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The effect of monocular changes in the retinal 

illuminance on the threshold of stereopsis 



Introductionr 

I t  has been shown t h a t  s t e r eops i s  is a t  least p a r t i a l l y  a time 

dependent phenomenon, 

po in t s  i n  each eye must start a t  near ly  i d e n t i c a l  times i n  order  t o  allow 

an accura te  perception of depth, 

Gogel, 1966, as t h e  time between the presentat ion of t h e  two images of a 

s t e reo  p a i r  is increased, t he  threshold of s t e reops i s  increases ,  The 

presentat ion of t he  two images can be separated i n  time about 150 m i l l i -  

seconds before t h e  s tereoscopic  threshold becomes q u i t e  la rge  and judgments 

based on s t e reops i s  become q u i t e  unre l iab le ,  Further ,  Bower, 1966, has 

indicated that a small di f fe rence  i n  la tency,  and therefore ,  "arrival t i m @ " 8  

encodes t h e  information which allows the  discr iminat ion of crossed d i s p a r i t y  

from uncrossed d i spa r i ty ,  

po in t  located beyond t h e  horopter (uncrossed d i s p a r i t y )  is i d e n t i c a l  t o  the  

angular  separat ion of  a poin t  located a t  an equal angular  displacement i n  

f r o n t  of  t he  horopter (crossed d i s p a r i t y )  , 

a r i s i n g  from these  two poin ts  would be i d e n t i c a l  and t h e  judgments of 

relative pos i t ion  ambiguous, Since angular  d i s p a r i t y  is a s u f f i c i e n t  

st imulus with respec t  t o  the  i d e n t i f i c a t i o n  of target loca t ion ,  then some 

means of discr iminat ion of crossed from uncrossed d i s p a r i t y  must be added 

t o  t h e  information provided by a n s l a r  d i s p a r i t y e  

The encoded messages from t h e  two r e t i n a l  image 

According t o  Ogle, 1963@ and Mist and 

That is  t o  say, t he  angular  separat ion of a 

Therefore the  angular  d i s p a r i t y  

I n  t h e  Pu l f r i ch  s tereoscopic  phenomenon an  objec t  moving with a 

constant  angular ve loc i ty  i n  t h e  objec t ive  f ron topa ra l l e l  plane appears 

t o  descr ibe  a displaced path, 

by reducing the  retinal illuminance i n  one of t h e  two ey 8 8  

has shown t h a t  t he  effect results from t h e  fact that reducing t h e  r e t i n a l  

illuminance increases  t h e  reac t ion  time o r  la tencyr  

The effect is induced i n  normal observers 

L i t ,  1949, 
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While the  Pu l f r i ch  effect depends upon the  perception of a moving 

c 

objec t  as i n  two d i spa ra t e  loca t ions ,  the  d i s p a r i t y  being introduced by 

the  monocular reduction i n  r e t i n a l  illuminance, monocular a l t e r a t i o n s  of 

r e t i n a l  illuminance do not  al ter depth s e n s i t i v i t y  f o r  b r igh t  s t a t iona ry  

t a rge t s ,  Ckrnwood, 1950e G i l l o t ,  1958, and Ogle and Grochs 1956, could 

not  measure a decrease i n  s tereoscopic  s e n s i t i v i t y  by reducing t h e  monocular 

r e t i n a l  illuminance while using exposure times of no shor t e r  than 200 

milliseconds, L i t ,  1959@ however, found reduct ions i n  s tereoscopic  

s e n s i t i v i t y  using dark targets on a l i g h t  surround and present ing t h e  

t a r g e t s  f o r  continuous viewing when t h e  r e t i n a l  illuminance was between 

- 2 , 9  and - 0 ~ 6 0  log t rolands,  A t  higher l e v e l s  of r e t i n a l  illuminance 

the  effect was grea t ly  reduced, 

Nevertheless, i f  the  exposure time is g r e a t l y  reduced, then some 

a l t e r a t i o n  of s tereoscopic  s e n s i t i v i t y  f o r  b r igh t  targets on a darker  

surround should be e a s i l y  measured, because changes i n  monocular illuminance 

change la tency which "delays" the  image and becauseo as Wist and Cogel and 

Ogle found, delaying t h e  presentat ion of  one image with respec t  to t he  

presentat ion of t h e  o the r  causes a decrement i n  t h e  precis ion with which 

sub jec t s  can make s tereoscopic  judgments, 

General desc r ip t ion  of t he  apparatus8 

schematic representa t ion  of  t he  apparatus  is i l l u s t r a t e d  in 

Figure le Each component is labeled with a let ter which is explained 

below, 

and T4, 

subject was posit ioned f la t  on h i s  back with h i s  head supported by sand- 

Test targets and standaud targets are designated by T i s  TZD Tjs 

The configuration o f  these  targets is shown i n  Figure 2, The 

bags, He looked i n t o  a 30 cm by 30 cm semi-silvered mirror, which 
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r e f l ec t ed  the  test and standard t a r g e t s  i n t o  the plane of h i s  pupils.  

