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ITie g e n e r a l  p u rp o s e  o f  t h e  p r e s e n t  I n v e s t i g a t i o n  i s  t o  s tu d y  

th e  i n f l u e n c e  o f  s p a t i a l  and t e m p o ra l  i n t e r a c t i o n  e f f e c t s  i n  t h e  human 

v i s u a l  s y s te m  upon t h e  l u m in a n c e  d i f f e r e n c e  t h r e s h o l d .

I n  t h e  c a s e  where t h e r e  i s  a m u tu a l  i n f l u e n c e  o f  t h e  e f f e c t s  

o f  one s t i m u l u s  on t h e  e f f e c t s  o f  a n o t h e r ,  i t  may be s a i d  t h a t  an 

i n t e r a c t i o n  e x i s t s .  This m u tu a l  i n f l u e n c e  can  be a p p r a i s e d  by any 

one o f  a number o f  d e p e n d e n t  v a r i a b l e s ,  a s ,  a p p a r e n t  b r i g h t n e s s  o r  

t h e  lu m in a n c e  d i f f e r e n c e  t h r e s h o l d .

For exam ple, in v e s t ig a t io n  o f the apparent b r ig h tn ess  o f a t e s t  

f i e ld  in  the presence of an inducing f i e ld  in d ic a te s  th a t the apparent 

b rig h tn ess  o f  the t e s t  f i e ld  i s  decreased  by inducing f i e l d s  whose 

luminance i s  equal to or g rea ter  than th a t o f  the t e s t  f i e ld  (Diamond, 

1953; Heinemann, 1955)* This d ep ressio n  of the apparent b r ig h tn ess  

of the t e s t  f i e l d  by a s im u ltan eou sly  presented  inducing f i e l d  i s  

u su a lly  c a lle d  "sim ultaneous c o n tra st ."

L i g h t  a d a p t a t i o n  o f f e r s  an example  o f  v i s u a l  i n t e r a c t i o n  between 

th e  e f f e c t s  o f  two s u c c e s s i v e l y  p r e s e n t e d  s t i m u l i .  Whereas i n  s im u l ­

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

f i e l d  o c c u r s  when b o th  t h e  t e s t  and i n d u c i n g  f i e l d s  a r e  p r e s e n t e d  

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

when th e  two s t i m u l i  a r e  p r e s e n t e d  s u c c e s s i v e l y ,  e i t h e r  t o  t h e  same 

o r  to  o v e r l a p p i n g  r e t i n a l  a r e a s .  Two d e p e n d e n t  v a r i a b l e s  f r e q u e n t l y  

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

(C raw fo rd ,  19^? ;  Baker ,  19^9; and B a t t e r s b y  and Wagman, 1 9 5 9 ) ,  and
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t h e  a p p a r e n t  b r i g h t n e s s  o f  a t e s t  s t i m u l u s  ( .V a l lace ,  1937; C r a ik ,  

199-0). I n  t h e  i n c r e m e n t  t h r e s h o l d  s i t u a t i o n  an i n c r e m e n t  o f  lu m in ­

ance  i s  added to  an a l r e a d y  ongoing  lu m inance  a t  v a r i o u s  t im e s  a f t e r  

t h e  o n s e t  o f  t h e  l a t t e r  (B ak e r ,  199-9). The t a s k  o f  t h e  s u b j e c t ,  i n  

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

Baker (199-9) has s t u d i e d  t h e  lo n g  term chan g es  i n  t h e  i n c r e ­

ment t h r e s h o l d  d u r i n g  t h e  c o u r s e  o f  l i g h t  a d a p t a t i o n  ( f rom f i v e  t o  

1000 sec o n d s  a f t e r  t h e  o n s e t  o f  t h e  a d a p t i n g  f i e l d ) .  Crawford (199-7), 

Boynton and Triedman (1953)?  and B a t t e r s b y  and Wagman (1959)  have ob­

t a i n e d  d a t a  on t h e  r a p i d  r i s e  In t h e  lu m inance  r e q u i r e d  f o r  t h r e s h o l d  

d e t e c t i o n  of  an i n c r e m e n t  f l a s h  d u r i n g  t h e  f i r s t  second o f  e x p o su r e  

t o  th e  a d a p t i n g  f i e l d .

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

a t e s t  f i e l d  a s  a d e p e n d e n t  v a r i a b l e  ( C r a i k ,  1 9 9 0 ) ,  I n d i c a t e  t h a t  t h e  

e f f e c t  o f  a d a p t i n g  t h e  eye  to  l i g h t  i s  t o  low er  t h e  a p p a r e n t  b r i g h t ­

n e s s  o f  t h e  t e s t  f i e l d  which i s  s u b s e q u e n t l y  p r e s e n t e d .  This  l a t t e r  

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

d e c r e a s e d  by p r e v i o u s l y  p r e s e n t i n g  a n o t h e r  lum inous  f i e l d ,  has a l s o  

been  c a l l e d  " s u c c e s s i v e  c o n t r a s t . "

A n o th e r  example  o f  a v i s u a l  i n t e r a c t i o n  be tween t h e  e f f e c t s  o f  

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

o r  backward mask ing .  Crawford (1997)?  and s u b s e q u e n t l y  B a t t e r s b y  and 

'.,'agman (1959)?  have d e m o n s t r a t e d  t h a t  t h e  lu m in a n c e  r e q u i r e d  f o r  a 

t e s t  f l a s h  t o  be d e t e c t e d  s t a r t s  to  i n c r e a s e  100 msec b e f o r e  a s u b ­

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

t h r e s h o l d  o c c u r i n g  b e f o r e  t h e  o n s e t  o f  t h e  c o n d i t i o n i n g  s t i m u l u s  has
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been termed "backward"  o r  " r e t r o a c t i v e  m ask ing" ,  w h i l e  l i g h t  a d a p t a ­

t i o n  has been r e f e r r e d  to  a s  " fo rw ard  masking" o r  " s i m u l t a n e o u s  

masking ."^  I n  fo rward  masking th e  s t i m u l u s  p r e s e n t e d  f i r s t  a c t s  

t o  "mask" o r  d e c r e a s e  th e  e f f e c t i v e n e s s  of  a .subsequent s t i m u l u s .  In  

r e t r o a c t i v e  o r  backward masking the  sequence  i s  r e v e r s e d ;  th e  second 

s t i m u l u s  a c t s  to  red u ce  o r  "mask" t h e  e f f e c t i v e n e s s  o f  t h e  f i r s t .

The r e t r o a c t i v e  e f f e c t  has been found t o  i n c r e a s e  w i t h  d e c r e a s i n g  

tem p o ra l  s e p a r a t i o n  between t h e  two s t i m u l i  (C raw ford ,  199?; Boynton 

and Triedman, 1953; B a t t e r s b y  and Wagman, 1959).

When two f i e l d s  which d i f f e r  i n  luminance  a r e  p r e s e n t e d  to  

the  same r e t i n a l  a r e a  i n  s u c c e s s i o n ,  a b r i g h t n e s s  d i f f e r e n c e  may be 

d e t e c t e d  be tween t h e  two f l a s h e s .  Under su ch  c i r c u m s t a n c e s  t h e  d i f ­

f e r e n c e  i n  th e  a p p a r e n t  b r i g h t n e s s  o f  t h e  two f i e l d s  may r e f l e c t  t h e  

e f f e c t s  o f  l i g h t  a d a p t a t i o n  and backward masking . When measured 

p s y c h o p h y s i c a l l y  backward masking and l i g h t  a d a p t a t i o n  r e f e r  t o  changes  

i n  t h e  a p p a r e n t  b r i g h t n e s s  o f  a t e s t  f i e l d  p r e s e n t e d  b e f o r e  o r  a f t e r  

a c o n d i t i o n i n g  f i e l d .  As bo th  l i g h t  a d a p t a t i o n  and backward masking 

depend upon th e  tem pora l  i n t e r v a l  be tween the  two f l a s h e s ,  i t  i s  to  

be ex p ec ted  t h a t  th e  t e m p o ra l  s e p a r a t i o n  between th e  two f i e l d s  w i l l  

a f f e c t  th e  a p p a r e n t  b r i g h t n e s s  d i f f e r e n c e  be tween t h e  two f i e l d s .  I f  

a lum inance  d i f f e r e n c e  t h r e s h o l d  were d e te r m in e d  cn the  b a s i s  o f  j u d g ­

ments o f  th e  r e l a t i v e  b r i g h t n e s s  o f  t h e  two f i e l d s ,  I t  would be ex­

p e c te d  t h a t  t h e  lum inance  d i f f e r e n c e  t h r e s h o l d  would a l s o  be a f f e c t e d

In  t h i s  t h e s i s  s im u l t a n e o u s  masking w i l l  n o t  be i n v e s t i g a t e d .  
I n  s im u l t a n e o u s  masking th e  p r e s e n t a t i o n  o f  bo th  t h e  c o n d i t i o n i n g  
s t i m u l u s  and t e s t  s t i m u l u s  o v e r l a p  i n  t im e .
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by th e  t e m p o ra l  s e p a r a t i o n  between t h e  two s u c c e s s i v e l y  p r e s e n t e d  

f i e l d s .

The i n v e s t i g a t i o n s  c i t e d  above have a d d r e s s e d  th e m s e lv e s  to  

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

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

t h e r e  has been no s y s t e m a t i c  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  v a r y i n g  

th e  t e m p o ra l  s e p a r a t i o n  be tw een  th e  two s u p r a t h r e s h o l d  f l a s h e s  of  

the  same s i z e  p r e s e n t e d  s u c c e s s i v e l y  to  t h e  same r e t i n a l  a r e a ,  upon 

an S ' s  a b i l i t y  to d e t e c t  a d i f f e r e n c e  i n  b r i g h t n e s s  be tween the  two 

f i e l d s .

Durup and F e s s a r d  (1938) have r e v iew ed  th e  l i t e r a t u r e  con­

c e r n i n g  " s u c c e s s i v e 11 d i f f e r e n c e  t h r e s h o l d s  and have p l a c e d  a l l  t h e  

s t u d i e s  done to  t h a t  d a t e  i n to  t h r e e  g e n e r a l  c a t e g o r i e s .  The c a t e ­

g o r i e s  a r e  based on th e  n a t u r e  o f  t h e  t e m p o ra l  t r a n s i t i o n  between 

th e  two f i e l d s  t o  be d i s c r i m i n a t e d .

The f i r s t  c a t e g o r y  i s  c a l l e d  by t h e  a u t h o r s  t h e  " i n s t a n t a n e o u s "  

method, and c o r r e s p o n d s  t o  what  i s  c u r r e n t l y  c a l l e d  t h e  " i n c r e m e n t "  

method.  What d i s t i n g u i s h e s  t h i s  method from t h e  o t h e r s  t o  f o l l o w  i s  

t h a t  t h e  t r a n s i t i o n  from one lu m in an ce  to  t h e  o t h e r  i s  a b r u p t ,  and 

no d a rk  i n t e r v a l  i n t e r v e n e s  be tween th e  two s t i m u l i .  This  has been 

a v e r y  p o p u l a r  method and has been  used  i n  many s t u d i e s  ( b t i l e s ,  1929; 

1949; B a t t e r s b y  and Wagman, 19 5 9 ) .

A second method o f  s u c c e s s i v e l y  p r e s e n t i n g  two s t i m u l u s  f i e l d s  

i s  w i t h  a g r a d u a l  t r a n i t i o n  from th e  f i r s t  l u m in an ce  to  t h e  s e c o n d ,  

so t h a t  v a r i o u s  lu m in an ce  g r a d i e n t s  e x i s t  i n  t im e .  This c o n d i t i o n  

has been  m ost  t h o r o u g h l y  s t u d i e d  by Drew (1 9 3 7 ) .

The t h i r d  method of  s u c c e s s i v e l y  p r e s e n t i n g  two s t i m u l i  whose



an; .a r e n t  b r i g h t n e s s  i s  t o  be compared i s  w i t h  a d a r k  i n t e r v a l  i n t e r ­

ven in g  be tween t h e  two f i e l d s .  This c o n d i t i o n  has n o t  been s u b j e c t e d  

to  much s y s t e m a t i c  a n a l y s i s  and a p p e a r s  to  have been  i n t r o d u c e d  by 

MacDougall  (1904) f o r  making a p p a r e n t  b r i g h t n e s s  m atches  be tween s u c ­

c e s s i v e l y  p r e s e n t e d  f i e l d s .  No i n v e s t i g a t i o n s  u s i n g  t h i s  method seem 

to  have been  made u s i n g  t h e  d i f f e r e n c e  t h r e s h o l d  a s  t h e  d e p e n d e n t  

v a r i a b l e .  I t  w i l l  be t h e  p u r p o s e  o f  t h e  f i r s t  s t u d y  i n  t h e  p r e s e n t  

i n v e s t i g a t i o n  to  s tu d y  t h e  t e m p o ra l  i n t e r a c t i o n  be tween  two s u c c e s s i v e l y  

p r e s e n t e d  f i e l d s  be tween  which a b r i g h t n e s s  d i f f e r e n c e  i s  to  be d e t e r ­

mined. The te m p o ra l  i n t e r v a l  s e p a r a t i n g  t h e  c e s s a t i o n  o f  t h e  f i r s t  

f l a s h  and t h e  o n s e t  of t h e  second f l a s h  w i l l  be v a r i e d ,  when t h e  two 

f l a s h e s  a r e  o f  t h e  same s i z e  and d e l i v e r e d  to  t h e  same r e t i n a l  a r e a ,  

b i n c e  t h e  a p p a r e n t  b r i g h t n e s s  o f  e i t h e r  a f i r s t  o r  a second s u c c e s s i v e  

f l a s h  i s  d e p e n d e n t  on t h e  I I I  s e p a r a t i n g  t h e  two f l a s h e s ,  i t  i s  pos ­

s i b l e  t h a t  t h e  lu m in an ce  d i f f e r e n c e  t h r e s h o l d  ( i f  governed  by d i f f e r ­

en ce s  i n  t h e  a p p a r e n t  b r i g h t n e s s  be tween  t h e  f l a s h e s )  w i l l  be a com­

p l e x  f u n c t i o n  o f  t h e  151 r a t h e r  t h a n  in d e p e n d e n t  o f  t h e  t ime between 

th e  f l a s h e s .

Not o n ly  i s  t h e  t e m p o ra l  s e p a r a t i o n  be tween two s u c c e s s i v e l y  

p r e s e n t e d  f i e l d s  l i k e l y  to  have an  e f f e c t  on t h e  lu m inance  d i f f e r e n c e  

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

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

s e p a r a t i n g  t h e  i n d u c i n g  f i e l d  from t h e  t e s t  f i e l d  ( L e i b o w i t z ,  Mote,  

and Thurlow, 1953)* As t h e  measurement o f  a b r i g h t n e s s  d i f f e r e n c e  

t h r e s h o l d  be tw een  t h e  h a lv e s  o f  a b i p a r t i t e  f i e l d  p r e s e n t s  a r e t i n a l  

c o n f i g u r a t i o n  i d e n t i c a l  to  t h e  s i m u l t a n e o u s  c o n t r a s t  s i t u a t i o n ,  i t
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seems l i k e l y  t h a t  s p a t i a l  s e p a r a t i o n s  i n t r o d u c e d  between the  h a l f  

f i e l d s  w i l l  i n f l u e n c e  the  lum inance  d i f f e r e n c e  t h r e s h o l d s ,

Le brand  (1911) a d d r e s s e d  h im s e l f  to  the  q u e s t i o n  of  a s s e s s i n g  

th e  i n f l u e n c e  o f  s p a t i a l  s e p a r a t i o n s  between s e m i - c i r c u l a r  f i e l d s  on 

th e  p r e c i s i o n  w i t h  which judgments  o f  b r i g h t n e s s  e q u a l i t y  were made, 

h i s  f i n d i n g s  a r e  rev iewed a t  a l a t e r  p o i n t  i n  t h i s  t h e s i s ,  bu t  gen­

e r a l l y  he found t h a t  th e  p r e c i s i o n  o f  t h e  judgments  d e c r e a s e d  a s  the  

s e p a r a t i o n  be tween the  f i e l d s  i n c r e a s e d .

As Le !r.and (1933) L.s  d e m o n s t r a t ed  t h a t  t h e  d i f f e r e n c e  t h r e s h o l d  

i s  a f f e c t  by v a r y i n g  th e  s p a t i a l  s e p a r a t i o n  be tween t h e  ha lves  of a 

s imulta .n  * v. l y  p r e s e n t e d  b i p a r t i t e  f i e l d  t h e n ,  o f  c o u r s e ,  t h e  Leber 

f r a c t i o n  as  f u n c t i o n  o f  lum inance  w i l l  a l s o  be d i s p l a c e d  due to spa­

t i a l  s e p a r a t i o n s  between the  f i e l d s .

Two i n v e s t i g a t i o n s  which have been p r i n c i p a l l y  concerned  with, 

the  Leber  f r a c t i o n  as  a f u n c t i o n  o f  luminance  a r e  t h o s e  of  P a r t l e t t  

(1  •••'iv..) and C o rn s u e e t  and F in s k e r  (1 965) .

m a r t l e t t  (1 9 6 ; )  d e te rm in e d  a  i / i  v e r s u s  I  c u rv e s  f o r  a s im u l ­

t a n e o u s l y  p r e s e n t e d  b i p a r t i t e  f i e l d  s e p a r a t e d  by 13 f > u s in g  f ix e d  

a d a p t a t i o n  and  v a r i o u s  ex p o su re  d u r a t i o n s .  These f u n c t i o n s  ascend 

r a p i d l y  to  an a sy m p t o t i c  l e v e l .  Cornsweet and P i n s k e r  (19o5)> how­

e v e r ,  have d e s c r i b e d  a s i t u a t i o n  i n  which they  s i m u l t a n e o u s l y  p r e ­

s e n t e d  two d i s c - s h a p e d  f i e l d s  s e p a r a t e d  by 1°10 '  between which a 

lum inance  d i f f e r e n c e  t h r e s h o l d  was to  be d e t e r m in e d .  They o b t a in e d  

a f u n c t i o n  i n  which L e b e r ' s  Law ho lds  o v e r  a f i v e  l o g - u n i t  r a n g e .

Loth o f  t h e s e  f u n c t i o n s  d e p a r t  from t h e  c u rv e  o b ta in e d  by Konir and 

LroJhun (1839) i n  s p i t e  of  th e  f a c t  t h a t  the  l a t t e r  i n v e s t i g a t o r s  used
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a b i p a r t i t e  f i e l d  be tween which a d i s c r i m i n a t i o n  had to  be made. 

However, Le J ra n d  (193?)  has p o i n t e d  o u t  t h a t ,  " I n  th e  measurements  

o f  A u b e r t  ( l b b y )  and th o se  o f  Konig and brodhun (ih-'h-O , th e  u n i t s  of 

lu m inance  used were  too  u n c e r t a i n  to  e n a b l e  th e  v a l u e  o f  t h e i r  r e ­

s u l t s  t o  be a s s e s s e d "  (pg .  2 6 0 ) .  I n  s p i t e  o f  t h i s  o b v io u s  l i m i t a ­

t i o n  a co m p ar i so n  o f  t h e  Konig and Brodhun r e s u l t s  w i t h  t h o s e  ob­

t a i n e d  by b a r t i e t t  and l o r n s w e e t  and P i n s k e r  w i l l  be u n d e r t a k e n  i n  

th e  d i s c u s s i o n  s e c t i o n  o f  t h i s  t h e s i s .

One o f  t h e  m a jo r  d i f f e r e n c e s  be tween  t h e  e x p e r i m e n t a l  a r r a n g e ­

ment u n d e r  which  a d i f f e r e n c e  t h r e s h o l d  was o b t a i n e d  by B a r t l e t t  and 

by C ornsw ee t  and P i n s k e r  was the  s p a t i a l  s e p a r a t i o n  between th e  two 

h a lv e s  t o  be d i s c r i m i n a t e d .  I t  i s  p o s s i b l e  t h a t  t h e  d i f f e r e n c e s  i n  

t h e  r e s u l t s  o b t a i n e d  by t h e s e  a u t h o r s  a r e  due t o  t h e  s p a t i a l  s e p a r a ­

t i o n s  used  be tween t h e  f i e l d s ,  and t h a t  t h e  form o f  t h e  f u n c t i o n  r e ­

l a t i n g  t h e  weber f r a c t i o n  to  lum inance  depends  i n  some way on th e  

s p a t i a l  s e p a r a t i o n  o r  i n t e r a c t i o n  be tween t h e  two s i m u l t a n e o u s l y  p r e ­

s e n t e d  f i e l d s .

