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.~)among contours depends critically upon their relative positions in depth--
- interactions may not occur if the stimulus elements occupy different depth

positions. The extent to which metacontrast masking depends upon depth
position was investigated in nine experiments that used stereoscopic contours
formed from random-element stereograms as test and mask stimuli. The stereo-
gram generation system permits large variations in depth to be made without
introducing confounding changes in proximal stimulation . The main results
are : ~l) Separation of test and mask stimuli in depth substantially reduces
masking ; and,, 2) When more than one stimulus is in visual space; the stimulus
that either appears first or appears closer to the observer receives
preferential processing by the visual system.
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Virtually all the extensive researcr, on ~sua~ masking has used stimuli
that lie in the same depth plane (have the ‘~~i.n~ :-axis value), in deference
to the implicit assumption that processing of depth information occurs only
after the visual processing of contour ir.form~tion is completed. But theory
and data are available suggesting that the interaction among contours depends
cr i t ica l ly  upon their re la tive  pos i t i ons  ~n depth . In nine experiments the
role of depth separation on metacontrast nasking of target by annulus was
examined . To provide a facile method of ~an~puiating depth position that
does not introduce confounding variables , stimuli were stereoscopic contours
formed from random-element stereograms. The tar~’et was a Landolt C whose gapposition randomly took one of four cqu iprnh~.b ;e ~ositions. The mask was an
annulus that surrounded the r ing .  The index of masking was the probability
of correct gap location in the Landolt C , ~~~~~ a four-choice forced-choice
response. Using practiced observers, a ‘r asc :iri e recognition performance was
set at 80% correct , at 64-msec exposure duration , for each observer. Initial
experiments demonstrated a close para1le~ between physical-contour andstereoscopic-contour m a s k i n g - - e . g . ,  for :erc ne~’th separation and stimulusonset asynchrony (SOA) at zero, recognit-~ c.i p.~~form~ince fell by approximately40%; masking was an inverse function of the ~~s~ anc e between mask and target
contours; and masking depended upon confi - - -~rn similarity of mask and target.
In the temporal domain , both forward and ~~-ord masking were obtained,
performance returning to baseline at SC~’-. = 1~~~ nsec for backward masking and
returning at SOA = -300 msec for forwnrd n~ skin~,. For depth separation, when
the target was in front of the mask , ~~~~~~ decliaed monotonically as depth
separation increased . With mask in f rn n t  of the target , masking did not
decline with increases in depth separation . Supr lemental experiments demon-
strated that the major results were not due to e’~e movement s nor to changes
in perceived size. Together, the results re--en i that depth position is a
significant factor in contour interact:nn. ur:her, there appears to be a
positive bias for a stimulus that ei:her n~ onrs first in the visual field
or occupies the depth position ciose-: to the observer. The implications of
these results are discussed .
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This paper reports progress on a res. t -n ~ ch pr oj ~ ct concerned with the
effect of depth separation on the interaction ~e:~e-n —pa :ially adjacent
contours. Interaction refers to the dest-i-~.,’tivc v-terference that reduces
perceptibility--prominent examples are vis~u~ maskin ~’, simultaneous contrast,
and the reduction in recognizability o~ lette : f~ :rr s c-:.bedded in a matrix of
competing letters. Vii~tually all the e x t er —i v - researcn on these kinds of
interactions have employed stimulus situations in  s-~ icd a i  contours lie in
the same depth plane (have the same :-aXiS va~ue) and the resulting inter-
actions have been confined to the x and y axes . But suppn’~e the contours
were separated in depth. Would destructive inter~c: on still occur? For
instance , would a change in disk brightness ini ~ ced by brighter surrounding
annulus still occur when the disk and annulus apecar to lie in different
depth planes?

The general theoretical framework t ha t  ;-r o- . ok e s  t h ,~t question and
inspires this inquiry consists of two oro~d altemon ~ive a’~~raaches to under-
standing the perception of visual space. One apo~-oach has its origins in
classic (~estalt psychology, and is represer:te~. cod~ / by soon workers as
James J. (libson (e.g., 1966), Roger Shenavd (e.~’., 1970), and ~red Attneave
(e.g., 1972). Its key assumption is that the relationsn~ps among stimuli
are encoded , including the relative positions ~n depth of stimuli in visual
space. On this view , information about depta is p:ocessee prior to infor-
mation about specific attributes of the stimuli. In a sense , information
about where an object is has priority over i-nfornation ahout what an object
is.

The alternative theoretical view has ~ts or~o -~~ w i t h  h e in ho lt : , and
has been incorporated in the work of many conze::.onra~-’-’ Thvestigators. The
key assumption is that knowled ge about tho c~~n-.~cteristics or identity of
a specific stimulus is constructed from or. ano ysic of m-:~ jfic cues or
features of the stimulus. Then, after stimu’us . ncnt ificntlo n, information
about the position of the stimulus in d~rpth is processed . T h is  view , which
might be called specific-feature analysis , in c’n.r . o r ~ctior~ to the(lestalt  approach , which night be callec. r e l a t l e : n l  analysis , ha s been the
majority viewpoint . For example , the ty’icnl tex ’d,-c-oi~ ~-n.cneratiOfl of
specific cues to depth assumes that do—:-. -f :-:n~.tion i~ processed or.ly
after information representing each of the cues has l~~en ,.naly:ed and
combined .

Moreover , recent theoretical deve~opme rtn the a~ca of pattern
recognition (see, for exampl e, Uttal , 19’”S; ~insky i ?~ per t , 1969) reflect
the specific-feature approach , in t h a t  m o d e l s  of -a~:err~ recognition deal
‘ -~ c i u s i v e l y  w i t h  form s l y i n g  i n  th e  x ~ nn y plane w~ t h ou t  cons idera t ion  of
the  process by which informat ~o aaou  io~~t - f t h e  form on the z axis
~s obtained . The same bias for :-~~ec~~f i e  fr- n t ,y ,’~~ is also found in the
cu r i o u s  models  proposed to account fr - c such  , ~~~t ive ~i enomena as
S ,n u  taneous con t ras t  o ral vi  sou l m a s~ - Thc ’ ~~‘.. dc s ~rc r e s t r i c t ed  to
i n t e r a c t i o n s  in the x and y p l a n e  and r e u l l i r e  that a l  ~ntour s  l ie in  the
sane depth plane .
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~1There are, however, some sets of data tl .at ~uyc ’e~ t tr,ut the relative
posit ions of objec ts  in depth p lay a si~~r. f i c~ at rLi e in determining their
percep t ib i l i ty .  Of p a r t i c u l a r  re levance  is th e  ;~ -c~~rac of research on
vi sual space perception initiated by Waiter (logel (for a recent review , see
Cogel , 1978). In his efforts to develop a g~’nerai theory of space perception,
(logel was led to formulate an hypothesis known as the ad acency principle ,
which states that the degree to which stimulus elements interact to form a
stable percept is an inverse function o+ the apparent distance between them
in visual space . A number of tests of the adjacency pr~nLiple for visualdepth separation have been carried out. For example , Gogel and Mershon
(1969; also see Mershon , 1972, and Mershon F~ Cogel , 1970) have  shown that
the simultaneous contrast demonstration known as the Ceib effect is diminished
if test and inducing stimuli appear to lie in different ~opth planes. Gogel
and Kaslow (1971) found that the motion induced in a sr r a i i  spot of light by
a larger surrounding framework was elim i nated if the spot of light and the
framework appeared to lie in different planes of depth. (logel and Newton
(1975) found that the apparent tilt of verti cal rod induced by a
surrounding tilted frame (the well known rod and fruL e illusion) was reduced
if the frame and rod appeared to lie ir. different uepth nianes . Working
wi thin a theoretical framework independent of , yet sinilur to , Gogel’s,
Gilchrist (1977) demonstrated that large change’; in apparen t bri ghtness of
a test patch could be produced as a function of the apparent depth plane
occup ied by the background s t imul i  or. which the test patch appears to be
superimposed , even though ambient illumination remains constant .

