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Evidence  for a Neuro log ica l  Z o o m  S y s t e m  in Vis ion f rom Angular  Changes  in S o m e  Recept ive  
Fields of Single  N e u r o n s  with  Changes  in Fixat ion Dis tance  in the H u m a n  Visual  Cortex 

The response of single cells to  spat ia l ly  discrete  s t imul i  
in the  visual  field was ob ta ined  by  means  of micro- 
e lect rodes  indwell ing in the  h u m a n  occipi tal  cortex.  These 
e lect rodes  were inser ted  concur ren t ly  wi th  macro-  
e lect rodes  imp lan ted  th rough  the  same bur r  hole into the  
pos ter ior  h i p p o c a m p u s  for the  diagnosis and  t h e r a p y  of 
medical ly  in t rac table ,  t empora l - lobe  epilepsy,  w i th  the  
in formed  consen t  of the  pa t ien t s .  Recep t ive  fields in the  
shape  of bars  and  discs were p lo t t ed  and  the i r  var ious  
o ther  character is t ics  noted.  

Methods. The m e t h o d  of p lo t t ing  has been  descr ibed 1 s. 
Briefly,  a large, f lat  sheet  of ca rdboard  wi th  an ink-do t  
f ixa t ion  or viewing poin t  was  placed 1 m f rom the  supine 
p a t i e n t ' s  eyes and  var ious-s ized wands  d isp laying a disc 
or bar  were presented .  So s t imula ted ,  increased f ir ing of 
t he  uni t  could be heard,  super imposed  upon  the  un i t ' s  
' bu r s t y '  or irregular  spon taneous  r h y t h m .  Once the  posi-  
t ion  of the  recept ive  field was  establ ished,  it  was rap id ly  
de l inea ted  and l ight ly  out l ined on the  ca rdboard  for sub-  
sequen t  measu remen t .  

Single uni ts  could be d is t inguished by  the  usual cr i ter ia:  
ampl i tude ,  polar i ty ,  wave- form and recept ive  field. No 
shif t  f rom one un i t  to ano the r  was seen dur ing  the  re- 
cording. 

Early results and discussion. To increase the  accuracy  
of p lo t t ing  we increased the  viewing distance.  At  f i rs t  we 
were unable  to f ind the  recept ive  fields a t  the  grea ter  
d i s tance  a l though  t h e y  were still recordable  a t  1 m. 

Ul t imate ly ,  a recept ive  field was found  at  a grea ter  dis- 
tance,  bu t  its size and  posi t ion could no t  have  been pre-  
d ic ted  by  the  laws of geometr ical  optics.  The 10 cm 
d iame te r  of the  recept ive  field of th is  b inocular  uni t  a t  a 
d i s tance  of 1 m was expec ted  to be a lmost  3 t imes  larger 
a t  a d is tance  of 2.7 m, but ,  instead,  was found to be 
app rox im a te ly  the  same l inear size wi th  its geometr ic  
center  displaced up and medially.  This f inding raised the  
ques t ions  : Is there  a change  in size and  posi t ion of the  re- 
cept ive  field wi th  viewing d is tance  ? It so, could it be the  
neurological  basis for a cons tancy  or zoom mechan i sm ? 

There  are a n u m b e r  of psychophys ica l  expe r imen t s  
t h a t  can  be expla ined only by  pos tu la t ing  some sor t  of 
neurological  zoom or scaling mechanism.  The h i s to ry  of 
size cons t ancy  has  been t r ea t ed  by  BORING 4. A n u m b e r  of 
o ther  p h e n o m e n a  occurr ing wi th  changes  of f ixa t ion  dis- 
tance,  also discussed by  BORING, appear  to be associa ted 

wi th  such a mechanism,  for example,  a change of angular  
acui ty  (Auber t -Foers te r  phenomenon)  and changes  in 
angular  size of af ter - images  ( E m m e r t ' s  law). More recen t  
m e a s u r e m e n t s  of size cons t ancy  have  been made  by  
HOLV~'AY and  BORING 5, LEIBOWTZ et  al. s and others.  
HARVEY 7 has  shown changes  in cri t ical  flicker fusion wi th  
f ixa t ion  dis tance.  A ro t a t o ry  p las t ic i ty  by  ves t ibu lar  in- 
f luence on recept ive  fields f rom ceils in cat  visual cor tex  
has been d e m o n s t r a t e d  by HORN and HILL s . 

