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Abstract As one of the most classic gestalt phenomena,
grouping is often considered to occur preattentively.
Therefore, it seems natural to expect conflicting grouping cues
to combine preattentively and to lead to an impression of Bno
grouping.^ On the other hand, a recent account suggests that
grouping by similarity is mediated by the attentional selection
of a feature. This account makes the distinctive prediction that
for grouping by similarity, but not for low-level groupings
(e.g., connectedness, common region), when two conflicting
grouping cues are present, the grouping structure will tend to
be driven either by one type of cue or by the other type of cue
and will usually not lead to the impression of Bno grouping.^
This predicted pattern of results was confirmed in the present
study: the presence of two conflicting low-level grouping cues
led to reports of Bno grouping^ in 73.0 % of the trials, but for
two similarity grouping cues, Bno grouping^ was only report-
ed in 25.5 % of the trials. In summary, although low-level
grouping cues do indeed work together to determine the per-
ceptual structure preattentively, grouping by similarity is like-
ly mediated by the attentional selection of a feature.
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Introduction

As one of the most classic gestalt phenomena, grouping is
often considered to occur preattentively. However, two recent
studies have suggested otherwise. Huang and Pashler (2007)

have argued that grouping by similarity is mediated by selec-
tive attention to individual features. When an observer selects
an individual feature, the items will be organized through
grouping by similarity, but when an observer tries to simulta-
neously select both features, the items will inevitably turn into
a grouping by proximity. Thus, grouping by similarity seems
to be mediated by feature selection in the sense that the group-
ing information is only available when a group is exclusively
selected.

Levinthal and Franconeri (2011) provided critical support
for this feature selection account of grouping. In their exper-
iments, several pairs of dots moved around and the two dots of
each pair moved together and formed a common-fate group.
The search for a target pair was laborious, suggesting that
information about such groups is not simultaneously available
and has to be created by attending to the groups sequentially.

In this study, I further investigate the nature of grouping by
similarity (being a preattentive process vs. being mediated by
feature selection) in terms of the question of combinations of
multiple grouping cues. A demonstration of this phenomenon
is given in Fig. 1a: color cues will suggest grouping into col-
umns, whereas shape cues will suggest grouping into rows. If,
as suggested by Huang and Pashler (2007) and Levinthal and
Franconeri (2011), grouping by similarity is mediated by fea-
ture selection, then two of these grouping cues could not com-
bine into a Bsum^ because they are driven by attention to indi-
vidual features. Instead, color and shape cues will compete for
the control of attention and, assuming equal strength, will each
dominate in half of the trials. Introspectively, the observers
would feel that the perceptual structure of the Bboth cues^ pat-
tern in Fig. 1a is sometimes driven by a color-grouping cue and
sometimes by a shape-grouping cue, and the percept would
switch back and forth between these two possibilities.
Phenomenally, this is similar to the bistable structures studied
since Attneave (1971). Bistable structures demonstrate that the-
se different perceptual interpretations do not combine
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perceptually (i.e., preattentively), and the present study intends
to make the same argument for grouping by similarity.

The feature selection account suggests that grouping by sim-
ilarity and low-level groupings (e.g., grouping by
connectedness, proximity, or common region; Palmer and
Rock 1994; Rensink and Enns 1995; Palmer 1992) are funda-
mentally different from each other (Huang and Pashler 2007;
Levinthal and Franconeri 2011). Unlike the former, low-level
grouping cues are not mediated by feature selection, and it
seems reasonable to assume a preattentive mechanism counts
all the Bvotes^ of the different low-level grouping cues.
Therefore, two conflicting, and equally strong, low-level cues
will frequently lead to a sum of approximate zero (i.e., no
grouping on either direction). Thus, unlike grouping by simi-
larity, I predict that when two low-level cues are both present in
a pattern (e.g., connectedness and common region in the Bboth
cues^ pattern in Fig. 1b), this will indeed lead to the impression
of Bno grouping.^ This Bpreattentive combination^mechanism
will be elaborated below in the General discussion section.

