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e ealed A he ca lieg yis“al e oked ce mn e&d Clad he effe of
% 1.\ o\ s Iivea j < J Neurophysiol 115:'500 509, 2016.
blished No \embe 11, 2015; dei:10. 1152/j; 00044 2015. K \
U al sce\es nu ile ebjecs ae UsUall{ “eséh ed sim¥ akeous?
Ho“ de s ec caecasef hebah es end e An%l e obJe s based
& _hei es ehses, e each Mdiid*al ebjec ? P e ie¥s ienal
nag ic esenace imaghg (fMRI) I&Udles ha\e sho“kth% he
<f;duced bya m“] iebjeg §im"] sfx he "ima g ,is%al co ex.
( l)cak be “edic ed b, he lhea o L.\lmea s¥m of he a 1es
A d¥ced by is cem oxa? ob]e s. Heyee, hee has beg
\1de\ce f'om elec o ce helog am (EEG) lgdles se fa . He e V‘e
e loed hey, V1 esehded e m“]i’le ebjec s by cem ahg h
EEG sid als e‘oked by a'h ee-g z}fug nUlUs h hese e\oke(gb{v
% V‘ocotno\ he céh al g ﬁgaLdZ atsk ggghgs). we
é«lsed o\'he ea heg xlsual cem o\e}t Cl l( 1 excﬁ of ~50
ms) beca¥se i has be sho“k ° he feedfo wad es “anses of
Ae! ehsh V1. We fo'id h hﬁ he i Ms GasUa dded, he
am ljUde of he Cl e oﬁ<e b{ heeg hg simfUs cughl{v
e uq%ed he 55 m ef he am i Uﬁes of he Cls e oked b<
Somad s, ega dless eof, he ahcegb “eﬁ heseg ﬁgs V‘%
l,he}imu %{xdedt his lrsea s aial sU!AnLn 10\ e 1; ed o\l{v
he\ he heeg% gs“eefa aa foneach he . Whés_ he, h e¢
g fxgﬂ wE € clese e each he he s aial sufnn? 10\ became
cem ~essed. These esu s sugge he ea he al es ehses h
V1 folley alhkea s¥m: n & u? E 10\ 151? i (ol ed &d
h zhﬁtlo\ ca affe(é he ea hei fste aglﬂs b?“ee\ mu}l e
objegs

la!l;l N150;

OBJECT RECOGNITION IS A BASIC ¢ ik of he \istal s{,%l m. K
\%U al scaes obje%s aeUstally cMs e ed. Des 1 is, he
maje {,of e ie¥s {fchduged Udies ha efocusecyokl
ho“ a shgle obJe is "ecessed & he ‘1sual S<S em. As a
es E %hough im o ecem® ¥1o\alieu osqle\ce, is
%111 Aclea hey, he \1sUa s¢gem es ends o mY i“lerobje s
ased & js es &ses_ e cach Adi \id4al ebjec . Whex cem-
z}llkal medels e ¢ eg ablished o - edi¢ %le es ose of
\éJ &s e bah a eas o a Anu}utb]e Lll Ius hes of &
assutned h he es Ase e_his m¥ 1.%)]6 1nu1‘55 cev1d be
edlg eé as, he s¥m of he £d1 Jid¥al es enses e cach ef j s

3 ial ¥mma ik ; lﬁea%{, “ulr‘ e ebjeg s; ERPs; Cl;
BESA se ce a\ah.sls

com R s (Dulnoulﬁt Ad Wadell 2008; Walhe ¢ .
2005) Ho € he e has bed 1j, le exlde\ce fe _ his s¥m-
mng %, e Q he ea lieg is%al ce_ical a ea VI. §fmgle Uk}

ece dfug ;udles hae fecsed & &, a3 1%6 a eas (Gaghe

Ad Ma_h 2002; L¥ck ¢ al. 1997; Oleksiak ¢ al. 2011'
Recisehe ¢ al. 1997; Zeccela ¢ al. 2005) &nd sho“e
A hese a eas \e ehal es eses o a Anu(%lobjeg E!Ills
cetld be edlged by e}he he eigh e a\e age o he
max.im¥m es Ase ®]s co\ ua.t cem @@ s. Heyee ,
becase, he ece . e, elds ofkeu s fs Vlae eesmall e
cee ]l Q}S]e s, \& v fey, elec @ hysielegical §Udies

hae  ied, e acklehey VI es RN ds, @ mu; ile ebje¢ s g he
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SPATIAL SUMMATION REVEALED IN ERP COMPONENT Cl1

Th 101 ! LnUIUs
(i.e., Ta ici aded_ agay fem imlMs “esjien)
condj ioks. O\ehn oka\? o"eJ ﬁofCtl is, he C1 e\oked
byagimiMsi hel & isal, ¢ld has aXegy i e Anag:; Ude

he eas he C1 e\oked bi,a im4Us & he leye istal, eld

has a esjie maghjUde. Te co\.. m_he alidj ¢ of he ERP

e\ded os'gio'\) adWa dded

>1r <

cem Cl e ecamhed &d_he ghe ah;abll g of o
effe s W€ e fo Aned he same_es A b h,he W™¢ (experi-
men 1) ad loye istal, elds (experlmenf 2).
METHODS
Participants

Tyon <y e “a, ici a‘sys (12 males, 13 females) - a ici ‘aed A

eXperlmentl Aad 51 2 1ci A s (13 males, 8 females) 2, ici aedfs
experlment 2. e a ici a (male) & experlmeni 14d Wo
2 ici s’ daa (1 ¥ nale akd% female) & experlment 2 W
disca ded de, @5 ohg al ha a‘esfs hel EEG sid als (I*ck 2005)
All a ici“a'its“ee ig -ha\deda& e’e edie mal @ ce eged-
o{o mal (isien. Ages aged fom 18 e 55 All a ici W s gae
e\ ﬁfp med cehséh A acce ddce jh, he “ecedes ad

ocols a e.ed by, he M ma a ici s e,le,, cemmj_ee of
o, Y VEW
Pekig Wie si < r a}t b

