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Abstract The agent1 nd] bl nk (A refers i the find n8
thagperf rmanee n the see¢ nd f it tar fets (T1 and T2)
n ardd seral vsUa present@in ( SVP) stream s
mp ared when the taris are presented wthn 200
500ms. T expl rethep ssble nteraer1 n berween g a1l
agent1 ndl rentnand 1emp rary apent1 ndl defiess th s
st'dy Ysed eeniral (end Een Us) and perpheral (ex f
n Us) ¢%es n amYiiswream §VP 1ask and ¢ mp ared the
end &n Ys and ex &n Us eVenfeffeets nsde and Y
sde fthe A perid Whiethe end &n Ys ¢Ue nSeffest
was ¢ nstant® magn1Ude ver ime the ex Sen Us ¢le S
effest was siEn fisanily lar€er nsde than Y%sde fthe A
per1d The revrwed mplwdiins f these find n&fr tl*
nierder1 n between anent1 n meehansms n g 2@l and
temp rald mams are d seYssed.
Keywords Amientind bink nd &n UYs e nb
x fen Useen® VP
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Introduction

A «aUeq] fUnetin f hUman & a dresied behavir st

dentfY tar&eis am n€ d srraer rs. These d sraeg rs may
ppear smYtane Us]y wth a garfey bl ay d flerent 1 2
tins r pedr a the same | ¢d1n as the tarfer bY% n
dfferent tme wnd ws. As the am UYnt f ament1 ndl
res Yees s1miaed theres Ureeshaver be all sated pi1
majly a nEether the gl rthe temp ral dmensin r
b th dmensins selestn® nf rmagin relevant + Y
€ als r ntent1 ns. The meshansms f anent1 ndl selest1 n
ver wa@ r temp ral p siins have Y wally been
nvesti€aied np arad €ms thayd n thave dreet 1 nks w th
eash ther.

The agent1 nal bl nk (A ) s aparad®m f r exam nn€
aggent1ndl @l edin n ife temp rd] dmens1n. When
bservers searsh f r 1w tarfets narge d ser @l v sYalpre
sentatin( §VP)sireams they YsUajly have n d flie¥iy n
rae rinEihe first tar€et (T1). Y% f the see nd 1ar&ey (T2)
pears withn the per1d A200 500ms afier Tl the
rep riyassUracydr psdramageallyreldgvet ae¢ ndiin n
wh h T2 3ep ears Jater than 500 ms( r adbent and r ad
bent 19 77, aym nd et al. 1992) Tis defies n ngrq. I
5 edlled amentind blnk (A ) wheh s ¢ mm nly
assUmed 1 reflest the d flie%yy®n reall «an agent1 nal

res Yeesfr m T1¢ T2 wihnarelagvelysh riperid.
O, the ther hand Al ¢a1n f ament1nd res rees
ver 1@ | edt1ns 5 Ystally expl red wih the ol
tar ey p arad m (P sner 19 0) n whuh a Y preced n®
the tar&ei nf rmsthe bserver ab Uy thep tent@l 1 eat1n

fthe Y ¢ mnSyarer

Tw types f sleshave been d flerent Ared thep erp he
ra] ¢Ue and the senird] Y% Theperpheral ¢Vs «elrrnéa
thetar&ei] eapin(f rvald ¢%end) ran nar&y] ed1n
(f r nvald ¢%en&) 5 UsUally an abrpt nset stmYUs and
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sn nnf rmave wihrefard ¢ the ]l a1 n f the sUbse

qlent 1ar&er It epifes awentin ex fen Usly 1 the
perpheral | et and s flnet1n s theref re UYsYajly
edlled ex fen Us ¢Ye n€ The senira] ¢l UsUa)ly eelrs ay
the eenird] fixaiinp st1n and nd saies the [ kely tar &et
1 ¢@1n ntheperphery thr U&h an ntent1 nal nierpreta
tin fthe meann€ f the ¢% (¢.& an ar wp mni

the left 5 ntereted as nd s nEthag the tar et s1kelyt

be there). The eenira] ¢ UsUajlypred s the | eag1n f
the sUbseg Ueng tar &y ab ve ehanee level rents aent1 n
t the ¢¥ed] edt1nend &n Usl% and nv lvesm re ¢ m

pludied v [Uniarypr eesses. Thsknd f ¢Yen€flnetin
s YsUally edlled end Zen Us ¢Yen€ As sUmmar ged by
I'\lcn(’ziu) ex &n Ysand end Sn Us ¢l ngpr €ESSES

d fler nmany ageets, nel'd nEihe tme ¢ Yse, fthe ¢Ye
néeffeet( ndes19 1,M Jler and abb gy 19 9) the sen
stviyt addiind mem ry 1 ad and ¢ % vaduay

