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For a long time figural multistability has attracted ~e

attention of psychologists, because to understand how this
phenomenon occurs might help one to understand percep
tual processing in general. Figural multistability appears
to be a necessary consequence of the normal functioning
of our visual system, and hence it is something that any
theory of visual processing should be able to account for
w.ith recourse to the mechanisms that explain normal, or
correct, perception.

This interest has generated much research aimed at de
termining the factors that control the alternation in in
terpretations inherent in the phenomenon of perce~tual

multistability . The roles ofeye movements, type of view
ing (either binocular or dichoptic), stimulus contrast, state
of light-dark adaptation, focus, mean luminance, and
many other factors have been investigated, but th~ resul~

of these research efforts have yielded no conclusive eVI
dence in favor of any of these factors' being the cause
ofalternations. At best, these studies have proved the ex
istence of some empirical regularities, but they have not
offered any explanation for why these regularities should
hold; they have failed to provide a deductive link betw~~

the basic properties of the visual system and the empm
cal results.

Among the factors shown to be involved, eye move
ments have seemed to be the more likely cause of the al
ternations, but eye-movement recordings made of subjects
inspecting ambiguous figures have not consistently re
vealed that a change in fixation either follows or precedes
an alternation (see Gale & Findlay, 1983). The fact that
reversals may also occur voluntarily (see Liebert & Burk,
1985) adds a further complication, because it clearly ~e

veals that both top-down and bottom-up processes are In
volved. Consequently, it is difficult to trace the bound
ary between what perceptual mul~i~tability o,,:es to early
visual processing, and what cogmnve processing adds to
it. It is the aim of this note to show how visual inhomo
geneity, a well-known and well-established ~ic property
of early visual processing, may be responsible for some
of the alternations that occur when the eyes move across
a multistable figure.

This work has been supported with grants from the Universidad Com
plutense and the Fundaci6n Ram6n Areces ~or a.research project e~~i
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Visual en RobOtica. Address correspondence to Miguel A. Garcia-Perez,
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To accomplish this, a few words are necessary about
the currently accepted explanation of alternations in mul
tistable perception. Apart from minor effects of varying
experimental conditions on the rate of alternations, it is
now widely accepted that the alternations themselves are
due to shifts of attention to specific areas in the figure
that differentially tend to evoke one interpretation or the
other (Gale & Findlay, 1983; Kawabata, 1986; Tsal &
Kolbet, 1985). This statement is based on the fact that
fixation at some areas consistently gives rise to one in
terpretation, whereas fixation at other areas tends to e~icit

the other. Nonetheless, in some studies (e.g., Goolkasian,
1987) this correlation has not been found. The present
note provides a basis for explaining the discrepancy.

It is important to realize that there are two unres~lved

issues in the above statement about the role of attentional
shifts in alternations. The first one is the twofold ques
tion of why a shift of attention is sometimes associated
with a change in the fixation point, and how movements
of the eye affect the reversal process. The second is the
question of why different fea~res of the picture are.more
likely to evoke one interpretation than the other. 'f!ris~

ond question will not be add~essed here, because It r~ses
semantic issues that fall outside the context of early VISual
processing. In response to the first issue, it will be ar
gued here that perceptually aVaila~le de~ i~formation

is essentially what determines the immediate Interpreta
tion of a multistable figure, and that eye movements across
large figures help accomplish attentional shifts by chang
ing the detail information that is available. It will also be
shown that both factors may explain the seemingly con
tradictory results regarding the role of eye movements in
alternations.

When we fixate a location in a scene, visual in
homogeneity prevents the perceived image from hav~ng

equal resolution throughout. Thus, we see the outside
world through a window of varying resolution such that
fine detail is available only within a small area around
the fixation point. Garcia-Perez (1988) has ~~und that.the
radius of that area is less than2° under conditions of high
contrast stimulation, and that this radius gets larger as the
spatial scale gets coarser (see Garcia-Perez, 1988,
Figure 5). The conseque~ces of visual ~omog~neity on
the visibility of high spatial frequency Information when
one inspects ambiguous figures are illustrated below.

