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MONAURAL DIFFERENTIAL SENSITIVITY 

FOR SHORT STIMULUS DURATION

CHAPTER I  

INTRODUCTION

The s tu d y  o f h e a r in g  i s  d i r e c te d  tow ard  e f f o r t s  to  

d e f in e  th e  t e n e t s  w hich  govern  human a u d i to r y  b e h a v io r .

T h is  p u rp o se  i s  a c h ie v e d  th ro u g h  an u n d e rs ta n d in g  o f  a c o u s­

t i c  s t im u l i  and th e  n a tu re  o f  th e  r e s p o n s e s  t h a t  th e y  

ev o k e . The d eg ree  o f  co n f id e n c e  and th e  a c c u ra c y  w ith  

w hich s e n s o ry  a c u i ty  can be s p e c i f i e d  i s  due , in  p a r t ,  t o  

a  grow ing u n d e rs ta n d in g  o f  p sy c h o p h y s ic a l phenomena w hich 

has made i t  p o s s ib le  to  r e l a t e  s t im u lu s  t o  r e s p o n s e .  Funda­

m e n ta l t o  t h i s  knowledge i s  th e  m easurem ent o f th e  minimum 

a c o u s t ic  en e rg y  t h a t  j u s t  evokes a  re sp o n se  t o  th e  s e n s a t io n  

o f  h e a r in g  and th e  s m a lle s t  change in  a  s t im u lu s  t h a t  an 

o b se rv e r  can d e t e c t .

In fo rm a tio n  c o n c e rn in g  m an 's  s e n s i t i v i t y  t o  minimum 

a c o u s t ic  e n e rg ie s  i s  a c a d e m ic a lly  i n t e r e s t i n g  and c l i n i ­

c a l l y  in d i s p e n s ib l e .  E q u a lly  im p o r ta n t ,  how ever, i s  th e  

c a p a c i ty  t o  d i f f e r e n t i a t e  one sound from  a n o th e r ,  a  f u n c t io n  

t h a t  i s  b a s ic  t o  m an 's  e f f e c t i v e  u se  o f  th e  a c o u s t ic  e v e n ts



t h a t  o ccu r I d b la  en v iro n m en t. I t  a l s o  p ro v id e s  v a lu a b le  

in s ig h t  in to  th e  human b e in g 's  a b i l i t y  t o  fu n c t io n  in  day  to  

day s i t u a t i o n s .  Inasm uch a s  com m unication i s  accom plished  

by u t i l i z i n g  t r a n s i e n t  s i g n a l s ,  d is c r im in a t io n  o f  r e l a t i v e l y  

sm a ll changes in  a u d i to r y  s t im u l i  i s  o f  th e  u tm o s t im por­

ta n c e  .

The norm al l i s t e n e r  i s  a b le  t o  d i f f e r e n t i a t e  two 

sounds i f  th e y  v a ry  s u f f i c i e n t l y  in  t h e i r  p h y s ic a l  p ro p e r ­

t i e s .  The s m a lle s t  change in  a  s t im u lu s  d im ension  t h a t  an 

o b se rv e r  can j u s t  d e te c t  d e f in e s  th e  d i f f e r e n t i a l  th r e s h o ld ,  

o r  d i f f e r e n c e  lim en  (DL), f o r  t h a t  d im en sio n . The dim en­

s io n s  in  te rm s o f  w hich th e  human a u d i to r y  system  i s  a b le  to  

d i s t i n g u i s h  and c l a s s i f y  a u d i to r y  s e n s a t io n s  a r e  fre q u e n c y , 

i n t e n s i t y ,  p h a se , and d u r a t io n .

D i f f e r e n t i a t i o n s  by  human b e in g s  on th e  b a s i s  o f  p h ase  

d i f f e r e n c e s  a r e  n o t a s  e a s i l y  a s s e s s e d  a s  a r e  th o s e  due to  

d i f f e r e n c e s  in  th e  o th e r  th r e e  p a r a m e te r s .  As sum m arized by 

S tev en s  and D av is (7 0 ) ,  th e  a t t e n t i o n  in  th e  l i t e r a t u r e  t h a t  

has been  d ev o ted  to  fre q u e n c y  and i n t e n s i t y  in  an e f f o r t  t o  

d e f in e  human d is c r im in a to r y  c a p a c i ty  i s  e x te n s iv e .  In  a d d i­

t i o n  t o  expand ing  o u r knowledge r e g a rd in g  th e  b a s ic  fu n c ­

t i o n i n g  of th e  a u d i to ry  system  (6 5 , 68 , 7 7 ) , th e s e  s tu d i e s  

have p ro v en  o f v a lu e  as  a  b a s i s  f o r  c l i n i c a l  p ro c e d u re s  

d i r e c te d  tow ard  th e  d i f f e r e n t i a l  d ia g n o s is  o f p a th o lo g ic a l  

e t i o l o g i e s  (3 ,  15 , k 7 ,  5 5 , 5 6 ) .

By c o n t r a s t ,  d u r a t io n  a s  a  p a ra m e te r  has been  neg­

l e c t e d .  In  f a c t ,  a  s a l i e n t  f e a tu r e  o f  th e  l i t e r a t u r e  i s  th e



p a u c i ty  o f  In fo rm a tio n  c o n c e rn in g  d i f f e r e n t i a l  s e n s i t i v i t y  

f o r  d u r a t io n  w hich d e m o n s tra te s  th e  need f o r  I t s  d e f i n i t i v e  

s tu d y . I t  I s  t r u e  t h a t  s ig n a l  d u r a t io n ,  a s  I t  a f f e c t s  p e r ­

c e iv e d  p i t c h  and lo u d n e ss , has been  e x te n s iv e ly  s c r u t in iz e d  

(llj., 17 , 18 , Q ,  28, 29, 30 , 3 5 , 4%, 5 0 , 62 ,

76 , 8 1 ) , a s  have th e  p s y c h o lo g ic a l  a s p e c ts  o f th e  p e rc e p ­

t i o n  o f  tim e  and th e  e s t im a tio n  o f  f i l l e d  and u n f i l l e d  

I n t e r v a l s  (2 ,  19, 20, 21, 22, 27, 3 1 , 3 2 , 3 4 , 3 6 , 3 7 , 60, 

64 , 75 , 8 0 , 8 2 , 8 3 ) .  A lthough  such  s tu d i e s  p ro v id e  v a lu ­

a b le  In fo rm a tio n  abou t a u d i to r y  fu n c t io n  and th e  p a ra m e te rs  

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

d u r a t io n ,  a d e f i n i t i v e ,  s y s te m a tic  e x p lo ra t io n  o f  th e  d u ra ­

t i o n  Ilm en (DL), p e r  s e ,  rem ain s t o  be done.

T h is  s tu d y  was d e s ig n e d  t o  f i l l  t h i s  n ee d , a t  l e a s t  

In  p a r t .  S p e c i f i c a l l y ,  th e  s tu d y  m easured d u ra t io n  d i f f e r ­

ence lim en s  o b ta in e d  from  n o rm a l-h e a r in g  human b e in g s  when 

v e ry  b r i e f  to n e s  w ere p re s e n te d  u n d e r  v a r io u s  co m b in a tio n s  

o f  s t im u lu s  f re q u e n c y  and I n t e n s i t y .

A d is c u s s io n  o f  p e r t i n e n t  s tu d i e s  o f  d i f f e r e n t i a l  

s e n s i t i v i t y  f o r  s t im u lu s  d u r a t io n .  In  a d d i t io n  t o  th o s e  

w hich a re  germ aine t o  th e  p ro c e d u ra l  v a r ia b le s  t h a t  a f f e c t  

d i f f e r e n t i a l  s e n s i t i v i t y .  I s  p r e s e n te d  In  th e  fo llo w in g  

re v ie w  o f  th e  l i t e r a t u r e .



CHAPTER I I  

HISTORICAL REVIEW OP THE PROBLEM 

I n t r o d u c t io n

The p r e s e n t  s tu d y  was an I n v e s t i g a t i o n  o f  human a u d i ­

t o r y  s e n s i t i v i t y  t o  sm a ll  p h y s i c a l  changes in  s t im u lu s  d u r ­

a t i o n .  Such a pu rpose  n e c e s s i t a t e s  a rev ie w  o f  t h e  l i t e r a ­

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

p a ra m e te r  o f  s t im u lu s  d u r a t io n ,  b u t  f o r  th e  o th e r  p a r a ­

m e te rs  o f  s t im u lu s  f re q u e n c y  and i n t e n s i t y  a s  w e l l .  In 

t h i s  s e c t i o n  p a r t i c u l a r  a t t e n t i o n  w i l l  be g iven  t o  th o s e  

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

s e n s i t i v i t y  t o  t o n a l  s t i m u l i ,  a s  w e ll  a s  th e  p ro c e d u re s  

employed in  i t s  a s s e s s m e n t .

The r e s o l v i n g  power o f  t h e  a u d i to r y  sy s tem , a s  mea­

su re d  in  t h e  d e te rm in a t io n  o f  DLs, i s  o f  c l i n i c a l  a s  w e l l  a s  

t h e o r e t i c a l  i n t e r e s t .  Because c e r t a i n  ty p e s  o f  h e a r in g  l o s s e s  

e x h i b i t  abnorm al s e n s i t i v i t y  t o  i n t e n s i t y  changes n e a r  t h r e s h ­

o ld ,  th e  DL measurement i s  u sed  in  th e  d i f f e r e n t i a l  d ia g n o s i s  

o f  h e a r in g  d i s o r d e r s .  A lthough m ethod, r a t i o n a l e  and p r o ­

cedu re  d i f f e r  somewhat. Denes and Naunton ( 1 5 ) « L uscher and 

Z w is lo c k i  (5 6 ) , and J e r g e r  (li.6) have a l l  p roposed  c l i n i c a l



t e s t a  u t i l i z i n g  d i f f e r e n t i a l  s e n s i t i v i t y  f o r  I n t e n s i t y  a s  

a  d ia g n o s t ic  t o o l .  Even th o u g h  n o t a  DL by  d e f i n i t i o n ,  

th e  mean w id th  o f  th e  e x c u rs io n s  o f  B ekesy th r e s h o ld  t r a c ­

in g s  a r e  r e l a t e d  t o  d i f f e r e n t i a l  s e n s i t i v i t y  f o r  I n t e n s i t y  

and a re  d l a g n o s t l c a l l y  m e an in g fu l when c o n s id e re d  as  p a r t  

o f a  t e s t  b a t t e r y  (3 )«  L ik e w ise , th e  s h o r t  In c rem en t se n ­

s i t i v i t y  Index  (S IS I)  (i(.8 ) I s  d ep en d en t upon d i f f e r e n t i a l  

s e n s i t i v i t y  f o r  I n t e n s i t y .  The e a r ' s  s e n s i t i v i t y  t o  chan­

ges In  f re q u e n c y , how ever, h as  n o t had  a s  much c l i n i c a l  

a p p l i c a t i o n .  I t  would seem t h a t  th e  p a ra m e te r  o f  s t im u lu s  

d u r a t io n  may a l s o  p ro v e  t o  be o f  c l i n i c a l  s i g n i f i c a n c e .

The p sy c h o p h y s ic1 s t  and th e  e x p e r im e n ta l  p sy c h o lo ­

g i s t  a r e  concerned  w ith  how th e  human o b se rv e r  d e t e c t s  

a u d i to r y  s i g n a l s .  By v a ry in g  th e  s ig n a l  p a ra m e te rs .  I n ­

fo rm a tio n  a s  t o  how t h i s  I s  acco m p lish ed  I s  p ro v id e d  and 

a u d i to ry  th e o ry  I s  th e r e b y  fo rm u la te d . Human d is c r im in a ­

to r y  b e h a v io r  I s  In c o m p le te ly  u n d e rs to o d  a s  I s  ev id en ced  

by  a  p rep o n d e ran c e  o f  d is c r e p a n c ie s  among d a ta  and c o n c lu ­

s io n s  o f f e r e d  In  th e  l i t e r a t u r e  (I4., 5 2 , 7 0 ) .

Such d is c re p a n c ie s  a r e  a  d i r e c t  r e f l e c t i o n  o f  Im per­

f e c t  knowledge r e g a rd in g  th e  r e l a t i o n s h i p s  betw een  th e  phy ­

s i c a l  p a ra m e te rs  o f  a  p u re - to n e  and a  human b e i n g 's  

re sp o n se  t o  them . R e sea rch  on f r e q u e n c y - I n te n s i ty  e f f e c t s  

I s  volum inous (8 , 3 9 , lj.2, 1|.9, 63 , 66 , 68 , 69 , 73 , 7 8 ) .  

A lthough  some a s p e c ts  o f  d u r a t io n ,  a s  r e l a t e d  t o  f re q u e n c y  

and I n t e n s i t y ,  have been  e x p lo re d , a  c r i t i c a l  re v ie w  o f  t h e



l i t e r a t u r e  r e v e a ls  t h a t  th e  c r u c i a l  s tu d y  d e f in in g  human 

d is c r im in a to ry  c a p a c i ty  f o r  a u d i to r y  s t im u lu s  d u r a t io n  

does n o t e x i s t .  T hat i t  has th u s  f a r  e lu d e d  c a r e f u l  in ­

v e s t ig a t io n  i s  s u r p r i s in g  in d e e d , in  view  o f  th e  f a c t  t h a t  

d u ra t io n  i s  one o f  th e  few  b a s ic  p a ra m e te rs  o f  an a u d i to r y  

s t im u lu s  ( 6 1 ) .

D i f f e r e n t i a l  S e n s i t i v i t y  f o r  F requency  and I n t e n s i t y  

The m agnitude o f  th e  j u s t  n o t ic e a b le  change in  a  

s t im u lu s  has been  o f  i n t e r e s t  e v e r  s in c e  1032*. when 

E . H. Weber s t a t e d  t h a t  th e  r a t i o  o f  th e  j u s t  p e r c e p t ib le  

in c rem en t in  a  s t im u lu s  t o  th e  b a s e  i n t e n s i t y  from  w hich  i t  

i s  d e te rm in ed  i s  c o n s ta n t  f o r  a l l  se n se  m o d a l i t i e s .  He was 

m is ta k e n . The Weber r a t i o ,  o r  t h e  r e l a t i v e  d i f f e r e n c e  

lim en  (A I /I )  does n o t m a in ta in  a  c o n s ta n t  v a lu e  e i t h e r  w ith  

r e g a rd  t o  i n t e n s i t y  (6^) o r  f re q u e n c y  ( 6 8 ) .  T h ere  i s  e v i ­

dence t h a t  t h i s  i s  e q u a l ly  t r u e  f o r  d u r a t io n  (3 3 , 1*3, 71*-)« 

The h i s t o r i c a l  developm ent o f  d i f f e r e n t i a l  s e n s i t i v ­

i t y  i s  rev ie w ed  by s e v e r a l  w r i t e r s  (8 , ij.9, ? 8 ) .  B o rin g  (8 ) 

com pares and c r i t i c a l l y  e v a lu a te s  th e  d a ta  on f re q u e n c y  DLs 

a s  d e te rm in e d  by  su ch  e a r l y  w o rkers as  D e leze n n e , F re y e r ,  

L u f t ,  M eyer, S tu c k e r , and more r e c e n t l y  b y  V ance, and 

Shower and B id d u lp h . Shower and B id d u lp h  (68) w ere th e  

o n ly  ones u s in g  e l e c t r o n i c  equipm ent and t h e i r  s tu d y  has 

g e n e r a l ly  been  c o n s id e re d  t o  b e  th e  c l a s s i c a l  w o rk . Cur­

io u s ly  enough, th e  lim e n s  o f  th e  e a r l i e r  r e s e a r c h e r s ,  u s in g  

r e e d s  and tu n in g  f o r k s ,  a r e  s m a l le r  th a n  th o s e  o f  Shower



and B id d u lp h . These d i f f e r e n c e s  B o rin g  (6 ) a t t r i b u t e s  t o  

th e  p re se n c e  o f  t r a n s i e n t s  and o v e r to n e s  In tro d u c e d  by  th e  

c ru d e  In s tru m e n ta t io n  In  th e  a b ru p t changes o f  th e  s t im u l i  

u se d  b y  th e  e a r ly  s c i e n t i s t s .  Shower and B iddu lph  (68) ob­

je c te d  t o  th e s e  e a r l i e r  w orks b e c a u se . In s te a d  o f m aking 

t h e i r  judgm ents on th e  b a s i s  o f  d i f f e r e n c e s  In  fu n d am en ta l 

f re q u e n c y , th e  s u b je c ts  w ere In f lu e n c e d  b y  th e  p re se n c e  o f 

o v e r to n e s ;  h en ce , th e  s m a lle r  l im e n s .

U sin g  th e rm io n ic  o s c i l l a t o r s .  Shower and B id d u lp h  (68) 

v a r ie d  t h e  s tim u lu s  s in u s o id a l l y  In  o rd e r  t o  av o id  th e  con­

f u s in g  t r a n s i e n t s  o f  an  a b ru p t s t im u lu s  ch a n g e . B ut t h i s  

ap p ro ach  a l s o  can be c r i t i c i z e d .  As B o rin g  (8 ) s t a t e s ,  an 

a b ru p t s t im u lu s  change w ith o u t t r a n s i e n t s  o r  c l i c k s  I s  

d e s i r e d .  The p ro c e d u re  o f  s in u s o id a l  v a r i a t i o n  r e s u l t s  In  

lim en s t h a t  he c o n s id e r s  to o  la r g e  t o  r e p r e s e n t  th e  maximal 

s e n s i t i v i t y  o f  th e  e a r  t o  fre q u e n c y  changes w h ile  th e  d a ta  

o f th e  e a r l y  ex p e rim en ts  a r e  f e l t  t o  be  to o  s m a l l .  H a r r is  

(39) has r a i s e d  th e  q u e s t io n  w h eth er th e  f re q u e n c y  m odula­

t i o n  te c h n iq u e  I s  n o t r a t h e r  an ex p erim en t In  some form o f 

b e a t s  o r  m ask in g . He f u r t h e r  c h a lle n g e s  th e  work o f  Shower 

and B id d u lp h  (68) a s  la c k in g  In  s t im u lu s  c o n t r o l  and In  

f e e l i n g  f o r  th e  p s y c h o lo g ic a l  co n cep t o f  d i f f e r e n t i a l  

th r e s h o ld

Com bining th e  l a t e s t  In  e l e c t r o n ic  In s tru m e n ta t io n  

w ith  c a r e f u l  c o n s id e r a t io n  f o r  th e  p sy ch o lo g y  o f  d i s c r im i ­

n a t io n ,  H a r r i s  (39) I n v e s t ig a te d  d i f f e r e n t i a l  s e n s i t i v i t y
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f o r  f re q u e n c y  sind o b ta in e d  r e s u l t s  w hich  were in  sh a rp  con­

t r a s t  w i th  th o s e  o f  Shower and B id d u lp h  (6 8 ) .  H is d a ta  do 

n o t su p p o rt th e  w id e ly  h e ld  view  t h a t  th e  Weber r a t i o  i s  

a p p ro x im a te ly  c o n s ta n t  beyond 1000 c p s ,  w h ile  a t  f r e q u e n c ie s  

below  1000 cps th e  a b s o lu te  DL i s  a p p ro x im a te ly  c o n s ta n t .  

R a th e r , he co n c lu d es  t h a t  f re q u e n c y  d is c r im in a t io n  d a ta  

above ^000 cp s  m ust be c o n s id e re d  te n u o u s  b e c au se  o f  lo u d ­

n e s s  c u e s  w hich may b e  o p e r a t in g .

In  e v a lu a t in g  p ro c e d u re s  u se d  in  s tu d ie s  o f  f re q u e n c y  

DL, B o rin g  (8 ) c i t e s  f a c t o r s  w hich may a f f e c t  th e  s i z e  o f  

th e  d i f f e r e n c e  lim e n . These a r e :  (1 )  s u b je c t  p r a c t i c e  r e ­

duces lim en  s i z e ,  (2 ) d i f f e r e n c e s  betw een  s u b je c t s  cau se  

th e  lim en  t o  v a ry , (3 ) th e  p sy c h o p h y s ic a l m ethods o f  l i m i t s  

and o f  r i g h t  and wrong c a s e s  do n o t y i e l d  com parab le  r e ­

s u l t s ,  (^.) th e  lim en s o f  s in u s o id a l  change a re  l a r g e r  th a n  

th o s e  o f a b ru p t ch an g e , (5 ) th e  m ethod o f  l i m i t s  y i e ld s  

s m a lle r  lim en s th a n  does th e  m ethod o f  r i g h t  and wrong 

c a s e s ,  (6 ) t r a n s i e n t s  te n d  t o  red u c e  lim en  s iz e  f o r  th e  f r e ­

quency r e g io n  below  t h a t  o f  th e  e a r ' s  m axim al s e n s i t i v i t y ,  

(7 ) lim en s  become l a r g e r  a s  th e  s t i m u l i  d e c re a se  in  in t e n ­

s i t y .

H a r r i s  (38) l i s t s  th r e e  r e q u i s i t e s  f o r  p i t c h  d is c r im ­

in a t io n  s t u d i e s :  (1 ) th e  s t im u lu s  m ust be  c o n c e n tra te d

w ith in  th e  d e s i r e d  f r e e  -"ty r e g io n ,  w ith o u t t r a n s i e n t s ,

(2 ) th e  p s y c h o p h y s ic a l mocu 1 m ust b e  d e f e n s ib le  an d  c l e a r l y  

d e s c r ib e d ,  (3 ) th e  . .ujw p e rfo rm an ce  m ust n o t  be  u n d u ly



In f lu e n c e d  b y  p r a c t i c e ,  uneven m o t iv a t io n ,  o r  o th e r  e x t r a n ­

eous f a c t o r s .

R o s e n b li tb  and S te v e n s  ( 66 ) go somewhat f u r t h e r  in  

s t a t i n g  t h a t  a  c a r e f u l  d e s c r ip t io n  m ust be g iv e n  o f  th e  

"S tim ulus en sem b le" , "Response r e p e r to r y " ,  and a l l  e x p e r i ­

m e n ta l a s p e c t s  w hich  m ig h t shed l i g h t  on th e  mechanism o f 

judgm ent r e s p o n s e .  In  v iew  o f  th e  c o n t r a d ic to r y  n a tu re  o f 

th e  l i t e r a t u r e  on th e  s i z e  o f  th e  f re q u e n c y  DL, th e y  ex ­

p lo r e d  th e  e x te n t  o f  DL v a r i a t i o n  a s  a  fu n c t io n  o f  psycho ­

p h y s ic a l  m e th o d . They em ployed th e  m ethod o f  c o n s ta n ts  

(coded  AX b y  th e  a u th o r s )  and th e  s o - c a l l e d  ABX te c h n iq u e  

(I4.O, 5 8 ) ,  w hereby a  s u b je c t  ju d g e s  w h e th e r s t im u lu s  A o r 

s t im u lu s  B i s  more l i k e  s t im u lu s  X. They do n o t conc lude  

t h a t  one m ethod i s  s u p e r io r  t o  th e  o th e r ,  b u t  o n ly  sa y  t h a t  

th e  ABX m ethod y ie ld s  l a r g e r  DLs th a n  does th e  m ethod o f  

c o n s ta n t s .  In  f a c t ,  th e y  deem i t  "Im prudent t o  p o s tu l a t e  a  

't r u e *  DL, o r  t o  i n f e r  th e  b e h a v io r  o f  th e  p e r ip h e r a l  organ  

from th e  s iz e  o f  th e  DL m easured  u n d e r  a  g iv e n  s e t  o f  con­

d i t i o n s  "•

In  summary, th e  DL m easurem ent f o r  f re q u e n c y  i s  

m e a n in g le ss  u n le s s  th e  c o n d i t io n s  and p ro c e d u re s  u n d e r  

w hich th e  v a lu e s  a r e  o b ta in e d  a r e  r ig o r o u s ly  d e f in e d .  The 

s im p le r  th e  s t im u lu s  c o n d i t io n s ,  t h e  b e t t e r  i s  th e  sub ­

j e c t ' s  judgm ent p erfo rm an ce  w hich can  be e v a lu a te d  o n ly  in  

te rm s  o f  th e  way in  w hich th e  t a s k  h as  been  s p e c i f i e d .  

R o s e n b li tb  and  S tev en s  (6 6 ) have shown t h a t  DL s iz e  can  be
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m a n ip u la te d  b y  v a ry in g  p ro c e d u re  and s t im u lu s  c o n d itio n s *

S h o r t ly  a f t e r  th e  I n i t i a l  work In  f re q u e n c y  DLs had 

b egun . I n t e r e s t  was a l s o  g e n e ra te d  In  d i f f e r e n t i a l  s e n s i ­

t i v i t y  t o  s t im u lu s  I n t e n s i t y .  Enudsen (1|.9) b r i e f l y  rev ie w s  

th e  h i s t o r i c a l  developm ent o f  I n t e n s i t y  l im e n s . He r e p o r t s  

e a r l y  ex p e rim en ts  co n d u c ted  by  P ls c h e r  and Wundt In  I 66O 

who s p e c i f i e d  I n t e n s i t y  DL v a lu e s  by  com paring  th e  d i s ta n c e  

t h a t  two s im i l a r  le a d  b a l l s  f e l l ,  m aking s u c c e s s iv e  Im p ac ts  

on a  m e ta l  p l a t e . V ario u s I n t e n s i t i e s  w ere p ro d u ced  by  

b a l l s  o f  d i f f e r e n t  w e ig h ts  and by  v a ry in g  t h e i r  h e lg h th  o f 

f a l l .  They found  th e  Weber r a t i o  t o  be In d ep en d en t o f  s tim ­

u lu s  I n te n s i ty *  T hat I s ,  th e  Weber r a t i o  rem a in ed  c o n s ta n t  

o v e r th e  ra n g e  o f  I n t e n s i t i e s  used*

The p io n e e r  work In  I n t e n s i t y  DL m easurem en t, how ever. 

I s  c o n s id e re d  to  have been t h a t  o f  Wien (1Ô66) whose to n e  

so u rce  was a  te le p h o n e  r e c e iv e r  u se d  In  c o n ju n c tio n  w ith  a  

H elm holtz  r e s o n a to r .  I n t e n s i t y  was m easured  b y  v i s u a l  p ro ­

j e c t i o n  and a m p l i f ic a t io n  o f  th e  m o tion  o f  a  d iaphram  p o s i ­

t io n e d  w ith in  th e  r e s o n a to r .  The sound s t im u lu s  was c a r r i e d  

from th e  r e s o n a to r  t o  an o b s e r v e r 's  e a r  b y  m eans o f  a  ru b b e r  

tu b e .  Wien found  h is  v a lu e s  t o  be a  f u n c t io n  o f  s t im u lu s  

f re q u e n c y  a s  th e  DL v a r ie d  In  an i r r e g u l a r  m anner w i th  i n ­

t e n s i t y .

T h i r ty - f iv e  y e a rs  l a t e r  ( 1 9 ^ ) «  Enudsen (1^9) a tte m p te d  

t o  d e te rm in e  th e  s e n s i t i v i t y  o f  th e  e a r  t o  sm a ll  d i f f e r e n c e s  

o f  I n t e n s i t y  and freq u en cy *  By p r e s e n t  s ta n d a rd s  h i s  p ro c e -
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d u ra  and I n a t r u n e n ta t io n  l e f t  som eth ing  to  be d e s ire d *  He, 

h im s e lf ,  w r i t e s  t h a t  1co n ta c t  n o is e s  " were ev id en ced  in  th e  

h ig h e r  f r e q u e n c ie s .

The c l a s s i c  ex p erim en t o f d i f f e r e n t i a l  s e n s i t i v i t y  

f o r  i n t e n s i t y  was r e p o r te d  by  R iesz  (65 ) in  1928 . He 

o b ta in e d  i n t e n s i t y  DLs a s  a  fu n c tio n  o f  f re q u e n c y  and i n ­

t e n s i t y  o v e r  th e  e n t i r e  ra n g e  o f  human a u d i to r y  s e n s i t i v ­

i t y .  To a v o id  th e  p roblem  o f  t r a n s i e n t s  be em ployed a  

m ethod o f  b e a t in g  to n e s .  The r e s u l t s  in d ic a te d  t h a t  DL 

s iz e  was dependen t on th e  r a t e  o f s ig n a l  f l u c tu a t i o n  and 

t h a t  th e  DL was s m a lle s t  w ith  a  th r e e - c y c le  d i f f e r e n c e  

betw een to n e s*  The s iz e  o f  th e  DL app roached  a  c o n s ta n t  

v a lu e  f o r  i n t e n s i t i e s  above $0  d e c ib e l s  b u t in c re a s e d  r a p ­

id ly  a s  s t im u lu s  i n t e n s i t y  was lo w ered  to  t h r e s h o l d .  The 

r e l a t i v e  DL was m in im al a t  ^ 0 0  c p s .  R ie s z ' w ork can be 

q u e s tio n e d  f o r  much th e  same re a so n  a s  t h a t  o f  Shower and 

B iddu lph  (66) on fre q u e n c y  DL ( i . e . ,  s in u s o id a l  v a r i a t i o n  

r e s u l t s  in  r e l a t i v e l y  la rg e  l im e n s ) .

