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Evidence of Grouping Under Conditions of Inattention
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Many theories of visual perception assume that before attention is allocated within a scene,
visual information is parsed according to the Gestalt principles of organization. This assumption has been challenged by experiments in which participants were unable to identify ~¢laat
Gestalt grouping patterns had occurred in the background of ptimary-t~k displays (A. Mack,
B. Tang, R. Tuma, S. Kahn, & I. Rock, 1992). In the present study, participants reported
which of 2 horizontal lines was longer. Dots in the background, if grouped, formed displays
similar to the Ponzo illusion (Experiments 1 and 2) or the Mtlller-Lyer illusion (Experiment
3). Despite inaccurate reports of what the patterns were, participants' responses on the
line-length discrimination task were clearly affected by the 2 illusions. These results suggest
that Gestalt grouping does occur without attention but that the patterns thus formed may not
be encoded in memory without attention.

An assumption of many theories of visual perception is
that a rich array of perceptual primitives is extracted from
visual scenes without attention, that is, preattentively (e.g.,
Duncan & Humphreys, 1989; Julesz, 1981; Kahneman &
Treisman, 1984; Neisser, 1967; Treisman, 1982, 1988;
Wolfe, 1994). This assumption is tenable on logical
grounds: The visual field must be at least partially organized
at preattentive levels of processing for there to be something
on which to base later--attentive--processing. In addition
to this logical justification, empirical evidence has suggested that perceptual organization occurs preattentively.
Dual-task studies, for example, have demonstrated that
when attention is occupied by a demanding primary task,
substantial perceptual processing can occur within the attentional periphery (e.g., Braun & Sagi, 1990, 1991; but s e e
Ben-Av, Sagi, & Braun, 1992). In addition, within visualsearch experiments, salient items and texture boundaries
seem to "pop out" from visual arrays of surrounding items
with no effort (e.g., Beck, 1982; Treisman, 1985). Results
like these have been taken as evidence that visual scenes
are organized into perceptual primitives before attention is
focused within the scene. Indeed, a substantial amount of
research has been dedicated to identifying what the
preattentive primitives are, based on results from dual-

task and visual-search experiments (e.g., Bravo & Blake,
1990; Brown, Weisstein, & May, 1992; Julesz & Bergen,
1983; Ramachandran, 1988; Treisman & Gormican,
1988).
An important feature of preattentive processing, according to the view just described, is that it organizes the visual
field. Therefore, it is reasonable that preattentive processes
have been assumed to include those mechanisms that give
rise to the Gestalt principles of perceptual organization (see
Pomerantz, 1981, for a review; Figure 1 illustrates two
principles of Gestalt grouping). The Gestalt principle that is
considered most often is grouping by similarity (e.g., Duncan & Humphreys, 1989; Humphreys, Quinlan, & Riddoch,
1989; Neisser, 1967; Treisman, 1982, 1988), but grouping
by proximity, closure, and good continuation have also
been assumed to apply preattentively (Grossberg, Mingolla,
& Ross, 1994; Pomerantz, 1981; Pomerantz & Pristach,
1989).
Object-based theories of perception have been especially
explicit in assuming that the Gestalt principles apply preattentively. These theories maintain that visual scenes are first
parsed, in part according to the Gestalt principles, and that
attention is then directed to the perceptual objects that result
from that parsing process (see Kanwisher & Driver, 1992,
for a review).
There is evidence to support the idea that attention is
allocated to objects. For example, it is difficult to attend to
more than one object simultaneously (e.g., Duncan, 1984;
Kahneman, Treisman, & Burkell, 1983; of. Vecera & Farah,
1994). At the same time, it is diffienlt to ignore distracting
information that is part of an attended object (e.g., Kahneman & Henik, 1981). Similarly, entire objects receive processing benefits when only part of the object is cued or
primed (Egly, Driver, & Rafal, 1994; see also Kahneman,
Treisman, & Gibbs, 1991). Finally, patients who suffer from
the attentional disorder visual neglect sometimes demonstrate object-based frames of reference in neglecting their
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An Alternative View

Figure 1. Two examples of Gestalt grouping. (A) Grouping by
similarity. The black dots tend to be grouped with the black dots,
and the white dots tend to be grouped with the white dots. The nine
dots are seen as alternating black and white rows, or alternating
black and white columns, depending on how the dots are colored.
(B) Grouping by proximity. Dots that are relatively close to each
other tend to be grouped together. The nine dots are seen as three
rows or three columns, depending on whether the dots within a row
are closer than the dots within a column, or vice versa.

visual environments (Driver & Halligan, 1991; Halligan &
Marshall, 1993).
There is also evidence supporting the idea that the objects
toward which attention is directed can be formed on the
basis of Gestalt principles and that this can occur preattentively. Several of the object-based attentional effects described above have been demonstrated when displays were
used in which the "objects" were defined purely on the basis
of Gestalt principles of grouping (e.g., Baylis & Driver,
1992; Driver & Baylis, 1989; Pomerantz, 1981; Pomerantz
& Pristach, 1989) or figure-ground segmentation (Baylis &
Driver, 1993; cf. Gibson, 1994, and Baylis's, 1994, response). According to object-based views, because the objects must have been formed in order for attention to have
been allocated to them, the grouping and figure-ground
segmentation must have occurred before attention was allocated within the scene. Finally, patients suffering from
visual neglect have demonstrated an apparent retention of
grouping capabilities in their neglected visual domains,
which suggests that grouping may be a preattentive process
(Grabowecky, Robertson, & Treisman, 1993).
In summary, many models of visual perception assume
that substantial perceptual organization occurs preattentively and that Gestalt principles of organization, in particular, do so. This latter point has been made most explicitly
within object-based models. Although there is substantial
evidence that is consistent with these assumptions, there is
an alternative view, according to which very little perceptual organization occurs without attention. This view and
related evidence are presented in the following section.

