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A'bstract 

S p a t i a l  and temporal parameters involved i n  r e t i n a l  

contour formation a r e  invest igated i n  a v i sua l  masking 

paradigm employing concentric s t imul i  with multiple 

contours. Previous research on v i sua l  masking using a 

d isk  followed by a concentric r i n g  presented tachis to-  

scopical ly  i s  consis tent  i n  indica t ing  t h a t ,  within 

c e r t a i n  temporal l i m i t s  of stimulus exposure and i n t e r -  

stimulus i n t e r v a l ,  the  disk i s  not reported. However, 

when the sequence i s  reversed both s t imuli  usua l ly  a re  

perceived. This has been in te rpre ted  i n  terms of a develop- 

mental advantage of the  r ing  over the d i sk ,  xhereby the 

two-contoured r i n g  i n h i b i t s  the perception of the  one- 

contoured disk more than the l a t t e r  does the former. The 

genera l i ty  of the developmental advantage a i t h  the 2 : l  

mask:target contour r a t i o  is assessed i n  the  present study 

through the use of mask-tnrget stimulus pa i r s  with N+l:N 

contour r a t i o s ,  N ranging from 1 t o  3.  This i s  achieved 

by the  addi t ion of appropriate concentric r i n g s  t o  the  

o r ig ina l  d i sk  and r i n g  s t imuli .  The r e s u l t s  snow t h a t  a s  

the  number of contours i n  the s t i a u l u s  configuration i s  

increased there  i s  a progressive diminution of the  masking 

advantage, a stimulus with three contours masking a stimulus 

w i t h  four  contours as e f fec t ive ly  as a four-contoured form 

masks a three-contoured form, both r e t roac t ive ly  and pro- 

iii 



actively. Masking is found to vary as a function of 

target and mask duration, inter-sti~ulus intervd, and 

inter-cycle interval in a similar manner for all contour 

configurations. Implications of these results for current 

theoretical explanations of visual masking are discussed. 
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Introduction 

The temporal developmental processes involved in the 

formation of the percept of a stimulus have been the subject 

of much contemporary research. Methodolo=ically, the 

visual masking paradigm has proven a productive converging 

operation in deternining the nature of the changes that 

occur in the sensory-perceptual system between the physical 

stimulation and the perceptual response. Masking is used 

in the present study to investigate the formation of con- 

tours and to assess their retinal developmental micro- 

times, 

Visual Maskin3 - Methodological and Theoretical Background 
Briefly, visual masking refers to the phenomenon 

wherein the threshold for detection of one stimulus (the 

target stimulus, TS) is raised by the presence of a second 

stimulus (the masking stimlus, MS) in close temporal and 

spatial contiguity. Masking paradigms have employed both 

light flashes and patterned or contoured stimuli for the 

TS and MS, and these different conditions have given rise 

to a number of theoretical explanations of the data (see 

Kahneman, 1968; Raab, 1963, for recent reviews). Basically 

four distinct paradigms have been employed: (1) detection 

of a target flash under masking by another flash; (2) 

masking of a target form by a light flash; (3) masking of 

a target form by a patterned stimulus; and (4) masking of 

a target form by spatially adjacent forms. The empirical 



and t h e o r e t i c a l  contr ibut ions of s tudies  using these 2 

d i f f e r e n t  paradigms w i l l  be presented, with p a r t i c u l a r  

a t t e n t i o n  being paid t o  the  influence of the  r e l a t i o n  

between t a r g e t  and mask stimulus contours. 

(1 )  Masking of a  t a rge t  f l a s h  by  a  l i g h t  f l a sh .  I n  

t h i s  paradigm, the TS i s  usually a  small, b r i e f  f l a s h  of 

l i g h t ,  and the  MS i s  a  l a rge r ,  more intense l i g h t  f l a s h  

presented a t  the  same locus a s  the  t a rge t  f l a s h .  Char- 

a c t e r i s t i c a l l y ,  When the  TS precedes the  US by approximately 

50-100 milliseconds,  the  threshold f o r  i t s  de tec t ion  r i s e s  

s teeply,  increasing monotonically as the  i n t e r v a l  between 

the  onset of each stimulus (stimulus onset asynchrony, SOA) 

approaches zero,  and reaches a  maximum when the  TS and BE 

a re  presented simultaneously. The threshold decreases 

gradually a s  SOA increases  f u r t h e r ,  the ILLS now preceding 

TS. This f inding  i s  sometimes re fer red  t o  a s  the  Crawford 

e f fec t .  

Boynton (1961) views t h i s  masking e f f e c t  a s  a  measure 

of on-response, the  l a rge r  and br ighter  I!B t r igge r ing  a  

massive neural  discharge which   over loads^ t h e  v i sua l  

system, r e su l t ing  i n  i t s  f a i l u r e  t o  respond t o  the smaller 

and weaker TS. Sperl ing (1965) proposes another theory 

according t o  which the  i n c r e a ~ e d  threshold a s  SOA=O is  

due t o  poorer cont ras t  discrimination a s  predicted by 

Weberts law. 

( 2 )  Masking of a  t a rge t  form by a  l i g h t  f l a sh .  This 

paradigm i s  s imi la r  t o  (1)  above, with the exception or 

the  nature  of the  t a r g e t  s t imul i ,  which a r e  general ly  
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l e t t e r s  of the a l p h a ~ e t  (Sch i l l e r ,  1965; S c h i l l e r  & Niener, 

1963) o r  Landolt C s  positioned i n  several  d i f f e r e n t  orien- 

t a t i o n s  (Kahneman, 1966). Again, the masking f l a s h  impairs 

the  i d e n t i f i c a t i o n  of the  TS, the grea tes t  masking e f f e c t  

occurring when the T S  and Vl f o l l o a  one another immediately, 

and decreasing monotonically a s  the  inter-st imulus i n t e r -  

val  ( IS I )  increases ,  both when the  TS precedes PJS and when 

the  TS follows MS (Eriksen & Lappin, 1964; S c h i l l e r ,  l965b). 

The masking of a f o r m  by a l i g h t  f l a s h  i s  a monoptic 

e f f e c t  ( S c h i l l e r ,  l965b; S c h i l l e r  & Wiener, 1963). When 

the t a r g e t  form i s  presented t o  one eye and t h e  f l a s h  of 

l i g h t  i s  presented t o  the other (dichoptic condit ion),  

l i t t l e  o r  no masking occurs. T h i s  i s  a l so  the case when 

the TS i s  a f l a sh .  

These r e s u l t s  have been in te rpre ted  i n  p a r t  a s  being 

due t o  temporal summation and reduced figure-ground con- 

t r a s t  (Eriksen & Hoffman, 1963; Kahneman, 1965). The TS 

and MS follow each o ther  c lose ly  i n  time and t h e  gap 

between them i s  "bridgedn by temporal in t eg ra t ion  of 

luminance. This being the case,  the  luminances of both 

the  t a r g e t  f igu re  and the background f i e l d  a r e  increased 

by a constant amount by the masking f l a s h ,  and the  r a t i o  

of these luminances decreases. Thus, there  w i l l  be a 

reduced l e v e l  of cont ras t  betgeen the TS and the  ground, 

making i d e n t i f i c a t i o n  of the  stimulus more d i f f i c u l t .  

( 3 )  Masking of a t a rge t  form by a patterned stimulus. 

When a t a r g e t  form i s  presented i n  conjunction with a 
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patterned MS (general ly  various degrees of cross-hatching), 

the  masking ef fec t  i s  qui te  pronounced, being most severe 

a t  I S I = O .  Similar functions a re  found when the  MS e i t h e r  

follows, or  precedes, the  TS ( S c h i l l e r ,  1965; S c h i l l e r  & 

Smith, 1965; S c h i l l e r  3c Wiener, 1963). Unlike the  two 

previously described paradigms involving maskins by l i g h t ,  

masking by pa t t e rn  occurs d ichopt ica l ly ,  the  TS and MS 

being presented t o  opposite eyes. This suggests t h a t  the  

processes of masking involved i n  t h i s  case occur a t  more 

cen t ra l  l eve l s  where the two monocular f i e l d s  i n t e r a c t ,  

whereas masking by l i g h t  seems t o  be a more per ipheral  

event, occurring p r i o r  t o  the mixing of the  two monocular 

f i e l d s  ( S c h i l l e r ,  1965). 

Sperl ing (1963) has proposed t h a t  the  MS i n t e r rup t s  

the t r a n s f e r  of the  TS from short-term v i sua l  storage t o  

a more permanent storage.  Another hypothesis i s  offered 

by Kinsbourne and marrington ( l962) ,  who conclude t h a t  

temporal summation renders the  MS and TS e f f e c t i v e l y  

simultaneous and thus  produces a degradation of the  TS. 

Kahneman (1968) notes  t h a t  t h i s  argument i s  d i r e c t l y  

analogous t o  the  temporal luminance summation and reduced 

figure-ground cont ras t  explanations used i n  in t e rp re t ing  

masking by l i g h t .  

(4) Maskins of a form by s p a t i a l l y  adjacent forms 

(often r e fe r red  t o  a s  metacontrast).  Three basic  displays  

have been studied which can be categorized under the above 

heading: (a) The three-object d isp lay ,  where a targef  form, 



e i t h e r  l i g h t  o r  dark,  i s  followed by two s imi la r  forms 

which f lank  it on e i t h e r  s ide  ( ~ l p e r n ,  1953; Fehrer & 

Raab, 1962; Fehrer lk Smith, 1962; Kahneman, 1967); (b)  

The disk-ring d isp lay ,  where the TS i s  a d i sk  and the blS 

is a r i n g  whose inner  contour i s  coincident with the con- 

tou r  of the  d isk  (Heckenmueller & Dember, 1965; Kolers, 

1962; Kolers & Rosner, 1960; S c h i l l e r  & Chorover, 1966; 

S c h i l l e r  & Smith, 1966; Werner, 1935, 1940); and ( c )  A n  

i d e n t i f i c a t i o n  paradigm, where the TS i s  general ly  a  l e t t e r  

and the  MS is  a  surrounding r ing  ( Eriksen & Col l ins ,  1964; 

Mayzner, Trecse l t ,  Adrignolo & Cohen, 1967; Kayzner, 

Tresse l t  & Cohen, 1966; S c h i l l e r  & Smith, 1965; Weisstein 

& Haber, 1965). 

