f o r  100-nsec in c re m en ts . For g a ted  

m asker c o n d i t io n s ,  a  n e a r  m iss o b ta in e d  f o r  bandw idths o f  100, 316, 

1000, and 3160 Hz. W ith co n tin u o u s m ask ers , a  n ea r m iss o b ta in e d  fo r  

100, 316, and 1000-Hz s t im u l i .  D e te c ta b i l i t y  was found to  be 

independen t o f  m asker l e v e l ,  how ever, f o r  broadband n o ise  

(W = 10000 Hz, g a te d ; 3160 and 10000 Hz, c o n tin u o u s ) .

S tu d ie s  in v e s t ig a t in g  W eber's Law f o r  homogeneous 

n o i s e - in te n s i t y  d is c r im in a t io n  a re  summarized in  T ab le 1-U. W eber's 

Law i s  o b ta in e d  a lm ost w ith o u t e x c e p tio n  f o r  w ideband s t im u l i  in  b o th



T ab le  1 -4

S tu d ie s  I n v e s t ig a t in g  W eber's Law 
fo r  Homogeneous Masker C o n d itio n s

Study Method
Mode o f 
Masker Bandwidth F ind ing

M ille r  (1947) F ixed  I C ont. 6850 W eber's Law
H a rr is  (1950) Fixed I Cont. 6900 W eber's Law
R aab, Osman, and 
Rich (1963)

UDTR (73.67.) Cont. 6900 W eber's Law

V iem eis te r (1974b) ? Cont. Wideband W eber's Law

Schacknow and 
Raab (1976)

UDTR (73.67.) Cont. 3160, 10000 Weber'8  Law

Campbell (1964) BUDTIF (757.) Cont. 5000 W eber' s Law

Green and 
Sew all (1962)

Fixed I Cont. 4000 Near M iss

Bos and 
De Boer (1966)

B€k£sy
A udiom etry

Cont. 200, 800 Near M iss

Schacknow and 
Raab (1976) UDTR (73.67.) Cont. 100, 316, 1000 Near Miss

Postman (1946) Fixed I Gated 2500 Weber'8  Law

H a rr is  (1950, 1963) F ixed  I Gated 6900 W eber's Law

(C ontinued)



T ab le  1 -U , C on tin ued

Mode o f
Study Method Masker Bandwidth F ind ing

S m all, Bacon, and 
Fozard (1959)

A djustm ent Gated 128, 1040, 4080, 8030 W eber's Law

P o lla c k  (1951) Method o f 
L im its

Gated Wideband W eber's Law

V iem eis te r (1974a) UDTR (70.77.) Gated Wideband W eber's Law

V iem eis te r (1974b) ? Gated Wideband W eber's Law

Moore (1975) UDTR (73.67.) Gated 232 ,7 2 9 , 926 W eber's Law

Moore and 
Raab (1975)

UDTR (73.67.) Gated Wideband W eber's Law

Schacknow and 
Raab (1976) UDTR (73.67.) Gated 10000 W eber's Law

V iem eis te r (1974a) UDTR (70.77.) Gated 1350 Near M iss

Schacknow and 
Raab (1976)

UDTR (73.67.) Gated 100, 316, 1000, 3160 Near M iss
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g a ted  and con tinuous m asker parad igm s. For narrowband n o ise  

(W^IOOO H z), a  n ea r n i s s  to  W eber's Law o b ta in s  w ith  b o th  g a ted  and 

con tin u o u s m askers — d e t e c t a b i l i t y  im proves s l i g h t l y  as th e  m asker 

le v e l  i s  in c re a s e d . E xcep tions to  t h i s  g e n e ra l iz a t io n  in c lu d e  th e  n ea r 

m iss o b ta in e d  by Green and S ew all (1962) f o r  a  bandw idth o f  U000 Hz, 

and M oore's (1975) r e p o r t  o f  W eber's Law f o r  narrowband n o is e .

2 . In te n s i ty -D u ra t io n  R e c ip ro c ity

In c re a s in g  th e  sample s i z e  from which th e  o b se rv e r  makes h is  

d e c is io n s ,  by le n g th e n in g  th e  s ig n a l  d u ra t io n ,  r e s u l t s  in  a  d ec re ase  in  

th e  r e l a t i v e  v a r i a b i l i t y  o f  th e  sample (se e  E quation  1 -7 ) .

A cco rd in g ly , th e  id e a l  o b s e rv e r 's  perform ance v a r ie s  w ith  s ig n a l  

d u ra tio n  so t h a t  a decade in c re a s e  in  T w i l l  r e s u l t  in  a  5~dB

improvement in  th e  Weber f r a c t io n .

The p sy ch o aco u s tic  l i t e r a t u r e  i s  r e p le t e  w ith  s tu d ie s  

in v e s t ig a t in g  th e  cou rse  o f  tem p o ra l in te g r a t io n  f o r  homogeneous n o ise  

s t im u l i .  Those em ploying con tin u o u s m askers w i l l  be rev iew ed f i r s t .

Green ( i9 6 0 ) ,  in  a  t e s t  o f  h is  m odel, used a  2IFC ta s k  in  which 

o b se rv e rs  were r e q u ire d  to  d e te c t  inc rem en ts  in  a  con tinuous 

b a n d lim ite d  n o ise  (W = 3862 H z). A number o f  t r i a l s  w ere p re se n te d  a t  

each o f  5 o r  6 s ig n a l  l e v e l s ,  and 75% p o in ts  were in te r p o la te d  from th e  

r e s u l t i n g  psychom etric  fu n c t io n s .  For inc rem en ts  o f  3 to  300 m sec, th e  

Weber f r a c t io n  d ec re a se d  a t  a  r a t e  o f  app ro x im ate ly  6 dB /decade

in c re a s e  in  T. For s ig n a ls  lo n g e r  th a n  300 m sec, perform ance was

independen t o f  d u ra tio n .  Campbell (1963) r e p l i c a t e d  G reen 's  experim ent



u s in g  an a d a p tiv e  p ro ced u re  (BUPTIF) to  t r a c k  a  s ig n a l  l e v e l  y ie ld in g  

75% c o r r e c t  d e te c t io n s .  The d e t e c t a b i l i t y  o f  inc rem en ts  in  a  broadband 

n o is e  (W = 5100 Hz) improved a t  a  r a t e  o f  5 .5  d B /lo g -u n it in c re a s e  in  

d u ra t io n ,  o ver a  range  o f  1 to  100 msec. Raab, Osman, and R ich (1963) 

r e p o r te d  a  d u ra t io n  r e c ip r o c i ty  f a c to r  o f  -7 .0 0  dB f o r  inc rem en ts  in  a  

broadband n o ise  (W = 69OO H z), ra n g in g  from 5 to  100 msec.

R o ch es te r ( l9 7 l )»  u s in g  PERT, o b ta in e d  a  d u ra tio n  r e c ip r o c i ty  f a c to r  o f  

-8 .0 0  dB f o r  inc rem en ts  in  w ideband n o is e .  A d d itio n a l d a ta  f o r  

w ideband n o i s e - in te n s i t y  d is c r im in a t io n  (W = 5000 Hz) i s  p ro v id ed  by 

M acm illan (1973, 197**). In  th e  form er ex p erim en t, M acm illan employed 

s ig n a l  d u ra tio n s  ran g in g  from 50 to  300 msec; in  th e  l a t t e r ,  s ig n a l  

d u ra tio n s  v a r ie d  from 20 to  6U0 m sec. D ura tio n  r e c ip r o c i ty  f a c to r s  

were c a lc u la te d  in d iv id u a l ly  fo r  each s u b je c t ,  in c lu d in g  o n ly  d u ra tio n s  

where i n t e n s i t y  tr a d e d  f o r  d u ra t io n ,  and were th e n  averaged  a c ro ss  

s u b je c t s .  I n te n s i ty  tra d e d  w ith  d u ra tio n  a t  a  r a t e  o f  -U .10 dB and 

- 6 .69  dB /decade in c re a s e  in  T f o r  th e  1973 and 197^ s tu d ie s ,  

r e s p e c t iv e ly .

Two s tu d ie s  were perform ed u s in g  g a ted  m asker c o n d itio n s  

e x c lu s iv e ly .  Moore and Raab (1975) re p o r te d  an improvement in  th e  

Weber f r a c t io n  o f  o n ly  3 .8  dB when th e  s ig n a l  d u ra tio n  was in c re a se d  

from 10 to  250 m sec. For a  lo g - u n i t  in c re a s e  in  T , th e  r e c ip r o c i ty  

f a c to r  i s  -2 .7 0  dB. Raab and G oldberg (1975) o b ta in e d  Weber f r a c t io n s  

f o r  b o th  narrow band and wideband n o is e  a t  each o f  two d u ra tio n s  (T = 10 

and 100 m sec). For th e  narrowband s t im u l i ,  (W = 500 H z), th e  

r e c ip r o c i ty  f a c to r  e q u a lle d  - 3 .5  dB; fo r  th e  wideband s t im u li  

(W « 5000 H z), a  r e c ip r o c i ty  f a c to r  o f  - 3 .7  dB o b ta in e d .

I t  i s  e v id e n t from th e  s tu d ie s  rev iew ed above t h a t  d e t e c t a b i l i t y
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im proves more r a p id ly  w ith  in c re a s in g  d u ra tio n  when s ig n a ls  a r e  masked 

c o n tin u o u s ly  th an  when th e  m asker i s  g a te d  s im u lta n e o u sly  w ith  th e  

s ig n a l .  A com parison o f  th e  e f f e c t s  o f  th e  node o f  m asker would he 

more a p p ro p r ia te  i f  i t  were no t made a c ro s s  s tu d ie s ,  and th e re fo re  

s u b je c t s .  Three s tu d ie s  have been perform ed in  which IT t r a d e s  were 

o b ta in e d  fo r  b o th  g a ted  and co n tinuous m asker c o n d itio n s  in  a  

w ith in - s u b je c t  d e s ig n .

W ightnan and Green (1966) enployed  a  2IFC up-down te c h n iq u e  to  

determ ine th e  Weber f r a c t io n  fo r  w ideband s ig n a ls  (W = 6000 H z). For 

s ig n a l  d u ra tio n s  o f  0 .3  to  300 m sec, in te n s i ty - d u r a t io n  r e c ip r o c i ty  

f a c to r s  were - 3 .6  and - 6 .3  dB fo r  g a te d  and co n tinuous c o n d i t io n s ,  

r e s p e c t iv e ly .  V ie n e is te r  (l9 7 ^b ) re p o r te d  s im i la r  IT t r a d e s  fo r  

w ideband n o is e  s ig n a ls  which ranged  in  d u ra tio n  from 0 .8  to  1600 msec. 

For s ig n a l  d u ra tio n s  le s s  th a n  200 m sec, in te n s i ty - d u r a t io n  r e c ip r o c i ty  

f a c to r s  were - 3 .6  and - 6 .7  dB f o r  g a ted  and co n tinuous c o n d i t io n s ,  

r e s p e c t iv e ly .  B e rn e r, in  an u n p u b lish ed  s tu d y , o b ta in e d  Weber 

f r a c t io n s  fo r  wideband s ig n a ls  o f  10 , 20 , and 100 msec (W = 5000 H z). 

Perform ance improved a t  a  r a t e  o f  2 .95  and 6 .35  dB/decade in c re a s e  in  

d u ra tio n  fo r  g a ted  and con tinuous m asker c o n d i t io n s ,  r e s p e c t iv e ly .

In  summary, co n tin u o u s ly  masked s ig n a ls  become more d e te c ta b le  

w ith  in c re a s in g  d u ra tio n  th a n  i s  p re d ic te d  by G reen 's  m odel: averaged

a c ro ss  s tu d ie s ,  a lo g - u n i t  in c re a s e  in  d u ra tio n  r e s u l t s  in  a  6 .2 9 “ dB 

improvement in  th e  Weber f r a c t io n  (see  T ab le  1 -5 ) .  For g a ted  m askers, 

d e t e c t a b i l i t y  grows le s s  r a p id ly :  an improvement o f  on ly  3 .29 dB

r e s u l t s  from a  decade in c re a s e  in  s ig n a l  d u ra tio n  when r e c ip r o c i ty  

f a c to r s  a re  averaged  a c ro ss  s tu d ie s .
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T able  1 -5

S tu d ie s  I n v e s t ig a t in g  th e  In te n s l ty -D u ra tlo n  
R e c ip ro c ity  fo r  Homogeneous Masker C o n d itio n s

R e c ip ro c ity  
Mode o f F ac to r

Study Method Masker ( in  dB)

Green (1960) F ixed  I Cont. -6 .0 0

Campbell (1963) BUDTIF (75%) Cont. -5 .5 0

Raab, Osman and 
Rich (1963) UDTR (73.6%) Cont. -7 .0 0

R ochester (1971) PEST Cont. -8 .0 0

M acm illan (1973) UDTR (73.6%) Cont. -4 .1 0

M acm illan (1974) UDTR (73.6%) Cont. -6 .6 9

Wightman and 
Green (1966) "up-down" Cont. -6 .3 0

V iem e is te r (1974b) •> Cont. -6 .7 0

B erner (unp u b lish ed ) UDTR (73.6%) Cont. -6 .3 5

Moore and 
Raab (1975)

UDTR (73.6%) Gated -2 .7 0

Raab and 
G oldberg (1975)

UDTR (73.6%) Gated -3 .6 0

Wightman and 
Green (1966) "up-down" Gated -3 .6 0

V iem eis te r (1974b) ? Gated -3 .6 0
B erner (u n p u b lish ed ) UDTR (73.6%) Gated -2 .9 5
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3. In te n s ity -B a n d w id th  R e c ip ro c ity

The in c re a s e  in  san p le  s iz e  and r e s u l t in g  d ec re a se  in  r e l a t i v e  

v a r i a b i l i t y  d is c u s se d  in  th e  p re v io u s  s e c t io n  nay a ls o  be ach ieved  by 

in c re a s in g  th e  bandw idth o f  th e  s ig n a l .  A 5"dB improvement in  th e  

Weber f r a c t io n  i s t th e r e f o r e ,  p re d ic te d  f o r  a  te n fo ld  in c re a s e  in  

s ig n a l  bandw idth .

Bos and deBoer (1966) in v e s t ig a te d  th e  e f f e c t s  o f  s ig n a l  

bandw idth on i n t e n s i t y  d is c r im in a t io n  fo r  250-nsec inc rem en ts  in  a  

co n tinuous m asker. S ig n a l bandw idths ranged  from 5 to  10000 Hz, each 

c e n te re d  a t  500, 1000, 2000, U000, and 8000 Hz. S ig n a l and m asker 

waveforms w ere id e n t i c a l  in  bandw id th , and had a  uniform  sp e c tra l-p o w e r 

d e n s i ty .  A secondary  m asker was a ls o  em ployed, w ith  an i n t e n s i t y  

a d ju s te d  to  be 20 dB below th a t  o f  th e  p rim ary  m asker, as m easured in  a

1 /3 -o c ta v e  band s i tu a te d  around th e  c e n te r  frequency  o f  th e  s igned

p assb an d . T h is n o ise  f lo o r  was f i l t e r e d  to  have uniform  masking

p r o p e r t i e s ;  i . e . ,  above 500 Hz, m asker components w ere a t te n u a te d  a t  a

r a t e  o f  3 dB p e r  o c ta v e . D if fe re n c e  l i n e n s ,  de term ined  w ith  a  Bek6sy 

au d io m ete r, in d ic a te  two in t e r e s t i n g  r e s u l t s .  F i r s t ,  d e t e c t a b i l i t y  i s  

independen t o f  c e n te r  freq u en cy . Second, f o r  homogeneously f i l t e r e d  

n o ise  s t im u l i ,  th e  e f f e c t  o f  in c re a s in g  bandw idth i s  f a r  le s s  th a n  

p re d ic te d  by G reen 's  m odel. The in te n s ity -b a n d w id th  r e c ip r o c i ty  f a c to r  

may be c a lc u la te d  f o r  th e  d a ta  p re s e n te d  in  Bos and d eB o er's  f ig u re s  6 

and 7 (pp . 712 , 7 1 3 ). A veraged a c ro ss  s u b je c ts  and c e n te r  f r e q u e n c ie s ,  

th e  p lo t  o f  10 lo g  S/N as a  fu n c tio n  o f  lo g  W ap p ears  to  be re a so n a b ly  

l i n e a r  f o r  bandw idths ra n g in g  f ro n  300 to  10000 Hz. Over t h i s  range*
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th e  in te n s ity -b a n d w id th  r e c ip r o c i ty  f a c to r  i s  c a lc u la te d  t o  b e  - 2 .2 9  dB.

T his s n a i l  e f f e c t  o f  bandw idth  has been  r e p l i c a t e d  by Schacknow and 

Raab (1 9 7 6 ). U sing an a d a p tiv e  p ro ced u re  (UDTR(T3.6£)) to  t r a c k  th e  

d e t e c t a b i l i t y  o f  100-nsec inc rem en ts  in  a  con tin u o u s m asker, a  decade 

in c re a s e  in  bandw idth  a f fo rd e d  o n ly  a  1 .85-dB  improvement in  th e  Weber 

f r a c t i o n .  S ig n a l bandw idths ranged  from 100 to  10000 Hz, in  h a l f  lo g - u n l t  

s te p s .

Shallow  IW tr a d e s  ( p lo t te d  as  10 lo g  A I / I  as  a  fu n c tio n  o f  Ws) 

have a l s o  been re p o r te d  when th e  signed, and m asker a re  g a te d  s im u lta n e o u s ly .

S m all, Bacon, and Fozard  (1959) employed a  method o f  ad ju stm en t in  

w hich an increm en ted  n o is e  b u r s t  was a l te r n a t e d  w ith  a  s ta n d a rd  in t e n s i t y  

b u r s t .  Each b u r s t  l a s t e d  1 second . The o b se rv e r  a d ju s te d  th e  s i z e  o f  th e

increm en t u n t i l  th e  n o is e  appeared  to  be c o n tin u o u s . Four bandw idths w ere

employed (W = 128 , 10^0, U080, and 8030 H z), each a t  a  number o f  s e n s a tio n  

l e v e l s .  The in te n s ity -b a n d w id th  r e c ip r o c i ty  f a c t o r  has been c a lc u la te d  

f o r  S m a ll 's  d a ta  a t  a  s e n s a tio n  l e v e l  o f  20 dB; perform ance im proved w ith  

s ig n a l  bandw idth  a t  a  r a t e  o f  2 .88  dB p e r  decad e .

DeBoer (1965) g e n e ra te d  psychom etric  fu n c tio n s  f o r  UOO-msec 

inc rem en ts  in  n o is e  b u r s ts  f i l t e r e d  homogeneously in  b o th  tim e  and 

bandw id th . The n o is e  s t im u l i  w ere d e sc r ib e d  by deBoer a s  "un ifo rm  m asking 

n o ise "  — i . e . ,  s p e c t r a l  components w ere a t te n u a te d  a t  a  r a t e  o f  

3 dB p e r  o c tav e  (" p in k  n o is e " ) .  S tim ulus bandw idths w ere 6 3 , 250,

1000, and b000 Hz, c e n te re d  a t  1000 Hz. A ll  fo u r  bandw idths w ere u sed  

w ith  o b se rv e r  GR, w hereas a l l  b u t th e  w id e s t w ere p re s e n te d  to

o b se rv e r  HV. R e c ip ro c ity  f a c to r s  w ere c a lc u la te d  from  d eB o er 's
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f ig u re s  1 and 2 (p . h) by e s tim a tin g  th e  s ig n a l  le v e l  r e q u ire d  to  

o b ta in  d ' = 1 . Averaged a c ro ss  s u b je c t s ,  th e  r e c ip r o c i ty  f a c to r  was 

-3 .9 7  dB.

Moore (1975)* em ploying UDTR(7 3 .6 ,^ ), c o l le c te d  d a ta  f o r  300-msec 

in c rem en ts  in  l /3 - o c ta v e  bands o f  n o ise  c e n te re d  a t  1000, 1*000, and 

6300 Hz. For a  m asker l e v e l  o f  1*0 dB SL, th e  r e s u l t in g  

in te n s ity -b a n d w id th  r e c ip r o c i ty  f a c to r  f o r  M oore's o b se rv e rs  averaged  

-2 .5 5  dB.

The s m a lle s t  e f f e c t  o f  s ig n a l  bandw idth may be found in  th e  d a ta  

o f  Raab and G oldberg (1975) f o r  g a te d  m asker c o n d i t io n s .  Averaged 

a c ro ss  s u b je c ts  and m asker l e v e l s ,  IW tr a d e s  a re  -0 .9 3  and 

-1 .1 3  dB/decade in c re a s e  in  W, f o r  1(5 and 100-msec s ig n a l s ,  

r e s p e c i tv e ly .

More r e c e n t ly ,  Schacknow and Raab (1976) p ro v id ed  IW tr a d e s  f o r  

g a ted  and con tinuous m asker c o n d itio n s  in  which th e  r e c ip r o c i ty  f a c to r  

e q u a lle d  -1 .3 5  dB f o r  s ig n a l  bandw idths w hich ranged  from 100 to  

10000 Hz.

A summary o f  th e  s tu d ie s  in v e s t ig a t in g  th e  in te n s ity -b a n d w id th  

r e c ip r o c i ty  fo r  homogeneous n o i s e - in te n s i t y  d is c r im in a t io n  i s  p re s e n te d  

in  T ab le 1 -6 . Averaged a c ro ss  s tu d i e s ,  th e  IV/ r e c ip r o c i ty  f a c to r  

eq u a ls  - 2  dB f o r  b o th  g a te d  and con tin u o u s m asker c o n d it io n s :  S tim u lus

bandw id th , th e r e f o r e ,  has a  much sm a lle r  e f f e c t  on d is c r im in a t io n  th a n  

i s  p r e d ic te d  by G reen 's  m odel. The d e c re a se  in  th e  r e l a t i v e  

v a r i a b i l i t y  o f  th e  n o ise  sample due to  a  te n fo ld  in c re a s e  in  s ig n a l  

bandw idth  shou ld  r e s u l t  in  a  5-dB improvement in  th e  V/eber f r a c t i o n .

These r e s u l t s  a ls o  d i f f e r  from th o se  re p o r te d  f o r  s tu d ie s  

em ploying he terogeneous m asker c o n d i t io n s ,  in  w hich IW r e c ip r o c i ty
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T ab le  1 -6

S tu d ie s  I n v e s t ig a t in g  th e  In te n s lty -B a n d w ld th  
R e c ip ro c ity  fo r  Homogeneous Masker C o n d itio n s

Study Method
Mode o f 
Masker

R e c ip ro c ity  
F a c to r  
( In  dB)

Bos and 
De Boer (1966)

Schacknow and 
Raab (1976)

Schacknow and 
Raab (1976)

S m all, Bacon and 
Fozard (1959)

De Boer (1965)

Moore (1975)

Raab arid 
G oldberg (1975)

B€k€sy
A udiom etry

Cont.

UDTR (73.67.) Cont.

UDTR (73.67.) Gated

A djustm ent Gated

F ixed  I  Gated

UDTR (73.67.) Gated

UDTR (73.67.) Gated

-2 .2 9

-1 .8 5

-1 .3 5

- 2.88

-3 .9 7  

-2 ; 55

- i .0 3
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f a c to r s  a re  as p re d ic te d  (-5  dB ). T his d isc rep a n cy  i s  p a r t i c u l a r ly  

tro u b le so n e  in  th a t  homogeneously f i l t e r e d  s ig n a l  and masker waveforms 

s a t i f y  G reen 's  i n t e r n a l  f i l t e r i n g  assum ption  a r t i f i c i a l l y  and shou ld  

co n seq u en tly  a llow  th e  human o b se rv e r to  more c lo s e ly  approxim ate th e  

perform ance o f  th e  id e a l  r e c e iv e r .

U. S lope o f  th e  Psychom etric F unc tio n

E vidence has been p re se n te d  in d ic a t in g  th a t  th e  psychom etric  

fu n c tio n  fo r  he terogeneous n o ise  s t im u li  i s  to o  s te e p  f o r  co n tin u o u s ly  

masked s ig n a ls  — i . e . ,  d e t e c t a b i l i t y  grows more r a p id ly  w ith  s ig n a l  

i n t e n s i t y  th a n  i s  p re d ic te d  by G reen 's  m odel. So to o  i s  t h i s  th e  case  

fo r  homogeneously f i l t e r e d  n o is e .

Green ( l? 6 0 )  p re s e n te d  h is  s u b je c ts  w ith  inc rem en ts  in  

con tin u o u s wideband n o is e .  S igned d u ra tio n s  v a ry in g  from 3 to  

1000 msec were employed w ith  w h ite  G aussian  n o is e  whose passband 

e q u a lle d  386? Hz. A w ideband n o ise  (W = 5100 Hz) was a ls o  enp loyed ; 

s ig n a l  d u ra tio n  in  t h i s  case  was 250 m sec. Psychom etric fu n c tio n s  were 

c o n s tru c te d ,  spann ing  a  range o f  d e t e c t a b i l i t y  from ap p ro x im ate ly  50* 

to  100* c o r r e c t  d e te c t io n s .  For a l l  c o n d i t io n s ,  psychom etric  fu n c tio n s  

w ere c o n s id e ra b ly  s te e p e r  th a n  p r e d ic te d .  An in c re a s e  in  S0 /Nq o f  on ly  

3 dB was s u f f i c i e n t  f o r  perform ance to  improve from 60* to  90* c o r r e c t  

d e te c t io n s ,  as opposed to  th e  7 dB re q u ire d  o f  G reen 's  o p tim a l 

r e c e iv e r .

Campbell (19^5) o b ta in e d  th r e e - p o in t  psychom etric  fu n c tio n s  fo r  

n o i s e - in te n s i t y  d is c r im in a t io n  by a d a p t iv e ly  tr a c k in g  each p o in t 

s e p a ra te ly  w ith  BUDTIF. S ig n a l l e v e ls  r e q u ire d  f o r  nom inally  62% t 75?*
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and 88# c o r r e c t  d e te c tio n s  were o b ta in e d . For l» second  in c re n e n ts  in  a  

c o n tin u o u s , wideband n o ise  (W = U050 H z), p sy c h o n e tr ic  fu n c tio n s  were 

s im i la r  in  shape to  th o se  o f  Green ( i 9 60 ) .  A l e a s t  sq u a res  f i t  was 

o b ta in e d  f o r  C am pbell's  d a ta  — th e  psychom etric  fu n c tio n  i s  p re d ic te d  

to  be l i n e a r  vhen 8 0/N0 i s  p lo t te d  as a  fu n c tio n  o f  th e  no rm alized  

p e rc e n t c o r r e c t .  (R e c a ll t h a t  th e  s t a t i s t i c ,  M, i s  th e  no rm alized  

p e rc e n t c o r r e c t ,  and E quation  1 -2  red u ces  to  th e  form y = mx + b . )  

E x tra p o la te d  to  perform ance le v e ls  o f  60# and 90# c o r r e c t ,  th e  Weber 

f r a c t io n  in c re a se d  by 2 .78 dB fo r  ex p erien ced  l i s t e n e r s .

Green and Sew all ( 1962 ) p ro v id e  p sy c h o n e tr ic  fu n c tio n s  c o l le c te d  

under b o th  con tinuous and g a ted  masker c o n d it io n s .  T h e ir  

p sy ch o p h sy ica l p rocedu re  was th e  sane as t h a t  employed by Green ( i 960 ) .  

B locks o f  f ix e d - in te n s i t y  in c re n e n ts  (T = 100 n se c ) were p re se n te d  in  a  

con tinuous w ideband n o ise  (W = UOOO H z). P sy ch o n e tric  fu n c tio n s  were 

c o n s tru c te d  by re p e a tin g  t h i s  p rocedu re  a t  a  number o f  s ig n a l  l e v e l s .

An in c re a s e  o f  on ly  3 dB was re q u ire d  f o r  perform ance to  im prove from 

60# to  90# c o r r e c t  d e te c t io n s .  Using d i f f e r e n t  s u b je c t s ,  Green and 

S ew all c o l le c te d  d a ta  f o r  in c re n e n ts  in  a  g a ted  m asker. The 

p sy ch o p h y sica l p rocedu re  and s tim u lu s  param eters  were th e  sane as 

above. Increm en ts  w ere p re se n te d  in  a  g a ted  masker whose o v e r a l l  l e v e l  

was 75 dB SPL. In  a d d i t io n  to  th e  g a ted  m asker, a  con tinuous n o ise  

f lo o r  o f  id e n t i c a l  frequency  spectrum  was added a t  le v e ls  ran g in g  from 

55 to  90 dB SPL, in c lu d in g  one c o n d itio n  in  which th e  n o ise  f lo o r  was 

a b s e n t. For a l l  c o n d i t io n s ,  psychom etric  fu n c tio n s  were 

in d is t in g u is h a b le  from G reen 's  th e o r e t i c a l  id e a l .