These results , which showed that changes in apparent depth can alter
basic perceptual attributes, clear ly favor relational theory and pose special
problem s for models designed to account for soec~ fic interactive phenomena--
as , for example , models that employ the hvr,c:hesis of lateral inhibition to
account for simultaneous contrast. Yet these data , v’ril e suggestive , are
not completel y compelling . In some instances the effects of depth changes
have been small , and depth changes have not been systematically manipulated
over a broad range of values. A basic reason for this is that. It is
techn ically cu~te difficult to produce agoaren: ch~nges in dc-rth over a wide
range witnout at the sane time introduciru- suns:ar .tiai confounding differ-
ences in nroximal stimulation .

An approach that avoids the pronlem of con foondin:: proxima l stimulation
while at the same tine oerr-ittir.g f a c i l e  nar inula t icn of large changes in
apparent depth is :mn- use of stereoscop ic con:n~ r.; ~enerated from random-
element stereogram s (Julesz , i~ 7l). Such contours do- r,ct have identifiable
monocular components and arise in the visuai system at central stages
devoted to stereopsis--in a sense , the contour s O-fl ,tSS or skip more pen-
pr~eril stages. And even though these contours don ’t e x i s t  as physical  luini-
nance gradients impinging on the retina , they can induce illusions , after-
effects , and other perceptual phenomena sim i la r to tnrc c i oduccd by physical
contours. For example , classic figura~ aftereffects have been demonstrated
sith stereoscopic contours (Blakenore ii .Tuiesz , l97i~ Long F, Over , 1973;
Walker & Kruger , 1972). Visual masking has been found (Uttal , Fitzgerald ,
& F.rskine, 1975; Vernoy, 1976). Moving stereoscop ic contours can induce the
waterfall illusion or motion aftcreffect (Papert , 1964; !.ehmkuhle & Fox ,

3 
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1977) and induce optokinetic nystagmus eye movements (Fox, Lehmkuhle , ~Legum e, 1978). Most of the prior research with random-element stereogram s
have used s ta t ic  or hardcopy displays  such as photographs , in whic h a l l
character is t ics  of the stereoscopic configuration remain fixed and cannot
be modified over time . But quite recent developments in microelectronics
have made it possible to continuously generate an almost infinite variety
of stereoscopic forms on visual displays and to move the forms about in
stereoscopic space without introducing monocular cues.

A system for continuously generating random-element stereograms has
been developed at Vanderbilt for various research applications (e.g., Fox ,
1978a; Fox , Lehmkuhle , ~ Bush , 1977; Fox , Lehmkuhle , & Legum e, 1978). The
existence of the system and its availability have made it possible to sys-
tematically investigate the effects of depth separation or. a wide spectrum
of perceptual phenomena .

As an initial step in the inquiry, visual masking was selected for
investi gation . An important reason for selecting masking was that it has
been the target of considerable research and many of its characteristics
have been well defined empiricall y. And this effort has been accompanied
by the formulation of several explici t theoretical treatments. The litera-
tune has been critically reviewed numerous times. For some recent coninien-
tary see Breitmeyer and Ganz (1976), Fox (1978b) , Lefton (1973), Weisstein
(1972), and Weisstein , Ozog, and Szoc (1975). Of the several paradigm s
that comprise masking , metacontrast has received special attention . In the
metacontrast paradigm , the interacting contours (the test and mask stimuli)
do not overlap but are in close spatial prox imity. For instance , the test
stimulus might be a solid disk and the mask stimulus an annulus that
surrounds the disk . The relative perceptibilit y of the disk as a function
of the presence or absence of the annulus serves to define the degr~e ofmask ing.

In the exneriments reported here , the t’.rt~ contrast paradigm was used .
Both test and mask stimuli were stereoscop ic contours. The test stimulus
was a Landolt C with gap position systematica lly varied and the mask
s t imulus  was an annulus that surrounded the 

test.4
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Throughout the following experiments the sane observers performed the
psychophysical tasks , the same apparatus generated the stimuli , and in most
experiments the same stimuli and procedures were employed . This section
covers these common procedural details and includes descriptions of the
criteria used to select observers , the electronic system used to generate
the random-element stereogram s, and the stimuli and rsychoohysica . procedures
employed to measure visual masking . The specific procedural details of
individual experiment s arc g iven in the descript ions of each experiment .

.Subj s

Four grauu:ite students served as paid ohserx’ers in these experiments.
Cf the four , subjects SLS and SWL were well practice d psychophysical obser-
vers and had participated in several earlier exoeriTent s usina random-element
stereograxns; subjects CVI. and TSL had little experience as psychophysical
observers . Subject TSL was naive about the purpose of these experiments.

‘ihe sub~ ects  were s el ec t ed  a c c or i l in ’  to t an  or ;  t e r :  a , v : :  ao l  test scores
and av aila hiJit e . First , in order to complete t he  o s v c h on b v s ~~ca tasks in
a reasonable ano int o~ time , each subject m a r t  ic~rateo ~nr h raj r i r .  the
mornin g and in the afternoon , six days ne-a week , f or a ~nar-week period.
ce-coon , each subject nossessed equal and c’ood a c u i t Y  in ea ch  eye ‘co~-re-cteuor uncorrected ) , no lateral phoria s , and good stereouc~;: ty. ‘i:’- ; ul test:nc’

- - a s  a d m i n i s t e r e d  on a B a u s c h - l o m b  or t h o r o te r , u s i n g  o n l y  th e  far  s e r i e s  of
t e s t s .

~nrara~~;s

i ath dy n a m i c  r an dcr l_ e l emer , t st er cocra r , on a s e d  o~ more than  5 , 000
red arc : ~reen do t s , was  p r o i  ected on a l a rg e  sc reen  ~S2 x 69 in ;  by a
nra H c - c t : o a  co lo r  te ev i ~~ion  rece iver  (Ad ven t , rodel  l - 0 °0A ~~. The sy st e m  far
o e n e r a t i n r  t h e s e  at e r n o c ~r ams i s ee  F i g .  l co m t a ; ne d  two devices  b u i l t  fr o ’.
T7’i. c:rc :it~ (~~. e . ,  th e  s te reogr am ge-nc-r otor and the v :d eo  s a . t c : i n c  a n it
s r i  a - -n v ;dco c am e r a s  (Panasonic , ma d e - I  ~V — i o 0 P ) .  Th ;s  sv st en  c o nt r c l ed
abe  s i :e , snane , deoth , d i ’- c - ct i on  of d e a t h , Jura~~ion , ,.od n o s i t i o n  o~ a
ov : -T -oeon s~~inul ; . s . P i ch o p t i c  s t i m u l a t i o n  w as  a c c o m p l i s h e d  by the a n a g I ~rnh
a~~ohr . :q- ;e , where  obse rve r s  v i e~-:e-d t e  na -n ~e - c a e - d  r an dom-e lemer . a d i sp l ay s
w i t h  - - red f ;  l t c r  (~ oc:d’- , ‘i r a tt e n  20)  cavern ’ tho- left c-we nod a green
f~ l t c r  ‘ ‘d’-ntt eo 7d  cn v er ,n ; ’  t he  r i gr .a eve’ . n th i s  an , th e -  red dot n a t r c x
s a . -~ ; . n t e : O n l y  th e  lof t eve an d  the  or e - en  dot r n a t r x s t i — u l a t e d  onl y t h e
r i gh t  c rc  -

