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Satiation or availability? Effects of attention,
memory, and imagery on the perception
of ambiguous figures

KRISTA L. HORLITZ and ANN O’LEARY
Rutgers University, New Brunswick, New Jersey

The prolonged-inspection technique has been used to demonstrate effects of satiation on the
perception of ambiguous figures. We propose that the inspection phase, in which subjects view
an unambiguous version of the stimulus prior to observing the ambiguous figure, does not create
neural fatigue but rather provides a context in which the alternative percept is apprehended and
gains perceptual strength through processes such as imagination or memory. The consequent
availability of the alternative organization drives the perceptual phenomena that have been
thought to reflect satiation. In Experiment 1, we demonstrated that (1) preexperimental expo-
sure to the target figures and (2) allocation of attention to the inspection figures were both neces-
sary in order to obtain results similar to those predicted by the satiation model. In Experiment 2,
we obtained similar results, finding that effects of prior inspection were greater the greater the
amount and availability of information regarding the alternative percept during the inspection
phase. Subjects who generated visual images of the noninspected alternative during inspection
yielded results comparable to those from subjects to whom both versions were presented visually.

Ambiguous figures can give rise to more than one per-
cept. To account for the shifts from one percept to another,
Koehler (1940) proposed that neural fatigue resulting from
prolonged inspection of one alternative causes the other
to arise. As the figure is viewed, fatigue (satiation) de-
velops in response to both alternatives, and the rate of
reversal increases. This proposal has generated numer-
ous investigations (e.g., Babich & Standing, 1981; Carl-
son, 1953; Cohen, 1959; Hochberg, 1950; Olson & Or-
bach, 1966; Orbach, Erlich, & Heath, 1963; Orbach,
Erlich, & Vainstein, 1963; Spitz & Lipman, 1962; Top-
pino & Long, 1987; Virsu, 1975), and the idea that sati-
ation or neural fatigue is involved in perceptual reversal
is generally accepted. Alternative views of reversal, with
an emphasis on cognitive variables, have received atten-
tion in recent years and will be discussed below (Girgus,
Rock, & Egatz, 1977; Hochberg, 1970; Horlitz, 1988,
1990; Peterson, 1986; Peterson & Hochberg, 1983; Reis-
berg & O’Shaughnessy, 1984; Rock & Mitchner, 1992,
Tsal & Kolbert, 1985).

The present study was directed at examining cognitive
parameters that may have influenced subjects’ perfor-
mance in the classic satiation studies. It was hypothesized
that particular settings of these parameters produced re-
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sults that appeared to fit the satiation model. Specifically,
it is our claim that prolonged inspection of an unambigu-
ous figure does not produce fatigue of receptors or visual
‘‘channels’’ but rather provides a period in which the al-
ternative becomes available, and, in turn, that availabil-
ity influences the perception of the ambiguous figure.
Hochberg (1950) conducted the first formal investiga-
tion of satiation as a determinant of figural reversals. It
was on the basis of this study that critical questions about
the conditions that create satiation, as well as whether or
not the satiation model was an adequate description of the
data, were posed. In addition to the theoretical issues, a
standard methodology emerged. This methodology will
be referred to here as the prolonged-inspection technique,
which has been used in most experiments on the satiation
effect: the subject views an unambiguous version for a
period of time (the inspection phase, which is intended
to produce satiation), following which the ambiguous fig-
ure is presented (the test phase, which is intended to mea-
sure the degree of satiation induced). During the test
phase, the subject reports the initial perception and, in
some studies, each reversal thereafter, Hochberg (1950)
introduced the duration of each percept as an indicator
of satiation; Carlson (1953) introduced the initial percep-
tion measure; and Orbach and colleagues conducted a se-
ries of studies in which they examined the time course
of satiation by utilizing reversal number as a dependent
measure (Olson & Orbach, 1966; Orbach, Erlich, &
Heath, 1963; Orbach, Erlich, & Vainstein, 1963). Re-
sults that have been taken to support the satiation hypoth-
esis include: (1) greater likelihood of initial perception
of the noninspected alternative (e.g., Carlson, 1953;
Virsu, 1975); (2) longer total duration of the noninspected
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alternative (e.g., Hochberg, 1950; von Grunau, Wiggin,
& Reed, 1984); and (3) greater frequency of reversals
(e.g., Babich & Standing, 1981; Cohen, 1959; Olson &
Orbach, 1966; Orbach, Erlich, & Heath, 1963; Orbach,
Erlich, & Vainstein, 1963; Toppino & Long, 1987), rel-
ative to a control condition.

Issues Concerning the Method
of the Satiation Studies

These studies have three features in common. Each fea-
ture and its consequences, and how they were addressed
in the present study, will be discussed in turn.

1. In the satiation studies, subjects were informed of
the reversibility of the target figures and were given ex-
perience in reversing them prior to the experimental trials.
In fact, the results reported in the satiation studies are in
marked contrast to those obtained when subjects do not
have information regarding the reversibility of the figure.
Epstein and Rock (1960) and Leeper (1935) demonstrated
that inspection of an unambiguous version of the figure,
immediately prior to exposure to the ambiguous figure,
led to the perception of the inspected alternative. System-
atic demonstrations of subject awareness of the revers-
ibility of test figures have been provided by Girgus et al.
(1977), Horlitz (1988), and Rock and Mitchner (1992).}

Girgus et al. (1977) demonstrated that subjects unin-
formed about the reversible nature of ambiguous figures
prior to testing showed greater time to the first reversal
and greater likelihood of never reversing the figure in the
time given. The method, which differed from the stan-
dard prolonged-inspection technique, bears mentioning.
The subjects viewed a series of figures, some of which
were reversible and others of which were simple draw-
ings that could elicit more than one description. The sub-
Jjects were prepared to view figures that could be described
in more than one way, but the experimenter did not al-
lude to the concept of reversibility. Throughout the view-
ing period, the experimenter tapped a pencil at 5-sec in-
tervals. Upon this signal, the subjects reported what they
saw. A number of experiments, each examining a differ-
ent test duration, were conducted with Rubin’s vase-face
and the hallway-pyramid figures. After 1 min, 50% of
the naive subjects reversed the figures, and after 3 min,
65% reversed them. When these subjects were informed
(made aware of reversibility and shown the alternatives
of the figures) and tested with the same technique, 100%
reversed the figures within 30 sec. These results were
replicated by Rock and Mitchner (1992), who used a dif-
ferent procedure that relied on the subjective description
of the figures by the subjects during a 30-sec test phase.
The results from these studies suggest that knowledge of
reversibility and possibly the memories of the alternatives
that were created when the subjects were presented with
drawings representing both alternatives of the figure may
have played a role in determining the onset of reversal.
It is not clear which of these factors, or whether both of
them in concert, determined Girgus et al.’s and Rock and
Mitchner’s results.
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Horlitz (1988) used a protonged-inspection technique
in which the inspection figure was followed by a 1-sec
presentation of the ambiguous figure. The critical differ-
ence between Horlitz’s study and the two studies just de-
scribed is that in the latter studies there was no inspec-
tion phase. Thus Horlitz permitted the first investigation
of the relationship between the knowledge factor and the
inspection phase in the perception of ambiguous figures.

There were two groups of subjects: one was informed
about reversibility, had experience with both alternatives,
and had practiced reversing the figures prior to the test.
The other group was uninformed about reversibility, did
not have experience with both alternatives, and had not
had practice in reversing the figures prior to the test. The
uninformed subjects were told that they were in an ex-
periment on form perception and that their task was to
name each figure that was presented. The prediction was
that the uninformed subjects should see the ambiguous
test figure as the same as the inspection figure. In con-
trast, the informed group should report a greater propor-
tion of different responses. A reversible figure from each
of the following three categories was used: perspective,
figure-ground, and content reversal. Across two experi-
ments, there was a significant difference between groups
for the content and figure-ground reversal patterns, and
the perspective-reversal figure approached significance
(r = .09.

The difference between the informed and uninformed
groups suggested the importance of having preexperimen-
tal experience with the target ambiguous figures and their
alternatives, and knowing the figures were reversible.
When subjects were not informed in this manner, they
exhibited a past-experience effect. Results from this study
suggested that different mechanisms were engaged dur-
ing the inspection phase, depending on the subject’s ac-
cess to information.

