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Local brightness mechanisms sketch out surfaces
but do not fill them in: Psychophysical evidence

in the Kanizsa square

BIRGITI'A DRESP
Laboratoire de Psychologie Experimentale, CNRS, Unioersite Paris V, Paris, France

In two experiments, brightness enhancement of the illusory surface in the Kanizsa square was
investigated by means of a brightness matching procedure. The results show that specific prop
erties of the inducing elements such as size, spacing, and luminance have effects on the match
ing threshold that are similar to those previously obtained in experiments on simultaneous con
trast. The data from a third experiment demonstrate that increment thresholds measured within
the Kanizsa square are elevated when the target is flashed on a position close to the inducing
elements. The thresholds decrease considerably in the center of both test and control figures (rep
resenting or not representing an illusory square). These observations suggest that low-level mech
anisms are likely to explain local brightness differences within the configurations but not global
figure brightness. In other words, local contrast seems to generate brightness information that
"sketches out" surfaces at their surrounds but does not "fill" them "in."

Whether illusory figures such as the Kanizsa square
(Kanizsa, 1955) are "curious cases of simultaneous
brightness contrast" (Frisby & Clatworthy, 1975; see also
Brigner & Gallagher, 1974) is an old question that has
never really been settled. The few attempts (see, e.g.
Spillmann, Fuld, & Neumeyer, 1984) to investigate the
effects of brightness induction in illusory figures by means
of indirect psychophysics (by using procedures other than
scaling or rating) have not provided satisfactory estimates
of the phenomenon. Direct psychophysical measures,
based essentiallyon magnitude estimationprocedures (see,
e.g., Dresp, Lorenceau, & Bonnet, 1990; Watanabe &
Oyama, 1988), have shown that figural brightness (or
darkness when the inducing elements are white) in the
Kanizsa square increases with the size and the proximity
of the inducing elements. These findings, showing how
geometric properties of local configurations determine
global brightness or darkness, reveal similarities with
earlier psychophysical data from experiments on simul
taneous contrast patterns (e.g., Heinemann, 1955, 1972).

Using more or less formalized information processing
approaches, several authors (Gerrits & Vendrik, 1970;
Grossberg & Mingolla, 1985; Spillmann, Fuld, & Ger
rits, 1976; Ullmann, 1984) have demonstrated how neu
ral mechanisms, generally described in terms of lateral
inhibition, can account for various brightness phenom
ena. On the basis of their spreading capacity (Gerrits &
Vendrik, 1970), these mechanisms generate a diffusion
of brightness or darkness over a more or less large spa
tial scale.
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Across luminance steps (as present in gratings and sim
ilar patterns), such a diffusion gives rise to brightness or
darkness gradients, sometimes also called Machbandphe
nomena. Earlier experiments (see, e.g., Fiorentini, 1972)
have demonstrated that locally estimated thresholds for
luminance increment detection appear to be sensory corre
lates of such phenomenal variations, sustaining the idea
of a genesis at early stages of visual information pro
cessing.

As for surfaces surrounded by areas of opposite lu
minance, diffusive mechanisms might generate an even
spread of brightness or darkness via a process that is quite
often referred to as filling in (see, e.g., Gerrits & Ven
drik, 1970; Grossberg & Mingolla, 1987). A mechanistic
description of the filling-in process would be that luminous
(or dark) surrounds trigger an inwardly oriented propa
gation (and summation) of neural signals of differential
brightness. In the case of the Kanizsa square, the illusory
borders would act as barriers to brightness or darkness
propagation in very much the same way as real borders
(see, e.g., Grossberg & Mingolla, 1985).

One of the issues of the study reported here is to pro
vide psychophysical estimates of the parameters that de
termine the perception of bright or dark surfaces such as
the Kanizsa square. Although this figure seems to be a
rather particular stimulus, the results of the present in
vestigation indicate that global brightness effects are
generated in very much the same way as those produced
by configurations with closed surrounds.

A further question is that of the level of processing at
which homogeneous surface brightness or darkness arises.
If we can provide evidence that a spreading of local con
trast mechanisms is likely to generate evenly distributed
surface brightness, it will not be necessary to refer to
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higher processes of perceptual organization to account for
the perception of illusory and other forms. Whether low
level mechanisms provide a satisfactory explanation of
these phenomena or whether higher processes of percep
tual organization have to be taken into account is a cru
cial question. In other words, do local brightness and
figural brightness arise at the same functional level?