The p u rp o s e  o f  the  second s t u d y  o f  t h i s  t h e s i s ,  t h e r e f o r e ,  was 

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

a s  a f u n c t i o n  o f  v a r i a t i o n s  i n  t h e  s p a t i a l  s e p a r a t i o n s  be tween two 

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



A pparatus

A schem atic  d iagram  o f  th e  a p p a ra tu s  used i n  bo th  ex p er im en ts  

i s  shown i n  F ig u re  1 .  The system*' i s  a r ra n g e d  f o r  monocular v iew ing 

t y  th e  r i g h t  eye o f  th e  s u b j e c t .  The l i g h t  so u rce  (s) i s  a p r o je c ­

t i o n  lamp w i th  a h o r i z o n ta l  r ib b o n  f i l a m e n t  (W estinghouse SDW 110 

SRbA). The sou rce  was run  a t  a c o n s ta n t  c u r r e n t  o f  1 7 . 5  amps sup­

p l i e d  by an E le c t r o  Model K F i l t e r e d  DC power su p p ly .

Lenses L l ,  2 ,  c o l l im a te d  th e  l i g h t  e m it te d  th ro u g h  an a p e r tu r e  

i n  th e  lamp housing  which covered  the s o u rc e .  The a p e r t u r e  was a t  th e  

h e ig h t  o f  the  r ib b o n  f i l a m e n t .  The forw ard p a r t  o f  th e  r ib b o n  f i l a ­

ment ac ted  as  th e  sou rce  f o r  channe l I  w h ile  the  l e f t  s id e  f i l a m e n t  

a c te d  as  th e  so u rce  i n  ch an n e l  I I .  The ch a n n e ls  were i d e n t i c a l  e x cep t  

where i n d i c a t e d .

The c o l l im a te d  l i g h t  passed  by an a d j u s t a b l e  s to p  (b T ) .  The 

s to p  could  s e rv e  to  b lock  o u t  e i t h e r  th e  r i g h t  o r  l e f t  p a r t  o f  the  

f i e l d  le a v in g  on ly  one h a l f  o f  each f i e l d  i l l u m i n a te d .  Beyond th e  

s to p ,  L3, 4 ,  formed an image o f th e  f i l a m e n t  in  th e  p lan e  o f the  neu­

t r a l  d e n s i t y  wedge. The mounting f o r  t h i s  wedge in c lu d e d  a h o ld e r  f o r  

n e u t r a l  d e n s i t y  f i l t e r s .  From t h i s  image f i l a m e n t ,  l i g h t  passed  to  

th e  f r o n t  s u r f a c e  m ir ro r  (Ml) and from th e r e  was r e f l e c t e d  th rough  

L6 and L?. Less L7 formed a second image f i l a m e n t  i n  th e  p la n e  o f a 

sm all s to p  behind  which was an e le c t ro m a g n e t ic  s h u t t e r  (SH). The

1 The system  to  be d e s c r ib e d  had a sem i-M axw ellian  view s in c e  
th e  a d a p t in g  f i e l d  and s t im u lu s  f i e l d s  were a t  d i f f e r e n t  d i s t a n c e s  
from S ’ s ey e .



F i g u r e  1 . Diagram o f  o p t i c a l  a p p a r a t u s  used  i n  b o t h  e x p e r i m e n t s .
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e x p o su r e  d u r a t i o n s  o f  th e  f l a s h e s  were c o n t r o l l e d  by means o f  a modi­

f i e d  G e rb ra n d s  t a c h i s t o s c o p e  t i m e r  which  a c t i v a t e d  t h e  s h u t t e r .

The r a y s  p a s s i n g  th r o u g h  t h e  a p e r t u r e  from c h a n n e l  I  were 

t r a n s m i t t e d  a n t  t h o s e  from c h a n n e l  I I  were  r e f l e c t e d  t h r o u g h  a beam 

s p l i t t i n g  cube  ( 3 3 1 ) ,  where  b o t h  o f  t h e  two beams were s u b s e q u e n t l y  

s uper im posed  and i n  fo c u s  i n  t h e  f i e l d  l e n s ,  L8. I n  f r o n t  o f  t h e  

f i e l d  l e n s  was a d ia p h ra g m  (0) which  c o n t a i n e d  an o p e n in g  i n t o  which 

co u ld  be i n s e r t e d  s t o p s  o f  v a r i o u s  d i a m e t e r s .  The c h a r a c t e r i s t i c s  

o f  t h e  s t o p s  d e t e r m in e d  t h e  s i z e  and s h ap e  o f  t h e  f i e l d  a s  s e e n  by 

th e  s u b j e c t .  The f i e l d  l e n s ,  LB, t h e n  formed an  image o f  t h e  f i l a ­

ment i n  t h e  p l a n e  o f  t h e  s u b j e c t ' s  p u p i l  a f t e r  the  s i n g l e  beam from 

b o th  c h a n n e l s  had been t r a n s m i t t e d  t h r o u g h  a n o t e r h  beam s p l i t t i n g  

cube (332)  and t h r o u g h  a 2 .7 5  ran a r t i f i c i a l  p u p i l .  The d i s t a n c e  from 

t h e  f i e l d  l e n s  t o  3 j s  p u p i l  was 300 cm. L8, a t e l e s c o p i c  a ch r o m a t ,  

had a d i a m e t e r  o f  l b  cm. A l l  o t h e r  l e n s e s  were 10 d i o p t e r  and 3 .8  

cm i n  d i a m e t e r .  To t h e  s i d e  o f  382 a 9 °3o '  a d a p t i n g  f i e l d  vfas i l l u m ­

i n a t e d  a t  a l e v e l  n e a r  t h e  p h o t o p i c  t h r e s h o l d .  This a d a p t i n g  f i e l d  

was c i r c u l a r  w i t h  a t w o - i n c h  d i a m e t e r  a t  a d i s t a n c e  o f  30.5 cm from 

th e  s u b j e c t ' s  eye .^  L i g h t  from t h i s  a d a p t i n g  f i e l d  p a s s e d  th r o u g h  

a b.O n e u t r a l  d e n s i t y  f i l t e r  and was t h e n  r e f l e c t e d  t h r o u g h  332 i n t o  

S ' s  p u p i l .  The a d a p t i n g  f i e l d  c o n s i s t e d  o f  a f l a s h e d  o p a l  g l a s s  

e v e n ly  i l l u m i n a t e d  f rom beh ind  by a b O -w a t t  b u l b  r o n  on l i n e  v o l t a g e .

3 th u s  had a M axw el l ian  v iew  o f  t h e  o p e n in g  i n  t h e  d iap h rag m  

(0) which was super im posed  on a f i x e d  a d a p t i n g  lu m in a n c e .  The 3*s

1 This  c i r c u l a r  open ing  a c t e d  a s  th e  f i e l d  s t o p  f o r  th e  
a d a p t i n g  f i e l d .
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eye was accomodated on the  f i x a t i o n  p o in ts  lo c a te d  above and below 

th e  diaphragm  (0) a t  a d i s t a n c e  o f 300 cm. 3 s a t  i n  the dark  and 

h is  head was held i n  p la c e  by a d e n t a l  im p re s s io n  b i t i n g  board .

I n  t h e  a b s e n c e  of  t h e  s t i m u l u s ,  3 1s g aze  was d i r e c t e d  t o  t h e  d im ly  

l i t  a d a p t i n g  f i e l d ,  W i th in  t h e  f i e l d  were p l a c e d  two r e d  f i x a t i o n  

p o i n t s  l o c a t e d  one above  t h e  o t h e r .  These f i x a t i o n  p o i n t s  were 

p l a c e d  on an  i m a g in a r y  v e r t i c a l  l i n e  above  and below th e  f i e l d  l e n s ,

L3, and were i n  th e  p l a n e  o f  f o c u s  o f  t h e  s t i m u l u s  a r r a y .  3 was 

i n s t r u c t e d  t o  f i x a t e  be tween them.

In  Experim ent I I  th e  s t im u lu s  a rrangem en t c o n s i s t e d  o f  a 

b i p a r t i t e  r e c t a n g u l a r  f i e l d ,  each h a l f  su b ten d in g  0 .5 °  i n  th e  v e r t i ­

c a l  d im ension  under a l l  c o n d i t i o n s .  In  th e  c e n t e r  o f  th e  b i p a r t i t e  

f i e l d  was a septum. The w id ths  o f  the  s e p ta  were: ( in  v i s u a l  a n g le )

30", 1+5", 1 ' ,  3 ' ,  1 0 ' ,  2 0 ' ,  and 3 0 ' .  A ll f i e l d  s i z e s  and s e p a ra ­

t i o n s  were w i th in  a 2° a r e a .  Each o f  th e se  s t im u li  formed one c o n d i­

t i o n  i n  Experim ent I I .  Table 1 g iv e s  th e  v i s u a l  ang le  and s i z e s  of 

s e p a r a t i o n s  and the  f i e l d s  used i n  the  s tu d y .

The exposure  d u r a t io n  of each  f i e l d  was k e p t  c o n s t a n t  a t  10 

isec th roughou t a l l  e x p e r im e n ta l  c o n d i t io n s  w h ile  the  i n t e r v a l  between

th e  p r e s e n t a t i o n s  o f each  o f  th e  f i e l d s  was v a r ie d  by changing  the

s e t t i n g  o f  th e  t im e r .  The a rrangem en t was such  t h a t  3 cou ld  d e l i v e r  

th e  s t i m u l i  to  h im se lf  when he f e l t  ready  try p r e s s in g  a b u t to n  (m icro­

sw itch )  which a c t i v a t e d  th e  t im er  and hence th e  e le c t ro m a g n e t ic  s h u t t e r .

When m onitored  by a p h o to tu b e  and o s c i l l o s c o p e  th e  r i s e  and f a l l

tim es f o r  th e  10 msec f l a s h e s  f e l l  w i th in  2 to  3 msec and a c lo s e

ap p ro x im a tio n  to  a r e c t a n g u la r  p u ls e  was o b ta in e d .  The r e l i a b i l i t y



Table 1 . S ep aration s and t o t a l  f i e l d  s iz e s  used
in  Experiment I I . A ll f i e l d s  a t  a d is ta n c e  o f 300 cm. 
S iz e  o f  f i e l d  i s  g iven  in  cm and v is u a l  a n g le s .

Separation  (9)
S ize  o f Separation  

in  cin
V isu a l Angle o f  

Total F ie ld
S ize  o f Tbtal 
F ie ld  in  cm

30” = .5 ' 0 .0 4 1° 3 0 ” 5 .3

*+5" = .75 ' 0 .0 7 1° 45" 5 .3

1' 0 .0 9

i—i
or-l 5 .3

3' 0 .2 6 1° 3' 5 .5

7' 0 .6 1 1° 7' 5 .9

10' 0 .8 7 1° 10' 6 .1

2 O' 1 .7 5 1° 20* 7 .0

30> 2 .62 1° 3 0 ' 7 .9

12-
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o f  r e p e a te d  p u ls e s  was w i th in  ±1 msec. The p u ls e s  could be s e t  to  

ap p ear  s im u l ta n e o u s ly  o r in  s u c c e s s io n .  In  Experim ent I I  they  were 

s e t  f o r  s im u l t a n e i ty .

In  the  exper im en t ( I I )  3 saw an a d a p t in g  s c re e n ,  th e  a r e a  upon 

which th e  s t im u lu s  was to  be f la s h e d  being marked by th e  f i x a t i o n  

p o i n t s .  By p o s i t io n in g  th e  a d j u s t a b l e  s to p s  in  eachcf  the  c h a n n e ls ,  

th e  I  + a  I  f i e l d  could  be made to  appear  e i t h e r  to  th e  r i g h t  o r th e  

l e f t  w h ile  the  I  f i e l d  appeared  on the  converse  s id e  of the  b i p a r t i t e  

f i e l d .  The a p p a r a tu s ,  th e n ,  p r e s e n t s  to  the  3 two r e c t a n g u la r  

f i e l d s  i n  Experim ent I I  which app ear  s id e  ty  s id e  w ith  a b lack  

s e p a r a t io n  o f v a r i a b l e  w id th  s e p a ra t in g  th e  f i e l d s .  E i th e r  s id e  

could  be g iven  a h ig h e r  lum inance than  th e  o th e r .

In  Experim ent I  th e  a rrangem ent d i f f e r e d  somewhat. The f i e l d s  

were a l s o  p re se n te d  to  3 1s r i g h t  eye and in  th e  absence  of the  s t im ­

u lu s  f i e l d s ,  f i x a t i o n  p o in t s  were seen  on th e  a d a p t in g  s c re e n .  In  

t h i s  ex p er im en t,  only  one diaphragm  (0) su b ten d in g  1° was used f o r  

a l l  s t im u lu s  p r e s e n t a t i o n s .  'The a d j u s t a b l e  s to p  was removed from 

th e  o p t i c a l  p a th  and each  of the  ch a n n e ls  could s u c c e s s iv e ly  and 

in d e p e n d e n t ly  i l l u m i n a te  th e  s t im u lu s  a r r a y .  3 saw a sq u are  f i e l d  

of 1° which co n ta in e d  th e  1 + ^ , 1  lum inance (ch an n e l  I )  fo llo w e d , 

a f t e r  a p r e s e t  i n t e r s t i m u l u s  i n t e r v a l ,  by a n o th e r  f i e l d ,  su b tend ing  

1 ° ,  of lum inance I th ro u g h o u t  i t s  e n t i r e  e x t e n t .



Procedure

I .  Experiment I -  Temporal Separation

In t h is  experim ent two s t im u li  th a t d if fe r e d  o n ly  in  luminance 

were presented  in  su c c e ss io n  to  the same area o f  the r e t in a  and the  

S 's  b a s ic  task  was to rep o rt which one appeared b r ig h te r . The p r in c i­

p a l v a r ia b le s  stu d ied  were the le n g th  o f  th e  dark in te r v a l  sep a ra tin g  

the f la s h e s  and the luminance a t  which the measurements were made.

The s t im u li  used were ev en ly  illu m in a ted  square f i e ld s  subtending  

1° a t  S 's  ey e . S dark adapted fo r  15 m inutes by w earln  % an eye patch  

over h is  r ig h t  eye and then looked  a t  the adapting f i e ld  fo r  another f iv e  

m inutes. A fter  removing the eye patch  E determ ined a DL (d if fe r e n c e  

th resh o ld ) by the Method o f  L im its w ith  an ascending and descending  

s e r ie s  a t  each o f  four luminance l e v e l s  one lo g a rith m ic  u n it  ap art from 

each o th er  and a t  each o f  n in e in te r -s t im u lu s  tem poral in te r v a ls  ( I S I ) .  

During each o f  the d a i ly  s e s s io n s ,  a lum inance va lu e  was haphazardly 

s e le c te d  by E and one ascending and one descending s e r ie s  o f  measure­

ments were made fo r  each o f the n in e in te r -s t im u lu s  in t e r v a ls .  A s e s ­

s io n  la s te d  fo r  4 |  to  f iv e  hours w ith  freq u en t r e s t  p e r io d s . During 

each s e s s io n ,  and fo r  each f ix e d  va lu e  o f  luminance and o f  IS I , two 

upper and two low er th resh o ld  t r a n s it io n s  were o b ta in ed .

E w aited t h ir ty  seconds b efore  g iv in g  S the ready s ig n a l fo r  

re -ex p o su re .

For each p r e se n ta t io n  o f  the p a ir  o f  p u lse s , th e  second o f  the  

p a ir  was s e t  a t  a standard va lu e (one o f  the four lum inances used) on

-14-



channel I I  in  the o p t ic a l  system  and the 5 ' s task  was to in d ic a te  whether 

the f i r s t  o f  the p a ir  appeared b r ig h te r , eq u a l, or dimmer than the 

second . In order to  e lim in a te  any e f f e c t s  due to knowledge o f the  

s e r ie s ,  £ o c c a s io n a lly  repeated  a p r e se n ta t io n  and accepted  the second 

o f  the two resp on ses i f  a d if fe r e n c e  e x is t e d .  The step  s iz e  was kept 

a t  a co n sta n t r a t io  o f  the standard throughout the course o f  th e  f i r s t  

study (2 5 ^ ). That i s ,  i f  the standard was 700 ralam, the optim al s tep  

s iz e  to determ ine the th resh o ld  was found to  be 175 mlam, w h ile  fo r  a 

standard o f  7*0 mlam th e s tep  s i z e  used was 1*75 mlam.

Each s e r ie s  y ie ld s  two t r a n s it io n  p o in ts .  Each t r a n s it io n  p o in t  

i s  a mean o f  two lum inance v a lu e s ; ( I i  + l 2 ) f c  *

In a descending s e r ie s  fo r  the upper t r a n s it io n  v a lu e , I £ i s  the  

l a s t  lum inance a t  which a "brighter" resp on se occurred w h ile  I]_ i s  the  

f i r s t  luminance to which an "equal" response was g iv en . For the low er  

t r a n s it io n  v a lu e  1^ i s  the luminance to  which the f i r s t  member o f  a 

c o n se cu tiv e  p a ir  o f  "dimmer" resp on ses was g iven  (w ith  the fu r th e r  

r e s t r ic t io n  th a t t h is  be the f i r s t  c o n secu tiv e  p a ir  o f  "dimmer" re­

sponses occu rrin g  in  the s e r i e s ) .  l £  i s  the lum inance which proceeded

I I .

In an ascending s e r ie s  fo r  the low er t r a n s it io n  v a lu e , 11 i s  the  

l a s t  luminance a t  which a "dimmer" response occurred w h ile  I 2  i s  the  

f i r s t  luminance to which an "equal" resp on se was g iv e n . For the upper 

t r a n s it io n  value In  the ascending s e r i e s ,  12  i s  th e  luminance to  which 

the f i r s t  member o f  a consecutive pir of "brighter" resp on ses was g iven  

(w ith  the r e s t r ic t io n  th a t t h is  be the f i r s t  co n secu tiv e  p a ir  o f  

"brighter" resp on ses occurring in  the s e r i e s ) .  1^ i s  the luminance 

which proceeded I 2 .
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In both s tu d ie s  the d if fe r e n c e  th resh o ld  (DL) was ca lc u la te d  

in  th e same way. The DL i s  g iven  by:

Mu -  Mb
2

where, ^  i s  the mean o f  the upper t r a n s it io n s  fo r  a l l  o f  the s e r ie s  

and Mb i s  the mean o f  the low er t r a n s it io n s  fo r  a l l  o f  the s e r ie s  fo r  

a g iven  sep a ra tio n  and lum inance o f  the standard .

Between twenty and tw en ty -e ig h t such th resh o ld  d eterm in ation s  

a t  each luminance and ISI were undertaken In Experiment I .

2 . Experiment I I  -  S p a t ia l  Separation

In Experiment I I  two a d ju sta b le  recta n g u la r  f i e ld s  d i f f e r in g  

on ly  in  luminance and shown sim u ltan eou sly  were p resen ted  fo r  10 msec 

to  S 's  r ig h t  e y e . The b a s ic  task  o f  the 5 was to In d ic a te  which s id e  

appeared b r ig h te r . The p r in c ip le  v a r ia b le s  s tu d ied  were the width  

o f  the s p a t ia l  sep a ra tio n  between the f i e ld s  and the luminance va lu e  

o f  the standard a t  which the measurements were made.

In  th is  study a DL was determ ined u sin g  the Method o f  L im its  

as o u tlin e d  In th e temporal study fo r  f iv e  l e v e l s  o f  luminance in  

lo g  u n it  se tp s  and fo r  e ig h t  s p a t ia l  sep a ra tio n s  between the f i e l d s .

The 3 s a t ,  as in  the temporal stu d y , dark adapted and w ith  head held  

in  p o s it io n  by a d e n ta l b it in g  board. The exposure o f  the s t im u li  

was done by S a f t e r  a ready s ig n a l  was g iv en  by E. S w aited th ir ty  

seconds between p r e se n ta t io n s .

In t h is  experim ent S saw a recta n g u la r  f i e l d ,  the two h a lves o f  

which were illu m in a te d . Adjustments fo r  the variou s sep ta  were made 

by moving the a d ju sta b le  s to p s  which were mounted on a m icroscope s ta g e .  

This s ta g e  advanced in  mm u n its  in  two dim ensions thus a llo w in g  proper
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focu s o f  the stop* A razor blade was mounted on the s ta g e . When 

p orop erly  p o s it io n e d , th is  b lade could e lim in a te  any p o rtio n  o f the 

channel from view  and could be p r e c is e ly  a lig n ed  w ith  an edge o f  the  

f i e l d .

The l ig h te d  h a lves were separated  in  space by variou s angular  

su b ten se s . On h a lf  the t r i a l s  the standard (I )  was presented  on the  

S*s l e f t ,  w h ile  the v a r ia b le  ( I  + A I )  f i e l d  was on the r ig h t .  On the 

oth er  h a lf  o f  the t r i a l s  th e  s i t u a t io n  was rev ersed . 5 was in s tr u c te d  

to  rep o rt whether the v a r ia b le  f i e l d  appeared b r ig h te r , eq u a l, or  

dimmer than the standard which was p laced  along s id e  o f  i t .  The 

orders o f ascending or d escen d in g , r e p e t i t io n  o f  exp osure, standard  

on l e f t  or r ig h t  and the angular subtense o f  the sep a ra tio n  between  

the 0 .5 °  h a lves were a l l  randomized.

In  a g iven  s e s s io n  the luminance o f the standard was s e t  and 

the DL was determ ined fo r  each o f  the e ig h t  sep a ra tio n s u sed . In  

each s e s s io n ,  two ascending and two descending s e r ie s  fo r  each o f  the  

e ig h t  s p a t ia l  sep a ra tio n s  were run. A d a i ly  s e s s io n  la s te d  fo r  

th ree  to  fou r hours and was in terru p ted  by freq u en t r e s t  p er io d s .

