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Interactions between proximity and similarity grouping:
an event-related brain potential study in humans
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Abstract

The current work examined neural substrates underlying interactions between two types of Gestalt grouping by recording event-relatec
brain potentials (ERPs). Subjects were presented with stimulus arrays in which local circles and squares were grouped into columns or row:
The cues dominating grouping (proximity and similarity) were either congruent or incongruent. Subjects responded faster to the identification
of orientations of perceptual groups based on proximity than similarity cues. Responses were slowed by incongruent cues and this effec
was larger in the similarity than proximity conditions. Proximity grouping generated enhanced positivity over the posterior occipital cortex
between 100 and 140 ms relative to similarity grouping. Relative to congruent grouping cues, incongruent cues elicited enlarged positivity
over the temporal—parietal areas between 180 and 220 ms only in the similarity condition, but generated smaller P3 amplitudes with longe
latencies in both proximity and similarity conditions. The results provide ERP indices of the dominance of proximity over shape similarity in
guiding perceptual grouping when two grouping principles are present in stimulus displays.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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Perceptual grouping takes place at an early stage of visualused in the prior work, it is unknown how ERPs are modu-
processing to form perceptual units for object recognition lated by grouping operations when more than one grouping
[9]. Gestalt principles play an important role in guiding principle is at work and how the grouping processes interact
perceptual groupinfL1] but are not equally efficient. There  with each other.
is a stronger tendency to group local elements by proximity  The current work further examined neural substrates un-
and common color than by similarity of shafts], and derlying the interaction between two grouping operations
response are faster to global structures formed by proximity defined by proximity and similarity. Given that proximity
grouping than by grouping by similarity of shapgés4—6] cues may be stronger or function earlier than similarity cues
Recent event-related brain potential (ERP) studig:8] [1,4-6,15] it may be hypothesized that, when proximity and
found that proximity grouping is indexed by a positive similarity cues are conflicting in determining local element
activity at 100-120 ms after sensory stimulation over the grouping, proximity grouping may produce stronger or ear-
medial occipital cortex and an occipito-parietal negativity lier interference over similarity grouping than vice versa. We
with an onset of 180 ms. Grouping by shape similarity is designed stimulus arrays in which local circles and squares
reflected only in a long-latency occipito-temporal negativity were grouped into columns or rows based on either proxim-
with an onset of 260 ms. The ERP results suggest distinctity or similarity of shape[ig. 1). In two of the stimulus ar-
neural substrates underlying grouping processes defined byays proximity and similarity cues are congruent in grouping
different Gestalt laws. However, as only one Gestalt law de- the local elements into columniSi. 19 or rows Fig. 1b). In
termined the grouping operations in each stimulus display the other two stimulus arrays proximity and similarity cues
are incongruentig. 1c and ¢l For instance, proximity cues
in Fig. 1cgrouped local items into columns whereas similar-
Tel.: +86 10 6275 9138; fax+86 10 6276 1081. ity cues grouped them into rows. Subjects were instructed to
E-mail address; shan@pku.edu.cn (S. Han). identify columns versus rows in the stimulus arrays formed
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Fig. 1. Stimulus arrays used in the present study. (a and b) Congruent
stimuli; (c and d) incongruent stimuli.

by either proximity or similarity in separate blocks of trials
while high density ERPs were recorded to the identification
of orientations of perceptual groups. The difference between
ERPs in the congruent and incongruent conditions revealed
the time course and brain areas that mediate interactions
between proximity- and similarity-grouping operations.

41



42 S Han / Neuroscience Letters 367 (2004) 4043

occipital right occipito-temporal than similarity-grouping conditiond=(1, 13)=10.14,P <
N1

0.007).