Horlitz’s (1988) study suggests that being ‘‘informed’’
may serve to change how the inspection figure is pro-
cessed, which in turn may influence the subsequent per-
ception of the ambiguous figure. It is plausible that for
an informed subject, under the prolonged-inspection
method, the alternate organization is not inactive during
the inspection phase. On the contrary, information regard-
ing the alternate percept may be available through mem-
ory retrieval. This availability could create a situation in
which either of the two representations could influence
the perception of the ambiguous figure—the figure per-
ceived during the inspection phase and its alternative.
Horlitz suggested that the results obtained in the classic
satiation studies could be due, in part, to the information
that subjects have prior to the test and its availability dur-
ing the inspection phase. In this study, we isolated these
variables.

2. In the satiation studies cited above, a repeated mea-
sures design was employed, in which subjects participated
in multiple trials with the same figure. This may have per-
mitted trial-to-trial learning. We controlled for this in the
present study by using different figures on each trial.



670 HORLITZ AND O’LEARY

3. In the satiation studies, measures were not taken to
eliminate the effect of demand characteristics. One can
infer that subjects hypothesized that the experimenters
were interested in figural reversals. If the experimental
requirements suggest that reversals are expected and
desired as the critical measure, artifactual results may
emerge. Indeed, that a subject can control his/her per-
ception of an ambiguous figure when instructed to do so
has been demonstrated in experiments by Fluegal (1912),
Peterson and Hochberg (1983), and Peterson (1986). This
work suggests that subjects are able to perceptually main-
tain a given organization when instructed to ‘‘hold’’ the
percept. In addition, Liebert & Burk (1985) have dem-
onstrated that perceptual reversals can be controlled volun-
tarily. The mechanism by which a subject ‘‘holds’’ or
maintains a given organization of a reversible figure and
the mechanism by which a subject reverses an ambigu-
ous figure may be different, although the aforementioned
research suggests that both of these processes can be af-
fected by a subject’s intentions. Just how intentions be-
come manifest in perceptual end products—that is, what
actions are required by the cognitive system to fulfill
intentions—is not clear. Peterson (1986) and Peterson and
Hochberg (1989) speculate, and present some interesting
evidence, that the perception of form may be the end re-
sult of a piecemeal process and thus the order in which
pieces of information are obtained (intention affecting
order) may influence the direction that the percept takes.
In the present study, we were not directly concerned with
this issue. However, the results of the present study may
assist us in further addressing how intentions influence
perception.

In research regarding variables that influence the per-
ception of ambiguous figures, efforts must be made to
reduce experimental demand. We employed measures to
control demand characteristics by embedding the prolonged-
inspection task within a cover task to be described in the
Method section in Experiment 1. Postexperimental inter-
views with the subjects indicated that the cover was ef-
fective. That is, the subjects were not aware that we were
examining figural reversals per se.

Ambiguous Figures and Attention

The idea that the perception of ambiguous figures can
be influenced by a “‘fluctuation of attention’’ goes back
to Fluegel (1912). This work suggested that the direction
of attention determined the apparent organization of an
ambiguous figure. Tsal and Kolbert (1985) presented evi-
dence that attention is distributed maximally to an area
that supports a particular interpretation of a content-
reversal figure such as the duck-rabbit. Reisberg and
O’Shaughnessy (1984) found increased time to the first
reversal and a reduction in the rate of reversal of ambig-
uous figures when subjects divided attention between the
dmbiguous figure and a secondary task. Reisberg and
O’Shaughnessy suggest that each act of reconstrual re-
quired attentional capacity, some of which was being
drained away by the secondary task. The results of all
these studies, taken together, suggest that reversals are

the end result of a dynamic, active process that requires
attention.

In the present study, we examined what effect the allo-
cation of attention to an unambiguous inspection figure
has on the subsequent perception of the ambiguous test
figure. Although attention should be unnecessary for sati-
ation to occur, as suggested by the following quote—*‘Fa-
tigue theories imply that the multiple neural channels are
passive, data~driven processes that operate automatically.
... They are triggered by appropriate retinal stimulation,
and require little or no attentional capacity’’ (Toppino &
Long, 1987, p. 38)—it might well be a necessary pre-
requisite for cognitive effects to emerge. Focal attention,
as conceptualized here, provides the setting in which crit-
ical processes emerge, processes that alter the nature of
the prolonged inspection experience.

Attention and the Prolonged-Inspection
Technique

We proposed that the prolonged-inspection technique,
as used in the satiation studies, provides a subject with
an opportunity to prepare for the stimulus that is to fol-
low. This preparation occurs through the apprehension
of the alternative version during the inspection phase. A
subject, under conditions of focal attention, may undergo
a high-level analysis of the figure, resulting in the access-
ing of multiple memories. If this information becomes
available in short-term memory during the inspection
phase, the alternate version may become increasingly ap-
parent, thus leading to the increased perceived ambiguity
of the inspection stimulus. We predicted that this should
increase the likelihood that the ambiguous figure could
be perceived in a manner congruent either with the in-
spection stimulus or with the alternative. The relative
strength of these two options may become manifest in the
perceived instability (i.e., reversal rate) of the ambigu-
ous figure. The experiments reported here were designed
to explore an alternative interpretation of the satiation re-
sults that are produced when the prolonged-inspection
technique is used. We reduced demand characteristics and
other procedural variables that might add to the effect that
has been called satiation. We did this in an attempt to ex-
amine the influence of the present variables independently.

Experiment 1 was designed to test the effects of two
factors—experience with the test figures and the alloca-
tion of attention to the inspection figure—on the percep-
tion of the test figure. The manipulation of attention to
the unambiguous stimulus was used to determine whether
the effect of the inspection period was passive and sim-
ply due to the stimulation of the system by the figure, or
whether the stimulation of the system paired with a higher
level process leads to a pattern of results that may appear
to be due to satiation. We hypothesized that only under
conditions of focal attention would subjects be likely to
activate and utilize critical memories during the inspec-
tion phase.

In Experiment 2, the amount and availability of infor-
mation regarding the noninspected alternative was sys-
tematically varied to test the hypothesis that greater avail-



ability would be associated with stronger resemblance of
results to those predicted by a satiation model (greater
proportion of the responses that are opposite to the in-
spection stimulus, longer duration of the noninspected al-
ternative, and greater number of reversals).

In both experiments, a learning phase was provided to
familiarize subjects with the stimuli. During this learn-
ing phase, some groups received experience with the tar-
get figures to be used in the critical experiment and other
groups received experience with figures that were simi-
lar to the target figures. Next, a practice phase acquainted
subjects with the experimental procedure. This was done
to ensure that the experimental phase ran smoothly and
that the subjects understood the sequence of events that
was to follow. The target test figures were not used dur-
ing this phase. During the experimental phase, inspec-
tion and ambiguous figure pairs were interspersed with
distractor figures. A cover task, which will be discussed
in the Method section of Experiment 1, was used to re-
duce experimental demand.

EXPERIMENT 1

In Experiment 1, undergraduate subjects were assigned
randomly to one of three conditions. Those in the Atten-
tion/Familiar condition were given experience with the
target figures during the learning phase and were in-
structed to provide focal attention to the inspection figures
during the experimental phase. The Inattention/Familiar
group also received experience with the target figures dur-
ing the learning phase, but they did not attend to the in-
spection figures during the experimental phase. This
condition was created by superimposing two flashing
lights that furnished a distracting two-dot task in the center
of the inspection figures. The subjects were told to focus
their attention on these flashing lights and to count the
times both lights were on simultaneously. The Attention/
Unfamiliar subjects did not see the target figures during
the learning phase, but they did see a number of reversible
figure-ground patterns that were similar to the target fig-
ures. They were instructed to provide focal attention to
the inspection figures during the experimental phase. The
subjects in each group allocated focal attention to the am-
biguous test figures.

We hypothesized that subjects who had attended to the
inspection figures and who had had prior experience with
those figures would exhibit a tendency to see the oppo-
site version of the ambiguous figure first, would prefer
the noninspected version, and would exhibit a faster rate
of reversal, in comparison with subjects who also had
prior experience with the figures but had not provided fo-
cal attention. The subjects in the Attention/Unfamiliar
group were expected to perform similarly to those in the
Inattention/Familiar group in terms of the number of re-
versals, because in both of these conditions availability
of the alternative version was minimal. The Attention/
Unfamiliar subjects were expected to exhibit a past-
experience effect, when measured by the initial percep-
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tion of the ambiguous figures, reflected in a tendency to
perceive the inspected form of the figure, whereas the sub-
jects in the Inattention/Familiar group were expected not
to show a tendency to prefer one or the other interpreta-
tion, because of the shallow level of processing provided
to the inspection stimulus.