Figure la shows a digitized version of Boring's figure
(actually originated by Hill, 1915). Figure lb shows the
image as it is perceived when the picture in Figure la sub
tends 15° X 20° and the eyes are fixated midway between
the features corresponding to the young woman's eye and
ear. (This image has been obtained with a pr~ure that
is fully described in Garcia-Perez, 1987, USIng .the em
pirical data from Garcia-Perez, 1988, Table 2.) FI~ lie
shows the high spatial frequency (above 16 cpd) Infor
mation that is available in these conditions. Note that these
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Figure 1. (a) BoriDg'syounglol4 woman. (b) Puceived image when
the eyes fixate midway hetween the young woman's eye and ear at
a distance such that the image subtends 15° x 20°. (c) High spatial
frequency (above 16 cpd) infonnation available under such circum
stances. (d) Perceived Image when the fixation point is on the old
woman's mouth under the same viewing conditions. (e) High spa
tial frequency information available in this case.

edges clearly outline the young woman's profile. This is
in close agreement with the empirical fact that nearly 90%
of the fixations around this position give rise to the young
woman interpretation when the image of Figure la is
viewed under these circumstances (Gale & Findlay, 1983,
Figure 3) and that subjects tend to fixate this area when
they are instructed to concentrate on the young woman
aspects (Gale & Findlay, 1983). On the other hand,
Figures Id and Ie are similar to Figures Ib and lc, ex
cept that the fixation location has been changed to the
mouth of the old woman. Clearly, the edges in Figure 1e
do not induce the young woman interpretation. Actually,
they enhance more the old woman interpretation , albeit
not as clearly as the edges in Figure lc do with regard
to the young woman. This may explain why the percent
age of old woman responses when this area is fixated un-

(b)

(e)

(d)

( e )

der these conditions (slightly above 60% ; see Gale &
Findlay, 1983, Figure 3) is not as high as the correspond
ing percentage of young woman responses for the young
woman area.

Then, if fine detail information, which is available from
only a small area around the fixation position because of
visual inhomogeneity, has the main role in object recog
nition, the above analysis should show why eye move
ments are sometimes necessary to produce an alternation
in interpretation when large ambiguous figures are in
spected : the features more likely to evoke the alternate
interpretation fall outside the restricted field of view that
is subserved by high-spatial-frequency visual channels .
On the other hand, if the figure is small, then all biasing
elements will be visible at a glance, and attention can be
shifted from one to the other without the need for eye
movements. Hence, the retinal size of an ambiguous pic
ture is a major factor in determining whether eye move
ments and alternations will or will not be correlated.
However, the angle subtended by ambiguous pictures has
not been reported in all studies (e.g. , Goolkasian, 1987;
Wilton, 1979).

The above points are not restricted to perceptual mul
tistability caused by ambiguous figures . Figure-ground
reversals associated with eye movements can be explained
similarly . Figure 2 shows an analogous analysis per
formed on a digitized version of Rubin 's vase/face
(Figure 2a). Figures 2b and 2d show, respectively, the
perceived image when the picture subtends 9° x lr and
either the center of the vase hollow or the right profile
nose is fixated. Figures 2c and 2e show the available high
spatial frequency edges in each case. It can easily be seen
that fixation at the vase hollow makes the vase features
more (alternatively, the profile features less) salient ,
whereas fixation near the human profiles biases edge in
formation toward this interpretation.

Visual inhomogeneity can therefore be said to play a
role in perceptual multistability. The preceding argument
is based on the notion that detail information that remains
available after the space-variant filtering performed by
our visual system is primarily concerned in determining
the interpretation of a figure. Image edges have been said
to play a fundamental role in visual processing (Marr,
1982), and it has recently been shown (Biederman & Ju,
1988) that surface characteristics (i.e. , color , brightness,
texture , etc.) are relevant to object recognition only to
the extent that they contribute to the defining of image
edges. It is true that edges can be found at a variety of
spatial scales, but it is likely that high spatial frequency
edges are mostly relevant to object recognition, since they
provide the finest information about the image. This is
in agreement with Biederman and Ju's (1988) results,
since the outlined objects they used in their experiments
had high spatial frequency informationalmost exclusively.
Some authors have even discussed whether cells in stri
ate cortex do detect edges or not (Hochstein & Spitzer,
1984; Richter & Ullman, 1986). The fact that visual in
homogeneity suppresses most of the detail information in
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Figure 2. (a) Rubin's vue/face. (b) Perceived imagewhen the eyes
rlX8teon the center of the vase boIIowat a distance such that the
image subtends 90 x 12o. (c) High spatial frequency (above 16 cpd)
information available under such circumstances. (d) Perceived im
age when the fixation point is on the nose of the right hlllll8D pro
me under the same viewing conditions. (e) High spatial frequency
information available in this case.

