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Making ambiguous displays unambiguous:
The influence of real colors and colored

aftereffects on perceptual alternation
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BORIS CRASSINI
University of Queensland, St. Lucia, Queensland, Australia

The relationship between orientation-contingent colored aftereffects (CAEs) and perceptual al
ternation of ambiguous displays was investigated in three experiments. In all experiments, the
ambiguous test display consisted of vertical and horizontal contours that either could be perceived
as separate surfaces (the diamond organization) or could be combined to form upright and in
verted Us (the rectangles organization). In Experiments 1 and 2, observers inspected the test dis
play when it was achromatic, when it was colored in a manner consistent with the appearance
of CAEs, and when it was colored in a non-CAE manner. In Experiment 3, the test display was
inspected monocularly before and after monocular color-orientation adaptation. The achromatic
viewing conditions of Experiments 1 and 2, both monocular preadaptation achromatic viewing
conditions of Experiment 3, and the postadaptation achromatic viewing condition involving the
nonadaptation eye in Experiment 3 produced essentially the same results: reports of approxi
mately equal duration for the diamond and rectangles organizations and steady rates ofpercep
tual alternation. The non-CAE color conditions of Experiment 2 produced a similar pattern of
results. However, the color condition ofExperiment 1 (i.e., simulated CAEs), and the postadapta
tion condition involving the adaptation eye in Experiment 3 produced a decrement in the percep
tual alternation rate, with the diamond organization being reported almost exclusively. These
results indicate that ambiguous displays can be made unambiguous by altering the appearance
of the displays either through the addition of appropriate colors or by exposing observers to ap
propriate adaptation conditions. These results are consistent with stimulus-bound explanations
of both CAEs and perceptual alternation.

The two displays in Figure 1 are perceptually ambigu
ous. That is, although the physical properties of the dis
plays (e.g., the orientation, contrast, and number of con
tours within the displays) do not change during a period
of observation, perception of the displays does change.
On some occasions, perception of Figure la (the
Schroeder staircase) is such that the point farthest from
the observer appears to be the upper right-hand comer.
On other occasions, the perceived staircase is such that
this same point appears to be the nearest point relative
to the observer. Similarly, Figure ib may be seen as con
sisting of a centrally located, diamond-shaped figure made
up of horizontal bars superimposed on a background of
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vertical bars; an alternative organization involves both the
horizontal and vertical bars forming upright and inverted
concentric U shapes. The first perceptual organization of
Figure Ib is termed the diamond organization, and the
second is termed the rectangles organization in the re
mainder of this report.

Ambiguous displays such as Figures la and Ib are in
trinsically interesting phenomena, and perceptual am
biguity has been incorporated into the works of a num
ber of artists (see Escher, 1961; Gregory & Gombrich,
1973). However, theoretical importance has also been at
tributed to ambiguous displays, in particular with respect
to what such phenomena indicate about perception in
general. For example, the fluctuations in perceptual or
ganization that occur during inspection of displays such
as Figures la and Ib have been taken as supporting evi
dence for indirect theories of perception (see Fodor &
Pylyshyn, 1981; Gregory, 1974; Oatley, 1978). Propo
nents of indirect theories argue that the sensory data form
ing the basis of perception are fundamentally ambiguous
and require interpretation by some central cognitive
process before meaningful perception can occur. In these
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Figure 1. Examples of ambiguous displays. The Schroeder stair
case (a) and the diamond/rectangles figure used as a test stimulus
in CAE studies (b).

terms, perception may be stimulus driven, but in its es
sence it is not stimulus bound. Instead, perception is the
outcome of the imposition of order (meaning) on sensory
input by a cognitive process that is independent of the par
ticular stimulus input (see Uttal, 1981, for a discussion
of what he terms neorationalist theories of perception).
Ambiguous displays are clear examples of this indirect
or mediated view of perception in that, by definition, just
such a process of imposition of meaning occurs during
observation of ambiguous displays.

A somewhat different approach is taken in stimulus
bound explanations of perceptual alternation. Attneave
(1976), for example, reviewed a number of classic demon
strations of perceptual alternation and concluded that the
simplest explanation of perceptual alternation was based
on the idea that changes from one organization to another
occurred when populations of neural mechanisms simul
taneously simulated by the various components of the am
biguous displays became "fatigued or satiated or adapted"
(p. 275). Such an explanation is in some respects simi
lar, first, to Hering's (1874/1964) account of binocular
rivalry (alternations in perceptual dominance produced by
simultaneous presentation of, e.g., vertical contours to
the left eye and horizontal contours to the right eye), and
second, to more recent neurally based explanations of
monocular rivalry (changes in perceptual dominance
produced with monocular or binocular viewing of or
thogonal contours; Stromeyer, 1978; Wade, 1975, 1977).
For example, monocular rivalry occurs when vertical con
tours are superimposed on and intersect with horizontal
contours: Sometimes the horizontal contours appear more
salient, sometimes the vertical contours appear more
salient, and sometimes both horizontal and vertical con
tours appear equally salient (resulting in a composite pat
tern of horizontal and vertical contours).

Subjective fluctuations between these three states (i.e.,
horizontal, vertical, composite horizontal and vertical)

(a) (b)

u
n

have been attributed to fluctuations in the activity of
"separate and not significantly overlapping populations
of neurones sensitive to bar-gratings of particular orien
tations" (Campbell, Gilinski, Howell, Riggs, & Atkin
son, 1973, p. 125; see also Stromeyer, 1978; Wade,
1977). Within this context, Morrone, Burr, and Maffei
(1982) have suggested that inhibitory interactions between
populations of nonoverlapping orientation-selective neu
rones (Benevento, Creutzfeldt, & Kuhnt, 1972; Blake
more & Tobin, 1972; Burr, Morrone, & Maffei, 1981)
may account for fluctuations in the activity of these popu
lations during monocular rivalry.

We have suggested previously (Broerse & Crassini,
1981) that the rectangles organization of Figure Ib may
be related to the composite organization reported during
monocular rivalry. When the horizontal contours of
Figure Ib are equally salient, a unified horizontal and ver
tical organization (rectangles) is seen. But when the or
thogonal contours are not equally salient, Figure Ib ap
pears segregated into two surfaces, an organization
consistent with the diamond configuration. I Considered
in these terms, perceptual alternations in ambiguous dis
plays like Figure 1b may involve the same sorts of in
hibitory interactions between nonoverlapping populations
of neurones as those assumed to be involved in monocu
lar rivalry (see Broerse & Crassini, 1981, for a review
of such figures).

