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INTRODUCTION

T h e r e  i s  l i t t l e  r e a s o n  t o  d o u b t  t h a t  v i s u a l  r e a c t i o n  t i m e s  can  

p r o v i d e  some u s e f u l  i n f o r m a t i o n  on v l s u a 1- d e t e c t i o n  p r o c e s s e s  ( c f .  

M c G i l l ,  1961 ,  1 9 6 3 ) ,  But  l a t e n c y  d a t a  h ave  n o t  u s u a l l y  s e r v e d  a s  

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

t h e o r e t i c a l  m o d e l s  on su ch  p r o c e s s e s  ( e . g . ,  B l a c k w e l l ,  1 9 6 3 ) ,  I t  

i s  d i f f i c u l t  t o  s a y  t o  what  e x t e n t  r e a c t i o n  t i m e s  c a n  a i d  i n  

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

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

t i m e s  and  t h r e s h o l d s  d i f f e r  o p e r a t i o n a l l y ,  a t  l e a s t  i n  t e r m s  o f  

s t i m u l u s  m a g n i t u d e s  a n d  d e p e n d e n t  v a r i a b l e s .  T h i s  p a p e r  i s  

c o n c e r n e d  w i t h  e x p e r i m e n t s  w h ich  b r i d g e  c e r t a i n  o f  t h e  o p e r a t i o n a l  

g a p s  b e t w e e n  t h e  two t y p e s  o f  d e t e r m i n a t i o n s .  The e x p e r i m e n t s  may 

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

v a r i a b l e s .

I n  s t u d i e s  o f  v i s u a l  r e a c t i o n  t i m e ,  s u b j e c t s  a r e  u s u a l l y  

i n s t r u c t e d  t o  r e s p o n d  ( " Y e s " )  a s  s o o n  a s  t h e y  s e e  a s u p r a t h r e s h o l d  

s t i m u l u s ,  t h e i r  t a s k  r e s e m b l i n g  t h a t  o f  s u b j e c t s  i n  v i s u a l -  

t h r e s h o l d  e x p e r i m e n t s .  O f t e n  t h e  l a t t e r  a r e  r e q u i r e d  t o  r e s p o n d  

e i t h e r  "Y es"  o r  " N o , "  d e p e n d i n g  on w h e t h e r  o r  n o t  t h e y  s e e  a 

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

" Y e s"  o v e r  t r i a l s ,  t h e  " f r e q u e n c y  o f  s e e i n g "  ( e . g . ,  M u e l l e r ,  1 9 5 1 ) .
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I n  t h e  p r e s e n t  e x p e r i m e n t s ,  t h e  f r e q u e n c y  and  t h e  l a t e n c y  of  

p o s i t i v e  r e s p o n s e  ("Yes '*)  a r e  r e c o r d e d  on t h e  same t r i a l s ,  w i t h  

s t i m u l i  f o r  w h ich  t h e  m e a s u r e s  c o v a r y .

At t h e  o u t s e t ,  i t  seems c l e a r  t h a t  t h e  two d e p e n d e n t  

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

f r e q u e n c i e s  and  l a t e n c i e s  a r e  d i f f e r e n t  k i n d s  o f  m e a s u r e s ,  t h e y  

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

F r e q u e n c i e s  of  s e e i n g  i n d i c a t e  how o f t e n  s t i m u l i  a r e  a d e q u a t e  t o  

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

p r e s u m a b l y  i n d i c a t e s  how soon  a f t e r  s t i m u l u s  o n s e t  a s u b j e c t  

" d e c i d e s "  t h a t  a s t i m u l u s  h a s  o c c u r r e d  ( c f .  M c G i l l ,  1961 ,  1 9 6 3 ) .  

R e a c t i o n  t i m e s  a l s o  v a r y  s y t e m a t i c a l l y  w i t h  s t i m u l i  f o r  w h ich  t h e  

f r e q u e n c y  o f  s e e i n g  i s  100%: t h e  s t i m u l u s  r a n g e s  c o n t r o l l i n g  t h e

two v a r i a b l e s  a r e  c l e a r l y  d i f f e r e n t .  S i n c e  l a t e n c i e s  a r e  c l o c k e d  

b e tw e e n  s t i m u l u s  o n s e t  and t h e  r e s p o n s e ,  t h e i r  s y s t e m a t i c  v a r i a t i o n s  

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

s e e i n g  ( c f .  May, 1 9 6 4 ) .  N o n e t h e l e s s ,  c e r t a i n  i n v e s t i g a t o r s  have  

i n d i c a t e d  by e x p e r i m e n t  t h a t  W e b e r ' s  " l a w "  a n d  t h e  r e c i p r o c i t y  law 

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

S t e i n m a n  ( 1 9 4 4 )  m e a s u r e d  l a t e n c i e s  o f  r e s p o n s e  t o  l n t e n s i t i v e  

i n c r e m e n t s  ( f c l ) ,  o f  1 - s e c  d u r a t i o n ,  i n  f i e l d s  w h ic h  a r e  e x p o s e d  

I n i t i a l l y  a t  v a r i o u s  i n t e n s i t i e s  ( I ) .  T h e A I / I  r e q u i r e d  t o  

" d e t e r m i n e "  a r e l a t i v e l y  long  mean r e a c t i o n  t i m e  d e c r e a s e d  t o  a 

c o n s t a n t  v a l u e  w i t h  i n c r e a s e s  i n  I ( F i g .  2 ,  p .  1 7 ) .  B e c a u s e  t h e  

fo rm o f  t h e  c o n s t a n t  r e a c t i o n - t i m e  f u n c t i o n  was  " i n  e s s e n t i a l  

a g r e e m e n t "  ( p .  2 7 ) ,  t h a t  i s ,  was a p p r o x i m a t e l y  p a r a l l e l  t o ,  A I / I
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f u n c t i o n s  o b t a i n e d  i n  s e p a r a t e  d i f f e r e n c e - t h r e s h o l d  d e t e r m i n a t i o n s ,  

S t e l n m a n  c o n c l u d e d  t h a t  r e a c t i o n  t i m e  " I s  a t  l e a s t  a s  i n f o r m a t i v e  

a s  t h r e s h o l d  d e t e r m i n a t i o n s  f o r  s t u d y i n g  d i s c r i m i n a t i o n "  ( I b i d . ) . 

C o n s i d e r e d  i n  t e r m s  o f  t h e  s u b j e c t s '  t a s k ,  w h ich  r e q u i r e d  a 

d i s c r i m i n a t i o n ,  S t e i n m a n ' s  c o n c l u s i o n  i s  v a l i d .

S t e l n m a n  a l s o  i n f e r r e d  t h a t  " c o n e l u s l o n s . . . drawn f rom  t h e  

r e s u l t s  o b t a i n e d  by t h e  RT m e th o d  c o n c e r n i n g  s e n s i t i v i t y  a r e . . .  

c o n s i s t e n t  w i t h ,  and  i n  f a c t ,  c o m p le m e n ta r y  t o  t h o s e  o b t a i n e d  by 

o t h e r  p s y c h o p h y s i c a l  m e t h o d s "  ( p .  5 9 ) .  W h i le  t h e  a n l y s i s  s u g g e s t e d  

t h a t  " r e s u l t s  o b t a i n e d  a t  t h e  t h r e s h o l d  l e v e l  c a n  be  g e n e r a l i z e d  

t o  s u p r a t h r e s h o l d  c o n d i t i o n s "  (G reen b au m ,  1963 ,  p .  1 0 ) ,  t h e  

s i g n i f i c a n c e  o f  t h e  g e n e r a l i z a t i o n  i s  n o t  c l e a r .  M o r e o v e r ,  one 

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

A p r i o r  q u e s t i o n  t o  be a n s w e r e d  i s  w h e t h e r  t h e  £  I / I  v a l u e s  w h ich  

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

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

W e b e r ' s  " l a w "  e x t r a p o l a t e s  t o  r e s p o n s e  l a t e n c y  u n d e r  c o n d i t i o n s  

f o r  w h ic h  t h e  law h o l d s ,  d e m o n s t r a b l y .  The p r e s e n t  s t u d y  i s  

c o n c e r n e d  w i t h  w h e t h e r  t h e  r e c i p r o c i t y  law e x t r a p o l a t e s  t o  

r e s p o n s e  l a t e n c y ,  b u t  s i n c e  t h e  law i s  c l o s e l y  r e l a t e d  t o  W e b e r ' s  

" l a w "  o f  d i f f e r e n c e  t h r e s h o l d s  ( c f .  K e l l e r ,  1 9 4 1 ) ,  t h e  r e s u l t s  

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

a c c u r a t e l y .

S t e i n m a n ' s  a n a l y s i s  was  a n a l o g o u s  t o  t h a t  p e r f o r m e d  by Lewis 

( 1 9 6 4 ) ,  whose e x p e r i m e n t  was i n t e n d e d  t o  i n d i c a t e  w h e t h e r  t h e
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r e c i p r o c i t y  law p r e d i c t s  s im p l e  r e a c t i o n  t i m e s .  The r e c i p r o c i t y  

Cor B l o c h ' s )  law h a s  been  o b s e r v e d  t o  a p p l y  i n  a v a r i e t y  o f  p s y c h o ­

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

d i f f e r e n t  r e s p o n s e  m e a s u r e s  ( f o r  r e f e r e n c e s  s e e  A iba  6c S t e v e n s ,

1964;  Kahneman 6c Norman, 1 9 6 4 ) .  A c c o r d i n g  t o  t h e  la w ,  a c o n s t a n t  

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

lu m in a n c e  and s t i m u l u s  d u r a t i o n ,  t h a t  i s ,  by a c o n s t a n t  e n e r g y .

In  t h e  c o n t e x t  o f  a t h r e s h o l d  d e t e r m i n a t i o n ,  c o n f o r m i t y  w i t h  t h e  

law c o u l d  be e v i d e n c e d  by a c o n s t a n t  f r e q u e n c y  o f  s e e i n g  ( o f t e n  

50% i s  c h o s e n ) ,  f o r  v a r i o u s  l u m in a n c e s  and d u r a t i o n s  o f  s i n g l e ,  

r e c t a n g u l a r - w a v e f o r m  f l a s h e s ,  which  c o n t a i n  a c o n s t a n t  e n e r g y .

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

w h ich  a r e  b r i e f e r  t h a n  a minimum t h a t  h a s  b e e n  c a l l e d  a " c r i t i c a l  

d u r a t i o n "  ( e . g . ,  S p e r l i n g  6c J o l l i f f e ,  1 965 ) .  J u d g i n g  f rom r e s u l t s  

o b t a i n e d  w i t h  n o n r e c t a n g u l a r  s t i m u l u s  w a v e fo rm s ,  such  a s  s i n g l e  

s t i m u l i  w i t h  v a r i o u s  r i s e  and  d e c a y  r a t e s  (L o n g ,  1951) and m u l t i p l e  

s t i m u l i  s p a c e d  s u c c e s s i v e l y  a t  v a r i o u s  i n t e r v a l s  (Bouman 6e van  

den  B r i n k ,  1952;  Davy,  1952; van den  B r in k  6c Bouman, 1954;

B l a c k w e l l ,  1963 ,  p .  155; I k e d a ,  1 9 6 5 ) ,  t h e  r e c i p r o c i t y  r e l a t i o n ­

s h i p  i s  an  i n s t a n c e  o f  a more  g e n e r a l  p r i n c i p l e .  The p r i n c i p l e  

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

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

o r  s t i m u l u s  e n e r g y ,  i r r e s p e c t i v e  o f  s t i m u l u s  w a v e f o r m - - i f  t h e  en e rg y  

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

o n s e t  ( c f .  B a r t l e t t ,  1955,  p .  174; Graham, 1965 ,  p .  7 7 ) .  D e s p i t e
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t h e  b r o a d  p a r a m e t r i c  r a n g e  o f  t h e  r e c i p r o c i t y  law ,  w h ich  i s  

e v i d e n t l y  an exam ple  o f  a more g e n e r a l  r u l e  i n  t h e  c a s e  of  

t h r e s h o l d s ,  t h e r e  i s  no o b v i o u s  r e a s o n  why i t  s h o u l d  p r e d i c t  

c o n s t a n t  s im p l e  r e a c t i o n  t i m e s  f o r  c o n s t a n t - e n e r g y  f l a s h e s .

I n  L ew is '  ( 1 9 6 4 )  a d m i t t e d l y  l i m i t e d  d e t e r m i n a t i o n ,  two f l a s h  

s t i m u l i  w ere  e q u a l  i n  e n e r g y .  A n o n p a r a m e t r i c  t e s t  of  d i f f e r e n c e s  

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

y i e l d  e q u i v a l e n t  r e a c t i o n  t i m e  d i s t r i b u t i o n s . . . . F o r  c o n s t a n t  

r e a c t i o n  t i m e  d i s t r i b u t i o n s ,  B l o c h ' s  law i s  v a l i d "  ( p .  1 2 1 ) .  But 

I n s p e c t i o n  o f  t h e  d a t a  d i s c l o s e s  t h a t  t h e  m e d ian  r e a c t i o n  t i m e s  

f rom b o t h  s u b j e c t s  were o r d e r e d  i n  c o n f o r m i t y  w i t h  t h e  r e s u l t s  of  

Raab and  F e h r e r  ( 1 9 6 2 ) .  T h e i r  d a t a  had  p r o v i d e d  L ew is '  a l t e r n a t i v e  

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

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

s h o r t e r  r e a c t i o n  t i m e s "  ( p .  109 ) .  I t  i s  o f  h i s t o r i c a l  r e l e v a n c e  

t h a t  F r o e b e r g ' s  ( 1 9 0 7 ,  p .  31) o b s e r v a t i o n s  were  c o n s i s t e n t  w i t h  

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

s t i m u l i  ( d a y l i g h t  r e f l e c t e d  from b r i e f l y  e x p o s e d  p a p e r  s t r i p s )  and 

programm ing  s t i m u l i  (nonrandom o r d e r s  o f  f l a s h  d u r a t i o n s *  c f .  Raab,  

F e h r e r ,  & H e r s h e n s o n ,  1961) c a u s e  c o n c e r n  o v e r  t h e  r e p l i c a b i l i t y  of  

h i s  r e s u l t s .  S i m i l a r l y ,  Lewis was c o n c e r n e d  w i t h  p o s s i b l e  b i a s e s  

i n  t h e  r e s u l t s  of  Raab and  F e h r e r ,  b e c a u s e  f l a s h  lu m in a n c e  was f i x e d  

d u r i n g  any  s e s s i o n .  T h u s ,  t o  d a t e ,  w h i l e  i n s p e c t i o n  o f  t h e  r e s u l t s  

o f  F r o e b e r g ,  Raab and  F e h r e r ,  a n d  Lewis  s u g g e s t s  a c o n s i s t e n t  

d l s p r o p o r t l o n a l i t y  be tw ee n  lu m in an ce  and  d u r a t i o n  i n  g o v e r n i n g
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r e a c t i o n  t i m e ,  L e w is '  e x p e r i m e n t  was t h e  o n ly  one d e s i g n e d  t o  

e v a l u a t e  t h e  r e l a t i o n s h i p  i n  s t r i c t  t e r m s .  E v a l u a t e d  i n  a c o n t e x t  

w he re  t h e  f r e q u e n c y  o f  p o s i t i v e  r e s p o n s e  v a r i e s  i n  a c c o r d a n c e  w i t h  