For a l l  th ree  of these d isp lays  two types of masking 

funct ions have been found. I n  one, Type A funct ions ,  mask- 

ing i s  maximal when the  TS and MS a r e  presented simul- 

taneously (SOA=O) and occurs both when the  JJIS follows the 

TS and when the h'lS precedes the  TS. Type A funct ions a re  

obtained when the bE i s  of a  much grea ter  i n t e n s i t y  o r  

durat ion than the  TS (Fehrer & Smith, 1962; Kolers, 1962). 

I n  Type B masking, on the other  hand, t h e  most severe 

masking occurs when the MS follows the TS by an IS1 of 20- 

80 milliseconds, depending on stimulus dura t ions ,  luminance, 

and configuration. There i s  l i t t l e  masking a t  SOA=O or  

when the  MS precedes the TS. This U-shaped funct ion re- 

l a t i n g  probabi l i ty  of detect ion of the TS t o  IS1 i s  obtained 

when con t ras t ,  s i z e ,  and luminance of the TS and 1.1s a r e  
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similar and of moderate value (Alpern, 1953; Kahneman, 1967; 

Kolers, 1962; Kolers & Rosner, 1960; Schiller & Smith, 1966; 

weisstein 3c Haber, 1965). Both Type A and Type B functions 

have been obtained dichoptically (Battersby, Oesterreich & 

Sturr, 1964; Kolers & Rosner, 1960; Schiller, 1965b; 

Schiller & Wiener, 1963; Werner, 1940). 

The theoretical explanations offered for the other 

types of masking do not seem wholly adequate to account for 

Type B masking effects. Boynton's (1961) hypothesis that 

masking is due to massive bursts of neural activity accom- 

panying onset and offset of the MS, causing an "overloadu 

which interferes with perception of the weaker TS, would 

not yield the U-shaped functions obtained with equal-energy 

contoured stimuli. This masking by "noise" would predict 

either monotonically decreasing functions or functions of 

zero slope as the IS1 increases (Weisstein, 1968). Like- 

wise, luminance summation and contrast discrimination 

theories (Eriksen & Hoffman, 1963; Kahneman, 1965) cannot 

account for the U-shaped function, predicting monotonically 

decreasing curves as the IS1 increases. 

Sperlingt s (1963) hypothesis that the TS is held in 

some temporary visual storage and can be "interrupted" there 

by a subsequent masking stimulus which prevents it from 

being transferred to a more permanent storage also fails to 

explain much of the data. In the case of masking by a 

pattern, masking can occur when the MS precedes the TS. 

Here, the IS does not interfere with an item (MS) alre0ady 
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in short-term v i s u a l  storage. This theory can be formu- 

l a t e d  t o  predict  the  U-shaped masking funct ion,  but s t i l l  

cannot account f o r  tne changes i n  the minimum of t h e  U 

which v a r i e s  with c e r t a i n  changes i n  stimulus charac ter i s -  

t i c s  (Weisstein, 1968). 

Another ana lys i s  i s  proposed by Fehrer & Smith (1962), 

Kahneman (1967), and S c h i l l e r  & Smith (1966) who note t h a t  

the  Type B masking conditions and functions a r e  very s imi la r  

t o  conditions and r e su l t ing  functions f o r  apparent motion 

of two forms, which i s  a l s o  a U-shaped funct ion of temporal 

separation. I n  Kahnemants view, masking r e s u l t s  from a 

f a i l u r e  of the  perceptual  system t o  resolve o r  synthesize 

the  simultaneous movement of a s ingle  object  i n  two direc-  

t ions .  Because the  motion i s  "impossible," suppression 

r e s u l t s .  I n  t h e  case of a  l i g h t  flanked by two o thers ,  

the  center  form i s  s e t  i n t o  apparent motion i n  two direc-  

t i o n s  a t  once; i n  the  disk-ring sequence the second stimulus 

would cause the  d i sk  t o  grow i n  s i z e  even a s  it disappears, 

Although a r e l a t i o n  between Type B masking and apparent 

movement seems t o  e x i s t  and has been mentioned by several  

inves t iga tors ,  Weisstein (1968) notes  t h a t  the re  a re  cer- 

tain di f ferences  between the two phenomena which cannot be 

ignored; spec i f i ca l ly ,  the  amount of s p a t i a l  separation of 

the two s t imul i  a f f e c t s  masking d i f f e r e n t l y  than it a f f e c t s  

apparent movement. Greater separat ion can be to le ra ted  i n  

apparent movement, masking requir ing nearly coincident 

contours (Kolers & Rosner, 1960). The r e l a t ionsh ip  between 

s p a t i a l  and temporal separation i s  a l s o  a point  of diver- 



gence between the two, 

A l a t e r a l  inh ib i to ry  process has been s u g ~ e s t e d  by 

weiss te in  (1968) which preOicts both Type A and Type B 

functions under appropriate conditions. "A l a t e r a l  in-  

h ib i t ion  explanation f o r  meta-contrast would assume t h a t  

the neurons responding t o  a surrounding mask i n h i b i t  the 

neurons responding t o  the t a r g e t ,  and thus the  t a r ~ e t  i s  

perceived a s  dimmer, and i n  c e r t a i n  cases,  i s  not perceived 

at all (Weisstein, 1968). 

She assumes t h a t  inh ib i tory  processes develop a t  a 

f a s t e r  r a t e  than exci ta tory  processes, given s t imul i  of 

equal luminance and duration,  which would account f o r  the  

U-shaped Type B masking function, If the TS and h'lS a r e  

presented simultaneously or  i f  the  MS precedes the  TS,  

i nh ib i t ion  w i l l  have already reached i ts  maximum before 

exc i ta tory  a c t i v i t y  achieves i t s  peak and no masking w i l l  

occur. I f ,  however, the  !AS i s  delayed, i t s  s t rongest  in- 

h ib i to ry  a c t i v i t y  w i l l  correspond t o  the maximum exci ta tory  

response of the  TS, which w i l l  thus  be suppressed, and 

masking w i l l  r e s u l t .  

Type A masking funct ions,  which occur when the  MS i s  

a s t ronger  stimulus than the T S ,  e i t h e r  i n  luminance o r  

durat ion,  can be explained i n  the same manner. I n  t h i s  

case,  i f  the  TS and MS a re  presented simultaneously, the 

inh ib i to ry  processes due t o  the MS are  sustained through- 

out t he  exc i ta tory  response t o  the TS, and masking occurs. 

m y  if the  MS i s  delayed f o r  s u f f i c i e n t  time t o  allow* 

exc i t a t ion  t o  build up w i l l  the  TS be reported. Con- 
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~ e r s e l y ,  if the  MS i s  presented s u f f i c i e n t l y  long before 

the TS, t he  inh ib i to ry  a c t i v i t y  w i l l  have declined by 

the time the TS i s  presented, and consequently l i t t l e  

masking w i l l  occur, 

Bridgeman (1971) proposes another model f o r  neta- 

contras t  based on a  l a t e r a l  inh ib i to ry  network i n  which 

a c t i v i t y  both during and a f t e r  st imulation i s  examined. 

The form of the  in te rac t ion  of the  exc i ta tory  and inhibi-  

to ry  processes f o r  both the t a r g e t  and mask i s  "comparedtt 

t o  the  response f o r  each stimulus alone. If t h e  i n t e r -  

ac t ion  resembles one of the  individual  responses, the model 

predic ts  t h a t  only t h a t  stimulus w i l l  be reported ( i . e . ,  

masking w i l l  occur); i f  components of both s t imul i  a re  

prominent, no masking r e s u l t s .  

Other models of v isua l  masking based on t h e  concept 

of l a t e r a l  i n h i b i t i o n  have been presented by Purce l l ,  

Stewart,  & Dember (1968, 1969), Purcel l  & Dember (1968), 

and Purce l l  & Stewart (1969). 

The Werner and Kolers & Rosner s tud ies  

The present study on contour formation w i l l  u t i l i z e  

t h i s  l a s t  paradigm of masking of a  form by adjacent con- 

toured s t imul i ,  Werner (1935) invest igated contour forma- 

t i o n  i n  masking experiments and introduced the  d i sk  and 

r i n g  s t imul i ,  which have been employed extensively since 

t h a t  time. To review h i s  r e s u l t s ,  tachis toscopical ly  pre- 

senting a  small d i sk  followed a f t e r  a  br ie f  pause by a  

Concentric r ing  whose inner contour was coincident with the  

Contour of the  d i sk ,  he found t h a t  under c e r t a i n  conditions 



the d i sk  was not seen. The temporal sequence which 

=ximized the masking e f l e c t  gas a repeated cycle of the 

following form: (1) Disk, 12-25 mseconds; ( 2 )  pause ( I S I ) ,  

120-240 mseconds; (3) r ing ,  12-25 mseconds; (4 )  pause 

( inter-cycle i n t e r v a l ,  I C I ) ,  280-560 mseconde. 

Werner in t e rp re ted  h i s  r e s u l t s  a s  ind ica t ing  t h a t  t h e  

formation of the  percept of a f igu re  requires  a ce r t a in  

minimum amount of time, and t h a t  i f  the development of the  

percept i s  in te r fered  with before t h i s  c r i t i c a l  "formation 

time" the f igure  w i l l  not be perceived. Re argued t h a t  the  

disk would have jus t  begun forming a t  i t s  contour when the  

ring i s  presented and llappropriatesff the contour of the  

disk t o  form i t s  ( the  r i n g ' s )  inner contour. He posited a 

" spa t i a l  formation gradient" which was highest a t  t he  con- 

tours  of f igures .  When tne r ing  i s  presented before the 

disk ( a  reversa l  of the usual masking paradigm), both f i g u r e s  

a r e  seen because "the r ing ,  i n  t h i s  case, i s  already i n  the  

first s tage of development which permits the  contour of the  

disk t o  be b u i l t  up a s  a separate configuration. Therefore 

the whole d i sk  can be seen (Werner, 1935, p. 34) ."  Accord- 

ing t o  Kolers & Rosner (l96O), t h i s  llimplies t h a t  the  r ing  

has a developmental advantage over the  disk because the  

former has two borders, and therefore  two gradients  of 

formation which summate, while the  d i sk  has only one border 

and therefore  only one gradient of formation (p. 3 )  ." 
Using t h ses  s t imul i ,  Kolers & Rosner (1960) es tabl ished 

that dichopt ic  masking does occur and examined quantitm- 

tively some of the  temporal condit ions f o r  i t s  occurrence, 
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including the durat ions  of the s t imul i ,  I S I ,  I C I ,  and the 

order of presentat ion of the  s t imul i ,  Holding duration of 

the t a r g e t  disk and masking r ing  constant a t  35 mseconds 

each, i t  was found t h a t  the  probabi l i ty  of de tec t ing  the 

disk decreased a s  the  IS1 decreased from 180 t o  80 mseconds, 

remaining e f fec t ive ly  zero a s  the  IS1 was f u r t h e r  reduced 

t o  40 mseconds. The d isk  again became v i s i b l e  occasionally 

at  I S I s  of l e s s  than 40 mseconds (with other  stimulus dura- 

t ions ,  masking remained maximal u n t i l  I S I s  were reduced 

below 20 mseconds). This i s  the Type B,  U-shaped masking 

function discussed e a r l i e r .  

