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Abstract-Metacontrast is usually explained as a suppression of target contour. Here we demonstrate 
brightness suppression of a contourless area of a target by an adjacent mask. This ‘*area suppression” 
cannot be due to contour suppression. Nevertheless, it follows a U-shaped function of time similar 
to those obtained in traditional metacontrast. except that “forward masking” is equal in strength 
10 backward masking. An explanation in terms of interference with a “filling-in” process is proposed. 
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ISTRODUCTION 

In traditional metacontrast the target (T) is a small 
bounded figure surrounded by a larger mask (M); e.g. 
a disk surrounded by an annulus. When metacontrast 
occurs the entire T figure, including its bounding con- 
tours, appears dim or even invisible; we refer to this 
effect as “figure suppression”. When T and M are 
of equal luminance “U-shaped” functions of time are 
typically obtained; i.e. there is little or no suppression 
when T and M are simultaneous, and suppression 
is at its maximum when M follows T with onset 
asynchrony of from 50 to 100 msec, depending on 
many factors (Alpern, 1953; Breitmeyer and Ganz, 
1976; Lefton, 1973). 

The figure suppression of traditional metacontrast 
is considered here to include two separate effects. 
These are “contour suppression”, i.e. the suppression 
of the bounding contours of the target, and “area sup- 
pression”, i.e. the suppression of the bounded area 
of the target. Metacontrast has long been assumed 
to be primarily a contour suppression effect (e.g. 
Werner. 1935) and area suppression has either been 
ignored or assumed to be a result of contour suppres- 
sion. There have been some who have questioned this 
assumption; for example, Kolers (1962) showed that 
under some circumstances area suppression follows 
a differently shaped function of time interval than 
contour suppression. Nevertheless, recent theories of 
the U-shaped function seem to depend on the 
assumption that metacontrast is primarily a contour 
suppression effect (e.g. Breitmeyer and Ganz, 1976). 
Weisstein, ozog and Szoc (1975) explicitly attribute 
suppression of target area to suppression of its 
bounding edges. In this paper we demonstrate area 
suppression in the absence of contour suppression, 
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We show that, even though this area suppression can- 
not be attributed to contour suppression, it neverthe- 
less foIlows a U-shaped function of time similar in 
some respects to that of traditional metacontrast. 

METHOD AND PROCEDURE 

The visual display shown in Fig. 1 was presented with 
a three-field Iconix Tachistoscope. T was an evenly illu- 
minated white disc 5’ in diameter. M was two white 
squares I” on a side, separated by a I” gap. Luminance 
was 64 cd/m’. Durations of T and M were 20 msec. and 
onset asynchrony between them was varied. 

A total of nine observers was used. All were naive as 
to the purposes of the experiment; all had normal or cor- 
rected to normal vision, and all were paid. 

In Experiment I. two presentations were made at each 
asynchrony value. each lasting 2 sec. An 8” square adap- 
tation field of 64 cd/m2 luminance, containing a central 
fixation spot, was viewed between presentations. This 
adaptation field was offset 1 set before onset of rhe mask 
in each presentation: this was necessary to prevent inter- 
ference of the fixation spot with the apparent brightness 
of the central area of the target disc. We estimate, based 
on data of Matin, IMatin and Pearce (1970). that eye drift 
during this time was less than 20’ of arc. Nineteen values 
of onset asynchrony between T and M were used ranging 
from -400 msec (M preceding T) to +400 msec. Ten trials 
at each of the nineteen onset asynchronies were run for 
each of five observers, using a random block design. 

Observers were instructed to keep fixation centered and 
make magnitude estimations of the brightness in one of 
two areas: (i) the area corresponding to the center of the 
target disc, or (ii) the area corresponding to the outside 
edge of the disc. Since these areas varied in apparent 
brightness from moment to moment it was necessary to 
specify the time at which the judgement was to be made; 
thus in Experiment I observers were instructed to rate 
brightness at “the moment the disc flashed.” The adap- 
tation field was used as the standard; observers were in- 
structed to rate the area 10 when it looked as white as 
the adaptation field. and zero when it looked black. In 
each pair of presentations observers rated center and then 
edge or vice versa. in random order. 