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

r e s p o n s e  d o e s  t o o  i s  r e l e v a n t  t o :  an  u n d e r s t a n d i n g  o f  r e s p o n s e

l a t e n c y  ( c f ,  Raab ,  F e h r e r  & H e r s h e n s o n ,  1961;  R aab ,  1962;  Raab £< 

F e h r e r ,  1962;  M c G i l l ,  1953; R o b i n s o n ,  1 956 ) ;  and  t h e  t h e o r y  o f  t h e  

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

A c c o r d i n g  t o  Graham and R a t o o s h  ( 1 9 6 2 ) ,  " t h e  s i g n i f i c a n c e  of  

t h e  c r i t i c a l  d u r a t i o n . . . c a n  be u n d e r s t o o d  i n  t e rm s  of  a h y p o t h e t i c a l ,  

p r o b a b l y  i d e a l i z e d ,  e x p e r i m e n t  on r e a c t i o n  t i m e "  ( p .  5 0 1 ) .  They 

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

d u r a t i o n s  a r e  p r e s e n t e d  t o  a s u b j e c t ,  who i s  i n s t r u c t e d  t o  r e s p o n d  

a s  soon  a s  he s e e s  a f l a s h .  W i th  t h e  s u b j e c t ' s  r e a c t i o n  t im e  

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

t i m e  f o r  a p r o d u c t  of  t h e  two i n d e p e n d e n t  v a r i a b l e s .  But  f o r  

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

t o  v a r y  o n ly  w i t h  lu m in a n c e .  I n  t h i s  h y p o t h e t i c a l  c o n t e x t  where 

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

c r i t i c a l  d u r a t i o n  e v i d e n t l y  a d o p t e d  was t h e  one a ssum ed  In  t h e  

"Graham f o r m u l a t i o n "  ( B l a c k w e l l ,  1963,  p .  1 5 4 ) .  The f o r m u l a t i o n  

( c f .  Graham & Kemp, 1933) may be  r e g a r d e d  a s  a q u a l i t a t i v e  

e x p l a n a t i o n  of  c r i t i c a l  d u r a t i o n ,  w hich  p r e s u m a b l y  m e a s u r e s  a 

s t o r a g e  p e r i o d  t h a t  i s  i n  e f f e c t  f o r  a_H c o n s t a n t - e n e r g y  f l a s h e s
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b r i e f e r  t h a n  t h e  c r i t i c a l  d u r a t i o n .  T h a t  i s ,  " t h e  e f f e c t s  o f  

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

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

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

t h e  end  of  t h e  s t o r a g e  i n t e r v a l "  ( B l a c k w e l l ,  p .  154;  c f .  B a r t l e t t ,  

1965 ,  p .  1 7 4 ) .  An e s s e n t i a l l y  a n a l o g o u s  d e s c r i p t i o n  o f  t h e  c o n c e p t  

i s  " t h a t  a  f i n i t e  i n t e g r a t i o n  p e r i o d ,  t r i g g e r e d  by t h e  f i r s t  quantum 

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

a l l  q u a n t a  a r e  ' c o u n t e d , '  w i t h  a r e s p o n s e  s u b s e q u e n t l y  b e i n g  

p r o d u c e d  i n  p r o p o r t i o n  t o  t h i s  num ber"  ( B o y n to n  & S i e g f r i e d ,  1952,  

p .  7 2 1 ) .  The c o n c e p t  o f  a  c o n s t a n t  s t o r a g e  i n t e r v a l  h a s  b e e n  

q u e s t i o n e d  f o r  r e a s o n s  w h ich  a r e  beyond  t h e  s c o p e  o f  t h e  p r e s e n t  

d i s c u s s i o n  (B o y n to n  & S i e g f r i e d ,  1962;  B l a c k w e l l ,  1963; Kahneman,  

1964;  Kahneman & Norman,  1 9 6 4 ) .  But  t h e  c o n c e p t  h a s  a  d e f i n i t e  

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

t h e  l a t e n c y  o f  r e s p o n s e .

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

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

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

o f  t h e  l u m i n a n c e ,  d u r a t i o n ,  and  w avefo rm  o f  s t i m u l i  so t h a t  o n l y  

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

c r i t i c a l  d u r a t i o n ,  m a t t e r s  i n  r e s p o n s e  d e t e r m i n a t i o n .  T h u s ,  t h e  

p r o c e s s ,  w h ich  i s  as sum ed  t o  be  t h e  f i r s t  i n  t h e  s e q u e n c e  o f  

e v e n t s  l e a d i n g  t o  a r e s p o n s e ,  p l a c e s  c o n s t r a i n t s  on t h e  fo rm of 

s t i m u l u s  c o n t r o l  t h a t  c an  be r e v e a l e d  by r e s p o n s e  v a r i a t i o n s .
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The e n e r g y  p r i n c i p l e  d i s c u s s e d  p r e v i o u s l y  I s  q u i t e  c o n s i s t e n t  w i t h  

i m p l i c a t i o n s  of  t h e  c o n c e p t .  A p p l i e d  i n  t h e  p r e s e n t  e x p e r i m e n t a l  

c o n t e x t ,  I t  I m p l i e s  t h a t  I f  t h e  f r e q u e n c y  o f  "Yes"  f o r  a  g i v e n  s e t  

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

"Yes"  s h o u l d  n o t  v a r y  s y s t e m a t i c a l l y  w i t h  e i t h e r  t h e  lu m in a n c e  o r  

t h e  d u r a t i o n  of  t h e  same s t i m u l i .

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

In  v i s u a l - t h r e s h o l d  e x p e r i m e n t s  h ave  b e e n  r e c o g n i z e d .  F o r  e x a m p le ,  

B l a c k w e l l  ( 1963 )  p o i n t e d  o u t  t h a t  " t h e  s e n s o r y  e f f e c t s  o f  a momentary 

t e m p o r a l  s t i m u l u s  s p r e a d  o u t  i n  an  unknown manner  i n  t i m e "  ( p .  15 5 ) .  

H is  d i s c u s s i o n  c o n c e r n e d  t h r e s h o l d s  w h ich  had  been  d e t e r m i n e d  w i t h  

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

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

lu m in a n c e  and d u r a t i o n ,  and  were  s e p a r a t e d  by v a r i o u s  i n t e r v a l s .

Both  t y p e s  o f  s t i m u l i  w ere  u sed  i n  t h e  p r e s e n t  e x p e r i m e n t s ,  which  

were  c o n d u c t e d  i n  o r d e r  t o  o b t a i n  a p i c t u r e  of  t h e  p r i n c i p a l  

f e a t u r e s  o f  ( 1) t h e  r e l a t i o n s h i p  be tw ee n  r e a c t i o n  t i m e  and  f l a s h  

d u r a t i o n  a t  v a r i o u s  l u m i n a n c e s ,  a n d  ( 2 ) t h e  r e l a t i o n s h i p  b e tw ee n  

r e a c t i o n  t i m e  and t h e  i n t e r v a l  b e tw e e n  two s u c c e s s i v e  f l a s h e s ,  

w h ich  a r e  e q u a l  i n  lu m in a n c e  and  d u r a t i o n .  Such  f u n c t i o n s  c o u l d  

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

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

m e a s u r e m e n t s .

The p r i m a r y  d i f f e r e n c e  b e tw e e n  t h e  p r e s e n t  e x p e r i m e n t s  and 

p r e v i o u s ,  s i m i l a r  r e a c t l o n - t i m e  d e t e r m i n a t i o n s  (Raab  & F e h r e r ,
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1962; L ew is ,  1964;  R o b in s o n ,  1 9 6 6 ) ,  I s  t h a t  f l a s h  l u m in a n c e s  h e r e  

w ere  low enough  t o  d e t e r m i n e  f r e q u e n c y - o f - s e e i n g  of  p s y c h o m e t r i c  

f u n c t i o n s  o v e r  a wide  r a n g e  o f  f l a s h  d u r a t i o n s  ( c f .  C r o z i e r ,  1 9 5 0 ) ,  

The p r e v i o u s  work showed t h a t  s i m p l e  r e a c t i o n  t i m e  v a r i e s  i n v e r s e l y  

w i t h  f l a s h  d u r a t i o n ,  a t  f i x e d  f l a s h  l u m i n a n c e s .  The p r e s e n t  e x p e r i ­

m e n t s  can  show w h e t h e r  o r  n o t  an  i n v e r s e  r e l a t i o n s h i p  o c c u r s  w i t h  

f l a s h e s  t h a t  a r e  d e t e c t e d  on v a r i o u s  f r e q u e n c i e s  o f  t r i a l s .  Such 

an  outcome i s  n o t  an  o b v i o u s  c o n c o m i t a n t  of  f r e q u e n c y - o f - s e e l n g  

v a r i a t i o n s .  A c c o r d i n g  t o  S w e t s ,  T a n n e r ,  and  B i r d s a l l  ( 1 9 6 1 ) ,  

" b r e a k i n g  up t h e  o b s e r v a t i o n  c o n t in u u m  i n t o  Yes a n d  No s e c t i o n s  

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

b i n a r y  r e s p o n s e ,  one l e a r n s  f rom t h e  o b s e r v e r  o n ly  t h a t  t h a t  

o b s e r v a t i o n  f e l l  above  o r  be low  a c r i t i c a l  v a l u e ,  and  n o t  how f a r  

ab o v e  o r  be low "  ( p .  3 2 6 ) .  I t  i s  c o n c e i v a b l e  t h a t  i n f o r m a t i o n  on 

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

p o s i t i v e  r e s p o n s e ,  c a n  be r e t r i e v e d  from t h e  l a t e n c y  m e a s u r e s .  In  

o r d e r  t o  e x t r a c t  s u c h  i n f o r m a t i o n  f rom t h e  "Yes"  r e s p o n s e ,  i t  i s  

n e c e s s a r y  ( c f .  S w e t s ,  T a n n e r  & B i r d s a l l ,  1961) t o  change  an 

e x p e r i m e n t a l  p a r a m e t e r .  The d i f f e r e n c e  be tw ee n  p r e v i o u s  v i s u a l -  

t h r e s h o l d  d e t e r m i n a t i o n s  and  t h e  p r e s e n t  e x p e r i m e n t s  i s  t h a t  

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

l i g h t ,  a s  i n  r e a c t i o n - t i m e  d e t e r m i n a t i o n s .

B e c a u s e  o f  t h e  d e a r t h  o f  i n f o r m a t i o n  on e x p e r i m e n t s  o f  t h e  

p r e s e n t  t y p e ,  t h e y  a r e  r e g a r d e d  a s  e x p l o r a t o r y  v e n t u r e s .  The 

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

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

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



APPARATUS

F l a s h  s t i m u l i  were  p r o d u c e d  by a 4-w  f l u o r e s c e n t  lamp ( S y l v a n i a  

Deluxe  Cool W h i t e ,  c f ,  G e r b r a n d s  & S t e v e n s ,  1 9 6 4 ) ,  The s t i m u l u s  

lamp was one o f  two lamps h o u s e d  i n  t h e  r e a r  of  a s t e e l  b o x .  Each 

lamp was p l a c e d  a g a i n s t  t h e  back  o f  a f i x t u r e  f o r  n e u t r a l  d e n s i t y  

f i l t e r s ,  and  t h e  two l a m p - f l i t e r  c o m b i n a t i o n s  w ere  s e p a r a t e d  by a 

m e t a l  p a r t i t i o n  t h a t  d i v i d e d  t h e  r e a r  o f  t h e  box i n t o  two s e c t i o n s .  

F i l t e r e d  l i g h t  f rom  e i t h e r  lamp p a s s e d  f o r w a r d  i n t o  a s i n g l e  chamber 

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

p l a n o - c o n v e x  l e n s ,  and f i n a l l y  t o  t h e  d i f f u s i n g  s u r f a c e  o f  a  •w h i te*  

c i r c u l a r  s t i m u l u s  f i e l d .  The 5 / 3 2 - i n .  ( d i a m . )  f i e l d ,  v iew ed  

b i n o c u l a r l y  a t  a  d i s t a n c e  o f  a p p r o x i m a t e l y  21 i n .  f rom  a h e a d  r e s t  

( n o  b i t i n g  f i x t u r e ) ,  s u b t e n d e d  a p p r o x i m a t e l y  0 . 5 °  o f  a r c .  A 

s e p a r a t e  b ox ,  c o n t a i n i n g  a s h i e l d e d  929 p h o t o t u b e  w i t h  s h i e l d e d  

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

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

Two f i x a t i o n  d e v i c e s ,  a t  t h e  same v i e w i n g  d i s t a n c e  a s  t h e  

s t i m u l u s  f i e l d ,  w ere  u s e d .  The f i r s t  ( i n  o r d e r  of  u s e )  d e v i c e  was 

a d im ,  c i r c u l a r  r e d  l i g h t  ( a  p o r t i o n  o f  a neon  b u l b )  t h a t  was 

l o c a t e d  a p p r o x i m a t e l y  3 d e g r e e s  be low  t h e  s t i m u l u s  and s u b t e n d e d  

a p p r o x i m a t e l y  10 min of  a r c .  T h i s  f i x a t i o n  c o n d i t i o n  i s  r e f e r r e d

11
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t o  l a t e r  a s  t h e  P e r i p h e r a l  v i e w i n g  c o n d i t i o n .  F o r  t h e  F o v e a l  v i e w i n g  

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

0 . 5 °  o f  a r c ,  w e r e  l o c a t e d  a t  e q u a l  h o r i z o n t a l  d i s t a n c e s  ( a b o u t  2 deg )  

f rom  t h e  c e n t e r  o f  t h e  s t i m u l u s .  The F o v e a l  f i x a t i o n  d e v i c e  was a 

p i e c e  o f  g l a s s  t o  w h ich  a s i n g l e  n e o n  b u l b  was  a t t a c h e d .  L i g h t  from 

t h e  neo n  was r e f l e c t e d  o u t w a r d  a t  t h e  two f i x a t i o n  p o i n t s ,  w h ich  

w ere  t h e  o n ly  u n c o v e r e d  p o r t i o n s  o f  t h e  g l a s s .  The p o i n t s  w ere  

a d j u s t e d  t o  e q u a l  b r i g h t n e s s  and  t h e  g l a s s  ( w i t h  a c e n t r a l  a p e r t u r e  

f o r  t h e  s t i m u l u s  f i e l d )  was a f f i x e d  t o  t h e  f r o n t  s u r f a c e  o f  t h e  

s t i m u l u s  b ox .

The s t i m u l u s  box  was  l o c k e d  i n  p o s i t i o n  on a s h e l f  a t t a c h e d  t o  

one  w a l l  o f  t h e  s u b j e c t ' s  d a r k e n e d  b o o t h ,  a n d ,  e x c e p t  f o r  t h e  

s t i m u l u s  f i e l d  a n d  f i x a t i o n  d e v i c e ,  was  c o v e r e d  by b l a c k  c l o t h .  