S in ce  d i f f e r e n t  p sy c h o p h y s ic a l m ethods y i e l d  d i s s im i ­

l a r  r e s u l t s  (1 6 , 6 6 ) , P o l la c k  (63) fo c u se d  h i s  a t t e n t i o n  on 

i n t e n s i t y  d is c r im in a t io n  u n d e r s e v e r a l  e x p e r im e n ta l p ro c e ­

d u re s  w hich d i f f e r e d  p r im a r i l y  in  te rm s  o f  th e  p re s e n c e  o r  

absence  o f  an o b je c t iv e  com parison  s ig n a l  and in  te rm s  o f  

th e  s t a b i l i t y  o f  t e s t  c o n d i t io n s .  The p u rp o se  was t o  exam­

in e  th e  ra n g e  among d i f f e r e n t i a l  th r e s h o ld s  a s  a  f u n c t io n  

o f  th e  p sy c h o p h y s ic a l m ethod . The d i f f e r e n t i a l  th r e s h o ld
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was found t o  be s l i g h t l y  low er when an o b j e c t i v e  r e f e r e n c e  

s ta n d a r d  was a v a i l a b l e  th a n  when i t  was n o t .  C o n s id e red  

more im p o r ta n t  was th e  f a c t  t h a t  a  s t a b l e  s t a n d a r d  refer** 

e n c e , a s  opposed t o  a  r o v in g  s t a n d a r d ,  y i e ld e d  low er t h r e s h ­

o l d s .  The fram e o f  r e f e r e n c e  p ro v id e d  by  a  m ethod b a s e d  on 

an o b je c t i v e  s ta n d a r d  a l lo w s  th e  o b s e rv e r  t o  "a n ch o r"  h i s  

judgm ents ( 83 ) w h ereas , when th e  s ta n d a r d  i s  v a r i e d  from 

t r i a l  t o  t r i a l ,  th e  Judgm enta l fram ework i s  r e l a t i v e l y  un ­

s t a b l e  and d i s c r i m in a t io n  d e t e r i o r a t e s  over a  w ide r a n g e  o f  

i n t e r - s t i m u l u s  i n t e r v a l s •

The % nchor e f f e c t  " r e f e r s  t o  th e  in f lu e n c e  o f  con­

t e x t u a l  f a c t o r s .  I t  h a s  been  d em o n s tra te d  t h a t  t h e  s i z e  of 

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

u se d  in  such a  way t h a t  t h e  i n d i f f e r e n c e  i n t e r v a l  l i e s  in  

t h e  m idd le  o f  th e  p a r t i c u l a r  s t im u lu s  s e r i e s  employed ( 8 2 ) .  

O s te n s ib ly ,  t h e  s u b je c t  i s  a b le  t o  b u i l d  a  Judgm ental 

framework a g a in s t  w hich e n s u in g  Judgments a r e  m ade.

F requency  and I n t e n s i t y  DL as  a  F u n c t io n  
o f  R e fe re n ce  D u ra t io n

The s i z e  o f  th e  d i f f e r e n c e  lim en  f o r  e i t h e r  f re q u e n c y  

o r  i n t e n s i t y  depends on th e  d u r a t io n  o f  s t i m u l a t i o n .  A 

c o n s id e r a t i o n  o f  f re q u e n c y  and i n t e n s i t y  as  a  f u n c t io n  o f  

s t im u lu s  d u r a t io n  in v o lv e s  q u e s t io n s  c o n c e rn in g  th e  l e n g t h  

o f  t im e  t h a t  a  to n e  must be on in  o rd e r  t o  a c q u i r e  t o n a l  

q u a l i t y  a s  w e l l  as  t h e  minimum s t im u lu s  d u r a t io n  beyond 

w hich a d d i t i o n a l  l e n g th e n in g  o f  t h e  to n e  does n o t  change 

th e  p i t c h .
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I t  b a s  been d em o n stra ted  (17 , 23) t h a t  a to n e  does n o t 

lo s e  p i t c h  a b r u p t ly  w ith  sh o r te n e d  d u r a t io n ,  b u t  p a s s e s  

th ro u g h  s e v e r a l  s t a g e s .  W hereas D oughty and G arner (1 ?) 

r e p o r t  two k in d s  o f  p i t c h  th r e s h o ld ,  E kdah l and S te v e n s  (33) 

d e s c r ib e  th r e e  t h r e s h o ld s .  At two o r  tb_w : m i l l i s e c o n d s  

(msec) d u r a t io n ,  a to n e  o f  1000 cps h as  no p i t c h  c h a r a c te r ,  

b u t i s  h e a rd  m ere ly  a s  a  c l i c k .  From th e  th r e s h o ld  o f  

c l i c k - p l t c h  a t  10 m sec, p i t c h  changes w ith  in c re a s e d  d u ra ­

t i o n  and becomes s u b je c t iv e ly  low er and th e  to n e  becom es 

lo u d e r .  In  th e  f i n a l  s ta g e  ( th e  th r e s h o ld  o f  to n e - p l t c h  

w hich  i s  a p p ro x im a te ly  30 m se c ), p i t c h  q u a l i t y  i s  n o t 

a l t e r e d  w ith  f u r th e r  le n g th e n in g  o f  th e  to n e .

C oncerned w ith  t h i s  same p ro b lem , B urch , E o tow ski and 

L ic h te  (9 ) s tu d ie d  p i t c h  p e rc e p t io n  a t  v e ry  s h o r t  s t im u lu s  

d u r a t io n s  and in d ic a te d  t h a t  th e  a b s o lu te  tim e n e c e s s a ry  

from  th e  o n se t o f  a to n e  to  i d e n t i f y  p i t c h  i s  s h o r t e s t  

(a p p ro x im a te ly  10 m sec) in  th e  m id -fre q u e n c y  r a n g e .

A cco rd ing  t o  t h e i r  a r b i t r a r y  c r i t e r i o n ,  th e r e  m ust be  th r e e  

t o  f o u r  sound waves t o  p e r c e iv e  a  p i t c h  q u a l i t y  f o r  to n e s  

below  2$0 c p s .  At 1000 c p s , tw e lv e  w aves a re  n e c e s s a ry  and 

a t  10 ,000  cp s tw o-hundred  and f i f t y  a r e  r e q u i r e d .  T urn ­

b u l l ' s  (76) d a ta  f o r  th e  low and m id d le  f r e q u e n c ie s  a g re e  

w ith  th o s e  o f  B tirck, E o to w sk i, and L ic h te  ( 9 ) .

E u c h a rsk l (5 1 ) ,  i n t e r e s t e d  in  th e  s m a lle s t  number o f 

v ib r a t i o n s  w hich a llo w ed  a  s u b je c t  t o  d i s c r im in a te  betw een  

th e  p i t c h e s  o f  a  p a i r  o f  to n e s ,  r e p o r te d  t h a t  h i s  seven
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s u b je c t  s c o u ld  d i s t i n g u i s h  two to n e s  (750 and 1000 ops) p r e ­

se n te d  s u c c e s s iv e ly  f o r  o n ly  O.OO^li- second  ( s e c )  ( s u f f i c i e n t  

t o  t r a n s m it  abou t one c y c le  o f  th e  1000-cps wave and tw o- 

f i f t h s  o f  a c y c le  o f  th e  ? 5 0 -cp s  w av e ). N e ith e r  T u rn b u ll 

( 7 6 ) n o r B iirck, K otow skl, and L ic h te  (9 ) found p i t c h  d i s ­

c r im in a t io n  p o s s ib le  a t  such s h o r t  d u r a t io n s .

The v a r i a t i o n  o f  p i t c h  d is c r im in a t io n  a s  a  fu n c tio n  o f 

s t im u lu s  d u ra t io n  i s  rev iew ed  by  s e v e r a l  a u th o rs  (1 8 , 7 0 ,

7 6 ) .  In  1911|. A nderson ( 1 ) ,  u s in g  tu n in g  fo rk s  o f  u n s p e c i­

f i e d  f re q u e n c y , d e c re a se d  th e  le n g th  o f  two s u c c e s s iv e  to n e s  

from 2 t o  2$0 msec and o b se rv ed  a  r e d u c t io n  in  a c c u ra c y  w ith  

w hich a  d i f f e r e n c e  o f  one c y c le  co u ld  be d is c r im in a te d .  Bek- 

e sy  (S ) ,  co n cern ed  w ith  th e  same p ro b lem , e s ta b l i s h e d  th e  

dependence o f  th e  r e l a t i v e  d i f f e r e n c e  lim en  f o r  fre q u e n c y  

upon s t im u lu s  d u ra t io n  u s in g  two s u b je c ts  and a  lj.O-db,

600 -cps to n e .  H is work a l s o  d em o n s tra te d  t h a t  a  d im in u tio n  

in  p i t c h  ta k e s  p la c e  a s  s t im u lu s  d u r a t io n  i s  d e c re a s e d . 

T u rn b u ll* s  (76) d a ta  a re  in  agreem ent w ith  B ekesy*s ex c ep t a t  

s t im u lu s  d u r a t io n s  below  $0 msec where T u r n b u l l 's  DLs a re  

l a r g e r  th a n  B e k e s y 's .  E kdah l and S tev e n s  ( Q )  I n d ic a te  t h a t  

th e  p e rc e iv e d  p i t c h  o f a l l  to n e s  from 2$0 to  6OOO ops I s  low­

e re d  w ith  sh o r te n e d  d u r a t io n .  B iirck, K otow skl, and L ic h te  

( 9 ) ,  on th e  o th e r  hand, su g g e s t t h a t  th e  p i t c h  o f  h ig h  to n e s  

f a l l s  w h ile  t h a t  o f  low to n e s  I s  r a i s e d  by  s h o r te n in g  th e  

to n a l  d u r a t io n .
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In  1944 T u rn b u ll ( 7 6 ) ex ten d ed  p re v io u s  s tu d ie s  t o  

show more f u l l y  th e  r e l a t i o n s h i p  betw een p i t c h  d is c r im in a ­

t i o n  and s t im u lu s  d u r a t io n .  The r e l a t i v e  f re q u e n c y  DL was 

d e te rm in ed  f o r  a s e r i e s  o f  d u ra t io n  v a lu e s  from  th e  maximum 

o f 500 msec t o  th e  s h o r t e s t  p e r io d  w hich  p e rm it te d  m easu re­

ment o f  th e  l im a n . As s t im u lu s  d u ra t io n  d e c re a s e d , a c c u ra c y  

o f p i t c h  d is c r im in a t io n  a l s o  d im in is h e d . B ased  on work done 

by  T u rn b u l l ,  Wever (6I )  r e p o r te d  t h a t  p i t c h  d i f f e r e n c e s  o f  

2 .8  ops can be d e te rm in ed  75 p a r  c e n t o f  th e  tim e  f o r  s tim u ­

lu s  d u r a t io n s  g r e a t e r  th a n  100 m sec . At s h o r t e r  d u r a t io n s  

p i t c h  d is c r im in a t io n  d ro p s  s h a rp ly .

D oughty and G arner ( I 6 ) s tu d ie d  p i t c h  a s  a  fu n c t io n  o f 

s t im u lu s  d u r a t io n  o ver a  w ide ran g e  o f  f r e q u e n c ie s  and d u ra ­

t i o n  tim e s  in  an e f f o r t  t o  r e s o lv e  c o n t r a d ic t i o n s  in  th e  

l i t e r a t u r e .  In  th e  f i r s t  o f  a  s e r i e s  o f  e x p e rim e n ts , u s in g  

th e  m ethod o f c o n s ta n ts ,  t h e i r  s i x  s u b je c t s  w ere a sk ed  to  

judge th e  com parison  to n e  a s  h ig h e r  o r  low er in  p i t c h  th a n  

th e  s ta n d a r d .  A ll  o b s e rv a t io n s  w ere made b in  a u r a l l y  u n d e r 

e a rp h o n e s . The r e s u l t s  showed a  te n d e n c y  f o r  th e  u p p e r  in ­

t e n s i t y  c u rv e s  t o  d rop  w ith  s h o r te n e d  d u r a t io n ,  in d ic a t in g  a  

lo s s  o f  p i t c h .  F o r th e  lo w er i n t e n s i t y  c u rv e s , t h e  p i t c h  

lo s s  a t  s h o r t  d u r a t io n s  was n o t p r e s e n t .  They co n c lu d ed  

t h a t  i f  a  l a r g e  p i t c h  change does o cc u r as  a  f u n c t io n  o f  

sh o r te n e d  d u r a t io n ,  i t  i s  n o t r e v e a le d  c o m p le te ly  by  th e  

m ethod o f  c o n s ta n t s .
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I t  w as, t h e r e f o r e ,  d e c id e d  t o  em ploy th e  m ethod o f 

av e rag e  e r r o r .  U sin g  th e  same s i x  s u b je c t s ,  th e  d a t a  r e ­

v e a le d  t h a t  c o n s id e ra b le  p i t c h  change to o k  p la c e  n e a r  th e  

s h o r te r  d u r a t io n s .  T here was a d e c id e d  lo s s  o f  p i t c h  f o r  

a l l  f r e q u e n c ie s  a s  d u ra t io n  was red u ced  from  12 m sec . The 

p e rc e n ta g e  o f  p i t c h  change u n d e r th e  m ethod o f  av e ra g e  

e r r o r  was c o n s id e ra b ly  l a r g e r  (2  t o  1|. p e r  c e n t)  th a n  t h a t  

o b ta in e d  w ith  th e  m ethod o f  c o n s ta n ts  ( l e s s  th a n  1 p e r  

c e n t ) ;  how ever, th e  d i r e c t i o n  o f  p i t c h  change was th e  same 

f o r  b o th  p sy c h o p h y s ic a l m e th o d s . Tone p i t c h  was n o t s i g n i f ­

i c a n t l y  a f f e c t e d  down to  2$ m sec . P i t c h  l o s s  f o r  ^ 0  and 

1000 ops a t  v e ry  s h o r t  d u r a t io n s  was l e s s  a t  ?0 -db  th a n  a t  

90-db SPL w hereas f o r  if.000 ops t h e r e  was a  t r e n d  to w ard  a  

g a in  In  p i t c h  as  a  f u n c t io n  o f  sh o r te n e d  d u r a t io n .  The 

a u th o rs  co n c lu d ed  t h a t  b o th  f re q u e n c y  and I n t e n s i t y  I n t e r ­

a c t  In  d e te rm in in g  th e  d i r e c t i o n  and amount o f  p i t c h  change 

a s  a  fu n c t io n  o f  s ig n a l  d u r a t io n .

In  a  t h i r d  ex p erim en t u s in g  a  s in g le  s u b je c t  Doughty 

and G arner c o n c e n tra te d  on I n t e n s i t y  and f re q u e n c y  e f f e c t s .  

F iv e  I n t e n s i t i e s  w ere s e l e c t e d  (30 t o  100-db SPL) and s i x  

f r e q u e n c ie s  ( ^ 0  th ro u g h  6000 c p s ) .  A s ta n d a rd  to n e  o f  

500 msec was u s e d , w hereas th e  com parison  to n e  was h e ld  con­

s t a n t  a t  12  m sec. As I n t e n s i t y  d e c re a s e d , th e  change In  

p i t c h  f o r  a l l  f r e q u e n c ie s  te n d e d  t o  become s u c c e s s iv e ly  l e s s  

n e g a tiv e  ( o r  more p o s i t i v e ) ,  l e v e l  o f f ,  and th e n  a t  v e ry  low  

I n t e n s i t i e s  become more n e g a t iv e  (o r  l e s s  p o s i t i v e ) .  T here
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was no tendency toward negative p i tc h  values a t  low in te n ­

s i t i e s .  Doughty and Garner ( l 8 ) f in d  i t  worth no ting  th a t ,  

fo r  8000 cps, th e  d ire c tio n  of p i tc h  change a t  a l l  in te n s i ­

t i e s  was p o s i t iv e .

S im ilar to  procedures followed by P o llack  (63) on 

in te n s i ty  d isc r im in a tio n , Konig (^0 ) s tu d ied  th e  e f f e c t  of 

time on p itc h  d isc rim in a tio n  under se v e ra l psychophysical 

p rocedures, and compared p i tc h  and in te n s i ty  DLs. A tten ­

t io n  i s  c a lle d  to  th e  accuracy of d isc r im in a tio n  in  th e  

absence o f an o b jec tiv e  comparison s ig n a l  and to  the r e l a ­

t iv e ly  la rg e  DLs a sso c ia te d  w ith the i n s t a b i l i t y  o f th e  

t e s t in g  co n d itio n s . Konig ( $ 0) f u r th e r  says:

. . . t h e  s in g le  com parison s ta n d a rd  p ro c e d u re  i s  
u n d o u b te d ly  th e  m ethod w hich g iv e s  th e  s m a l le s t  
v a lu e s  f o r  th e  d i f f e r e n c e  lim e n , w hereas th e  
ro v in g  s ta n d a rd  p ro ce d u re  y i e ld s  th e  l a r g e s t  
DLs. The d i f f e r e n c e  lim en f o r  i n t e n s i t y  d i s ­
c r im in a tio n  u s u a l ly  seems to  depend more on th e  
method u sed  th a n  in  th e  ca se  o f  th e  d i f f e r e n c e  
liroens f o r  p i t c h  d i s c r im in a t io n .

No a ttem p t was made to  c o n t r o l  o r  a s s e s s  s u b je c t  m o ti­

v a t io n  and l e v e l  o f c o o p e ra tio n  o r  p r a c t i c e  e f f e c t ,  a lth o u g h  

th e s e  f a c t o r s  were re c o g n iz e d . R a th e r  th a n  e x p la in  th e  

judgm ent p ro c e s s e s  t h a t  d i f f e r e n t i a t e  th e  p sy c h o p h y s ic a l 

p ro c e d u re s , th e  d is c u s s io n  i s  c o n f in e d  to  an ex am in a tio n  o f  

in d iv id u a l  s u b je c t  b e h a v io r .  The c o n c lu s io n  i s  re a c h e d  t h a t  

d i f f e r e n t i a l  s e n s i t i v i t y ,  f o r  th e  m ost p a r t ,  depends on unde­

f in e d  ‘h ig h e r  o r d e r "  in d iv id u a l  f a c t o r s ,  a s  w e l l  a s  th e  p sy ­

c h o p h y s ic a l p ro ced u re  and th e  a u d i to r y  e n d -o rg a n .
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In  d is c u s s in g  th e  d e c l in e  o f  p i t c h  d is c r im in a t io n  

w ith  t im e , H a r r is  (I4.I) c h a rg e s  t h a t  ex p e rim en ts  concerned  

w ith  th e  e f f e c t  o f e la p s e d  tim e  betw een th e  s ta n d a rd  and 

com parison  s t im u l i  on p i t c h  d is c r im in a t io n  s u f f e r  from  one 

o f  two f a u l t s .  E i th e r  t h e r e  h as  been i n s u f f i c i e n t  in fo rm a­

t i o n  t o  a llo w  a DL to  be c a l c u l a t e d ,  o r  th e  p sy c h o p h y s ic a l 

m ethod t h a t  was employed a llo w ed  th e  s u b je c t  t o  an ch o r h is  

judgm ents and th e re b y  m a in ta in  d is c r im in a t io n  o v er a  lo n g  

in t e r - s t i m u lu s  i n t e r v a l .

H a r r i s  (2^1) showed t h a t ,  w ith  a  f ix e d  s ta n d a rd  s tim u ­

l u s ,  no d e c l in e  in  p i t c h  d is c r im in a t io n  o c c u rs  up to  a  d u r ­

a t io n  o f 3 .5  s e c .  A f te r  1$ sec  an 0 .6 -c p s  p i t c h  decrem ent 

i s  o b se rv ed  an d , fo llo w in g  2$ s e c ,  th e r e  i s  a d e c l in e  in  

o b se rv ed  p i t c h  o f  3*0 c p s .

S e v e ra l  ex p e rim e n te rs  (5* 3 0 , 35» 53» 62) have p ro ­

p o sed  t o  d e s c r ib e  th e  r e l a t i o n s h i p  o f  I n t e n s i t y  t o  d u ra ­

t i o n .  In  1929 Bekesy (5)»  u s in g  an 6 0 0 -cp s to n e  a t  l e s s  

th a n  0 .1  se c  found t h a t  lo u d n e ss  was h e ld  c o n s ta n t  when

I  = k lo g  t o .

I  i s  th e  i n t e n s i t y  in  d b , k and 0 a re  c o n s ta n t s ,  and t  i s  

t im e  in  s e c o n d s , k i s  n e g a tiv e  so  t h a t ,  a s  s t im u lu s  d u ra ­

t i o n  d e c re a s e d , i n t e n s i t y  m ust in c r e a s e  to  keep lo u d n e ss  

c o n s ta n t .

W ith somewhat more e x te n s iv e  d a ta ,  L i f s h i t z  (^3 ) s t a ­

t e d  th a y  any  d e c re a se  in  s ig n a l  d u ra t io n  m ust be accompan­

ie d  by  a  p r o p o r t io n a te  in c re a s e  in  i n t e n s i t y  in  o rd e r  t o
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m a in ta in  c o n s ta n t lo u d n ess*  T h is  r e l a t i o n s h i p  i s  e x p re s se d  

in  th e  e x p re s s io n

I t  = K

where I  i s  s ig n a l  i n t e n s i t y  in  d b , t  i s  tim e  in  se co n d s , 

and E i s  a  c o n s ta n t .  H is o :q > e riu e n ta l d a ta  w ere o b ta in e d  

a t  f r e q u e n c ie s  from $0 to  ^000 cps f o r  d u r a t io n s  o f  0 .0 1 2  

t o  0 .6 9  se c  and f o r  i n t e n s i t i e s  o f  3k- t o  ô^-db  lo u d n e ss  

l e v e l .  T u rn b u ll (76) t e s t e d  L i f s b i t z * s  fo rm u la . As an ex ­

te n s io n  o f  h i s  s tu d y  on p i t c h  d is c r im in a t io n  a s  a  fu n c t io n  

o f  s t im u lu s  d u r a t io n ,  he re a so n e d  t h a t  i f  a  r e c i p r o c a l  r e ­

l a t i o n s h i p  e x i s t s  betw een  d u r a t io n  and i n t e n s i t y  a s  sug­

g e s te d  by  L i f s h i t z ,  th e n  DLs o b ta in e d  b y  a  r e d u c t io n  o f 

s t im u lu s  d u ra t io n  c o u ld  l ik e w is e  be o b ta in e d  b y  a  d e c re a se  

in  i n t e n s i t y .  T u rn b u ll (76) com pared DL v a lu e s  r e s u l t i n g  

from  each  o f  th e s e  two p ro c e d u re s  and o b se rv ed  w ide d i f f e r ­

e n c e s .  He conc lu d ed  t h a t  h i s  e :q )erlm en t d id  n o t su p p o r t 

L i f s h i t z ' s  fo rm u la  e x p re s s in g  th e  r e l a t i o n s h i p  betw een  tim e  

and i n t e n s i t y  in  a u d i t io n .

G arn er and M i l le r  (30) s tu d ie d  th e  m asked th r e s h o ld  

o f  p u re  to n e s  a s  a fu n c tio n  o f  d u r a t io n .  They found t h a t  

e v e ry  t e n - f o l d  d e c re a se  in  s t im u lu s  d u r a t io n  below  200 msec 

r e s u l t e d  in  a  10-db th r e s h o ld  r i s e .  P e r  lo n g e r  d u r a t io n s ,  

th r e s h o ld  was n o t a f f e c t e d .  Podor {2k.) c o n s id e re d  t h i s  

same phenomenon, b u t r e p o r t s  t h a t  150 msec r a t h e r  th a n  

200 msec i s  th e  p o in t  beyond w hich th r e s h o ld  u n d erg o es  no 

f u r t h e r  change w ith  r e s p e c t  to  i n t e n s i t y .  A lso , P o d o r ' s (2L|.)
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r e s u l t s  show a 9-db r i s e  in  th r e s h o ld  w ith  each  d e c im a tin g  

d e c re a s e  in  d u ra t io n  in s t e a d  o f th e  10-db r e p o r te d  by  G ar­

n e r  and M il le r  ( 3 0 ) .  G reen , B i r d s a l l ,  and T anner (35) d i f ­

f e r  w ith  G arner and K i l l e r  (30) and w ith  Podor ( 2({.) in  

r e p o r t in g  t h a t ,  a s  s t im u lu s  d u r a t io n  i s  ex ten d ed  from  2$0 

t o  3000 m sec, s ig n a l  d e t e c t i b i l i t y  c o n tin u e s  t o  in c r e a s e .

Inasm uch as  th e  p r e s e n t  in v e s t ig a t io n  u t i l i z e d  s h o r t  

to n a l  s t i m u l i ,  th e  s tu d i e s  rev iew ed  in  t h i s  s e c t io n  se rv e  

t o  p o in t  o u t th o se  f a c t o r s  w hich a f f e c t  th e  p e r c e p t io n  o f 

v e ry  b r i e f  to n e s .

D i f f e r e n t i a l  S e n s i t i v i t y  f o r  S tim u lu s  D u ra tio n

D i f f e r e n t i a l  s e n s i t i v i t y  f o r  d u ra t io n  i s  a n o th e r  

a s p e c t  o f  s t im u lu s  d u r a t io n .  I t  i s  one phase  o f  th e  more 

encom passing  problem  o f  how tim e i s  p e r c e iv e d ,  a p p r e c ia te d ,  

and e x p e r ie n c e d . B o rin g  (7 ) r e p o r t s  t h a t  i n t e r e s t  in  th e  

tim e se n se  began w ith  Mach and V ie ro rd t  in  th e  l 8 6 0 's .

Mach so u g h t t o  t e s t  th e  a p p l i c a b i l i t y  o f  W eb er 's  law to  

tim e  p e r c e p t io n  and V ie ro rd t  was th e  f i r s t  t o  s t a t e  t h a t  

lo n g  tim e  i n t e r v a l s  a r e  t y p i c a l l y  u n d e re s t im a te d  w h ile  

s h o r t  i n t e r v a l s  a re  o v e re s t im a te d .  Among th e  f i r s t  to  

s tu d y  th e  d is c r im in a t io n  o f  c o n tin u o u s  to n a l  le n g th s  was 

T h o rk e lse n  in  1885. The i n i t i a l  com prehensive re v ie w  o f  

th e  p sy c h o lo g y  o f  tim e was t h a t  o f  N ich o ls  (60) in  1891 . 

S ince  th e n  th e r e  have been  a  number o f  rev iew s (2 , 19 , 20, 

21, 22 , 32) w ith  B o rin g  ( 7 ) ,  Woodrow ( 8 3 ) ,  and W allace  and 

R abin (8 0 ) among th e  m ost r e c e n t .



Tem poral I n t e r v a l s  may be c i t h e r  f i l l e d  o r  u n f i l l e d #  

T hat i s ,  th e y  may be to n e s  b o u n 'd  by  s i l e n c e  o r  empty 

i n t e r v a l s  bounded by  s e n so ry  s t i m u l i .  Time sen se  b e h a v io r  

w ith  r e s p e c t  t o  such s t im u l i  may be in v e s t ig a te d  u s in g  any 

one o f  fo u r  m a jo r m ethods (80) ( i . e . ,  v e r b a l  e s t im a t io n ,  

p ro d u c t io n , r e p ro d u c t io n ,  o r  c o m p a r iso n ) . Most e x p e rim en ts  

on th e  e s t im a tio n  o f  tim e  have g e n e r a l ly  em ployed e i t h e r  

th e  r e p ro d u c t io n  o r  com parison  m ethod . The m ethod o f  r e ­

p ro d u c tio n  r e q u i r e s  t h a t  an o b s e rv e r  m e re ly  rep ro d u ce  a  

s t im u lu s  d u r a t io n  by  g iv in g  him c o n t r o l  o f  th e  s t im u lu s .