Posit ioned d i r e c t l y  behind the  mirror was a 29 cm by 29 cm white luminescent 

panelr  

when he pressed a button, he a l s o  saw a b r i e f s  b r igh t ,  tes t  t a r g e t  ( tes t  

t a r g e t  i n  E’igure 2 ) *  

of low, even luminancee His t a s k  was t o  judge the  r e l a t i v e  depth of the  

t e s t  t a r g e t  with respec t  t o  the  standard t a r g e t  while f i x a t i n g  a predesig- 

nated poin t  on the standard t a r g e t  ( f ixa t ion  poin t  i n  Figure 2)@ 

H e  saw a bPight standard t a r g e t  (standard t a rge t  i n  ll’igure 2)  and, 

Both of these t a r g e t s  appeared on a broad background 

In  order  t o  study the e f f e c t s  of monocular changes i n  r e t i n a l  

illuminance independent of f l uc tua t ions  i n  pup i l  s i z e ,  a fou r  o p t i c a l  

channel hxwe l l i an  view haploscopic device was used, 

presented the  standard t a r g e t  t o  t h e  r i g h t  eye; o p t i c a l  channel 2 presented 

the  standard target t o  the l e f t  eye! o p t i c a l  channel 3 presented the  tes t  

target t o  the  r i g h t  eye, and o p t i c a l  channel 4 presented the  tes t  t a r g e t  

t o  the  l e f t  eyeo 

passed through a c i r c u l a r  aper ture  ( A  i n  Figure 1) 

f i l t e r  ( H  i n  Figure 1)1 and coll imated by an achromatic l e n s  ( C  i n  Figure l ) ,  

F i l t e r s  HI and H2 were a combination of neu t r a l  dens i ty  f i l t e r s  and d i f f e r e n t  

co lor  f i l ters t o  balance the  luminance of  the  sources and t o  match the  co lor  

of  a l l  targets used, 

standard targets TI and ‘f2 were subsequently r e f l e c t e d  90 degrees  by f r o n t  

sur face  mirrors  MI and % e  

objec t ive  l e n s  systems Fl and F2) semi-silvered mirror M3# and were brought 

t o  f o c i  i n  t h e  s u b j e c t a s  pupi ls ,  

Opt ica l  channel 1 

I n  each o p t i c a l  channel, l i g h t  from a source (S i n  Figure I) 

was at tenuated by a 

Emerging from Cl and C2, t he  beams of l i g h t  i l luminat ing 

Then they passed through beamspli t ters  B1 and BZP 

S and S4 were glow modulator tubes emit t ing s ing le  pulses  of l i g h t  3 
which passed through c i r c u l a r  ape r tu re s  A3 and Ab and n e u t r a l  dens i ty  

multiple-step f i l ters  H and H4 i l luminat ing t a r g e t s  T and T4, 3 3 .  
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‘I’arget T3 was mounted on a modified microscope s tage  which allowed 

lateral movements t o  produce changes i n  d i s p a r i t y  of t h e  tes t  t a r g e t ,  

Attached t o  t h i s  was a dial-gauge, 

i n t o  seconds of a n o  

7 seconds of arco 

The u n i t s  o f  t h j s  gauge were ca l ibra ted  

A change of one u n i t  on t h e  gauge was equal t o  

The t a r g e t s  were matched i n  br ightness ,  hue, and sa tu ra t ion  and 

produced a maximum r e t i n a l  illuminance of 3 # 3 6  x 10 5 t r o k n d s ,  Table I 

presents  t h e  r e t i n a l  illuminance produced f o r  each neu t r a l  dens i ty  s t e p  

in se r t ed  i n t o  t h e  beam, 

of 39 degrees 51 minutes 33 seconds with a r e t i n a l  illuminance of 7@26 x 

lo5 t ro lands ,  assuming a 3 mm pupi l  diametere 

The luminescent panel provided an adapting field 

Elach t a r g e t  subtended a n  angle o f  21 minutes 30 seconds and an 

average separa t ion  of t h e  test and standard targets of 1 degree 

20 seconds was u t i l i z e d ,  

4 minutes 

Experimental Proceduret 

Using a f ive  millisecond exposure time, f i v e  r e t i n a l  illuminance 

combinations were used in a random order  t o  measure t h e  stereoscopic 

threshold on three subjects, 

of  each test t a r g e t  used and t h e  log r a t i o  of r e t i n a l  illuminance (log Ev/E1) 

f o r  each of t h e  f i v e  conditions,  

Table I1 presents  t h e  r e t i n a l  illuminance 

The standard target was maintained a t  a 

r e t i n a l  illuminance of ZeO5 x 10 5 t r o l a n d s  throughout t h e  study, 

‘Iko of t h e  three sub jec t s  (S.M,V, and E,R,T,) were given approximately 

one-half hour of  t r a i n i n g  a t  making s te reoscopic  judgments on t h e  apparatuse 

The t h i r d  sub jec t  (T.S,T,) was extens ive ly  t r a ined  while serving as t h e  

sub jec t  of o t h e r  sOudies i n  connection with t h i s  t o p i c p  

The method of cons tan t  stimuli, as described by Hirsch and 

1948, was usede However, ins tead  of determining t h e  one-hundred per  cent  
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Table I 

Step Diffuse Density ( D )  'l'ransmission (T)  Hetlnal Illuminance (E) 
( i n  t ro lands)  

1 005 88 2,96 x io5 
5 2 e 2 1  61 2,05 x IO 

3 e 36 .43 LW 105 

4 e 51. 