The explanations of perceptual alternation proposed
above are examples of what Uttal (1981) terms neo
empiricist approaches to perception. Unlike neorationalist
approaches, which emphasize the way in which cogni
tive factors mediate the perception of external stimula
tion, neoempiricist approaches emphasize the directness
of the relationship between perception and stimulation.
Perhaps a better term for the sorts of neurally based ap
proaches described above is neuroempiricism. In consider
ing the role of neural mechanisms, neuroempiricism not
only preserves the general neoempiricist emphasis on
stimulus-bound aspects of perception, but also serves as
a contrast to other neoempiricist approaches that are in
different to the role of neural mechanisms in perception
(e.g., Gibson's direct theory of perception; see Gibson,
1979).

Two aspects of neuroempiricist analyses of perceptual
alternation warrant comment. The first aspect relates to
the identification of the ambiguous nature of ambiguous
displays with the components of the displays. It is this
type of analysis that lies at the basis of Gibson's (1979)
rejection of ambiguous figures as having any significance
in understanding perception of the natural, three
dimensional environment. For Gibson, phenomena of per
ceptual alternations "are problems in their own right, in
dependent of the problems of direct visual perception"
(1979, p. 291). He points out that ambiguous displays like
the Schroeder staircase are two-dimensional arrays (i.e.,
pictures) composed of lines and textures intended to simu
late the structural information available in natural, three
dimensional visual environments. The use of lines and tex-
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tures to simulate such information is the technique used
by artists and painters to create representations of the real
world (i.e., "as record of what its creator has seen or
imagined, made available for others to see or imagine"
[Gibson, 1979, p. 291]). In these terms, an ambiguous
display is a picture that "requires two kinds of apprehen
sion, a direct perceiving of the picture surface along with
an indirect awareness of what it depicts" (Gibson, 1979,
p. 291). This indirect awareness of what is depicted (i.e.,
interpretation) is ambiguous because the information simu
lated in the picture surface is ambiguous. It follows, there
fore, that as the information simulated in the picture be
comes more realistic, perceptual ambiguity should
decrease. 2

There is empirical evidence for the proposition that the
perceptual ambiguity of ambiguous displays is altered by
the addition of appropriate information. Virsu (1975), for
example, made the Schroeder staircase display unambig
uous by presenting it to subjects dichoptically with ap
propriate binocular disparity allowing only one percep
tual organization to occur. Harris (1979) added texture
gradients to the Schroeder staircase to produce a similar
effect with binocular viewing. Lawson, Packard,
Lawrence, and Whitmore (1977) varied the disparity in
formation available during dichoptic viewing of
Figure lb. They found that both the diamond and rectan
gles organizations were reported by subjects under con
ditions of zero disparity. However, when the display was
viewed under optimal conditions of crossed disparity,
Lawson et al. (1977) found significant increases in the
mean cumulative durations of the diamond organization.
It is clear, then, that the ambiguous nature of displays such
as Figures 1a and 1b can be modified by changes in the
component properties of the displays.

The second aspect of neuroempiricist analyses of am
biguous displays that warrants comment is the attribution
of perceptual alternation to changes in the functioning of
visual processing mechanisms within the observer. As out
lined above, the neural mechanisms responding to par
ticular components within an ambiguous display (e.g., the
vertical contours of a monocular-rivalry display or of
Figure 1b) become "satiated or adapted" (Attneave,
1976) during a period of observation. In so doing, their
inhibitory influence on other mechanisms (e.g., those
processing the horizontal contours of a monocular-rivalry
display or of Figure Ib) decreases. Once free ofthis in
hibition, the activity of these latter mechanisms determines
what is perceptually dominant (e.g., horizontal contours
in the case of monocular rivalry, or a diamond-shaped
grating of horizontal contours in the case of Figure 1b).

An extension of this argument is that perceptual alter
nation should be modified by similar changes in visual
processing mechanisms produced by stimulus events oc
curring prior to observation of the ambiguous displays.
For example, Virsu (1975) demonstrated that adaptation
to unambiguous Schroeder staircases influenced the ap
pearance of ambiguous Schroeder staircases in a postadap
tation test. During adaptation, Virsu (1975) presented un-

ambiguous Schroeder staircases as either stereograms or
three-dimensjonal models. In each case, only one of the
two perceptual organizations commonly reported with
Figure 1a was perceived. When an ambiguous test figure
was viewed following such adaptation, the perceived or
ganization reported was always opposite to the one ob
served during adaptation. Similar data have been reported
following adaptation to unambiguous Necker cubes (Em
merson, 1979).

The results of the studies showing that perceptual or
ganization of ambiguous displays can be changed by par
ticular alternations in the components of the displays or
by adaptation of the observer to unambiguous versions
of the displays are consistent with stimulus-bound expla
nations of perception. Further support for this interpre
tation of perceptual alternation phenomena is provided by
the data of Uhlarik, Pringle, and Brigell (1977), which
indicate that the nature of an ambiguous display is altered
following adaptation to stimuli not directly related to the
ambiguous display.

Uhlarik et al. (1977) used an adaptation procedure
designed to generate orientation-contingent colored after
effects (CAEs) of the type first reported by McCollough
(1965). Following adaptation to red-vertical and green
horizontal gratings, subjects inspected a test stimulus simi
lar to Figure Ib and reported both perceptual alternations
and the color appearance of the test display. Subjects
reported CAEs (i.e., the vertical contours of the test dis
play appeared green, and the horizontal contours red).
However, the CAEs were not visible during the entire test
period. They were most often reported by subjects dur
ing dominance of the diamond organization. In their dis
cussion of the study, Uhlarik et al. (1977) emphasized the
postadaptation changes in the color appearance of the test
display rather than the postadaptation changes in percep
tual organization. The latter aspect of Uhlarik et al. 's
(1977) data was pointed out by Broerse and Crassini
(1981), who showed (by reanalyzing their data) that, fol
lowing adaptation, subjects reported mainly the diamond
organization. That is, color-orientation adaptation resulted
in orientation-contingent CAEs and a change in percep
tual alternation.

Uhlarik et al. (1977) interpreted their correlational data
in the following causal terms: The central mechanism
responsible for determination of the dominant perceptual
organization at time t also determined the color appear
ance of the ambiguous display (i.e., determined the
presence or absence of CAEs). An alternative interpreta
tion is based on the proposition that the addition of color
to particular regions of Figure Ib acts in the same man
ner as the addition of appropriate binocular-disparity and
texture-gradient information to other ambiguous displays.
That is, the changes in perceptual organization and/or
color appearance reported by Uhlarik et al. (1977) can
be understood as resulting from the reduction in percep
tual ambiguity prompted by the addition of color.