( ndes19 1)

X &n Y and end &n Ys ¢Yeng are sUbserved by
d ferent apent1 n ne%al netw rks. The d rsal fr nipare
13 neww rke whsh melUdes the nirds ar e1a] sYeYs and the
fr n1a] eYe field s nv lved nend &n Ys agent1ndl ¢ n
tr 1. The ventral agent1 nadl netw rke whsh mnelYdes the
ri€hy temp ral parerdl jUnet1n (rTP ) and the r i€t nfe
rirfk mal 8yrYs 5 nv 1yel mex fn Ys amentindl ¢ n
] (" rbema era 200, " rbepa and shUman 2002,
shUimaneta 2009). " rexample p2rents wthlesins n
TP have defiets nex &n Ys eYens ajth U&h they are
able 1 UYse pr babigy nf gnatin 1 faeirde apentin
shfin€( redrwhera 199 ) TherTP skn wnt aet as
aereUy breakerf rihe d rsal fr nt p ar e1dl netw tk when

1 5 aqgvaed by salent rrelevang stmY 1 It £t 1 ns
re rent agdpil ndl res Yees 1t these stmYi1( ' rbena
era. 200, " rbega and shYmap 2002, shUWman ey al.
2009)

At the same tme the rTP 5 als nv lved mn tar &y
deteetin and plays an i ridnt r le mn the A
(H mmgl etal_ 2006, HUsan ey al. 1997, shge 1 et 4
2002). 7 r examples shdyr et al (2002) f Und thay
paients wth TP Jesins sh w sir nfer A effest ¢« m
pared 1 healthy ¢ nir 1s whereasp ayent@w th a she
rirpared ] belesind n tdffer n A perf rmanee
fr m ¢ nir 1s. ThUs rTP m Ehy play a%rUeq) r Je n
b thex &n Ys ¢Yenfand the A _Ths verld m Eht
pred et an nteraei s n between the®x Zen Us ¢V n&and
the A

Th® manyp U se f the present st%y 51 pr vde
behaviral evdenee f rihshY thess In ther w rds we
w Ud ke t determ me whether and h w the faei1ag ry
effests f paial ex Een Us and end fen Us ¢Ue n& affest
the A defiet n the temp ral d man. gY%h a findn&
w Udkegpen W Understand n€ f the ament1 ndl selest1n
pr eess nthetemp rald man
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arl er st%d es havepr vded olYst the answerst ths
qlestin On the ne hand s me st¥des (Nelwensten
2006, NeUwenste n et a2 005) Used a yask rrelevang fea
tre napresed ndsirae ri s the e mnET2 nihe
SVP and bserved afaei1ag ry ¢Ve n€ effest nsde bl
nt Ysdethe A perid @ther sildes( xperment4 n
N eUwensie n et @ 2005, Zhan€ey al_2007a) ¢ mb ped the
ex &n Us ¢Ue n€icshngle w th the aggent 1 nal dwell 1 me
p arad 1€m (WUnean et al_ 1994 ). In ZhanEer a_(20072) 1w
masked 1arets were presented @ d fferent 1 ¢at1ns. In
addu1 aperphera ¢le wih 100 % of rmagve) 50 %
(n nnf rmayve)val d 1y waspresented afier T1 1 Y the
1 ¢dtin fihe Ype mnET2 elagvet the n el base
Ine T2perf rmanse was enhaneed by aval d ¢V whether
nf rmave rn nnf rmave bY nly when the T1 T
nterval was wthn the YsYal A peri1d Zhan€ egal
(2007b)presented @ ¢ 1 red T2 n e f the three s mYya
ne Uslypresented SVPsireams fleters(sf Peiers n and
Ua2000) [n half f the r@ls a dsiraer r beyween T1
and T2 had the same ¢ 1 r as T2 r had a d fferent ¢ 1 1.
Ths ¢Y% whsh was aways n the same siream as T2 thls
predsted the T21 eap1nwih 100 %valdyy. thiypes f
¢Ues (w th magehn€ rn nmageh n8 ¢ | 1) Phei 1ared the
rep ri f T2 and these fasi 121 ryeffesis were Jar&er ns de
than Ysdethe A perid