A t o t a l  o f  e ig h t  such th resh o ld  d eterm in ation s was made. Each o f  

the s e r ie s  term inated when S gave two changed b r ig h te r  or dimmer re ­

sponses in  a row. The s ta r t in g  p o in t o f  th e next s e r ie s  was s e le c te d  

haphazardly. The optim al s te p  s iz e  was found to  be about 4$ o f  the  

standard and was kept co n sta n t a t  t h is  v a lu e .

E changed the sep a ra tio n  between the f i e l d s  by in se r t in g  a pre­

made stim u lu s array in to  the diaphragm in  fr o n t  o f  th e  f i e l d  le n s .  For 

two v a lu es  o f  s p a t ia l  s e p a r a tio n , two a d d ito n a l s e s s io n s  were ca rr ied
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out in  a s l i g h t ly  d i f f e r e n t  manner. The same procedure as b efore  

was fo llow ed  throughout, ex cep t th a t now E d id  n ot change the  

sep a ra tio n  in  the d a ily  s e s s io n ,  but changed the luminance l e v e l  

in s te a d  to  new v a lu e s . These va lu es  were a ls o  randomized. This 

procedure determ ined d ir e c t ly  the v a r ia t io n  o f  the DL as a fu n c tio n  

o f  luminance fo r  a f ix e d  s p a t ia l  sep a ra tio n  between the two h a lv es  

o f  a b ip a r t it e  f i e l d .



C a l i b r a t i o n  P ro c e d u re

1 .  R e la t iv e  C a lib ra tio n s

a . F i l t e r s

L ight from one o f  the o p t ic a l  paths o f  th e  M axwellian system  was 

used to  illu m in a te  a p ie c e  o f  milk g la s s  and th e variou s f i l t e r s  were 

in se r te d  in to  the path  in  fro n t o f  the milk g la s s  screen . An illu m -  

inom eter was fa sten ed  in to  p la ce  and repeated  measurements o f the lum­

inance on th e milk g la s s  screen  were made w ith  and w ithout the f i l t e r s  

in  p la c e .

The d e n s ity  o f  each o f  the f i l t e r s  was g iven  by:

D = lo g  l / T  where,

T = lum inance on m ilk g la s s  w ith  f i l t e r  in se r te d  
lum inance on m ilk g la s s  w ithout f i l t e r

As th e d e n s ity  was a lread y  g iven  fo r  the f i l t e r s  th e  tran sm ission

was ob ta in ed  by:

T = l / a n t i l o g  D x 100 

and t h is  was the va lu e  which was a s se s se d .

W ithin the error o f  measurement the f i l t e r s  were found to  

correspond to th e ir  nominal va lu es  and to  be o f f  by a t  most -  i t .

b . Wedges

Three procedures were used to measure the v a r ia t io n  in  the d e n s ity  

o f  th e  wedge w ith  angular p o s it io n :

( 1 .)  A phototube (HCA-929) corrected  by a Kodak Wratten f i l t e r  (No.

106) was p laced  in  th e p o s it io n  o f  the o b se rv er 's  eye and wedge p o s it io n s

were determ ined fo r  which the output o f  the phototube was equal to  th a t pro-

- 1
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Huopr  ̂ by i nte  roos i ng in  the  l i g h t  beam a s e r i e s  of  c a l i b r a t e d  n e u t r a l  

d e n s i t y  r i l t e r c .

( 2 . )  The l i g h t ,  a f t e r  oass ing  t h r o u 'h  the  wedf'e was d i f fu sed  by 

a milk m"1 ass  sc reen .  The luminance f  thus screen was measured with 

a Macbeth I l luminometer ,  fo r  a s e r i e s  of angu la r  n o s i t io n s  of the  wedme.

( 3 . )  The same o p t i c a l  arrangement as ( ? . )  was used but th e  lum­

inance measurements were made with a bneotrn d1-it.chard t’hotometer (model 

number lh70-i H), f i g u r e  2 shows the  boe»ctra readings  f o r  °ach angu la r  

n o s i t i  on of the  wedge fo r  each of th e  two wedges used in the  s t u d i e s .

The d e p a r t u r e  from l i n e a r i t y  i s  a l m o s t  n o n - e x i s t e n t .

Zm Absolute Luminance C a l ib r a t io n s

The b a s ic  method used t o  measure the  ab so lu te  lum'n'-nce l e v e l s  

was to  measure the  luminance ~f th e  adapting f i e l d  with the  Macbeth 

Tlluminon.eter and th en  to  match v i s u a l l y  each of t h D r ielr is  used in 

the  experiments t o  + he adant lng  f i e l d .  The d e t a i l s  a re as follows *

The Macbeth 111 uminometer wa*= heir' secu re ly  un a g a in s t  BS2 with 

th e  r e f e c t e d  adap t ing  f i e l d  in  view. Numerous measurements were 

made, with the a r t i f i c i a l  pu n i1 moved a s id e ,  of the  luminance no the  

adapt ing  f i e l d .  The mean fo r  a la rg e  number of Macbeth s e t t i n g s  g=ave 

a V ' lue  of the  adapt ing  f i e l d  equal to  7^.12 mlam when no f i l t e r  was 

i n s e r t e d  in  f ro n t  of  the sc reen .  For both s e r i e s  of s t u d i e s  a *t.O 

neutra"! d e n s i ty  f i l t e r  was in se r te d  in  f o n t  of the  adapt ing  f i e l d  

before  i t  en te red  through th e  a r t i f i c i a l  puni 1 in to  S ’s eye. Measure­

ments made a t  th e  beginning and end of  the  experiments gave va lues  of 

7^ .1?  mlam and bB.ilU mlam r e s p e c t iv e ly .  This  i s  a d i f f e r e n c e  of about 

1 0 >.

Tn order  t o  o b ta in  the  luminance or the  Maxwellian f i e l d s ,  the



F igure 2a. C a lib ra tio n  o f  d e n s ity  of Wedge No. 1 . A rbitrary  

read in gs on th e  Spectra P ritchard  Photometer fo r  

variou s angular p o s it io n s  o f  Wedge No. 1 .
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C a lib ra tio n  o f  d e n s ity  o f  Wedge No. 2 . A rbitrary  

read ings on the Spectra P ritchard  Photometer fo r  

v a r io u s  angular p o s it io n s  o f  Wedge No. 2.



WEDGE READING



o p t ic a l  ch an n els were indep en d en tly  matched to the adapting f i e l d ,  

w ith  both f i e l d s  seen  through the a r t i f i c i a l  p u p il. Care w»s taken  

to  ensure th a t the image fila m e n ts  from each o f  the channels com p letely  

f i l l e d  the a r t i f i c i a l  p u p il .  The e f f e c t iv e  p u p il s iz e  was th e same, 

th e r e fo r e , fo r  both th e M axwellian and non-M axwellian f i e l d s .  Care 

was a ls o  taken to a l ig n  the M axwellian view  so th a t the two channels 

were in  focu s in  the p lane o f  the a r t i f i c i a l  p u p il. While no measure­

ments were made as to  the c en ter in g  o f  th e  p u p il ,  both Maxwellian 

f i e ld s  were w e ll  fo cu sed , and no c o lo r  fr ig n e s  or b lu rr in g  was e v i ­

d en t. A check on the hom ogeneity o f  the M axwellian f i e l d s  was ob­

ta ined  by exposing each o f  the f i e ld s  fo r  a long period  o f  tim e and 

coverin g  the f i e ld  le n s  e n t ir e ly  ex cep t fo r  a sm all apertu re which 

perm itted  l i g h t  to p ass when p laced  over the f i e ld  l e n s .  Ey moving 

th is  ap ertu re over the e n t ir e  le n s  in  sm all s te p s  a reading o f  r e la ­

t iv e  lum inance was obtained  on the CRO. This reading showed on ly  

minor f lu c tu a t io n s  from p o s it io n  to  p o s it io n  on the le n s  and fo r  

each o f  the f i e l d s .

Before the matches o f  the adapting f i e l d  to  the wedges were made 

one h a lf  o f  the adapting f i e l d  was e lim in a ted  from view  by a stop  so 

placed  th a t  th e  M axwellian f i e ld  appeared in  the dark a d ja cen t to  the  

adapting f i e l d .  With S anchored to  the b it in g  board, E moved the wedge 

in  sm all step 3  u n t i l  S in d ica ted  a match between th e f i e l d s .  A la r g e  

number o f  such measurements were made and a mean o f  the measurements 

was taken as th a t d e n s ity  a t  which the t e s t  f i e l d s  had a luminance 

equal to  th a t  o f  the adapting f i e l d .

When a reading was obtained  fo r  each o f  th e  wedge s e t t in g s  which



corresponded to  the adapting f i e l d  luminance a check on the accuracy  

o f  th e se  d i f f i c u l t  matches was made by matching each o f  the wedges to  

the o th er  when one was s e t  equal to  th e  adapting f i e l d .  A la r g e  num­

ber o f  such matches were made throughout the study to  check on the  

s t a b i l i t y  o f  th e matching Judgments o f  wedges to  the adapting f i e l d .  

S in ce  the matches o f  the wedges to  the adapting f i e ld  were very d i f ­

f i c u l t  to make because o f  the heterochrom atic nature o f  the two f i e l d s ,  

an attem pt was made by u sin g  n eu tra l d e n s ity  f i l t e r s  in  fr o n t  o f  the  

adapting and channel f i e ld s  to  d ecrea se  such d if f e r e n c e s .  T herefore, 

in  order to  e lim in a te  the c o lo r  d if fe r e n c e s  as much as p o s s ib le ,  a l l  

matches between th e adapting f i e l d  and wedges and between the wedges 

th em selves were made a t  a luminance o f  0 .7612  mlam. A ll o th er lumin­

ance v a lu es  were c a lc u la te d .

The matches o f  the two wedges to  each  o th er when one was s e t  as  

a standard equal to i t s  adapting f i e l d  match and the o th er as a v a r ia b le  

lum inance were a l i t t l e  l e s s  s ta b le .  Under t h i s  co n d itio n  one h a lf  o f  

each f i e l d  was exposed such th a t the two f i e ld s  when seen , each pro­

je c te d  as a s e m i- c ir c le ,  the two being ad jacen t and viewed fo r  an ex­

tended p eriod  o f  tim e ( u n t i l  5 was sure o f  a m atch). For w e ll over 150 

matches obta in ed  in  t h is  manner, the means o f  the matches always f e l l  

w ith in  1 5 $ o f  each o th er . T herefore, fo r  p r e c is e  v a lu e s ,  15c should be 

allow ed  fo r  in  erro rs  due to  photom etric s e t t in g s  o f  the wedges to  

e q u a lity .

An a b so lu te  th resh o ld  fo r  each o f  the wedges was measured on 

O b je c t  MG u sin g  the Method o f  L im its . The th resh o ld  fo r  wedge No. 1 

was equal to  0 .1 4  mlam and fo r  wedge No. 2 , 0 .1 9  mlam. This i s  equal 

to  2 .6 6  and 3 .60  tro la n d s r e s p e c t iv e ly  fo r  each o f  the ch an n els. The
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adap t iny  f i e l d ,  w ith  a u.O n e u t r a l  d e n s i t y  f i l t e r  i n s e r t e d  i n  f r o n t  

of i t  was equa l  to  O.lbb t ro ln n d s  and the  r e t i n a l  luminance ranye 

covered was from 13. -39 to 13d, 390.58 t r o l a n d s .

fhe p u lse  d u r a t i o n  was locked i n t o  the l e r b r a n d s  t im er  a t  the 

beginning o f  the s tudy and remained the same (10 msec) throughout  

the course  of both i n v e s t i g a t i o n s .  fhe p u lse s  were p e r i o d i c a l l y  

monitored by usin.: a O' . IC and a pho to tube .  fhe a synchron ies  were 

a l s o  p e r i o d i c a l l y  mor.i to  red ; r . ' ; ad to be ro l l 'd . , le  to w i th in  

one to  two msec.



R esu l t s

I .  Experiment I  -  Temporal R epa ra t ion

In  Ijxpcriment I d i f f e r e n t i a l  b r ig h t n e s s  s e n s i t i v i t y  as a fu n c t io n  

of luminance and temporal s e p a r a t i o n  between two 10 msec f.las l .es  was

i n v e s t i g a t e d .  The r e s u l t s  a re  shown i n  F igure  3-7 and Tables 1-5*

The s h o r t e s t  tempora l  s e p a r a t i o n  used (95;71s (?c) was chosen on 

the b a s i s  of some p re l im in a ry  measurements made on s u b je c t  IS .  These 

measurements showed t h a t  a t  t h i s  temporal s e p a r a t i o n  the 8 r epo r ted  

see ing  two f l a s h e s  about  35 j to 95- of  the  t ime.  All  f i g u r e s  and 

t a b l e s  r e f e r  to s u b je c t  83 excep t  where i n d i c a t e d .

F igure  3 shows the  r e l a t i o n s h i p  between th e  DL and the  temporal 

s e p a r a t i o n  (131) between the  c e s s a t i o n  of f l a s h  one and the  o n s e t  of 

f l a s h  two f o r  fou r  luminance l e v e l s  sepa ra ted  by log  u n i t  i n t e r v a l s  f o r  

s u b j e c t  J3 .  In  t h i s  s tudy  the s tanda rd  f l a s h  always came second and 

3 had to i n d i c a t e  whether the  f i r s t  was b r i g h t e r  than,  equal  to  or  

dimmer than  the  second. he was i n s t r u c t e d  to  say "equal"  i f  u n c e r t a i n  

of Ids judgments .  All va lues  a r e  given i n  log i n i l l i l a m b e r t s .  ho a t ­

tempt was made to c o r r e c t  3 ' s behav io r  to a luminance c r i t e r i o n .  That 

i s ,  3 was no t  to ld  when he was o b j e c t i v e l y  c o r r e c t .

Table 2 shows the  DL ob ta ined  f o r  each of th e  luminances and 

f o r  each 131 i n v e s t i g a t e d .

At s h o r t  I S I ' s ,  DL i s  l a r g e  and as  the  131 i s  i n c r e a s e d ,  UL de­

c r e a s e s .  The s m a l l e s t  DL occurs  between 120-180 msec 131, the ex ac t  

p o s i t i o n  o f  t h e  minimum depending on th e  luminance l e v e l .  T h e re a f t e r ,  

a s  the  131 i s  i n c r e a s e d ,  the DL becomes l a r g e r  once a g a in .  This r i s e  

s to p s  i n  the  neightborhood of  250 msec, beyond 25O msec t h e r e  may be

- 26-



F ig u re  3 . Logar i thm of  the  d i f f e r e n c e  th r e s h o ld  as  a f u n c t i o n  

of  the  i n t e r - s t i m u l u s  i n t e r v a l  between two f l a s h e s

f o r  fo u r  luminance v a lu e s  o f  the  second s ta n d a rd

f l a s h .

A l l  f u n c t io n s  have been d i s p l a c e d  from o b ta in e d  

v a lu e s  i n  o r d e r  to  f a c i l i t a t e  comparison as  f o l l o w s :

0 .7 0  mlam d e c re a se d  by 0 .82  l o g a r i t h m i c  u n i t s ;  7 

mlam d e c rea se d  try I .32  l o g a r i t h m i c  u n i t s ;  70 mlam 

d e c rea se d  by 2 . 0 2  l o g a r i t h m i c  u n i t s  and 700 nlnm 

i s  d e c rease d  by 2 . h 8 l o g a r i t h m i c  u n i t s .
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Table 2. Values o f DL obtained fo r  nine d i f f e r e n t  IS P s  and fou r luminance
le v e ls  o f  th e  standard

Standard 
in  «lam IS I  (msec)

95 105 11?T ' '  150"' “ 150 150 180 2^0“ 500
700' m il l 152 T 9 T " 16o 106 " " " *61 f t ! 126

70 27 78 21 ■ -59- -  ■ 19 1 7 ' ' 17 22 11

7 ' 7 .1  ' 1 .5  " " 2 .1 0 .9 1 .0 1 .9 1 .1 1 .2 “5 .8

0 .7 6.27 ^ ).l9 ' 6.T9 0,1? 0 .2 l ' '  6.T6 ' " d.o9 6 .1 1 '"

T*bie 3 . PSK values obtained fo r  n ine T SI's and fo u r luminance values o f  the  standard

Standard 
in  mlam 95 105 115 120

—£31__

130 150 180 250 <00
“  'TOO'” T U T '" U69 535 182 uo9 T56' ' 565 T52'

76 7 l 79 6d 68 63 ~W ~" 67 78 76

7 8 .0 8.3 8.6 7 .2 7 .7 8.7 7.5 T&— 7."5

0.7 0.85 0.83 0.80 0.75 0.86 0.67 0 .7 5 ~ " d j r  ■ o.?5
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Z
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a d ecrease in  the DL once aga in , u n t i l  a t  ISI equal to  5°° msec the  

DL i s  about as low as th at found a t  the f i r s t  minimum. This la t t e r  

d ecrea se , however, may have been due to v a r ia b i l i t y  and i t  may be 

reasonable to assume th a t the fu n ction  i s  f l a t  a f te r  2 5 0  msec.

The c h a r a c te r is t ic s  described  above are general;how ever, the  

curves obtained a t  d if f e r e n t  luminance l e v e l s  may d i f f e r  from each  

oth er in some r e s p e c ts . While the exact lo c a t io n  o f  the minimum as 

a fu n c tio n  o f luminance could not be a scerta in ed  w ith  any degree o f  

con fid en ce , there i s  a strong su g g estio n  th a t, as luminance d ecrea ses ,  

the ISI a t  which the minimum DL i s  found in c r e a s e s . Greater p r e c is io n  

in  the measurements i s  needed to e s ta b l is h  t h is .

In  Figure 4 the lo g  o f the p o in t o f su b jec tiv e  e q u a lity  (PSE) 

i s  p lo tte d  as f  fu n ctio n  o f  IS I fo r  observer SS. The PSE i s  d efined  

as the mean o f  the upper and low er th resh old  t r a n s it io n s .  Each o f the 

four curves i s  fo r  a d i f f e r e n t  f ix e d  va lu e o f the luminance o f  the  

second (standard) f la s h .  Ihble 3  p resen ts  the PSE va lu es fo r  each  

luminance o f  the staridard and each I S I .

For the h ig h est lum inance, 700 mlam, o f the second (standard) 

f la s h ,  the luminance o f  the v a r ia b le  a t  the PSE i s  always low er than 

the luminance o f  the standard. This i s  conmonly referred  to as a cons­

ta n t error o r , i f  the matches are done s u c c e s s iv e ly ,  a time erro r . This 

time error i s  d efin ed  as the d iffe r e n c e  between the p o in t o f  su b jec tiv e  

e q u a lity  (PSE) and the p o in t o f o b je c t iv e  e q u a lity  (POE) or the standard. 

For the h ig h est luminance the time error i s  n eg a tiv e , and i s  greater  

than could be a ttr ib u te d  to c a lib r a t io n  erro rs .

A n eg a tiv e  time error im p lies  th a t in  order fo r  the f i r s t  f la s h
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F ig u r e  Lo ' a r i t b ' i  o f  th e  PSE (mean o f  u p p e r  and lo w er  t h r e s ­

hold c r o s s i n g s )  f o r  f o u r  lu m in an ce  v a lu e s  o f  th e  s t a n d a r d  a s  

a f u n c t i o n  o f  th e  i n t e r - s t i m u l u s  i n t e r v a l ,  Each o f  th e  

c u rv e s  have been  d i s p l a c e d  i n  th e  c o o r d i n a t e  sy s tem  a s  f o l ­

low s: 700 mlam d e c r e a s e d  by 1 .5 5  l o g a r i t h m i c  u n i t s ;  70 mlam

d e c r e a s e d  by 1 .2 5  l o g a r i t h m i c  u n i t s ;  7 mlam d e c r e a s e d  by 0 .3  

l o g a r i t h m i c  u n i t s ;  0 .7  mlam d e c r e a s e d  by 0.23  l o g a r i t h m i c  

u n i t s .

The h o r i z o n t a l  l i n e s  i n d i c a t e  th e  l o g a r i t h m  o f  th e  

lu m in a n c e  o f  t h e  s t a n d a r d  (POL). The u n b ro k en  c u rv e s  r e p ­

r e s e n t  th e  l o g a r i t h m  o f  t h e  P3L v a lu e s  f o r  e ach  s t a n d a r d .

The b ro k e n  l i n e  c u r v e s  above and below th e  unb roken  PSE 

c u rv e  r e p r e s e n t  t h e  lo g a r i t h m  o f  one s t a n d a r d  d e v i a t i o n  

u n i t  above  and be low  th e  PSE.
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to appear as b r ig h t as the second, the f i r s t  must be of lower luminance 

than the second. C onversely, two f la s h e s  o f  equal luminance do not 

look eq u a lly  b r ig h t. Rather the f i r s t  o f  the two equal luminance 

f la s h e s  look s b r ig h ter  than the second.