The amount of masking was a l s o  increased as  the dura- 

t i o n  of the  d i sk  became shorter .  Although the  e f f e c t  of 

varying the  r ing  (second stimulus) duration w a s  not ex- 

amined systematical ly  by Kolers & Rosner, Alpern (1953), 

using a rectangular t a r g e t  f l a s h  flanked by two adjacent 

f lashes ,  found t h a t  a s  the  durat ion of the  two I1inducing" 

f l a shes  (masking st imulus) increased, the  magnitude of t h e  

masking e f f e c t  increased. 

Masking was a l s o  found t o  be a function of I C I ,  Kolers 

& Rosner found t h a t  shortening the  I C I  t o  l e s s  than 1500 

mseconds resu l ted  i n  addi t ional  inh ib i t ion  of t h e  disk.  

That i s ,  "There i s  an inhib i tory  ac t ion  of a r i n g  upon the  

next presentat ion of the disk when the  temporal separation 

between cycles  i s  short  enough ( p .  l l ) . "  

When the  stimulus sequence was reversed, i . e . ,  r ing  

followed by d i sk ,  the re  was, i n  general ,  l i t t l e  maskiag of 

the r i n g  by the  d i s k ,  occurring only a t  very b r i e f  durat ions  
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of the  r ing.  Thus, "a two-bordered form i n h i b i t s  the  

appearance of an enclosed one-bordered form more than the  

l a t t e r  does the  former (Kolers & Rosner, 1960, p.13)." 

F ina l ly ,  masking of the  second stimulus by the  f i r s t  

was examined. Although t h i s  type of masking occurs t o  a 

much l e s s e r  extent  than masking of one stimulus by a sub- 

sequent form, it can be found under c e r t a i n  stimulus condi- 

t ions .  A s  t he  durat ion of the  f i r s t  stimulus i s  increased,  

the  probabi l i ty  of seeing the second decreases. I n  the  

ring-disk sequence, again the two-contoured r i n g  masks t he  

one-contoured disk t o  a grea ter  extent  than the  d i sk  masks 

the r i n g  i n  the reverse order. 

The experimental problem 

Werner's (1935) basic hypothesis of a developmental 

contour advantage of a r ing  over a d i sk ,  and i t s  general 

case,  a r e  assessed i n  the present inves t iga t ion .  The 

question posed i s  whether the  developmental advantage with 

the 2:l mask:target contour r a t i o  i s  a spec ia l  case of a 

general N+l:N mask:target contour r a t i o  developmental 

advantage. This w i l l  be determined by the  addi t ion  of 

appropriate concentric r ings  t o  the o r ig ina l  d i s k  and r i n g  

s t imul i ,  with masking e f f e c t s  being evaluated a s  a function 

of stimulus configuration (num~er of contours) ,  order of 

presentat ion,  TS and MS durations,  ISI ,  and I C I .  



Method 

subjec ts  

Three paid observers (0s )  - with normal v i s ion  were used, 

Due t o  the  somewhat complex nature of the  response system 

employed, a s  well  a s  the nature of the  viewing t a sk  i t s e l f ,  

the  2s were well t ra ined.  It has been previously shown 

(Kolers & Rosner, 1960) t h a t  the range of va r i a t ion  of in-  

dividual  data  i s  g rea t ly  reduced by protracted t ra in ing .  

Apparatus 

The apparatus employed was a three-chqnnel tachis to-  

scope ( S c i e n t i f i c  Prototype Manufacturing Company, Model GB- 

see Figure 1 )  driven externa l ly  by a Hewlett-Packard Model 

2116B computer. 

The stimulus f i e l d s  were i l luminated by mercury vapor 

argon lamps (General E l e c t r i c  F8TT-D-HH) coated with mag- 

nesium tungstate  phosphor, having a color temperature of 

7200' K. The luminance of each stimulus f i e l d  was s e t  a t  

26 foot  lamberts, ca l ibra ted  with a Pr i tchard Spectra 

photometer placed a t  the  viewing hood. 

The u t i l i z a t i o n  of the  computer time-base generator i n  

conjunction with i t s  re l ay  system allowed complete auto- 

mation of the  stimulus presentation schedule. Each channel 

of the tachistoscope was t r iggered by a r e l a y  which was 

ac t iva ted  f o r  a spec i f ied  duration by the time-base genera- 

to r .  Periods of no st imulation were achieved by having no 

re l ays  ac t iva ted  f o r  any desired duration. Each e n t i r e  

experimental sess ion was programmed f o r  a predetermined 



Fig .  1. Top view of S c i e n t i f i c  Prototype 
Model GB three-channel tachis toscope - 
S - s t imulus  forms; L - f i e l d  lamps; M - ha l f -  
s i l v e r e d  mir rors ;  F - f i x a t i o n  po in t ;  H - viewing 
hood 



presentat ion cycles. cycle 
15 

could be followed 

immediately  by a new cycle with d i f f e ren t  exposure durations 

specified f o r  each stimulus, a s  well a s  the  durat ion be- 

tween any two stimulus presentations.  Stimulus f i e l d s  

could be presented i n  any order. 

The - 0 ' s  head was held immobile by a head r e s t  and b i t e -  

board with a denta l  impression positioned d i r e c t l y  before 

the viewing hood of the  tachistoscope. The hood was padded 

with foam rubber contoured t o  f i t  snugly aga ins t  - 0 ' s  f ace ,  

thus  preventing any ambient l i g h t  from reaching h i s  eyes, 

Viewing was monocular ( l e f t  eye). 

Responses were recorded on videotape, the  camera posi- 

tioned t o  provide a c l e a r  view of - 0 ' s  hands on the tab le  

before him. The only i l lumination i n  the t e s t i n g  room was 

a spo t l igh t  d i rec ted  a t  - O t s  hands. A microphone mas 

s i tua ted  nearby t o  record any comments by e i t h e r  - 0 o r  

during a t e s t i n g  session.  

Stimuli  

The four  stimulus forms were black (opaque), each 

centered on a 5" x 7" transparent f i l m  base (Kodalith Ortho), 

produced from photographs of precision-made forms. The 

f i lm was held r i g i d  i n  the  stimulus holders by a sheet of 

c l e a r  p lex ig lass  used f o r  backing, allowing t ransi l luminat ion 

during presentat ion times. 

The s t imul i  (shown i n  Figure 2)  were as follows: (1) 

a d i sk  ( D )  , v i t h  diameter subtending a v i sua l  angle of 1'2' ; 

(2)  a r i n g  ( R )  , with inner diameter of 1'2' and outer 

diameter 1'27' ; ( 3 )  a disk within a concentric r ing  (D+Rt ), 



0 ICI 

Disk (D) Ring (R) 

@ IS1 ICI 

contour 
sequence 

time 

ICI 

ICI 

ICI 

N+1 + N 
contour 
sequence 

Fig. 2. Stimulus configurations - Stimulus 1 
followed after inter-stimulus interval (ISI) by ~timuius 2. 
Inter-cycle interval (ICI) separates repititions of a 
given sequence. All stimuli were presented centrally. 



the disk as in (l), the inner diameter of the ring sub- 

tending 1'271 of visual angle, the outer diameter 1'52' of 

arc; (4) a ring within a larger concentric ring (R+Rtl), the 

smaller ring as in ( 2 ) ,  the larger ring with inner diameter 

of 1•‹52' and outer diameter subtending 2'17' of arc. The 

wall thickness of each ring was 12.5' of visual angle. 

When any two succeeding stimuli, i.e., D + R, R + D+R1 
and D+Rt $ R+Rtt , were presented simultaneously for purposes 
of alignment, the contours of one stimulus form were set so 

as to be exactly coincident with the contours of the other. 

That is, when the disk (D) and the ring (R) were super- 

imposed, the circumference of D coincided with the inner 

contour of R. When R and D+R1 were superinposed, the inner 

contour of R matched the circumference of D, while the 

outer contour of R matched the inner contour of R ' .  Like- 

wise, superimposition of the D+Rt and R+Rfl was such that 

the appropriate contours coincided. 

The fixation field consisted of a small, dim, red point 

of light, approximately lmm in diameter, produced by placing 

an opaque sheet with a pinhole in the center into one of 

the fields of the tachistoscope. The pinhole was covered 

with a red color filter and was transilluminated by the 

field lamps. 

Design 

Each stimulus cycle consisted of the following 

sequence: Stimulus 1 presentation, inter-stimulus interval 

(ISI), stimulus 2 presentation, and inter-cycle interval 

(1~1). During the IS1 there was no illumination, whereas 
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during the ICI, the fixation field was on, producing a 

central red point of light in an otherwise dark field. 

Four predetermined levels each of stimulus 1 and 

stimulus 2 durations (10, 20, 40, 80 mseconds) were com- 

pletely crossed, yielding a factorial total of 16 combina- 

tions. Two predetermined levels of IS1 (20, 60 mseconds) 

were completely crossed with two predetermined levels of 

ICI (1750, 3500 mseconds), giving a total of four ISI-ICI 

combinations. The 16 stimulus 1 - stimulus 2 durations 
were crossed with one each of the IS1 and ICI durations per 

run. Thus, each entire experimental run was comprised of 

64 different stimulus cycles. Since stimulus 1 - stimulus 2 
combinations and ISI-ICI combinations were not themselves 

completely crossed, the design was a partially crossed 

factorial. 

The two levels of IS1 were chosen to be within the 

optimal range for masking, as determined by Kolers & Rosner 

(1960). Similarly, an ICI of 5500 mseconds was selected on 

the basis of Kolers & Rosnerts finding that at this duration 

effects of the second stimulus of a given cycle on the 

first stimulus of the subsequent cycle were minimized. This 

was an attempt to ensure the independence of adjacent cycles. 

The ICI of 1750 mseconds was employed to assess the extent 

of the above-mentioned effects of a stimulus on the sub- 

sequent cycle. 