In Experiment 2 T and M were presented in a sequence 
which was repeated every 250 msec. This 250 msec repeti- 
tion rate has been shown to produce the appearance of 
a continuously present (though flickering) figure (Haber 
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Fig. 1. Display configuration. Both T and M were evenly 
illuminated white figures against black backgrounds. 

and Standing. 1969). Despite this flicker. the apparent 
brightness of a particular area in the display remained con- 
stant over time; thus it was not necessary to specify the 
“moment” at which ratings were to be made. No adap- 
tation field was used. nor was a fixation point present. 

Four observers were used. different from those in Experi- 
ment 1. Since no adaptation field was present the disc edge 
was used as a standard. and observers made magnitude 
estimations of only the disc center. They were instructed 
to rate the center 10 if it looked as white as the edge. 
and zero if it looked black. Since no fixation point was 
present observers were instructed to fixate the apparent 
center of the disc while making their judgments. 

Onset asynchrony was varied in a modified method of 
limits to determine the threshold onset asynchrony, i.e. that 
asynchrony at which the observer first reported the center 
to be black. Starting from zero, onset asynchrony was in- 
creased in either positive or negative direction in incre- 
ments of 10 msec. (Because of the 250 msec repetition rate 
any asynchrony could be described as either positive or 
negative, i.e. a 50msec positive asynchrony was also a 
200 msec negative. The convention here was to use the 
shorter asynchrony as the descriptive one.) When a zero 
rating was obtained the direction was reversed, until zero 

ashnchronj was again reached. This procedure U.I~ 
repeated ti\s times for positive and for nsqtibe onw 
a>nchronies for each of three lumlnunx values: 16. 32 :~nci 
64cd m’. 

Erperirnmr 1 
RESLLTS 

The mean center and edge bri_+tness judgements 
made by the five subjects in Exprnment 1 are shown 
in Fig. 2. It can be seen that brightness of both center 
and edge areas is slightlv depressed at short asynch- 
ronies relative to long. ‘i.e. the apparent brightness 
of the entire disc is diminished w-hen the squares are 
presented close to it in time. (The points at +400 
msec asynchrony were compared with those at zero 
asynchrony, for center and edge judgements. Each of 
these four comparisons was significant by Wilcoxon 
T: P < 0.01.) It can also be seen that the center is 
always judged dimmer than the edge. This difference 
is more or less constant at asynchronies with absolute 
values above 160 msec. 

Of particular interest here is the shape of the center 
function between - 160 and + 160 msec. It can be 
described as two U-shaped curves. One curve has a 
minimum at about -70 msec asynchrony; it is a for- 
ward masking, or paracontrast curve. The other has 
a minimum at about +50 msec: it is a backward 
masking, or metacontrast curve. Both minima are sig- 
nificantly below the maximum which occurs at zero 
onset asynchrony. (For -60 msec. II = 28. Wilcoxon 
T= 9.2, P < 0.01; for +60 msec. II = 26, Wilcoxon 
T = 21.3, P < 0.01.) It is these U-shaped curves which 
we take to be evidence of area suppression. 

The U-shapes of area suppression indicate a back- 
ward masking function similar to that of traditional 
metacontrast. However, the forward masking effect in 
area suppression is equal in strength to backward; 
this is not true in traditional metacontrast, where for- 
ward masking. or paracontrast. is generally weak or 
non-existent (Alpern. 1953: Kolers and Rosner. 1960). 

Experiment 2 

Figure 2 also shows the center brightness judge- 

-*- Edge 
- Center 
--+-- Center 

(repetWe dsplay) 

Onset asynchrony. msec 

Fig. 2. Brightness ratings as a function of onset asynchrony. x -ratings of edge, C-ratings of center, 
with single presentation of display, Experiment I. Average of five observers. O-ratings of center with 
a 250 msec repetition rate, Experiment 2. Average of four observers. Negative asynchronies indicate 

that the mask squares preceded the target disc. 



ments of Experiment 2 averaged over four subjects with a bright edge was important in chciting reports 

and three luminance values. Because of the sqWntid of a dark disc center at “the time the disc flashed”. 

