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Abstract—Does perceptual grouping require attention? Recent
controversy on this question may be caused by a conflation of
two aspects of grouping: element clustering (determining which
elements belong together) and shape formation (determining clus-
ter boundaries). In Experiment 1, observers enumerated diamonds
that were drawn with either lines or dots. These two types of stimuli
were subitized (enumerated rapidly and accurately in the range
from one to three items) equally well, suggesting that clustering
dots into countable entities did not detnand attention. In contrast,
when target diamonds were enumerated among distractor squares
in Experiment 2. only line-drawn items could be subitized. We
propose that clustering and shape formation not only involve dif-
ferent percepttial processes, but play different functional roles in

The classic illustrations of the Gestalt laws of grouping are
elegant in their simphcity (Koffka. 1935; Wertheimer, 1923/1950).
For example, one detnonstration of the law of proximity begins
with a square grid of dots. Simply changing the relative distances
between dots can dramatically alter the percept, so that the grid
is seen as a set of columns, rows, or even diagonals (see Kubovy &
Wagemans. 1995).

The simplicity of this demonstration belies a complexity of
processes. First, to see the dots as rows instead of columns or
diagonals, one must link together some dots but not others; we
refer to this step as element clustering. Second, shape formation
must occur; that is, the principle orientation of the cluster of dots
must be determined. Koffka (1935. pp. 125-127) first distin-
guished between these two operations, but recent theories of
grouping appear to have ignored the distinction, arguing instead
about whether shapes are determined before or after figure-
ground relations have been established (e.g.. Baylis & Driver,
1995; Kellman & Shipley, 1991; Palmer & Rock. 1994; Peterson.
1994). Both of these operations presuppose that some elements
have been clustered together. The neglect of clustering may be
because it is really inseparable from shape formation, but it is
also possible that researchers have been misled by the immediacy
of their own perceptions.

We believe that the conflation of clustering and shape forma-
tion has contributed to a confusion in the literature. For example,
some researchers have argued that grouping is performed by
preattentive mechanisms (Julesz, 1984; Treisman, 1982), whereas
others have claimed that it is performed only much later
(Palmer & Rock, 1994) and with the benefit of attention (Ben-
Av, Sagi, & Braun, 1992; Mack, Tang, Tuma, Kahn, & Rock,
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1992). Interestingly, although the former studies involved search
or texture segregation tasks in which cluster presence or absence
was manipulated, the latter studies required observers to report
on cluster shape (e.g.. Are the clusters arrayed horizontally or
vertically? Do the clusters have a dominant orientation?).

This study demonstrates that clustering and shape formation
are separable operations that have different attentional demands.
We used a visual enumeration task to make this point for two
reasons. First, enumeration requires observers to process each
member of a specified set of visual items (targets). If an item as
a whole is to be enumerated, then its component elements must
be linked; otherwise enumeration would be based erroneously
on the constituent elements. When only targets are displayed,
clustering, but not shape formation, is relevant to the task. How-
ever, if targets are displayed among distractors differing only in
shape, then shape formation becomes important. The separability
of clustering and shape formation can therefore be demonstrated
if an experimental factor influences one operation differently
than the other.

Second, the enumeration of small numbers of items (up to
three or four) is very sensitive to attentional demands. Generally,
if items can be detected preattentively, then their enumeration
is very rapid (40 to 100 ms per item) and accurate (Trick &
Pylyshyn, 1993,1994). This pattern of results is called subitizing.
However, if target items are too similar to distractors, or are
defined by their spatial relations to other items, then subitizing
does not occur and response time (RT) slopes for small numbers
of items are indistingui.shable from those for larger quantities.
The slower (250 to 350 ms per item) and more error-prone enu-
meration process observed in this case is called coimting.