Each experimental session utilized one of six stimulus 

configurations. Stimuli were paired such that if one' 

stimulus had N contours (N = 1,2,3), the other stimulus had 
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~ + 1  contours, The d i sk  ( D ) ,  having one contour, was 

paired with the  r ing  (R), having two contours. R ,  i n  tu rn ,  

6 was a l s o  paired with D+Rt  , the  l a t t e r  having th ree  contours. 
j 

D+R' w a s  a l so  presented i n  conjunction with t h e  four- 

contoured R+Rt te  Each of these three  pair ings  was presented 

in two orders ,  the  N - contoured stimulus followed by the 

N + 1  - contoured st imulus,  and the  reverse order ,  g iv ins  a 

t o t a l  of s i x  stimulus c o n f i g n a t i o n s ,  

Response measure, Employing a repeated measures 

design, the  masking e f fec t  was measured i n  terms of the  

percentage of times the  t a rge t  stimulus was seen i n  a par- 

t i c u l a r  configuration.  The lower t h i s  percentage, the  

grea ter  the  degree of masking. The stimulus designations 

" ta rge t t t  and "mask" were not applied t o  the  s t imul i  e i t h e r  

by - 0 or  E - during t e s t i n g ,  but were used only i n  the l a t e r  

ana lys is  of the  data .  When the f i r s t  stimulus was designated 

the t a r g e t  (TS) and the  second the mask (MS), a measure of 

t l re t roac t iveu  masking resul ted.  When the  second stimulus 

was designated the  TS and the f i r s t  the  MS, a measure of 

"proactivett masking resu l ted ,  

Summary of va r i ab les  

A. Stimulus va r i ab les  
1. Number of contours i n  stimulus p a i r s  -3 l eve l s  

a ,  one contour ( D )  - two contours (R) 
b. two contours ( R )  - t h ree  contours (D+R')  
c. th ree  contours (D+R1) - four  contours (R+Rl1) 

2, Order of presentat ion -2 l e v e l s  
a ,  N - contoured stimulus followed by N + 1  - 

contoured stimulus 
be N + l  - contoured stimulus followed by N - 

contoured stimulus 
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3. Durations of stimulus 1 and stimulus 2 - 4 levels 

each 

a. 10 milliseconds 
b. 20 milliseconds 

c. 40 milliseconds 
d. 80 milliseconds 

Additional variables 
1. Inter-stimulus interval (IsI) - 2 levels 

a. 20 milliseconds 
b. 60 milliseconds 

2. Inter-cycle interval (ICI) - 2 levels 
a. 1750 milliseconds 

b. 3500 milliseconds 

Procedure 

At the beginning of each experimental session - 0 was 
positioned before the tachistoscope with both hands on the 

table directly in front of him, and was shown the two 

stimuli that would be employed during that session. He 

was instructed to tap the table with his left hand if he 

saw only the figure having fewer contours, to tap with his 

right hand if he saw only the other stimulus, and to tap 

with both hands if both stimuli were detected. Thus, for 

example, if - 0 detected the R in the D -> R sequence, he 
would tap with his right hand. If he detected only the R 

in the D+Rt 3 R sequence (in a separate experimental session) 

he would tap with his left hand. It was explained that the 

discrimination was between certainty and uncertainty. That 

is, if - 0 was unsure if he had seen one of the figures, or 

if he had seen usomething" but could not identify the form, 

he was to respond as if he had not seen it. 2s found ko 
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d i f f i c u l t y  i n  responding i n  the above manner a f t e r  pract ice .  

Each experimental session had the following form: 

(1) f ami l i a r i za t ion  with the two s t imul i  and the  appropriate 

responses; ( 2 )  approximately 2 minutes of dark adaptation,  

a f t e r  which the  f i x a t i o n  point came on f o r  a period of 5 

seconds; (3) 1 6  prac t ice  t r i a l s ;  (4) 30 seconds of r e s t  i n  

darkness followed by 5 seconds with the f i x a t i o n  point on; 

(5) 16  experimental presentat ions ,  with the stimulus 1 - 
stimulus 2 durat ions  randomly ordered, IS1 and I C I  values 

held constant;  (6 )  s teps  (4) and ( 5 )  were repeated three 

more times, each time with a  d i f f e ren t  combination of ISI- 

I C I  durat ions ,  randomly selected;  (7)  30 seconds of r e s t  

i n  darkness followed by 5 seconds with the f i x a t i o n  point 

on; (8) r e p e t i t i o n  of s teps  (5) ,  ( 6 ) ,  and (7) f o r  a  t o t a l  

of f i v e  complete runs of 64 experimental t r i a l s  each. 

After a  5.5 minute r e s t ,  another f i v e  runs were perforreed. 

Each - 0 performed two experimental sess ions per day 

f o r  a t o t a l  of twelve sessions,  each l a s t i n g  approximately 

65 minutes. The d a i l y  sessions were separated by four  

hours t o  avoid possi .de  fa t igue  e f fec t s .  A d i f f e r e n t  

stimulus configuration was used f o r  each of the  f i r s t  s i x  

sess ions,  the  same s e t  of configurations being repeated i n  

the second s i x  sess ions i n  the  opposite order of presenta- 

t ion.  

Thus, a  t o t a l  of 20 t r i a l s  f o r  each condit ion were 

performed by each 2, 10 t r i a l s  i n  each of the  two cor- 

responding sessions. 



Results 

Analyses of variance were applied separately to the 

data for the two stimulus sequences, (1) an N - contoured 
stimulus followed by an N+1 - contoured stimulus, and (2) 
an N+l - contoured stimulus followed by an N - contoured 
stimulus. The five variaoles in each analysis mere stimulus 

1 duration, stimulus 2 duration, number of contours in the 

stimulus configuration, ISI, and ICI. A separate analysis 

was performed for each of the two dependent variables, 

(1) the percentage of trials in which stimulus 1 was re- 

ported as having been perceived, and (2) the percentage of 

trials in which stimulus 2 was reported, These represent, 

respectively, measures of the amount of masking of the 

first stimulus by the second, or retroactive (backward) 

masking, and the amount of masking of the second stimulus 

by the first, or proactive (forward) masking. 

Masking of Stimulus 1 by Stimulus 2 (Retroactive) 

A. N - contoured stimulus followed by N+l - 
contoured stimulus 

Results for each stimulus configuration aver- 

aged over stimulus 2 (mask) durations are shown in Figure 

3 a,b,c, The number of contours in the configurations 

did not significantly affect the amount of masking, over 

all other factors. That is, in each case the N+1 - con- 
toured stimulus masked the N - contoured stimulus to 
approximately the same extent. As was evident in each of 
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the  th ree  cases ,  there  was a  s ign i f i can t  main e f f e c t  due t o  

stimulus 1 ( t a r g e t )  durat ion,  F(3,6)=184.3, p<.001. A s  the  

t a r g e t  increased i n  durat ion,  masking decreased markedly. 
B 

! Although the  mask durat ion main e f f e c t  approached s ign i f i -  
k, 

C 
1 cance, F(3,6)=3.86, pc.1, the range of d i f fe rences  between 
t 

t he  maximum and minimum average masking l e v e l s  mas re la -  

t i v e l y  r e s t r i c t e d .  A s  the  mask duration increased,  masking 

increased,  except i n  the case of the  longest mask durat ion,  

80 mseconds, where the  trend reversed and the amount of 

masking decreased. This r e s u l t  w i l l  be presented i n  g rea te r  

d e t a i l  when the  re la t ionship  of t a rge t  and mask durations 

i s  examined i n  p a r t i c u l a r  cases (see Figure 4 a ,b ,c ) .  

The e f f e c t  of IS1 on masking is  a l so  shown i n  Figure 3 ,  

where ISI=20 mseconds cons is ten t ly  produced a  grea ter  l e v e l  

of masking than d id  ISI=60 mseconds, F(1,2)=11.15, pc.1. 

Over-all, the  e f fec t  of I C I  was not s i g n i f i c a n t ,  there  

being very l i t t l e  difference ih degree of masking between 

I C I =  3500 and ICI-1750 mseconds f o r  any of the  stimulus 

pa i rs .  

Levels of t a r g e t  duration,  mask durat ion,  I S I ,  and I C I  

d id  not a f f e c t  masking d i f f e r e n t i a l l y  f o r  the  three  s e t s  of 

s t imul i  ( D  9 R ,  R L) D+R1 , D+Rt 9 R+R1') ,  t he  two-way in te r -  

ac t ions  between the number of contours and each of these 

f a c t o r s  being ins ign i f i can t .  

Differences i n  amount of masking under the  two values 

of IS1 d id  not vary s ign i f i can t ly  a s  a funct ion of t a rge t  

duration.  However, f o r  ISI=60 mseconds, a t  t he  shor tes t  

t a r g e t  durat ions ,  ICI=3500 mseconds produced s l i g h t l y  more 
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masking than did ICI=1750 mseconds. For ISI=20 mseconds, 

the two values of ICI yielded similar masking levels (see 

Figure 3 ,  ICI x target duration interaction, F(3,6)=21.9, 

p<.005, IS1 x ICI x target duration interaction, F(3,6)= 

6.4, p<.05). This pattern was found for each of the 

stimulus configurations. 

There was a significant mask duration x IS1 interaction, 

F(3,6)=7.5, p<.025, which also took the same form for each 

contour configuration. For ISI-20 mseconds, masking in- 

creased as mask duration increased, except for the longest 

duration, in which the trend was reversed, as in the mask 

main effect; for ISI-60 mseconds, masking decreased mono- 

tonically as mask duration increased, although the range of 

differences was relatively small. 

The mask duration x ICI interaction was significant, 

~(3,6)=9.5, ~(~025, but the range of differences was ex- 

tremely limited, and again the interaction was of the same 

form for each configuration of contours. 