Method

Subjects

Twenty-nine females and 25 males, recruited from the general
subject pool at Rutgers University, participated as part of a course
requirement. Nine subjects were eliminated from the study because
of failure to reverse one or more of the figures during a screening
process, and 1 subject was eliminated because of equipment failure.
Ultimately there were 15 subjects in the Inattention/Familiar and
the Attention/Unfamiliar groups and 14 in the Attention/Familiar
group. All had normal or corrected vision.

Stimuli

The figure-ground reversal patterns displayed in Figure 1 were
selected for the study for three reasons. First, they were novel, en-
abling the experience manipulation. Second, they were generally
unbiased (indicated by pilot tests) central-contour reversible pat-
terns, which allowed standardization of how subjects reported re-
versals of the figures—‘left’” or *‘right.”’ This feature was impor-
tant, because it permitted the experimenter to collect meaningful
responses from subjects who were otherwise unfamiliar with the
figures that were being used. And third, we opted not to use a
colored region for either the left- or the right-side inspection fig-
ures, because we reasoned that to use colored figures on some trials
would have interfered with the inattention manipulation.

All patterns measured 2.54 X2.54 cm and were viewed from a
distance of 56 cm, thus subtending a visual angle of 2°. Six dis-
tractor figures that were similar in size and shape to the inspection
figures were used. The function of the distractor figures will be
made clear in the Procedure section. They can be seen in Figure 2.
The flashing dots, which were present in all conditions during the
presentation of the inspection and distractor figures, were gener-
ated by a Radio Shack color computer and were 1 mm in diameter.
Their placement can be seen in Figure 3. The rate of presentation
was 160 dot signals per minute. The two dots were on simultaneously
either 55 or 66 times during the 60-sec inspection and distractor
trials.

Apparatus

Goggles were placed on the front of a Scientific-Prototype two-
channel tachistoscope, Model 800F, with the left side occluded with
black tape. All subjects viewed the stimuli with the right eye, through
a hole. Monocular viewing was selected for two reasons: Experience
with these figures suggested that figure-ground perception was en-
hanced when the figures were viewed monocularly; and it was de-
sirable to isolate stimulation to a single eye across the inspection
and the test phases to prevent the subjects from viewing the inspec-
tion figures with one eye and the test figures with the other eye.
If satiation, as a form of receptor or channel fatigue, were the under-
lying mechanism for the pattern of results obtained in a prolonged-
inspection experiment, the conditions given by this experiment pro-
vided optimal stimulation conditions for its occurrence. Thus, this
methodological decision was a safeguard against the criticism that
we did not provide the proper arena for satiation to emerge.

A computer monitor with a dim screen was placed within one
channel of the tachistoscope in order to present the two-dot task.
The distractor, inspection, and ambiguous figure-ground patterns
were presented in the other channel. A microphone was mounted
on the front of the tachistoscope in order to record the responses
of the subjects. The time course of responses was transcribed from
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Figure A
AA AB
Figure B
BA B8
Figure C
CA cB

Figure 1. Ambiguous and inspection figures for Experiment 1.

tape to a Commodore computer. This program provided the ex-
perimenter with a ticker-tape record of the subjects’ responses from
the onset to the cessation of the test figures.?

Procedure

The experimental session comprised three phases: learning, prac-
tice, and experimental. The experimenter portrayed each phase as
a separate experiment. This approach was taken to reduce the pos-
sibility that subjects would create a goal state to reverse the figures
in the experimental phase. For the treatment of each group at each
phase, see Table 1.

Step 1: The learning phase. Two booklets that contained re-
versible figure-ground patterns were made. Each page of the booklet
contained an ambiguous figure-ground pattern on the top and the
two alternative interpretations of it at the bottom. If a subject had
difficulty perceiving both sides of the reversible figure, it was sug-
gested that looking at the alternatives might help. The subjects in
all three groups were instructed to look at the figures until they
were able to see that they were reversible. They were told that this
was a pilot experiment to investigate whether or not the drawings
could elicit more than one interpretation.

The subjects in the Attention/Familiar and Inattention/Familiar
groups looked at a booklet that contained both the three figures that
would subsequently appear in the test and five other central-contour
reversible figure-ground figures. The Attention/Unfamiliar group
looked at a booklet with four central-contour reversible figure~-
ground figures, none of which were to be test figures. Thus, these
subjects were not exposed to the target figures, yet they were pro-
vided with experience with similar central-contour ambiguous fig-
ures, thereby receiving ‘‘general experience’” concerning the re-
versibility of such figures.

Step 2: The practice phase. The purpose of this phase was to
ensure that the subjects could smoothly perform the tasks that would
be required in the experimental trials. This was accomplished by
training them to perform one task, and then to be alerted by an au-
ditory signal from the computer to the onset of a reversible figure.
Upon presentation of the figure, the subjects were required to re-
port their initial perception and all reversals. They were told that
this cycle would occur recursively.

The practice phase consisted of five trials. During each trial, five
arrays, with one to five dots in each array, were presented for 1 sec
each. After the five arrays had been presented, a beep indicated
that a report of how many dots in all were presented was required.
After the report, a reversible figure-ground pattern was presented,
and subjects reported their initial perception by saying ‘‘left’” or
“right,”” and every change thereafter by saying ‘‘left” or “‘right.”’
The target figures were not used in this phase of the study. The
nontarget figures that were presented in the learning booklets were
used as the reversible figures in this phase. The subjects were told
that this was a pilot experiment to examine task switching.

Step 3: The experimental phase. During the experimental phase
of the study, a modification of the prolonged-inspection technique
was employed for all three groups. The experimental trials (an in-
spection figure followed by its ambiguous figure pair) were sepa-
rated by distractor trials. The distractor trials were not followed
by ambiguous figures. This addition to the prolonged-inspection
technique provided a cover task for the Attention/Familiar and At-
tention/Unfamiliar groups—namely, one requiring the subject to
learn the figures for a recognition test. These subjects were told
that the experiment was intended to examine what effect seeing am-
biguous figures had on their memory for the figures to be learned.
In addition to reducing experimental demand, this technique pro-
vided a measure for exploring the effects of the attention
manipulation—that is, a recognition test (to be explained in detail
later).

The Attention/Familiar and the Attention/Unfamiliar groups
viewed a series of figures, each for 60 sec, and were instructed
to fixate the flashing dots while they spread their attention to the
figures. They were informed that the computer would beep occa-

Figure 2. Distractor figures for Experiments 1 and 2. In Experi-
ment 2, half the figures were gray.



Figure 3. Placement of the two-dot task in Experiment 1.

sionally and that the next trial would be a reversible figure-ground
pattern to which they would report their initial perceptions and each
reversal.

The Inattention/Familiar group was told that they would partici-
pate in a series of 60-sec trials in which two dots would flash on
and off in the middle of the screen. The subjects were instructed
to focus their attention on the dots and count the number of times
both dots were on simultaneously. They were told that the experi-
menter was interested in seeing how well people could attend to
a difficult visual task when distracting information (the inspection
and distractor figures) was present. They too were informed that
the computer would beep, following which a reversible-figure trial
would occur. During presentation of the reversible figures, the flash-
ing dots were no longer superimposed on the figures.

All three groups were presented with the distractor and inspec-
tion figures for 60 sec each and the reversible figure-ground pat-
terns for 10 sec. The sequence of trials was as follows: Distrac-
tor 1, Distractor 2, Distractor 3, Inspection Figure 1, Reversible
Figure-Ground 1, Distractor 4, Distractor 5, Inspection Figure 2,
Reversible Figure-Ground 2, Distractor 6, Inspection Figure 3, Re-
versible Figure-Ground 3. The order of the distractor figures was
the same for each subject, but the order of the figure-ground pat-
terns was randomized. We used different numbers of distractor trials
between the experimental trials in hopes of reducing subjects’ ex-
pectations about what type of trial would occur at any point in time.