In contrast to the position described in the previous section, some theories of perception maintain that very little
perceptual processing occurs without attention (Mack,
Tang, Tuma, Kahn, & Rock, 1992; Palmer & Rock, 1994;
Rock, Linnet, Grant, & Mack, 1992). At best, gross, spatially contiguous regions of color, contrast, or texture are
thought to be the preattentive primitives. If this position is
correct, then theories of perception that assume substantial
preattentive perceptual organization need to be revised.
One reason for thinking that Gestalt grouping in particular
does not occur preattentively is that grouping has been
shown to depend on the perceived characteristics of stimuli
rather than on the early (retinal) characteristcs of stimuli.
Rock and Brosgole (1964), for example, used as a grouping
stimulus a two-dimensional lattice of beads that could be
rotated in space. The beads within a column of the lattice
were closer together than those within a row. When the
lattice was viewed from the front, the beads were perceived
as columns (grouping by proximity). The lattice could also
be rotated around its vertical axis, such that the beads within
a row were retinally closer together than those within a
column. Rather than being perceived as rows, however, the
rotated lattice was still perceived as columns. This finding
indicated that the beads were grouped after the shape of the
lattice was resolved through the mechanisms that give rise
to shape constancy. Similar findings have been reported for
lightness constancy (Rock, Nijhawan, Palmer, & Tudor,
1992) and for amodal completion (Palmer, 1996). These
results indicated that Gestalt grouping occurred at least as
late as the resolution of several perceptual constancies and
amodal completion. This seems sufficiently late that attention might already have been allocated within the scene.
Mack et al. (1992) and Rock, Linnet, et al. (1992) also
emphasized that none of the evidence mentioned previously
concerning preattentive perceptual organization was obtained under properly preattentive conditions--that is, under conditions in which attention had not yet been directed
toward the stimuli of interest. Instead, they argued that the
evidence was relevant only to divided or diffuse attention.
Divided or diffuse attention refers to conditions under
which stimuli are within a person's visual field, and although the stimuli may not be the focus of attention, the
person is aware of them. For example, the stimuli may be
distracting stimuli that must be ignored, as in visual-search
experiments, or the stimuli may even be task relevant, as are
secondary-task stimuli in dual-task experiments. Mack and
Rock and their colleagues reserved the term inattention for
conditions under which stimuli are within a person's visual
field but no attention has been directed toward them (e.g.,
the background of a display on which a perceptual task is
presented). 1
1 The terms that are used to describe the various states of
attention are confused in the literature. For the purposes of this
article, the terms preattention and inattention both refer to processing that occurs without attention. Inattention, however, is
reserved for the specific experimental conditions that satisfy Mack
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Thus, according to this view, assumptions concerning
preattentive perceptual organization must be tested under
conditions of inattention. Toward this end, Mack and Rock
and their colleagues developed an experimental method to
identify what can be perceived under conditions of inattention (Mack et al., 1992; Rock, Linnet, et al., 1992; see
Epstein & Babler, 1989, 1990, for a similar method). In one
study, they applied this method to the specific question of
whether Gestalt grouping can occur under conditions of
inattention (Mack et al., 1992).
The study took the following form. A fairly difficult
perceptual task was superimposed on a background of black
and white dots that were irrelevant to the task. On most
trials, the dots in the background were randomly black and
white. On the critical trial, however--the inattention trial-the dots were colored such that if grouping by similarity
occurred, a salient pattern would appear (e.g., alternating
rows of black and white dots). At the end of this trial,
participants were unexpectedly asked to make a forcedchoice response concerning what pattern had appeared in
the background. The logic was that if grouping occurs
without attention, then despite not having attended to the
background, participants would be able to report what pattern had appeared.
After the inattention trial, participants were no longer in a
state of inattention concerning the background. Therefore
only a single observation under conditions of inattention
could be obtained for each participant. Nonetheless, later in
the experiment a second patterned-background trial was
presented, and again participants were asked to make a
forced-choice response concerning what the pattern had
been. This trial was called the divided-attention trial because participants knew that something might occur in the
background. Finally, before the last trial in the experiment,
participants were asked to ignore the primary task and
simply report what pattern appeared in the background. We
refer to this trial as the full-attention trial. Whereas the
inattention trial provided an indication of how well the
patterns were perceived under conditions of inattention,
the divided-attention and full-attention trials provided indi-

et al.'s (1992) and Rock, Linnet, et al.'s (1992) definition of
"without attention." In another context, Treisman (1993), for example, did not use the terms preattention and inattention synonymously. She defined preattentive processing as "an inferred stage
of early vision, which [she] attribute[s] to the separate feature
modules. Before any conscious visual experience is possible, some
form of attention is required" (p. 13). By contrast, inattention is
used to refer to a state in which "attention is narrowly focused
elsewhere. In this case, even global feature boundaries should no
longer be available" (19. 15). Treisman's use of preattention and
inattention might correspond to what Mack et al. and Rock, Linnet,
et al. called divided or d/ffuse attention and inattention, respectively. Howevex~Treisman's preattenfion, unlike Mack et al.' s and
Rock, Linnet, et al.'s divided or diffuse attention, refers to processing that occurs without attention. Because this is the primary
concern of this article, we chose to use the terms preattention and
inattention in the manner described in the opening sentences of
this footnote.
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cations of how well the patterns could be perceived when
the backgrounds were attended--either partially or fully.
The results from several experiments using the inattention
method suggested that participants failed to group the dots
when they were not attending to the background (Mack et
al., 1992). Report accuracy of the patterns was at chance
following the inattention trials. In fact, participants often
denied that there had been a pattern and professed to have
been guessing about what the pattern might have been. In
contrast, on the divided-attention and full-attention trials,
reports concerning the patterns were quite accurate, which
indicated that the patterns could be seen when they were
attended. This pattern of results was found using several
different types of grouping stimuli in the backgrounds.
In summary, unlike the theories described in the first
section of this article, some theories of attention maintain
that very little perceptual organization occurs preattentively.
In support of this position is evidence that the Gestalt
principles of organization seem not to apply preattentively;
when they were tested under conditions of inattention, participants failed to report what grouping patterns had occurred in the background. This finding conflicts directly
with the assumptions concerning preattentive processing
that are part of many theories of perception, most explicitly
the object-based theories.