t

Stimuli and Procedure

Experlment 1. All ihnu li coh 51§ ed of ci Vla shU soldal g fsgs
(dlah e = 2.36°; ial fe uac{ = 2.54 ¢/d; 11 ¢ med
Anfxahce = 61.47 cd?fn ?). The backg CUNG! had he same Bl‘nfkalce
as, he med Mmhace of he g %fsgs The o i 10\ of he g
fL he C:L was ej he F45- 0" —45° _ hile heol s %
t“. akhgga ﬁgs eehde Adatl Ad akdo‘nh sele(éedfotn
¢ 180" feo each 1a1
ﬁ:l im*ls cen, gV ias VVeeU!sed &e g aﬁg (O.e)
closegz}fsgs (Tyyo_ close v Wo d1 a}Eg%fkgs (T,o_ d1 h
clese g ahgs (Th ee close ceged by cmnbfsfhg he o\e g z}fsg
wih,he, “o clese gabigs fu s ace), a;dth ee d1§akt 23 Ags
( hee d1 ,ceged by cembih g he hcgy Ag wihy he WO
?igs fu s ace) (Fig. 1A). "The cév e .Cat ?akce
esc g hgs was 2.48°, ad, he dig &ce b “ea 3y

g V}Lgsv‘aSS(ﬁ The Lnulus“asc eeda 8" ecc 10}{fk he
* istal lf‘ad . Theyx i asa .fJ hecen e of he
'sed o abllne he hea

o5 ik All \ifal
¢ a hic mékj e ( ef esh

ue leg
sc e&. A chi &
imUli wE € dis” as,ed & a \518“ Senic colo

e: 75 Hz; esolurlo\ 1,024 X 768; size: 22 A.) wih a gag

backg ¢Ad g a iey g dig dce of 73 cm.

Iiac ial begah ﬁha;ltnulus he.. im¥Ms) esdtedfx he
e leE Jstal yeld fo 500 ms. This §im¥ s
selec ed onthe e§1nu1us co\ g"1 i&hs. Afe abla\k \al
(i, e ed b wea 200 ad 400 Ans) fkgsg esecud Lnulus)

}h ° 16'%10\5 shgl}la diffe fmn e e ical A ed
fo 100 ms. Ohe was ed & he same QS}la as, he cat al
g%fxg of he.. 1mulus(1e u e le \1sual eld), akd he%

was edm hedlago\allﬁo Tesie os| i@ he cé algz}fng
ofthe.. %Us (165 lo“e 1ng} istaly eldg 'fhese r w® 2 aﬁgs
wEe e a% a ici ¢ 1.\ ., he ad h% “asthe same
as_he ad of he

% %lJlul{'!S ° 10 he " ad o0y yas
diagn il @ os e, o he of he.. % AU s. S ecq cally,
s v'e e

A he a &ded sesm‘ qa 101 Uged, o Judgethe
0 ich alo\ of heU ™% le g]}fug (le e ig el 1 1€, @ \© ical
o id aieh) of he secend which g ag e ed Fei' 10\ °
he same Ya aslf he im! Ius IN he u\ A ded session,
a101 s we ens ed o]udge he o i helo e ig
akF he seco\d ut[u h1ch e\t% hel 1o\tot}11}e

dlaguaII{ o> os;e llad alt of he.. 3 ;Ln Ius Tye dashed ci cles

a dmnl{v
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Fig. 1. SimVli &d ~eced es of experiment 1 & d experiment 2. A: 5 we
con, gt %i&s e elsed asllil alli. B: Teced eeofa ial b be h, he %aded
(i.e., %ﬁaded o _he 1nu s Uad & ) &dWa dded (e, e\de Ayay
f em_he ;1 Wud gl ) se8sieh s of experiment 1. & he a_exded se551¢
S o LY
a_ici eeL; Ug ed, o P dge, heow}thalo\ of hegg g het™
lef ist al N eld of he secﬁd 1nUlUs ile ﬁ e u\%t & de sess1¢

a_ici @ s Pdged heolatalo\ of he g fhg fsyhe loye “igh istal, eld
ofthe secend lyl"s C: Teced e of experlment 2 as idew ical e h of
experiment 1. he QI{, diffe &.ce asfs he 05}10\5 of he, 3 & d secend
;1 MU,
we € aly, a<.s Tesd edo\ he sc ed, @ Adicae, he odtio'\s of he
W %f;gs (Fig. 1 % sheld bek g ed_ha 'he " eced? es be h
sessiohs we € ideéh ica Thet asks & be h sessu\s im¥Us-
i ele a\t (ie., i ele\alt'o he , $ AnUlUs) e\tmg T ic-
il s f em sele iely e\dﬁg ® as cciycgimtlUs cory g a-
ioh. The dlffe ace b “ed he ° 16}%10\ of ask- ele\alt ga-
mggheu e lef g mglk sessu\ ° helo“e ig
gamgn, he Wa éded sessn\ of he seco\d AnUlUs axd! he
&, ical @ 1 ik Vvas ad]uied o kee " a ici alys “e fo makce
leyel a ~80% ce e
The Aded &AdWa dded sessu\s wE e "¢ fo med & diffe &
das.s 1N a coukte baldced e de ac ess a ici @ s. The cele 'ft he
i ofbqJ was. ed e gea e hdicge he he a‘sessllk'“as
9\ded ° kat A ded (alse ¢ \Le bal ced ac ess ici s),
es eciely Thee yee 20 blecks A each sessioh. E%ch bleck
Ccohsi ed of 100 ials, 20, ials fe each .ft he 5 simtMs cﬁ, -
iohs, ed A a Adem e de. The efe e t§ each s im¥Ms
con, gl he e e e 400, ials ﬁt al. A}hough we did L?
ece dt he o 1% ITN .ft het akhgg igs fo each cendj i, he
iohs of he akkl'\gg hgs futhe g ghgcdiias (e,
T“o closeade“o dig ) &d, hosei he h ee-g %fugco\d 10\5

%1¢

(i.e., Th ee_clese &d Th ee d1 d ha.e beeh balaced,
gy a hg he e mf i of he, Il’wa‘;kﬁg g %}lgs as hde &-
déh ly a\dy ade ¥ seleged f on Ozo 180°* & each 1a1 ad hee

s, ®y.a ds

wE €400, ials fe each cendj ieh. Te e\at ese Ano\eAn
ion befe e

he agg loca o, all suble%s e amedtmnand%ai 3
thea ted he EEG e & imé s We e eae {,eh asued he
im’e_ dce of ma afxfmg xaie h oighet he e & imd . The
¢ me da a ef fou ka \€ S ijegs eecoll%ed hathe{v

¢ fo ned he same ex. elnat “}h he same “eced! e. The max.i-
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m¥mdeig ien f em he,x i Toi fo all sbjec s yas <1°, ,hich
sugge§s h;} e e\ka esUbJegscak ell mait afu hei gaie 05} i
he ces e of he sc ed.