As an internal control, there were two subgroups in each of the
three groups. Subgroup 1 saw Inspection Figures AB, BB, and CA,
whereas Subgroup 2 saw AA, BA, and CB (see Figure 1). This
ensured that an equal number of left and right inspection figures
were presented and that each subject experienced at least one in-
spection figure that was from the left side of the figure and one
that was from the right side of the figure. Thus, each alternative
of each of the ambiguous figures was used as an inspection figure.
This served to counterbalance any specific inspection figure effects
that might have emerged across subjects within the three groups.
Subgroup was not intended as a factor of interest. There was the
following distribution of subjects per subgroup per group: Attention/
Familiar, 6 in Subgroup 1, 6 in Subgroup 2, 1 subject who received
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all inspection figures from the right, and 1 subject who received
all inspection figures from the left; Attention/Unfamiliar: 7 sub-
jects in Subgroup 1 and 8 subjects in Subgroup 2; Inattention/
Familiar: 6 in Subgroup 1, 7 in Subgroup 2, 1 subject who received
inspection figures all from the right, and 1 subject who received
inspection figures all from the left.

Recognition Test

After completing the experiment, all subjects were given a
multiple-choice recognition test. The recognition test provided a
measure of three things. (1) It assessed the effectiveness of the in-
attention manipulation, in that if subjects were allocating the majority
of their attention to the two-dot task, they should receive a low score
on the recognition test. (2) If subjects in the Attention/Familiar and
Attention/Unfamiliar groups were behaving according to the task
goals established by the experimenter, they should show a relatively
high score for the recognition test. (3) We could examine the rela-
tionship between the recognition score and the measures of per-
ceptual reversal.

There were six recognition items. For each item, there were three
foils that were never shown and one distractor (see Figure 2) that
was actually shown during the experiment. The foils were drawn
to look similar to the distractors. The subjects were asked to circle
one figure from each row (one through six) indicating the figure
seen during the experiment. They were told that the figures were
not in the order in which they had been presented during the ex-
periment.

After the completion of the recognition test, the subjects were
interviewed and debriefed. During the interview, the experimenter
ascertained whether or not the subjects had formed the hypothesis
that the experiment was ultimately intended to have them reverse
or not reverse the figures.

Results

A number of measures were examined: number of re-
versals for each group, duration of the inspected version,
and the initial percept. Each of these measures will be
defined in turn. The summary data can be seen in Table 2.

Number of Reversals

It was predicted that the Attention/Familiar subjects
should perceive a greater number of reversals than either
of the other groups because these subjects were provided
with the opportunity to engage in a deep level of process-
ing during the inspection period, which may have entailed
the evocation of the alternate figure. We have speculated

Table 1
Treatment of the Groups in Experiment 1
Group
Phase Attention/Familiar Attention/Unfamiliar Inattention/Familiar
Learning
Figures target nontarget target
Practice
Figures nontarget nontarget nontarget
Experimental
Instructions learn figures, Jearn figures, two-dot task,
report reversals report reversals report reversals
Figures target, target, target,
Inspection/ Ambiguous Inspection/Ambiguous Inspection/ Ambiguous

Note—The subjects’ purpose in the learning phase was to create critical traces of the target features or not;

in the practice phase, to learn the procedure.
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Table 2
Summary Data From Experiment 1
Group
Dependent Variable Attention/Familiar  Inattention/Familiar Attention/Unfamiliar

Mean No. of Reversals 4.05 1.84 1.56
Duration (same, in seconds) 5.56 5.26 593
Initial percept (different) 43% 40% 33%
Recognition score 65% 33% 3%
Correlation coefficients

between reversal number

and recognition score -.25 .59 .63

that this evocation makes the trace of both the perceptu-
ally given inspection figure and the memory of the alter-
native available to working memory. It was predicted that
the availability of these traces would lead to a greater num-
ber of reversals. Furthermore, it was predicted that the
Attention/Unfamiliar and Inattention/Familiar groups
would not differ significantly from one another, because
of the relatively shallow processing of the inspection fig-
ures. In the case of the Attention/Unfamiliar group, the
subjects did not receive specific experience with the tar-
get figures during the learning phase; hence, it was pre-
dicted that they would perceive the inspection figures as
simple figures that did not ‘‘belong’’ to a more complex
ambiguous figure. If this were true, it would be quite
likely that during the inspection period these subjects
would simply encode the properties of the unambiguous
figure. Working memory, as it relates to this task, would
contain the single representation of the inspection figure.
This cognitive state of affairs was predicted to lead to a
relatively lower number of reversals. In a similar vein,
subjects in the Inattention/Familiar condition were pre-
dicted to have the same reversal rate as the subjects in
the Attention/Unfamiliar group. Although the Inattention/
Familiar group was familiar with the figures, they were
unable to devote a deep level of processing to the inspec-
tion figures because of the two-dot task. Although all sub-
jects in this group claimed that they could perceive the
figure that was surrounding the two-dot task, in essence,
they were not permitted to think about what they were
seeing or to think about what it reminded them of and
whether or not they had seen it before and, if so, whether
or not it was one of the parts of the ambiguous figures
that they had been exposed to in the learning phase.3 Thus,
it is our claim that it is not simple exposure to the target
figures prior to the experimental phase that is critical for
a different reversal rate among these groups, but rather
the level of processing that is engaged during the inspec-
tion phase. The level of processing that draws in the rep-
resentation of the alternate organization of the ambiguous
figure will lead to the greatest number of reversals.
These specific predictions were tested in an analysis of
variance (ANOVA) with planned contrasts (Rosenthal &
Rosnow, 1985), assigning the following coefficients to
the Attention/Familiar, Attention/Unfamiliar, and Inat-
tention/Familiar groups: 2, —1, —1, respectively. This

analysis yielded a significant result [F(1,41) = 6.64,p =
.013}, indicating that the predictions were supported by
these data.

Duration

This variable was defined as the amount of time the sub-
ject saw the inspection form of the ambiguous figure dur-
ing the 10-sec test period. The mean across the three
figures was used as the dependent measure. It was pre-
dicted that the Attention/Unfamiliar group would have the
longest duration for the inspected alternative (the past-
experience effect), that the Inattention/Familiar group
would see each alternative for approximately 50% of the
time because these subjects were not likely to be influ-
enced by the inspection figure, and that the Attention/
Familiar group would perceive the inspected version for
the shortest time. The coefficients assigned were 2.0,
and .5, respectively. This analysis yielded a nonsignificant
result [F(1,41) = .84, p > .10]. There was no evidence
of a past experience or satiation effect when duration of
the inspected figure was the measure.

Initial Perception Data

This variable was defined as whether the first percep-
tion of the ambiguous figure was the same as the inspec-
tion form, or whether it was different (the alternate ver-
sion). The percent of different responses of the three initial
percepts was the dependent measure. The specific figure
effects were not examined.

It was predicted that the Attention/Familiar group
should have a higher proportion of different percepts in
comparison with the Inattention/Familiar and the Atten-
tion/Unfamiliar groups. The evocation and availability of
the alternate during the inspection phase should lead to
a greater probability that this representation would affect
the initial perception of the ambiguous figure. The At-
tention/Unfamiliar group would tend to see the inspected
form (that is, would exhibit a past-experience effect),
owing to the representation of the inspection figure alone.
The Inattention/Familiar subjects would perceive the two
versions with equal likelihood because of the negligible
influence of the inspection period. The results from the
ANOVA with planned orthogonal contrasts (Attention/
Familiar, 2.0; Inattention/Familiar, —1.5; Attention/
Unfamiliar, —.5) was F(1,41) = .23, p > .10.



Recognition Scores

All three groups received a recognition test at the end
of the experiment. Chance performance on this test would
be 25%. Of primary interest was whether or not the two-
dot task in the Inattention/Familiar group had sufficiently
distracted subjects from the background figures. The In-
attention/Familiar group did not differ significantly from
chance 25%) [t(14) = 1.49, p > .10]. The Attention/Fa-
miliar group and the Attention/Unfamiliar group did not
differ from one another [#(27) = .98, p > .10]; and both
groups had significantly greater than chance performance
[#(13) = 6.507, p < .001, and #(14) = 9.388,p < .001,
respectively].

It was predicted that, among subjects in the Inatten-
tion/Familiar group, higher recognition scores would be
associated with greater signs of perceptual change dur-
ing the test phase, since those who remembered could be
presumed to have more successfully allocated attention
to the stimulus despite the distracting task and thus en-
gaged in a relatively deeper analysis. A Spearman rank-
order correlation was conducted between the recognition
scores and reversal rate for subjects in the Inattention/
Familiar group. The two measures were indeed positively
correlated [r(13)= .59, p < .01]. This correlation was
not significant for the Attention/Familiar group [r(12)=
-.25, p > .10], in part due to the restricted range. How-
ever, a positive correlation did emerge in the Attention/
Unfamiliar group [r(13)= .63, p < .01].