rating method used. the ratings are not truly indepen- It was particularly dramatic with the display of Ex- 

dent. Only the values of threshold asynchrony (i.e. periment 2. Here the brightness of particular areas 
the asvnchrony at which a zero brightness rating was 
first given by the subject) were used as a measure 

of the display appeared more or less constant through 
time as depicted in Fig 3, even though the displa) 

of the area suppression effect for the purposes of appeared to flicker strongly. Position of 6xation did 
determining the elfect of luminance on suppression. not seem to influence this appearance as long as fixa- 
For the 16, 32 and 64 cd/m’ luminance levels the tion was left roughly within the area betwren the 
avcrag positive threshold as)-nchronies were 23. 57.5 squares. Our impression was that, with more eccentric 

and 17.5 msec. The average neyative asynchronies fixation. e.g. outside the disc itself. the suppression 

uere 57, 62 and 61.5 msec. ASOVA showed no signifi- effect was diminished. This is in contrast to tradi- 

cant effect of luminance (F < I). tional metacontrast. which is strengthened by eccen- 

It can be seen that the apparent brightness of the tric fixation (Alpern. 1953). 

center has a maximum at zero onset asynchrony. and A similar “shading” cffcct occurs in stabilized image 

falls with an increase of asvnchrony in either positive 
or negative direction. This indicates equally strong 

experiments where one bounding contour of a figure 
is stabilized (Grrrits and Vendrtk. 1970) and in classi- 

forward and backward masking. and is essentially cal metacontrast displays where the target is only 
similar to the results of Experiment I. However. in partly bounded by the mask (Stigler. 1910: Werner. 

Experiment Z there is a much steeper drop in briyht- 1935). It also occurs in demonstrations of binocular 
ness than in Experiment I, uith apparent brightness rivalry (Levelt. 196-t). In fact. a reasonable approxima- 
reaching zero between 50 and 60 mxc (“threshold tion of the display appearance can be created without 
asynchrony”). Also, brightness does not increase at a tachistoscope by simply viewing a large disc with 
longer asynchronies in Experiment 2. and the curve the left eye and smaller squares with the right eye. 
is not. in a strict sense, U-shaped. The lack of bright- Another similarity to binocular rivalry occurred if 
ness increase at long onset asynchronies can be most there were small black markings on the white disc 
simply.attributed to the fact that. with the 250 msec surface. Even if these markings vvcre in the area which 
repetition rate. longer negative asynchronies become had its brightness suppressed. the black markings 
shorter positive ones. and vice versa. were clearly visible. surrounded by a white “haId*. 

Since the edge was used as a standard. no data Although the backward and forward masking 
are available as to its actual apparent brightness effects in Experiment I were measured to be of equal 
change. On the basis of informal observation it can strength. they seemed to differ in appearance. One 
be said that edge brightness was csscntially un- aspect of this difference is that the black halo around 
changed with variation in asynchrony. the mask seemed broader with backward than with 

The repetitive display of Experiment Z produces a forward masking. 
considerably stronger masking effect than the longer The mask squares were bright white and highly 
repetition period of Experiment I. as can be seen from visible at all asynchrony values. At long asynchronies 
the amplitude of the brightness function. The presence they appeared white against a black background, as 
of strong suppression with a repetitive display of shown in Fig. 3. At short asynchronies the mask 
short period is a second departure from traditional squares appeared white against a white background. 
metacontrast (the first being strong forward masking). and thus had a lowered edge contrast. but neverthe- 
A repetition period in the range of 250 msec destroys 
tradional metacontrast (Schiller and Smith. 1966): 

less appttared slightly brighter than they did at longer 
asynchronies. This mcrease in brightness would be 

it enhances area suppression. expected from the summation of the luminance of the 
The increased magnitude of area suppression in Ex- disc and that of the superimposed squares Khich 

periment ? can be attributed to two factors: (I) The would occur at short asynchronies. 
summation of forvvard and backward suppression No “split motion” accompanied area suppression. 
effects. (2) The lack of the instruction to rate “at the This split motion generally accompanies classical 
moment when the disc Hashed”. This instruction metacontrast with viewing conditions similar to those 
could uell have served to decrease suppression effects used here (see Stoper and Banffy, 1977). Motion 
in Experiment I by concentrating attention on what- between the outer edge of the disc and the squares 
ever could be seen of a homogeneous disc. did tend to occur at somewhat longer asynchronies- 

