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Selective adaptation with reversible figures:
Don't change that channel

THOMAS C. TOPPINO and GERALD M. LONG
Villanova University, Villanova, Pennsylvania

An adaptation-test paradigm was used in two experiments examining processes underlying the
perceived reversals of a rotating Necker cube. Adaptation and test cubes were either the same
or different with respect to their visual fields of presentation (Experiment 1) or their sizes (Ex
periment 2).Results ofboth experiments indicated that, following subjects' adaptation to a different
cube, reversal rate of the test cube did not differ from that obtained without prior adaptation
experience. In contrast, reversal rate of the test cube was elevated following adaptation to the
same cube. Additional findings of Experiment 1 were that a test cube presented to the same visual
field as the adaptation cube yielded a higher reversal rate than did a simultaneously presented
cube in the opposite visual field. Also, the reversal rate of one cube was not influenced by the
simultaneous presentation of a second cube. Results ofboth experiments were interpreted in terms
of the fatigue and recovery of multiple, largely independent, localized neural channels. Thus,
the results tie reversible-figure illusions to other visual phenomena thought to involve similar
fatigue processes within localized visual channels (e.g., tilt, motion, and size aftereffects).

Reversible figures make up a well-known class of visual
illusion in which a stimulus pattern appears to alternate
spontaneously between different perceptual organizations
or interpretations during continuous viewing. Familiar ex
amples of this kind of illusion include the Necker cube,
Rubin's vase/faces, the Schroder staircase, the Mach
folded card, Fisher's manlgirl, Boring's young girl/old
woman, and the Maltese cross (see Attneave, 1971, for
examples of these and other reversible figures). The cu
rious multistable character of reversible figures has in
trigued students of visual perception for over a century
and a half, since an early report of such a phenomenon
was published by Necker in 1832 (cited in Boring, 1942).
The continued interest in these illusions reflects the as
sumption that understanding the multistability of reversi
ble figures will provide insight into basic perceptual
mechanisms.

Aside from the fact that the perceptual interpretation
of reversible figures appears to fluctuate, the most well
established phenomenon associated with reversible figures
is that the perceptual reversals tend to occur more and
more rapidly over an extended viewing period. In numer
ous studies, the number of reversals per unit of time has
been found to be an increasing negatively accelerated func
tion of viewing time (e.g., Babich & Standing, 1981;
Brown, 1955; Cohen, 1959; Howard, 1961; Long, Top-
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pino, & Kostenbauder, 1983; Price, 1969a, 1969b; Spitz
& Lipman, 1962). Although several theories have been
offered to account for the basic characteristics of rever
sible figures, most incorporate one of two major sets of
theoretical mechanisms. In one set, reversible-figure il
lusions are explained in terms of the alternating satiation
(fatigue) and recovery of neural structures, whereas, in
the second set, the illusions are explained in terms of per
ceptual decision making (or hypothesis testing) and per
ceptuallearning.

Theorists proposing fatigue/recovery mechanisms as
sume that different cortical organizations underlie each
perceived variation of a reversible figure. These under
lying organizations are assumed to involve mutually in
hibitory processes such that only one perspective of a
reversible figure can be seen at a time. Perceptual fluctu
ation is thought to be the phenomenal result of a cyclic
process of fatigue and recovery. With extended viewing,
the cortical organization underlying one alternative per
cept satiates or fatigues and is supplanted by a new, fresher
cortical organization underlying the other perspective. The
second organization alsofatigues with further viewing and
is replaced eventually by the first organization, which has
had time to recover. This recovery is assumed to be in
complete, however, so that satiation and perceptual rever
sal then occur more quickly. Over a long viewing period,
successive reversals should occur more and more rapidly
until some relatively constant rate of satiation and recov
ery is attained, thus accounting for the negatively acceler
ated function relating number of reversals to viewing time.
Although satiation theories were formulated originally in
terms of Gestalt assumptions about the physiological
processes underlying perception (e.g., Kohler & Wallach,
1944), more recent investigators (e.g., Harris, 1980; Long
& Toppino, 1981; Long et al., 1983; Palmer & Bucher,

Copyright 1987 Psychonomic Society, Inc.



38 TOPPINO AND LONG

1981; von Griinau, Wiggin, & Reed, 1984) have related
satiation effects to the fatiguing of neural "channels" that
often are hypothesized to constitute the visual system
(e.g., Braddick, Campbell, & Atkinson, 1978; Regan,
1982).

Theorists proposing learning/decisional mechanisms to
account for reversible-figure illusions emphasize the oper
ation of active processes that usually are associated with
the use of limited attentional resources. According to this
view, our perceptions are the result of hypothesis-testing
or problem-solving processes (e.g., Gregory, 1970; Rock,
1975). The perceptual alternations of a reversible figure
are attributed to a cyclical decision process in which the
perceptual system vacillates between two equally accept
able "solutions" to the perceptual puzzle, attending first
to one and then to the other. By incorporating aspects of
earlier learning-based theories (e.g., Ammons, 1954; Am
mons, Ulrich, & Ammons, 1959), decisional theories ex
plain the increase in reversals with extended viewing as
the result oflearning from perceptual experience. The fact
that the number of reversals is an increasing negatively
accelerated function of viewing time is thought to reflect
a standard learning curve for the perceptual response in
volved.

Both fatigue/recovery and decisional/learning theories
have received some empirical support. For example, the
former theories have been supported by studies showing
that viewing an unambiguous version of a normally am
biguous figure results in subjects' perceiving the alterna
tive interpretation when the standard reversible figure is
subsequently presented (e.g., Carlson, 1953; Harris,
1980; Hochberg, 1950; Virsu, 1975). On the other hand,
several findings seem more consistent with deci
sionalllearning theories. For example, subjects can con
trol reversal rates voluntarily to some extent (e.g., Pel
ton & Solley, 1968), and, unless subjects know that the
stimuli are reversible, they may fail to perceive reversals
at all (Girgus, Rock, & Egatz, 1977). In addition, prac
tice effects have been obtained in which reversal rate im
proves from viewing session to viewing session even when
relatively long delays (e.g., a week) separate sessions
(e.g., Long et al., 1983).