5 e 66 

6 . 82 

7 e 9 7  

Table TI 

4 Log Er/E1 

Illuminance presented to Illuminance presented t o  Log Desipatl on 
r i g h t  eye i n  t ro lands  l e f t  eye i n  t ro lands  

2,05 x 105 2.05 x lo5 0,00 

2,05 x los  
2.05 x i o  5 

2005 105 
l e 0 4  x 10 5 
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response l i m i t s  f o r  each threshold,  s i x  convenient d i spa r i ty  s e t t i n g s  were 

chosen from preliminary estimates of t he  l a r g e s t  threshold t o  be encountered 

and used throughout t h e  experiment, 

of t h e  subjec ts  a t  each of these s i x  s e t t i n g s  for each of  t he  f i v e  r e t i n a l  

i l luminame combinations, 

t o  check t h e  accuracy of t he  technique, 

i nd ica t e  t h a t  t he  threshold of s t e r eops i s  can be measured by t h i s  technique 

with an accuracy of p lus  o r  minus 10 seconds of a r c e  

Forty responses were recorded f o r  each 

Computer generated response curves were used 

These sets of hypothet ical  responses 

Each threshold determination is based on 240 responsess 

response consisted of a forced choice judgment as t o  whether t he  t es t  

t a r g e t  was located "closer  than" o r  " fa r ther  than" the  standard t a r g e t ,  

b c h  

Per  cent responses for each of t he  s ix  d i s p a r i t y  s e t t i n g s  were 

transformed i n t o  p rob i t s ,  p lo t ted ,  and the  bes t  f i t  s t r a i g h t  l i n e  deter-  

mined by inspect ion and checked by t h e  method of least squares, 

r ec ip roca l  of t h e  s lope of t h e  bes t  f i t  l f n e  is an estimate of the  

threshold e 

The 

Results I 

Figure 3 presents  t he  threshold of s t e r eops i s  i n  seconds of arc 

as a funct ion of t he  log r a t i o  of t h e  r e t i n a l  illuminance of t h e  i w e s  

presented t o  t h e  two eyes f o r  each of t h e  three subjects ,  

Clearly,  dimming one image of t h e  test t a r g e t  causes a reduction 

in s e n s i t i v i t y  t o  sm11 displacements i n  depth measured by t h e  stereoscopic 

threshold f o r  a l l  three sub,jects, Sens i t i v i ty  is defined as t h e  rec iproca l  

of t h e  threshold,  

is due t o  h i s  super ior  a b i l i t y  t o  judge depth d i f fe rences ,  t o  h i s  extensive 

t r a in ing ,  o r  t o  both, 

E i ther  T,S,T8s  greater s e n s i t i v i t y  t o  almost a l l  condi t ions 
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I n  order  t o  determine the  effect of increasing t h e  exposure time 

on the  degradation of s t e reops i s  with unequal monocular retinal illuminances 

of the  t es t  t a r g e t ,  the  experiment was repeated on  one subjec t  using 

exposure times of 10, 20, 3O* and 40 milliseconds. 

g rea t e r  than 10 milliseconds,  the  e f f e c t s  reported for 5 millisecond pulses  

e s s e n t i a l l y  vanished and no systematic va r i a t ion  of the  threshold of 

s t e reops i s  could be measured, 

For pulse widths of  

Discussfont 

The decrease i n  s tereoscopic  s e n s i t i v i t y  as measured by the  size 

o f  the  threshold f o r  test condi t ions i n  which the  r i g h t  (temporal) image 

is dimmer than the  l e f t  (nasa l )  image can be explained by hypothesizing 

a longer reac t ion  time f o r  the  dimmer images and therefore  a subsequent 

delay i n  the  arrival of  the  message from t h i s  point  a t  the  convergence 

poin t  ( o r  c e l l )  i n  the  cen t r a l  nervous system, The fact that dimming 

the  nasa l  image s l i g h t l y  so t h a t  the  d i f fe rence  i n  r e t i n a l  illiirnl.nance 

between the  temporal and nasa l  images produced no degradation i n  sensi-  

t i v i t y  suggests that there  e x i s t s  an i n t r i n s i c  reac t ion  time d i f fe rence  

between the  nasa l  and temporal hemiretina which can be f u r t h e r  reduced 

by delaying the  presentat ion o f  t he  nasa l  image o r  by dimming the  nasal 

image without degrading s tereoscopic  s e n s i t i v i t y .  