The t ime  avai lable wi th  these  few pa t i en t s  was ex- 
t r emely  l imi ted  bu t  in 2 we p lo t t ed  recept ive  fields a t  
several  v iewing dis tances  to  see if the  angular  size and  
posi t ion re la t ive to  the  f ixa t ion  po in t  of the  visual  fields 
did indeed change  wi th  d i f fe rent  v iewing distances.  The 
order  of b inocular  viewing dis tances  wi th  the  f i rs t  un i t  
was 1, 2, 4, 1, 0.4 and 4 d iop te rs  and  wi th  the  second 1.4, 
1.4, 2, 1, 0.3 and  1.25 diopters .  F ixa t ion  was no p rob lem 
since the  pa t i en t s  were coopera t ive  and  the  recept ive  
field could be quickly out l ined several  t imes  a t  each 
f ixat ion distance.  

Laler results and discussion. Two theore t ica l  models  of 
2 recept ive  fields are p resen ted  in Figures  1 and 2 in the  
form of dashed  lines and solid curves (which are prac t i -  
cally s t ra igh t  lines). Figures  l a  and  2a represen t  the  
d iamete r s  and Figures  l b  and 2b the  posit ions.  The 
hor izonta l  dashed  lines represen t  the  slope of a recept ive  
field d i ame te r  or the  slope of the  d is tance  f rom the  
f ixa t ion  point ,  assuming a cons t an t  angular  size wi th  
changes  in viewing distance,  in accordance wi th  opt ical  
laws. The solid lines in Figures  l a  and 2a represen t  
theore t ica l  curves whose slopes are d rawn  for a co n s t an t  
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Fig. 1. One receptive field measurement as a function of the dioptric viewing distance. The dashed horizontal lines represent the slope of a 
constant angular size. The solid lines represent the slope of a constant linear diameter of the receptive field (la) or perfect size constancy 
relative to the fixation point (lb). All lines are arbitrarily positioned. 
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Fig. 2. Another receptive field. Dashed and solid lines as in Figure 1. The receptive field, which was to the right of the fixation point, 
moved out laterally with greater viewing distance. 

l inear size of the  d iamete r  of the  recept ive  fields regard-  
less of viewing distance.  Those in Figures  l b  and 2b are 
theore t ica l  curves whose slopes are d rawn to p rov ide  per- 
fect  size cons tancy.  If this  curve were followed, as the  
t a rge t  approaches  the  eye and one end of the  t a rge t  were 
considered to fall on the  fovea, t hen  the  increase in opt ical  
image size on the  re t ina  would be per fec t ly  compensa t ed  
for bv  a mini fy ing neurological system,  p rov id ing  perfec t  
size cons tancy.  

The  sca t te r  of po in t s  in lSigure l a  was too grea t  to 
de t e rmine  whe the r  the  shape of the  dashed  or of the  solid 
line represen ted  the  points ,  bu t  there  was l i t t le  doub t  t h a t  
the  da t a  in Figure l b  were be t t e r  represen ted  bv  the  hori-  
zonta l  dashed  line (optical law). The geometr ic  center  of 
this  recept ive  field thus  appeared  to ma in t a in  a cons t an t  
angle relat ive to  the  f ixa t ion  point,  following opt ical  
principles.  Figure 2a seemed be t t e r  descr ibed by  the  slope 
of the  solid line, which  poin ts  to a neurological ly main-  
t a ined  cons tancy  of visual grain size. 

In  Figure 2b, the  solid line indicates  a 2.3 ~/D minifica-  
t ion (the recept ive  field moves  away from the  fixaticm 
point)  as an objec t  of regard  conies closer to the  eyes, 
which,  theoret ical ly ,  would give perfect  size cons tancy.  
The da t a  poin ts  f i t  ne i ther  th is  curve nor  the  hor izonta l  
dashed  line. They would more accura te ly  fit  a curve wi th  
2.3 ~ magni f ica t ion .  

