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V i s u a l  S t i m u l u s  L o c a l i z a t i o n  a s  a F u n c t i o n  of  B r i g h t n e s s  

Since  HAKE a n d  GARNER'S e x p e r i m e n t  1 a b o u t  abso-  
lu t e  - or, more  exac t ly ,  ca tegor ica l  - j u d g m e n t s  of t h e  
pos i t ion  of a p o i n t e r  on  a l ine,  n u m e r o u s  s tud ies  h a v e  
d e m o n s t r a t e d  t h a t  o n e - d i m e n s i o n a l  i n f o r m a t i o n  t r a n s m i s -  
s ion is l imi t cd  b y  t he  h u m a n  c h a n n e l  c a p a c i t y :  i n f o r m a t i o n  
is d i r ec t ly  t r a n s m i t t e d  u p  t o  a cr i t ica l  va lue ,  b e y o n d  w h i c h  
t r a n s m i s s i o n  r e m a i n s  c o n s t a n t .  W i t h  s t imu l i  on  a s ingle  
scale t he  c a p a c i t y  lies a r o u n d  2 or  3 bi ts ,  w h i c h  m e a n s  
t h a t  no  more  t h a n  a b o u t  7 va lues  m a y  b e  d i s c r i m i n a t e d  
w i t h o u t  confus ion,  in  easy  p e r c e p t u a l  cond i t i ons  2. 

Th i s  c a p a c i t y  a p p e a r s  to  be  a l i m i t  of t h e  c e n t r a l  iden t i -  
f i ca t ion  s y s t e m  a n d  n o t  of t h e  p e r i p h e r a l  s enso ry  cod ing  
sys tem.  T h r e s h o l d  m e a s u r e m e n t s  d e m o n s t r a t e  a fa i r ly  
g rea t  a ccu racy  of sensory  cod ing  a n d  of t r a n s m i s s i o n  in 
t he  a f f e r en t  p a t h w a y s .  Never the less ,  t h i s  a c c u r a c y  m a y  
be  necessa ry  for  f u r t h e r  ope ra t ions .  Indeed ,  t r a n s m i t t e d  
i n f o r m a t i o n  h a s  b e e n  s h o w n  to  be  i nve r se ly  r e l a t ed  to  
'noise ' .  I n  local iz ing a d o t  in  a s q u a r e  of 10 × 10 poss ible  
locat ions ,  FAUVILLE 8 s tud ied  i n f o r m a t i o n  t r a n s m i s s i o n  as 
a f u n c t i o n  of d u r a t i o n  of exposure ,  a n d  also as a f u n c t i o n  
of d i s t a n c e  b e t w e e n  t he  locat ions .  I f  d u r a t i o n s  were  v e r y  
s h o r t  a n d  d i s t ances  v e r y  small ,  t r a n s m i t t e d  i n f o r m a t i o n  
inc reased  l inea r ly  w i t h  t h e  l o g a r i t h m  of each  of t he se  p a r a -  
mete rs .  

I n  t h e  p r e s e n t  expe r im en t ,  i n f o r m a t i o n  t r a n s m i s s i o n  h a s  
been  e x a m i n e d  as a f unc t i on  of b r igh tness .  I n  add i t ion ,  t h e  
n u m b e r  of poss ib le  loca t ions  ha s  b e e n  va r i ed  a n d  t h e  
effects  of noise  obse rved  for  severa l  a m o u n t s  of s t i m u l u s  
i n f o r m a t i o n .  F o r  t h i s  pu r pos e  i t  seems p re fe r ab l e  t o  use  
o n e - d i m e n s i o n a l  s t imu l i  ; in  t h i s  i n v e s t i g a t i o n  loca t ions  on  
a h o r i z o n t a l  or  ve r t i ca l  b a r  were used. 

Method. A set  of 100 x 100 m m  grey  ca rds  is used,  sup-  1.6 
p o r t i n g  a s t r i pe  of w h i t e  p a p e r  6 m m  b r o a d  a n d  18, 30, 42 
or  54 m m  long, in  o rde r  to  p r e s e n t  r e spec t ive ly  3, 5, 7 or  9 
e q u i d i s t a n t  poss ible  locat ions .  On each  ca rd  1 of these  12 
loca t ions  is m a r k e d  b y  a 3 m m  dot ,  d r a w n  w i t h  Chinese  
ink.  Cons ider ing  all  possible  loca t ions  one  o b t a i n s  24 0.8 
d i f f e ren t  cards .  

