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Abstract

The visud attention mechanism in the brain was studied among 16 young subjects through the precue-target visud

search paradigm using the event-related potentids ( ERPs) technique, with the attentive ranges cued with different scaes of Chinese
words. The results showed that the response time was shortened as the cue scade was reduced , while the amplitudes of the P1 and N1
components of the ERPsincreased. These results not only provided the eectrophysologica evidence supporting the spotlight theory , but
d indicated that the spotlight effect occurred during the early period of the sdected attention. Two kindsof separation in the P2 effect
were observed. One separation was between the P1 efect and P2 efect , which meant that additiona computation was needed when the
gatid scde of attention was enlarged; the other was between the left and right hemiphere of the P2 effect , which indicates that the at-
tentive procesdng of the cue range mainly occurred in the left hemisphere.

Keywor ds:

When there are multiple visua stimuli , the visu-
al goatia attention helps focus an individua’ s atten-
tion on a more locd areain order to selectively process
stimuli of interest. Without requiring head or eye
movement , visua atia attention can efectivey se-
lect the information within the visua area through the
subject’ s voluntary orientation. This kind of atten-
tion mode is called” spotlight effect”*!. The sdected
stimuli will enter the range of the® sotlight” and be
processed more quickly and more efectively, while
the stimuli outsde the* sotlight” range isignored.

Ungerleider et a.[? reported that there are two
pathwaysin the brain to process vison: The first is
known as the* what” pathway , which runs through
the ventra stream in the brain from the occipital lobe
- the visual cortex - to the inferior temporal cortex.
Its function is to recognize externa objects and form
the perception of the objects. The second pathway is
known as the where” pathway , which runs through
the dorsal stream to the posterior parietal cortex , and
itsfunction is related to determining the atial locer
tion and motion perception of the objects.

In the cognitive neurostience research conducted
on atia attention, sdective attention evoked in-

visual spatial attention, cue scale, spotlight effect, hemisphere superiority, event-related potential ( ERP) .

creased amplitude of the P1 and N1 components of
ERP, and the P1 component at the bilatera-occipita
region represented the earliest period of visua process
regulated by the gatial attention. The results of the
brain imaging of the P1 component showed that the
scalp digtribution of the P1 was mainly located at the
extrastriate cortica areas. Luo et a.[*®! used the

cue-target imulus’ mode to investigate visud Pa
tial attention, i.e. cuesinformation related with loca
tion was presented before the target stimuli gppeared ,
and the spatial scae where the target would appear
was divided into three levels — large, medium and
smal.” The subjects were asked to conscioudy direct
their attention to a particular location and begin the
visua search. They recorded the ERP components e
voked by the cue and target. The results showed that
larger atia scales evoked larger P1 amplitudes. Re-
searchers concluded that enlargement of the scde re-
flected the up-down control and processing mecha
nisms related to the visud search range. However ,
the gatia location of the cue used in the study was
slected at random, and affected the scale effect of
the cue accordingly. In thisregard, the experimenta
mode wasimproved. Thefixed orientation cues®’ and
Chinese character cued’! were used to rule out the e-
fect of gatia location factors. The results showed
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that the attention was not reflected in the early P1
and N1 components, but reflected in the later compo-
nents, such as P2 and N2. Making thisimprovement
erazed the disturbance of the location movement , but
because the cue was fixed in the center of the circle
and the differentiation between the target scales was
not sgnificant , the subjects were able to make ajudg-
ment ignoring the cue, thereby affecting the vaidity
of the cues. Based on the above condderation, we
used three different circles comprised of English char-
acters such that the target could appear in any range.
The cue intensty and the recognized difficulty of the
target simuli increased. At the same time, we ana
lyzed the source of the dipoles. The purpose of the
present study isto investigate the gatia-tempora in-
tegrity mechanism, which was related to the atial
attention scale efect , and to try to find any evidence
supporting otlight theory.

1 Methods
1.1 Subjects

Of the 16 hedthy young participants (eight
males and eight females, 19 24 years old with an
average age of 21 years) were sdlected to attend the
electrophydological experiment for the first time.
The subjects are dl right-handed, and have normal
and corrected visua acuity.