This reinterpretation of Uhlarik et al. 's data is consis
tent with our earlier proposals that the perceptual fluctu-
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ations reported during inspection of Figure lb and dur
ing inspection of monocular-rivalry displays may be
related. When, say, red horizontals and green verticals
are used in a monocular-rivalry display (instead of achro
matic contours), reports of the composite organization
(i.e., when horizontals and verticals are equally salient)
occur only infrequently (Rauschecker, Campbell, & At
kinson, 1973). If this composite organization is considered

.to be related to the rectangles organization of Figure 1b,
then the presence of complementary aftereffects (colors
contingent upon the orthogonal contours of Figure lb)
would be expected to result in comparable decreases in
reports of the rectangles organization. Of course, this in
terpretation is predicated on the further assumption that
the "addition of color" can occur as a consequence of
appropriate color adaptation of the observer rather than
through actual changes in the chromatic properties of the
display.

A partial test of the proposals outlined above would be
the measurement of perceptual alternations with Figure lb
modified by the addition of real colors selected to make
Figure lb appear as it would ifCAEs occurred. Although
Uhlarik et al. (1977) used such a colored "ambiguous"
display, they asked their subjects to report only changes
in the color appearance of the display. The equally im
portant issue of whether the presence of real colors alters
perceptual organization (and rate of perceptual alterna
tion) was not addressed.

The question of whether real or aftereffect colors in
fluence the perceived organization of ambiguous test
figures has been overlooked also in a number ofother in
vestigations involving the induction of CAEs (e.g.,
Jenkins & Ross, 1977; Meyer & Phillips, 1980; Milewski,
laccino, & Smith, 1980; see Broerse & Crassini, 1981,
for a review of these studies). In the three experiments
to be reported below, we sought to rectify this situation
by investigating the influence of real colors on percep
tual organization (Experiments 1 and 2) and by measur
ing concurrently the color appearance and perceptual or
ganization of an ambiguous test display following
color-orientation adaptation (Experiment 3).

EXPERIMENT 1

Reanalysis of Uhlarik et al.'s (1977) data by Broerse
and Crassini (1981) showed that, following adaptation,
subjects report orientation-contingent CAEs and a change
in perceptual alternations when viewing Figure lb. To
clarify the possible causal relationship between these two
outcomes of adaptation, observers in Experiment 1 were
required to report continuously, during a test period, their
perceived organization of a display like Figure 1b altered
by the addition of colors selected to appear like CAEs.
It was expected that the addition of these colors to the
ambiguous test display would result in a decrease in per
ceptual alternation rate and an increase in the cumulative
duration of diamond organization reports relative to mea-

sures taken during inspection of an achromatic version
of Figure lb.

Method
Subjects. Nine undergraduate student volunteers with normal or

corrected-to-normal visual acuity served as observers. All were naive
as to the purpose of the experiment and were screened for color
vision defects using the Ishihara test. 3

Materials and Apparatus. A black-and-white photographic print
of Figure Ib with matte finish was used as the test stimulus and
was displayed on a matte black screen, as illustrated in Figure 2.
The test display subtended 1.3 0 (wide) x 2.8 0 (high), and its spa
tial frequency was 4.2 cycles/deg. Two Kodak Carousel projec
tors (PI and P2 in Figure 2) were fitted with l50-W quartz iodide
filaments; a variable-aperture tachistoscope shutter was used to con
trolluminance. Coloration of the test figure was achieved by using
a composite color slide consisting of a circular red patch (Wratten
Filter No. 26) embedded centrally in a green rectangle (Wratten
Filter No. 55). When projected from PI in sharp focus onto the
ambiguous display, the red patch fell inside the central diamond
of the test display such that the "sides" of the diamond were tan
gential to the perimeter of the red patch. Similarly, the perimeter
of the outer green rectangle coincided with the perimeter of the test
display. Defocusing PI caused the red-green border to merge and
become fuzzy. Phenomenally, defocusing PI destroyed the circu
lar form of the central red color patch so that color appeared to
fill completely the central diamond. Neutral-density filters placed
in front of PI and white light projected onto the test display from
P2 were used to desaturate the projected colors to levels commonly
experienced during CAEs.4 In conditions in which the ambiguous
test display was achromatic, luminance and contrast levels were
adjusted to match approximately those of the colored condition.

The observers sat, with their heads supported on a chinrest, and
viewed the stimulus display through a rectangular aperture in a matte
black screen which obscured the projectors and other extraneous
details of the apparatus and its surroundings (see Figure 2). Two
response buttons were mounted on a panel so that the observers
could depress separate buttons when each of the figural organiza
tions that could be experienced were dominant. The state (i.e.,

Figure 2. Schematic representation of the apparatus used in the
three experiments to present stimuli and record responses. The
response panel operated by the observer was connected to a
Cromemco microcomputer (not shown). In Experiment 3, a foot
operated switch was also in use.
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whether up or down) of each button was sampled every 100 msec
and recorded cumulatively by a Cromemco (Model Z-2D)
microcomputer, thereby providing a real-time record of reported
perceptual fluctuations. The microcomputer also counted the num
ber of separate buttonpresses.

Procedure. The observers were seated in front of the stimulus
display (see Figure 2) and familiarized with the apparatus. The test
pattern was shown and described as an ambiguous/reversible dis
play ("like the Necker cube"). The observers were asked to describe
any reversal phenomenon experienced while they were inspecting
the display. The experimenter remained silent until there was some
verbal indication that observers were experiencing spontaneous
reversals. By a process of questioning, the experimenter cued ob
servers until their verbal responses contained descriptors like "di
amond" or "tilted square" (for the diamond organization) and "H"
or "open rectangles and squares" (for the rectangles organization).
The experimenter then summarized the alternation phenomenon in
a standard form, explicitly using the terms "diamond" and "rec
tangles." Each response button was appropriately labeled, and the
observers were instructed to depress the button corresponding to
the dominant organization and to keep the button depressed as long
as the particular perceptual organization remained dominant. The
observers were instructed not to feel obliged to "see" reversals,
but to relax and record any reversals as they occurred. The rela
tionship between response button (i.e., hand) and perceived organi
zation was counterbalanced across observers to eliminate any
preferred-hand bias in responding.