DeBoer (1965) r e p l i c a t e d  Green and S e w a ll 's  f in d in g s  fo r  g a te d  

m askers. U sing th e  same p sy ch o p h y sica l p ro c e d u re , psychom etric
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fu n c tio n s  w ere c o n s tru c te d  fo r  1+00-msec b u r s ts  o f  "p in k  n o is e " .  Four 

bandw idths were u sed : 63 , 250, 1000, and HOOO Hz, a l l  c e n te re d  a t  

1000 Hz. In  o rd e r  f o r  perform ance to  in p ro v e  from 60$ to  90$ c o r r e c t  

d e te c t io n s ,  a  7"dB in c re a s e  in  S0 /IT0 was r e q u ire d .

The l i t e r a t u r e  fo r  homogeneous n o i s e - in te n s i t y  d is c r im in a t io n  i s  

c o n s is te n t  in  i t s  f in d in g s  t h a t  th e  p sychom etric  fu n c tio n  i s  as 

p re d ic te d  when s ig n a l  and masker waveforms a re  g a ted  s irm lta n e o u s ly , 

w hereas fo r  co n tin u o u s ly  masked s ig n a l s ,  d e t e c t a b i l i t y  grows more 

r a p id ly  w ith  s ig n a l  in t e n s i t y  th a n  i s  p r e d ic te d  by G reen 's  model (see  

T ab le 1 -7 ) .

An e x p la n a tio n  f o r  th e  g a te d -c o n tin u o u s  d if f e r e n c e  in  th e  s lo p e  

o f  th e  p sychom etric  fu n c tio n  has been o f fe re d  by Green and 

S ew all ( 1962) .  Temporal u n c e r ta in ty  co n ce rn in g  s ig n a l  o n se t and 

d u ra tio n  in  con tinuous m asker paradigm s i s  p o s i t t e d  to  a d v e rse ly  a f f e c t  

perform ance more f o r  weak s ig n a ls  th a n  f o r  e a s i l y  d e te c ta b le  s ig n a l s .  

Perform ance w i l l  be r e l a t i v e l y  worse a t  low l e v e l s  o f  d e t e c t a b i l i t y ,  

which w i l l  r e s u l t  in  a  psychom etric  fu n c tio n  th a t  i s  s te e p e r  th a n  

p r e d ic te d  by G reen 's  m odel. G ating  th e  m asker s im u lta n e o u sly  w ith  th e  

s ig n a l  shou ld  p ro v id e  th e  o b se rv e r w ith  more a c c u ra te  tim in g  

in fo rm a tio n  and th e r e f o r e  r e s u l t  in  a  psychom etric  fu n c tio n  o f  th e  

p re d ic te d  s lo p e . The l i t e r a t u r e  rev iew ed above in d ic a te s  t h a t  th e  

s lo p e  o f  th e  psychom etric  fu n c tio n  i s  a s  p r e d ic te d  when g a te d  m askers 

a re  enp loyed .

F u r th e r  d is c u s s io n  o f  th e  u n c e r ta in ty  model and th e  s lo p e  o f  

th e  psychom etric  fu n c tio n  w i l l  be p re s e n te d  in  C hapter I I I ,  where 

p sychom etric  fu n c tio n s  a re  re p o r te d  f o r  g a te d  and con tin u o u s m asker 

c o n d itio n s  o b ta in e d  in  a  w ith in - s u b je c ts  d e s ig n . I t  w i l l  be seen  th a t
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T a b le  1 -7

S tu d ie s  I n v e s t ig a t in g  th e  S lope* 
o f  th e  Psychom etric F u n c tio n  fo r  

Homogeneous Masker C on d itio n s

Study Method
Mode o f 
Masker Slope

Green (1960) Fixed I Cont. 3 .00

Campbell (1965) BUDTIF 
(62%, 75%, 88%)

Cont. 2 .78

Green and 
Sew all (1962)

F ixed  I Cont. 3 .00

Green and 
Sew all (1962)

F ixed I Gated 7 .00

De Boer (1965) F ixed  I Gated 7 .00

*The " s lo p e "  o f  th e  psychom etric  fu n c tio n  w i l l  be 
g iven  as  th e  in c re a s e  in  s ig n a l  power ( in  dB) 
n e c e ssa ry  fo r  perform ance to  in c re a s e  from 60% 
to  90% c o r r e c t  d e te c t io n s .



58

th e  u n c e r ta in ty  argum ent i s  i n s u f f i c i e n t  to  r e c o n c i le  th e  

g a te d -c o n tin u o u s  d if f e r e n c e  in  th e  s lo p e  o f  th e  psychom etric  fu n c tio n .

5. E f f e c ts  o f  th e  Mode o f  Masker

The f a i l u r e  o f  g a ted  and co n tinuous m askers to  y ie ld  equal 

d e t e c t a b i l i t i e s  has been rev iew ed  f o r  a  number o f  s ig n a l  and m asker 

waveform s. Four s tu d ie s  a llo w  a  d i r e c t  com parison o f  perform ance w ith  

g a ted  and con tinuo tis m askers f o r  homogeneously f i l t e r e d  n o is e .

Schacknow and Raab (1976) c o l le c te d  d a ta  fo r  100-msec inc rem en ts  

-in b o th  g a te d  and con tin u o u s m askers. An average  g a te d -c o n tin u o u s  

d if f e re n c e  in  perform ance o f  1 .0 8  dB o b ta in e d  f o r  s ig n a l  bandw idths 

ran g in g  from 100 to  10000 Hz: c o n tin u o u s ly  masked s ig n a ls  w ere more

e a s i l y  d e te c te d .

A number o f  s tu d ie s  in d ic a te  t h a t  th e  m agnitude as  w e ll  as  th e  

d i r e c t io n  o f  th e  g a te d -c o n tin u o u s  d if f e r e n c e  i s  dependent on s ig n a l  

d u ra tio n .  As in d ic a te d  in  s e c t io n  D-2, in t e n s i ty - d u r a t io n  t r a d e s  

d i f f e r  in  m agnitude f o r  g a ted  and co n tinuous m asker parad igm s. I f  

p lo t te d  on a  s in g le  s e t  o f  c o o rd in a te s ,  th e  in te n s i ty - d u r a t io n  

fu n c tio n s  must somewhere i n t e r s e c t .  For d u ra tio n s  lo n g e r  th a n  t h a t  a t  

th e  p o in t  o f  i n t e r s e c t i o n ,  co n tin u o u s ly  masked s ig n a ls  a re  e a s ie r  to  

d e te c t ;  f o r  s h o r te r  d u ra t io n s ,  th e  r e v e rs e  i s  t r u e .

Vightman and Green (1966) employed a  2IFC, up-down p ro ced u re  to  

d e term ine  th e  d e t e c t a b i l i t y  o f  in c rem en ts  in  wideband n o ise  

(W = 6000 IIz). S ig n a l d u ra t io n  v a r ie d  from 0 .3  to  300 msec in  

ap p ro x im ate ly  h a l f  lo g - u n i t  s t e p s .  The s i z e  o f  th e  g a te d -c o n tin u o u s
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d if f e r e n c e  nay be seen in  T ab le 1 -8 ,  v h e re  Weber f r a c t io n s  o b ta in e d  

w ith  co n tinuous m askers a re  s u b tra c te d  from th o se  o b ta in e d  w ith  g a ted  

m askers *or each s ig n a l  d u ra t io n .  A p o s i t iv e  d if f e r e n c e  in d ic a te s  

perform ance th a t  i s  b e t t e r  w ith  co n tin u o u s ly  masked s ig n a l s .

E q u iv a le n t perform ance fo r  g a te d  and co n tinuous c o n d itio n s  ap p ea rs  to  

o b ta in  f o r  a  s ig n a l  d u ra t io n  betw een 3 and 10 msec. For s h o r te r  

d u ra t io n  s ig n a l s ,  a  co n tinuous background p ro v id e s  more e f f e c t iv e  

m asking; a t  lo n g e r  d u ra tio n s  th e  r e v e rs e  i s  t r u e .

B e rn e r, in  an u n p u b lish ed  s tu d y , r e p l i c a te d  th e  f in d in g s  o f  

Wightman and G reen. U sing UDTH(73.6£) w ith  w ideband n o ise  

(w = 5000 H z), B erner o b ta in e d  th re s h o ld s  f o r  increm en ts  o f  10 , 20, and 

100 m sec. An o rd e r ly  e f f e c t  o f  d u ra tio n  on g a ted -co n tin u o u s  

d if f e r e n c e s  may be seen  in  T ab le  1 -8 . The g a te d -c o n tin u o u s  d if f e r e n c e  

grows from +0.85 to  +U.20 dB as s ig n a l  d u ra t io n  in c re a s e s  from 10 to  

100 n s e c . These r e s u l t s  su g g es t t h a t  had B erner employed even s h o r te r  

d u ra t io n  s ig n a l s ,  th e  g a te d -c o n tin u o u s  d i f f e r e n c e  would have changed in  

d i r e c t i o n ,  a f fo rd in g  an advan tage to  s ig n a ls  embedded in  g a te d  m askers. 

The p o in t  o f  e q u a l i ty  f o r  g a ted  and con tin u o u s m askers nay be 

e x tra p o la te d  to  be s l i g h t l y  l e s s  th a n  1 msec.

V iem e is te r (l97**b) enployed b o th  g a ted  and co n tinuous w ideband 

m askers; s ig n a l  d u ra tio n  was v a r ie d  from 0 .8  to  1600 msec. The 

fo llo w in g  co n c lu s io n s  were made f o r  d a ta  p re se n te d  in  a b s t r a c t  form :

( l )  Perform ance was b e t t e r  w ith  g a te d  th a n  co n tin u o u s m askers f o r  

d u ra tio n s  s h o r te r  th a n  70 n s e c ;  t h i s  r e l a t io n s h ip  re v e rs e d  f o r  lo n g e r  

d u ra tio n  s ig n a l s .  (2 ) Perform ance w ith  b o th  m askers was independen t o f  

d u ra tio n  f o r  d u ra tio n s  lo n g e r  th a n  200 n s e c . (3 ) I n te n s i ty  tr a d e d  w ith  

d u ra tio n  a t  a  r a t e  o f  - 3 .6  dB /decade in c re a s e  in  T w ith  g a ted  m ask ers ,
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T ab le  1 -8

G ated-C ontinuous D iffe re n c e s  In  Perform ance (a)

Study W (Hz) T(msec)

Gated-
Continuous
Difference

Schacknow 
and Raab (1976) (b) 100. +1.08

Wightman and 6000 0 .3 -3 .5 0Green (1966) 1 . -2 .0 0
3. -2 .0 0

10. +2.00
30. +3.00

100. +3.00
300. +4.00

Berner (unpublished) 5000 10. +0.85
20. +1.65

100. +4.20

Viemeister (1974b) Wideband 0 .8 -6 .0 2
7. -3 .1 0

70. 0 .0 0
^  200. +1.40

(a ) A ll v a lu es  a re  Weber f r a c t io n s  o b ta in e d  w ith  ga ted
m askers minus th o se  o b ta in ed  w ith  con tin u o u s 
m askers ( in  dB ). A p o s i t iv e  d i f f e r e n c e  In d ic a te s  
b e t t e r  perform ance w ith  a co n tin u o u s m asker.

(b) G ated -con tinuous d if f e re n c e s  have been averaged
over bandw idths ran g in g  from 100 to  10,000 Hz.
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and - 6 .7  dB/decade w ith  con tin u o u s m askers. F ron th e  above 

in fo rm a tio n , ra te d -c o n tin u o u s  d if f e re n c e s  were re c o n s tru c te d .  An 

o rd e r ly  e f f e c t  o f  d u ra tio n  on th e  g a te d -c o n tin u o u s  d i f f e re n c e  i s  

in d ic a te d  inasmuch as th e  in te n s i ty - d u r a t io n  fu n c tio n s  d i f f e r  in  s lo p e , 

h u t a re  b o th  l i n e a r .  For th e  s h o r te s t  d u ra tio n  (O.fi m sec), th e  

ra te d -c o n tin u o u s  d i f f e re n c e  was c a lc u la te d  to  be -6  dB. For d u ra tio n s  

o f  200 nsec  and lo n g e r ,  a  g a te d -c o n tin u o u s  d if f e re n c e  o f  +1.U dB 

o b ta in s .  O ated -con tinuous d if f e re n c e s  f o r  some r e p r e s e n ta t iv e  

d u ra tio n s  a re  p re se n te d  in  T ab le 1 -8 .

In  summary, i t  has been dem onstra ted  t h a t  lo n g -d u ra tio n  s ig n a ls  

a re  more e a s i ly  d e te c te d  i f  th e  m asker i s  p re s e n t  c o n tin u o u s ly  

th ro u g h o u t an e x p e rim en ta l s e s s io n .  The r e v e rs e  i s  t r u e  f o r  s h o r t -  

d u ra t io n  s ig n a l s .  The p o in t  a t  which t h i s  r e la t io n s h ip  r e v e r s e s ,  

how ever, appears  to  d i f f e r  among s tu d ie s .

6 . R eal*-Ideal D iffe re n c e s  in  Perform ance

D iffe re n c e s  betw een o b ta in e d  and t h e o r e t i c a l l y  id e a l  Weber 

f r a c t io n s  were rev iew ed f o r  he terogeneous n o is e  s t im u li  in  s e c t io n  C-6. 

W ith con tinuous m askers , o b se rv e rs  a re  5-dB worse th a n  th e  id e a l  

r e c e iv e r .  W ith g a ted  m askers , th e  r e a l - i d e a l  d if f e r e n c e  i s  11 dB. The 

human o b se rv e r  i s  sim ply  n o t as e f f i c i e n t  a  s ig n a l  p ro c e s so r  as G reen 's  

o p tim a l r e c e iv e r .

Raw d a ta  have been re p o r te d  f o r  a  la rg e  number o f  s tu d ie s  

em ploying homogeneous n o is e .  These Weber f r a c t io n s  w i l l  be compared to  

th o se  p r e d ic te d  by E quation  1-2  o f  G reen 's  m odel. In  s tu d ie s  where th e
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s ig n a l  d u ra tio n  exceeds th e  l i n i t  o f  tem p o ra l in te g r a t i o n ,  id e a l  Weber 

f r a c t io n s  w i l l  be c a lc u la te d  fo r  a  d u ra tio n  o f  300 n s e c , th e  v a lu e  

e x h ib ite d  by G reen 's  ( i 960 ) l i s t e n e r s  f o r  t h i s  upper l i n i t .  S ince  a l l  

S tu d ie s  to  be in c lu d ed  in  t h i s  a n a ly s is  have been f u l l y  rev iew ed in  

p rev io u s  s e c t io n s ,  r e a l - i d e a l  d if f e r e n c e s  in  perform ance w i l l  sim ply be 

p re se n te d  in  ta b u la r  form . T able 1 -9  has been d iv id e d  in to  two 

s e c tio n s  — one p re s e n ts  d a ta  fo r  w ideband n o ise  (W *>1000 H z), th e  

o th e r  f o r  narrowband n o is e  (W <1000 H z). The r a t i o n a le  fo r  such a 

d iv is io n  cones from th e  sha llo w  IW r e c i p r o c i t i e s  re p o r te d  fo r  

homogeneous n o is e .  In te n s ity -b a n d w id th  fu n c tio n s  fo r  r e a l  and id e a l  

o b se rv e rs  a re  no t p a r a l l e l .  As a  r e s u l t ,  r e a l - i d e a l  d if f e re n c e s  in  

perform ance w i l l  in c re a s e  w ith  bandw id th . T his i s  r e f l e c te d  in  th e  

d a ta  o f  T'oore (1975)* Raab and G oldberg (1 9 7 5 ), and Schacknow and 

Raab (1976).

To summarize th e  d a ta  p re s e n te d  in  T able 1-9* when th e  m asker i s  

c o n tin u o u s , r e s u l t s  f o r  homogeneous and he terogeneous wideband n o ise  

d i f f e r  l i t t l e  — perform ance i s  degraded  by app ro x im ate ly  6 dB. For 

wideband g a ted  m askers, d is c r im in a t io n  i s  r e l a t i v e l y  b e t t e r  w ith  

homogeneous n o ise  s t im u li  — a r e a l - i d e a l  d if f e re n c e  o f  app rox im ate ly  

7 dB o b ta in s  (as  compared to  th e  11-dB d if f e re n c e  o b ta in e d  w ith  

he terogeneous n o is e ) .  The few s tu d ie s  em ploying narrowband homogeneous 

n o ise  y ie ld  perform ance th a t  i s  c lo s e r  to  id e a l  th a n  t h a t  o b ta in e d  w ith  

w ideband n o is e .  Schacknow and Raab (1 9 7 6 ), in  p a r t i c u l a r ,  r e p o r t  Weber 

f r a c t io n s  t h a t  a re  c lo se  t o ,  and in  some ca se s  s l i g h t l y  b e t t e r  th a n ,  

th o se  p re d ic te d  fo r  th e  id e a l  r e c e iv e r .
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T a b le  1 -9

Difference Between Real and Ideal Performance (a)

Mode o f R e a l- Id e a l
Study Masker Bandwidth D iffe re n c e

W 5s 1000 Hz

M ille r  (1947 Cont. 6850 +6.56
Green (1960) C o n t . ' 3862 +6.05

Campbell (1963) Cont. 5000 +7.50
Campbell (1964) C ont. 5000 +5.88
Wightman and 
Green (1966)

Cont. 6000 +7.67 (b)

M acm illan (1973) Cont. 5000 +5.25 (b)

M acm illan (1974) C ont. 5000 +4.89 (b)
Schacknow and 
Raab (1976) Cont. 1000

3160
10000

+3.40
+5.35
+5.68

B erner (unpub lished ) Cont. 5000 +6.12 (b)

Wightman and 
Green (1966) Gated 6000 +7.10 (b)

V iem eis te r (1974a) Gated 1350 +7.00

Moore (1975) Gated 1459 +7.09

Raab and 
G oldberg (1975)

Gated 5000 +7.14 (b)

Schacknow and 
Raab (1976)

Gated 1000
3160

10000

+4.12
+5.68
+7.93

B erner (unpub lished ) Gated 5000 +8.35 (b)

(C ontinued)
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T ab le  1 - 9 ,  C ontinued

Study
Mode of 
Masker Bandwidth

Real-Ideal
Difference

W <1000 Hz

Schacknow and 
Raab (1976)

Cont. 100
316

-1 .4 8
+1.42

Moore (1975) Gated 232
926

+5.19
+6.82

Raab and 
Goldberg (1975)

Gated 500 +3.14 (b)

Schacknow and 
Raab (1976) Gated 100

316
-0 .2 2
+2.08

(a) All values are real minus ideal Weber fractions (in dB).
A positive difference indicates performance that is 
worse than ideal.

(b) Real-ideal differences are averaged across signal duration.
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7 . Summary o f  R e su lts  O btained  W ith Homogeneous N oise

By e x te r n a l ly  f i l t e r i n g  b o th  s ig n a l  and m asker waveforms to  have

id e n t i c a l  freq u en cy  s p e c t r a ,  one assum ption  o f  G reen 's  model i s  s a t i s f i e d

by th e  ex p erim en te r ~  th e  o b se rv e r  need no t employ an in te rn e d  f i l t e r

m atched to  th e  s ig n ed  bandw id th . I f  i n  a d d i t io n ,  th e  m asker i s  g a te d  

s im u lan eo u sly  w ith  th e  s ig n a l ,  s t i l l  euiother assum ption  i s  s a t i s f i e d  -  

th e  o b se rv e r  need n o t f i l t e r  i n  th e  tim e  domain. I t  i s  th e r e f o r e  

a n t ic ip a te d  t h a t  homogeneously f i l t e r e d  n o ise  s t im u l i  sh o u ld  p ro v id e  d a ta  

t h a t  more c lo s e ly  s a t i s f y  th e  p r e d ic t io n s  o f  G reen 's  model th a n  th o se  

w hich have been rev iew ed  f o r  he te ro g en eo u s n o is e .  F u therm ore, g a te d  

homogeneous m askers sh o u ld  p ro v id e  d a ta  t h a t  f i t  G reen 's  model b e s t  o f  a l l ,  

inasm uch as b o th  assum ptions have been s a t i s f i e d  by th e  ex p e rim e n te r .

The l i t e r a t u r e  f o r  homogeneous n o i s e - in te n s i t y  d is c r im in a t io n  

em ploying con tin u o u s m askers w i l l  be summarized f i r s t :

( l )  S upport f o r  W eber's Law ap p ea rs  l im i te d  t o  w ideband s t im u l i :

F iv e  s tu d ie s  em ploying w ideband n o is e  o b ta in e d  W eber's Law ( M il le r ,  19^7; 

H a r r i s ,  1950; Raab, Osman, and R ich , 1963; V ie m e is te r , 197^b; and Schacknow 

and Raab, 1976, f o r  W = 3160 and 10000 H z). A n e a r  m iss t o  W eber's Law 

was o b ta in e d  f o r  narrow band n o is e  (Bos and de B o er, 1966; and Schacknow 

and Raab, 1976) and in  one in s ta n c e  f o r  w ideband n o ise  (G reen and S e w a ll, 

1 9 6 2 ). Campbell ( l 96h) o b a tin e d  a  s l i g h t  decrem ent i n  perform ance a t  a  

m asker l e v e l  o f  65 dB SL w ith  w ideband n o is e .

• (2 ) S e v e ra l s tu d ie s  r e p o r t  t h a t  i n t e n s i t y  t r a d e s  w ith  d u ra tio n  

a t  a  r a t e  (averaged  a c ro ss  s tu d ie s )  o f  - 6 .3  dB /decade in c re a s e  In  T .
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(3) The in te n s i ty -b a n d v id th  r e c ip r o c i ty  f a c to r  i s  c o n s id e ra b ly  

le s s  th a n  p r e d ic te d  by G reen 's  m odel. Averaged a c ro s s  s tu d ie s ,  th e  IW 

r e c ip r o c i ty  f a c to r  i s  - 2 .1  dB /decade in c re a s e  in  W.

(k)  P sychom etric  fu n c tio n s  fo r  co n tin u o u s ly  masked s ig n a ls  a re  

to o  s te e p  — an in c re a s e  o f  on ly  3 dB i s  n ece ssa ry  fo r  perform ance to  

Improve from 60* to  90* c o r r e c t  d e te c t io n s .

(5) For w ideband n o ise  s t im u l i ,  o b ta in e d  Weber f r a c t io n s  average 

6 .1-dB  worse th a n  p re d ic te d  on th e  b a s is  o f  s tim u lu s  v a r i a b i l i t y  a lo n e ; 

f o r  narrow band n o is e ,  no a p p re c ia b le  d if f e r e n c e  between r e a l  and id e a l  

perform ance has been re p o r te d .

Data obtained with Gated maskers present a somewhat different 

picture of th e  detection process:

(1 ) Except f o r  two s tu d ie s ,  su p p o rt f o r  W eber's Law i s  

w id esp read . A n e a r  m iss was o b ta in e d  by V ie n e is te r  (l9T**a) fo r  

narrow band n o is e  (W = 1350 H z), and by Schacknow and Raab (1976) f o r  

bandw idths o f  100, 316, 1000, and 3160 Hz.

(2 ) I n te n s i ty - d u r a t io n  t r a d e s  a re  more sha llow  th a n  p re d ic te d  — 

a  te n fo ld  in c re a s e  in  T w i l l  e f f e c t  o n ly  a 3 .3-dB  improvement in  th e  

Weber f r a c t i o n .

(3 ) In te n s i ty -b a n d w id th  t r a d e s  a re  s im i la r ly  sh a llo w  — th e  

average  r e c ip r o c i ty  f a c to r  e q u a ls  -2 .U  dB.

(1*) P sychom etric  f u n c t io n s ,  how ever, a re  as p re d ic te d  — a T-dB 

in c re a s e  in  £>0/H0 i s  r e q u ire d  fo r  perform ance to  im prove from  60% to  

90* c o r r e c t  d e te c t io n s .

(5) O btained  Weber f r a c t io n s  average 7 .1-dB  w orse th a n  id e a l  fo r  

w ideband n o is e ;  f o r  narrow band s t im u l i ,  an av erage  r e a l - i d e a l  

d i f f e r e n c e  o f  3.1* dB o b ta in s .

r
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S a t is fy in g  th e  tem pora l f i l t e r i n g  assum ption  o f  G reen 's  model by 

g a t in g  th e  m asker s im u ltan e o u sly  w ith  th e - s ig n a l  a llow s fo r  a  c lo s e r  

app rox im ation  to  some o f th e  p r e d ic t io n s  o f  G reen 's  model — W eber's 

Law i s  more c o n s is te n t ly  o b ta in e d , and th e  psychom etric  fu n c tio n  i s  o f  

th e  p ro p e r s lo p e . In  o th e r  w ays, how ever, g a te d  m askers le a d  to  le s s  

e f f i c i e n t  p ro c e s s in g  o f  th e  s ig n a l  — in te n s i ty - d u r a t io n  t r a d e s  a re  

c o n s id e ra b ly  sh a llo w er th a n  th o se  o b ta in e d  w ith  co n tinuous m ask ers , and 

f o r  long  d u ra tio n  s ig n a ls  th e  Weber f r a c t io n  i s  l a r g e r  (when e v a lu a te d  

w ith in  s u b je c t s ,  t h i s  g a ted -co n tin u o u s  d if f e r e n c e  i s  app ro x im ate ly  

2 .5  dB). In  n e i th e r  g a ted  nor con tin u o u s m asker c o n d i t io n s ,  how ever, 

do p ro p e r  IT-/ r e c ip r o c i ty  f a c to r s  o b ta in .  Only when th e  s ig n a l  and 

m asker bandw idths a re  he terogeneous and th e  o b se rv e r  must p ro v id e  h is  

own f i l t e r i n g  mechanism, a re  IW tr a d e s  as  p r e d ic te d .

E. P lan  o f  R esearch

Real l i s t e n e r s  d e p a r t from G reen 's  id e a l  mechanism in  a  number 

o f  w ays. These d if f e re n c e s  in c lu d e :  IW tr a d e s  a re  to o  sh a llo w ; IT 

t r a d e s  a re  to o  sha llow  w ith  g a ted  m askers , and to o  s te e p  w ith  

con tin u o u s m askers; th e  s lo p e  o f  th e  psychom etric  fu n c tio n  i s  to o  s te e p  

when m askers a re  c o n tin u o u s ; Weber f r a c t io n s  a re  dependent on th e  mode 

o f  m asker.

Exam ination o f  T ab les 1 -2  th ro u g h  1 -9  r e v e a ls  t h a t  th e  

l i t e r a t u r e  i s  rem arkably  c o n s is te n t  r e g a rd le s s  o f  th e  method used  to  

c o l l e c t  th e  d a ta .  Common to  a l l  th e se  m ethods, i s  th e  p r a c t ic e  o f  

p ro v id in g  c l e a r ly  a u d ib le  s ig n a ls  in  th e  e a r ly  s ta g e s  o f  t e s t i n g  —
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a d a p tiv e  p ro ced u res  s t a r t  " h ig h " , f ix e d  ne th o d s p ro v id e  su p ra th re s h o ld  

p r a c t ic e  t r i a l s .  I t  i s  p o s s ib le ,  t h a t  w ith  such ne thods th e  o b se rv e r  

adop ts  a n o n o p tira l  d e te c t io n  s t r a te g y  th a t  i s  based  on sone s tim u lu s  

c h a r a c t e r i s t i c  which i s  s a l i e n t  a t  h igh  s ig n a l  l e v e l s .  I f  t h i s  i s  th e  

c a s e ,  a l t e r in g  th e  p sy ch o p h y s ica l p ro ced u re  in  such a  way as to  d e p riv e  

th e  o b se rv e r  o f  p o t e n t i a l l y  " u s e fu l"  in fo rm a tio n  about th e  s ig n a l  a t  

th e  b eg in n in g  o f  th e  e x p e rim en ta l s e s s io n  n ig h t r e s u l t  in  th e  ch o ice  o f  

a l t e r n a t e  d e te c t io n  s t r a t e g i e s .

I t  i s  th e re fo re  p ro p o sed , t h a t  n o i s e - in te n s i t y  d is c r im in a t io n  be 

in v e s t ig a te d  w ith  an a d a p tiv e  p rocedu re  which i s  i n i t i a t e d  f ro n  a  l e v e l

where th e  s ig n a l  i s  c l e a r ly  below  th r e s h o ld .  In  a d d i t io n ,  no

s u p ra th re s h o ld  p r a c t ic e  t r i a l s  a re  to  be g iv e n . T his c o n d itio n  w i l l  

h e n c e fo rth  be r e f e r r e d  to  as an "ascen d in g "  ru n , as  opposed to  th e  

u s u a l p r a c t ic e  o f  i n i t i a t i n g  a  s t a i r c a s e  run  w ith  a  c l e a r ly  a u d ib le  

s ig n a l  (a  "d escend ing"  ru n ) .