A ll o f  the PSE v a lu es  a t  the 700 mlam le v e l  are le s s  than the 

p o in t o f  o b je c t iv e  e q u a lity  (POE). Furthermore, i t  appears th a t the 

PSE i s  not independent o f IS I . That i s ,  up to 180 msec o f I S I , the 

PSE changes w ith  changes in  IS I . The nature o f  th ese  changes in  the 

PSE as ISI in c re a se s  up to 180 msec i s  complex. Beyond 180 msec the 

PSE does appear to be independent o f  IS I . I t  appears, th e r e fo re , fo r  

the 700 mlam standard th a t up to 180 msec ISI both the PSE and DL 

change as IS I changes, whereas beyond 180 msec on ly  the DL i s  a ffe c te d  

by changes in  IS I .

Figure 4 a lso  shows the standard d ev ia tio n  o f  the PSE v a lu es  fo r  

a given  luminance and ISI (broken cu r v es).

At a standard o f  70 mlam and a t  low er lum inances, the time 

error i s  no lon ger  n eg a tiv e  but becomes in c r e a s in g ly  p o s i t iv e .

A measure o f  the r e la t io n sh ip  between the DL and the PSE as  

a fu n ctio n  o f ISI was obtained by a rank order c o r r e la t io n  a t  each  

l e v e l  o f  lum inance. Ihble 4 shows the Rho v a lu es  obtained fo r  

su b ject SS.

For any g iven  l e v e l  o f  the standard, the DL did not vary as a 

regu lar fu n ctio n  o f  the PSE. In other words, as the PSE changed 

as a fu n c tio n  o f  I S I , th ese  changes were not co rre la ted  w ith  the changes



Dahle 4. Rank order correlation between the PSE and DL at
e ac h  g iv e n  lu m in an ce  o f  t h e  s t a n d a r d  a c r o s s  I S I .

S ta n d a rd Rho

?00 mlam .11

70 mlam .13

7 mlam .53

0 .7  mlam .77



the DL as a fu n c tio n  o f  IS I . A change in  ISI a f f e c t ,  up to a 

c e r ta in  p o in t , both the PSE and DL but not n e c e s sa r ily  in  the same 

d ir e c t io n , s in ce  both are complex fu n ctio n s  o f  ISI as p rev io u sly  

d escrib ed .

As the DL fu n ctio n  co n ta in s a l l  o f  the in form ation  which 

would be a v a ila b le  in  a p lo t  o f  * l / l  w h ere^ I I s  the DL and I  i s  

the standard, the tr a d it io n a l  p lo t  was not used in  th is  study. 

D iv is io n  o f the DL by the standard on a lo g  DL/l p lo t  would sim ply 

move a l l  o f  th e  fu n ctio n s down in  the coord in ate system  by an 

amount equal to the lo g  I ,

Another measure, the c o - e f f i c i e n t  o f  concordance, was used  

as the "Weber fr a c tio n ."  This measure i s  a r a t io  o f the DL to the  

PSE and i s  presented  as an a d d itio n a l p iece  o f  in form ation . This 

form o f  the fr a c t io n  takes in to  account the tim e error and has 

been used on occa sio n  by previous in v e s t ig a to r s  (B lack w ell, 1 9 6 3 ) ,  

Where no time error e x i s t s  the fr a c t io n  i s  id e n t ic a l  to  the more 

tr a d it io n a l form o f  the Weber fr a c t io n .

Figure 5a shows the lo g  o f the r a t io  o f  the DL to the PSE 

p lo tted  as a fu n ctio n  o f  the temporal in te r v a l between the two 

f la s h e s .  The parameter o f  the curves i s  the luminance o f  the  

standard f la s h .

F igure 5h shows the same r e s u lt s  fo r  a second su b je c t , MG, 

fo r  the 700 mlam standard. The data were d iv id ed  in to  a f i r s t  and 

second h a lf  and the Weber fr a c t io n  was determined fo r  each h a lf  

sep a ra te ly  to check on r e l i a b i l i t y .  The form o f  the fu n c tio n  appears 

in v a r ia n t over t r i a l s  and appears h ig h ly  s im ila r  to th a t obtained  

from su b jec t SS.



F ig u r e  5a . L o g a r i th m  o f  t h e  Weber f r a c t i o n  (DL/PSE) a s  a 

f u n c t i o n  o f  th e  i n t e r - s t i m u l u s  i n t e r v a l  ( I S I )  f o r  f o u r  

lu m in a n c e  v a lu e s  o f  th e  s t a n d a r d .  A ll  c u rv e s  have been  

d i s p l a c e d  i n  t h e  c o o r d i n a t e  sy s tem  a s  f o l l o w s :  700 mlam

i s  i n c r e a s e d  by 0 .0 3  l o g a r i t h m i c  u n i t s ;  70 mlam I s  d e c r e a s e d  

by 0 .3 7  l o g a r i t h m i c  u n i t s ;  7 mlam i s  d e c r e a s e d  by 0 .6 1  

l o g a r i t h m i c  u n i t s  and 0 . 7  mlam i s  d e c r e a s e d  by 0 .9 7  l o g ­

a r i t h m i c  u n i t s .
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F ig u r e  5b. L o g a r i th m  o f  t h e  Weber f r a c t i o n  (DL/PSE) f o r  s u b j e c t  

MG f o r  e a c h  o f  n in e  i n t e r - s t i m u l u s  i n t e r v a l s  u s in g  a s t a n ­

d a rd  f l a s h  e q u a l  to  700 mlam.
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For su b jec t SS the general fe a tu r e s  o f  the fu n c tio n s  are  

s im ila r  to  those seen in  Figure 3# At sh o rt ISI d iscr im in a tio n  i s  poor 

and w ith  in crea s in g  ISI the Weber fr a c t io n  d ecreases to a minimum in  

the reg ion  between 120 and 180 msec and then r i s e s  once more to 2 5 0  

msec. From 2 5 0  msec there i s  a gradual d ecrease u n t i l  a t  151 equal 

to 5 0 0  msec the value o f  the fr a c t io n  i s  as low or lower than th at  

found a t  the mlminrum.

The lo c a t io n  o f  the mi mi mum and the secondary maximum could  

not be f ix e d  p r e c is e ly  as a fu n c tio n  o f  lum inance. The c o n s is te n t  

fe a tu res  across luminance were:

1 . A sharp d ecrease in  lo g  DL/PSE to a minimum between 120-180 msec.

2 . A maximum (secondary) which fo llow ed  the minimum.

3. A gradual tap ering  o f f  to a value a t  500 msec which equaled

approxim ately, the va lu e  obtained a t  the Minimum.

The th ird  fea tu re  may, however, a r is e  from v a r ia b i l i t y  o f  the 

judgments. The p o s it io n s  o f  the maximum and minimum were d if f e r e n t  

fo r  the d i f f e r e n t  lum i.iances used.

The curve fo r  su b jec t  MG dem onstrated the same gen eral fea tu re  

fo r  the 700 mlam standard. A decrease to a minimum was observed a t  

115 msec w ith  a r i s e  a t  150 msec. Subject MG d id  n ot d isp la y  the same

e f f e c t  as SS a t  the end p o rtio n  o f  the curve.

A th ird  degree polynom ial was f i t t e d  to the data o f  SS using a 

method o f  l e a s t  sq u ares, and a c r it e r io n  th a t the sm a lle s t  exponent 

account fo r  the grea ter  p ortion  o f the va r ia n ce . A t e s t  o f  s ig n if ic a n c e  

was made fo r  d e v ia tio n s  from reg ress io n  fo r  each component order in d iv id ­

u a lly  and in c lu s iv e  o f  each con^ponent order for  each o f  the eq u a tio n s. 

Table 5 g iv e s  the summary a n a ly s is  o f  variance and the reg ressio n  equation  

fo r  each fu n c tio n . Figure 6 shows a f i t  o f  the reg ressio n  l in e  and the



Table 5 . Analysis ef Variance and Regression Equatlens fer the
3rd d egree  po lyn om ia l eq u a tio n  f i t t e d  to  each o f  th e  

f u n c t io n s .

a .  A n a ly s is  o f  V ariance
7  'o f  To~£aT 
V arianceSou rce d f

Sum o^ 
Squares

L in ear700
70

7
0 .7 0

Q uadratic
700

70
7

0 .70

.0^7226 

.067870  

.01*821*5 
,  .01*7165

.0 03992

.0019U6

.001356

.oiot*oi*

62?!
67*
1*3*
3a«

U.3f:
l*
i t
i t

p < .01
p < .01
p < .05  
p < .05

NS
NS
NS
NS

Cubic 1
700 

70 
7

0 .7 0

De v ia  t io n  s from 
R eg ress io n  5
700  

70  
7

0 .7 0

T o ta l
700

70
7

0 .7 0

8

.010921

.021371

.000539

.0211*7U

.019969.0091*01

.066189

.01*8731

.092103

.100589

.110328
•32777U

11.8*21*
51

17*

NS
P < .025  

NS 
NS



Table 5 (C ontinued)

b. R egression  Equations

Standard R egression  Equations

700 lo g  Y = .3^707199 -  .011685142X +
.000045487483X2 -  .00000005287X3

70 lo g  Y = .55740333 -  .015427026X +
.000062435799X2 -  .000000073841090X-̂

7 lo g  Y = .46148573 -  .OO3 4 2 5 OO8 9 X +
.0000107286X2 -  .000000011733556x3

0 .7 lo g  Y = .51496927 -  .016276141X +
.000064149617X2 -  .000000074017128x3



obtained  v a lu es  about the r e g r e ss io n  l i n e .

While a t e s t  o f  s ig n if ic a n c e  o f  each component in d ica ted  th a t  

a cubic order polynom ial was s ig n i f ic a n t  fo r  only  the 7 0  mlam standard  

(p If.0 2 5 ) i t  should be poin ted  out th a t when a l l  th ree degrees in c lu s ­

iv e  were con sid ered  ( l in e a r ,  quadratic and cu b ic) a la r g e  p a rt o f  the  

v arian ce  was thereby ex p la in ed . Thus, fo r  the 700 mlam standard, the  

cubic order accounted fo r  on ly  12$ o f  th e t o t a l  v a r ia n ce  by i t s e l f  

but when considered  in c lu s iv e  w ith  the two p rev iou s ord ers i t  accounted  

fo r  78.1^  o f  the t o t a l  v a r ia n c e . S im ila r ly  fo r  the 70 mlam standard,

21^ was accounted fo r  by the cu b ic  component a lon e but 89,® o f  th e  t o ta l  

varian ce  was exp la in ed  when th e  l in e a r ,  quadratic and cubic ord ers were 

taken to g e th e r . The 7 mlara fu n c tio n  accounted fo r  ktyj> o f  t o t a l  varian ce  

when a l l  th ree  were taken to g eth er  and 6 0 ^ o f  th e  t o t a l  varian ce  was ex­

p la in ed  through the cubic order fo r  the 0 .7  mlam standard .

As can be seen  from Figure 6 , the f i t s  to  the data p o in ts  by a 

th ir d  degree polynom ial are very  good i n  s p i t e  o f the in d ic a te d  non- 

s ig n if ic a n c e .  In one ca se , 7 mlam, perhaps a q u a rtic  or h igher order  

fu n c tio n  would have f i t t e d  b e t te r  but s in c e  th ree  o f  the fo u r  fu n c tio n s  

were w e ll  f i t  w ith  a th ir d  degree to a l e a s t  square c r i t e r io n ,  t h is  de­

gree o f  polynom ial was s e t t le d  upon.

W hile th e ex a ct lo c a t io n  o f  the minimum cannot be a sc e r ta in e d ,  

th e f i t t e d  fu n c tio n s  a l l  appear to  have a secondary maximum a t approx­

im a te ly  250 m sec. There i s  some su g g estio n  o f  a more pronounced minimum 

as lum inance I n c r e a se s . In the f i t t e d  fu n c tio n s  th e  minimum i s  approx­

im a te ly  th e same fo r  a l l  cu rv es , being a t  180 msec.

The q u a n tity  lo g  DL/PSE rep resen ts  the combined e f f e c t s  o f v a r ia t io n



Figure 6 . Logarithm o f the Weber fr a c t io n  as a fu n c tio n  of

in te r -s t im u lu s  in te r v a l  (IS I)  fo r  four luminance va lu es o f  

the standard f i t t e d  by a th ird  degree polynom ial equation  

(Y = a + bX + cX ?  + dX^). P lo tte d  p o in ts  are em p ir ica l 

v a lu e s . Curves have a l l  been d isp la ced  as in  Figure 5a»
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in  PSE and DL fo r  ISI v a lu es  up to  180 msec, and the e f f e c t s  o f  v a r i­

a t io n  in  DL alone beyond 180 msec for  th e  h ig h est lum inance. For the  

low er lum inances, as th e  PSE i s  equal to  the POE, w ith in  the l im i t s  o f  

c a l ib r a t io n  error* , the v a r ia t io n  in  the fu n c tio n  i s  due e n t ir e ly  to  

changes in  th e DL ( e . g . ,  minor v a r ia t io n s  in  PSE change th e fu n c tio n  

somewhat, but o n ly  s l i g h t l y ) .  T herefore, the secondary maximum found 

a t  2 5 0  msec and the gradual d ecrease  o f th e  fr a c t io n  to  a minimal value  

a t  500 msec are due to fa c to r s  in flu e n c in g  the DL rath er than to v a r i­

a t io n s  in the PSE a t  ISI more than 180 msec fo r  the 7 0 0  mlam standard.

At ISI l e s s  than 180 msec, even though the S’SE i s  not independent o f  

IS I , a comparison o f F igures 3 and h in d ic a te s  th a t the g rea ter  p o rtio n  

o f  the e f f e c t  ( i . e . ,  minimum) i s  due to  a d ecrease in  the DL rath er  

than to  changes in  PSE.

Figure 7 shows the lo g  DL/PSE p lo tte d  a g a in st  lo g  I .  The parameter 

o f  the curves i s  I S I . The c r o s se s  rep resen t v a lu es  read from the f i t t e d

curves; the c i r c l e s  are th e em p ir ica l p o in ts .  As can be seen here a ls o ,  

the cub ic order polynom ial g iv e s  a good f i t  to the em p ir ica l p o in ts .

A ll the fu n c tio n s  show a very  s l i g h t  decrease in  Weber's fr a c t io n  

to  a minimum a t  7 mlam excep t a t  an ISI o f  150 msec. At 150 msec and 

perhaps a t 180 msec the fu n c tio n  shows no decrease and on ly  a s l ig h t  

r i s e  a t  th e  h igher l e v e l s  o f  lum inance. This trend i s  the same fo r  

1 1 5  msec, 10 5 msec, and 120 m sec, excep t for  th e f a c t  th a t  the r i s e s  

and f a l l s  become more grad u al. I t  should be pointed  ou t th a t a l l  o f  the  

fu n c tio n s  are r e la t iv e ly  h o r izo n ta l as a l l  o f the v a r ia t io n  between the  

v a lu es  f a l l  w ith in  l / lO  o f  a lo g  u n it .  W ithin t h is  l / lO  o f  a lo g  

u n it ,  W eber's Law i s  obtained  fo r  the luminance range in v e s t ig a te d  for  

a l l  I S I ' s .



Figure 7» Logarithm o f the Weber fr a c t io n  (UL/pSE) as a fu n ction

of luminance o f  the standard fo r  n ine in te r -s tim u lu s  in te r v a ls  

( I S I ) .  A ll fu n c tio n s have been d isp laced  in  the coord inate  

system to f a c i l i t a t e  comparison. The d isp lacem ents are:

95 msec decreased  by 0 .0 9  logarith m ic  u n its ;  1 0 5  msec i s  

in creased  by 0.^+5 logarith m ic  u n its;  1 1 5  msec increased  by

0 .82  logarith m ic u n its ;  120 msec in creased  by 1.2*+ lo g a r ith ­

mic u n its ;  1 3 0  msec in creased  by 1 .6  logarith m ic u n its ;  1 5 0  

msec increased  by 2 .02  logarith m ic u n its; 180 msec increased  

by 2 .72  logarith m ic  u n its ;  2 5 0  msec in creased  by 2 .8 ?  lo g a ­

rithm ic u n its  and 5 0 0  msec i s  increased  by 3 * ^  logarith m ic  

u n its .
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2. Experiment I I  -  S p a tia l Separation

In Experiment II  the s p a t ia l  sep aration  between two sim ultane­

o u sly  presented  10 msec f la s h e s  was varied and the DL and PSE were 

determined over a four lo g  u n it  range o f  photopic in t e n s i t i e s  ( . 7  to  

7 0 0 0  mlam).

Figure 8 shows the r e la t io n sh ip  between the lo g  DL and angular 

sep aration  (0) between the f i e ld s .  The parameter o f the curves i s  

the luminance o f  the standard to which the v a r ia b le  was compared in  

b r ig h tn ess . A ll va lu es are g iven  in  m illila m b e r ts . Table 6 p resen ts  

the DL va lu es obtained fo r  a l l  luminance va lu es o f  the standard at 

each value o f 0 .

I t  i s  apparent from in sp e c tio n  o f  the fu n c tio n s  th a t the DL i s  

sm a lle st  a t very sm all sep aration s (30")* As the sep aration  between 

the f i e ld s  i s  in crea sed , the DL ( in  lo g  u n its )  rap id ly  in crea ses  and 

w ith  fu rth er  In creases in  separation  beyond about 10' there i s  l i t t l e  

fu rth er  change In the DL.

The ra te  o f  r i s e  in  the DL does not appear to be d ir e c t ly  re la ted  

to  lum inance, but th ere i s  a su g g estio n  th at the va lu e a t which the 

fu n c tio n  f i r s t  begins to show l i t t l e  fu rth er change in  DL w ith  in crea ses  

in  sep aration  may be re la ted  to lum inance.

For the th ree h ig h est luminances th ere appears to be, between 

7' to  10' an l,oversh ootM in  the DL b efore i t  s e t t l e s  down to a r e la ­

t iv e ly  steady l e v e l .  This "overshoot" i s  n o t, hew ever, found a t the 

low er lum inances and may sim ply r e f l e c t  v a r ia b i l i t y .

For the 7000 mlam standard the d iffe r e n c e  threshold  i s  doubled at 

a sep aration  o f  l 1 as compared to th at a t 3 0 "» w h ile  a t a sep aration  of 

3 1 i t  i s  more than quadrupled and i s  more than f iv e  tim es as great at
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b j g u r e  8 . Logarit l im o f  th e  d i f f e r e n c e  t h r e s h o l d  a s  a f u n c t i o n  

o f  a n g u l a r  s e p a r a t i o n  be tween t h e  h a l v e s  o f  a b i p a r t i t e  

f i e l d  f o r  f i v e  lu m in an ce  v a l u e s  o f  t h e  s t a n d a r d .  A l l  

c u r v e s  have been  d i s p l a c e d  i n  t h e  c o o r d i n a t e  sy s tem  as  

f o l l o w s :  0 . 7  mlam i s  d e c r e a s e d  by 0,'jO l o g a r i t h m i c  u n i t s ;

7 mlam d e c r e a s e d  by 1 .00  l o g a r i t h m i c  u n i t s ;  70 mlam d e ­

c r e a s e d  by 1 .4 8  l o g a r i t h m i c  u n i t s ;  700 mlam i s  d e c r e a s e d  

by 2 .1 6  l o g a r i t h m i c  u n i t s  and 7000 mlam i s  d e c r e a s e d  by 

j . 0 b  l o g a r i t h m i c  u n i t s .
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Table 6 . DL values ob tained  a t  f iv e  ltm inance le v e ls  o f th e  standard and 
a t  e ig h t d i f f e r e n t  angu lar sen ara tio n s between the  f i e ld s .

Standard
30" 1^" 1' 3 ' .... 7* 10' 20' 30' '

7000 219 391 U92 891 1031 906 813 969

?00 8.U a . 9 3 1 .3 U8.h 8 5 .9 106 .3 82.8 *U.U

70 1 .1 3 .3 U .l 6 .9 8 .8 6 .3 7 .2 8 .3

7 0 .1 6 0 .3 1 0 .3 1 0 .5 0 0 .7 3 0 .8 0 1 .2 3 1.13

0 .7 0 .0 2 0 .0 3 0 .0 * 0 .0 7 0 .0 8 0 .0 9 0 .0 9 1 .0 0



7 1 • With sep a ra tio n  g rea ter  than 1 0 1 o f  arc a t  t h i s  lum inance, th ere  

are no fu r th er  clianges in  DL,

The 700 mlam fu n c tio n  ex h ib ited  the most marked threshold  

changes in  the DL as a fu n c tio n  o f  s p a t ia l  sep a ra tio n . Between 30" aĴ d 

1' the DL i s  quadrupled. Beyond 10' sep a ra tio n , the DL remained a t  a 

l e v e l  ten  tim es as high as a t  3 0 ".

E xactly  where asym ptote was reached as a fu n c tio n  o f  luminance

could n ot be a scer ta in ed  from th ese  d a ta , a lth ou gh , i t  can be s ta te d

t t e t  beyond 3I- 7 I most o f  the change in  the DL has a lready taken p la ce

no m atter what the l e v e l  o f  lum inance.