~ ,te-r -n ’ra~ ( ‘ e n ’r u t o r  c-o n s t r i i c t l n i l  r : n u e - n - - e l e n n ’n t  i ;  sp lay b y
a’ o r an d  0rr  t h e  red an d  ‘r’- a ~~~~ e n  ~;in ~r of t h e  t e l e v  s i a n

r - - ‘ i ’- r ( X L -  h 1 ;  ~ I c - I r o n  i n n  i- - u ’ ; i s : i l 1 - f )  . The - d i r t  i O n ~ - ( i ~~ ~h (;  00
e yc I c - . o f  t I e -  r ( - , i  - t r i d p• r ( ’ ( - r -1 el cc~ r i  ui’: we re p’s - I - e l y  rant ro i l  cc as

~~ - -~~‘ a r ’s :  ; i c r c i s ’ :  t h e  fa i n -  of the - ;c rec : ,- , wu ch c~- ii l t e I  i i i  a I - a r of
- na - t’rorn r i o t ’ ; ; t h e  on an ; ;,f~ turn; aria a ’ r -  k ’ t e r m ; r u - r i  liy t I e

---
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Fig. I. Block diagram of stereogram generatior system .
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stereogram generator. Binocular disparity a~~- narohuceu nv h&-la v ing the
onset of one dot in r e la t ion  to the  onset of i t s  p a r t n e r  dot of the other
colo r , which produced a la teral  s h i ft  in t h e  p o - e i t i o r ,s o~ corresponding
l e f t -  and r ight -eye  elements , t h e r e by  f u l f i l l i n . t h e  e s s e n t i a l  requi rements
of stereoscop ic depth. The area left bl OCk by the shift was randomly filled
with dots. The amount of delay hetacem t he -  mat  rices controlled the amount
o f d i spa r i ty .  The de lay  or d i spa r i ty  of t h e  .~r .nu~ ;;s and the L a n d o it  C were
manipula ted separa te ly . Seve n de lays  were i; ;ed in th ese  experiments ,
correspondin g to spatial displac ements on the- -)ro;e’ctior , screen ranging f rom
0.4 to 2 .8  cm in 0 .4-cm steps.  At a vi eai nn uj s : nr . c r :  of 150 in , these
spatial displacements resulted in binocular dism.i rit:es rangir,g from 9’9”
to j 0

4~~~ in 9’9” steps.  In all the exnerirrr rt s , onl y crossed disparities
were used . These were produced hv displaci ng the red dots in a temporal
direct i-on.

tn the random-element d i sm l a v s  used ia these  e xP e r ime n t s  th e  posi t ion
of each dot was changed every 16 msec . The r e ar ’a n~ cae:.t of the  red and
green dots , which made the dots appear to he in cor . t inu;- i i r o v e-r e n t  not unlike
Br o w n i a n  m o t i o n , was done in such a wow ac rot to a te r  th e  r e l a t i on s h ip s
between the left and right ma trices , and t he re fer e  the  d e a t h  and shape of
the cyclonean form was unchanged . The use of such a clano-im~c uisp lav in these
masking experiments was essential to remove the nonstereoscopic movement
cues that accompany the introduction of cyclopean shapes in static displays.

The stereograrn generator alone was capable of producing only rectilinear
forms. A more complex form, such as a T aridolt C or an annul-u s, was generated
by a video camera acting as ar1 external progra mming  device to control the
red and green electron guns . In synchrony wi th the hori:or:tal and vertical
scans of the television receiver, the camera scarred a high-contrast display
and emitted an aralog video signal that correspcnded to the luminance of
the display . The stereogr am generator dc-coded f t c  luminance ~mfo rmati on
(~~Dvided by the camera via a comparator circuit. Wi-c-a the amplitude of the
video s tg n a l  exceeded som e predet enained level ln other  waru~~, when hani-
.-ance of the di sp lay exceeded a given b~~:g htness  l e ve l ) ,  a delay or disparity
wan introduced between corresmonding eft-eye ama rig ht-eye elements in the
random-element stereograrn d . sp l ay .  W r e n  t n e  amp litu de  wa s below the critical
leve l , no de la y was i n t r o d u c e d .  As an example , wneri the camera scanned an
achromatic d i s p l a y  con ta :n ing  a Landol t  C , the stereogram generator decoded
the lrnninance infor- at ion contained in the amn l i tu d e  of the  video signals
and generated the cyclopean counterpart of the ~ancolt C on the projection
ecreen . It these nasr. ing ex ieriments two car- eras were used; one viewed the
arr ,ulus and toe oth”;- the Landolt C. birh -ccntra~-t sI~ de~’ of annult and
Landolt Cs were projected by standard Kodak Carousel pro 4ectors. These
pro)ected images were sufficiently bright and COflt~~ifled enough contrast to
adequately program the stereogram generator.

In order to precisely contre-i tne- cx;: -- : 00 durat ions of toe ,~ f l f l l i I S
and handolt C displays , it was necc ’- s-i ry for a video swi ;cr.iog u n i t  to
interface the two cameras with the stereogr~o gem r;itor. ‘

~‘L; s u n i t
-n-~otrnllC d the amount of tine a camera ’s v i : I t ~’o s i g n a l s  . t dr e s scd  the  stereo-
~ram ~‘ene ra tor  by count ing the number of ver t i ca l  scans ( e a ch  ver t ica l  scan

7
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fa ir e- l a s t ed  16 m~ ec) . W i t h  the  n ;crher o e- fr a m  s pred ete-rn~ ncd , the video
-;a it cni n g unit thus controlled the exoosure duration of f r -  Landol t Cs and

- i n n u l  i (s ome mul t i p l e  of 16 m a c e )  and controlled the d ; i r a t  i on be tween.
ct  i m i 1 i i ~ on se - t s  (al  so some m u l t i p i r -  of 16 m ae - c )

Sti m uli

A Landol t  C , which was the target , and an ; ;nr .u lus , w h i c h  was the- mask ,
were the  on1y s t i m u l i  employed i n  these  e x n e r i m e n t s .  The d i m e n s i o n s  of t h e s e
stim uli are shown in F i g .  2 .  The d i s p a r i t y  and exposure  d u r a t i o n  of the
t a rg e t  and rn - k were yarned for d i f f e r e n t  e x p e r i m e n t s  and for d i f f e r e n t
observers .  The d i r e c t i o n  of t he  d i s p a r i t i e s  wu s  0 l w a y s  crossed .