Each observer was tested in two conditions, one in which the
display was achromatic and one in which the display was colored.
To avoid the possibility that inspection of the colored display might
induce CAEs, the achromatic condition always preceded the colored
condition.s Duration of testing was 3 min for each condition with
a rest interval of approximately 5 min between conditions.

Results and Discussion
Since observers were making a two-alternative forced

choice response, the cumulative durations of both organi
zations always summed to 180 sec (the total test time).
Figure 3 shows the mean cumulative durations that the
diamond and rectangles organizations were reported in
the achromatic and colored conditions; the mean number
of perceptual alternations in the two conditions is also
shown. In the achromatic condition, duration of diamond
reports (and therefore rectangles reports) was not signifi
cantly different from 90 sec, which indicates that ob
servers were not biased in reporting one of the two per-

ceptual organizations. A matched-pairs t-test indicated that
the mean cumulative duration of reporting diamond in
creased significantly in the colored condition as relative
to the achromatic condition [t(8) = 10.5, p < .001).
Since the cumulative durations for diamonds and rectan
gles summed to 180 sec, the corresponding decrease in
the rectangles organization was also significant. Further
more, the mean cumulative duration for rectangles in the
colored condition was not significantly different from zero
[t(8) = 2.15, P > .05].

The results of Experiment 1 (in which real colors were
added to an ambiguous test display) are in general agree
ment with those of Uhlarik et al. (in which CAEs were
"added" to an ambiguous test display as a result of color
orientation adaptation). In both cases, the nature of the
ambiguous display changes when colored so that fewer
perceptual alternations occur. Reports of the rectangles
organization are few, and the diamond organization is
reported almost exclusively. Before discussing the impli
cations of these results for the role of CAEs and percep
tual alternation phenomena in general, it is necessary to
ensure that perceptual ambiguity in Figure 1b-type dis
plays is not altered by the addition of color per se. For
this reason, Experiment 2 was performed as a control for
Experiment 1.

EXPERIMENT 2

The color-orientation combinations used in Experi
ment 1 were designed to simulate the appearance of
Figure Ib following successful CAE induction. In Experi
ment 2, colors were added to the display in what may be
described as non-CAE color-orientation combinations to
determine whether the presence of color is sufficient to
modify perceptual alternation of Figure lb.

Method
Subjects. Eight undergraduate students who had not participated

in the previous experiment volunteered to serve as observers. All
were screened to meet the same requirements as those outlined for
Experiment 1.
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Table 1
Mean Duration of Diamond Reports and Mean Number of

Alternations (Together With Standard Errors in Parentheses)
for the Five Experimental Conditions of Experiment 2

Materials and Apparatus. The achromatic ambiguous test pat
tern and the experimental apparatus were identical to those used
in the previous experiment. The test pattern was colored in the same
manner except that the configuration of near-complementary colors
in composite (red/green) slides was altered to meet the experimen
tal requirements set out below. As in the previous experiment, com
posite slides were always defocused to eliminate any distinct
red/green boundaries. The luminances and the color saturations were
also matched as closely as possible to those used in Experiment I.

Procedure. All observers were tested in five experimental con
ditions. These were an achromatic control condition (Cl), two con
ditions in which the test display was either all red or all green (C2
and C3, respectively), and two conditions in which one half of the
display was red and the other half was green (C4 and C5). In C4,
the display was divided along its vertical axis of symmetry (e.g.,
green left/red right); in C5, the display was divided along its horizon
tal axis of symmetry (e.g., green top/red bottom). To avoid the
effects of any aftereffects induced by the colored displays, the achro
matic control condition (Cl) was always tested first. The remain
ing chromatic conditions were tested in counterbalanced order with
the additional provision that half the observers were shown red to
the left and green to the right (in C4) and red to the top and green
to the bottom (in C5), and the remainder were shown the opposite
color-orientation configurations. In other respects, the procedures
were similar to those of Experiment I. All conditions were tested
in a single session, with rest intervals ofabout 5 min between con
ditions.

Results and Discussion
Separate one-way analyses of variance were performed

on the cumulative durations (in seconds) of the reported
diamond organization and the number of alternations in
the five experimental conditions. No significant variation
occurred across the five conditions for either duration
[F(4,28) < 1.0] or alternation [F(4,28) < 1.0]. The mean
cumulative durations for diamond reports and the mean
number of alternations in the five experimental conditions
were highly consistent with the values obtained during the
achromatic condition of Experiment 1. To enable com
parisons, the data obtained in Experiment 2 are shown
in Table 1.

Taken together, the results of Experiments 1 and 2 in
dicate that the ambiguous nature of Figure Ib is modi
fied by the addition of colors, but only when the added
colors are similar to the appearance of CAEs. When the
horizontal and vertical components of Figure 1bare
colored with near-complementary colors, Figure Ib be
comes an unambiguous display with the diamond config
uration being reported almost exclusively. Observers'
responses in C2 and C3 of Experiment 2 (i.e., in condi
tions in which the display was viewed in homogeneous

Cumulative
Durations (Sec)
Number of
Alternations

CI

94.7
(3.8)

41.0
(4.2)

Experimental Conditions

C2 C3 C4

86.7 89.5 88.7
(5.8) (5.2) (6.8)

43.0 42.4 39.8
(2.3) (1.6) (2.0)

C5

90.1
(7.6)
40.5
(2.5)

red and green light, respectively) were almost identical
to responses given when the display was viewed in
homogeneous white light. These conditions can be com
pared to the zero-disparity dichoptic viewing conditions
used by Lawson et al. (1977), in which no change in per
ceptual alternation was found. That is, neither the view
ing of Figure 1b under dichoptic conditions nor the view
ing of Figure 1b under conditions of narrow band
illumination are sufficient, per se, to disambiguate the dis
play: For this to occur, particular values of binocular dis
parity are necessary in the former case, and particular
color-orientation combinations are necessary in the latter. 6

The results of Experiments 1 and 2 indicate that the
procedures used to make ambiguous displays unambigu
ous are not as straightforward as they may appear, and
clearly warrant further investigation. More importantly,
however, the results call into question the most commonly
made interpretation of the relationship between percep
tual aftereffects and perceptual alternation, namely that
the former phenomena are under the control of the same
mechanisms that determine the latter (see Broerse & Cras
sini, 1981). If the addition of CAE-like colors can alter
an observer's perception of an ambiguous display, then
it is likely that the production of CAEs can produce a simi
lar result. This expectation was tested in Experiment 3.