The l inear d iamete r  of the  recept ive  field (Figure 2a) 
fits a cons tancy  model  reasonably  well, bu t  the  change  of 
the  angular  posi t ion of the  recept ive  field (Figure 2b) did 
no t  f i t  a s imple size cons tancy  model.  In  fact, the  g raph  
showed the  reverse - a magnif ica t ion  super imposed  on the  
opt ical  magni f ica t ion  as an objec t  approached  the  eyes. 

In  an in t e rp re t a t ion  of psychophys ica l  f indings,  
RICHARDS 9, 10 placed a scaling (zoom) mechan ism in the  
la teral  geniculate  body,  and po in ted  out  t h a t  th is  pheno-  
m e n o n  is rapidly  lost in the  per iphera l  visual  field. This 
proposal  would be cons is ten t  wi th  the  resul ts  of Figure 1, 
which  shows t h a t  no neurological  size p h e n o m e n a  are seen 
in the  large recept ive  field which is 15 ~ f rom the  f ixat ion 
poin t  while on the  o ther  hand  a neurological  effect  is seen 
in the  smaller  parafovea l  recept ive  field descr ibed by  
Figure  2. 

I t  is difficult  to account  for a neurological  s ize-changing 
mechan i sm t h a t  would emphas ize  ra ther  t h a n  compensa t e  
for the  lack of size cons tancy  in simple optics.  One possi- 
b i l i ty  is an in te rmedia te  zone be tween  central-f ie ld  size 
cons tancv  and per ipheral-f ie ld  lack of cons tancy .  The 
in te rmedia te - f ie ld  zone, then,  would have  to show a 
nega t ive  cons tancy  in order  to cover the  ent i re  visual  
field. This migh t  be the  case in the  2 ~ to 5 ~ range.  

Ano the r  poss ibi l i ty  is tha t ,  according to PtlCHARDS' 9, 10 
scaling theory ,  the  d i spar i ty  de tec tors  mus t  ad jus t  the i r  
recept ive  field posi t ions  wi th  changes  of f ixat ion d is tance  
to ma in t a in  the  d e p t h  cons t ancy  t h a t  we exper ience  
perceptual ly .  These a d j u s t m e n t s  in recept ive  field posi- 
t ions need not  necessar i ly  change  in the  same m a n n e r  t h a t  
sizes of the  fields change.  

Conclusions. Regardless  of the  exac t  mechanism,  f rom 
measu remen t s  of 2 of the  3 recept ive  fields for single 
units  in the  h u m a n  visual cortex,  a neurological  subs t r a t e  
for a zoom or cons tancy  m e c h a n i s m  in or per iphera l  to the  
occipital  cor tex appears  to be requi red  in order  to expla in  
the  behav ior  of 2 of the  3 d isc-shaped recept ive  fields for 
single units  we have  measured  in the  h u m a n  visual cor tex.  
Fu r t h e r  s tudies  as pa t i en t s  become avai lable may  clarify 
the  opera t ions  responsible  for the  plas t ic  behav ior  of our  
cortical  recept ive  fields. In  the  mean t ime ,  it is necessary  
to be caut ious in in te rp re t ing  these  phenomena .  F ind ing  
neurological  magni f ica t ion  where minif icat ion was ex- 
pec ted  demons t r a t e s  the  complex i ty  of the  sys tem 11. 

I?dsu.md. l )ans  le cor tex  visuel h u ma i n  de 3 c h a m p s  
r6ceptifs de neurones  individuels  2 p r6sen ten t  des change-  
men t s  d 'angle  co r r e spondan t  aux c h a n g e m e n t s  de per-  
cept ion  & dis tance,  Ces c h a n g e m e n t s  p eu v en t  ~tre la base  
neurologique du syst~me percept i f  de stabilit6, de 
<~ zoom ~ ou de g radua t ion  de la vision. 
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