Cenern i ;r rc cecbl re

-\ four—choice forcrsd— cbo j cc task wri s er r p l o v e d  ;n a l l  th e  mas k :ne
e- :~n e r ;n c r r r s .  The observer was in s t r u c t e d  to  j i d m e -  t h e -  n o s i t i o n  of toe  gap
of the l ;tnd ~~l t  C , w h i c h  was l oca t ed  at 3 , 6 , P . or 12 o ’c1ra c~~. The subject

-.~~s asked to respond u p ,  cioa n , l e f t , or right . -\ re-a-i” s i c ’ n a i  was e lven
‘arfore th e -  i r e sen t a t i o n  of eve ry  t r i a l  . A c ty r  every  ar~ 01 t h e  subject was
given cc o , b a c k  about t h e  accor tey  of toe r e sp o n s e .  Tare n o s i t ; O n  of t h e  gap
of the  ~.ando l t  C was selected in a n u ; s i r ; ndo m f a s i n~ i,r~.

it was hoach that oruexrerjmental tyo.i~~ im p  w c ; . i  he- ~uffoc:c-~ t to
e l i m i n a t e  toe  e f f e c t s  of l e a r n i n g  p r i o r  to farn :~ at:; caile c~ i n:. To that
end , su b j e c t s  rece .veci extensive pra ctice d e t c c t ~~ric con  m o - r i t i o n . Ct th e
end of train ong each s-uh~ e-r t ‘ s nerforauc:icr- seemed -~t ab le for a given. cxpcsurc-
duration . Yet dur~np the -  f i r s t  three exp e-r ~ mc- r it s  t h e r e  was a sl : o h t  rrii:
a-~r forroance , w h i c h  was t hen  corrected to the -~r c v i n r c s  b a s e l i n e -  b~r reducongexP o sur e -  i u r r t i o n .  C~ ter  t h i s  co r rec t i on  t h e r e  aus no detectable Practice
ef ~ ect - --tbc- r e l a ti o n  b e tween  exposure du r o t o o n  on : d e t e c t a b i l i t y  was s t a b l e .

\t  the  beginn ing o~ each ex rc r~ aer . t a l  sess ion  su~~i - r ct s  a L r c -  p r e s e n t e d
~ to 25 w orm -un trials. Tac~ ex ae:’~ n e r . t ai  se s s i o n  l a s t e d  am er ox i na t e ly

on e h o u r .  Between 12 and 1S b l o c k s  commai se d  a ~e s s i - o o , w i t h ,  each  b l o c k
c o n t 0 1 0 i n r  13 t r i a l s .  A f t e r  cocci b l o c k  th e - re  was  a shor t  rest  p er~ oa .

— ~~~- - ~~~~~~~~- - ~~~~~~~-—- ----~~~~~~~ - - --~~~~~~- - - - -  ----- - -- - - ---- S~~~~~~~ - - -~~~~-- --- ---~~~~~~~~ 
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Fig. 2 . Configuration and dimensions of the stimuli.
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EXPERIMEN TS

In this section the individual experiments are discussed . For each
experiment , descriptions of stimuli and specific procedures are followed
by presentation of the results. In all , there were nine experiments. To
assist  in the discussion of these experiments , they are divided into three
conceptual categories.

The first category contains two experiments that measured the detect-
ability of cyclopean forms. The purpose of these experiments was to obtain
baseline data on the detec tabi l i ty  of the cyclopean Landolt C.

The second category contains two experiments dealing with the visual
masking of cyclopean contours. The purpose of these experiments was to
estimate stimulus parameters for the cyclopean target and mask used in the
depth separation experiments.

The third category contains five experiments dealing with the main
topic , the effect of depth separation on visual masking . The purpose of
these experiments was to examine the effect of depth separation when the
mask was in front of or behind the target and when the mask was presented
before, after, or s imultaneously with the target.

De tec tab i l i ty of Cyclopean Forms (Experiment s 1 and 2)

Experiment 1. Detection of a cyclopean Landolt C as a function of
exposure duration. The purpose of this experiment was to measure sensitivity
to a cyclopean target by measuring detection performance as a function of
exposure duration . The obtained psychophysical functions relating detection
performance and exposure duration were used to choose appropriate stimulus
values in subsequent masking experiments. So, in this sense, the experiment
wa s preliminary .

Stimulus. The target was a Landolt C whose dimension s were
described in the previous section . Tt appeared to be located between the
observer and the screen (disparity 36’3S”).

Specific procedure. Exposure duration was held constant for each
block of 25 trials. Blocks representing exposure durations were presented
in an orderly sequence , e.g., long duration to short duration, and were
counterbalanced within a session , across sessions , and across observ ers.
The range of exposure durations for each observer was selected to span
chance performance , which was 25~o correct , and near perfect performance ,
which was 100% correct. For subjects SWI, and CVL , ten exposure durations
were used; for subjects SLS and TSL, nine exposure durations were used .
Pne hundred trials werr~ run for each exposure duration .

Pesil t s . The Function s relatin g per cent correc t detections with
cx ;aau re duration for the four subjects are plotted in Fig. ~. The effect
of exposure duration was statistically significant (F r 37.24, df 7/21 ,
p ~

- .001).
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Fi g.  3. Detectabi lity of target as a fur.ction of exposure duration ,
averaged across observers (Experiment 1).
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All subjects performed at chance levels when the exposure duration was
below 48 msec; above 128 msec, all subjects reliably detected the gap of the
Landolt C. The increase in performance as a function of exposure duration
seems to be linear. If an arbitrary threshold were to be chosen halfway
between perfect and chance performance, the duration threshold for detecting
cyclopean Landolt Cs would be about 96 msec.

It is probable that the duration threshold for a Landolt C constructed
from cyclopean contours is much longer than the duration threshold for a
Landolt C constructed from physical contours (i.e., contours formed from a
luminance discontinuity on the retina). To explore this possible difference,
a brief experiment was conducted in which detectability was measured for a
Lamdolt C composed of only those dots in the stereogram that were disparate.
These dots, which formed a luminance discontinuity, comprised a Landolt C
that had a configuration identical to the cyclopean Landolt C. In this
experiment , all subjects correctly detected , without error, the position of
the gap at the shortest available exposure duration , 16 msec .

Experiment 2. Detection of a cyclopean Landolt C as a function of
exposure duration and binocular disparity. The purpose of this experiment
was to measure sensitivity to a cyclopean target for different binocular
disparities. The results of this experiment were used to choo se dispar it y
values in subsequ en t exp erim ent s .

Stimulus. The target was a Landolt C who se dimensions were
described earlier . Seven target disparities were studied . The disparities
ranged from 9’g” , where the target appeared about 1 ft in front of the
screen, to 64’3”, where the target appeared about 6 ft in front of the
screen. Four exposure durations were studjed~ 160, 128, 96, and 64 msec .

Specific procedure. Exposure duration and disparity were constant
throughout a block of 25 trials. Exposure duration and disparity blocks
were counterbalanced across sessions. Fifty trials (2 blocks) were run for
each combination of exposure duration and disparity.

Results. The functions relating per cent correct detections with
exposure duration and disparity are plotted for the four subjects in Fig. 4.
There were main effects of exposure duration (F = 25.53, df 3/9, p < .001)
and disparity (F 5.97, df 6/18, p < .002), and there was a significant
interaction between exposure duration and disparity (F = 1.94, df 18/54,
p < . 032).

Taken together , detection performance did not vary in a rnonotonic
fashion with changes in depth . For shorter durations , there was an optimum
depth position , corresponding to a disparity of 20-30’ , at which target
detectabilit y was enhanced . At the longer exposure duration of 160 msec
t he e ffect  of depth on target  d e t e c t a b i l i t y  w as d i m i n i s h e d , and this lack
of effect  provided the basis  for the si gnificant interaction between
exposure duration and cli sparity.