In summary, the feature selection account predicts that a
combination of two conflicting cues will lead to the impres-
sion of no grouping in low-level groupings but to a bistable
structure driven by the two individual cues in grouping by
similarity. Introspectively, the predictions of the feature selec-
tion account seem to be confirmed (see the Bboth cues^ con-
ditions in Fig. 1a and b).

The present study

Unfortunately, the two possibilities illustrated above (bistable
structure vs. no grouping) are indistinguishable in a

conventional task: a forced choice between two grouping
structures. Both possibilities predict a split between the two
grouping structures. In the present study, I added a new option
to the responses: absence of a clear grouping on either
direction. In the case of no grouping, the observers would
frequently choose this new option. However, in the case of a
bistable structure, the responses would be split between the
individual grouping cues and the option of no grouping would
not be chosen very frequently. For example, in Fig. 1a, the
observers will attend to a color or a shape and neither will lead
to the impression of Bno grouping.^

Applying the above theoretical discussions in this specific
design leads to the following predictions of the feature selec-
tion account of grouping by similarity: the Bno-grouping^
option will only be frequently used in low-level groupings,
but not in grouping by similarity.

Experiments

Method

Participants

University undergraduate students, all of whom had normal or
corrected-to-normal vision, participated in this study’s exper-
iments. Three participants were excluded because they could
not respond correctly to the conditions in which there was
only one unambiguous cue (average accuracy on grouping
direction <0.7). A further four participants were excluded,
one because she almost never (<10 %) and three because they

a Grouping by Similarity 

Color Shape Both Cues

b Low-level Groupings

Connectedness Common Region Both Cues

c Response Buttons

Fig. 1 The research question. a shows examples of the three types of
stimuli displays for grouping by similarity: color-grouping cue, shape
cue, and both cues. b shows examples of the three types of stimuli dis-
plays for low-level groupings: connectedness-grouping cue, common
region-grouping cue, and both cues. Phenomenally, the Bboth-cues^

pattern in panel a tends to be driven either by the color-grouping cue or
by the shape-grouping cue, and the percept would switch back and forth
between these two possibilities. In contrast, the Bboth-cues^ pattern in
panel b tends to give an impression of Bno grouping^. See text for details.
c shows the response buttons
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almost always (>90 %) chose the Bno grouping^ option for
Bboth-cues^ conditions. Aside from these excluded partici-
pants, a total of 29 participants took part in the study. The
inclusion of the excluded participants in the analysis would
not change any of the conclusions of the present study.

Apparatus

In both experiments, the stimuli were presented on a 1,024 ×
768 pixels CRT monitor and the participants viewed the dis-
play from a distance of about 60 cm. The participants were
asked to make responses by clicking one of five buttons
(Fig. 1c). They were asked to respond as accurately as possi-
ble but were under no time pressure (i.e., unspeeded
responses).

Stimuli

Examples of the stimuli displays in the three conditions for the
Bgrouping by similarity^ displays and the Blow-level
groupings^ displays are shown in Fig. 1a and b. The Bgrouping
by similarity^ displays and the Blow-level groupings^ displays
each accounted for half of the trials, and they were intermixed
throughout the experiment. An 8 × 8 array of items was pre-
sented in the center of each display. The items were 0.78 cm
from their neighbors, both vertically and horizontally, so that
the whole array occupied a 6.2 cm × 6.2 cm region.

In the Bgrouping by similarity^ displays, the strips of items
could alternate in terms of shape (cross & circle) and color
(red & green). As shown in Fig. 1a, the stimuli display of a
trial could include color alternation (i.e., color-cue condition),
shape alternation (i.e., shape-cue condition), or both alterna-
tions (i.e., Bboth-cues^ condition), respectively accounting for
one-quarter, one-quarter, and one-half of the trials. In the
Blow-level groupings^ displays, all of the items were solid
black dots which could be connected by lines (i.e., connect-
edness cue) and/or surrounded by rectangles (i.e., common
region cue). As shown in Fig. 1b, the stimuli display of a trial
could include a connectedness cue (i.e., connectedness condi-
tion), a common region cue (i.e., common region condition),
or both (i.e., Bboth-cues^ condition), respectively accounting
for one-quarter, one-quarter, and one-half of the trials. The
directions of the grouping cues were randomized (vertical
vs. horizontal), with the constraint that in the Bboth-cues^
condition, the directions of the two grouping cues were always
perpendicular to each other. In other words, color and shape,
or connectedness and common region, as grouping cues were
always in conflict with each other.