This d i s s e r t a t i o n  was co n seq u en tly  d esigned  to  t e s t  th e

a p p l i c a b i l i t y  o f  G reen 's  model o f  n o ise -n a sk e d -b y -n o ise  to  th e  human

d e te c t io n  p ro c e s s ,  by em ploying b o th  ascen d in g  and descend ing  v e rs io n s  

o f  UDTR. The p re d ic t io n s  t e s t e d  in c lu d e : ( l )  th e  in te n s i ty - d u r a t io n  

r e c i p r o c i t y ,  (2 ) th e  in te n s ity -b a n d w id th  r e c i p r o c i t y ,  (3 ) th e  s lo p e  o f  

th e  psychom etric  fu n c tio n ,  (U) th e  eq u iv a len ce  o f  g a te d  and con tinuous 

m askers , and (5 ) th e  eq u iv a len c e  o f  ascend ing  and descend ing  ru n s .

The assum ption th a t  o b se rv e rs  f i l t e r  th e  m asker waveform to  

match th a t  o f  th e  s ig n a l  was s a t i s f i e d  e x te r n a l ly  by em ploying 

homogeneously f i l t e r e d  bands o f  n o ise  in  a l l  c o n d i t io n s .  Weber 

fu n c tio n s  were no t o b ta in e d  inasm uch as th e  l i t e r a t u r e  la r g e ly  co n fix n s  

W eber's Law f o r  homogeneous bands o f  n o ise  (see  T ab le 1 -U ).
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I t  w i l l  be seen  in  th e  fo llo w in g  c h a p te rs  t h a t  th e  perform ance 

o f  r e a l  l i s t e n e r s  c lo s e ly  approx im ates t h a t  o f  G reen 's  id e a l  r e c e iv e r  

f o r  ascend ing  c o n d i t io n s ,  w hereas th e  d if f e re n c e s  between r e a l  and 

id e a l  o b se rv e rs  no ted  in  th e  l i t e r a t u r e  a r e  r e p l i c a te d  w ith  descending  

s t a i r c a s e  ru n s .
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C hap ter H

METHOD

T hree experim en ts  were conducted  in  an a tte m p t to  d is c o v e r  w hether 

l i s t e n i n g  s t r a t e g i e s  depend on th e  in fo rm a tio n  made a v a i la b le  t o  th e  

o b s e rv e r . Two experim en ts  in v e s t ig a te d  th e  e f f e c t s  o f  d u ra tio n  and 

bandw idth  on n o i s e - in te n s i t y  d is c r im in a t io n .  A t h i r d  experim ent examined 

th e  s lo p e  o f  th e  psychom etric  f u n c t io n .  In  a l l  ex p e rim en ts , d i f f e r e n c e  

th re s h o ld s  w ere determ ined  by s t a r t i n g  w ith  th e  s ig n a l  e i t h e r  c l e a r ly  

a u d ib le  ("d escen d in g  ru n s " )  o r  w e ll  below  d e t e c t a b i l i t y  ("a scen d in g  r u n s " ) ;  

th e  n o is e  m asker was e i t h e r  p re s e n te d  c o n tin u o u s ly  th ro u g h o u t an 

e x p e rim en ta l s e s s io n  o r  g a te d  w ith  each o b se rv a tio n  i n t e r v a l .

A. S u b je c ts

Two male g ra d u a te  s tu d e n ts  (RB and th e  a u th o r ,  CM) se rv ed  as 

s u b je c t s .  Both were ex p erien ced  l i s t e n e r s  and re c e iv e d  c o n s id e ra b le  

t r a i n in g  b e fo re  any d a ta  were c o l le c te d .

B. A pparatus

A b lo c k  diagram  f o r  th e  a p p a ra tu s  used  in  Experim ent 1 i s  p re se n te d  

in  F ig u re  2 -1 . Experim ents 2 and 3 re q u ire d  m inor m o d if ic a tio n s  which a r e  

d e sc r ib e d  l a t e r .



Figure 2-1

Block d iagram  o f  th e  a p p a ra tu s  used in  Experim ent 1.
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I n  a l l  c o n d i t io n s ,  th e  s ig n a l  and m asker b an d v id th s  w ere i d e n t i c a l .  

The o u tp u t o f  a  G eneral Radio (1390-B) n o is e  g e n e ra to r  was d iv id e d  and le d  

to  two chan n e ls  — one f o r  th e  increm en t s ig n a l  (A v ) , th e  o th e r  f o r  th e  

m asker (V ). Each channe l c o n ta in e d  cm a m p lif ie r  (C alex  175) and a t te n u a to r s  

f o r  l e v e l  a d ju s tm e n t. The m agnitude o f  A v  was changed betw een b lo c k s  o f  

t r i a l s  by a  G ra so n -S ta d le r  (128U) programmable a t t e n u a to r .  The a c t iv a t io n  

o f  a  " s ig n a l"  r e la y  p la c e d  A v  in  one o f  two o b s e rv a tio n  in t e r v a l s  w ith  a  

p r o b a b i l i ty  o f  0 .5 ,  w hich was de term ined  by a  Coulbourn (S35-20) p r o b a b i l i ty  

g e n e ra to r .

F or th e  g a te d  m asker c o n d i t io n ,  th e  s ig n a l  and m asker w ere added 

c o h e re n tly  by means o f  a  r e s i s t i v e  m ixing netw ork and th e n  g a te d  by means o f  

a  m ercu ry -w etted  r e la y .  When th e  m asker was c o n tin u o u s , th e  increm en t 

s ig n a l  a lo n e  was g a te d . The two waveforms were th e n  mixed and th e  sum was 

b a n d lim ite d  by two Rockland (I0 h 2 -F ) e le c t r o n ic  f i l t e r s  connected  in  

casca d e . The r e s u l t in g  spectrum  s k i r t s  had an a t te n u a t io n  r a t e  o f  

96 d B /o c tav e . The n o ise  was th e n  p a sse d  th ro u g h  a  m a ste r a t t e n u a to r ,  

pa tch ed  in to  a  sound -p ro o f room (IAC 1200-ACT), and f i n a l l y  d e l iv e re d  t o  th e  

s u b je c t 's  r i g h t  earphone (T e le p h o n ie s , TDH-39), mounted in  an MX/Ul-AR 

cu sh io n .

The ap p a ra tu s  f o r  Experim ent 2 d i f f e r e d  from  th e  above o n ly  i n  t h a t  a  

s in g le  Rockland (10U2-F) f i l t e r  ves  u sed  to  p ro v id e  1*8 dB /octave s k i r t s .

A b lo c k  d iagram  f o r  th e  a p p a ra tu s  u sed  in  Experim ent 3 i s  p re se n te d  

in  F ig u re  2 -2 . The s tim u lu s  waveforms w ere f i r s t  f i l t e r e d  and th e n  

d iv id e d  in to  s ig n a l  and m asker c h a n n e ls . E i th e r  a  s in g le  Rockland (U32 ) 

f i l t e r  was used  to  p ro v id e  spectrum  s k i r t s  w ith  an a t te n u a t io n  r a t e  o f  

2h d B /o c tav e , o r  two Rockland (10U2-F) f i l t e r s  w ere connec ted  in  cascad e  t o  

p ro v id e  96 dB /octave s k i r t s .  A f te r  f i l t e r i n g ,  a  l e v e l - s e t t i n g  a t te n u a to r  

was a d ju s te d  t o  com pensate f o r  th e  d i f f e re n c e  in  g a in  betw een th e  two 

f i l t e r s .  A G ra so n -S ta d le r  (829-C) e le c t r o n ic  sw itc h , s e t  t o  g iv e  a



Figure 2-2

B lock diagram  o f  th e  ap p a ra tu s  u sed  in  Experim ent 3 .
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r i s e / f a l l  t i n e  o f  10 m sec, re p la c e d  th e  m ercu ry -w etted  r e l a y .  F in a l ly ,  th e  

r e s u l t in g  waveform was d e l iv e re d  to  a  S en n h e ise r HD-UlU ea rp h o n e , which 

p ro v id ed  a  w ider frequency  re sp o n se  th a n  th e  TDH-39 phones used  in  

E xperim ents 1 and 2 .

S tim u lus sequencing  and d a ta  a c q u i s i t io n  w ere c o n t ro l le d  o n - l in e  by 

a  DEC PDP-8e com puter. At th e  end o f  an 80 - t r i a l  ru n ,  th e  com puter 

p ro v id ed  a  freq u en cy  h is to g ra m  o f  s ig n a l  le v e ls  v i s i t e d .

C. Procedure

1. Psychophysical Method

I n te n s i ty - d is c r im ln a t io n  th re s h o ld s  w ere de term ined  u s in g  a  

tw o - in te r v a l ,  fo rc e d -c h o ic e ,  Up-Down Transform ed-R esponse method ( c f .  

L e v i t t ,  1971 ). A f a i n t  w arn ing  c l i c k ,  p re s e n te d  to  th e  su b je c t* s  l e f t  

earphone , marked th e  b eg in n in g  o f  each t r i a l .  Two o b s e rv a tio n  i n t e r v a l s ,  

vhose o n s e ts  w ere spaced  800 msec a p a r t ,  were p re s e n te d  in  su c c e ss io n  one 

second a f t e r  th e  w arning c l i c k .  The in c rem en t s ig n a l  (A v) was p la c e d  w ith  

e q u a l p r o b a b i l i ty  in  one o f  th e  two i n t e r v a l s .  The s u b je c t  in d ic a te d  th e  

i n t e r v a l  c o n ta in in g  th e  s ig n a l  by p re s s in g  one o f  two m icro sw itch  b u t to n s .  

I n d ic a to r  l i g h t s  on h is  re sp o n se  p a n e l marked th e  o b s e rv a tio n  in t e r v a l s  and 

p ro v id ed  im m ediate feed b ack . T r i a l s  w ere s e l f - p a c e d ,  w hich y ie ld e d  one 

t r i a l  app ro x im ate ly  every  f iv e  seconds.

Each th re s h o ld  d e te rm in a tio n  began w ith  th e  s ig n a l  e i t h e r  c l e a r ly  

a u d ib le ,  o r  w e ll below  d e t e c t a b i l i t y .  When t r a c k in g  13,6% c o r r e c t  

d e te c t io n s ,  th e  fo llo w in g  d e c is io n  r u le  was em ployed: f i v e  c o r r e c t

re sp o n se s  b e fo re  two e r r o r s  a t  a  g iven  s ig n a l  l e v e l  r e s u l t e d  in  a  3-dB
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a t te n u a t io n  o f  th e  increm en t s ig n a l  (Av). O th erw ise , Av was in c re a s e d .

T h is  "up-down" p ro ced u re  a llo w s th e  o b se rv e r  to  c ro s s  and r e c ro s s  

h is  th re s h o ld  an av erag e  o f  15 tim e s  in  th e  co u rse  o f  an  8O - t r i a l  ru n .

Upon com pletion  o f  a  ru n ,  th e  m edian v a lu e  o f  a t te n u a t io n  in  th e  s ig n a l  

c h a n n e l, Av, was computed and th e n  co n v e rted  t o  Increm ent pow er, A l,  
ta k in g  in to  accoun t th e  in -p h a se  a d d i t io n  o f  th e  s ig n a l  and m asker 

w aveform s. (A 3-dB change in  A v ,  th e r e f o r e  le d  to  a  1 .5 -dB  change in  A I  

o ver most o f  th e  range  tra c k e d  by th e  s t a i r c a s e . )  Only le v e l s  t h a t  w ere 

r e v i s i t e d  w ere in c lu d e d  in  th e  a n a ly s i s .  The r a t i o  o f  A l to  I ,  ex p ressed  

in  d e c ib e ls ,  i s  used  as an index  o f  i n t e n s i t y  d is c r im in a t io n .  F iv e  such 

d e te rm in a tio n s  were made f o r  each e x p e rim en ta l c o n d i t io n .

2 . E x perim en ta l D esign

Experim ent 1 in v e s t ig a te d  th e  e f f e c t s  o f  d u ra tio n  on w ideband 

n o i s e - i n te n s i t y  d is c r im in a t io n .  The s ig n ed  and m asker had id e n t i c a l  

p assb an d s; th e  h a lf-p o w er bandw idth  was 5000 Hz, c e n te re d  a t  1500 Hz. 

S ig n a l d u ra t io n s  were 10 o r  100 m sec. The m asker, p re s e n te d  in  e i t h e r  th e  

g a te d  o r  con tin u o u s mode, had an o v e r a l l  l e v e l  o f  1*5 o r  75 dB SPL. The 

s ig n a l  increm en t y ie ld in g  73.6/5 c o r r e c t  d e te c t io n s  was tr a c k e d  by 

descend ing  ru n s  b eg in n in g  w ith  A l/I = +U.77 dB. A scending ru n s  began w ith  

Al/I = - 19 .b 8 dB f o r  100-msec s ig n a l s ,  and - lU .96  dB f o r  10-msec s ig n a l s .

Experim ent 2 examined th e  s lo p e  o f  th e  psychom etric  fu n c tio n  a s  

a f f e c te d  by g a te d  and con tin u o u s m askers. The wideband n o is e  employed in  

t h i s  s tu d y  had a  h a lf-p o w er bandw idth  o f  60U0 Hz, c e n te re d  a t  77? Hz.

S ig n a l d u ra tio n  was 100 m sec. The n o ise  m asker, e i t h e r  g a te d  o r  

c o n tin u o u s , had an o v e r a l l  l e v e l  o f  U5 dB SPL. T h re e -p o in t p sychom etric



fu n c tio n s  v e re  o b ta in e d  f o r  d escend ing  runs by tr a c k in g  th e  s ig n a l  

inc rem en t y ie ld in g  51*9%, 7 3 .6 ? , and 89 . 1? c o r r e c t  d e te c t io n s .  These ru n s  

began w ith  A l / I  ■ +1».77 dB f o r  g a te d ,  and - 0 .7 8  dB f o r  co n tin u o u s 

c o n d i t io n s .

A scending ru n s  tr a c k e d  6 3 .6? and 7 3 .6 ?  c o r r e c t  d e te c t io n s ,  s t a r t i n g  

w ith  A l / I  = -19.1*8 dB. D ec is io n  r u le s  which t r a c k  th e s e  d e t e c t a b i l i t i e s  

a r e  g iv en  in  T ab le  2 -1 .

E xperim ent 3 ad d re ssed  th e  q u e s tio n  o f  how th e  o b se rv e r  makes u se  o f  

bandw idth  in fo rm a tio n  in  ascen d in g  and descend ing  ru n s . The n o is e  was 

b a n d lim ite d  to  produce a  h a lf-p o w er bandw idth  o f  U69 Hz, c e n te re d  a t  

1060 Hz, w ith  a t te n u a t io n  r a t e s  o f  2U o r  96 d B /o c tav e . I n  each c a s e ,  th e  

spectrum  le v e l  a t  th e  c e n te r  o f  th e  passband  was U6 .U dB SPL (m easured by a  

G eneral Radio Wave A nalyzer Type 1568-A ). As in  Experim ent 2 , s ig n a l  

d u ra t io n  was 100 m sec, and th e  m asker was p re s e n te d  e i t h e r  c o n tin u o u s ly  o r  

g a te d  w ith  th e  s ig n a l .  S ta r t in g  l e v e l s  w ere +U.77 dB f o r  d escend ing  ru n s ,  

and - lU .96  dB f o r  ascen d in g  ru n s .

In  a l l  ex p e rim e n ts , a scen d in g  and descend ing  ru n s  w ere p re s e n te d  in  

b lo ck s in  o rd e r  to  m inim ize such  t r a n s f e r  e f f e c t s  as  m ight r e s u l t  from 

d if f e r e n c e s  in  l i s t e n i n g  s t r a t e g i e s .  The o rd e r  o f  ascen d in g  and descend ing  

ru n s was c o u n te rb a lan c ed  a c ro ss  ex p e rim e n ts , w h ile  o th e r  s tim u lu s  

p a ram ete rs  w ere random ized.



T ab le  2 -1

D ecis io n  R ules fo r  T rack ing  
V arious L evels o f  D e te c ta b i l i ty *

P ercen t
C o rrec t

Number o f 
re sp o n ses  

to  e f f e c t  a 
le v e l  chanee 

C o rre c t I n c o r r e c t

57 .9 4 3

63 .6 5 3

73.6 5 2

89.1 6 1

*See text for details.
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C hap ter I I I  

RESULTS AND DISCUSSION

The g e n e ra l p a t te r n  o f  r e s u l t s  v i l l  be p re s e n te d  f i r s t .  D e ta i le d  

d a ta  w i l l  be found in  Appendix A, T ab les  A -l th rough  A-6 .

R e su lts  o b ta in e d  w ith  ascen d in g  and descend ing  ru n s  d i f f e r  

s u b s t a n t i a l l y .  D ata c o l le c te d  w ith  descend ing  s t a i r c a s e  ru n s in d ic a te  

t h a t  th e  human d e te c t io n  p ro c e ss  i s  n o t independen t o f  th e  mode o f  

m asker. F u rth erm o re , f o r  n e i th e r  masking paradigm  can G reen 's  id e a l  

r e c e iv e r  model co m ple te ly  d e s c r ib e  th e  perform ance o f  th e  human 

o b s e rv e r . A scending ru n s , on th e  o th e r  h and , y ie ld  d a ta  t h a t  a r e  in  

acco rd  w ith  th e  p r e d ic t io n s  o f  G reen 's  model f o r  b o th  g a te d  and 

co n tinuous m asker parad igm s.

In  a d d i t io n ,  exam ination  o f  T ab les A -l th ro u g h  A-6  r e v e a ls  a  

p ro found  e f f e c t  o f  s t a r t i n g  l e v e l  on d e t e c t a b i l i t y  in  each o f  th e  

ex p e rim en ts . For a l l  c o n d i t io n s ,  perform ance i s  ap p ro x im ate ly  5-dB 

b e t t e r  f o r  ascen d in g  ru n s .  I t  i s  p o s s ib le  t h a t  t h i s  e f f e c t  i s  p u re ly  

s t a t i s t i c a l .  The random-walk n a tu re  o f  th e  s t a i r c a s e  p ro ced u re  i s  such  

t h a t  th e  s ig n a l  l e v e l  tr a c k e d  may n o t be  p ro p e r ly  sam pled in  a  f i n i t e  

ru n  o f  80 t r i a l s .  I f  t h i s  i s  s o ,  Weber f r a c t io n s  m ight be s p u r io u s ly  

la rg e  f o r  descend ing  ru n s  and sm a ll f o r  ascend ing  ru n s .

A n a ly s is  o f  a l l  o th e r  p a ram e te r m a n ip u la tio n s  s h a l l ,  t h e r e f o r e ,  be 

postponed  u n t i l  a f t e r  th e  m agnitude o f  t h i s  s t a t i s t i c a l  b ia s  i s  

a s s e s s e d . T h is  was done f o r  an id e a l  o b s e rv e r ,  by v a ry in g  th e  i n i t i a l  

s tim u lu s  l e v e l  in  co m p u ter-s im u la ted  s t a i r c a s e  ru n s .
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A. Monte C arlo  Computer S im u la tio n s

In  a d a p tiv e  p ro c e d u re s , such as  BUDTIF, PEST, and th e  Up-Down 

T ransform ed Response method (UDTR), a  t a r g e t  p e rc e n t c o r r e c t  i s  tra c k e d  

hy v a ry in g  th e  s ig n a l  l e v e l  in  accordance w ith  a  ru n n in g  accoun t o f  th e  

s u b j e c t 's  p e rfo rm ance . The d e c is io n  r u le s  a re  chosen such t h a t  th e  

s t a i r c a s e  w i l l  e v e n tu a lly  converge on th e  s ig n a l  l e v e l  r e q u ire d  to  

a ch iev e  th e  t a r g e t  p e rc e n t c o r r e c t .  I t  has been  t r a d i t i o n a l  in  

p sy ch o aco u s tic s  to  choose an i n i t i a l  l e v e l  where th e  s ig n a l  i s  e a s i l y  

d e te c ta b le  (se e  f o r  exam ple, S tu ck ey , H u tto n , and C am pbell, 1966; T ay lo r 

and Creelm an, 1967; P o lla c k , 1968; and Raab and G oldberg , 1975)* In  

t h i s  m anner, th e  s u b je c t  i s  a llow ed  to  " f a m i l ia r i z e "  h im se lf  w ith  th e  

s ig n a l  to  be d e te c te d .  For a d a p tiv e  p ro ced u res  u t i l i z i n g  a  f ix e d  s te p  

s iz e  (su ch  as BUDTIF and UDTR), when th e  i n i t i a l  s ig n a l  l e v e l  i s  h ig h  

r e l a t i v e  to  th r e s h o ld ,  a  number o f  t r i a l s  a re  w asted  in  th e  d e s c e n t ,  

d im in ish in g  th e  u sa b le  p o r t io n  o f  th e  ru n . A scending ru n s  a re  s u b je c t  

t o  th e  same p i t f a l l ;  a  number o f  t r i a l s  a re  w asted  in  th e  a sc e n t t o  th e  

th r e s h o ld  s ig n a l  l e v e l .

I t  i s  co n ce iv ab le  t h a t  th e  la rg e  ascen d in g -d escen d in g  d if f e re n c e s  

o bserved  in  ou r d a ta  may be a t t r i b u t e d  w ho lly  to  such  s t a t i s t i c a l  

c o n s id e ra t io n s .  T hat i s ,  th re s h o ld s  m ight be s p u r io u s ly  h ig h  f o r  

descend ing  ru n s  and low f o r  ascen d in g  ru n s .  A com puterized  Monte C arlo  

p ro ced u re  was th e r e f o r e  u t i l i z e d  in  an e f f o r t  to  q u a n tify  t h i s  

s t a t i s t i c a l  b ia s  p o t e n t i a l l y  in h e re n t  in  UDTR.

Of prim e im portance in  t h i s  s im u la tio n  a re  a l l  p a ram ete rs  w hich 

a f f e c t  th e  deg ree  o f  convergence on th e  t a r g e t  p e rc e n t  c o r r e c t .  Such
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f a c to r s  in c lu d e : ( l )  th e  i n i t i a l  s tim u lu s  l e v e l ,  (2 ) th e  s lo p e  o f  th e  

presumed psychom etric  f u n c t io n ,  ( 3 ) th e  t a r g e t  p e rc e n t c o r r e c t  t r a c k e d ,  

(It) th e  b lo c k  s iz e  used  to  make a  d e c is io n  concern ing  l e v e l  change ,

( 5 ) th e  s te p  s iz e  betw een l e v e l s ,  and (6 ) th e  number o f  t r i a l s  i n  a  ru n . 

S ince  th e  com puter s im u la tio n s  w ere perform ed to  p ro v id e  an a  p o s t e r i o r i  

a n a ly s is  o f  th e  methods used  to  o b ta in  th e  d a ta  re p o r te d  h e r e in ,  

m an ip u la tio n  o f  th e  above f a c to r s  was l im i te d  to  th e  v a lu e s  employed in  

th e  d a ta  c o l le c t io n  (ex ce p t f o r  i n i t i a l  s t a r t i n g  l e v e l  w hich was 

th o ro u g h ly  in v e s t ig a te d ) .

1 . D e sc r ip tio n  o f  th e  Computer Program

A com puter program , w r i t t e n  i n  F o r tra n  TV f o r  an IBM-370/168 

com puter, p ro v id ed  a  Monte C arlo  s o lu t io n  to  UDTR th re s h o ld  

d e te rm in a tio n . The method o f  c o l le c t in g  and a n a ly z in g  th e  s im u la te d  

d a ta  was id e n t i c a l  t o  t h a t  employed w ith  r e a l  l i s t e n e r s .  By keep in g  th e  

l i s t e n e r  in v a r i a n t ,  th e  s im u la te d  s t a i r c a s e  runs cou ld  a s s e s s  th e  e x a c t 

m agnitude o f  th e  s t a t i s t i c a l  b ia s  a r i s i n g  from v a ry in g  th e  s t a r t i n g  

l e v e l .

The com puter program  was p ro v id ed  w ith  a  psychom etric  fu n c tio n  f o r  

our in v a r ia n t  l i s t e n e r ,  c o n s is t in g  o f  a  s e t  o f  p r o b a b i l i t i e s  o f  a  

c o r r e c t  re sp o n se  f o r  each  l e v e l  t r a c k e d  by th e  s t a i r c a s e .  A 

r e p r e s e n ta t iv e  p sychom etric  fu n c tio n  (WT = 500) i s  p re s e n te d  in  

T ab le  3 -1 . The l i s t e n e r  was id e a l  in  two s e n s e s .  F i r s t ,  th e  

psychom etric  fu n c tio n  was de te rm in ed  by e v a lu a tin g  G reen 's  e q u a tio n  f o r  

M - -  th e  perform ance o f  an o p tim a l energy  d e te c to r  (se e  I n t r o d u c t io n ,  

E quation  1 -2 ) .  The n o rm alized  mean o f  th e  app ro x im ate ly  G aussian  

d if f e r e n c e  d i s t r i b u t i o n  (d e r iv e d  from  th e  energy d i s t r i b u t io n s  f o r  n o is e



T a b le  3 - 1

P ro b a b il i ty  o f a C o rre c t Response as 
a F unction  o f  S ig n a l Level fo r  WT = 500

10 lo g  AV/V 10 log  A I / I  P(C)

0 +4.77 1.000000
-3 +2.83 1.000000

-6 +0.98 1.000000

-9 -0 .7 8 1.000000

-12 -2 .4 8 1.000000

-15 -4 .1 2 1.000000

-18 -5 .7 2 0.999895
HCM1 -7 .3 0 0.996358

-24 -8 .8 5 0.973122

-27 -10 .39 0.916161

-30 -11 .92 0.837369

-33 -1 3 .4 4 0.757990

-36 -1 4 .9 6 0.690460

-39 -1 6 .4 7 0.637881

-42 -17 .97 0.598784
-45 -19 .48 0.570374
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and s ig n ed  p lu s  n o i s e ) ,  was th e n  c o n v e rte d  to  p e rc e n t c o r r e c t  a c c u ra te  

to  s ix  decim al p la c e s  (N a tio n a l B ureau o f  S ta n d a rd s , 1953). Second, 

s in c e  th e  s o le  d e te rm in a n t o f  a  re sp o n se  i s  t h i s  p sychom etric  f u n c t io n ,  

th e  s im u la te d  o b se rv e r  e x h ib i t s  p e r f e c t  a t t e n t i o n  and m o tiv a t io n , and 

responds f r e e  from any b ia s e s  o r  s e q u e n t ia l  d ep en d en c ies .

The program  g e n e ra te s  ru n s  f o r  an id e a l  o b se rv e r  in  th e  fo llo w in g  

maimer:

1 . An i n i t i a l  s tim u lu s  v a lu e  i s  cho sen , eq u a l t o  t h a t  employed in  

th e  c o l le c t io n  o f  r e a l - l i s t e n e r  d a ta  f o r  a  descend ing  ru n  

( e . g . ,  A l  = +U.77 dB when WT = 5 00 ).

2 . A seven  d i g i t  random number ( in  th e  range  0 t o  1 .0  in c lu s iv e )  

i s  g e n e ra te d  from a  r e c ta n g u la r  d i s t r i b u t i o n  p ro v id ed  by th e  

IMSL ( I n te r n a t io n a l  M athem atical and S t a t i s t i c a l  L ib ra ry ) 

s u b ro u tin e , GGUB, w hich employs a  m u l t ip l ic a t iv e  c o n g ru e n tia l  

method o f  g e n e ra tio n  (se e  Appendix B ). T h is random number i s  

th e n  compared to  th e  p e rc e n t c o r r e c t  f o r  th e  l e v e l  b e in g  

t e s t e d .  I f  th e  random number i s  l e s s  th a n  o r  eq u a l t o  th e  

p e rc e n t c o r r e c t ,  a  c o r r e c t  re sp o n se  i s  s to r e d  in  memory. 

O th erw ise , am in c o r r e c t  re sp o n se  i s  s to r e d .

3 . S tep  2 i s  re p e a te d  u n t i l  a  c r i t e r i o n  i s  reac h ed  f o r  a  l e v e l  

change. When t r a c k in g  7 3 . c o r r e c t  d e te c t io n s ,  f o r  exam ple, 

th e  o ccu rren ce  o f  5 c o r r e c t  re sp o n ses  b e fo re  2 in c o r r e c t  

re sp o n ses  r e s u l t s  in  a  3-dB a t te n u a t io n  o f  AV, o th e rw ise  AV 

i s  increm en ted  by 3 dB.
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1*. Upon changing l e v e l s ,  a  coun t i s  e n te re d  in to  memory

in d ic a t in g  t h a t  th e  s t a i r c a s e  ru n  had v i s i t e d  t h a t  l e v e l .  (As 

was t r u e  in  th e  c o l l e c t io n  o f  r e a l - l i s t e n e r  d a ta ,  th e  

s t a i r c a s e  i s  a llow ed  to  span  16 s tim u lu s  l e v e l s .  I f  th e  

d e c is io n  r u le  c a l l s  f o r  a  change in  l e v e l  t h a t  would exceed 

t h i s  l i m i t ,  th e  run  i s  a b o rte d  and excluded  from th e  d a ta  

a n a l y s i s . )

5 . S tep s  2-1* a re  re p e a te d  u n t i l  80 s t a t i s t i c a l  t r i a l s  a re  

com pleted . The m edian o f  l e v e ls  r e v i s i t e d  i s  th e n  com puted.