Our strategy was to test the importance of element connected-
ness in two enumeration tasks; one that required only clustering
(Experiment 1) and one that also required shape formation (Ex-
periment 2). Element connectedness is ideal for this test because
it is widely recognized as critical to perceptual grouping (Elder &
Zucker. 1993; Enns & Rensink, 1991; Palmer & Rock, 1994;
Rensink & Enns, 1995). If clustering and shape formation are
really inseparable, then this variable would be expected to have
the same effect in both experiments. Moreover, if attention is
required either for clustering or for forming a shape from discon-
nected elements, then subitizing would be expected for the con-
nected forms, but not the disconnected forms, in the correspond-
ing experiment.

METHOD
The observer's task was to indicate as rapidly as possible tht

number of target items on a Macintosh computer display (Enns &
Rensink, 1992) viewed from 50 cm. There were zero to eigh

124 Copyright © 1997 American Psychological Society VOL. 8. NO. 2. MARCH 199



PSYCHOLOGICAL SCIENCE

Lana M. Trick and James T. Enns

No Distractors (Experiment 1) Eight Distractors (Experiment 2)

• D

o

Fig. 1. Exatnplcs of displays with three targets.

targets. The response was made in two stages: First, observers
pressed the space bar as soon as they were confident that they
knew the total number of target items present. This response
was timed to within 8 ms and terminated the display. Second,
observers were then asked to press one of nine number keys
(0-8) at their leisure to indicate the number of target items.

Example displays are shown in Figure 1. The black display
items (no pixels lit) lay within 12.5° x 10° on a white background
(all pixels lit), making up a 5 X 5 notional grid. To prevent the
appearance of coUinearity, we random l̂y jittered item positions
0° to 0.28° in each of the four cardinal directions.

Target items were 0.76° diamond shapes, composed of lines
or dots. The lines in the line forms were 1 pixel (0.04°) wide, and
the dots in the dot forms were 4-pixel (0.16°) squares (one in
each corner of the diamond). The numbers of pixels used to draw
the shapes in the two conditions were as equal as possible (68
for line forms, 64 for dot fprms).

In Experiment 1, only target shapes were presented in each
display. In Experiment 2, targets were accompanied by square
nontarget items (0.68°) that had the same dimensions as the
targets but were simply rotated by 45°. The number of nontargets
was either zero. four, or eight. Catch trials with no targets and
one to eight distractors were also tested.

Each trial began with a fixation cross (675 ms), followed by
the display. A display was terminated as soon as the space bar was
depressed, or if there was no response, after 2.7 s in Experiment 1
and 6 s in Experiment 2. Visual feedback was given in the form
of a plus sign (correct) or minus sign (incorrect) at the center of
*he screen (1.05 s).

Line forms and dot forms were tested in separate blocks of
rials and in a counterbalanced order. Observers completed 240
est trials (six blocks of 40) in a single 1 -hr session in Experiment
and 480 test trials (six blocks of 80) in two sessions in Exped-

ient 2. Prior to testing, one block of practice was run for line-
orm stimuli and another for dot-form stimuli.

Statistical analyses were conducted on mean RT for correct
responses and RT slopes. Slopes in the one- to three-item range
tested for subitizing; slopes in the five- to seven-item range tested
for counting. The four-item condition was ignored because of
individual differences in the maximum number of items that
can be subitized (see Trick & Pylyshyn, 1994); the eight-item
condition was ignored to avoid the complications of speed-accu-
racy trade-offs in the largest item number (see Mandler & Shebo.
1982; Trick & Pylyshyn, 1993).

Ten students from introductory psychology courses at the
University of British Columbia participated in each experiment
in return for course credit. All had normal or corrected-to-normal
visual acuity.

EXPERIMENT 1: ENUMERATION OF CLUSTERS

The data shown in Figure 2 indicate clearly that the enumera-
tion of dot forms was no more difficult than the enumeration of
line forms. There was no significant difference in mean RT for
correct responses {p > .10). Both types of stimuli showed the
classic pattern of subitizing in the small item range (41 ms per
item for line forms and 37 ms per item for dot forms, p > .10)
and counting in the large item range (245 ms per item for line
forms and 229 ms per item for dot forms, p > .10). These RT
slopes differed significantly by item range (p < .001), but there
were no significant differences or interactions involving stimulus
types (p > .10).