These  s t imu l i  are  p r e s e n t e d  d u r i n g  100 msec,  b y  m e a n s  
of FAUVlLLE'S m o n o c u l a r  t a ch i s to scope  4. B y  p u t t i n g  t he  ~-- [}A 
cards  in 2 d i f f e ren t  o r i en t a t ions ,  t h e  loca t ions  m a y  l ine u p  
h o r i z o n t a l l y  as well  as ver t i ca l ly .  F i na l l y  48 d i f f e ren t  ~ 0 
s t imu l i  are  t h u s  ava i l ab le .  T h e y  are  p r e s e n t e d  a t  3 b r i g h t -  'N 
ness  levels  wh ich  a re  e q u i d i s t a n t  o n  a l oga r i t hmic  scale 
a n d  co r r e spond  to  0.017, 0.026 a n d  0.040 f o o t - l a m b e r t s ;  ~ 1.6 
t h e y  will be  re fe r red  to  as levels A, B a n d  C. These  v e r y  = g 
low va lues  are  o b t a i n e d  b y  m e a n s  of c a l i b r a t e d  n e u t r a l  
fi l ters.  ~ 1.2 

Five  ma le  a n d  5 female  sub j ec t s  (Ss) w i t h  c l in ical ly  
n o r m a l  vis ion se rved  in t h i s  e x p e r i m e n t ,  d i s t r i b u t e d  in  4 [1.8 
sessions ; each  session s t a r t e d  w i t h  a d a r k  a d a p t a t i o n  t i m e  
a n d  a t r a i n i n g  period.  I n  each  series of s t imu l i  t he  d o t  [1.~ 
loca t ions  are  g iven  in r a n d o m  order ,  b u t  t he  n u m b e r  of 
possible  loca t ions  a n d  t h e i r  o r i e n t a t i o n  a re  c o n s t a n t .  S 
localizes t h e  d o t  a n d  fu rn i shes  a f t e r  each  s t i m u l u s  a v e r b a l  0 
r e sponse  b y  m e a n s  of a n u m b e r  b e t w e e n  1 a n d  3, 1 a n d  5, 
1 a n d  7 or  1 a n d  9. H o r i z o n t a l  a n d  ve r t i ca l  o r i en ta t ions ,  
b r i g h t n e s s  levels  a n d  s t imu lus  i n f o r m a t i o n  are  coun te r -  
b a l a n c e d  for  t r a i n i n g  a n d  fa t igue .  

Results. Responses  of al l  Ss are  pooled  in to  S - R  mat r i ces .  
I n f o r m a t i o n  is t h e n  ca l cu la t ed  a c c o r d i n g  to  t h e  usua l  pro-  
cedures .  F o r  3, 5, 7 a n d  9 e q u i p r o b a b l e  locat ions ,  s t i m u l u s  
i n f o r m a t i o n  is r e spec t ive ly  1.6, 2.3, 2.8 a n d  3.2 bi ts .  T h e  
t r a n s m i s s i o n  func t i ons  are  cor rec ted  as to  t h e  a m o u n t s  of 
o b s e r v a t i o n s  b y  m e a n s  of t he  Mi l le r -Madow formula .  I t  
m u s t  be  n o t e d  t h a t  poo l ing  all  10 Ss i n to  t h e  s a m e  S -R  
m a t r i c e s  m a y  cause  a n  u n d e r e s t i m a t i o n  of t h e  i n f o r m a t i o n  
t r ansmis s ion ,  due  to  i n d i v i d u a l  d i f ferences  in  t he  r e sponse  
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Fig. 1. Information transmission as a function of brightness level, 
for 4 quantities of stimulus information (top: horizontal localization; 
bottom: vertical localization). 
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Fig. 2. Information transmission as a function of stimulus informa- 
tion, for 3 brightness levels (top: horizontal localization; bottom: 
vertical localization). 
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tendencies ;  in fact ,  p re l iminary  resul ts  ob ta ined  f rom 5 Ss 
and  correc ted  b y  t h e  Mil ler-Madow formula  did no t  differ  
s ignif icant ly  f rom the  ac tual  data .  This  m a y  be expla ined  
b y  t h e  fac t  t h a t  mos t  of the  error  responses appea r  to  be 
r andom.  

F r o m  Figure  1 the  t r a n s m i t t e d  in fo rmat ion  appears  to  
be a d i rec t  l inear  func t ion  of the  logar i thm of br ightness.  
The  re la t ion out l ined  by  FAUVILLE m a y  thus  be ex tended  
to  th is  t y p e  of noise. Moreover ,  this  func t ion  seems ra the r  
independen t  of the  n u m b e r  of possible locations.  The  single 
except ion  is the  mate r ia l  wi th  3 locations,  a t  least  when  
t h e y  are hor izonta l ly  oriented,  which provides  less in- 
fo rmat ion  t ransmiss ion;  fur ther  inspect ion  of F igure  1 
shows t h a t  the  ma in  difference is to be found in the  slope. 
Using the  least  squares  procedure,  a s t ra igh t  line has  been 
t raced  th rough  the  results  of each Figure ;  t h e n  f rom the  
obta ined  origin on the  abscissa, 2 o ther  lines were drawn,  
1 t h rough  the  po in t s  re la t ive  to  5, 7 and  9 locations,  t h e  
o the r  t h rough  the  points  p rov ided  by  the  3-locations 
mater ia l .  