ExperlmentE The aim of his ex ¢ imd was, @ e licae, he

esu} s of experlment 1 sihsgimli A he loge is al y €ld. The e-
fe e, hesimlidd ocedU c of experlment 2aee ideé\ ical_e_hese
of experiment 1, &d .\1\w he s imUMs “esj 10\5 diffe ed. Thy "is, N

experiment 2, he
Owe of he g3 fxgs °

il‘n Vs . as i he loge 1e£ Jstal Vad 4
f
) eld. ’[the %he as i

e secend Lnulus“asfx he loy,e % \1sual

he¥ ™% igh istal, eld (Fig. 1C).

Recording

Scal "EEG as ece ded f em 64 Ag/AgCl ele odes s \;,io'\ed
acce dh g e he e, &ded b eNgienal 10 20 EE em. Ve, ical
ele cﬁlog am (VEOG) was ece ded f em A eleg eode faced
abo er he ig ese. He izen al EOG (HEOQG) ,as ece ded f em A
ele ede laced he .u e ca Vs ef he le ee. Elec ede
im eda ce was ke, %elo“ 5 k. EEG was am h. ed }h a gafs of
500 K, bad ass'Ze eda 0.05 100 H3, & d digj ized a a sam 1hg

e of 1,000 H3. The sighals e hese ele odes we e efe dced
alhe othe\ose ad we € e- efe é ced of he a.e age eof v W
mag eids.

EEG Analysis

O‘l*‘t he EEG sigals fsd‘lced b*t he, E %Anulus wE € a\alwed
Of"rf;e daa asalﬁsls was ¢ fo med ak Visien Akali.,e
(B ah P educ s, MW ich, Ge ma - The EEG daa yee, 3 lo“
“ass ‘l‘}e ed% 30 Hs & d, hé e oched a_hga 100 ms befe ¢ he
imtMs ehse &d &dhg 300 ms afe §1mUI's ehse . Each e ech
was baselhe-ce 1%16(1 agafn he mead ‘oé age of he 100-ms Te-
1nulus e yal The e ochs c ahfsaed vese bl ks, ee mee-
Anails ° Anu scle ials ex.ceedh g *£50 ;LV E ak{ eleg ede wee

ded f om, he a Ve age. The emahhg e ochs e e ae aged fe
each §1 s co\.. gu ieh. To sele%E eleg edes fo he am ljUde
ad l?e\u axal<.ses g akd -ae aged ERPs e e nade bya aye aghg
51g\a s ac ess a ici A s &dsim*Ms co\, focs
%aded akd u\ & ded sessiohs. The,
la ge

ihs b4 sea el{
¢ elec edes }h he

1 am 1 Udes “ee chesé fe U he akah,sls Te Uay ify

he Cl am l}ude ad la Qca of each 3 imiUs co\.. gu aluqfo each
a ici @ the “a\efo ms ac ess hese 1 C ele edes we € ‘di
a,€ aged_ e ac Uleak a,e age ya.cfe m. Tha heAneak am l u
of he 11 sahlhg “oh s aoukdthe Cl Teak of he ae aged
V‘a cfe m as meas! ed as he Cl am 1jUde. The “eak, ime o eof
he ae aged a.cfe m b? w50 &d 90 ms as meast ed as, he
Cl1 &C{y‘. ~
Esimaien ef he di ele se¥ ces was e fo med wj h, he BESA
alge j hm (BESA esea ch 6.0), as desc ibed b{ Cla k akd H111<a d
(1994). The C1 cem & é was medeled based ]oil!hv o\ he g ad-
a.e aged \ aefe ms ehc} ed byall, (e ;3 mtUs ceny g %10\5 The
V‘a efe m A he 5-ms e \ala d«!\d he eak e (b ween 80 A&d
84 msih b h & e Lhﬁt s) was siml laed “}h enc di ele “}h fee
locglo\ ak .
e cem a\lsl\, we alse ex amhed he s aial s*mma ien effec A
he ERP cem ey folloy g Cl. na %1 gimi s as i he

ey lef \istal, eld (experlment 1), he follto“ig cem Q V‘ast'Pl
wihjs eak am 7 lldef\ he 1gl} 4 ic al ecci 1al scal “sjes. ] is
al. 2002;

belie ed ha Pl ¢ egs e; iae a 10\ (D1 RUsse
Ma iei %al 199‘5) Wh& E %111'1%“;“% &the loye lef isval
eld (experiment 2),. he follo“fkg com ok A Tescie scal” sjes
was N150, hich has bed she \ e hae a s’ ce , he o al
a;l eco ex. (Di RUsse ¢ al. 2602) The same me hed ,as Used

@ meast e, he am 1}Udes ad 1% Acies of P1 & d N150.
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RESULTS