6 . T h is  c y c le  i s  re p e a te d  u n t i l  1000 ru n s a re  o b ta in e d  f o r  a  

g iv en  s t a r t i n g  l e v e l .  The mean o f  th e  m edians i s  th e n  

computed.

7 . The i n i t i a l  s tim u lu s  v a lu e  ( AV) i s  d ec re a se d  by 3 dB and 1000 

ru n s a re  o b ta in e d  f o r  t h i s  new s t a r t i n g  l e v e l .  T h is p ro ced u re  

i s  re p e a te d  u n t i l  1000 s t a i r c a s e  ru n s  e re  s im u la te d  f o r  each  

o f  th e  16 l e v e l s  covered  by th e  s t a i r c a s e .

8 . Computer s im u la te d  ru n s  w ere obtedned f o r  each o f  th e  s tim u lu s  

c o n d itio n s  employed in  t h i s  d i s s e r t a t i o n  by r e p e a t in g  t h i s  

p ro ced u re  w ith  th e  a p p ro p r ia te  psychom etric  fu n c tio n  f o r  each 

c o n d i t io n .
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2 . R e su lts  o f  Computer S im u la tio n s

The e f f e c t s  o f  s t a r t i n g  le v e l  on th e  s ig n a l  l e v e l  tr a c k e d  by UDTR 

a re  d e p ic te d  in  T ab les 3-2  th rough  3-U. Each Weber f r a c t io n  i s  th e  mean 

o f  1000 s im u la te d  ru n s . In c lu d e d  in  each ta b le  i s  th e  perform ance o f  an 

id e a l  energy  d e te c to r  c a lc u la te d  from  E quation  1 -2 . The e f f e c t  o f  

s t a r t i n g  l e v e l  on th e  e s tim a te d  th re s h o ld  can b e  a s s e s se d  by com paring th e  

s im u la te d  s ig n a l  l e v e l  tr a c k e d  w ith  id e a l  perfo rm ance .

T ab le  3-2 p re s e n ts  th e  e f f e c t s  o f  s t a r t i n g  l e v e l  f o r  each o f  th e  16 

s t a r t i n g  le v e l s  used  in  th e  s im u la tio n s  f o r  Experim ent 1 .  The o rd e r ly  

e f f e c t  o f  s t a r t i n g ' l e v e l  on th e  e s tim a te d  th re s h o ld  i s  r e a d i ly  a p p a re n t. 

Inasmuch as th e  tre n d s  in  th e  s im u la tio n s  w ere th e  same f o r  th e  c o n d itio n s  

o f  Experim ents 2 and 3 , th e  e f f e c t s  o f  o n ly  th e  s t a r t i n g  le v e ls  u sed  in  

r e a l - l i s t e n e r  d a ta  c o l le c t io n  a re  in c lu d e d  in  T ab les 3-3  and 3-*».

From T able 3 -2 , i t  may be  seen  t h a t  s t a r t i n g  UDTR a t  th e  s ig n a l  

l e v e l  i t  sh o u ld  id e a l ly  be  t r a c k in g  w i l l  r e s u l t  in  no e r r o r  o f  e s t im a t io n .  

For exam ple, vhen WT = 50 , id e a l  perform ance i s  -8 .7 1  dB. B eginning  

UDTR(73.6%) a t  -8 .8 5  dB r e s u l t s  in  a  s im u la te d  s ig n a l  l e v e l  o f  - 8 .9 3  dB. 

The e r r o r  in  t r a c k in g ,  th e r e f o r e ,  w i l l  be m inim al vhen UDTR i s  s t a r t e d  a t  

th e  l e v e l  i t  i s  d esigned  to  t r a c k .  T h is i s  t r u e  f o r  a l l  c o n d itio n s  

s im u la te d .

W ith r e a l  l i s t e n e r s ,  perform ance i s  l e s s  them o p tim a l.

C onsequen tly , th e  s ig n a l  l e v e l  t o  be  tr a c k e d  hy UDTR i s  i n i t i a l l y  

u n s p e c if ie d .  T his u n c e r ta in ty ,  combined w ith  a  d e s i r e  t o  p ro v id e  th e  

o b se rv e r  w ith  s u p ra th re s h o ld  p r a c t ic e  t r i a l s ,  can r e s u l t  i n  f a u l ty  

t r a c k in g .  The s im u la tio n s  p re se n te d  in  T ab le  3-2 in d ic a te  t h a t  s t a r t i n g  a



T ab le  3 -2

S im ulated  Perform ance (10 log  Z i l / l )  
fo r  an " Id e a l"  L is te n e r  In  Experim ent 1 (a)

S ta r t in g
Level

S ig n a l 
Level 

Tracked 
(WT = 50)

S ig n a l 
Level 

Tracked 
(WT = 500)

+4.77 ( b ) , (c) -7 .7 1 -1 2 .4 2

+2.83 -7 .8 2 -1 2 .7 6

+0.98 -7 .8 4 -1 2 .8 2

-0 .7 8 -7 .9 6 -1 3 .0 0

-2 .4 8 -8 .0 8 -1 3 .0 1
-4 .1 2 -8 .1 2 -13 .15
-5 .7 2 -8 .2 6 -1 3 .2 2
-7 .3 0 -8 .5 6 -1 3 .2 5
-8 .8 5 -8 .9 3 -1 3 .3 3

-10 .39 -9 .3 0 -1 3 .4 2
-1 1 .9 2 -9 .7 4 -1 3 .6 7
-1 3 .4 4 -10 .05 -1 3 .9 0
-1 4 .9 6  (b) -10 .45 -1 4 .2 6
-16 .47 -1 0 .7 7 -14 .65
-17 .97 -11 .03 -1 4 .9 2
-1 9 .4 8  (c) -10 .97 -1 5 .0 8

Id e a l -8 .7 1 -14 .08

(a) UDTR tra c k s  73.6% c o r r e c t  d e te c t io n s .
(b) S ta r t in g  le v e ls  employed in  Experim ent 1

when WT = 50.
(c) S ta r t in g  le v e ls  employed in  Experim ent 1

when WT = 500.
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T able 3 -3

Sim ulated  Perform ance (10 l o g A l / l )  fo r  an 
" Id e a l"  L is te n e r  in  Experim ent 2 (WT = 604)*

Starting
Level

Signal Level Tracked
Percent 
Correct = 57.9 63 .6 73.6 89 .1

+4.77 -1 5 .2 7 -1 3 .5 0 -12 .72 -10 .39

-0 .7 8 -15 .59 -14 .81 -13 .35 -1 0 .8 0

-19 .48 -1 7 .0 4 -1 6 .7 8 -1 5 .3 0 -12 .11

Ideal -19 .43 -17 .03 -14 .47 -11 .64

*Only s t a r t i n g  le v e ls  used  in  r e a l - l i s t e n e r  d a ta  c o l le c t io n  a re  
in c lu d e d . The e f f e c t s  o f  a l l  16 s t a r t i n g  le v e ls  a r e  p re ­
sen ted  in  Appendix A, T ab le  A-7«



T a b le  3-U

S im ulated  Perform ance (10 lo g  A l / l )  fo r  an 
" Id e a l"  L is te n e r  In  Experim ent 3 (WT = 4 6 .9 )*

Signal
Starting Level
Level Tracked

+4.77 -7 .5 4

-1 4 .9 6 -10 .33

Ideal -8 .5 5

*Only s t a r t i n g  le v e ls  used in  r e a l -
l i s t e n e r  d a ta  c o l le c t io n  a re  in c lu d e d . 
The e f f e c t s  o f  a l l  16 s t a r t i n g  le v e ls  
a re  p re se n te d  in  Appendix A (see  
T able A -8 ).
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run  w ith  an e a s i ly  d e te c ta b le  s ig n a l  w i l l  r e s u l t  in  a  b ia s e d  e s t im a te  o f  

perfo rm ance . When WT = 50 , b e g in n in g  a  run  w ith  A I  = +U.77 dB w i l l  

r e s u l t  in  an e s tim a te d  th re s h o ld  o f  -7 .7 1  dB r a th e r  th a n  th e  id e a l  v a lu e  

o f  - 8 .7 1  dB t h a t  t h i s  v e rs io n  o f  UDTR i s  d es ig n ed  to  t r a c k .  A ll  

d escend ing  runs te n d  to  u n d e re s tim a te  perfo rm ance.

A scending ru n s o v e re s tim a te  perfo rm ance; s im u la te d  Weber f r a c t io n s  

a re  to o  sm a ll .  For WT * 50 , a  ru n  s t a r t i n g  a t  - lU .96  dB w i l l  t r a c k  a  

s ig n ed  le v e l  o f  -10.1*5 dB r a th e r  th a n  th e  p r e d ic te d  -8 .7 1  dB. Such an 

e r r o r  in  p aram eter e s t im a tio n  ap p ea rs  in  a l l  o f  th e  ascen d in g  ru n s .

S in ce  descend ing  runs y i e ld  i n f l a t e d  Weber f r a c t io n s  w h ile  ascen d in g  

ru n s y ie ld  d e f la te d  Weber f r a c t i o n s ,  an ascen d in g -d escen d in g  d i f f e r e n c e  i s  

to  be  expec ted  even w ith  an id e a l  l i s t e n e r .  T h is  b i a s ,  how ever, i s  n o t o f  

s u f f i c i e n t  m agnitude to  accoun t f o r  th e  ascen d in g -d escen d in g  d if f e r e n c e s  

p re s e n te d  a t  th e  b eg in n in g  o f  t h i s  c h a p te r .  T ab les 3-5 th ro u g h  3-7  

p re s e n t  th e  s t a t i s t i c a l  b ia s  f o r  each e x p e rim en ta l c o n d i t io n ,  c a lc u la te d  

by s u b tr a c t in g  th e  s im u la te d  Weber f r a c t i o n  (g iv en  in  T ab les  3 -2  th ro u g h  

3-U) from th e  id e a l  Weber f r a c t io n  o b ta in e d  from  E quation  1 -2 . I f  t h i s  

b ia s  i s  th e n  added to  th e  r e a l  l i s t e n e r s '  Weber f r a c t i o n s ,  a  m easure o f  

p erfo rm an ce , c o r re c te d  f o r  m e th o d o lo g ica l b i a s ,  i s  o b ta in e d . The 

rem ain ing  d if f e r e n c e s  betw een ascen d in g  and descend ing  th re s h o ld s  may be 

presum ed to  be o f  p sy c h o lo g ic a l o r ig i n .



T ab le  3 -5

S t a t i s t i c a l  B ias In h e re n t In  UDTR fo r  
th e  S ta r t in g  L evels Used In  Experim ent 1 *

S ta r t in g
Level

S t a t i s t i c a l
.Bias

WT = 50 WT = 500

+4.77 -1 .0 0 -1 .6 6

-14 .96 +1.74 +0.18

-19 .48 +2.26 +1.00

*A11 v a lu es  a re  Id e a l  Weber f r a c t io n s  
minus s im u la ted  Id e a l  Weber f r a c t io n s  
( in  dB).
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T able 3-6

S t a t i s t i c a l  B ias In h e re n t In  UDTR fo r  
th e  S ta r t in g  L evels Used in  Experim ent 2 *

Starting
Level

Statistical Bias
- ... i t i l

Percent 
Correct = 57.9 63.6 73.6 89.1

+4.77 -4 .16 -3 .53 -1 .75 -1 .25

-0 .78 -3 .84 -2 .22 -1 .12 -0 .84

-14.96 -2.39 -0 .25 +0.83 +0.47
■ s— i.:a a a

*A11 v a lu es  a r e  id e a l  Weber f r a c t io n s  minus s im u la ted  id e a l  
Weber f r a c t io n s  ( in  dB).



T able 3 -7

S t a t i s t i c a l  B ias  In h e re n t in  UDTR fo r  
th e  S ta r t in g  L evels Used in  Experim ent 3 *

S ta r t in g S t a t i s t i c a l

aassaai

Level B ias

+A.77 -1 .0 1

-1 4 .9 6 +1.78

sssssasaai

*A11 v a lu es  a re  id e a l  Weber f r a c t io n s  
minus s im u la te d  id e a l  Weber f r a c t io n s  
( in  dB).



3. Im plications for Data C ollection  and Analysis

T hat UDTR w i l l  n o t p ro p e r ly  t r a c k  a  t a r g e t  p e rc e n t c o r r e c t  i n  a  

f i n i t e  ru n  o f  80 t r i a l s ,  r a i s e s  s e r io u s  q u e s tio n s  abou t d a ta  c o l le c te d  

w ith  t h i s  m ethod. Runs o f  100 and 120 s t a t i s t i c a l  t r i a l s  w ere a ls o  

s im u la te d . The e f f e c t s  o f  s t a r t i n g  l e v e l  were e s s e n t i a l l y  th e  same as 

r e p o r te d  f o r  8 0 - t r i a l  ru n s .  A f u r th e r  d is c u s s io n  o f  d a ta  c o l le c t io n  and 

re d u c tio n  schemes w i l l  he p re s e n te d  in  C hap ter IV.

In p r a c tic e , i t  i s  convenient to  begin s ta irca se  runs at one 

comfortable s ig n a l le v e l  even under two (or more) experimental conditions 

which are known to  a ffe c t  performance. Tables 3-5 and 3-6 show th at for  

descending runs s ta r tin g  w ith A I  = +U.77 dB, the amount o f  b ias  

introduced by UDTR increases w ith the d ifferen ce  between the s ta r tin g  

le v e l  and the s ig n a l le v e l  tracked. For example (see  Table 3 -5 ) , 

UDTR(73.6?) id e a lly  tracks s ig n a l le v e ls  o f  -8 .7 1  and -lU .08  dB when 

WT = 50 and 500, r e sp e c tiv e ly . I t  may be seen th at the b ias i s  larger  

when the s ig n a l le v e l  tracked i s  further removed from the s ta r tin g  le v e l .  

The same i s  time for  the case i l lu s tr a te d  in  Table 3-6 . UDTR( 57.9?) w i l l  

track a lower signed le v e l  them w i l l  UDTR(89.1?). S tarting  both runs at 

+U.77 dB w i l l ,  th erefo re , r e su lt  in  a larger b ias when tracking 57.9? 

correct d e tec tio n s . Since the tracking error d if fe r s  between con d ition s, 

in ten sity -d u ration  rec ip ro c ity  factors (Experiment l )  and slopes o f  

psychometric functions (Experiment 2) w i l l  be contaminated.

A s im i la r  argum ent was p re s e n te d  by Creelman and T ay lo r (1969) in  

r e fe re n c e  t o  IT t r a d e s  o b ta in e d  w ith  th e  BUDYEN (B locked Up-Down Yes-No) 

method. Campbell and C ounter (1969) employed BUDYEN (which i s  m ere ly
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BUDTIF w ith o u t th e  second i n t e r v a l )  to  c o l l e c t  th re s h o ld s  f o r  p u re  to n e s  

w hich v a r ie d  in  d u ra tio n  froia U t o  100 m sec. I n te n s i ty - d u r a t io n  

r e c i p r o c i t i e s  w ere dependent on freq u en cy  f o r  f re q u e n c ie s  low er th a n  

250 Hz. Creelman and T ay lo r argued  a g a in s t  th e  use  o f  BUDYEN on th e  

grounds t h a t  com pu ter-s im u la ted  th re s h o ld s  tra c k e d  w ith  BUDYEN a re  b ia se d  

low . F u rth erm o re , th e  m agnitude o f  th e  b ia s  i s  dependent on s te p  s iz e  ( in  

p e rc e n t c o r r e c t ) .  C reelnan  and T ay lo r th e n  argued  th a t  i f  th e  s lo p e  o f  

th e  psychom etric  fu n c tio n  f o r  p u re - to n e  in t e n s i t y  d is c r im in a t io n  i s  

dependent on sig n ed  d u ra tio n  (Creelm an, 1963) ,  th e  b ia s  in tro d u c e d  by 

BUDYEN w i l l  vary  w ith  s ig n a l  d u ra tio n  i f  th e  s te p  s iz e  i s  c o n s ta n t ( in  dB) 

a c ro s s  d u ra t io n s .  I n te n s i ty - d u r a t io n  r e c ip r o c i ty  f a c to r s  w i l l  th e r e f o r e  

be co n tam in a ted .

I f  d a ta  eire to  be compared a c ro s s  ex p e rim en ta l c o n d itio n s  which a re  

b e l ie v e d  t o  a f f e c t  p erfo rm ance , th e  m agnitude o f  th e  b ia s  in tro d u c e d  by 

th e  p sy ch o p h y sica l method must be f i r s t  a s s e s s e d , and th e n  com pensated 

f o r .  In  S e c tio n  A2 o f  t h i s  c h a p te r ,  th e  b ia s  in tro d u c e d  by UDTR was 

a s s e s se d  f o r  an id e a l  r e c e iv e r .  The m agnitude o f  th e  s t a t i s t i c a l  b ia s  

v a r ie d  a c ro ss  ex p e rim en ta l c o n d i t io n s .  I t  i s  th e re f o r e  p roposed  t h a t  

r e a l - l i s t e n e r  d a ta  o b ta in e d  w ith  UDTR be c o r re c te d  by add ing  th e  

s t a t i s t i c a l  b ia s  to  th e  o b ta in e d  Weber f r a c t i o n s .  In  t h i s  m anner, 

th re s h o ld s  o b ta in e d  w ith  descend ing  ru n s ,  which u n d e re s tim a te  p erfo rm ance , 

w i l l  be low ered . S im i la r ly ,  th re s h o ld s  o b ta in e d  w ith  ascen d in g  r u n s ,  

w hich o v e re s tim a te  p erfo rm ance , w i l l  be in c re a s e d .

A p p ro p ria te  c o r r e c t io n  f a c to r s  have been added t o  th e  Weber 

f r a c t io n s  from T ab les A -l th ro u g h  A -6, and a re  re p o r te d  in  T ab les  A-9 

th ro u g h  A -lU . The rem ainder o f  t h i s  c h a p te r  w i l l  c o n s id e r  th e s e  d a ta .  In  

a d d i t io n  t o  r e p o r t in g  perform ance f r e e  from s t a t i s t i c a l  b i a s , u n c o rre c te d
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descend ing  ru n s w i l l  be co n s id e re d  in  o rd e r  t o  make d i r e c t  com parisons to  

th e  l i t e r a t u r e .  I t  w i l l  be seen  t h a t  IT and IW r e c ip r o c i ty  f a c to r s  as  

w e ll as  th e  s lo p e  o f  th e  psychom etric  fu n c tio n  a l l  change in  m agnitude 

when th e  d a ta  a re  c o r re c te d  f o r  m e th o d o lo g ica l b i a s .

B. R e su lts  C o rre c te d  f o r  S t a t i s t i c a l  B ias

Even a f t e r  c o r r e c t io n  f o r  m e th o d o lo g ica l b i a s ,  d a ta  o b ta in e d  w ith  

ascend ing  and descend ing  ru n s  d i f f e r  s u b s t a n t i a l l y .

The b a s ic  r e s u l t s  found w ith  descend ing  rim s a re  as fo llo w s :

(1) I n te n s i ty - d u r a t io n  r e c ip r o c i ty  f a c to r s  a re  s m a lle r  th a n  p r e d ic te d  w ith  

g a te d  m askers , and la r g e r  th a n  p r e d ic te d  w ith  co n tin u o u s m askers.

(2) In te n s i ty -b a n d w id th  t r a d e s  a re  to o  sh a llo w  w ith  b o th  modes o f  m asker.

(3) The s lo p e  o f  th e  psychom etric  fu n c tio n  i s  as  p r e d ic te d  when th e  m asker 

i s  g a te d  s im u lta n e o u sly  w ith  th e  s ig n a l .  W ith co n tin u o u s m askers , th e  

psychom etric  fu n c tio n  i s  s te e p e r  th a n  p r e d ic te d ,  (k)  L o n g -d u ra tio n  

s ig n a ls  (T = 100 msec) a re  more e a s i l y  d e te c te d  i f  th e  m asker i s  p re s e n t  

co n tin u o u s ly  th ro u g h o u t an ex p e rim en ta l s e s s io n .  The re v e rs e  i s  t r u e  f o r  

s h o r t -d u ra t io n  s ig n a ls  (T = 10 m sec).

The p a t te r n  o f  r e s u l t s  i s  d i f f e r e n t  when s t a i r c a s e  runs b e g in  w ith  a  

s ig n a l  t h a t  i s  w e ll  below  d e t e c t a b i l i t y :  Weber f r a c t io n s  a re  c o n s is te n t ly

s m a lle r  th a n  th o se  o b ta in e d  w ith  descend ing  ru n s ;  IT and IW tr a d e s  a re  as 

p r e d ic te d ;  g a ted -co n tin u o u s  d if f e re n c e s  w ith  r e s p e c t  t o  th r e s h o ld s ,  IT 

t r a d e s ,  IW t r a d e s ,  and th e  s lo p e s  o f  th e  p sychom etric  fu n c tio n s  a l l  

d is a p p e a r .
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In  a d d i t io n ,  a f t e r  c o r r e c t in g  f o r  s t a t i s t i c a l  b i a s ,  s iz e a b le  

d i f f e r e n c e s  in  th e  Weber f r a c t io n s  rem ain , r e f l e c t i n g  a  p sy c h o lo g ic a l 

d i f f e r e n c e  in  perform ance on ascen d in g  and descend ing  ru n s .  T ab le 3-8  

p re s e n ts  th e  d if f e r e n c e  betw een c o r re c te d  ascen d in g  and descend ing  Weber 

f r a c t i o n s ;  a  n e g a tiv e  v a lu e  in d ic a te s  b e t t e r  p reform ance on ascen d in g  

ru n s .

R e su lts  appear d i f f e r e n t  f o r  narrow band and w ideband n o is e s .  For 

w ideband n o is e  (W = 5000 Hz and W = 60U0 H z), averaged  a c ro s s  ex p e rim en ts , 

th e  ascen d in g -d escen d in g  d if f e r e n c e  i s  -1 .5 1  dB w ith  con tinuous m askers, 

and -3 .6 0  dB w ith  g a te d  m askers. For narrow band n o is e ,  th e  e f f e c t  o f  

s t a r t i n g  le v e l  i s  s m a lle r :  +0.1*7 and -1 .3 8  dB f o r  co n tin u o u s and g a te d  

m ask ers , r e s p e c t iv e ly .

1 . R e a l- Id e a l  D if fe re n c e s  in  Perform ance

The e f f e c t  o f  s t a r t i n g  l e v e l  on average  d e t e c t a b i l i t y  may a ls o  be 

a s s e s s e d  by c o n s id e r in g  th e  d isc rep a n cy  betw een r e a l  and id e a l  b e h a v io r . 

R e a l - id e a l  d if f e re n c e s  in  perform ance a re  p re s e n te d  in  T ab le 3-9* Each 

d if f e r e n c e  sc o re  i s  computed by s u b tr a c t in g  th e  id e a l  Weber f r a c t io n  (from  

E qu a tio n  1 -2 ) from th e  o b ta in e d  Weber f r a c t i o n ;  a  p o s i t iv e  d if f e re n c e  

in d ic a te s  perform ance t h a t  i s  w orse th a n  th e  l i m i t  imposed by s tim u lu s  

s t a t i s t i c s .  D ata a re  p re s e n te d  f o r  ascen d in g  and descend ing  ru n s 

c o r re c te d  f o r  s t a t i s t i c a l  b ia s  as  w e ll  a s  f o r  u n c o rre c te d  descend ing  ru n s .

(a )  D escending Runs

U n co rrec te d , d escend ing  ru n s  em ploying UDTR(73.6/») y i e l d  Weber
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T ab le  3 -8

D iffe re n c e s  Between A scending and D escending Runs (a)

T
(msec)

A tte n u a tio n
Rate

(dB /octave)
Gated C ontinuous

W = 469 5000 6040(b) 469 5000 6040(b)

10 96 -1 .7 5 -2 .2 5

100 96 -0 .6 2  -3 .7 3 +0.15 -1 .3 8

100 48 -5 .3 3 -0 .9 1

100 24 -2 .1 4 +0.79

(a) A ll v a lu es  a re  ascen d in g  Weber f r a c t io n s  minus d escend ing  Weber
f r a c t io n s  ( in  dB ). A n e g a tiv e  d i f f e r e n c e  in d ic a te s  b e t t e r  
ascen d in g  perform ance.

(b) A scending-D escending d if f e r e n c e s  fo r  W=6040 Hz a re  fo r  73.6%
c o r r e c t  d e te c t io n s  o n ly .



T a b le  3 -9

Difference Between Obtained and Ideal Weber Fractions*

T
(msec)

A tte n u a tio n
Rate

(dB /oc tave)
P ercen t
C o rre c t

Gated C ontinuous
W = 469 5000 6040 469 5000 6040

D escendlns (u n c o rre c te d )

10 96 73.6 6 .10 6 .85
100 96 73.6 3 .64  8 .30 3 .12 5 .83
100 48 89.1 10.47 U.5U
100 48 73.6 9 .86 5 .04
100 48 57.9 9 .67 7 .6 7
100 24 73.6 3 .04 1.75

D escendlns (c o r re c te d )

10 96 73.6 5 .10 5 .85
100 96 73.6 2 .63  6 .44 0 .74 4 .1 7
100 48 89 .1 8 .42 3 .70
100 48 73.6 8 .11 3 .92
100 48 57.9 6 .31 3.83
100 24 73.6 2 .03 2.11

(C ontinued)



T able 3 -9 *  C ontinued

T
(msec)

A tte n u a tio n
Rate

(dB /oc tave)
P ercen t Gated Continuous
C o rre c t W = 469 5000 6040 469 5000 6040

Ascending (c o r re c te d )

10 96 73.6 3.35 3 .58
100 96 73 .6  2.01 2.91 2 .26 2.79

100 48 73.6 2.78 2 .90

100 48 63 .6 2.69 3 .01
100 24 73.6  -0 .1 1 1.52

*A11 v a lu es  a r e  O btained Weber f r a c t io n s  minus Id e a l  Weber f r a c t io n s  (In  dB).
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f r a c t io n s  t h a t  average 8 .08  and 5 .9 1 “dB w orse th a n  id e a l  f o r  g a te d  and 

co n tin u o u s  w ideband m askers , r e s p e c t iv e ly .  These d a ta  ag ree  w ith  th o s e  

found in  th e  l i t e r a t u r e  (s e e  T ab le 1 - 9 ) ,  where r e a l - i d e a l  d i f f e r e n c e s  a re  

p re s e n te d  f o r  perform ance le v e ls  o f  app rox im ate ly  755?.

For g a te d  c o n d i t io n s ,  r e a l - i d e a l  d if f e re n c e s  o b ta in e d  w ith  

UDTR(89 .1 /0  and UDTR( 57.95?) equal th o s e  o b ta in e d  w ith  UDTR(73.6j?). S in ce  

th e  d if f e re n c e  in  s e n s i t i v i t y  betw een th e  r e a l  and id e a l  o b se rv e r  i s  

c o n s ta n t a c ro ss  perform ance l e v e l s ,  th e  o b ta in e d  th r e e - p o in t  psychom etric  

fu n c tio n  i s  eq u a l in  s lo p e  t o  th e  id e a l  psychom etric  fu n c tio n  c a lc u la te d  

from  E quation  1 -2 . For con tin u o u s c o n d i t io n s ,  rea l-1deed , d if f e re n c e s  

o b ta in e d  w ith  UDTR(57.9)0  a re  g r e a te r  th a n ,  and th o se  o b ta in e d  w ith  

UDTR(89.15?) a re  l e s s  th a n  th o se  o b ta in e d  w ith  UDTR(7 3 .6 ? ) .  The o b ta in e d  

p sychom etric  fu n c tio n  i s ,  th e r e f o r e ,  s te e p e r  th a n  id e a l .  T h is r e s u l t  

r e p l i c a t e s  th e  f in d in g s  o f  a  g a ted -co n tin u o u s  d if f e r e n c e  in  th e  s lo p e  o f  

th e  p sychom etric  fu n c tio n  rev iew ed  in  C hapter I ,  S e c tio n  D-U, and w i l l  be 

d is c u s s e d  more f u l l y  in  a  l a t e r  s e c t io n .

F or narrow band n o is e ,  descend ing  runs y ie ld  u n c o rre c te d  Weber 

f r a c t io n s  t h a t  a re  c lo s e r  to  id e a l  th a n  a re  th o se  o b ta in e d  w ith  w ideband 

s t im u l i .  Perform ance i s  3 .3^-dB  w orse th a n  id e a l  w ith  g a te d  m ask ers , and 

2.1*U-dB w orse w ith  con tin u o u s m askers. These v a lu e s  compare fa v o ra b ly  

w ith  th o s e  r e p o r te d  in  th e  l i t e r a t u r e  (s e e  T ab le 1 - 9 ) .  A veraged a c ro ss  

s tu d ie s  (e x c lu d in g  th e  100-Hz c o n d itio n  employed by Schacknow and R aab), 

th e  r e a l - i d e a l  d if f e re n c e  in  perform ance i s  app rox im ate ly  U dB f o r  g a te d  

m asker c o n d it io n s .  F or con tin u o u s m asker c o n d itio n s  (W = 316 H z), 

Schacknow and Raab (1976) r e p o r t  Weber f r a c t io n s  w hich average  l.l*2~dB 

w orse th a n  id e a l .  (The e x c lu s io n  o f  Schacknow and R aab 's  100-Hz c o n d itio n  

i s  d is c u s se d  in  Appendix C .)