F l a s h e s  w ere  t h e r e f o r e  v i e w e d  a g a i n s t  a b l a c k ,  n o n r e f l e c t i n g  b a c k ­

g r o u n d ,  The h e a d  r e s t  was l o c a t e d  a t  t h e  end  o f  a  t a b l e ,  on t h e  

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

a n d  on t h e  r i g h t  of  w h ic h  was  a n o r m a l l y  open  r e s p o n s e  s w i t c h  

( Unlmax 2 H B J-1 ) ;  t h e s e  co m p o n e n t s  w e re  c l am ped  t o  t h e  t a b l e .  Two 

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

n o i s e .  S h i e l d e d  c a b l e s  f rom  t h e  lamp h o u s i n g  ( p l u g - i n  c o n n e c t i o n s )  

a n d  t h e  s w i t c h e s  r a n  o u t s i d e  o f  t h e  b o o t h  t o  a  r a c k  on w h ic h  c o n t r o l  

e q u i p m e n t  was  m o u n te d .

The f o r e p e r i o d ,  t h e  s i l e n t  i n t e r v a l  b e t w e e n  t h e  s u b j e c t ' s  

c l o s u r e  o f  t h e  s t a r t i n g  s w i t c h  and  f l a s h  o n s e t ,  was  c o n t r o l l e d  by 

two d e v i c e s  ( s i l e n t  f o r  t h e  s u b j e c t ) .  W i th  t h e  P e r i p h e r a l  v i e w i n g
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c o n d i t i o n ,  an  A m p e r i t e  115N02 r e l a y  was h e a t e d  by a v o l t a g e  a d j u s t e d  

so  t h a t  c l o s u r e  o c c u r r e d  a p p r o x i m a t e l y  4 s e c  a f t e r  t h e  s u b j e c t  c l o s e d  

t h e  s t a r t i n g  s w i t c h .  The s w i t c h  was u s u a l l y  opened  t o  p e r m i t  c o o l i n g  

w i t h i n  a b o u t  3 s e c  a f t e r  f l a s h  o n s e t ?  I n t e r t r i a l  p e r i o d s  o f  no l e s s  

t h a n  30 s e c  were  em p lo y ed .  A f t e r  a b l o c k  o f  a b o u t  30 t r i a l s ,  t h e  

v o l t a g e  s e t t i n g  was  c h e c k e d .  A s e c o n d  f o r e p e r i o d  c o n t r o l ,  u sed  w i t h  

t h e  F o v e a l  v i e w i n g  c o n d i t i o n ,  was a H u n te r  i n t e r v a l  T imer  (Model  100C) 

t h a t  was s e t  t o  c l o s e  a f t e r  2 , 8  s e c .  The s u b j e c t ' s  t a s k  i n  o p e r a t i n g  

t h e  s t a r t i n g  s w i t c h  was t h e  same w i t h  b o t h  f o r e p e r i o d  c o n t r o l s ,  e ac h  

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

s t a r t i n g  s w i t c h  was opened  a t  t h e  end  o f  a t r i a l .  The g a t e  was 

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

t i m i n g  o p e r a t i o n s  on a t r i a l .

S t i m u l i  were  c o n t r o l l e d  by T e k t r o n i x  p u l s e  and  waveform 

g e n e r a t o r s .  One waveform g e n e r a t o r  c o n t r o l l e d  f l a s h  d u r a t i o n  when 

i t  was a n  I n d e p e n d e n t  v a r i a b l e .  Two p u l s e  g e n e r a t o r s  c o n t r o l l e d  

f l a s h e s  i n  e x p e r i m e n t s  w i t h  two s u c c e s s i v e  f l a s h e s .  A l l  s t i m u l u s  

t i m e s  were  c l o c k e d  f rom t h e  end  o f  t h e  f o r e p e r i o d .  I n  e x p e r i m e n t s  

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

t o  t h e  50% s a w t o o t h  v o l t a g e  of  a  waveform g e n e r a t o r ,  w h ich  was 

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

of  t h e  s t i m u l u s - c o n t r o l  u n i t s  p a s s e d  t h r o u g h  i n t e r m e d i a t e  com ponen ts  

( s w i t c h e s  and r e s i s t a n c e s )  and  c o n t r o l l e d  a  lamp p u l s i n g  c i r c u i t  

( e . g . ,  G e r b r a n d s  & S t e v e n s ,  1 9 6 4 ) .  One t r i o d e  o f  a 6SN7GTB t u b e  

was b i a s e d  t o  c u t o f f  by a 4 5 - v  b a t t e r y  and  t h e  lamp ( o n e  f i l a m e n t
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a t  a b o u t  10 v DC) was In  s e r i e s  w i t h  t h e  p l a t e  c i r c u i t  o f  t h e  

t r l o d e .  A r e g u l a t e d  power s u p p l y  f u r n i s h e d  400 v DC.

R es p o n s e  l a t e n c y  was m e a s u re d  In  t h e  f o l l o w i n g  m a n n e r .  A 

waveform g e n e r a t o r  was s y n c h r o n i z e d  t o  t h e  end o f  t h e  f o r e p e r i o d  

and  p r o d u c e d  a 2 - s e c  g a t e  v o l t a g e .  The g a t e  o p e r a t e d  a n o t h e r  

g e n e r a t o r  t h a t  p r o d u c e d  p u l s e s  a t  a one /m s e c  r a t e .  On c l o s u r e  o f  

t h e  s u b j e c t ' s  n o r m a l l y  open  r e s p o n s e  s w i t c h ,  p u l s e s  w ere  c o u n t e d  

by a H u n t e r  K l o c k o u n t e r ,  w h ich  c l o c k e d  l a t e n c i e s  t o  t h e  n e a r e s t  

m s e c .  On b l a n k  t r i a l s  (when no s t i m u l u s  o c c u r r e d ) ,  t h e  c o u n t e r  

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

t h e  r e s p o n s e  s w i t c h ,  up t o  a maximum o f  2 s e c .

The lu m in a n c e  o f  u n f i l t e r e d  f l a s h e s  was m o n i t o r e d  w i t h  

r e f e r e n c e  t o  t h e  o u t p u t  o f  t h e  929 p h o t o t u b e ,  v iew ed  on a T e k t r o n i x  

502a o s c i l l o s c o p e .  S t i m u l u s  lu m in an ce  was v a r i e d  by i n s e r t i n g  

n e u t r a l  d e n s i t y  f i l t e r s  I n t o  t h e  f o r w a r d  chamber  o f  t h e  l i g h t  box .  

A b s o l u t e  lu m in a n c e  c a l i b r a t i o n s  were  made w i t h  a S p e c t r a  m e t e r .

With  t h e  u n f i l t e r e d  lu m in a n c e  m o n i t o r e d  and  a d j u s t e d  t o  e x p e r i m e n t a l  

v a l u e s ,  t h e  lamp was p u l s e d  c o n t i n u o u s l y  ( e q u a l  l i g h t  and  d a r k  

p e r i o d s )  t o  y i e l d  m e t e r  r e a d i n g s  i n  f o o t l a m b e r t s  ( f t - L ) .  A v e ra g e s  

o f  t h e s e  r e a d i n g s  w ere  d o u b le d  i n  a c c o r d a n c e  w i t h  T a l b o t ' s  law 

( e . g . ,  Le G r a n d ,  1957,  p .  2 9 5 ) ,  w i t h  w hich  t h e  S p e c t r a  con fo rm e d  ~ 

f o r  t h e  c o n d i t i o n s  o f  m e a s u re m e n t .

A b s o l u t e  c a l i b r a t i o n s  o f  f l a s h  d u r a t i o n  w ere  made by p a s s i n g  

t h e  o u t p u t  o f  t h e  929 t u b e  a c r o s s  a  low r e s i s t a n c e  a t  t h e  i n p u t  of  

t h e  502a o s c i l l o s c o p e ,  w h ich  was a t  a h i g h  s e n s i t i v i t y .  F l a s h
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d u r a t i o n  was m e a s u r e d  by m u l t i p l e  o b s e r v a t i o n s  of  f l a s h  w av e fo rm s ,  

and  was d e f i n e d  a s  t h e  w i d t h  of  t h e  h o r i z o n t a l  p eak  o f  t h e  

r e a s o n a b l y  r e c t a n g u l a r  w av e fo rm s .  F l a s h  o n s e t  f o l l o w e d  an 

a p p r o x i m a t e l y  l i n e a r  c o u r s e  t o  p e a k  I n t e n s i t y  and f l a s h  r i s e  

t i m e  ( p e a k  t o  p e a k )  was  l e s s  t h a n  0 . 5  m s e c .  Decay t i m e  ( p e a k  t o  

p e a k )  was on t h e  o r d e r  o f  0 , 5  m s e c ,  b u t  t h e  d e c a y  was 80% c o m p le t e  

w i t h i n  0 . 1  msec a f t e r  t h e  d e c a y  commenced.  I n  o r d e r  t o  a n t i c i p a t e  

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

method  o f  c a l i b r a t i n g  f l a s h  d u r a t i o n ,  w h ich  t r e a t s  f l a s h e s  a s  

r e c t a n g u l a r  w a v e fo rm s ,  r e s u l t s  I n  s i g n i f i c a n t  e r r o r s  when t h e  

p r o d u c t  o f  lu m in a n c e  and  d u r a t i o n  ( i . e . ,  f l a s h  e n e r g y )  I s  

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

b e c a u s e  t h e  e n e r g y  i n  t h e  l e a d i n g  p o r t i o n  of  su ch  a w a v e fo rm ,  t h a t  

a s s o c i a t e d  w i t h  t h e  r i s e  t o  p eak  i n t e n s i t y ,  i s  I g n o r e d .  T h i s  

p ro b le m  a r i s e s  In  c o n s i d e r a t i o n  o f  c e r t a i n  r e s u l t s  f rom E x p e r im e n t  

I ,  w h e re  t h e  m a t t e r  I s  d i s c u s s e d  e x p l i c i t l y .



SUBJECTS and  GENERAL PROCEDURE

A f t e r  p r e l i m i n a r y  e x p e r i m e n t s  w i t h  s e v e r a l  s u b j e c t s ,  f o r m a l  

e x p e r i m e n t s  w e re  c o n d u c t e d  w i t h  t h r e e  m a le  s u b j e c t s  ( H . H . ,  M .R . ,  

a n d  J . S . ) ,  who w e re  p a i d  by t h e  h o u r .  They w o rk ed  a p p r o x i m a t e l y  

3 h o u r s  p e r  s e s s i o n  and  f o l l o w e d  f a i r l y  r e g u l a r  s c h e d u l e s .  None 

o f  them knew t h e  p u r p o s e s  o f  t h e  s t u d y  and  a l l  w e re  a s s i g n e d  t h e  

same t a s k .

F o l l o w i n g  a s i g n a l ,  a s u b j e c t  i n i t i a t e d  a t r i a l  when he  was 

r e a d y .  V iew ing  was b i n o c u l a r  f r o m  a h e a d  r e s t ,  r e s p o n d i n g  was 

w i t h  t h e  r i g h t  i n d e x  f i n g e r ,  and  t r i a l  i n i t i a t i o n  was  w i t h  t h e  

l e f t  h a n d .  The s u b j e c t ' s  t a s k  was t o  r e l e a s e  t h e  b u t t o n  a s  soon  

a s  he  saw t h e  s t i m u l u s  l i g h t ,  b u t  t o  c o n t i n u e  h o l d i n g  i t  i f  he  

d i d  n o t  ( c f .  L e w i s ,  1 9 6 4 ) .  The l a t e n c y  o f  a p o s i t i v e  r e s p o n s e  

( " Y e s " ) ,  a b u t t o n  r e l e a s e  w i t h i n  1 s e c  a f t e r  t h e  end  o f  t h e  f o r e ­

p e r i o d ,  was r e c o r d e d .  I f  t h e  b u t t o n  was d e p r e s s e d  c o n t i n u o u s l y  

f o r  1 s e c  ( " N o " ) ,  t h e n  t h e  t r i a l  was e n d e d  by a s i g n a l  ( v o c a l l y  

o r  w i t h  a c l i c k i n g  s o u n d ) .  D u r in g  i n t e r t r i a l  i n t e r v a l s  ( a t  l e a s t  

30 s e c ) ,  t h e  s u b j e c t  was  r e q u i r e d  t o  lo o k  away f rom  t h e  f i x a t i o n  

l i g h t ( s )  and t o  r e s t .

P r i o r  t o  f o r m a l  e x p e r i m e n t s ,  s u b j e c t s  w e re  t r a i n e d  n o t  t o  

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

q u i c k l y  a s  t h e y  c o u l d  when t h e  l i g h t  was p r e s e n t e d .  D u r in g  f o r m a l

16



17

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

t h e  s u b j e c t  was i n f o r m e d .  The n e x t  t r i a l  w i t h  a s e l e c t e d ,  r e l a t i v e l y  

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

t r i a l .  R e s p o n d in g  i n  t h e  a b s e n c e  o f  s t i m u l i ,  on b l a n k  t r i a l s ,  was 

r a r e  ( c f .  L e w is ,  1 9 6 4 ) .  When a f o r m a l  e x p e r i m e n t  was c o m p l e t e d ,  

s u b j e c t s  were  t o l d  and t h e  p e r i o d s  b e tw e e n  e x p e r i m e n t s  w e re  u s e d  

n o t  o n l y  t o  s e l e c t  s t i m u l u s  v a l u e s  ( c o n s t a n t  s t i m u l u s  p r o g r a m s ) ,  

b u t  a l s o  t o  r e s h a p e  p e r f o r m a n c e .

D e t a i l e d  p r o c e d u r e s  d i f f e r e d  among e x p e r i m e n t s  and a r e  

d e s c r i b e d  w i t h  t h e  r e s u l t s .



EXPERIMENT I

p r o c e d u r e

The f r e q u e n c y  and  t h e  l a t e n c y  o f  p o s i t i v e  r e s p o n s e  ( " Y e s " )  

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

l u m i n a n c e s .  T h i s  e x p e r i m e n t  was an  I n i t i a l ,  e c o n o m i c a l  s u rv e y  

o v e r  r e a s o n a b l y  w ide  r a n g e s  o f  t h e  two s t i m u l u s  v a r i a b l e s .  The 

I n d e p e n d e n t  v a r i a b l e  was f l a s h  d u r a t i o n ,  v a l u e s  o f  w h ich  were  

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

They w ere  mixed  w i t h  a few b l a n k s .  The p a r a m e t e r  was f l a s h  

l u m in a n c e ;  (A) - 2 . 8 2 ,  (B) - 1 . 8 1 ,  (C) - 0 . 8 1 ,  and (D) - 0 . 0 7  log

f t - L ,  v a l u e s  of  w h ich  were o r d e r e d  o v e r  s e s s i o n s  i n  t h e  s e q u e n c e  

ABCDDCBAABCD.