Purpose of the Present Research
Although participants were unable to report what grouping patterns had occurred on the inattention trials in Mack et
al.'s (1992) experiments, it does not necessarily follow that
the dots were not grouped. Instead, participants may have
been unable to remember what patterns had appeared. This
might have occurred for two different reasons. First, participants may have forgotten what the patterns were by the
time the question was answered. Alternatively, without having attended to the patterns, participants may never have
successfully encoded them in memory. In either case, participants would have been unable to report what the patterns
were, despite having perceived them at the time. To address
the question of whether Gestalt grouping occurs under conditions of inattention, it would be useful to obtain a measure
of grouping from the time during which the stimuli are
present. This was the purpose of the present research.
We took advantage of two simple perceptual illusionsB
the Ponzo illusion (see Figure 2A) and the MUller-Lyer
illusion (see Figure 2B). As in the experiments reported by
Mack et al. (1992), a difficult line-length discrimination
task was superimposed on a background of black and white
dots, which occasionally formed patterns. The patterns were
designed such that if they were perceived, they could influenceBthrough either the Ponzo illusion or the Mtiller-Lyer
illusion--the perceived lengths of the lines to be discriminated. Using displays like these, we could determine
whether the dots had been grouped on inattention trials
without having to ask the participants directly about what
they had seen. If reports of line length are influenced by the
patterns that are embedded in the dots, then this fmding
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experiment before being tested. Individuals participated in partial
fulfillment of a requirement for an introductory course in
psychology.

A

Apparatus and Stimuli

/Figure 2. Two perceptual illusions. (A) The Ponzo illusion: A
line segment that is closer to the converging end of two converging
lines appears to be longer than an identical line segment that is
farther from the converging end. (B) The Mtilier-Lyer illusion: A
line segment with arrowheads that point in (wings-out display)
appears longer than an identical line segment with arrowheads that
point out (wings-in display).

would indicate that the dots were grouped (cf. Hochberg,
1974, and Hochberg & Peters,n, 1987, on perceptual
coupling).
Overview

In Experiments 1 and 2, stimuli were presented on an SVGA
color monitor that was driven by a Diamond SVGA color graphics
card. In Experiment 3, stimuli were presented on a VGA color
monitor that was driven by a Diamond VGA color graphics card.
Trial events and data collection were controlled by IBMcompatible microcomputers.
At the beginning of each trial, a black 0.57* × 0.67* plus-sign
fixation marker was presented in the center of a gray background
(Experiments 1 and 2:55.7 cd/mZ; Experiment 3:58.19 cd/m2).
Trial displays included a matrix of black and white dots that was
centered on the gray background, and two horizontally oriented,
black line segments. The line segments were centered from side to
side within the matrix and were located approximately one third of
the way down from the top and one third of the way up from the
bottom. On some trials, a random 8% of the dots were black and
the rest were white; these are referred to as random-matrix trials.
On other trials, the dots in the matrix formed a pattern based on the
contrast of the dots; these are referred to as pattern.matrix trials.
The specifics of the patterns are described separately for each
experiment. Figure 3 provides an illustration of a typical trial
display for a random-matrix trial. Every trial display was followed
by a mask that was a matrix in which a random 30% of the dots
were black and the rest were white. A new mask was generated for
each trial.
In Experiments 1 and 2, the matrices were 21 columns × 13
rows of dots and subtended approximately 14.50" × 16.50" (from
a typical viewing distance of 60 era). Each dot had a diameter of
0.50*. Dots within a row were separated by 0.70* (center to
center), and those within a column were separated by 1.33" (center
to center). In Experiment 3, the matrices were 28 dots × 22 dots
and subtended approximately 17.70 ° × 16.30". In this case, each
dot had a diameter of 0.40 °. Dots within a row were separated by
0.64* (center to center), and those within a column were separated
by 0.76* (center to center).
The line segments were 0.30 ° wide. On random-matrix trials,
one line segment was slightly longer than the other. In Experi-

Results from three experiments provided evidence that
grouping by similarity does occur under conditions o f inattention, as this term is defined in the paradigm developed by
M a c k and Rock and their colleagues (Mack et al., 1992;
Rock, Linnet, et al., 1992). Responses in the line-length
discrimination task were influenced by patterns o f dots that
formed displays like the Ponzo illusion (Experiments 1 and
2) and the M i i l l e r - L y e r illusion (Experiment 3). Despite this
evidence o f grouping, participants were extremely poor at
reporting what patterns had occurred when asked about
them directly as in the M a c k et al. (1992) experiments.
General Method

Participants
Sixty individuals from the undergraduate participant pool at
Johns Hopkins University were tested (20 participants in each of
three experiments). The participants were approximately 18-24
years of age. All reported normal or corrected-to-normal visual
acuity and color vision, and all were naive as to the purpose of the

Figure 3. A typical random-matrix display. A random 8% of the
dots are black, and the rest are white. One of the two line segments
for the length discrimination task is longer than the other.
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ments 1 and 2, the lengths were chosen randomly from three
short-long pairs: (1.30", 1.50"), (1.50 °, 1.70"), (1.70", 1.90"). In
Experiment 3, the lengths were chosen randomly from three different sbort-long pairs: (5.00", 5.20"), (5.10", 5.30"), (5.20",
5.40*). On pattern-matrix trials, the line segments were the same
length (Experiments 1 and 2: 1.40"; Experiment 3: 5.20*). The
position of the line segments within the matrix was the same on all
trials within a given experiment. In Experiments 1 and 2, one line
segment was presented between the 5th and 6th rows, and the other
was presented between the 8th and 9th rows of the dot matrices. In
Experiment 3, they were presented in the 7th and 16th rows of the
dot matrices, on top of the dots. All line segments were centered
horizontally within the matrix. Finally, for the random-matrix
trials, in which one line segment was longer than the other, the
longer segment was presented equally often in the top and bottom
positions.

Task
The primary task in all three experiments was to report which of
the two black line segments appeared longer by vocally reporting
top or bottom. In addition to this primary task, participants were
sometimes asked questions about the displays. These questions are
described in detail in the Procedure section.