A long in te rv a l  w il l  be underestim ated  and a sh o rt in te r v a l  

w i l l  be overestim ated  (7 3 ) . In th e  method o f com parison, a 

comparison stim ulus i s  judged as equa l to ,  lo n g e r, or 

s h o r te r  in  len g th  than  a s tandard  stim u lus in te r v a l .  Given 

a s e r ie s  o f comparison s tim u li  p re se n ted  fo r  d i f f e r e n t i a l ,  

judgment, the  second stim u lu s o f a p a i r  must be somewhat 

longer than  th e  f i r s t  in  o rder to  be judged as s u b je c tiv e ly  

equal (p o s it iv e  e r r o r ) ,  whereas fo r  longer d u ra tio n s , th e  

second must be sh o r te r  than  the  f i r s t  in  o rder th a t  th e  two 

stim u lus d u ra tio n s  be judged as equal (neg a tiv e  e r ro r )  (59,

6W.
The in te rm e d ia te  p o in t  w here th e  e r r o r  in  judgm ent i s  

z e ro  i s  th e  p o in t  o f  I n d i f f e r e n c e ,  o r  th e  in d i f f e r e n c e  

i n t e r v a l .  At t h i s  p o in t  th e  judgm ent o f  te m p o ra l i n t e r v a l s  

i s  u n a f f e c te d  b y  th e  o rd e r  o f  s tim u lu s  p r e s e n ta t i o n s  (74) • 

From such d a ta  i t  i s  p o s s ib le  t o  i n t e r p o l a t e  a  d i f f e r e n c e
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l in e n  e x p re s s in g  th e  a c cu rac y  w ith  w hich tim e i n t e r v a l s  

can be d i f f e r e n t i a t e d .

The l i t e r a t u r e  r e v e a ls  o n ly  a few s tu d ie s  from 

w hich a Weber r a t i o  f o r  s tim u lu s  d u ra t io n  can be c a l c u l a ­

t e d ,  S e v e ra l  i n v c i j i g a t i o n s  (6 , 37 , 11) com paring  u n ­

f i l l e d  tim e  a re  r e p o r t e d .  In  1932 G r id le y  (37) a sk ed  h e r  

t h i r t y  s u b je c t s  to  compare th e  r e l a t i v e  le n g th  o f  two u n ­

f i l l e d  i n t e r v a l s  bounded by t a c t i l e  s t i m u l i  and com pared 

th e s e  judgm ents w ith  e s t im a te s  o f  s i l e n t  i n t e r v a l s  bounded 

by  a u d i to r y  s t i m u l i .  U sing  a  s ta n d a rd  i n t e r v a l  o f  1 s e c ­

ond, tw e n ty  t r i a l s  w ere g iv en  f o r  each  o f  f iv e  com parison  

i n t e r v a l s  (0 .0 2 , 0 , 0 5 , 0 .0 9 , 0.11)., and 0 .2 0  second  p lu s  

th e  s t a n d a r d ) . S u b je c ts  w ere i n s t r u c t e d  t o  judge  th e  

com parison  i n t e r v a l  a s  lo n g e r  o r  s h o r te r  th a n  th e  s ta n d ­

a r d .  One Weber r a t i o  can be c a lc u la te d  from h e r  d a t a .

She o b ta in e d  a  Weber r a t i o  o f  .09  f o r  a  r e f e r e n c e  d u r a t io n  

s tim u lu s  o f  109 m sec .

Data were ob ta ined  in  two s i t t i n g s .  A comparison of 

the  percen tage  of c o r re c t judgments o f -she second s i t t i n g  

w ith  th a t  o f  the  f i r s t ,  re v e a ls  an in c re a se  o f 5*32 p e r 

cen t c o r re c t  judgm ents. This undoubtedly i s  th e  r e s u l t  of 

an acknowledged p ra c t ic e  e f f e c t .  In a d d it io n , th e re  was a 

memory f a c to r  as evidenced by the  f a c t  th a t  some su b je c ts  

in  th e  second s i t t i n g  remembered the  o rd e r o f s tim u lus 

occurance from the  f i r s t  s i t t i n g .  Randomization o f s tim u-



lu s  p r e s e n ta t io n s  would be ex p e c te d  t o  have m in im ized  th e  

p r a c t i c e  and memory f a c to r s *

B la k e ly  (6) o b ta in e d  j u s t  n o t ic e a b le  d i f f e r e n c e s  

betw een u n f i l l e d  i n t e r v a l s  s e t  o f f  by  auc to r y  c l i c k s .  He 

a tte m p te d  to  e l ln l r . - . t e  th e  t lm o -o rd a r  e r r o r s  by  u s in g  th e  

p sy c h o p h y s ic a l m ethod o f  c o n s ta n ts  w here th e  s ta n d a rd  was 

p re s e n te d  second  a s  o f te n  a s  f i r s t *  The i n t e r v a l  le n g th s  

s tu d ie d  ran g ed  from 0*2 to  30 sec*  D is c r im in a t io n  was 

found to  be m ost a c c u ra te  a t  a  s ta n d a rd  d u ra t io n  o f  0 .6  

second when th e  j u s t  n o t ic e a b le  d i f f e r e n c e  was a p p ro x i­

m a te ly  7 o r  8 p e r  c e n t  o f  th e  s ta n d a rd *  D is c r im in a t io n  

d e c re a se d  w ith  in c re a s e d  i n t e r v a l  le n g th *

Most r e c e n t l y  (1 9 5 9 ), C h is to v i tc h  (11) r e p o r t s  on th e  

d is c r im in a t io n  o f  s i l e n t  i n t e r v a l s  bounded b y  s h o r t  a c o u s t ic  

p u lse s*  In  one o f  a  s e r i e s  o f  e x p e rim e n ts , m easurem ents o f  

th e  d i f f e r e n t i a l  th r e s h o ld  a s  a  f u n c t io n  o f  i n t e r v a l  m agni­

tu d e  w ere made on f o u r  s u b j e c t s .  Each s u b je c t  com pared th e  

s ta n d a rd  s tim u lu s  (a  s i l e n t  i n t e r v a l  o f  1 msec bounded by  a  

p a i r  o f  p u ls e s )  w ith  a  v a r ia b le  s t im u lu s  w hich e q u a l le d  th e  

s ta n d a rd  in  $0  p e r  c e n t  o f  th e  c a se s  and in  th e  re m a in d e r  o f  

th e  c a s e s  e q u a lle d  th e  s ta n d a rd  p lu s  th e  in c re m e n t. The 

s u b je c t  was r e q u i r e d  t o  r e p o r t  i f  th e  v a r ia b le  s ig n a l  c o in ­

c id e d  w ith  th e  s ta n d a rd  o r d i f f e r e d  from  i t .  In c rem en t 

le n g th  was s u c c e s s iv e ly  red u ced  from one t e s t  s e r i e s  to  th e  

n e x t and th e  in c rem en t d u ra t io n  a t  w hich  75 p e r  c e n t  c o r r e c t  

judgm ents w ere o b ta in e d  was ad o p ted  a s  th e  d i f f e r e n t i a l  

th r e s h o ld .
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C h is to v i tc h  (11 ) p l o t s  th e  moan d i f f e r e n t i a l  t h r e s h ­

o ld  f o r  a l l  s u b je c ts  (F ig u re  2, p .^ .9^ .). From h i s  d a ta  th e  

r e l a t i v e  DLs in  msec a r e  c a lc u la te d  in  T ab le  1 .

TABL3 1

ABSOLUTE AND RELATIVE DL VALUES APPROXIMATED 
FROM DATA OF CHISTOVITCH

T AT A T/T

•05> msec 5*5 msec .1545

9 .6 .2200

4 .0 0 1 2 .0 .2666

9 .2 0 5 2 .0 .1672

16 .20 102 .0 .1543

26.00 196 .0 .1326

U n fo r tu n a te ly ,  d u r in g  th e  i n t e r v a l  betw een th e  p r e s e n ta t io n  

o f th e  s ta n d a rd  and th e  com parison  s t im u l i  a s  much as  10 

sec  was sp e n t in  a d ju s t in g  eq u ip m en t. I t  i s  l i k e l y  t h a t  

t h i s  r a t h e r  le n g th y  tim e  la p s e  a f f e c t e d  th e  v a lu e s  o f  th e  

o b ta in e d  DLs (7 1 , ? 2 ) .

U ndoubted ly  one o f th e  m ost e x te n s iv e  s tu d i e s  was 

t h a t  o f  S t o t t  i7 k )  who a tte m p te d  to  d e te rm in e  th e  t im e -  

o rd e r  e r r o r s  w hich a re  made in  ju d g in g  th e  co m p ara tiv e  

le n g th s  o f  a  p a i r  o f  t o n e s .



I n d iv id u a l  and group d a ta  wore c o l l e c te d  in  a  s e r i e s  

o f  fo u r  ex p e rim en ts  u s in g  s u b je c ts  from  whom 99,kB0  

judgm ents w ere o b ta in e d . I n i t i a l  ex p e rim en ts  o f  t h i s  s tu d y  

showed t h a t  u n d er c e r t a i n  c o n d i t io n s  a t im e -o rd e r  i n d i f f e r ­

ence p o in t  f o r  to n a l  d u ra t io n  l i o s  somewhere betw een  1 .5  

and 2 .0  s e c .  An e f f o r t  w as, t h e r e f o r e ,  made to  d e f in e  th e  

in d i f f e r e n c e  p o in t  more p r e c i s e l y .

In  th e  f i r s t  p a i r  o f  ex p e rim en ts  tw e lv e  s ta n d a rd  d u r­

a t io n s  w ere u se d  ( . 2 ,  •!{., .6 ,  .8 ,  1 .0 ,  1 .5 ,  2 .0 ,  ^ ..0 , 6 .0 ,  

10 , 20, and 30 s e c ) .  F o r each  s ta n d a rd  f iv e  v a r i a b le  d u ra ­

t i o n s  w ere employed (0 ,  5 , 10 , 15, and 20 p e r  c e n t  lo n g e r  

th a n  th e  s ta n d a rd  in  each  c a s e ) .  No m en tio n  i s  made o f  th e  

i n t e n s i t y  o f  th e  e x p e r im e n ta l t o n e .  U sin g  th e  p sy c h o p h y s i­

c a l  m ethod o f  c o n s ta n ts ,  a com plete  s t im u lu s  p r e s e n ta t i o n  

c o n s is te d  o f  a s ta n d a rd  and com parison  d u r a t io n  s e p a ra te d  

by  a  s i l e n t  i n t e r v a l  o f  1 .5  s e c .  Each p a i r  was in tro d u c e d  

by  a w arn in g  s ig n a l  ( l i g h t  f l a s h )  1 .5  sec  p r i o r  t o  th e  

o n se t o f  th e  f i r s t  to n e .  The s ta n d a rd  p rece d ed  th e  com par­

is o n  to n e  h a l f  th e  tim e  and fo llo w e d  i t  th e  o th e r  h a l f .  An 

e x p e r im e n ta l s e r i e s  c o n s is te d  o f  tw en ty  p r e s e n ta t i o n s  o f  

each  v a r ia b le  in  random o r d e r .  Each s u b je c t  was r e q u e s te d  

to  re sp o n d  by  in d ic a t in g  w h e th e r th e  second  to n e  was lo n g e r , 

s h o r t e r ,  o r  e q u a l in  d u ra t io n  to  th e  f i r s t .

The apparatus used in th ese  experim ents c o n s is te d  of 

an o s c i l l a to r ,  a time c o n tro l d ev ice , and a mechanism fo r  

m easuring stim ulus d u ra tio n . An e le c tro m a g n e tic a lly  con­



26

t r o l l e d  g a te  was u se d  t o  c o n t r o l  th e  p a ssag e  o f  a  c o n t in ­

uous a u d i to r y  s ig n a l  th ro u g h  a g la s s  tu b e .  S tim u lu s  le n g th  

was s e t  b y  a tim e o p e ra te d  s h u t t e r .

The f i r s t  p o r t io n  o f  e z p e rim e n t I  was composed o f  two 

p a r t s .  In  th e  f i r s t ,  each  o f  f i v e  s u b je c ts  was t o  judge  

th e  second  o f  th e  p a i r  o f  to n e s  a s  b e in g  lo n g e r  o r  s h o r t e r  

th a n  th e  f i r s t .  Each e x p e rim e n ta l ru n  began w ith  th e  

s h o r t e s t  v a r ia b le  d u r a t io n  an d , a t  e a c h  s u c c e s s iv e  s i t t i n g ,  

th e  n e x t lo n g e r  one was u sed  u n t i l  th e  maximum d u r a t io n  was 

re a c h e d  (a sc e n d in g  s e r i e s ) .  The o rd e r  was th e n  r e v e r s e d  

and s t im u l i  w ere p r e s e n te d  in  a d e scen d in g  s e r i e s .  In  th e  

l a s t  p a r t  o f  ex p erim en t I  two g roups o f  f o u r  and s i x  su b ­

j e c t s ,  r e s p e c t i v e l y ,  were u s e d .  D a ta  were c o l l e c t e d  o n ly  

f o r  th e  e ig h t  s h o r t e r  s ta n d a rd  d u r a t io n s .  The g roup  o f  s i x  

s u b je c ts  judged  th e  d e sc e n d in g  s e r i e s  fo llo w ed  b y  th e  

a sc e n d in g  s e r i e s ,  w h ile  th e  group o f  f o u r  s u b je c t s  fo llo w e d  

th e  same p ro c e d u re  a s  d id  in d iv id u a l  s u b je c ts  in  th e  f i r s t  

h a l f  o f  t h i s  e x p e rim e n t.

The p e rc e n ta g e  o f  " v a r ia b le  lo n g e r  " judgm ents was 

c a lc u l a te d  f o r  each  co m b in a tio n  o f  p r e s e n ta t i o n  o rd e r  and 

s ta n d a rd  d u r a t io n  p r e s e n te d  to  a l l  f i f t e e n  s u b j e c t s .  The 

p e rc e n ta g e  d i f f e r e n c e  (V-S m inus S-V) betw een th e  p r e s e n ta ­

t i o n  o rd e r s  was ta k e n  a s  r e p r e s e n ta t i v e  o f  th e  t im e -o rd e r  

e r r o r s .

The r e s u l t s  w ere i n t e r p r e t e d  to  in d ic a te  t h a t  th e  gen­

e r a l  outcome was a  r e l a t i v e  u n d e re s t im a tio n  o f  th e  second
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member o f  a  p a i r  f o r  a l l  d u r a t io n s  from  0 .2  to  1 .5  sec  and 

a  r e l a t i v e  o v e re s tim a tio n  o f th e  second to n e  f o r  th e  lo n g e r  

d u r a t io n s  ( 0 .2  to  3 6 .0  s e c ) .  S t o t t  conc luded  t h a t  th e  

in d i f f e r e n c e  p o in t  u n d e r  th e s e  c o n d i t io n s  la y  somewhere 

betw een 1 .5  and 2 .0  se c  and e s t im a te d  i t s  p ro b a b le  le n g th  

to  be ab o u t 1 .67  s e c .

E xperim en t I I  was ex e cu te d  to  f u r th e r  e x p lo re  th e  

in d i f f e r e n c e  r e g io n .  Four s ta n d a rd s  ( 1 .0 ,  l.l}., 1 .8 ,  and 

2 .2  se c )  w ere u sed  w i th  th e  a fo rem e n tio n ed  f iv e  v a r i a b le s  

w hich w ere d i s t r i b u t e d  e q u a l ly  as  to  le n g th  on e i t h e r  s id e  

o f  each  s ta n d a rd  and co v ered  tw ic e  th e  range  o f  th e  r e l a ­

t i v e  l e n g th .  T w enty-seven s u b je c t s ,  tw e lv e  men and f i f t e e n  

women, w ere u s e d .

As in  ex p erim en t I ,  b o th  p o s i t i v e  and n e g a tiv e  e r r o r s  

ap p eared  w ith  each  o f  th e  fo u r  s ta n d a r d s .  The s h o r t e r  v a r ­

i a b le s  showed p o s i t i v e  c o n s ta n t  e r r o r s  (C .E .s )  w h ile  th e  

lo n g e r  ones showed n e g a tiv e  C .E .s .  In  t h i s  c a se  f o u r  in ­

d i f f e r e n c e  p o in ts  w ere fo u n d , r a n g in g  from 0 .9 5  to  1 .8  s e c .  

S t o t t  (74J a t t r i b u t e s  t h i s  to  d i f f e r e n c e s  in  a p p a ra tu s ,  

p ro c e d u re , and s u b je c ts  betw een ex p e rim e n ts  I  and I I .

S t o t t  r e t a b u la te d  th e  judgm ents o b ta in e d  from th e  tw e n ty -  

seven  s u b je c ts  in  th e  f i r s t  s i t t i n g  o f  ex p erim en t I I  a t  th e  

1 .0  sec  s ta n d a rd  w hich su g g e s te d  t h a t  a  p r a c t i c e  e f f e c t  was 

v e ry  l i k e l y  o p e r a t in g .

In  an e f f o r t  t o  m in im ize th e  f a c t o r  o f  e x p e r ie n c e , an 

e n t i r e l y  d i f f e r e n t  group o f  s u b je c ts  was u se d  f o r  each
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s ta n d a rd  d u ra t io n  In  o :q )erlm sn t I I I .  Tbs s ta n d a rd s  u so d  

w ere : 0*62$, 0 .8 ,  1 .0 ,  and 1 .6  s e c .  The number o f  sub ­

j e c t s  f o r  each  s ta n d a rd  was 100, 100 , 7l4> ( p lu s  th e  r e s u l t s  

o f  26 s u b je c ts  in  ex p e rim en t I I ) ,  and  66 , r e s p e c t i v e l y .

The ra n g e  o f  v a r ia b le  d u r a t io n s  from 20 p e r  c e n t  s h o r t e r  t o  

20 p e r  c e n t lo n g e r  th a n  th e  s ta n d a rd  were u s e d  in  each  

in s t a n c e .

The e f f e c t  o f  eaqperience in  p e rfo rm in g  th e  e:q»erim en- 

t a l  t a s k  i s  d em o n stra te d  b y  o f  th e  86 s u b je c t s  who w ere 

g iv en  th e  1^0 p r e s e n t a t i o n s .  When th e  f i r s t  t h i r t y  ju d g ­

m en ts ( th r e e  f o r  each  s ta n d a r d - v a r i a b le  co m b in a tio n ) from  

th e  86 s u b je c ts  a r e  com puted, th e  C .E .s  a re  a l l  n e g a t iv e ,  

b u t  when th e  150 a re  com puted th e  C .E .s  a r e  b o th  p o s i t i v e  

and  n e g a tiv e  a s  was th e  c a se  in  ex p erim en t I I .  S t o t t  (?W  

in d ic a t e s  t h a t  t h i s  i s  l a r g e ly  due t o  r e p e a te d ly  ju d g in g  

th e  same s ta n d a r d - v a r ia b le  c o m b in a tio n .

The r e s u l t s  o f  e :^ e r im e n t I  (an  I n d i f f e r e n c e  p o in t  o f 

1 .6 7  s e c )  and ex p e rim en t I I I  (an  in d i f f e r e n c e  p o in t  o f  0 .9 2  

se c )  a re  a t  v a r ia n c e .  S t o t t  (74) a t t r i b u t e s  t h i s  v a r i a t i o n  

to  th e  number o f  s u b je c t s  u sed  in  ex p e rim en t I I I ,  th e  ra n g e  

and d i s t r i b u t i o n  o f  v a r i a b l e s  in  r e l a t i o n  t o  th e  s ta n d a rd ,  

th e  number o f  judgm ents p e r  s i t t i n g ,  and th e  number o f 

s ta n d a rd s  w ith  w hich  th e  s u b je c t  had e x p e r ie n c e .

S t o t t  (74) co n c lu d es  t h a t  th e  d is c re p a n c y  betw een  th e  

r e s u l t s  o f  ejqperim ents I  and I I I  i s  due t o  a  p r a c t i c e  

e f f e c t  o f  th e  f i r s t  e jqperim en t.  F u rth e rm o re , he say s  t h a t
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d i f f e r e n c e s  in  e x p e r ie n c e , in  le n g th  o f  s i t t i n g s ,  and in  

th e  ran g e  and o rd e r  o f  s ta n d a rd s  u sed  a r e  p ro b a b ly  im por­

t a n t  f a c t o r s  c o n t r ib u t in g  to  th e  g r e a t  amount o f  d i s a g r e e ­

m ent among in v e s t ig a to r s  o f  th e  p a s t  w ith  r e s p e c t  t o  th e  

t im e -o rd e r  in d i f f e r e n c e  p o in t  f o r  s tim u lu s  d u r a t io n .

The Weber r a t i o  f o r  the  s ta n d a rd  d u r a t io n s  em ployed 

by S t o t t  (74) e x t r a p o la te d  from  d a ta  show ing th e  p e r ­

c e n ta g e s  o f  " v a r ia b le  lo n g e r "  ju d g m en ts . These c a lc u l a t e d  

v a lu e s  a re  r e p o r te d  in  T ab le  2 .

TABLE 2

WEBER RATIO VALDES APPROXIMATED PROM DATA OP STOTT

T (m sec) A T/T

200 .142

400 .120

600 .1 1 5

800 .116

1000 .126

1500 .123

2000 .103

4000 .160

In  re v ie w in g  in v e s t ig a t io n s  w hich have p ro p o sed  to  

s p e c i f y  an in d i f f e r e n c e  i n t e r v a l ,  Woodrow ( 8 3 ) s a y s :
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...se ld o m  have two in v e s t ig a to rs  found the  same 
v a lu e . Perhaps in d iffe re n c e  in te rv a ls  o f 0 .5  
to  0.7 seconds have been re p o rted  more fre q u e n tly  
than  o th e rs , bu t the  range extends from under 
0 .36  to  5*0 seconds (Woodrow, 19343* Sometimes 
no in d if fe re n c e  in te rv a l  has been found; some­
tim es s e v e ra l .  E arly  in v e s t ig a to r s ,  co n tra ry  to  
V ie ro rd t 's  law , have rep o rted  n ega tive  tim e - 
o rd e r e r ro rs  (underestim ation ) fo r  in te rv a ls  
sh o r te r  than th e  in d if fe re n c e  in te rv a l  and p o s i­
t iv e  tim e-o rd er e r ro rs  (o v erestim a tio n ) fo r  
lon g er in te r v a l s .  One study , made w ith  r e l a ­
t iv e ly  la rg e  groups o f su b je c ts  found co n s id e r­
ab le  percen tage o f su b je c ts  making p o s i t iv e  
tim e-o rd er e r ro rs  (by th e  method of re p ro d u c t­
ion) fo r  a l l  len g th s  o f stim u lus in te rv a ls  from 
0 .3  to  4*0 seconds (Woodrow, 1934)* I t  fo llow s 
t h a t ,  even under f ix ed  experim ental co n d itio n s , 
th e re  i s  no s in g le  in d if fe re n c e  in te r v a l  v a lid  
fo r  a l l  s u b je c ts .  A few in v e s tig a tio n s  have 
been ex tensive  enough to  a ffo rd  an es tim ate  of 
the  average in d if fe re n c e  in te rv a l  f o r  a group of 
s u b je c ts .  One study (method o f rep ro d u c tio n  of 
empty in te rv a ls  bounded by sh o rt sounds) in d ic a ­
te d  a mean in d if fe re n c e  in te rv a l  o f app rox i­
m ately  0 .6  second (Woodrow, 1934); ano ther 
(method o f constan t s t im u li  w ith  empty in te rv a ls )  
in d ic a te d  a mean in d iffe re n c e  in te rv a l  o f approx­
im ate ly  0 .7  (B lakely , 1933)» and a th i r d  (method 
o f constan t s t im u li  w ith  continuous to n a l du ra­
t io n s )  showed an in d iffe re n c e  in te rv a l  o f approx­
im ate ly  0 .9  second ( S to t t ,  193$)»

The s in g le  study  in  th e  l i t e r a t u r e  which was s p e c if ­

i c a l ly  designed to  in v e s tig a te  th e  n a tu re  o f the d if fe re n c e  

limen fo r  stim ulus d u ra tio n  i s  re p o rted  as a s e r ie s  of 

th re e  ejqperiments by Henry (43)* He employed tones sh o r te r  

than those  used by S to tt  (74)* Ibe range o f d u ra tio n s  was 

from 32 t o  480 msec in  le n g th . The f i r s t  of th re e  ex p e ri­

ments in v e s tig a te d  th e  constancy of the  Weber r a t i o .  D if­

f e r e n t i a l  th re sh o ld s  were ob tained  from seven su b je c ts  

u s in g  a 500-cps to n e  p re sen ted  a t  a 50-db sen sa tio n  le v e l  

(Table 3)*
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TABLE 3

MEAN WEBER RATIOS (AT/T) FOR SEVEN SUBJECTS 
TESTED AT SEVEN REFERENCE DURATIONS 

AS SHOWN BY HENRY

D u ra tio n  in  3 2  1̂ 7 77 110 175 277 480
msec

Weber R a tio  .201 .203 .200 .196 .100 .1 7 2  .173

I t  i s  p o ss ib le  to  compare in te rp o la te d  d a ta  o f  H enry 's 

(43) r e s u l t s  w ith  those  o f S to t t  (74) a t  two p o in ts  (Table

4 ) .

TABLE 4

MEAN WEBER RATIOS (AT/T) INTERPOLATED FROM 
THE DATA OP HENRY AND STOTT

Reference D uration  in  msec Henry S to t t

200 .104 .142

400 .154 .120

At a re fe re n c e  s tim u lus d u ra tio n  o f 200 msec, DLs o f 0 .1 0 4  

and 0.142  were ob ta ined  by Henry (43) and S to t t  (74) re sp e c t­

iv e ly .  At a 400”®a®c re fe re n ce  Henry (43) shows a Weber 

r a t i o  o f  0.154  iD comparison w ith  S t o t t 's  (74) 0 .1 2 0 .

Henry (43) p o in t s  o u t t h a t  t h i s  r e p r e s e n t s  p o o r  agreem ent and
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a t t r i b u t e s  t h i s  to  d i f f e r e n c e s  in  a p p a ra tu s ,  c a l i b r a t i o n  

e r r o r s  and e x p e r im e n ta l m ethod; fu r th e rm o re , S to t t  (Tk) u sed  

h ig h e r  f re q u e n c ie s  o f  u n s p e c i f ie d  i n t e n s i t y .

H en ry 's  (1|.3} second  ex p e rim en t in  t h i s  s e r i e s  ex p lo re d  

DLs f o r  d u ra t io n  as a  f u n c t io n  o f  s t im u lu s  i n t e n s i t y .  Three 

d i f f e r e n t  d u r a t io n s  o f  a  ^OO-cps to n e  were p re s e n te d  to  f iv e  

s u b je c t s ,  two o f  whom had se rv e d  in  th e  p re v io u s  e x p e rim e n t. 

Two o th e r s  Judged th e  I4.7 and 277*msec r e f e r e n c e  d u ra t io n  

t e s t s ,  w h ile  y e t  a n o th e r  o b se rv ed  f o r  th e  lj.7 and 77-msec 

r e f e r e n c e  d u ra t io n  t e s t s .  The d a ta  a r e  shown in  T ab le  $•

TABLE 5

MEAN WEBER RATIOS (AT/T) AS A FUNCTION OF STIMULUS 
INTENSITY AT THREE REFERENCE DURATIONS 

AS SHOWN BY HENRY

S e n sa tio n  L ev e l

R e fe re n ce  D u ra tio n  (m sec)

47 77 277 A verage

20 db .201+ .198 .11+9 .1 8 4

lj.0 db .153 .181+ .137 .128

60 db .166 .179 .147 .1 6 4

80 db .137 .184 .139 .164

Average .170 .186 .143 .166

These d a ta  r e v e a l  t h a t ,  e x c e p t f o r  th e  20-db  i n t e n s i t y  

l e v e l ,  th e  DL f o r  d u ra t io n  was a l t e r e d  l i t t l e  w ith  a  change 

in  i n t e n s i t y .  The a u th o r  r e p o r t s  t h a t  th e  DL a t  20 db
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In c re a s e d  'S i g n i f i c a n t l y "  a t  th e  s h o r t e s t  d u ra t io n  (1|.7 m sec) 

o v e r th e  DLs a t  th e  two lo n g e r  d u r a t i o n s .

In  th e  f i n a l  e x p e rim e n t, Henry (^ 3 ) r e p o r t s  on th e

e f f e c t  t h a t  s ig n a l  f re q u e n c y  e x e r c i s e s  on th e  d u r a t io n  d i f ­

fe re n c e  lim e n . The le n g th  o f  a  ^G-db s e n s a t io n  l e v e l  s t im ­

u lu s  was h e ld  c o n s ta n t  a t  77 m sec . F iv e  o c tav e  f re q u e n c ie s  

in  th e  ran g e  1 ^ -2 0 0 0  cps w ere u s e d .  The d a ta  from  th r e e

s u b je c ts  a re  ta b u la te d  in  T ab le  6 .

TABLE 6

INDIVIDUAL WEBER RATIOS (AT/T) FOR 77-MSEC TONES 
OF DIFFERENT FREQUENCY AS SHOWN BY HENRY

125

F req u en cy  in  cp s  

2$0 500 1000 2000

S u b je c t S .290 .208 .143 .130 .158

S u b je c t L .260 .195 .169 .156 .117

S u b je c t F .335 .221 .169 .1 8 2 .208

A verage .295 .208 .160 .156 .161

H e n ry 's  (1|.3) d a ta  show a  te n d e n c y  f o r  th e  Weber r a t i o  

t o  be g r e a t e s t  a t  low f r e q u e n c ie s ,  a l th o u g h  he s t a t e s  t h a t  

th e  d a ta  a re  to o  few t o  j u s t i f y  th e  c a l c u l a t i o n  o f  c r i t i c a l  

r a t i o s .