Although errors were infrequent, the pattern was very similar
for the two stimulus types. Errors increased significantly with
item number {p < .01), and there was no evidence of a speed-
accuracy trade-off.

Element connectedness therefore played no role in this experi-
ment The enumeration data for both dot and line forms appeared
to be no different from the data for many other stimuli defined
by preattentive features (see Mandler & Shebo, 1982; Trick &
Pylyshyn, 1994). Thus, contrary to the view that the clustering
of disconnected dots requires attention (Ben-Av et al., 1992;
Enns & Kingstone, 1995; Mack et al., 1992; Palmer & Rock.
1994). this experiment indicated that it did not when shape dis-
crimination was not a task requirement.

EXPERIMENT 2: ENUMERATION OF
SPECIFIC SHAPES

The data in Figure 3 indicate that the enumeration of targets
among distractors differed greatly for line forms and dot forms.
The line-form data (Fig. 3, top panel) were generally similar to
the corresponding data in Experiment 1 (Fig. 2). For all distractor
conditions, suhitizing was evident in the one- to three-item range
(mean = 72 ms per item), and counting was evident in the five- to
seven-item range (mean = 306 ms per item, /) < .001). Distractors
influenced performance by increasing the overall time to respond
(p < .05). but they did not increase the RT slopes in either the
small or the large item range {p > .10).

In sharp contrast, the data for dot forms (Fig. 3, bottom panel)
were similar to corresponding data in Experiment 1 only when
there were no distractors present (mean RT slope for one to
three items = 61 ms per item, mean RT slope for five to seven
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Fig. 2. Mean response time for correct trials and mean percentage of errors in Experiment 1.
Error bars are standard deviations: Descending bars are for the dot forms (black circle), and
ascending bars are for the line forms (white square).

items = 351 ms per item, p < .001). With either four or eight
distractors present, these RT slope differences disappeared
(mean RT slope for one to three items = 279 ms, mean RT slope
for five to seven items = 243 ms per item, p > .10).

From the error data, there was no evidence that a speed-
accuracy trade-off contributed to the difference between stimulus
types. For both line- and dot-form stimuli, there were very few
errors in one- to four-target displays and slightly more errors for
larger quantities of targets.

Element connectedness therefore had a large influence in this
experiment, primarily in determining whether subitizing was pos-
sible. Whereas the subitizing of line forms suffered only slightly
from the presence of distractors. the efficient subitizing observed
for dot forms in isolation (Experiment 1) was completely elimi-
nated by the introduction of distractors. We replicated this finding
with dot versions of horizontal and vertical bars, which are even
more discriminable than diamonds and squares (Fig. 4). Conse-
quently, we must conclude that the shape formation process in-
volved in enumerating dot forms requires attention.

DISCUSSION

Koffka (1935) claimed that clustering and shape formation
are separable aspects of perceptual grouping. To our knowledge,
this has not been demonstrated empirically in the modern era.

and. more important, this distinction is absent in modern theories
of grouping (Kellman & Shipley, 1991: Kubovy & Wagemans,
1995: Palmer & Rock, 1994). By manipulating element connected-
ness, the present study showed that these two operations are
separable. Connectedness had no effect on the enumeration of
targets in isolation, where only clustering was required (Experi-
ment ]): Small numbers of dot-form and line-form items could
be subitized equally well. In contrast, this manipulation had a
large effect on the enumeration of targets among distractors that
differed in shape (Experiment 2): Only items with connected
elements couid be subitized.