Two s u b j e c t s  (H.H. and J . S . )  p a r t i c i p a t e d ,  and  t h e  P e r i p h e r a l  

v i e w i n g  c o n d i t i o n  w i t h  a 4 - s e c  f o r e p e r i o d  w ere  u s e d .  At t h e  s t a r t  

o f  e a c h  s e s s i o n ,  a  s u b j e c t  was a d a p t e d  t o  d a r k n e s s  f o r  30 m in ,  and 

u s u a l l y  r e m a in e d  i n  t h e  b o o t h  f o r  an  e n t i r e  s e s s i o n ;  h o w e v e r ,  when 

he l e f t  i t ,  d a r k  a d a p t a t i o n  was r e p e a t e d .  A s e r i e s  o f  t r i a l s  

c o n t a i n e d  e a c h  v a l u e  o f  f l a s h  d u r a t i o n  p l u s  3 b l a n k s .  Ten s e r i e s ,  

w h ich  w ere  s e p a r a t e d  by r e s t  p e r i o d s ,  c o m p r i s e d  one s e s s i o n .  Each 

v a l u e  o f  lu m in a n c e  was u s e d  i n  t h r e e  s e s s i o n s ,  and  e a c h  s t i m u l u s  

( a  l u m i n a n c e - d u r a t i o n  c o m b i n a t i o n )  was p r e s e n t e d  on 30 t r i a l s .

18
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R e s u l t  s

T a b l e s  1 and  2 c o n t a i n  t h e  number ( N ) , m ed ian  (M dn) , and  sem i -  

I n t e r q u a r t i l e  r a n g e  (Q) o f  r e s p o n s e  l a t e n c i e s ,  f o r  v a r i o u s  f l a s h  

d u r a t i o n s  (T i n  msec) a t  t h r e e  l u m i n a n c e s .  Med ian  l a t e n c i e s  a r e  

r e p o r t e d  f o r  10 o r  more r e s p o n s e s  ( a n  a r b i t r a r y  minimum) d u r i n g  t h e  

30 t r i a l s  w i t h  e a c h  f l a s h  d u r a t i o n .  T a b l e  3 c o n t a i n s  t h e  m ed ian  

and  s e m i - l n t e r q u a r t l l e  r a n g e  of  l a t e n c i e s  a t  t h e  h i g h e s t  f l a s h  

l u m i n a n c e ,  f o r  w h ich  30 r e s p o n s e s  t o  e a c h  f l a s h  d u r a t i o n  o c c u r r e d .  

S u b j e c t  J . S .  n e v e r  r e s p o n d e d  t o  a b l a n k ,  b u t  H.H. r e s p o n d e d  o n c e ,  

w i t h  a l a t e n c y  o f  630 m s e c ,  d u r i n g  a s e s s i o n  a t  t h e  h i g h e s t  l u m in a n c e .

F i g u r e s  1 a n d  2 d i s p l a y  t h e  m e d ian  l a t e n c y  (RT i n  msec)  and  t h e  

p e r c e n t a g e  r e l a t i v e  f r e q u e n c y  o f  r e s p o n s e  (%R), a s  f u n c t i o n s  o f  f l a s h  

d u r a t i o n  ( l o g  T I n  s e c ) .  F l a s h  d u r a t i o n s  h ave  been  e x p r e s s e d  i n  

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

p r e v i o u s  v i s u a 1 - t h r e s h o l d  e x p e r i m e n t s .  The f i g u r e s  show t h a t  %R 

i n c r e a s e d  w i t h  i n c r e a s e s  o f  f l a s h  d u r a t i o n .  I t  s h o u l d  be e m p h as ized  

t h a t  t h e y  h a v e  b e e n  drawn t o  t h e  b r i e f e s t  f l a s h  d u r a t i o n  a t  which  

%R r e a c h e d  and  r e m a in e d  a t  100%. S i n c e  t h e  a p p r o x i m a t e  c o n f o r m i t y  

o f  %R w i t h  t h e  r e c i p r o c i t y  r u l e  i s  d i f f i c u l t  t o  j u d g e  f rom F i g s .  1 

and 2 ,  a  b e t t e r  me thod  o f  p r e s e n t a t i o n  i s  c o n s i d e r e d  l a t e r .  But  

t h e  g r a p h s  do show c l e a r l y  t h a t  RT was  an  i n v e r s e  f u n c t i o n  of  f l a s h  

d u r a t i o n  ( e x c e p t  f o r  one c u r v e  i n  F i g .  1 ) ,  w i t h  no e v i d e n c e  o f  

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

%Rs. M o r e o v e r ,  t h e  RT c u r v e s  a t  - 1 . 8 1  and  - 0 . 8 1  log  f t - L  a p p e a r  

s i m i l a r  t o  t h e  c u r v e  f o r  - 0 . 0 7  lo g  f t - L ,  where  %R was 100% a t  a l l
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T a b l e  1

Number,  m e d ia n ,  and  s e m i - i n t e r q u a r t i l e  r a n g e  o f  r e s p o n s e  
l a t e n c i e s  (m sec)  f o r  v a r i o u s  f l a s h  d u r a t i o n s  (m sec )  a t  

t h r e e  f l a s h  l u m i n a n c e s  ( l o g  f t - L ) ,

E x p e r im e n t  I .  S u b j e c t :  H.H.

- 2 . 8 2 - 1 . 8 1 - 0 . 8 1

T N Mdn q N Mdn Q N Mdn Q

0 . 1 _ 4
0 . 3 - - 7
0 . 5 - - 17 439 68
0 . 7 - - 24 377 50
1 . 0 - 26 381 30

1 .5 _ _ 27 381 40
2 . 0 - 0 30 389 42
2 . 7 - 1 -

3 .5 - 2 -

4 . 5 - 5 30 346 18
5 . 6 - 17 447 22 -

7 . 5 - 22 417 50 -

9 . 5 0 21 430 40 30 328 20

15 0 30 410 38 30 322 20
20 1 30 397 25 30 318 18
24 0 30 397 30 30 316 20
31 2 30 396 32 30 318 20
40 4 30 389 25 30 316 22
49 10 493 65 30 374 32 30 310 25
62 16 500 48 30 382 22 30 324 22
80 19 499 32 30 368 20 30 318 25

100 23 500 38 30 384 32 30 322 28

125 28 506 40 30 378 28 30 320 22
156 30 499 40 30 366 25 30 312 20
200 30 504 30 30 368 28
250 30 490 28
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Table  2

Number,  m e d ia n ,  and  s e m i - i n t e r q u a r t i l e  r a n g e  o f  r e s p o n s e  
l a t e n c i e s  (msec)  f o r  v a r i o u s  f l a s h  d u r a t i o n s  (msec)  a t  

t h r e e  f l a s h  l u m in a n c e s  ( l o g  f t - L ) .

E x p e r i m e n t  I .  S u b j e c t :  J . S .

- 2 . 8 2 - 1 . 8 1 - 0 . 8 1

T N Mdn Q N Mdn Q N Mdn Q

0 . 1 _ 7
0 . 3 - - 9
0 . 5 - - 17 459 60
0 . 7 - - 26 428 43
1 . 0 - 1 29 435 31

1 .5 _ _ 29 419 30
2 . 0 - 5 -

2 .7 - 3 -

3 .5 - 9 -

4 . 5 - 14 460 30 30 396 22
7 . 5 - 26 461 39 -

9 . 5 1 28 453 32 30 374 36

15 1 30 419 25 30 366 20
20 5 30 412 25 30 362 18
24 6 30 412 19 30 377 22
31 '■ 6 30 404 24 30 362 22
40 17 540 48 30 406 31 30 354 22
49 21 523 42 30 402 20 30 361 29
62 26 503 39 30 392 28 30 350 18
80 25 493 38 30 396 18 30 348 23

100 29 500 38 30 404 18 30 357 18

125 30 500 29 30 406 20 30 349 18
156 30 489 25 30 398 14 30 360 21
200 30 500 30
250 30 494 46
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T a b l e  3

Median  and s e m i - I n t e r q u a r t  1 l e  r a n g e  o f  r e s p o n s e  l a t e n c i e s  (msec) 
f o r  v a r i o u s  f l a s h  d u r a t i o n s  (m sec )  a t  - 0 . 0 7  log  f t - L .

E x p e r i m e n t  I .  S u b j e c t s :  H.H. a n d  J . S . ,  N ■ 30.

J . S . H.H.

T Mdn Q Mdn Q

0 . 1 405 29 348 20
0 . 3 396 19 354 30
0 . 5 382 20 342 30
0 . 7 372 22 330 25

1 . 0 362 10 326 20
1.5 370 26 320 20
2 . 0 356 20 314 20
4 . 5 344 24 298 15
9 . 5 318 17 283 20

15 326 19 265 18
20 324 26 274 18
24 317 22 272 18
31 316 16 270 25
40 310 23 268 15

49 321 20 272 25
62 328 24 272 18
80 310 23 276 22

100 307 19 270 22
125 302 22 272 22
156 310 13 268 15
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F i g u r e  1.

The p e r c e n t a g e  r e l a t i v e  f r e q u e n c y  o f  r e s p o n s e ,  and  t h e  m ed ian  

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

d u r a t i o n ,  a t  v a r i o u s  f l a s h  l u m in a n c e s  ( l o g  f t - L ) .

E x p e r im e n t  I S u b j e c t :  H.H.
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F i g u r e  2 .

The p e r c e n t a g e  r e l a t i v e  f r e q u e n c y  of  r e s p o n s e ,  and  t h e  m ed ian  

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

d u r a t i o n ,  a t  v a r i o u s  f l a s h  l u m in a n c e s  ( l o g  f t - L ) .

E x p e r im e n t  I S u b j e c t :  J . S .
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f l a s h  d u r a t i o n s .  I t  i s  a l s o  a p p a r e n t  t h a t ,  w i t h  i n c r e a s e s  o f  f l a s h

lu m i n a n c e ,  t h e  i n v e r s e  r e l a t i o n s h i p  be tw ee n  RT and  f l a s h  d u r a t i o n

s h i f t e d  t o  b r i e f e r d u r a t i o n s .  However,  t h e  l o n g e s t  d u r a t i o n s

a f f e c t i n g  RT t e n d e d  t o  be  l o n g e r  t h a n  t h e  d u r a t i o n s  a t  w h ich  %R

r e a c h e d  100%. I t  i s  r e l e v a n t  t o  add  t h a t  t h e  v a r i a b i l i t y  of

l a t e n c i e s ,  a s  m e a s u re d  by t h e  s e m i - i n t e r q u a r t i l e  r a n g e  ( T a b l e s  1,

2 ,  and  3 ) ,  a l s o  t e n d e d  t o  v a r y  i n v e r s e l y  w i t h  f l a s h  d u r a t i o n .

The r o l e  of  f l a s h  e n e r g y  i n  d e t e r m i n i n g  %R i s  i n d i c a t e d  by

F i g .  3,  where  %R i s  p l o t t e d  a s  a  f u n c t i o n  of  t h e  l u m i n a n c e - d u r a t i o n

p r o d u c t s ,  w i t h  lum in an ce  a s  t h e  p a r a m e t e r .  C o n f o r m i ty  w i t h  t h e

r e c i p r o c i t y  r u l e  i s  shown by t h e  o c c u r r e n c e  o f  a  g i v e n  %R f o r  a

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

w i t h  t h e  0 , 1-msec f l a s h  d u r a t i o n .  At - 0 . 8 1  lo g  f t - L ,  t h e  0 .1 - m s e c

f l a s h  d e t e r m i n e d  a %R ( a b o u t  13% f o r  H.H. and  23% f o r  J . S . )  t h a t

was h i g h  i n  c o m p a r i s o n  w i t h  %Rs ( a b o u t  0%) f o r  t h e  same n o m i n a l

e n e r g y  a t  t h e  lo w er  l u m i n a n c e s ,  a s  i f  t h e  e n e r g y  i n  t h e  0 . 1-msec

f l a s h  was e f f e c t i v e l y  a b o u t  0 . 5  log  f t - L - s e c  g r e a t e r  t h a n  i t s

n o m i n a l  e n e r g y .  An a n a l o g o u s  r e s u l t  o c c u r r e d  w i t h  t h e  0 . 1 - m s e c

f l a s h  a t  - 0 . 0 7  lo g  f t - L ,  f o r  w hich  %R was 100%, i n  c o n t r a s t  w i t h

t h e  %R o f  a b o u t  50% t h a t  one m i g h t  e x p e c t  f rom i t s  n o m i n a l  e n e r g y

( - 4 . 0 7  lo g  f t - L - s e c ) ,  a s  i f  i t s  e n e r g y  was e f f e c t i v e l y  a t  l e a s t  0 . 5

log  f t - L - s e c  g r e a t e r  t h a n  t h e  n o m i n a l  e n e r g y .  T h e s e  " d e p a r t u r e s "

a r e  o n ly  a p p a r e n t ,  r e s u l t i n g  b e c a u s e  t h e  n o m i n a l  e n e r g y  (E n ) was

l e s s  t h a n  t h e  a c t u a l  e n e r g y  (E ) .  I n  f a c t ,  t h e  l o g a r i t h m  o f  t h e
a

r a t i o ,  E /E  , f o r  b o t h  0 . 1 - m s e c  f l a s h e s  was c l o s e  t o  0 . 5  log  ’ a n *
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F i g u r e  3

The p e r c e n t a g e  r e l a t i v e  f r e q u e n c y  of  r e s p o n s e ,  a s  a f u n c t i o n  of  

t h e  l o g a r i t h m  o f  f l a s h  e n e r g y  ( i . e . ,  lu m in a n c e  t i m e s  d u r a t i o n ) ,  

a t  v a r i o u s  f l a s h  lu m in a n c e s  (♦ - 2 . 8 2 ,  o - 1 . 8 1  and A - 0 . 8 1  log  

f t - L ) .

E x p e r im e n t  I S u b j e c t s :  H.H. and  J . S .
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f t - L - s e c .  The q u a n t i t y  E was o b t a i n e d  by a d d i n g  E and  E , , t h e3 n 1

l a t t e r  b e i n g  t h e  e n e r g y  in  t h e  i n i t i a l  p o r t i o n  of  t h e  f l a s h  waveform. 

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

%Rs w ere  a l l  c o n s i s t e n t  w i t h  t h e  r e c i p r o c i t y  la w ,  i n  t h a t  a p r o d u c t  

of  f l a s h  lu m in an ce  and f l a s h  d u r a t i o n  p r e d i c t e d  a g i v e n  %R.