Since masking was maximal for ISI=20 mseconds, and 

differences in masking between levels of ICI were very 

small, only the data for ISI=20 mseconds and ICI=3500 

mseconds are presented in Figure 4 a,b,c for purposes of 

examining the relationship of target and mask durations to 

amount of masking obtained for each stimulus set of N 

followed by N+1 contours. While consistent with the 

general effects of target and mask durations described 

previously, several characteristics of these masking func- 

tions might be noted: (a) For each configuration, while the 
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curves f o r  the  20, 40, and 80 msecond masks rose  (decreased 

i n  masking) gradually f o r  increasing t a r g e t  durat ions  (with 

the exception of t h e  longest t a r g e t )  the curve f o r  the  1 0  

msecond mask rose sharply a s  the  t a rge t  durat ion was in- 

creased from 10 mseconds t o  20 mseconds, t h e r e a f t e r  r i s i n g  

a t  approximately the  same r a t e  a s  the  others,  That i s ,  the  

10  msecond mask was maximally e f fec t ive  only when i t  followed 

the most b r i e f  t a r g e t ,  whereas longer mask durat ions  yielded 

high masking l e v e l s  over a  wider range of t a r g e t  durations,  

(b)  Again, i n  each of the  three cases ,  the  80 msecond mask 

was not the  most e f fec t ive  mask duration,  a s  might be ex- 

pected from the  general  pa t te rn  es tabl ished a t  the  shor te r  

durations.  Although i n  most cases producing masking l e v e l s  

grea ter  than t h e  shor t e s t  mask duration,  it masked l e s s  

e f f e c t i v e l y  than t h e  shor te r  40 msecond stimulus and of ten 

the 20 msecond mask. 

B. N + 1  - contoured stimulus followed by N - contoured 

stimulus 

A s  i n  t h e  previous N + N + 1  contour condit ions,  

Figure 5 a ,b ,c  shows t h a t  f o r  each configuration masking 

decreased a s  t a r g e t  (stimulus 1 )  durat ion increased,  ~ ( 3 , 6 ) =  

16.27, p<.005. However, here the re  were s ign i f i can t  

dif ferences  i n  masking between the  three contour configura- 

t ions ,  F(2,4)=19,77, ~ 4 . 0 1 ,  as wel l  a s  a s ign i f i can t  

contour x t a r g e t  durat ion in te rac t ion ,  ~ (6 ,12)=7 .38 ,  p<.OO5. 

I n  the  R -> D sequence there  was very l i t t l e  masking, except 

at  the shor t e s t  t a r g e t  durations. The D+R8 -s R sequen'ce 

yielded much g rea te r  masking, espec ia l ly  a t  the  shor te r  
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t a rge t  durat ions ,  and the  D+R' masked the R+Rtl  t o  a  s t i l l  

grea ter  extent .  

Figure 6 a ,b , c  provides a  comparison of the  degree t o  

which the  second st imulus masked the f i r s t  f o r  both orders 

of presentat ion i n  each contour configuration. I n  the case 

of the  D and R ( 1  and 2 contours, respec t ive ly) ,  the  order 

of the  s t imul i  determined whether there  w a s  subs tan t i a l  

masking (D -9 R )  o r  only a  weak e f f e c t  ( R  + D). This s t ronger  

r e t roac t ive  masking e f f e c t  found i n  the  N 9 N + l  contour 

sequence as compared t o  the N + 1  -P N sequence was maintained 

f o r  the  three-contour D+R1 and the  two-contour R ,  but t o  a 

much l e s s e r  degree. When the number of contours involved 

was increased by one again,  ne i the r  the N + N + 1  nor the  

N + l  + N  contour sequence showed any marked masking advantage 

over the  other.  That i s ,  the three-contour D+Rt  masked 

the  four-contour R+RW t o  the  same extent the  R+R" masked 

the D+Rt .  

For the  N + l  + N  contour configurations,  mask (stimulus 

2 )  durat ion d i d  not s igni f icant  l y  inf  h e n c e  masking over- 

a l l ,  and the contour x mask durat ion in te rac t ion  was a l s o  

ins ign i f i can t .  It might be noted, however, t h a t  again t h e  

80 msecond mask was not the  most e f fec t ive  dura t ion ,  a s  

shown i n  Figure 7 a ,b , c ,  producing intermediate degrees of 

masking over most t a r g e t  durations.  There was a s ign i f i can t  

t a r g e t  durat ion x mask duration in te rac t ion ,  ~ ( 9 , 1 8 ) = 4 . 0 ,  

~ 4 . 0 1 ,  r e f l e c t i n g  a  consistent  pa t te rn  f o r  each stimulus 

condit ion,  wherein, f o r  an IS1 of 20 mseconds the  10 msecond 

mask yielded l e s s  masking a t  the shor te r  t a r g e t  durations 
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than did the other masks, while at an IS1 of 60 mseconds 

there was very little effect of varying mask duration. 

Masking with an IS1 of 20 mseconds was again con- 

sistently greater than that at 60 mseconds. Khile this IS1 

main effect failed to reach significance, F(1,2)=7.3, p<.l, 

the contour x IS1 interaction mas significant, F(2,4)=9.19, 

p4.05, the increase in masking as the number of contours 

increased being greater for the shorter 161. 

The differences between the two levels of ICI were not 

significant over-all, and the range of differences found 

in interactions involving ICI was relatively small. 

Masking of Stimulus 2 by Stimulus 1 (Proactive) 

A. N - contoured stimulus followed by N + 1  - 
contoured stimulus 

In this and the following section, stimulus 2, 

whose detectability is being examined, will be designated 

as the target, while stimulus 1 now becomes the mask, In 

Figure 8 a,b,c the percentage of trials in which the target 

(stimulus 2) was detected is plotted as a function of 

target duration, ISI, and ICI for each contour configuration. 

Again target duration was a factor in determining the ex- 

tent of the masking effect, F(3,6)=4.64-, p 4 . l .  Over all 

other factors, as stimulus 2 duration increased, the amount 

of masking decreased. However, as evident in each of the 

contour conditions in Figure 8 a ,b ,c ,  this was the case 

only when ISI=20 mseconds, there being virtually no masking 

for ISI=60 mseconds [target duration x IS1 interaction, 
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When ISI=20 mseconds, i n  the  D -)R sequence, the  R 

was masked t o  a very m a l l  extent  only a t  i t s  shor t e s t  

durat ion,  10 mseconds, When the number of contours was 

increased,  R + D+Rt  , t he  R masked the  D+R8 t o  a  grea ter  

extent  than i n  the  previous case when the  D+Rt w a s  presented 

f o r  10 seconds, as well  as producing a s l i g h t  masking 

e f f e c t  f o r  D+Rt durat ion of 20 mseconds. For the  D+Rt 9 

R+Ru configuration,  masking a t  t a r g e t  (R+Ru) durat ions  of 

10 and 20 mseconds was again increased and extended, 

occurring a l s o  a t  40  mseconds. The extent  and l e v e l  of the 

above proactive masking e f f e c t s  were markedly l e s s  than 

those obtained i n  the  corresponding re t roac t ive  cases (see 

Figure 3 a , b , c ) ,  I n  addi t ion,  the  d i f fe rences  i n  masking 

between the contour configurations described above f a i l e d  

t o  achieve s ignif icance l e v e l ,  e i t h e r  f o r  the  contour main 

e f f e c t  o r  f o r  higher order in t e rac t ions  involving contour 

configuration,  

Differences due t o  mask (stimulus 1 )  dura t ion  were 

s i g n i f i c a n t ,  F(3,6)=5.11, p 4 . 0 5 ,  but were l imi ted  t o  the 

ISI=20 mseconds condit ion,  ISI=60 mseconds f a i l i n g  t o  

produce masking a t  any mask duration [mask durat ion x IS1 

i n t e rac t ion ,  F(3,6)=5.73, P~ .05] .  A s  shown i n  Figure 9 a ,b , c  

the range of masking l eve l s  over mask durat ions  was 

r e l a t i v e l y  r e s t r i c t e d ,  the longer mask durat ions  yielding 

grea ter  masking, although the longest mask presentation 

(80 mseconds) was not the  most e f fec t ive  i n  any of the 

contour condit ions,  Even under the s t rongest  mask, 
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stimulus 2  ( t a r g e t )  was msked only a t  i t s  shor t e s t  dura- 

t i o n s  [ target  durat ion x mask duration in te rac t ion ,  F(9,18)= 

4.9, p<.005]. 

The d i f fe rences  i n  masking between the  two l eve l s  of 

I C I  were negl ig ib le  f o r  a l l  conditions. 

Be N + 1  - contoured stimulus followed by N - contoured 

stimulus 

Target (stimulus 2)  duration was a  s igni f icant  

f a c t o r  i n  determining the amount of masking obtained, 

F(3,6)=9.27, ~ ( ~ 0 2 5 ,  masking decreasing a s  t a r g e t  duration 

increased (see Figure 10 a ,b ,c ) .  This was the  case f o r  

each contour configuration,  the contour configuration main 

e f f e c t  a s  well a s  the  contour x t a r g e t  durat ion in te rac t ion  

being ins ign i f i can t .  A s  f o r  the  previous order of s t imul i ,  

the  masking l e v e l s  achieved here were l e s s  than those f o r  

the  corresponding re t roac t ive  cases (see Figure 5 a ,b ,c ) .  

For a l l  stimulus contour configurations,  ISI=20 

mseconds produced somewhat more masking than d id  ISI=60 

mseconds, ~ (1 ,2 )=11 .89 ,  p4.1, the  longer i n t e r v a l  yie lding 

almost no masking, while f o r  the  shor te r ,  considerable 

masking occurred a t  b r i e f  t a r s e t  durat ions ,  decreasing 

rapidly a s  t a r g e t  duration increased [ISI x t a r g e t  duration,  

~(3 ,6)=12.58 ,  p<. 011 . I C I =  3500 mseconds yielded more mask- 

ing a t  shor te r  t a r g e t  duration than did ICI=1750 mseconds 

[ICI x t a r g e t  durat ion,  F(J,6)=29.05, p ~ . O O 1 ]  . This was 

espec ia l ly  evident f o r  the  longer I S I ,  and again t h i s  

applied t o  each configuration. 

Figure 11 a ,b ,c  shows the amount of proactive masking 
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obtained f o r  both orders  of stimulus sequence i n  each 

contour configuration. Only the r e s u l t s  f o r  ISI=20 mseconds 

a r e  given, s ince ,  f o r  both orders ,  ISI=60 mseconds produced 

negl ig ib le  masking e f f e c t s .  I n  the  first contour condition 

the two-contoured R masked the one-contoured D t o  a much 

grea ter  extent  than the  l a t t e r  masked the  former i n  the 

reverse order. This dif ference was l e s s  f o r  t h e  two- and 

three-contoured R and D + R 1 ,  respect ively,  and i n  the  case 

of the  highest order contour configuration,  the  three- 

contoured D+R1 masked the four-contoured R+R" t o  approxi- 

mately the  same extent  a s  the  R+Rtl masked t h e  D+RV . 
For the N + 1  + N  contour configuration,  the re  was a 

s ign i f i can t  e f f e c t  due t o  mask (stimulus 1) durat ion,  

F(3,6)=5.66, p4.05, but a s  was the  case f o r  the  t a rge t  

e f f e c t ,  it was due t o  the masking e f f e c t  only a t  ISI=20 

mseconds, where, a s  mask duration increased, masking in- 

creased monotonically [mask durat ion x ISI ,  F(3,6)=14.08, 

p~.005].  The re l a t ionsh ip  between t a r g e t  and mask durat ions  

i s  shown i n  Figure 12 a,b,c.  There was almost no masking 

a t  the  longest t a r g e t  duration,  b r i e f l y  presented t a r g e t s  

being masked most e f fec t ive ly  a t  longer mask durat ions  

[ target  durat ion x mask durat ion,  F(g,l8)=7.11, p<.OO1] . 