EXPERIMENT 3

The argument that CAEs (and motion aftereffects;
Meyer & Sherman, 1981) depend on the perceived or
ganization of an ambiguous test figure rests on the assump
tion that the procedures that produce the afte,reffects and
their outcomes do not alter perceptual organization.
Despite the crucial nature of this assumption, most of the
studies purporting to demonstrate the dependence of af
tereffects on perceptual organization either ignored com
pletely the issue of perceptual organization following after
effect-adaptation or used procedures not suitable for its
evaluation. In three of the studies (i.e., Jenkins & Ross,
1977; Meyer & Phillips, 1980; Meyer & Sherman, 1981)
neither the frequency of alternation between perceived or
ganization nor fluctuations (e.g., presence/absence) in the
appearance of aftereffects was measured. Data reported
in these articles were based on observers' introspective
verbal reports about the color appearance and perceptual
organization of the test display. Meyer and Phillips (1980)
did report the frequency of perceptual alternation in a pi
lot study, but did not provide similar data following color
orientation adaptation.

Using an entirely different procedure, Milewski et al.
(1980) induced CAEs in the normal manner and asked
observers to rate CAE strength (on an ll-point scale)
while inspecting (1) orthogonal gratings (i.e., a standard
CAE test pattern), (2) two checkerboard patterns, and
(3) a set ofconcentric octagons (which could be perceived
either as a set of concentric octagons or as a set of eight
triangular wedges). In addition, observers were asked to
rate (on a 4-point scale) the ease with which they could
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switch consciously from the organization perceived spon
taneously in the test display to the alternative organiza
tion. Data reported with the octagon display are of spe
cial relevance to the present argument. Prior to adaptation,
the 34 observers were almost equally divided in terms of
their spontaneously reported perceptual organization (19
reported octagons; 15 reported triangles). However, fol
lowing adaptation, only 9 observers reported octagons and
25 reported triangles. Moreover, CAEs were rated as
stronger during the spontaneous organization than dur
ing the alternative. In addition to producing CAEs and
a shift in the distribution of spontaneously perceived or
ganization, adaptation produced a change in the reported
difficulty of switching from one perceptual organization
to the other; the 25 observers who reported spontaneously
the triangles organizations and CAEs after adaptation also
reported the greatest difficulty in switching to the alter
native organization of octagons.

The data reported by Milewski et al. (1980) are com
plex and somewhat difficult to interpret. For example,
observers who were unable to switch their perceptual or
ganization, or who experienced great difficulty in doing
so, were still required to give a subjective CAE rating
for the alternative perceptual organization. Despite these
problems, the data provide support for the idea that adap
tation influences both the color appearance and percep
tual organization of an ambiguous test display. However,
the procedures used by Milewski et al. (1980) do not ad
dress this issue directly. They also introduce a new set
of problems concerning the ability of observers to reor
ganize ambiguous figures at will, and to rate both the ef
fort required in this task and the appearance of the new
organization. The techniques most suited to answering
questions about changes in perceived organization follow
ing adaptation are the continuous real-time monitoring
procedures used by Uhlarik et al. (1977). Unfortunately,
these authors used an inappropriate index to summarize
their data on perceived organization, and did not use the
same procedures to monitor CAEs (see Broerse & Cras
sini, 1981). As in the other studies mentioned above, in
ferences about fluctuations in CAE strength and percep
tual alternations were based on observers' introspections
at the completion of testing.

In Experiment 3, the continuous recording facilities
used in Experiments 1 and 2 were modified so that fluc
tuations in perceptual organization and CAE presence
could be measured. Furthermore, a critical test of the as
sumption that color-orientation adaptation alters both the
color appearance and perceptual organization of an am
biguous test display was carried out. It is characteristic
of CAEs that they do not transfer interocularly in a sim
ple fashion (see Stromeyer, 1978, for a review of this is
sue). Therefore, if adaptation influences perceived organi
zation, it should be possible to elicit two separate
perceptual alternation rates in the same observer by
monocular color-orientation adaptation. When looking at
the ambiguous test display with the nonadaptation eye,
fluctuations in perceptual organization should be similar

to those reported before adaptation when viewing with
either eye. However, when using the adaptation eye, the
test display should appear colored and the diamond or
ganization should predominate just as in the simulated
CAE condition of Experiment 1.

Method
Subjects. A further 8 undergraduate students with normal or

corrected-to-normal visual acuity (and who had not participated in
Experiments 1 and 2) volunteered to serve as observers. All were
naive as to the purpose of the experiment and were screened for
optical astigmatism and color vision defects, as in the previously
reported experiments.

Materials and Apparatus. A Kodak Carousel projector (PI, see
Figure 2) was used to project adaptation stimuli onto a white rec
tangular screen with a matte black surround. The stimuli consisted
of horizontal and vertical square-wave gratings (4.2 cycles/deg of
visual angle) that formed a square with sides subtending 2.8 0 of
visual angle. Kodak Wratten filters were used to produce red
(No. 26) vertical and green (No. 55) horizontal gratings. The achro
matic ambiguous test pattern was the same as that used in the ex
periments reported above, and its spatial frequency was identical
to the spatial frequency of the adaptation stimuli.

The experimental apparatus shown in Figure 2 and described in
Experiment 1 was used to present adaptation/test stimuli and to
record responses. A footswitch was also provided so that observers
could report the presence of aftereffect colors. A standard labora
tory interval generator was used to control the presentation of
stimuli.

Procedure. Each observer participated in a pretest, an adapta
tion, and a posttest session. Four observers adapted with the left
eye and four observers adapted with the right eye. The observers
wore a standard trial-lens spectacle frame so that a black occluding
disk could be inserted during the appropriate adaptation and test
conditions. When required, optometrically prescribed correction
lenses could also be inserted. The order of testing for adaptation
and nonadaptation eyes was counterbalanced over adaptation and
test conditions (e.g., when observers were required to adapt with
their left eyes, half were tested with the order right eye/left eye).
In addition, 4 observers received the same orders for pretest and
posttest; for the remaining 4 observers the orders were reversed.
During both test sessions, the observers were required to inspect
the same ambiguous test figure used in Experiments 1 and 2 and
report, by pushing response buttons in the manner described above
(Le., for the diamond or rectangles organizations), which organi
zation was dominant. For posttest conditions, the visibility ofCAEs
was monitored by a footswitch which observers were required to
keep depressed whenever CAEs were visible. During induction,
observers inspected, in alternation, red vertical and green horizontal
gratings for 20 min. Each grating was presented for 8.5 sec and
was followed by a dark interval of 1.5 sec. Responses during test
sessions were recorded as in Experiments 1 and 2, and could be
monitored by the experimenter on a small video display situated
in an adjacent room. If the footswitch for recording color responses
was depressed at any time during posttest, the observers were in
terrogated about the nature of the color appearance at the conclu
sion of the posttest session; they were asked to indicate which colors
were seen and whether colors were associated with particular regions
of the test pattern.