Assuming an  i n t r i n s i c  d i f fe rence  i n  the  la tency of t he  nasa l  and 

temporal hemiretinae, i n  a similar way, dimming the  nasal image would 

change its latency. 

less of  a time gap i n  the  two images, subsequently produces no time 

gap and eventually produces a s i t u a t i o n  similar t o  t h a t  descrlbed f o r  

the  dimming of  t he  temporal image. Under these circumstances the  

stereopsopic threshold should get larger, reach a point  where a l l  

However, here,  gradual dimming i n i t i a l l y  produces 
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judgments are reduced t o  chance, and f i n a l l y  produce a r e v e r s a l  i n  

judgments so that when t h e  t a r g e t  was presented a t  a d i s p a r i t y  where 

it would normally be seen i n  f r o n t  of  another t a r g e t ,  It  would, under 

these  conditions,  be seen i n  back of t h e  o the r  t a r g e t  and v ice  versa, 

The fact that no such r e v e r s a l  was noted suggests t h a t  t h e  

encoding of the  direc.tion of d i s p a r i t y  may be a much more complex 

problem t h a n  i s  suggested by Bower o r  t h a t  t h e  effects of dimming one 

image i n  a s te reoscopic  p a i r  r e s u l t s  i n  an effect which is not t o t a l l y  

described as a simple latency d i f fe rence ,  

Decreasing the  r e t i n a l  illuminance of t h e  t es t  objec t  produces 

a measurable increase  i n  t h e  threshold of s t e r e o p s i s  f o r  a l l  illuminance 

d i f f e rences  used excepting f o r  log A t  t h i s  latter 

r a t i o  of r e t i n a l  illuminances, t h e  threshold is very nearly t h e  same as 

f o r  t h e  condition of balanced illuminances, Since the  various illuminances 

were c a r e f i l l y  measured, and accura te ly  reproduced f o r  each sub jec t ,  t h i s  

f ind ing  cannot represent  a misalignment of t h e  apparatus,  bu t  i n  fact a 

l ack  of change i n  t h e  threshold as a function of t h i s  p a r t i c u l a r  d i f f e rence  

i n  r e t i n a l  illuminance, 

equal t o  O,29, 

An inves t iga t ion  was conducted t o  a s su re  that this latter f ind ing  

was not  t h e  r e s u l t  of t h e  l e v e l  of illuminance of the  test  objec t  used, 

This i nves t iga t ion  showed no appreciable change i n  the  s te reoscopic  

threshold occurred as t h e  r e t i n a l  illuminance was reduced t o  O,$ x 10 4 

t ro lands  i n  each eye, using one subjec t ,  

?he q u a n t i t a t i v e  r e l a t i o n s h i p s  indicated i n  F'igure 3 r equ i r e s  

some q u a l i f i c a t i o n ,  At large luminance d i f f e rences  the  l i n e a r i t y  of 

t h e  p r o b i t  p l o t  can be ser ious ly  questioned, Perhaps methodological 

refinements which inc lude  a s t r i c t  determination o f  t he  100 p e r  cent 



responses l i m i t s  and subsequent presentation of the  s t imu l i  a t  equal 

i n t e r v a l s  within t h i s  l i m i t  o r  which u t i l i z e  two s ing le  forced choice 

experiments with equal probabi l i ty  that the  t a r g e t  w i l l  appear i n  

crossed and uncrossed d i s p a r i t y  and the  establishment of some constant 

reward o r  pay-off f a c t o r  may allow a r e c t i f i c a t l o n  of these p a r t i c u l a r  

r e s u l t s  and therefore  a, more accura te  assessment of these quan t i t i e s ,  

Nevertheless, s t e r eops i s  is subs t an t i a l ly  reduced by these  p a r t i c u l a r  

condi t ionse 

t o  some uncertainty,  

It is only a. question of t o  w h a t  degree t h a t  is subjec t  
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The effects of monocular' changes in the retinal illuminance 

and delay time on the threshold of stereopsis 



Introduction 

If t h e  effects measured i n  t h e  experiment i n  whlch t h e  r e t i n a l  

illuininance of  t h e  t es t  objec t  presented t o  one eye is reduced are due 

t o  simple d i f f e rences  i n  the  latency of t h e  two images, then by delaying 

one or t h e  other image, t he  effects of illuminance should cancel ou t  

and s t e r e o p s i s  should r e t u r n  t o  the  s e n s i t i v i t y  measured f o r  equal 

monocular r e t i n a l  illuminances and f o r  presenta t ion  of t he  two i m g e s  

simultaneously, 

Method 

I n  order t o  t es t  t h i s  hypothesis, t h e  threshold of s t e r e o p s i s  