The r o l e  of  f l a s h  e n e r g y  i n  d e t e r m i n i n g  RT i s  p a r t i c u l a r l y  

i n t e r e s t i n g  f o r  t h e  r a n g e  o f  f l a s h  e n e r g i e s  w hich  had  d e t e r m i n e d  

%Rs i n  a c c o r d a n c e  w i t h  t h e  r e c i p r o c i t y  law.  I f  a g i v e n  e n e r g y  

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

d u r a t i o n s ,  d i d  t h a t  %R c o r r e s p o n d  t o  a c o n s t a n t  RT? The answ er  

i s  n o .  In  f a c t ,  t h e  p r e s e n t  f i n d i n g s  a r e  c o n s i s t e n t  w i t h  t r e n d s  

o b s e r v a b l e  i n  p r e v i o u s  r e s u l t s  w i t h  s im p l e  r e a c t i o n  t im e  ( c f .  Raab 

6t F e h r e r  , 1 9 6 2 ) ,  where  r e a c t i o n  t i m e s  d e t e r m i n e d  by a g i v e n  f l a s h  

e n e r g y  w ere  b r i e f e r  f o r  b r i e f e r  and more i n t e n s e  f l a s h e s .  T h i s  

outcome i s  s e e n  r e a d i l y  i n  T a b l e s  1 and  2 .  For  e x a m p le ,  t h e  means 

o f  t h e  f i r s t  f o u r  RTs t a b l e d  a t  e a c h  lum in an ce  i n  T a b l e  1 a r e  ( f ro m  

t h e  l o w e s t  t o  t h e  h i g h e s t  l u m in a n c e )  4 9 8 ,  4 2 6 ,  and  394 m s e c ,  and 

t h e  a s s o c i a t e d  means  of  Qs a r e  4 6 ,  38 and 47 m s e c ,  r e s p e c t i v e l y .

The a n a l o g o u s  means  f rom T a b l e  2 a r e  515 ,  4 4 8 ,  and  435 m s e c ,  w i t h  

mean Qs o f  4 2 ,  32 ,  and 41 m sec ,  r e s p e c t i v e l y .  C o n t r a r y  t o  a 

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

e n e r g y  w ere  an  I n v e r s e  f u n c t i o n  o f  f l a s h  lu m in a n c e  a n d ,  of  c o u r s e ,  

a p o s i t i v e  f u n c t i o n  of  f l a s h  d u r a t i o n .  On t h e  o t h e r  h a n d ,  t h e  

v a r i a b i l i t y  of  l a t e n c i e s ,  a s  i n d e x e d  by Qs,  d i d  n o t  a p p e a r  t o  v a r y  

s y s t e m a t i c a l l y  w i t h  t h e  l u m in a n c e s  of  e q u a l - e n e r g y  f l a s h e s .



EXPERIMENT II

P r o c e d u r e

E x p e r i m e n t  I I  y i e l d e d  r e s u l t s  w h ich  w ere  s i m i l a r  t o  t h o s e  

f ro m  E x p e r i m e n t  I ,  h o w e v e r ,  t h e r e  w ere  a number  of  p r o c e d u r a l  

d i f f e r e n c e s  b e t w e e n  t h e  d e t e r m i n a t i o n s .

The F o v e a l  v i e w i n g  c o n d i t i o n  and  a 2 . 8 - s e c  f o r e p e r i o d  were  

u s e d  w i t h  J . S .  Two v a l u e s  o f  f l a s h  l u m i n a n c e ,  (A) - 1 . 7 7  and  (B) 

- 1 . 2 4  lo g  f t - L ,  w ere  p r e s e n t e d  d u r i n g  a n y  s e s s i o n ,  i n  a l t e r n a t i n g  

b l o c k s  o f  t r i a l s .  The s e q u e n c e  o f  b l o c k s  i n  t h e  f i r s t  s e s s i o n  was 

AB/BA/AB/BA/AB, w h e re  e a c h  l e t t e r  r e p r e s e n t s  a b l o c k  d u r i n g  w h ich  

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

i n t e r s p e r s e d  b l a n k s  (3  p e r  A b l o c k  a n d  4 p e r  B b l o c k ) ,  and  s l a s h  

m a rk s  i n d i c a t e  r e s t  p e r i o d s  o u t s i d e  o f  t h e  b o o t h .  The  s e q u e n c e  

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

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

was a d a p t e d  t o  d a r k n e s s  f o r  10 m in .  S i n c e  e a c h  lu m in a n c e  was 

p r e s e n t e d  i n  5 b l o c k s  p e r  s e s s i o n ,  o v e r  14 s e s s i o n s ,  a  l u m i n a n c e -  

d u r a t i o n  c o m b i n a t i o n  o c c u r r e d  on  70 t r i a l s .

R e s u l t s

As i n  E x p e r i m e n t  I ,  J . S .  n e v e r  r e s p o n d e d  t o  a b l a n k .  T a b l e  4 

i s  a n a l o g o u s  t o  T a b l e s  1,  2 ,  and  3 .  F i g u r e  4 ,  a n a l o g o u s  t o  F i g s .

1 a n d  2 ,  show s :  %R i n c r e a s e d  w i t h  i n c r e a s e s  o f  f l a s h  d u r a t i o n ;  RT

31
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T a b l e  4

Number,  m e d i a n ,  a n d  semi - i n t e r q u a r t i l e  r a n g e  o f  r e s p o n s e  
l a t e n c i e s  (m s e c )  f o r  v a r i o u s  f l a s h  d u r a t i o n s  (m s ec )  

a t  two f l a s h  l u m i n a n c e s  ( l o g  f t - L )

E x p e r i m e n t  I I .  S u b j e c t ;  J . S .

- 1 . 7 7 - 1 . 2 4

T N Mdn Q N Mdn Q

1 . 5 1
2 . 0 - 1
2 . 7 - 5
3 . 5 - 6
4 . 5 0 10 456 77

5 . 6 13 408 55
7 . 5 3 26 402 40
9 . 5 4 42 384 40

12 5 53 364 38
15 7 66 36 3 28

20 13 445 40 67 352 22
24 27 411 48 70 360 28
31 40 416 50 70 350 28
40 52 402 38 70 357 20
4 9 65 391 30 70 348 22

62 67 387 30 70 339 18
80 70 388 30 70 346 20

100 70 391 32 70 354 28
125 70 386 30 70 341 30
156 70 394 32 70 348 22
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F i g u r e  4

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

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

d u r a t i o n ,  a t  two f l a s h  l u m in a n c e s  Clog f t - L ) .

E x p e r im e n t  I I  S u b j e c t :  J . S .

median  

f  l a s h
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v a r i e d  i n v e r s e l y  w i t h  f l a s h  d u r a t i o n ;  and t h e  l o n g e s t  f l a s h  

a f f e c t i n g  RT was l o n g e r  a t  t h e  low er  l u m in a n c e .

The r o l e  o f  f l a s h  e n e r g y  i n  g o v e r n i n g  7.R i s  i n d i c a t e d  by F i g .  5 ,  

w he re  %R i s  a s i n g l e  f u n c t i o n  o f  e n e r g y .  A l t h o u g h  t h e  r e c i p r o c i t y  

r u l e  a c c o u n t s  f o r  t h e  %Rs, i t  d oes  n o t  a c c o u n t  f o r  t h e  RTs. F i g u r e  

6 shows t h a t  t h e  RTs a s s o c i a t e d  w i t h  a g i v e n  7.R w ere  o r d e r e d  a s  a 

f u n c t i o n  o f  l u m in a n c e :  t h e  b r i e f e r  and  more I n t e n s e  f l a s h  o f  a

g i v e n  e n e r g y  d e t e r m i n e d  a b r i e f e r  RT. The g r a p h  a l s o  shows t h a t  

t h e  s e m i - i n t e r q u a r t i l e  r a n g e s  (Q) o f  l a t e n c i e s  were  o r d e r e d  t o  some 

e x t e n t  w i t h  t h e  lu m in an ce  o f  f l a s h e s  w hich  had d e t e r m i n e d  a g i v e n  %R,
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F i g u r e  5

The p e r c e n t a g e  r e l a t i v e  f r e q u e n c y  o f  r e s p o n s e ,  a s  a f u n c t i o n  of  

t h e  l o g a r i t h m  of  f l a s h  e n e r g y  ( i . e . ,  l u m in a n c e s  t i m e s  d u r a t i o n ) ,  

a t  two f l a s h  l u m in a n c e s  ( •  - 1 . 7 7  and o - 1 . 2 4  log  f t - L ) .

Experiment II  S u b j e c t :  J . S .
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F i g u r e  6

The s e m i - i n t e r q u a r t i l e  r a n g e  and  t h e  m ed ian  of  t h e  l a t e n c y  of  

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

r e s p o n s e ,  a t  two f l a s h  l u m in a n c e s  ( •  - 1 . 7 7  and  o - 1 . 2 4  log  f t - L ) .

Experiment I I  S u b j e c t :  J . S .
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EXPERIMENT I I I

P r o c e d u r e

T h i s  e x p e r i m e n t  was t h e  f i r s t  o f  t h r e e  i n  w h ich  a s t i m u l u s  

was composed o f  two s u c c e s s i v e  f l a s h e s  and t h e  I n d e p e n d e n t  v a r i a b l e  

was t h e  i n t e r v a l  ( AT) b e tw ee n  f l a s h  o n s e t s .  As i n  E x p e r i m e n t s  I 

and  I I ,  t h e  p e r c e n t a g e  r e l a t i v e  f r e q u e n c y  (%R) and  t h e  m ed ian  

l a t e n c y  (RT) were  t h e  p r i n c i p a l  d e p e n d e n t  v a r i a b l e s .

Two s t i m u l i ,  e a c h  o f  w h ich  c o n t a i n e d  e q u a l  f l a s h e s ,  were  

p r e s e n t e d .  One s t i m u l u s  c o n t a i n e d  two 2 . 5 - m s e c  f l a s h e s ;  e a c h  was 

a t  - 0 . 7 4  lo g  f t - L ,  w i t h  an  e n e r g y  o f  - 3 . 3 4  lo g  f t - L - s e c .  The o t h e r  

s t i m u l u s  c o n s i s t e d  of  25 -m sec  f l a s h e s ,  e a c h  a t  - 1 . 7 7  lo g  f t - L ,  w i th  

a n  e n e r g y  o f  - 3 . 3 7  lo g  f t - L - s e c .  ( I n  t e r m s  of  a b s o l u t e  l u m in a n c e ,  

t h e  low er  lu m in a n c e  was  9.3% o f  t h e  o t h e r . )  The F o v e a l  v i e w i n g  

c o n d i t i o n ,  a f o r e p e r i o d  of  2 . 8  s e c ,  and  10 min  o f  d a r k  a d a p t a t i o n  

w ere  u s e d  w i t h  s u b j e c t  M.R.

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

- 1 . 7 7  lo g  f t - L  (L )  and - 0 . 7 4  log  f t - L  (H ) .  The s e q u e n c e  o f  b l o c k s  

d u r i n g  t h e  f i r s t  s e s s i o n  was L/H/H, w here  s l a s h  m a rks  I n d i c a t e  r e s t  

p e r i o d s  o u t s i d e  o f  t h e  b o o t h .  T h i s  o r d e r  was r e v e r s e d  d u r i n g  t h e  

s e c o n d  s e s s i o n  a n d  a l t e r n a t i o n  o f  t h e  b l o c k  s e q u e n c e  was c o n t i n u e d  

o v e r  12 s e s s i o n s .

40
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D u r in g  an  L b l o c k ,  e a c h  AT o c c u r r e d  once i n  a s h u f f l e d  o r d e r  

w i t h  2 b l a n k s ,  t h e  c a r d s  w ere  r e s h u f f l e d ,  and  t h e  r u n  c o n t i n u e d  

w i t h o u t  i n t e r r u p t i o n  f o r  a b o u t  38 t r i a l s ,  when t h e  s u b j e c t  r e s t e d  

i n  t h e  b o o t h .  Then  t h e  r u n  was resumed t o  c o m p l e t i o n .  T h e re  were 

75 t r i a l s  i n  a b l o c k ,  w i t h  5 t r i a l s  f o r  e a c h  AT. The d e s i g n a t i o n s ,  

INF1 and INF2 ( i n  T a b l e  5 ) ,  mean t h a t  t h e r e  w ere  10 t r i a l s  w i t h  t h e  

f i r s t  f l a s h  a l o n e  ( t h u s ,  INF s i g n i f i e s  an  i n f i n i t e  A T) ,  and t h e  

numbers  i n d i c a t e  t h e  o r d e r  i n  w h ich  t h e  d a t a  w ere  t a b u l a t e d  f o r  a 

s h u f f l e d  o r d e r  of  ATs.  Each Al o c c u r r e d  on 60 t r i a l s  o v e r  t h e  

12 s e s s i o n s .

D ur ing  an  H b l o c k ,  e a c h  s e r i e s  o f  ATs was a s h u f f l e d  o r d e r  

w i t h i n  w h ich  4 b l a n k s  were  i n t e r s p e r s e d .  I n  one b l o c k ,  two s e r i e s  

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

r e s t  p e r i o d .  The p r o c e d u r e  w i t h  t h e  s e c o n d  b l o c k  was t h e  same a s  

w i t h  t h e  f i r s t .  Each AT o c c u r r e d  on 4 t r i a l s  d u r i n g  e a c h  s e s s i o n ,  

g i v i n g  a t o t a l  o f  48 t r i a l s  f o r  t h e  e x p e r i m e n t .

R e s u l t  s

T a b l e  5 c o n t a i n s  t h e  number  (N) and  median  (Mdn) of  r e s p o n s e  

l a t e n c i e s  f o r  e a c h  o f  t h e  two s t i m u l i ,  a t  v a r i o u s  ATs ( i n  m s e c ) .  

The s u b j e c t  n e v e r  r e s p o n d e d  t o  a b l a n k .  F i g u r e  7 shows %R and  RT 

a s  f u n c t i o n s  o f  AT ( l o g  s e c ) .  The a b s c i s s a  h a s  a v a l u e ,  INF, which  

d e n o t e s  e f f e c t s  due  t o  t h e  f i r s t  f l a s h ,  when t h e  s e c o n d  f l a s h  was 

d e l e t e d  f rom t h e  s t i m u l u s .  I n  t h e  c a s e  o f  %R, INF d e n o t e s  t h e  

t o t a l  f r e q u e n c y  o f  r e s p o n s e  (INF1 p l u s  INF2) d u r i n g  96 t r i a l s  a t
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Tab le  5

Number a n d  m e d ian  o f  r e s p o n s e  l a t e n c i e s  (m s ec )  f o r  
v a r i o u s  I n t e r v a l s  (m s e c )  b e tw ee n  t h e  o n s e t s  

of  tw o ,  t w o - f l a s h  s t i m u l i .

E x p e r im e n t  I I I .  S u b j e c t :  M.R.

2 . 5  msec 25 msec
- 0 . 74 log  f t - L - 1 . 77 lo g  f t - L

AT N Mdn N Mdn

4 48 289
5 47 298
6 . 5 47 295
8 48 314

10 48 297

1 2 .5 45 298
16 47 312
20 48 310
25 48 310
32 46 316 59 327

40 46 318 59 342
50 47 321 60 354
65 45 327 54 350
80 46 354 58 372

100 45 325 53 345

125 45 337 54 360
160 41 338 53 358
200 41 322 48 356
250 41 32 3 51 355
315 - - 53 365

I NFl 44 320 48 342
INF2 39 326 52 357

T r i a l s 48 60
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F i g u r e  7

The p e r c e n t a g e  r e l a t i v e  f r e q u e n c y  o f  r e s p o n s e ,  and t h e  median

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

b e tw e e n  f l a s h  o n s e t s  i n  tw o ,  t w o - f l a s h  s t i m u l i  ( •  25 msec a t  - 1 .7 7

log  f t - L ;  o 2 . 5  msec a t  - 0 . 7 4  log  f t - L ) .