H enry (i*3) sum m arizes h i s  s tu d y  b y  s t a t i n g  t h a t ,  f o r  

a  5 0 0 -cp s  to n e  o f  ^O-db s e n s a t io n  l e v e l ,  th e  av e ra g e  su b -
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J e c t  c o u ld  d is c r im in a te  a change in  d u ra t io n  o f  a p p ro x i­

m a te ly  11*. p e r  c e n t ,  w hereas a t  th e  s h o r t e s t  d u r a t io n s  d i s ­

c r im in a tio n  was o n ly  h a l f  a s  good. F a in t  to n e s  a t  low f r e ­

q u e n c ie s  a l s o  r e s u l t e d  in  p o o re r  d is c r im in a t io n  f o r  a  change 

in  s t im u lu s  d u r a t io n .  Henry (1*.3) f a i l s ,  how ever, to  e x p la in  

d is c r e p a n t  d a t a .  In  th e  i n i t i a l  experim en t a Weber r a t i o  o f  

.208 was o b ta in e d  f o r  th e  77-msec e x p e r im e n ta l s t i m u l i ,  

w hereas in  th e  t h i r d  ex p erim en t an av e rag e  v a lu e  o f  .160 was 

o b ta in e d  f o r  th e  same s t im u lu s .  A lthough  a $0 -d b  s t im u lu s  

was n o t em ployed in  th e  second e x p e rim e n t, th e  v a lu e s  a t  

i*.0 db (.181*.) and 60 db ( .1 7 9 )  l i e  a p p ro x im a te ly  midway 

betw een th e  Weber r a t i o s  o f  ex p e rim en ts  one and  th r e e .

S ince  some s u b je c ts  w ere u sed  in  a l l  th r e e  e x p e rim e n ts , i t  

i s  l i k e l y  t h a t  t h i s  a p p a re n t in c re a s e  in  th e  a b i l i t y  to  d i s ­

c r im in a te  changes in  s t im u lu s  d u r a t io n  in  th e  l a t e r  s tu d i e s  

i s  l a r g e ly  due to  a  p r a c t i c e  e f f e c t  ( 13, 1*1*.).

Summary

I t  i s  a p p a re n t t h a t ,  ex cep t f o r  Henry (1*3), no i n ­

v e s t i g a t o r  has been c h i e f ly  i n t e r e s t e d  in  d e te rm in in g  d i f ­

f e r e n c e  lim en s f o r  s tim u lu s  d u r a t io n ,  a l th o u g h  th e  c a l c u l a ­

t io n  o f  DLs has been  a b y -p ro d u c t o f  s tu d ie s  in  w hich 

in d i f f e r e n c e  i n t e r v a l s  were th e  p rim a ry  concern  (71*)- When 

r e p o r te d  by  th e  v a r io u s  a u th o r s ,  DLs a r e  in  p o o r agreem ent 

a t  th o s e  p o in ts  where com parison i s  p o s s i b l e .  M oreover, 

i n t e r e s t  and s u b je c t  v a r i a b i l i t y  have been l a r g e .  Hen­
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r y 's  (I43) experiment was ex ten s iv e , but because o f obvious 

in tra - s tu d y  in c o n s is te n c ie s , h is  d a ta  cannot be considered  

re p re s e n ta tiv e  of human d i f f e r e n t i a l  s e n s i t iv i ty  to  s tim u lus 

d u ra tio n . Thus, w ith  a l l  due re sp e c t fo r  th e  e f f o r t s  o f 

S to t t  (74) and o f Henry (43) in  p a r t i c u la r ,  th e re  has, as 

y e t ,  been no r e l i a b le  system atic  d e lin e a tio n  of the  d i f f e r ­

e n t i a l  th re sh o ld  fo r  stim ulus d u ra tio n . N everthe less , 

th e se  in v e s tig a to rs  have made c o n tr ib u tio n s  from which fu r ­

th e r  re se a rc h  can p roceed .

T h is  in v e s t ig a t io n  was d e s ig n e d  t o  s p e c i f y  DLs f o r  

s h o r t  s t im u lu s  d u ra t io n  o v e r a ran g e  o f  s t im u lu s  f re q u e n c y  

and i n t e n s i t y .  The ejq)erim ent was programmed e l e c t r o n i c a l l y  

and a  tw o - a l t e r n a t iv e ,  fo rc e d -c h o ic e  p ro c e d u re  was u se d  

t h r o u ^ o u t .  T hree f e a tu r e s  in h e re n t  in  th e  p ro c e d u re , 

s e q u e n t ia l  a n a ly s i s  (7 9 ) ,  p r a c t i c e d  s u b je c t s ,  and im m ediate 

knowledge o f  r e s u l t s ,  w ere u sed  t o  m inim ize v a r ia n c e  w ith in  

and among s u b je c ts  a s  w e ll  a s  t o  d r iv e  each  s u b je c t  t o  max­

im al p e rfo rm a n ce . The u se  o f  p r a c t i c e d  s o p h i s t i c a te d  su b ­

j e c t s  to g e th e r  w ith  c a r e f u l  e :q )e rim e n ta l c o n t r o l  in  th e  

d e s ig n  o f  th e  s tu d y  was ex p ec te d  t o  y ie ld  d a ta  t h a t  c o u ld  be 

i n t e r p r e t e d  a s  r e p r e s e n ta t i v e  o f  m onaura l d i f f e r e n t i a l  s e n ­

s i t i v i t y  f o r  s h o r t  s t im u lu s  d u r a t io n  in  th e  n o rm a l-h e a r in g  

human b e in g  u n d e r  n e a r -o p tim a l c o n d i t io n s .  A d e s c r ip t io n  o f  

th e  esqperim ental c o n d i t io n s ,  a s  w e l l  a s  th e  a p p a ra tu s  and 

p ro c e d u re  by w hich e x p e r im e n ta l c o n t r o l  was ac h iev e d  and 

m a in ta in e d , a re  o u t l in e d  in  d e t a i l  in  th e  fo l lo w in g  c h a p te r .



CHAPTER I I I  

PROCEDURE AMD INSTRUMENTATION 

I n tro d u c t io n

T h is  ezp erim e n t was d e s ig n e d  t o  e:q>lore th e  c a p a c i ty  

o f  th e  n o rm a l-h e a r in g  s u b je c t  t o  d is c r im in a te  m in im al chan­

g es  in  s t im u lu s  d u r a t io n  a s  a  f u n c t io n  o f  s h o r t  r e f e r e n c e  

d u r a t io n  a t  s e v e r a l  f r e q u e n c ie s  and i n t e n s i t i e s .

The a p p a ra tu s  u t i l i z e d  in  t h i s  s tu d y  c o n s is te d  b a s ic ­

a l l y  o f  t h r e e  a u d i o - o s c i l l a t o r s ,  e l e c t r o n ic  s w itc h e s  and 

t im e r s ,  m ix in g  and s p l i t t i n g  n e tw o rk s , a t t e n u a t o r s ,  and 

s p e c i a l l y  d e s ig n ed  s w itc h in g  and re sp o n se  eq u ip m en t. The 

a u d i o - o s c i l l a t o r s  w ere u se d  to  g e n e ra te  a  p u re - to n e  s tim u ­

lu s  w hich f e d  t b r o u ^  a  s p l i t t i n g  netw ork  t o  t h r e e  e l e c ­

t r o n i c  s w itc h e s .  The o p e ra t io n  o f  th e  sw itc h e s  was t r i g ­

g e red  by  t h r e e  e l e c t r o n i c  t im e r s  c o n t r o l l i n g  s t im u lu s  d u ra ­

t i o n .  The a u d io - s ig n a ls  from th e  e l e c t r o n i c  s w itc h e s ,  

s e le c te d  f o r  o p e ra t io n  b y  th e  e x p e rim e n te r , w ere th e n  f e d  

th ro u g h  a  m ix e r  and tra n s d u c e d  b y  th e  t e s t  e a rp h o n e .

D i f f e r e n t i a l  s e n s i t i v i t y  f o r  s t im u lu s  d u r a t io n ,  a s  a  

f u n c t io n  o f  s h o r t  r e f e r e n c e  d u r a t io n ,  was s tu d ie d  a t  sev ­

36
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e r a l  f r e q u e n c ie s  and i n t e n s i t i e s  u s in g  n o rm a l-b e a r in g  su b ­

j e c t s .  Tbe e x p e r im e n ta l d a ta  was c o l l e c te d  o n ly  a f t e r  tb e  

s u b je c t  bad been  g iv e n  e x te n s iv e  p r a c t i c e  in  tb e  experim en­

t a l  t a s k .

A d e t a i l e d  d e s c r ip t io n  o f tb e  s u b je c t s ,  e x p e r im e n ta l 

a p p a ra tu s ,  and p ro c e d u re s  i s  p r e s e n te d  in  tb e  fo llo w in g  

s e c t io n s .

S u b je c ts

D ata  w ere c o l l e c t e d  from  te n  n o rm a l-b e a r in g  s u b je o t s ,  

f i v e  men and f iv e  women, a l l  betw een  tb e  ag es o f  21 and  35 

h av in g  no known b i s t o r y  o f  e a r  p a th o lo g y . Each p e r s o n 's  

b e a r in g  a c u i ty  was a s s e s s e d  b y  an a i r - c o n d u c t io n  th r e s h o ld  

audiogram  b e fo re  a c c e p ta n c e  a s  an e x p e r im e n ta l s u b je c t .  

H ea rin g  th r e s h o ld s  o f  10-db b e a r in g  l e v e l  o r  b e t t e r  a t  

o c tav e  f re q u e n c ie s  from  12$ th ro u g h  8000 cp s  d e f in e d  n o r ­

m al b e a r in g .

Each s u b je c t  was ex p e c te d  t o  be w e ll  r e s t e d  p r i o r  t o  

b i s  p a r t i c i p a t i o n  in  tb e  s tu d y  in  o rd e r  to  in s u r e  m e n ta l 

and  p h y s ic a l  a l e r t n e s s  f o r  maximum perfo rm an ce  in  tb e  ex ­

p e r im e n ta l  t a s k .  I f ,  f o r  any r e a s o n ,  tb e  s u b je c t  r e p o r te d  

u n r e s t  a n d /o r  f a t i g u e ,  tb e  ex p e rim en t f o r  t h a t  s u b je c t  was 

p o s tp o n e d .

One e a r  o f  e a c h  s u b je c t  was u se d  in  tb e  c o l l e c t i o n  o f  

d a t a .  Tbe r i g h t  e a r  was d e s ig n a te d  tb e  t e s t  e a r  as  o f te n  

a s  tb e  l e f t  e a r .  T h is  d e s ig n a t io n  was made on a  random 

s c h e d u le .
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A pp ara tu s

A ll  p r a c t i c e  and e x p e rim e n ta l t e s t s  w ere co n d u c ted  in  

a s o u n d - is o la te d ,  two-room  s u i t e  a t  th e  Speech and H ea rin g  

C e n te r , U n iv e r s i ty  o f  Oklahoma M ed ica l C e n te r .  The a r r a n g e ­

ment a llo w ed  v i s u a l  com m unication betw een s u b je c t  and ezgper- 

im e n te r .  In  a d d i t io n ,  a u d i to ry  com m unication was e f f e c t e d  

by  an a p p r o p r ia te  ' t a l k - b a c k " sy s te m .

S c re e n in g  A p p ara tu s

A co m m erc ia lly  a v a i la b le  p u re - to n e  a u d io m e te r  (B e l-  

to n e .  Model lOAW) fe e d in g  e i t h e r  o f  two e a rp h o n es  (T e le ­

p h o n ic , Type 39-102) was u se d  in  th e  p r e l im in a r y  a u d io m e tr ic  

p ro c e d u re s  a d m in is te re d  to  a l l  s u b j e c t s .  The e a rp h o n e s  w ere 

m ounted in  MX-lp./AR c u sh io n s  and h e ld  in  a  s ta n d a r d  h ead ­

b an d .

The a c o u s tic  o u tp u t o f  th e  a i r - c o n d u c t io n  system  o f  

t h i s  au d io m e te r was c a l i b r a t e d  b y  means o f  an a u d lo m e tr io  

c a l i b r a t i o n  u n i t  (W estern  E l e c t r i c  C ondenser M icrophone 

Complement, Type lOO/DE u se d  in  c o n ju n c tio n  w ith  a  H ew le tt 

P ack a rd  Vacuum Tube V o ltm e te r , Model 1{.00H).

E x p e rim e n ta l T e s t  A p p ara tu s

F ig u re  1 shows a  s im p l i f i e d  b lo c k  d iagram  o f  th e  ex ­

p e r im e n ta l  a p p a ra tu s  u se d  in  t h i s  e x p e r im e n t.

T h ree  a u d i o - o s c i l l a t o r s  (H e w le tt-P a c k a rd , Model 

200ABR) se rv e d  as  th e  s ig n a l  s o u rc e s  f o r  a l l  r e f e r e n c e  and 

com parison  s t i m u l i .  S tim u lu s  d u r a t io n  was g overned  b y  th r e e
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s e t s  o f  p u l s e  g e n e r a to r s  ( T e k tro n ix ,  Type 1 6 1 ) ,  each  con­

t r o l l e d  b y  a  waveform g e n e r a to r  ( T e k tro n ix ,  Type 162) • 

S t im u lu s  sequence was r e g u l a t e d  b y  t h r e e  e l e c t r o n i c  sw itc h e s  

(one Grason S t a d l e r ,  Model 8290 and two Grason S t a d l e r ,

Model 8298112), w hich  were t r i g g e r e d  by  th e  waveform g e n e ra ­

t o r s .

T e s t  s t i m u l i  were t r a n s d u c e d  and d e l i v e r e d  t o  th e  s u b ­

j e c t ' s  t e s t  e a r  v i a  th e  t e s t  earphone  (S h a rp e ,  Type B, Model 

HA-10)• A b u r s t  o f  w h i te  n o i s e ,  u s e d  a s  an a l e r t i n g  s i g n a l ,  

was f e d  t o  t h e  n o n - t e s t  e a r  th ro u g h  a  s i m i l a r  companion e a r ­

ph o n e . B oth  phones were m ounted in  dom e-type e a r -m u f fs  w i th  

g e l a t i n - f i l l e d  co m p o s it io n  c u s h io b s  and  h e ld  i n  p o s i t i o n  b y  

an a d j u s t a b l e  c u sh io n ed  s t e e l  headband a s  s u p p l i e d  by  t h e  

m a n u fa c tu r e r .

T e s t  s t im u lu s  i n t e n s i t y  a t  th e  earphone was r e g u la t e d  

by  t h r e e  ^00-ohm a t t e n u a t o r  s e t s  (H ew le tt  P a c k a rd ,  Model 

350AR). Impedance m a tch in g  t r a n s f o r m e r s  (U n i te d  T ra n sfo rm e r  

Company, Model LS33) p e r m i t t e d  maximum power t r a n s f e r  b e ­

tween t h e  a t t e n u a t o r  and th e  s u b j e c t ' s  e a rp h o n e .  White 

n o i s e ,  d e l iv e r e d  t o  t h e  n o n - t e s t  e a r  a s  a  w arn in g  s i g n a l ,  

was o b ta in e d  from a  w h i te  n o is e  g e n e r a to r  (Grason S t a d l e r ,  

Model E5593A) whose o u tp u t  i n t e n s i t y  a t  t h e  ea rphone  was 

f i x e d  b y  an a t t e n u a t o r  s e t  (H ew le tt  P a c k a rd ,  Model 350A) a t  

50-db  SPL.

The e x p e r im e n te r 's  s w i tc h  was f a b r i c a t e d  f o r  r a c k  

m ounting  and  c o n s i s t e d  o f  an e i g h t  p o l e ,  t h r e e  p o s i t i o n .
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a n t l - c a p a c l t y ,  l e v e r  a c t i o n  sw itc h  ( S w i t c b c r a f t ,  Model 

60321*1, ) .  I t  was d e s ig n e d  t o  p e rm it  t h e  ejqperim enter t o  

s e l e c t  f o r  p r e s e n t a t i o n  e i t h e r  a  lo n g e r  or s h o r t e r  com pari­

son s t im u lu s  d u r a t io n  t o  be p a i r e d  w i th  a  r e f e r e n c e  s t im u lu s  

d u r a t i o n .  A programmed sequence ( a  r e f e r e n c e  s t im u lu s  

p a i r e d  w i th  a  lo n g e r  o r  s h o r t e r  com parison s t im u lu s )  o c c u rre d  

a u to m a t i c a l ly  when m an u a lly  t r i g g e r e d .  A push  b u t to n  sw itc h  

( S w i t c h c r a f t ,  t i t t l e  S w i tc h ” 1 01 ), i n s e r t e d  in  t h e  c i r c u i t ,  

a c t i v a t e d  a  cam t im e r  ( I n d u s t r i a l  Cam Timer C o rp o ra t io n )  

which began th e  i n i t i a l  programmed t im in g  se q u e n c e .  T h e re ­

a f t e r ,  th e  c i r c u i t  was so  a r ra n g e d  t h a t  th e  s u b je c t  re sp o n se  

sw itc h  r e a c t i v a t e d  th e  cam t im e r  each  tim e a  re sp o n se  was 

made. The w arn ing  s i g n a l  o f  th e  e n s u in g  p a i r  o f  s t i m u l i  

o c c u r re d  2 sec  fo l lo w in g  each  r e s p o n s e .  The cam t im e r  con­

s i s t e d  o f  t h r e e  m ic ro - s w i tc h e s .  The f i r s t  sw itc h  c o n t r o l l e d  

i t s  o p e r a t io n  t im e .  The second  sw itc h  t r i g g e r e d  and tim ed  

th e  w arn ing  s i g n a l  w h i le  t h e  t h i r d  s w i tc h  t r i g g e r e d  t h e  

v o l ta g e  o f  a d r y - c e l l  b a t t e r y  w hich , in  t u r n ,  a c t i v a t e d  th e  

e l e c t r o n i c  sw itc h e s  c o n t r o l l i n g  th e  r e f e r e n c e  and com parison 

d u r a t io n  s t i m u l i .  The e l e c t r o n i c  components c o n t r o l l i n g  t h e  

d u r a t i o n  o f  each  o f  th e  lo n g e r  o r  s h o r t e r  com parison s t i m u l i  

were s e l e c t e d  f o r  o p e ra t io n  a t  th e  e x p e r i m e n te r 's  s w i tc h .

As opposed t o  t h e  more t r a d i t i o n a l  re sp o n se  t a s k s  

where t h e  s u b je c t  i s  n o t  k e p t  in fo rm ed  as  t o  h i s  p e rfo rm ­

an ce , p r o v i s io n  f o r  im m ediate knowledge o f  r e s u l t s  f o l lo w in g  

each  d i f f e r e n t i a l  judgment i l l i c i t s  a  s i g n i f i c a n t l y  h ig h e r
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l e v e l  o f  s u b j e c t  pe rfo rm ance  (13 , 54> 6 7 ) .  In  a d d i t io n  t o  

I t s  m o t iv a t i o n a l  a s p e c t ,  knowledge o f  r e s u l t s  has v a lu e  In 

t r a i n i n g  s u b je c t s  t o  make d i f f e r e n t i a l  Judgments ( 1 3 ) .  The 

means o f  p r o v id in g  th e  s u b j e c t s  In  t h i s  s tu d y  w ith  Immed­

i a t e  knowledge o f  r e s u l t s  was a c h ie v e d  In  th e  d e s ig n  o f  th e  

s u b j e c t  re sp o n se  box .

The s u b je c t  r e s p o n s e  box was c o n s t r u c t e d  from a  s t a n d ­

a rd  aluminum c a b in e t  b o x  ( 6 "  x  9 "  z  5 ”) In  w hich was mounted 

an e i g h t  p o l e ,  t h r e e  p o s i t i o n ,  l e v e r  a c t i o n ,  s p r in g  lo a d ed  

s w itc h  ( S w l t c h c r a f t ,  Model 6032l|L). When a  s u b j e c t  Judged 

th e  com parison  to n e  t o  be lo n g e r  th a n  th e  r e f e r e n c e  to n e ,  he 

was r e q u i r e d  t o  move t h e  sw itc h  l e v e r  upw ard . When he 

Judged th e  com parison to n e  t o  be s h o r t e r  th a n  th e  r e f e r e n c e  

tone , he moved th e  l e v e r  downward. The sw itc h  p o s i t i o n s ,  

’l o n g e r  ” and " s h o r te r  ", were so  l a b e l e d  on th e  f a c e  o f  th e  

r e sp o n s e  box in  o rd e r  t o  a s s i s t  th e  s u b je c t  In  I d e n t i f y i n g  

th e  a p p r o p r i a t e  r e s p o n s e  p o s i t i o n .

A p a i r  o f  lamps (1  Inch  In  d ia m e te r .  J e w e l le d ) ,  

mounted on th e  s u b je c t - r e s p o n s e  box , p ro v id e d  th e  s u b j e c t  

w i th  im m ediate knowledge o f  r e s u l t s .  The c i r c u i t  was so 

c o n s t r u c te d  t h a t  th e  b lu e  lamp l i g h t e d  w i th  each  c o r r e c t  

r e sp o n se  w h ile  t h e  r e d  lamp l i g h t e d  w i th  each  I n c o r r e c t  

r e s p o n s e .  A d u p l i c a t e  s e t  o f l i g h t s  was p ro v id e d  on th e  ex­

p e r i m e n t e r ' s  c o n t r o l  p a n e l .  In  a d d i t i o n ,  th e  o p e r a t io n  o f  

t h e  c o u n te r s  In  th e  e x p e r im e n te r 's  c o n t r o l  rocan c o u ld  be  

h e a rd  w i th  each  s u b je c t  r e s p o n s e .  T hus , t h e  e x p e r im e n te r
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had b o th  a  v i s u a l  and an a u d i to r y  cue t h a t  a  re sp o n se  had 

been made.

A rranged  in  t h e  c i r c u i t  and p o s i t i o n e d  on th e  e x p e r i ­

m e n te r 's  c o n t r o l  p a n e l  were two c o u n te r s  (P IC -6 0 0 ) .  One 

c o u n te r  r e c o rd e d  a  ru n n in g  t o t a l  o f  t h e  number o f  r e s p o n s e s  

w h ile  t h e  o th e r  r e c o r d e d  o n ly  th e  number o f  c o r r e c t  r e s p o n ­

s e s .

E x p e r im e n ta l  C o n t ro l

The o u tp u t  v o l ta g e  o f  th e  a u d i o - o s c i l l a t o r  was m ain­

t a in e d  a t  a  c o n s ta n t  l e v e l  f o r  each  s t im u lu s  c o n d i t i o n .

I t s  o u tp u t  was m o n ito re d  by  a  vacuum tu b e  v o l tm e te r  (H ew le tt  

P ack a rd , Model i{.OODR) b o th  b e f o r e  and  a f t e r  e a c h  experim en­

t a l  s e t  t o  in s u r e  a  s t a b l e  v o l ta g e  o u tp u t  d u r in g  a  g iven  

t e s t  s e t .

S ig n a l  f re q u e n c y  from th e  a u d i o - o s c i l l a t o r  was 

s e l e c t e d  and m o n ito re d  b e f o r e  and a f t e r  each  e x p e r im e n ta l  

s e t  w i th  th e  a id  o f  an i n t e r v a l  t im e r  and c o u n te r  (B e rk e le y  

U n iv e r s a l  Eput and T im er, Model 7 3 5 0 ) .  T h is  in s t ru m e n t  was 

a l s o  u se d  t o  m o n ito r  th e  s e l e c t i o n  o f  a l l  e ^ e r i m e n t a l  

s t im u lu s  d u r a t i o n s .  S tim u lu s  d u r a t io n  v a lu e s  w ere checked 

p r i o r  t o  and  fo l lo w in g  each  e3q>erimental s e t .  A r i s e  and 

decay  t im e  o f  16 msec f o r  a l l  e x p e r im e n ta l  s t i m u l i  was 

a c c u r a t e l y  m a in ta in e d  by  means o f  o s c i l l a s c o p i c  d i s p l a y  o f  

th e  s t im u lu s  e n v e lo p e .

A l l  eoq)erim enta l a p p a ra tu s  d e s c r ib e d  above , ex c ep t t h e  

earphoned  and s u b je c t  re sp o n se  box , w ere  l o c a t e d  in  th e  co n ­
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t r o l  room o f  th e  two-room s u i t e *  The s u b je c t  was s e a te d  in  

th e  t e s t  rocxa a d j a c e n t  t o  t h e  c o n t r o l  room. An a u d i to r y  

m o n i to r in g  system  p e r m i t t e d  th e  e x p e r im e n te r  t o  m o n i to r  a l l  

s t i m u l i  p a s se d  th ro u g h  th e  s u b j e c t ' s  e a rp h o n e s .

P ro ced u re

T h is  experim en t was d e s ig n e d  t o  s p e c i f y  t h e  d i f f e r ­

ence lim en  (DL) f o r  p u r e - to n e  s t im u lu s  d u r a t i o n  a s  a  f u n c ­

t i o n  o f  s h o r t  r e f e r e n c e  d u r a t i o n .  DLs were d e te rm in e d  mon- 

a u r a l l y  u n d e r  tw e n ty - fo u r  co m b in a t io n s  o f  f re q u e n c y ,  s e n s a ­

t i o n  l e v e l  (SL) and r e f e r e n c e  d u r a t i o n .  The f r e q u e n c i e s  

employed were ^ 0 ,  1000, and 1|.000 c p s .  The SLs were 10 and 

50 d b .  R e fe ren ce  d u r a t i o n s  were q u i t e  s h o r t  a t  40* 60 , 60, 

and 100 m sec.

U sin g  a  f o rc e d  ch o ice  te c h n iq u e ,  s u b j e c t s  w ere i n ­

s t r u c t e d  t o  i n d i c a t e  in  ea ch  case  w h e th e r  t h e  c o n p a r is e n  

s t im u lu s ,  always p r e s e n te d  second , was lo n g e r  o r  s h o r t e r  

th an  t h e  s ta n d a rd  w hich was always p r e s e n t e d  f i r s t .  Each 

p a i r  o f  s t i m u l i  p r e s e n te d  f o r  d i f f e r e n t i a l  judgment was 

s e p a r a te d  by  a f ix e d  s i l e n t  i n t e r v a l  o f  $00 m se c . The tim e 

between p a i r s  depended upon th e  sp eed  w ith  w h ich  a  s u b je c t  

r e g i s t e r e d  h i s  judgm ent, and  so v a r i e d  s l i g h t l y  among p a i r s .  

A p a i r  o f  s t i m u l i  were p r e s e n te d  a p p ro x im a te ly  2 seconds 

a f t e r  th e  s u b je c t  re sp o n d e d  to  t h e  p r e v io u s  p a i r .

Each e x p e r im e n ta l  s e t  c o n s i s t e d  o f  p r e s e n t a t i o n s  o f  a  

s p e c i f i c  r e f e r e n c e ,  p a i r e d  w i th  e i t h e r  o f  two co m p ar iso n s .



one lo n g e r  and th e  o th e r  s h o r t e r  th a n  th e  r e f e r e n c e .  R ef­

e ren ce  d u r a t io n s  were s e l e c t e d  f o r  e v e ry  f r e q u e n c y - ln te n -  

s i t y  co m b in a t io n .  Each r e f e r e n c e  se rv e d  a s  th e  s ta n d a rd  

f o r  an e n t i r e  t e s t  s e t .  Random s e l e c t i o n  d e te rm in ed  th e  

r e f e r e n c e  to n e  to  be a s s ig n e d  t o  any s e t .  The increm en t 

a n d /o r  decrem ent d u r a t io n  v a lu e s  (AT) employed were s e l e c ­

t e d  on th e  b a s i s  o f  t h e  r e s u l t s  o f  a  p i l o t  s tu d y .  I t  was 

f e l t  t h a t  t h e  AT o f  t h e  i n i t i a l  t e s t  s e t  f o r  each  e x p e r i ­

m e n ta l  c o n d i t io n  sh o u ld  be s u f f i c i e n t l y  l a r g e  t o  en a b le  a 

n a iv e  s u b je c t  t o  p a s s  t h e  t a s k  w i th  e a s e .  The ATs a s  

u t i l i z e d  f o r  each  o f  t h e  r e f e r e n c e  d u r a t io n s  a r e  shown in  

Appendix B.