The third experiment in the present study shows varia
tions in thresholds for luminance increment detection ob
served within a homogeneously dark Kanizsasquare. These
results indicate that the global intensity of surfaces does
not seem to be generated at early stages of processing.

EXPERIMENT 1

This first experiment was set up to test whether global
effects of induced darkness can be measured within the
Kanizsa illusion by an indirect psychophysical method.
The figures used here consisted of white inducing elements
displayed on a dark background. As a consequence, the
illusory figure appeared as a gray square on a phenome
nally less dark background, the physical luminance of both
areas being strictly identical. This situation was chosen
for essentially technical reasons. Although the effects with
dark inducers on a white background would probably not
be symmetrical, there is no reason to doubt that the gen
eral tendencies would lead to essentially the same con
clusions (see, e.g., Spillmann et al., 1984).

Estimates of darkness induction obtained through a
matching procedure might settle the question of whether
or not Kanizsa squares are "curious cases of simultaneous
contrast." Tasks in which the observer has to make light
ness matches between a test and a comparison field by
manipulating the luminance of the test field, as well as
increment threshold procedures, are widely used to mea
sure the effects of brightness or darkness induction (see
Wyszecki, 1986, for a review). The inducing field may
increase or decrease the brightness of a test field, depend
ing on the relative luminances of thetwo stimuli. Geometric
parameters such as size and separation of the two fields
have a determining influence on induced brightness. Earlier
experiments have shown that induction effects increase
when the size of the inducing field increases or the dis
tance between the test field and the inducing field decreases
(Heinemann, 1955, 1972). In the study described here, ob
servers were asked to manipulate the luminance of Kanizsa
squares so that the darkness of the square surface matched
the darkness of the background of the figure. If simulta
neous contrast effects account for the perception of the il
lusory square, the induced darkness as reflected through
the measures of perceived equality in this experiment
should increase when the size of the inducing elements in
creases and their separation decreases.

Method
Subjects. Four subjects participated in this experiment. One of

them was the author herself. All 4 observers had normal vision,
and 3 of them were not aware of the purpose of the experiment.
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Materials. The stimuli were presented binocularly on a high
resolution video monitor (Visionor Model M 51 CHR No. 1007,
Lille, France). They were generated through a PC-~ompatible com
puter (Olivetti M 24) with the use of a special graphics adaptor
(GALAXY ref. SA-1019A, Evroz, Tel Aviv) that provided a dis
play of 1,024 x 768 pixels (horizontally x vertically) at a 6O-Hz
frame rate (noninterlaced). The pixel size was 0.33 xO.33 mrn. The
stimuli were 12 versions of the Kanizsa square with varying size
and spacing of the four inducing elements (see Figure I). Four inter
element distances were combined with three element sizes. Thedis
tances were 20, 60, 100, and 140 pixels; the three diameters of
the inducing elements were 20, 60, and 100 pixels (1 pixel =
0.025°). The luminance of the inducing elements was 68 cd/m';
the luminance of the background, II cd/m'. The gray levels of the
test surface were obtained through combinations of RGB signals,
carefully calibrated with a CS 100 Minolta photometer.

Procedure. Points of subjective equality (PSE) were measured
by means of an adaptive plus or minus procedure derived from Tyler
(1987). This staircase method leads to a rapid convergence of the
gray values near the asymptotic matching level. Stopping criteria
are continuously calculated on the 15 preceding trials according to
the following principle: A PSE is reached when the slope of the
function relating the matched luminance to the rank of the trial is
equal to O± I and its intercept corresponds to 50% responses of
one category. With this procedure, an average of 50 trials is nec
essary for measuring one PSE.

The experiment was run in a dark room. Each observer was placed
in front of the screen at a viewing distance of about 75 em and the
head position was stabilized by means of a head- and chinrest. On
each trial, the subject had to decide, as fast as possible, whether
the surface of a given Kanizsa square was darker or brighter than
the background of the figure. "Darker" was followed by an incre
ment, "brighter" by a decrement, in the luminance of the square.
The level that was given to start the procedure varied randomly
from measure to measure, to ensure that the numbers of increment
and decrement trials were balanced.