the visual field and that fixation location determines which
detail information will still be available argues in favor
of a meaningful role of space-variant visual processing
in disambiguating multistable figures.

Previous attempts to explain perceptual multistability
as a result of the filtering performed in early visual
processing (e.g., Ginsburg, 1978) were seriously limited
because the visual system was considered (wrongly) to
be homogeneous: if a single filtered image exists, explain
ing why it evokes one interpretation sometimes and then
the other seems unfeasible except with respect to figures
containing objects of different sizes, which can be re
versed by changing the spatial scale. Visual inhomogene
ity, on the other hand, gives rise to as many filtered im
ages as there are meaningfully different fixation locations,
and the possibility exists of relating some of them to each
possible interpretation of the figure.

This account of alternations applies to other types of
multistable figures as well. Whenever image features can
be found empirically to be more or less likely to evoke
one interpretation or the other in a multistable figure, par
ticular fixations on a large picture can be shown to produce
selection and suppression of high spatial frequency edges
in a manner consistent with the experimental results. This
idea can easily be applied to the interpretation of
Kawabata's (1986) results regarding Necker's cube, or
the results obtained by Tsal and Kolbet (1985) with the
duck/rabbit and bird/plane figures. The same considera
tions apply also to many other multistable figures, includ
ing Fisher's (1967) man/lady or rat/man, the Schroder
staircase, and so forth, as well as to the effect of contex
tual information on the perceived pointing of ambiguous
triangles (Garcia-Perez, 1989). Fixation at a given loca
tion will select detail information from that area only, thus
facilitating the appropriate interpretation. In some sense,
the differentially blurred image that results from visual
inhomogeneity and a particular fixation location can be
conceived as a biased version of the ambiguous distal
figure, in much the same way as the biased drawings of
the figures that are often produced for purposes of
research. Still unresolved is the question of why particu
lar features of the figure are more likely to evoke one in
terpretation than the other, but the answer to this ques
tion surely lies beyond early visual processing.

Regardless of the points made above, it is important
to note that visual inhomogeneity in itself does not ac
count for the alternations, nor does it explain perceptual
multistability. It was said at the beginning of this note that
alternations in interpretation do occur in the absence of
eye movements (i.e., with a single retinal image), and it
is also true that alternations can be controlled at will (Lie
bert & Burk, 1985). Hence, many factors may be involved
after early visual processing. What visual inhomogeneity
seems to do is allow reversals to be easily achieved by
selectively providing subsequent visual and cognitive
processing with image data relevant to one or the other
interpretation. Several models for multistable perception
exist that aim at explaining this phenomenon from differ
ent standpoints (e.g., see Babich & Standing, 1981; Gale
& Findlay, 1983; Ginsburg, 1978; Kawamoto & Ander
son, 1985; Kienker, Sejnowski, Hinton, & Schumacher,
1986; Kohler & Wallach, 1944; Long, Toppino, &
Kostenbauder, 1983; Poston & Stewart, 1978; Robinson,
1972; Shafer, 1976). But, surprisingly, a well-established
structural and functional characteristic (namely, visual in
homogeneity) of the system involved in such a phenome
non, and which makes possible any form of perception,
has not been taken into account, nor even mentioned, in
these proposed explanations. The demonstration provided
here shows that visual inhomogeneity may explain some
of the automatic changes of interpretation that are IS
sociated with eye movements, which possibly account for
most of what the mechanisms of early visual processing
have to do with perceptual multistability. Perhaps the rest
of the story has to be explained in terms of the interven
tion of cognitive processes.

(d)

(e)
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