The o r d e r  o f  th e  com parison to n e s  (w he ther  lo n g e r  o r  

s h o r t e r  th a n  th e  r e f e r e n c e )  t o  be p a i r e d  w i th  t h e  r e f e r ­

ence o f  each  t e s t  s e t  was chosen on a random s c h e d u le .  The 

v a lu e s  so s e l e c t e d  and p a i r e d  w i th  th e  r e f e r e n c e  were p r e ­

s e n te d  t o  t h e  s u b je c t  f o r  judgm ent, b e g in n in g  w i th  th e  l a r ­

g e s t  in c re m en t/d e c re m e n t v a lu e s  (AT) and becoming s u c c e s s ­

i v e l y  s m a l l e r ,  u n t i l  t h e  DL f o r  t h a t  r e f e r e n c e  d u r a t io n  was 

e s t a b l i s h e d .  Thus, w i th in  each  t e s t  s e t ,  t h e  r e f e r e n c e  

d u r a t io n  s t im u lu s  was p a i r e d  w i th  e v e ry  com parison s t im u lu s  

d u r a t io n  v a lu e  ( r e f e r e n c e  s t im u lu s  d u r a t io n  p lu s  o r  minus 

AT) t h a t  was n e c e s s a ry  t o  b r a c k e t  t h e  d i f f e r e n t i a l  t h r e s h ­

o ld  a t  t h a t  r e f e r e n c e  d u r a t i o n .  The p sy c h o p h y s ic a l  method 

employed was a v a r i a t i o n  o f  th e  method o f  l i m i t s .  F or  ea ch  

t e s t  s e t  th e  number o f  c o r r e c t  r e s p o n s e s  n e c e s s a ry  t o  p a s s
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th e  t a s k  a t  a 5 p e r  c e n t  l e v e l  o f  co n f id e n c e  o r  f a i l  a t  a 

1 p e r  c e n t  l e v e l  o f  c o n f id e n c e  was d i c t a t e d  b y  a  t a b l e  o f  

s e q u e n t i a l  a n a l y s i s  ( 7 9 ) .  The u se  o f  s e q u e n t i a l  a n a l y s i s  

e l im in a te d  th e  numerous judgm ents and le n g th y  p ro c e d u re  t h a t  

i s  in h e r e n t  in  t h e  c l a s s i c a l  p s y c h o p h y s ic a l  m e th o d s . At th e  

same t im e ,  p r e c i s i o n  in  s t a t i s t i c a l  in f e r e n c e  was no t s a c r i ­

f i c e d .

The f re q u e n c y  and s e n s a t io n  l e v e l  o f  b o th  t h e  r e f e r ­

ence and com parison s t i m u l i  were i d e n t i c a l  i n  any t e s t  s e t .  

The number of t e s t  s e t s  co m p ris in g  t h e  e n t i r e  experim en t 

e q u a l le d  th e  t o t a l  number o f  r e f e r e n c e  s t i m u l i  o r  a l l  f r e ­

quency- i n t e n s i t y - d u r a t i o n  c o n d i t i o n s .  An a l e r t i n g  s i g n a l  

(a  50 -db  SPL b u r s t  o f  w h ite  n o is e  p r e s e n te d  t o  th e  n o n - t e s t  

e a r )  o f  500-msec d u r a t io n  p re c e d e d  t h e  o n se t  o f  each  s t im u ­

lu s  p a i r  by  800 m sec.

Having a l lo w ed  s u f f i c i e n t  t im e  f o r  th e  a p p a ra tu s  t o  

warm u p ,  t h e  equipm ent was a d j u s t e d  and c a l i b r a t e d  t o  p r o ­

v id e  t h e  p ro p e r  r e f e r e n c e  and com parison s i g n a l s .  The su b ­

j e c t  was s e a te d  c o m fo r ta b ly  and i n s t r u c t e d  c a r e f u l l y  f o r  

th r e s h o l d  d e te rm in a t io n  and t h e  e x p e r im e n ta l  t a s k .

The fo l lo w in g  i n s t r u c t i o n s  were re a d  t o  each  s u b je c t  

p r i o r  t o  th e  i n i t i a l  t e s t  s e s s i o n :

You a r e  p a r t i c i p a t i n g  in  a r e s e a r c h  p r o j e c t  t h a t  
i s  b a s i c  t o  t h e  u n d e r s ta n d in g  o f  human a u d i to r y  
b e h a v io r  and o f  c o n s id e r a b le  s i g n i f i c a n c e  t o  t h e  
d i s c i p l i n e  o f  a u d io lo g y .  Upon co m p le t io n  o f  t h e  
e n t i r e  experim en t you w i l l  be in form ed o f  th e  
r e s u l t s .  T h is  w i l l  be  a  g r u e l l i n g  and le n g th y  
p r o c e d u r e .  Your s u s t a in e d  a t t e n t i o n  and a l e r t ­
n e s s  i s  e s s e n t i a l  and, t h e r e f o r e ,  t h e  manner in
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which you pe rfo rm  th e  t a s k s  t o  be a s s ig n e d  t o  
you i s  o f  p a r t i c u l a r  im p o r ta n ce .  T h is  t e s t  
s e s s io n  w i l l  ta k e  a p p ro x im a te ly  one and a h a l f  
t o  two h o u r s .  There w i l l  be f r e q u e n t  r e s t  
p e r io d s  d u r in g  which you may r e l a x .  T h e re fo re ,  
do no t i n t e r r u p t  a t e s t  sequence t h a t  i s  in  
p r o g r e s s .  I f ,  f o r  good r e a s o n ,  you f in d  i t  
n e c e s s a ry  t o  s to p  th e  p ro c e d u re ,  you need o n ly  
t o  sa y  s o .  You can be heard  in  th e  c o n t r o l  
room a t  a l l  t i r o e s .

You a re  t o  perfo rm  two t a s k s .  Each r e q u i r e s  a 
s e t  o f  i n s t r u c t i o n s .  L i s t e n  very  c a r e f u l l y .

You a r e  g o in g  t o  h e a r  a to n e  in  y ou r  ( t e s t  e a r )  
e a r .  I t  w i l l  be loud  enough f o r  you t o  h e a r  i t  
c l e a r l y .  I n d i c a t e  t h a t  you h e a r  t h e  to n e  by 
r a i s i n g  your in d ex  f i n g e r .  The n e x t  to n e  you 
h e a r  w i l l  be v e ry  s o f t .  Each t im e ,  j u s t  th e  
moment you a r e  su re  t h a t  you b e a r  t h e  t o n e ,  no 
m a t t e r  how s o f t  i t  i s ,  r a i s e  your  f i n g e r ;  th e n ,  
im m ed ia te ly  p u t  i t  down. Make your re sp o n se  
d e f i n i t e .  L i s t e n  v e ry  c a r e f u l l y .

Your second t a s k  i s  t o  l i s t e n  to  s e t s  o f  t h r e e  
so u n d s .  The f i r s t  sound w i l l  be a b u r s t  o f 
n o is e  in  y ou r  ( n o n - t e s t  e a r )  e a r .  T h is  b u r s t  
o f  n o is e  i s  a  w arn in g  s i g n a l  i n d i c a t i n g  t h a t  
you a re  t o  p r e p a r e  f o r  th e  two sounds t o  f o l lo w .  
These sounds w i l l  be a p a i r  o f  to n e s  which you 
w i l l  h e a r  in  y ou r  ( t e s t  e a r )  e a r .  The f i r s t  
to n e  w i l l  a lw ays be t h e  same l e n g th  w i th in  a 
t e s t  se q u en c e .  The second tone  i s  a lw ays e i t h e r  
lo n g e r  o r  s h o r t e r  th a n  th e  f i r s t  to n e  by a f ix e d  
am ount. Your t a s k  i s  t o  judge w h eth e r  th e  
second to n e  i s  lo n g e r  o r  s h o r t e r  th a n  th e  f i r s t  
t o n e .  I f  you judge th e  second to n e  t o  be lo n g e r  
th a n  th e  f i r s t  to n e ,  push  th e  re sp o n s e  sw itch  up 
t o  t h e  p o s i t i o n  marked " lo n g e r ". I f ,  on th e  
o th e r  hand, th e  second to n e  i s  s h o r t e r  than  th e  
f i r s t  to n e ,  p u l l  th e  r e s p o n s e  sw itc h  down t o  th e  
p o s i t i o n  marked " s h o r t e r " .  Whenever you a re  
c o r r e c t  th e  b lu e  lamp w i l l  l i g h t  and whenever 
you a re  i n c o r r e c t  th e  r e d  lamp w i l l  l i g h t ,  r e ­
g a r d le s s  o f  th e  sw itc h  p o s i t i o n  you have s e l e c ­
t e d .  Do n o t  r e v e r s e  y ou r  judgment once a 
re sp o n se  has been made. Your f i r s t  im p ress io n  
u s u a l l y  w i l l  be th e  b e t t e r  one. A pprox im ate ly  
two seconds fo l lo w in g  each  re sp o n se  you w i l l  be 
p r e s e n te d  w i th  a n o th e r  b u r s t  o f  n o i s e  fo llo w ed  
by  a  s e t  o f  t o n e s .  Once a g a in ,  i n d i c a t e  w i th  
th e  l e v e r  w h e th e r  t h e  second to n e  i s  lo n g e r



48

o r  s h o r t e r  th a n  th e  f i r s t .  A munber o f  th e s e  
s e t s  w i l l  be p r e s e n t e d .  Take as  much t im e  as  
you need b e f o r e  m aking your r e s p o n s e . Be su re  
n o t  to  change your r e s p o n s e  once you have made 
i t .  A g iven  p a i r  o f  to n e s  canno t be r e p e a te d ;  
t h e r e f o r e ,  a r e s p o n s e  m ust be  made f o r  each  
p a i r  p r e s e n te d .

P r i o r  to  th e  b e g in n in g  o f  each  e x p e r im e n ta l  s o t  
you w i l l  be p r e s e n te d  w i th  f o u r  p a i r s  o f  s t im ­
u l i .  The second  to n e  o f  th e  f i r s t  p a i r  w i l l  
always be l o n g e r .  Push th e  l e v e r  up t o  th e  
p o s i t i o n  marked ^ lo n g e r ”. The second  to n e  o f  
th e  second p a i r  w i l l  a lw ays be s h o r t e r .  P u l l  
t h e  l e v e r  t o  t h e  p o s i t i o n  marked ’̂ s h o r te r " .
The second to n e  o f  t h e  t h i r d  and f o u r th  p a i r  
w i l l ,  l i k e w i s e ,  be r e s p e c t i v e l y  lo n g e r  and 
s h o r t e r .  Respond a c c o r d in g ly .  These f o u r  
p a i r s  o f  s t i m u l i  a r e  p ro v id e d  b e f o r e  ea ch  ex­
p e r im e n ta l  s e t  so t h a t  you w i l l  know e x a c t l y  
w hat you a r e  t o  l i s t e n  f o r .  T here  w i l l  th e n  be 
a s h o r t  p a u s e ,  whereupon th e  e x p e r im e n ta l  run  
w i l l  b e g in .

The t a s k  you a r e  abou t t o  perfo rm  i s  r a t h e r  u n ­
s a t i s f y i n g .  In  s p i t e  o f  t h i s  p e o p le  a re  a b le  
t o  do q u i t e  w e l l .  L i s t e n  v e ry  c a r e f u l l y  and do 
th e  b e s t  you c a n .  Are t h e r e  any q u e s t io n s ?  As 
soon a s  your h e a r in g  t h r e s h o l d s  have been  d e ­
te rm in e d  you w i l l  be b r i e f l y  r e i n s t r u c t e d  
th ro u g h  th e  ea rp h o n e .  Once th e  ea rphones  have 
been  c o m fo r ta b ly  p o s i t i o n e d  do n o t  to u c h  o r  
move them u n t i l  you a r e  asked  t o  remove them .

F o llo w in g  th e  above-m en tioned  p ro c e d u re  t h e  ea rp h o n es  

were p o s i t i o n e d  and were n o t  a l lo w ed  t o  be moved th ro u g h o u t  

th e  t e s t  s e t .  The re sp o n se  box  was th e n  p la c e d  in  th e  su b ­

j e c t ' s  l a p .  T h re sh o ld  in  t h e  t e s t  e a r  was o b ta in e d  f o r  t h e  

r e f e r e n c e  s t im u lu s  and ea c h  o f  t h e  two com parison  s t i m u l i  

c o n s t i t u t i n g  t h a t  t e s t  s e t .  T h re sh o ld  was d e te rm in ed  in  

2-db s t e p s  u s in g  an a s c e n d in g  te c h n iq u e  and was e s t a b l i s h e d  

each  t im e  any s t im u lu s  p a ra m e te r  was v a r i e d .  T h re sh o ld  was 

d e f in e d  a s  th e  m in im al s t im u lu s  i n t e n s i t y  a t  w hich  two
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r e s p o n s e s  t o  any th r e e  c o n s e c u t iv e  s t im u lu s  p r e s e n t a t i o n s  

w ere evoked.

Having e s t a b l i s h e d  th r e s h o ld  f o r  t h e  r e f e r e n c e  s t im ­

u l u s  and each o f  th e  two com parison s t i m u l i ,  th e  a t t e n u ­

a t o r s  were th e n  s e t  to  t h e  s e n s a t io n  l e v e l  d i c t a t e d  b y  t h a t  

p a r t i c u l a r  e x p e r im e n ta l  c o n d i t i o n .  Four p a i r s  o f  s t i m u l i  . 

( r e f e r e n c e - lo n g  com parison , r e f e r e n c e - s h o r t  com parison , 

r e f e r e n c e - l o n g  com parison , r e f e r e n c e - s h o r t  com parison) were 

th e n  p r e s e n te d  so  t h a t  t h e  s u b je c t  would be f a m i l i a r  w i th  

t h e  s i g n a l s .  The s u b je c t  a lw ays knew th e  a p p r o p r i a t e  r e ­

sponse  to  each  o f  th e s e  fo u r  s t im u lu s  p a i r s .

A ccord ing  t o  a random s c h e d u le ,  th e  e x p e r im e n te r 's  

s w i tc h  was thou Sot to  s ô lô c t  e i t h e r  a lo n g e r  o r  s h o r t e r  

com parison  s t im u lu s  t o  be  p a i r e d  w i th  th e  r e f e r e n c e .  By 

means o f  a p u s h -b u t to n  s w i tc h ,  th e  e x p e r im e n te r  a c t i v a t e d  

th e  cam t im e r  which i n i t i a t e d  th e  t im in g  se q u e n c e .  The 

w arn in g  s i g n a l  was d e l iv e r e d  t o  th e  n o n - t e s t  e a r .  F o llo w ­

in g  an 800-msec s i l e n t  i n t e r v a l ,  th e  r e f e r e n c e  and th e  com­

p a r i s o n  s t i m u l i ,  s e p a r a te d  by a  $00-msec s i l e n t  i n t e r v a l ,  

were p r e s e n te d  t o  th e  t e s t  e a r .  The s u b je c t  th e n  judged  

w h e th e r  th e  com parison to n e  was lo n g e r  o r  s h o r t e r  th a n  th e  

r e f e r e n c e  and a c tu a t e d  th e  re sp o n se  box a c c o r d in g ly .  Im­

m e d ia te  knowledge o f  r e s u l t s  was p ro v id ed  by  th e  system  o f  

l i g h t s  on th e  s u b j e c t  re sp o n se  b o x . At th e  same t im e ,  th e  

s u b j e c t ' s  re sp o n se  was r e g i s t e r e d  in  th e  c o n t r o l  room b y  

means o f  th e  system  o f  l i g h t s  and t h e  c o u n t e r s .  The cam
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t im e r  was th e n  r e a c t i v a t e d  and a  second t r i a l  c o n s i s t i n g  o f  

a  w arn ing  s i g n a l  and a  p a i r  o f  s t i m u l i  were p r e s e n te d  f o r  

d i f f e r e n t i a l  judgm ent. T h is  p ro c e d u re  was r e p e a te d  a s  o f te n  

a s  n e c e s s a r y  in  o r d e r  f o r  t h e  s u b je c t  t o  p a s s  o r  f a i l  th e  

t a s k  a c c o rd in g  to  th e  t a b l e  o f  s e q u e n t i a l  a n a l y s i s .

On s e v e r a l  o c c a s io n s  a  s u b je c t  p a s s e d  a  t e s t  in  w hich  

th e  AT was a s  s m a l l  a s  co u ld  be r e l i a b l y  m easu red . The i n ­

s t r u m e n ta t io n  d id  n o t  a l lo w  t h e  m easurem ent o f  s t im u lu s  

d u r a t io n  v a lu e s  s m a l le r  th an  1 m sec . In  e a c h  c a s e ,  when th e  

s u b je c t  p a s s e d  a t e s t  in  w hich t h e  AT was 1 m sec, he was r e ­

q u i r e d  t o  re sp o n d  t o  a  n o - d i f f e r e n c e  t e s t .  H ere , t h e  r e f ­

e re n c e  s t im u lu s  and b o th  th e  *^ong " and " s h o r t  " com parison  

s t i m u l i  were o f  i d e n t i c a l  s t im u lu s  d u r a t i o n .  T h is  was done 

on th e  p rem ise  t h a t  i f  th e  s t i m u l i  were p r e s e n t i n g  t h e  sub­

j e c t  w i th  a r t i f a c t s  t h a t  were p r o v id in g  him a  c lu e  he sh o u ld  

th e n  p a s s  t h e  t a s k .  In  such a  case  th e  s u b je c t  would be 

s u s p e c te d  o f  making h i s  judgm ents on a  s t im u lu s  d i f f e r e n c e  

o th e r  th a n  d u r a t i o n .  I f  t h e  s u b je c t  f a i l e d  th e  t a s k ,  how­

e v e r ,  a s  was e x p e c te d ,  t h e r e  was e v e ry  re a s o n  t o  b e l i e v e  

t h a t  h i s  judgm ents were b e in g  made s t r i c t l y  on t h e  b a s i s  o f  

d i f f e r e n c e s  in  s t im u lu s  d u r a t i o n .  T h is  p ro c e d u re  s e rv e d  a s  

an in d is p e n s a b le  check  on th e  r e l i a b i l i t y  o f  s t im u lu s  con­

t r o l .

A no ther  r e f e r e n c e  s t im u lu s  was th e n  s e l e c t e d  a t  random . 

While th e  equipm ent was b e in g  a d ju s t e d  f o r  th e  e n s u in g  ex ­

p e r im e n ta l  c o n d i t io n  t h e  s u b j e c t  was a l lo w e d  a  s h o r t  r e s t
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p e r i o d .  The a f o r e - d e s c r lb e d  p ro c e d u re  was fo llo w ed  f o r  each  

t e s t  s e t  w ith  each  s u b j e c t .

The l e n g th  o f  tim e r e q u i r e d  o f  each  s u b j e c t  in  o r d e r  

t o  com plete  th e  s tu d y  was e x t e n s i v e .  Each e x p e r im e n ta l  con­

d i t i o n  consumed an average  o f  f o r t y  m in u te s .  An e f f o r t  was 

made t o  g a th e r  th e  d a t a  f o r  t h r e e  e x p e r im e n ta l  c o n d i t io n s  a t  

each  s u b je c t  a p p o in tm e n t.  A minimum o f  e i g h t  ap p o in tm en ts  

was r e q u i r e d  o f  each  s u b je c t  t o  com plete  h i s  p a r t i c i p a t i o n  

in  th e  s tu d y .  I n s o f a r  a s  p o s s i b l e ,  t e s t  s e s s i o n s  were 

sc h e d u le d  a t  a  tim e when th e  s u b je c t  co u ld  be ex p e c te d  t o  

p e rfo rm  o p t im a l ly .

In  o rd e r  t o  m i t ig a t e  a  d i f f e r e n t i a l  p r a c t i c e  e f f e c t  

a c ro s s  s u b j e c t s  ( 1 3 , and t o  b r in g  a l l  s u b j e c t s  t o  th e  

same h ig h  l e v e l  o f  d i s c r i m in a to r y  p e r fo rm a n c e s ,  each  s u b je c t  

was p r a c t i c e d  in  t h e  e x p e r im e n ta l  t a s k .  In  th e  fo rm a t o f  

th e  a fo re m e n tio n e d  e x p e r im e n ta l  d e s ig n  and u n d e r  experim en­

t a l  c o n d i t i o n s ,  d a t a  from each  s u b je c t  were c o l l e c t e d  f o r  

r e f e r e n c e  s t i m u l i  a t  two f r e q u e n c i e s  ( ^ 0  and lj.000 c p s ) ,  two 

i n t e n s i t i e s  (10 and $0 db SL), and two d u r a t io n s  (I4.O and 100 

m se c ) .  Inasmuch a s  t h i s  p ro c e d u re  c o n s t i t u t e d  a  p r a c t i c e  

s e s s i o n ,  th e  d a t a  a r e  n o t  r e p o r t e d .  The ex p erim en t i t s e l f  

was th e n  ex e c u te d  and th e  d a t a  r e c o rd e d .

S e v e ra l  f e a t u r e s  o f  t h i s  s tu d y  were s p e c i f i c a l l y  d e ­

s ig n e d  t o  m inim ize e x p e r im e n ta l  e r r o r ,  sam p lin g  e r r o r ,  and 

i n t e r s u b j e c t  v a r i a b i l i t y .  These a r e :  (1) a p p r o p r i a t e  c a l i ­

b r a t i o n  checks a t  r e g u l a r  I n t e r v a l s  on a l l  e x p e r im e n ta l  '
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s t l in u lu a  p a ra m e te r s ,  ( 2) th e  s i l e n t  tim e i n t e r v a l s  t h a t  

s e p a r a te d  p a i r e d  s t i m u l i ,  (3 ) th e  u se  o f  young, a l e r t ,  n o r ­

m a l-b e a r in g  s u b j e c t s  who were h ig h ly  p r a c t i c e d  and s o p h i s t i ­

c a t e d ,  (I4.) f r e q u e n t  r e s t  p e r io d s  t o  m inim ize f a t i g u e ,

(5) th e  t e s t i n g  method which In c lu d e d  s e q u e n t i a l  a n a l y s i s  

and Immediate knowledge o f  r e s u l t s .

The p ro c e d u re  employed was e x p e c te d  t o  y i e l d  a  m easure 

t h a t  I s  an e s t im a te  o f  a  s u b j e c t ' s  b e s t  p e r fo rm a n c e .  I t  was 

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

b e t t e r  human d i s c r i m in a to r y  c a p a c i ty  f o r  axjfdltory s t im u lu s  

d u r a t i o n  th a n  bad as  y e t  been r e p o r t e d  In t h e  l i t e r a t u r e .

The raw d a t a  were su b m it te d  f o r  s t a t i s t i c a l  a n a l y s i s .

A 2 z  3 X 4  random ized  com ple te  b lo c k  d e s ig n  was u t i l i z e d  In  

a s t a t i s t i c a l  a n a l y s i s  o f  v a r i a n c e .  T here  were t e n  b lo c k s  

w i th  a f a c t o r i a l  d e s ig n  ( 2  z  3 x  4) In  each  b lo c k .

The s t a t i s t i c a l  d e s ig n  was s e l e c t e d  In  c o l l a b o r a t i o n  

w i th  t h e  B l o s t a t l s t l c a l  U n i t  o f  t h e  U n iv e r s i t y  o f  Oklahoma 

School o f  M ed ic in e .

Summary

T h is  s tu d y  was d e s ig n e d  t o  m easure t h e  d i f f e r e n c e  

Ilm en f o r  s t im u lu s  d u r a t io n  a s  a  f u n c t io n  o f  r e f e r e n c e  d u ra ­

t i o n  a t  s e v e r a l  f r e q u e n c ie s  and I n t e n s i t i e s .  Ten no rm al-  

h e a r in g  s u b j e c t s  were t e s t e d .  DLs f o r  s h o r t  d u r a t io n  p u r e -  

to n e  s t i m u l i  w ere de te rm in ed  a t  t h e  t h r e e  s t im u lu s  f r e q u e n ­

c i e s  o f  $ 0 ,  1000, and I4.OOO cps  and a t  th e  two r e f e r e n c e  

I n t e n s i t i e s  o f  10 and 50-db SL. The r e f e r e n c e  s t im u lu s



53

d u r a t io n s  s e l e c t e d  were i|.0, 60, 8 0 , and 100 m sec . Thus, 

DLs were o b ta in e d  from each  o f  t h e  te n  s u b j e c t s  f o r  tw enty- 

f o u r  d i f f e r e n t  r e f e r e n c e  s t im u lu s  c o n d i t i o n s .

A m o d if ie d  p s y c h o p h y s ic a l  method o f  l i m i t s  to g e th e r  

w ith  s e q u e n t i a l  a n a l y s i s ,  h ig h ly  p r a c t i c e d  s u b j e c t s ,  and 

im m ediate knowledge o f  r e s u l t s  were employed in  g a th e r in g  

th e  d a t a .  Because o f  i t s  m o t i v a t i o n a l  and  t r a i n i n g  v a lu e  

th e  d e s ig n  was e x p e c te d  t o  y i e l d  m easures  t h a t  r e f l e c t  a 

s i g n i f i c a n t l y  more a c u te  human c a p a c i ty  t o  d i s c r i m in a t e  

changes in  s t im u lu s  d u r a t io n  th a n  has been r e p o r t e d  p r e ­

v i o u s l y .

T h is  s tu d y  was in te n d e d  t o  f i l l  a s p e c i f i c  need t h a t  

even a  c u r s o r y  a c q u a in ta n c e  w i th  t h e  l i t e r a t u r e  r e v e a l s  t o  

th e  s e r io u s  s t u d e n t .



CHAPTER IV 

RESULTS AND DISCUSSION 

I n t r o d u c t io n

Ten n o rm a l-b e a r in g  s u b j e c t s  were s tu d i e d  in  t h i s  i n ­

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

p u r e - to n e  a u d i to r y  s t i m u l i .  D if f e r e n c e  l i n e n s  were e s t a b ­

l i s h e d  a t  tw e n ty - f o u r  co m b in a tio n s  o f  r e f e r e n c e  d u r a t io n  

60 , 6 0 , and 100 m se c ) ,  f re q u e n c y  (2$0 , 1000, and i#.000 

c p s ) ,  and s e n s a t i o n  l e v e l  (10 and $0  d b ) .

P a i r e d  p u r e - to n e  s t i m u l i  were p r e s e n te d  t o  each  su b ­

j e c t  mona u r a l l y .  A m o d if ie d  p sy c h o p h y s ic a l  m ethod o f  l i m i t s  

was employed u s i n g  a  t w o - a l t e r n a t i v e ,  f o r c e d - c h o ic e  t e c h ­

n iq u e .  The s u b j e c t ' s  t a s k  was t o  judge  w hethe r  t h e  com pari­

son s t im u lu s  was l o n g e r  o r  s h o r t e r  th a n  th e  r e f e r e n c e  s t im u ­

lu s  w hich  always p re c e d e d  i t .  The d u r a t io n  (AT) by  w hich 

th e  com parison s t im u lu s  d i f f e r e d  f±»om th e  r e f e r e n c e  s t im u lu s  

was i d e n t i c a l  w h e th e r  t h e  com parison  s t im u lu s  was lo n g e r  o r  

s h o r t e r  th a n  th e  r e f e r e n c e  s t i m u lu s .  The m agn itude  o f  t h e  

d i f f e r e n c e  in  d u r a t io n  betw een  th e  p a i r e d  s t i m u l i  (AT) was 

red u c e d  u n t i l  th e  s u b j e c t  c o u ld  no lo n g e r  make a  c o r r e c t  

judgm ent. The s m a l l e s t  te m p o ra l  d i f f e r e n c e  betw een  r e f e r ­

ence an d  com parison  s t i m u l i  (AT) w hich  th e  s u b j e c t  was a b l e

54
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t o  I d e n t i f y  was ta k e n  a s  th e  d i f f e r e n c e  lim en  f o r  s t im u lu s  

d u ra t io n  u n d er ea ch  e jq )e rim e n ta l c o n d i t io n .

The r e s u l t s  o f  t h e s e  m easurem ents a r e  r e p o r t e d  in  t a b ­

u l a r  form in  T ab le  7 and w i l l  be d i s c u s s e d  i n  th e  su b se q u en t  

s e c t i o n s  in  te rm s o f  t h e i r  m agn itude  a s  w e l l  a s  f u n c t i o n s  o f  

th e  p a ra m e te rs  o f  s e n s a t i o n  l e v e l ,  s t im u lu s  f re q u e n c y  and 

r e f e r e n c e  d u r a t i o n .

M agnitude o f  th e  D u ra tio n  DL

The r e s u l t s  o f  t h i s  i n v e s t ig a t io n  c l e a r l y  d e m o n s tra te d  

t h a t  th e  s iz e  o f  th e  d i f f e r e n c e  lim en  f o r  a u d i to r y  s t im u lu s  

d u r a t io n  i s  s i g n i f i c a n t l y  s m a lle r  th a n  has y e t  been  r e p o r t e d .  