Procedure
Each participant took part in an individual session, which lasted
approximately 15-20 rain. Figure 4 illustrates the structure of the
experiments. Experiments 1 and 3 consisted of one practice block
and two experimental blocks of trials; Experiment 2 consisted of
one practice block and one experimental block of trials.
At the beginning of each session, participants were told that
each trial would begin with a fixation point, followed by a briefly
presented matrix of black and white dots that had two line segments embedded in it. They were asked to report verbally, after
each trial, which of the two line segments appeared longer: the top
or the bottom. If they did not know which was longer, they were
asked to guess.
Following these instructions, a block of 10 practice trials was
provided; these trials were always random-matrix trials. After each
trial, the experimenter entered the participant's response into the
computer and said whether the response was correct or not. Many
of the participants reported that they had been unable to see the
line segments on the first practice trial. All participants, however,
were able to see them and report which was longer by the end of
3 trials.
After the 10 practice trials, participants completed a block of 32
trials, plus 2 warm-up trials at the beginning of the block. We refer
to this block of trials as the illusion block. Participants were told
that the experimenter would no longer provide feedback concerning the participant's responses but would continue to enter the
responses into the computer. A random 16 of the experimental
trials were random-matrix trials, and the remaining 16 were
pattern-matrix trials, on which neither line segment was longer.
(The 2 warm-up trials were always random-matrix trials.) The
details of the patterns are described separately for each experiment.
Experiment 2 was complete at the end of this block.
Participants in Experiments 1 and 3 then completed a third block
of eight trials, which had a design similar to that of the experiments
reported by Mack, Linnet, et al. (1992) and Rock et al. (1992). This
block of trials is referred to as the inattention block. The first three
trials as well as the fifth and sixth trials of this block were
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random-matrix trials. Participants simply reported which line segment appeared to be longer. The fourth, seventh, and eighth trials
were pattern-matrix trials; they were the inattention, dividedattention, and full-attention trials, respectively. Following both the
inattention and the divided-attention trials, participants reported
which line segment appeared to be longer. No response was
obtained following the full-attention trial; participants were asked
before the trial to ignore the line-segment task and simply look for
the pattern in the dot-matrix background.
After each of the three pattern-matrix trials, participants were
asked three questions concerning the pattern that had appeared in
the background: the direct query, the forced choice, and the
confidence rating. The direct query was the following: "Did you
notice any pattern in the background of dots on that last trial?" The
specific forced-choice question was different for the two experiments, but in each case it provided a forced-choice discrimination
concerning the pattern that had been presented. Finally, the confidence rating referred to the answer given to the forced-choice
question. The confidence rating was 1, 2, or 3, where 1 meant not
at all sure, 2 meant somewhat sure, and 3 meant very sure. As the
experimenter asked each question, a short form of the question was
presented on the dark background of the monitor (e.g., "pattern?";
"direction [up, down]?"; "confidence rating? [1 = not at all, 2 =
somewhat, 3 = very]"). The participant's responses also appeared
on the monitor as they were being entered by the experimenter.
Finally, at the end of the inattention block, participants were
asked the following question: "Did you notice that some of the
trials in the middle block included patterns like you've seen here?"
The participant's answer was entered into the computer, and that
marked the end of the experiment.
An illustration of the trial events is provided in Figure 5. The
fixation point at the beginning of each trial remained present for
1,000 ms. The trial display was then presented for 200 ms, after
which it was replaced by the mask display. The mask remained
present until a response was entered by the experimenter, after
which the display went blank, with only the gray background
visible. An intertfial interval of approximately 5 s in Experiments
1 and 2 and 8 s in Experiment 3--during which the display was
gray--preceded each trial.

Experiment 1
Experiment 1 took advantage of the Ponzo illusion (also
known as the railroad-track illusion): A line segment that is
located near the narrow end of two converging lines appears
longer than an identical line segment that is located nearer
to the diverging end (see Figure 2A). The dots on the
pattern-matrix trims in this experiment were colored such
that if grouped, they would form two converging lines, as in
the Ponzo illusion. Recall that the line segments on the
pattern-matrix trials were actually the same length. If participants are unbiased in their responses, then they should
respond top equally often as bottom. If the dots are grouped,
however, then the pattern of converging lines may cause
participants to perceive the line segment that is near to the
converging end o f the pattern as longer than the other
segment. If this occurs, then it would indicate that grouping
by similarity occurred.

Me~od
Stimuli. Figure 6 provides an illustration of the two types of
pattern-matrix trials that we used in Experiment 1. The black dots
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Figure 4. Structure of the experiments. Each experiment began with a practice block of 10
random-matrix trials. The practice block was followed by the illusion block, in which half of the
trials were random-matrix trials and the other half were pattern-matrix trials. In Experiments 1 and
3, the illusion block was followed by the inattention block, which had a design that was similar to
that of the experiments reported by Mack et al. (1992) and Rock, Linnet, et al. (1992). The first 3
trials were random-matrix trials. The 4th trial was the inattention trial, which was a pattern-matrix
trial and was followed by the three questions concerning what the pattern had been (see text for
details). The 5th and 6th trials were again random-matrix trials. The 7th and 8th trials were the
divided-attention and full-attention trials, respectively. They were pattern-matrix trials and were
followed by the same three questions.

formed two converging black lines, as in the Ponzo illusion. On
some trials, the converging end of the pattern pointed toward the
top (Figure 6A); on other trials, it pointed toward the bottom
(Figure 6B). The lines for the length discrimination task were

centered within the dot-pattern lines, which were in turn centered
within the matrix. The distance between the endpoint of a line
segment located near the converging end of the pattern and the
edge of the nearest black dot was 0.62 ° . The distance between an
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Figure 5. Trial events for all three experiments. Each trial began
with the presentation of a fLxation marker for 1 s, which was
followed immediately by the trial display. The trial display was
presented for 200 ms and was replaced by a mask. The mask
remained present until a response was entered by the experimenter.
There was an intvrtrial interval of 5 s (Experiments 1 and 3) or 8 s
(Experiment 3), during which the screen was gray.

endpoint of a line segment located near the diverging end of the
pattern and the edge of the nearest black dot was 2.62*. Finally, in
the illusion block, the converging end of the pattern always pointed
up, whereas in the inattention block, the converging end of the
pattern pointed up or down randomly across the three critical
trials. 2
Procedure. For the forced-choice question in this experiment,
participants were asked the following: "If I told you that the black
dots formed a V patmm that was pointing up [here the experimenter formed an uimard-pointing V with two hands] or pointing
down [here the e~filnentet formed a downward-pointing V with
two hands], could y ~ tell me in which direction it was pointing?"
The participant ~ responded up or dawn. If participants did not
know, they were asked to ~ s .