In the present research, we further examined the mecha
nisms underlying reversible-figure illusions by contrasting
fatigue and decisional theories with respect to two closely
related issues. The first issue concerns the local or global
nature of the underlying mechanism. By hypothesizing
that fatiguing neural channels play a central role in the
perception of reversible figures, recent satiation theories
imply the existence of multiple, largely independent
processes (channels), each responsive to a specific type
of stimulation in a localized region of the visual field. In
contrast, decisional explanations seem to involve a mecha
nism having a more general, relatively global domain of
operation. The second issue concerns the degree to which
the underlying mechanisms are subject to attentionallimi
tations. Fatigue theories imply that the multiple neural
channels are passive, data-driven processes that operate
automatically. That is, they are triggered by appropriate

retinal stimulation and require little or no attentional ca
pacity. Thus, multiple channels are capable of operating
in parallel with little or no interference. In contrast, deci
sional theories imply the involvement of a global deci
sional mechanism that is active, is at least partially con
ceptually driven, and uses limited attentional resources.

Our characterization of fatigue theories as involving lo
cal processes with minimal attentionallimitations is con
sistent with a variety of studies dealing with the existence
and operation of fatigable visual channels (e.g., Frisby,
1980). However, our characterization of decisional the
ories as involving relatively global processes that use
limited attentional resources may require further discus
sion. This characterization is based on the following con
siderations that have been noted also in our previous work
(Long & Toppino, 1981; Long et al., 1983). First, ac
cording to decisional theories, different interpretations of
a single reversible figure are seen successively because
the related perceptual decisions are made serially. If these
decisions could be made in parallel, simultaneous percep
tion of both interpretations of a single reversible figure
would be possible. Second, any serial decision mecha
nism would appear to be limited in the number of deci
sions per unit of time, although the practical extent of the
limitation depends on the speed with which successive de
cisions can be made. Third, it is recognized that, rather
than assuming a global decisional mechanism, one could
postulate the existence of multiple serial decision makers
(one for each of an indefinitely large number of figures
throughout the visual field) that function in parallel without
interference. However, the notion of innumerable trial
and-error decisional processes operating (and undergo
ing perceptual learning) largely independently of one
another is neither very appealing nor very consistent with
the general conceptualization of such processes. Further
more, if one chooses a decisional model with such un
wieldy characteristics, the functional distinctions between
decisional and fatigue models begin to blur.

The first issue concerning the involvement of local or
global processes was addressed in both experiments
presented here through the use of the popular selective
adaptation paradigm(see Frisby, 1980). Observers viewed
a rotating Necker cube for a 2-min adaptation period, fol
lowed immediately by a 2-min test period. The cube was
either identical in the adaptation and test phases, or it was
changed so that different cortical channels would medi
ate its perception. In Experiment 1, this change involved
shifting the rotating cube from one visual field to the other.
In Experiment 2, the size of the rotating cube was altered.
If local processes of the' sort implied by satiation theory
are operative, the effect!of exposure during the adapta
tion phase should transfer to the test phase only when
stimuli (and underlying cortical channels) are identical in
both phases of the experiment. The effect of the more
global processes associated with decisional theories would
not be expected to be so limited.

The second issue concerning the attentional characteris
tics of the processes underlying the perception of rever
sible figures was addressed in Experiment 1 by having



some observers simultaneously view two cubes, one to
the left and the other to the right of fixation. If reversals
in the two cubes are mediated by independent neural chan
nels that operate automatically and in parallel, reversal
rate for a given cube should be unaffected by the number
of cubes being viewed. However, from the viewpoint of
decisional theory, a serial decisional mechanism would
have to divide its decision-making time between the two
cubes. Thus, the reversal rate for each of two cubes
viewed simultaneously should be lower than for either
cube viewed alone.

EXPERIMENT 1

Evidence for multiple, local processes mediating the
fluctuations of reversible figures was provided by a re
cent series of studies by von Griinau et al. (1984). Using
stationary Necker-cube-like figures, these investigators
adapted observers to an unambiguous version of their
figure and then transferred them to an ambiguous version.
An adaptation effect in which observers perceived the per
spective of the ambiguous figure to be the opposite of the
unambiguous adapting figure was obtained only when both
figures were presented to the same portion of the visual
field. Potentially converging evidence can be found in
other studies that have adapted subjects to an ambiguous
figure presented to one visual field (e.g., left) and then
transferred them to an identical ambiguous figure
presented to the opposite visual field (e.g., Babich &
Standing, 1981; Cohen, 1959; Howard, 1961; Spitz &
Lipman, 1962). Unfortunately, there is at least some rea
son to question the results of all of these latter ex
periments.

Howard (1961) found that observing a rotating cube in
one visual field did not influence the perceived reversal
rate of a cube that subsequently was presented in the op
posite visual field. However, Howard did not include a
"same-adaptation" condition in which the first and sec
ond cubes (adaptation and test cubes, respectively) were
presented to the same region of the visual field. Such a
comparison condition is necessary to conclude that the spa
tial relationship between adaptation and test cubes is the
critical factor producing the results and not some extrane
ous feature of the procedure. Other investigators using
stationary Necker cubes did include a same-adaptation
condition in their experiments. However, their results
were inconclusive because either they used somewhat
different viewing conditions in the same- and different
adaptation conditions (e.g., Babich & Standing, 1981;
Spitz & Lipman, 1962) or their observers tended not to
see reversals during the adaptation phase of the experi
ment, making it unclear whether the observers actually
underwent adaptation (Cohen, 1959).