In  t h i s  in v e s t ig a t io n  th e  mean r e l a t i v e  DLs f o r  a l l  s u b je c t s  

u n d e r  a l l  e jqperim en ta l c o n d i t io n s  ran g e d  in  s i z e  from  .026  

to  .082  (F ig u re  2} • The r e l a t i v e  DLs, o b ta in e d  a s  raw  d a ta  

(A ppendix A) ran g e d  in  s i z e  from  .010  to  . 1 ^ .  A b so lu te  DLs 

a s  s m a ll a s  1 msec w ere o b ta in e d  from  some s u b je c t s  u n d e r  

c e r t a i n  o f  th e  e x p e r im e n ta l  c o n d i t io n s .

I t  i s  p o s s i b l e  t o  make some com parisons  betw een 

H e n ry 's  (U.3) d a t a  and t h a t  o b ta in e d  in  t h i s  e :q )e r im en t,  a l ­

though  Henry u se d  a  5 0 0 -c p s  s t im u lu s  a s  w e l l  a s  d i f f e r e n t  

r e f e r e n c e  d u r a t io n  v a l u e s .  T ab le  8 shows th e  mean Weber 

r a t i o s  f o r  H e n ry 's  seven s u b j e c t s  i n  com parison  w i th  th e  t e n  

s u b j e c t s  s tu d i e d  in  t h i s  e x p e r im e n t .  The s m a l l e s t  Weber r a t i o  

found  b y  Henx*y ( .196  a t  110 msec r e f e r e n c e  d u r a t i o n )  i s  

a p p ro x im a te ly  f o u r - f o l d  t h e  s i z e  o f  even t h e  l a r g e s t  Weber 

r a t i o  ( .0 2 7  a t  i^.04nsec r e f e r e n c e  d u r a t io n )  o b ta in e d  in  t h i s



TABLE 7

MEAN WEBER RATIOS (AT/T) AND STANDARD DEVIATIONS FOR PURE-TONE AUDITORY 
STIMULUS DURATION FOR TEN NORMAL-HEARING SUBJECTS AT THREE STH4ULUS 

FREQUENCIES, TWO SENSATION LEVELS, AND FOUR REFERENCE DURATIONS

S tim u lu s
F req u en cy
(o p s)

S e n s a t io n
L ev e l
(db)

40

R e fe re n c e  D u ra t io n  

60

[msec)

80 100

M SD M SD M SD M SD

3 0
10 .0675 .0237 .0266 .0333 .0700 .OlfOO .0480 .0222

$0 .0275 .0169 .0222 .0128 .0373 . 018!,. .0330 .0122

1000
10 .0700 .0197 .0666 .0208 . 0 2 3 .0 1 4 2 .0470 .0183

50 .0275 .0262 .0300 .0172 .0263 .0122 .0260 .0184

lf.000
10 .0820 .0293 .0733 .0238 .0613 .0149 .0490 .0137

50 .0700 .0128 .0366 .0189 .0363 .0171 .0310 .0137

vnO'



lOrdb SL SQ~db 3L

J|0 60 80 100 .
R e fe re n ce  D u ra t io n  (msec)

P ig .  2 -  Mean r e l a t i v e  DLs a t  t h r e e  s t im u lu s  f r e q u e n c i e s  and two s e n s a t io n  
L e v e ls  p l o t t e d  as  a f u n c t io n  o f  r e f e r e n c e  d u r a t i o n . __________________________________



TABLE 8

MEAN WEBER RATIOS (AT/T) AT TWO FREQUENCIES FOR TEN SUBJECTS OF THIS EXPERI­
MENT COMPARED WITH THE DATA OF ONE FREQUENCY AS OBTAINED FROM HENRY'S 

SEVEN SUBJECTS (DATA ARE SHOWN AS A FUNCTION OF REFERENCE DURATION)

• S e n s a t io n S tim u lu s R e fe re n c e  D u ra t io n (msec)

L eve l F requency 32 ko 47 60 77 80 100 110

P r e s e n t
E xperim en t $0  db 250 .057 .033 .040 .033

H enry 50 db 500 .281 .203 .208 .196

P r e s e n t
E xperim en t 50 db 1000 .057 .029 .026 .026
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o x p o rim en t. A d i r e c t  com pariflon w ith  S t o t t ' s  (7^1 e x p e r i ­

ment cannot be made Inasm uch a s  b i s  s h o r t e s t  r e f e r e n c e  d u ra ­

t i o n  was 200 m sec . The lo n g e s t  r e f e r e n c e  d u r a t io n  s tu d ie d  

In  t h i s  ex p erim en t was 100 m sec . N e ith e r  d o es  S t o t t  s p e c i f y  

th e  I n t e n s i t y  o f  h i s  lOOO-cps s t im u lu s .  Even s o , th e  I n t e r ­

p o la te d  Weber r a t i o  o f  f o r  th e  200-msec r e f e r e n c e  d u ra ­

t i o n  In  S t o t t ' s  ex p e rim en t I s  s t i l l  s i g n i f i c a n t l y  l a r g e r  

th a n  th e  l a r g e s t  DL ( •ISS  f o r  th e  250-op*, 80-m sec , $ 0 -db  SL 

esqperlm ental c o n d i t io n )  m easured  on any o f  th e  te n  s u b je c t s  

s e rv in g  In  t h i s  s tu d y .

S e v e ra l  f a c t o r s  w ould a c c o u n t f o r  th e  r a t h e r  l a r g e  

d is c re p a n c y  In  th e  s i z e  o f  th e  Weber r a t i o  a s  re p o rd e d  by  

S t o t t  (Tk) o r  H enry (1|3) v e rs u s  th e  r e s u l t s  r e v e a le d  In  th e  

ex p e rim en t r e p o r te d  h e r e .  F i r s t ,  I t  I s  w e l l  known t h a t  d i f ­

f e r e n t  p sy c h o p h y s ic a l m ethods y i e l d  d i s s i m i l a r  r e s u l t s  (6 , 

1 ? , 6 6 ) .  B oth  S to t t  (? i |)  and H enry (1|3) u se d  v a r i a t i o n s  o f  

th e  p sy c h o p h y s ic a l m ethod o f  c o n s ta n ts  w h ereas t h i s  s tu d y  

em ployed a  v a r i a t i o n  o f  th e  m ethod o f  l i m i t s .  F u rth e rm o re , 

th e  p r e s e n t  ex p erim en t was d e s ig n e d  w ith  th e  e ^ r e s s e d  p u r ­

po se  o f  m in im iz in g  th e  Weber r a t i o  f o r  s t im u lu s  d u r a t io n  by  

means o f  r ig o ro u s  s u b je c t  t r a i n i n g .  Im m ediate knowledge o f  

r e s u l t s ,  and s t im u lu s  c o n t r o l .  A two a l t e r n a t i v e  fo rc e d -  

c h o ic e  p ro c e d u re  was em ployed. The two f a c t o r s  o f  fe ed b a c k  

and fo rc e d -c h o ic e ,  when com bined in  a  p sy c h o p h y s ic a l p ro c e ­

d u re ,  have been  shown b y  L ukaszew ski and E l l i o t t  (5if) t o  

r e s u l t  In  low er th r e s h o ld s  th a n  when o b ta in e d  b y  a  n o -
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fo rc o d -c b o lc a  fe e d b a ck ,  f o rc e d - c h o ic e - n o - f e e d b a c k ,  o r  n o -  

f o rc e d -c b o ic e -n o - f e e d b a c k  p r o c e d u r e •

Second, S t o t t  (7i|-) and Henry (1(3) were l i m i t e d  by  th e  

In s t ru m e n ta t io n  o f  t b e l r  d a y .  A p e r u s a l  o f  t b e l r  In s tru m en ­

t a t i o n  r e v e a l s  th e  f a c t  t b a t  t h e y  d id  n o t  bave a t  t b e l r  d i s ­

p o s a l  equipment wblcb p e r m i t te d  th e  d i s c r e t e  c o n t r o l  and 

p r e c i s e  measurement o f  t e s t  s t i m u l i .  On th e  o th e r  band, t h e  

e l e c t r o n i c  equipm ent u t i l i z e d  In  t h i s  ejq>erlment l e f t  l i t t l e  

t o  be d e s i r e d  by c u r r e n t  s t a n d a r d s .  The s t im u lu s  ensem ble 

was m e t ic u lo u s ly  c a l i b r a t e d  t o  a s s u re  r e l i a b l e  m easurem en t.

An e r r o r  no g r e a t e r  th a n  p lu s  o r  minus 0 .5  msec was a llo w ed  

In  t h e  measurement o f  s t im u lu s  d u r a t i o n .  The p a ra m e te r s  o f  

I n t e n s i t y  and f re q u en c y  were e q u a l ly  w e l l  c o n t r o l l e d .

The ev idence  from  t h i s  e jq )erlm ent f a l l s  t o  s u p p o r t  

W eber 's  la w . I n c o n s i s te n c y  has  c h a r a c t e r i z e d  th e  r e s u l t s  o f  

e f f o r t s  to  d e te rm in e  w h e th e r  W eber 's  law h o ld s  In  t h e  e s t im a ­

t i o n  o f  t im e  ( 3 2 ) .  Z w lrne r  (61(.) s t a t e d  t h a t  DLs f o r  a u d i to r y  

s t im u lu s  d u r a t io n  c o n f irm s  W eb er 's  law . S t o t t  (74) and H enry  

(4 3 ) ,  on th e  c o n t r a r y ,  r e p o r t  d a t a  w hich r e f u t e s  W eber 's  la w . 

S im i l a r l y ,  th e  r e s u l t s  o f  t h i s  ex p e rim en t deny a  c o n s ta n t  

Weber f r a c t i o n .  The m agnitude  o f  th e  Weber r a t i o  a c r o s s  r e f ­

e re n c e  d u r a t io n s  I s  compared In  F ig u re  2 . The t r e n d  f o r  a 

s m a l le r  r a t i o  a t  lo n g e r  d u r a t i o n s  I s  c o n f irm e d .  T h is  e f f e c t  

I s  a c c e n tu a te d  In t h e  10-db SL c u rv e .  Such a  low I n t e n s i t y  

e f f e c t  was a l s o  r e p o r t e d  by  Henry (43) • The one n o ta b le  ex­

c e p t io n  can be o bse rved  a t  th e  r e f e r e n c e  d u r a t i o n  o f  60 m sec .
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Only tb o  curvo  o f  th e  5 0 -d b ,  lOOO-cps a t l n u l u a  p l o t ­

t e d  in  F ig u re  2 abowa any co n a tan c y  in  t b a  Weber r a t i o .  Tbo 

g e n e ra l  t r e n d  o f  a l l  tb e  o u r r e a ,  p l o t t i n g  tb o  DL aa a  fu n c ­

t i o n  o f  r e f e r e n c e  d u r a t i o n ,  au g g ea ta  t b a t  r e l a t i v e  DL a iz e  

n ig b t  be ex p e c te d  t o  a t a b i l i z e  a t  acme r e f e r e n c e  d u r a t io n  

beyond 100 m sec. H e n ry 's  (I4.3 ) d a t a  a l s o  s u g g e s t  t b i a .  H ia  

r e s u l t s ,  r e p o r te d  in  T ab le  3 ,  sbow n e g l i g i b l e  v a r i a n c e  in  DL 

s i z e  betw een  tb e  two r e f e r e n c e  d u r a t io n s  o f  277 and 4ÔO maeo 

( .1 7 2  v e r s u s  .173) • More r e c e n t l y ,  M ilburn  (57) baa abown 

t b a t  d u r a t io n  DL a i z e  d o e s ,  i n  f a c t ,  a t t a i n  a  f a i r l y  con­

s t a n t  v a lu e  a t  a  r e f e r e n c e  d u r a t io n  o f  a p p ro x im a te ly  500 

msec and t b a t  i t  tb e n  rem ains  r e l a t i v e l y  c o n s ta n t  o v e r  t b e  

ran g e  o f  d u r a t io n s  s tu d ie d  (300-1000 m se c ) .

Tbe r e l a t i v e  DL f o r  d u r a t i o n ,  l i k e  DLs f o r  f re q u e n c y  

and i n t e n s i t y ,  e n l a r g e s  a t  low s t im u lu s  m ag n itu d es  b u t  m ain­

t a i n s  a  n e a r l y  c o n s ta n t  v a lu e  f o r  tb e  m idd le  ra n g e  o f  s t im u ­

lu s  d u r a t i o n s .  Tbe r e l a t i v e  DLs f o r  f re q u e n c y  ( A f / f ) ,  

a c c o rd in g  t o  Sbower and B id d u lp b  (6 8 ) ,  a r e  a p p ro x im a te ly  con­

s t a n t  a t  r e f e r e n c e  A requenc ies  above 500 c p s .  R e iaz  (65) 

showed t b a t  tb e  r e l a t i v e  d i f f e r e n c e  lim en f o r  i n t e n s i t y  ( A l / l )  

a t  a  g iv en  f re q u e n c y  ap p ro ach es  a c o n s ta n t  v a lu e  f o r  i n t e n s i ­

t i e s  above 50-db SL, b u t  in c r e a s e d  r a p i d l y  aa s t im u lu s  i n t e n ­

s i t y  i s  red u ced  tow ard  t h r e s h o l d .

D is c r im in a t io n  o f  changes in  f re q u en c y  and i n t e n s i t y  

baa been  shown t o  be  b e t t e r  u n d e r  b i n a u r a l  s t i m u l a t i o n  th a n  

u n d e r  m onaura l (1 2 , 66, 77) • Sbower and  B id d u lp b  (66)
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d em o n s tra ted  t b a t  m onaura l r e l a t i v e  DLs f o r  f re q u e n c y  a re  

l a r g e r  th a n  b i n a u r a l  DLs. The work o f  C b u rch e r ,  K ing , and 

D avies (12) and o f  Upton and Holway (77) s u p p o r t s  t b e  

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

s u p e r io r  to  m o n au ra l.  A d e s c r i p t i o n  o f  m onaura l DLs f o r  

s t im u lu s  d u r a t io n  re se m b le s  a d e s c r i p t i o n  o f  DLs f o r  s t im u ­

lu s  f re q u en cy  and i n t e n s i t y  in  t b a t  DL s i z e  i n c r e a s e s  a t  

low s t im u lu s  m a g n itu d e s ,  b u t  i s  r e l a t i v e l y  c o n s ta n t  tb ro u g b -  

o u t tb e  m id -range  o f  s t im u lu s  m a g n itu d e s .  A lthough  tb e  

r e s e a r c h  i s  y e t  t o  be d o n e , b i n a u r a l  s t i m u l a t i o n  m igh t be 

e x p e c te d  t o  enhance tb e  d i s c r i m i n a t i o n  o f  s t im u lu s  d u r a t io n  

a s  i t  does tb e  d i s c r i m i n a t i o n  o f  s t im u lu s  f re q u e n c y  and i n ­

t e n s i t y .

S e n s a t io n  L ev e l E f f e c t  

Human d i s c r i m in a t io n  o f  changes in  a u d i t o r y  s t im u lu s  

d u r a t io n  improves a s  tb e  s e n s a t io n  l e v e l  o f  tb e  s t im u lu s  i s  

in c r e a s e d  from 10 t o  $0  d b .  DLs f o r  s t im u lu s  d u r a t io n  were 

m easured a t  tb e  s e n s a t io n  l e v e l s  o f  10 db and 50 d b .  Tbe 

mean Weber f r a c t i o n  (AT/T) o f  ea ch  s t im u lu s  c o n d i t io n  i s  

p l o t t e d  in  F ig u re  2 as a  f u n c t io n  o f  r e f e r e n c e  d u r a t i o n .  

I n s p e c t io n  o f  th e s e  f i g u r e s  r e v e a l s  t b a t  t b e  s e n s a t i o n  l e v e l  

a t  which tb e  s t im u lu s  i s  p r e s e n te d  has  a d e c id e d  e f f e c t  upon 

tb e  s i z e  o f  tb e  d i f f e r e n c e  l im en . An a n a l y s i s  o f  v a r ia n c e  

a p p l ie d  to  t b e  d a t a  r e s u l t e d  in  an F o f  8 3 .9  (p  <  .0 1 ) ,  th u s  

p r o v id in g  s t a t i s t i c a l  c o r r o b o r a t io n  o f  a  d i f f e r e n t i a l  e f f e c t  

on tb e  s i z e  o f  tb e  d u r a t io n  DL a c r o s s  s e n s a t io n  l e v e l s .
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F ig u re  2 shows t b a t  s u b je c ts  d is c r im in a te d  s m a lle r  

changes in  a u d i to ry  s t im u lu s  d u ra t io n  a t  50-db SL th a n  a t  

10-db SL. The one e x c e p tio n  i s  th e  p re se n c e  o f  an i n t e r ­

a c t io n  a t  t h e  s h o r t e s t  r e f e r e n c e  d u ra t io n  (1{.0 m sec) betw een a 

50-db SL s ig n a l  a t  I4.OOO cps and a  10-db SL s ig n a l  a t  1000 c p s .  

I n s p e c t io n  o f  F ig u re  2 a l s o  r e v e a l s  somewhat g r e a t e r  v a r i a b i l ­

i t y  a c ro s s  f re q u e n c ie s  in  th e  s i z e  o f  th e  d u r a t io n  DL a t  th e  

10-db s e n s a t io n  l e v e l  th a n  a t  th e  50-db s e n s a t io n  l e v e l .  The 

10-db SL DLs a t  th e  lo n g e s t  r e f e r e n c e  d u r a t io n  (100 m aeo), 

how ever, a r e  l e s s  v a r ia b le  a c ro s s  f r e q u e n c ie s  th a n  t h e i r  50-db  

SL c o u n te r p a r t s .

H enry (i*.3) s tu d ie d  th e  Weber r a t i o  a s  a  f u n c t io n  o f 

s t im u lu s  i n t e n s i t y  u s in g  s e n s a t io n  l e v e l s  o f  20, IfO, 60 , and 

80 d b . H is s tim u lu s  was a  5 0 0 -cp s  to n e .  He s tu d ie d  th e  

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

a re  shown in  T ab le  5»

D a ta  f o r  a l l  t h r e e  r e f e r e n c e  d u ra t io n s  su g g e s t t h a t  

s t im u lu s  i n t e n s i t y  h ad  l i t t l e  e f f e c t  on DL s iz e  e x c ep t a t  th e  

lo w est s e n s a t io n  l e v e l  a t  th e  two r e f e r e n c e  d u r a t io n s  o f  47 

and 77 m sec where tb e  Weber r a t i o  i s  somewhat l a r g e r .

Henry (43) r e p o r te d  t h a t  th e  d a ta  a t  277 msec showed no in t e n ­

s i t y  e f f e c t  a t  a l l .

A lthough  d i r e c t  com parisons a re  n o t p o s s ib le  betw een 

Henry* s  d a ta  and t h a t  o f  t h i s  s tu d y , some i n t e r e s t i n g  a s p e c ts  

do come t o  l i g ^ t . The d a ta  o f  th e  p r e s e n t  ejqperim ent, shown a s  

a  f u n c t io n  o f  SL, a r e  com pared w ith  H e n ry 's  d a ta  in  T ab le  9 .



TABLE 9

MEAN WEBER RATIOS AS A FUNCTION OF STIMULUS INTENSITY COMPARING 
HENRY'S DATA WITH DATA OBTAINED FROM THE PRESENT EXPERIMENT

S tim u lu s S e n sa tio n R e fe re n ce D u ra tio n (msec)

F requency L evel 40 k l 60 77 80 100 277

20 db .20k. .198 .149

Henry 500
kO db 

60 db

80 db

.153

.166

.157

.1 8 4

.179

.184

.137

.147

.139

250
10 db .067 .057 .070 .048

50 db .057 .033 .040 .033

P re s e n t

E xperim ent
1000

10 db 

50 db

.070

.057

.067

.030

.0 5 2

.026

.047

.026

4000
10 db .065 .073 .061 .049

50 db .070 .037 .036 .031
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W hereas Henry (1 ^ ) r e p o r te d  t h a t  v a r i a t i o n  o f  s t im u lu s  

I n t e n s i t y  ap p e a rs  t o  have l i t t l e  e f f e c t  on DL s i z e ,  th e  d a ta  

o f  t h i s  ex p erim en t show t h a t .  In  evexy c a s e ,  r e g a r d le s s  o f  

r e f e r e n c e  d u r a t io n  o r  s t im u lu s  fre q u e n c y , a  change o f  s t im u ­

lu s  I n t e n s i t y  from  10 t o  50 -dh  SL do es Indeed  have an e f f e c t  

on th e  Weber r a t i o .  I t  may v e ry  w e ll  be t h a t  I n t e n s i t y  

changes In  ex c ess  o f  50-db SL no lo n g e r  a f f e c t  DL s i z e  a s  

H e n ry 's  d a ta  s u g g e s t .  A ll  o f  H e n ry 's  d a ta  a t  s e n s a t io n  

l e v e l s  o f  ifO db and above f o r  a l l  t h r e e  r e f e r e n c e  d u r a t io n s  

show v e ry  l i t t l e  v a r i a t i o n  a c ro s s  s e n s a t io n  l e v e l s .  F u r­

t h e r  I n v e s t ig a t io n  o f  DL s iz e  a s  a  f u n c t io n  o f  s e n s a t io n  

l e v e l  I s  I n d ic a te d .

F requency  E f f e c t

The s t im u lu s  f r e q u e n c ie s  o f  ^ 0 ,  1000 , and 1*.000 cps 

w ere employed In  t h i s  I n v e s t i g a t i o n .  The mean Weber r a t i o  

c o r re sp o n d in g  t o  each  r e f e r e n c e  d u r a t io n  a t  b o th  s e n s a t io n  

l e v e l s  (10 and $0 db) I s  p l o t t e d  In  F ig u re  3 a s  a  f u n c t io n  

o f  s tim u lu s  f re q u e n c y . These mean r e l a t i v e  DLs w i l l  be  d i s ­

c u ssed  In d e p e n d e n tly  In  th e  su c c e e d in g  p a r a g ra p h s .

U.0 m sec. When a  10-db SL, i^O-msec r e f e r e n c e  d u r a t io n  

s t im u lu s  I s  p r e s e n te d ,  th e  r e l a t i v e  DL I n c r e a s e s  a s  t h e  f r e ­

quency o f  th e  s t im u lu s  I s  changed  from ^ 0  t o  i4.000 c p s .  The 

fu n c t io n  r i s e s  g r a d u a l ly  from ^ 0  t o  1000 cps whereupon I t  

In c r e a s e s  m o d e ra te ly  t o  IfOOO c p s .  A r e f e r e n c e  s t im u lu s  o f  

l|.0-nsec d u ra t io n  p r e s e n te d  a t  a  50 -db  SL y i e ld s  a  c o n s ta n t  

r e l a t i v e  DL when f re q u e n c y  I s  changed from  ^ 0  t o  1000 c p s .
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P ig .  3 -  Mean r e l a t i v e  DLs a t  four r e fe r e n c e  d u ra tio n s  and two s e n sa t io n
l e v e l s  p lo t t e d  as a fu n ct ion  o f  st im u lu s  frequency .
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b u t tboD p ro d u ces  a m odera te  In c re a s e  tr a a  1000 t o  1*.000 

c p s .

The Weber r a t i o s  o f  th e  l|.0->msec r e f e r e n c e  d u r a t io n s  

a s  a  fu n c tio n  o f  f re q u e n c y  a r e  p l o t t e d  In  F ig u re  if.. The 

g e n e ra l  c o n f ig u ra t io n  o f  th e  c u rv e s  a t  b o th  r e f e r e n c e  I n ­

t e n s i t i e s  (10 and 50-db SL) I s  q u i te  s i m i l a r .  DL s i z e  a s  a  

fu n c t io n  o f  f re q u e n c y  ra n g e s  from  a  minimum o f  .057 t o  a  

maximum o f  .0 8 5 , d is r e g a r d in g  s t im u lu s  I n t e n s i t y .  DL s i z e  

f o r  th e  50 -db s e n s a t io n  l e v e l  o n ly  ra n g e s  from  a  low  o f  

.067  to  a  h ig h  o f  .0 8 5 . I d e n t i c a l  Weber r a t i o s  ( .0 5 7 )  w ere 

o b ta in e d  f o r  2$0 and 1000 cps a t  th e  50-db s e n s a t io n  l e v e l .  

The cu rve  th e n  r i s e s  t o  I t s  s h a rp e s t  fu n c tio n  to  a t t a i n  a 

Weber r a t i o  v a lu e  o f  .070  a t  I4.OOO c p s .

The s m a l le s t  Weber r a t i o  a t  th e  10-db s e n s a t io n  l e v e l  

( .0 6 7 )  was o b ta in e d  a t  th e  ^ 0 - c p s  s t im u lu s .  I t  I s  o n ly  

s l i g h t l y  l a r g e r  a t  1000 cp s  ( . 070) .  From .070  a t  1000 cp s  

th e  Weber f r a c t i o n  In c re a s e s  t o  a  maximum o f  .085 a t  ij.000 

c p s .  L ike th e  50-db SL c u rv e , th e  s h a rp e s t  f u n c t io n  o f  th e  

10-db SL cu rv e  o ccu rs  betw een 1000 and ifOOO c p s .  The 

g r e a t e s t  f re q u e n c y  e f f e c t  f o r  th e  10-db SL, IfO-msec r e f e r ­

ence d u ra t io n  I s  n o te d  betw een  1000 and IfOOO c p s .  T here  

a p p e a rs  t o  be  a  s l i g h t  f re q u e n c y  e f f e c t  betw een  2$0 and 

1000 cps where th e  r e l a t i v e  DL a t  10-db SL In c r e a s e s  

s l i g h t l y .

60 m sec . The s m a l le s t  Weber r a t i o  o f  th e  10-db SL, 

60-m sec r e f e r e n c e  d u r a t io n  s t im u lu s  ( . 057) 1* re c o rd e d  a t
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F lg .  1*. -  Mean r e l a t i v e  DLs o f  a ^0-msec r e fe r e n c e  d uration  s t im u lu s  p lo t t e d
as a fu n c t io n  o f  frequency at two se n sa t io n  l e v e l s .
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2$0 c p s .  T h e r e a f te r ,  I t  becomes l a r g e r  when f re q u e n c y  I s  

In c re a s e d  ( .0 6 7  a t  1000 cp s  and .073 a t  lf.000 c p s ) .  On th e  

o th e r  hand , th e  s m a l le s t  Weber r a t i o  f o r  th e  $ 0 -d b  SL, 

60-msec r e f e r e n c e  d u r a t io n  s t im u lu s  ( . 030) o c c u rs  a t  1000 

c p s .  The r e l a t i v e  DL th e n  becomes l a r g e r  when s t im u lu s  f r e ­

quency i s  in c re a s e d  to  14.000 cps ( . 037) and a l s o  a s  f re q u e n c y  

i s  d e c re a se d  t o  2$0 cp s ( . 033)*

The Weber r a t i o s  o f  t h e  60-msec r e f e r e n c e  d u ra t io n  a r e  

p lo t t e d  in  F ig u re  $ a s  a  f u n c t io n  o f  s t im u lu s  f re q u e n c y .

DLs o f  th e  20-db  SL cu rv e  ran g e  from a  minimum o f  .030  at 

1000 cps to  a  maximum o f  .037  a t  I4.OOO c p s .  The Weber r a t i o  

o f  th e  5 0 -db SL, 60-m sec r e f e r e n c e  d u r a t io n  s t im u lu s  d e ­

c r e a s e s  s l i g h t l y  in  s i z e  (from  .033 t o  . 030) a s  s t im u lu s  

f re q u e n c y  i s  in c re a s e d  from  2$0 t o  1000 c p s ,  becom ing l a r g e r  

( . 037) a t  I4.OOO c p s .

The Weber f r a c t i o n s  a t  th e  10-db SL, 60-m sec r e f e r e n c e  

d u ra t io n  s t im u lu s  ran g e  in  s iz e  from a  minimum o f  .057 t o  a  

maximum o f  .073* A Weber r a t i o  v a lu e  o f  .057 was o b ta in e d  

a t  2$0 c p s .  The DL v a lu e  in c r e a s e s  t o  .067 a t  1000 cps and 

f i n a l l y  t o  .073 a t  I4.OOO c p s .  The r e l a t i v e  DLs f o r  t h i s  ex ­

p e r im e n ta l  c o n d i t io n  become l a r g e r  when s t im u lu s  f re q u e n c y  

i s  in c re a s e d  from  2$0 t o  I4.OOO c p s .  The fu n c t io n  a p p e a rs  to  

b e  o n ly  s l i ^ t l y  s te e p e r  below  1000 cps th a n  ab o v e .

80 m sec . The r e l a t i v e  DL o f  th e  80-m sec r e f e r e n c e  

d u ra t io n  s tim u lu s  a t  b o th  th e  10-db and 50-db  s e n s a t io n  

l e v e l s  becom es s m a l le r  when s tim u lu s  f re q u e n c y  i s  d e c re a se d
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F ig .  5 -  Mean r e l a t i v e  DLs o f a 60-m sec r e f e r e n c e  d u r a t io n  s t im u lu s  p l o t t e d  
a s  a f u n c t io n  o f fre q u en cy  a t  two s e n s a t io n  l e v e l s .
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from 2$0 t o  1000 o p s , w boroas i t  in c r e a s e s  when f re q u e n c y  

i s  in c re a s e d  from 1000 t o  lj.000 c p s .