Results
Illusion block. The mean percent correct for reporting
which line segment was longer on the random-matrix trials
in the illusion block was 85.02% (-+5.23%). (Values of the
form x -+ y refer to a 95% confidence interval of y, surrounding a mean o f x . ) To assess whether there was a bias
to respond top or:bottom more often, we separated the
random-matrix trials on the basis of whether the correct
response was top or bottom. The :mean percent correct for
reporting top was 80.77% (-+8.51%); the mean percent
correct for reporting "bottom" was 88.94% (+_5.09%).
These values did not reliably (or = .05) differ from each
other, which indicated that participants were not biased to
report top more often than bottom. Such a bias would have
contaminated the results from the pattern-matrix trials.
The results from the pattern-matrix trials indicated that
participants were influenced by the pattern in the background. Recall that for these trials, the line segments were
identical in length. Therefore, if participants had guessed
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without bias, they would have reported top--that is, the line
toward the converging end of the patterned lines---on approximately 50% of the trials. Instead, they reported top on
79.33% (---6.30%) of the trials. This interval did not include
50%, which indicatedthat participants responded top refiably more often than would be expected if they had guessed
without bias.
At the end of the experiment, 3 participants reported
having noticed the patterns in the illusion block. When the
data from these participants were excluded from the analyses, the mean percent correct on the random-n'attrix trials
was 85.16% (-+5.92%). The mean percentage of patternmatrix trials on which the t o p line w a s reported as longer
than the bottom line was 84.71% (--.6.37%).
Inattention block. The mean percent correct in the finesegment task on Trials 1-3 of the inattention block was
85.00% (_+7.96%), and on Trials 5 - 6 it was 70.00%
(-+6.69%); these trials were all random-matrix trials. The
remaining trials were pattern-matrix trials on which the line
segments were the same length. The percentage of participants who reported that the line segment closer to the
converging end of the pattern was longer ~
that closer to
the diverging end (i.e., consistent with the Ponzo illusion)
was 85% on the inattention trial ~ a l 4), which was reliably greater than the 50% expected by chance (z = 3.13,
p < .01), and 65% on the divided-attention trial (Trial 7),
which was not significantly different from chance (z = 1.34,
ns). No response was made for the line-segment task following the full-attention trial (Trial 8).
Figure 7 shows the results from the three questions that
were asked following the three pattern-matrix trials. The
three questions (i.e., the direct query, the forced choice, and
the confidence rating) yielded the same pattern of results:
Reports concerning how well the dot patterns were perceived were extremely poor on the inattention trial, slightly
better on the divided-attention trial, and quite good on the
full-attention trial.
For the direct query (Figure 7A), only about 10% of the
participants reported noticing a pattern on the inattention
trial. Nearly half reported seeing the pattern on the dividedattention trial, and most participants reported seeing the
pattern on the full-attention trial.
The reports from the direct query were c o n f i n e d by the
forced-choice measure (Figure 7B). Only 55% of the participants chose the correct dir-~fion of the pattern on the
inattention trial. This value was not significantly (a = .05)
different from the 50% expected by chance (z = 0.45, ns).
By contrast, 75% of the participants reported the correct
direction following the divided-attention trial (z = 6.71, p <
.01), and 85% reported the correct direction following the
furl-attention trial (z = 7.60, p < .01).
Finally, the confidence ratings (Figure 7C) also increased
across the different types of trials. The mean confidence
2 The pattern always pointed up in the illusion block because we
thought that this would maximize the Ponzo illusion. In so doing,
however, we introduced the opportunity for a response bias to
contaminate the results. We show later, however, that no such
contamination occurred.
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Discussion
The results suggest that grouping by similarity did occur
under conditions of inattention. Responses were influenced
by the Ponzo pattern on the pattern-matrix trials; the line
segment that was closer to the converging end of the pattern
was reported as longer than the line segment that was farther
from the converging end. To have created this illusion, the
dots must have been grouped to form the pattern of converging lines.
Despite showing evidence of grouping on the patternmatrix trials, however, participants were poor at reporting
what those patterns were when they were asked about them
directly in the inattention block. This inability to report what
the patterns were was not caused by ambiguity in the
displays because reports concerning the same patterns were
quite accurate following the divided-attention and fullattention trials.
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Figure 6. Typical pattern-matrix displays from Experiment 1.
All but 14 of the dots were white. The remaining dots were black
and formed two converging lines, as in the Ponzo illusion. On
some trials the patmm pointed up (A); on other trials the pattern
pointed down (B). The two line segments for the length discrimination task were identical and were centered within the pattern,
which was, in turn, centered within the matrix.
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rating was 1.15 (+0.23) following the inattention trial, 1.90
(-+0.43) following the divided-attention trial, and 2.65
(-+0.31) following the full-attention trial,