1.2 Simuli

Stimuli were located on computer screens. Each
stimuli trail included® background-cue-target masks'.
The background was comprised of three homocentric
black circles. The stimulus material comprised of a
capita English letter , forming three homocentric cir-
cles. Each circle contained eight letters;” T’ was de-
dgned as the target simulus. Eght letters were di-
vided into the left and right visud field (LVF RVF)
by the vertica bisector in the screen. The visua anr
glesof thelarge, medium and small scales were 8. 6°
5.7, and 2. 9° regpectively. All of the letters were
digplayed in black with a white background. A black
point at the center of the screen was the focul point.
The precue condsted of three Chinese characters

“ large” ,* medium” or“ smal” (meaning large or
medium or small) , sse Fig. 1. When the cue was
large, the target® T” gopeared within either of the
three circles; when the cue was medium in dze, the
target® T gppeared either within the medium or
smal circle; when the cue was small , the target” T”

appeared only within the smdl circle.

Fg. 1. Sketch map of the experimentd modd.

1.3 Event-related potential (ERP) recording

The electroencephaogram (EEG) was recorded
from 64 scdp stes usng an electrode cap (Neurosoft
Co. USA) , with referenceson the left and right mas:
toids. The vertica eectrooculogram ( EOG) was
recorded with dectrodes placed above and below the
left eye. All inter-électrode impedance was main-
tained below 5K2. The EEG and EOG were ampli-
fied udng a 0. 1 40 Hz bandpass and continuoudy
sampled at 500 Hz/ channdl for off-line anayss. ERPs
were averaged over a 500 ms epoch including a 100 ms
presimulus basdine. Trids with EOG artifacts
(mean EOG voltage exceeding + 1000 V) were ex-
cluded from averaging.

1.4 Procedure and task

The background was presented, at first, for
300 ms, followed by 300 ms of the cue. The target
stimuli were then presented for 1500 ms. The interva
between the cue and stimuli was st at 400 600 ms
at random. Subjects were asked to search for the tar-
get* T” within the &fect range appearing either on
the L RF/ RV F according to the cues. If the® T ap-
peared in the LRF or RVF, subjects were asked to
pressthe left or right buttons accordingly as quickly
aspossble. There was equa probability of the* T”
appearing inthe LVF RV F, and 10 % of the stimuli
lacked target stimuli.

1.5 ERP data andyssand gatistics

The overlep of the early ERP component be-
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tween the cue scale and target stimuli under short in-
terval conditions was eiminated usng the Adjar
method'®. Three kindsof cues evoked the regective
ERP components. The components evoked by the
targetsin the smallest circle were analyss. The over-
lapping times ranged from 45 to 68 times with an av-
erage of 55 times. In accordance with the purpose and
wave feature of general average figure, the following
14 dtes were chosen for datigtica anadyss: POZ,
PO3, PO4, PO5, PO6, PO7, PO8 (7 dtes from
posterior) and Fz, F1, F2, F3, F4, F5, F6 (7 stes
from anterior) . The time windows of the ERP conmr
ponent were anayzed at the posterior scalp in 50
160ms (P1) , 161 220 ms (N1), 221 290 ms
(P2) ,and 291 390 ms (N2) intervas. For the arr
terior scalp, they were anayzed for 90 180 ms
(N1) ,181 270ms (P2) ,271 370ms (N2) inter-
vas. The desriptive data were presented as mean
+ SE. Thelatenciesand amplitudesof the above ERP
components were anadyzed by threeway repeated
measures andysesof variance (ANOVA). The ANO-
VA factors were cue sze (3 levels: large, medium
and small) and electrode stes (7 Steseach for the an-
terior and posterior components respectively) . The P
values of the ANOVA were oorrected usng the
Greenhouse- Gaisser method.

2 Results
2.1 Behavior data

The main effect of different cues was sgnificant
(Fa30=7.26, P<0.005) , which suggested that
the larger the cue scdle, the longer the regponse of the
subjects. The reaction time (RT) of the small , medi-
um and large cues were 590. 8, 634.7, 635.8 ms re-
gectively. The RT to the left and right visua fied
was a9 dgnificant ( Fy 15 = 17. 96, P < 0.001).
The RT of the left visuad field was 646. 9 ms, while
the regponse time of right visua field was 594. 9 ms.
All of the correct ratios were higher than 90 %.