( t h e  dependent var iab le)  was measured with both r e t i n a l  illuminance 

and de lay  time as t h e  independent variables, 

30 d l l f s e c o n d s  were provided by timing t h e  cu r ren t  pu lses  t o  t h e  glow 

modulator tubes (see appendix), 

was used, a delay time of 10 milliseconds means t h a t  5 milliseconds 

elapsed between t h e  o f f s e t  of the  first pulse and the  onse t  of t h e  second 

pulse ( ca l l ed  h e r e a f t e r  t he  in te rs t imulus  i n t e r v a l  o r  I *S,IO ) Similarly 

f o r  20 milliseconds of de lay ,  an i n t e r v a l  of I 5  milliseconds occurred 

between t h e  end of t h e  e a r l y  pulse and t h e  start of t h e  late pulse (I,S,Z, 

equals 15 milliseconds), 

of 30 milliseconds, 

e a r l y  pulse was presented t o  the  r i g h t  eye and f o r  three of  t h e  conditions,  

t h e  e a r l y  pulse was presented t o  t h e  l e f t  eye, 

Uealy times of  10, 20, and 

Since a pulse dura t ion  of 5 milliseconds 

The I O S , I .  was 25 milliseconds f o r  a de lay  time 

For three of t h e  conditions using these  S e S e I e s p  Bhe 

The remaining condition 

consisted of presenting t h e  two pu l ses  simultaneously, Each of t h e  

retinal illuminance conditions previously used and each of t h e  adore- 

mentioned I ,SII , s  were presented i n  a random order, making a t o t a l  of 

49 sepa ra t e  threshold determinations, 
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The technique of measuring each threshold of s t e reops i s  was as 

One subject  was used f o r  t h i s  lengthy inves t i -  previously described. 

gation which consisted of 8,400 judgments of test t a r g e t  locat ion 

r e l a t i v e  t o  the  standard t a r g e t  and took over two months t o  accomplish, 

Results I 

Figure 4 i l l u s t r a t e s  t he  threshold of s te reops is  determined for 

each of seven r a t i o s  of r e t i n a l  illuminances and each of seven presen- 

t a t i o n  sequences, The presentat ion sequences are: l e f t  t a r g e t  presented 

later, using an I e S , I .  of 5@ 15, and 25 milliseconds,  r i g h t  t a r g e t  

presented later using an I ,S . Ie  of 5, 15, and 25 milliseconds, and the  

simultaneous presentat ion of t h e  two images (IaSeI. equal t o  0) ,  

f i gu re  presents  t he  thresholds of s t e r eops i s  i n  seconds of arc as a 

function of t he  I , S . I e  i n  log milliseconds, 

r a t i o  of  retinal illuminance, 

The 

The parameter is t h e  log 

Discussion I 

For t he  condition i n  which t h e  r e t i n a l  illuminance of t h e  two Images 

i s  balanced (Log %/El equal t o  0,OO) t h e  e f f e c t s  of delaying e i t h e r  t he  

r i g h t  or l e f t  image produce a r e l a t i v e l y  systematic increase i n  the  

threshold of s te reops is ,  A t  delay times greater than about 40 m i l l i -  

seconds, t h e  two images are perceived a t  d i s t i n c t l y  d i f f e r e n t  times and 

an apparent motion between the  two targets changes i n  both magnitude and 

d i r ec t ion  as a funct ion of t h e  geometric d i s p a r i t y  of t h e  t a rge t s ,  

an observer could unwitt ingly judge t a r g e t  loca t ion  on the  basis of t h i s  

apparent motion r a t h e r  than on r e t i n a l  d i s p a r i t y ,  no time delays of 

greater than about 30 milliseconds could be usede 

Since 
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The figure shows that t h e  threshold of s t e r e o p s i s  increases  with 

increased I a S a L e  regard less  of whether t h e  r i g h t  o r  l e f t  image is delayed 

and regardless of whether the r i g h t  o r  l e f t  image is  presented at  a lower 

illuminance than t h e  o the r  image, 

'l'he only illuminance condition which does not produce an  increase 

i n  t h e  threshold of s t e r e o p s i s  is  lag Er/Ei equal t o  +Oe29, 

condition, delaying e i t h e r  t h e  r i g h t  o r  l e f t  image produces no s i g n i f i c a n t  

change i n  threshold from the  condition of balanced illuminances (Log Er/E1 

equal t o  O,OO), 

e f f e c t  of  increasing t h e  latency, then add i t iona l  delays i n  t h i s  image 

introduced by its presenta t ion  a t  a later time than t h e  presenta t ion  of  

t h e  o t h e r  image should have an e f f e c t  similar t o  f u r t h e r  lengthening of 

t h e  delay time, 

simple equivalence of a l t e r a t i o n s  of r e t i n a l  illuminance and latency 

has t o  be se r ious ly  questioned, 

For t h i s  

Since reducing t h e  r e t i n a l  llluminances should have t h e  

eca.use the d a t a  d i d  not  conform t o  t h i s  scheme, t he  

I n  terms of e lec t rophys io logica l  stud.ies of s ing le  ce l l  recordings, 

reducing t h e  r e t i n a l  illuminance of a single pulse  of l i g h t  produces two 

e f f ec t s !  