Correlation between forced choice and experience of the
illusion. We calculated a point-biserial correlation between the accuracy of the forced-choice response following
the inattention trial (0 = incorrect; 1 = correct) and the
percentage of patmm-matrix trials in the illusion block on
which top was reported. A significantly positive correlation
would suggest that the high percentage of top reports in the
illusion block may have been caused by only a few participants who happened to have noticed the patterns on the
pattern-matrix trials. The correlation was - , 0 2 and was not
significantly different than zero (p > .05). We are confident,
therefore, that the high percentage of top reports was not
caused by a few individuals who happened to notice the
patterns.
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Figure Z Results from the three questions asked in the inattention block of Experiment 1. (A) Percentage of participants who
reported having seen a pattern, in response to the direct query. (B)
Percentage of participants who got the forced-choice question
correct. (C) Mean confidence ratings of the response given to the
forced-choice question.
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Finally, the point-biserial correlation provides evidence
that the bias to report top that was observed in the illusion
block was probably not caused by a few participants who
happened to notice the patterns. Participants who got the
forced-choice question fight following the inattention trial
were no more likely to have shown the bias in the illusion
block than those who got the forced-choice question wrong.
On the whole, the results suggest that grouping by similarity did occur without attention but that the patterns could
not be remembered for subsequent report. This may be
because the patterns were forgotten or because they were
never successfully encoded.
A possible criticism of our results is that although participants seemed to have experienced the Ponzo illusion, it is
possible that the responses were biased for reasons that do
not involve grouping by s i ~ t y .
Specifically, the endpoint of the line segment that appeared near the converging
end of the pattern on the pattern-matrix trials was closer to
a black dot than was the endpoint of the line segment that
was nearer to the diverging end of the pattern. It is possible
that the line segment nearer to the converging end appeared
longer because the line segmentmwhieh was also blackm
was blurred into the nearby black dot.
Such blurring might occur for two different reasons. First,
the line segments were presented parafoveally, where acuity
is not as good as at fixation. The line segment and nearby
black dot may have appeared continuous because the spatial
resolution was not sufficient to detect the gap between them.
Second, participants may have deliberately squinted in order to blur their vision and make one of the line segments
appear longer than the other on the ambiguous patternmatrix trials. Experiment 2 provided a control for these
alternative interpretations of the results of Experiment 1.
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Figure 8. Typical pattern-matrix display from Experiment 2. All
but eight of the dots were white. Four of the black dots surrounded

the upper line segment by the same distance as the closest dots
were to the upper line segment in the illusion block of Experiment
1. The remaining four black dots surrounded the lower line segment by the same distance as the closest dots were to the lower line
segment in the illusion block of Experiment 1. The two line
segments for the length discrimination task were identical and
were centered within the black dots, which were, in turn, centered
within the matrix.

maximize the chances of blurring, thus providing a conservative
control for Experiment 1.
Procedure. Experiment 2 included only the practice block and
the illusion block (see Figure 4). Other than this difference, the
procedure was identical to that of Experiment 1.
Results

Experiment 2
The pattern-matrix trials in Experiment 2 included the
black dots that were nearest to the endpoints of the line
segments on the pattern-matrix trials in Experiment 1, but
they did not include the black dots that formed the rest of
the pattern. If the bias in responses on pattern-matrix trials
that was observed in Experiment 1 was caused by a blurring
together of the line segment and the nearby black dot, then
the bias should occur in this experiment as well. If instead
the bias was caused by the Ponzo pattern that was present in
the pattern-matrix trials, then it should not occur in this
experiment.

Method
Stimuli. Figure 8 provides an illustration of the pauem-matrix
trials that were used in Experiment 2. The pattern consisted of
eight black dots: four surrounding the endpoints of the top line
segment by the same distance as in Experiment 1 (i.e., 0.60°) and
four surrounding the endpoints of the bottom line segment by the
same distance as in Experiment 1 (i.e., 2.60°). In Experiment 1, the
line segments were surrounded by only two dots at those exact
distances (see Figure 6A). Four dots were used in Experiment 2 to

The mean percent correct for reporting which line segment was longer on the random-matrix trials in the illusion
block was 88.44% (_+3.46%). For the pattern-maaix trials,
on which the two line segments were the same length, the
mean percentage of trials on which the top one was reported
as appearing longer than the bottom one was 49.06%
(+_4.68%). The 50% value, which was expected by chance,
is contained within this interval.
Discussion
The results provide no evidence to suggest that the bias
observed on the pattern-matrix trials in Experiment 1 was
caused by a blurring of the line segment with a nearby black
dot. The same opportunity was present in Experiment 2, but
no bias was observed.
In addition, the lack of bias on the pattern-matrix trials of
this experiment provides further evidence that participants
were not, in general, biased to report top more often than
bottom. If there were such a bias, then it would have
appeared in this experiment as well.
Given the results of Experiment 2, it seems likely that
participants' responses were influenced by the Ponzo illusion in Experiment 1, and therefore that grouping by sinai-
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larity did occur under conditions of inattention. Experiment
3 provides a conceptual replication of Experiment 1.
Experiment 3
Experiment 3 took advantage of the Mttller-Lyer illusion,
also known as the arrow illusion (see Figure 2B). The
display includes two arrows whose shafts are of equal
length. The heads point i n on otie shaft (hereafter, the
wings-out display), whereas the heads point out on the other
shaft (hereafter, the wings-in display). As shown in the
figure, the shaft of the wings-ont display looks longer ~
that of the wings.in display, despite their being the
length.
The dots on the pattern-matrix trials in this experiment
were colored such that if grouped, they would form the
arrowheads for the Miiller-Lyer display. The line segments
for the discrimination task--which were again identical in
length--formed the shafts. On each pattern-matrix trial,
there was one wings-out display and one wings-in display.
If participants are unbiased in their responses, then they
should report top equally as often as bottom. If the dots are
grouped, however, and the pattern of arrowheads is formed,
then participants may report that the line segment that is part
of the wings-out display is the longer segment. If this
occurs, then it would indicate that grouping by similarity
occurred.

Method
Stimuli. Figure 9 provides an illustration of the pattern-matrix
trials that were used in Experiment 3. The black dots formed
arrowheads, and the line segments, which were superimposed on
the 7th and 16th rows of the matrix, formed shafts. Together, the
line segments and dots formed figures similar to those used in the
MUller-Lyer illusion.
Procedure. In both the illusion and the inattention blocks, the
pattern-matrix trials were chosen randomly from the two patterns
illustrated in Figures 9A and 913. The forced-choice question
consisted of four baekgrotmds that were presented on the computer
monitor, one at a time. The first two displays were those shown in
Figures 9A and 913 but without the shafts--just the wings-out and
wings-in arrowheads. The third display was of two sets of wings-in
arrowheads, one in the top position and one in the bottom position.
Finally, the fourth display was of two sets of wings-out arrowheads, one in the top position and one in the bottom position.
Participants were asked to choose which one of the four patterns
had appeared on the previous trial. If they did not know which
pattern had appeared, they were asked to guess. The four alternafives could be viewed as many times as the participant requested
and for as long as he or she requested.
Results
Illusion block. The mean percent correct for reporting
which line segment was longer on the random-matrix trials
in the illusion block was 75.00% (+_8.10%). For the patternmatrix trials, participants reported that the line segment that
was part of the wings-out pattern was the longer line segment on 88.12% (+_6.90%) of the trials. This interval does