One purpose of the present experiment was to inves
tigate the effects of presenting adaptation and test figures
(rotating Necker cubes) to the same or different visual
fields while avoiding the problems that afflicted previous
studies. If reversals are mediated by the fatigue and reeov-
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ery of multiple, localized channels in the visual system,
the reversal rate of the test cube should be elevated after
adapting to a cube in the same visual field but not after
adapting to a cube in the opposite visual field. If rever
sals are the result of a global decision-making mechanism,
however, the reversal rate of the test cube should be
elevated regardless of whether adaptation involved a cube
in the same or the opposite visual field. The increase in
reversal rate with experience is assumed to be due to per
ceptual learning. There is little reason to believe that a
decision maker would undergo perceptual learning while
attending to a figure presented in one visual field during
adaptation but would be unable to apply that learning when
attending to an identical figure appearing in the opposite
visual field.

The second purpose of Experiment 1 was to examine
how the reversal rate of a rotating Necker cube would
be affected by a second rotating Necker cube presented
simultaneously in the alternate visual field. Such a manipu
lation would address the question of whether perceived
reversals reflect the operation of largely passive, indepen
dent mechanisms functioning in parallel or an active,
limited-capacity mechanism operating serially. This line
of investigation stems from observations reported by Long
and Toppino (1981) and Long et al. (1983). Although
numerous researchers had reported that simultaneously
presented ambiguous figures tend to reverse separately
(e.g., Gillam, 1972; Howard, 1961; Mefferdet al., 1966;
von Griinau et al., 1984; Washburn, Mallay, & Naylor,
1931), Long and Toppino made the point that these in
dependent reversals seem to be quite consistent with the
operation of multiple, localized neural channels that oper
ate passively and in parallel. However, the phenomenon
seems to be less easily reconciled with a decisional in
terpretation. To account for the fact that each of several
reversible figures can fluctuate largely independently of
one another, one might postulate that separate decisional
mechanisms underlie the alternating perceptions of each
figure. However, this assumption is incompatible with the
global character usually attributed to decisional mecha
nisms and blurs the distinctions between these mechanisms
and fatigue processes. Alternatively, one could account
for the separate reversals of multiple figures by assum
ing that a global, serial, decisional mechanism attends first
to one figure and then to another. However, as Long et al.
noted, this would require a serial mechanism to divide
its time among the simultaneously presented figures. As
a result, the reversal rate for anyone figure should be
slower in the multiple-figure task thanin the usual single
figure task.

The latter prediction was tested but was not confirmed
by Long et al. (1983). Observers reported perceived
reversals for a single rotating Necker cube or for both
of two simultaneously viewed rotating Necker cubes. In
accordance with the prediction of satiation theory and con
trary to the prediction of decisional theory, the reversal
rate for a given cube was uninfluenced by the presence
or absence of a second cube. However, there are two rea-
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sons why this finding may be viewed as less thanconclu
sive. First, the fmding was a null effect and certainly re
quires replication to bolster our confidence in the outcome.
Second, there was no independent evidence (other than
subject reports) that observers who viewed two cubes in
the Long et al. experiment perceived the cubes to reverse
independently. If, in fact, the cubes always appeared to
rotate in the same direction and to reverse in unison, one
might hypothesize from the perspective ofdecisional the
ory that each double reversal was due to a single global
decision. In this case, decisional theory might not expect
the reversal rate for each of two simultaneously presented
cubes to differ from that of a cube presented in isolation.

In Experiment 1, some subjects adapted to a single cube
presented to the left or to the right visual field and then
viewed two cubes, one in each visual field, during the
following test phase. This allowed a replication of the find
ing reported by Long et al. (1983) under potentially
clearer conditions. Ifmultiple independent channels medi
ate reversals, reversal rate should differ between the two
cubes viewed during the test phase. The cube that is the
same as the adaptation-phase cube should reverse more
rapidly. Moreover, if the localized channels underlying
the perception of each cube can operate in parallel without
interference, reversal rate of either cube should not differ
from the reversal rate ofa single cube with a comparable
adaptation history. Turning to decisional theory, it is not
clear how one could predict that the reversal rate of the
two test-phase cubes would differ. However, such a differ
ence in reversal rate would clearly indicate that the two
cubes were not always reversing in unison. Under these
circumstances, a global mechanism that makes percep
tual decisions serially would have to share its decision
making time between cubes. This leads to the prediction
that the reversal rate for each of the two cubes would be
slower than for a single cube viewed under comparable
conditions.

Method
Subjects. Fourteen males and 14 females were randomly assigned

to serve as subjects in each of six viewing conditions. Only right
handed individuals were recruited and allowed to participate in the
experiment. All 168 subjects (84 males and 84 females) were stu
dents at Villanova University and participated for partial fulfillment
of the requirements of a general psychology course.

Apparatus. The apparatus was the same as that used previously
by Long et al. (1983). The subjects were seated I m from a 125
x 265 mm screen, consisting of a translucent pane of glass cov
ered by a piece of medium-weight white paper. Either one or two
shadows of a Necker cube (45 mm on a side) were rear projected
on the screen by using either one or two 150-W light bulbs posi
tioned 95 em apart and 88 em from theNecker cube. The luminance
on the white screen was 1.0 fL. The shadows of the cubes were
projected so that their centers were 42.5 mm to the right and/or
left of a lO-mm black fixation point on the screen. When a full
front face was displayed, the size of the projected cubes was 47 mm
per side, which corresponds to a visual angle of approximately 2.7°
at a distance of I m. The cube rotated at a constant rate of 10 rota
tions/minute. The subjects placed their index fingers on standard
telegraph keys. They reported each perceived reversal of the left
and/or right cube by pressing the left and/or right telegraph keys,

respectively. The telegraph keys were connected to Foringer equip
ment and electromechanical counters so that each response cor
responding to a perceived reversal was recorded automatically.