of sp ikes  of  electrical a c t i v l t y .  

t h a t  s t e r e o p s i s  i s  dependent on both of t hese  effects, 

of  t h e  data ind ica t e s  that reductions i n  monocular illuminance coupled with 

various de lay  times produce higher th resholds  of s t e reops i s ,  

a.n increase  i n  the  latency and a decrease i n  the  t o t a l  number 

The data presented here seem t o  ind ica t e  

The general  trend 

The only variance with t h i s  desc r ip t ion  is f o r  thresholds 

f o r  Log Er/E1 equal t o  0.29, 

delaying e i t h e r  t h e  l e f t  o r  r i g h t  image produces no essential  change i n  

t h e  threshold ,  it can be hypothesized that t h e  l e f t  image produces a 

sensation of g r e a t e r  magnitude than t h e  sensa t ion  produced by t h e  r i g h t  

Here, s ince  dimming t h e  l e f t  image while 



- 19 - 

image, 

alter this situation sufficiently to effect t he  threshold, 

A sl5.gh.t reduction i n  t h e  illuminance of  the left li.mage does not 
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A repor t  of a t tempts  t o  measure the threshold 

of stereopsis on a n  amblyopic subject 
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I 

I n  ortller t o  f a c i l i t a t e  data t ak ing  on a number of sub jec t s ,  t h e  

apparatus was modified ( see  Figure 5). 

C3* and C4) and targets (TIB TZD T3, ‘r4) were removed, 

Both achromatic lenses  (Cis C2’ 

Si and S2 were 

replaced by glow tube modulators, Each glow tube modulator (SI# S2ff S3, 

and S4,) was masked o f f  with e l e c t r i c i a n ’ s  tape  except a 4 mm diameter 

c i r c u l a r  ape r tu re  i n  t h e  center  which served as t h e  t a r g e t ,  

mirrors MI and % were subs t i t u t ed  by beamsplit ters B3 and Bbb 

add i t iona l  o p t i c a l  bench was a l s o  used, 

l i g h t  sources formerly des-ignated as Si and S2” Beams of l i g h t  illuminated 

targets T and T6 which were 1 mm diameter t ransparent  circles on an  opaque 

background made from photographic negatives, 

targets of the r i g h t  and l e f t  eyes respectively.  

microscope stages t o  allow lateral movements. 

t h e  beams of  l i g h t  were reflected 90 degrees by f r o n t  sur face  mirrors 

W1 and $ and then passed through B 3 #  Bbff and B1, B2, 

imaged a t  i n f i n i t y ,  

Front surface 

An 

S and S6 were incandescent 5 

5; 
T5 and “6 served as f i x a t i o n  

They were mounted on 

Emerging from T and T6# 5 

A l l  t a r g e t s  were 

The subjec t  wore a tr ial  frame with h i s  d i s t ance  ametropia corrected 

by t r ia l  lenses.  

i n  t h e  cells  of t h e  tr ial  frame, 

t h e  experiment, t h e  subjec t  was required t o  use a mouth bite made of 

impression compound 

Two ar t i f ic ia l  p u p i l s  of  3 mm i n  diameter were centered 

To eliminate gross head movements during 

An electro-mechanical servo-system was attached t o  S4 so t h a t  

d i s p a r i t y  changes could be introduced by t h e  subject upon moving a 

knob with h i s  r i g h t  hand, 

The subjec t  was ins t ruc t ed  t o  look at  t h e  f i x a t i o n  t a r g e t ,  

he pushed a button with h i s  l e f t  hand, he b r i e f l y  sa,w two b r i g h t  c i r c u l a r  

t a r g e t s ,  

When 

His task was t o  judge t h e  r e l a t i v e  depth  of the  t e s t i n g  t a r g e t  
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w i t h  respec t  t o  the  standard t a r g e t  and t h e  fixation t a rge t ,  H e  moved 

the d i a l  of t h e  electro-mechanical servo-system ol.ockwise and counter- 

clockwise untA.1 t h e  standard and test  t a r g e t s  and the  f i x a t i o n  t a r g e t  

a l l  appeared t o  be equally d i s t a n t  from him, 

equal i ty  se t t ing" ,  

w i t h  equal luminance and zero delay time i n  the two eyese 

gauge was then moved t o  t h e  mean pos i t ion  of the  previous f i v e  equal i ty  

s e t t i n g s  with the  numerical value 5 on t h e  dial  ca l lbra ted  t o  represent  

a convergence angle of 11 degrees 16 minutes, Once t h i s  was determined, 

d i f f e r e n t  combinations of delay time and luminance were presented t o  the  

subject ,  

After each s e t t i n g  the  experimenter moved t h e  t a r g e t s  t o  a d i f f e r e n t  