®n ihe ther hnd a si%dy empl Yn€ an end &n Us
sUe nEteshng Y w th the apent1 nal dwell 1 me p arad 1¥m
f Und thai the ¢Ye nEeffests dapeared negUa magn1ldes
b th nsde and Ysde the A (Zhan&eyal 200 ) Thrge
exper ments ad ped three leSels f ¢Ue vaiday 5%
and 100 %)rc;catlvcly_ elyvet then e% ¢ ndi1 e
faeigay ry as well @ nhby ry eYe n€ effeets nereased
w th nereasn® ¢Y% vald 1y and w th neaeasn the nset
asynehr ny berween ¢l and tarfet (TOA) [mp rianil %
h wever these effests dd n 1t nierast w th the nset asyn
¢hr ny beyween T1 and T2 (TOA ).

ThUs these stYd es sh wed d flerent @] p anerns f een
wra] and perpheral ¢%en€ n ament1ndl bimk wh the
perpherdl ¢Ye n€sh wnfajlarferfaeita ryeffest nsde
than Ysde the A » whereas the eenira] ¢Ye n€ havpné
¢« mp arable faci1afry effeets nsde and Ysde the A
These resUlis sUSEest thay d flerent tYpes f 9 2@ Ve fS
may ¢ mpensae f r the A defier va dflferent meeha
nsms Spesfiedlly f 11 ¥ Methe b st and b Unee m del
(®] vers and Meeter 200 ) we assUme thag the d rsal fr n
tpareed netw rk sndls nhbary ¢ nir 1 ver sens ry

rperegptVapr eessnEd%nihe A A salentstmYls
sa% an ex fen Us ¢V asvages rTB, whuh breaks the
nhby ry erels va ayransent si€ndl and re rents aiten
tinalres Yreest np Yipr eessnE If the sUbseq Yent tar &t
gpears wihn arelaively bref perid 1w Yd benefit
fr m sUsh rTP aegvag1 n. When the A effest desays the
tp d wn nhbary sinal n 1 nrdelays a d mnan
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r le and ¢ nseq Yenily T2 w Ud benefitless fr m th s rTP
astvarin. A eenirdl ¢Y% n ¢ nwrase w Yd aevae the
drsalnetw rkt s¥naltp d wne nir 1 and 1 faeiae
tarSerpr eessn€agthe ¢Ved | ¢at1n Thsp sive sienal
w UYd ¢ mpensaie f rthe nhby rysinal wihnthed r
sal netw rk PresUmably tarferpr eessn€ ¢ Uid benefit
fr m thsrelagvelY ¢ nstant ¢ mpensai1n b th nsde and

Yisde the A » n ¢ nirasi ¢ the wansent srely breaker
effe st ndYecddby aperpheral ele.

As ar8led by Gh rashier a_ (2009 ) h wever temp

ra] mte&rag1 nbetween atar&ey and s mask d% ¢ v sl
persstenee (WL 11 et al. 1994 )m i€t be apr blemf r
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Method
Paryep ants

F riy r1€ht hapded stl%ents fr m Pek n€ Uhversty were

reerUged nretrn f r m netary ¢ mpensdi1n. Ther ages

ranSd begween 19 and 26 Years wih a mean f

21 + 24 Years_ All thp ary 1 ants rae ried havn8p rma]
¢lrvsinand nrma r e rresged t n rmal eyeshy

They were rand mlY assi®ned 1 ether xperment 1 r
Xo er ment 2.

Wesién

xper ments 1 and 2 ad pied essent A11Y the same w thn
stbjeet desi®n. The nset asynehr ny berween tarets
(T®A)had 2 levels F6 and 752 ms (162 T2 presented a
1284 r f 1] wnETI) A ¢Y% waspresent n 50 % f the
r 8]s_In thes®eled 1r @ls the nset asynshr gy begween the
‘IJ% and T2 ( "TOA) was e gher sh ry (1 ms) r]ng
(2 2ms), thay s the Y waspresented nthe see nd 1 the
th rd frame bef re T2

App aragls and stm Y 1

The exper menis were rl'n n a s Und awenYaed ﬁmly
ilYmmaiedr m wih ssmYipresented naly " T
mnerr%nng a args 1%in f 1024 x 76 p xels
and ay arefreshraie f 5 Hi gimYYspresentaii n and
ree rdn€ f thepartiep anis’ rep nses were ¢ nir lled
by Present@i1 n's fiware (hiw nbsne% bs.e m ) Tar
&ets and dstrasg rs were 2] UYp erease leiiers drawn
fr m the aphaber and were presenied n three s mYjia
ne Y gVP streamsplased m an li eq Uiagera] yr @n &Y
lar arran&ment a n& an ma&mary erele wih a 14,
d @meter (of_ Peters n and U 12 2008 see 18 1) The
baek & Und was bjack (wahthe G valle fl6 & ¢)

aeh siream ¢ nssted f 21 tems®w th the resir oi1 n
thay n leuters were repedted w thn a siream  r Jep eared
n m re than ne siream 3 the same frame_ . r half f
thep ary e p ants the first 1ar &ey (T1) was nred ([1 &