F igure 9 shows PSE in  lo g  m illila m b e r ts  as a fu n c tio n  o f 0 fo r  

v a rio u s lum inance l e v e l s  o f  the standard. Log PSE i s  independent o f  

sep aration ; the fu n c tio n s  are a l l  h o r iz o n ta l. A ll o f  the fu n c tio n s  

f a l l  w ith in  the l im it s  o f  our c a lib r a t io n  error o f  *1 5 « and can be 

con sid ered  as o b je c t iv e ly  equal to  the standard. Table 7 p resen ts  

PSE v a lu e s  fo r  a l l  lum inance v a lu es  o f  the standard a t  each va lu e o f  0 .

Table 8 p resen ts  a summary o f  the a n a ly s is  o f  varian ce done 

on the lo g  DL/PSE d ata  as a fu n c tio n  o f  luminance and sep a ra tio n . F ive  

lum inances versu s the four la r g e s t  sep a ra tio n s (7 ' to  3 0 ' )  were sub­

je c te d  to an F - t e s t .  The ob ta in ed  F fo r  both the luminance and lum­

inance x  sep a ra tio n  in te r a c t io n  were found to be h ig h ly  s ig n i f ic a n t  

(p ^ .0 0 1 ) .  The F obta ined  fo r  the sep a ra tio n s  was n ot found to  be 

s ig n i f ic a n t  a t  the 20)6 l e v e l  o f  co n fid en ce . Thus, beyond 7' the  

e f f e c t  o f  sep a ra tio n  between the two f i e l d s  was n ot s ig n i f i c a n t ,  i . e . ,  

the fu n c tio n s  are h o r iz o n ta l l i n e s .  On the o th er  hand, fo r  any g iven  

valu e o f  angular se p a r a tio n , v a lu es  o f  the lo g  DL/PSE vary s ig n i f ic a n t ly  

w ith  lum inance. This im p lie s  th a t  W eber's Law does n ot hold w ith in  

the range o f  sep a ra tio n s su b jected  to  a n a ly s is  (7* through 3 0 ' ) .



Figure 9 » Logarithm o f th e PSE va lu es obtained a t  each o f  f iv e  

luminances o f the standard and fo r  etch  o f e ig h t  an g les o f  

sep aration  between the h alves o f a b ip a r t it e  f i e l d .  The PSE 

i s  the mean o f  the upper and lower threshold  cro ss in g s  using  

the Method o f L im its. H orizontal l in e s  in d ic a te  the va lu e at 

which matches must be made In order to be o b je c t iv e ly  equal 

to the luminance o f the standard.
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Table 7 . PSE values obtained a t  e ig h t d i f f e r e n t  angu lar separa tiona  between 
the  f ie ld s  fo r  f iv e  d i f f e r e n t  le v e ls  'of1 ltpnlnance ot  the  standard

S ta n d a rd
a

30" 1*5" 1* 3 ' 7* 10* 20* 30*

7000 7375 6672 7179 6731* 5719 5219 *37? 6281

700 635 631* 633 628 6 l l 663 627 606

70 65.3 73.3 69.!* 69.1 66.3 72.? 61.6 7b.<

7 7.7 7.5 7.1* 7.L 7.1* 7.2 7 .6 7.1*

° .7  0 .77 0 .7$ 0 .67 0.71 0.70 0 .7?  0.70 0.77

"9
+T



Table  8 .  A n a ly s i s  o f  V a r ia n c e  Summary T able  f o r

Kxperlment I I .

Source df
Sum o f  
Squares

Mean
Square F

Luminance (C) 4 .5169 .1292 *1.0.01 ( p < . 0 0 1 )

S ep aration s (R) 3 .0356 .0119 .91 NS
(p<  20 % )

( C e lls ) (19) (1 .9B52)

Luminance X Sep­
a ra tio n  in te r a c ­
t io n s  CR x C)

12 1 . 432? .1192 *9 .23  ( p < . 001)

W ithin C e lls  
Variance

140 1 .8109 .0129

Total 159 3.7961

* I n d ic a te s  s ig n if ic a n c e
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The s ig n i f ic a n t  in te r a c t io n  between luminance and sep a ra tio n  

im p lie s  th a t  a t  d i f f e r e n t  sep a ra tio n s  d i f f e r e n t  lo g  DL/PSE versu s  

luminance fu n c tio n s  w i l l  be ob ta in ed .

These r e s u lt s  are i l lu s t r a t e d  in  the d erived  fu n c tio n s  shown 

in  F igure 10 . The parameter on th ese  curves i s  ® and the p lo t  i s  

one o f  lo g  DL/PSE a g a in s t  lo g  I .  The fu n c tio n s  dem onstrate a sy s­

tem atic order up to  7 1 beyond which th e ir  placem ent in  the coord in ate  

system  i s  overlapped . In  Figure 10 a l l  fu n c tio n s  up to and in c lu s iv e  

o f  7 1 are in  th e ir  proper ( i . e . ,  a c tu a l ) lo c a t io n s .

For the four sm a lle s t  sep a ra tio n s u sed , the fu n c tio n  deseends  

to a minimum a t  700 mlam. For the four la r g e r  sep a ra tio n s  t h is  min­

imum i s  s h if te d  to 7 0  mlam and the ex te n t  o f  the d e c lin e  i s  reduced.

For a l l  fu n c tio n s  lo g  DL/PSE i s  h ig h e st  a t  the h ig h e st  lum inance l e v e l .  

Comparison o f  the DL a t  high lum inances fo r  c lo s e ly  spaced versu s w id ely  

spaced photom etric f i e ld s  in d ic a te s  th a t the DL i s  sm aller  the c lo s e r  

the two f i e l d s  l i e  to te c h  o th e r . This trend i s  found fo r  a l l  l e v e l s  

o f  lum inance; the c lo s e r  the f i e l d s ,  the sm aller  the DL.

While the fu n c tio n s  obta ined  w ith  a sm all sep a ra tio n  between the  

halves show the s m a lle s t  DL a t  a l l  luminance l e v e l s ,  the 30" curve in  

p a r t ic u la r , shows the g r e a te s t  degree o f  departure from W eber's Law.

The fu n c tio n  i s  s im ila r  to th a t obtained  try o th er in v e s t ig a to r s  u sin g  

a v a r ie ty  o f  o th er methods (H ocht, 193^? C raik, 1938? e t c . )  i f  the lum­

inance range i s  taken in to  c o n s id e r a tio n . Another fe a tu r e  o f  the func­

t io n s  taken to g eth er  i s  a p ro g r ess iv e  f la t t e n in g  as the sep a ra tio n  i s  

in c re a sed . At 20' and 30' the curvature i s  much l e s s  marked than a t  30"•



Figure 10 . fhe logarithm  o f  the Weber fr a c t io n  (DL/PSE) as a

fu n c tio n  o f  lum inance o f  the standard fo r  e ig h t  s p a t ia l  sep­

a ra tio n s  between a b ip a r t i t e  f i e l d .  A ll fu n c tio n s  are in  th e ir  

proper placem ent in  th e  coord in ate  system  excep t for the top 

th ree . The 10' curve has been d isp la ced  upward by 0 .3  lo g a ­

rith m ic u n its ;  201 by O.b- lo g a r ith m ic  u n its  and 30' by 0 .5  

lo g a r ith m ic  u n its .
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I t  i s  a lso  apparent th a t the shapes o f  the fu n c tio n s  beyond ? ' ,  w h ile  

roughly comparable, do e x ld b it  d if f e r e n c e s .  At 7* th ere i s  a marked 

in cr ea s in g  trend w ith  in c re a s in g  lum inance, w h ile  a t  20* and 3 0 ' t h is  

in cr ea se  Is  no lo n g er  so apparent. G en era lly , the fu n c tio n s  are or­

dered in  re feren ce  to both s e n s i t i v i t y  (placem ent in  the coord in ate  sy s ­

tem) and gen era l shape (from marked curvature towards a r e la t iv e ly  hor­

iz o n ta l  tr e n d ).

I t  has a lready been s ta te d  in  the procedure s e c t io n , th a t in  

Experiment I I  in  each d a ily  s e s s io n  a luminance v a lu e  was f ix e d  and the  

EL determ ined fo r  each d if f e r e n t  9 . S ince one o b je c t  o f  the study was 

to  ob ta in  derived  fu n c tio n s  o f  lo g  UL/PSE versu s lo g  I ,  each o f  two sep­

a r a tio n s  were s e t  and the DL was determ ined fo r  each o f  f iv e  luminance 

l e v e l s  o f  the standard. F igure 11 compares the fu n c tio n s  obtained fo r  

two sep a ra tio n s obtained  in  th ese  two d if f e r e n t  ways. The low er curve 

in d ica ted  by "across 9" was obtained by s e t t in g  a luminance l e v e l  and 

making measurements a t d i f f e r e n t  v a lu es  o f s p a t ia l  sep a ra tio n . When t h is  

was done fo r  the f iv e  l e v e l s  o f luminance used in  the study, th e  8 va lu e  

o f  in t e r e s t  was s e le c te d  and th e fr a c t io n  p lo t t e d .  The curve "across I" 

was obtained  by s e t t in g  a 8 = JO" and changing the lum inance. Measure­

ments were made over a four day period  changing th e luminance rather  

than th e se p a ra tio n . Comparison o f th e se  two cu rves shows a marked sim­

i l a r i t y  o f  th e  g en era l tren d . Each o f  the curves d ecrea ses to  a m ini­

mum and then shows a r i s e  aga in . The same procedure was fo llow ed  fo r  

0 = 301 y ie ld in g  the top two fu n c t io n s . Again, the shapes are compar­

a b le  although  th ere  are some d if f e r e n c e s .  These d iffe r e n c e s  are  most 

l i k e l y  due to  d ay-to-d ay  v a r ia b i l i t y  in  s e n s i t i v i t y  as w e ll as c r i t e r ­

io n  e f fe c t sctae to the method o f  o b ta in in g  the data .



Figure 11 . Comparison o f  the logarithm  o f  th e  Weber fr a c t io n

(DL/PSE) obta in ed  by two d if f e r e n t  methods o f c o l le c t in g  the  

data fo r  each o f  f iv e  lum inance v a lu es  o f  the standard. The 

curve obtained  "across I" in d ic a te s  th a t in  each d a ily  s e s s io n ,  

an angular sep a ra tio n  was s e t  between the h a lves o f the b ip ar­

t i t e  f i e l d ,  and the lum inance o f  th e  standard was changed. 

Values obtained  "across 0" in d ic a te  th a t in  each d a ily  s e s s io n ,  

the lum inance v a lu e  o f th e  standard was s e t ,  and the logarithm  

o f  DL/PSE was obtained  fo r  the va r io u s 0 v a lu es  used in  the ex­

perim ent.
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Figure 12 shows the e f f e c t  o f  s p a t ia l  and temporal sep a ra tio n  

between the f i e ld s  on lo g  DL/PSE v ersu s lo g  I fo r  two l e v e l s  o f  sep­

a r a tio n . The sep a ra tio n s chosen were sn a il and la rg e , temporal and 

s p a t ia l  s e p a r a tio n s . In  the lo w est two curves a 95 msec temporal 

sep a ra tio n  i s  compared to a 30" s p a t ia l  sep a ra tio n . The 95 msec curve 

has been a r b it r a r i ly  lowered in  the coord in ate  system  to  f a c i l i t a t e  

com parison. The i n i t i a l  segments (from .7  to 7 mlam) o f  the two func­

t io n s  are I d e n t ic a l  in so fa r  as th e ir  shape i s  concerned. Beyond t h is  

i n i t i a l  p o rtio n  the fu n c tio n s  appear e n t ir e ly  d i f f e r e n t .  W hile the  

s p a t ia l  fu n c tio n  co n tin u es to  decrease ( s e n s i t i v i t y  in c r e a se s )  to a 

minimum a t  7 0 0  mlam, the temporal fu n c tio n  e x h ib its  poorer s e n s i t iv i t y  

a t  in term ed ia te  lum inances. A fter 700 mlam the s p a t ia l  curve r i s e s  and 

s e n s i t i v i t y  becomes poor once aga in , a lthough , never as poor as fo r  the  

temporal s i t u a t io n .  A fter reaching a maximum s e n s i t i v i t y  a t  7 mlam, the 

temporal fu n c tio n  r i s e s  to  an asym ptotic l e v e l .  With a sm all s p a t ia l  

sep a ra tio n , however, s e n s i t i v i t y  co n tin u es to improve over a th ree  log  

u n it  range and o n ly  a t th e  h ig h est  lum inance le v e l  does i t  become poor 

aga in .

The second s e t  o f  curves are th ose  obtained  fo r  a wide temporal 

and s p a t ia l  sep a ra tio n . Here a 30' s p a t ia l  sep a ra tio n  was compared w ith  

a 500 msec temporal sep a ra tio n . The curves are roughly comparable in  

shape. The s p a t ia l  fu n c tio n  i s  lea d in g  the temporal fu n c tio n  by one 

lo g  u n it .  That i s ,  i f  the temporal fu n c tio n  had a l l  o f  i t s  v a lu es  o f  

lo g  DL/PSE s h if te d  up to th e r ig h t ,  the two curves would be id e n t ic a l  

in  shape. I t  appears th a t to  a f i r s t  approxim ation the form o f  the 

fu n c tio n  i s  the same for  la r g e  temporal and s p a t ia l  sep a r a tio n s . While



Figure 12 . Comparison o f  th e  lo g  Weber fr a c t io n  obtained a t

each va lu e  o f the standard fo r  narrow ( 3 0 ". 95 msec) and 

wide ( 5 0 0  msec; 3 0 ") temporal and s p a t ia l  sep a ra tio n s be­

tween the f i e ld s  to be d iscr im in a ted . 151 r e fe r s  to in te r -  

stim u lu s in te r v a l;  9 r e fe r s  to  the angular subtense o f the  

septum between the h a lves o f  the b ip a r t it e  f i e l d .  The en­

t i r e  curve fo r  ISI = 95 msec has been lowered by 0 .9 7  lo g ­

arithm ic u n its  in  th e coord in ate  system  to  f a c i l i t a t e  com­

p a riso n .
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t h e  t e m p o r a l  c u rv e  shows a d e c r e a s e  a t  7 mlam, t h i s  d e c r e a s e  i s  

s h i f t e d  to  ?0 mlam i n  t h e  s p a t i a l  s i t u a t i o n .  A f t e r  t h e  minimum 

i s  a t t a i n e d  f o r  b o t h  f u n c t i o n s  t h e r e  i s  a s u b s e q u e n t  r i s e ,  bu t  

t h e s e  d i f f e r e n c e s  may be due  to  v a r i a b i l i t y .



D i s c u s s i o n

1 .  E x p e r im en t  I  -  Temporal S e p a r a t i o n

Do i n v e s t i g a t i o n s  com parab le  to  t h e  p r e s e n t  s t u d y  a p p e a r  to  have 

been  p r e v i o u s l y  made. A l th o u g h  many i n v e s t i g a t o r s  Isave been con ce rn ed  

w i t h  t h e  t e m p o r a l  v a r i a b l e  i n  v i s i o n ,  none have s y s t e m a t i c a l l y  v a r i e d  

t i  e I  ; l  as  a i a m m e t e r  w h i l e  n o t i n g  i t s  e f f e c t s  on lu m in a n c e  d i f f e r e n c e  

judgm en ts  be tween  s u c c e s s i v e l y  p r e s e n t e d  super im posed  s u p r a t h r e s h o l d  

f i e l d s  h av in g  no s p a t i a l  o v e r l a p .  I t  was found t h a t  t h e  e f f e c t  o f  i n ­

s e r t i n g  a v a r i a b l e  d a r k  i n t e r v a l  be tween  two f i e l d s  on t h e  lu m in a n c e  

d i f f e r e n c e  t h r e s h o l d  i s  complex .  F i g u r e  3 i l l u s t r a t e s  th e  p r e c i s e  

n a t u r e  o f  t h i s  e f f e c t .  I t  has a l r e a d y  been  i n d i c a t e d  t h a t  t h e  c u r v e  

has  a t  l e a s t  two c h an g es  o f  d i r e c t i o n .  This  c o m p l e x i t y  o f  fo rm  has im­

m e d ia t e  c o n se q u e n c e s  f o r  any i n t e r p r e t a t i o n  o f  t h e  d a t a  based  on n sycho-  

p t y s i c a l l y  d e t e r m i n e d  e f f e c t s  which  a r e  monotonic  f u n c t i o n s  o f  t im e  

su ch  a s  l i g h t  a d a p t a t i o n  ( f o rw a r d  masking) and backward m ask ing .

P s y c h o p h y s i c a l l y  d e t e r m in e d  e f f e c t s  can  be d i s t i n g u i s h e d  from 

v a r i o u s  n r o c e s s e s  which  may u n d e r l i e  t h e s e  e f f e c t s .  For exam ple ,  

t h e  phenomenon o f  l i g h t  a d a o t a t i o n  may be u n d e r s t o o d  i n  a t  l e a s t  

two ways.  I t  may be u n d e r s t o o d  a s  a p h o to c h e m ic a l  and n e u r a l  p r o ­

c e s s .  I t  may a l s o  be u n d e r s t o o d  p s y c h o p t i y s i c a l l y  a s  changes  i n  th e  

a p p a r e n t  b r i g h t n e s s  ju dgm en ts  o f  t h e  s econd  of  two s u c c e s s i v e l y  n r e -  

s e n t e d  f l a s h e s  o r  on t h e  b a s i s  o f  c h an g es  i n  t h e  lu m in a n c e  r e q u i r e d  

to  d e t e c t  a f l a s h  w hich  f o l l o w s  an  a d a p t i n g  lu m in a n c e  a t  v a r i o u s  

t i m e s .  Th is  same r e l a t i o n s h i p  be tween  " p r o c e s s 11 and " p s y c h o p h y s i c a l l y  

d e t e r m i n e d  e f f e c t s "  a l s o  a p p l i e s  to  t h e  phenomenon o f  backward masking , 

d h e r e a s  t h e  s t u d y  o f  fo rward  masking  i s  u s u a l l y  con ce rn ed  w i th

-37-
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t h e  d e t e c t i o n  o r  th e  a s s e s s m e n t  of t h e  a p p a r e n t  b r i g h t n e s s  o f  the  

second o f  two f l a s h e s  p r e s e n t e d  s u c c e s s i v e l y ,  t h e  s tu d y  o f  backward 

masking i s  c o n ce rn ed  ’w i th  t h e  d e t e c t i o n  o f  th e  f i r s t  f i e l d  when f o l ­

lowed i n  t ime by a n o t h e r  lu m in o u s  f i e l d .  U n f o r t u n a t e l y ,  t h e r e  a p ­

p e a r s  t o  have been  no i n v e s t i g a t i o n s  o f  t h e  a p p a r e n t  b r i g h t n e s s  o f  

t h e  f i r s t  f l a s h  when f o l l o w e d  by a n o t h e r  lum inous  f i e l d ,  lea the r ,

t h e  s t u d y  o f  backward masking  has been r e s t r i c t e d  t o  t h e  s i t u a t i o n

where  i n c r e m e n t s  i n  lu m in an ce  a r e  to  be d e t e c t e d .  I t  shoub  be 

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

e i t h e r  fo rw ard  o r  backward masking a r e  m o n o to n ic ,  t h e  v a r i o u s  phys ­

i o l o g i c a l  p r o c e s s e s  r e s u l t i n g  i n  su ch  e f f e c t s  :nay be more complex.

The o r e s e n t  a n a l y s i s  w i l l  be r e s t r i c t e d  to  th e  " p s y c h o p h y s i c a l "

d e f i n i t i o n  o f  t h e s e  e f f e c t s  and w i l l  n o t  d e a l  w i t h  p h y s i o l o g i c a l  

p r o c e s s e s .  As any s i n g l e  monoton ic  p s y c h o p h y s i c a l  f u n c t i o n  c a n n o t  

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

s s  t o  w h e th e r  such  a complex f u n c t i o n  a s  was o b t a i n e d  in t h e  p r e s e n t  

s tu d y  may be c o n s t r u c t e d  o u t  o f  t h e  i n t e r a c t i o n  o f  two d i f f e r e n t  

m onoton ic  f u n c t i o n s  o f  131 ,  I t  is a w e l l  documented  f a c t  i n  b o th  

v i s i o n  and h e a r i n g  t h a t  a s t i m u l u s  can  a c t  b o t h  "backward" and " f o r ­

ward" i n  t im e  and i n f l u e n c e  t h e  d e t e c t i o n  o r  b r i g h t n e s s  o f  a n o t h e r  

s t i m u l u s  (W a l l a c e ,  1937; C r a i k ,  1938, 1940; C raw fo rd ,  1947; Baker ,  

1999; B a t t e r s b y  and Wagman, 1959 ,  1 9 6 4 ) .  The f o r m e r  e f f e c t  has 

been  c a l l e d  "backward  masking" w h i l e  t h e  l a t t e r  h as  been  r e f e r r e d  

t o  a s  " f o rw a rd  masking" o r  " l i g h t  a d a p t a t i o n . 11 Each o f  t h e s e  psycho­

p h y s i c a l  e f f e c t s  have  been  shown to  be a d i f f e r e n t  monotonic  f u n c ­

t i o n  o f  t h e  t im e  be tw een  t h e  two s t i m u l i . T t  i - no :- . . i l l  < , i o v e v e r ,
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t lva t  t h e  i n t e r a c t i o n  be tween  b o th  o f  t h e s e  p s y c h o p h y s i c a l  e f f e c t s  

was o p e r a t i v e  i n  t h e  p r e s e n t  e x p e r i m e n t s  and i s ,  i n  p a r t ,  r e s p o n s i b l e  

f o r  t h e  complex non -m onoton ic  n a t u r e  o f  t h e  r e s u l t s .