Congruent grouping cues elicited larger amplitude at the
descending phase of the N1 component (180-220 ms) rela-
tive to incongruent grouping cues over the temporal—parietal
areas (1, 13)=5.05,P < 0.04). The congruency effect

s v was stronger in the similarity- than proximity-grouping
-5.0uV P1 conditions F(1, 13)=5.06,P < 0.04). Post hoc analyses
confirmed the congruency effect in the similarity-grouping
][ —— proximity, congruent condition (1, 13) =6.36, P < 0.02) but not in the
-200 ? 200 400 600 800 (ms) —— Sﬁﬁgﬂltyyﬁégﬁ%?ﬁéﬁm proximity-grouping conditionf < 1.)' Congruent grouping
....... similarity, incongruent cues also generated larger amplitudes in the rising phase

of the P3 (300—440 ms)~(1, 13) = 7.57,P < 0.02) and
shorter peak latencies(1, 13) = 20.95,P < 0.001) rel-
Fig. 2. .ERPS in different stimulus conditions at electrodes over the pos- gtive to incongruent cues. However, the congruency effect
terior sites. on the P3 amplitudes and latencies did not differ between
proximity- and similarity-grouping conditiong*(> 0.2). In

Fig. 2 shows grand averaged ERPs in different condi- order to visualize the congruency effect, difference waves
tions. To illustrate the difference between proximity and Were obtained by subtracting ERPs in the congruent condi-
similarity grouping, difference waves were obtained by tion from ERPs in the incongruent conditiofig. 4). Incon-
subtracting ERPs in the similarity-grouping condition from gruent grouping cues elicited a positivity peaking at about
ERPs in the proximity-grouping condition. The difference 220 ms with maximum over the right temporal—parietal ar-
waves at electrodes over the posterior occipital areas were€as (Pd220). The late negative wave at 300-440 ms (Nd370)
first characterized with a positive wave between 100 and resulted from the congruency effect on the P3 amplitudes
140 ms (Pd120)Rig. 3), which was confirmed by ANOVAs ~ over the parietal sites.
showing a significant main effect of Grouping between 120 ~ The behavioral data are consistent with the proposal
and 140 ms F(1, 13)=5.17,P < 0.04). The Pd120 was that proximity grouping occurs earlier than and dominates
slightly larger over the left than the right hemisphef¢( similarity grouping in visual perceptiof,4—6] Proxim-
13) = 10.17,P < 0.007) but was not different between ity grouping elicited an early stronger positivity (Pd120)
congruent and incongruent conditior® & 1). Proximity than similarity grouping over the posterior occipital cortex,
grouping also elicited larger P3 amplitudes between 300 Which was observed in the previous work when only one
and 440ms at electrodes over parietal, temporal, and oc-Gestalt law was at work in each stimulus disp[8y8] and
cipital areas F(1, 13)= 8.00-13.65P < 0.02). Grouping even when the stimulus arrays were not required to respond
modulation of the early phase of the P3 (300-340 ms) was [7]. The results suggest that the early proximity-grouping
stronger over the right then left parietal cortex({, 13) related activity is evident regardless of whether top-down

= 9.65,P < 0.008). The P3 peaked earlier in the proximity- instructions emphasized the proximity cues in displays and
thus may mainly reflect a bottom-up grouping process. As
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Fig. 3. The difference waves indexing early proximity grouping at the

medial occipital electrode. Stronger occipital activities peaking at about Fig. 4. The difference wave indexing the congruency effect at an
120ms are shown in the congruent and incongruent conditions, respec-electrode over the right parieto-temporal region. The voltage topogra-
tively. The voltage topography shows the distribution of the Pd120 over phy at 208-236 ms shows the distribution of the Pd220 over the right
the occipital area at 108-128 ms. parieto-temporal areas.
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the stimulus arrays were identical in the proximity and sim-
ilarity conditions, the Pd120 could not be simply attributed
to the difference in the power of low spatial frequencies
between the two conditiorf], according with the finding
that this proximity-grouping-related activity was evident
even when proximity grouping could not be conducted
based on low spatial frequenci@}. We showed further that
the Pd120 was not influenced by the incongruent similarity
cues, providing ERP evidence that proximity dominates
similarity at an earlier stage of grouping operations.

The first sign of interactions between proximity and sim-
ilarity grouping was evident at 180-220 ms over the pos-
terior temporal—parietal areas. The N1 amplitudes in the
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with the spatial distances. However, our findings suggest
that, with the parameters determining local element group-
ing used in the current experiment, representation of spatial
relations between local elements based on proximity cues
provides the initial cue for segmenting the visual field into
perceptual units. Similarity cues are engaged at a later stage
in the grouping process and can be weaken by incongruent
proximity cues at a later stage of processing.
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