2.2 Cue dfectsof different scale

At the pogterior scalp , the main effect of the P1
amplitude was dgnificant ( Fo 30 = 14. 33, P <
0.001) ; the P1 amplitude to the small cue (4.0 *
5.6U V) waslarger than those of the medium (2.1 %
0.53u V) and the large cues (2.2+0.58u V). The
main effect of the Pl latency was not dgnificant.
There was no dgnificant interaction under al condi-

tions.

In the anterior , the main efect of the N1 ampli-
tude was sgnificant ( F» 30 =11.50, P<0.01). The
N1 amplitude €eicited by the smal cue was larger
(-2.0+£0.54V) than those by the medium cue
(-0.9+0.4uV) and largecue (- 0.9+0.3u V).
There was no dgnificant cue effect in the anterior N1
latency. Furthermore, there was no cue effect in the
posterior N1 component (Fig.2) .

Small  —==—— Medium

Fg. 2. The wavefeature of generd averagefigure of anterior N1
(upper) and posterior P1 (lower) .

There was dgnificant scde efect in the anterior
P2 amplitude ( F» 30 =8.22, P<0.01). The P2 anmr
plitudes to the small , medium and large cues were
2.99+0.91,3.8+0.44,4.5+£0.39 V resective-
ly. The main effect of electrode stes was dgnificant
( Flqugo =4.34, P<O. 003) .

2.3 Hemighere superiority

There was more dgnificant scae efect of the
posterior P1 component in the left hemigphere thanin
the right hemigphere, for example, F, 30=14.26, P
<0.001 at PO3, F,3 =11.73, P<0.001 at PO5,
Fr30=4.84, P<0.05a PO4, Fr30=4.18, P>
0.05 at PO6. The mean vaues of the ERPs compo-
nents are shown in Table 1.

Asshownin Fig. 3, the anterior P2 component
in the left hemigphere had the same scale effect. The
main effect of the scale of the P2 was sgnificant. For
the contrdateral visud fidd (stimuli presented at
RV F, EEG recording at the left hemisphere) , F 30
=16.74, P<0.001, andfor theipslatera , F; 3 =
13.17, P<0.001. But there was no dgnificant dif-
ference in the right hemisphere.
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Table 1. Comparison of hemigphere superiority on the P1 and P2
L eft hemigphere Right hemigphere
Smadl Medium Large Smadl Medium Large
PL (PO3) 3.82+0.55 1.76+0.55  1.85+0.60 " (PO4) 4.52+0.61 2.92+0.74 2.91+0.73"°
(POS5) 4.24+0.50 1.75£0.59  1.92+0.55" (POSB) 4.15+0.68 2.51+0.52 2.58+0.58
P2 (F1) 3.32+0.46 4.62+0.41 4.64+0.55" (F2) 3.81+0.33 4.89+0.32 5.11+0.44
(F3) 2.43+0.46 2.88+0.44 3.74+0.39 " (F4) 3.90+0.51 4.81+0.29 5.01+0.30
* P<0.01; * * P<0.05.
Contralateral visual field Ipsilateral visual field localized in parieta| brain areas (ldt D x=-37.5,

s 300
Left

Hermi-
sphere

> 300

Right
Hemi-
sphere

5.0L
Medium

Small

Lnrgc

Fig. 3. [ERP generd averagefiguresin theleft (upper) and right
hemiphere (lower) .

2.4 Dipole repurce

In order to estimate the location in the brain and
the hemigphere predominance, the dipoles based on
the three concentric shell models were andyzed with
Curry software (Neurosoft Inc. V.4.6) at each time
interval ranging 60 280ms. Asshownin Fig. 4, at
each point during the 80 160 ms time window , a
reaonable slution could be obtained. The resdud
variances ranged from a maximum of 15.9 % at 80 ms
to aminimumof 7.01 % at 160ms. At al time points
in thislatency range, the dipoles were located in oc-
cipita brain areas (lft: x = - 29.5, y= - 86.4,
z=-15.2;right: x=-12.4,y=-87.3, z=
- 14.1). Fig. 4 showsthe result of an andysison the
184 210 ms latency range. The other two dipoles,
which were fixed in the symmetrical locations, were

y=25.5,z=-65.9; right: x=-30.2, y=

-61.4,z=43.7) , with reddud variances ranging
from a maximum of 18.9 % at 184 ms to a minimum
of 8.83% at 210 ms. These results proved that the
P1 was located at the occipital region and P2 was lo-
cated at the parietd brain areas. These supported that
the gatia attention was processed primarily usng the
“ Where” pathway.