The red/green difference in the Bgrouping by similarity^
displays was adjusted for individual participants so that the
color and shape-grouping cues were approximately equally
strong. This adjustment was implemented by a staircase in the
first block: the color difference increased by 10 % if a shape

grouping was chosen in a Bboth cues^ trial but decreased by
10 % if a color grouping was chosen. The contrast of the con-
nection line in the Blow-level groupings^ displays was adjusted
in a similar way so that the connectedness and common region
grouping cues were approximately equally strong.

Procedure

A trial started with a black fixation cross. The fixation
cross was presented in the center of the display for
400 ms and was then followed by a gap of 400 ms, after
which the stimuli display was presented along with the five
response buttons. The stimuli display disappeared after
400 ms, whereas the response buttons remained on the
screen until a response was made. This brief exposure
was adopted to prevent the participants from swapping
back and forth between dimensions. The participants were
asked to decide whether, according to their subjective im-
pression, they felt that the structure of the stimuli was (1)
clearly horizontal, (2) slightly leaning toward horizontal,
(3) approximately balanced without a grouping structure in
either direction, (4) slightly leaning toward vertical, or (5)
clearly vertical, and then to click the corresponding button
(Fig. 1c). The intermediate options were included so that
the observers could report the subtle distinctions in their
subjective impressions.

Each participant completed ten blocks (96 trials per block).
The first block was regarded as practice and excluded from the
analysis.

Results

In the grouping by similarity displays, the participants’ re-
sponses were divided according to whether they conformed
to the color-grouping cue, conformed to the shape-grouping
cue, or provided Bno-grouping^ responses (Fig. 2a). When
there was only a color-grouping cue in a trial, a Bby shape^
response indicated grouping reported in the direction opposite
to the color grouping, and vice versa.

In the low-level groupings displays, the participants’ re-
sponses were divided according to whether they conformed
to the connectedness grouping cue, conformed to the common
region grouping cue, or provided Bno-grouping^ responses
(Fig. 2b). When there was only a connectedness grouping
cue in a trial, a Bby common region^ response indicated
grouping reported in the direction opposite to the connected-
ness grouping, and vice versa.

As shown in Fig. 2a and b, in both the grouping by simi-
larity displays and the low-level groupings displays, for the
conditions in which there was only one unambiguous cue (i.e.,
color cue, shape cue, connectedness cue, common region
cue), the responses were always very consistent with that
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cue. These high accuracies ensure that the observers were
capable of performing the task as instructed.

Most importantly for the present purpose, in the Bboth-
cues^ condition of the grouping by similarity displays, the
participants often reported grouping in one or the other direc-
tion but the Bno-grouping^ option was not used very frequent-
ly (25.5 %). In contrast, in the Bboth-cues^ condition of the
low-level groupings displays, the Bno-grouping^ option was
frequently used in responses (73.0 %). The use of the Bno-
grouping^ option was substantially higher in the latter than in
the former (t (28) = 6.68, p < 0.0001).

To sum up, the present results show that in grouping by
similarity, when both color and shape cues are presented and
are in conflict with each other in a display, the grouping struc-
ture is perceived in a bistable manner: observers perceive ei-
ther the color cue or the shape cue in individual trials but only
occasionally report Bno grouping^ as their Bsum.^ However,
in low-level groupings, two conflicting cues frequently lead to
the impression of Bno grouping.^