Experiment I I I  S u b j e c t :  M.R.
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- 0 . 7 4  lo g  f t - L  and  120 t r i a l s  a t  - 1 . 7 7  lo g  f t - L .  I n  t h e  c a s e  of  

RT, INF i n d i c a t e s  t h e  mean o f  t h e  two m ed ian  RTs (INF1 and  IN F2) ,

I n  a g r e e m e n t  w i t h  t h e  p r e c e d i n g  e x p e r i m e n t s ,  s i n g l e  " e q u a t " -  

e n e r g y  f l a s h e s  d e t e r m i n e d  e q u a l  %Rs: t h e  %R f o r  96 t r i a l s  w i t h  t h e

2 . 5 - m s e c  f l a s h  was  a b o u t  86%, w h i l e  t h e  %R f o r  120 t r i a l s  w i t h  t h e  

25-m sec  f l a s h  was a b o u t  83%. But t h e  l a t e n c y  d e t e r m i n e d  by t h e

2 . 5 - m s e c  f l a s h ,  32 3 m s e c ,  was  b r i e f e r  t h a n  t h e  l a t e n c y  o b t a i n e d  

w i t h  t h e  25 -m sec  f l a s h  (3 5 0  m s e c ) .  T h e s e  f i n d i n g s  a r e  c o n s i s t e n t  

w i t h  t h e  p r e v i o u s  r e s u l t s :  a  b r i e f e r  l a t e n c y  was d e t e r m i n e d  by 

t h e  b r i e f e r  and  more i n t e n s e  o f  t h e  e q u a l - e n e r g y  f l a s h e s  which  

had  d e t e r m i n e d  e q u a l  %Rs.

F i g u r e  7 i n d i c a t e s  t h a t  t h e  tw o ,  t w o - f l a s h  s t i m u l i  d e t e r m i n e d  

a p p r o x i m a t e l y  e q u a l  %Rs a t  e a c h  t h a t  was  common t o  b o t h  s t i m u l i .

The l i m i t e d  r a n g e  o f  o v e r l a p  b e tw e e n  t h e  two s t i m u l i  on t h e  AT a x i s  

i s  d u e ,  of  c o u r s e ,  t o  t h e  d i f f e r e n c e  b e tw e e n  f l a s h  d u r a t i o n s .  A l s o ,  

%R was  a p p r o x i m a t e l y  c o n s t a n t  f o r  £Ts up t o  a b o u t  50 msec ( - 1 . 3  log  

s e c ) ,  t h e n  d e c r e a s e d  w i t h  I n c r e a s e s  o f  &T u n t i l  a £ T  of  a b o u t  160 

msec  ( - 0 . 8 ) .  The l o w e s t  %Rs o b t a i n e d  w i t h  t h e  t w o - f l a s h  s t i m u l i  

w e re  a p p r o x i m a t e l y  e q u a l  t o  t h e  %Rs d e t e r m i n e d  by t h e  f i r s t  f l a s h e s  

a l o n e  ( I N F ) .

F i g u r e  7 a l s o  shows t h a t  RT, w h i l e  r o u g h l y  c o n s t a n t  a t  b r i e f  

A T s , I n c r e a s e d  by a b o u t  15 msec  b e tw ee n  t h e  b r i e f e s t  A Ts and  a 

A T of  50 m sec .  At 50 m s e c ,  RT f o r  e a c h  t w o - f l a s h  s t i m u l u s  was 

a p p r o x i m a t e l y  e q u a l  t o  t h e  RT f o r  t h e  f i r s t  f l a s h  a l o n e  ( I N F ) .

H iw ever ,  t h e  l o n g e s t  RT f o r  b o t h  s t i m u l i  o c c u r r e d  a t  a ^ T  of  80
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m s e c .  I n  o t h e r  w o r d s ,  RT was a non m o n o to n ic  f u n c t i o n  o f  A T ,  

b e tw e e n  50 msec and  t h e  lo n g  AT a t  w h ich  RT became e q u a l  once 

a g a i n  t o  t h e  RT f o r  t h e  f i r s t  f l a s h  a l o n e .



EXPERIMENT IV

P r o c e d u r e

I n  E x p e r i m e n t  I I I ,  f u n c t i o n s  r e l a t i n g  %R and  RT t o  £T were 

o b t a i n e d  a t  h i g h  v a l u e s  o f  %R (80% t o  100%). S i m i l a r  f u n c t i o n s  

w ere  d e t e r m i n e d  i n  E x p e r im e n t  IV, b u t  o v e r  a g r e a t e r  r a n g e  of  

lo w e r  %Rs. A n o t h e r  p u r p o s e  of  t h i s  e x p e r i m e n t  was t o  p r o v i d e  an 

e x p l i c i t  b r i d g e  t o  E x p e r i m e n t s  I and  I I .  T h u s ,  two t y p e s  of  

s t i m u l i ,  s i n g l e  f l a s h e s  of  v a r i o u s  d u r a t i o n s ,  and  a t w o - f l a s h  

s t i m u l u s  w i t h  2 . 5 - m s e c  f l a s h e s  s p a c e d  a t  v a r i o u s  i n t e r v a l s ,  were  

p r e s e n t e d .  A l l  f l a s h e s  were  a t  one l u m in a n c e ,  - 2 . 5 8  log  f t - L .

The F o v e a l  v i e w i n g  c o n d i t i o n  and  a 2 . 8 - s e c  f o r e p e r i o d  w ere  used  

w i t h  M.R.

The lum in an ce  h e r e  was a b o u t  2 log  u n i t s  lo w er  t h a n  i n  

E x p e r i m e n t  I I I  w i t h  t h e  2 .5 - m s e c  f l a s h e s .  D u r in g  p r e l i m i n a r y  r u n s  

w i t h  f l a s h e s  y i e l d i n g  low f r e q u e n c i e s  of  r e s p o n s e ,  M . R . ' s a b i l i t y  

t o  d e t e c t  such  f l a s h e s  im proved  c o n s i d e r a b l y .  A f t e r  h i s  b e h a v i o r  

a p p e a r e d  t o  h a v e  become more o r  l e s s  s t a b l e ,  t h e  s t i m u l i  u s e d  h e r e  

were  c h o s e n .  On 324 b l a n k  t r i a l s  d u r i n g  t h e  f o r m a l  e x p e r i m e n t ,

M.R. r e s p o n d e d  once  w i t h  a l a t e n c y  o f  252 m sec .

A s e r i e s  o f  t r i a l s  was a s h u f f l e d  o r d e r  o f  e a c h  v a l u e  o f  f l a s h  

d u r a t i o n  ( T ) ,  e a c h  i n t e r v a l  ( £ T )  b e tw e e n  t h e  o n s e t s  o f  t h e  tw o ,

2 . 5 - m s e c  f l a s h e s ,  and  6 b l a n k s .  Two s e r i e s  g i v e n  c o n t i n u o u s l y

47
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c o m p r i s e d  a b l o c k  of  t r i a l s ,  a f t e r  w h ich  a r e s t  was t a k e n  o u t s i d e  

t h e  b o o t h .  Ten min o f  d a r k  a d a p t a t i o n  p r e c e d e d  e a c h  b l o c k .  A 

s e s s i o n  c o n s i s t e d  o f  3 b l o c k s ,  h e n c e ,  6 t r i a l s  w i t h  a s t i m u l u s .  

T h e r e  w e re  9 s e s s i o n s ,  w h ich  y i e l d e d  54 t r i a l s  p e r  v a l u e  o f  T and 

A T ,  w i t h  one e x c e p t i o n .  The e x c e p t i o n  was t h e  2 . 5 - m s e c  f l a s h  

ClNFl and  IN F2) ,  w h ich  o c c u r r e d  on 108 t r i a l s .

R e s u l t s

T a b l e  6 c o n t a i n s  t h e  number (N) and m e d ian  (Mdn) o f  r e s p o n s e  

l a t e n c i e s  f o r  v a r i o u s  v a l u e s  o f  £ T  and T ( b o t h  i n  m s e c ) .  As 

b e f o r e ,  INF1 and  INF2 r e f e r  t o  t r i a l s  on w hich  t h e  f i r s t  f l a s h  

o n ly  ( 2 . 5  msec) o f  t h e  t w o - f l a s h  s t i m u l u s  o c c u r r e d .  A s t e r i s k s  In  

t h e  t a b l e  i n d i c a t e  one p o i n t  o f  p h y s i c a l  i d e n t i t y  b e tw ee n  t h e  two 

t y p e s  o f  s t i m u l i ,  t h e  2 . 5 - m s e c  f l a s h e s .  The s e c o n d  p o i n t  o f  

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

f l a s h e s  w i t h  d u r a t i o n s  b e tw e e n  4 . 5 -  and  5 . 8 - m s e c .

F i g u r e  8 shows %R and  RT a s  f u n c t i o n s  of  £ T  and  T ,  t h a t  I s ,  

l o g  TIME ( s e c )  a f t e r  l i g h t  o n s e t .  The two d a t a  p o i n t s  ( c f .  T a b l e  

6)  f o r  t h e  2 . 5 - m s e c  f l a s h e s  a r e  p l o t t e d  i n  t e r m s  o f  f l a s h  d u r a t i o n  

( - 2 . 6  log  s e c ) .  A h o r i z o n t a l  d a s h e d  l i n e  marked  INF ( i n f i n i t e  

A t ) r u n s  b e tw e e n  t h e  two p o i n t s  t o  d e n o t e  t h e i r  r o l e  i n  t h e  A T 

f u n c t i o n .  I n  t h e  c a s e  o f  %R, INF ( a b o u t  22%) r e p r e s e n t s  t h e  t o t a l  

number of  r e s p o n s e s  t o  t h e  2 . 5 - m s e c  f l a s h  o v e r  108 t r i a l s .  I n  t h e  

c a s e  o f  RT, INF d e n o t e s  t h e  mean (434  msec)  of  t h e  two m ed ian  

l a t e n c i e s  (INF1 and INF2) t h a t  w ere  d e t e r m i n e d  by t h e  2 .5 - m s e c  

f l a s h .
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T able  6

Number a n d  m ed ian  o f  r e s p o n s e  l a t e n c i e s  (m sec)  f o r  
( 1 )  v a r i o u s  I n t e r v a l s  (m sec )  be tw ee n  t h e  o n s e t s  

of  two 2 . 5 - m s e c  f l a s h e s ,  and ( 2 )  v a r i o u s  
d u r a t i o n s  (m s ec )  o f  s i n g l e  f l a s h e s .

F l a s h  lu m in a n c e :  - 2 . 5 8  lo g  f t - L

E x p e r im e n t  IV. S u b j e c t :  M.R.

Two F l a s h e s S i n g l e F l a s h e s

A T N Mdn T N Mdn

5 40 408 2 .5 * 10 440
6 . 5 41 389 2 .5 * * 14 427
8 34 394 4 . 5 36 426

10 40 404 5 . 8 41 416
12 .5 43 422 7 . 5 44 379

16 34 384 9 . 5 49 368
20 32 427 12 49 366
25 42 406 15 54 367
32 33 418 20 53 358
40 33 425 25 54 348

50 33 439 32 53 358
65 30 438 40 51 357
80 29 438 50 54 347

100 26 471 63 54 354
125 17 478 80 54 345

160 16 458 100 54 346
200 16 490
250 14 430
315 17 437
INFl* 10 440
INF2** 14 427

T r i a I s 54 54

* ,  ** - See  t e x t
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F i g u r e  8

The p e r c e n t a g e  r e l a t i v e  f r e q u e n c y  of  r e s p o n s e ,  and t h e  m ed ian  

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

l i g h t  o n s e t :  t h e  d u r a t i o n  o f  s i n g l e  f l a s h e s  ( • ) ;  and  t h e  i n t e r v a l

b e tw e e n  t h e  o n s e t s  of  tw o ,  2 . 5 - m s e c  f l a s h e s  ( o ) .  A l l  f l a s h e s  were  

a t  - 2 , 5 8  log  f t - L .  The l i n e ,  INF, i n d i c a t e s  one p o i n t  o f  p h y s i c a l  

i d e n t i t y  b e tw e e n  t h e  two t y p e s  o f  s t i m u l i ,  t h e  s i n g l e  2 . 5 - m s e c  

f l a s h e s .

E x p e r i m e n t  IV S u b j e c t :  M.R.
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I n  c o n s i d e r i n g  %R a s  a f u n c t i o n  o f  £ T »  one o b s e r v e s  t h a t  %R 

was a f l u c t u a t i n g ,  b u t  a p p r o x i m a t e l y  c o n s t a n t  f u n c t i o n  o f  AT up 

t o  a b o u t  32 msec ( - 1 , 5  log  s e c ) .  At l o n g e r  ATs * %R d e c r e a s e d  t o  

a A t o f  a b o u t  125 msec  ( - 0 . 9 )  a n d ,  t h e r e a f t e r ,  was  e s s e n t i a l l y  

c o n s t a n t .  The low c o n s t a n t  v a l u e  o f  %R ( a b o u t  30%) was s l i g h t l y  

h i g h e r  t h a n  %R f o r  t h e  f i r s t  f l a s h  a l o n e  (INF: 22%).  W i th  r e g a r d  

t o  t h e  f l u c t u a t i n g  c h a r a c t e r  of  %R a t  b r i e f  a Ts , I t  l s  n o t e w o r t h y  

t h a t  s i m i l a r  f l u c t u a t i o n s ,  b u t  o v e r  a s m a l l e r  r a n g e  (10%),  a r e  

o b s e r v a b l e  i n  r e s u l t s  o f  van  den  B r in k  and  Bouman (1 9 5 4 ;  F i g s .  5b 

and  5 c ) .  F l u c t u a t i o n s  h e r e  had a r a n g e  of  a b o u t  20%.

