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stimulus pattern subtended an angle of 6.0° � 6.0°. The
target stimuli were the same as the nontargets except that
they were only 62% of the size of nontarget stimuli. In Task
2 the stimuli were the same as those in Task 1 except for the
following. The targets and nontargets were of the same size.
Four dots (0.19° � 0.19°) at the corners of an imaginary
square appeared along with the stimuli (illustrated in Fig.
2a). Each of the dots was 5.3° from fixation. The dots were
white when accompanying nontargets but were red or green
when accompanying targets. In Task 3 the stimuli were the
same as in Task 1 except that the targets and nontargets were
the same size and the fixation cross was either red or green
in target displays (illustrated in Fig. 2b). In all tasks both the
target and the nontarget displays were presented for 150 ms.

The interstimulus intervals were randomized between 300–
500 ms.

Procedure

In Task 1 subjects were asked to indicate the presence of
row- or column-grouped target stimuli (regardless of
whether proximity or similarity cues produced grouping) by
pressing one of two keys with either the left or the right
index finger while ignoring the nontarget stimuli. In Tasks 2
and 3 subjects discriminated the color change of the four
dots around the target stimuli or the color change of the
fixation cross accompanying the target stimuli by pressing
one of two keys. In each task each subject completed 100
trials for practice, followed by 960 trials in four 240-trial
blocks. Targets appeared randomly on 20% of trials. The
uniform stimulus, proximity-grouped stimuli, and similari-
ty-grouped stimuli were each presented randomly on one-
third of the nontarget trials. The procedure of randomization
guaranteed that the sequence of the stimuli was different
between any two blocks of trials for every subject. Partici-
pants were instructed to maintain fixation on the central
cross throughout the task while responding to targets as
quickly and accurately as possible. The order of the tasks
and the assignment of responding hand with the two types
of targets (column vs. row in Task 1; red vs. green in Tasks
2 and 3) were counterbalanced across participants.

ERP Data Recording and Analysis

The electroencephalogram (EEG) was recorded using a
128-channel NeuroScan system from 120 scalp electrodes
labeled with numbers 1–120. Electrodes 59–71 were ar-
ranged along the midline of the skull and the others were
located approximately symmetrically at the two sides of the
skull. The skin resistance of each electrode was made less
than 5 k°. The recording from an electrode at the right







ital sites (Fig. 3b). The neural generators of the Pd100 were
then estimated by fitting one dipole to its grand average
voltage distribution between 90 and 110 ms based in a
realistic-head boundary-element model. The best-fit dipole
was situated in the calcarine cortex and slightly lateralized
to the right hemisphere (Fig. 4a) with Talairach coordinates
of x, y, z � 11.3, –72.3, 10.5. The dipole solution accounted
for 92% of the variance of the topography of the Pd100 at
90–110 ms. The Pd100 was followed by a long latency neg-
ativity peaking at about 240 ms (Nd240) (F(1,17) � 9.91, P
� 0.01) with maximum amplitudes over bilateral occipito-
parietal areas (see the voltage topography in Fig. 3b). Simi-







proposal that attention is engaged even in the early process
of grouping operations [Ben-Av et al., 1992; Mack et al.,
1992]. The process of grouping operations that form percep-
tual units is facilitated by spatial attention. Therefore, it may
be proposed that attention may be involved in both the early
and late stages of visual perception to facilitate the forma-



ing. Both column and row proximity-grouped target stimuli
were used in each block of trials. However, there were only
uniform and column proximity-grouped nontarget stimuli
in two blocks of trials, whereas only uniform and row prox-
imity-grouped nontarget stimuli in the other two blocks.
Each subject completed 160 trials for practice, followed by
640 trials in four 160-trial blocks. The interstimulus intervals
were randomized between 800 and 1200 ms. EEG was re-