12

—-- _

~ 

-—-- ~~~~~~~‘-~~~ - ~ - --- — ‘- -- 



-C

I::— 

~~~~~~~~~~~~~~~~~~~~~~I6O MSEC

60- 

~~~~~~~~~~~~~~~~ 
‘

~~~~~~~::
~~~ 40-

S4MSEC
a- 20 — AVERAGE VA LUES

I 1 1 1 I 1 1
10 20 30 40 50 60 70

DISPARITY (minu tes of arc)
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It is not surprising that a cyclopean target is more d i f f i c u l t  to detect
when its di sparity is either large or smal l .  A s imilar  relation between
disparity and sensitivity is also found with physical contours (see , for
example , ~oley , Applebaum , ~ Richards , 1975). This effect of disparity could
be explained in the following way. For small disparities , a threshold would
be approximated , which would lead to a decrease in detectability; for large
disparities , a fusional limit would be exceeded , which would lead to a
decrease in detectability.

Visual Masking with Cyclopean Stimuli (Experiments 3 and 4)

Experiment 3. The effect of lateral separation on visual masking with
cyclopean contours. As discussed earlier, the distance between the edges of
the target and mask is a highly effective variable in visual masking with
physical contours. When the distance increases, the amount of masking
increases. The purpose of this experiment was to determine if distance is
an effective variable in masking with cyclopean contours. The information
gathered from this experiment was used to select the characteristics of the
mask in subsequent experiments.

Stimuli. Both the target and mask appeared to lie in the same
depth plane . The disparity was 36’38”. Three different annuli were used
a s masks. The outer diameter of th8 three annuli was 17 012t . The inner
diameters were 5 32’, 9010, , and 12 59’ ; therefore , the distances ~etw8enthe outer edge of the target and the inner edge of the mask were 1 , 4 40’,
and 8 30’. The exposure duration of the mask was 160 msec . The exposure
duration of the target was varied across observers. A duration was chosen
so that the target, when presented alone , was identi fied correct ly about
80% of the time . For subjects SWL and CVL , the target duration was 112 msec.
For subject  SLS , the target duration was 96 msec . For subjec t TSL , the
target duration was 80 msec. The presentation of the target and mask was
simultaneous.

Specific procedure. In this experiment there were four conditions ,
three annulus sizes and a target-alone condition . Annulus size was constant
throughout a block of 25 trials. The conditions were presented in an orderly
sequence (e.g., large separation to small separation) and were counter-
balanced within a session, across sessions , and acros s subjects. One hundred
trials were run in each of the four conditions.

Result s. The functions relating per cent correct detections with
the i nner diameter of the annulus are plotted for the four subjects in Fig. 5.
The dashed line in this figure denotes the level of performance when the
target was presented alone. The effect of annulus size was significant
(F 32.92, df 2/6, p < .001).

For eacn subject , performance decreased as the inner edge of the annulus
approached the outer edge o~ the target. To other words, the amount of
mask ing increased as the separation between the target and mask decreased .
Wher, the separation between the edges was small , the amount of masking was
substantial. For example , in the condition where the separation between

14
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Fig. 5. Detectability of target as a function of the inner diameter of
the mask , averaged across observers (Experiment 3).
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edges was 1
0
, the average performance was about 50% of the performance when

no mask was presented . h owever , even when the separation between the edges
was 8 30” (the greatest separation tested) , detection performance was signi-
ficantly lower than when no mask was presented (t = 10.37 , df 3, p c .01).

It is o~ interest that the amount of lateral interaction between cyclopeantargets and mask is measurable in degrees of visual angle.  With  physical
contours the lateral interaction is less extensive , being measured in minutes
of visua l angle (c~rownev ~ Weisstein , 1972; Ko lers, 1962).

Experiment 4. The effect of temporal separation on visual masking with
cyclopean contours. In visual masking with physical contours , another
effective variable is the duration between the onsets of the target and of
the mask , which is referred to as stimulus onset asynchrony (SOA). As the
mask and target are separated in time the amount of masking decreases. The
purpose of this exoeriment was to examine the tempora l aspects of visual
masking with cyclopean contours. The data gathered in this experiment were
used to choose SOA values in the depth separation experiments.

Stimuli. The target and mask appeared to lie in the same position
ir. depth . The disparity was 36’38” . The exposure duration of the mask was
160 msec. The exposure duration of the target was varied for individual
observers so that the level of perf ormance was 80% correct when no mask was
presented . For subjects SWL , CVL , and TSL , the target duration was 80 msec ;
for subject SLS , the target duration was 64 msec . The time between target
and mask presentations, measured from stimulus onsets, was some mul tiple of
16 msec , the frame rate of the display.

Results .  The function re la t ing per cent correct detections with
SOA is plotted for the four subjects in Fig . 6. The dashed line in this
figure denotes the level of perform ance when no mask was presen ted. The
effec t of SOA was signif icant (F = 3.87 , df 29/ 87 , p < .001) .

When the target preceded the mask (i.e., backward masking), there was
a monotonic increase in detectability as a function of temporal separation.
At a separation of 100 msec , the mask had little influence on the detect-
ability of the target. This effect of temporal separation is not unlike
the backward masking effects revealed with physical contours (see, for
example , Schiller E~ Smith , 1965).

However, when the mask preceded the target (i.e., forward masking),
the effect of temporal separation was different . On the average , detect-
ability was lower than baseline (i.e., the target-alone condition) across
a broad range of temporal separation s extending more than 300 msec . With
physical contours , forward masking usuafly occurs across a much smaller
range except for the condition where mask luminance greatly exceeds target
luminance (Weisstcin , 1972).

16
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Depth Separation and Visual  Masking (Experiments 5 through 9)

Experiment 5. The effect  of depth separation on visual masking wi th
cyclopean contours. In Experiment s 3 and 4 two var iables already extens ively
examined in relation to visual masking were reexamined in the context of
cyclopean contours. In the next series of experiments a new variable ,
perceived depth , was studied .

In this experiment, the magnitude of masking was measured while varia-
tions were made in the relative depths of the target and mask . As discussed
in the introduction, this experiment provides a test of the adequacy of
mask ing mod els based upon lateral inhib ition. Furthermore , this experiment
tests the hypothesis that depth analysis precedes contour analysis, with the
outcome supporting the view offered either by the global theories or by the
specific-cue theories of depth perception .

Stimuli. The target ’s position in depth was closer to the observer
than in prior experiments (disparity 64’3”). The target duration was 80 msec
for subjects SWL, CVL , and TSL; for subject SLS the duration was 64 msec .
The posi t ion of the nask was located either in the same depth plane as the
target or at one o~ six Dositions located behind the target . The disparities
of the rn~sk ranged from 9’9” to 64’3” in 9’9” steps. The exposure duration
of the mask was 160 m sec.  The target and mask were presented simultaneously
(SOA = 0).

Specific procedure. Target detectability was measured for each of
the seven positions of the mask in depth and for a condition in which no mask
was presented . Mask disparity was constant throughout a block of 25 trials.
The conditions were presented in an orderly sequence (e.g., target and mask
in the same depth plane to the mask far behind the target) and were counter-
balanced within a session , across sessions , and acros s obs erv ers . One
hundred trials were run for each condition .

Results. The function relating per cent correct detections with
depth separation for the four subjects  is p lo t ted  in Fig .  7. The dashed
l ine in this figure denotes the level of performance when the target was
presented alone . The effect of depth separation was significant (F = 52.15,
df 6/8 , p < . 0 0l) .

