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Abstract The a en lenal bllnk (A_ ) refers e he finding
ha perferman e en he sc end of we arge s (T1 and T2)
In a rapld serlal visual presen a len (RSVP) sream Is
Impalred when he arSes are presened wlhin 200
500 ms Te explere he pessible In era len be ween spa lal
a en lenal erlen Ing and emperary a en lenal defi 1's, hls
s udy used enral (endegeneus) and perlpheral (exege
neus) UesIln amul!lsream RSVP ask and empared he
endegeneus and exegeneus uelng effe s Inslde and eu
slde of he Aq perled While he endegeneus uelng effe
was ens an In magn! ude ever lme, he exegeneus uelng
effe was slgn!fi an ly larSer Inslde han euslde of he AE
perled Theere 1 al Impl! a lens ef hese findings fer he
In era len be ween a enlen me hanlsms In spalal and
emperal demalns are dls ussed
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Introduction

A rulal fun len ef human geal dlire ed behavier Is e
Iden fy arge s ameng dlsra ers These dlsra ers may
appear slmul aneeusly wl'h a arge bu a dlfferen le a
lens eor appear a he same le alen as he arge bu In
differen I!me windews As he ameun ef a en lenal
reseur es s Ilm! ed, he reseur es have o be alle a ed ep !
mally aleng el her he spa lal or he emperal dmenslen er
be h dlmenslens, sele Ing Inferma len relevan e eur
geals er In en lens The me hanlsms ef a en lenal sele len
ever spalal er emperal pes!lens have yp! ally been
Inves 1ga ed In parad!gms ha de ne have dlre Ilnks wlh
ea he her

The a en lenal blink (A ) 1s a paradi€m fer examlnlng
a enlenal alle alen In he emperal d!menslen When
ebservers sear h fer we arge s In a rapld serlal visual pre
sen a len (RSVP) s ream, hey usually have ne diffi ul y In
reper Ing he firs arge (T1) _ u f he se end arge (T2)
appears wlhin he perled of 200 S00ms afer T1, he
repor a ura y dreps dramal ally rela lve e a end! len In
wh! h T2 appears la er han 500 mfnj% readben and_ read
ben 1 87, Raymende al 1 2) sdefil In T} reper
Is alled a enlenal bllnk (A, ), whi h 1s emmenly
assumed e refle he diffi ul y In realle alng a en lenal
reseur es frem T1 e T2 w! hln a rela lvely sher perled

On he e her hand, alle alen ef a en lenal reseur es
ever spalal le alens 1s usually explered wlh he ue
arge paradlgm (Pesner 1 80), In wh! h a ue pre edlng
he arge Inferms he ebserver abeu he pe en lal le a len
of he up eming arge

Twe ypes of ues have been dlfferen la ed he perlphe
ral ue and he enral ue The perlpheral ue o urrlnga
he arge le alen (fer valld uelng) er a nen arge le a len
(fer Invalld uelng), Is usually an abrup ense s !mulus and
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Is neninferma 1ve wl h regard e he le a len of he subse
quen arfe I ap ures a enlen exefeneusly e he
perlpheral le alen, and !'s fun len Is herefere usually
alled exegeneus uelng The enral ue usually e ursa
he en ral fixa len pes! len and Ind! a es he llkely arge
le alen In he perlphery hreugh an ln en lenal In erpre a
lon of he meanlng of he ue (¢ &, an arrew peln Ing e
he lef 1sIn erpre ed as Ind! a Ing ha he arge Isllkely o
be here) The enral ue usually predl s he le alen ef
he subsequen arge abeve han e level, erlen s a en len
e he uedle alen endegeneusly, and Invelves mere em
pl! aed velun ary pre esses Thls kind ef uelng fun len
Is usually alled endegeneus uelng As summarlzed by
Kleln (2004), exegeneus and endegeneus uelng pre esses
differ In many aspe s, In luding he lme eurse of he ue
Ing effe (Jenldes 1 81, M ller and Rabb! 1 8 ) he sen
stlvly e add!lenal memery lead and e ue valldly
(Jenldes 1 81)