Discussion

In this experiment, we examined whether what has been
called satiation requires a subject to provide focal atten-
tion to the inspection ‘‘satiating’’ figure or whether it is
simply a matter of the presence of the figure on the ret-
ina. If the satiation-type effect emerges as the end result
of an active process of visual problem solving that en-
gages past experience in the form of memories and not
one that is due to the passive fatiguing of neural chan-
nels, then focal attention should be a necessary condition
for the production of the effect. It was of further interest
to examine the role that a subject’s specific past experience
with the alternatives of the figure-ground patterns might
play in conjunction with focal attention to the inspection
figure.

The present study provided evidence that both focal at-
tention and familiarity with the target reversible figures
increased the rate of reversal. This suggests that there was
an increase in the availability of critical information dur-
ing the inspection phase that was brought to bear on the
perception of the ambiguous figure.

The positive correlations that were obtained between
the number of reversals and the recognition scores for the
Inattention/Familiar and the Attention/Unfamiliar groups
can be understood by an analysis of what may be occurring
during the inspection phase. Subjects in the Inattention/
Familiar group who received relatively high recognition
scores were most likely able to distribute their attention
between the two-dot task and the perception and learning
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of the figures. Because they were able to allocate some
measure of resources to these figures, and because they
were preexposed to the target figures, it is possible that
this activated memories created during the preexperimen-
tal learning phase. This process would make available the
relevant traces in working memory that might increase
the number of reversals.

There was no correlation between the reversal number
and recognition scores for the Attention/Familiar group,
but there was a positive correlation for the Attention/
Unfamiliar group. Why the difference? The critical dis-
tinction between these groups was that the Attention/
Familiar group had had previous experience with the fig-
ures and the Attention/Unfamiliar group had not. Was it
the case that some subjects in the Attention/Unfamiliar
group were engaging in a process that allowed for a higher
recognition score and a greater number of reversals? A
report from 1 subject in this group is informative. This
subject reported that to remember the figures, he engaged
in the following mnemonic: During the 60-sec inspection
phase, while attempting to learn the figures, he found him-
self imagining what the other side of the figure looked
like. He reasoned that this would help him select the cor-
rect figure during the test because he would have two
pieces of information instead of one and this would in-
crease his probability of a correct selection. It could well
be that this strategy does yield a higher rate of recogni-
tion and, furthermore, that such a subject was providing
himself with experience of a form that did not exist in
the stimulation; it was a synthesis of externally derived
and internally generated information. Although this sub-
ject did not have specific past experience with the inspec-
tion or test figures, because of this process of imagining
he had created experience that might aid in perceiving both
versions of the reversible figure and hence increase the
number of reversals. This report is compatible with the
idea that some type of learning occurs during the inspec-
tion phase and that either preexisting memories become
reinforced or new ones are created. It also sheds light on
why completely naive subjects can reverse ambiguous fig-
ures if given enough time. If one imagines different van-
tage points, figure-ground organizations, and possible
contents, this can lead to the very first reversal. The cor-
relation between the recognition scores and reversal num-
ber, and the reports of some of the subjects, provide an
interesting index of depth of processing that suggests not
only what might be occurring during the inspection phase
but also what the underlying process of reversal might be.

The duration data indicated that, on the average, the
three groups saw each alternative for approximately 50%
of the viewing period, and there was no difference in the
initial perception data although the Attention/Unfamiliar
data were in the predicted direction. These analyses sug-
gested that there was neither a satiation-type effect nor
a past-experience effect concerning which side of the re-
versible pattern was perceptually dominant. These data
run counter to the fatigue explanation of previous studies.
Although it was predicted that the Attention/Familiar sub-
jects would exhibit a tendency to see the noninspected ver-
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sion first, it could be that the memories that were created
during the learning phase were not strong enough to be-
come activated during the inspection phase across all sub-
jects and to the same degree. Recall that subjects learned
eight different figures during the learning phase, only
three of which were the target test figures. It could be
that this reduced the effect of the learning because the sub-
jects experienced interference between the figures, which
were all very similar. In the follow-up study reported be-
low, only the target test figures were exposed during the
learning phase, to see whether this would create a differ-
ence in the initial perception data.

EXPERIMENT 2

Experiment 2 was designed to explore more fully the
effects of cognitive processes, such as memory retrieval
and the influence of actively imagining the alternate ver-
sion of the figure during the inspection phase. Four ex-
perimental groups and one control group were used. All
subjects in the experimental groups allocated focal atten-
tion to the inspection figures. Two groups replicated those
used in Experiment 1. Subjects in the Familiar group were
given experience with the target figures before the test,
and those in the Unfamiliar group had no experience with
the target figures but were given experience with four re-
versible figure-ground patterns similar to the target fig-
ures. Group A/B received experience with the target fig-
ures before the test, and they saw both inspection figures
during the inspection phase, each for half of the inspec-
tion period—thus the name A/B, because they saw Inspec-
tion Figure A and Inspection Figure B for each figure.
The Imagery/Unfamiliar group received the same pre-
experimental treatment as the Unfamiliar group, but this
group was instructed to imagine what the other side of
the inspection form would look like during the inspec-
tion phase. Finally, a No-Inspection group (the control)
was given experience with the target figures before the
test but did not receive the prolonged-inspection tech-
nique. They were simply shown the reversible figure-
ground patterns embedded within the series of distractor
figures (the cover task) as were the other groups. The only
items missing from the stimulus sequence were the in-
spection figures.

The hypothesis was that as the availability of informa-
tion during the inspection phase was increased, the greater
would be the reversal rate, and further, that this avail-
ability should increase the likelihood that a subject would
perceive the ambiguous figure opposite to the inspection
figure upon initial presentation and during the duration
of the test period.

The availability of information in the five groups was
conceptualized in the following way:

Unfamiliar < Familiar < A/B
Imagery/Unfamiliar.

It was predicted that the Imagery/Unfamiliar group and
Group A/B would yield comparable results, showing the

- No-Inspection

greatest signs of perceptual reversal and a greater chance
of perceiving the ambiguous figure opposite the inspec-
tion form than the other two experimental groups. The
No-Inspection group data were of interest for the follow-
ing reasons: (1) to determine whether the figures were
biased; and, (2) to obtain a baseline reversal rate when
no inspection figure precedes the ambiguous stimulus. It
was predicted that the Unfamiliar group would obtain a
reversal rate similar to that for the No-Inspection condi-
tion. In summary, we predicted that the No-Inspection
and Unfamiliar groups would yield the fewest signs of
perceptual change, whereas the A/B and Imagery/Un-
familiar groups would exhibit the most, with the Familiar
group showing intermediate effects.

Method

Subjects

Ninety subjects from the same subject pool as in Experiment 1
participated. Eight were eliminated from the study because they
did not follow instructions, and 2 because they did not perceive
the figure-ground patterns as reversible. Ultimately there were 16
subjects per group.

Stimuti

The figure-ground and inspection figures can be seen in Figure 4.
These figures fulfill the same criteria as those in Experiment 1 and
were the same size. Recall that in Experiment 1 shading the fig-
ures would have interfered with the inattention manipulation and
thus was avoided. Without this consideration in the present experi-
ment, half the figures were shaded gray on the right side and half
on the left side. These figures were shaded because it made the fig-
ures easier to reverse.

Apparatus

The apparatus was the same as that in Experiment 1. The CRT
was no longer mounted within the tachistoscope since the flashing
dots were no longer necessary.

Procedure

As in Experiment 1, there were three phases: learning, practice,
and experimental; the purpose of each phase was the same as in
Experiment 1. The subjects in all five groups participated in the
learning phase with the subjects in groups Unfamiliar and Imagery/
Unfamiliar seeing four reversible figure-ground patterns that were
not the test figures. For treatment of each group at each phase, see
Table 3.

The subjects in the other three groups were presented with the
four figures that were going to be used in the experiment. The pro-
cedure of the learning phase was the same as that in Experiment 1.

All subjects participated in the practice phase, which was the same
as in Experiment 1, except that instead of the dot-array counting
task, subjects were shown a series of geometric figures that they
were asked to learn for future recall. Again, the critical aspect of
this phase was to ensure that the subjects learned that when the com-
puter emitted a beep, that indicated the onset of an ambiguous fig-
ure. The test figures were not used in this phase.