The variable of depth separation , heretofore not examined, was shown
in this experiment to contribute significantly to the amount of masking : as
t r~c tar~et and mask were separated in depth , the amount of masking decreased .
This effect was rei~able across all observers and , moreover , it was monoton~c.The var~ an i e  of depth separation was as effective as other , more t radi t ional
v a r i a b l e s  such as tempor al  separation and lateral separation .

r.x2~ rin ent (-. 
- 
The effects of depth separation and SOA on visual nasking

w~th cic1onean contr,~irs . In the las t  experiment  the t arget  and mask were
presented simultaneousl y and the mask appeared either at the same depth as
toe tarFet or ~t one of s •vcral positions located behind the target . Tn this
experinent temporal and depth separation were studied in factorial comh rnation .
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Fig. 7. Detectability of target as a function of the separation in depth
of the target and mask , averaged acro ss observers (Exper iment 5).
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The mask was presented before , after , or simultaneously with target presen-
tation and appeared at the same depth , behind , or in front of the target .
The purpose of this experiment was twofold: To determine if the effect of
depth separation remained constant across different temporal separations ,
which were shown in Experiment 5 to significantly influence the amount of
masking,  and to determine if the effect of depth separation was also effective
when the mask was in front of the target . Recall that in the previous experi-
ment the mask was always behind the target .

Stimuli. The target appeared about midway between the observer and
the screen (disparity 36’38”) . The target durations were 80 rnsec for sub j ects
SWL, CVL, and TSL, and 64 nsec for subject  SLS. The mask appeared behind
the target (disparities 9’9” , 18’20”, or 27’29”), in front of the target
(disparities 45’48” , 54’SS”, or l°4’3”), or in the same depth plane as the
ta rget (disparity 36’38”). The target and mask were presented simultaneously
(SOA 0 Insec), the mask was presented 32 msec after the target (SOA 32 rnsec),
or the mask was presented 128 msec before the target (SOA -128 msec).

Specific procedure. Target detectability was measured for each
combination of mask disparity and SOA value . Target detectabili ty was also
measured when no mask was presented . Mask disparity and SOA were constant
throughout a block of 25 trials. For each SOA the conditions were presented
in an orderly sequence (e .g . ,  mask in front of target to mask behind the
targe t) and were counterbal anced within a session , across sess ions , and
across observers . One hundred trials were run for each combination of mask
disparity and SOA . In the target-alone condition 300 trials were run , 100
for each SOA va lue.

Results. The functions relating per cent correct detections with
depth separation and SOA for the four subjects are plotted in Fig. 8. The
dashed line in this figure denotes the level of performance when the target
was presented alone . There was a significant main effect for depth separation

= 17.6-’), d~ 6/8, ~ 
-
~~ .001), a marginall y significant main effect for SCA

IF = -1 .202 , df 2/ 6, p • 0 7 2 ) ,  and a s i gn i f i can t  interaction between these
variables (F = 2.32 , df 12/36 , p ~ .025).

In this experiment there were two interesting results concerning the
e~~ect of depth separation on visual masking . First , it was shown that the
effect o~ depth separation was not constant across temporal separation . This
was c or f i rr n e~ s t a t i s t i c a l l y  by the Presence of an interaction between SOA
and depth separation . The Functions obtained when SOA was 32 msec and zero
were similar , bi.t these functions differed from the function obtained when
SOA was -128 .

Second , it was shown that the effect of depth separation when the mask
was ocated behind the target was different from the effect when the mask was
located in front of the t a rge t .  As had been found in Experiment 5, when the
m-~sk was behind the tarc’et the masking effect diminished as the target and
mas~ werr’ separated in de p th  for a l l  v a lu e s  of SOA. But when the mask was
in front of the tardet the masking effect was undiminished and even enhanced
for tne case in which the mask was presented 128 msec before the target.

20
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(Experiment 6).
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Experiment 7. The perception of relative depth of cyclopean targets
and masks. The interpretation of the results of previous experiments has
implicitly included the assumption that the perceived depth o~ the targetand mask was the critical variable controlling masking. To substantiate
that  assump ti on , it is necessary to verify that differences in disparity
did induce difcerences in perceived depth. For long exposure durations
this relation between disparity and perceived depth is evident ; yet for
brief exposure durations , like those used in the preceding experiments ,
this relation is not so obvious. Accordingl y, in this experiment depth
separation thresholds were measured for two SOA values , when the target and
mask were presented simultaneously (SOA zero) and when the mask was presented
128 msec before the target (SQA -128 msec).

Stimuli. The target was located at a middle depth position
(disparity 36 ’38”) . The target durations were 80 msec for SWL , CVL , and

TSL , and 64 msec for SLS. The position of the mask was varied employing
the seven disparity values used in Experiment 6. The exposure duration
of the mask was 160 msec. The SOA values were either 0 or -128 msec.

Specific procedure. The observer ’s task was to judge whether the
mask was in front of or behind the target (the observer was permitted only
these two alternatives) . Either a “front ’ or a “back” response was considered
correct when the disparity of the target and mask was the same . Feedback was
provided af ter each response . For each SOA value there were eight blocks of
21 trials , in which mask disparity was replicated three times. In the last
block there were only seven trials in which there was one rep lica t ion of each
mask dispari ty. Therefore , across all block s there were 25 trials run for
each combination of mask disparity and SOA . The order of presentation within
each block was randomized . The order of presentation of SOA values was
counterbalanced across the four observers.

Results. The psychometric functions relating the proportion of
‘ front” responses wit :-, disparity and SPA For the four observers are plotted
im F i .  9. There was a main effect for disparity (F 71.98, df 6/8,
p .001). ~here was neither a main effect for SPA (p 

-
~ .10) nor an inter-

action between SO.A and disparity (F ~~- 1.0). Using the normal graphic process
(see (‘,uilford , 1954), the estimated difference thresholds were 9’16” for the
0-msec SPA condition and 8’35” for the -128-msec SOA condition .

This experiment demonstrated that an observer can discriminate the
re ative Jeptas of briefly presented cyclopean targets and masks , and
5r o’.’lued support for the claim that perceived depth influenced the amount
of maskir .’~ in Experiments 5 and 6.

~~~ rinent 8. The change in perceived size as a function of dis2arity
n f ta ry~-~~~ ean rn ask . Throughout the previous exper iments , even though the
— .-~‘<~ ca] size of the a nnulus was constant , its perceived size var i ed with
~hanc~~s in disparity; it grew larger when it moved away from the observer
‘ind :~rew sna lier when it moved toward the observer . T h i s  r e l a t i o n s h ip

‘ -•een ‘ìer~-eived size and perc eived distance due to binocular disparity w;~s

~ -c gn~ zeJ by I~heat~tonc in his earl y work with the stereoscope , and it has
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Fig. 9. Proportion of “front” responses as a function of disparity of the
mask , averaged across observers (Experiment 7) .
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been studied more extensively in this century by Gulick and Lawson (1976) .
The purpose of this experiment was to measure the nature of this change
using dynamic random-element stereograins, a stereo!copic display whos e
size-distance relationships have not been studied .

It should be pointed out that the introduction of dispari ty in the
present random-element stereogram s does not alter the binocular correlation
between correspond ing left-eye and right-eye elements in the subinatrix. In
the present display all the elements of the subinatrix are shifted by the
same amount so that the binocular correlation between corresponding elements
of the submatrix remains 1.0 across all disparities. Because disparities are
generated in this fashion , the present random-element stereogram s are suitable
for the p urpose of measuring size-distance relationships. In other types of
random-element stereogram s not all the elements of the subinatrix are shifted
a constant amount . One outcome of those methods of generating disparities is
that binocular correlation decreases as disparity increases (Bridgman , 1964).
Because of that relationahip those types of random-element stereogram s would
not be suitable for the purpose of measuring size-distance relationships
(see Gulick ~ Lawson , 1976) .

Stimuli. In this experiment the stimuli were two annuli--the
star~dard annulus, which was identical to the one used in the previous experi-
ments (inner diameter 15 in), and the comparison annulus , whose size could be
continuously varied by means of a zoom lens controlled by the observer . The

F standard annulus was located at a middle  depth position (disparity 36’38”) .
The position of the comparison annulus was in front (disparity 45’48”,
54’58” , or l04t3~?), behind the target (disparity 9’9”, 18’20” , or 27’29”),
or in the same depth plane as the target (disparity 36’38”). The two annuli
were alternately presented at the rate of 1 Hz.

Specific procedure. The observer’s task was to adjust the inner
dia.:~eter of the comparison annulus until its size appeared equal to the
inner diameter of the standard annulus. The adjusted size of the inner
dianeter was measured. Each observer made three adjustments at each disparity
l evel. After each adjustment was made the size of the comparison annulus was
changed in a random fashion. The order of presentation of dispari ty levels
was counterbalanced across subjects.

Results. The function s relating adjusted size and disparity are
plotted for the four observers in Fig. 10. The effect of disparity on
perceived size was statistically si gnificant (F = 67.49, df 6/8, p < .001).

For each observer there was a linear increase in adjusted size with
lncreo:;ing levels of disparity, which means that the annulus grew smaller
as i t  moved toward the  oh server.  The Pearson product-moment cor re la t ion
~“twecn average a’Ijusted size an~ d i s p a r i ty was. .  99. The average extent of
tay c’~ar~ e ifl si ZC was 4 in  or 1 32” across the range of dispariti es. A
regression line was fitted to the average values. Its slope was 0.06, which
suggests  that tti e size of the annu lus  changes 0.06 in  for every minu te  of
disparity.

24



— -_——-,— -. —-—_