S
ti

m
 2

 D
u

ra
ti

o
n

 
(m

se
c)

 
S

ti
m

 2
 D

u
ra

ti
o

n
 
(m

se
c)

 
S

ti
m

 2
 D

u
ra

ti
on

 
(m

se
c)

 

I
S
I
r
2
0
 m

se
c 

I
C
I
=
3
5
0
0
 m
se

c 

F
ig

. 
1
1
, 

C
om

p
ar

is
on

 o
f 

p
ro

a
ct

iv
e 

m
as

k
in

g,
 
P(
S2
),
 

in
 N

 
+ 
N
+
l
 a

nd
 N

+
l 

N 
m

a
sk

-t
a

rg
et

co
n

to
u

r 
se

q
u

en
ce

s 
a

s
 a

 f
u

n
ct

io
n

 o
f 

ta
r

g
e

t 
d

u
ra

ti
o

n
, 
I
S
1
s
6
0
 m

se
c 

W
 

y
ie

ld
ed

 n
e

g
li

g
ib

le
 m

as
k

in
g 

(n
o

t 
sh

ow
n

).
 

A
ve

ra
ge

d
 

o
v

e
r 

m
as

k 
d

u
ra

ti
o

n
s.

 
\O

 



D
u

ra
ti

o
n

 D
 

(m
se

c)
 

D
u

ra
ti

o
n

 R
 

(m
se

c)
 

D
u

ra
ti

on
 I

h
R

' 
(m

se
c)

 

S
t
i
m
u
l
u
s
 1
  

a
s
k
) 

d
u

ra
ti

o
n

 
1
0
 m

se
c 

-
-
-
 2
0
 m

se
c 

-
.

-
e

m
.

 
40

 m
s
e
c
 

--
--

--
- 

80
 m
s
e
c
 

Fi
g.
 

1
2

. 
P

er
ce

n
ta

g
e 

o
f 

tr
ia

ls
 S
t
i
m
u
l
u
s
 2

 r
ep

o
rt

ed
, 
P(
S,
),
 

in
 N

+1
 $

 N
 m

as
k-

 
ta

rg
et

co
n

to
u

r 
s
e
q
u
e
n
c
e
 c

o
n

fi
g

u
ra

ti
o

n
s 

a
s 

a 
fu

n
ct

io
n

 o
f 

ta
r

g
e

t,
 m

as
k 

du
ra
ti
on
. 

-I=
 

I
S
I
=
2
0
 m

se
c.

, 
I
C
I
=
3
5
0
0
 m
se
c.
 

0
 



General Summary of Results 

Retroactive Masking 

1. For all stimulus configurations, and for both 

sequences, as target (stimulus 1) duration increased, 

masking decreased. 

2. In general, as mask (stimulus 2) duration 

increased, masking increased, although the longest 

duration was not always the most effective. The range of 

effects over mask durations was relatively small compared 

to that over target durations. 

3. For all conditions, an IS1 of 20 mseconds yielded 

higher masking levels than did an IS1 of 60 mseconds. 

4. I C I s  of 1750 and 3500 rnseconds produced approxi- 

mately the same degree of masking. 

5. An N+1  - contoured stimulus 2 consistently masked 
an N - contoured stimulus 1, within certain temporal 
limits. When the order of the stimuli was reversed (i.e., 

N+1  - contoured stimulus followed by N - contoured 
stimulus), the following occurred: (a) In the R + D  

sequence, the one - contoured D did not effectively mask 
the two - contoured R; (b) the D+Rt + R configuration 
yielded greater retroactive masking than in (a); and (c) 

the R+RIt + D+Rt sequence produced still greater masking 

levels, approximately comparable to those in the D+Rt + R + R "  

sequence. That is, for stimulus configurations of three 

and four concentric, adjacent contours, an I? - contoured 
stimulus masked an N+1 - contoured stimulus as effectively 
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as an N + 1  - contoured f igure  masked one of N contours. 

Proactive Masking 

1, I n  general ,  proactive masking e f f e c t s  were not 

as s t rong a s  r e t roac t ive  e f f e c t s ,  

2. Effects of ISI ,  I C I ,  t a r g e t  (stimulus 2) duration,  

and mask (stimulus 1 )  duration were s imi la r  t o  those 

observed with the  r e t roac t ive  paradigm, 

3. An N + 1  - contoured stimulus 1 proact ively masked 

an N - contoured stimulus 2 ,  again within c e r t a i n  temporal 

l i m i t s ,  although a s  noted, these proactive e f f e c t s  were of 

a l e s s e r  magnitude than the corresponding re t roac t ive  

e f fec t s .  When the  stimulus sequence was reversed ( i . e ,  , 
N - contoured stimulus followed by N+1 - contoured 

st imulus),  the  following occurred: (a) I n  the  D + R 

sequence, the one - contoured D d id  not mask the  two  - 
contoured R;  (b)  the  R 3 D+Rt sequence yielded an in te r -  

mediate degree of proactive masking; and ( c )  the D+R9 3 R+R" 

configuration produced yet  g rea te r  masking, comparable t o  

t h a t  i n  the  R+Rtt -> D+Rt sequence, That is ,  as t h e  number 

of contours involved increased t o  three  and four ,  an N - 
contoured stimulus proactively masked an N + l  - contoured 

stimulus a s  e f f e c t i v e l y  a s  an N + 1  - contoured f igure  masked 

one of N contours. 



Discussion 

The results obtained for the one-contoured disk and 

the two-contoured ring stimuli w e r e  in general agreement 

with earlier studies employing similar stimuli. Speci- 

fically, this study found that certain temporal 

limitations the presentation of the disk 3 ring sequence 

resulted in masking of the disk, - 0 reporting only the 
presence of the ring, an outcome well-substantiated by an 

extensive literature. Consistent with Kolers & Rosner's 

(1960) and Alpern's (1953) results, the probability of 

seeing the disk (target stimulus) was greater when it was 

exposed for a longer duration. 

The pattern followed by the data as a result of pro- 

longation of the ring (masking stimlus) was also similar 

to that found by Alpern (1953), who employed rectangular 

flashes of light. That is, the effectiveness of the 

masking stimulus increased rapidly at the shorter durations, 

longer exposures producing less change. However, whereas 

Alpern's results maintained asymptotic masking levels for 

the longer mask durations, the present findings indicated 

a slight decrease in masking effectiveness for the longest 

duration (80 mseconds) as compared to the 40 msecond mask. 

Reversing the stimulus sequence, i.e., ring -$ disk, 

yielded results again in agreement with those of Werner 

(1935) and Kolers & Rosner (l960), the magnitude of retro- 

active masking being greatly reduced as compared to the 
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d i sk  + r ing  sequence. Further supporting Kolers & Rosner's 

da ta ,  a  proactive masking e f fec t  was found t o  operate 

concurrently with the  re t roac t ive  e f f e c t ,  although t o  a 

much l e s s e r  extent ,  a  form's masking potency being grea ter  

when it was presented second i n  the  sequence than when it 

w a s  f i r s t .  A s  i n  t h e  re t roac t ive  cases,  the  two-contoured 

r i n g  proact ively masked the one-contoured d i s k  t o  a grea ter  

extent  than the l a t t e r  masked the former. 

Although the  inter-st imulus values of 20 and 60 mseconds 

were chosen t o  l i e  within a temporal region y ie ld ing  

maximal masking e f f e c t s  (Kolers & Rosner, l960) ,  the  20 

msecond IS1 r e su l t ed  i n  cons is ten t ly  grea ter  masking l eve l s  

than t h a t  of 60 mseconds. This could have been p a r t i a l l y  

due t o  what Kolers and Rosner ca l l ed  "anchoring e f f e c t s , "  

whereby "The amount of masking obtained ...( was) found t o  

vary with the  range of conditions explored (p.8)," If IS1 

values of 60 and 80 mseconds had been assessed instead,  the  

IS1 of 60 mseconds might have produced more masking than 

d id ,  i n  f a c t ,  occur. 

The p o s s i b i l i t y  of eye movements occurring during the  

ISIs must a l so  be considered, s ince the  longer i n t e r v a l  

would allow grea te r  opportunity f o r  such movement and hence 

might lead t o  lower masking leve ls .  This i s  unl ike ly ,  how- 

ever, s ince i n  both cases the  stimulus f i e l d  f l a shes  

appeared t o  be (phenomenally) almost contiguous. I n  addi- 

t i o n ,  i n  p i l o t  sess ions i t  was noted t h a t  i f  t he  s t imuli  

were f lashed  a s  an - 0 was i n i t i a t i n g  a voluntary eye move- 
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rnent, he would repor t  seeing both stimulus forms, but they 

would obviously not be aligned properly, the  images 

appearing t o  overlap one another. This e f f e c t  was not 

reported i n  regular  experimental sess ions,  where - 0 w a s  

ins t ruc ted  t o  f i x a t e  h i s  gaze. A s  w i l l  be discussed,  

f a c t o r s  such a s  r e t i n a l  posi t ion of the  s t imulat ion and 

nature ( l i g h t  vs. dark) of the  inter-st imulus i n t e r v a l  

could have af fec ted  the  range of IS1 over which masking 

occurs. 

The inter-cycle i n t e r v a l s  examined, 3500 and 1750 

mseconds, produced s imi lar  masking l eve l s ,  which can 

reasonably be accepted, on the bas i s  of Kolers and Rosnerls 

f indings,  as providing independent masking t r i a l s .  It mas 

thought t h a t  the  shor te r  I C I  might have re su l t ed  i n  reduced 

masking l e v e l s  due t o  an addi t iona l  e f f e c t  from ttneighboring't 

cycles,  e.g., a given t a rge t  form could have been affected 

re t roac t ive ly  by i t s  normal masking stimulus a s  well  a s  

proact ively by the  second stimulus i n  the  preceding presen- 

t a t i o n  cycle. However, the  data  indicated t h a t  1750 

mseconds was probably a s u f f i c i e n t  time i n t e r v a l  t o  ensure 

independence between t r i a l s ,  given the values se lec ted  on 

the  o ther  parameters i n  the present study. 