Procedure. Each subject participated individually in a 3o-min
session. At the outset, the subject was given a l-min observation
period to adapt to the apparatus and to become familiar with reversals
of both a stationary and a rotating Necker cube. After experienc
ing reversals, the subject was given a 2-min rest period to allow
potential satiation effects from this initial viewing period to dissi
pate. Then the subject received 4-min viewing blocks, each sepa
rated by a 2-min rest period. The first 2 min of each 4-min block
constituted the adaptation phase, during which the subject viewed
the shadow ofone rotating Necker cube. The remaining 2 min con
stituted the test phase, during which the subject observed the shadows
of one or, in some conditions, two rotating Necker cubes. The dis
play was completely darkened for about I sec between the adapta
tion and test phases. The subject was instructed to observe the dis
play passively during each 4-min block and to report each reversal
that occurred by depressing the appropriate telegraph key _The sub
ject was instructed to keep his/her eyes on the fixation point dur
ing all viewing periods, but no independent check on fixation was
made. The experimenter recorded the number of reversals reported
within each of the four 30-sec intervals during the 2-min adapta
tion phase and the 2-min test phase of each 4-min block.

Viewing conditions. Each subject served in one of the follow
ing six viewing conditions, which were differentiated by what sub
jects observed and counted in the adaptation and test phases ofeach
4-min block:

Left-Left (L-L). Subjects were presented a single rotating cube
in the left visual field during both the adaptation and the test phases.

Left-Right (L-R). Subjects were presented a single rotating cube
in the left visual field during the adaptation phase and a single rotat
ing cube in the right visual field during the test phase.

Right-Left (R-L). Subjects were presented a single rotating cube
in the right visual field during the adaptation phase and a single
rotating cube in the left visual field during the test phase.

Right-Right (R-R). Subjects were presented a single rotating cube
in the right visual field during both the adaptation and test phases.

Left-Both (L-B). Subjects were presented a single rotating cube
in the left visual field during the adaptation phase and two cubes
one in each visual fIeld-during the test phase.

Right-Both (R-B). Subjects were presented a single rotating cube
in the right visual field during the adaptation phase andtwo cubes
one in each visual fIeld-during the test phase.

It should be noted that in the latter two conditions (L-B and R
B), subjects counted perceived reversals of both cubes during the
test phase by pressing the left and/or right key as appropriate.

Results and Discussion
The results were analyzed by a series of planned com

parisons. In all analyses, each subject's data were col
lapsed across the four 4-min viewing periods, because
primary interest centered on the effect of successive 30
sec intervals within each viewing block and on the rela
tionship between the adaptation and testphases withineach
viewing block. Data also were collapsed across sex of the
subjects, because preliminary analyses indicated that this
factor did not reliably influence performance in this ex
periment.

Effect of viewing time. The literature indicates that the
number of perceived reversals of an ambiguous figure in
creases as a negatively accelerated function of viewing
time. To determine whether our procedures produced this
classic effect, the dataof subjects in conditions L-L and
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Figure 1. Mean reversals reported for a rotating Necker cube in
Experiment 1 as a function of 3O-5ec intervals constituting a 4-min
viewing period.
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Figure 2. Mean reversals reported for a rotating Necker cube in
Experiment 1 as a function of adaptation condition (different vs.
no adaptation) and 3O-5ec intervals constituting a 2-min viewing
period.
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also unreliable (F < 1.0). In the analysis of right-eube
reversals (bottom portion of Figure 2), data for the
different-adaptation condition were taken from the test
phase of Group L-R and from the right test cube ofGroup
L-B [denoted L-B(R)]. The data for the no-adaptation con
dition were taken from the adaptation phase of Groups
R-R, R-L, and R-B. These data were submitted to a sec
ond 2 (adaptation condition) X 4 (interval) ANOVA with
repeated measures on the second factor. The results were
essentially the same as those for the left cube. Perceived
reversals increased with successive viewing intervals
[F(3,414) = 68.56, p < .001]. However, there was no
significant effect due to adaptation condition [F(I,138)
= 2.84, p > .05] or to the adaptation X interval inter
action (F < 1.0).

In the second set of analyses, the effect of adaptation
to a cube in the opposite visual field (different adapta
tion) was compared to the effect of adaptation to a cube
presented to same retinal location (same adaptation). The
results are presented in Figure 3. The data for the
different-adaptation conditions were the same as they were
for the last two analyses. For the same-adaptation condi
tions, data for the left cube were taken from the test phase
of Groups L-L and L-B(L), and data from the right cube
were taken from the test phase ofGroups R-R and R-B(R).
Left- and right-cube data were each submitted to a
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R-R were submitted to a 2 (cube: left vs. right) x 8 (inter
val: successive 30-sec intervals within a 4-min viewing
period) ANOVA with repeated measures on the last fac
tor. The only significant source of variance was the main
effect of interval [F(7,364) = 21.08, p < .001]. As can
be seen from Figure I, the number of reversals was an
increasing negatively accelerated function of successive
30-sec intervals within a 4-min viewing block.

Adaptation effects. One issue addressed by the present
research concerned how perceived reversals of a rotat
ing Necker cube were influenced by adaptation to a cube
appearing either in the same retinal location or in the op
posite visual field. Because each hemifield projects to a
different hemisphere, we decided to analyze the data
separately for cubes presented to each hemifield.

In the first set of analyses, the number of perceived
reversals obtained following adaptation to a cube in the
opposite visual field (different adaptation) was compared
with the number obtained without prior exposure to a cube
during the viewing period (no adaptation). The data are
presented in Figure 2. In the analysis of left-eube rever
sals, data for the different-adaptation condition were taken
from the test phase of Group R-Land from the left test
cube for Group R-B [denoted R-B(L)]. (The inclusion of
data from one test cube in the R-B or the L-B groups is
justified by later analyses assessing the reversal rate of
a given cube as a function of the presence or absence of
a second cube.) The data for the no-adaptation condition
were taken from the adaptation phase of Groups L-L, L
R, and L-B. These data were submitted to a 2 (adaptation:
different vs. no adaptation) x 4 (interval: successive 30
sec viewing intervals) ANOVA with repeated measures
on the second factor. Results indicated that perceived
reversals increased with successive viewing intervals
[F(3,414) = 95.89,p < .001]. However, the difference
between the different-adaptation and no-adaptation con
ditions did not approach significance [F(l,138) = 1.16,
p > .05], and the adaptation X interval interaction was
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Figure 3. Mean reversals reported for a rotating Necker cube in
Experiment 1 as a function of adaptation condition (same vs. differ
ent) and 3O-sec intervals constituting a 2-min viewing period.

terval x adaptation interaction clearly was reliable
[F(3,330) = 1O.17,p < .001]. The interaction tookes
sentially the same form as it had for the left cube. Subjects
in the same-adaptation condition reported significantly
more reversals than did subjects in the different-adaptation
condition in the first, second, and third 30-sec intervals
[Fs(1,143) = 18.19,7.13 and 5.32, respectively], but not
in the last 30-sec interval (F < 1.0) (see Note 1).