A f te r  c o r re c t io n  f o r  s t a t i s t i c a l  b i a s ,  Weber f r a c t io n s  o b ta in e d  w ith
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d escend ing  ru n s a re  red u ce d , and th e r e f o r e  c lo s e r  t o  id e a l .  For w ideband 

n o is e ,  average perform ance i s  6 .8 8  and U.29~dB worse th a n  id e a l  f o r  g a te d  

and co n tinuous m askers, r e s p e c t iv e ly .  For narrow band n o is e ,  perform ance 

i s  2 . 33-dB worse th a n  id e a l  w ith  g a te d  m askers , and l.l*3-dB worse th a n  

id e a l  w ith  con tinuous m askers.

(b ) A scending Runs

Even a f t e r  c o r r e c t io n ,  Weber f r a c t io n s  a re  sm a lle r  f o r  ascend ing  

th a n  descending  c o n d it io n s .  I t  fo llo w s th a t  r e a l - i d e a l  d if f e re n c e s  f o r  

ascend ing  c o n d itio n s  w i l l  be sm a lle r  th a n  th o se  r e p o r te d  above f o r  

descend ing  ru n s . For w ideband n o is e ,  g a te d  and co n tinuous m askers y ie ld  

average  r e a l - i d e a l  d if f e re n c e s  o f  2 .93  and 3 .07  dB, r e s p e c t iv e ly .  For 

narrow band n o is e ,  th e  d isc rep a n cy  i s  0 .95  dB w ith  g a te d  m ask ers , and 

1 .8 9  dB w ith  con tinuous m askers.

In  summary, descend ing  ru n s y i e ld  perform ance t h a t  i s  c o n s is te n t  

w ith  t h a t  found in  th e  l i t e r a t u r e .  With w ideband n o is e ,  perform ance i s  

app rox im ate ly  6-dB worse th a n  i f  s tim u lu s  f lu c tu a t io n s  a lo n e  governed 

d e te c t io n .  For narrow band n o is e ,  perform ance i s  on ly  2 .5 - dB w orse them 

id e a l .  Perform ance on ascen d in g  ru n s ,  on th e  o th e r  hand , i s  c o n s id e ra b ly  

b e t t e r .  Wideband m askers y i e ld  average  Weber f r a c t io n s  t h a t  a re  o n ly  3-dB 

w orse th a n  id e a l .  Narrowband m askers y ie ld  Weber f r a c t io n s  t h a t  a re  

app rox im ate ly  1 .5 “ dB w orse th a n  id e a l .
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2 . E f fe c ts  o f  th e  Mode o f  Masker

In  th e  I n t r o d u c t io n ,  ev idence  vas  m a rsh a lle d  which in d ic a te s  t h a t ,  

f o r  n o i s e - in te n s i t y  d is c r im in a t io n ,  a  g a te d  m asker i s  more e f f e c t iv e  th a n  a 

con tin u o u s one. T ah le 3-10 p re s e n ts  th e  d if f e r e n c e  in  perform ance between 

g a te d  and con tin u o u s p r e s e n ta t io n s  f o r  a l l  th r e e  ex p e rim en ts , averaged  

a c ro s s  b o th  o b se rv e rs  and l e v e l s .  A p o s i t i v e  d if f e r e n c e  in d ic a te s  b e t t e r  

perform ance w ith  a  con tin u o u s m asker. I t  shou ld  be n o ted  t h a t  th e r e  need 

n o t be  a  c o r r e c t io n  f o r  th e  s t a t i s t i c a l  b ia s  in  a s s e s s in g  a  

g a te d -c o n tin u o u s  d i f f e r e n c e  i f  runs under b o th  c o n d itio n s  a re  i n i t i a t e d  

from  th e  same s ig n a l  l e v e l .  The sim ple  energy  d e t e c to r ,  and th e r e f o r e ,  th e  

s im u la te d  id e a l  o b s e rv e r ,  makes no d i s t i n c t i o n  between modes o f  th e  m asker; 

th e  r e c e iv e r  p ro v id e s  i t s  own tem pora l g a t in g  to  co rresp o n d  to  th e  d u ra tio n  

o f  th e  s ig n a l  i n t e r v a l .  W ith th e  e x c e p tio n  o f  Experim ent 2 ,  

g a te d -c o n tin u o u s  d if f e r e n c e s  on descend ing  ru n s  a re  i d e n t i c a l  b e fo re  and 

a f t e r  c o r r e c t io n  f o r  th e  s t a t i s t i c a l  b i a s .  In  Experim ent 2 ,  g a te d  and 

co n tinuous runs w ere i n i t i a t e d  from  d i f f e r e n t  s ig n a l  l e v e l s ,  w hich r e s u l t s  

in  a  s l i g h t  d i f f e r e n c e  betw een th e  g a te d -c o n tin u o u s  d i f f e r e n c e s  re p o r te d  

b e fo re  and a f t e r  c o r r e c t io n .

(a )  Average D e te c ta b i l i ty

( l )  D escending Runs

D escending ru n s  con firm  th e  f in d in g s  re p o r te d  in  th e  l i t e r a t u r e  (se e  

T ab le  1 - 8 ) .  For lo n g -d u ra t io n  s ig n a l s ,  an in c rem en t i s  more e a s i l y  

d e te c te d  when masked by a  con tin u o u s background . A veraged a c ro s s  

c o n d i t io n s ,  t h i s  d i f f e r e n c e  i s  +3.U6 dB f o r  w ideband n o is e .  For



T ab le  3 -1 0

G ated-C ontinuaus D iffe re n c e s  in  Perform ance*

A tte n u a tio n
T Rate P ercen t G ated-C ontinuous D iffe re n c e

(msec) (dB o c tav e ) C o rrec t W = 469 5000 6040

D escending (u n c o rre c te d )

10 96 73.6 -0 .7 5
100 96 73.6 +0.51 +2.47
100 48 89 .1 +5.13
100 48 73 .6 +4.82
100 48 57 .9 +2.80
100 24 73.6 +1.29

D escending (c o r re c te d )

10 96 73.6 -0 .7 5
100 96 73.6 +0.51 +2.47
100 48 89.1 +4.72
100 48 73.6 +4.19
100 48 57 .9 +2.48
100 24 73.6 +1.29

A scending (c o r re c te d )
10 96 73.6 -0 .2 3

100 96 73.6 -0 .2 4 +0.12
100 48 73 .6 -0 .2 1
100 48 63 .6 -0 .2 1
100 24 73.6 -1 .6 3

*A11 v a lu es  a re  Weber f r a c t io n s  o b ta in ed  w ith  g a ted  m askers 
minus th o se  o b ta in ed  w ith  con tin u o u s m askers ( in  dB ). A 
p o s i t iv e  G ated-C ontinuous d if f e r e n c e  in d ic a te s  b e t t e r  
perform ance w ith  a co n tin u o u s m asker.
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narrow band n o is e ,  a  s m a lle r  g a te d -c o n tin u o u s  d i f f e r e n c e  o f  +0 .9 0  dfi 

o b ta in s .  The e f f e c t  o f  th e  mode o f  m asker r e v e rs e s  f o r  s h o r t  d u ra tio n  

s ig n a l s :  Weber f r a c t io n s  a re  0 . 75~dB s m a lle r  v i t h  g a te d  m ask ers . T h is 

r e v e r s a l  i s  c o n s is te n t  v i t h  th e  f in d in g s  o f  Wightman and Green (1 9 6 6 ), 

V ie m e is te r  ( 1 9 7 ^ ) ,  and B erner (u n p u b lish e d  d a t a ) .

A s im i la r  s i t u a t io n  i s  ev idenced  in  th e  s tu d y  o f  v i s u a l  increm en t 

d e te c t io n .  Cornsweet and P in sk e r  (1965) o b ta in e d  a  g a te d -c o n tin u o u s  

d i f f e r e n c e  in  perform ance f o r  lum inance increm en t d e te c t io n  when a  s p a t i a l  

2AFC ta s k  was employed v i t h  a  descend ing  v e rs io n  o f  UDTR(70.7/»). A 

lum inance increm en t was added to  one o f  two background f i e l d s  w hich were 

e i t h e r  on c o n tin u o u s ly , o r  p u lse d  s im u lta n e o u s ly  w ith  each o th e r  and th e  

s ig n a l .  W ith U .5-msec s ig n a l s ,  b e t t e r  perfo rm ance v a s  o b ta in e d  in  th e  

p u lse d  (o r  g a te d ) c o n d it io n . These r e s u l t s  v i t h  s h o r t - d u r a t io n  s ig n a ls  

w ere r e p l i c a t e d  by M atin and K o m h e ise r  (1 9 7 6 ), who, in  a d d i t io n ,  o b ta in e d  

th re s h o ld s  f o r  200-msec in c re m e n ts . W ith th e  lo n g e r  d u ra tio n  s ig n a l s ,  th e  

g a te d -c o n tin u o u s  d i f f e re n c e  re v e rs e d  in  d i r e c t io n :  c o n tin u o u s ly  masked

s ig n a ls  w ere e a s ie r  t o  d e t e c t .  T h is r e v e r s a l  i s  c o n s is te n t  w ith  t h a t  

found in  a u d i t io n ,  and r e p l i c a t e s  th e  f in d in g s  o f  L e sh o v itz , Taub, and 

Raab ( 1968) f o r  v i s io n .  In  th e  L esh o v itz  e t  a l .  s tu d y , c o n tin u o u s ly  

masked s ig n a l s  w ere e a s ie r  to  d e te c t  when th e  d u ra tio n  was eq u a l t o  o r  

g r e a te r  th a n  10 m sec. For d u ra tio n s  e q u a l to  o r  l e s s  th a n  3 m sec, 

perform ance v as  b e t t e r  when th e  m asker v a s  g a te d . In  b o th  s tu d ie s ,  b lo ck s  

o f  f i x e d - i n t e n s i t y  s ig n a ls  w ere em ployed, p receded  by s u p ra th re s h o ld  

p r a c t i c e  t r i a l s .  T h is method presum ably  p ro v id es  in fo rm a tio n  a t  

su p ra th re s h o ld  s ig n a l  l e v e ls  s im i la r  t o  t h a t  p ro v id ed  by a  descend ing  

s t a i r c a s e .
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(2 ) A scending Runs

D ata o b ta in e d  v i t h  a scen d in g  ru n s d i f f e r  m arkedly from  th o se  

re p o r te d  in  th e  l i t e r a t u r e ;  g a te d  and con tin u o u s m askers have e q u iv a le n t 

e f f e c t s  on d i s c r im in a b i l i t y .  I t  sh o u ld  be n o ted  th a t  th e  la c k  o f  a  

g a te d -c o n tin u o u s  d i f f e r e n c e  i s  th e  r e s u l t  o f  g r e a t ly  im proved perform ance 

v i t h  g a te d  m askers r a th e r  th a n  im p aired  perform ance v i t h  co n tinuous 

m askers. An e x c e p tio n  to  t h i s  f in d in g  i s  t h a t  co n tinuous m askers a re  more 

e f f e c t iv e  f o r  narrow band n o is e  v i t h  2U dB /octave s k i r t s .

(b ) S lope o f  th e  Psychom etric  F unc tio n

The r e s u l t s  o f  Experim ent 2 a re  p re s e n te d  in  F ig u re s  3 -1  th ro u g h  

3 -3 , v h e re  Weber f r a c t io n s  (10 lo g  A I / I )  a r e  p lo t t e d  f o r  each l e v e l  o f  

d e t e c t a b i l i t y  t r a c k e d .  The le f tm o s t  fu n c tio n  in  each f ig u r e  i s  th e  

perform ance o f  an id e a l  energy  d e t e c to r ,  c a lc u la te d  from E qu a tio n  1 -2 .

F or an id e a l  o b s e rv e r ,  a  change in  perform ance from  57 .9? to  89 .1% c o r r e c t  

d e te c t io n s  r e q u ir e s  a  7 .79-dB  in c re a s e  in  A I / I .  F or r e a l  l i s t e n e r s  ( in  

descend ing  c o n d i t io n s ) ,  p sychom etric  fu n c tio n s  v e re  f i t  by th e  method o f  

le a s t - s q u a r e s  s in c e  th e  energy  d e te c t io n  model p r e d ic ts  a  l i n e a r  fu n c tio n  

when A I / I  i s  p lo t t e d  as a  fu n c tio n  o f  M (o r  d ')  — se e  E qu a tio n  1 -2 .  The 

in c re a s e  in  A l / I  ( i n  dB) re q u ir e d  f o r  r e a l - l i s t e n e r  perform ance t o  change 

from  57.9/S to  8 9 .1 ?  c o r r e c t  d e te c t io n s  v a s  th e n  d e r iv e d  from  th e s e  

fu n c t io n s .  These v a lu e s  a r e  r e p o r te d  b e lo v .



Figure 3-1

P e rc e n t c o r r e c t  a s  a  fu n c tio n  o f  10 lo g  A l/I  

(descend ing  r u n s ,  u n c o rre c te d  f o r  b i a s ) .  The open 

t r i a n g le s  r e p re s e n t  co n tin u o u s  m asker c o n d i t io n s ,  

c lo se d  t r i a n g le s  -  g a te d  (u p r ig h t  f o r  o b se rv e r  CM, 

in v e r te d  f o r  o b se rv e r RB). The le f tm o s t  fu n c tio n  

r e p re s e n ts  th e  perform ance o f  an id e a l  energy  d e te c to r  

c a lc u la te d  from  E quation  1 -2 ,  v i t h  WT = 6oU.
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F ig u re  3 -2

P e rc e n t c o r r e c t  as  a  fu n c tio n  o f  10 lo g  A I / I  

(descen d in g  r u n s ,  c o r re c te d  f o r  b i a s ) .  The open 

t r i a n g le s  r e p re s e n t  co n tin u o u s m asker c o n d i t io n s ,  

c lo se d  t r i a n g le s  -  g a te d  (u p r ig h t  f o r  o b se rv e r  CM, 

in v e r te d  f o r  o b se rv e r  RB). The le f tm o s t  fu n c tio n  

r e p re s e n ts  th e  perform ance o f  an id e a l  energy  d e te c to r  

c a lc u la te d  from  E quation  1 -2 ,  v i t h  WT = 6oU.
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Figure 3-3

P e rc e n t c o r r e c t  as  a  fu n c tio n  o f  10 lo g  A l/ I  

(a scen d in g  r u n s ,  c o r re c te d  f o r  b i a s ) .  The open 

t r i a n g le s  r e p re s e n t  co n tin u o u s  m asker c o n d i t io n s ,  

c lo se d  t r i a n g le s  -  g a te d  (u p r ig h t  f o r  o b se rv e r  CM, 

in v e r te d  f o r  o b se rv e r  RB). The le f tm o s t  fu n c tio n  

re p re s e n ts  th e  perform ance o f  an id e a l  energy  d e te c to r  

c a lc u la te d  from E qu a tio n  1 -2 ,  v i t h  WT = 60U.
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( l )  D escending Runs

A g a te d -c o n tin u o u s  d i f f e r e n c e  a t  a l l  l e v e l s  o f  d e t e c t a b i l i t y  i s  

e v id e n t in  th e  descend ing  ru n s d e p ic te d  i n  F ig u re s  3-1 and 3 -2 . The 

m agnitude o f  t h i s  e f f e c t  ap p ea rs  to  be dependent on th e  l e v e l  o f  

d e t e c t a b i l i t y ;  th e  g a te d -c o n tin u o u s  d if f e r e n c e  grows v i t h  th e  p e rc e n t 

c o r r e c t  tra c k e d  (se e  T ab le  3 -1 0 ) . The psychom etric  f u n c t io n ,  th e r e f o r e ,  

i s  s te e p e r  f o r  co n tinuous c o n d itio n s  ( d e t e c t a b i l i t y  grows more r a p id ly  

v i t h  s ig n a l  in t e n s i t y  f o r  c o n tin u o u s ly  masked s ig n a l s ) .  U n co rrec ted  f o r  

s im u la tio n s ,  ou r o b se rv e rs  r e q u i r e  an average  in c re a s e  o f  6 .9 1  dB f o r  

g a te d  and U.78 dB f o r  co n tinuous c o n d itio n s  in  o rd e r  to  im prove 

perform ance from 57*9? to  89.1/1 c o r r e c t  d e te c t io n s .  C o rrec ted  f o r  

s im u la t io n s ,  t h i s  d if f e r e n c e  i n  s lo p e  i s  unchanged, a lth o u g h  b o th  

fu n c tio n s  become more sh a llo w .

These d a ta  r e p l i c a t e  th e  f in d in g s  o f  Green ( i9 6 0 ) and 

Campbell (1965) f o r  c o n tin u o u s ly  masked n o is e ,  DeBoer ( 1965) f o r  g a te d  

m ask ers , and Green and S e v a l l  (1962 ) who employed b o th  modes o f  th e  

m asker. Green and S e v a l l  a t t r i b u t e d  t h i s  g a ted -co n tin u o u s  d if f e r e n c e  in  

th e  s lo p e  o f  th e  psychom etric  fu n c tio n  to  th e  r e d u c t io n  o f  tem p o ra l 

u n c e r ta in ty  a f fo rd e d  by g a t in g  th e  s ig n a l  and m asker s im u lta n e o u s ly .

The concep t o f  u n c e r ta in ty  a f f e c t in g  th e  s lo p e  o f  th e  p sychom etric  

fu n c tio n  has i t s  o r ig in  in  a  p ap e r by P e te rs o n , B i r d s a l l  and Fox (195*0 • 

For th e  case  o f  to n e -m ask ed -b y -n o ise , th e y  showed t h a t  a  c r o s s - c o r r e la t io n  

r e c e iv e r  w i l l  e x h ib i t  a  v a r i e ty  o f  p sychom etric  f u n c t io n s ,  each o f  whose 

s lo p e  depends on th e  degree  o f  u n c e r ta in ty  abou t s ig n a l  p a ra m e te rs . Each 

fu n c tio n  i s  g e n e ra te d  by assum ing t h a t  th e  r e c e iv e r  knows t h a t  th e  s ig n a l  

w i l l  be  random ly s e le c te d  from  a  p o p u la tio n  o f  M o rth o g o n a l s ig n a l s .  For
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p u re  to n e s ,  th e  n a tu re  o f  t h i s  u n c e r ta in ty  may be th e  fre q u e n c y , p h a se , o r 

tim e o f  o ccu rren ce  o f  th e  s ig n a l .  As th e  u n c e r ta in ty  p a ra m e te r , M, 

in c r e a s e s ,  th e  p sychom etric  fu n c tio n  b o th  in c re a s e s  in  s lo p e  and i s  

d is p la c e d  to  th e  r i g h t  a lo n g  th e  a b s c is s a .  In  o th e r  w ords, perform ance 

d e c lin e s  w ith  in c re a s in g  u n c e r ta in ty  f o r  a l l  d e t e c t a b i l i t i e s ,  b u t more so 

a t  low er le v e l s  o f  d e t e c t a b i l i t y .

The u n c e r ta in ty  model has been  su p p o rted  by d a ta  o b ta in e d  f o r  human 

o b s e rv e rs .  The psychom etric  fu n c tio n  d isp la y e d  by a  human o b se rv e r  f o r  a  

pu re  to n e  s ig n a l  masked tv  con tinuous n o ise  i s  s im i la r  to  t h a t  p re d ic te d  

f o r  an id e a l  r e c e iv e r  w ith  some u n c e r ta in ty  (se e  f o r  exam ple, G reen,

McKey, and L ic k l id e r ,  1959). Assuming t h a t  th e  s te e p n e ss  o f  th e  human 

o b s e rv e r 's  p sychom etric  fu n c tio n  (even  when th e  s ig n a l  freq u en cy  i s  known) 

i s  due t o  u n c e r t a in ty ,  s e v e r a l  ex p e rim en ta l te c h n iq u e s  have been  employed 

in  an a ttem p t to  change i t s  s lo p e .

Frequency u n c e r ta in ty  m ight be reduced  i f  a  co n tinuous p u re  to n e  

were added to  th e  n o is e  m asker. The o b se rv e r  would th e n  have t o  d e te c t  an 

increm en t in  th e  pu re  to n e . The p sychom etric  fu n c tio n  i s  l e s s  s te e p  w ith  

t h i s  p ro c e d u re , and th e  s ig n a l  becomes more d e te c ta b le  (G reen , 1960a).

A lthough freq u en cy  in fo rm a tio n  i s  p ro v id ed  by a  co n tinuous s in u s o id  

in  th e  above exam ple, tem pora l u n c e r ta in ty  rem a in s . T h is u n c e r ta in ty  may 

be m inim ized by g a t in g  th e  to n a l  background s im u ltan e o u sly  w ith  th e  

s ig n a l .  This s o - c a l le d  p e d e s ta l  c o n d itio n  i s  e q u iv a le n t to  am p litude  

d is c r im in a t io n  f o r  two b u r s ts  o f  a  p u re  to n e ,  masked by a  con tin u o u s 

n o is e .  I t  i s  w e ll  documented (se e  Green and S w ets, 1966) t h a t  th e  

p resen ce  o f  a  p e d e s ta l  in f lu e n c e s  perform ance s u f f i c i e n t l y  so  t h a t  th e  

r e s u l t i n g  p sychom etric  fu n c tio n  i s  p a r a l l e l  t o  t h a t  p r e d ic te d  f o r  th e  ca se  

o f  th e  s ig n a l—known—e x a c t ly .

F or n o is e - in te n s i t y  d is c r im in a t io n ,  th e  id e a l  d e te c to r  i s  one t h a t
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m easures th e  energy in  each o b se rv a tio n  in t e r v a l  and r e p o r ts  th e  l a r g e r  o f  

th e  tw o. U n c e rta in ty  abou t s ig n a l  param eters  can in c lu d e  th e  freq u en cy  

r e g io n ,  s t a r t i n g  t im e , and d u ra tio n  o f  th e  s ig n a l .  I t  has been shown f o r  

homogeneous n o is e - in te n s i t y  d is c r im in a t io n ,  t h a t  th e  psychom etric  fu n c tio n  

f o r  co n tin u o u s ly  masked s ig n a ls  i s  s te e p e r  th a n  p r e d ic te d .  When th e  

m asker i s  g a te d ,  how ever, th e  r e s u l t i n g  psychom etric  fu n c tio n  i s  p a r a l l e l  

to  t h a t  p re d ic te d  f o r  th e  id e a l  r e c e iv e r .  S in ce  th e r e  i s  no frequency  

u n c e r ta in ty  w ith  a  c o n tin u o u s , homogeneous background, Green and 

S ew all (1962) have a t t r i b u t e d  th e  s te e p n e ss  o f  th e  p sychom etric  fu n c tio n  

t o  tem pora l u n c e r ta in ty .  The o bserved  d e c re a se  in  s lo p e  in  th e  g a te d  

m asker c o n d itio n  has th e r e f o r e  been  a t t r i b u t e d  to  tem p o ra l u n c e r ta in ty  

r e d u c t io n ,  a lth o u g h  i t  i s  n o t p e r f e c t ly  c l e a r  how Green and S ew all make 

th e  t r a n s i t i o n  from th e  u n c e r ta in ty  a r i s i n g  from  a  cho ice  o f  M o rth o g o n a l 

to n a l  s ig n a ls  t o  tem pora l u n c e r ta in ty  in  n o is e - in te n s i t y  d is c r im in a t io n .

U n c e r ta in ty  re d u c t io n  sh o u ld  a l s o  r e s u l t  in  im proved 

d i s c r im in a b i l i ty  *— th e  g a te d  psychom etric  fu n c tio n  sh o u ld  be d is p la c e d  to  

th e  l e f t  o f  th e  co n tinuous fu n c t io n .  Such i s  n o t th e  case  f o r  th e  

fu n c tio n s  r e p o r te d  by Green and S ew a ll. Perform ance in  th e  co n tin u o u s 

m asker c o n d itio n  i s  b e t t e r  a t  a l l  d e t e c t a b i l i t i e s .  U n c e r ta in ty  r e d u c t io n  

a lo n e  i s  th e r e f o r e  an in a d eq u a te  e x p la n a tio n  f o r  th e  d if f e r e n c e  in  th e  

s lo p e  o f  th e  p sychom etric  f u n c t io n s ,  a lth o u g h  i t  n ig h t  be argued  t h a t  f o r  

t h e i r  d a ta ,  th e  r e l a t i v e  p lacem ent o f  th e  fu n c tio n s  canno t be  a s se s se d  

s in c e  d i f f e r e n t  s u b je c ts  w ere employed in  g a te d  and con tin u o u s m asker 

c o n d i t io n s .  The d a ta  re p o r te d  in  t h i s  d i s s e r t a t i o n  a re  f o r  a  

v i t h in - s u b je c t s  d e s ig n  and co n seq u en tly  a llo w  t h i s  com parison .

E xam ination o f  F ig u re  3-1  shows th a t  th e  psychom etric  fu n c tio n  f o r  

th e  g a te d  mode i s  more sh a llo w  th a n  th e  con tinuous f u n c t io n ,  and i s  e q u a l 

in  s lo p e  t o  t h a t  p re d ic te d  f o r  G reen 's  id e a l  r e c e iv e r .  I t  i s ,  how ever.
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displaced to  the r igh t o f  the continuous fu n ction . That i s ,  performance 

i s  worse at a l l  le v e ls  o f  d e te c ta b ility  in  a condition th at i s  assumed to  

reduce uncertainty and improve performance. The uncertainty argument 

alone, th erefore , cannot account for  the gated-continuous d ifferen ces  

reported in  th is  d is se r ta t io n .

(2 ) A scending Runs

Psychometric functions for  ascending conditions must be in ferred  

from Weber fraction s obtained over a narrower range o f  d e te c ta b ility  than 

th at used with descending runs. P ilo t  data as w e ll as computer sim ulation  

ind icated  that tracking a le v e l  o f  d e te c ta b ility  as low as 57*9% with  

ascending runs would be im practica l.

In a l l  ascending conditions employed in  th is  d is se r ta t io n , the  

s ta r tin g  le v e l  was chosen to  be approximately 6-dB below the performance 

le v e l  predicted for  Green's id e a l rece iv er . In th is  manner, the s ig n a l to  

be detected would remain "inaudible" for  a number o f  t r ia l s  w hile the  

observer's behavior i s  shaped by feedback. That i s ,  a d etection  strategy  

would be adopted to  maximize the occurrence o f a green (correct) feedback 

l ig h t .  The same approach was used in  c o lle c t in g  p i lo t  data where the 

s ig n a l le v e l  which y ie ld s  57*9% correct d etection s was tracked w ith  

ascending runs. For WT = 60U, Green's id e a l receiver  would achieve th is  

le v e l  o f  performance when 10 lo g  A I / I  = -19*? dB. Ascending runs were 

th erefore started  a t -25*5  dB, where the p robab ility  o f  a correct response 

for  the id e a l receiver  equals 52%*

Averaged across su b jec ts , the Weber fra ctio n  tracked with  

UDTR(57.92) equalled -2U.91 dB. This suggested th at in  a run o f  80 

t r i a l s ,  the ascending version  o f  UDTR(57.92) was not moving from the
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s t a r t i n g  l e v e l .  I t  i s  co n ce iv ab le  t h a t  sh ap in g  a  re sp o n se  s t r a t e g y  i s  

ex trem ely  d i f f i c u l t  vhen th e  p r o b a b i l i ty  o f  a  c o r r e c t  re sp o n se  i s  

ap p ro x im ate ly  eq u a l to  th e  p r o b a b i l i ty  .o f an in c o r r e c t  re sp o n se  ( r e c a l l  

t h a t  th e  ru n  was s t a r t e d  a t  a  l e v e l  where P(C) = $2%), T his s i t u a t i o n  may 

le a d  to  a  c o n s id e ra b le  amount o f  g u e ss in g  b e h a v io r . I f  t h i s  i s  th e  c a s e ,  

80 t r i a l s  may be i n s u f f i c i e n t  f o r  UDTR(57.9/5) to  move a p p re c ia b ly  from  th e  

s t a r t i n g  l e v e l  i f  re sp o n d in g  i s  governed by chance.

Computer s im u la tio n  o f  chance respond ing  confirm ed th e s e  f in d in g s .  

When UDTR(57 .9 /0  was s t a r t e d  a t  -2 5 .5  dB, a  s ig n a l  l e v e l  o f  -25*05 dB was 

tra c k e d  in  80 t r i a l s *

I t  i s  l i k e l y ,  th e r e f o r e ,  t h a t  when an ascen d in g  v e r s io n  o f  

UBTR(57 .9 /0  i s  employed w ith  r e a l  l i s t e n e r s ,  i n i t i a l  re sp o n d in g  i s  so  

c lo se  t o  chance t h a t  th e  feedback  re c e iv e d  i s  i n s u f f i c i e n t  t o  shape th e  

o b s e rv e r 's  b e h a v io r  in  a  ru n  o f  80 t r i a l s .  Responding appears  to  rem ain 

a t  th e  chance l e v e l .