E xegeneus and endegeneus uelng are subserved by
differen a en len neural ne werks The dersal fren eparle
al ne werk, whl h In ludes he In raparle al sul us and he
fren al eye field, Is Invelved In endegeneus a en lenal en
rel The venral a en lenal ne werk, whl h In ludes he
righ emperal parle al jun len (rTP/) and he righ Infe
rler fregsl gyrus, 1s lnvolvcdljtcxogcnous a en lenal en
rel ( ‘erbe a ¢ al 2008, ‘erbe a and Shulman 2002,
Shulmane al 200 ) ~er example, pa len s w! h leslens In
TP have defi 1s In exegeneus uelng, al heugh hey are
able e use prebablll y Infermalen e fa lllae a en len
shif Ing (Frlcdrl he al 1 8) TherTPJ1s knewn ea as
a Ir ul breaker fer he dersal fren eparle al ne werk when
1 1s a lvaed by sallen eor relevan slmull I fun lens e
reerlen a cn)@nal reseur ¢s o hese s!mull ( ‘erbe a
e al 2008, “erbe a and Shulman 2002, Shulman e al
200 )

A  he same lme, he rTP! Is alse Invelved In arge
de e len and plays an Imper an rele In he A:,
(Hemmel e al 2006, Husalne al 1 7, Shaplre ¢ a
2002) " er example, Shaplre e al (2002) feund ha
palen s wlh TP/ leslens shew s renger effe em
pared e heal hy en rels, whereas pa len s wl h a supe
rler parle al lebe leslon de ne differ In perferman e
frem en rels Thus, rTP] migh play a ru lal rele In
be h exegeneus uelng and he Thls everlap migh
predl anlnera len be ween he exegeneus uelng and
he

The maln purpese eof he presen s udy Is e previde
behavleral eviden e fer hls hype hesls In @ her werds, we
weuld l'lke e de ermlne whe her and hew he fa 111 a ery
effe s of spa lal exeSeneus and endegeneus uelng affe
he defi! In he emperal demaln Su h a finding
weuld deepen eur unders anding ef he a en lenal sele len
pre essln he emperal demaln
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E arller s udles have previded lues e he answers e hils
ques len @n he ene hand, seme s udles (Nleuwens eln
2006, Nleuwens eln e al 2005) used a ask lrrelevan fea

ure on a pre eding dlsra er @ ue he up eming T2 In he
RSVP and ebserved a fa 111 a ery uelng effe 1Inslde bu
ne euslde he perled @ her s udles € xperlmen 4 In
Nleuwens elne al 2005, Zhang e al 2007a) emblned he
exegeneUs Uelng e hnlque w!'h he a en lenal dwell !me
paradlgm (Bun ane al 1 4) InZhange al (2007a), we
masked arge s were presen ed a differen le alens In
add! len, a perlpheral ue wlih 100 (Inferma lve) er 54
(nen!nferma lve) valld! y was presen ed af er T1 @ ue he
le alen of he up emIng T2 Relalve e he ne ue base
Ilne, T2 perferman e was enhan ed by a valld ue, whe her
Inferma lve or nenlnferma lve, bu enly when he T1 T2
In erval was wlhln he usual perled Zhang e al
(2007b) presen ed a elered T2 In enc of he hree slmul a
neeusly presen ed RSVP s reams of le ers ( f Pe ersen and
Juela 2000) In half ef he rlals, a dlsra er be ween T1
and T2 had he same eler as T2 or had a dlfferen eler
Thls ue, wh! h was always In he same s ream as T2, hus
predl ed he T2 le alenwlh 100 valldly _eh ypes of
ues (wWlh ma hlng er nenma hlng eler) T?'a Ilaed he
repor of T2, and hese fa 1! a ery effe s were larger Inslde
han euslde he peried