The observers had to look at the center of the screen, where a
white pixel, of weak luminance but clearly visible, indicated the
fixation point during the presentation intervals. Responses were re
corded by means of two response keys. Presentation time of the
figures was about 400 msec (25 frames). Within each experimen
tal session, matching thresholds were measured for each of the 12
Kanizsa figures. The presentation order of the figures within each
session was randomized. Each subject had to go through five ex-

Figure 1. A Kani7sa squarewith white inducing elementson a dark
background. This conf"JgIII'ation gives rise to strong darkness en
hancement in the center of the square, as demonstrated through
direct psychophysical scaling (see Dresp, Lcreneeau, & Boonet,
1990).
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Figure 2. Induction effects, as a function of size and spacing of the inducing ele
ments (Experiment 1). The induction effect expresses the difference between the
PSE and the luminance of the comparison field, which was the background of the
configurations in this experiment. The curves show that induction effects decrease
when the spacing of the inducing elements increases and their diameter decreases.

perimental sessions and was dark adapted at the beginning of each
session.

EXPERIMENT 2

Results and Discussion
The results of this experiment are shown in Figure 2.

The PSEs show that the subjects adjusted the luminance
of the test field (the square) to a level higher than the
intensity of the comparison field (the background of the
figure). Such a result is generally observed when a light
inducing field increases the darkness of a test field
(Heinemann, 1955, 1972). In the Kanizsa square, the
white inducing elements increase the darkness of the
square in the center of the figure relative to the darkness
of the background. Furthermore, this induction effect in
creases when the size of the inducing elements increases
and their separation decreases. The effect of each factor
was statistically significant [F(2,6) = 55.936, p < .05,
and F(3,9) = 36.413, p < .05, respectively]. The results
are consistent with earlier data obtained through cross
modality matching, a more subjective procedure (Dresp
et al., 1990).

This experiment shows that the inducing elements of
the Kanizsa illusion produce psychophysically measurable
effects comparable to those previously observed with stim
uli that give rise to simultaneous contrast. In this respect,
it provides an answer to an old question that cannot be
settled on the basis of phenomenal observation.

The degree to which local darkness enhancement is de
termined by the luminance of the inducing elements was
tested in a second experiment. Earlier studies have shown
that the effects of brightness or darkness induction increase
with the luminance of the inducing field (Heinemann,
1955, 1972).

Previous experiments in which the observers have had
to match the brightness of a test field to the brightness
of the illusory surface perceived in the center of the Ehren
stein figure (Spillmann et al., 1984) suggest that signifi
cant effects of the luminance of brightness- or darkness
inducing elements on the PSE are likely to be obtained
at low levels of figure-ground contrast. In the following
experiment, at a constant background level, the effect of
different intensities was tested, beginning with a lu
minance at which the inducing elements were just dis
criminable from the background. It is difficult to make
predictions concerning the function that relates the
strength of brightness enhancement of a surface to the lu
minance of the inducing elements. Earlier studies done
with the Ehrenstein figure failed to provide satisfactory
estimates (see Spillmann et al., 1984).

Method
Subjects. The subjects were those who participated in Ex

periment 1.
Materials. The apparatus was that used in Experiment 1. The

stimulus in this second experiment was a single Kanizsa square with
light inducing elements of varying luminance. The effect of six dif
ferent intensitieson the PSE was tested: 14.40, 19.20,26.30,35.70,
48.10, and 68.30 cd/m'. The luminance of the background of the
figure was held constant at II cd/m'. The diameter of the inducing
elements was 100 pixels, and the distance between them at each
side of the square, 20 pixels.

Procedure. Thesame adaptive procedure as that for Experiment I
was used to measure PSEs. The presentation time of the figures
was about 400 msec (25 frames). All the intensity levels of the in
ducing elements were presented within each experimental session.
The presentation order of the six different luminances within each
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session was randomized. Each of the 4 observers had to go through
five experimental sessions and was dark adapted at the beginning
of each session.

Results and Discussion
The results of this experiment are represented in Fig

ures 3 and 4. The curves show that the subjective equal
ity level increases as the luminance of the inducing ele
ments increases. Similar observations have been made
earlier in simultaneous contrast experiments with a test
field surrounded by an annulus inducing field of varying
luminance (Heinemann, 1955, 1972). The effect was sta
tistically significant [F(5,15) = 22.014, P < .05]. A
power function was found to provide a satisfactory fit to
the experimental data (see Figure 5).

The consistency of the results of this second experiment
with data obtained in achromatic induction experiments
adds further support to the idea that simultaneous con
trast must somehow contribute to the genesis of the illu
sory phenomenon in the Kanizsa figure. However. the
rather global estimates from Experiments I and 2 do not
allow one to draw conclusions concerning the processes
that might explain how global figure enhancement is
generated. To decide whether mechanisms such as spread
ing lateral interactions constitute a satisfactory explana
tion, data on local information processing are necessary .