In  t u r n i n g  t o  RT a s  a f u n c t i o n  of  AT ( T a b l e  6; F i g .  8 ) ,  one 

o b s e r v e s  t h a t  RT f l u c t u a t e d ,  b u t  t e n d e d  t o  be c o n s t a n t  a t  b r i e f  

A Ts ,  The l a t e n c y  t h e n  i n c r e a s e d  w i t h  A T  u n t i l  i t  e q u a l l e d  RT 

f o r  t h e  f i r s t  f l a s h  a l o n e  ( INF)  by 50 msec ( - 1 . 3 ) ,  T h e r e a f t e r ,  RT 

r e m a in e d  c o n s t a n t  u n t i l  a AT o f  80 msec ( - 1 . 1 ) .  Between ATs of  

80 and  250 msec ( - 0 . 6 ) ,  RT r e a c h e d  a p e a k  and d e c l i n e d  t o  e q u a l  RT 

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

R e s u l t s  on %R and RT, a s  f u n c t i o n s  o f  f l a s h  d u r a t i o n  ( T ) ,  a r e  

r e l e v a n t  t o  t h e  form o f  t h e  summation  b e tw ee n  t h e  tw o ,  2 . 5 - m s e c  

f l a s h e s  a t  b r i e f  A T s .  I n  F i g .  8 ,  one o b s e r v e s  t h a t  t h e  T and  AT 

c u r v e s  i n t e r s e c t  a t  a %R o f  a b o u t  70%. T h i s  v a l u e  o f  %R was d e t e r ­

mined  by t h e  two 2 .5 - m s e c  f l a s h e s  a t  b r i e f  ATs and  by a s i n g l e  

f l a s h  o f  a p p r o x i m a t e l y  a 5-msec  d u r a t i o n  ( - 2 . 3  log  s e c ) .  T h u s ,  

t h e  v a l u e  of  %R f o r  A T s  up t o  a b o u t  32 msec a p p e a r s  t o  be 

a t t r i b u t a b l e  t o  t h e  combined  e n e r g y  i n  t h e  p a i r  of  f l a s h e s .
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T h e re  was a n  i n v e r s e  r e l a t i o n s h i p  b e tw e e n  RT and  f l a s h  

d u r a t i o n s  somewhat b r i e f e r  t h a n  32 msec ( - 1 . 5  lo g  s e c ) .  The 

c o n f o r m i t y  of  RT f o r  b r i e f  AT s * w i t h  a p r e d i c t i o n  b a s e d  on t h e  

e n e r g y  i n  t h e  two f l a s h e s ,  c a n  be e v a l u a t e d  i n  T a b l e  6 .  The mean 

o f  m ed ian  RTs f o r  & T s  f rom 5- t o  1 2 . 5 -m s e c  was 403  m s e c ,  13 msec 

b r i e f e r  t h a n  RT f o r  t h e  5 .8 -m s e c  f l a s h .  T h u s ,  t h e  e n e r g y  f i t  i s  

n o t  o b v i o u s l y  v a l i d .  T h i s  r e s u l t  must  be c h e c k e d ,  b e c a u s e  

p r e l i m i n a r y  d a t a  (%R e q u a l  t o  100% a t  a l l  A T s )  i n d i c a t e d  t h a t  

RTs f o r  b r i e f  A T s  were  a c c u r a t e l y  p r e d i c t a b l e  on t h e  b a s i s  of  

t h e  summed e n e r g y  i n  t w o - f l a s h  s t i m u l i  ( w i t h  a l l  f l a s h e s  a t  one 

l u m i n a n c e ) .



EXPERIMENT V

P r o c e d u r e

In  t h i s  e x p e r i m e n t ,  RT was d e t e r m i n e d  a s  a f u n c t i o n  o f  A T ,  

b u t  h e r e  %R was 100% a t  a l l  A T s .  The lu m in a n c e  o f  t h e  e q u a l l y  

i n t e n s e  1-msec f l a s h e s  was - 1 . 2 4  lo g  f t . L .  V a lu e s  o f  AT (msec)  

w ere  3 . 2 ,  4 ,  5 ,  6 . 5 ,  8 ,  10,  1 2 . 5 ,  16 ,  2 0 ,  2 5 ,  32 ,  4 0 ,  5 0 ,  6 5 ,  80 .

100,  125 ,  160,  2 0 0 ,  2 5 0 ,  INF1 and  INF2.

The s u b j e c t ,  H .H . ,  was a d a p t e d  t o  d a r k n e s s  f o r  10 m in .  A 

s e r i e s  o f  t r i a l s  c o m p r i s e d  a s h u f f l e d  o r d e r  o f  e a c h  A T > p l u s  

b e tw e e n  4 and 6 b l a n k s  ( s o  t h a t  b l a n k s  o c c u r r e d  t h r o u g h o u t  a s e r i e s ) .  

Two u n i n t e r r u p t e d  s e r i e s  e q u a l l e d  a b l o c k ,  a t  t h e  end o f  w h ich  t h e

s u b j e c t  l e f t  t h e  b o o t h .  F ou r  b l o c k s  o c c u r r e d  i n  e a c h  s e s s i o n  and

t h e r e  were  4 s e s s i o n s ;  e a c h  AT o c c u r r e d  on 32 t r i a l s .

R e s u l t s

Of 153 b l a n k s ,  H.H. r e s p o n d e d  t h r e e  t i m e s  w i t h  l a t e n c i e s  of 

z e r o ,  179,  and  393 m sec .

F i g u r e  9 shows RT (m e d ia n )  a s  a f u n c t i o n  o f  a t ( l o g  s e c ) .

Both  INFl and INF2 a r e  i n d i c a t e d  ( I N F ) .  R esp o n se  l a t e n c y  was a 

p o s i t i v e  f u n c t i o n  of  at » e x c e p t  a t  q u i t e  b r i e f  a Ts » w he re  RT 

t e n d e d  t o  be c o n s t a n t .  T h e r e  i s  no s u g g e s t i o n  of  a  nom ono ton ic  

t r e n d  a t  lo ng  AT s « I n s t e a d ,  t h e  c o n t r i b u t i o n  o f  t h e  s econd  f l a s h

54
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F i g u r e  9

The m ed ian  l a t e n c y  of  r e s p o n s e ,  a s  a f u n c t i o n  o f  t h e  i n t e r v a l  

b e tw e e n  t h e  o n s e t s  o f  tw o ,  1-msec f l a s h e s ,  e a c h  a t  - 1 . 2 4  lo g  f t - L .

A m e d ian  was  b a s e d  on 32 r e s p o n s e s .  The v a l u e ,  INF, s i g n i f i e s  t h a t  

t h e  f i r s t  1-msec  f l a s h  was p r e s e n t e d  a l o n e .

Experim ent V S u b je c t :  H.H.
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d i m i n i s h e d  g r a d u a l l y  a s  AT was e x t e n d e d ,  u n t i l  a lo ng  A T  was 

r e a c h e d ,  w here  RT was d e t e r m i n e d  by t h e  f i r s t  f l a s h  a l o n e .



D ISC U SSIO N

R e s u l t s  w i t h  t h e  two d e p e n d e n t  v a r i a b l e s ,  t h e  f r e q u e n c y  o f  

s e e i n g  (%R) and  t h e  m e d ian  l a t e n c y  ( R T ) , w e re  i n  r e a s o n a b l e  

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

o f  t h r e s h o l d s ,  on t h e  one h a n d ,  and  s i m p l e  r e a c t i o n  t i m e s ,  on 

t h e  o t h e r .  And t h e  l a t e n c y  d a t a  w ere  o b v i o u s l y  c o n s i s t e n t  and 

c o m p le m e n ta ry  t o  t h e  f r e q u e n c y  d a t a  ( S t e l n m a n ,  1944 ,  p ,  5 9 ) ,

But t h e  RT f u n c t i o n s  were  n o t ,  by any  s t r e t c h  o f  t h e  i m a g i n a t i o n ,  

s i m p l e  e x t r a p o l a t i o n s  o f  t h e  %R f u n c t i o n s .

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

a g r e e d  w i t h  t h o s e  w h ich  a r e  e i t h e r  i n d i c a t e d  I n  o r  i m p l i e d  by 

p r e v i o u s  v i s u a 1 - t h r e s h o l d  d a t a  ( e . g . ,  Long,  1951;  Bouman and van 

d e n  B r i n k ,  1952;  Davy,  1952;  van  den  B r i n k  & Bouman, 1954; 

B l a c k w e l l ,  1963,  p ,  155; I k e d a ,  1 9 6 5 ) .  I n  g e n e r a l ,  t h e  %R d a t a  

con fo rm e d  w i t h  t h e  p r i n c i p l e  t h a t  a g i v e n  s t i m u l u s  e n e r g y ,  which 

i s  d e l i v e r e d  w i t h i n  some p e r i o d  o f  t i m e  a f t e r  s t i m u l u s  o n s e t ,  

d e t e r m i n e s  a c o n s t a n t  %R ( c f .  B a r t l e t t ,  1965,  p .  174; Graham, 

1965,  p .  7 7 ) .

With  t h e  lu m in an ce  o f  s i n g l e  f l a s h e s  f i x e d ,  %R i n c r e a s e d  

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

f u n c t i o n .  Such f u n c t i o n s  h a v e  u s u a l l y  b een  d e t e r m i n e d  w i t h
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f l a s h  lu m in a n c e  a s  t h e  i n d e p e n d e n t  v a r i a b l e  and  w i t h  f l a s h  

d u r a t i o n  a s  t h e  p a r a m e t e r  ( h o w e v e r ,  s e e  C r o z l e r ,  1 9 5 0 ) .

N o n e t h e l e s s ,  t h e  p s y c h o m e t r i c  f u n c t i o n s  c o n fo rm e d  w i t h  t h e  

r e c i p r o c i t y  l a w ,  i n  t h a t  t h e  p r o d u c t  o f  f l a s h  lu m in a n c e  and  

f l a s h  d u r a t i o n s  was an a d e q u a t e  b a s i s  f o r  p r e d i c t i n g  any %R.

I n  t h e  c a s e  o f  t h e  t w o - f l a s h  s t i m u l i ,  %R was c o n s t a n t  f o r  

some r a n g e  o f  i n t e r f l a s h  i n t e r v a l s ,  and  t h e  c o n s t a n t  %R was 

c o n s i s t e n t  w i t h  t h e  r u l e  o f  e n e r g y  d e t e r m i n a t i o n .  E x p e r i m e n t  IV 

showed t h a t  t h e  %R f o r  two 2 . 5 - m s e c  f l a s h e s  was a p p r o x i m a t e l y  

e q u a l  t o  t h e  %R d e t e r m i n e d  by a s i n g l e  5 -msec  f l a s h ,  when a l l  

f l a s h e s  were  o f  one l u m i n a n c e .  When t h e  l u m in a n c e s  and d u r a t i o n s  

o f  f l a s h e s  i n  tw o ,  t w o - f l a s h  s t i m u l i  were  a d j u s t e d  s o  t h a t  t h e  

two s t i m u l i  were  a p p r o x i m a t e l y  e q u a l  i n  e n e r g y  ( E x p e r i m e n t  I I I ) ,  

t h e  s t i m u l i  d e t e r m i n e d  c o n s t a n t  %Rs w h ich  w ere  a p p r o x i m a t e l y  

e q u a l .

I n  t u r n i n g  t o  t h e  RT d a t a ,  one o b s e r v e s  t h a t  RT v a r i e d  

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

The l o n g e s t  d u r a t i o n s  w hich  p r o d u c e d  c h a n g e s  i n  RT were  b r i e f e r  

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

c u r v e s  r e l a t i n g  RT t o  f l a s h  d u r a t i o n  ( E x p e r i m e n t  1)  was n o t  a 

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

i n  p o s i t i o n  of  t h e  p s y c h o m e t r i c  f u n c t i o n s .  Nor d i d  t h e  r e c i p r o c i t y  

r u l e  a c c o u n t  f o r  RTs w h ich  were  d e t e r m i n e d  by s i n g l e  f l a s h e s  o f
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c o n s t a n t - e n e r g y  c o n t e n t .  A l t h o u g h  RT v a r i e d  I n v e r s e l y  w i t h  b o th  

lu m in a n c e  and  d u r a t i o n ,  i n d i c a t i n g  t h a t  t h e  amount o f  s t i m u l a t i o n  

was a  c o n t r o l l i n g  f a c t o r ,  t h e  p r o d u c t s  o f  t h e  two v a r i a b l e s  were  

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

e n e r g y  t h a t  had  d e t e r m i n e d  a c o n s t a n t  %R, t h e  b r i e f e r  and  more 

I n t e n s e  f l a s h e s  y i e l d e d  b r i e f e r  RTs. T h i s  s y s t e m a t i c  d e p a r t u r e  

of  RTs f rom a  p r e d i c t i o n  b a s e d  on t h e  r e c i p r o c i t y  r u l e  was s m a l l e r  

a t  h i g h e r  lu m in a n c e s  ( E x p e r i m e n t  I ) .  The t r e n d s  o b s e r v e d  h e r e  were 

s i m i l a r  t o  t h o s e  w h ich  a r e  o b s e r v a b l e  i n  p r e v i o u s  r e a c t l o n - t i m e  

d a t a  ( c f .  Raab & F e h r e r ,  1 9 6 2 ) .  S i n c e  t h e  r e c i p r o c i t y  law i s  

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

K e l l e r ,  1 9 4 1 ) ,  one s h o u l d  be s u s p i c i o u s  o f  f u t u r e  e x t r a p o l a t i o n s ,  

by f o r m a l  s u b s t i t u t i o n  of  d e p e n d e n t  v a r i a b l e s ,  o f  t h e  e x a c t  laws 

o f  v i s u a l  t h r e s h o l d  t o  v i s u a l  r e a c t i o n s  t i m e s .  I n  f a c t ,  t h e  RT 

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

f rom %R v a r i a t i o n s .

When a r e l a t i v e l y  low e n e r g y  was s u f f i c i e n t  t o  o c c a s i o n  a 

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

l o n g  and  v a r i a b l e .  W i th  i n c r e a s e s  of  e n e r g y ,  %R i n c r e a s e d ,  and  

RT d e c r e a s e d ,  becoming  l e s s  v a r i a b l e .  The r e s u l t s  s u g g e s t  t h a t  a 

h i g h e r  %R was due  t o  a g r e a t e r  " m a g n i t u d e 1' o f  s e n s o r y  e f f e c t  t h a t  

was d e t e r m i n e d  by a h i g h e r  e n e r g y .  But t h e  p r o c e s s e s  u n d e r l y i n g  

r e s p o n s e  w ere  n o t  j u s t  a f u n c t i o n  o f  e n e r g y ,  j u d g i n g  f rom t h e  RT 

d a t a .  B r i e f e r  RTs o c c u r r e d  w i t h  t h e  b r i e f e r  and more  i n t e n s e  

f l a s h e s  o f  a g i v e n  e n e r g y .  And t h e  RTs f o r  a g i v e n  e n e r g y  were  a



d e c r e a s i n g ,  d e c e l e r a t i n g  f u n c t i o n  of  f l a s h  lu m in a n c e  ( E x p e r i m e n t  

I ) .  E v i d e n t l y ,  f l a s h  l u m in a n c e  was an  i m p o r t a n t  d e t e r m i n a n t  of  

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

h o w e v e r ,  l u m in a n c e  c o u l d  n o t  h a v e  b een  t h e  o n ly  f a c t o r  g o v e r n i n g  

t h e  t i m e  c o u r s e  o f  p r o c e s s i n g .  The RTs d e t e r m i n e d  w i t h  t h e  two- 

f l a s h  s t i m u l i ,  i n  which  f l a s h e s  w ere  e q u a l  i n  l u m i n a n c e ,  t e n d e d  

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

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

w h ich  %R r e m a in e d  c o n s t a n t ,  a s  i f  RT was  t h e  more s e n s i t i v e  i n d e x  

t h a t  s t i m u l a t i o n  ( i . e . ,  t h e  s e c o n d  f l a s h )  was  d e l a y e d  w i t h  r e s p e c t  

t o  s t i m u l u s  o n s e t .  C o n s t a n t  RTs and c o n s t a n t  %Rs o c c u r r e d  o v e r  

d i f f e r e n t  r a n g e s  of  i n t e r f l a s h  i n t e r v a l s .  And t h e  two d e p e n d e n t  

v a r i a b l e s  w ere  c o n t r o l l e d  by d i f f e r e n t  r a n g e s  o f  f l a s h  d u r a t i o n s .  