~~~~ T ’T..~
’
~ ~~~~~~~~~~~~~~~~~~~~ 

‘7

U,

.c
U
C

w 1 5
N
U)

0

U)

0

~ 13 AVERAGE VALUES

1 1 1 1 1 1 1
(0 20 30 40 50 60 70

DISPARITY (minutes of arc )

Fig. 10. Adjusted size of the inner diameter of the comparison annulus as
a function of disparity, averaged across observers (Experiment 8). 

~~- - --



_ _ _ _ _ _ _ _ _ _

Experiment 9. The effect of depth separation on visual masking with
cyclopean contours correcting for changes in perceived size. The purpose
of this experiment was to replicate Experiment 6 when the perceived size of
the mask remained constant at all depth positions . The change in perceived
size as a function of perceived depth , which was demonstrated in Experiment 8,
provides some basis for interpreting the characteristics of the masking
functions obtained in Experiment 6. In Experiment 8 it was found that , under
the condition of simultaneous presentation , a mask that appeared in front of
the target interfered more with target detectability than did a mask that
ary eared behind the target. This asymmetrical effect of the mask could be
exp lained by the differences in perceived size produced by differences in
perceived depth. When the mask was in front of the target , the mask appeared
smaller and the apparent lateral distance between the edges of the target and
mask decreased . When the mask was behind the target , the mask appeared larger
and the apparent lateral distance between the edges of the target and mask
increased . If perceived lateral separation , 1 ike physical lateral separation,
is effective in determining the amount of masking, then the decrease in
lateral separation that occurs when the mask is closer would produ ce more
masking and , as a corollary, the increase in lateral separation that occurs
when the mask is further away would produce less masking. According to this
exp lanation , if perceived size of the mask was kept constant across positions
in depth , which would control for changes in apparent lateral separation , one
should obta in  a symmetrical effect  of the mask at near and far locations.

Also  recall  from Experiment 6 that when SOA was -128 msec the amount of
masking was greater when the mask was in front of the target than when the
target and mask were in the same depth plane; that is, there was an increase
in the amount of masking as a function of the perceived depth of the mask.
This effect could also be explained by differences in perceived size. As
the mask progresses through several depth posit ions , beginning behind the
target and ending in front of the target , its perceived size grows smaller
rind the lateral distance between the edges of the target and mask decreases.
B eca i~se of the d i f f e r e nc e s  in la teral  d is tance , it would be expec ted tha t the
amount of m a s k i n g  would increase as the posi t ion  of the mask in depth is
closer to the observer. Note that this explanation is not based upon the
relative depths of the target and mask; rather, it accounts for the observed
result solely in terms of differences in perceived size. According to this
explanation , if perceived size werc kept constant across changes in perceived
depth , one should find no effect of depth separation when the mask is
presented first.

Stimul i. The dispar i ty ,  SPA , and exposure duration of the target
and the mask were the same as in Experiment 6. The size of the mask was
v a r i e d  acr oss levels of disparity for individua l observers . The size of the
masl ~

;i.; adjustcd to match the average s e t t i ng  for a d i s p a r i t y  made by the
observer in J xpe rim en t 8.

~~~~~I f ] c ~ pr ocedur e .  Target d e t e c t a b il i t y  was measured for each
of the seven pos itio’

~~~~f~~he ma sk  in depth and for a rondi tion in which no
mask was presented . Mask di sparity and SPA were constant throughout a block
of 25 trials . The condition s were presented in the same manner as in
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Experimen: 6. One hundred trials were run for each combination of SPA and
mask d i s p a r i t y  and 200 trials were run for the target-alone condition .

Resul t s .  The functions re la t ing  per cent correct detections with
depth separation and SPA using the corrected annulus sizes are plotted for
the four observers in Fig. 11. The dashed line in this figure denotes the
level of performance when no mask was presented . The data for each SPA value
were analyzed separately. For an SPA of 0 msec , there was a main effect for
depth separation (F = 9.76, df 6/18, p < .001). For an SPA of -128 msec ,
there was also a main effect for depth separation (F = 3.78, df 6/18, p < .013).

In Fir . i~ are plotted the average values obtained in this experiment
ae.~i ~n Fxper~ner~t 6. These figures portray the effect of correcting for
changes in the perceived size of the mask . The data were analyzed separately
for each :0A value . For an SPA of 0 msec , there was a marginal effect of
size adjustment (F = 6.84, df 1/3, p ~ .078) and a main effect of depth
separation (F = 13.64, df 6/18, p c .001). There was no interaction between
these var~ables . Tn a post hoc analysis , using Duncan ’s mul tiple range test,
an e f f ec t  of s ize ad jus tmen t  was found for only the -20-m m depth separation .
For an SPA of -l2S nsec , there was only a main effect of depth separation
(F = 12.49, df 6/18 , p < .001).

In summ ary , correcting for changes in perceived size had little effect
on the asymmetry of the effect of depth separation . An effect of size
adjustment was found for only one depth separation when the target and mask
were presented simultaneously. In other words, perceived lateral separation
had 1-tUe influence when the target and mask occupied different depth planes.
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Fig. 11. Detectability of target as a function of depth separation and
stimulus onset asynchrony using corrected annulus sizes, averaged
across observers (Experiment 9).
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adjusted and unadjusted sizes of annulus , averaged across
observers.