To summarize, during the adaptation period, reversal
rate increased as a function of viewing time. If the subse
quent test cube was presented to the same location in the
visual field, the reversal rate for the test cube remained
elevated at a near asymptotic level. If the test cube was
presented to the opposite visual field, its reversal rate was
no different from that obtained without prior exposure to
an adaptation cube. That is, reversal rate was low at the
outset of the test period and rose with viewing time toward
asymptote. Consequently, the disparity in reversal rate
between the same- and different-adaptation conditions was
greatest at the beginning of the test period and diminished
with additional viewing time as fluctuations in the
different-adaptation condition approached their common
asymptote.

These results are entirely consistent with the hypothe
sis that the fluctuations of reversible figures are due to
the fatigue and recovery of multiple, independent neural
channels, each sensitive to stimulation in a localized region
of the visual field. As such, the results clarified the find
ings of several previous studies and confirmed the con
clusions that had been suggested by these studies (e.g.,
Babich & Standing, 1981; Cohen, 1959; Howard, 1961;
Spitz & Lipman, 1962). In contrast, these findings are
not easily reconciled with the operation of a global deci
sional mechanism. If the very same process were to medi
ate perceived reversals for cubes presented in either the
left or the right visual field, one would not expect adap
tation effects to be limited by the location of stimulation
in the visual fields.

Effect of simultaneously viewing two cubes. Subjects
in Conditions L-B and R-B viewed one cube in the left
or right visual field during adaptation and then viewed
two cubes-one in each visual field- during the test
phase. Thus, one cube was presented to the same retinal
location as was the adaptation cube, whereas the other
cube was presented to a different retinal location. An anal
ysis was undertaken to determine whether the two test
cubes differed from one another in terms of reversal rate.
The test-phase data of Groups L-B and R-B were used
in a 2 (adaptation: same vs. different) x 4 (interval: suc
cessive 30-sec intervals. during the 2-min test phase)
ANOVA with repeated measures on both factors. The re
sults, which are presented in Figure 4, mirrored the
between-subjects analyses of adaptation effects. There was
a significant main effect of interval [F(3,165) = 25.61,
p < .001] and a significant interval x adaptation inter
action [F(3,165) = 6.25,p < .001]. Analyses of simple
main effects indicated that the reversal rate was higher
for the same-adaptation condition than for the different-
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2 (adaptation: same vs. different) x 4 (interval: succes
sive 3D-sec intervals during the 2-min test phase) ANOVA
with repeated measures on the second factor. For the left
cube (Figure 3, top), the main effect of interval indicated
that the number of perceived reversals increased with ex
tended viewing time [F(3,330) = 41.28, p < .001].
More importantly, although the main effect of adaptation
was not reliable [F(l, 110) = 2.19, p > .05], there was
a significant interval x adaptation interaction [F(3,330)
= 3.95,p < .01]. Simple main effect analyses of the in
teraction indicated that in the first 3D-sec interval of the
test period, subjects in the same-adaptation condition
reported more reversals than did subjects in the different
adaptation condition [F(l,49) = 4.54, p < .05].1 How
ever, the reversal rate increased more rapidly with view
ing time for the different-adaptation condition than for the
same-adaptation condition. As a result, the disparity in
perceived reversals between the same- and different
adaptation conditions failed to attain significance in the
second 30-sec interval [F(l,149) = 3.22, p < .10], or
even to approach significance in the third and fourth in
tervals [Fs(l, 149) ::s; 1.98, p > .10]. For the right cube
(Figure 3, bottom), results were similar. The main effect
of interval was reliable [F(3,330) = 20.78, p < .001].
In addition, the effect of adaptation condition bordered
on significance [F(l,llO) = 3.78,p = .054], and the in-
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Figure 4. Mean reversals reported for two simultaneously viewed
rotating Necker cubes in Experiment 1 as a function of same versus
different adaptation and of 3O-sec intervals coMtituting a 2-minview
ing period.
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Figure S. Mean reversals reported for a rotating Necker cube in
Experiment 1 as a function of the number of cubes beiDg YIewM
(one vs. two) and 3O-sec intervals constituting a 2-minviewiDgperiod.
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L-L and R-L. These data are presented in the top panel
of Figure 5. As can be seen, the number of perceived
reversals for the left cube increased with successive 30
sec viewing intervals [F(3,330) = 38.32, p < .001], but
was largely unaffected by whether or not subjects were
also reporting perceived reversals of a second cube in the
right visual field. The main effect of number ofcubes was
not significant (F < 1.00), and, although the cube num
ber X interval interaction attained significance [F(3,330)
= 3.21, P < .05], simple main effect analyses ofnum
ber of cubes for each interval revealed that the number
ofcubes had no reliable effect at any of the four intervals
(all Fs < 1.00).

The second analysis examined perceived reversals of
the right cube as a function of the number of cubes. The
relevant data are presented in the bottom panel of
Figure 5. For the two-cube condition, the data were the
perceived reversals of the right test cube by subjects in
Groups L-B and R-B [denoted L-B(R) and R-B(R), respec
tively]. Corresponding data for the one-eube condition
were the perceived reversals of the right test cube by sub
jects in Groups L-R and R-R. The ANOVA indicated that
the number of perceived reversals increased as a func
tion of successive 30-sec viewing intervals [F(3,330) =
21.06, p < .001] but that there was no reliable effect of
either the number of cubes (F < 1.00) or the number of
cubes X interval interaction [F(3,330) = 1.27, P > .05].