®n he e her hand, a s udy empleylng an endegeneus

uelng e hnlque wl'h he a en lenal dwell lme paradiSm
feund ha he uelngeffe sappeared, In equal magn! udes,
be h Inslde and euslde he (Zhang e al 2008) Three
experlmen s adep ed hree levels of ue valldly (50, 840,
and 100 ) respe lvely Relalve e he ne ue end! len,
fa 1! a ery as well as Inhlbl ery uelng effe s In reased
wlh In reaslng ue valldly and wlh ;(rcaslng he ense
asyn hreny be ween ue and arge ( T@A) Imper an ly,
hewever, hese effe s dldne Inera wlh he ense asyn
hreny be ween T1 and T2 (T@A)

Thus, hese s udles shewed d!fferen lal pa erns of en
ral and perlpheral uelng In a en lenal blink, wlh he
peripheral uelng shewlng a larSer fa ! a ery effe Inslde
han euslde he , whereas he enral uelng havlng
emparable fa 1! a ery effe s Inslde and euslde he
These resul s sugges ha dlfferen ypes of spalal uelng
may empensa ¢ fer he defi 1 vla differen me ha
nlsms Spe 1fi ally, fellew!ng he bees and beun ¢ medel
(®@Ilvers and Mee er 2008), we assume ha he dersal fren
eparle al ne werk signals Inhlbl ery en rel ever sensery
or per ep ual pre essing durlng he A sallen s Imulus,
say, an exegeneus Uue, a lvaes rTPJ whl h breaks he
Inhlb! ery 1Ir u! vla a ranslen slignal and reerlen s a en
lgnal reseur es o Inpu pre essing If he subsequen arge
appears wlhln a rela lvely brlef perled, 1 weuld benefi
frem su h rTP a 1va len When he effe de ays, he
op dewn Inh!bl ery signal ne lenger plays a dem!nan
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rele, and ensequen ly T2 weuld benefi less frem hls rTP]
a lvalen A enral ue In enras, weuld a lvae he
dersal ne werk e signal ep dewn enrel and e fa lllae
arge pre esslng a he wued le alen Thls pes! lve slgnal
weuld empensa e fer he Inhlb! ery signal wl hin he der
sal ne werk Presumably, arge pre essing euld benefi
frem h!s rela lvely ens an empensa len be h Inslde and
euslde he ,}b, In enras e he ranslen Ir u! breaker
effe Indu ed by a perlpheral ue

As argued by Gherashl e al (200 ), hewever, empe
ral In egra len be ween a arge and!s mask due e visual
persisen e (Bl ellee al 1 4) migh be a preblem for
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Method
Par ! lpan s

For y righ handed s uden s frem Peklng Untyerst y were
re rul ed In re urn fer mene ary empensa len Thelr ages
ranged beween 1 and 26years, wlh a mean ef
21 £ 2 4 years All he par1 lpan s reper ed having nermal

eler vislen and nermal er erre ed e nermal eyeslgh
They were randemly assi€ned e el herE xperlmen 1 er
E xperlmen 2

Peslgn

E xperlmen s 1 and 2 adep ed essen lally he same w! hln
subje  deslgn The ense asyn hreny be ween arges
(T@®A) had 2 levels, 376 and 752 ms (le, T2 presen ed a
lag 4 or 8 fellew!ng T1) A ue was presen In 50 eof he
rlals In hese }51 rlals, he ense asyn hreny be ween he

ue and T2 ( 'T@A) was el her sher (188 ms) er leng
(282 ms), ha 1s, he ue was presen ed In he se end er he
hlrd frame befere T2

Appara us and s Imul!

The experlmen s were run In a seund a enua ed, dI?ly
1llum!na ed reem, wlh s Imul! presen ed en a 17" "RT
men! er runn!lng a a reselulen eof 1,024 x 768 plxels
and a a refresh ra ¢ of 85 Hz S Imulus presen a len and
re erdIng ef he par! lpan s respenses were en relled
by Presen a len sef ware (h p nbs neure bs em ) Tar
ges and dlsra ers were all upper ase le ers drawn
frem he alphabe and were presen ed In hree slmul a
neeus RSVP s reams pla ed In an up equlla eral rlangu
lar arrangemen aleng an !maglnary 1Ir le wlh a 14°
dlame er ( f Pe ersen and Juela 2000 see " 1g 1) The
ba kgreund was bla k (w! h he RCg.l value of [0 0 0])
E a h sream enslsed of 21 lems, wlh he resrl len