Discussion

The term Bgrouping^ has been used broadly to refer to any
process that may organize the visual stimuli from elements
into a group. Contour grouping has been shown to operate
early in visual processing (Roelfsema 2006; see also
Lamme and Roelfsema 2000; Roelfsema, Lamme, and
Spekreijse 1998). More broadly, other unambiguous low-
level grouping cues include proximity, connectedness, and
common region (Franconeri, Bemis, and Alvarez 2009;
Palmer and Rock 1994; Rensink and Enns 1995; Trick
and Enns 1997; Palmer 1992). However, the present study,
along with Levinthal and Franconeri (2011), suggests that
grouping by similarity is a product of selection by feature:
the same-feature elements become a perceptual unit be-
cause they are selected together by the attentional focus.
The present study shows that this distinction between
grouping by similarity and preattentive groupings also
manifests itself in the combination of grouping cues. The
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Fig. 2 Results. a and b show the results from the grouping by similarity
displays and the low-level groupings displays, respectively. Most impor-
tantly, in the Bboth-cues^ condition of the grouping by similarity displays,
the responses were determined by either the color cue or the shape cue,
but the Bno-grouping^ option was not used very frequently (25.5 %). In

contrast, in the Bboth-cues^ condition of the low-level groupings displays,
the responses were mainly the Bno-grouping^ option (73.0 %). c and d
show the individual participant data of the Bboth-cues^ condition in the
grouping by similarity displays and the low-level groupings displays,
respectively
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results of the grouping by similarity displays show that
similarity cues tend to compete with each other rather than
combine into one sum, whereas the results of the low-level
grouping displays show that connectedness and common
region cues do sum together and result in the impression of
no grouping. Together, these results offer strong support
for the notion that grouping by similarity is mediated by
feature selection (Huang and Pashler 2007; Levinthal and
Franconeri 2011).

Individual participant analysis

One could suggest that the bistable pattern of responses in
the Bboth-cues^ condition of grouping by similarity dis-
plays may be caused by a split between two types of par-
ticipants. If half of the participants always respond to the
shape cue and half of the participants always respond to the
color cue, then, on average, the result will look like a
bistable pattern. To show that this is not the case, the
individual-level data of the Bboth-cues^ condition of the
grouping by similarity displays are shown in Fig. 2c and
those of the Bboth-cues^ condition of the low-level group-
ings displays are shown in Fig. 2d for comparison. Clearly,
there were fairly general bistable patterns in the individual-
level data of the grouping by similarity displays (Fig. 2c)
but not in the low-level groupings displays (Fig. 2d).

This Bsplit between participants^ possibility can also be
assessed statistically in the following way: if the participants
were merely very biased toward the color or shape cue in the
grouping by similarity displays, but their responses to these
displays were nomore bistable than their responses to the low-
level grouping displays, then the portion of the responses to
the Bless preferred cue for individual participants^ should ac-
tually be lower in the grouping by similarity displays than in
the low-level grouping displays. Such an analysis showed that
this portion in the grouping by similarity displays was still
substantially higher than that in the low-level grouping dis-
plays (33.4 % vs. 11.2 %; t (28) = 6.39, p < 0.0001), ruling out
the Bsplit between participants^ possibility.

Feature-based attention

In the statement that grouping by similarity has to be made
available by feature-based selection, the term Battention^ re-
fers not only to the deliberate selection of visual stimuli but
also to the situations in which attention can be spontaneously
driven by the bottom-up sensory signals of stimuli. For exam-
ple, when facing the Bboth-cues^ pattern in Fig. 1a, attention
may be spontaneously drawn to the red items or to the circles
without any explicit intention to do so. This potentially ex-
plains why some previous studies have argued that grouping
by similarity could occur outside the attentional focus (e.g.,
Moore and Egeth 1997), which seems to be at odds with the

feature-selection account of grouping by similarity. The
grouping structure in Moore and Egeth’s (1997) study was
fairly simple, so it remains very possible that the Bresidual^
attention to side stimuli can allow grouping to occur. More
decisive evidence for Bgrouping without attention^ needs to
be obtained by presenting a large set of items in various fea-
tures in the periphery and showing that these feature groups
are simultaneously formed. To the best of my knowledge,
such evidence has not been produced.