One m i g h t  s p e c u l a t e  on t h e  r e a s o n s  f o r  such  r a n g e  d i f f e r e n c e s ,  a s  

w e l l  a s  on t h e  o t h e r  f e a t u r e s  o f  t h e  r e s u l t s ,  b u t  t h e  d a t a  do n o t  

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

I n  c o n s i d e r i n g  t h e  c o v a r i a t i o n  o f  %R and RT, i t  s h o u l d  be 

r e c o g n i z e d  t h a t  s i m u l t a n e o u s  d e t e r m i n a t i o n  of  t h e  two v a r i a b l e s  

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

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

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

by t h e  f a c t  t h a t  r e s p o n s e s  t o  b l a n k s  w ere  r a r e .  But  t h e  manner  i n  

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

e x c e e d e d  250 msec ( a l l  RTs w ere  l o n g e r  t h a n  250 m s e c ) ,  i s  d i f f i c u l t  

t o  i n f e r ,  even  from two m e a s u r e s  o f  s t i m u l u s  e f f e c t .  M o re o v e r ,



62

e x i s t i n g  t h e o r e t i c a l  f o r m u l a t i o n s  on v i s u a l  d e t e c t i o n  ( e . g . ,  

B l a c k w e l l ,  1 9 6 3 ) ,  w h ich  a r e  c o n c e r n e d  w i t h  r e l a t i v e  f r e q u e n c i e s  

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

F o r  e x a m p le ,  t h e  d a t a  a r e  i n c o n s i s t e n t  w i t h  t h e  s t o r a g e - l n t e r v a l  

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

r e s p o n s e ,  by f l a s h  l u m in a n c e ,  was i n  e v i d e n c e  when %R confo rm ed  

d e m o n s t r a b l y  w i t h  t h e  r e c i p r o c i t y  law ( s e e  t h e  I n t r o d u c t i o n ) .

I t  seems c l e a r  t h a t  t h e  f r e q u e n c y  of  s e e i n g  ( a n d  p r o b a b l y  o t h e r  

m e a s u r e s  which  obey t h e  same l a w s ) ,  one of  t h e  t r a d i t i o n a l  i n d i c e s  

o f  s t i m u l u s  e f f e c t s i n  v i s u a 1 - t h r e s h o l d  e x p e r i m e n t s , p r o v i d e s  a 

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

The e n t i r e  s e t  of  d a t a ,  which  i s  o n ly  a sample  o f  an  

e s s e n t i a l l y  u n e x p l o r e d  t e r r i t o r y ,  r e q u i r e s  an  e x p l a n a t i o n .  Much 

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

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

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

r e q u i r e s  a t t e n t i o n .  I n f o r m a l  d i s c u s s i o n s  w i t h  a number o f  i n v e s t i ­

g a t o r s  have  I n d i c a t e d  t h e i r  c o n c e r n  w i t h  w h e t h e r  l a t e n c i e s  s h o u l d  

be c l o c k e d  from s t i m u l u s  o n s e t  o r  f rom some o t h e r  p o i n t ( s )  i n  t i m e  

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

w ere  s u b t r a c t e d  f rom t h e  a s s o c i a t e d  RTs i n  E x p e r i m e n t s  I ,  I I ,  and 

I I I ,  one would  f i n d  t h a t  t h e  r e s c a l e d  RTs would  co n fo rm  more c l o s e l y  

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

d i d .  Such  an  ou tcome s u g g e s t s  t h e  need  f o r  a d i r e c t e d  s t u d y  o f  

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



63

r e f e r e n c e  f o r  p r o c e s s - o r i e n t e d  i n f e r e n c e s .  Of c o u r s e ,  com plex  

q u e s t i o n s  on t h e  a p p r o p r i a t e n e s s  of  a m e a s u r e  a r e  n o t  u n i q u e  t o  

l a t e n c y  d e t e r m i n a t i o n s  ( e . g . ,  B l a c k w e l l ,  1 9 6 3 ) .  J u d g i n g  f rom t h e  

p r e s e n t  r e s u l t s ,  j o i n t  d e t e r m i n a t i o n s  o f  f r e q u e n c i e s  and  l a t e n c i e s  

c a n  p r o v i d e  more  c o m p l e t e  i n f o r m a t i o n  on s t i m u l u s  e f f e c t s  and 

s u b j e c t  f a c t o r s  t h a n  h a s  been  a v a i l a b l e  f rom t r a d i t i o n a l  s e p a r a t e  

d e t e r m i n a t i o n s  of  t h e  two v a r i a b l e s .  S i n c e  t h e  c o v a r i a t i o n  of  

t h e  two m e a s u r e s  i s  r e l e v a n t  t o  a n  u n d e r s t a n d i n g  o f  e a c h ,  one may 

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

e l a b o r a t e  on t h e  p r e s e n t  r e s u l t s  a n d ,  t h e r e b y ,  h a v e  g r e a t e r  scope  

t h a n  a t  t h e  p r e s e n t  t i m e .



SUMMARY

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

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

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

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

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

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

a c c o u n t s  on s u c h  p r o c e s s e s .  One good r e a s o n  f o r  t h e  p r e v a i l i n g  

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

o p e r a t i o n a l l y ,  a t  l e a s t  i n  t e r m s  o f  s t i m u l u s  m a g n i t u d e s  and  

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

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

a s c e r t a i n .  The p r e s e n t  e x p e r i m e n t s  b r i d g e d  c e r t a i n  o p e r a t i o n a l  

g a p s  b e t w e e n  t h e  two s i t u a t i o n s  and  w e re  e s s e n t i a l l y  c o m p a r a t i v e  

a n a l y s e s  of  f r e q u e n c i e s  of  s e e i n g  and  r e a c t i o n  t i m e s .

S u b j e c t s  w e re  i n s t r u c t e d  t o  r e s p o n d  ( " Y e s " )  a s  soon  a s  t h e y  

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

w ere  r e c o r d e d  on t h e  same t r i a l s ,  w i t h  s t i m u l i  f o r  w h ich  t h e  two 

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

o f  r e s p o n s e  (%R), and t h e  m e d ia n  l a t e n c y  o f  r e s p o n s e  ( R T ) ,  w e re  

e v a l u a t e d  u n d e r  c o n d i t i o n s  f o r  w h ich  %R c o u l d  v a r y  i n  a c c o r d a n c e  

w i t h  t h e  r e c i p r o c i t y  law and an  a s s o c i a t e d  r e l a t i o n s h i p .
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The r e c i p r o c i t y  law a c c o u n t e d  f o r  %R d e t e r m i n e d  a s  a f u n c t i o n  

o f  f l a s h  d u r a t i o n ,  a t  v a r i o u s  f l a s h  l u m i n a n c e s .  With  lu m in a n c e  

f i x e d ,  %R i n c r e a s e d  w i t h  i n c r e a s e s  o f  f l a s h  d u r a t i o n ,  d e s c r i b i n g  

a p s y c h o m e t r i c  f u n c t i o n .  And t h e  p r o d u c t  o f  f l a s h  lum in an ce  and 

f l a s h  d u r a t i o n ,  i . e . ,  s t i m u l u s  e n e r g y ,  p r e d i c t e d  any  %R r e a s o n a b l y  

w e l l ,  i n  a c c o r d a n c e  w i t h  t h e  law.  A l th o u g h  RT v a r i e d  i n v e r s e l y  

w i t h  t h e  lu m in a n c e  and  t h e  d u r a t i o n  of  f l a s h e s  w h ich  d e t e r m i n e d  

v a r i o u s  %Rs, RT was n o t  p r e d i c t e d  w i t h  r e f e r e n c e  t o  t h e  law.

G iv e n  p r o d u c t s  of  l u m in a n c e s  and  d u r a t i o n s ,  w h ich  had d e t e r m i n e d  

c o n s t a n t  %Rs, f a i l e d  t o  y i e l d  c o n s t a n t  RTs. I n s t e a d ,  t h e  b r i e f e r  

and  more i n t e n s e  f l a s h e s  of  a g i v e n  e n e r g y  d e t e r m i n e d  b r i e f e r  RTs. 

And RTs d e t e r m i n e d  by c o n s t a n t - e n e r g y  f l a s h e s  w ere  a d e c r e a s i n g ,  

d e c e l e r a t i n g  f u n c t i o n  o f  f l a s h  l u m in a n c e .  A l s o ,  t h e  l o n g e s t  

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

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

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

l u m in a n c e s  and d u r a t i o n s ,  %R and  RT were  r e c o r d e d  a s  f u n c t i o n s  of  

t h e  i n t e r v a l  b e tw ee n  two s u c c e s s i v e  f l a s h e s  ( e q u a l  i n  lu m in an ce  and 

d u r a t i o n ) .  V a r i a t i o n s  o f  %R were  c o n s i s t e n t  w i t h  t h e  i d e a  t h a t  a 

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

d e l i v e r e d  w i t h i n  a l i m i t e d  p e r i o d  o f  t i m e .  With  i n c r e a s e s  of  t h e  

i n t e r f l a s h  i n t e r v a l ,  %R f l u c t u a t e d  a b o u t  a g i v e n  a v e r a g e  f o r  some 

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

v a l u e  t h a t  a p p r o x i m a t e d  t h e  %R d e t e r m i n e d  by t h e  f i r s t  f l a s h  a l o n e .  

On t h e  o t h e r  h a n d ,  RT t e n d e d  t o  be c o n s t a n t  o v e r  a more  l i m i t e d
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r a n g e  o f  i n t e r f l a s h  I n t e r v a l s ,  t h e n  i n c r e a s e d  t o  become e q u a l  t o  

t h e  RT d e t e r m i n e d  by t h e  f i r s t  f l a s h  a l o n e .  F u r t h e r  I n c r e a s e s  of  

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

f o l l o w e d  by a d e c l i n e  u n t i l  RT was e q u a l  once  a g a i n  t o  t h e  RT 

f o r  t h e  f i r s t  f l a s h ,  when t h e  s e c o n d  f l a s h  was a b s e n t .

A l t h o u g h  t h e  e x p e r i m e n t s  w ere  r e g a r d e d  a s  e x p l o r a t o r y ,  

b e c a u s e  o f  t h e i r  n e w n e s s ,  t h e  r e s u l t s  w i t h  7.R and  RT were  i n  

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

m i n a t i o n s  o f  t h r e s h o l d s  and  s i m p l e  r e a c t i o n  t i m e s ,  r e s p e c t i v e l y .

I n  t h e  p a s t ,  c e r t a i n  i n v e s t i g a t o r s  a p p e a r e d  t o  h a v e  d e m o n s t r a t e d  

t h a t  t h e  laws of  v i s u a l  t h r e s h o l d  g e n e r a l i z e  ( i . e . ,  h o l d )  t o  

s i m p l e  r e a c t i o n  t i m e s  ( I . e . ,  f o r  s u p r a t h r e s h o l d  s t i m u l i ) .  Such 

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

v iew  of t h e  p r e s e n t  r e s u l t s  w i t h  RT, t h e  v a r i a t i o n s  of  w hich  were  

n o t  a n  o b v i o u s  c o n c o m i t a n t  of  %R v a r i a t i o n s .  I n d e e d ,  t h e  RTs 

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

I n d i c a t e d  by %Rs. F o r  e x a m p le ,  t h e  s y s t e m a t i c  v a r i a t i o n  o f  RT, 

w i t h  t h e  lum in an ce  of  c o n s t a n t - e n e r g y  f l a s h e s  t h a t  d e t e r m i n e d  

c o n s t a n t  7.Rs, i n d i c a t e d  t h a t  s t i m u l u s  e n e r g y  i s  n o t  t h e  o n ly  

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

The c o n t r o l  by lu m in an ce  was  r e g a r d e d  a s  b e i n g  i n c o n s i s t e n t  w i t h  

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

s h i p  r e f l e c t s  t h e  o p e r a t i o n  o f  a n  I n i t i a l  s t o r a g e  p r o c e s s .  I t  was 

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

t h r e s h o l d s  a r e  n o t  r e a d i l y  e x t e n d e d  t o  t h e  RT d a t a .  No t h e o r e t i c a l
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i n t e r p r e t a t i o n  o£ t h e  r e s u l t s  was o f f e r e d .  I n s t e a d ,  t h e  n e e d  

f o r  f u r t h e r  d e t e r m i n a t i o n s  of  t h e  p r e s e n t  t y p e  was  s t r e s s e d .
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S e r v i c e  T r a i n i n g  G r a n t  f rom 1962 t o  1 9 6 3 ) ,  t h a t  t h e  a u t h o r  was 

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

t h e  r e c i p r o c i t y  law.

I n  1963,  t h e  a u t h o r  m a t r i c u l a t e d  i n  t h e  d o c t o r a l  p ro g ra m  of  

t h e  C i t y  U n i v e r s i t y  o f  New York a t  B r o o k l y n  C o l l e g e .  As t h e

r e s e a r c h  a s s i s t a n t  o f  D r .  D avid  R a a b ,  he  w orked  on a v a r i e t y  o f
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p s y c h o p h y s i c a l  p r o j e c t s  f o r  a b o u t  one y e a r .  A p a p e r  by Raab and  

G r o s s b e r g  ( " R e a c t i o n  Time t o  Changes  In  t h e  I n t e n s i t y  o f  Whi te  

N o i s e " ,  J_. e x p e r . P s y c h o l . , 1965 .  6 9 ,  6 0 9 -6 1 2 )  i n d i c a t e d  t h a t  one 

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

n o t  v a l i d .  I n  1964,  t h e  a u t h o r  was e l e c t e d  a s  an A s s o c i a t e  o f  t h e  

B r o o k ly n  C o l l e g e  C h a p t e r  o f  Sigma X i , From 1964 t o  1966,  he worked  

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

r e t a r d a t e s  (W i l lo w b ro o k  S t a t e  S c h o o l ) .  D u r in g  t h e  same p e r i o d ,  

he  worked  on t h e  i n s t r u m e n t a t i o n ,  p r e l i m i n a r y  d e t e r m i n a t i o n s ,  and 

t a c t i c s  of  t h e  p r e s e n t  e x p e r i m e n t s ,  w h ich  were  s p o n s o r e d  by D r .  E r i c  

Heinemann,  Formal d e t e r m i n a t i o n s  w ere  r u n  i n  1966,  d u r i n g  t h e  sunmer 

of  w h ich  t h e  a u t h o r  was a L e c t u r e r  on e l e m e n t a r y  s t a t i s t i c s  a t  

B r o o k ly n  C o l l e g e .

I n  t h e  S p r i n g  of  1967,  t h e  a u t h o r  became a S t a f f  Member i n  t h e  

P s y c h o lo g y  Group a t  t h e  L i n c o l n  L a b o r a t o r y  o f  t h e  M a s s a c h u s e t t s  

I n s t i t u t e  o f  T e c h n o lo g y .