Apptwance of displq 
around X0 msec. (It was found in pilot studies that 
this motion was stronger. and occurred at shorter 

At very short asynchronies the appearance of the time intervals, when the shapes of T and M were 
display was of a homogeneous white disc with two more similar to each other. and when they were closer 
luminous white squares superimposed on it. At inter- 
mediate asynchronies the appearance of the display 

together. The presence of this motion indicated poor 

was as shown in Fig. 3. The center seemed dark. often 
circumstances for elicitation of area suppression. since 

black. especially in Experiment 1. The edge of the 
it accompanied suppression of the entire T figure. and 

disc remained evenly bright along its entire length. 
obscured the appearance of “dark center-bright edge” 

The sharp discontinuity between black center and 
shown in Fig. 3. The display actually used *as 
designed IO minimize T to Xl motiont 

bright edge shown in Fly. 3 Has in fact not visible: 
instead there was a gradual. difficult to localize transi- 
tion. 

This appearance of a dark center in conjunction 

D1SCLss10.s 

The result of main concern to us here is that area 



Fig. 3. An impression of the appearance of the dispta~ when strong area suppression obtains. The 
center area of the disc looks black even thou_& it has the same lum~nan~ as the edge, uhich looks 
white. The transition between the black center and the white edge was not sharp. as draivn here. 

but was graduai and ditEcult to localize. 

suppression follows a U-shaped backward masking 
function similar to that of classicaf metacontrast, Atso 
of concern is the U-shaped forward masking curve. 
much stronger than is usuai in classical metacontrast 
or paracontrast displays. 

The U-shapes OF area suppression do not seem 
eapiicable by current theories of metacontrast. One 
explanation of the U-shape af traditional metacon- 
trast is that it is due to apparent motion between 
T and M (Kahneman. 1967); however, no such appar- 
ent motion accompanies area suppression. Another 
expkmation is that of the “sustained-transizat” 
theories (Brcitmeyx and Ganz. 1976; Matin. 1975: 
LVeisstcin cr (II.. 1975). These theories assume that 
metacontrast is due to the inhibition of sustained 
channels. uhich respond to the target pattern. by 

transient channels which respond to the mask tar to 
the combination of target and ma&t. The Cqshape 
is attributed to the difference in latm~ betwen the 
sustained and transient channels. Xecxssary to these 
theories is the assumption that the inhibited “target” 
channels respond to higher spatial frequencies than 
the inhibiting -mask” channels. But in the esperi- 
ments reported here there are no hi* or intermediate 
spatial frequencies in the area of the target which is 
suppressed-certainly none which are higher than 
those of the mask stimulus Other theories of meta- 
contrast do not assume inhibition is necessarily of 
high or intermediate spatial frequencies (Bridgman, 
1971: Bernstein. Proctor. Proctor and Shurman. 1973: 
Ganz. 1975): they are not subject to the same prob- 
lems. Howeusr. ail of these theories are designed to 
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explain the backward masking function of traditional 
metacontrast: they all fail to explain the strong for- 
ward masking shown here. 

Area suppression is easier to explain than tradi- 
tional metacontrast in that it does not require the 
assumption of a mechanism to suppress contours. The 
explanation we offer here is roughly along the lines 
of an explanation offered by Levelt (1964) for binocu- 
lar rivalry. The essential idea is that the contours 
present in the display determine its brightness values. 
with the contours closest to a particular area contri- 
buting most heavily to its brightness. We further 
assume the existence of a “filling m process by which 
contours or edges can influence brightness of areas 
at some distance from themselves. In the case of the 
time-varying display used here we make the following 
relatively commonplace assumptions: (i) Brightness 
signals for local retinal areas are generated at some 
low level in the visual system. (ii) A contour or edge 
signal is generated by the difference between adjacent 
brightness signals. This process would involve lateral 
inhibition. The edge signals. but not the brightness 
signals, are transmitted to the next higher level (see 
Cornsweet. 1970). (iii) A higher level representation 
of brightness of the visual scene is constructed by 
a process of “filling in” all areas by using information 
from the edge signals. This filling in process would 
work by the simple rule that brightness spreads from 
an edge through an area until it meets a “change 
signal”. i.e. another edge signal. (See Gerrits and Ven- 
drik, 1970. for a theory of such a filling in process). 
It is this higher level representation which the 
observer reports on. (iv) The low-level brightness sys- 
tem has a shorter time constant than the higher, t.e. 
it is capable of greater temporal resolution. 