The critical experimental phase was conducted in a manner sim-
ilar to that of Experiment 1. The instructions to the subjects were
the same except for the instructions given to those in the Imagery/
Unfamiliar group. These subjects were told that they were going
to see a series of figures that they must learn. In addition to learn-
ing the figures presented, they were instructed to imagine what the
missing half of each figure would be and to remember these fig-
ures along with the ones presented. At this point, the experimenter
demonstrated how to imagine these figures by drawing a dashed



Figure A. AB

BA Figure B. 8B
CA Figure C. ce
DA Figure D. DB

Figure 4. Ambiguous and inspection figures for Experiment 2.

line around one side of an unambiguous figure and indicating the
form that the other half had when it was seen as a ‘‘figure.’” They
were told that both the figures presented and those imagined would
be on a recognition test given at the end of the experiment.
The distractor and inspection figures (shown in Figures 2 and
4, respectively) were presented for 10 sec, and the ambiguous fig-
ures were presented for 30 sec. A 30-sec test interval was selected,
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because in Experiment 1 a number of subjects had not reversed the
figures after 10 sec. The trial series for the Familiar, Imagery/
Unfamiliar, and Unfamiliar groups was as follows: Distractor 1,
Distractor 2, Inspection 1, Reversible Figure 1, Distractor 3, In-
spection 2, Reversible Figure 2, Distractor 4, Distractor 5, Inspec-
tion Figure 3, Reversible Figure 3, Distractor 6, Inspection 4, Re-
versible Figure 4. The same order was used for the No-Inspection
group (although no inspection figures were presented) and for
Group A/B (both inspection figures were presented during the in-
spection phase). The inspection/figure-ground pairs were presented
randomly, and the distractor figures were presented in the same
order.

There were two subgroups per group, with half of the subjects
in each. The subjects in Subgroup 1 saw Inspection Figures AB,
BA, CA, and DB, whereas those in Subgroup 2 saw AA, BB, CB,
and DA (see Figure 4). The subgroup figures were selected so that
each had two left and two right inspection figures and one from
each pair was gray and one was white. The subjects from Group A/B
were also placed in a subgroup. In this case, the subgroup desig-
nated which inspection figure immediately preceded the ambiguous
test figure. Again, subgroup was not a factor of interest, but simply
served as an internal control.

Results

The data were analyzed according to the measures em-
ployed in Experiment 1, and they are defined the same
way. Summary data are presented in Table 4.

Control Data

In order to identify any preferences for seeing the right
versus the left form as figure, the mean duration across
the four test figures was calculated. The mean duration
for the left side was 16 sec, and the mean for the right
was 14 sec [#(15) = 1.31, p > .10]. Thus, the left- and
right-side versions were seen for approximately the same
amount of time. The initial perception data were also tal-
lied. Collapsed across the figures, the left side was seen
as a figure first 46% of the time, and the right side was
seen as a figure first 54 % of the time [#(15) = .522,p >
.10]. Other aspects of the control group data will be re-
ported within the context of specific experimental ques-
tions and statistical tests.

Number of Reversals

It was predicted that groups Familiar, A/B, and Imag-
ery/Unfamiliar would report a greater number of rever-
sals in the 30-sec test phase than would the No-Inspection

Table 3
Treatment of the Groups in Experiment 2
Group
Phase No-Inspection Unfamiliar Familiar A/B Imagery/Unfamiliar

Learning

Figures target nontarget target target nontarget
Practice

Figures nontarget nontarget nontarget nontarget nontarget
Experimental

Instructions learn figures,  learn figures, learn figures, learn figures, learn and image figures,

report reversals report reversals
Test figures target target
Inspection figures none one

report reversals

target
one

report reversals

target
both

report reversals

target
see one and imagine the
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Table 4
Summary Data From Experiment 2
Group
Imagery/
Dependent Variable No-Inspection  Unfamiliar Familiar A/B  Unfamiliar
Mean No. of reversals 5.31 6.50 13.11 14.02 15.20
Duration (same, in seconds) 15.65 15.94 15.24 15.52
Initial percept (different) 41% 47% 58% 59%

and the Unfamiliar groups. Further, it was predicted that
the Imagery/Unfamiliar and A/B groups would have a
comparable number of reversals, both of which would be
higher than that for the Familiar group. This prediction
was based on the following reasoning: The Familiar group
had the potential to undergo a deep level of processing
during the inspection phase through the activation of the
memory of the alternate version. We have proposed that
this activation can lead to the increased perceived am-
biguity of the inspection stimulus such that a ‘‘reversal
potential’’ develops while the figure is viewed. Group A/B
had specific immediate past experience with both alter-
natives; therefore, both alternatives were available in
working memory at the time that the ambiguous figure
was presented. This condition was created to maximize
the state of availability of both versions of the figure, an
availability that may not have been consistently present
for the subjects in the Familiar group. It is easy to imag-
ine that availability would vary across subjects in the
Familiar group because of individual differences in pro-
cessing strategies. In some sense, Condition A/B was
creating a state of affairs that we claim is similar to the
one in the Familiar group but more consistently across
subjects. The Imagery/Unfamiliar condition presented an
interesting variation on the availability concept. These
subjects were not given specific past experience with the
target figures prior to the test, yet they were actively en-
gaged in imagining the alternative on line. This should
have created a condition similar to the A/B condition.

It was predicted that the No-Inspection and Unfamiliar
groups would report a comparable number of reversals;
although the experimental treatments were different, both
treatments were aimed at creating a shallow level of pro-
cessing. In the case of the No-Inspection subjects, there
was no inspection figure and thus no opportunity for the
perception of the ambiguous figure to be changed by the
processing that would occur during this stage. The only
information to be brought to bear would have been the
exposure to the figures during the learning phase. This
information could be applied once the ambiguous figures
were presented.

The model to be tested can be represented as the fol-
lowing with the contrast coefficients used in parentheses:

No-Inspection (—1.5) = Unfamiliar (—1.5)
< Familiar (—-1.0) < A/B (2.0)
= Imagery/Unfamiliar (2.0).
This analysis was significant [F(1,75) = 7.90, p = .006].

Of particular interest was the difference in reversal
number between the Imagery/Unfamiliar and Unfamiliar
groups [#(30) = 2.22, p < .03], since these groups
received the same preexperimental treatment and received
the same perceptual stimulus during the inspection phase.
Clearly, the active process of imaging the alternative while
seeing the version that was given perceptually created an
increased state of perceived ambiguity.

Duration

This analysis was based on the mean duration for the
inspected version across the four target figures. The No-
Inspection group was not included in this analysis because
those subjects did not receive the inspection figures. The
model can be stated as follows with the contrast coeffi-
cients given in parentheses:

Unfamiliar (—2.0) < Familiar (—1.0) < A/B (1.5)
= Imagery/Unfamiliar (1.5).

This test yielded F(1,41) = .19, p > .10. Again, there
was no difference among the means.

Initial Perception Data

This variable was defined as whether the first percep-
tion of the ambiguous figure was the same as the inspec-
tion form, or whether it was different (the alternate ver-
sion). The percent of different responses for the four initial
percepts was the dependent measure. The specific figure
effects were not examined. The predictions were based
on the reasoning above. The model can be stated as fol-
lows with the contrast coefficients given in parentheses:

Unfamiliar (—2.0) < Familiar (=1.0) < A/B (1.5)
= Imagery/Unfamiliar (1.5).
This test yielded significance [F(1,60) = 6.71, p = .012}].

Discussion

The findings of Experiment 2 failed to support a neu-
ral fatigue model of reversal. It was hypothesized, and
largely confirmed, that as the amount and availability of
information regarding the alternate percept increased dur-
ing the inspection phase, so did the perceptual instability
of the figure. This effect emerged in connection with the
initial perception and reversal data. As was suggested in
the introduction, it could well be that the prolonged-
inspection technique does not create a situation in which
satiation accumulates, but rather one in which the aiter-



nate percept becomes available, through processes involv-
ing memory or imagination.