Two g e n e r a l  t y p e s  o f  a r r a n g e m e n t  i n  which fo rw ard  masking 

has  been  i n v e s t i g a t e d  have u sed  t h e  d e t e c t i o n  o f  an  i n c r e m e n t  ( B a t t e r s b y  

and Wagman, 1959; 1969) and a p p a r e n t  b r i g h t n e s s  a l l a c e ,  1937,  C r a i k ,  

1933,  1990) a s  t h e  d e p e n d e n t  v a r i a b l e s .

I n  t h e  i n c r e m e n t  s i t u a t i o n  an  i n c r e m e n t  i s  added to  an  a l r e a d y  

ongo ing  l u m in a n c e  and t h e  t a s k  o f  t h e  s u b j e c t  i s  to  d e t e c t  t h e  p r e s ­

ence  o f  t h e  i n c r e m e n t .  As no c l e a r  r e l a t i o n s h i p  e x i s t s  be tween th e  

d e t e c t i o n  o f  i n c r e m e n t s  and t h e  c o m p ar i so n  o f  t h e  b r i g h t n e s s e s  o f  

s u c c e s s i v e l y  p r e s e n t e d  f i e l d s ,  no p r e d i c t i o n s  t o  t h e  p r e s e n t  r e s u l t s  

can  be made f o r  t h e  d a t a  o b t a i n e d  u s i n g  t h e  i n c r e m e n t  method.  This 

a rgum en t  a l s o  a p p l i e s  t o  backward masking d a t a  o b t a i n e d  by th e  i n c r e ­

ment method.

O th e r  i n v e s t i g a t o r s  o f  fo rw ard  masking have used  a p p a r e n t  

b r i g h t n e s s  a s  t h e  d e p e n d e n t  v a r i a b l e  ( . ,a l l a c e ,  1937; C r a i k ,  1 9 9 0 ) .

These i n v e s t i g a t i o n s  i n d i c a t e  t h a t  t h e  e f f e c t  o f  a d a p t i n g  t h e  eye 

to  l i g h t  i s  t o  l o w e r  t h e  a p p a r e n t  b r i g h t n e s s  o f  a f i e l d  which  i s  

s u b s e q u e n t l y  p r e s e n t e d .  I n  t h e s e  s t u d i e s ,  t h e  b r i g h t n e s s  o f  th e  

f i e l d s  was a s s e s s e d  by m a tch ing  a  c o m p ar i so n  f i e l d  i n  one eye to  

a t e s t  f i e l d  i n  t h e  o t h e r  e y e .  They a p p e a r  t o  o f f e r  a  b a s i s  f o r  

co m p a r i so n  t o  t h e  p r e s e n t  s e t  o f  r e s u l t s ,  i n s o f a r  a s  th e  t a s k  o f  

b r i g h t n e s s  a s s e s s m e n t  i n  t h e  p r e s e n t  s t u d y  was s i m i l a r  t o  t h e  p r e ­

v io u s  i n v e s t i g a t i o n s .  These c o m p a r i s o n s ,  however,  c a n n o t  be p u rsu e d  

too  f a r  a s  p r e d i c t i o n s  based on t h e  above r e s u l t s  l e a d  to  t h e  con-
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s t r u c t i o n  o f  monotonic f u n c t i o n s ,  k e i t h e r  forward nor backward 

masking e f f e c t s ,  i n  and of  th em se lv es ,  a r e  s u f f i c i e n t  to  accoun t  

fo r  t h e  p r e s e n t  s e t  of r e s u l t s .

I t  should  be remembered t ! ia t  the s u b j e c t  was I n s t r u c t e d  to  

a s s e s s  t h e  b r i g h t n e s s  d i f f e r e n c e  between the two f i e l d s  and on the  

b a s i s  of  h i s  judgments  a luminance d i f f e r e n c e  tiu’oshold  was o b ta in e d .  

I t  has a l r e a d y  been i n d i c a t e d  t h a t  t h e  p r e s e n t  r e s u l t s  may a r i s e  from 

an I n t e r a c t i o n  between forward and backward nask inp  e f f e c t s .  A3 both  

backward and forward masking when p s y c h o p ly s i c a l l y  measured r e f e r  

to the  a p p a r e n t  b r i g h t n e s s  of  the  f i r s t  and second f l a s h e s  r e s p e c ­

t i v e ! ; / ,  . it i s  r o s s i b l e  t h a t  the luminance d i f f e r e n c e  th re e  ho]] may 

be r e l a t e d  ir .  sc .0 way to  a... ■ . -f the a; p a re n t  b r i p h t n e s s e s  of  

th.e two f i e l d s .  I n  o rd e r  to b e s t  svsjua. te the r e l n t i  onsh ip  betveer,  

i s  ' c c t s  of the a p p a r e n t  b r i g h t n e s s  of  the  f i e l d s  and the luminance 

- i f  f o r  once 11 lTcs ! o l d  an o;.,. d r i e s ] ,  ap .roach i ” v c r - t u r " ,

Ir. o rd e r  to e v a l u a t e  t i e  a;.pa r e n t  b r i . h t n o s s  of - ten  t  f i e l d  

a comparison In  mlnance p r e se n te d  to one eye may 1 jo a d ju s te d  to  

measure the a n o a r e n t  b r i g h t n e s s  of  th e  t e s t  f 5.eld  ' r e s en te d  to  

th e  o t h e r  eye (Diamond, 1955) .  fh is  method avoid '', the d i f f i c u l t i e s  

i n h e r e n t  i n  p r e s c n t i n p  both  t h e  . l e a s u r in r  in s t ru m e n t  and t e a :  f i e l d  

to t h e  sane eye (lieinemann, 1955 ) .  I t  i s  a l s o  d i s t i n g u i s h e d  from 

v a r i o u s  types  o f  s c a l i n g  methods used to  measure a p p a r e n t  b r i g h t n e s s  

an th e  o p e r a t i o n s  invo lved  i n  both  tyoes  o f  methods a r e  very d i f f e r e n t .

I n  the p r e s e n t  s tudy a  luminance d i f f e r e n c e  th r e s h o ld  war 

d e t e r .d n o d  between two s u c c e s s i v e l y  p re sen te d  f l a s h e s  of  l i y h t .

The two f l a s h e s  were s e p a ra te d  byn v a r i a b l e  dark i n t e r v a l  (131) and 

the  t a s k  of  t h e  s u b j e c t  was to make a brim fitness a s se s sm en t  of the
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two f i e l d s .  I t  i s  poss ib le ,  under  th e se  same o.vs<er i : :en ta l  c o n d i ­

t io n , ; ,  to  make a p p a r e n t  b r ig h t n e s s  measurements of each  o f  t h e  two 

s u c c e s s iv e  f lash ,es  as a f u n c t io n  of  the  luminance o f  each f l a s h  and 

the  I-jI between the f l a s h e s ,  these  ; .easurements  a r e  p o s s i b l e  on ly  

i f  the  I o l  s e p a r a t i n  • th.e two f l a s h e s  i s  long  enough so as  t o  

e n ab le  th e  s u b j e c t  to  see  two d i s c r e t e  f l a s h e s  o f  l i g h t .  fhese 

l a t t e r  measurements ,  however, w ereno t  ;nade i n  the p r e s e n t  i n v e s t i -  

■ s a t io n  and what fo l lo w s  below i s  the  outcome o f  a h y p o t h e t i c a l  ex­

pe r im en t  i n  which bo th  luminance d i f f e r e n c e  and a p p a re n t  b r ig h t n e s s  

j u d - n e n t s  a r e  made by the  sane o b s e rv e r .  fhe purpose  of  such an 

a n a l y s i s  w i l l  be to  show low the r e l a t i o n s h i p  be tween a o n a r e n t  

b r i g h t n e s s  and the  luminance d i f f e r e n c e  t l i r e sh o ld  can be a s s e s s e d .  

While th e  luminance d i f f e r e n c e  t h r e s h o l d  i s  o b t a i n a b l e  by 

the  same p rocedures  as  have been d e t a i l e d  i n  the  p r e s e n t  i n v e s t i ­

g a t i o n ,  t h e  method of measuring the  a p p a r e n t  b r i g h t n e s s  of  t h e  f l a s h e s  

r e q u i r e s  c o n s id e r a b l e  e x p l a n a t i o n .  I n  o r d e r  to  measure th e  luminance 

d i f f e r e n c e  t h r e s h o l d  th e  second of  two su c c e s s iv e  f l a s h e s  was s e t  a t  

a s ta n d a rd  luminance va lue  (700ml) and t h e  luminance of the  f i r s t  

f l a s h  was v a r i e d  i n  s n a i l  luminance s t e p s  around the  v a lu e  of  the  

s t a n d a r d .  fhe f i r s t  f l a s h  was d e s ig n a te d  th e  v a r i a b l e  and th e  second 

was c a l l e d  the  s t a n d a r d .

When a p p a r e n t  b r i g h t n e s s  measurements a r e  to be made the 

comparison f i e l d ,  g iven  to  the  l e f t  eye ,  must be p laced  b i n o c u l a r l y  

a d j a c e n t  to  th e  t e s t  f i e l d  d e l i v e r e d  to th e  r i g h t  eye.  I f  bo th  the 

comparison and t e s t  f i e l d s  a r e  p resen tee ’ to homo to p ic  r e t i n a l  a r e a s ,  

f u s i o n  o f  th e  f i e l d s  occu rs  and the  measurements can n o t  be made.



I f  t h e  second ( s t a n d a r d )  f l a s h  i s  s e t  a t  a f ix e d  luminance 

v a lu e  ( e . g .  700!nl )  » the  a p p a r e n t  b r i g h t n e s s  of  th e  f i r s t  f l a s h  can 

be measured (by a b i n o c u l a r  b r i g h t n e s s  match) f o r  th e  v a r io u s  f ix e d  

luminances  o f  the  f i r s t  f l a s h  used p r e v i o u s l y  to  o b t a i n  th e  luminance 

d i f f e r e n c e  t h r e s h o l d .  These a p p a r e n t  b r i g h t n e s s  measurements can be 

made f o r  a l l  151 a t  which the  luminance d i f f e r e n c e  t h r e s h o ld  i s  de­

te rm ined .  I n  t h i s  way a f a m i ly  of  a p p a r e n t  b r i g h t n e s s  cu rves  f o r  

each luminance of  the f i r s t  f l a s h  i n  th e  p resence  o f  a second f ix e d  

luminance  f l a s h  e s  a f u n c t i o n  o f  the  151 can be o b ta in e d .  In  the  

same manner, a f am ily  of  a p p a r e n t  b r i g h t n e s s  cu rves  of  the  second 

f l a s h  f o r  d i f f e r e n t  luminance v a lu e s  of  t h e  second f l a s h  i n  th e  p r e s ­

ence of  a f i x e d  luminance o f  the  f i r s t  f l a s h  a t  d i f f e r e n t  151 may be 

d e te rm in e d .

FIpure  13
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o

100
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F ig u re  13 shows a h y p o t h e t i c a l  s e t  o f  such f u n c t i o n s .  For 

t h e  f a m i ly  of  f i r s t  f l a s h  a p p a r e n t  b r i g h t n e s s  cu rves  the  pa ram ete r  

on the  cu rv es  i s  t h e  luminance of  th e  f i r s t  f l a s h  w hi le  the i n  th e



presence o f th e  ueeo. :i! f ' l  1 1  nance f l a sh  of 700ml. :" .i. f :i 1 _

of cu rv es  i s  i n d i c a t e d  by th e  s o l i d  l i n e s .  For the  fam ily  of  second 

f l a s h  a p p a r e n t  b r i g h t n e s s  c u rv e s  th e  p a ram ete r  on the  cu rves  i s  the  

luminance of t h e  second f l a s h  w h i le  i n  the  p re sen ce  of a f ix e d

luminance  f i r s t  f l a s h .  This fam i ly  i s  i n d i c a t e d  by th e  broken l i n e

c u r v e s .  The o r d i n a t e  i s  th e  luminance o f  the  comparison f i e l d  in

m i l l i l a m b e r t s  which i s  d e f in e d  h&re as  th e  a p p a r e n t  b r ig h t n e s s  of

th e  t e s t  f i e l d  under  c o n s i d e r a t i o n .  I n  o r d e r  to  s im p l i f y  the  p r e s ­

e n t a t i o n  the  p r e s e n t  a n a l y s i s  w i l l  use  a l y p o t h e t i c a l  f am ily  of 

a p p a r e n t  b r i g h t n e s s  cu rves  f o r  the  f i r s t  f l a s h  and only  one a p p a r e n t  

b r i g h t n e s s  cu rve  f o r  t h e  second f lash: .  fhe remaining members of  t h e  

f a m i ly  o f  second f la sh ,  a p p a r e n t  b r ig h t n e s s  curves  w i l l  be in t ro d u c e d  

a t  a l a t e r  p o in t  i n  the  d i s c u s s i o n .

F i g u r e  1 ^  p r e s e n t s  t h e  h y p o t h e t i c a l  a r r a n g e m e n t  under  c o n s i d e r a t i o n ,

Figu re  1**
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Fhe spac ing  between each o f  the  f i r s t  f l a s h  a p p a r e n t  b r ig h t n e s s  cu rves  

a t  any g iven  I I I  ap p ea rs  to have i n p l i c a t i o n s  f o r  t h e o r e t i c a l  p o s i ­

t i o n s  concerned w i th  the r e l a t i o n s h i p '  between a p p a r e n t  b r ig h t n e s s  

and lum inance .  I f  i t  i s  assumed t h a t  a power law d e s c r i b e s  th e  r e ­

l a t i o n s h i p  between a p p a r e n t  b r i g h t n e s s  and lum inanc ' j , such a f u n c t i o n  

cou ld  be f i t  to de te rm ine  the  spac ing  between eac]. o f  the  a p p a r e n t  

b r i g h t n e s s  c u r v e s .  In  o r d e r  to accom pl ish  t h i s ,  however, r e l e v a n t  

i n f o r n a t i o n  would be r e q u i r e d  concern ing  the  r e l a t i o n s h i p  between the  

exponent  o f  the  power f u n c t i o n  and th e  I J I .  fhe a p p a r e n t  b r ig h t n e s s  

cu rves  which a r e  p r e s e n te d  i n  F ig u re  14 would r e q u i r e  t h a t  the  expo­

n e n t  vary  as  a f u n c t i o n  of  the  131. Indeed ,  a t  l a r g e  I I I  where the  

cu rves  a r e  a s y m p to t i c ,  a c o n s t a n t  exponent would be r e q u i r e d ,  w hi le  

a t  the  s h o r t e r  1 31 a power f u n c t i o n  could n o t  be a p p l i e d  u n l e s s  i t  

was known how th e  exponent  v a r i e d  w i th  clianges i n  131. At the  p r e s e n t  

t ime t h i s  i n f o r m a t i o n  i s  unknown. The sp ac in g  used between each of  

the  a n n a r e n t  b r i g h t n e s s  c u rv e s  i s  t h e r e f o r e ,  a r b i t r a r y  and has been 

chosen to  f a c i l i t a t e  i n t e r p o l a t i o n  between the  c u r v e s .  I t  can e q u a l ly  

w e l l  be assumed t l i a t  the too and bottom a p p a r e n t  b r i g h t n e s s  cu rves  

s e t  th e  l i m i t  o f  a range  and t h a t  the  i n t e r v e n i n g  a r e a  r e p r e s e n t s  

a s o l i d  b lock  o f  a p p a r e n t  b r i g h t n e s s  curves  each be ing  ob ta in ed  f o r  

a d i f f e r e n t  luminance v a lu e  o f  the  f i r s t  f l a s h .

One h y p o th e s i s  which may be p u t  forward i s  t h a t  a c o n s t a n t  

d i f f e r e n c e  i n  a p p a r e n t  b r i g h t n e s s  ( i n  mlam) between t h e  two f l a s h e s  

i s  r e q u i r e d  f o r  a d i f f e r e n c e  to  be d e t e c t e d  f o r  a p a r t i c u l a r  luminance 

o f  th e  s t a n d a r d .  I t  should  be nc ted  t h a t  t h i s  h y p o th e s i s  i s  q u i t e  

d i f f e r e n t  from t h a t  advocated  by Fechner ,  as  h e re ,  t h e  r e l e v a n t  v a r ­
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i a b l e  de te rm ing  a p p a r e n t  b r i g h t n e s s  i s  the  I f ' I  and not luminance 

s in c e  the  luminances  of  both  f i e l d ?  a r e  h e ld  c o n s t a n t .  I f  the  j .ur’t h e r  

a s suir.ption  t h a t  a p p a re n t  b r i g h t n e s s  i s  d i r e c t l y  r e l a t e d  to n eu ra l  

e f f e c t  i s  p roposed ,  the h y p o th e s i s  of  a c o n s t a n t  d i f f e r e n c e  in  ap ­

p a r e n t  b r i g h t n e s s  i s  one which lias P r e v io u s l y  been a t t r i b u t e 4 to 

C r o r i e r  (Morgan, l ° h 3 ) .  This  h y p o th e s i s  s t a t e s  t h a t  i n  o r d e r  f o r  a 

d i f f e r e n c e  to  be d e t e c t e d  a c o n s t a n t  d i f f - r e n c e  in  n e u r a l  e f f e c t  is 

r e q u i r e d  at ovr o r  below the magnitude o f  the  n e u ra l  e f f e c t  e l i c i t e d  

by th e  s tan d a rd  i n t e n s i t y .  I t  i s  n o t ,  however, t h e  i n t e n t  o f  the 

proposed a n a l y s i s  to  t e s t  v a r io u s  rr n o t h e s e s .  K a th e r ,  th e  e m p i r i c a l  

n a t u r e  .f  the  r e l a t i o n s h i p  between apparent ,  b r i g h t n e s s  and t.^e "'uminanoe 

d i f f e r - n c e  t h r e s h o l d  i s  so u g h t .

One p o s s i b l e  outcome of  j 'T l ;  an exper im en t  mar b<* t h a t  a 

c o n s t a n t  d i f f e r e n c e  in  V" a r e n t  b r i g h t n e s s  between + he two fl ••shes 

is  r e q u i r e d  f o r  a d l f f - r e n c e  to  be d e t e c t e d .  The lurrbnance d i f f e r e n c e  

bet.ween the  f i r s t  and second f l a s h e s  r e q u l r - d  to v i e l d  an" a p p a ren t  

b r ig h t n e s s  d i f f e r e n c e  between the f i e l d s  can be o b ta in ed  bv c r + t i n g  

a c ro s s  the cu rves  i n  F ig u re  lU in  a p a r t i c u l a r  wav. Tha t  i s ,  f o r  anv 

given I f  I  the  d i f f e r e n c e  in  luminance between the  second f l a s h  curve  

of  a p p a re n t  b r i g h t n e s s  and a c o n s t a n t  d i o f . p e n c *  in  a n o a r e n t  b r i g h t ­

ness  above t h i s  curve w il l  i n t e r s e c t  one o f  t h e  fam ily  o r f i r s t  f l a p ’ 

a p p a re n t  b r i g h t n e s s  c u r v e s .  Each of  t h e s e  a p p a r e n t  b r i g h t n e s s  cu rves  

has a g iven luminance v a l u e .  The d i f f e r e n c e  between the two lum inan res  

i s  the s t im u lu s  luminance d i f f e r e n c e  r e q u i r e d  to y i e l d  a c o n s t a n t  

d i f f e r e n c e  in  a p p a r e n t  b r i g h t n e s s  between the f l a s h e s .  This  i s  i l l u s ­

t r a t e d  in  f i g u r e  1 U .  The h e i g h t  of the broken l i n e  curve r e p r e s e n t s  

a c o n s t a n t  d i f f e r e n c e  in  a p p a re n t  b r i g h t n e s s  above I h- a p p a r e n t  b r i g h t ­
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n e s s  c u rv e  f o r  th e  second  f l a s h .  The c o n s t a n t  d i f f e r e n c e  i n  a p p a r ­

e n t  b r i g h t n e s s  i s  th e n  i n d i c a t e d  by th e  d i f f e r e n c e  betw een  th e  b ro k en  

l i n e  c u rv e  and th e  s o l i d  c u rv e  o f  a p p a r e n t  b r i g h t n e s s  f o r  th e  second  

f l a s h .  The lu m in a n c e  d i f f e r e n c e  r e q u i r e d  to  y i e l d  t h i s  c o n s t a n t  

a p p a r e n t  b r i g h t n e s s  d i f f e r e n c e  i s  g iv e n ,  a t  e ach  131, by th e  i n t e r ­

s e c t i o n  o f  th e  b ro k e n  l i n e  c u rv e  w i th  each  o f  th e  f i r s t  f l a s h  a p p a r e n t  

b r i g h t n e s s  c u r v e s .  S p e c i f i c a l l y , th e  lu m in an ce  d i f f e r e n c e  i s  g iv e n  

by t h a t  lu m in an ce  o f  th e  f i r s t  f l a s h  w hich  y i e l d s  th e  a p p a r e n t

b r i g h t n e s s  v a lu e  o b ta in e d  a t  th e  i n t e r s e c t i o n  minus th e  lu m in an ce  

o f  th e  second  f l a s h  ( t h e  l a t t e r  a lw ays  b e i n '  a f i x e d  v a l u e ) .  The 

r e s u l t i n g  v a lu e s  y i e l d  a c u rv e  o f  the  lu m in a n c e  d i f f e r e n c e  a s  a fu n c ­

t i o n  o f  th e  I  i l  s i m i l a r  in  shape  to th e  one o b ta in e d  i n  th e  p r e s e n t  

s tud ;/ ( a c e  F ig u r e s  3 and 1 5 ) .