The r e l a t i v e  DLs o f  th e  80-m sec r e f e r e n c e  d u r a t io n  

s t im u lu s  a re  p l o t t e d  in  F ig u re  6 as  a  f u n c t io n  o f  s t im u lu s  

f re q u e n c y . R e la t iv e  DL v a lu e s  o f  th e  10-db SL cu rv e  ra n g e  

from a  m in im al .0 5 2  t o  a  m axim al .0 7 0 , w hereas th e  ran g e  

f o r  th e  50-db  SL cu rv e  i s  frcMn .026  t o  .0i|.0.

The fu n c t io n s  o f  th e  c u rv e s  o f  th e  two s e n s a t io n  

l e v e l s  do no t d i f f e r  a p p r e c ia b ly .  In  b o th  in s ta n c e s  th e  

s m a l le s t  DL i s  re c o rd e d  a t  1000 cps ( .0 5 2  and .026  a t  th e  

10-db and 50-db  SL c u rv e s  r e s p e c t i v e l y ) . In  each  c a se  th e  

DL becomes, l a r g e r  a s  s t im u lu s  fre q u e n c y  i s  in c re a s e d  from  

1000 t o  i|.000 cps (an  in c re a s e  from .0 5 2  t o  .061 in  th e  

10-db SL c u rv e  and an in c re a s e  from .026  t o  .036 in  th e  

50-db SL c u r v e ) .  The f u n c t io n  a t  b o th  s e n s a t io n  l e v e l s  i s  

s l i g h t l y  s te e p e r  in  th e  f re q u e n c y  ran g e  from  2$Q t o  1000 

cp s  th a n  i s  th e  50-db SL cu rv e  f o r  th e  same f re q u e n c y  

r a n g e .  J u s t  th e  r e v e r s e  i s  t r u e  in  th e  f re q u e n c y  ran g e  

from 1000 t o  I4.OOO c p s .  H ere , th e  50-db  SL cu rv e  i s  s l i g h t l y  

s te e p e r  th a n  th e  10-db SL c u rv e .

100 m sec . The Weber r a t i o s  o b ta in e d  u s in g  a  100-m sec 

r e f e r e n c e  d u ra t io n  s t im u lu s  a r e  p l o t t e d  a s  a  fu n c t io n  o f  

s t im u lu s  fre q u e n cy  in  F ig u re  7* The f u n c t io n s  o f  th e  two 

c u rv e s  t h a t  r e p r e s e n t  th e  two s e n s a t io n  l e v e l s  a r e  q u i te  

s im i la r  ex c ep t t h a t  th e  10-db SL cu rv e  i s  somewhat f l a t t e r  

th a n  th e  50-db  SL c u rv e . R e la t iv e  DL v a lu e s  o f  th e  10-db SL
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cu rv e  ran g e  from .01*.? t o  .0^.9. T h is  ran g e  in d ic a te s  a  s u r ­

p r i s i n g l y  sm a ll amount o f  v a r i a t i o n  a c ro s s  f re q u e n c ie s  from  

2S0 t o  i|.000 c p s .  The DL v a lu e s  o f  th e  50 -db  SL cu rve  ra n g e  

from .026 t o  . 033, ag a in  i n d i c a t in g  r e l a t i v e l y  sm a ll  v a r i a ­

t i o n  in  DL s iz e  a c ro s s  f r e q u e n c ie s ,  a l th o u g h  th e  v a r i a t i o n  

n o te d  in  th e  10-db SL cu rve  i s  l e s s  ( .0 0 ?  in  th e  50 -db  SL 

cu rv e  v e rsu s  .0 0 2  in  th e  10-db SL c u r v e ) .  B oth s e n s a t io n  

l e v e l  cu rv e s  y i e l d  th e  s m a l le s t  r e l a t i v e  DLs a t  1000 c p s ;  

how ever, th e  50-db  SL curve shows a  g r e a t e r  te n d e n c y  tow ard  

a  s m a lle r  DL a t  1000 cps r e l a t i v e  t o  th e  o th e r  f r e q u e n c ie s  

th a n  does th e  10-db SL c u rv e .

Summary. A l l  r e s u l t s  in  th e  form  o f  mean r e l a t i v e  

d i f f e r e n c e  lim en s a r e  p l o t t e d  a s  a  f u n c t io n  o f  s t im u lu s  

f re q u e n c y  in  F ig u re  3» I n s p e c t io n  o f  t h i s  f ig u re  r e v e a ls  

s e v e r a l  t r e n d s .  F i r s t ,  th e  s i z e  o f  th e  r e l a t i v e  DL f o r  

d u r a t io n  a s  a  f u n c t io n  o f  s t im u lu s  f re q u e n c y  depends upon 

th e  r e f e r e n c e  d u r a t io n  from w hich  th e  m easurem ent i s  m ade. 

The s m a l le s t  r e l a t i v e  DLs a s  a  f u n c t io n  o f  s tim u lu s  f r e ­

quency o ccu r a t  1000 c p s .  T here  a r e  th e s e  e x c e p tio n s :  th e

s m a l le s t  DLs a t  th e  10-db SL, ^0-m sec and 60-msec r e f e r e n c e  

d u r a t io n s  o ccu r a t  2$0 c p s ; and th e  DLs a t  th e  50 -db  SL, 

i^O-msec r e f e r e n c e  d u ra t io n  a r e  i d e n t i c a l  a t  b o th  2$0 and 

1000 c p s .

The r e l a t i v e  DLs in c re a s e  in  s iz e  betw een 1000 and

I4.OOO cp s a t  b o th  s e n s a t io n  l e v e l s .  The low er f re q u e n c y  

ra n g e  r e v e a ls  q u i te  a  d i f f e r e n t  f u n c t io n .  W ith th e  n o ta b le
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e x c e p tio n  o f  th e  r e s u l t s  f o r  an 80-m sec, ^ O -c p s  r e f e r e n c e  

s t im u lu s ,  a  g e n e ra l  p a t t e r n  i s  a p p a re n t .  At low r e f e r e n c e  

d u ra t io n s  ( 1̂ .0 and 60 msec) and th e  low s e n s a t io n  l e v e l ,  th e  

m agnitude o f  th e  mean r e l a t i v e  DL in c r e a s e s  a s  s t im u lu s  f r e ­

quency i s  changed from  to  1000 c p s .  T here i s  a  ten d en cy  

a t  lo n g e r  r e f e r e n c e  d u ra t io n s  (80 and 100 m sec) f o r  th e  r e l ­

a t iv e  DL to  d im in ish  in  s iz e  when s tim u lu s  f re q u e n c y  i s  i n ­

c re a s e d  from 2$0 t o  1000 c p s .  I n c r e a s in g  th e  i n t e n s i t y  o f  

th e  s tim u lu s  has th e  e f f e c t  o f  b r in g in g  ab o u t a r e d u c t io n  in  

DL s iz e  a t  s h o r t e r  r e f e r e n c e  d u r a t io n s  a s  s t im u lu s  f re q u e n c y  

i s  changed from 2$Q t o  1000 c p s .  As p o in te d  o u t ,  DL s iz e  

in c re a s e s  f o r  b o th  th e  1̂ .0 and 60-m sec, 10-db SL, r e f e r e n c e  

d u r a t io n s  when fre q u e n c y  i s  changed from 2$Q t o  1000 c p s .

At th e  ^0-db  s e n s a t io n  l e v e l ,  how ever, t h e r e  i s  no te n d en cy  

f o r  DL s iz e  to  become l a r g e r  when fre q u en cy  i s  changed from 

^ 0  to  1000 c p s .  Even a t  t h e  s h o r t e s t  r e f e r e n c e  d u ra t io n  o f

I4.O m sec, DLs a t  $ 0  and 1000 cps a r e  i d e n t i c a l  ( .0 2 7 ) .

The Weber r a t i o  a t  10-db SL i s  g r e a t e s t  a t  ij.000 c p s .  

The 80-msec r e f e r e n c e  d u ra t io n  i s  th e  one e x c e p t io n .  H ere , 

th e  l a r g e s t  DL o cc u rs  a t  a  ^ 0 - c p s  s t im u lu s .  I n c r e a s in g  

s tim u lu s  i n t e n s i t y  has th e  e f f e c t  o f  more n e a r ly  e q u a l iz in g  

DL s i z e ,  a lth o u g h  t h i s  i s  n o t  t r u e  f o r  th e  lj.O-msec r e f e r e n c e  

d u r a t io n .  W ith th e  e x c e p tio n  o f  th e  ^D-msec r e f e r e n c e  d u r a ­

t io n  th e r e  i s  l i t t l e  d i f f e r e n c e  in  DL s iz e  betw een  ^ 0  and 

4000 c p s .
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Henry (14.3 ) h e ld  th e  le n g th  o f  a $0 -db  SL a tim u lu a  con­

s t a n t  a t  77 msec and s tu d ie d  th e  e f f e c t  o f  s ig n a l  f re q u e n c y  

on d u ra t io n  DL s i z e .  The d a ta  o b ta in e d  from  th r e e  s u b je c t s ,  

a t  o c tav e  f re q u e n c ie s  from 12^ t o  2000 c p s ,  showed t h a t  DLs 

were l a r g e s t  a t  low f r e q u e n c ie s .  H e n ry 's  d a ta  a re  shown in  

T ab le  5* He d id  n o t in v e s t ig a te  beyond 2000 cps and th e  

p r e s e n t  ejq)erim ent d id  n o t em ploy a  s t im u lu s  f re q u e n c y  below  

2$0 c p s .  T h is  f a c t  may e x p la in  th e  c o n t r a d ic t io n  betw een 

th e  r e s u l t s  o f  th e s e  two s tu d i e s .

The d a ta  o f  t h i s  experim en t were su b m itte d  f o r  a  s t a ­

t i s t i c a l  a n a ly s i s  o f  v a r ia n c e  o f  th e  e f f e c t  o f  s t im u lu s  f r e ­

quency . A s i g n i f i c a n t  P - r a t i o  o f  3*85 was o b ta in e d  s u r ­

p a s s in g  th e  .0 5  l e v e l  o f  c o n f id e n c e . The c o n c lu s io n  i s  

re a c h e d  t h a t  th e  s i z e  o f  th e  Weber r a t i o  depends on s t im u lu s  

f re q u e n c y .

R e fe ren ce  D u ra tio n  E f f e c t  

Weber r a t i o s  w ere m easured  a t  fo u r  r e f e r e n c e  d u r a t io n s  

(I4.O, 60, 60 , and 100 m se c ) . The mean Weber r a t i o s  o f  each  

s tim u lu s  f re q u e n c y  a t  each  o f  th e  two s e n s a t io n  l e v e l s  a re  

p lo t t e d  a s  a  fu n c t io n  o f  r e f e r e n c e  d u ra t io n  in  F ig u re  2 . 

These c u rv es  w i l l  be d is c u s s e d  s e p a r a te ly .

2$0 c p s . The Weber r a t i o s  f o r  th e  2 ^0 -cp s s t im u lu s  

a re  p lo t t e d  a s  a f u n c t io n  o f  r e f e r e n c e  d u ra t io n  in  F ig u re  6 . 

Both th e  10-db SL and 50-db SL c u rv es  d i s p l a y  th e  same gen­

e r a l  c o n f ig u r a t io n .  The 10-db SL cu rve  d ro p s  m o d e ra te ly  

betw een th e  I4.O and 60-m sec r e f e r e n c e  d u r a t io n s ,  r i s i n g
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r a t h e r  s h a rp ly  a t  80 msec and th e n  d ro p p in g  p r e c i p i to u s l y  

a t  100 m sec. By c o n t r a s t ,  th e  ^O-db SL cu rve  d ro p s  q u i te  

s h a rp ly  frmn th e  1{.0 to  th e  60-msec r e f e r e n c e  d u r a t io n ,  

a scen d s  g ra d u a l ly  from 60 t o  60 m sec, and th e n  d im in ish e s  

j u s t  a s  g r a d u a l ly  a t  100 m sec.

Of p a r t i c u l a r  n o te  in  F ig u re  8 i s  th e  m arked peak  

o b se rv ed  in  b o th  cu rv e s  a t  80 m sec. The e f f e c t  i s  somewhat 

more m arked a t  th e  10-db s e n s a t io n  l e v e l  th a n  a t  20-db SL. 

T h is  phenomenon, o c c u r r in g  a t  th e  80-m sec, ^ 0 - c p s  r e f e r ­

ence s t im u lu s ,  a l s o  can be o b se rv ed  in  F ig u re s  2  and 3*

The f a c t o r s  u n d e r ly in g  t h i s  e f f e c t  a r e  n o t known and rem ain  

u n e x p la in e d . The e x p e rim e n ta l c o n t r o l  e x e rc is e d  in  t h i s  

s tu d y  i s  f e l t  to  have m in im ized  any a r t i f a c t  in  in s tru m e n ta ­

t i o n  a s  a  p ro b a b ly  c o n t r ib u t in g  f a c t o r .  The Weber r a t i o  

o b ta in e d  a t  th e  80 -m sec, 2&0 -c p s  s t im u lu s ,  t h e r e f o r e ,  i s  

th o u g h t t o  be an in d ic a n t  o f  an a u d i to r y  phenomenon w hich  

m ust a w a it f u r t h e r  s tu d y . Two re a s o n s  a r e  o f f e r e d  in  su p ­

p o r t  o f  t h i s  c o n te n t io n .  In  a d d i t io n  t o  th e  r ig o ro u s  con­

t r o l  w hich  was e x e rc is e d  in  t h i s  experim en t in  o rd e r  to  p r e ­

c lu d e  any a r t i f a c t  o f  in s t ru m e n ta t io n ,  c o n se n su a l f in d in g s  

a re  a v a i la b le  in  th e  r e s u l t s  o f  a  p re v io u s  s tu d y  r e p o r te d  by  

H enry (!^3). P o r t io n s  o f  H e n ry 's  f in d in g  a r e  shown in  

T ab le  9 .  A lthough  h i s  e x p e r im e n ta l c o n d i t io n s  a r e  n o t 

i d e n t i c a l  w ith  th o s e  o f  th e  p r e s e n t  s tu d y , some a re  s u f f i c ­

i e n t l y  c lo s e  to  w a r ra n t com parison  betw een  th e  f in d in g s  

o b ta in e d  from th e  two s t u d i e s .
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The p e a k in g , in  th e  form o f  u n e x p e c te d ly  la rg e  DLa, 

o b se rv ed  in  t h i s  s tu d y  a t  th e  00-m sec , ^ O -o p s  c o n d it io n  

a l s o  can be seen  in  H e n ry 's  d a ta  (T ab le  9 ) •  He u se d  a  

5 0 0 -cp s  s t im u lu s .  H is r e f e r e n c e  d u r a t io n s  o f  1|7 and 77 msec 

compare f a v o ra b ly  w ith  1;0 and 80 msec as  u sed  in  t h i s  s tu d y .  

In s p e c t io n  o f  T ab le  9 shows t h a t  a  l a r g e r  DL was o b ta in e d  a t  

77 msec th a n  a t  e i t h e r  lj.7 o r  277 m sec . T h is  phenomenon i s  

r e f l e c t e d  a t  a l l  o f  H e n ry 's  s e n s a t io n  l e v e l s  e x c e p t 20 db 

w hich  was th e  lo w es t SL he s tu d i e d .  By c o n t r a s t ,  th e  p r e ­

s e n t  e :q )erim ent d em o n stra te d  t h a t  th e  u n e x p la in e d  e f f e c t  

ob serv ed  f o r  an 60-m sec, ^ 0-c p s  s t im u lu s  i s  m ore pronounced  

a t  th e  low er s e n s a t io n  l e v e l  o f  10 d b , a  l e v e l  even 10 db 

lo w er th a n  th e  lo w es t SL u sed  by H enry (U 3).

The f a c t o r s  p ro d u c in g  th e  p e a k in g  e f f e c t  a t  low s t im ­

u lu s  f re q u e n c y  a t  an 80-msec r e f e r e n c e  d u ra t io n  may o r  may 

n o t be  i d e n t i c a l  in  b o th  s tu d i e s .  The f a c t  t h a t  th e  e f f e c t  

i s  p r e s e n t  in  H e n ry 's  d a ta  to g e th e r  w ith  th e  knowledge t h a t  

th e  e x p e r im e n ta l c o n t r o l  e x e rc is e d  in  th e  p r e s e n t  s tu d y  m in­

im ized  p ro c e d u ra l  and in s t ru m e n ta l  a r t i f a c t s  le n d s  c red en ce  

to  th e  a c tu a l  p re se n c e  o f  th e  o b se rv ed  e f f e c t .  F u r th e r  r e ­

s e a rc h  i s  in d ic a te d  to  i n v e s t ig a te  th e  s iz e  o f  th e  d i f f e r ­

ence lim en  f o r  d u ra t io n  a t  low s tim u lu s  f r e q u e n c ie s  and a t  

r e f e r e n c e  d u r a t io n s  a d ja c e n t  to  80 m sec .

1000 c p s . The Weber r a t i o s  o f  th e  1 0 0 0 -cp s s t im u lu s  

a r e  p l o t t e d  a s  a fu n c t io n  o f  r e f e r e n c e  d u r a t io n  in  F ig u re  9 .  

The 10-db SL cu rv e  shows a  g r a d u a l ly  s lo p in g  c o n f ig u r a t io n
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I d  th e  d i r e c t i o n  o f  d im in is h in g  r e l a t i v e  DL s iz e  a s  r e f e r ­

ence d u ra t io n  In c re a s e s  from I4.O to  100 m sec . The m ost 

m arked change In  th e  s lo p e  o f  th e  cu rve  ta k e s  p la c e  betw een 

60 and 80 m sec . The 50-db  SL c u rv e , on th e  o th e r  hand , 

d ro p s  s h a rp ly  betw een I4.0 and 60 msec and b e g in s  t o  l e v e l  o f f  

from 60 t o  60 m sec, from  w hich p o in t  th e  cu rv e  I s  f l a t  t o  

100 m sec. In  b o th  s e n s a t io n  l e v e l  c u rv e s  th e  s m a l le s t  r e l a ­

t i v e  DLs a r e  n o ted  a t  th e  lo n g e s t  r e f e r e n c e  d u r a t io n s  and 

become l a r g e r  a s  s t im u lu s  d u r a t io n  I s  d e c re a s e d . The one 

e x c e p tio n  I s  o b se rv ed  a t  th e  100-m sec, 50-db  SL, c o n d i t io n  

where th e  Weber r a t i o s  a r e  I d e n t i c a l .

ijOOO c p s . The Weber r a t i o s  o f  th e  ^OOO-cps s t im u lu s  

a r e  p l o t t e d  a s  a  f u n c t io n  o f  r e f e r e n c e  d u r a t io n  In  F ig u re  1 0 . 

The 10-db SL curve l a  a  d e sc e n d in g  s t r a i g h t  l i n e  fu n c t io n  In  

th e  d i r e c t i o n  o f  s m a l le r  Weber r a t i o s  w ith  In c re a s e d  s t im u lu s  

d u r a t io n .  The 50-db SL c u rv e , on th e  c o n t r a r y ,  g iv e s  e v i ­

dence o f  an e x tre m e ly  sh a rp  d e sc e n d in g  fu n c t io n  betw een  th e  

ij.0 and 60-m sec r e f e r e n c e  d u r a t io n s  becom ing r e l a t i v e l y  f l a t  

from 60 to  60 msec and th e n  f a l l i n g  o f f  s l i g h t l y  from 60 to  

100 m sec .

Summary. The mean Weber r a t i o s  a re  p l o t t e d  a s  a  fu n c ­

t i o n  o f  r e f e r e n c e  d u r a t io n  In  F ig u re  2 w hich  shows th e  r e l a ­

t io n s h ip  betw een  th e  r e l a t i v e  DLs a t  th e  th r e e  s t im u lu s  f r e ­

q u e n c ie s  o f  2$0, 1000, and ^.000 c p s .  G e n e ra l ly , r e l a t i v e  DL 

s i z e  d im in is h e s  as s t im u lu s  d u r a t io n  I s  I n c re a s e d  fl»om I4.O to  

100 m sec. The n o ta b le  e x c e p t io n , a s  y e t  u n e x p la in e d , can b e



00

1|.0 60 80 100 
R e fe ren ce  D u ra tio n  (msec)

P ig .  10 -  Mean r e l a t i v e  DLs o f  a ^0 0 0 -cp s s t im u lu s  p l o t t e d  a t  two s e n s a t io n  
l e v e l s  a s  a f u n c t io n  o f  r e f e r e n c e  d u r a t io n .
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ob serv ed  a t  th e  80-m sec, % 0 -cp s  c o n d i t io n .  The m agnitude 

o f  th e  r e l a t i v e  DL f o r  s t im u lu s  d u ra t io n  a p p e a rs  to  depend 

upon th e  r e f e r e n c e  d u ra t io n  from w hich th e  m easurem ent i s  

made, and , f o r  v e ry  s h o r t  d u r a t io n s ,  i s  in v e r s e ly  r e l a t e d  t o  

i t .  T h is  dependency i s  f u r th e r  c o r ro b o ra te d  in  a s t a t i s t i ­

c a l  a n a ly s i s  o f  v a r ia n c e  a p p lie d  to  th e  d a ta  a c ro s s  r e f e r ­

ence d u r a t io n .  The r e s u l t i n g  P - r a t i o  o f  2I4..6 i s  s i g n i f i c a n t  

a t  th e  .01  l e v e l  o f  c o n f id e n c e .

The g r e a t e s t  e f f e c t  on r e l a t i v e  DL s i z e  i s  o b se rv ed  

betw een th e  r e f e r e n c e  d u ra t io n s  o f  I4.O and 60 msec a t  th e  

5 0 -db s e n s a t io n  l e v e l .  R e la t iv e  DL s iz e  a c ro s s  f r e q u e n c ie s  

shows th e  l e a s t  v a r i a b i l i t y  a t  th e  100-msec r e f e r e n c e  d u ra ­

t i o n ,  p a r t i c u l a r l y  a t  th e  10-db s e n s a tio n  l e v e l .  The r e f e r ­

ence d u r a t io n s  o f  60 and 100 msec a t  th e  5 0 -db s e n s a t io n  

l e v e l  show e q u a l v a r i a b i l i t y  in  r e l a t i v e  DL s iz e  a c ro s s  f r e ­

q u e n c ie s .

S u b je c t V a r i a b i l i t y

An a tte m p t was made, in  ch o o s in g  s u b je c ts  to  se rv e  in  

th e  e x p e rim e n t, t o  s e l e c t  o n ly  th o s e  in d iv id u a ls  who were 

young , i n t e l l i g e n t ,  and s o p h is t i c a te d  in  t h e i r  o r i e n ta t io n  

to  th e  ' l i s t e n i n g ” t a s k s  t h a t  a r e  c h a r a c t e r i s t i c a l l y  r e ­

q u ire d  in  th e  m easurem ent o f  h e a r in g .  As m igh t be e x p e c te d , 

in  s p i t e  o f  th e  p r e c a u t io n s  tak en  in  th e  s e l e c t io n  o f  su b ­

j e c t s  and t h e i r  t r e a tm e n t ,  i n t e r s u b j e c t  v a r i a b i l i t y  rem ain ed  

a s i g n i f i c a n t  f a c t o r .
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The raw d a ta  a re  p re s a n ta d  In  A ppendix A. The com­

p u ted  mean, s ta n d a rd  d e v ia t io n ,  and ran g e  o f  th e  a b s o lu te  

(AT) and r e l a t i v e  DLs (AT/T) f o r  ea ch  o f  th e  tw e n ty - fo u r  ex ­

p e r im e n ta l  c o n d i t io n s  i s  ta b u la te d  a lo n g  w ith  s u b je c t  id e n t ­

i f i c a t i o n  in fo rm a tio n . The ^ 0 - c p s ,  80-m sec, 10-db SL ex­

p e r im e n ta l  c o n d i t io n  shows th e  g r e a t e s t  i n t e r s u b j e c t  v a r i a ­

b i l i t y .  The r e l a t i v e  DL f o r  t h a t  c o n d i t io n  ra n g e s  from 

. 0 1 ^  to  w ith  a  mean o f  .070  and a  s ta n d a rd  d e v ia t io n

o f  .037* The 1 0 0 0 -cp s , 80-m sec, 50-db SL e x p e r im e n ta l con­

d i t i o n  shows th e  l e a s t  i n t e r s u b j e c t  v a r i a b i l i t y .  The r e l a ­

t i v e  DL f o r  t h a t  c o n d i t io n  ra n g e s  from . 0 1 ^  t o  .0 5 0 , w ith  

a  mean v a lu e  o f  .026  and a s ta n d a rd  d e v ia t io n  o f  .0 1 2 .

S u b je c t v a r i a b i l i t y  o r  th e  '^subject e f f e c t  ” i s  a  s t a ­

t i s t i c a l l y  s i g n i f i c a n t  v a r ia b le  o f  th e  s tu d y . Young norm al 

s o p h is t i c a te d  in d iv id u a ls  d i f f e r  in  t h e i r  a b i l i t y  to  d i s ­

c r im in a te  on th e  b a s i s  o f  a u d i to r y  s t im u lu s  d u r a t io n .  The 

s t a t i s t i c a l  a n a ly s i s  o f  v a r ia n c e  y ie ld e d  an P - r a t i o  o f  4*09 

w hich s u rp a s s e d  th e  .01  l e v e l  o f  c o n f id e n c e .

Summary

The s iz e  o f  th e  mean r e l a t i v e  DLs f o r  s t im u lu s  d u ra ­

t io n  a s  m easured  in  t h i s  s tu d y  ran g e  from  a m in im al v a lu e  

o f  .026  to  a m axim al v a lu e  o f  .0 8 5 . The l a r g e s t  mean DL 

o b ta in e d  in  t h i s  ex p e rim en t ( .0 8 5  f o r  th e  4000- c p s ,  40-m sec, 

10-db SL e x p e r im e n ta l c o n d i t io n )  i s  s i g n i f i c a n t l y  s m a lle r  

th a n  th e  s m a l le s t  mean DL r e p o r te d  by  e i t h e r  H enry (i|3 )

( .1 3 7  f o r  a  5 0 0 -c p s , 277-m sec , 50-db SL e jq p erim en ta l co n -
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d l t l o n )  o r  S t o t t  (74) (*103 f o r  a 1 0 0 0-ops, 2000-maec ex ­

p e r im e n ta l  c o n d i t io n  o f  unknown i n t e n s i t y ) •

The f u n c t io n  o f  th e  r e l a t i v e  DLs f o r  s t im u lu s  d u ra ­

t i o n  p lo t t e d  a c ro s s  r e f e r e n c e  d u ra t io n  i s  s im i la r  to  th e  

f u n c t io n s  o f  th e  r e l a t i v e  DLs f o r  f re q u e n c y  and i n t e n s i t y .  

However, th e  r e l a t i v e  DL v a lu e s  f o r  s t im u lu s  d u r a t io n ,  a s  

e s ta b l i s h e d  b y  th e  p r e s e n t  e x p e rim e n t, a re  c o n s id e ra b ly  

s m a l le r  th a n  R e i s z 's  (65 ) r e l a t i v e  DLs f o r  i n t e n s i t y .

Shower and B id d u lp h 's  (68) r e l a t i v e  DL v a lu e s  a re  s t i l l  

much s m a lle r  th a n  th o s e  f o r  d u r a t io n .  T hese com parisons 

a re  shown in  T ab le  1 0 .

The d a ta  o f  R e isz  (65) and o f  Shower and B id d u lp h  (68) 

a re  su p p o se d ly  n o t t r u e  DL m easu rem en ts . R a th e r  th e y  a re  

s ig n a l  m o d u la tio n  th r e s h o ld s  by  v i r t u e  o f  th e  m ethod o f  

s in u s o id a l  v a r i a t i o n  t h a t  was em ployed. In  an u n p u b lish e d  

w ork, Ruhm (67) u sed  th e  m ethodology d e s c r ib e d  in  th e  p r e ­

s e n t  ex p e rim en t and o b ta in e d  DLs f o r  f re q u e n c y  s im i l a r  in  

m agn itude  to  th o s e  o f  Shower and B id d u lp h  ( 6 8 ) .  I t  would 

seem t h a t  th e  m ethod o f  s in u s o id a l  v a r i a t i o n ,  a l th o u g h  

c r i t i c i z e d  when a p p l ie d  to  DL m easurem ent, may n o t r e s u l t  

in  u n r e p r e s e n ta t iv e  DL d a t a .