Examining the information available to a subject is in-
formative. The No-Inspection (control) group received ex-
posure to the target figures during the learning phase but
did not receive an inspection figure during the experimen-
tal phase. These subjects exhibited the lowest number of
reversals (5.31). The Unfamiliar group obtained a simi-
lar reversal number (6.50), even though this group re-
ceived the inspection phase. The juxtaposition of these
two groups points to the importance of both the pre-
experimental exposure to the target figures and the es-
sential role of the inspection phase as a period in which
“‘reversal potential’’ is created and in which a general pro-
cessing shift may occur. If the critical determinant were
exposure to the target figures during the learning phase,
one would predict that the No-Inspection group would
have obtained a greater reversal number than would the
Unfamiliar group, and furthermore, that the reversal num-
ber would be similar to that obtained in the Familiar
group. That was not the case. The Familiar group had
a significantly larger number of reversals (13.11). The
Imagery/Unfamiliar subjects were not exposed to the tar-
get figures during the learning phase, but they were given
explicit instructions to discover the alternate version of
the inspection figures by imagining what they would look
like. A comparison of the initial perception data in the
Unfamiliar and Imagery/Unfamiliar groups revealed that
subjects in the latter group were more likely to report the
different percept than were those in the former group. In
addition, the Imagery/Unfamiliar group obtained a sig-
nificantly greater number of reversals (15.20). The im-
agery instructions compensated for the lack of perceptual
experience with the figures in the learning phase. It is in-
teresting to note that imaging the alternate figure exerts
the same influence as does having both versions available.
Group A/B was exposed to both interpretations of the am-
biguous figure during the inspection phase, thereby mak-
ing these representations available in short-term memory.
The Imagery/Unfamiliar group inspected one version and
imagined the other, which also made both representations
available in short-term memory. These groups had a com-
parable number of reversals and the largest proportion
of different initial perception responses. Both imaging and
remembering are sources of information that render the
alternate percept available in short-term memory. What
is particularly compelling here is that the subjects in
Group A/B were informed and received both inspection
figures during the inspection phase, whereas the subjects
in the Imagery/Unfamiliar condition were not informed
and received only one of the inspection stimuli. Despite
this difference, the results from the two groups are virtu-
ally identical. This suggests that imagined experience is
just as potent in this context as experience obtained via
externally derived information.

Finke (1980, 1986) has discussed in detail the functional
similarity between images and percepts, demonstrating
that in some instances both lead to the same behavioral
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consequences. For example, Finke and Schmidt (1977)
demonstrated that the McCollough effect can be induced
through imagery. When imagination instructions replaced
the color or bar patterns (given the condition), the typical
effect, although weaker than that obtained in the percep-
tion condition, resulted. Bagnara, Simion, Tagliabue, and
Umilta (1988) have demonstrated that visual images are
often generated rapidly and automatically under certain
conditions. Neisser (1976), in a discussion of perceptual
set, stated, ‘“To have a perceptual set for something is
to have an image. The more precisely that image antici-
pates the information to come, the more effective the set
should be”’ (p. 145). In the terms of Warren (1985), per-
ception is an active evaluative process that establishes
*“criterion shift rules’’ to ensure that perception ‘‘remains
appropriate to current conditions’” (p. 574). Hochberg
(1970) stated that perceptual reversal is a function of selec-
tive attention in which the *‘selection is between two maps
or sets of expectations’’ (p. 120).

In the present experiment, all the subjects were *‘set’’
to see reversible figures, but in the Imagery/Unfamiliar,
A/B, and Familiar groups, the set provided by the inspec-
tion phase anticipated the information to come. That is,
the information to come was ambiguous and there were
two interpretations that could arise from this input. The
set, as conceptualized here, was effective in terms of pro-
viding the visual system with flexibility of interpretation.

A REINTERPRETATION
OF THE SATIATION STUDIES

It could be that subjects in a classic ‘‘satiation’’ study
used the memory of the noninspected version to image
its presence during the inspection phase, thus bringing
about a perceptual state of affairs that appeared to be a
result of satiation. Subjects in all of these studies had
repeated exposure to the target ambiguous figures as well
as repeated exposure to both inspection versions of the
figures. This design would increase the strength and avail-
ability of the memories of both 'versions, leading to
retrieval of the memory of the alternate version during
the inspection period. It would also increase the likeli-
hood that subjects could experience the memory as im-
age, and see intimations of the noninspected versions in
the inspection stimuli. The within-subject repeated mea-
sures design employed in these studies produced results
that upon first glance appeared to support satiation.

Why does the uninspected alternative, once made avail-
able, become *‘preferred’’ or sought when the ambigu-
ous figure is presented? A preference for novelty may be
a fundamental human characteristic. Fantz and others have
demonstrated attraction to novelty in infants (Fantz, 1964;
Slater, Morison, Rose, 1983; Weizmann, Cohen, & Pratt,
1971). Habituation is created when an infant is familia-
rized with a stimulus. When presented with both the fa-
miliar and a novel stimulus together, infants will fixate
the novel object longer than the familiar one. A retinal-
adaptation model of habituation has been ruled out (Slater
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et al., 1983). The exact locus of the habituation effect is
unclear, although Fantz (1964) has described it thus: ‘“The
present results indicate perception, recognition, and sati-
ation of interest of a particular pattern. This effect of
specific previous experiences is ‘learning’ in the broad
meaning of the term’’ (p. 669). Similarly, ‘‘novel popout’
of unfamiliar word stimuli has recently been demonstrated
after many trials with both familiar and novel stimuli
(Johnston, Hawley, Plewe, Elliott, & DeWitt, 1990). In
the satiation studies, the choice was between one of two
interpretations of an ambiguous stimulus, one of which
was certainly more familiar or habituated.

Thus, we presume that something akin to a ‘‘satiation
of interest’” may indeed account for previous results, but
that this is not a process that is color-specific—as argued
by Hochberg (1950)—or location-specific—as argued by
Toppino and Long (1987)—or that requires lengthy fatig-
uing of neural channels. Rather, the organism ‘‘seeks’’
or is attracted by novelty, a process that may be automatic
(Johnston et al., 1990) and that may have adaptive sig-
nificance.

The experiments reported in this paper were conducted
with the intention of providing support for an alternative
explanation of figural reversals and to arrive at a better
understanding of how memories and imagination affect
the perception of ambiguous stimuli. Experiment 1 iden-
tified the critical role of focal attention to the inspection
figures. This result is contrary to what would be predicted
by a satiation hypothesis, in which little or no attention
to the stimulus ought to be required. Attention, paired with
memories of the alternatives, provided a condition that
yielded a greater number of reversals as compared to a
group that received the same preexperimental treatment,
but did not provide focal attention to the inspection fig-
ures. It was also found that focal attention did not bring
about the same resuit when subjects were aware of am-
biguity but did not have experience with the target test
figures. Results from the Attention/Unfamiliar condition
were similar to those from the Inattention/Familiar group.
These results designated the inspection phase as one that
initiates learning and not satiation.

The learning that occurs is apparently a function of the
interaction of the inspection stimulus and the memory of
the alternative. It could also be that the learning occurs
as a result of a process in which subjects discover the miss-
ing figure that would be paired with the given inspection
form. We proposed that the interaction between the in-
spection figure and memory would be greatest when this
synthesis led to a state in which the as-yet-unseen ver-
sion would take on a perceptual strength, which in turn
would influence the perception of the ambiguous figure.
The intimation of the version not given in the inspection
figure might take on the character of an ‘‘unfinished
percept.”’

- The importance of the process of imaging was exam-
ined in Experiment 2. Even though these subjects did not
have exposure to the alternatives of the reversible figure-
ground patterns prior to the test, they showed the greatest
degree of perceptual change when presented with the am-

biguous figure. It would be interesting to test this vari-
able further, in conjunction with memories formed prior
to the experiment. This would require the use of informed
subjects as in the Familiar group, with the additional in-
structions to image the missing figure while viewing the
inspection stimulus. Our goal in the present experiment
was simply to examine the effectiveness of the imaging
variable alone with the assumption that a memory would
be created ‘‘on line’’ as a function of the imaging. As
was learned from the results, this imaging variable seems
to be very effective in initiating a change.

When one speaks of the effect of intention on percep-
tion, it is possible that the realization of the intended state
comes forth through the evocation of a visual image of
what is intended. According to Hochberg (1970), ‘‘re-
versal occurs when active looking is relaxed and atten-
tion falters’” (p. 120). We contend that reversal occurs
as the end result of a process that occurs during active
looking. For us, active looking implies the intervention
of memories and/or imagination.

REFERENCES

BABICH, S., & STANDING, L. (1981). Satiation effects with reversible
figures. Perceptual & Motor Skills, 52, 203-210.