To summarize, as clearly indicated by the pattern of
results reported in Figure 5 and supported by the statisti
cal analyses, these data failed to support the prediction
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adaptation condition in the first and second 30-sec inter
vals of the test period [Fs(l,220) = 6.56 and 4.52, respec
tively], but not for the last two 30-sec intervals [Fs(1,220)
::s; 3.26, p > .05].

These results indicate the selective nature of the adap
tation within a single observer at a given point in time.
When the same observer views two cubes at once, the
cube presented to the same retinal location as a prior adap
tation cube will appear to reverse more rapidly than will
a cube that is simultaneously presented to the opposite
visual field. This kind of selective adaptation is exactly
what one would predict from the hypothesis that rever
sals are mediated by multiple, independent neural chan
nels. It is not so obvious how this finding would be ex
plained in terms of decisional mechanisms. Putting this
issue aside, however, the results clearly indicate that the
simultaneously viewed cubes in this experiment were
reversing separately from one another. Thus, the condi
tions were satisfied to test the prediction derived from
decisional theory that the reversal rate of a given cube
would be reduced by the simultaneous presence of a sec
ond cube.

To test the latter prediction, we examined how the rate
of perceived reversals for a cube presented to one visual
field was affected by the presence or absence of a second
cube in the opposite visual field. Two analyses were con
ducted, one for the left cube and one for the right cube.
Each analysis was a 2 (cube number: one vs. two) x
4 (interval: 4 successive 3Q-secintervals) ANOVA with
repeated measures on the second factor. All data were
taken from the 2-min test phase of the 4-min viewing
period.

The first analysis examined the effect of the number
ofcubes monitored by the subject on the perceived rever
sals of the left cube. For the two-cube condition, data were
the perceived reversals of the left test cube by subjects
in Groups L-B and R-B [denoted L-B(L) and R-B(L), re
spectively]. For the one-cube condition, data were the per
ceived reversals of the left test cube by subjects in Groups
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et al., 1931) have compared reversal rates for stationary
Necker cubes differing in size. Although the purposes of
these studies varied somewhat, their results all indicated
that reversal rate was inversely related to cube size; that
is, reversal rate decreased as cube size increased. Our first
analyses were intended to determine whether this well
established size effect extended to our rotating Necker
cube procedure. The number of perceived reversals re
ported by subjects was analyzed for cubes presented to
the left and to the right visual fields, respectively, by
means of separate 2 (cube size: large vs. small) x
4 (interval: successive 3O-sec intervals) ANDVAs with
repeated measures on the second factor. In each case, data
were taken only from the adaptation phase of each 4-min
viewing period in order to avoid confoundings with adap
tation effects.

The results are presented in Figure 6 in which it is ob
vious that subjects perceived more reversals when view
ing a small rather than a large rotating cube. This effect
was reliable for both the left cube [F(I,46) = 30.34,
p < .()()l] and the right cube [F(I,46) = 16.97,
p < .001]. In addition, the number of perceived rever
sals increased with successive 30-sec viewing intervals
for both the left and right cubes [Fs(3,138) = 20.23 and
11.76, p < .001, respectively]. For the left cube,
however, the cube-size x interval interaction was signifi
cant[F(3,138) = 3.74, P < .05]. The interaction appar
ently was due to the fact that the increase in reported
reversals between the first and second 3O-sec intervals was
greater for the small cube than for the large cube. We
have no explanation for this effect, and it seems to be of
little importance. The interaction does not alter our con-

Method
Subjects. The 96 subjects were students at Villanova University

who participated in partial fulfillment of the requirements of a
general psychology course. Twenty-four subjects were assigned ran
domly to each of four viewing conditions.

Apparatus and Procedure. The apparatus and procedure were
the same as those used in Experiment I with the following excep
tions. First, cubes of two different sizes were employed. At a dis
tance of I m, the larger cube cast a shadow that was approximately
3.5 0 on a side, whereas the smaller cube's shadow was approxi
mately 1.50 on a side. Second, subjects always saw and reported
reversals on only one cube at a time. Third, although the size of
the cube might change from the adaptation phase to the test phase
of each 4-min viewing block, all cubes were presented to the same
visual field for a given subject.

ViewiDg conditioDS. Each subject served in one of the follow
ing four viewing conditions. Within each condition, cubes were
presented to the left visual field for half of the subjects and to the
right visual field for the remaining subjects.

Lg-Lg, Subjects viewed the large cube during both the adapta
tion and test phases of each 4-min viewing block.

Lg-Sm. Subjects viewed the large cube during the adaptation phase
and the small cube during the test phase.

Sm-Lg, Subjects viewed the small cube during the adaptation phase
and the large cube during the test phase.

Sm-Sm. Subjects viewed the small cube during both the adapta
tion and test phases.

derived from decisional theory that reversal rate would
be influenced by the presence of a second cube. These
findings replicate the results of Long et al. (1983), but
under conditions in which it is clear that the simulta
neously presented cubes were perceived to reverse
separately. Although some attentional effect might have
been obtained if a greater number of cubes had been used,
the findings remain consistent with the hypothesis derived
from fatigue theory that reversals are mediated by multi
ple, relatively independent, local processes that can oper
ate in parallel with one another while producing relatively
little interference.

In this experiment, we sought converging evidence for
the hypothesis that reversible-figure illusions are due to
the fatigue and recovery of neural channels. We again ex
amined reversals ofa rotating Necker cube in the context
ofan adaptation paradigm. However, adaptation and test
cubes were presented to the same visual field, and we at
tempted to manipulate the involvement of channels by
either varying or holding constant the size of the rotating
Necker cube. On the assumption that the perception of
different-sized rotating cubes involves the operation of
different sets of cortical channels, we expected the reversal
rate of the test cube to be elevated following adaptation
to the same-sized cube but not following adaptation to the
different-sized cube.