T rack in g  h ig h  le v e l s  o f  d e t e c t a b i l i t y  w ith  ascen d in g  ru n s  poses a  

c o n ce p tu a l problem . B eginning a  ru n  6-dB below th e  a n t ic ip a te d  t a r g e t  

l e v e l  can e a s i l y  r e s u l t  in  w hat i s  e f f e c t iv e ly  a  descend ing  ru n .  When 

WT = 6oU, th e  s ig n a l  l e v e l  which y ie ld s  89*1/5 c o r r e c t  d e te c t io n s  ( f o r  th e  

id e a l  r e c e iv e r )  i s  ap p ro x im ate ly  -1 1  dB. A s t a r t i n g  l e v e l  o f  

app rox im ate ly  -17  dB would b e  chosen f o r  an ascen d in g  ru n ,  where th e  

p r o b a b i l i ty  o f  a  c o r r e c t  re sp o n se  e q u a ls  65)5. S in ce  th e  d e c is io n  r u le  f o r  

UDTR(89.l£) c a l l s  f o r  an in c re a s e  in  s ig n ed  l e v e l  i f  one e r r o r  i s  made 

b e fo re  6 c o r r e c t  re s p o n s e s , o n ly  a  few e r r o r s  d u rin g  th e  i n i t i a l  sh ap in g  

w i l l  p ro v id e  th e  o b se rv e r w ith  a  s ig n ed  t h a t  i s  e a s i l y  d e te c ta b le  

(UDTR(89.1)5), by d e f i n i t i o n ,  t r a c k s  eui e a s i ly  d e te c ta b le  s ig n a l ) .  A t t h i s  

p o in t ,  th e  o b se rv e r  i s  exposed to  w hatever cue and r e s u l t i n g  e d te m a te  

d e te c t io n  s t r a t e g y  t h a t  he i s  th o u g h t t o  use  in  a  descend ing  ru n .
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In  g e n e ra l ,  UDTR d e c is io n  r u le s  f o r  t r a c k in g  d e t e c t a b i l i t i e s  g r e a te r  

th a n  75* c a l l  f o r  an in c re a s e  in  s ig n a l  l e v e l  a f t e r  a  s in g le  in c o r r e c t  

r e s p o n s e . O th e rw ise , le n g th y  sequences o f  re sp o n d in g  a re  n e c e ssa ry  to  

e f f e c t  a  l e v e l  change, w hich would le a d  to  few r e v e r s a l s  in  a  ru n  o f  80 

t r i a l s .  In  any c a s e ,  s in c e  a  h igh  t a r g e t  l e v e l  im p lie s  an e a s i l y  

d e te c ta b le  s ig n a l ,  i t  i s  d i f f i c u l t  to  d e term in e  w hether perform ance i s  th e  

r e s u l t  o f  th e  d e te c t io n  s t r a t e g y  employed in  an ascen d in g  o r  a  descend ing  

ru n .

P sychom etric  fu n c tio n s  o b ta in e d  w ith  th e  p a r t i c u l a r  ascen d in g  

s t r a t e g y  used  in  th e  o th e r  experim en ts  in  t h i s  d i s s e r t a t i o n  w ere th e r e f o r e  

c o n s tru c te d  from two p o in ts  o n ly  — 63 .6*  and 73 .6*  c o r r e c t  d e te c t io n s .

I t  i s  e v id e n t from F ig u re  3 -3 , t h a t  f o r  ascen d in g  ru n s ,  perform ance 

i s  e q u iv a le n t f o r  g a te d  and co n tinuous c o n d itio n s  a t  b o th  l e v e ls  o f  

d e t e c t a b i l i t y  t r a c k e d .  In  t h i s  re g io n  th e  p sychom etric  fu n c tio n s  may be 

presum ed to  be i d e n t i c a l .  In  a d d i t io n ,  th e  s lo p e s  o f  th e  o b ta in e d  

p sychom etric  fu n c tio n s  p a r a l l e l  t h a t  o f  th e  id e a l  o b se rv e r : th e

r e a l - i d e a l  d i f f e re n c e  in  perform ance i s  th e  same a t  b o th  le v e l s  o f  

d e t e c t a b i l i t y  (s e e  T ab le  3 -9 ) •

(c )  Summary

D ata c o l le c te d  w ith  descend ing  s t a i r c a s e  ru n s  r e p l i c a t e  th e  

g a te d -c o n tin u o u s  d if f e r e n c e s  found in  th e  l i t e r a t u r e .  N oise inc rem en ts  

a re  more e a s i ly  d e te c te d  i f  th e  m asker i s  p re s e n te d  c o n tin u o u s ly , th a n  i f  

i t  i s  g a te d  s im u ltan e o u sly  w ith  th e  s ig n a l .  In  a d d i t io n ,  th e  s lo p e  o f  th e  

p sychom etric  fu n c tio n  i s  s te e p e r  f o r  c o n tin u o u s ly  masked s ig n a l s .  I t  has 

been  shown t h a t  th e s e  r e s u l t s  a re  n o t ad e q u a te ly  e x p la in e d  by an 

u n c e r ta in ty  m odel. These r e s u l t s ,  ta k e n  to g e th e r  w ith  th e
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g a te d -c o n tin u o u s  d if f e r e n c e s  in  IT and IW tr a d e s  to  be p re s e n te d  in  th e  

fo llo w in g  s e c t io n ,  su g g es t t h a t  p erhaps d i f f e r e n t  d is c r im in a t iv e  p ro c e sse s  

u n d e r l ie  th e  d e te c t io n  o f  n o is e  s ig n a ls  in  th e  p re se n c e  o f  g a te d  and 

co n tin u o u s  m askers.

When th re s h o ld  i s  t r a c k e d  w ith  ascen d in g  ru n s ,  perform ance i s  

in dependen t o f  th e  node o f  m asker — Weber f r a c t io n s  a re  th e  same f o r  

g a te d  and co n tinuous m asker parad igm s. C o n sequen tly , th e  s lo p e  o f  th e  

p sychom etric  fu n c tio n  and th e  m agnitude o f  IT and IW tr a d e s  a re  a ls o  

indep en d en t o f  th e  mode o f  m asker. F u rth erm o re , a b s o lu te  d e t e c t a b i l i t i e s  

more c lo s e ly  approx im ate th o se  o f  an id e a l  energy  d e t e c to r .  T h is r e s u l t  

i s  c o n s is te n t  w ith  th e  id e a  t h a t  f o r  ascen d in g  r u n s ,  a  s in g le  

d is c r im in a t iv e  p ro cess  i s  employed which resem bles G reen 's  id e a l  energy  

d e te c to r .

3 . In te n s i ty -D u ra t io n  R e c ip ro c ity

Experim ent 1 examined th e  e f f e c t s  o f  s ig n a l  d u ra tio n  on 

n o i s e - in te n s i t y  d is c r im in a t io n .  The perform ance o f  an id e a l  energy  

d e t e c to r ,  g iv en  by E quation  1 -2 , i s  such  t h a t ,  f o r  a  5000-Hz band o f  

n o is e ,  an in c re a s e  in  s ig n a l  d u ra tio n  from  10 to  100 msec w i l l  y i e ld  a  

5.37-dB  improvement in  th e  Weber f r a c t i o n .  T ab le  3 -11  p re s e n ts  

r e c ip r o c i ty  f a c to r s  (d e f in e d  as th e  change in  th e  Weber f r a c t io n  r e s u l t in g  

from  a  lo g - u n i t  in c re a s e  in  d u ra tio n )  f o r  th e  r e s u l t s  o b ta in e d  in  

Experim ent 1 . D ata a re  averaged  a c ro ss  m asker l e v e l s  and o b s e rv e rs .

In  a l l  in s ta n c e s ,  d i s c r im in a b i l i ty  i s  im proved by in c re a s in g  th e  

s ig n a l  d u ra t io n  by one lo g - u n i t .



T able 3 -1 1

In te n s i ty -D u ra tio n  R e c ip ro c i t ie s  
O btained In  Experim ent 1

D escending A scending

U ncorrected

Gated -3 .1 7 -5 .0 7

C ontinuous -6 .3 9 -5 .4 2

C orrec ted

Gated -3 .8 3 -5 .8 1

C ontinuous -7 .0 5 -6 .1 6

Id e a l*

-5 .3 7 -5 .3 7

* Id e a l r e c ip r o c i ty  f a c to r  computed from 
E quation  1 -2 .
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(a )  D escending Runs

D escending runs v i l l  be c o n s id e re d  f i r s t .  For th e  g a te d  m asker 

c o n d i t io n ,  a  decade in c re a s e  in  d u ra tio n  r e s u l t s  in  a  3.17-dB  improvement 

in  th e  u n c o rre c te d  Weber f r a c t i o n .  With co n tinuous m ask ers , a  6.39-dB  

improvement o b ta in s .  C o rrec ted  f o r  b i a s ,  r e c ip r o c i ty  f a c to r s  become -3 .8 3  

and -7 .0 5  dB f o r  g a te d  and co n tinuous m ask ers , r e s p e c t iv e ly .  These 

r e s u l t s  s t ro n g ly  confirm  th e  f in d in g s  o f  o th e r  in v e s t ig a to r s  in  v h ic h  

av erage  IT r e c i p r o c i t i e s  a re  re p o r te d  t o  be - 3 .3  dB w ith  g a te d  m ask ers , 

and - 6 .3  dB w ith  con tin u o u s m askers (se e  T ab le  1 - 5 ) .

T his g a ted -co n tin u o u s  d i f f e r e n c e  in  th e  cou rse  o f  tem p o ra l 

in t e g r a t io n  i s  a l s o  found in  v i s io n .  L eshow itz , Taub, and Raab ( 1968) ,  as 

w e ll  as M atin and K orn h e ise r (1 9 7 6 ), r e p o r t  p e r f e c t  tem p o ra l summation f o r  

th e  ca se  o f  c o n tin u o u s ly  masked lum inance in c re m e n ts . When th e  background 

was p u ls e d ,  how ever, perform ance was a f f e c te d  l i t t l e  by in c re a s in g  

d u ra t io n .

(b ) A scending Runs

A consequence o f  th e  la c k  o f  g a te d -c o n tin u o u s  d if f e r e n c e s  f o r  a l l  

ascend ing  c o n d itio n s  i s  t h a t  IT r e c ip r o c i ty  f a c to r s  w i l l  n o t d i f f e r  as  a  

fu n c tio n  o f  th e  mode o f  m asker. A lo g - u n i t  in c re a s e  in  s ig n a l  d u ra t io n  

y ie ld s  an  improvement o f  5*81 and 6 .1 6  dB f o r  g a te d  and con tinuous 

c o n d i t io n s ,  r e s p e c t iv e ly .  Both v a lu e s  d i f f e r  l i t t l e  from each o th e r  and 

from  th e  IT r e c ip r o c i ty  o f  -5 .3 7  dB p re d ic te d  by G reen 's  m odel.

Once a g a in , o b se rv e rs  perfo rm  in  a  more o p tim a l fa sh io n  when 

s t a i r c a s e  ru n s  a re  i n i t i a t e d  w ith  a  s ig n a l  t h a t  i s  w e l l  below
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d e t e c t a b i l i t y .  As s ig n a l  d u ra t io n  in c r e a s e s ,  th e  o b se rv e r  appears  t o  ta k e  

f u l l  advan tage o f  th e  r e s u l t in g  d e c re a se  in  r e l a t i v e  v a r i a b i l i t y ,  as  would 

an id e a l  r e c e iv e r .  When descend ing  s t a i r c a s e  ru n s a re  em ployed, how ever, 

th e  human o b se rv e r  perform s d i f f e r e n t ly  in  g a ted  and co n tinuous m asker 

c o n d i t io n s .  When th e  m asker i s  g a te d ,  th e  improvement in  perform ance 

accompanying an in c re a s e  in  s ig n a l  d u ra tio n  i s  l e s s  th a n  t h a t  p re d ic te d  

from  th e  c o n s id e ra tio n  o f  s tim u lu s  s t a t i s t i c s .  For co n tinuous m asker 

c o n d i t io n s ,  th e  improvement i s  g r e a te r  th a n  p r e d ic te d .

U. The E f fe c ts  o f  Bandwidth on I n te n s i ty  D isc r im in a tio n

(a )  In te n s ity -B a n d w id th  R e c ip ro c ity

The improvement in  perform ance r e s u l t in g  from an in c re a s e  in  

bandw idth  from U69 Hz (E xperim ent 3) to  5000 Hz (Experim ent l )  may be seen  

in  th e  in te n s ity -b a n d w id th  t r a d e s  p re s e n te d  in  T ab le  3 -12 . D ata a re  

averaged  a c ro ss  o b se rv e rs  and m asker l e v e l s .  Only d a ta  o b ta in e d  w ith  

96 dB /octave spectrum  s k i r t s  a re  in c lu d e d  in  t h i s  a n a ly s is  in  an  a ttem p t 

t o  make more d i r e c t  com parisons t o  t h e o r e t i c a l  IW tr a d e s  w hich assume 

re c ta n g u la r  bands o f  n o is e .  For an id e a l  energy d e t e c to r ,  t h i s  in c re a s e  

in  bandw idth  w i l l  r e s u l t  in  a  5.53-dB improvement in  th e  Weber f r a c t i o n .
i

( l )  D escending Runs

D ata o b ta in e d  w ith  d escend ing  ru n s r e p l i c a t e  th e  f in d in g s  summarized 

in  T ab le  1-6  f o r  homogeneous bands o f  n o is e .  S tim ulus bandw idth  has a  

much sm a lle r  e f f e c t  on d is c r im in a t io n  th a n  i s  p re d ic te d  by G reen 's  m odel.



Table 3-12 

In ten s ity -B an d w id th  R e c ip ro c ity

Gated
Continuous

Gated
Continuous

D escending A scending

U ncorrected

- 0.86

-2 .8 2

C o rrec ted

-1 .5 1

-3 .4 7

Id e a l*

-5 .5 3

-3 .8 5

-4 .2 2

-4 .6 3

-4 .9 9

-5 .5 3

* Id e a l IW tra d e  computed from E quation  1 -2 .



12U

U n co rrec ted  f o r  b i a s ,  improvements o f  0 .8 6  and 2 .82  dB o b ta in  f o r  g a te d
f

and con tinuous c o n d i t io n s ,  r e s p e c t iv e ly .  When c o r r e c te d ,  IW tr a d e s  a re  

1 .5 1  and 3.1*7 dB. The bandw idth e f f e c t ,  t h e r e f o r e ,  i s  l a r g e r  f o r  

co n tinuous th a n  f o r  g a te d  m asker c o n d i t io n s .

(2 ) A scending Puns

O bservers appea r t o  make more o p tim a l use  o f  bandw idth  in fo n n a tio n  

on ascend ing  ru n s . An in c re a s e  in  s ig n a l  bandw idth  from  U69 t o  5000 Hz 

r e s u l t s  in  an improvement in  th e  c o r re c te d  Weber f r a c t io n  o f  U.63 and 

U.99 dB f o r  g a te d  and con tin u o u s c o n d i t io n s ,  r e s p e c t iv e ly .  These t r a d e s  

a r e  c lo s e r  to  th e  p r e d ic t io n s  o f  G reen 's  model th a n  any h e re to fo re  

re p o r te d  f o r  homogeneous bands o f  n o is e .

(b ) A tte n u a tio n  P a te  o f  th e  F i l t e r

G reen 's  model f o r  n o i s e - in te n s i t y  d is c r im in a t io n  c o n s id e rs  th e  case  

o f  " id e a l iz e d "  r e c ta n g u la r  bands o f  n o is e .  The m ost e f f i c i e n t  means o f  

p ro c e s s in g  such s ig n a ls  i s  f o r  th e  o b se rv e r  to  employ a  r e c ta n g u la r  in p u t 

f i l t e r  m atched to  th e  bandw idth  o f  th e  s ig n a l .  Schacknow and Paab (1976) 

have n o ted  th a t  f o r  a  n o is e - s ig n a l  whose spectrum  has l e s s  th a n  i n f i n i t e l y  

s te e p  s k i r t s  th e  bandw idth  o f  t h i s  i n t e r n a l  f i l t e r  i s  c r i t i c a l :  I f  th e

r e c e i v e r 's  in p u t f i l t e r  ex tends beyond th e  h a lf-p o w er bandw idth  o f  th e  

s ig n a l ,  th e  r e l a t i v e  v a r i a b i l i t y  ( sigm a-to-m ean r a t i o )  o f  th e  n o is e  i s  

somewhat red u ced . A l i m i t  on t h i s  improvement i s  im posed by th e  r e s id u a l  

n o is e  o f  th e  f i l t e r  as  w e ll  a s  t h a t  o f  o th e r  system  com ponents. T h is 

system  n o ise  w i l l  mask th e  f i l t e r ' s  o u tp u t a t  f re q u e n c ie s  removed from  th e  

c u t - o f f  f r e q u e n c ie s ,  where s ig n a l  energy  i s  m in im al. The " e q u iv a le n t
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s t a t i s t i c a l  bandw idth" o f  a  n o n -re c ta n g u la r  band o f  n o is e  nay now be 

d e f in e d  as  th e  w id th  o f  th e  r e c ta n g u la r  band o f  n o ise  h av ing  an e q u iv a le n t 

s ig m a -to -n ean  r a t i o ,  p ro v id ed  t h a t  a l l  s p e c t r a l  components o f  th e  s tim u lu s  

have g r e a te r  power th a n  system  n o is e .  S in ce  th e  n o ise  sam ples u sed  in  th e  

experim en ts re p o r te d  h e re  had f i n i t e  a t te n u a t io n  r a t e s ,  th e  e q u iv a le n t 

s t a t i s t i c a l  bandw idths w ere alw ays g r e a te r  th a n  t h e i r  co rresp o n d in g  

h a lf-p o w er b andw id th s. Such in c re a s e s  in  " s t a t i s t i c a l "  bandw idth  and th e  

r e s u l t a n t  d ec re a se s  in  r e l a t i v e  v a r i a b i l i t y  le a d  to  th e  p r e d ic t io n  o f  

low er th re s h o ld s  th a n  i f  h a lf-p o w er bandw idths a re  c o n s id e re d  (se e  

Schacknow and R aab 's  T ab le  IV , p . 9 0 0 ).

An even more e f f i c i e n t  s t r a t e g y  f o r  p ro c e s s in g  such  " t in t e d "  n o is e s  

i s  f o r  th e  o b se rv e r  t o  employ a  t r a n s f e r  fu n c tio n  which i s  th e  in v e rs e  o f  

th e  s tim u lu s  spectrum  ( c f .  Schacknow and Raab, 1976, p .  9 0 0 ). T h is  

e f f e c t iv e l y  p ro v id es  th e  l i s t e n e r  w ith  w h ite  G aussian  n o is e ,  whose 

r e l a t i v e  v a r i a b i l i t y  i s  l e s s  th a n  t h a t  o f  G aussian  n o is e  hav ing  any o th e r  

spectrum . T h is tr a n s fo rm a tio n  has been c a l le d  "p rew h iten in g "  (Blackman 

and Tukey, 1958 ). The accompanying d ec re a se  in  r e l a t i v e  v a r i a b i l i t y  

sh o u ld  se rv e  to  in c re a s e  th e  d e t e c t a b i l i t y  o f  a  n o is e  in c re m en t.

I f  a  l i s t e n e r  i s  a b le  to  u t i l i z e  e i t h e r  o f  th e  above s t r a t e g i e s ,  th e  

p a r t i c u l a r  shape o f  th e  f i l t e r e d  waveform shou ld  have an e f f e c t  on 

p erfo rm ance . S p e c i f i c a l ly ,  th e  a t te n u a t io n  r a t e  o f  th e  f i l t e r  f o r  

n o n -re c ta n g u la r  bands o f  n o is e  sh o u ld  in f lu e n c e  th e  e f f e c t iv e  p assb an d , 

such t h a t  w id er e f f e c t iv e  passbands w i l l  be r e a l i z e d  f o r  f i l t e r e d  

waveforms w ith  sha llow  s k i r t s .  I t  fo llo w s t h a t  i f  th e  o b se rv e r  p rew h ite n s  

th e  in p u t ,  o r  sim ply f i l t e r s  w id e r th a n  th e  h a lf-p o w er bandw id th , 

perform ance shou ld  im prove as  spectrum  s k i r t s  a re  made more sh a llo w .

T ab le  3-13 p re s e n ts  th e  e f f e c t s  o f  v a ry in g  th e  a t te n u a t io n  r a t e  o f  

th e  f i l t e r  on in t e n s i t y  d is c r im in a t io n .  A n e g a tiv e  d if f e re n c e  In d ic a te s



T able 3 -1 3

E ffe c ts  o f A tte n u a tio n  
R ate on D isc rim in a tio n *

Descending Ascending

Gated -0 .5 8 -1 .8 9
-0 .6 2 -2 .3 5

Continuous -0 .7 0 -1 .8 0
-2 .0 5 +0.33

♦V alues a re  d if f e re n c e s  between c o r re c te d  
Weber f r a c t io n s  o b ta in ed  w ith  24 and 96 
dB /octave a t te n u a t io n  r a t e s  ( in  dB ).

The upper v a lu es  r e f e r  to  o b se rv e r  CM, th e  
low er to  o b se rv e r RB.
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b e t t e r  perform ance f o r  n o is e  f i l t e r e d  v i t h  2U dB /oc tave s k i r t s .  S ince 

th e r e  i s  no e x i s t in g  l i t e r a t u r e  r e le v a n t  to  th e  com parisons made in  t h i s  

s e c t io n ,  u n c o rre c te d  r e s u l t s  v i l l  n o t be c o n s id e re d . On th e  w ho le , 

perform ance i s  somewhat b e t t e r  f o r  th e  2h dB /octave c o n d i t io n s .  For g a te d  

m asker c o n d i t io n s ,  th e  advan tage o f  d e c re a s in g  th e  s lo p e  o f  th e  s k i r t s  i s  

app ro x im ate ly  2 dB fo r  ascen d in g  ru n s ,  w hereas th e  advan tage a f fo rd e d  on 

descend ing  ru n s i s  o n ly  0 .6 0  dB. For c o n tin u o u s ly  masked s ig n a l s ,  r e s u l t s  

f o r  o b se rv e rs  CM and RB d i f f e r .  O bserver CM's d a ta  w ith  co n tinuous 

m askers f o r  b o th  ascen d in g  and descend ing  runs a re  e q u iv a le n t to  th o se  

r e p o r te d  f o r  g a te d  m askers . For RB, perform ance on descend ing  ru n s  i s  

im proved by 2 dB as  a  r e s u l t  o f  d e c re a s in g  th e  s lo p e  o f  th e  spectrum  

s k i r t s ,  w hereas on ascend ing  ru n s  no d if f e r e n c e  i n  perform ance o b ta in s .

Evidence has been p re s e n te d  th a t  su p p o rts  Schacknow and R aab 's  

c o n te n tio n  t h a t  th e  o b se rv e r  does n o t sim ply  employ a  r e c ta n g u la r  in t e r n a l  

f i l t e r  m atched to  th e  h a lf-p o w er bandw idth  o f  th e  s ig n e d . As more s ig n ed  

bandw idth  i s  made a v a i la b le  beyond th e  hedf-pow er p o in ts  o f  th e  n o ise  

spectrum  ( r e s u l t i n g  in  a  r e d u c t io n  in  th e  sigmei-to-mean r a t i o )  by 

d e c re a s in g  th e  a t te n u a t io n  r a t e  o f  th e  f i l t e r ,  perform ance im proves. 

A lthough th e  e x a c t shape and bandw idth  o f  th e  in te rn e d  f i l t e r  rem ain 

u n s p e c if ie d ,  th e s e  r e s u l t s  su g g e s t t h a t  th e  o b s e rv e r 's  in p u t t r a n s f e r  

fu n c tio n  ex ten d s beyond th e  hedf-pow er bandw idth o f  th e  s tim u lu s .  

F u rth erm o re , th e  e f f e c t iv e  passband  appears to  be w id er on ascen d in g  ru n s  

them on descend ing  ru n s .

T hat o b ta in e d  IV t r a d e s  a re  more shallow  them p re d ic te d  has been 

exp ledned  by Schacknow and Raab (1976) as p a r t l y  due to  th e  f a c t  t h a t  

th e o re t ic e d  r e c ip r o c i ty  f a c to r s  have been  c e d c u la te d  f o r  r e c ta n g u la r  n o is e  

s t im u l i ,  r a th e r  th a n  f o r  th e  n o n re c ta n g u la r  waveforms a c tu a l ly  em ployed. 

F u rth e rm o re , i f  one c o n s id e rs  th e  p o s s i b i l i t y  t h a t  th e  o b se rv e r  employs an



i n t e r n a l  f i l t e r  which i s  b o th  w id er them th e  h a lf-p o w e r bandw idth  o f  th e  

s ig n a l ,  and an in v e rs e  t r a n s f e r  fu n c tio n  o f  th e  s tim u lu s  spectrum  

(p re w h ite n in g ) , th e n  new t h e o r e t i c a l  r e c ip r o c i ty  f a c to r s  may be 

c a lc u la te d .  Schacknow and Raab p ro v id e  such  an a n a ly s is  f o r  

n o n re c ta n g u la r  bands o f  n o ise  w hich have a t te n u a t io n  r a t e s  o f  U8 dB /octave 

(se e  T ab le  V II , p . 9 0 3 ). T h ere , i t  i s  seen  th a t  t h e o r e t i c a l  r e c ip r o c i ty  

f a c to r s  a re  c o n s id e ra b ly  reduced  from  -5  dB. T his r e s u l t s  from th e  f a c t  

th a t  th e  advan tage a f fo rd e d  by p rew h ite n in g  i s  bandw idth  d ep enden t. T hat 

i s ,  th e  improvement in  th e  perform ance o f  an id e a l  r e c e iv e r  r e s u l t in g  from 

such a  c o n s id e ra tio n  i s  f a r  g r e a te r  f o r  narrow band n o is e .

T his a n a ly s i s ,  how ever, w i l l  n o t r e c o n c i le  th e  sha llow  IW tr a d e s  

r e p o r te d  in  t h i s  d i s s e r t a t i o n  f o r  descend ing  s t a i r c a s e  c o n d i t io n s .  F i r s t ,  

th e  n o is e  waveforms w ere f i l t e r e d  to  have a t te n u a t io n  r a t e s  o f  

96 d B /o c tav e , th e re b y  m in im izing  th e  d i f f e re n c e  betw een h a lf-p o w er and 

e q u iv a le n t s t a t i s t i c a l  ban d w id th s. Second, th e  r e s u l t s  o f  Experim ent 3 

su g g e s t t h a t  th e  human o b se rv e r employs a  w id e r i n t e r n a l  f i l t e r  on 

ascen d in g  runs th a n  on descend ing  ru n s .  Bandwidth r e c ip r o c i ty  f a c to r s  f o r  

ascen d in g  nans sh o u ld  th e r e f o r e  be even more sha llo w  th a n  th o se  f o r  

descend ing  ru n s .  Such i s  n o t th e  c a s e .
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5. Sunmary o f  R e su lts

In  summary, th e  main f in d in g  o f  t h i s  d i s s e r t a t i o n  i s  t h a t  th e  

s t a r t i n g  le v e l  employed in  a d a p tiv e  t e s t i n g  can have p rofound  e f f e c t s  on 

p erfo rm ance , p o s s ib ly  by a l t e r i n g  th e  in fo rm a tio n  made a v a i la b le  t o  th e  

o b se rv e r .

P ro v id in g  th e  o b se rv e r  v i t h  a  s u p ra th re s h o ld  s ig n a l  a t  th e  b eg in n in g  

o f  a  s t a i r c a s e  run  (descend ing  ru n s )  o f te n  y ie ld s  r e s u l t s  t h a t  a re  n o t in  

acco rd  w ith  th e  p r e d ic t io n s  o f  an e n e rg y -d e te c tio n  model —* 

in te n s i ty - d u r a t io n  r e c ip r o c i ty  f a c to r s  a re  s m a lle r  th a n  th o s e  p re d ic te d  

v i t h  g a te d  m askers , and la r g e r  th a n  th o se  p re d ic te d  w ith  con tinuous 

m askers; in te n s ity -b a n d w id th  t r a d e s  (w ith  homogeneous n o is e )  a re  to o  

sh a llo w  w ith  b o th  modes o f  m asker; th e  p sychom etric  fu n c tio n  i s  s te e p e r  

th a n  th a t  p re d ic te d  v i t h  c o n tin u o u s ly  masked s ig n a l s ,  a lth o u g h  i t  i s  o f  

th e  p ro p e r  s lo p e  w ith  g a te d  m askers; g a te d  m askers a re  more e f f e c t iv e  v i t h  

lo n g -d u ra t io n  s ig n a l s ,  w hereas th e  r e v e r s e  i s  t r u e  f o r  s h o r t -d u ra t io n  

s ig n a l s .