Experiment 1: Upper Visual Field

Behavioral results. R he g d.ded sessih, "a_ici @, s dis-
01nfu ed he oi i o heU“e le gz}fug of  he
seco\d} mulus This was, ® a 101 a\ts atm °
he Ya a& hee he 3 Ln 1Us edld\
asl& a_ici ¢ 5, ® es & . he, hnUIU! ie l{ becase
fu h% case he1 atrlhc\ le\el migh diffe d4e e Lnulus
cem lexj ¥ (hffe Ace. The es ense ac! acies .ft he‘ \€ Ccoh-

y & %1¢ condj iohs wE € as felleys: Qae, 774 * 0.89%;
T“o clese, 82.3 * 0.82%; Th ee_ close 80.3 = 0.71%; T,
, 83.2 + 0.86%; &d Th ee d1§ , 804 = 0.82%. The
mak cffe of, he imPls as sigh cah [ e eg ed-meas” es
ANOVA, F o5, = 4.36, P = 0.003]. The acc" acies & §im?Ms
cud}u\s wih aeg :}fugfs hec e (One, Th ee_clese, and
Th ee d1§ ) we © sighiy cay I smalle hak hese “} ho"1 a
g%fsg N ate (T @_ close ad {“ 0 dlgetst) [ i ed
t-es,all t(§3) > 2 43, P < 0.03]. This is obabl{, becalse,_ he
imd 11 ihacd alg fsg se \ed as fe yad maskst ., he

e le% gghg of, he secend hnUIUs Heyee . he mah
effe A [ e eaed-meas® es

d1 ace “as k% sighiy
ANOVA, F(1 23y = 0.127 = 0725 which sugge§s h%
he askm b,h he clese

" ici A s weee Yallyh ol .ed A
?132{? Ag co\d?}l&s rr
I\ e X ed sessih, a_ici @ s disc 1mfs ed, he
Qe o l’he lo“e 1g1} g %fug ° l’he secend hnutius
The es ease acc acies of he , e co\ gu i condjions
wE€ € as felleys: One, 811 * 087% Te_clese, 82.5 *
0.86%; Thee_close 82.3 = 0.85%; Tye_di a}‘ 81.8 =
0.95%; aad Th ee_di 82 3= ~0.93% The mam effec eof
o he s imt s Gas \? sighiy cay [ e eaed- AneasU es ANOVA,
F(492) =144, P = 0227] which s¥ gges a ici asts
we € e Vallgh ol ed A all co\d}lo\s Takétcgehe ., hese
beha fe al esv] s sugge hg & i ERP diffe ance be yean
close a\d dl% g mg co\d}lo\s ca\k% be % 1b"1 ed °

diffe leels of codhi ie \ol em

I;RP'resuIts "ljhe secend m Ius“as oo a% a ici A s
%t io\to a sechc Yada . We o\lﬁ a\alwed sichals
¢ oked by mlllus Te g he ooz a h<. of CI, e
ae aged he ERPs of all Ve §im l]{ll’ls co\ ¥ 3 ies fe he
e\ded a\d Uka}’aded sessu\s se a%ela Ceansi at E
\10115 Udies (Bae ¢ al. 2010; Cla k ¢ al. 199) he C1

s

e oked b{, imUli A heU e lef \is'al, eld had he'la g X
aAn l}“de g he lef ecci }al a i¢ al scal es (Fig. 2
ol lef ubd of Wa dded &d e\de “Aels). The

" eleg $des jh he lages Cl zee chesa. fe ﬂ-!the
A alsis. Thei, e e CP1, CP3, PI, P3, &d P5 & be h, he
%Yexded ad uk%%dded co\d} 10\5 (Flg 2A, hi he bltack

li “se) Flgu e sho“s he acfe ms fo each of he \€
imtUs Co\d iohs se a%elﬁ, ae aged ac ess all a ici amts
ady e ele odes The C1 ~eak laac<.“as b%“ea 80 ad
84 ms afe §im's ens

Te examhe whe he h\ea s 4 ial sulnm%u\ ex.is ed fe

clese &d di gahgs A %%exded ad Wa dded

sessions, w€ added “eak amj {‘de he C1 dd¥ce ¥ ac

g%fug (ie., Qe) ° h% dUced by, we g4 hgs” (e,
A

T“o clese o Two dlg d cem™a ed he sulntned “eak
wj hy he “eak am ] Ude of he CI Aduced by, heeg %fugs
(Th ee_clese @ Th ee di a\t Fig. 3A) } she1d be\, ed ha
hese heeg %mgs °.c la ed he 05}10\5 of he ;ve g %fmg

J Neurophysiol 'doi:10.1152/]&.00044.2015 “wwwh-e g



Unattended

[
-

a\db“o g %fkgs I"uthe Wg dded session, ega dless .ft he

d1 dce bg e ggigs, he Ymmed am ljude (Clge +
Ty “ask sidhly camtf diffe a{ f em he C1 am lﬁude
of heeg %fsgs (ClTh e [Clge + Cly s Clyp e: Close

t(fS) 69, P = 0.10; d1 1(23) = —0 53, P = 0.60],
hich s gges s, hy fu he Y agded co\d i, C1 folleys a
‘%ea s lilsfnn i Ulle Heogee, fs he a_d.ded ses-
510\ a}hough he Ihea s¥mmaien ;111 an;e fo dlgaxl
igs [Cl(le + ClT o 1S Clpy e 1(23) = —151
0 4], Clyy, ee was 51g\ Caxrh smalle _had he ¥ fe clese
X hes [Cloe + c1T o 15 Clyy 1235 = =571, P <
o, Adicghg st ™ essi e B e agidhs b% e clese g g
fsgs A\ ale\ e yag ho“e e, 1s oesUmU " he a&efc ns
of e gahg akdt“o g %mgs akd hé con ae he “eak of
he C1 of he s mmed ,aefe ms 1 h he “eak oftCl d¥ced
by, he, h'ee g g gs ( (Mllle al. 2%)1%) i hch e.gf% '
he e “as Lo SIAjy C 1 ac{ diffe exce % edh
condj iohs [Taied t. 5 €5 all t1(23) < 1.76, P > 0092] he e-

Attender.