EXPERIMENT 2

Results and Discussion
Effect of cube size. Several previous studies (e.g., Bor

sellino et al., 1982; Dugger & Courson, 1968; Washburn

Figure 6. Mean reversals reported for a rotating Necker c:ube in
Experiment 2 as a function of cube size (large n. SIII8II) IUId3O-tlec
intervals constituting a 2-min viewing period.
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Figure 8. Mean reversals reported for a rotating Necker cube in
Experiment 2 as a function of adaptation condition (samevs. differ
ent) and 3O-sec intervals constituting a 2-min viewing period.

exposure to a small cube [F(l,70) = 2.53,p > .10]. Fi
nally, the adaptation condition X interval interaction was
not reliable for either the small or the large cube
[Fs(3,21O) < 1.05, P > .10].

In the second set of analyses, the effect of adaptation
to the same-sized cube (same adaptation) was compared
with the effect of adaptation to the different-sized cube
(different adaptation). The data for the same-adaptation
conditions were taken from the test phase of the Sm-Sm
and the Lg-Lg groups for the small and large cubes,
respectively. Data for the different-adaptation conditions
were the same as in the immediately preceding analyses.
The results are presented in Figure 8. The data for the
small cube and the large cube were submitted to separate
2 (adaptation condition: same vs. different) X 4 (interval:
successive 30-sec viewing intervals) ANOVAs with re
peated measures on the second factor. These analyses in
dicated that the number of perceived reversals reported
increased with successive 30-sec viewing intervals for
both the small cube [F(3,138) = 6.47] and the large cube
[F(3,138) = 4.35, bothps < .01]. More importantly,
inspection of Figure 8 reveals that the same-adaptation
condition produced more perceived reversals than did the
different-adaptation condition, with the difference between
conditions being greatest in the beginning of the 2-min
test phase and diminishing with successive 30-sec inter
vals. These trends were supported by the fact that both
the main effect of adaptation and the adaptation X inter
val interaction were significant (ps < .05) for the small
cube [F(I,46) = 7.54, andF(3,138) = 3.31, respectively]
and for the large cube [F(l,46) = 8.42, and F(3,138) =
2.77, respectively]. Analyses of simple main effects in
dicated that both interactions reflected the fact that same
adaptation produced reliably more reversals than differ
ent adaptation in the first three 30-sec intervals of the 2
min test phase [Fs(l,62) ~ 6.46, p < .05, for the small
cube, and Fs(I,61) ~ 6.57,p < .05, for the large cube]
(see Note I). However, the difference was not reliable
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elusions regarding the effect of cube size, and the same
interaction failed to approach significance for the right
cube (F < 1.00).

Adaptation effects. The primary purpose of this ex
periment was to determine how perceived reversals of a
rotating Necker cube were influenced by adaptation to a
cube of the same size appearing in the same retinal loca
tion or to a different-sized cube presented to the same
visual field. The relevant analyses were conducted
separately for the large and small cubes because of the
large differences attributable to cube size that were re
vealed in the analyses described above.

In the first set of analyses, the number of perceived
reversals obtained following adaptation to a cube of a
different size (different adaptation) was compared with
the number obtained without prior exposure to a cube (no
adaptation). The results are presented Figure 7. For the
small cube, the different-adaptation data were taken from
the test phase of the Lg-Sm group, and the no-adaptation
data were taken from the adaption phase of the Sm-Lg
and Sm-Sm groups. For the large cube, the differ
ent-adaptation data were taken from the test phase of the
Sm-Lg group, and the no-adaptation data were taken from
the adaptation phase of the Lg-Lg and Lg-Sm groups. The
small- and large-eube data were analyzed by means of
separate 2 (adaptation condition: different vs, no adapta
tion) X 4 (interval: successive 3O-secintervals) ANOVAs
with repeated measures on the second factor. In both anal
yses, the number of perceived reversals increased signifi
cantly as a function of successive 30-sec intervals
[Fs(3,21O) = 17.3Iand20.60,ps < .001], for small and
large cubes, respectively. More importantly, adaptation
to a different cube did not influence performance for cubes
of either size. That is, in comparison to the no-adaptation
conditions, perceived reversals of a small cube were not
influenced significantly by prior exposure to a large cube
[F(I,70) = 1.27, P > .10], and perceived reversals of
a large cube were not influenced significantly by prior

Figure 7. Mean reversals reported for a rotating Necker cube in
Experiment 2 as a function of adaptation condition (different vs.
no adaptation) and 3O-sec intervals constituting a 2-min viewing
period.
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in the fourth 30-sec interval for either the small cube
[F(1,62) = 2.50, p > .05] or the large cube [F(1,61) =
3.37, p > .05].

In conjuction with Experiment 1, the present experi
ment provided converging evidence in support of the
hypothesis that the reversals of ambiguous figures are due
to the fatigue and recovery of multiple, independent cor
tical channels. We attempted to control the neural chan
nels mediating reversals by varying the size of rotating
Necker cubes within the same visual field instead of by
varying the visual field to which cubes of a constant size
were presented as in Experiment 1. Interestingly, the
results replicated the essential findings of Experiment 1.
If the size of the cube (and, therefore, the underlying cor
tical channels) were changed from the adaptation to the
test period, test-phase performance did not differ from
that obtained without prior adaptation. Although the com
parable effect was also nonsignificant in Experiment 1,
there had been a trend in that experiment for the different
adaptation condition to yield more reversals than the no
adaptation condition. This raises the possibility that the
lack ofa significant difference was due merely to insuffi
cient power in our experiment. However, in Experi
ment 2, there was actually a tendency for the nonsignifi
cant difference to be in the opposite direction. Thus, when
the results of both experiments are considered, the best
conclusion appears to be that, within the limits of the sen
sitivity of our procedures, there is no reliable difference
between the different-adaptation and the no-adaptation
conditions. With regard to the effect of the same-adapta
tion condition, the results of Experiment 2 again paralleled
those of Experiment 1. That is, if the size of the cube and
the underlying cortical channels were the same in both
the adaptation and test phases, reversal rate increased with
viewing time during the adaptation period and remained
at an asymptotic level during the test period. Thus, a
different-sized cube reversed more slowly in the test
period than did a same-sized cube. But, over the course
of the test period, the reversal rate of the former increased,
eventually approaching the asymptotic reversal rate of the
latter.