B eginning v i t h  a  s ig n a l  t h a t  i s  w e l l  below  d e t e c t a b i l i t y ,  on th e  

o th e r  hand , y ie ld s  r e s u l t s  t h a t  a re  c o n s is te n t  w ith  th e  p r e d ic t io n s  o f  

G reen 's  m odel: Weber f r a c t io n s  a re  c o n s is te n t ly  sm a lle r  th a n  th o s e

o b ta in e d  w ith  descend ing  ru n s ;  IT and IW tr a d e s  a re  as p re d ic te d ;  

g a ted -co n tin u o u s  d if f e re n c e s  w ith  r e s p e c t  t o  th r e s h o ld s ,  IT t r a d e s ,  IW 

t r a d e s ,  and th e  s lo p e s  o f  th e  psychom etric  fu n c tio n s  a l l  d is a p p e a r .
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Chapter IV

RECOMMENDATIONS FOR DATA COLLECTION AND REDUCTION

In  C hap ter I I I ,  th e  m agnitude o f  th e  s t a t i s t i c a l  h ia s  in h e re n t  

in  UDTR was a s se s se d  f o r  an id e a l  l i s t e n e r .  In  th e  p re s e n t  c h a p e r, 

th e  n a tu re  o f  t h i s  b ia s  w i l l  be  in v e s t ig a te d  by co m p u te r-s im u la tio n , 

and recom m endations w i l l  be  made f o r  im plem enting r e l a t i v e l y  u n b ia sed  

v e rs io n s  o f  th e  Up-Down Transform ed-R esponse m ethod.

I t  i s  p ro b ab le  t h a t  ascend ing  and descend ing  a d a p tiv e  

p rocedu res  ta p  d i f f e r e n t  a b i l i t i e s  i n  th e  human o b se rv e r . Which 

p ro ced u re  i s  more d e s i r a b le  i n  p r a c t i c e  w i l l ,  how ever, depend on 

th e  p r a c t i c a l  and th e o r e t i c a l  i n t e r e s t s  o f  th e  in d iv id u a l  

in v e s t ig a to r .  I f ,  f o r  exam ple, u l t im a te  s e n s i t i v i t y  i s  sough t f o r  

n o i s e - in te n s i t y  d is c r im in a t io n ,  th e  s o lu t io n  i s  c l e a r  •— an 

ascend ing  v e rs io n  o f  UDTR sh o u ld  be em ployed. On th e  o th e r  hand , 

th e  human o b se rv e r  behaves d i f f e r e n t l y  when s u p ra th re s h o ld  s ig n a ls  

a re  p re s e n te d  a t  th e  b e g in n in g  o f  a  ru n . T h is i s  c e r t a in ly  w orthy 

o f  c o n s id e ra t io n ,  e s p e c ia l ly  s in c e  m ost o f  th e  l i t e r a t u r e  has  been  

o b ta in e d  w ith  such m ethods. D escending a d a p tiv e  te c h n iq u e s , 

th e r e f o r e ,  s t i l l  have t h e i r  p la c e  i n  p sy ch o p h y sics .

I t  i s  im p o rtan t t o  examine more c lo s e ly  th e  s t a t i s t i c a l  b ia s  

in tro d u c e d  by UDTR so th a t  recom m endations may b e  made f o r  th e  developm ent



131

o f  an u n b ia sed  a d a p tiv e  m ethod. Inasmuch as th e  descend ing  v e rs io n  o f  UDTR 

has been  w id e ly  used  in  th e  l i t e r a t u r e ,  t h i s  s e c t io n  w i l l  be d i r e c te d  t o  

t h a t  b i a s .  I t  shou ld  be k e p t in  m ind, how ever, t h a t  s in c e  ascen d in g  ru n s  

a re  b ia s e d  tow ard  th e  s t a r t i n g  l e v e l  by app ro x im ate ly  th e  same amount as  

a re  descend ing  r u n s ,  argum ents s im i la r  t o  th o se  t o  be p re s e n te d  below  may 

be made f o r  ascend ing  ru n s .  In  a d d i t io n ,  t h i s  d is c u s s io n  w i l l  be  m ain ly  

concerned  w ith  UDTR(70.7/») and UDTR(73.6j») s in c e  th e s e  methods a re  commonly 

em ployed.

Monte C arlo  com puter s im u la tio n s  w ere u sed  to  a s s e s s  th e  n a tu re  o f  

th e  b ia s  in h e re n t  in  UDTR. I n i t i a l  c o n s id e ra tio n  was g iv en  to  th e  

p a r t i c u l a r  method o f  d a ta  ta b u la t io n  and r e d u c t io n  u sed  in  th e s e  s tu d i e s .  

R e c a ll t h a t  in  b o th  ascen d in g  and descend ing  c o n d i t io n s ,  th e  t a r g e t  i s  

approached  from  a  rem ote s ig n a l  l e v e l .  As th e  t a r g e t  l e v e l  i s  app ro ach ed , 

a  coun t i s  dropped in  a  s e p a ra te  b in  f o r  each s ig n a l  l e v e l  v i s i t e d ;  as  

l e v e ls  cure r e v i s i t e d ,  a d d i t io n a l  coun ts  a re  d e p o s ite d . The th r e s h o ld  

e s t im a te  i s  th e n  th e  m edian o f  l e v e ls  r e v i s i t e d . T hat i s ,  l e v e l s  v i s i t e d  

o n ly  once a re  excluded  from th e  d a ta  a n a ly s i s .  C on seq u en tly , th o s e  le v e ls  

v i s i t e d  as  a  r e s u l t  o f  a  poo r p lacem ent o f  i n i t i a l  o b s e rv a tio n s  w i l l  n o t 

b ia s  th e  th r e s h o ld  e s tim a te  tow ard  th e  ch o ice  o f  s t a r t i n g  l e v e l .

For exam ple, th e  e s t im a te  o f  th re s h o ld  f o r  th e  h y p o th e t ic a l  ru n  in  

T ab le  ^ -1  would be h a lf-w ay  betw een l e v e l s  6 and 7 (o r  sim ply  6 .5 ) .  Note 

t h a t  th e  f i r s t  r e v e r s a l  o ccu rred  a t  l e v e l  7 .  In  th e  i n i t i a l  d e sc e n t from 

th e  s t a r t i n g  l e v e l ,  coun ts  a re  dropped in  b in s  1 th ro u g h  7 . These i n i t i a l  

c o u n ts , how ever, a re  o n ly  ig n o re d  f o r  l e v e ls  1 th ro u g h  U. A ccording t o  th e  

above r a t i o n a l e ,  a l l  coun ts  d e p o s ite d  as th e  re g io n  o f  i n t e r e s t  i s  

approached  sh o u ld  be ig n o re d . I f  o n ly  th e  coun ts  d e p o s ite d  a f t e r  th e  f i r s t
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Table U-l 

A Hypothetical Staircase Run

S ig n a l _______ R ev ersa l_______  T o ta l A f te r
L evel 1 2  3 4 5 T o ta l 1 s t  R ev e rsa l

1 1  1

2 1 1

3 1 1

4 1 1

5 1 1  2 1

6 1 1 1 1  4 3

7 1 1 1 1 4  3

8 1 1 2  2

9 1 1 1
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r e v e r s a l  a re  c o n s id e re d , th e  e s tim a te  o f  th re s h o ld  w i l l  be lo v e r .  In  t h i s  

exam ple, th e  m edian becomes 6 .8 3 . The in c lu s io n  o f  th e s e  i n i t i a l  o r

u n d e rly in g  " l ' s "  in  th e  d a ta  a n a ly s is  r e s u l t s  in  a  th re s h o ld  e s tim a te  t h a t  i s

b ia s e d  in  th e  d i r e c t io n  o f  th e  s t a r t i n g  l e v e l .

I f  th e s e  i n i t i a l  coun ts  a re  d e p o s ite d  in  an ascend ing  v e rs io n  o f  UDTR, 

and th e  u n d e rly in g  " l ' s "  a re  co u n ted , th e  th re s h o ld  e s tim a te  w i l l  be b ia se d  

in  th e  o p p o s ite  d i r e c t io n .  T h is co u ld  c o n t r ib u te  t o  th e  ascen d in g -d escen d in g  

d if f e re n c e  in  s im u la te d  s t a i r c a s e  runs p re s e n te d  in  C hap ter I I I - B .

In  o rd e r  t o  t e s t  t h i s  h y p o th e s is ,  80 -t r i a l  ru n s  w ere s im u la te d  f o r  an 

id e a l  o b s e rv e r . These s im u la tio n s  a re  i d e n t i c a l  to  th o se  p re s e n te d  in  

C hapter I I I - B ,  ex cep t f o r  th e  fo llo w in g  d a ta  r e d u c t io n  r u le :  coun ts  a re  n o t

d e p o s ite d  u n t i l  a f t e r  th e  f i r s t  r e v e r s a l  ( a lth o u g h  a l l  t r i a l s  a re  coun ted  to  

d e term ine  th e  run  le n g th ) .  In  e f f e c t ,  a  number o f  i n i t i a l  t r i a l s  a re  

excluded  from th e  d a ta  a n a ly s i s .  For com parison , s im u la tio n s  a re  p re se n te d  

in  which coun ts  a re  d e p o s ite d  f o r  a l l  l e v e l s ,  b u t on ly  th o se  le v e ls  r e v i s i t e d

a re  in c lu d e d  in  th e  d a ta  a n a ly s is  ( th e s e  runs r e p l i c a t e  th o se  in

C hapter I I I - B ) .

In  T ab le  U-2 i t  can be  seen  t h a t  th e  o rd e r ly  e f f e c t  o f  s t a r t i n g  l e v e l  

on th e  e s tim a te d  th re s h o ld  i s  p re s e n t  v i t h  b o th  methods o f  d a ta  r e d u c t io n ,  

a lth o u g h  th e  m agnitude o f  th e  b ia s  i s  somewhat le s s  when o n ly  t r i a l s  s if te r  

th e  f i r s t  r e v e r s a l  a re  c o n s id e re d . The in c lu s io n  o f  u n d e rly in g  " l ' s ” i n  th e  

d a ta  a n a ly s is  i s  th e r e f o r e  an i n s u f f i c i e n t  e x p la n a tio n  o f  th e  m e th o d o lo g ica l 

b ia s .

L et u s now c o n s id e r  th e  number o f  t r i a l s  t h a t  a re  a c tu a l ly  p re se n te d  in  

th e  re g io n  o f  i n t e r e s t .  Column U o f  T ab le **-2 p re s e n ts  th e  number o f  t r i a l s  

w hich rem ain a f t e r  th e  f i r s t  r e v e r s a l  f o r  80 - t r i a l  ru n s .  For a l l  s t a r t i n g  

l e v e l s ,  th e  f i r s t  r e v e r s a l  i s  made a t  app ro x im ate ly  th e  l e v e l  where



T a b le  U-2

S im u la ted  P erform ance (10  lo g  A I / I )  w ith
UDTR(7 3 .6 7 .) fo r  an " Id ea l"  L is t e n e r  (WT = 500)

S ta r t in g
Level

S ig n a l Level Tracked 
Method 1 (a) Method 11(b)

Number o f  
T r i a ls  A f te r  
1 s t  R ev ersa l

+4.77 -12 .43 -1 2 .3 0 22

+2.83 -12 .75 -1 2 .8 4 26

+0.98 -1 2 .8 2 -1 3 .2 4 30

-0 .7 8 -1 2 .9 3 -1 3 .3 4 34

-2 .4 8 -13 .01 -1 3 .4 6 39

-4 .1 2 -1 3 .0 8 -13 .49 44

-5 .7 2 -1 3 .1 1 -1 3 .5 4 49

-7 .0 3 -13 .19 -1 3 .5 7 54

-8 .8 5 -1 3 .3 1 -13 .62 59

-10 .39 -1 3 .4 1 -1 3 .6 6 64

-11 .92 -1 3 .5 7 -13 .69 68

-1 3 .4 4 -13 .87 -13 .77 71

Id e a l -1 4 .0 8 -14 .08

(a) In method I, counts are deposited for all levels
visited. The median is then calculated for 
all levels revisited.

(b) In method II, counts are deposited only after
the first reversal. The median is then cal­
culated for all levels revisited.
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P (c ) * .76  ( A I / I  = - 1 3 .M  dB). The number o f  t r i a l s  rem ain ing  once t h i s  

p o in t  i s  reached  w i l l  depend s o le ly  on th e  ch o ice  o f  s t a r t i n g  l e v e l .  In  th e  

m ost extrem e c a s e , where th e  s t a r t i n g  l e v e l  i s  +U.77 dB, on ly  22 t i a l s  rem ain

once th e  re g io n  o f  i n t e r e s t  i s  re a c h e d . As UDTR i s  i n i t i a t e d  c lo s e r  to  th e

t a r g e t  l e v e l ,  th e  number o f  t r i a l s  i n  th e  re g io n  o f  i n t e r e s t  in c re a s e s  and 

th e  m agnitude o f  th e  b ia s  d e c re a s e s .  S in ce  th e  le v e l  a t  which th e  f i r s t  

r e v e r s a l  o ccu rs  i s  independen t o f  s t a r t i n g  le v e l  (a lth o u g h  in  a l l  cases  i t  i s

a  b i t  h ig h ) , th e s e  s im u la tio n s  su g g e s t t h a t  th e  b ia s  may be reduced  by

in c re a s in g  th e  number o f  t r i a l s  i n  th e  re g io n  o f  i n t e r e s t .

I f  th e  m e th o d o lo g ica l b ia s  i s  th e  r e s u l t  o f  to o  few t r i a l s  i n  th e  

re g io n  o f  i n t e r e s t ,  a  number o f  s o lu t io n s  e x i s t :

1) Begin UDTR a t  th e  t a r g e t  l e v e l .  T his app roach , how ever, would have 

l i t t l e  p r a c t i c a l  v a lu e  i f  th e  t a r g e t  l e v e l  i s  i n i t i a l l y  unknown. In  

a d d i t io n ,  i f  UDTR i s  i n i t i a t e d  a t  th e  t a r g e t  l e v e l ,  s u p ra th re s h o ld  p r a c t ic e  

t r i a l s  would be  s a c r i f i c e d .  A lthough i t  has  been  shown t h a t  such p r a c t ic e  

can i n t e r f e r e  w ith  perform ance in  a  n o i s e - in te n s i t y  d is c r im in a t io n  t a s k ,  i t  

co u ld  b e  b e n e f i c ia l  in  o th e r  p sy ch o p h y sica l t a s k s .

2) In c re a s e  th e  le n g th  o f  th e  ru n . A ru n  b eg in n in g  a t  +U.77 dB w i l l  

show a  sm all b ia s  (0 .3 8  dB) i f  th e  t o t a l  number o f  t r i a l s  i s  200. A lthough 

t h i s  approach  i s  o f  t h e o r e t i c a l  i n t e r e s t ,  200 t r i a l s  a re  more th a n  most 

e x p erim en te rs  a re  w i l l in g  to  p re s e n t  g iv en  t h a t  o b se rv e rs  m ight f a t ig u e .

I t  i s  p o s s ib le ,  how ever, to  d iv id e  a  2 0 0 - t r i a l  ru n  in  h a l f  by s t a r t i n g  

th e  second 100 t r i a l s  ( a f t e r  a  b r i e f  r e s t )  from th e  l a s t  l e v e l  t e s t e d .  

A lthough t h i s  would e l im in a te  th e  b ia s  in  th e  f i n a l  e s t im a te ,  i t  i s  no t c l e a r  

t h a t  such a  p ro ced u re  would be  e q u iv a le n t t o  a  s in g le  ru n  f o r  a  human 

o b s e rv e r .
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3) S tep  s iz e  may be v a r ie d  so  t h a t  th e  t a r g e t  l e v e l  i s  r a p id ly  

approached  in  la rg e  s t e p s ,  fo llo w ed  by s m a lle r  s te p s  f o r  more p r e c i s e  

p a ram ete r e s t im a t io n .  Such a  s t r a t e g y  i s  employed in  PEST as w e ll  a s  some 

v e rs io n s  o f  UDTR.

b)  A v e rs io n  o f  UDTR may be employed which changes l e v e l  more r a p id ly  

th a n  UDTR(73.6/5) and t r a c k s  a  s im i la r  l e v e l  o f  d e t e c t a b i l i t y .  The 

UDTR(7 0 .7 ? ) method s a t i s f i e s  t h i s  req u irem en t s in c e  a  l e v e l  change w i l l  be 

c a l le d  f o r  a f t e r  one o r  two t r i a l s .

5) I f  one p r e f e r s  t o  use  UDTR(73.6j5) r a th e r  th a n  UDTR(70.7/»)» a  h y b rid  

v e rs io n  o f  UDTR may be employed w ith  m u lt ip le  d e c is io n  r u l e s .  More 

s p e c i f i c a l l y ,  UDTR(70.7JO cou ld  be  u sed  to  lo c a te  th e  re g io n  o f  i n t e r e s t .

T h is  would a llo w  2 p r a c t ic e  t r i a l s  a t  each s tim u lu s  l e v e l  u n t i l  a  s in g le  

in c o r r e c t  re sp o n se  i s  made. A f ix e d  number o f  t r i a l s  co u ld  th e n  be ru n  w ith  

UDTR(73.6/5). S ince  th e  f i r s t  in c o r r e c t  re sp o n se  w i l l  be in  th e  re g io n  where 

P(C) = .7 0 7 , th e  b ia s  a r i s i n g  from  s t a r t i n g  a t  a  l e v e l  o th e r  th a n  th e  t a r g e t  

w i l l  be sm a ll.

In  o rd e r  to  a s s e s s  th e  r e l a t i v e  m e r i ts  o f  th e  l a s t  two s u g g e s tio n s ,  

each was s im u la te d  f o r  an id e a l  o b s e rv e r .

S u g g estio n  h was examined by e x p lo rin g  th e  e f f e c t  o f  s t a r t i n g  l e v e l  on 

UDTR(70.7/«). T o ta l ru n - le n g th  was 80 t r i a l s ,  and coun ts  w ere n o t d e p o s ite d  

i n  b in s  u n t i l  a f t e r  th e  f i r s t  r e v e r s a l .  I t  i s  e v id e n t from  T able U-3 th a t  

th e  b ia s  in tro d u c e d  by UDTR(70.7/») i s  c o n s id e ra b ly  sm a lle r  t h a t  t h a t  

in tro d u c e d  by UDTR(73.6/5) — see  T ab le  U -2, method I I  f o r  com parison. In  th e  

most extrem e case  t e s t e d ,  s t a r t i n g  UDTR(70.7JO a t  +U.77 dB r e s u l t s  in  a  

tr a c k in g  e r r o r  o f  on ly  0 .2 3  dB, when WT = 500 and th e  t a r g e t  l e v e l  i s  

- lU .0 8  dB. One can , th e r e f o r e ,  s a f e ly  i n i t i a t e  UDTR(70.7?) from  a  s ig n a l  

l e v e l  f a r  removed from th e  t a r g e t  and s t i l l  o b ta in  b i a s - f r e e  e s tim a te s  o f  

th r e s h o ld .



T ab le  k -3

S im u la ted  P erform ance (1 0  lo g  A  I / O  w ith
UDTR(70.7% ) fo r  an " Id e a l"  L is t e n e r  (WT = 500)

S ta r t in g
L evel

S ig n a l
Level

Tracked

Number o f  
T r ia l s  A f te r  
1 s t  R ev ersa l

+4.77 -1 3 .8 6 57

+2.83 -1 3 .8 4 59

+0.98 -1 3 .9 2 61

-0 .7 8 -13 .91 63

-2 .4 8 -13 .89 65

-4 .1 2 -1 3 .9 3 67

-5 .7 2 -13 .93 69

-7 .0 3 -1 3 .9 0 71

-8 .8 5 -1 3 .8 8 73

-10 .39 -1 3 .9 3 75

-1 1 .9 2 -1 3 .9 6 76

-1 3 .4 4 -1 4 .0 3 77

Id e a l  -1 4 .0 8
X
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In  l i e u  o f  UDTR( 70 .7 /*), some in v e s t ig a to r s  have p r e f e r r e d  to  employ 

UDTR(73.6*), which a llow s an o b se rv e r  t o  make a  s in g le  e r r o r  w ith o u t cau s in g  

a  change in  le v e l  ( r e c a l l  t h a t  UDTR(73.6j5) c a l l s  f o r  a  l e v e l  change fo llo w in g  

e i t h e r  5 c o r r e c t  o r  2 in c o r r e c t  r e s p o n s e s ) .  As a  r e s u l t  o f  such a  la rg e  

b lo c k  s i z e ,  t h i s  method moves s lo w ly , and many t r i a l s  m ight be w asted  in  an 

a tte m p t t o  lo c a te  th e  t a r g e t  l e v e l .  I t  has been shown t h a t  t h i s  r e d u c t io n  in  

th e  number o f  t r i a l s  in  th e  re g io n  o f  i n t e r e s t  w i l l  r e s u l t  i n  a  b ia se d  

e s tim a te  o f  th re s h o ld .  A h y b rid  m ethod, as su g g es ted  above, would a llo w  f o r  

a  r a p id  lo c a t io n  o f  th e  re g io n  o f  i n t e r e s t  w ith  UDTR(70.7/»)» fo llow ed  by th e  

im p lem en ta tion  o f  UDTR(7 3 .6 * ) .

In  o rd e r  to  a s s e s s  i t s  f e a s a b i l i t y ,  t h i s  method was s im u la te d  f o r  an 

id e a l  o b s e rv e r . A ll  ru n s  w ere i n i t i a t e d  from +U.77 dB and t h e o r e t i c a l l y  

t r a c k e d  —lU .08  dB (WT = 500). The re g io n  o f  i n t e r e s t  was lo c a te d  w ith  

UDTR(70.7S). D ata w ere n o t c o l le c te d  u n t i l  a f t e r  th e  f i r s t  r e v e r s a l ,  

whereupon UDTR(73.6£) was im plem ented. From t h i s  p o in t ,  ru n  le n g th  was 

v a r ie d  from Uo to  160 t r i a l s .

The r e s u l t s  o f  th e  s im u la tio n  a r e  p re se n te d  in  T ab le  U-U, S ince 

ap p ro x im ate ly  23 t r i a l s  a r e  p re s e n te d  p r i o r  to  th e  f i r s t  r e v e r s a l ,

UDTR(73.fi*) i s  i n i t i a t e d  from  th e  1 1 th  s ig n a l  l e v e l .  (The f i r s t  r e v e r s a l  i s  

a t  le v e l  i n . )  Again i t  i s  seen  t h a t  when UDTR(73.6jS) i s  i n i t i a t e d  from  a  

p a r t i c u l a r  l e v e l ,  th e  m agnitude o f  th e  b ia s  depends on th e  number o f  t r i a l s .  

I f  on ly  1)0 t r i a l s  e r e  p re s e n te d  a f t e r  th e  f i r s t  r e v e r s a l ,  th e  b ia s  i s  s iz a b le  

(0 .8 9  dB ), even though th e  s t a r t i n g  l e v e l  i s  c lo s e  t o  th e  t a r g e t .  As th e  

ru n - le n g llt  i s  in c re a s e d ,  th e  m agnitude o f  th e  b ia s  d e c re a s e s .

Thin in c re a s e  in  accu racy  i s  accom panied by im proved betw een-runs 

v a r i a b i l i t y .  As sample s iz e  in c r e a s e s ,  th e  betw een runs s ta n d a rd  d e v ia t io n  

d e c re a se s  by app rox im ate ly  / n". I t  w ould be d e s i r a b le  t o  o b ta in  b o th  a  sm a ll



T able

S im u la ted  Perform ance (10  lo g  A  I / I )  fo r  an " Id e a l"
L is t e n e r  (WT = 500) when Run-Length i s  V a r ied *

Number o f  S ig n a l Between-Runs
T r ia ls  A f te r  L evel S tandard
1 s t R ev e rsa l Tracked D ev ia tio n

40 -13 .19 1.52

60 -1 3 .4 4 1.23

70 -13 .59 1.18

80 -13 .62 1.11

100 -1 3 .7 2 1.00

120 -1 3 .8 3 0 .91

140 -1 3 .8 0 0 .82

160 -1 3 .8 6 0 .74

S tandard* -1 3 .8 7 0 .91

I d e a l  -1 4 .0 8

*See t e x t  fo r  d e t a i l s .
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b ia s  and b e tw een -runs v a r ia n c e  in  a  run  o f  re a so n a b le  le n g th .  For an 

8 0 - t r i a l  ru n ,  t h i s  c o n d itio n  i s  met by i n i t i a t i n g  UDTR from  th e  t a r g e t  l e v e l .  

T his method i s  th e r e f o r e  in c lu d e d  in  T ab le  k-U ( th e  ’'s ta n d a rd ” c o n d itio n )  f o r  

com parison w ith  th e  proposed  h y b rid  m ethod. I t  can be seen  t h a t  160 t r i a l s  

a re  n e c e ssa ry  f o r  th e  h y b rid  method to  y i e ld  as sm a ll a  b ia s  as when 

UDTR(73.6j5) i s  i n i t i a t e d  from  th e  t a r g e t  l e v e l .  For ru n s  o f  more p r a c t i c a l  

le n g th  (70 o r  80 t r i a l s ) ,  how ever, th e r e  i s  o n ly  a  sm all d i f f e r e n c e  in  e i t h e r  

b ia s  o r  b e tv e e n -ru n s  v a r i a b i l i t y  when compared to  t h i s  s ta n d a rd . T h is  

d i f f e r e n c e  would be even s m a lle r  i f  th e  s t a r t i n g  le v e l  i s  chosen t o  be c lo s e r  

t o  th e  t a r g e t .

In  summary, i f  a  m oderate l e v e l  o f  d e t e c t a b i l i t y  i s  to  be tr a c k e d  w ith  

UDTR, a  m e th o d o lo g ic a lly  b i a s - f r e e  e s tim a te  o f  perform ance may be  o b ta in e d  i f  

UDTR(70.7/0 i s  employed th ro u g h o u t an 80- t r i a l  ru n , o r  i f  i t  i s  m ere ly  used  

to  lo c a te  th e  re g io n  o f  i n t e r e s t ,  a f t e r  w hich UDTR(73.6/5) i s  im plem ented f o r  

ap p ro x im ate ly  80 t r i a l s .

I f  o th e r  l e v e l s  o f  d e t e c t a b i l i t y  a re  to  be tra c k e d  w ith  a  descend ing  

v e rs io n  o f  UDTR, i t  rem ains im p o rtan t t o  lo c a te  th e  re g io n  o f  i n t e r e s t  

w ith o u t w a s tin g  a  la rg e  number o f  t r i a l s .  I f  a  low P(c) i s  d e s i r e d ,  a 

h y b rid  v e r s io n  o f  UDTR co u ld  be  employed in  w hich th e  re g io n  o f  i n t e r e s t  i s  

lo c a te d  w ith  a  d e c is io n  r u l e  t h a t  c a l l s  f o r  a  l e v e l  change fo llo w in g  each 

c o r r e c t  o r  in c o r r e c t  re sp o n se  (UDTR(50J0)• O ther d e c is io n  r u l e s ,  such as 

UDTR(57.955) co u ld  th e n  be im plem ented. When tr a c k in g  a  h ig h  P (C ), th e  

m e th o d o lo g ica l b ia s  i s  l e s s  s in c e  th e  t a r g e t  l e v e l  i s  c lo s e r  t o  th e  s t a r t i n g  

le v e l  ( s e e  T ab le  3 -6 ) .  A h y b rid  method nay  s t i l l  be employed t o  m inim ize 

t h i s  b i a s .  For exam ple, i f  a  perform ance l e v e l  o f  app ro x im ate ly  90 p e rc e n t 

c o r r e c t  i s  d e s i r e d ,  UDTR(8U.1$) co u ld  be  u sed  to  lo c a te  th e  r e g io n  o f  

i n t e r e s t  ( th e  l e v e l  i s  changed fo llo w in g  e i t h e r  U c o n se c u tiv e  c o r r e c t
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re s p o n s e s ,  o r  a  s in g le  in c o r r e c t  re s p o n s e ) .  A f te r  th e  f i r s t  r e v e r s a l ,

UDTR(89 .1 ?) cou ld  th e n  he enp loyed .

I f  ascen d in g  runs a re  used  to  o b ta in  a  psychom etric  fu n c tio n  ( i . e . ,  

v a r io u s  le v e ls  o f  d e t e c t a b i l i t y  a re  t r a c k e d ) , s e v e ra l  problem s a r i s e  which 

w ere d is c u s se d  in  C hap ter I I I -B 2 . These argum ents w i l l  b e  rev iew ed on ly  

b r i e f l y  in  t h i s  s e c t io n .  Low le v e ls  o f  d e t e c t a b i l i t y  a re  d i f f i c u l t  t o  t r a c k .  