A s  evidenced above, the da ta  f o r  stimulus forms of one 

and two contours, t he  disk and r ing ,  r e p l i c a t e  the  major 

f indings af Kolers and Rosner (1960) as well as those of 

Werner (1935) and Alpern (1953). Thus, the  present method- 

ology would seem t o  provide a reasonable b a s i s  f o r  examining 
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the  genera l i ty  of the  developmental advantage theory by 

extending the paradigm t o  s t imul i  of multiple concentric 

adjacent contours. 

The 2 : l  mask:target contour r a t i o  configuration 

(r ing:disk)  resu l ted  i n  a s izable  advantage i n  masking 

a b i l i t y  of the two-contoured f i g u r e  over t h e  one-contoured 

f igure .  The addi t ion of a concentric r ing  (R1)  t o  the 

o r ig ina l  d isk  yielded a three-contoured form which, when 

paired with the o r i g i n a l  r ing  ( R  + D+Rt  ; D+R1 3 R) main- 

ta ined the  masking advantage of t h e  N + 1  - contoured stimulus 

over the  N - contoured form, both i n  r e t roac t ive  and pro- 

ac t ive  aspects ,  The magnitude of t h i s  advantage, however, 

w a s  subs tan t i a l ly  decreased from t h a t  occurring i n  the  2:l 

contour r a t i o  case. This decrease i s  a t t r i b u t a b l e  t o  an 

increase i n  the effect iveness  with which the  two-contoured 

stimulus (R) masked the  three-cont oured stimulus (D+R1 ) , 
the  masking l e v e l s  f o r  the  reverse condit ion (masking of 

the  R by the  D+R1) remaining e f fec t ive ly  unchanged. 

This t rend establ ished by increasing the  number of 

concentric adjacent contours of the  paired s t imul i  t o  two 

and th ree  continued with the  addi t ion of a l a r g e r  outer 

r ing  (Rw) t o  the  o r i g i n a l  r ing ,  Rn  having i t s  inner  contour 

coincident with the  outer contour of D+R1.  When the  three-  

contoured D+R1 w a s  paired with the  four-contoured R+R" 

ne i the r  stimulus exhibited any appreciable masking advantage 

over the  other  i n  e i t h e r  r e t roac t ive  o r  proactive measures, 

Hence, Wernerls (1935) and Rolers & Rosnerls  (1960) 
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postulated developmental contour advantage i n  masking 

paradigms did not generalize t o  more complex s t imul i  con- 

ta in ing  multiple adjacent contours, That i s ,  the  2 : l  

mask:target contour r a t i o ,  which resu l ted  i n  considerable 

masking of the  one-contoured d isk  by the two-contoured 

r ing  (producing very l i t t l e  masking when the  r o l e s  were 

reversed),  was not simply a spec i f i c  case of a more general 

N + l : N  mask:target contour r a t i o  advantage s i t u a t i o n .  Above 

a c e r t a i n  number of concentric contours, the  stimulus 

having the  g rea te r  number of contours no longer re ta ined a 

tldevelopmental advantage" over the  other ,  t h e  N - contoured 

f igure  masking the N + l  - contoured f igure  t o  t h e  same extent  

the N+1 - contoured f igure  masked one of N contours. 

Certa in  f a c t o r s  determining the  magnitude of masking 

with the  d i sk  and r i n g  s t imuli  continued t o  operate i n  

s imi la r  fashion with the  more complex s t imul i .  The e f f e c t s  

of t a r g e t  and mask durat ion,  ISI ,  and I C I  remained 

r e l a t i v e l y  unchanged, and re t roac t ive  masking continued t o  

be more powerful than proactive masking. 

The present r e s u l t s  were obtained using monocular 

presentation.  However, s u f f i c i e n t  evidence e x i s t s  estab- 

l i s h i n g  t h a t  masking by pa t te rn  or  adjacent forms (e.g., 

d i sk ,  r i n g )  a l s o  occurs under dichoptic condit ions (Kolers 

& Rosner, 1960; Mayzner, T resse l t ,  Adrignolo, & Cohen, 1967; 

S c h i l l e r  & Wiener, 1963; Werner, 1940) t o  support the  con- 

jecture  t h a t  similar da ta  would have resu l ted  had dichpptic 

presentat ion been u t i l i z e d  i n  the current  study, This 
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would preclude the  hypothesis t h a t  t h i s  form of v isua l  

masking can be explicated so le ly  i n  terms of r e t i n a l  i n t e r -  

ac t ion ,  in t e rac t ion  between the t a r g e t  and masking s t imul i  

occurring a t  a c e n t r a l  locus. 

The r e t i n a l  loca t ion  which i s  stimulated has been 

shown t o  be an important determinant of the  magnitude of 

the  masking e f fec t .  Alpern (1953), using adjacent rec- 

tangular f l a shes  of l i g h t  i n  a metacontrast s i t u a t i o n ,  

found t h a t  when the center of the  t e s t  ( t a r g e t )  object was 

f ixa ted  v i r t u a l l y  no masking could be demonstrated, but a s  

the  f i x a t i o n  was sh i f t ed  so t h a t  the  s t imul i  f e l l  on the 

per ipheral  region of the  r e t i n a ,  masking increased a s  the  

dis tance from the fovea increased. Similar  r e s u l t s  were 

found i n  l a t e r  s tud ies  by Eriksen, Becker, & Hoffman (1970) 

and Stewart & Purce l l  (1970) employing l e t t e r  s t imul i  

masked by a r ing.  However, other  inves t iga tors  (Hecken- 

mueller & Dember, 1965; Kolers, 1962; S c h i l l e r ,  1965; 

Werner, lW0)  have obtained masking with c e n t r a l  f ixa t ion .  

Kolers and Rosner (1960) reported da ta  pr imari ly  using 

per ipheral  presentat ion of s t imul i ,  but a l s o  noted t h a t  

foveal  masking d id  occur, although it was much l e s s  

extensive than masking i n  the periphery. This might account 

f o r  the  general ly  lower masking l e v e l s  and the  somewhat 

more r e s t r i c t e d  range of inter-st imulus i n t e r v a l  over which 

maximal masking occurred i n  the current  study,  i n  which 

c e n t r a l  f i x a t i o n  was employed, a s  compared t o  Kolers and 

Rosner's data.  

Another f a c t o r  contributing t o  t h i s  discrepancy may 
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be the nature of the inter-stimulus interval itself. 

Kolers and Rosner used an illuminated blank field during 

the IS1 and ICI, while here both intervals were dark. 

Although this variable has for the most part been ignored 

by previous investigators, Stewart and Purcell (1970) 

demonstrated that a lighted IS1 significantly enhances 

the masking effect. 

The effects of the adaptation level of the - 0 have not 

been systematically examined in earlier studies of visual 

masking by adjacent forms, nor does the present methodology 

afford an analysis of such effects. The frequent stimula- 

tion by repeated presentations of the target and mask 

fields would affect - 0's adaptation level in a complex 
fashion, depending upon the intervals between flashes, 

field luminance, and duration of exposures. However, the 

procedure followed provided reasonable control in that 

each block of sixteen trials occurred under similar con- 

ditions of adaptation, being preceded by a 30 second dark 

interval and a 5 second dim, red, fixation point, and since 

the blocks, as well as the trials within each block, were 

presented in random order, systematic biasing of the 

results is unlikely. The initial state of adaptation for 

the experimental trials was the result of pre-adaptation 

to normal room illumination followed by approximately two 

minutes of dark adaptation, sixteen practice trials, and 

35 seconds of darkness (the fixation point being on far 

the last 5 seconds). It was hoped that the practice trials 



i uniform pat te rn  of adaptation f o r  the  experimental t r i a l s ,  

which followed the same sequence of st imulation and dark- 

ness. The f i v e  minute r e s t  period occurring i n  the  middle 

of each session was spent under very dimly l igh ted  room 

conditions. 

Attempts t o  explain the processes involved i n  v i sua l  

masking of the  kind exhibited i n  t h i s  study and the e f f e c t s  

of various contour re la t ionships  have generally centered 

around temporal summation of luminance and cont ras t  dis-  

crimination, f a i l u r e  of the perceptual system t o  resolve 

"impossible" motion, and various models encompassing 

l a t e r a l  inh ib i to ry  processes, a s  reviewed i n  t h e  Introduction 

sec t ion  of t h i s  repor t .  A t  present,  none of these theor i e s  

seems wholly adequate t o  account f o r  the da ta .  While an 

explanation i n  terms of a  reduction i n  the e f f e c t i v e  cont ras t  

of a f i g u r e  might apply i n  the case of masking by a  l i g h t  

f l a s h ,  o r  when t a r g e t  and mask luminances a r e  unequal, 

when the  s t imul i  a r e  of equal in t ens i ty  it cannot account 

f o r  U-shaped masking functions as IS1 increases  (not ex- 

amined i n  d e t a i l  here) ,  nor does it d is t inguish  between 

the  d i sk  -) r i n g  sequence and the  r ing  + d i sk  sequence, which 

do not y ie ld  s imi la r  masking leve ls .  

