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Abstract: In this study, we examined the temporal
aspects of the right posterior parietal cortex in easy
feature and hard feature "pop-out" visual searches using
transcranial magnetic stimulation (TMS). The 
transcranial magnetic stimulations were applied over the 
right posterior parietal cortex of subjects.  Subjects
received 4 tests which the TMS onset times were set as
100, 150, 200 and 250msec after visual stimulus
presentation. We found that, when SOA=150msec,
compared to no-TMS condition, There was a significant 
elevation in response time when the TMS pluses were
applied. However for the other SOA cases, there was no
significant difference between TMS and no-TMS
conditions. Therefore, we considered that "pop-out"
visual search was processed in the right posterior
parietal cortex at about 150msec after stimulus present.

. INTRODUCTION
TMS (Transcranial Magnetic Stimulation), as a

non-invasive and effective method to making reversible
lesions in the human brain, can investigate not only the
spatial but also the temporal characteristic of brain
activation. TMS can be used to stimulate the cortex to 
produce visual percepts [1] or movements [2], but more
readily provides reversible disrupting of activity in the
cortex.

Visual search, as a traditionally visual neglect sensitive
measure, was studied by many researches. Selective spatial
attention [3], memory for the target [4], object-based
attention and identification of the target are all required in
visual search. Much is already known about the involvement
of the large areas of the visual field [5][6], the right parietal 
cortex [7], right superior temporal gyrus [8] and the right
posterior parietal cortex [8][9].

In contrast with the knowledge of the location of
particular cortex areas involved in the visual search, little is 
known about the time course of the involvement of cortex
areas. In monkey studies, neuronal responses recorded from
areas V4 and IT show that selection of target stimuli can be
initiated between 150 and 300 msec [10]~[12]. Ashbridge et
al. [13] applied TMS over the right parietal visual cortex of
subjects while they were performing "pop-out" or
conjunction visual search tasks. Ashbridge et al. found that,
TMS had no detrimental effect on the performance of 
"pop-out" search, but did significantly increase response
time on conjunction search when stimulation was applied
over the right parietal cortex 100msec after the onset of the 

visual stimuli for trials when the target was present. 
However, in the above-mentioned past researches, the
temporal aspect of the right posterior parietal cortex 
(hereinafter abbreviated as PPC) in visual search was not 
discussed. In Ellison et al.’s rTMS study [8], they found that,
TMS over the right PPC caused a significant increase in
response time in the easy feature search and hard feature 
search. However, in their study, since the rTMS was applied 
before the visual search stimuli present, the involvement of
the PPC in the visual search was confirmed but the time 
course was not addressed.

In this study, to investigate the temporal aspect of the PPC
involved in the "pop-out" visual search, we used different
TMS stimulus onset asynchronies (SOA) and measured the
visual search response times. The relationship between the
SOA and the response time was investigated.

.  MATERIALS AND METHODS
TMS Equipment:

The stimulator was a MagStim Super Rapid Stimulator
(Magstim comp., Whitland, UK). Stimulus strength was set 
as the subjects’ individual minimal threshold for the motor
evoked potential (MEP) which under 55% of the maximum
output. A figure-of-eight 70mm coil was used. The coil was
placed tangential to the surface of the skull. The centre of
the coil was positioned over electrode site P4 of the
international 10-20 system [14].
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Fig.1. The examples of visual search stimuli.
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Visual Search Task:
Two kinds of "pop-out" visual search tasks, easy feature

search task and hard feature search task, were used in this
study. In the easy feature search task, the target was a black
backslash, and the distractor was black slash (Upper of
Fig.1). In the hard feature search task, the target was a black
rotated ‘L’ shape, and the distractor was black ‘L’ shape
(Bottom of Fig.1). The background was always gray.

All the experiments were executed in a darkroom. The
subject’s head and sagittal midline was aligned with the 
centre of the monitor, and their head position was controlled
by a chinrest. A visual search stimulus was consisted of 8 
items, which were presented on a 5.7×5.7mm square range
(4.7°× 4.7°) on the center of PC monitor at a distance of 70
cm from the subject. The square range was divided into a 5
column×5 row array of 25 virtual boxes. On any trial, each 
target or distractor could appear randomly in any one of 8 of
these boxes. The target was present on 50% of trials and the 
target was unique among distractors.