The enumeration task reveals a distinction that is not other-
wise obvious. Consider the conclusion we would reach if we relied
on a more traditional measure of attention, such as visual search.
We conducted such an experiment, using the same diamond
shapes as targets and square shapes as distractors, and found that
line forms did indeed result in search that was significantly
more efficient than dot forms (mean RT slope for target-present
trials = 4.8 ms per item for line forms and 14.3 ms per item for
dot forms, p < .01). On the basis of these results alone, we would
conclude that the perceptual grouping of disconnected elements
was attention demanding. However, this search task simply per-
petuates the conflation of clustering and shape formation—
targets in the visual search task must undergo both clustering
and shape formation before they can be discriminated from dis-
tractors. !
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Fig. 3. Mean response time for correct trials and mean percentage of errors for
line forms (top) and dot forms (bottom) in Experiment 2. Error bars are standard
deviations: Descending bars are for the zero-distractors conditions (black circle),
and ascending bars are for the eight-distractors conditions (white triangle); standard
deviations for the four-distractors conditions are intermediate in size.

The proper question in our view, therefore, is not whether
ouping requires attention, but which aspects of grouping re-
Jire attention and under what conditions. For example, there
e probably situations in which clustering does require attention,
onsider an array of elements in which there are several alterna-
'e groupings, either because proximities between elements in

different clusters are similar to proximities between items in the
same cluster or because one stimulus factor (e.g.. proximity)
is in conflict with another factor (e.g., similarity). Under these
conditions, even clustering may be effortful, as- is suggested by
the absence of subitizing when there are strongly competing orga-
nizations for target items (Trick & Pylyshyn. 1993).
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Fig. 4. Mean response time for correct trials and mean percentage of errors for enumerat-
ing vertically oriented dot forms from horizontally oriented distractors. Error bars are
standard deviations: Descending bars are for the zero-distractors conditions (black circle),
and ascending bars are for the eight-distractors conditions (white triangle): standard
deviations for the four-distractors conditions are intermediate in size.

A related question concerns the conditions under which shape
formation requires attention. The present study and others
(Enns & Rensink. 1991: Rensink & Enns. 1995) indicate that
connectedness is critical for preattentive shape recovery. How-
ever, this finding must be reconciled with reports that connected-
ness can sometimes be violated (e.g., by occlusion or erasure)
without hindering the preattentive analysis of shape (Enns &
Rensink. in press: He & Nakayama, 1992; Kellman & Shipley,
1991). Certainly other properties of disconnected element clusters
seem to be available preattentively, such as their overall size
(Rensink & Enns. 1995) and color (Wolfe, 1994).

A theoretical reason for decoupling clustering and shape for-
mation becomes apparent when one considers an important func-
tion of vision—visual motor coordination. It is not always neces-
sary to represent all of the information available in an image
in order to interact with objects in the environment. In many
situations, only the rudimentary information that "something"
is "about there" is necessary to guide appropriate action (e.g.,
ducking a projectile, stepping over an obstacle). Clustering is
required to ensure the action is appropriate to all of the thing,
not just a part of it. However, determining the exact shape of
the object might be too computationally intensive to permit a
rapid response.

Preattentive clustering also serves an important role during
attention-demanding operations such as shape recognition. Ob-

jects in the field of view can give rise to a heterogeneous and
disconnected set of contours in the retinal image. A rapid cluster-
ing operation can link these contours so that they maintain their
integrity while attention-demanding operations are carried out
elsewhere. When attention is eventually directed to these clusters.
they will correspond to element collections that are very good
candidates for objects in the scene, rather than referring to spuri-
ous edge fragments or surface markings. It is thus advantageous
to have a rapid clustering operation, even if it is not foolproof.

Perceptual grouping consists of separable operations. In this
study, we have identified clustering and shape formation as two
of these and have shown that they have different attentional
demands. Because these operations can be decoupled empirically,
and because they serve different functional roles in vision, future
research on perceptual grouping should profit from taking this
distinction into account.
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