Figure 9. Typical pattern-matrix displays from Experiment 3.
All but 24 of the dots were white. The remaining dots were black
and formed arrowhead patterns. On some of the trials the wingsout display appeared in the upper location and the wings-in display
appeared in the lower location (A); on other trials the reverse was
true (B). The two line segments for the length discrimination task
were identical and were centered in the patterns such that they
formed the shafts for the arrowheads. The pattern, in turn, was
centered within the matrix.

not include 50%, which is what would be expected if
participants had been guessing without bias and reporting
top and bottom equally often, regardless of which pattern
had appeared.
At the end of the experiment, 4 of the 20 participants
reported that they had seen the patterns in the illusion block.
When the data from these participants were excluded from
the analyses, the mean percent correct on the random-matrix
trials was 77.34% (-+9.69%). The mean percentage of
pattern-matrix trials on which the line segment that was part
of the wings-out pattern was reported as the longer segment
was 88.67% (+_6.56%).
Inattention block. The mean percent correct in the linesegment task on Trials 1-3 of the inattention block was
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86.67% (___9.33%), and on Trials 5 - 6 it was 67.50%
(+-15.70%); these were all random-matrix trials. The remaining trials were pattern-matrix trials on which the line
segments were the same length. The percentage of participants who reported that the line segment that was part of the
wings-out display was the longer segment (i.e., consistent
with the Mtiller-Lyer illusion) was 95% on the inattention
trial and 100% on the divided-attention trial. Both of these
values were greater than the 50% expected by chance (for
the inattention trial, z = 4.03, p < .01; for the dividedattention trial, z = 4.47, p < .01).
Figure 10 shows the results from the three questions that
were asked following the pattern-matrix trials in the inattention block. The pattern was very similar to that found in
Experiment 1. Reports concerning how well the dot patterns
were perceived were extremely poor on the inattention trial,
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tween the accuracy of the forced-choice report on the inattention trial (0 = incorrect, 1 = correc0 and the percentage
of pattern-matrix trials in the illusion block on which the
line segment that was part of the wings-out display was
reported as the longer segment. The correlation was .02 and
was not significantly different than zero (p > .05). We are
confident, therefore, that the bias that was observed in the
illusion block was not caused by a few participants who
happened to notice the patterns.
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slightly better on the divided-attention trial, and quite good
on the full-attention trial.
For the direct query (Figure 10A), no participant reported
noticing a pattern on the inattention trial. A few reported
seeing a pattern on the divided-attention trial, and every
participant reported seeing the pattern on the full-attention
trial.
The reports from the direct query were confn'med by the
forced-choice measure (Figure 10B). Only 10% of the participants chose the correct pattern on the inattention trial.
This value was not significantly (a = .05) different from the
25% expected by chance (z = -1.51, ns). By contrast, 40%
of the participants reported the correct pattern following the
divided-attention trial. Although this value was also not
significantly different from chance (z = 1.51, ns), it was
significantly greater than the percentage of participants who
reported the correct pattern on the inattention trial (z = 4.47,
p < .01). Finally, 80% of the participants reported the
correct pattern following the full-attention trial. This value
was reliably greater than chance (z = 5.68, p < .01).
The confidence ratings also increased across the different
types of trials. The mean confidence rating was 1.40
(___0.24) following the inattention trial, 1.75 (___0.37) following the divided-attention trial, and 2.40 (___0.32) following the full-attention trial.

Correlation between forced choice and experience of the
illusion. We calculated a point-biserial correlation be-
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Figure 10. Results from the three questions asked in the inattention block of Experiment 3. (A) Percentage of participants who
reported having seen a pattern, in response to the direct query. (B)
Percentage of participants who got the foreed-choice question
correct. (C) Mean confidence ratings of the response given to the
forced-choice question.

As in Experiment 1, the results suggest that grouping by
similarity did occur under conditions of inattention. Responses were influenced by the Miiller-Lyer pattern on the
pattern-matrix trims; the line segment that was part of the
wings-out display was reported as longer than the line
segment that was part of the wings-in display. To have
created this illusion, the dots must have been grouped to
form the pattern of arrowheads.
Also as in Experiment 1, despite showing evidence of
grouping on the pattern-matrix trims, participants were poor
at reporting what those patterns were when they were asked
about them directly in the inattention block. This inability to
report what the patterns were was not caused by ambiguity
in the displays because reports concerning the same patterns
were quite accurate following the divided-attention and
full-attention trims.
Finally, the point-biserial correlation provides evidence
that the bias that was observed in the illusion block was not
caused by a few participants who happened to notice the
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patterns. Participants who got the forced-choice question
wrong following the inattention trial were no less likely to
have shown the bias in the illusion block than those who got
the forced-choice question right.
As a whole, the results of Experiment 3 confirm those of
Experiment 1. They suggest that grouping by similarity did
occur without attention but that the patterns could not be
remembered for subsequent report. Again, this may be
because the patterns were forgotten or because they were
never successfully encoded.

General Discussion
Although many models of visual perception assume that
Gestalt grouping occurs preattentively, this assumption has
been challenged. Earlier results from an experimental
method that was developed specifically to identify what can
be perceived under conditions of inattention suggested that
even salient grouping patterns are not perceived when they
are not at least partially attended (Mack et al., 1992). That
method, however, depends on participants' being able to
remember and report what they saw on a previous trial. It is
possible that the results reflect a failure to remember the
patterns rather than a failure to have formed them. This
failure to remember could occur for two different reasons.
First, the patterns may have been formed and encoded in
memory, but subsequently forgotten. Alternatively, the patterns may have been formed but never encoded in memory.
Either way, the patterns would have been unavailable for
subsequent report.
By obtaining a measure of grouping from the time during
which the patterns were present, we have provided some
evidence that grouping does occur preattentively. As in the
Mack et al. (1992) study, participants were unable to report
what salient grouping patterns had occurred. Despite this
inability, however, their responses on the trials in which the
patterns appeared were clearly influenced by what the patterns were. In Experiment 1, participants showed evidence
of having experienced the Ponzo illusion when the patterns
formed two converging lines. In Experiment 3, participants
showed evidence of having experienced the Mtiller-Lyer
illusion when the patterns formed arrowheads. These results
indicate that despite the'participants' inability to report what
the patterns were, grouping by similarity did occur.
One possible criticism of our results is that they rely on an
indirect measure of grouping. Rock, Linnet, et al. (1992)
indicated that evidence of priming from grouping patterns
under conditions of inattention would provide no evidence
that the patterns were consciously perceived without attention. The authors stated that their concern was with "what is
and what is not perceived without attention and not . . .
[with] . . . whether or not certain information might be
registered about a stimulus object or whether certain processing might occur below the level of conscious awareness" (Rock et al., 1992, p. 528).
Our measure might be described as within-trial priming
from the grouping patterns. Certainly, our data provide no
evidence that the patterns were consciously perceived with-