The time sequence of experiment is shown in Fig.2. Each
trial was preceded by a central fixation cross (0.9°×0.9°) for
1500msec, followed immediately by the visual search
stimuli, which would be presented for 1500msec. Subjects
were asked to respond as quickly and as accurately as
possible on a mouse button to indicate the presence or
absence of the target (left button for target present and right
button for target absent). The time from the visual search
stimuli presentation till the button click was recorded as the
response time. Transcranial magnetic stimulations were
applied over the right PPC of subject at different time
intervals after the visual search stimuli presentation. These
time intervals were called as TMS stimulus onset
asynchronies (SOA). 

To investigate the TMS effect during the visual search
task, TMS and no-TMS conditions were applied. In the TMS
condition, 2 pulses (20msec interval) were applied over the
right PPC. In the no-TMS condition, an open circuit coil
was put over the subject’s right PPC just like the TMS 
condition, while the TMS coil discharged 2 pulses (20msec

interval) near to, but directed away from, the subject’s skull.
For easy feature search task and hard feature search task,

each subject received 60 trials for 2 times for TMS and
no-TMS conditions respectively as one test. Subjects
received 4 tests which the TMS stimulus onset asynchronies
(SOA) were set as 100, 150, 200 and 250msec after visual
search stimuli presentation.
Subjects:

5 subjects (one female, four males, aged 21-31 years)
took part in both easy feature search task and hard feature 
search task, who were experienced psychophysical
observers but ignored the purpose of the experiment. All
were right handed, had normal or corrected-to-normal visual 
acuity.  All of them had previous practice before the
experiment in order to native to visual search and to make
stable response. All subjects reported a complete absence of
epilepsy, or any other neurological condition in themselves
and their known family history.
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Fig.3. The target-present response time for each SOA
(normalized) of easy feature visual search task.

. RESULTS AND DISSCUSSION
The average of target-present response times of each 

subject in the TMS condition was normalized to the no-TMS
condition (set as the baseline=1). The subtraction between
the average of normalized response times of all the subjects
and the baseline was taken to demonstrate the TMS effect.

For the easy feature search task, the subtraction between
the average of normalized response times of all the subjects

Fig.2. The time sequence of experiment.
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Fig.4. The target-present response time for each SOA
(normalized) of hard feature visual search task.
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and the baseline is shown in Fig.3. In order to investigate the 
influence of TMS effect, one-way analysis of variance 
(ANOVA) was used to analyze the difference between TMS 
and no-TMS conditions. We found that, when 
SOA=150msec, compared to no-TMS condition, there was a 
significant elevation (p<0.05) in response times when the 
TMS pluses were applied. However for the other SOA cases, 
there was no significant difference between no-TMS and 
TMS conditions. On the other hand, for the hard feature 
search task, the subtraction between the average of 
normalized response times of all the subjects and the 
baseline is shown in Fig.4. Based on the ANOVA results, we 
found that, when SOA=150msec, compared to no-TMS 
condition, there was a significant elevation (p<0.001) in 
response times when the TMS pluses were applied. 
However for the other SOA cases, there was no significant 
difference between no-TMS and TMS conditions.  

In the past researches, there is an evidence that the right 
PPC has a dominant role in distributing spatial attention 
[15][16] and spatial awareness [17], decision making 
[18][19] and visual working memory [20][21]. 

Corbetta et al.’s PET study reported activation of the PPC 
during feature conjunction search, but not during easy visual 
searches for single features [22]. Ashbridge et al.’s TMS 
study reported that TMS had detrimental effect on the 
performance of conjunction search but not on the feature 
search [13]. Whereas, both neuroimaging in humans [23] 
and single-unit recordings in monkeys [24] have revealed 
that the PPC subregions controlling spatial selection are also 
implicated in the selection of nonspatial features, suggesting 
that the involvement of the PPC in the visual search may not 
be binding-specific but rather reflect more general 
attentional mechanisms. Furthermore Leonards et al. [25] 
and Donner et al. [26] also reported the PPC activations 
during the feature search task.  

In the present study, compared to the no-TMS condition, a 
significant elevation in response time was measured. Based 
on the past researches and present study, it seems reasonable 
to support that the right PPC plays a dominant role not only 
in the conjunction search but also in the easy and hard 
feature "pop-out" visual searches.  

Furthermore, since a significant elevation in response 
time was only measured when SOA=150msec, we 
considered that "pop-out" visual search was processed in the 
right posterior parietal cortex at about 150ms after stimulus 
presentation.  

This TMS study opens up several new possibilites for 
understanding not only the role of the PPC in visual search 
but also the temporal aspect of the PPC involved in the 
"pop-out" visual search. The contribution to theories about 
the visual search dynamics is expected.    
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