Estimates of local sensitivity provided through incre
ment threshold measures may give us useful information
about the spatial properties of the mechanisms that can
be assumed to be underlying, at least partly, this bright-
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Figure 3. Individual data obtained in Experiment 2. Induction effects tend to In
crease with increasing figure-ground contrast.
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Figure 5. The theoretical function that best represents the data of Experiment 2.
Induction effects appear to be related to figure-ground contrast by a power func
tion (r=.9954).

ness phenomenon. In a third experiment, we investigated
the effects of induced darkness on increment thresholds
measured at different positions within an illusory square
and a control configuration without figure enhancement.

EXPERIMENT 3

Increment thresholds for the detection of a small light
spot have been measured before in various stimulus con
figurations where simultaneous contrast is generated
(Cornsweet & Teller, 1965; Fiorentini, 1972; Jory, 1987;
Spillmann et al., 1984; Van Esen & Novak, 1974).
Changes in visual sensitivity, as reflected through incre
ment or decrement threshold variations in dark or bright
regions, are assumed to be related to changes in local pro
cessing of differential brightness (see Fiorentini, 1972,
for a review).

Earlier studies have shown that phenomenally strong
brightness or darkness enhancement in the center of sur
faces surrounded by inducing fields of opposite luminance
does not have a measurable effect on increment thresholds.
Such a conclusion was drawn by Cornsweet and Teller
(1965), who used a disk surface surrounded by an annu
lus of opposite intensity, as well as by Van Esen and No
vak (1974), who used a square configuration. The latter
have reported symmetrical effects, with regard to the sign
of contrast, on increment and decrement thresholds. Both
studies show that increment thresholds are elevated when
the target is located close to the inducing surround and
that they tend to decrease when the target is shifted
progressively toward the center of the enhanced surface.
Recently, Dresp and Bonnet (1991) have observed a pro
gressive decrease of increment thresholds within the
Kanizsa square when the target is shifted progressively
from the periphery to the center of the illusory square.

If global brightness or darkness enhancement of a sur
face is generated, by way of some sort of diffusive ac-

tivity, at the same level of processing as local variations
that can be seen across contrast borders (e.g., Mach
bands), why is visual sensitivity not homogeneous within
a homogeneously bright or dark surface? Since locally
induced brightness or darkness is known to alter system
atically decrement or increment thresholds, why do these
alterations not correlate with global distributions of sub
jective intensity perceived within figures?

In the following experiment, increment thresholds were
measured in the center of an illusory square and in its pe
riphery, at a position close to the inducing elements. These
estimates were compared with measures taken within a
control figure where no enhanced surface is perceived.
If global darkness is a direct result of low-level routines
generating a filling-in process like the one suggested, for
example, by Ullmann (1984) or Grossberg and Mingolla
(1985), the thresholds should not vary within the Kanizsa
square, but they should, however, be systematically al
tered in comparison with thresholds measured on a plain
dark field.

Method
Subjects. Two highly trained observers participated in this ex

periment. One was the author herself; the other subject was not
aware of the purpose of the experiment. Both observers had nor
mal vision.

Materials. The apparatus was that used in the previous two ex
periments. The light target (one pixel) that had to be detected by
the observers was flashed on the illusory surface of the same Kanizsa
square as the one that was used in Experiment 2. In another condi
tion, the inducing elements were turned upside down and no illu
sory square was perceived (see Figure 6). In both cases, the gap
between the inducing elements was 20 pixels. their diameter was
60 pixels, and their luminance was 21 cd/m", The dark background
was set at 2 cd/rn", Gray levels of the target pixel were obtained
through combinations of RGB signals, carefully calibrated with a
CS 100 Minolta photometer.

Procedure. The experiment was run in a dark room, and the ob
servers were dark adapted at the beginning of each session. They



Figure 6. The control configuration used in Experiment 3.

were placed in front of the screen and their head positions were
stabilized by means of a head- and chinrest. The illusory figure was
exposed continuously in the center of the screen. The exposure time
of the target pixel was set at approximately 170 msec (10 frames).
Increment thresholds were measured in the center of the figures
as well as at a position close to the inducing elements (on the hori
zontal median axis of the figures at a distance of precisely 4 pixels
from the illusory contour in the Kanizsa square; the equivalent po
sition was taken in the control configuration). Within each session,
at least one threshold was measured on a homogeneous dark back
ground (2 cd/m'), Each threshold measured within the illusory
square was divided through a control threshold obtained on the ho
mogeneous background within the same experimental session. This
condition is important to evaluate effects of induced darkness as
well as to control possible side effects related to incidental varia
tions of the luminance output of the screen and/or of the visual sen
sitivity of the observers.