) and the see¢ nd 1ar et (T2)was n &een([® 100 )
and th s ass Enment wasreversed f r the ther half f the
partiep ants. The Jetter astmEasether T1 r T2 eelrred

nlY nee maiw@l Tl Jepeared as the 7th 11th gem n
any stream w th eqUa pr babjyy T2 always gepeared
w th eqUalpr babj gy nthe ther tw swreams. The d s
traet r lerters were n &ay ([125 125 125 ). The nset
asynehr ny between ¢ nseeUgyve VP frames was
% msf r allpargep ants. The aetVal dY%ag1 n f a lewer
n eae¢h frame was determmed f r eashpargep ant m 2
pretest (of. shUman et al. 200 3. [n ths pretese the

@ Springer

SVP sireams were smiar ¢ the f rmal exper ment
w th the exegpt1n thay nly Tl waspresented m eash
el Inadderp Ts d%ag1n was rand mly var ed 1
beether 4: 547 5% r 71 ms. Thed%ai1 nthagled t
ayar Eer aseUracy f dpr x magely 70 %was Used n the
f rma] exper ment. A & Y mean f B mstarer dYa
tin was f Und (S® 14) and was Used m the f rma
exp er ment_

In eash exper meng half f the o Als had a ¢Y% mnseried
betyeen T1 and T2." r xperment I a &ay ([125 125
125 ) 9 Yare frame sUbgend n 05" x 055 enereled ads

aer r Jegter n the siream where T2 was ¢ be presented.

r xperment 2 an ar w c”c([l?Sv 125 125 ) w th the
len&h f ab Y 04 sUbsiyled the eenird fixagin  th
tpes f eVYeslasied f r 9% ms andpred sted the | 34 I'}n f
the pe mmET2wth 100 gvalday.

Pr ¢edlres

Ypressné the g aec ban p arpep ants n 1 @ied eash r @]
fixay1 n dgwlay ¢ nssted f a eenird] fixag: n er ss and
three &ay Yl pe frames. The frames marked the 1 ¢ag1 ns
where the VP sireamsw Yd e Whereas the frames
were presented f r 1 000 ms (see © 1€ 1) the eenird] fixa
t1n snremaned n the sereen Unti the end f the ir @l
(exeopt when a eenira]l sYe waspresenied ). S Ubsey Yenil
the three sireams f leners were presented s mYiane Ysly
ay the three 1 ¢a11 ns. Pargep anis were nsirYsied @ keop
fixaym€ n the eenrdl sn and 1 av d eYe m vements
dWn€ a ywal. They were asked 1 m ntt the gVP
streams and dent Y the ¢ | red leners. At the end f eash
r @ p argep ants rap ried the 1ar feis by 1 nihemy n the
rder f dpearanee n a ¢ mp Yier keyb ard. They were
ene Yrafedy 8less whether they were Uns're whay the yar
Eeis were.
In ea¢h cxPQrmcm» there were 45 ¢Ued r@ls f r eash

¢ mbnatin f TOA and TOA apnd 90 Yneled ralsf r
cash TOA Jeadn&1 ay 1a f $0 wrals In eash exper:
mene tr@Als fr m d fferent expermentdl ¢ nd 11 ns were
eqUally d sir b%ed ver five testm€ bl ks wih 1
2 mn bredks berween bl eks In adde1n partep ants
reec ved 4 dpraegiee r @s.