BAGNARA, S., SIMION, F., TAGLIABUE, M. E., & UMILTA, C. (1988).
Comparison processes on visual mental images. Memory & Cogni-
tion, 16, 138-146.

CARLSON, V. R. (1953). Satiation in a reversible perspective figure.
Journal of Experimental Psychology, 45, 442-448.

CoHEN, L. (1959). Rate of apparent change of a Necker cube as a func-
tion of prior stimulation. American Journal of Psychology, 72,
327-344.

CorNWELL, H. G. (1963). Prior experience as a determinant of figure-
ground organization. Journal of Experimental Psychology, 65, 156-162.

CorNWELL, H. G. (1964). Effect of training on figure-ground organi-
zation. Journal of Experimental Psychology, 68, 108-109.

EPsTEIN, W., & Rock, 1. (1960). Perceptual set as an artifact of recency.
American Journal of Psychology, 73, 214-228.

Fantz, R. L. (1964). Visual experience in infants: Decreased atten-
tion to familiar patterns relative to novel ones. Science, 146, 668-670.

FINkE, R. (1980). Levels of equivalence in imagery and perception.
Psychological Review, 87, 113-132.

FINKE, R. (1986). Mental imagery and the visual system. Scientific
American, 253, 88-95.

FINKE, R., & ScHMIDT, M. (1977). Orientation-specific color aftereffects
following imagination. Journal of Experimental Psychology: Human
Perception & Performance, 3, 599-606.

FLUEGAL, J. C. (1912). The influence of attention in illusions of re-
versible perspective. British Journal of Psychology, 5, 357-416.
GirGus, J. J., Rock, 1., & EGATZ, R. (1977). The effect of knowledge
of reversibility on the reversibility of ambiguous figures. Perception

& Psychophysics, 22, 550-556.

HocHBERG, J. (1950). Figure-ground reversal as a function of visual
satiation. Journal of Experimental Psychology, 40, 682-686.

HocHBERG, J. (1970). Attention, organization, and consciousness. In
D. I. Mostofsky (Ed.), Attention: Contemporary theory and analysis
(pp. 99-124). New York: Appleton-Century-Crofts.

HorLiTz, K. L. (1988, April). Satiation versus past experience in the
perception of reversible figures. In Proceedings of the 59th Annual
Meeting of the Eastern Psychological Association (p. 40), Buffalo,
NY. (Abstract)

Horuitz, K. L. (1990). Figural reversals reappraised: The effects of
attention, memory and imagery on the perception of ambiguous fig-
ures. Unpublished doctoral dissertation, Rutgers, The State Univer-
sity of New Jersey, New Brunswick.

JOHNSTON, W. A., HAWLEY, K. J., PLEWE, S. H., ELLIOTT, J. M. G,



& DEWITT, M. J. (1990). Attention captured by novel stimuli. Jour-
nal of Experimental Psychology: General, 119, 397-411.

KOEHLER, W. (1940). Dynamics in psychology. New York: Liveright.

LeePER, R. (1935). A study of a neglected portion of the field of
learning—the development of sensory organization. Journal of Genetic
Psychology, 46, 41-75.

LieBERT, R. M., & Burk, B. (1985). Voluntary control of reversible
figures. Perceptual & Motor Skills, 61, 1307-1310.

NEISSER, U. (1976). Cognition and reality. San Francisco: W. H.
Freeman.

OLsON, R., & OrBACH, J. (1966). Reversibility of the Necker cube:
VIII. Parts of the figure contributing to the perception of reversals.
Perceptual & Motor Skills, 22, 623-629.

ORBACH, J., EHRLICH, D., & HEATH, A. A. (1963). Reversibility of
the Necker cube: I. An examination of the concept of ‘‘satiation of
orientation.’” Perceptual & Motor Skills, 17, 439-458.

ORBACH, J., EHRLICH, D., & VAINSTEIN, E. (1963). Reversibilty of
the Necker cube: III. Effects of interpolation on reversal rate of the
cube presented repetitively. Perceptual & Motor Skills, 17, 571-582.

PeTERSON, M. A.(1986). Illusory concomitant motion in ambiguous
stereograms: Evidence for nonstimulus contributions to perceptual or-
ganization. Journal of Experimental Psychology: Human Perception
& Performance, 12, 50-60.

PETERSON, M. A., & HOCHBERG, J. (1983). Opposed-set measurement
procedure: A quantitative analysis of the role of local cues and inten-
tion in form perception. Journal of Experimental Psychology: Hu-
man Perception & Performance, 9, 183-193.

PETERSON, M. A., & HOCHBERG, J. (1989). Necessary considerations
for a theory of form perception: A theoretical and empirical reply
to Boselie and Leewenberg (1986). Perception, 18, 105-119.

REISBERG, D., & O’'SHAUGHNESSY, M. (1984). Diverting subjects’ con-
centration slows figural reversals. Perception, 13, 461-468.

Rock, I., & GuTMAN, D. (1981). The effect of inattention on form per-
ception. Journal of Experimental Psychology: Human Perception &
Performance, 7, 275-285.

Rock, 1., & MITCHNER, K. (1992). Further evidence of failure of re-
versal of ambiguous figures by uninformed subjects. Perceprion, 21,
39-45.

ROSENTHAL, R., & RosNow, R. L. (1985). Contrast analysis: Focused
comparisons in the analysis of variance. New York: Cambridge Uni-
versity Press.

SLATER, A., MoRrisoN, V., & Rosg, D. (1983). Locus of habituation
in the human newborn. Perception, 12, 593-598.

Seitz, H. H., & LipmaN, R. S. (1962). Some factors affecting Necker
cube reversal rate. Perceptual & Motor Skills, 15, 611-625.

ToppiNo, T. C., & LoNG, G. M. (1987). Selective adaptation with re-
versible figures: Don’t change that channel. Perception & Psycho-
physics, 42, 37-48.

TsaL, Y., & KOLBERT, L. (1985). Disambiguating ambiguous figures

AMBIGUOUS FIGURES 681

by selective attention. Quarterly Journal of Experimental Psychol-
ogy, 37A, 25-37.

VETTER, R. J. (1965). Perception of ambiguous figure-ground patterns
as a function of past experience. Perceptual & Motor Skills, 20,
183-188.

Virsu, V. (1975). Determination of perspective reversals. Nature, 257,
786-787.

VON GRUNAU, M. W., WIGGIN, S., & REED, M. (1984). The local
character of perspective organization. Perception & Psychophysics,
35, 319-324.

WARREN, R. M. (1985). Criterion shift rule and perceptual homeostasis.
Psychological Review, 92, 574-584.

WEIZMANN, F., CoHEN, L., & PratT, R. J. (1971). Novelty, famil-
iarity, and the development of infant attention. Developmental Psy-
chology, 4, 149-154.

NOTES

1. Additional studies that support a past experience effect using a dif-
ferent method (Cornwell, 1963, 1964; Vetter, 1965) showed that ex-
posure to biased figure-ground patterns during a learning phase influ-
enced a subject’s initial perception of these figures when the unbiased
counterparts were presented again during a test phase.

2. This response method was selected because it reduced interference
while attending to the figures. It was confirmed to be a sensitive mea-
sure of reversals, which was supported by the replication of reversal
results in Experiment 2.

3. Rock and Gutman (1981) presented overlapping figures (one in red
and one in green) for 1 sec, providing subjects with instructions to at-
tend, for instance, to the red figures. After a number of figures were
presented in this manner, the subjects were given a recognition test.
Very few of the unattended figures were recognized. According to Rock
and Gutman, the lack of memory for the unattended items suggested
that these items were not perceived. In the present experiment, the fig-
ures used were not overlapped with another figure and they were pre-
sented for 60 sec instead of 1 sec. This, paired with the postexperimental
interviews, suggests that subjects could perceive the figure but that the
level of processing was shallow.

4. A 10-sec inspection phase was deemed of sufficient duration on
the basis of the results of a preliminary study that indicated no signifi-
cant differences between a 10-sec inspection phase and a 60-sec one
for any of the dependent measures used in the present study (Horlitz,
1990, Experiment 2). In fact, this finding may itself be taken as evi-
dence against the satiation hypothesis; duration of exposure should af-
fect satiation, but it is less likely to affect the ability of “‘higher’’ cog-
nitive processes to produce an apprehension of the alternate percept.
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