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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.: 486 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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condition, subjects responded vertical in displays of
Fig. 1a and chut horizontal in displays ofFig. 1b
and d In the similarity-grouping condition, subjects re-
sponded vertical in displays &fig. 1a and dut horizontal
in displays ofFig. 1b and c There were six blocks of 100
trials after 100 trials for practice in each grouping condi-
tions. The electroencephalogram (EEG) was recorded from
120 scalp electrodes. The position of each electrode was
measured with a 3D probe relative to fiducial marks on
the skull. The average of the recordings from electrodes
at the left and right earlobes was used as reference. Eye
blinks and vertical eye movement were monitored with
electrodes located below the left and right eyes. The hor-
izontal electro-oculogram was recorded from electrodes
placed 1.5cm lateral to the left and right external canthi.
The EEG was digitized at a sampling rate of 250Hz and
filtered with band pass 0.1-40Hz. The ERPs with correct
responses were averaged separately off-line with averaging
epochs beginning 200 ms before stimulus onset and contin-
uing for 1000 ms. Trials contaminated by eye blinks, eye
movements, or muscle potentials exceedinguV5at any
Fig. 1. Stimulus arrays used in the present study. (a and b) Congruentelectrode were excluded from the average. ERP amplitudes
stimuli; (¢ and d) incongruent stimuli. were measured with respect to the mean voltage during the
200-ms pre-stimulus interval and peak latencies were mea-
sured relative to stimulus onset. Measurements and analyses
by either proximity or similarity in separate blocks of trials of mean amplitudes and peak latencies of ERP compo-
while high density ERPs were recorded to the identification nents were conducted at selected electrodes over the frontal
of orientations of perceptual groups. The difference between (16—20; 53-56), parietal (71-75; 90-94), temporal (88-96;
ERPs in the congruent and incongruent conditions revealed102—-108;), and occipital (103-107; 118-120) regions, re-
the time course and brain areas that mediate interactionsspectively, where specific ERP components or difference
between proximity- and similarity-grouping operations. waves showed maximum amplitudes. Voltage topographies
Fourteen adults (12 men, 2 women, aged betweenof ERPs and difference waves were plotted on a realistic
18 and 35 years) were employed. All participants were head model of a randomly selected subject.
right-handed, had normal or corrected-to-normal vision, and  Reaction times (RTs) and error rates were subjected to re-
gave informed consent. The stimuli consisted of a square peated measure analyses of variance (ANOVAs) with Group-
lattice of white elements (either filled circles or squares) ing (proximity versus similarity of shape) and Congruency
in an 8 x 8 array on a black backgroundri§. 1). The (proximity and similarity cues were congruent or incon-
circles and squares were arranged into rows or columnsgruent) as independent variables. The mean amplitudes of
by adjusting the distances between two adjacent rows orERPs were subjected to ANOVAs with Grouping, Congru-
columns of local elements so that the distances betweenency, and Hemisphere (electrodes over the left versus right
two near or remote rows (or columns) were 0.54d 1.2, hemisphere) as independent variables.
respectively. The local elements were also grouped into RTs were shorter in the proximity- than similarity-
columns or rows by shape similarity cues. The proximity grouping conditions (461 versus 520 kg1, 13) = 7.76,
and similarity cues were congruent for half of the stimuli P < 0.015), but were longer in the incongruent than con-
whereas incongruent for the others. Each local shape andgruent conditions (506 versus 476 nig1, 13) = 18.72,
stimulus array subtended an angle of 0.470.47 and of P < 0.001). The congruency effect was larger in the
7.8 x 7.8 at a viewing distance of 57 cm, respectively. similarity- than proximity-grouping conditionsF(1, 13)
The background and a local shape had a luminance of 0.02=4.73, P < 0.05). Post hoc analyses confirmed that the
and 3.46 cd/r, respectively. The stimulus duration was congruence effect was significant in both proximity- and
200 ms and interstimulus intervals varied between 800 and similarity-grouping conditionsK(1, 13)= 12.00 and 11.52,
1200 ms randomly. A white fixation cross of 0.% 0.2 respectivelyP < 0.005). Error rates did not differ between
was continuously visible at the center of the screen. proximity- and similarity-grouping conditions (5.7% versus
Subjects identified orientations of perceptual groups 7.0%, F(1, 13) = 3.31, P > 0.08) but were higher in the
formed by proximity or similarity in separate blocks incongruent than congruent conditions (7.7% versus 5.1%,
of trials by pressing one of two keys with either the F(1, 13)= 20.09,P < 0.001). The interaction of Grouping
left or the right thumb. In the proximity-grouping x Congruency was not significant.
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Fig. 2. ERPs in different stimulus conditions at electrodes over the pos-
terior sites.

Fig. 2 shows grand averaged ERPs in different condi-
tions. To illustrate the difference between proximity and
similarity grouping, difference waves were obtained by
subtracting ERPs in the similarity-grouping condition from
ERPs in the proximity-grouping condition. The difference
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than similarity-grouping conditiond=(1, 13)= 10.14,P <
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
was stronger in the similarity- than proximity-grouping
conditions F(1, 13)=5.06,P < 0.04). Post hoc analyses
confirmed the congruency effect in the similarity-grouping
condition (1, 13) =6.36, P < 0.02) but not in the
proximity-grouping conditionk < 1). Congruent grouping
cues also generated larger amplitudes in the rising phase
of the P3 (300440 ms)y(1, 13)=7.57,P < 0.02) and
shorter peak latencies(1, 13) = 20.95,P < 0.001) rel-
ative to incongruent cues. However, the congruency effect
on the P3 amplitudes and latencies did not differ between
proximity- and similarity-grouping conditiong*(> 0.2). In
order to visualize the congruency effect, difference waves
were obtained by subtracting ERPs in the congruent condi-
tion from ERPs in the incongruent conditiofig. 4). Incon-
gruent grouping cues elicited a positivity peaking at about
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)Kig. 3), which was confirmed by ANOVAs
showing a significant main effect of Grouping between 120
and 140msK(1, 13)=5.17,P < 0.04). The Pd120 was
slightly larger over the left than the right hemispher€l,

13) =10.17,P < 0.007) but was not different between
congruent and incongruent conditior’s & 1). Proximity

over the parietal sites.

The behavioral data are consistent with the proposal
that proximity grouping occurs earlier than and dominates
similarity grouping in visual perceptiofil,4—6] Proxim-
ity grouping elicited an early stronger positivity (Pd120)
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 (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(1, 13)
= 9.65,P < 0.008). The P3 peaked earlier in the proximity-
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Fig. 3. The difference waves indexing early proximity grouping at the

related activity is evident regardless of whether top-down
instructions emphasized the proximity cues in displays and
thus may mainly reflect a bottom-up grouping process. As
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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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