Results and Discussion
Initially, the data on perceived organization and per

ceptual alternation were analyzed independently of color
reports. Two separate two-way repeated measures ana
lyses of variance were performed on, respectively, the
cumulative duration of the diamond organization and the
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total number of alternations. The two factors in these ana
lyses were (1) viewing condition (pretest vs. posttest), and
(2) inspection eye (adaptation eye vs. nonadaptation eye).

The cumulative duration for the diamond organization
varied significantly as a function of viewing condition
[F(l,7) = 90.24, p < .001] and inspection eye [F(I,7)
= 60.79, p < .001]. The interaction between these fac
tors was significant [F(l,7) = 34.67, p < .001], and sub
sequent comparisons between individual means (see
Figure 4a) showed that the duration of reporting diamond
with the adaptation eye was significantly greater during
the posttest than during the pretest [t(7) = 8.37,
p < .001]. There were no differences between pretest and
posttest scores for the nonadaptation eye, and neither
differed significantly from the pretest duration in the adap
tation eye. The total duration for the diamond organiza
tion during posttest was significantly greater for the adap
tation eye than for the nonadaptation eye [t(7) = 14.94,
P < .001]. Since the cumulative durations for the dia
monds and rectangles organizations summed to 180 sec,
the corresponding decreases in the rectangles organiza
tion in all the above comparisons were significant also.
In addition, the mean cumulative duration for the rectan
gles condition in the adaptation eye (posttest) was not sig
nificantly different from zero [mean = 10.1 sec; t(7) =
1.67, P > .05]. Mean durations for periods when CAEs
were not reported, both when the figure was seen in the
diamond organization (mean = 7.6 sec) and when it was
seen in the rectangles organization (mean = 7.5 sec),
were also not significantly different from zero [both ts(7)
= 1.1, P > .05].

The change in reported duration of the diamond organi
zation following monocular chromatic adaptation was as
sociated with a change in the number of perceptual alter
nations. These varied significantly as a function of viewing
condition [F(l,7) = 23.11, p <.003] and inspection eye
[F(I,7) = 55.23,p < .001]. Theinteractionwassignifi
cant [F(l,7) = 376.12, p < .001]. Inspection of
Figure 4b shows that pretest alternation rates when either
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eye was used were not significantly different from each
other, nor was either value different from the posttest al
ternation rate when the nonadaptation eye was used. The
posttest alternation rate when the adaptation eye was used
was significantly less than the pretest rate with the same
eye [t(7) = 8.43, p < .003]. In other words, monocular
color-orientation adaptation resulted in an increase in the
duration of reporting the diamond organization and a
decrease in alternation rate, but only when testing with
the adaptation eye.

Color responses and perceptual alternation responses
were treated concurrently by calculating the proportions
of time CAEs were reported during periods of dominance
of the diamond organization and rectangles organization
separately. In the adaptation eye (posttest), CAEs were
reported for 95.4 % of the time that the diamond organi
zation (D) was dominant, and for only 25.7% of the time
that the rectangles organization (R) was dominant-that
is, the conditional probabilities for the aftereffects (A)
were p(A/D) = .95 and p(A/R) = .26. This pattern of
CAE reports and perceptual organization responses seems
to be consistent with the view that CAEs are contingent
not only on contour orientation but also on perceptual or
ganization. However, this interpretation is misleading. It
does not take into account the large increase in the time
the test display is seen in the diamond organization and
the concomitant reduction in the number of alternations
following adaptation (see Figure 4). These increases in
perception of the diamond organization were such that per
ception of the rectangles organization was almost com
pletely absent (i.e., mean duration of R was not signifi
cantly different from zero). Accordingly, 25.7 % of time
that aftereffects were present during the rectangles organi
zation was also not significantly different from zero.

An appropriate indication of the postadaptation changes
described above is found by considering the conditional
probabilities for reporting diamond in the presence and
in the absence of aftereffects [i.e., p(D/A) and p(D/A) ,
respectively]. During posttest of the adaptation eye, the
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Figure 4. Mean cumulative duration (seconds) for reporting diamond perceptual or
ganization before (pre-) and after (post-) monocular color-orientation adaptation. Separate
means are shown for viewing with the adaptation (A) eye and nonadaptation (NA) eye
(a). Mean number of perceptual alternations before and after adaptation are also shown
for the adaptation and nonadaptation eyes (b).
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diamond organization was reported for 98 % of the time
that aftereffects were visible fp(D/A) = .98] and for 50%
of the time that aftereffects were not visible fp(D/A) =
.50]. Although the durations for A were not significantly
different from zero, it is worthwhile noting that the value
of p(D/A) was comparable to p(D) in all conditions in
which CAEs were not present or expected [i.e., pretest,
adaptation eye, p(D) = .50; pretest, nonadaptation eye,
p(D) = .50; posttest, nonadaptation eye, p(D) = .55].
In light of the postadaptation changes described (which
occurred only during testing with the adaptation eye), the
interpretation that CAEs are more likely to be reported
during dominance of the diamond organization (e.g., Uh
larik et al., 1977) is in a sense trivial, since only the dia
mond organization tends to be reported after adaptation.

GENERAL DISCUSSION

We had three aims in completing the experiments
described above. The first was to clarify the relationship
between CAEs and changes in perceived organization
(perceptual alternation). The second was to examine the
implications of this relationship for neurally based ac
counts of CAEs, ambiguous displays like Figure lb, and
related examples of perceptual fluctuations (e.g., monocu
lar rivalry). The third was to consider these specific im
plications within the broader theoretical contexts of direct
and indirect approaches to perception.