I f  UDTR(57.9J5)» f o r  in s ta n c e ,  i s  i n i t i a t e d  from below  th e  le v e l  t o  be 

t r a c k e d ,  th e  i n i t i a l  signed, l e v e l  w i l l  be so  weak th a t  o b se rv e rs  n ig h t  engage 

in  a  c o n s id e ra b le  amount o f  g u e ss in g . S in ce  i n i t i a l  re sp o n d in g  i s  c lo se  to  

ch an ce , th e  feedback  re c e iv e d  m ight be  i n s u f f i c i e n t  to  shape th e  o b s e rv e r 's  

b e h a v io r  in  a  run  o f  80 t r i a l s .  T rack in g  h ig h  le v e ls  o f  d e t e c t a b i l i t y  poses 

a  c o n ce p tu a l problem . S in ce  a  h igh  t a r g e t  l e v e l  im p lie s  an e a s i l y  d e te c ta b le  

signed ., i t  i s  d i f f i c u l t  to  i n t e r p r e t  w hether perform ance i s  th e  r e s u l t  o f  th e  

d e te c t io n  s t r a t e g y  u sed  in  ascend ing  o r  descend ing  ru n s .  Perform ance in  

ascen d in g  c o n d itio n s  may th e r e f o r e  be o b ta in e d  a t  o n ly  in te rm e d ia te  l e v e ls  o f  

d e t e c t a b i l i t y .



Chapter V

SUMMARY AND CONCLUSIONS

I t  has been shown th a t  th e  s t a r t i n g  le v e l  employed in  a d a p tiv e  

t e s t i n g  can g r e a t ly  in f lu e n c e  perform ance in  a  n o i s e - in te n s i t y  

d is c r im in a t io n  ta s k .  In  summary, th e  m ajor f in d in g s  o f  t h i s  

d i s s e r t a t i o n  a re :

1) The Up-Down Transform ed-R esponse m ethod, as im plem ented h e re  

and e lsew h ere , may y i e ld  e s tim a te s  o f  perform ance t h a t  a re  b ia s e d  f o r  

p u re ly  s t a t i s t i c a l  re a s o n s . Computer s im u la tio n s  in d ic a te  t h a t  

UDTR(73.6J0 does n o t p ro p e r ly  t r a c k  th e  t a r g e t  p e rc e n t c o r r e c t  i n  an 

80- t r i a l  ru n .

2) A scending ru n s , a f t e r  c o r r e c t io n  f o r  th e  afo rem en tioned  

b i a s ,  y i e ld  d a ta  t h a t  a re  in  acco rd  w ith  th e  p r e d ic t io n s  o f  G reen 's  

m odel.

3) D escending runs y i e ld  r e s u l t s  w hich e r e  a t  v a r ia n c e  w ith  th e  

p r e d ic t io n s  o f  G reen 's  m odel. F or n e i th e r  g a te d  n o r co n tinuous m asker 

paradigm s can a  sim ple energy  d e te c t io n  model co m ple te ly  d e s c r ib e  th e  

perform ance o f  th e  human o b s e rv e r .

Exam ination o f  T able 5-1  r e v e a ls  t h a t  th e  p a t te r n s  o f  r e s u l t s  

d i f f e r  f o r  ascend ing  and descend ing  ru n s .

When ascend ing  runs a re  em ployed, th e  d a ta  a re  in  acco rd  w ith  th e  

p r e d ic t io n s  o f  G reen 's  m odel. I t  may b e  co n c luded , th e r e f o r e ,  t h a t  a



T ab le  5 - 1

A Comparison o f  R e su lts  O btained in  These 
Experim ents w ith  Those R eported  in  th e  L i te r a tu r e

P re d ic t io n s  o f  
G reen 's  Model Id e a l A scending D escending L i te r a tu r e ( a )

W eber's Law no d a ta
g e n e ra lly

p re d ic te d no d a ta o b ta in ed

IT Gated -5 -5 .8 1 -3 .1 7 -3 .3R e c ip ro c ity  
F a c to r(b ) Cont. -5 -6 .1 6 -6 .3 9 -6 .3

IW Gated -5 -4 .6 3 - 0 .86 -2 .4R e c ip ro c ity  
F a c to r(b ) Cont. -5 -4 .9 9 -2 .8 2 - 2 .1

Range o f th e Gated 7.1 7.36 6.33 7Psychom etric 
F u n c tio n (c ) Cont. 7 .1 7.39 4 .51 3

G ated-
C ontlnuous 
D iffe re n c e (d )

0 0 +3.46 +2.5

(a ) These f ig u re s  r e p re s e n t  av erag es  a c ro ss  s tu d ie s  as p re se n te d  in
T ab les 1-4 th rough  1 -8 .

(b) IT and IW r e c ip r o c i ty  f a c to r s  a re  g iv en  as th e  change in  perform ance
(10 lo g  A  I / I )  as a  r e s u l t  o f  a 10- fo ld  change in  d u ra tio n  and 
bandw idth , r e s p e c t iv e ly .

(c ) The range  o f  th e  psychom etric  fu n c tio n  i s  re p o r te d  as th e  change in
A I / I  ( in  dB) n e c e ssa ry  fo r  perform ance to  Improve from 60% to  
90%. c o r r e c t  d e te c t io n s .

(d) A p o s i t iv e  g a ted -co n tin u o u s  d i f f e r e n c e  in d ic a te s  b e t t e r  perform ance in
con tin u o u s m asker c o n d i t io n s .  G ated -co n tin u o u s d i f f e r e n c e s  a re  r e ­
p o rte d  fo r  w ideband, lo n g -d u ra tlo n  s ig n a ls  o n ly  (T i  30 msec).



sim ple  energy  d e te c t io n  scheme i s  s u f f i c i e n t  to  accoun t f o r  perform ance in  

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

On th e  o th e r  hand , vhen s t a i r c a s e  ru n s  a re  i n i t i a t e d  w ith  a  

s u p ra th re s h o ld  s ig n a l ,  th e  p a t t e r n  o f  r e s u l t s  r e p l i c a t e s  t h a t  found in  th e  

l i t e r a t u r e .  Perform ance i s  dependent on th e  mode o f  th e  m asker, and i s  

o f te n  in c o n s i s te n t  w ith  t h a t  p r e d ic te d  f o r  an id e a l  energy  d e te c to r .

In  a d d i t io n ,  f o r  a l l  c o n d i t io n s ,  perform ance w ith  descend ing  ru n s  i s  

w orse th a n  t h a t  o b ta in e d  w ith  ascen d in g  ru n s .  T h is  r e s u l t  i s  

c o u n te r in tu i t iv e  in  t h a t  d escend ing  a d a p tiv e  p ro ced u res  a llo w  f o r  many 

p r a c t i c e  t r i a l s  a t  s u p ra th re s h o ld  s ig n a l  l e v e l s ,  w hereas a scen d in g  

p ro ced u res  do n o t .  I t  i s  g e n e ra l ly  found th a t  s tim u lu s  p rev iew in g  im proves 

perform ance in  s in g l e - in t e r v a l  Yes-No t a s k s .  A number o f  s tu d ie s  have 

dem onstra ted  t h a t  b o th  p u re - to n e  i n t e n s i t y  d is c r im in a t io n  and frequency  

d is c r im in a t io n  a re  a id e d  i f  a  s ta n d a rd  i s  p re s e n te d  on each t r i a l  p r io r  to  

th e  p r e s e n ta t io n  o f  e i t h e r  t h a t  s ta n d a rd  o r  a  com parison s t im u lu s .  (See 

Creelman and M acm illan, in  p r e s s ;  J e s t e a d t  and B i lg e r ,  197^; J e s t e a d t  and 

S im s, 1975; Long, 1973; and S o rk in , 1962; f o r  a  d is c u s s io n  o f  

f ix e d - s ta n d a rd  d e s ig n s .)  W hile a  f ix e d  s ta n d a rd  may p ro v id e  a  memory a id  

in  a  s in g l e - in t e r v a l  parad igm , th e  p sy ch o p h y s ica l ta s k  employed i n  th e  

s tu d ie s  re p o r te d  h e re  was tw o - in te rv a l  fo rc e d -c h o ic e  i n t e n s i t y  

d is c r im in a t io n .  T h is  paradigm  a llo w s f o r  d i r e c t  s tim u lu s  com parisons on 

every  t r i a l .  S ig n a l p rev iew in g  in  d escend ing  r u n s ,  th e r e f o r e ,  m igh t n o t 

o f f e r  any a d d i t io n a l  advan tage in  d e f in in g  th e  s t im u lu s .

Exposure to  s u p ra th re s h o ld  s ig n a ls  c o u ld , how ever, i n t e r f e r e  w ith  

perfo rm ance i f  a  d e te c t io n  s t r a t e g y  i s  adop ted  on th e  b a s is  o f  some 

s tim u lu s  a t t r i b u t e  t h a t  i s  s a l i e n t  a t  h ig h  s ig n a l  l e v e l s ,  b u t  w hich becomes 

u n a v a i la b le  as  th e  s ig n a l  l e v e l  i s  d e c re a se d . Such a  nonop tim al d e te c t io n  

s t r a t e g y  co u ld  accoun t f o r  th e  f a i l u r e  o f  descend ing  ru n s  to  y i e ld  r e s u l t s



c o n s is te n t  v i t h  th e  p r e d ic t io n s  o f  an energy d e te c t io n  m odel. I t  co u ld  

a ls o  accoun t f o r  th e  f a c t  t h a t  n o n -ad ap tiv e  p ro ced u res  have y ie ld e d  

r e s u l t s  t h a t  a re  s im i la r  t o  th o s e  re p o r te d  h e re  f o r  descend ing  runs 

(se e  f o r  example G reen, I9 6 0 ; and Green and S e w a ll, 1962) .  When b lo c k s  

o f  f i x e d - in te n s i t y  s ig n a l s  a r e  p re s e n te d ,  i t  i s  common p r a c t i c e  t o  

p recede  each b lo c k  by a  number o f  p r a c t i c e  t r i a l s  a t  a s u p ra th re s h o ld  

s ig n a l  l e v e l .

W hile i t  would be  i n t e r e s t i n g  t o  s p e c u la te  abou t th e  n a tu re  o f  

a d e te c t io n  s t r a t e g y  t h a t  would produce th e  p a t te r n  o f  r e s u l t s  o b ta in e d  

w ith  descend ing  ru n s ,  t h i s  d i s s e r t a t i o n  was n o t d es ig n ed  as a  t e s t  o f  

such m a tte r s .  The q u e s tio n  o f  why th e s e  d a ta  a re  n o t in  acco rd  w ith  

th e  p r e d ic t io n s  o f  a  s im p le  energy d e te c t io n  model rem ains u n re so lv e d .



Appendix A

TABLES



Table A-l

Weber F r a c t io n s  (10 lo g  Al/I) for
E xperim ent 1 (D escen d in g  Runs)

I*
D u ra tio n

(msec) Gated C ontinuous

45 10

O bserver CM 

-2 .9 4 -2 .1 8
100 -5 ,7 1 -8 .0 2

75 10 -2 .5 8 -1 .5 4
100 -5 .7 2 -8 .0 1

45 10

O bserver RB 

-2 .5 4 -2 .1 3
100 -6 .1 7 -8 .9 7

75 10 -2 .3 8 -1 .6 0
100 -5 .5 2 -8 .0 1

Means A cross 
O bservers and L evels

10 -2 .6 1 -1 .8 6

100 -5 .7 8 -8 .2 5

♦Overall level of the masker (dB SPL).



T able A -2

Weber F r a c t io n s  (10  lo g  & I / I )  fo r
E xperim ent 1 (A scen d in g  Runs)

I*
D ura tio n

(msec) Gated C ontinuous

45 10

O bserver CM 

-8 .2 2 -7 .6 7
100 -12 .69 -12 .89

75 10 -7 .4 1 -7 .6 1
100 -1 2 .4 2 -1 2 .6 2

45 10

O bserver RB 

-7 .1 1 -5 .7 3
100 -1 2 .2 4 -11 .73

75 10 -5 .6 7 -6 .4 8
100 -11 .31 -11 .95

Means A cross 
O bservers and L evels

10 -7 .1 0 -6 .8 7

100 -1 2 .1 7 -12 .29

★Overall le v e l  o f  th e  m asker (dB SPL).



Table A-3

Weber F r a c t io n s  (1 0  lo g  A l / I )  fo r
Experim ent 2 (D escen d in g  Runs)

P ercen t
C o rrec t

O bserver CM O bserver RB
Gated C ontinuous Gated Continuous

57.9 -9 .3 5 -11 .12 -8 .5 7 -1 2 .4 0

73.6 -5 .6 2 -1 0 .0 0 -3 .5 9 -8 .8 5

89 .1 -2 .9 7 -6 .8 9 -0 .9 7 -7 .3 0

Means A cross O bservers

57.9 -8 .9 6 -1 1 .7 6

73.6 -4 .6 1 -9 .4 3

89 .1 -1 .9 7 -7 .1 0
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T a b le  A-U

Weber F ra c tio n s  (10 lo g  & I / I  fo r  
Experim ent 2 (A scending Runs)

P ercen t
C o rrec t

O bserver CM 
Gated C ontinuous

O bserver RB 
Gated C ontinuous

63.6 -1 4 .1 0 -1 3 .8 1 -14 .08  -13 .94

73.6 -1 2 .8 9 -1 2 .4 3 -12 .15  -12 .15

Means A cross O bservers

63 .6 -14 .09 -1 3 .8 8

73.6 -12 .52 -12 .29



T ab le  A -5

Weber F r a c t io n s  (1 0  lo g  A l / l )  fo r
E xperim ent 3 (D escen d in g  Runs)

A tte n u a tio n
Rate Gated Continuous

O bserver CM 

24 dB /octave -5 .3 2  -6 .4 3

96 dB /octave -4 .7 4  -5 .7 3

O bserver RB 

24 dB /octave -5 .7 1  -7 .1 8

96 dB /octave -5 .0 9  -5 .1 3



Table A -6

Weber F r a c t io n s  (1 0  lo g  A l / l )  fo r
E xperim ent 3 (A scen d in g  Runs)

A tte n u a tio n
Rate Gated Continuous

O bserver CM 

24 dB /octave -1 0 .5 8  -9 .5 8

96 dB/octave -8 .6 9  -7 .7 8

O bserver RB 

24 dB /octave -1 0 .3 0  -8 .0 4

96 dB /octave -7 .9 5  -8 .3 7
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T ab le  A -7

S im u la ted  P erform ance (1 0  lo g  A  I / I )  fo r  an
" Id e a l"  L is t e n e r  in  E xperim ent 2 (WT = 6 0 4 )*

S ta r t in g
Level

P e rcen t
C o rre c t

S ig n a l Level Tracked
= 57.9 63 .6 73.6 89 .1

+4.77 -15 .27 -1 3 .5 0 -1 2 .7 2 -10 .39
+2.83 -1 5 .4 4 -13 .95 -13 .12 -1 0 .6 4
+0.98 -15 .56 -14 .42 -13 .28 -1 0 .7 2
-0 .7 8 -15 .59 -14 .81 -13 .35 -1 0 .8 0
-2 .4 8 -15 .63 -1 4 .8 6 -1 3 .4 7 -1 0 .8 6
-4 .1 2 -1 5 .7 2 -14 .92 -13 .57 -1 0 .9 2
-5 .7 2 -15 .82 -14 .99 -1 3 .5 8 -1 0 .9 3
-7 .3 0 -15 .77 -15 .19 -1 3 .6 4 -1 0 .9 5
-8 .8 5 -15 .85 -1 5 .1 6 -1 3 .6 5 -11 .09

-10 .39 -15 .85 -15 .15 -1 3 .8 2 -1 1 .3 2
-1 1 .9 2 -15 .92 -15 .29 -1 4 .0 1 -1 1 .5 4
-1 3 .4 4 -16 .03 -15 .52 -1 4 .2 0 -1 1 .6 8
-1 4 .9 6 -1 6 .3 4 -15 .89 -1 4 .5 8 -1 1 .9 1
-16 .47 -1 6 .5 6 -16 .26 -1 4 .9 6 -1 2 .0 3
-17 .97 -16 .85 -1 6 .5 7 -1 5 .1 8 -1 2 .1 0
-1 9 .4 8 -1 7 .0 4 -16 .78 -1 5 .3 0 -12 .11

Id e a l -19 .43 -17 .03 -14 .47 -1 1 .6 4

*UDTR tra c k s  73.6% c o r r e c t  d e te c t io n s .



T a b le  A -8

S im u la ted  P erform ance (10  lo g  A I / I )  fo r  an
" Id e a l"  L is t e n e r  in  E xperim ent 3 (WT = 4 6 .9 ) *

S ig n a l
S ta r t in g  Level

Level Tracked

+4.77 -7 .5 4
+2.83 -7 .6 8
+0.98 -7 .6 5
-0 .7 8 -7 .8 2
-2 .4 8 -7 .9 2
-4 .1 2 -7 .9 4
-5 .7 2 -8 .1 1
-7 .3 0 -8 .4 4
-8 .8 5 -8 .8 1

-1 0 .3 9 -9 .1 8
-1 1 .9 2 -9 .6 2
-1 3 .4 4 -9 .8 8
-1 4 .9 6 -10 .33
-1 6 .4 7 -10 .51
-17 .97 -10 .59
-19 .48 -10 .85

Id e a l -8 .5 5
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T ab le  A -9

C o rrec ted  Weber F r a c t io n s  (1 0  lo g  A l / I )
fo r  E xperim ent 1 (D escen d in g  Runs)

1(a)
D ura tion  

(msec) Gated C ontinuous

45

O bserver CM 

10 -3 .9 4 -3 .1 8
100 -7 .3 7 -9 .6 8

75 10 -3 .5 8 -2 .5 4
100 -7 .3 8 -9 .6 7

45

O bserver RB 

10 -3 .5 4 -3 .1 3
100 -7 .8 3 -1 0 .6 3

75 10 -3 .3 8 -2 .6 0
100 -7 .1 8 -9 .6 7

Means A cross O bservers and L evels

10 -3 .6 1 -2 .8 6
100 -7 .4 4 -9 .9 1

Id e a l(b )

10 -8 .7 1 -8 .7 1
100 -1 4 .0 8 -1 4 .0 8

(a) O v e ra ll le v e l  o f  th e  masker (dB SPL).

(b) Id e a l  perform ance computed from E quation  1 -2 .



T ab le  Ap-1 0

C o rrec ted  Weber F r a c t io n s  (1 0  lo g  A l / I )
fo r  E xperim ent 1 (A scen d in g  Runs)

1 (a)
D u ra tio n

(msec) Gated C ontinuous

45

O bserver

10

CM

-6 .4 8 -5 .9 3
100 -11 .69 -11 .89

75 10 -5 .6 7 -5 .8 7
100 -11 .42 -11 .62

45

O bserver

10

RB

-5 .3 7 -3 .9 9
100 -1 1 .2 4 -10 .73

75 10 -3 .9 3 -4 .7 4
100 -10 .31 -10 .95

Means A cross O bservers and L evels

10 -5 .3 6 -5 .1 3

100 -11 .17 -11 .29

Id e a l(b )

10 -8 .7 1 -8 .7 1

100 -14 .08 -14 .08

(a) O v e ra ll le v e l  o f  th e  m asker (dB SPL).
(b) Id e a l  perform ance computed from E quation  1 -2 .
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T able  A - l l

C o rrec ted  Weber F ra c tio n s  (10 lo g  A l / l )  
fo r  Experim ent 2 (D escending Runs)

P ercen t O bserver CM O bserver RB
C o rrec t Gated Continuous Gated Continuous

57.9 -13 .51 -1 4 .9 6 -1 2 .7 3  -1 6 .2 4
73.6 -7 .3 7 -11 .12 -5 .3 4  -9 .9 7

89 .1 -4 .2 2 -7 .7 3 -2 .2 2  -8 .1 4

Means A cross O bservers

57 .9 -13 .12 -1 5 .6 0
73.6 -6 .3 6 -10 .55
89.1 -3 .2 2 -7 .9 4

Id e a l*

57.9 -1 9 .4 3 -19 .43

73.6 -14 .47 -14 .47

89.1 -1 1 .6 4 -1 1 .6 4

* Id e a l perform ance computed from E quation  1 -2 .
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T a b le  A -12

C o rrec ted  Weber F ra c tio n s  (10 lo g  A l / l )  
fo r  Experim ent 2 (A scending Runs)

P ercen t O bserver CM

------ . . .  1 '  T -T T Ite

O bserver RB
C o rrec t Gated C ontinuous Gated C ontinuous

63.6 -14 .35 -1 4 .0 6 -14 .33 -1 4 .1 9

73.6 -12 .06 -1 1 .6 0 -11 .32 -1 1 .3 2

Means A cross O bservers

63 .6 -1 4 .3 4 -1 4 .1 3
73.6 -1 1 .6 9 -1 1 .4 6

Id e a l*

63 .6 -17 .03 -1 7 .0 3

73.6 -1 4 .4 7 -1 4 .4 7

♦ Id e a l perform ance computed from E quation  1 -2 .



T a b le  A -13

C o rrec ted  Weber F r a c t io n s  (10  lo g  A l / I )
fo r  E xperim ent 3 (D escen d in g  Runs)

A tte n u a tio n
R ate Gated C ontinuous

O bserver CM

24 dB /octave -6 .3 3 -7 .4 4

96 dB /octave -5 .7 5 -6 .7 4

O bserver RB
24 dB /octave -6 .7 2 -8 .1 9

96 dB /oc tave -6 .1 0 -6 .1 4

Id e a l* -8 .5 5 -8 .5 5

* I d e a l  p erform an ce com puted from
E q u a tio n  1 -2 .
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T ab le  A -lU

C o rrec ted  Weber F ra c tio n s  (10 log  A l / I )  
For Experim ent 3 (A scending Runs)

A tte n u a tio n
R ate Gated C ontinuous

O bserver CM

24 dB /octave -8 .8 0 -7 .8 0

96 dB /octave -6 .9 1 -6 .0 0

O bserver RB

24 dB /octave -8 .5 2 -6 .2 6

96 dB /octave -6 .1 7 -6 .5 9

Id e a l*  -8 .5 5  -8 .5 5

* I d e a l  p erform an ce computed from E q u a tio n  1 - 2 .



Appendix B

RANDOM NUMBER GENERATION

Random numbers ( in  the range 0 to  1 .0  in c lu s iv e )  vere  

generated from a rectangular d is tr ib u tio n  provided by the EEL 

(In ternational Mathematical and S t a t is t ic a l  Library) subroutine, 

GGUB, which employs the follow ing m u ltip lica tiv e  congruential 

method:

Random number = 7^* Seed (mod 2 ^  -  l )  .

The seed i s  an in teger  in  the exclu sive  range ( l ,  21**7**836**7) » 

and i s  replaced by the program for each new c a l l .

Example 

Seed = 123U57

Random number = 7  ̂ * 123**57 (mod 2 ^  -  l )

Random number 3 .96622

Further d iscu ssion  o f the m u ltip lica tiv e  congruential method for  

random number generation i s  given by Taussky and Todd (195*0» and 

Schreider (1966).
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Appendix C

DETECTABILITY OF NARROWBAND NOISE

The Weber f r a c t io n s  re p o r te d  by Schackncw and Raab (1976) f o r  100-Hz 

bandw idth  c o n d itio n s  a re  excluded  from th e  d is c u s s io n  in  C hap ter I I I -B 1  

s in c e  th e y  a r e  d i f f i c u l t  t o  i n t e r p r e t .  For m asker spectrum  le v e ls  o f  25 

and 1*5 dB SPL, Weber f r a c t io n s  w ith  g a te d  m askers a re  abou t l~dB b e t t e r  

th a n  p r e d ic te d  f o r  an id e a l  r e c e iv e r ;  w ith  con tin u o u s m askers , perform ance 

i s  app rox im ate ly  2 . 5~dB b e t t e r  th a n  id e a l .

For G reen 's  e n e rg y -d e te c tio n  m odel, perform ance i s  l im i te d  s o le ly  

by th e  s tim u lu s  f lu c tu a t io n s  in h e re n t  in  th e  n o is e  s t im u l i .  The 

d e r iv a t io n  o f  t h i s  m odel, and i t s  r e s u l t in g  p r e d ic t io n s ,  a r e  f o r  G aussian  

n o ise  s ig n a l s  hav ing  r e c ta n g u la r  power s p e c t r a .  A d i r e c t  com parison o f  

r e a l  and id e a l  perform ance i s ,  t h e r e f o r e ,  n o t s tr a ig h tfo rw a rd  i f  th e  n o is e  

s t im u l i  do n o t have r e c ta n g u la r  power s p e c t r a .

In  o rd e r  t o  compare r e a l  and id e a l  p e rfo rm ance , th e  e q u iv a le n t 

s t a t i s t i c a l  bandw idth  (ESB) o f  a  n o n re c ta n g u la r  n o is e  s tim u lu s  m ust be 

c a lc u la te d .  The ESB i s  th e  bandw idth o f  th e  r e c ta n g u la r  f i l t e r  w hich 

would p ass  a  w h ite  n o is e  s ig n a l  w ith  th e  same r e l a t i v e  v a r i a b i l i t y  as  

would th e  a c tu a l  f i l t e r .  Schacknow and Raab (1976) c a lc u la te d  th e  ESB f o r  

each o f  th e  n o ise  s t im u li  employed in  t h e i r  s tu d y . In  a l l  c a s e s ,  th e  ESB 

i s  l a r g e r  th a n  th e  co rresp o n d in g  h a lf-p o w er bandw idth (HPB), a lth o u g h  t h i s  

d isc rep a n cy  d im in ish es  w ith  in c re a s in g  bandw id th . For t h e i r  n arro w est 

s tim u lu s  (HPB * 100 H z), th e  ESB eq u a ls  136 Hz. T h is  in c re a s e  in  

e f f e c t iv e  bandw idth  r e s u l t s  in  an  app ro x im ate ly  1.1*-dB improvement i n  th e
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perform ance o f  th e  id e a l  d e t e c to r ,  o v er t h a t  c a lc u la te d  on th e  b a s i s  o f  

th e  HPB. For v id e r  b an d w id th s , th e  d if f e r e n c e  betw een th e  HPB and ESB i s  

s m a lle r .  For exam ple, th e  d if f e r e n c e  in  t h e o r e t i c a l  th re s h o ld s  f o r  th e  

id e a l  r e c e iv e r  when HPB -  3160 Hz and ESB -  3399 Hz i s  o n ly  abou t 0 .1  dB. 

I t  fo l lo w s , th e r e f o r e ,  t h a t  i f  d a ta  ftram r e a l  o b se rv e rs  w ere compared to  

id e a l  Weber f r a c t io n s  c a lc u la te d  u s in g  th e  h a lf-p o w er bandw id th , 

r e a i l - id e a l  d if f e re n c e s  w i l l  be a r t i f i c i a l l y  sm a lle r  f o r  narrow band 

s t im u l i .

T here i s  l e s s  need f o r  th e s e  com putations in  a n a ly z in g  ou r d a ta ,  

s in c e  th e  n a rro w est h a lf-p o w er bandw idth  employed in  t h i s  th e s i s  was 

U69 Hz. From Schacknow and Raab’ s T ab le  IV (p . 9 0 0 ), i t  can be seen  t h a t  

th e  d if f e r e n c e  betw een id ead  Weber f r a c t io n s  c a lc u la te d  u s in g  th e  HPB and 

th o s e  u s in g  th e  ESB i s  about 0 .5  dB f o r  a  bandw idth o f  U69 Hz and about 

0 .1  dB f o r  a  5000-Hz bandw id th . F u rth erm o re , ESB*s c a lc u la te d  by 

Schacknow and Raab w ere f o r  n o is e  s t im u li  f i l t e r e d  w ith  a t te n u a t io n  r a t e s  

o f  U8 d B /o c tav e . In  one c o n d i t io n ,  ou r narrow band n o ise  s t im u l i  had 

a t te n u a t io n  r a t e s  o f  96 d B /o c tav e . These s t im u l i  a re  more n e a r ly  

r e c ta n g u la r  th a n  th o se  o f  Schacknow and Raab, and w i l l  co n seq u en tly  be  

le s s  a f f e c te d  by th e  HPB-ESB c o n v e rs io n . The r e a l - ld e e d  d if f e r e n c e s  in  

perform ance re p o r te d  in  T ab le  3-9 f o r  100 msec s t im u l i  w ith  96 dB /oc tave 

s k i r t s  show t h a t  o b se rv e rs  perfo rm  b e t t e r ,  r e l a t i v e  t o  i d e a l ,  w ith  

narrow band s t im u l i  th a n  w ith  w ideband s t im u l i .  The m agnitude cf t h i s  

d if f e r e n c e  i s  to o  la rg e  (ab o u t 3 dB) t o  be acco u n ted  f o r  by th e  u se  o f  th e  

HPB in  c a lc u la t in g  th e  id e a l  Weber f r a c t i o n  from E quation  1 -2 . S ince  th e  

d i s t i n c t i o n  betw een h a lf-p o w er bandw idth and e q u iv a le n t s t a t i s t i c a l  

bandw idth  i s  sm a ll f o r  th e  s t im u l i  employed in  t h i s  d i s s e r t a t i o n  ( in  th e  

m ost extrem e c a s e ,  l e s s  them 0 .5  dB ), a l l  r e fe re n c e s  to  bandw idth w i l l  b e  

to  th e  h a lf-p o w er bandw id th .
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