This was termed as "an 

E'ive such equal i ty  s e t t i n g s  were made by t h e  subject  

The micrometer 

For each of t hese  condi t ions,  t he  subjec t  made 5 equa l i ty  s e t t i n g s ,  

d i s p a r i t y  e 

An amblyope served as t h e  subjec t  i n  t h i s  modified apparatuse 

The c l i n i c a l  descripkion of t he  s u b j e c t # s  v i sua l  s t a t u s  is as follows8 

subjects  H a H ,  

male, age 29, technician 

subjec t  has been wearing g l a s ses  s ince  1955 

g las ses  prescribed f o r  hyperopic anisometropia 

R e E ,  +le00 D,Se LeE, +3a50/-2,50 x 175 

unaided v i s u a l  acuitya R,E, 20/20 L,E, 20/80 

corrected v i s u a l  acuity! R,E. ZO/l j i  L.E, 2O/25- 

lateral phoria f indings:  

lateral duct ion findings8 

a t  d is tance  5 esop a t  40 cm e 4 exo 

at d i s t ance  B a I e  O/8/4 B e O a  16/30/12 

a t  40 om B a I ,  15/10/6 B e O a  14/20/12 

P e D e  70/66 

ophthalmoscopyi negative 
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Out of 25 predetermined stimulus conditions of d i f f e r e n t  

combinations of  delay time and luminance, only 5 sets of f ind ings  

were ava i lab le ,  

follewing table, 

The condi t ions a c t u a l l y  used were shown i n  %he 

Condition Uelay i n  millisecond (H/L) j telative Luminance ( B ~ / B ~ )  

1 o/o 

2 o/o 832/1 

3 o/o 1/ @ 32 

4 20/0 I/ 32 

5 0/20 0 32/1 

The range of v a r i a b i l i t y  i n  s tereoscopic  threshold f ind ings  of  

each of  these  5 sets of conditions exceeded. 20 minutes of arc, 

c l e a r l y  beyond t h e  range to l e rab le  under our  experimental condi t iono 

The response from the  subjec t  after these 5 sets of f indings was that 

he could no longer fuse the  f ixa t ion  ta rge ts .  

might be a t t r i b u t e d  t o  the  following two factors8 

I t  was 

The f a i l u r e  t o  do so 

1. Low base i n  fusional l i m i t s  a t  d is tance ,  

2 e  Low a t t e n t i o n  span of: t h e  subject ,  

I n  s p i t e  of the  f a i l u r e ,  f u r t h e r  a t tempts  t o  e l i c i t  s tereoscopic  

thresholds  f r o m  nmblyopic subjec ts  with the  modified apparatus seems 

t o  be promising, However, before a t tempting t o  do so ,  more subjec ts  

with normal v is ion  are required i n  order  t o  determine the  relilabi2il'cy 

and v a l i d i t y  of t h e  modifications, 



Conclusionat 

Measurement of t h e  threshold of s t e reops i s  under conditions i n  

which t h e  monocular r e t i n a l  illuminance of t h e  t es t  t a r g e t  is  altered 

i n d i c a t e  that the threshold increases  as a functlon of t h e  dlmming of a 

monocular image regardless of which eye r ece ives  t h e  less b r igh t  i q e ,  

Only when t h e  image of t h e  t e s t  target presented t o  the  l e f t  eye is 

dimmed from 2,Og x lo5 to 1,04 x l o 5  t ro l ands  while t h e  s i g h t  image is 

maintained at  2e05 x lo5 t ro l ands  is t h e  threshold OP s t e reops i s  unaltered, 

The l ack  of change i n  threshold at  t h i s  po in t  is in te rpre ted  t o  mean that 

e i t h e r  t h e  l e f t  (nasa l )  image has an  i n t r i n s i c a l l y  s h o r t e r  la tency  o r  t h a t  

t h e  response i n i t i a t e d  i n  t h e  l e f t  (nasal) image e l i c i t e s  a l a r g e r  

subjec t ive  response than does t h e  r i g h t  (temporal) Image 

'The data su f fe r  from s u f f i c i e n t l y  l a rge  va r i a t ion  t o  make any 

concluslve statements about t h e  e f f e c t s  studied, 

that both h t e n c y  and magnitude of response must be important i n  encoding 

information about t h e  ex te rna l  world which leads t o  t h e  perception known 

as s t e reops i se  

However, it is suggested 

Measurements attempted on an amblyopic subjec t  proved t o t a l l y  

un re l i ab le  due t o  t h e  r a t h e r  gross  form of  s t e r e o p s i s  encountered i n  

t h e  subjec t  available for t e s t i n g ,  
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APPENDIX 