Results

The ase'raey f Tlregp re n b th exper menis was ab Y
70 % w th n d fferenee berween exper mental ¢ nd 11 ns.
Trals wih Tl ben8 ne rreely rep ried were exel Uded
fr m f%her apalyses. Waga a%alyscs were then ¢ ndYeted

nthe acetracy f T2rge ri(" 1£2) ¢ ndt1ndlsed Y n
T1 ben& ¢ rreeily dent fied (T2 T1).


http://nbs.neuro-bs.com/




420

X ran es(2010)205415 422
2

pr sessn€and ¢ ns 1dagin f T2 sUffers fr m the I m ted
res Yees depleted by T1 r fr m the b uleneesk fp st

peregpilalpr eessn £ T1 H wever then 11n fab g

tleneek r depletin fres Yees 5 ne ndrl%nt wih the
present resUis. Aes rdn ndes (19 1) end &n Us

renin€ elwied by @ eenird] ¢Ue s res Yee and tme

¢ nsUm n& an nerease nmem ry] ad r adeerease nthe
pr eessnime fihe ¢%ew UdredYee the sue fthe ¢le

néeffest If drnEthe A peri1d there are nly 1 m ted
res Yees avajable f r p% sessné the eenirdl Vs we
w Udexpest the ele nEeffest t be smaller than when the
sUe spresented Ysde the A perid Ths ehallene 1

the wad 11 na n tin fres %ee depletin s ¢ nsstent
w th the reeent rend n wheh the ¢alse f an A 5 sh fied
fr m agent1 ndl res Urees ¢ agentt nal ¢ nirdl (e.& W1
L 11 eta. 2005, Margens and Wyble 2010, @] yvers and
Meeger 200 , @] vers egal 2007, TaagSen ey al. 2009)
M rereeent ¢ mp Y211 nal m dels fthe A (e & @] vers
and Meeter 200, TaagSeneral 2009 )by s the n 11 n f
Imied ¢ aery H wever these m dels make n explsy
statements ¢ neernn® the dss e@ble r les f ex Sen Us
andend &n UYs elen8 nihe A

T ace Untf rthe r find n€3f the absenee f an mter
ast1n between pat@al ¢Yen® and the A » Gh rash;
etal (2009 )pr p sed a dYa] p ajhway aee ¥y m terms
f avenwral and d rsal v sUalp athway gpeefieal]ly they
sU8ested thay the g a1 1] selest1n s earred Yy mamly
a] n&the d rsalp athway whie the 1ar &t dent fiedt1 n

selrs manly w th n the veniral p athway. Ths aes Une
h wever ]aeks detai. We & a siep fUrther by sU8Eest
n& an a¢e Unk ment1 ned m the Inir dYi1 p'\n terms
f the d rgd and veniral ayent1 nal neitw rks (' rbena
eral_ 200, ' rbegyya and sh¥iman 2002, shUmanp eq 2.
2009).

In 1ne wh the b st and b Unee m de] (@] vers and
Meeier 200 ) we assUme thay the d rsa] netw rko whh s
as mv lved n end fn Ys awent1na ¢ nir b sEndls
nhbrry e nr 1 ver np Y% pr eessn& d% né the A

thex &n Usapndend &n Ys een€e Ud ¢ mPCnsaic
$ rihe nhbt ry si€nal and faei sare T2perf rmanes by
n d flerentp aierns and thr U&h d fferent me shan sms.

Inthe sase fex &n Ys ¢len& 1fUner1ns by ast vay
n& the r'TP, whuh serves as a ereYy breaker and wran
sently dsrYpts the tp d wn mhbary sénal fr m the
d rsa] netw tk.H wever the faei 1ar ry effest srelagvely
sma]] Ysde the A » whenthe nhbyr ryip d wnsénal
sn 1 nfrd mnth

In the e¢dse f end &n Ys ¢Vend ared]] ¢ans anen
tinséna s bUit Y wihnthe d rsal neww rke drestng
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thay the end fen Ys rentn€ ¢ Unieraes the nhby ry
tp d wnsinalsdhnan A _®navera the net benefit
may be the same f r b th AO@As [n faes 1 has been
rep ried thag when thepr eessn€ f anend &n Ys ¢l s
n tdeteriraied bythe A » ¢ & a¢le nd kst nETOApre
sented bef re eaeh ir @b ¢hd Sen Us agent: nal m d%ap1 n
f T2 perf rmanee s larfer nsde than Ysde the A
(Margens and  hns n 2005). T test the valdiy f 1
aierayve aes Ynp m re researsh s needed n whish the
stafes fend &n Ys ¢Ue ngare nvestSaed sop arage]y.

In sUmmary ajth U&h the dynam s f aggent1 nal seles
tin n the wa@l and the temp ral d mans have been
extens velY nvest€ated a n sqp arage researsh [ nes 1 wile
skn wnab Y h w gar@l and temp ra] agent1 nd seles
t1n m €t nieraer. The present stUdy sUSEests thay g a1 @l
ex &n Ysandend &n Ys ¢YenEmayfUnet1nvedifer
ent meshansms n nierdetn€ w th apent1 ndl selesi1n
pr eesses nthe emp rald man
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