F r o m  these  d a t a  F igure  2 has  been constructed,  where  
t r ansmi t t ed  in format ion  is p lo t t ed  agains t  s t imulus  in- 
fo rmat ion ,  as for usual channel  capac i ty  funct ions.  The  
cont inuous  lines jo in  the  ca lcula ted  values.  Like in easy  
v iewing condit ions,  t r a n s m i t t e d  in format ion  reaches a 
p la teau  (it is no t  always v e r y  flat, unfor tuna te ly ,  p robab ly  
because of some anchoring effects). A p r ima ry  effect of 
noise is to lower it. I n  addi t ion,  when  s t imulus  informat ion  
is especial ly low, the  t ransmiss ion loss m a y  be less impor t -  
an t  in absolute  value,  bu t  remains  propor t iona l ly  constant .  
I t  m a y  inc identa l ly  be no ted  t h a t  the  dots  are be t t e r  
localized on the  hor izonta l  t han  on the  ver t ica l  axis. 

Discussion. The  inverse logar i thmic  re la t ion  be tween  
noise and  in format ion  t ransmiss ion is conf i rmed to  be 
independen t  of t he  physical  na tu re  of t he  noise, a t  least  
for v i sua l  local izat ion tasks.  B u t  this  seems also to be  t rue  
when  o ther  t ransmiss ion channels  are  invo lved ;  s imilar  
re la t ions were  found be tween  s t imulus  du ra t ion  and hue  

ident i f ica t ion  5, or  be tween  signal- to-noise ra t io  and speech 
inte l l ig ibi l i ty  *. 

The  independence  of t he  re la t ive  loss towards  s t imulus  
in fo rmat ion  suggests  t h a t  t he  d is turb ing  effects of b r igh t -  
ness reduc t ion  do no t  ac t  upon the  cen t ra l  ca tegor iza t ion  
mechanisms,  b u t  upon  the  p re l iminary  sensory coding 
operat ions.  I t  m a y  be  in teres t ing  to recall  here  t he  resul ts  
of an  expe r imen t  by  LEIBOWlTZ et  al. ~ on judg ing  the  in- 
c l ina t ion  of a line. S was no t  forced to p rov ide  a response 
and thus  had the  facu l ty  of d isregarding presenta t ions  
where v iewing had not  been sat isfactory.  F r e q u e n c y  of 
seeing increased roughly  as the  logar i thm of br ightness  
and of dura t ion ;  but ,  p rovided  the  s t imulus  was seen, 
local izat ion accuracy  was no t  inf luenced by  these  factors  s. 

Rdsurnd. Dans  une tAche consis tant  £ localiser un po in t  
sur une  barre  hor izonta le  ou vert icale ,  on  mesure  l ' in forma-  
t ion t ransmise  en fonct ion de l '~c la i rement  e t  de l ' i n fo rma-  
t ion du s t imulus.  On  t r o u v e  une  re la t ion  l in6aire d i recte  
en t re  l ' i n fo rmat ion  t ransmise  e t  le logar i thme de  l '6claire- 
ment .  Cet te  re la t ion  reste  va lab le  pour  diverses  quant i t6s  
d ' i n fo rma t ion  6mise. 
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I n f l u e n c e  o f p - A m i n o b e n z o i c  A c i d  o n  t h e  A c t i v i t y  

I t  is known t h a t  some benzoic  acid isomers  and der iva-  
t ives  can inf luence the  ac t i v i t y  of indoleacet ic  acid  (IAA) 
oxidase  1, however ,  t he  effect  of a biological ly  i m p o r t a n t  
compound ,  name ly  p-aminobenzoic  acid (PABA),  had  
neve r  been inves t iga ted  in th is  respect .  

W h e n  P A B A  was added  to a react ion mix tu r e  according 
to STUTZ 2 conta in ing  a crude enzyme  ex t r ac t  p repared  
f rom hypocoty l s  of whi te  lupine (Lupinus albus L.) cut-  
t ings, t he  manome t r i ca l l y  measured  Oz-consumpt ion did 
no t  differ f rom t h a t  of the  controls,  even  if the  concentra-  
t ion  of P A B A  was as high as 200 vg/ml .  By  contras t ,  when  
the  enzyme  solut ion was prepared  f rom cut t ings  grown in 
50 p p m  PABA,  the  I A A  oxidase act iv i t ies  depending  on 
the  dura t ion  of P A B A - t r e a t m e n t  became cont inuous ly  
lower, fai l ing a lmos t  to  zero on the  f i f th  day  (Figure). 

Add ing  of boiled ex t rac t s  f rom P A B A - c u t t i n g s  to  I A A  
oxidase  prepara t ions  f rom water -cont ro ls  resul ted in a lag- 
phase and  a same inhibi t ion,  respect ively ,  as t he  P A B A -  
t r e a t m e n t  itself. The  ac t iv i t ies  of  d ia lyzed ex t rac t s  f rom 
b o t h  P A B A -  and wa te r - t r ea t ed  p lan ts  did no t  exh ib i t  any  
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Time course of inhibition of IAA oxidase activity in lupine cuttings 
after PABA administration in vivo, compared to the activities of 
water-treated controls. 
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