The present f indings concerning s t imuli  of multiple 

adjacent contours perhaps bear more d i r e c t l y  on the 

hypothesis r e l a t i n g  masking t o  apparent movement (Kahneman, 

1967; S c h i l l e r  & Smith, 1966). The disk r i n g  sequence 
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i s  analyzed i n  terms of the  disk outward i n  a l l  

d i rec t ions  simultaneously, an "impossiblen movement which 

cannot be resolved by the  perceptual system, The reverse 

sequence, r ing  3 d i s k ,  i s  not discussed, However, since 

l i t t l e  masking occurs i n  t h i s  order,  it might be assumed 

t h a t  the  condit ions f o r  apparent motion do not  apply i n  

i d e n t i c a l  fashion,  i , e , ,  the r i n g  i s  not perceived a s  

"shrinking" t o  form the  disk. If t h i s  d i s t i n c t i o n  i s  

accepted, the  r e t roac t ive  masking r e s u l t s  f o r  the  more 

Complex s t imul i  seem t o  form a contradiction.  While the 

greater-contoured (and l a r g e r )  R+RW successful ly  masked the 

D+R1 i n  the  D+R' $ R+R" sequence (analogous t o  the  D $ R 

sequence), the  reverse case,  R+Rtl 3 D+Rt , now yielded 

equally low masking l eve l s ,  To be t h e o r e t i c a l l y  consis tent  

t h i s  would be analyzed a s  the l a rge r  f i g u r e ' s  components 

r'shrinking imposs ib ly~ i n t o  the  smaller form, which was 

not t h e  case f o r  the  r ing  9 disk  sequence. This discrepancy 

would seem t o  form an obstacle f o r  the  llimpossiblelt move- 

ment hypothesis. Apparent movement might account f o r  some 

of the  v isua l  masking da ta ,  but the  parameters governing 

i t s  a p p l i c a b i l i t y  remain t o  be specif ied,  

A s imi lar  problem i s  encountered when attempting t o  

reconci le  the  present data with the  l a t e r a l  i n h i b i t i o n  

theor i e s  f o r  masking, The s p a t i a l  re la t ionships  deter-  

mining the  amount of inh ib i t ion  a r e  not s t r i c t l y  defined, 

and how the models would resolve the  following r e s u l t s o i s  

not c l ea r :  I n  the  D 3 R sequence the surrounding r ing  (R) 



inhibited the neurons responding to the 

(according to the lateral inhibition moc 

target disk 

lel proposed 

Weisstein, 1968) and thus the disk was not perceived. In 

the R + D sequence the smsller stimulus, D,.did not greatly 
inhibit the larger ring, If it is the case that a larger, 

surrounding stimulus is a more powerful inhibitor of a 

smaller, enclosed stimulus, then contradictory results are 

provided by the R+Rt' + D+R1 sequence in which the smaller 
stimulus inhibited the larger stimulus to the same extent 

the latter did the former in the reverse order. That is, 

if the inhibitory processes at the contours of a figure 

act to interfere with the formation of adjacent contours, 

the models would predict that the smaller, enclosed figure, 

all of whose contours were coincident with those of the 

greater-contoured form, would be rendered "contourlesstt and 

hence not be perceived. However, the finding that a 

surrounding figure was "inhibited" by a smaller figure 

(e.g., in the R+R1* J D+R1 configuration) seems inconsistent 

in that there was no adjacent contour to interfere with the 

formation of the outer contour of the larger form. Further 

difficulties arise when results for both retroactive and 

proactive masking are considered. Certain temporal 

relationships involved in lateral inhibition are not clear, 

and the conditions under which the second stimulus will 

inhibit the first or under which the first form will inhibit 

the second are not specified. 

Despite certain weaknesses, the models incorporating 



l a t e r a l  inh ib i to ry  processes i n  accounting f o r  v isua l  

masking of fer  a promising approach i n  t h a t  they can be 

formulated so t h a t  they present a uni f ied  explanation f o r  

both Type A and Type B masking functions (monotonic and 

U-shaped, respec t ive ly) ,  as well as re lying only on 

"c la s s i ca l "  neuronal inhiDitory mechanisms which appear t o  

play an important r o l e  i n  the c lose ly  r e l a t e d  v i sua l  phenom- 

enon of contour enhancement (border cont ras t )  o r  Mach bands 

(Ra t l i f f  , 1972 ; Rat l i f  f  , Hart l i n e ,  and Mil le r ,  1963). It 

should be noted t h a t  these theor ies  a re  usua l ly  b u i l t  upon 

c e r t a i n  c r u c i a l  assumptions drawn from simpler neuronal 

s t ruc tu res  than the  human cortex,  and a s  such they often 

lack d i r e c t  empirical support. 

I n  reviewing t h e  vast  and diverse body of l i t e r a t u r e  

on v i sua l  masking and re l a t ed  top ics ,  it might be argued 

t h a t  t h i s  d i v e r s i t y  has lead t o  a c e r t a i n  amount of con- 

fusion. Differ ing methodologies have made t h e  t a sk  of 

comparing and in teg ra t ing  r e s u l t s  extremely d i f f i c u l t .  It 

now seems l i k e l y  t h a t  there  a re  several  contr ibut ing f a c t o r s  

involved, and the t a sk  presented i s  one of determining the  

nature of these processes, the  condit ions under which they 

operate, and the  extent  of t h e i r  e f fec t s .  
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Appendix A: Analysis of Variance Table - 
Retroactive masking (frequency of 
reporting Stimulus 1) as a function 
of Configuration (number of contours), 
Target duration, Mask duration, ISI, 
and ICI. 

N + N+1 contour sequence 

Source df= MSS- F= p< 

Configuration 
-borders- (B) 2 
Target dura-- 
tion (T) 
Mask duration 

( M I  
IS1 (I) 
ICI (C) 
Subjects ( 8 )  
sXB - 
SxI 
BxI 
sxc 
BxC 
IxC 
SXT 
BXT 
IxT 
CXT 
SXM 
BXM 
IxM 
CXM 
TxM 
sax1 
SxBxC 
SxIxC 
BxIxC 
SXBXT 
SxIXT 
BxIxT 
sxcxlt 
BxCxT 
IxCx'J? 
SxBxM 
SxIxM 
BxIxM 
SxCxM 
BxCxM 
IxCxM 
SxTxM 
BxTxM 
IxTxM 



Appendix A - continued 

Source df= MSS= I?= p< 

CxTxM 9 .852 .459 ns 
SxBxIxC 4 4.68 -- -I 

SxBxIxT 12 9.35 -- -- 
SxBxCxT 12 3.14 _- -- 
SxIxCxT 6 5.08 .- -- 
BxIxCxT 6 3.25 3.40 -- 05 
SxBxIxM 12 28.17 -- 
S x B x C ~  
SxIxCxM 
BxIxCxb! 
SxBxTxM 
SxIxTxPn 
BxIxTxM 
SxCflxM 
BxCxTxM 
IxCxTxM 
SxBxIxCxT 



Appendix B: Analysis of Variance Ta'ble - 
Retroactive masking (frequency of 
reporting Stimulus 1) as a function 
of Configuration (number of contours), 
Target duration, Mask duration, ISI, 
and ICI. 

N+1 S N contour sequence 

Source df= MSS= F= P <  

Configuration 
-borders- (B) 
Target dura- 
tion (T) 
Mask duration 

(MI 
IS1 (I) 
ICI (C) 
Subjects (S) 
SXB - 
SxI 
BxI 
sxc 
BxC 
IxC 
SxT 
BXT 
IXT 
CXT 
SXM 
BxM 
Ixrd 
CxM 
TxM 
SxBxI 
SxBxC 
SxIxC 
BxIxC 
SXBXT 
SxIxT 
BxIxT 
SxCxT 
BxCxT 
IxCxT 
SXBXM 
SxIxM 
BxIxM 
SxCXM 
BxCxM 
IxCxM 



Appendix B - continued 

Source df = WS= F= p < 
SxTxM 
BxTa 
IxTxBd 
cmXM 
SxBxIxC 
SxBxIxT 
SxBxCxT 
SxIxCxT 
BxIxCxT 
SxBxIxM 
SxBxCxM 
SxIxCxM 
BxIxCxM 
SxBxTxM 
SxIxTxM 
BxIxllxM 
SxCxTxM 
BxCxTxM 
IxCxTxM 
SxBxIxCxT 
SxBxIxCxM 
SxBxIxTxM 
SxBxCxllxM 
SxIxCxTxM 
BxIxCxTxM 
SxBxIxCxTxM 



Appendix C: Analysis of Variance Table - 
Proactive masking (frequency of 
reporting Stimulus 2) as a function 
of Configuration (number of contours), 
Target duration, Mask duration, ISI, 
and' ICI. 

N + N+1 contour sequence 

Source df = E S =  F= p< 

Configuration 
-borders- (B) 
Target (stim 2) 
duration (T) 
Mask (stim 1) 
duration (M) 
IS1 (I) 
ICI (C) 
Subjects (S) 
SXB - 
SxI 
BxI 
sxc 
BxC 
IxC 
SxBd 
BxM 
IXM 
CxM 
SXT 
BxT 
IXT 
CxZ! 
TxM 
SxBxI 
SXBxC 
SxIxC 
BxIxC 
SxBxM 
SxIxM 
BxIxM 
SxCxM 
BxCxM 
IxCxM 
SxBxT 
SxIxT 
BxIxT 
SxCXT 
BxCxT 
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Appendix C - continued 

Source df= MSS= I?= p <  

IxCxT 
SxTxM 
BxTxM 
IxTxM 
CxTxM 
SxBxIxC 
SxBxIxM 
SxBxCxM 
SxIxCxM 
BxIxCxM 
SxBxIxT 
SxSxCxT 
SxIxCxT 
BxIxCxT 
SxBlrlPxM 
SxIxTxM 
BxIxTxM 
SxCxTxM 
BxCxTxM 
IxCxTxM 
SxBxIxCxM 
SxBxIxCX!c 
SxBxIxFxM 
SxBxCx!l?xM 
SxlxCx!l?xM 
BxIxCxTxM 
SxBxIxCx!I?xM 



Appendix D: Analysis of Variance Table - 
Proactive masking (frequency of 
reporting Stimulus 2) as a function 
of Configuration (number of contours), 
Target duration, Mask duration, ISI, 
and ICI. 

N+l + N contour sequence 

Source df= WS= F= p< 

Configuration 
-borders- (B) 2 

Target (stim 2) 
duration (T) 3 
Mask (stim-1) 
duration (M) 
IS1 (I) 
ICI (c j 
Subjects (S) 
SXB 
SxI 
BxI 
sxc 
BxC 
IxC 
SXM 
BxM 
IXM 
CXM 
SxT 
Bxl! 
IxT 
CXT 
TxM 
SxBxI 
SxBxC 
SxIxC 
BxIxC 
SxBxM 
SxIxM 
BxIxM 
SxCxM 
BxCxM 
IxCxbd 
SxBxT 
SxIxT 
BxI- 
sxce 



Appendix D - continued 

Source df = MSS= F= p4 

BxCxT 
IxCxT 
SxTxM 
BxTxM 
IxTxM 
Cx!TxM 
SxBxIxC 
SxBxIxM 
SxBxCxM 
SxIxCxM 
BxIxCxM 
SxBxIxT 
SxBxCxT 
SxIxCxT 
BxIxCxT 
SxBflxM 
SxIxTxM 
BxIxTxM 
SxCxTxM 
BxCxTxM 
IxCxTxM 
SxBxIxCxM 
SxBxIxCxl! 
SxBxIxTxM 
SxBxCxTxM 
SxIxCxTxIvl 
BxIxCflxM 
SxBxIxCxTxM 