F ig u re  15

Il
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i td id  Lb i k t f .-vai , \ ;  r r )
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11 . iay , ho: . 'ev e r , bo i n n n p r o p r i a t e  to assume t i n t  n c o n s t a n t  

d i f f e r e n c e  i n  a p p a r e n t  b r i g h t n e s s  i s  r e q u i r e d  f o r  a d i f f e r e n c e  to  b r­

ie te c  t e d ,  nn-i th e  q u e s t i o n  :.~ j g s i t o  s e n s i b l y  be r e v e r s e d .  That 1:., 

t!.c lu . linanci-; l i f f e r c r . c e  be tw een  t i e  f i e  si..or. r e p a r r l  to y i e l d  n 

d e t e c t a b l e  a . p a r e n t  b r i g h t a e " -  1 i f f e r e r . e e  i s  r i v e n  \yj thr. d i f f e r e n c e  

be tw een  thr lu . Annnc-' o f  t'. u . v i a n d  f l a s h  and the  luxuriance  o f  th.c 

f i r s t  f l a s h  '> t  my,' g iver. I J I .  t h e r e f o r e ,  i f  lu .o in .incc b i f ' c r o u c r  

;V ’ - .orrts a rc  .!•>  and i f  th e  a; o'a r e n t  ’ n i  b tv.exs la t r i b  : t.w 'ns f o r  

the  f 1 a.' ho:: ".re ob Laix.ob i1  i s  s e n s i b l e  to d e te r m in e  .ho t ’.or a a j . i ' h r h  

d i f f e r e n c e  o r  any o th e r  f e a t u r e  o f  a p m .r e n t  b r i g h t n e s s  i s  r e l a t e d  to  

the  lu m in an ce  d i f f e r e n c e  t h r e s h o l d .  I n  'o rder to  make t r d s  e v a lu e . t io n  

th e  f a m i l i e s  o f  a p p a r e n t  b r i g h t n e s s  c u rv e s  f o r  both  the  f i r s t  and 

second f l a s h e s  a s  w e l l  a s  t l x  lu m in an ce  d i f f e r e n c e  /judgments a t  each  

I I I  a r e  r e  a i r e d .

Fi, pare 13 i l l u s t r a t e . ' . ;  b o th  f a n i l i e s  o f  no p a r e n t  b r i g h t n e s s  c u r v e s .  

At any g iv e n  l i l  t h e  lu m in an ce  d i f f e r e n c e  .-judgment d e f i n e s  th e  a p p a r e n t  

b r i g h t n e s s  c u rv e  of t h e  second ( s t a n d a r d )  f l a s h  above w hich  th e  lu m in -  

a n ce  d i f f e r e n c e  be tw een  th e  two f l a s h e s  i s  to  be ad d ed , f o r  e x a m p le , 

l e t  i t  be assumed t h a t  when th e  f i r s t  f l a s h  i s  e q u a l  to  730;:lL and th e  

second e q u a l  to  700x1 a lu m in a n c e  d i f f e r e n c e  i s  d e t e c t e d  a t  an I I I  o f  

105 m sec , The n a r t i c u l a r  a p p a r e n t  b r i g h t n e s s  cu rv e  o f  t h e  second

f l a s h  to  w hich  th e  lum in an ce  d i f f e r e r . e e  i s  to  be added (30 ml) i s  th e

c u rv e  o b ta in e d  when th e  f i r s t  f l a s h  i s  f i x e d  a t  730 irb- ur.d th e  second

a t  700 m l. At an  I I I  equal to  10y msec 30 ml i s  added to  t h i s  p a r t i c ­

u l a r  a p p a r e n t  b r i g h t n e s s  c u r v e .  I f  t h i s  n ro c e d u re  i s  r e p e a t e d  f o r  .a ll  

th e  d e t e c t a b l e  lu m in an ce  d i f f e r e n c e s  o b ta in e d  a t  e a c h  I I I  i t  i s  p o s ­



s i b l e  to  d e te r m in e  th e  r e l a t i o n s h i p  betw een th e  lu m in an ce  d i f f e r e n c e  

t t i r o s h o ld  and a p p a r e n t  b r i g h t n e s s  e m p i r i c a l l y .  iy  u s in g  t h i s  method 

i t  can  be d e te rm in e d  w h e th e r  a c o n s t a n t  d i f f e r e n c e  i n  a p p a r e n t  b r i g h t ­

n e ss  i s  r e q u i r e d  f o r  d e t e c t i o n  o r  w h e th e r  a p p a r e n t  b r i g h t n e s s  i s  

d e p e n d e n t  i n  some way upon th e  131 . I n  o r d e r  to  p r o p e r l y  e v a l u a t e  

th e  r e s u l t s  o f  th e  p r e s e n t  s tu d y  t h i s  i n f o r m a t io n  i s  r e q u i r e d ,

2 .  E x p e r im en t  I I  -  S p a t i a l  r e p a r a t i o n

The s tu d y  m ost d i r e c t l y  co m p arab le  to  E x p e r im en t  I I  i s  one by 

Le brand  (1933) i n w hich he i n v e s t i g a t e d  th e  o r e c i s i o n  w i th  w hich 

e q u a l i t y  ju d g m en ts  were made i n  v i s u a l  p h o to m e try .  He i n v e s t i g a t e d  

f o u r  d i f f e r e n t  methods o f  o b t a i n i n g  p h o to m e t r ic  m e asu rem en ts ,  b u t  

we s h a l l  be c o n c e rn e d  h e re  w i th  o n ly  th e  one h a v in g  d i r e c t  b e a r in g  

on th e  p r e s e n t  s t u d y ,  nam ely , s e m i - c i r c u l a r  f i e l d s  hiaving l i n e s  o f  

s e p a r a t i o n  o f  v a r i a b l e  w id th  betw een  them .

The v i s u a l  a n g le  o f  th e  s e p a r a t i o n s  be tw een  t h e s e  s e n d - c i r c l e s  

v a r i e d  from  0 1 to  30 '*  T h e r e f o r e ,  Le b r a n d ' s  s tu d y  was m a in ly  con­

c e rn e d  w i th  t h e  e f f e c t s  o f  t h e s e  a r e a s  and s e p a r a t i o n s  i n  th e  p e r i p h ­

e r a l  r e t i n a  u s in g  l e s s  th a n  one lo g  u n i t  o f  m onochrom atic  r a d i a t i o n .

The c u r r e n t  s tu d y  was r e s t r i c t e d  to m onocu la r  f o v e a l  v i s i o n .

'The f u n c t i o n  o b ta in e d  by Le b ran d  i s  m ost d i r e c t l y  co m p arab le  

to  th e  mlam f u n c t i o n  o b ta in e d  i n  t h e  p r e s e n t  s e t  o f  r e s u l t s  a l th o u g h  

th e  d i f f e r e n c e s  i n  s t i m u l a t i o n  c i r c u m s t a n c e s  a r e  o b v io u s .  I n  th e  

p r e s e n t  s tu d y  w h i te  l i g h t  from  a tu n g s t e n  f i l a m e n t  so u rc e  was u s e d .

I n  s p i t e  o f  d i f f e r e n c e s  i n  method o f  m easu rem en t,  s t i m u l a t i o n  

t e c h n i q u e s ,  n a t u r e  o f  th e  s o u rc e  o f  r a d i a n t  e n e r g y ,  r e t i n a l  l o c a t i o n  

and o b s e r v e r  i n d i v i d u a l  d i f f e r e n c e s ,  th e  s i m i l a r i t y  o f  t h e  o b ta in e d



f u n c t i o n s  i s  m arked .

Le G rand1s r e s u l t s  show t h a t  th e  t h r e s h o l d  i s  d o u b led  i f  t h e r e  

i s  a l i n e  o f  s e p a r a t i o n  w i th  a w id th  o f  3 ' and i t  i s  q u a d ru p le d  i f  th e  

l i n e  o f  s e p a r a t i o n  i s  30* to n  t h i s  10° f i e l d  on a d a rk  b a ck g ro u n d . 

Above 1 '  and up to  30* t h i s  10° f i e l d  s e n s i t i v i t y  rem a in s  a lm o s t  

c o n s t a n t .  T h e r e f o r e ,  above l ' - 3 r th e  l i n e  o f  s e p a r a t i o n  h a r d ly  i n ­

f l u e n c e s  s e n s i t i v i t y .  F o r  a s e p a r a t i o n  o f  ’ e ;n than  1 '  s e n s i t i v i t y  

i s  found to g , U n ;  t .  !,c Grand a l s o  found  t h a t  th e  s m a l l e r  th e  

f i e l d  s i z e  u s e d ,  th e  g r e a t e r  i s  th e  s e n s i t i v i t y .

W hile  th e  g -n e ra l  t r e n d  of Le G ra n d 's  f u n c t i o n  i s  v e ry  s i m i l a r  

to  t h a t  o b ta in e d  i n  uhe c u r r e n t  s tu d y ,  t h e r e  were some o b v io u s  d i f f e r ­

e n c e s  be tw een  t h e  two s e t s  o f  r e s u l t s .  These d i f f e r e n c e s  p ro b a b ly  

a r i s e  from  th e  d i f f e r e n c e s  i n  th e  two m ethods and th e  o t h e r  d i f f e r ­

e n c e s  a l r e a d y  i n d i c a t e d  ab o v e .

The r a t e s  o f  i n c r e a s e  o f  t h r e s h o l d  w i th  i n c r e a s e s  i n  s e p a r a t i o n  

w ere  found  to  be much g r e a t e r  i n  th e  p r e s e n t  s tu d y  a t  lu m in a n c e s  com­

p a r a b l e  to  Le G r a n d 's .  The l a t t e r  shows t h a t  th e  t h r e s h o l d  i s  d o u b led  

w i th  a l i n e  o f  s e p a r a t i o n  o f  3 1* t h e  p r e s e n t  s tu d y  shows a  change o f 

s ev e n  t im e s  th e  l o w e s t  t h r e s h o l d  v a l u e .  An e x p l a n a t i o n  f o r  t h i s  may 

l i e  i n  th e  f a c t  t h a t  s e n s i t i v i t y  im p ro v es  w i th  d e c r e a s i n g  f i e l d  s i z e ,  

a s  shown by Le G rand. The f i e l d  s i z e  used  i n  th e  c u r r e n t  s tu d y  was 

a t  m os t,  2°  w h i le  Le G r a n d 's  was 1 0 ° .  I n  a d d i t i o n ,  as  a l r e a d y  

p o in t e d  o u t ,  ou r f i e l d s  w ere  f o v e a l  w h i le  Le G r a n d 's  were p e r i p h e r a l .  

The d i f f e r e n c e  betw een  f o v e a l  and p e r i p h e r a l  lu m in a n c e  d i f f e r e n c e  

s e n s i t i v i t y  may a l s o  be r e f l e c t e d  i n  the  r a t e  of t h r e s h o l d  r i s e  w i th  

s e p a r a t i o n .  S in c e  a g r e a t e r  d e g re e  o f  c o n v e rg e n c e  o f  r e c e p t o r  e l e -
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m enta o n to  a  s i n g l e  n e u ro n  hay been  found i n  th e  p e r i p h e r a l  r e t i n a ,  

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

w i th  p e r i p h e r a l  s t i m u l i  w h ich  s e rv e d  to  enhance  lu m in an ce  d i f f e r e n c e  

s e n s i t i v i t y  i n  Le B r a n d 's  s tu d y ,  how ever, i t  i s  d i f f i c u l t  t o  make 

any c o m p ar iso n s  be tw een  th e  two s e t s  o f  r e s u l t s  b eca u se  o f  th e  d i f ­

f e r e n c e s  i n  s t i m u l a t i n g  c o n d i t i o n s .  I t  may b e ,  t h e r e f o r e ,  v /o r th v l i i le  

to i n v e s t i g a t e  th e  e f f e c t  o f  r e t i n a l  l o c a t i o n  on lu ia in an ce  d i f f e r e n c e  

s e n s i t i v i t y  when th e  t e s t  f i e l d s  a r e  s p a t i a l l y  s e p a r a t e d  from  one 

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

m in im al s e p a r a t i o n  beyond which t h r e s h o l d  f o r  d i f f e r e n c e s  h a r d ly  

c h an g es  i s  co:nnon to  b o th  s e t s  o f  r e s u l t s .

Three o t h e r  s t u d i e s  w hich  a p p e a r  d i r e c t l y  r e l e v a n t  to  th e  

s tu d y  u n d e r t a k e n  h e r e  a r e  th o s e  o f  Konig and Rrodhun (1888, a f t e r  

H ech t ,  1934), L a r t l e t t  (1942), and C ornsw ee t and F i n s k e r  (1965) .

Konig and Brodhun p r e s e n t e d  a b i p a r t i t e  f i e l d ,  th e  to p  h a l f  be in g  

f i x e d ,  w h i le  th e  bo ttom  v a r i e d  i n  lu m in a n c e .  I n  t h e i r  c a se  t h e  f i e l d s  

w ere  s e p a r a t e d  by a s m a l l  a n g u la r  s u b t e n s e .  T h e i r  w e l l  known r e s u l t s  

a r e  p r e s e n t e d  i n  F ig u r e  13 f o r  p u rp o se  o f  c o m p ar iso n  w i th  th e  o th e r  

s t u d i e s .

B a r t l e t t  (1942) p r e s e n te d  a  b i p a r t i t e  f i e l d ,  th e  h a lv e s  be in g  

s e p a r a t e d  by a  sep tum  h a v in g  an  a n g u la r  s u b te n s e  o f  13f . The s i z e  

o f  each  f i e l d  was 0 , 3 ° .  B a r t l e t t ’ s r e s u l t s  a r e  g iv e n  i n  a form com­

p a r a b l e  t o ,  b u t  n o t  i d e n t i c a l  w i t h ,  th e  p r e s e n t  s tu d y  o r  w i th  Konig 

ard. B rodhun, o r  C ornsw ee t and P i n s k e r .  B a r t l e t t  u s e s  th e  r a t i o  o f  

t h e  lu m in a n c e  d i f f e r e n c e  be tw een  th e  f i e l d s  to  th e  mean lu m in an ce  

o f  th e  f i e l d s  (PSE) a s  th e  d e b e r  r a t i o .  Konig and Brodhun u se  the  

d i f f e r e n c e  b e tw een  th e  f i e l d s  d iv id e d  by th e  lu m in an ce  o f  th e  s ta n d a r d



r a t h e r  th a n  th e  mean lu m in a n c e .

C ornsw ee t and P i n s k e r  ( I ' l ' j '  used  ;< r ide  s p a t i a l  s e p a r a t i o n  

betw een  t ’ro f W l .b . ,  ^ ic b e in g  I  and th e  o t h e r ,  I  + I .  They used  

t h r e e  m ethods o f  s t im u lu s  p r e s e n t a t i o n  to  o b ta in  th e  Weber f r a c t i o n  

and i n  t h i s  c a s e ,  th e  Weber f r a c t i o n  c o r re sp o n d e d  to  t h e  more con­

v e n t i o n a l  i / i  w here I  was e q u a l  t o  t h e  s t a n d a r d .  I t  s h o u ld  be 

p o in te d  o u t  t h a t  a  c o r r e c t i o n  p ro c e d u re  was used  and th e  Cs w ere  

" shaped"  to  g iv e  a " lu m in an ce"  judgm en t r a t h e r  th a n  a " b r i g h t n e s s "  

jud g m en t.

A l l  f o u r  s e t s  o f  r e s u l t s  a r e  p l o t t e d  i n  F ig u r e  13 and have 

been  s c a le d  f o r  s u i t a b l e  shape  and lu m in a n c e  r a n g e  c o m p a r iso n .  A ll  

v a l u e s  have been  c o n v e r t e d  i n t o  m i l l i l a m b e r t s  and i n  some c a s e s  were 

re a d  from  th e  p u b l i s h e d  g r a p h s .

C ornsw ee t and P in s k e r  p r e s e n t  d a t a  t h a t  d e m o n s t r a t e  W eb e r 's  

Law o v e r  a f i v e  lo g  u n i t  r a n g e  when two s im u l t a n e o u s ly  p r e s e n te d  

f i e l d s  d i f f e r i n g  i n  lu m in a n c e  a r e  s e p a r a t e d  by 1 ° 1 0 '  and p r e s e n te d  

to  an  " i n a c t i v e "  r e t i n a .  When p r e s e n t e d  to  an  " a c t i v e "  r e t i n a  upon 

w hich  a f i e l d  was b r i e f l y  in c re m e n te d  i n  lu m in a n c e ,  a r a d i c a l l y  

d i f f e r e n t  f u n c t i o n  w hich d o e s  n o t  obey W eber 's  Law was o b t a i n e d .

The a u t h o r s  p u t  fo rw a rd  a t h e o r y  to  a c c o u n t  f o r  t h e i r  r e s u l t s  b u t  

a s  t h e  t h e o r y  d o es  n o t  make any p r e d i c t i o n s  c o n c e rn in g  th e  e f f e c t  

o f  v a r y in g  s e p a r a t i o n ,  i t  c o u ld  n o t  be e v a lu a t e d  by th e  p r e s e n t  

s tu d y .

The m ost o u t s t a n d i n g  f e a t u r e  o f  th e  r e p r e s e n t a t i o n  i n  F ig u r e  

i s  t h a t  B a r t l e t t ' s  r e s u l t s  d e p a r t  from  t h e  o t h e r s  shown. As one o f  

th e  m ajo r  d i f f e r e n c e s  be tw een  th e  B a r t l e t t  s tu d y  and th e  C o rn sw ee t  

and P in s k e r  s tu d y  was th e  s i z e  o f  th e  a n g u la r  s e p a r a t i o n  be tw een  th e



Figure 16 . Comparison o f  th e  Weber f r a c t io n  as a fu n c tio n  o f  

lum inance fo r  f iv e  d i f f e r e n t  s tu d ie s .  Data from Konig 

and Brodhun (1888) and Cornsweet and P insker ( 1 9 6 5 ) have 

been ex tra p o la ted  from published  fu n c tio n s .
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f i e l d s ,  i t  was th ough  t h a t  t h i s  v a r i a b l e  m igh t a c c o u n t  f o r  th e  d i s ­

c re p a n c y  be tw een  th e  two c u r v e s .  b a r t i e t t  u sed  a s e p a r a t i o n  e q u a l  

to  13* and C ornsw ee t and P i n s k e r 1s was l ° 1 0 r . In  E x p e r im en t I I ,  t h e s e  

two s e p a r a t i o n s  a r e  b o th  shown to  be a t  a sy m p to te  i n s o f a r  a s  th e  d i f ­

f e r e n c e  t h r e s h o l d  i s  c o n c e rn e d .  Hence, th e  n a t u r e  o f  th e  d i f f e r e n c e s  

i n  th e  f u n c t i o n s  c a n n o t  be a t t r i b u t e d  to  t l i i s  v a r i a b l e .

P r e l i m i n a r y  work c u r r e n t l y  i n  p r o g r e s s  s u g g e s t s  t h a t  th e  

d i f f e r e n c e s  may be due to  th e  c r i t e r i o n  used by th e  s u b j e c t .  .J'hen 

s u b j e c t  33 ( a u th o r )  was i n s t r u c t e d  to  ad o p t  a " s t r i c t "  r a t h e r  th an  

" lo o s e "  c r i t e r i o n ,  the  r e s u l t s  ten d ed  to a p p ro x im a te  th o s e  o f  P n r c l e t t .