out attention. However, as concerns the assumption of preattentive grouping within theories of perception, conscious
perception of the grouping patterns is not necessary. The
assumption is only that scenes are perceptually organized
preattentively and that attention may then be allocated
within the scene on the basis of that organization; the
preattentive processing need not involve conscious perception of the patterns that fall out of the organization process.
In fact, consistent with Rock, Linnet, et al.'s (1992) view,
several theorists who have maintained that perceptual organization occurs preattentively have also maintained that
conscious perception of any specific stimulus or pattern
requires attention (e.g., Neisser, 1967, p. 92; Treisman,
1993, pp. 13-16).
A second criticism of our conclusions is that participants
in previous studies were able to remember and report what
stimuli had appeared in the background following inattention trials. For example, participants were able to report the
color, location, and approximate number of stimulus blobs
that appeared in the background of inattention trials (Rock,
Linnet, et al., 1992). Moreover--and particularly relevant to
this study--participants were able to report accurately
whether vertical or horizontal stripes had appeared in the
background following inattention trials, when the stripes
were continuous rather than requiting grouping (Mack et al.,
1992, Experiment 6). If the failure to report what Gestalt
patterns had appeared in the background was due to a
memory failure, as our results suggest, then why did the
participants in these other experiments not suffer from a
similar memory failure?
This second criticism is relevant when deciding between
the two types of memory problems that could cause a failure
to report which Gestalt patterns had appeared in the background of an inattention trial. We have suggested throughout this article that if the grouping patterns were formed, the
failure to report what the patterns were could have occurred
for two different reasons: (a)The patterns were forgotten or
(h) the patterns were never successfully encoded in memory. That other stimuli can be recalled following an inattention trial suggests that ff the grouping patterns had been
encoded, then they too could have been remembered and
reported. The fact that they could not be reported therefore
suggests that the patterns were never successfully encoded.
Thus, perhaps attention is required not for perceptual organization but for encoding the results of that organization in
memory.
A third criticism of oar conclusions is that one may
wonder whether the method used here really captures processing under conditions of inattention. Ben-Av et al.
(1992) presented results from dual-task experiments that
suggest that Gestalt grouping does not occur even under
conditions of divided attention. Their participants were engaged in a demanding central task and were also asked to
report whether items in the background formed vertical or
horizontal patterns on the basis of grouping by proximity
(Experiments 1-5) or of grouping by similarity (Experiment
6). Both tasks could be done well alone. When they were
done together, however, performance on the grouping task
was often near chance. This finding suggests that grouping
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requires focused attention. If Gestalt grouping cannot be
done under conditions of divided attention, then surely it
cannot be done under conditions of inattention. Perhaps the
inattention method has failed to isolate conditions of
inattention.
One reason for the difference in results between our study
and that of Ben-Av et al. (1992) may be that the displays
used in the two studies differed in terms of how easily
grouping could occur. The grouping patterns in our study
were quite salient: Black and white dots on a gray background were used for grouping by similarity. In addition,
the matrices were perfectly aligned, with symmetrical dots
forming straight rows and columns. In contrast, the grouping patterns in the Ben-Av et al. (1992) displays were not as
salient. In some experiments, white plus signs and Ls on a
black background were used for grouping by similarity. In
other experiments, displays with differences in distance as
small as 20% were used for grouping by proximity. Finally,
their stimuli were randomly rotated and were jittered. It is
therefore possible that Gestalt grouping does occur preattentively when the patterns are relatively salient but not
when the patterns are less easily resolved.
A second reason that Ben-Av et al. (1992) may have
failed to find evidence of Gestalt grouping is that the
method of report may have required that the patterns be
encoded in memory. Participants were asked to concentrate
on the primary task. They may therefore have had to rely on
their memories to make reports concerning the grouping
patterns. If our conclusion is correct---that is, that Gestalt
grouping patterns cannot be encoded in memory without
attention--then it follows that participants would be poor at
reporting grouping patterns under these conditions.
A final criticism of our study concerns how our evidence
for preattentive Gestalt grouping can be reconciled with
previous evidence that grouping occurs after the resolution
of several perceptual constancies (Rock & Brosgole, 1964;
Rock, Nijhawan, et al., 1992) and after amodal completion
has occurred (Palmer, 1996). There are two possible reasons
for this apparent conflict. First, it is possible that all of these
perceptual phenomena--grouping, constancies, and arnodal
completion--occur preattentively. Of these three phenomena, only grouping has been tested using the inattention
method. Second, it is possible that grouping occurs at multiple levels of processing. Neither of these possibilities can
be ruled out by any of the data discussed here.
In summary, our results indicate that at least one form of
Gestalt grouping can occur under conditions of inattention,
insofar as inattention is defined within Mack et al.'s (1992)
and Rock, Linnet, et al.'s (1992) method. Although participants may be unable to report what grouping patterns
appeared on a previous trial, their behavior can be systematicaUy influenced by what patterns are present on a current
trial. These results, in conjunction with those of Mack et al.
and Rock, Linnet, et al. suggest that Gestalt grouping does
occur preattentively but that encoding the results in memory
may require attention. This conclusion is consistent with the
theories of perception that maintain that substantial perceptual organization precedes the allocation of attention within
a visual scene.
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