1501V

Fig. 2. E| el ed” ial (ERP) es%]s

fe _he ‘:\}ded akd N al’e\ded sessm\s%ﬁ

experlment 1A U T lef Vad of each

“Ael sheys he C1 e og Fhies A es ohse

4 14

e he | ;1'nulus ae aged o all 5 ;1 m-

ﬁ[ﬁs co\d ions ad a ici alts Pe. Cl.
eleg edes, Acldhg CP] CP3, P1, P3,

fe e, his me hed she¥1d ™ ed¥ce simila esués e o' mc hed.
We alse akalved he d%a “}h his me olc"l Ad Adeed,
simila es¥]s e e obse \ed

We de..ked ¥ essio hdex as Clxe * ClT o ~
Clyy cq @, he ev.amhe he dig acead 10\1\ Ace
he fste ac iths be WA g %ths (Fig. 3B). The % ™ essioh
A dex. sho‘ild be ,e o 1ft he sidhals follo“ alhea s¥mmgien
Ule &d she“ld be \eg 1 \€ 1f_t'he sighals ae subaddp
S \ayea o! of he 24 a ici & s sho“ed aleg%l\e Ut
“ession hdex A he close cendj ion ha he hnUh we e
%e\ded b feye A, ici A

~

v ssho“ed aleg 1\e M ession
dex & he he th ee co\d} ions (14 fut he di condj ik
ha he 1nu11 aded, 11 &d 12 fsthe clese ad
d1§az co\d 10\5 es ¢ iels ha he ;1111111 eel
anded). Re 3 ed-meas! es ANOVA sho\b edth he fste -
10\ be e %e? i ad d1 ace was s1g}1.l ca}t [F(l 20
83 P'=10.003]. Pai ed t; e % sho edth ian hc eased

he S essi e f‘te ag ia's e“e‘& clese g %fkgs [t(23) =



—-2.91, P = 0.008] but '\% di;a&t g %ﬁgs [t(23) = —0.58,
P = 0.56]. As CI has a eak I%e&c{j of 80 - 84 ms age
Eimu-lus &S%’a;llese_ esu}s sug%e§ th% s% ial %tétl&

C easedthe s "essiye &\ € ac iehs be .een clese ebjec s,
b‘i 'l’ di;afst objeg s, as ea lij as 80 ms age ;imulus o'\s;.
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cﬁd ions wE € alse (e {,small
hial Ymmaieh e e “ed A P1 alse felle.ed a Ihea s‘gln-
mg it Ule  hé hesimUli ye ek% %e\ded fs he g, A ded
co\d i, PlTh ce was sAnalle lu, ega dless of he
akce be e gahgs [Pl \S- Plpy 0 clese, (23
4 P < 001 di t(23) = 3 63 P = 0.001]. The efo e,
the lAea s aial ¥mmaien elaienshi ~ef P1 d1d\ en%1
he\ he imUli Aded. I\ addj ieh, ceksi
h e 15-15 es]s (D1 Russo al. 2003; F¥ ¢ al. 201%6}-[&;%
al 1994; M g\ ¢ al. 1998; Ma fue‘ al 1999; Welde ff
al. 1997), e fend h he am ljUde of Pl e\oked bya
shgle s imUMs was si 1;, Ahakced by i [mak
effe% of atm Fa 23) 25,P = 0.004; aiedt. e; all
P < 002 ex.ce  fe he T“o d1§a}t Cﬂd}u\ t(23)
P=032. '

isUW clea th?he ° \% he

Experiment 2: Lower Visual Field

Oae Q ical "o e vof Clis h
he 5 im' s lecy ik chakges fem \isY al.! eld e & e he
e \s- loge). Thy is, a imtMs A heV e |isal, eld
e okes akeg 1\e C1 \hile a im!Ms A he lo“e \1sual,. eld
\okes a s ie Cl To co\.. m, h ‘he cohclUsions of
experlment 1. ccle sechc, o he e sual eld, e
e lica ed experiment 2 fu he loye is‘al N eld. S~ ecl1 callﬁ,
A experiment 2, ,hey % ELH UL s V5::15 fu he loye lef dseal
eld he, w23 fkgso e secend eefs helo“e
leg a\d'g € 1g 1sua1 elds, es'e 1‘e1 (F1g ﬁ

Behavioral resuits. & lfse ih experlment 1, wecem aed
he ° 1e\t%1¢ * dgme\t acc¥ ac:1es i all Co\d} 1¢s ° co\.. m

is Telaj g e\e ses“ha
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oD Ta, icl @ s did\ seleg i yel g %Yad os ecL.c imd s
dis & ce cond, 1o\s(close'\s d1§axt g %ig co\d}lo\s fs he
%Qded sessioh, a_ici o s disc IIIlfL% ed he o 13{]2} 1¢ of
eg %fsg of he secAd;nnUI"‘s ﬁthe lo“e lef is'al, eld.
The acct ames A he 3 \C Cony g i cohdjiohs V‘e e as
felleys: Owe, 805 + 1.71%; T,,e_clese, 83.4 * 1.29%;
Th ee_clese, 82.1 = 1.64%; T,,e_di ,83.5 = 1.37%; ad
Th ee_di 80.7 = 1.65%. The acc¥ acies A simMIUs
co\d}lo\s “%h he c% al g Ag (One, Th ee_clese, ad
Th ee_ d1 wC © sighiy cats' . smalle hak hose “} hou
hec alg}fsg (Tyyo_ closeAakd Tye_ ch ; iedt. e
all P < 0.04) Ho“e as edic ed, he mah effe
dliakce (clese @ dlialt) was \? 5191‘ cetst [Fios =
P = 0.25].
IL , he Wa dded sessioh, a ici ais d1sc imhaed_ he
10\ o?yhe dhgg f}ﬁg Al heu e h isal, eld.
The accu ames futhe \C Cohy g{l % co\d s V‘e e as
felleys: Owe, 854 =+ 193%, “o close 85.7 = 1.90%;
Th ee_clese, 85.6 = 1.79%; T,,e_di ,86.6 + 1.95%; &ad

~

of
.39,

Th ee_di , 86.7 = 1.74%. The maf; effec of dlia\ce

(clese o dig dy ) yashe sihi ca}x [F(23 = 0.85,P =0.37].

ERP results. Cehsi aﬁ wih Teyie¥s %uudles (Bae ¢ al.