As indicated in the introduction, the most commonly
held interpretation of the relationship between CAEs and
perceptual alternation is that both phenomena are under
the control of some central cognitive process. It was this
process that mediated the imposition of a particular or
ganization on an ambiguous display, and in so doing de
termined the appearance (or disappearance) of CAEs (see
Broerse & Crassini, 1981). Our argument is that both
CAEs and perceptual alternation are stimulus bound. The
data of Experiments 1 and 2 (see Figures 2 and 3 and Ta
ble 1) clearly support this argument in that the addition
of separate colors to the horizontal and vertical compo
nents of Figure 1b make the display unambiguous. Fur
thermore, the results of Experiment 3 (see Figure 4) in
dicate that the process of disambiguating ambiguous
displays need not involve changes to the displays them
selves. It is sufficient to alter the functioning of the
mechanisms (within the observer) assumed to be involved
in processing the displays. For example, McCollough-type
adaptation alters color-orientation processing mechanisms
with the result that an achromatic ambiguous display (with
appropriate spatial characterisitics, e.g., Figure 1b) ap
pears to be colored for a period of time following adap
tation. During this period, observers respond as ifthe dis
play were colored, and the display is no longer perceived
as being ambiguous. Taken together, the data of Experi
ments 1, 2, and 3 suggest that the common interpretation
of the relationship between CAEs and perceptual alter
nation should be reversed. Rather than perceptual organi
zation's determining CAE appearance or disappearance,

the occurrence of CAEs determines perceptual organi
zation.

This causal interpretation is strengthened by the in
terocular comparisons possible in Experiment 3. The
monocular color-orientation adaptation procedures
resulted in the manifestation of CAEs only when testing
took place with the adaptation eye. Thus, the same ob
server reported quite distinct color experiences and per
ceptual alternation experiences depending on the eye used
during adaptation and test. This indicates that the adap
tation procedure alone is not sufficient to alter the per
ceptual alternation experiences of the observer. It is only
when these adaptation procedures produce CAEs that
changes in perceptual alternation occur. In summary, our
first aim was achieved. We have shown that perceptual
alternation of Figure 1b is contingent on the color appear
ance of the display, irrespective of whether the color ap
pearance is the result of changes in illumination
wavelength or is due to color-orientation adaptation of the
observer.

The finding that the rectangles organization is almost
never reported when complementary colors (real or af
tereffect) are paired with the orthogonal contours of
Figure 1b is consistent with findings that the composite
organization during monocular rivalry also is decreased
markedly when such colors are paired with orthogonal
contours (see above). Fluctuations in the visibility of con
tours during monocular rivalry are attributed to inhibi
tory interactions between populations of orientation
selective mechanisms in the visual cortex (e.g., Morrone
et aI., 1982). Such mechanisms exhibit color selectivity
and are assumed to account for changes in the nature and
rate of monocular rivalry when colored contours are used
(Rauschecker et al., 1973; Stromeyer, 1978). But these
same color-orientation mechanisms (Gouras & Kruger,
1979; Gouras & Zrenner, 1981) are most commonly as
sumed to account for CAEs (see Harris, 1980; Over,
1977; Stromeyer, 1978). In relation to our second aim,
therefore, we suggest that our results may be interpreted
in a manner that achieves a considerable degree of par
simony: The mechanisms underlying perceptual fluctua
tions during monocular rivalry, and during inspection of
Figure 1b, are the same mechanisms that underlie CAEs
when Figure 1b and similar ambiguous figures are used
as CAE-test stimuli.

Our third aim concerned the indirect theoretical con
text adopted implicitly in previous interpretations of the
relationship between CAEs and perceptual alternation of
ambiguous displays like Figure lb. That is, the interpre
tation that the cognitive processes that impose order on
(and determine perceptual organization of) ambiguous sen
sory input provided by ambiguous displays also cause the
test display to change in color appearance. When com
plementary colors were superimposed on the test figure
(irrespective of whether they were real or aftereffect
colors), there were no longer any significant changes in
perceived organization. Strictly speaking, this leaves the
question of whether changes in perceived organization in
fluence CAEs unanswerable (i.e., there were no changes).
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However, if such changes no longer occur, there would
appear to be little sense left in the claim that such changes
(and the cognitive factors responsible for them) cause fluc
tuations in the appearance of CAEs. The results reported
in this paper suggest that such an interpretation (and its
implicit neorationalist framework) is not necessary to ex
plain how CAEs and perceptual alternation may be
related. Indeed, the present results are consistent with
what we have termed neuroempiricist approaches to per
ception. That is, the data reported here are consistent with
the proposition that the neural mechanisms mediating the
occurrence of CAEs are also involved in the fluctuations
in perceptual organization found with ambiguous displays.

The term neoempiricist is used by Uttal (1981) to en
compass Gibson's theory of perception, since Gibson also
attributes perception solely to stimulation from the natural
environment (or more correctly, to an interaction between
the observer and environmental stimulation). Gibson's
(1979) proposals about the relationship between informa
tion available in stimulation from natural, three
dimensional environments and the information available
in pictorial arrays are useful in describing the conditions
that define perceptual ambiguity in displays like Figures
1a and lb. For example, the addition of texture gradient
information to Figure 1a or particular color information
to Figure 1b renders both displays unambiguous.
However, the utility of Gibson's approach in explaining
perceptual ambiguity diminishes beyond this point. For
Gibson, interpretations (or perceptions) of ambiguous dis
plays are ambiguous because the information to be inter
preted is ambiguous. Despite the argument that such sit
uations arise only in "unnatural" contexts (e.g., pictures;
see Gibson, 1966, 1979, and Michaels & Carello, 1981),
and that they therefore contribute little to the understand
ing of real-world perception, there is very little to distin
guish Gibson's approach to perceptual ambiguity from the
more traditional (indirect) approaches to perception. Ir
respective of whether information in pictures is taken to
consist of two-dimensional simulations of Gibsonian in
variant relations, a patchwork ofWundtian sensations, or
Gestalt-like figures and forms, perception, ineach case,
is based on some form of interpretation.

What does distinguish Gibson's approach to perception
from those of others is that the analysis just outlined (i.e.,
perception as interpretation) is taken by Gibson to refer
only to the perception of pictures and not to the percep
tion of the real world. However, whether the "perception
as-interpretation" approach is adopted only when discuss
ing perception of pictures or is used when discussing per
ception in general, the question remains: Can these higher
order, interpretative processes influence the functioning
of the lower order (stimulus-bound) processes on whose
output they are assumed to operate? The data of the three
experiments reported here suggest not. The lower order
mechanisms taken to determine the occurrence of CAEs
were not influenced by higher order mechanisms assumed
to determine perceptual organization. Rather, the present
data indicate that the reverse is more likely to be the case.