Append i x 

Detailed Spec i f ica t ions  of t h e  Apparatus 

Circular  s p e r t a r e s  mci t a r g e t s  o 

'l'he diameter of each c i r c u l a r  ape r tu re  (A1$ A Z D  A?# and A4) was 

'l',,# TZ8 rl'3B and 'r4 were 7 mm x Z e 5  mm ape r tu re s  us ine  t h e  center 4 mme 

hole of single-edged razor b.lades (Figure 6 ) ,  

Condensing l e n s  systemsr 

Ell and P2 were two i d e n t i c a l  condensing l e n s  s y r t  ems, Each of 

them composed of an achromatic condensing lens (55 mm i n  diameter and 

335 mm i n  f o c a l  length) and a diverging meniscus l ens  (55 mm i n  diameter 

and 200 mm i n  f o c a l  length) ,  The back ver tex  f o c a l  lene th  of t h e  system 

was 4.00 mmg The d i s t ance  between t h e  o p t i c a l  cen te r s  o f  Fi and 1'; could 

be varied according t o  t h e  i n t e r p u p i l l a r y  d i s t ance  of t h e  observere 

S tep tab le t ss  

'l'wo s t e p t a b l e t s ,  H3 and Hb9 with twenty-one s t e p s  each were used,, 

They were calibrated by Eastman Kodak Co, (numbers 802 S t  347 and 802 S t  

349)@ 

( s t e p  21) e 

they ranged from 90% t o  0% respec t ive ly ,  

be a l t e r e d  by ad jus t ing  t o  d i f f e r e n t  s t e p s  at H and H4.. 

Thei r  d i f f u s e  dens i ty  numbers ranged from @ O 5  ( s t e p  1) t o  3,O8 

Transforming these  numbers i n t o  percentages of transmission 

Luminances of T and 'I!& could 3 

3 

Semi-silvered mirror ( M3) and electro-luminescent panel P s 

ril was placed a t  a n  angle of 45 degrees wi th  respec t  t o  t h e  l e n s  

It was a t  a 

Panel P 

It 

3 
systems F1, and "F2 and t h e  spec tac le  plane of t h e  observere 

d i s t ance  of 230 mm f'rom t h e  former and 170 mm from t h e  latter, 

was visible through M3" 

.. 

'the dimensions of P were 29 cm x 29 cm, 
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was white (W-E-?'ype F-663) and was connected t o  a variable transformer 

operat ing *om a 110 v o l t  A,C. supply, 

t o  act as a n  uniformly lit adapting f i e l d ,  

targets on a field of uniform luminance, 

The funct ion of t h i s  panel. was 

'I'he subjec t  saw t h e  br ight  

Luminance measurements and retirial illuminance values t 

Pri tchard Spectra Photometer was used t o  measure the  luminance 

output of t h e  targets and t h e  adapting field, 

was @'jl5 ft, lambert and that of t h e  adapting f i e l d  was 3 f t e  lambert, 

Luminance of t he  targets 

By using t h e  following formula (Westheimer 1966) P 

E = 107 x Ti x xz/r 
where 

r e t i n a l  illuminance i n  t ro lands  

luminance of  t he  reference surface i n  millilamberts 

X = dis tance  from the  reference surface t o  the  plane of 

t h e  pup i l  i n  meters 

re f lec tance  f a c t o r  of t h e  reference surface 

t h e  r e t i n a l  illuminance due t o  the  target was ca lcu la ted  t o  be 3,36 x lo5 

t rolands,  

Assuming a 3 mm pupi l  diameter t he  retinal illuminance due t o  the  

adapting f i e l d  was calculated t o  be 7@26 x 10 t ro l ands  i n  terms of t h e  

formula below 

3,1416 x B x 9 
where 

EO retinal illuminance i n  t ro l ands  

luminance i n  candles/meter2 

radius of t h e  pup i l  i n  mm 
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Al.though "ce 1umj.nance m~asurem~n~, of  t he  targets was less L 

that of the  adapting f i e l d  

p e a t e r  than  t .h t  of t he  l a t t e r  due t o  t h e  f a c t  that, the  targets 

placed i n  i%.xwellian views and the  la t ter  was not, 

t he  r e t ina l  il.lumlnance of t h e  former was 

E1ectroni.c component:,: (iti.c;ure 7 )  t 

Each glow modulator ( I U l 3 l C )  was connected t o  -the pulse generator 

'l'ektronix) which was in t u r n  connected t o  the wave-form 

generator ( type 162 I Tektronix) t h a t  Generated square wave pul.sesr 

output of the  glow modulators (S 

on the  osci$l.oscope by means of pho%odetectors, 

time between S 

'I'he 

and Sb) was moriltored periodienJ.ly 3 
Exposure and delay 

nd S b  ranged from 0 millisecond to  20 mill iseconds,  3 

Calibration of d i s p r i t y  between 'Y3 a n d  'Slk ( t e s t  ta rge ts )  2 

t tached t o  'Y3" It consisted of 60 e q m l l y  spaced 

u n l t s e  

t a r g e t  holder  O F  

which is  equivalent t o  , O l Z 7 O  mm, 

moving a. u n i t  on t h e  micrometer was equal t o  ,01270/400 x 206275 o r  

6 , 9 9 2 3  seconds of a r c I  

D i spa r i t i e s  between 'I' and T4 could be chanced by a knob on t h e  

Nach u n i t  on t h e  micrometer was equal t o  ,0005'' 
3 

The a n g u h r  displacement induced by 
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