2010; Cla k¢ al. 1994% eCl of he imdlus i helo“e leg

1sual eld adthe la geg am %ude A he 11} o;elo
al scal "sj es &d he am l

occ1 as Tosi ie (cele ma B
A Fig. 5A). The, \e clec edes h he la ges C1 amljUdes

e e P2, P4, P6, PO4 ad PO8( dlC ed by Ee black elli “ses
K Fig. 5A). The “eak l% A cies of Ee Cls a.e aged ac ess

A Unattended. Attended.
1.75uVv
|
-1.75uV
Fig. 5. ERP es%]s fe  he g éded ef\d
U&%Eéded sesm\s A experiment 2. A: u”
e lef Yad ofeach “Ael sheys, he Cl
'o oz #hies A es onse, o he 1s s im¥Ms
ae aged o all 5sim'Ms codjiehs dhd
a ici axts Pes e ie eclec edes, Acldhg
P2 P4, P6, PO4, & d POS8 (wi hfk he black
80 ms - 84 ms 80 ms - 84 ms elli “se), had he la geg Cl am 71 B des. The
One he _hee s sho“ he loc i of a
B Two close shgle di “le ? acccU fe _he
i n  — Thre_e_close \a 1akcefs heC scal o] age d1 Y 1en.
(OYAR Inaftended.. Attended.. “Jwo distarii B ERPs a e aged ¢ he 5 eleg edes & d
n 3 — Three dista all & ici 4 s feo each imU Vs cendj ioh.
— T Cls ae hdicged by black a eys. N150s
%_ aefudlcz}edmga(a 0S.
[0
o
=
s
S
<

Time (ms)

300

Time (ms)
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\'at ici A s feo v §imt s co\.. o %10\5 ee b?v‘ee\ 80
ad 84 ms af e 1An Vs e s

Dle e he faé fejhe o he mah effeg of %té\ﬁio\
[Fa. 18) ="0.06 .80 ]Lo , he mah effec of simUMs
co\.. fud %u\ [F(472) 0.805, P = 0.526] & C1 1%1&0{ was
sighiy cah , e dalyaed he d aUshg simila mg heds as A
experiment 1. We fe'i ha he sinVli yeek -
&ded, C1 follo“ed h\ea s ?1211 ¥ n mg i ega dless of,
dis dce bg“ee\ gahgs[C + ClT o 1S Clpy e close
t(18) = 1.42, P = 0.17; d1§ '[(18)—110 P = 0.29].

Ho“ whes heé imUli e €3 aded, Clyy, .. yas sighif-
lﬁ smalle 10\6 + ClT o fo clese g Ags [t(18) =
36 = 0.002] ] fo dis a&t g3 mgs %t(18) = 0.24,

P = 081] This sUgge Sy h hee wE € sU - CSSI‘C fste ac-
10\5 b%“eex clese g g fkgs 15«‘ N bg“ee\ di a} g Ags
li e e zﬁ’e\ded (Fig. 6A). The 4™~ gssio:\

mdex was alsode.‘kedtoexanf\e hey, di Ace a\de}'e\'io‘s
ﬁ&ue\cet he fy ¢ ag iohs b%“ee\ g :}ﬁgs (Fig. 6B). U\hke
experiment 1, he sUI “ession tdex sheUld be os 1‘6
because he C1 was 05}1 e. Fl’;ee\ o ofthe 19 ™, ici-
s sho“ed a es ie U essu\ ndex n he clese
cokd i\ hex he 1nu11_ anded, by feye Ta, ic-
i ssho“eda Tosi i esu""essm\ Adex A he he hee

co\d}u‘;s(lom he d1§a\t cendj ien he&thei imt 11“e e

e\ded 12 a\d 9 n_he clese axd di cendj ihs,
&1 el{,“hex he s 1m!li e ek e\ded) Re e ed-
meas¥ es ANOVA sho“ed h e ag ihs b
10& aldd a\ce“asmgl alE (118) = 4.57, P—
046 A Taiedt.e she.ed h% e i ease of U es-
si\e ! € a iehs ca¥sed by 101 was closeto 51g; ca)t
b%“ee\ clese g z}lkgs [t(18) = 208 P = 0.051] bU
fa fem 51g11,. b Vsee\ d1 g%ﬂgs [t(18) =

—0.669, P = 0.512]. Whé& he ?Lnuh w€ € e\ded
sil ITf.29s2. 1F11Tf77 sighi, c¥s8a3 g DA 20T, 2952 lFlbacf;d} W ®)
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be la gely acce¥\, ed fe bya shogle diele A VI, s gge%fhg
hg Cl yas makly gdeged A V1. Tak& . °gg he . vse
cenclt deth l)the ea hes \1sU al e,eked com Aek
which ¢ e s, he Ulaieh es enses of he &s
follo“s ll']iea s 1a1 sUmmg i hé he m“IUls is \
%taded ad 2) % 10\ cah Anodulae he %Juks be-
Wea ob]e sh VI as ealy as 80 ms afe sim! so\se
es ec1all< “ha he obje s a e clese_e eachghe A s ace.
shou ld be ed ha al he¥gh a simila desidh has bed
}"sedf; o z" {( ha al. 2014), A hich e alse
" eided e\lde\ce %1 1a1 afu\ ch meduly e, he
ealieg M ea ias b 3)‘ea milile g hgs, g he oy
sud? is\e asimle e licaion of % “e \ie!'s %Ud< The
cu UYdy as desidhed, @ examhe h he _ he ea lie
‘15 al sijnal e 5 edi Cl1 {ollo salf\ea s ‘glaltsumtn% i
he eas_he e ie¥s d{, was desighe ¢® ﬁ\eslgae
l’he 1eu al Anechauslns of ce dfug D‘"e o _he U Tese dif-

fe dce, V»e asked at ici i s S5, ® e fo m chffe asks &
hese Udies. As _he e VieYs l’!d was desighed . ®
e( alnﬂe he\e! al mechaisms of ceoy di g (1 e., he dele e-

10‘15 i {Jace of he, &Akes & he ecodjioen ofa a ge)
) r
", ici A s wee asked o ¢ fema a g-el ed ask(le
., W
es o\dfugto he age e 1e§! %10\) %; ded sesslo\
Thezask“as Lnoedl U] fe he clese co\d 10\ ha fe
dl;% co\d}lo\ A} houg oo kko“ledge \ec 1de\ceﬁ1as
sho“ ask di cu}ivfs Ud ces, he ea lie sual sighals,
i is ﬁl ., h Z? gasun Bs-i ele‘_ ask(sUchas ha
used\li he dﬁth A ici A s es end, e, he
sccond g bad of he imiMs). I\thls case, , he ask
dlf‘ ¥ 3 diffe ence be“ea diffe a.t candj is “oul N

affe .u esu s. Me ce Vs fut he 4 di,, ecemdiced
& e 1m lh he v ad lo“e \1sual.. elds, hich
o\1ded me e c icﬁg su e o cohclUsions.