T here i s  c o n s id e ra b le  v a r i a b i l i t y  in  th e  s iz e  o f  th e  

r e l a t i v e  DL among s u b je c t s .  T h is  i s  r e f l e c t e d  b o th  in  th e  

s iz e  o f  th e  s ta n d a rd  d e v ia t io n s  from th e  mean (se e  Appen­

d ix  A) and in  th e  s t a t i s t i c a l  P - r a t i o  o f  4*09 w hich i s  s i g ­

n i f i c a n t  a t  th e  .01  l e v e l  o f  c o n f id e n c e . In  s p i t e o f  t h i s



TABLE 10

VALUES OP THE RELATIVE DIFFERENCE LIKEN FOR STIMULUS INTENSITY ( A l / l ) ,
. FREQUENCY ( A f / f ) ,  AND DURATION (AT/T)

R le sz  
(1000 cp s)

Sbower and B id d u lp h P re s e n t  S tudy  
(1000 c p s )

R e fe re n c e A I / I R e fe re n ce A f / f R e fe re n c e AT/T
I n t e n s i t y F requency 10-db SL 20-db  SL D u ra tio n 10-db SL 20-db  SL

10-db SL .75 62 cps .0678 .0321 40 msec .070 .027

20-db SL .if.0 122 cps .0421 .0270 60 msec .067 .030

30-db  SL 220 cp s .0212 .0099 80 msec .0 2 2 .026

l*.0-db SL .23 200 cps .0110 .0042 100 msec .047 .026

20-db  SL .20 1000 cps .0061 .0036

60-db SL .19 2000 cps .0036 .0019

70-db  SL .19 I4.OOO cps .0044 .0023

60-db SL .18 8000 cps .0021 .0022

90-db SL .17

00
o
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v a r i a b i l i t y  tb e  d a ta  a re  m ean in g fu l w ith  s i g n i f i c a n t  

P - r a t i o s  r e s u l t i n g  f o r  each o f  tb e  main e f f e c t s  o f  s e n s a ­

t io n  l e v e l ,  s t im u lu s  fre q u e n c y , and r e f e r e n c e  d u r a t io n .

Vben v e ry  s b o r t  d u ra t io n  p u re - to n e s  a r e  u se d  a s  stim* 

u l i ,  tb e  s iz e  o f  tb e  d i f f e r e n c e  lim en  f o r  s ig n a l  d u r a t io n  

depends on tb e  s e n s a t io n  l e v e l ,  tb e  f re q u e n c y , and tb e  r e f ­

e ren c e  d u ra t io n  o f  tb e  s t im u lu s .



CHAPTER V 

SUMMARY AND CONCLUSIONS

S a t i s f a c to r y  and e f f i c i e n t  com m unication in  tb e  form 

o f  speech  depends upon m an 's  a b i l i t y  t o  d is c r im in a te  chang­

in g  a u d i to ry  s ig n a l s  o v er t im e . T h is  f a c t  d e m o n s tra te s  th e  

im portance  o f  a th o ro u g h  in v e s t ig a t io n  o f  th e  p a ra m e te rs  

a f f e c t i n g  an a u d i to r y  s t im u lu s .

A r a t h e r  im p re ss iv e  amount o f  l i t e r a t u r e  i s  a v a i l a b le  

r e g a rd in g  d i f f e r e n t i a l  s e n s i t i v i t y  to  a u d i to r y  s t i m u l i .  The 

a b i l i t y  o f  b o th  th e  n o rm a l-h e a r in g  and im p a ire d -h e a r in g  su b ­

j e c t  t o  d is c r im in a te  changes in  one o r  more o f  th e  p a ra m e te rs  

d e s c r ib in g  a  to n e  has been  in v e s t i g a t e d .  By f a r  th e  g r e a t e r  

p a r t  o f  th e  l i t e r a t u r e  i s  concerned  w ith  th e  p a ra m e te rs  o f  

f re q u e n c y  and i n t e n s i t y .

S t i l l  a  t h i r d  p a ra m e te r  d e s c r ib in g  a  to n e  i s  s i g n a l  

d u r a t io n .  A co g e n t f e a t u r e  o f  th e  l i t e r a t u r e  on d i f f e r e n t i a l  

s e n s i t i v i t y  i s  t h e  p a u c i ty  o f  i n t e r e s t  d em o n stra ted  in  d u ra ­

t io n  a s  an a u d i to r y  s t im u lu s  p a ra m e te r . E f f o r t s  to  d e f in e  

tb e  d i f f e r e n c e  lim en  f o r  s t im u lu s  d u ra t io n  in  n o rm a l-h e a r in g  

* s u b je c t s  have been  l im i te d  to  no more th an  two s t u d i e s .

B oth o f  th e s e  s tu d i e s  a r e  in  p o o r agreem ent where com­

p a r is o n s  a r e  p o s s i b l e .  F u rth e rm o re , th e  r e l i a b i l i t y  o f  each

88
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o f  th e  s tu d ie s  i s  p o o r . T h e re fo re ,  In  re v ie w in g  th e  l i t e r ­

a tu re  on d u ra t io n  DLs, th e  s tu d e n t  i s  p r e s e n te d  a c o n fu s in g  

p ic tu r e  o f  th e  human b e in g 's  a b i l i t y  t o  d is c r im in a te  a u d i­

to r y  s t im u l i  on th e  b a s i s  o f  s ig n a l  d u r a t io n .  The p r e s e n t  

s tu d y  was d e s ig n ed  t o  o b ta in  v a l id  and r e l i a b l e  d a ta  on th e  

fu n c tio n  o f  th e  d i f f e r e n c e  lim en f o r  s t im u lu s  d u r a t io n .

E x p e rim e n ta l D esign

I t  was th e  p u rp o se  o f  t h i s  in v e s t ig a t io n  to  s p e c if y  

th e  m onaural d i f f e r e n c e  lim en f o r  s t im u lu s  d u ra t io n  a s  a  

fu n c tio n  o f  r e l a t i v e l y  s h o r t  r e f e r e n c e  d u r a t io n .  DLs f o r  

te n  young n o rm a l-h e a rin g  s u b je c t s ,  f iv e  m ale and f iv e  f e ­

m a le , were d e te rm in ed  u n d er tw e n ty - fo u r  co m b in a tio n s  o f  s t im ­

u lu s  f re q u e n c y , s e n s a t io n  l e v e l ,  and r e f e r e n c e  d u r a t io n .  The 

f re q u e n c ie s  s tu d ie d  w ere 2$0, 1000, and 14.000 c y c le s  p e r  

seco n d , w h ile  r e f e r e n c e  d u r a t io n s  w ere I4.O, 60 . 60 , and  100 

m i l l i s e c o n d s .  The s e n s a tio n  l e v e l s  s e le c te d  w ere 10 and  $0 

d e c ib e l s .

I n s o f a r  a s  in s t ru m e n ta t io n  and p ro c e d u re  would a llo w , 

i t  was s p e c i f i c a l l y  in te n d e d  t o  o b ta in  th e  s m a l le s t  DL o f  

w hich th e  young, norm al human b e in g  i s  c a p a b le .  To t h i s  end 

th e  e x p e rim e n ta l d e s ig n  in c o rp o ra te d  th r e e  e le m e n ts : ( 1 ) each

s u b je c t  was h ig h ly  p r a c t ic e d  p r i o r  to  th e  g a th e r in g  o f  e x p e r­

im e n ta l d a ta  so t h a t  any  p r a c t i c e  e f f e c t  m ig h t be e l im in a te d ,  

( 2 ) each  s u b je c t  was p ro v id ed  w ith  im m ediate knowledge o f 

r e s u l t s  so t h a t  fo llo w in g  each  judgm ent th e  s u b je c t  knew 

w h eth er o r  n o t h is  re sp o n se  was c o r r e c t ,  ( 3 ) f i n a l l y ,  th e
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th e  Dumber o f  c o r r e c t  judgm ent* r e q u ir e d  o f  th e  s u b je c t  in  

o rd e r  t o  p a s s  o r  f a i l  th e  e x p e r im e n ta l t a s k  was d e te rm in ed  

by  a  t a b l e  o f  s e q u e n t ia l  a n a l y s i s .  T h is  e l im in a te d  th e  

le n g th y  p ro ced u re  a s s o c ia te d  w ith  th e  o th e r  p sy c h o p h y s ic a l 

m ethods w ith o u t s a c r i f i c i n g  p r e c i s io n  o f  m easurem ent.

Each s u b je c t  was p r e s e n te d  w ith  p a i r e d  p u re - to n e  s t im ­

u l i .  The r e f e r e n c e  s t im u lu s  was alw ays p r e s e n te d  f i r s t .

The com parison  s tim u lu s  was th e n  p r e s e n te d  fo llo w in g  a  f ix e d  

s i l e n t  i n t e r v a l .  The s u b j e c t 's  t a s k  was t o  judge  w h e th e r  

th e  com parison  s t im u lu s  was lo n g e r  o r  s h o r te r  th a n  th e  r e f ­

e r e n c e .

The p sy c h o p h y s ic a l m ethod em ployed i s  b e s t  d e s c r ib e d  

a s  a  m o d if ie d  m ethod o f  l i m i t s .  I n s o f a r  a s  th e  a u th o r  i s  

aw are , i t  was f i r s t  u se d  in  a u d io lo g ic a l  r e s e a r c h  by  B u t le r  

and A lb r i t e  (10) and l a t e r  b y  Ruhm ( 6 7 ) .  The d u r a t io n  o f  

th e  r e f e r e n c e  s t im u lu s ,  alw ays th e  f i r s t  s t im u lu s  o f  a  p a i r ,  

was h e ld  c o n s ta n t w ith in  each  e x p e r im e n ta l c o n d i t io n  and 

o n ly  th e  d u ra t io n  o f  th e  com parison  s t im u lu s  was v a r i e d .

The d u ra t io n  o f  th e  com parison s t im u lu s  s e l e c te d  f o r  th e  

i n i t i a l  t e s t  s e t  o f  each e x p e rim e n ta l c o n d i t io n  p ro v id e d  f o r  

an a d e q u a te  d i f f e r e n c e  (AT) betw een th e  p a i r e d  s t im u l i  so  

t h a t  a l l  s u b je c ts  c o u ld  be ex p e c te d  t o  p a s s  th e  t a s k  w ith  

e a s e .  The d i f f e r e n c e  in  s t im u lu s  d u ra t io n  (AT) was th e n  d e­

c re a s e d  in  p re d e te rm in e d  s te p s  w ith  each  s u c c e s s iv e  t e s t  s e t  

u n t i l  th e  s u b je c t  c o u ld  no lo n g e r  p a s s  th e  t a s k .  The AT
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c h a r a c te r i z in g  th e  l a a t  t e a t  a e t  w hich th e  a u h je c t  waa a b le  

to  p aaa  d e f in e d  th e  DL f o r  t h a t  e x p e r im e n ta l  c o n d i t io n .

R e a u lta  and C onc lualona

The m agn itude o f  th e  d i f f e r e n c e  Ilm en f o r  a  a h o r t  aud­

i t o r y  a tlfflu lua  d u ra t io n  dependa on a tlm u lu a  freq u en o y  and 

I n t e n a l t y  and on th e  d u r a t io n  o f  th e  r e f e r e n c e  a t lm u lu a . 

F u rth e rm o re , I t  l a  ahown t o  be  a l g n l f l c a n t l y  a m a lle r  th a n  

haa  y e t  been r e p o r te d .  S t r i k i n g l y ,  acme a u b je c ta  w ere a b le  

t o  d la c r lm ln a te  a  1 -m ll l la e c o n d  d i f f e r e n c e  In  a tlm u lu a  d u ra ­

t i o n  u n d e r  a e v e r a l  o f  th e  e jq p erlm en ta l c o n d l t lo n a .  The mean 

r e l a t i v e  DLa f o r  a l l  e x p e r im e n ta l  c o n d l t lo n a  ran g ed  In  a lz e  

from  .026  t o  . 065 .

Weber*a law  doea n o t h o ld  t r u e  f o r  a tlm u lu a  d u r a t io n .  

The f u n c t io n  o f  th e  r e l a t i v e  DL f o r  a h o r t  a t lm u lu a  d u r a t io n  

re se m b lea  th e  f u n c t io n  o f  f re q u e n c y  and I n t e n a l t y  DLa a t  low 

a tlm u lu a  m ag n ltu d e a . In  g e n e r a l ,  th e  a lz e  o f  th e  r e l a t i v e  

DL f o r  d u ra t io n  In c re a a e a  aa  th e  r e f e r e n c e  d u r a t io n  l a  a h o r -  

te n e d  from  100 m aec. T h la  a p p a re n t ly  doea n o t h o ld  t r u e  f o r  

a  ^ 0 - c p a  a t lm u lu a , how ever. The m agnitude o f  th e  d u r a t io n  

DL a la o  In c re a a e a  when th e  a e n a a tlo n  l e v e l  o f  th e  r e f e r e n c e  

a tlm u lu a  l a  d e c re a a e d  from  50 t o  10 d e c lb e l a .  The a lz e  o f  

th e  r e l a t i v e  DL f o r  d u r a t io n  aa a  fu n c t io n  o f  a tlm u lu a  f r e ­

quency dependa on th e  r e f e r e n c e  d u ra t io n  from  w hich th e  m ea- 

aurem enta  a re  m ade.
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S uggested  F u r th e r  R esearch

A s tu d y  i s  c u r r e n t ly  b e in g  com pleted  by M ilburn  (57) 

who i s  i n v e s t ig a t in g  th e  d u ra t io n  DL u s in g  r e f e r e n c e  d u ra ­

t i o n s  ra n g in g  from 300 to  1000 m sec . H is in s t ru m e n ta t io n  

and p ro ced u re  a r e  i d e n t i c a l  t o  t h a t  d e s c r ib e d  h e r e .  A 

w e a lth  o f  r e s e a r c h  p r o j e c t s  c o n c e rn in g  th e  DL f o r  s ig n a l  

d u ra t io n  aw a it s tu d y . The fo llo w in g  a r e  o f f e r e d  a s  su g g es­

t e d  to p i c s  f o r  f u r t h e r  in v e s t i g a t io n :

1 . D u ra tio n  DLs as  a f u n c t io n  o f  lo n g  r e f e r e n c e  
d u râ t  io n .

2 . D u râ t ion  DL a s  a f u n c t io n  o f  r e f e r e n c e  d u ra ­
t i o n s  a d ja c e n t  to  80 msec and u s in g  s t im u l i  
o f  low f re q u e n c y .

3* The fu n c tio n  o f  th e  d u r â t  ion  DL a c ro s s  th e  
ran g e  o f  a u d ib le  s t im u lu s  f r e q u e n c ie s .

14.. The fu n c t io n  o f  th e  d u r a t io n  DL a c ro s s  a 
wide ran g e  o f  s e n s a t io n  l e v e l s .

5» The d u r a t io n  DL in  v a r io u s  p a th o lo g ic a l  
c a s e s .

6 .  The e f f e c t  o f  b in a u r a l  s t im u la t io n  on th e  
m agnitude o f  th e  d u r a t io n  DL.

7 . The e f f e c t  o f  p r a c t i c e  in  ju d g in g  d i f f e r ­
en ces in  s t im u lu s  d u r a t io n  on th e  m agnitude 
o f  th e  d u r a t io n  d i f f e r e n c e  lim e n .

8 .  The d u ra t io n  DL a s  a  f u n c t io n  o f  psychophy­
s i c a l  m ethod .

9 . The m onaura l d u ra t io n  DL in  th e  p re se n c e  o f  
co n tin u o u s  c o n t r a l a t e r a l  s t i m u l i .

F u r th e r  r e s e a r c h ,  in  a d d i t io n  t o  e x te n d in g  our know­

le d g e  co n c e rn in g  th e  e f f e c t s  o f  s ig n a l  d u r a t io n  on m an 's  aud ­

i t o r y  e x p e r ie n c e s , may c o n t r ib u te  t o  knowledge c o n c e rn in g  th e  

n e u r o lo g ic a l  m e d ia tio n  o f  a u d i to r y  s t im u lu s  d u r a t io n .
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TABLE 11

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 100-MSEC, ^OOO-CPS EXPERIMENTAL CONDITION

STIMULUS FREQUENCY -  1|.000 cps

REFERENCE DURATION -  100 maec

1
I s § SS

64

10-db SL 50-db  SL

DL 
IN MSEC AT/T

DL 
IN MSEC AT/T

1 M 22 L •OlfO 3 .030

2 P %  R 3 .030 It .040

3 M 30 L It • 01̂ 0 1 •010

k P 2$ R It . 01*.0 5 .050

5 M 27 L 5 .050 2 .020

6 P 27 L 5 .050 5 .050

7 F 35 R 7 .070 2 .020

8 M 26 R 6 .060 2 .020

9 M 23 R 7 .070 3 .030

10 F 22 L It .040 It .040

MEAN DL lt.9 .0490 3 .1 .0310

STANDARD DEVIATION 1 .370 .0137 1.370 .0137

LOW 3 .030 1 .010
RANGE

HIGH 7 .070 5 .050
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TABLE 12

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR TEE 80-MSEC, i^OOO-CPS EXPERIMENTAL CONDITION

STIMULUS FREQUENCY -  IfOOO cp s

REFERENCE DURATION -  80 msec
E4

I . w % 9̂MM64

10-db SL 20-db  SL

DL 
IN MSEC AT/T

DL 
IN MSEC AT/T

1 M 22 L 3 .0375 3 .0375

2 F 23 R 7 .0875 3 .0375

3 H 30 L 5 .0622 1 .0122

k P R k .020 2 .0220

5 M 27 L k .020 4 .020

6 F 27 L 6 .0750 2 .0220

7 F 35 R 6 .0750 6 .0720

8 M 28 R k .020 2 .0220

9 M Q R 5 .0622 3 .0375

10 F 22 L 5 .0622 3 .0375

MEAN DL 4 .9 .0613 2 .9 .0363

STANDARD DEVIATION 1.197 .0149 1 .3 7 0 .0171

LOW 3 .0375 1 .0122
RANGE

EIGS. 7 .0875 6 .075
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TABLE 13

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 60-MSEC, I4.OOO-CPS EXPERIMENTAL CONDITION

STIMULUS FREQUENCY -  1|.000 cps

REFERENCE DURATION -  60 msec

n

1
i I

10 - db SL 50-d b  SL

DL 
IN MSEC AT/T

DL 
IN MSEC AT/T

1 M 22 L 3 .050 2 .0333

2 F 23 R 5 .0833 4 •0666

3 M 30 L 6 .100 k •0666

k P 2$ R 2 .0333 1 •0166

5 M 27 L •0666 2 .0333

6 P 27 L 4 •0666 2 .0333

7 P 35 R 3 •050 2 .0333

8 M 28 R 6 •100 1 •0166

9 M 23 R 5 .0833 3 .050

10 P 22 L 6 •100 1 •0166

MEAN DL .0730 2 .2 •0366

STANDARD DEVIATION 1 .4 3 0 .0238 1 .1 3 5 •0189

LOW 2 .0333 1 •0166
RANGE

HIGH 6 •100 k •0666



loif.

TABLE 14

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-MSEC, IfOOO-CPS EXPERIMENTAL CONDITION

. STIMULUS FREQUENCY -  IfOOO cp s

REFERENCE DURATION -  I4.O msec

E4

I 8 1 HH64

10-db SL 5 0 -db SL

DL 
IN MSEC AT/T

DL 
IN MSEC AT/T

1 M 2 2 L k . 1 0 0 2 . 0 5 0

2 F 2 3 R 5 . 1 2 5 3 . 0 7 5

3 M 3 0 L 5 . 1 2 5 2 . 0 5 0

k F 2 5 R 2 . 0 5 0 4 .100

5 M 29 L 3 . 0 7 5 3 . 0 7 5

6 F 2 7 L 4 .100 2 . 0 5 0

7 F 35 R 2 . 0 5 0 3 . 0 7 5

8 M 28 R 3 . 0 7 5 3 . 0 7 5

9 M 23 R 2 . 0 5 0 3 . 0 7 5

10 F 22 L k .100 3 . 0 7 5

MEAN DL 3 . 4 . 0 8 5 0 2.8 . 0 7 0

STANDARD DEVIATION 1 . 1 7 4 .0293 . 6 3 2 5 . 0 1 5 8

LOW 2 . 0 5 0 2 . 0 5 0
RANGE

HIGH 5 • 1 2 5 4 .100
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TABLE 15

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 100-MSEC, 1000-CPS EXPERIMENTAL CONDITION

STIMULUS PREQUENCy -  1000 cps

REFERENCE DURATION -  100 msec
E4

i
1

8<

10- db SL 50-db  SL

DL 
IN MSEC A T /T

DL 
IN MSEC A T /T

1 M 22 L 3 .030 2 •020

2 F 23 R 6 .060 1 •010

3 M 30 L 5 .050 1 •010

kr F 25 R 1 .010 2 •020

5 M 27 L 5 .050 1 •010

6 P 27 L 5 .0 5 0 4 •O4O

7 P 35 R 7 .070 7 .070

8 M 28 R k .040 3 •030

9 M 23 R k .040 3 •030

10 P 22 L 7 .0 7 0 2 •020

MEAN DL 4 .7 .0470 2 .6 .0260

STANDARD DEVIATION 1.828 .0183 1 .838 .01 8 4

LOW 1 .010 1 .010
RANGE

HIGH 7 .070 7 •070
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TABLE 16

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 80-MSEC, 1000-CPS EXPERIMENTAL CONDITION

STIMULUS FREQUENCY -  1000 cps

REFERENCE DURATION -  80 msec

§

I 1 %

10-db SL 50-db SL

DL 
IN MSEC AT/T

DL 
IN MSEC AT/T

1 M 22 L 3 .0375 3 .0375

2 P 23 R 5 .0625 1 .0125

3 M 30 L 3 .0375 1 .0125

k F 25 R 6 .0750 2 .0250

5 M 27 L 4 .050 2 .0250

6 P 27 L k .050 2 .0250

7 P 35 R k .050 4 .0 5 0

8 M 28 R 6 .075 3 .0375

9 M 23 R 3 .0375 2 .0250

10 F 22 L 4 .050 1 .0125

MEAN DL 4 .2 .0525 2 .1 .0263

STANDARD DEVIATION 1.135 .0142 .9 9 4 .0125

LOW 3 .0375 1 .0125
RANGE

E IŒ 6 .075 4 .050
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TABLE 17

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 60-MSEC, 1000-CPS EXPERIMENTAL CONDITION

STIMULUS FREQUENCY -  1000 cps

REFERENCE DURATION -  60 msec

EH

g
I

1 1 I I
10- db SL 50-db  SL

DL 
IN MSEC AT/T

DL 
IN MSEC AT/T

1 M 22 L 3 .050 2 .0333

2 P 23 R 5 .0833 1 .0166

3 M 30 L 5 .0833 3 .050

k F 2g R 2 .0333 1 .0166

5 M 27 L 3 .050 1 .0166

6 P 27 L 4 .0666 1 .0166

7 F 35 R 5 .0833 2 .0333

8 M 26 R 3 .050 2 .0333

9 M 23 R 6 .100 1 .0166

10 F 22 L .0666 4 .0666

MEAN DL 4 .0 •0666 1 .8 .0299

STANDARD DEVIATION 1.247 .0208 1 .033 .0172

LOW 2 .0333 1 .0166
RANGE

Eicm 6 .100 4 .0666
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TABLE Id

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 1^0-MSEC, 1000-CPS EXPERIMENTAL CONDITION

STIMULUS FREQUENCY -  1000 cps

REFERENCE DURATION -  lj.0 msec

§

I
H I mt*

10-db SL 50 -db SL

DL 
IN MSEC AZ/T

DL 
IN MSEC AT/T

1 H 22 L 3 .0750 2 .050

2 F 23 R 3 .0750 3 .0750

3 H 30 L 1 .0250 1 .0250

k F 25 R 2 .050 2 .050

5 M 27 L 3 .0750 3 .0750

6 F 27 L 3 •0750 3 .0750

7 F 35 R 3 .0750 3 .0750

6 M 28 R 3 .0750 1 .0250

9 M 23 R If .100 If .100

10 F 22 L 3 .0750 1 .0250

MEAN DL 2 .3 .070 2 .3 .0575

STANDARD DEVIATION .7868 .0197 1 .0 5 9 .0265

LOW 1 .0250 1 .0250
RANGE

HIGH If • 100 If .100
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TABLE 19

SUBJECT IDENTIPIGATION AfîD INDIVIDUAL SUBJECT DATA
FOR THE 100-MSEC, ^0-C PS EXPERIMENTAL CONDITION

STIMULUS FREQUENCY -  2$0 cp s

REFERENCE DURATION -  100 msec

§

I i HH

10- db SL 50-db SL

DL 
IN MSEC AT/T

DL 
IN MSEC AT/T

1 M 22 L 5 .050 4 •040

2 F 23 R 6 •060 3 .030

3 M 30 L 1 .010 4 .040

k P R 1 .010 1 .010

5 M 27 L il. .040 2 .020

6 F 27 L 7 .070 4 .040

7 F 35 R 7 .070 5 .050

8 M 26 R 5 .050 4 .0 4 0

9 M 23 R 7 .070 2 .020

10 F 22 L 5 .050 4 .040

MEAN DL 4 .8 .0480 3 .3 .033

STANDARD DEVIATION 2.251 .0225 1 .2 5 2 .0125

LOW 1 .010 1 .010
RANGE

HIŒ 7 .070 5 .050
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TABLE 20

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 80-MSEC, ^0-C PS EXPERIMENTAL CONDITION

STIMULUS FREQUENCY -  2$0 cp s

REFERENCE DURATION -  80 msec

n

I

10—db SL 50-db  SL

1
coS« a DL 

IN MSEC AT/T
DL 

IN MSEC AT/T

1 M 22 L 3 .0375 4 .050

2 P 23 ‘ R 9 .1125 4 .050

3 M 30 L 1 .0125 1 .0125

4 P 25 R k .050 2 .0250

5 H 27 L 5 . 0 6 # 4 .050

6 P 27 L 5 .0625 6 .0750

7 P 35 R 8 .100 2 .0250

8 M 28 R 10 .1250 2 .0250

9 M 23 R 8 .100 3 .0375

10 P 22 L 3 .0375 4 .050

MEAN DL 5 .6 .070 3 .2 .040

STANDARD DEVIATION 2.989 .0374 .6325 .0184

RANGE
LOW

HIGH

1

10

.0125

.1250

1

6

.0125

.0750
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TABLE 21

SOBJECT IDENTIFICATION AND INDIVIDUAL SCBJECT DATA
FOR THE 60-MSEC, ^0-C PS EXPERIMENTAL CONDITION

8TD4ULUS FREQUENCY -  2$0 cps

REFERENCE DURATION -  60 msec
24

1
I

X
8 1

10- db SL 50-db  SL
CO <3 
21 DL 

IN MSEC AT/T
DL 

IN MSEC AT/T

1 M 22 L 1 .0166 2 .0333

2 F 23 R k •0666 3 .050

3 M 30 L 3 .050 1 .0166

k F R 6 .100 1 .0166

5 M 27 L k .0666 2 .0333

6 F 27 L 3 .050 3 .050

7 F 35 R k .0666 3 .050

Ô M 26 R 2 .0333 1 .0166

9 M 23 R k •0666 3 . 05c

10 F 22 L 3 .050 1 .0166

MEAN DL 3 .4 .0566 2 .0 .0333

STANDARD DEVIATION 1 .3 5 0 . 02# .9426 .0158

LOW 1 .0166 1 .0166
RANGE

HIGH 6 .100 3 .050
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TABLE 22

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 1|.0-MSEC, ^0-CPS EXPERIMENTAL CONDITION

STIMULUS FREQUENCY -  2^0 cp s

REFERENCE DURATION -  IfO msec
&•

s

i
§ 1 8 3ww

10-db SL 50-db  SL

DL 
IN MSEC AT/T

DL 
IN MSEC AT/T

1 H 22 L 2 .050 3 .0750

2 P % R 3 .0750 2 .050

3 M 30 L 1 .0250 2 .050

k P 25 R 2 .050 1 .0250

5 M 27 L 2 .050 3 .0750

6 P 27 L 3 .0750 3 .0750

7 F 35 R k .100 2 .050

8 M 26 R 3 .0750 2 .050

9 M % R 3 .0750 2 .050

10 F 22 L It .100 3 .0750

MEAN DL 2.7 .0675 2 .3 .0572

STANDARD DEVIATION .9487 .0237 .6750 .0169

LOW 1 .025 1 . 0 3
RANGE

HIGH 4 .100 3 .0 7 5



A ppendix B

V alues o f  AT a s  U t i l i z e d  W ith 

Each R e fe ren ce  D u ra tio n



TABLE %

VALUES OP AT AS UTILIZED WITH EACH REFERENCE DURATION 

R e fe r e n c e  D u ra tio n  V a lu e s  o f  AT

ko 10 7 5 3 1 0

60 15 11 7 5 3 1 0

80 20 15 9 5 3 1 0

100 15 9 5 3 1 0

H*