BGrouping^ at the unconscious level

In the feature-selection account of grouping by similarity, I
intend to suggest that, at one time, grouping can only occur
on one cue by the attentional selection of that feature.
However, when a feature is selected by attention, the visual
system probably constructs some representations for the items
of the other features (i.e., grouping cues). Specifically, Huang
and Pashler (2007) described these as the feature-location rou-
tines: a mechanism that takes as an input a featural value and
returns a Boolean map describing all the locations at which
that feature value is present. Therefore, if one regards these
Bfeature-location routines^ as Bpreattentive groups^, then the-
se preattentive groups are probably constructed in parallel. For
example, in Fig. 1a, the preattentive groups of the four
existing features (i.e., color: red and green; shape: circle and
cross) are probably constructed in parallel at the unconscious
level, but at one time, only one of these preattentive groups
can reach consciousness, control attention, and determine the
actual perceived grouping structure.

Preattentive combination of low-level grouping cues

With regard to the preattentive combination of low-level
grouping cues, two important issues need to be addressed.

First, in Kubovy and Wagemans (1995), bistability has
been observed for proximity cues. Why is this different from
the present result on low-level grouping cues? Perhaps the
reason lies in the nature of the task. In Kubovy and
Wagemans (1995), the observers had not been given the op-
tion of Bno grouping,^ and were forced to choose among
different grouping structures. Therefore, it seems plausible
that, in a considerable portion of trials, these observers had
randomly chosen one of these grouping structures even with-
out subjective impression of any grouping structure. This
needs to be tested in future studies.

Second, I need to elaborate on the preattentive mechanism
that counts all the Bvotes^ of the different low-level grouping
cues and provides an overall sum. This mechanism could po-
tentially be implemented in different ways. For example, per-
haps there is a Bvoting machine^ for each visual element
which counts the votes from all the grouping cues that affect
this element, and the overall grouping inclination of this
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element will be determined by the Bvoting result.^ Such a
machine allows the conflicting cues to cancel each other out,
resulting in Bzero.^ If, for example, an element receives some
votes to join a group with its vertical neighbors because of
connectedness and an equal number of votes to join a group
with its horizontal neighbors because of common region, then
the final Bvoting results^ will be Bgrouping with neither.^
Certainly, these speculations on the details of this mechanism
need to be tested in future studies andmay verywell be proven
wrong. For the present purpose, what is critical is that this
mechanism finishes its computations in early vision
preattentively and unconsciously, and reaches a fairly stable
perceptual structure and therefore will not lead to bistable
percepts.

Alternative accounts

The critical prediction from the feature-selection account of
grouping by similarity, namely that two conflicting similarity
grouping cues should lead to bistable percepts, is actually
similar to the probabilistic model proposed by Kubovy and
van den Berg (2008). Kubovy and van den Berg (2008; see
also Kubovy and Wagemans, 1995) suggested that multiple
conflicting grouping cues engage in a Bcompetition^ for the
control of grouping structure and lead to a bistable impression
of grouping structures.

The feature-selection account agrees with this general no-
tion of Bcompetition^ but further specifies that it is the com-
petition to control the feature-based attention. Clearly, this
further specification is necessary. For other types of competi-
tions, there would be no reason to predict the bistable struc-
tures in only the combination of similarity grouping cues, but
not in the combination of low-level grouping cues.

Kubovy and van den Berg (2008) mentioned two reasons
to doubt the feature-selection account of similar grouping (as
presented in Huang and Pashler 2007): (1) the effects of at-
tention should have been minimized in brief displays; (2)
grouping depends on the feature differences between items,
so it is not merely the selection of a single feature. As regards
the first reason, attentional selection is known to be very fast
and should have sufficient time to show its effect in typical
grouping experiments. For example, Huang (2010) showed
that the locations of cued items are reported substantially bet-
ter than those of uncued items in displays as brief as 50ms. As
for the second reason, the efficiency of feature-based selection
naturally depends on the target/distractor differences. For ex-
ample, the selection of red among pinkish-red items will cer-
tainly be more difficult than the selection of red among green
items. So the effect of the feature difference throws no doubt
on the feature selection account.

Another potential alternative account is that the grouping
cues are always combined preattentively. However, this ac-
count would then have trouble explaining the bistable reports
for conflicting similarity cues.

All in all, the feature-selection account of grouping by sim-
ilarity offers the best explanation of the results. The other
alternative accounts illustrated above (i.e., general competi-
tion between the grouping cues, or general preattentive com-
bination) cannot explain the distinction between grouping by
similarity and low-level groupings.
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