Coronal

Sagittal

Fig. 4. The location of dipole of 80 110 (upper) and 184
210 ms (lower) &ter stimuli onset.

3 Discussion

The man results of the present experiment
showed that with the reduction of cue scales (from
large to medium to smdl) , the RT was shortened
gradudly ; while the P1 and N1 amplitudes evoked by
small cues were dgnificantly larger than those evoked
by medium and large cues. Aspredicted by the got-
light theory!*®! | the energy of visua attention was
limited. The smaller visud range alowed for more
energy to be digtributed to the sngle simulus. The
small cue could induce human attention to a more lim-
ited area, 9 the repponse procesing was quickened
and the early ERP component enhanced. GCenerdly
geaking, the amplitude of the ERP waveform re-
flects the intendty of the menta load during informa
tion procesing, and the voltage of the amplitude was
directly proportiond to the amount of the activated
neuronst® ! Higher amplitudes distributed informar
tion process ng across more of the brain area. Inother
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words, the anplitude of the ERP component increased
with the energy digribution. The behavior and dectro-
phydologicd evidence in this gudy vaidated the gotlight
theory , and it d% suggested that the gotlight efect hep-
pened a the early period of the irformation procesing,
which congsted with the early-processed theory.

In clasdca research on cue-target gatia attenr
tion, the valid cue increased the P1 and N1 ampli-
tudes 312! and the decrease of cue scalein thepre-
sent study could be consdered an enhancement of the
cue validity. Therefore, the resultsin this study were
in accordance with the previous results. It do a-
firmed that the cue scae could induce the vaidity of
the gatia attention. The reports of the brain imag-
ing of the P1 component showed that the scalp distri-
bution of the P1 was mainly located at the extrastriate
cortica areas, suggesting that the regulation of atten-
tion probably happened at the early period of the visu-
al information processng. The P1 component repre-
sented the earliest period of satial attention reguler
tion, and the digtribution of the largest P1 overlgpped
at extrastriate cortical areas. The ERP results of the
preent resarch showed that the posterior P1
changed obvioudy aong with the gatia scade of the
cue. The P1 dfect evoked by the target gimuli suggesed
that the neurd regulation of the gatid cue of the atten-
tion happened at the very early period (i.e. 83 160 mg
dter theonst of the gimulation. Thisisprobably located
at the extragriate corticd areas. The urce of the dipole
was located at the laterd ocdpitd region, which conplied
with the location of extrasriate corticd areas.

In addition, the P2 amplitude at the anterior of
the right hemigphere was much higher than that at
the correponding area in the left hemigphere for al
visud stimuli that gppearing in the LVF RVF. This
demonstrates that the right hemisphere functions
more actively when subjects conduct the visua
search. The hemighere superiority occurred at the
late period of information procesing. In the neu
ropsychological research, the patients with pre-exist-
ing brain damage in the right parieta region had spa
tial attention defects. Patients with brain damage in
the left parieta region, on the other hand, did not
experience such atia attention defects!*® . Genera-
ly congder that the right hemisphere is preponderant
for the spatia attention*®’. In the study , we found
that the scale effectsof the P1 and P2 componentsin
the left hemigphere were dgnificant. The P1 ampli-
tude decreased with the increase of cue scale, while
the P2 amplitude enhanced with the increase of cue

scale. There were two kinds of separation in the P2
efect. One wasthe separation of the P1 efect and P2
effect, which showed that the gotlight effect hap-
pened at the early period of the sdlected attention.
The enlargement of attentive range at the late period
required additional computation. The other separation
was between the left and right of the P2 efect. The
amplitude of P2 component in the right hemisphere
generaly increased, while the scale effect in the left
hemi gphere was stronger. This result showed that the
attention processng related to variable cue range
mainly occurred in the left hemigphere. Our team be-
lieves these findings chalenge the traditiona under-
standing that the right hemisgphere dominates in in
formation processng of visua gatia attention.
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