It should be noted that one previous study (Cohen, 1959)
examined the effect of size ofa centrally fixated, station
ary Necker cube in the context of an adaptation paradigm.
The results were similar to ours in that the reversal rate
during the test phase was higher following adaptation to
the same-sized cube than following adaptation to a dif
ferent-sized cube. However, Cohen's results differed from
ours in that, relative to a no-adaptation condition, adap
tation to a different-sized cube did produce some eleva
tion in reversal rate during the test period. Why this dis
crepancy should exist is not clear, but there are at least
several possibilities. First, channels in the periphery of
the retina (our experiment) and in the fovea (Cohen's ex
periment) may differ in terms of their sensitivity or their
interrelationships. Second, varying the size of a rotating
cube may affect cortical channels that are not involved
in the perception of a stationary cube. For example,

Beverley and Regan (1980; Petersik, Beverley, & Regan,
1981; Regan & Beverley, 1978) have proposed the exis
tence of "changing-size" channels that might reasona
bly contribute to the perception of a rotating Necker cube
but not to that of a stationary cube. Third, although the
relative size,of the front face of the cubes used by us and
by Cohen were similar in terms of visual angle, it is not
clear how comparable they were in the size or spatial 10
cation of other characteristics that actually might be more
critical. For example, there is at least some evidence that
certain comers of a stationary Necker cube are especially
important in determining the perceived orientation of the
figure (e.g., Kawabata, Yamagami, & Noaki, 1978).
These are the two comers that appear in the interior of
the visual array (i.e., the comers that appear as the front,
upper left comer and the rear, lower right comer of a cube
perceived with its front face down and to the right).
However, the relative location of these comers in two suc
cessively presented cubes of differing size does not de
pend on the length of the vertical or horizontal lines but
rather on the length and the angle of the lines that run
the "depth" of the cube. Although these comers did not
occupy the same retinal location (assuming proper fixa
tion) in Cohen's study, it is possible that they were suffi
ciently close together to fall at least partially within the
spatial domain of some of the same sets of channels.

CONCLUSIONS AND IMPLICATIONS

The results of our experiments suggest that the percep
tual reversals of rotating Necker cubes are mediated by
the fatigue and recovery of multiple, largely independent
neural channels, each sensitive to a particular form of
stimulation in a particular region of the visual field. Thus,
altering either the size of a cube or the visual field to which
it is presented changes the neural channels mediating its
perception and nullifies the effect of prior exposure. In
addition, the channels seem to be capable ofoperating in
parallel without discernible interference. Thus, the rever
sal rate of one rotating Necker cube is uninfluenced by
the presence of a second cube, even under conditions in
which the two cubes are reversing separately from one
another.

The apparent involvement of neural channels in the per
ception of reversible figures suggests a theoretical link
between reversible figure illusions and other visual
phenomena. Consider, for example, the well-known tilt
aftereffect. Inspection of a straight line whose orientation
deviates from vertical by around 10° in one direction
results in a tendency to perceive a subsequently presented
vertical line as tilted in the opposite direction (e.g., Mag
nussen & Johnsen, 1986). Such an aftereffect often has
been attributed to the satiation or fatigue of orientation
channels during adaptation to the original stimulus.
Moreover, recovery of the fatigued channels is hypothe
sized to account for the fact that the size of the aftereffect
diminishes with time since the original stimulus was ter
minated. Similar aftereffects have been demonstrated with



stimulus characteristics such as motion and size and are
thought to be related to the fatiguingand recovery of chan
nels sensitive to the relevant dimension of stimulation
(e.g., channels sensitive to the direction of motion or to
stimulus size). All in all, physiological and psychophysi
cal studies have suggested the existence in the visual sys
tem of numerous channels that undergo fatigue and recov
ery similar to the processes that appear to underlie the
perception of reversible figures. For example, in addi
tion to channels for orientation, motion, and size (i.e.,
spatial frequency), there is evidence for channels attuned
to stimulus characteristics such as changing size (e.g.,
Petersik et al., 1981; Regan & Beverley, 1978), motion
in-depth (Chase & Smith, 1981; Regan & Beverley,
1979), disparity (Schumer & Ganz, 1979), and possibly
others (e.g., see Bradick et al., 1978; Maffei, 1978; Re
gan, 1982).

Although our findings strongly indicate that the percep
tion of reversible figures involves the fatigue and recov
ery of relatively localized neural channels, our results do
not rule out the possibility that more global, deci
sional/learning mechanisms also may play a role under
certain circumstances. In fact, it does not seem possible
to ignore the evidence that the perception of reversible
figures can be influenced by one's intentions and expec
tations (e.g., Girgus et al., 1977; Pelton & Solley, 1968)
as well as by learning (e.g., Adams, 1954; Ammons,
1954; Long et al., 1983).

As a number of investigators have suggested (e.g.,
Hochberg, 1981; Long et al., 1983; Palmer and Bucher,
1981; von Griinau et al., 1984), a full account of
reversible-figure illusions may require some sort of mul
tilevel theory involving both local and global processes.
Thus, relatively local processes, such as those for which
we have provided evidence in the present paper, might
feed into and/or be coordinated by more global, perhaps
decisional, mechanisms. Such a theoretical approach
would help to reconcile our findings with results indicat
ing that the perception of reversible figures can be in
fluenced by global factors associated with configural and
contextual characteristics of the visual array (e.g., Gil
lam, 1972; Palmer & Bucher, 1981, 1982). This theoret
ical viewpoint also suggests that a major focus of future
research on reversible figures should be on the nature of
the interrelationships between local fatigue mechanisms
and more global perceptual processes.
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