ha ne le ers were repea ed wl hln a s ream er appeared
In mere han ene s ream a he same frame ~ or half ef
he par 1 1pan s, he firs arge (T1) was In red ([130, (R
0]), and he se end arge (T2) was In Ereen ([0, 100 0]),
and hls asslgnmen was reversed fer he e her half of he
par ! lpans Thele era Ingaselher Tl or T2 @ urred
enly en ¢ In a rlal T1 appeared as he 7h 11 hlem In
any s ream w!h equal prebablll y T2 always appeared
wl h equal prebablll y In he @ her we s reams The dls

ra eor le ers were In gray ([125, 125, 125]) The ense
asyn hreny be ween ense ulve RSVP frames was

4 ms fer all par ! 1pans The a ual dura len of a le er
In ea h frame was de ermlned fer ea h par! 1pan In a
prees ( f Shulman e al 2”3) In hils prees, he
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RSVP sreams were slmllar o he fermal experlmen
wlh he ex eplen ha enly Tl was presened In ea h
rlal In add! len, T1's dura len was randemly varled e
be el her 24, 35, 47 5 er71 ms The dura len ha led e
a arge a ura y ef apprex!maely 70 was used In he
fermal experlmen A Ereup mean ef 36 ms arge dura
len was feund (SP — 14) and was used !In he fermal
experlmen
In ea h experlmen , half of he rlals had a ue Inser ed

be ween Tl and T2 ~eE xperlmen 1, a gray ([125, 125,
125]) square frame, sub ending # 5° x 05° en Ir led adls

ra erle er In he s ream where T2 was e be presen ed

of xperlmen 2, an arrew ue ([125, 125, 125]) wih he
leng h of abeu 04° subs! ued he enral fixalen _ eh
ypes of ues las ed fer 4 ms and pred! ed he le a len eof
he up eming T2 wih 100 valldly

Pre edures

y pressing he spa e bar, par! !pan s In! la ed ea h rlal
fixa len dlsplay ensls ed eof a en ral fixa len ress and
hree gray eu llne frames The frames marked he le a lens
where he RSVP s reams weuld @ _ur Whereas he frames
were presen ed fer 1,000 ms (see Flg 1), he enral fixa
lon sign remalned en he s reen un !l he end of he rlal
(ex ep when a enral ue was presen ed) Subsequen ly,
he hree s reams of le ers were presen ed slmul aneeusly
a he hree le alens Par! !pan s were Insru ed e keep
fixa Ing en he enral sign and e aveld eye mevemen s
durlng a rlal They were asked e men! er he RSVP
s reams and !den fy he eleredle ers A he end of ea h
rlal, par ! 1pan s reper ed he arge s by yplng hem, In he
erder of appcaran ¢, en a empuer keybeard They were
en euraged e Suess whe her hey were unsure wha he ar
ge s were
In ea h experlppen , here were 45 ued rlals fer ea h
emblna len of "T@®A and T@®A and 0§ un ued rlals fer
ea h TOA, leading e a e al of 364 rlals Inea h experl
men , rlals frem dlfferen experlmen al end! lens were
equally dis rlbued ever five esIng ble ks, wlh 1 e
2 mln breaks be ween ble ks In add!len, par! lpans
re elved 40 pra ! e rlals