In none of the theoretical approaches considered above
is the notion that perception is stimulus driven-that what
is seen depends on what it is that is seen-in dispute. 7

There is even provision in some indirect (i.e., neoration
alist) approaches for stimulus-driven mechanisms to be
stimulus-bound to some extent. Such mechanisms are as
sumed to be autonomous (i.e., cognitively impenetrable;
Fodor & Pylyshyn, 1981) yet capable of processing quite
complex perceptual aspects of a stimulus array. Further
more, depending upon how perception is defined (i.e.,
what is considered to be visual perception and what is con
sidered to be visual cognition; see Dretske, 1978), there
is little dispute concerning the notion that what something
is seen as depends on some higher order cognitive process
ing (i.e., interpretation, prior experience, knowledge),
even if this is taken only to apply to the perception of pic
tures. A dispute does arise, however, with respect to the
question of whether (and in what circumstances) the
processes determining what something is seen as influence
the processes determining what is seen (i.e., whether the
latter are cognitively penetrable; Fodor & Pylyshyn,
1981). In these terms, the evidence provided by our in
vestigations of ambiguous displays like Figure 1b suggests
that the mechanisms that determine which perceptual or
ganization is seen are the same as the mechanisms in
volved in processing the color/spatial components of these
displays. Furthermore, such mechanisms are cognitively
impenetrable with respect to the processes that determine
what these organizations are seen as.

A final point regarding Gibsonian approaches warrants
consideration. According to exponents of Gibson's ap
proach, distinctions between seeing and seeing as, be
tween cognitive1y impenetrable and cognitively penetra
ble processes, are examples of a "dualism" between
perceiver and environment inherent in traditional indirect
accounts of perception (see Michaels & Carello, 1981).
Such dualisms form the basis of what is commonly
referred to as the classical problem in perceptual theory
(e.g., Wertheimer, 1974)-namely the difficulty in defin
ing the properties of what is seen in terms independent
of what things are seen as. Spots, edges, Gestalt-like
figures, are the objects of perception (i.e., the functional
outcomes for a perceiver), not properties of things them
selves. To overcome this problem, Gibson (1979) advo
cates that such dualisms be avoided and perception con
sidered in terms of an interaction between perceiver and
environment. What is directly' 'picked up" from the en
vironment is not a collection of edges, angles, and so
forth, that are indirectly perceived as, say, a stick, but
the property that a stick affords a perceiver (i.e., its
"graspability"). Although properties like "graspability"
are clearly interactional in nature, it seems to us that they
focus as much on the functional outcomes of perception
as do the neorationalist approaches that Gibsonians attempt
to refute. Although we agree that any comprehensive the
ory of perception should be based on considerations in
volving interactions between perceiver and environment,
we believe that the role of the perceiver's nervous sys-



CAEs, REAL COLORS, AND PERCEPTUAL ALTERNATION 115

tern cannot be ignored in such considerations. We take
the data reported in Experiment 3 to support this point
of view.

In conclusion, the results of the experiments reported
show that appropriate addition of color (whether physi
cally present or induced as CAEs) to an ambiguous dis
play is sufficient to disambiguate the display. These results
are not consistent with the proposal that cognitive factors
influence the stimulus-bound mechanisms responsible for
CAEs. Rather, they can be understood in terms of the ac
tivity of neural mechanisms common to CAEs and per
ceptual alternation.
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NOTES

1. The configuration most commonly reported for the diamond or
ganization of Figure 1b is that in which the diamond-shaped horizontal
contours are reported as "figure" against a "ground" of vertical con
tours (see Uhlarik, Pringle, & Brigell, 1977). However, it may be pos
sible also to see a rectangular figure (vertical contours) that reveals a
ground of horizontal contours through a diamond-shaped' 'hole." To
the best of our knowledge, no one has ever investigated whether this
reversed configuration is ever reported.

2. This is not to imply that perceptual "errors" should not occur,
in Gibsonian terms, in the natural environment. Indeed, some types of
perceptual "error" (e.g., a stick appearing to bend when immersed in
water) are predicted in Gibson's theory, given the properties of the en
vironment and the perceiver. (See Turvey, Shaw, Reed, & Mace, 1981,
for a discussion of the relevance of misperceptions to Gibson's theory
of perception.)

3. All observers were also informally screened for astigmatism in both
horizontal and vertical axes. The need for this became obvious when,
during piloting, I observer (who was not a participant in the present
experiment) was unable to see the rectangles organization at all when
the achromatic test figure was presented. When subsequently shown a
set of concentric squares (the figure resembling that used by Jenkins
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& Ross, 1977) and asked to comment on the clarity of the lines, this
subject said that the vertical component always appeared blurred. Since
the Jenkins and Ross figure itself resembles a pattern used by Verhoeff
(1799, cited in Wade & Day, 1978) as a test of astigmatism, all sub
jects in each of the three experiments were subjected to this screening
procedure. We are currently preparing a paper on the effect of artifi
cially induced astigmatism (in the horizontal and vertical axes) on the
appearance of the figures used in the present experiment.

4. Both authors judged the effect to be a reasonably good facsimile
of CAEs. However, since the saturation of both red and green was not
controlled independently, a setting which provided a green that was com
parable to the green commonly experienced with CAEs also tended to
produce a red that was marginally more pronounced than that experienced
with CAEs. By way of anecdote, the simulation was sufficiently con
vincing to momentarily deceive two independent and disinterested mem
bers of staff (who had previously participated as observers in a CAE
demonstration) into believing that they were still experiencing CAEs
generated 3 to 4 months earlier.

5. Although this procedure does not involve counterbalancing to re
move any possible order effects, it represents a conservative design weak
ness. The responses made during viewing of the achromatic display (i.e.,
a steady rate of perceptual alternation and almost equal durations of per
ceptual dominance of the two organizations) in Session I are not in the
direction expected during Session 2 (i.e., when viewing the colored ver-

sion of the display). Any expectations or response biases developed during
Session I are therefore working against the expected effects.

6. The colored displays of C4 and C5 may be characterized as con
taining a further source of ambiguity when compared with the achro
matic version of Figure lb. Together with the diamond and rectangles
organizations, the colored display might also be organized as contain
ing two adjacent colored surfaces with either a vertical (C4) or a horizon
tal (C5) border. These additional colored surfaces, however, do not coin
cide with either the diamond or rectangles organization (which observers
were asked to report). For this reason, presumably, observers' reports
of perceptual organization in these conditions were no less ambiguous
than in the three homogeneous illumination viewing conditions (C I, C2,
and C3).

7. A simple illustration of the difference between "seeing" and "see
ing as" is provided in Footnote 3. Our (discarded) subject with severe
astigmatism in the vertical axis never saw what subjects with normal
vision could see as the rectangles organization. Nor would a hypotheti
cal observer, with no previous experience or knowledge as to what sort
of information constitutes a rectangle or a diamond, be able to report
that what he or she was at present seeing was as (or like) diamonds or
rectangles normally appear.
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