Implications for Spatial Summation in V1

ou esU}Us hae im’e m{‘lic ihs A Wde shdhg
hey  he (isal sg5em aeg is es enses, o Adiidual
obje S, ® ghege es c\ses e a m!] iebje imtMs (ie.,
ial *mmaien). A~ \IO&S esea ch, me§ 'ft he sh gle-
uk} Udies hae fec!sed & e as iae aeas beca’se, he
ece 1\e elds of Viie! s aec, ee small e ce & mtli Te
Ob]e%/ls The sheyed ha & V2 (hicke al. [997), V4 (Ghghe
a 2002) V7a Olek51ak al. 2011) IT (Zoccola\
al. 20055 adMT (Reca\ %e .1997),8e* aval es &ses
o m¥]ile Ehnuh ch be ed1 ed b< e}he he elgll}ed
a.c age @ _he maxim¥m ef he s " ses of he con
1nuh Seme esea che s ha\e ‘@ @sed e\eL me e coln -
ed algo hms, s¥ch as diisi e Ahibj iek (B ha & dHele
1399 Sltno\celh Ad Heege 1998) A a\ecasethese esl] s
s¢ gges

h% ial s¥ mmaien & as iae a eas feolle
les %

\Q\If;ea max. im¥ m, V‘elgl} ed ac age, @ diisi,e K
h]b}klﬁ)
hough.{ is dify u} o lechey a hdiidalie &
1 es &ds v @

ile ebjecs, ye ca e«alnﬁe hey,
\eU as A VI e ] 1% ob_le he \ e enal
o Ulgie le ‘el }h ﬂ\/ﬁU Ha\sa %20(%45 assessed he
lheaj g of s 1a1 ! mmg iek by cmn " i he ag i a5
checke bga d edges ad fugs wih s¥ms ef aciy ins, o
hei cem & é ches & d fe!\d he es e ses of & €ls

QY W € e ed1<[" ed bylhea s alal s¥mmy TN (B, alse
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see Pihlaja ¢ al. 2008 &d Va\i ¢ al. 209§) Heogee . a
ec e\t iud*' (Kag ¢ al. 2013) foul th "~ ess1‘e s aial
S mmg iek yas ebse \ed A Viddgey, mee “eheiced A

»el i el{ e ie 1 e a eas. This is cesis & wi b he

\10“5 RI, kd Vl sho“ ed, he smalle dlffe ace
be\bea se U!atlal i Adsim¥] Aeels af TN
ameng V14 V4 (Ka 1e al. 1998). & he highe -le el cg e-

ge selegl e jistal a eas, s“ch as Puslfo m Face A ea (FFA)
ad Pa ahi ocaln "al Place A ea (PPA) Redd al. (2009)
foukdt h%the fMRI sighals, @ sim?] & coV slg “esah ed cg e-
ge ies ca be ed1 ed by, he V;elg edae age of mg\alsto

w® adi 1dua11< ate ca\ego ies. To s¥m U a] he'gh
co\ i mg, amengacasf em VI_e V4 &d ,he highe le el

1sual a eas, V1 has bea sho“L e ha.e_he meg simila

es “aase 4 els o lhea s hial sﬁAfmn .
OU Jhea s¥mmaien esU?s e\ealedl'k Cl ae censi
y‘}hghe afe elne\t ied fMR es“i (Ha sék $ al. 2004). This
e ides cem ellfug sy e caside Cl as a

meast ¢ of ealy (is'al slg;als A (’f Me ce ¢ , 1’he high
em @al esoll ion of EEG s es_ ha o esU]ls ae less
11ke1<, e be ca%lsed by feedback sichals f em highe le el
ce 1ca1 a eas, cem aed ih he fMRI est']s. O4 es¥]s
shey.ed hy a] heVgh lfuea s'gial *mmg ik dees exiy i
V1 hlS Ihea el u\shl is co\d iehal: %]de "Ads & beh
1o\a eof he a ici sa\d es aialla of
nuh V\i% iR is a‘f ﬁ\ol\ed % hgu he
Qded obje%s aefa fem each he , V1 ahlb}s Ihea
s¥mma ien beha,ie ; heye. e, he\ he %![e\ded ob]e%s ae
clese, @ each ?he lf;ea s%nm ieh disa eas.
| N add% i, o es']ssheged hy lhea s®mmgieh ecct s
aseal?aSSO msafe sim'lUs ehse b doesk es1 CE
122 ms, 1e,thelﬁea ¥ mm i esu%s eek ebse \ed A
Ple NlSOfloU e eiméy s. As Cl e £¢ s, he a 1\}<ﬁ
V1, ad Pl ad N150 ecs heaci qf\ as iae \1sUa1
ce, ex (V2, V3, ec.) l’hls diffe e\ce agaf; gge?s h% he
lfsea}<ofs"aial Y mm Elo\ disa "ea sgadiallyTemg ige
¢ ® S a3 iaece ich is cehsi W;h e 1ous €,i-
dexce (M111e eﬁ 2015) Q¥ es']sacealse cen s1
e io!s magh oace “haleg a h< EG) (S¥ ek al 1959)
ad ele ocotlcoga h{ (ECQG) esu%)s (Wf;a“ al.
2013). S ecL. caII{” Suek e al. (1999) ebse \ed lhea s aial
¥ mma ien U ® 150 ms afe imMs ens “}h MEG.
quaW eEal (2013) e o ed hathe im¥Us-lecked com-
i of CoeG es @ses hasa\ aexim elfmea s 73 ial
sU mtn 1¢ by he b oadbakd as{;ch aels com ach eof

ECeG es ﬂses is sU' badd % ie. Thes s¥ gees edt h% he sun-
UlI'-ls lecked cem o\ ECeG ¢ egs a bie Asia
es o\se ° cc\' as, snmla ¢ ® o C'i s ense, whe eas he

boadba‘;d cem & ecsaléhge susamed es “&se
ce\e s seye al, Asid e ieds, simila “}h o lae
cem Aat s s¥ch as PI aad N150.