The d a ta  f o r  Cornsvrect and P i i . s k c r ' s  fu n c  t i o n  s e r e  r e a d  from  

t h e i r  g ra p h s  a s  no t a b u l a r  v a l u e s  a r e  g iv e n .  These d a t a  e x h i b i t  some 

v a r i a b i l i t y  and v.'hen s l o t t e d  i n  th e  c o o r d i n a t e  sy s tem  o f  F ig u r e  13 

a r e  b a s i c a l l y  h o r i z o n t a l .  However, i f  one exam ines  th e  d a t a  f o r  

Konig and Brodhun, one can  e q u a l l y  w e l l  assume a f a i r l y  h o r i z o n t a l  

t r e n d  to  f i t  t h e i r  d a t a .  I f  p l o t t e d  i n  th e  same c o o r d i n a t e  sy s tem  

a s  Konig and Brodhun, th e  C o rn sw ee t  and P in s k e r  r e s u l t s  do n o t  ap ­

p e a r  h o r i z o n t a l ,  b u t ,  w i t l d n  th e  l i m i t s  o f  v a r i a b i l i t y ,  f o l l o w  th e  

Konig and Brodhun r e s u l t s .  I t  sh o u ld  a l s o  be p o in te d  o u t  t h a t  t h e  

r e s u l t s  on s u b j e c t  33 f o r  th e  10* s e p a r a t i o n  a l s o  f o l l o w  Konig arxi 

Brodhun f o r  t h e  lu m in an ce  r a n g e  u s e d .  F o r  t h i s  ra n g e  o f  lu m in a n c e s ,  

l e b e r ' s  Law can  be s a i d  to  h o ld  w i t h i n  l / l O t h  o f  a lo g  u n i t  f o r  b o th  

th e  te m p o ra l  and s p a t i a l  s e p a r a t i o n s  u s e d .  I f  Konig and B ro d h u n 's  

c l a s s i c a l  r e s u l t s  a r e  p l o t t e d  i n  any  c o o r d i n a t e  sy s tem  w i th  Corn­

sw ee t  and P i n s k e r ' s ,  th e  r e s u l t s  a r e  n o t  v e r y  d i s t i n g u i s h a b l e  from  

each  o t h e r  a s  to  th e  g e n e r a l  sh ap e  o f  t h e  f u n c t i o n s .



The r e s u l t s  o f  E xperim en t I I  a p p ea r  to  be e x p l i c a b l e  on the  

b a s i s  o f  w hat i s  c u r r e n t l y  known a b o u t  th e  b e h a v io r  o f  a p p a r e n t  

b r i g h t n e s s  i n  th e  s im u l ta n e o u s  c o n t r a s t  s i t u a t i o n  (Diamond, 1953;

F ry  and A lp e rn ,  1953; L e ib o w i tz ,  Mote, and Thurlow, 1953; Keinemarm, 

1955)* The c u r r e n t  s tu d y  p r e s e n te d  two a d j a c e n t  f i e l d s  s im u l ta n e o u s ly .  

An a s s e s s m e n t  o f  a b r i g h t n e s s  d i f f e r e n c e  betw een th e  f i e l d s  was c a l l e d  

f o r .  I n  t h e  s im u l ta n e o u s  c o n t r a s t  s t u d i e s  an  o v e r a l l  b r i g h t n e s s  

a s s e s s m e n t  o f  a t e s t  f i e l d  in th e  p re s e n c e  o f  an in d u c in g  f i e l d  i s  

c a l l e d  f o r  when b o th  th e  in d u c in g  and t e s t  f i e l d s  a r e  s im u l ta n e o u s ly  

p r e s e n te d  i n  tim e and s p a t i a l l y  a d j a c e n t .  The o b v io u s  s i m i l a r i t y  

betw een th e  two e x p e r im e n ta l  c o n d i t i o n s  would l e a d  one to  co n c lu d e  

t h a t  i t  i s  h ig h ly  p r o b a b le  t h a t  th e  same s e t  o f  mechanisms a r e  o p e r ­

a t i v e  i n  b o th  t h e  DL and a p p a r e n t  b r i g h t n e s s  m easurem en ts .

V.'ith two a d j a c e n t  f i e l d s ,  t h e  one t h a t  has  th e  h ig h e r  lum inance  

w i l l  d e p r e s s  th e  a p p a r e n t  b r i g h t n e s s  o f  i t s  n e ig h b o r  (Diamond, 1953; 

19&0; Heinemann, 1955) i th u s  r e n d e r in g  th e  lum inance  d i f f e r e n c e  be­

tween th e  f i e l d s  more p e r c e p t i b l e ,  b ' i th  i n c r e a s i n g  s e p a r a t i o n  t h i s  

e f f e c t  d e c r e a s e s  (L e ib o w i tz ,  I lo te ,  and Thurlow, 1 9 5 3 ) .  Thus, f o r  a 

f i x e d  lum inance  d i f f e r e n c e  betw een  th e  two f i e l d s ,  th e  two f i e l d s  

w i l l  d i f f e r  more i n  a p p a r e n t  b r i g h t n e s s  when c l o s e  t o g e t h e r  th an  

when f a r t h e r  a p a r t .

I f  a c o n s t a n t  d i f f e r e n c e  i n  a p p a r e n t  b r i g h t n e s s  w ere  needed f o r  

a d i f f e r e n c e  to  be d e t e c t e d ,  t h e  lum inance  d i f f e r e n c e  r e q u i r e d  to  

y i e l d  t h i s  c o n s t a n t  a p p a r e n t  b r i g h t n e s s  d i f f e r e n c e  ;ou d Incre.-ise 

■is t h e  two f i e l d s  were sepa i’-■ tod ■ a t i a l l y .  Hence, th e  c l o s e r  the  

j u x t a p o s i t i o n  o f  th e  two f i e l d s ,  t h e  s i i a l l e r  th e  e x p ec te d  DL.



That such  an e x p l a n a t i o n  may be too  s im p le  to  a c c o u n t  f o r  th e  

r e s u l t s  o f  E x p e r im en t I I  i s  s u g g e s te d  by th e  l i t e r a t u r e  d e a l i n g  w i th  

e f f e c t s  n e a r  b o r d e r  o r  c o n to u r  p r o c e s s e s .  I t  has  been r e p o r t e d  t h a t  

th e  f i e l d s  a p p e a r  g rad ed  i n  b r i g h t n e s s  when th e  s im u l ta n e o u s  c o n t r a s t  

phenomena a r e  i n v e s t i g a t e d  (Diamond, 1953)* This  s u g g e s t s  th e  p r e s ­

ence  o f  m a rg in a l  c o n t r a s t  e f f e c t s .  When two f i e l d s  o f  d i f f e r e n t  

lu m in a n c e s  a r e  p la c e d  a d j a c e n t  to  one a n o t h e r ,  a c o n to u r  i s  form ed 

a t  t h e i r  p l a c e  o f  a d ja c e n c y  su ch  t h a t  on th e  s i d e  w i th  th e  g r e a t e r  

lu m in an ce  a b r i g h t  l i n e  i s  s e e n ,  w h i le  on th e  s i d e  w i th  th e  dimmer 

lu m in a n c e ,  a d a rk  band i s  s e e n .  These l i g h t  and d a rk  bands w hich  

a p p e a r  to  th e  p e r c e i v e r  a r e  n o t  g iv e n  i n  th e  p h y s i c a l  lu m in an ce  d i s ­

t r i b u t i o n ,  b u t  emerge when th e  a p p a r e n t  b r i g h t n e s s  d i s t r i b u t i o n  a c r o s s  

th e  f i e l d s  i s  m easured (Lowry and Le Laim a, 1 9 6 1 ) • E f f e c t s  a n a lo g o u s  

to  h ach  bands  have been shown to  o c c u r  i n  th e  eye o f  l i m u l u s .  R a t l i f f  

(1965) has  been  a b l e  to  a c c o u n t  f o r  t h e s e  i n  t e r . u o f  p u r e l y  i n h i b i t o r y  

i n t e r a c t i o n s .

Keinemann ( u n p u b l i s h e d  com m u n ica tio n ,  1966) has m easured  th e  

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

d i f f e r i n g  i n  lu m in a n c e .  This  a r ra n g e m e n t  u n d e r  w hich  th e  .lach bands 

a r e  m easured  i s  th e  same a s  t h a t  u n d e r  w hich th e  a p p a r e n t  b r i g h t n e s s  

m easu rem en ts  p r e v i o u s l y  d i s c u s s e d  ( e . g . ,  Diamond, 1953) a r e  made, 'When 

th e  d i s t r i b u t i o n  o f  a p p a r e n t  b r i g h t n e s s  i s  e v a l u a t e d ,  i t  i s  found  t h a t  

i n  t h a t  p a r t  o f  th e  f i e l d  w here  th e  two r e g io n s  o f  d i f f e r e n t  lu m in a n c es  

a r e  c l o s e s t  to  one a n o t h e r ,  t h e  l a r g e s t  d i f f e r e n c e  I n  a p p a r e n t  b r i g h t ­

n e s s  i s  o b t a i n e d ,  heinem ann has  shown t h a t ,  i n  some i n s t a n c e s ,  t h e r e  

i s  no d i f f e r e n c e  i n  a p p a r e n t  b r i g h t n e s s  betw een th e  c e n t e r s  o f  two



a d j a c e n t  f i e l d s  w hich d i f f e r  in  lu m in a n c e ,  and t h a t  th e  o n ly  d i f f e r e n c e  

i n  a p p a r e n t  b r i g h t n e s s  b e tw een  th e  f i e l d s  o c c u r s  a t  th e  c o n t o u r .  I t  

i s  l i k e l y ,  th e n ,  t h a t  some a s p e c t  of t h e  Mach bands a c t s  a s  a s i g n a l  

f o r  th e  DL, a s  t h i s  i s  th e  o n ly  way i n  which t h e  two f i e l d s  d i f f e r  i n  

b r i g h t n e s s  to  t h e  o b s e r v e r .  P e rh a p s  th e  p e a k - t o - t r o u g h  m ag n itu d e  o f  

t h e  Mach band i s  c r i t i c a l  f o r  a lu m in an ce  d i f f e r e n c e  t l t r e s h o l d ,  a s  

r e l e v a n t  b r i g h t n e s s  d i f f e r e n c e  in f o r m a t i o n  i s  c o n ta i n e d  t h e r e i n .  (The 

p e a k - t o - t r o u g h  m ag n itu d e  o f  t h e  Mach band i s  d e f in e d  a s  t h e  d i f f e r e n c e  

i n  a p p a r e n t  b r i g h t n e s s  be tw een  th e  b r i g h t  band and th e  dim  band found  

a t  th e  e m e rg e n t  c o n to u r  i n  th e  a p p a r e n t  b r i g h t n e s s  d i s t r i b u t i o n . )

U n f o r t u n a t e l y ,  how ever, Mach bands  have  n o t  y e t  been  s t u d i e d  

i n  enough  d e t a i l .  They have been  i n v e s t i g a t e d  u n d e r  s i t u a t i o n s  w here  

a l i n e a r  g r a d i e n t  c o n n e c t s  t h e  two f i e l d s  (A u lho rn  and Harms, 1 9 5 6 ) ,  

and u n d e r  c o n d i t i o n s  w here  two d i f f e r e n t  lu m in a n c e s  a r e  p la c e d  a d j a c e n t  

to  one a n o th e r  w i th o u t  a p h y s i c a l  septum  s e p a r a t i n g  the  Pi. Id s .  The 

r e s e n t  r e s u l t s  c an  o n ly  have i m p l i c a t i o n s  f o r  t h e  c o n d i t i o n  w here a 

p h y s i c a l  sep tum  I s  p r e s e n t  b e tw een  t h e  f i e l d s  and t h i s  c o n d i t i o n  has  

n o t  y e t  been  i n v e s t i g a t e d  i n s o f a r  a s  th e  Mach band d i s t r i b u t i o n  i s  

c o n c e rn e d .

A n o th e r  l i n e  o f  e v id e n c e  w hich  s u g g e s t s  t h a t  p r e d i c t i o n s  b a sed  

on an  o v e r a l l  b r i g h t n e s s  a s s e s s m e n t  o f  th e  two f i e l d s  may be wrong 

comes fro m  a s tu d y  p e rfo rm e d  by Lam ar, H e ch t ,  S c h a l e r ,  a rd  Hendley 

(1 9 6 7 ) .  These a u t h o r s  have  p o i n t e d  o u t  t h a t  i t  i s  n o t  so much th e  

t o t a l  a r e a  o f  th e  t e s t  f i e l d  t h a t  m a t te r e d  I n  th e  in c r e m e n t  method 

o f  o b t a i n i n g  th e  lu m in a n c e  d i f f e r e n t  t h r e s h o l d ,  b u t  t h a t  th e  I m p o r ta n t  

f a c t o r  was t h e  " u s e f u l  a r e a "  o r  e v e n t s  n e a r  th e  edges  o f  th e  t e s t



f i e l d .  They s t a t e  t h a t  ’’th e  s i g n i f i c a n t  s e n s o ry  e v e n t s  t a k e  p la c e  

a c r o s s  a b o u n d a ry . . . n o t  o v e r  an  a r e a "  (1 9 ^ 7 , p g .  5^2) and a l s o  t h a t ,  

" th e  c o n c e p t  o f  u s e f u l  f l u x  i n d i c a t e s  t h a t  t h e  c r i t i c a l  s e n s o ry  

e v e n t s  i n  b r i g h t n e s s  d i s c r i m i n a t i o n  t a k e  p l a c e  i n  t h e  n a rro w  r ib b o n  

a round  th e  p e r i m e t e r  o f  th e  t a r g e t . . . Th is  r ib b o n  i s  be tw een  1 to  2 

m in u te s  w id e ."  This s tu d y  would te n d  to  l e n d  s u p p o r t  to  a c o n to u r  

mechanism u n d e r ly in g  th e  lu m in an ce  d i s c r i m i n a t i o n .

Rake and A verbach  (1956) have shown t h a t  a lu m in a n c e  g r a d i e n t  

c o n n e c t in g  t h e  two f i e l d s  im p ro v es  th e  d i f f e r e n c e  t h r e s h o l d  when 

compared to  a l i n e  o f  s e p a r a t i o n  be tw een  th e  f i e l d s .  T u t ,  even when 

a d a rk  l i n e  o f  s e p a r a t i o n  i s  o la c e d  betw een two i l l u m i n a t e d  f i e l d s ,  

s t r a y  l i g h t  from  s u r r o u n d in g  a r e a s  f a l l s  on t h e . l i n e  o f  s e p a r a t i o n  

and th e  amount o f  s t r a y  l i g h t  f a l l i n g  on th e  septum  d i f f e r s  a t  v a r i o u s  

p la c e s  on th e  sep tum , d e p e n d e n t  on th e  d i s t a n c e  from  th e  i l l u m i n a t e d  

r e g i o n s .  This would l e a d  one to  s u s p e c t  t i n t  a n o n - l i n e a r  g r a d i e n t  

o f  lu m in a n c e  would be form ed be tw een  t h e  f i e l d s  and what e f f e c t  t l i i s  

has  on th e  p r e s e n t  r e s u l t s  c a n n o t  be e v a lu a t e d  a s  t h e r e  i s  no i n f o r ­

m a tio n  b e a r in g  on t l i i s  • j u e s t i o n  c u r r e n t l y  a v a i l a b l e .



Summary
Two experim ents were performed u sin g  the b r ig h tn ess  d if fe r e n c e  

th resh o ld  as the dependent v a r ia b le .

In Experiment I ,  two 1° f i e l d s ,  d i f f e r in g  on ly  in  lum inance, were 

presented  fo r  10 msec by a M axwellian view ing system , to the same fo v e a l  

area o f the r e t in a .  The subjectls task  was to rep o rt which one 

appeared b r ig h te r . A ll f i e l d s  were superimposed on a f ix e d  adapting  

luminance o f  .0076 mlam. The p r in c ip a l v a r ia b le s  s tu d ied  were the  

le n g th  o f  the dark in te r v a l  sep a ra tin g  the f la s h e s ,  and the luminance 

a t  which the m easurem ents were made. The dark in te r v a l  was measured 

from c e s s a t io n  o f  f la s h  one to  o n se t  o f  f la s h  two, and the in te r v a ls  

were 95 . 105. H 5» 120, 130, 150 , 180 , 250 and 500 m sec. The lumin­

ance range covered from 0 .7  to  7 0 0 nLam.

In Experiment I I ,  two a d ju sta b le  recta n g u la r  f i e l d s  wore pre­

sen ted  sim u ltan eou sly  to the s u b je c t 's  r ig h t  eye fo r  10 msec. The

task  o f  the su b je c t  was to  in d ic a te  which s id e  appeared b r ig h te r .

The p r in c ip a l v a r ia b le s  stu d ied  were the w idth o f  the s p a t ia l  sep­

a r a tio n  between the two 0 .5 °  f i e l d s ,  and the luminance va lu e o f the 

standard . The sep a ra tio n s  v a r ied  from 30" to 30* and the luminance 

range covered from 0 .7  to  7 0 0 0  mlam.

In both experim ents a d if fe r e n c e  th resh o ld  was measured by

the co n v en tio n a l Method o f  L im its .

The r e s u lt s  o f  Experiment I  in d ica ted  th a t the DL i s  a complex 

non-monotonic fu n c tio n  o f  the in te r -s t im u lu s  in te r v a l  ( I S I ) , the curve  

having a t  le a s t  two, and p o s s ib ly  three changes o f d ir e c t io n .  With irv-

-78-



c r e a s i n g  1">I the DL d e c rease d  rap id ]^  .3 llmu.u in  the neighborhood

of L'30-150 msec and s u b s e - g e n t l y  e x h i b i t e d  a r i s e  a t  15O msec 131. 

ueyond msec 131 the  f u n c t i o n  g r a d u a l l y  descended to a low value

a t  an 131 o f  5^3 msec.

In  Experiment  I I  the  DL was found to be l e a s t  a t  the  s m a l l e s t  

s e p a r a t i o n  o f  30" ,  a nd i n c r e a s e d  u n t i l  a t  a b o u t  3' to  7 '  s e p a r a t i o n  

betvreen the f i e l d s  the  DL remained ap p ro x im a te ly  c o n s t a n t  w i th  f u r t h e r  

s e p a r a t i o n s  between the f i e l d s .  At ? '  the  DL was found to be between 

f i v e  to  t e n  times  h ig h e r  than a t  30" ,  depending upon the  luminance l e v e l  

c o n s id e r e d .  The same t r e n d  was found f o r  a l l  lum inances .

In  Experiment I ,  f o r  a l l  131 v a lu e s  u sed ,  the  Leber f r a c t i o n ,  

DL/r'SE, was the same v a lu e  to w i th in  l / l O  o f  a log  u n i t  f o r  each  of 

the  luminance v a lu e s  o f  the  s t a n d a r d ,  h e re ,  i e b e r ' s  Law he ld  over  the  

luminance range  I n v e s t i g a t e d ,  This f i n d i n g  i s  i n  agreement w i th  the 

r e s u l t s  found by many i n v e s t i g a t o r s .

I n  Experiment  I I ,  f o r  the  fo u r  s m a l l e s t  s e p a r a t i o n s  used the 

f u n c t i o n  r e l a t i n g  the  weber f r a c t i o n  to  luminance vas  no t  a h o r i z o n t a l  

l i n e  bu t  e x h i b i t e d  a d e c r e a s e  and su b seq u en t  i n c r e a s e  a t  h igh  lum inances .  

L i t h  l a r g e r  s e p a r a t i o n s  t h e r e  was a p r o g r e s s i v e  f l a t t e n i n g  of  the 

f u n c t i o n .

Comparison of  the  l a r g e s t  tempora l  w i th  the l a r g e s t  s p a t i a l  

s e p a r a t i o n  over  a fo u r  to  f i v e  log  u n i t  luminance range  of  t h e  s tan d a rd  

r e v e a le d  an e s s e n t i a l l y  h o r i z o n t a l  f u n c t i o n .

I t  was sugges ted  t h a t  th e  complex, non-monotonic f u n c t i o n  o b ta in e d  

f o r  th e  DL a s  a f u n c t i o n  o f  131 can n o t  be accounted  f o r  on t h e  b a s i s  of 

e i t h e r  l i g h t  a d a p t a t i o n  o r  backward masking a l o n e ,  bu t  t h a t  th e  i n t e r ­

a c t i o n  o f  t h e s e  two p s y ch o p h y s ica l  e f f e c t s  might  p o s s i b l y  y i e l d  such 

r e s u l t s .  F u r th e r  s tudy  of  t h i s  m a t t e r  I s  i n d i c a t e d .



I n  t h e  second  s tu d y  i t  was s u g g e s te d  t h a t  th e  r i s e  i n  DL a s  a 

f u n c t i o n  o f  s p a t i a l  s e p a r a t i o n  m ig h t  be a c c o u n te d  f o r  on th e  b a s i s  o f  

changes  i n  t h e  a p p a r e n t  b r i g h t n e s s  o f  t h e  f i e l d s  w i th  i n c r e a s i n g  sep ­

a r a t i o n  b e tw een  them. However, i f  one c o n s i d e r s  t h a t  Mach bands o c c u r  

a t  th e  p l a c e  where th e  two h a l f  f i e l d s  m e e t ,  a p r o c e s s  su ch  a s  t h a t  

p r e d i c t e d  by changes  i n  t h e  a p p a r e n t  b r i g h t n e s s  o f  th e  f i e l d - :  w i th  s e p ­

a r a t i o n  would be to o  s im p le  an  e x p l a n a t i o n .
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