Increment thresholds were measured by means of the same type
of adaptive procedure as the one described previously. On each trial,
the target pixel could be present or absent with equal probability.
The subject gave his/her response ("target seen" or "target not
seen") by means of two response keys. Increment or decrement

Threshold ratio
1,4
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of the target was determined by the subject's response on the pre
vious trial: "pixel not seen" was followed by increment. "pixel
seen" by decrement. The first five trials of the series served to de
termine the starting intensity of the target by means of a halving
procedure, which permined the measures to begin as closely as pos
sible to the asymptotic threshold value. After the first trials, the
step amplitude was constant (about 0.05 cd/rn'). After 15 trials,
stopping criteria were calculated from trial to trial. A threshold was
obtained when two conditions were met: The slope of the function
that related the intensity of the target to the rank of the trial had
to be equal to 0 ±O.I , and the percentage of correct detections had
to be 75 ± 10. An average of 50 trials were necessary to obtain one
threshold. At each target position, three thresholds were measured
in different sessions. Previous studies (see Dresp & Bonnet, 1991),
with I of the observers who participated in this experiment and
another subject, have shown that a two-alternative forced-ehoice
procedure leads to essentially the same results as does the adaptive
yes/no procedure.

Results and Discussion
Figures 7 and 8 present the results of this experiment.

The graphs show that increment thresholds are elevated
(ratio > 1) when the target is flashed at a position close
to the inducing elements, which means in the periphery
of the illusory square or of the more or less open field
in the control figure. The thresholds decrease when the
target is presented in the center of the figures. Coeffi
cients of intraindividual variability (u/..[N) do not exceed
.04 for any of the conditions, which indicates that the mea
sures are reliable.

The results of this experiment are consistent with earlier
observations reported from the use of stimuli that give
rise to enhanced surface brightness or darlcness (Com
sweet & Teller, 1965; Van Esen & Novak, 1974). Incre
ment thresholds tend to decrease within the center of areas
surrounded by fields of opposite luminance.

Regardless of the target position, the threshold altera
tions are generally higher in the control figure, where no
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FIgW'e 7. Results obtained with Subject B.D. in Experiment 3. The graphs show
that increment threshold ratios (threshold within configuration/threshold on h0
mogeneous background) decrease in the center of confIguratioas with and with
out global figure enhancement. Coemcients of intraindividual variability do not
exceed .04 for any of the conditions.
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Figure 8. Resultsobtained with Subject T.N. in Experiment 3. The graphs show
the same tendencies as those observed with B.D. Coefficients of intraindividual
variability do not exceed .03 for any of the conditions.

illusory square is visible. This result should be due to the
fact that the borders of the contrast-inducing elements in
the control figure are closer to the target, for any of its
positions. The effects on the increment threshold dimin
ish with increasing distance of the target from the induc
ing elements in both configurations, the Kanizsa square
and the control figure. Data from a previous study (Dresp
& Bonnet, 1991) have shown that the decrease in thresh
olds is rather progressive in both cases. This is a particu
larly striking observation, because it shows that local sen
sitivity varies in the same way, whether a configuration
gives rise to the perception ofa homogeneously enhanced
surface or not.

The results of this experiment and their consistency with
earlier findings from the use of nonillusory surfaces (cf.
Van Esen & Novak, 1974) seem to indicate that global
brightness or darkness of surfaces is not generated at early
stages of processing. The observations reported here lead
us to discuss to what extent filling-in assumptions, given
their tendency to relate local and global brightness to the
same level of processing, provide an entirely satisfactory
heuristic for our understanding of an essential aspect of
form perception.

GENERAL DISCUSSION

Global psychophysical measures (Experiments 1 and 2)
show that an illusory figure such as the Kanizsa square
gives rise to effects similar to those that have been re
ported earlier in simultaneous contrast experiments
(Heinemann, 1955, 1972). The induction effects are es
sentially determined through parameters such as size and
distance of the inducing elements. Figural brightness ap
pears to be related to the luminance of the inducers by
a power function. The similarity of these observations with
spatial contrast measures (see Wyszecki, 1986) leads to

the conclusion that simultaneous brightness/darkness in
duction and its underlying mechanisms must contribute
to the genesis of the illusory phenomena in the Kanizsa
square.