Results

The a ura y ef T1 reper In be h experlmen s was abeu
70 , wlh ne differen e be ween experlmen al end! lens
Trlals wlh T1 belng n erre ly reper ed were ex luded
frem fur her analyses Wa a analyses were hen endu ed
en hea ura y ef T2 reper (' 1g 2) end! lenallzed upen
T1 belng erre ly lden fied (T2 T1)
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pre essing and ensellda len ef T2 suffers frem he I'm! ed
reseur es deple ed by T1 er frem he be lene k of pes

per ep uval pre essing of T1 Hewever, he ne len ef a be

lene k or deple len of reseur es Is In engruen wlh he
presen resuls A erding e Jenldes (1 81), endegeneus
erlenIng ell 1ed by a enral ue !s reseur ¢ and lme
ensum!ng, an In rease In memery lead or a de rease In he
pre essing lme of he ue weuldredu e he slze of he ue
Ing effe  If durlng he perled here are enly I'm! ed
reseur es avallable fer pre esslng he enral ue, we
weuld expe he uelngeffe e be smaller han when he

ue 1s presen ed euslde he perled This hallenge o
he rad!lenal ne len ef reseur ¢ deple len !s ensls en
wlh here en rendIn wh! h he ause of an Is shif ed

frem a en lenal reseur es @ a enlenal enrel (e &, B!
Lelle e al 2005, Mar ens and Wyble 2010, @llvers and
Mee er 2008, @llvers ¢ al 2007, Taagen e al 200 )
Mere re en  empu a lenal medels of he (e g, @llvers
and Mee er 2008, Taa gene al 200 ) bypass he ne len ef
IlImled apa !y Hewever, hese medels make ne expl! !
saemens en erning he disse lable reles of exeSeneus
and endegeneus uelng In he

Tea eun fer helr finding ef he absen ¢ of an In er
a len be ween spalal uelng and he , Gherashl
e al (200 ) prepesed a dual pa hway a eun In erms
of a ven ral and dersal visual pa hway Spe !fi ally, hey
sugges ed ha he spa lal sele lenls arrled eu malnly
aleng he dersal pa hway, whlle he arge lden !fi a len
e urs malnly w! hin he ven ral pa hway Thlsa eun,
hewever, la ks de all We Se a s ep fur her by sugges
Ing an a eun , men lened In he In redu len, ln,erms
of he dorsaI}@d ven ral a en lenal ne werks ( ‘erbe a
e al 2008, "erbe a and Shulman 2002, Shulman ¢ al
200 )

In I'ne w!h he bees and beun ¢ medel (®Ilvers and
Mee er 2008), we assume ha he dersal ne werk, wh! h1s
alse Invelved In endegeneus a en lenal en rel slgnals
Inhlb! ery enrel ever Inpu pre esslng durlng he

o h exegeneus and endegeneus uelng euld empensa e
%or he Inhlb! ery slgnal and fa 111 a e T2 perferman e, bu
In differen pa erns and hreugh differen me hanlsms

In he ase of exegeneus uelng ! fun lens by a lva
Ing he rTP], whl h serves as a Ir ul breaker and ran
slen ly disrups he ep dewn Inhlb! ery slgnal frem he
dersal ne werk Hewever, he fa 11! a ery effe 1s rela lvely
small euslde he A, when he Inhlbl ery ep dewn slgnal
1s ne lenger dem!nan

In he ase of endegeneus uelng, a realle alng a en
lon slgnal Is bull up wlhln he dersal ne werk, dire Ing
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ha he endegeneus erlen Ing eunera s he Inhlb! ery
op dewn slgnals durlng an ®n average, he ne benefi
may be he same fer beh T@®As In fa |, 1 has been
repor ed ha when he pre essing of an endegeneus ue Is
ne deerleraedby he A, ;e g a uelnd! alng TOA pre
sen ed befere ca h rlal, endegeneus a en lenal medula len
of T2 perferman e Is larger Inslde han euslde he A*
(Mar ens and Jehnsen 2005) Te es he valldly ef hls
aleralve a eun, mere resear h Is needed In whl h he
s ages of endeSeneus uelng are Inves 1ga ed separa ely

In summary, al heugh he dynam! s ef a en lenal sele
lon In he spalal and he emperal demalns have been
ex enslvely Inves 1ga ed aleng separa e resear h Ilnes, I! le
Is knewn abeu hew spa lal and emperal a en lenal sele
lon migh Inera The presen s udy sugg8ess ha spa lal
exegeneus and endegeneus uelng may fun len vla differ
en me hanlsms In Inera Ing wlh a enlenal sele len
pre esses In he emperal demaln
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