At long asynchrony values the filling in process 
would be completed and the disc and squares would 
be seen as if presented independently, i.e. they would 
each appear evenly white. At very short asynchrony 
values the low-level system would fail to resolve 
brightness in time: the resulting brightness summa- 
tion would reduce the contrast of the outer edges of 
the squares. The display would appear as if target 
and mask were simultaneous. i.e. white squares 
against a white background. There will be some range 
of intermediate asynchronies at which the low level 
system can resolve the display. but the high level sys- 
tem can not. At these intermediate values the high 
contrast square edge signal would correctly indicate 
the background to be black, and the disc edge would 
correctly indicate, at a later (or earlier) time, the same 
area to be white. However. the more sluggish high 
level representation would not discriminate the two 
edge signals in time. These edge signals would thus 
give information to the effect that the same area is 
both black and white simultaneously. The appearance 
of Fig. 3. i.e. area suppression, is one resolution of 
this contradiction; the apparent brightness of a par- 
ticular area seems to be determined by the edge 
closest to that area. 

Thus area suppression can be said to result not 
from inhibition of target excitation by the mask but 
from an interference by the mask with the process 
of filling in of target brightness. On this explanation 
the U-shaped curve occurs because the time interval 
between T and M must be great enough to allow 

temporal resolution by the low level brightness sys- 
tem. but not so great as to allow resolution by the 
higher level filling in system. Since the order of T 
and M does not matter, two symmetrical U-shaped 
functions would result-one for T preceding. M (back- 
wards masking) and the other for M precedmg T (for- 
ward masking). 

To what extent can this explanation of area sup- 
pression be generalized to traditional metacontrastl 
Area suppression must be involved in some tradi- 
tional metacontrast displays. Consider a display 
where the target is a disc of duration 75 msec. the 
mask is a contiguous annulus of duration 150 msec. 
and onset asynchrony is zero. In the first 75 msec 
of this display, disc and annulus are presented 
together, creating a larger homogeneous disc (if the 
borders are truly contiguous). The next 75 msec con- 
sist of an annulus alone. This sequence is thus identi- 
cal to that of a large disc followed. at an SOA of 
75 msec. by an annuius with its inner contours super- 
imposed on a contourless area of the disc. This is 
the situation which would be expected. on the 
explanation offered here, to produce area suppression 
of the area enclosed by the annulus (informal observa- 
tions indicate that this display does produce such sup- 
pression). Thus, what might seem to be a traditional 
metacontrast effect can be explained entirely in area 
suppression terms. 

This explanation is not, however. applicable to the 
metacontrast produced when T and M borders are 
not contiguous, nor does it apply to the typical situ- 
ation where duration of T and M are equal and onset 
asynchrony is 50-100 msec. In these cases the border 
of T would produce an edge signal; there is no mech- 
anism in the explanation above to suppress such an 
edge signal once it is produced. The “sustained-tran- 
sient” theories described above do contain an edge 
signal suppression mechanism. Perhaps some com- 
bination of one of these theories with the area sup- 
pression explanation offered here would be desirable. 
However, on this combination theory the similarity 
in U-shapes for the two phenomena would be pure 
coincidence; they would be produced by two totally 
different processes. We find more attracttve the possi- 
bility that the same basic process underlies both 
phenomena. The low-level brightness process 
assumed here to underly area suppression is one can- 
didate for this basic process. We will present else- 
where a theory which assumes that it is the time con- 
stants of this brightness detecting process which con- 
trols the time course of not only area suppression. 
but traditional metacontrast as well. 
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