Although the results of Experiments I and 2 certainly
provide to some extent an answer to the questions raised
by Brigner and Gallagher (1974) and Frisby and Clatworthy
(1975), to say that they tend to confirm the idea that the
Kanizsa square is generated through a spreading of lat
eral inhibitory mechanisms would be to jump to conclu
sions. Although psychophysical data derived from bright
ness matches are often directly brought into relation with
interactions between neural subsystems signaling bright
ness and darkness of shapes in the visual cortex (Jung,
1973; Spillmann et al., 1976; Spillmann et al., 1984), one
should take into account that they are necessarily influ
enced by global properties of the stimulus pattern. How
ever, increment thresholds (see Fiorentini, 1972, for a
review) essentially reflect responses of the visual system
to local stimulations and should be less, if at all, influ
enced by form characteristics other than local contrast.

The results of Experiment 3 have led us to the conclu
sion that global brightness or darkness must be generated
at a higher stage of processing than the one involving inter
actions between neural subsystems with on-center off
surround receptive field organization. Evidently, this in
terpretation implies the assumption that increment thresh
old variations reflect consequences of such lateral inter
actions. While the elevations in increment thresholds
measured close to the borders of the inducing elements
can be regarded as psychophysical correlates of a diffu
sive mechanism (cf. Dresp & Bonnet, 1991) of the kind
described within neural models of form perception (cf.
Grossberg & Mingolla, 1985; Ullmann, 1984), it appears
that the filling in requires more than that, since the
thresholds decrease in the center of configurations (e.g.,



the Koffka annulus; see Cornsweet & Teller, 1965; and
the Kanizsa square; see Dresp & Bonnet, 1991) where
phenomenal brightness or darkness is as strong as it is
in their periphery. The global brightness or darkness of
a closed surface does not seem to be simply the result of
mechanisms that process border contrast and then diffuse
over wide areas tending to average brightness- or
darkness-specific activities within boundaries (real or il
lusory ones). The assumption that filling in works this way
(see, e.g., Grossberg & Mingolla, 1985) implies that lo
cal brightness and surface brightness share the same
underlying mechanisms and that the global representation
is directly derived from local inputs at the same stage of
visual information processing. Consequently, increment
thresholds should then be elevated to the same amount
at any point within the surface.

In the view suggested here, diffusion and filling in
would rather be seen as two qualitatively different pro
cesses. Diffusion leads to local brightness or darkness
variations as they can be seen across luminance borders
(cf. Mach bands and similar phenomena). The result of
the diffusive process is visible only when other, more spe
cific information about form is not available in the pat
tern and a more complex process of perceptual organiza
tion is not required. Ifwe were to consider diffusion alone,
we would perceive the inner surrounds of a Kanizsa
square, or a Koftka annulus, as darker or brighter than
the center of the figure. Diffusion, in some sense, would
deliver us a "sketch" of an illusory surface if no other
process of perceptual organization were to enter into the
chain of processing. If we perceive homogeneously en
hanced figures, it is because the output ofdiffusive mech
anisms is modified at later stages of processing, giving
rise to other, less specific and more complex, perceptual
events. Figure-ground segregation has to be considered
the principal candidate here. In other words, what we per
ceive in the case of the Kanizsa square and similar con
figurations must be the result of an integration of the
••sketch" into a global representation of an essential prop
erty of form-its brightness or darkness with regard to
a general background.

A basic idea within low-level models of form percep
tion is that oriented inputs lead to combinations of sig
nals of shape and luminance (referred to as "boundary
feature tradeoff" in Grossberg & Mingolla, 1985, for ex
ample) that can trigger various, quantitatively different,
diffusive processes. The filling in of closed regions is ex
plained on the basis of the same general principle, and,
from a strictly mechanistic point of view, this appears to
be a plausible solution. However, empirical evidence from
earlier studies and the one presented here seems to indi
cate that filling in is probably not reducible to a particu
lar kind of diffusive process.

If we consider the systematicity reducible of sensitiv
ity variations within regions close to luminance borders
reported in various studies, there can be no doubt that the
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idea of a diffusive process to account for local brightness
or darkness is empirically justified. This does not seem
to hold equally for figural brightness or darkness, since
it alters sensitivity in a paradoxical way, suggesting a gen
esis at higher stages by way of holistic processes of per
ceptual organization. These processes necessarily do inte
grate the outputs of local mechanisms, but in such a way
as to modify them qualitatively. In these respects, it ap
pears that mechanisms that consist of combining inputs
via a set of locally operating routines do not always pro
vide entirely satisfactory heuristics for our understand
ing of how figural properties are generated.
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