29

~ 

___________________



DISCUSSION

In this section , the resu l t s  of specif ic  experiments are considered
with respect to the primary objectives of the inquiry. Several experiment s
deal t with methodological issues because there has been virtually no prior
research )n metacontrast masking with stereoscopic contours formed from
random-element stereograms. It was necessary, then , to establish that it
was feasible to investigate masking with stereoscopic forms. Masking is a
phenomenon that , by definition , requires briefly exposed transient stimuli ,
and it was important to establish that appropriate responses could be
obtained to briefly exposed stereoscopic forms. The SO to 70-msec range of
exposure durations required for above-threshold recognition performance of
the test stimulus (found in Experiment 1) is brief enough to preclude eye
mov~ements and it falls within the range of durations obtained wit~. physical-
contour stimuli tachistoscopically exposed . The similarity be tween
stereoscopic-contour and physical-contour masking also extends to other
variables and stimulus conditions. Masking declir,es as the spatial separa-
tion between test and mask edges increases (Experiment 3), a relationship
found in physical-contour masking . In pilot work not reported in the paper ,
it was observed that masking required configurational similarity between
test arid mask stimuli , a requirement also necessary for nhysical-contour
masking . The magnitude of masking under baseline conditions (i.e., SOA = P
and both stimuli occupying the same depth plane) is of the same order of
mag~nitude as that found in physical-contour masking . The relationship
between masking and the temporal separation of test and mask within the
backward nasking paradigm (Experiment 4) matches that found in many experi-
ment s on ohysical-contour masking. The many similarities between
stereoscopic and physical-contour masking suggest that the sane processes
under lie ~oth poenon-eria , and serve to support the conjecture that the
results o-)ta~. ocG w i t h  stereoscopic contours can be generalized to the
physical- :ontour case.

-\ ci~~ar ~‘:~~~-rence ~etseen stereoscopic and physicai-~ontour na~king ,
:.o~ e’~~r, U- :  L O I S C  ~ r. t o~ t P or t i o n  of Fx : cr ~ r-.ent  4 dealin g with the forward
n ask~ r~ oam-~i : n - .  ~orward masking extonded for a considerable curation , on
the oroer of ~-~O ~~~~~~~~ such a result jc not found in thvs~ cal-contour rseta-
cor.:ra~ t n- t s~~ 1ng when toe stinuli are of nod~ rate intensity. Strong forward

~.askio 4 ef’~ects are fo und wito. physical stimuli only if toe energy level of
the oras~ --zreat v exceeds that of the test --in that situation , the most
r~ as~ oihl -~ in:oror’ t~ t~ or~ is that the mask has modified the adaptation level
of :~-.e ey-~. In sa~por: of that interpretation , little or no forward masking
is fao ~. r-.~er dichop tic stimulation conditions in which riask and target
strou 1 .~te seoarate eyes. A retinal adaptation explanat i on , however , cannot
cxp~ aio toe cnd~ riog forward masking found wi th stereoscopic contours. This
iS a unique result , whose implication s w i ll he discussed shortl y.

t~~i respect to the pr ’in rirv quest ion mo tiv at ir~ this research , concern—
ror e uf d ep t h  sep a r a t i o n  of test rind mask upon rn :~sk i ng magnitude , i t

S C~ ‘- : i r  ~Ofl th~ r - u l t s  of l:xper mcnt S th i t ~~1~th sepri rrit ion exerts a
fi c ~~t of u r~-e . When t he po’, I t ur~ in depth ol the test remains fixed

a sp:icc’ and t r e  rn : i s~ is d i s p l a c e d  in dep th f r om the 1~~~sT , such that the
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mask appears farther away from th~ observer than does t h e  t e s t , m a s k i n g
declines with increasing depth separation . This result clearly supports
relational theory over specific-feature theory, and it is an outcome difficult
to accommodate within models of visual masking based on the concept of lateral
inhibition .

But the interpretation becomes more comp licatec ~~~ the results of
Exneriment 6, which combined differences in  t empora l  onset w i r h  differences
in the death positions of test and mask relative to their proximity to the
observer . When the test was closer to the observer than was the mask ,
increasing depth separation reduced the magnitude of masking; but when the
mask was closer to the observer than the test , maski ng oago~ tude did not
abate and was even enhanced when the maSk wr, s terrporaHv prior to the test ,
i.e., when toe SOA values we re negative. The asyru~etry in masking duration
and magnitude as a function of whether the r.o r-~ or toe test stimulus was
closer to the observer is a surprising result. It rs rut likely that it
could be attributed to coanges rn pence rved si :e as a fuoct b r  of depth
differences, as the results o~ J xper~rnents ~ an d 9 demoo~trate . An d , the
results o~ Experiment ~ show that informa tion ear roe r e l a t i v e  ~cp t h
p o s i t i on s  of test  and m a s k -. s r e t o  ~~~~ a~ brief ex~ Osur e  GUtOit -ins. Ar.

h o s e d  up on  some k i04 of ~.i f fer e n t  i . .  eve movement ~ is ncct t 0 0 0 n i e
s ince m any of the ~OA val ues uscO :n F x p e r i m e n ~ 6 were too sn o r t  to pc-r1U~t
eye m o v e m en t s  to occur . ~t i i l  a n o th e r  p o s s t h~~l~~tv is that the c l a r ity  of
the mask varied as a -h~oc tior. of depto - - -siti on . ~ut at exp cU .re  a ur a t i on s
of 160 msec the ma’~ sri-s we l l  aho’.’e tor - e~hold and clearl y vr si ’cle at a ll
depth . positions. Peroio s the most reasooui -li - cor.~ ecture as that the st~malus ,
e~tner test or ~~~~ that amoear~ cio~en to t~ie observer in vasual spoce
receives some spec rul kind of hi h-~ r. ’-r~ tv orocessing by toe visual system .
This -ron ~

;sed hiSs , ~r .ich nirr .: he ‘rr~~ the front effect”, nay also
extend to- the tempor~~ -:- ---~~ n- -a ~~~~~~~~ t o o t  apPears f i r s t  in toe v :sua~
field wou.c also receive im ~~ an n r~~cr itv This “first effect” woulo account
‘cr the extended fcrs~~rd rs -~sk i n g  seen ia dx ;~ crimen t 4.

-i l -. u~ h a b ia s  or  e f i t - ~t St . t~~~~~. or tOe f ront  stlmulus has not
heen oboe -ved o r : - ~~sly , at .e~ st .~ith.n the l~ ho~-atory, it may not he an
;naiair cihl e or ~n- nrc -o n oheroneron toe a .t~ ral world , the stimulus that
is e;ther in fr ’nt of aruth r or O~~~

-
~~~: - - nefore another is the one :hose view

s ~o ss:-.re~. by a s o  -n t r m u l u ~ ;oterp o ec between it arid the observer.
f .n sti~ ~ . i  ~re ty~ re~~

’
~lv seen in toe center of toe v-.suai f~ e r l , attract

o t t e o t i c o , a n .  dem - n id sor t r e sp on se  romi the ooscr ,e r .  The st1r.~u l u s  th a t
as  ~r. f ro nt  t e i : c a :~~v i~~- t o e  or e  ~s oloser , soc ~t wou~ c he acap t i ve
if the oeo ceo:Al sy~ tur. d.~. evolve some na tori. nosita- :e bias for mrocessir .-c
these p o t e r t ; a l i y i mp o r t a n t  st p u l i . (

~;v en  toot bias , toc ether with the
lrn .tatians on channel capacity as~ umt o by most m o d e l s  of O t t e O t i o r , it

ens reasoric Ic to suapos” that the eohanc -~ pr-ocessir.2 given the r-ront or
firot t maul ~rs woulu ieO(~ to sore Ic .- r- dat ron of toe S l O~~ L C ) L t ~ Ot r r mul  i

I a i n g  c l o s e l y  i o sp ace  .o rai in  t in-s I forrner rosea rch e- .t ih . shes
the  . e r o l i ty of the froot/e i r~ t effect , may p ace an important quoli- -

on the i nformation that ear he portrayed n tire (-CiThe flsiOfl al
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