ER

Implications for the Neural Mechanisms of Attention

O esl]s also ha \€ 1m e a}b‘m hc ins fo the Le¥ al
xnechaklslns of s d& 1a1 1& enc haad, he he . N

i c me lae 1 am 1 Ude has leng bee\ acen e-
(e sy (F ey al. 2010; Kell< .2008; Marf;e, al. 1999).
The yeak l’!e\ce of o\ Cl am l Ude fo'\d A o

iud 1s ceh sl h he "e Jie¥s est (F ey ¢ al. 2010;
elly % al. 2008; Ma ie‘e al. 1999). Hee e, gl A ha
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%'e'xﬂio\ did medilge he s Tessiye i b
g gs h% ¢ e clese e each %uhe the\ﬁmgh effe
of at a idi 1d‘5a1 imiMs migh Ms bea es] eof
As i 1ca1 o“e Oh _he @ he hadd,, he o\g
Anodul 10\ of i o ea Iy e aglo\s b weoh ! ile
ebjec s e eale an Cl sugge 1¢ ch medilge
fst .(‘EI‘S be eéa ebjec s & th a e {, ea 1{, %age Mes
Teiels clec o h<.s1ologlcal Ad hv Lna\ dies o\l<v
she, ed h ea 10\5 fu e a eas coU d be medv:
I%ed bi, 1.\ (Ka: al 199%) Aéhough o Teiels
(C e\ al. 20 4) a\d a ec di, b<. Mille al.
?2015) ) 1§ed e 1de\ceth %'atli Anodulgethe
ias & _hese
nclMde A
e,thei esU]s
e ac is exis s
& ded. h addi-
ih e Teievs
1%e des1gL fo
hee ee e ask
tghnul"‘s co\

hee ae limj
al.(2015) did
Udy  he efe
* es51‘e
V»e € k
cem a ed

fs{,ea i« b wee  ebjec s
& dies. Fo exam le, Mille
Aded cendjien futhei s
fld\ @ add ess whe he "o L%u
b%“ee\ obJe s he\ he? li
i, as ye o Plaﬁecf ea lie , d
sud{,, o U Udy has a me e a
eamhihg he effecs of g o ieh (ie.,
dify &) &ffe dces be e diffe
ihs) &'d e ided coh (e ghg e iddce f om beh hel'1
akdlo“e \1sual elds h he ea iens b “ee\ielghbo—
g ebjec s ca be mocﬁll% ed by o\ as ea lyas 80 ms A
V1. The ecfe e, &% \dmgs il a d o, he ¢ at Wde setud-
mg of ?(]e}u\ Anodul .
alse beL ed hy o 1df;g o\ Ac eased
a%u\sb%“ea closeg igsbi,s %131? it do'eskr Uk
con, a{.tothe e 10‘45,‘1dmg hy selecie Xio\ de-
C eases Schse® g I\ ¢ ag‘lo\s (Des1 meh e akd Acan 1995;

Kas\e al. 199 ). e 51g\ ca&t dlffe Ace A o ud{,
V‘asl’h A, ici A s did\ em/ o U ess hel'k Td ce
of ah hg g%fugs becalse hey es ewded o he Secand
LIl Blus As ead .ft he iU s, T is osslgleth t’he
“eio¥s,hdhg & selecie %10\ (Le., selegiye %%i(\
dec eases he & e a 10\sb G we m¥ 1le 1m¥li) and o
yhdhg ega dfug s g ial i (e, sTyial g & ik A-
c eases & e a 10\5) e‘ea?td de "Adé "ocesses of é\-
tlo\ Fe exam le, hey migh e RETN why e hae dify &
A idé 1f<.ig a ce al ag amo\g nu}l le objegs 29 s

gl ce (bécalse s 3 ial g A i i eases e ac ions v
ea lies s age of Jistal ce_ical “ecessh g), afe foc%sfsg
o\ he a g os i fo a hlle wE€ cah easily idé if{jthe
a g% (beca se selegl e %ra'u\ 1s em ]o<,ed oaie .ut
i eled f;fo mgil g alge sage).

A sum, e idece e ghge 1dace h e gh, he ea lie
ERP cem o\ Cl hg , he ea 1<. istal slgkalsl? he o t-
laien le el felle,, a Ihea s 1a1 Y mma ien le ad h%
s aial TN cak affe he lfuea}{,of his s¥ mma ien he\
he m* ile ob_]e sae cf esc, e cach . Ohe limj g ien of
o ex ehn is_ h “eokli.te ed eeobje s. 1 is V&.yh

ej g hey, \1suafs1g\als QOI“hQ he e a e me e ebjec s.

d it we did\e maitlae, he eI%)u\shl 'b;“e the
e i ions of \ea by g Ags. ] has bea sho“\ h% tl}e
di e%u\ (A hibj ien fac1l % ) of e ac iens %%“ed
\ea hgs de &ds & hei colh'\ea v adec
(Polz} ¢ a? 1998). A o Ud<,, he o id 10\ of he ag
zmd all a.‘;ke s wee a.‘;dmnl<. “selec ed fo each 1al id all

Ags “had fU11 coh a5 . We dldl Aalyie hey, cellihea
afe ed he dle 10\ off?ea 10\5 fu ead, V~e uled%\
effe%s of thlb} i ad acﬂ}%lo\ h1ch she,ed h% the

SPATIAL SUMMATION REVEALED IN ERP COMPONENT Cl1

®.¢ : all effec b “ee\ \ea b<, fu1l- c %lfkgs .as thi-
C}lﬂ Ne‘e heless, o¥ cem 2 iseh b e am ude of
| Adeced” be a m!] iebje LIluIUS aud he sULn of he
nljudes of Cls Ad¥ced byj's cem ehé ‘ebjec s “’ o ides

a Lo‘el me hed fo meas! Kg ce_ical & e ac itks b “ee\

m]ilej msusmg ERPs. |\ heﬂ!u e, esea che s cetld e
he, cellhea {,akd cen ag ofg Ags aff§ he Lnfsg of
facﬂ i o fuhllzl}lu bff‘“ed kea b{ g e cetld
alse Use_his me he %e ag s b; “ee\ high-le (el
\stal shnuh s¥ch as aimals, faces, ® heUses.
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