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Abgqrac Spalal frequen y based Inferma len plays an
Imper an rele In visual per ep len _ y emblnlng behav
leral and ele reen ephalegram EE measuremen s_ we
Inves 1ga ed he me hanlsms ef he !nera len and Infer
ma len In egralen be ween differen spalal frequen y
bands The ebservers perfermed a s ene a eSerlza len ask
en hybrld Images ha were generaed by emblnlng he
lew spa lal frequen y (1.S') empenen ef ene mage w!h
he high spalal frequen y (HS') empenen ef ane her
Image The resul s shewed ha he re ogn! len of he HS
empenen was In erfered by he nen a ended [ S° empe
nen a seman! level The srengh of he seman! 1Iner
feren ¢ was medula ed by he phys! al slmllar! y be ween
he LSF and HS® empenen s Analyses of heEE G da a
revealed an early an erler N1 empenen (122 ms frem
sImulus ense) ha was relaed e he ebserved In era
lon of he seman! and phys! al Inferma len be ween he
LS and HS® empenen s These findings demens ra e ha
he seman! Inferma len frem d!fferen spa lal frequen y
bands anbe In egra ed a early s age of he per ep ual pre
essing Thls early In egra len Is llkely @ @ ur a fren al
areas In erder @ 1n!la e op dewn fa 1! a len
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Spa lal frequen y Is enc of he bas! visual fea ures ha he
visual sys em 1s spe lallzed e analyze A serles of behav
leral and physleleg! al s udles have demens ra ed he exls
en e of spalal frcy@n y hannels 1}Lcarly visual sys em

lakemere and "ampbell 1 6 . "ampbell and Rebsen

68.WPe Valels ¢ al 1 82_Wllsen and Wllklnsen 1 7)
Ana em! ally he segregalen of we majer visual pah
ways_ he magne ellular pa hway (M pa hway) and he
parve ellular pa hway (P pa hway)_has been !den lfied
hreugheu he hlerar hy ef visual pre esslng frem re lna
o visual erex @ne of he fun lenal dlfferen es be ween
he we pahways Is relaed e he pre essing of spa lal
frequen y based Inferma len Tha s he M pa hway Is
mere sens! lve o lew spa lal frequen y (1.S) !nferma len
whereas he P pa hway Is mere spe lalized en he pre ess
Ing eof high spa lal frequen y (HS') Inferma len (Merlgan
and Maunsell 1 Mere !mper an ly here were umu
lalng evlden es frem behavleral experlmens ha Ilnk
suh me hanlsm e he fun lens ef higher level vlsual
per_ep len

or cxample previeus Ilera ures have suggesed a

earse o fine prin lple ha he pre essing of he fine s ale
Inferma len arrled by HS 1s pre eeded by ha ef he
earse s ale Inferma len arrled by 1S ar 2005 _ ul
Iler 2001, Hegde 2008,_Hughes ¢ al 1 , Parker e al
1 21 7.5 hyns and @llva 1 4,_Geffaux e al 2011,
Peyrin e al 2010 Meanwhlle e her heerles beyend he
earse e fine prin lple have alse been prepesed Par! u
larly here were In reaslng evlden es shewIlng ha he
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Inferma len frem dlfferen spa lal frequen y bands an be
used flexlbly durlng he per ep len of s enes and ebje s
or_example by usIng hybrld Images ha emblned he
LS empenen ef enc !mage w!'h he HS® empenen
of ane her !mage_ resear hers have demens ra ed ha sen
st 1za len e dlfferen spa lal frequen les an Influen e he
usage of he spalal frequen y bands fer visual a eger!
za len (@lva and S hyns 1 7_S hyns and @llva 1 .
@®zgen e al 2006, _Merrlsen and S hyns 2001) The visual
sys em alse akes he advan age ef he dlagnes! Inferma
lon frem spe 1fi spa lal frequen y bands In a Slven ask
encx (Reshelne al 2010 _su has he usefulness of
HS 1nforlydon In suberdlna e a egerlza len asks ( ‘el
I'In 2006, "ellln and M Mullen 2005 Wespl e he In en
slsen y In he rele played by he spa lal frequen y based
Inferma len In higher level visual per ep len_ hese propes
als have sugges ed a parallel me hanlsm ha agrees wlh
he ana em! al segrega len of he M and P pa hways In he
visual sys em Hewever he s enes and ebje s In na ural
envirenmen never appear !n a single frequen y band The
Inferma len frem dlfferen spa lal frequen y bands mus be
Inegraed a a er aln level of visual pre essing befere he
memen ef full re egn! len
A re en behavleral s udy by Klhara and Takeda (2 01 0
Inves 1ga ed he In egra len of mul lple spa lal frequen y
bands In s ene per ep len The s udy adeped as ene a
egerlza len ask and es ed ebservers perferman e fer dif
feren !mage ypes (lna _ S HS _and [S_HS em
blned) and expesure dura lens ("0 250 ms) 11! ally he
s udy empared he a ura y fer he | S HS  emblned
Image end!len w!h he eslmaed a ura y based en he
emblna len ef he 1 S Image and HS 'mage end! lens
The la er ene refle ed he behavleral perferman ¢ when
dfferen spa lal frequen y bands (le_1S and HS') en
r'lbued Independen ly w! heu fun 1onalFln c%ga len The
resul s shewed highera ura y fer he | S° HS® emblned
Image end!len and hls advan age appeared enly af er
abeu 100 ms frem he s Imulus ense _demens ra Ing he
beneri of he Inferma len In egra len of he dlfferen spa lal
frequen y bands Therefere he resul s of he s udy sug
gesed ha he In egra len beglns as early as 100 ms af er
he s!mulus ense In s ene per ep len Never heless ev!
den es frem neurephyslelegy and braln Imaglng ha sup
por hls prepesal are s 1l la king
The alm of he presen s udy was e lnves1Zae he

neural s'gna ure of he Inferma len In egra len be ween
differen spa lal frequen y bands In s ene per ep len We
adep ed a behavleral paradl€m ef s ene a egerlza len

ask en hybrld Images (@Ilva and S hyns 1 7. Re sh eln
e al 2007_2010_S hyns and @llva 1 4 1 ) and
esed he seman! Inerferen e frem he [ S° empenen

en he HS
seman 1

empencn eof he hybrld Image We hese he
In erferen e as he evlden ¢ of he Inferma len
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In egra len be ween he we spalal frequen les due e
we reasens ~Irs _seman! Inerferen e an be dire ly
measured In he s ene aeZerlzalen asks_and ! hus
euld serve as a rellable Ind! a er of he Inferma len In e
gra len Se end_ he behavleral and neural me hanlsm
of semanl In erferen e has been wldely s udles In he
Il era ure The ln erpre a len of he presen findngs an
be benefied by emparlng w!h previeus resul s The
presen s udy ensls ed of we experlmen s In E xper!
men 1”7 _we esed he behavleral effe en he seman !
In erferen ¢ In E xperlmen 2” we emblned behavleral
and ele reen ephalegram EE G) measuremen s almlng
e lden fy he neural slg€na ure fer su h Inferma len In e
gra len ha has been revealed behavlerally In Klhara and
Takeda’s s udy

Eopri® 1
Me heds
Observers

Ten nalve ebservers (6 males mean age 2318 + 160
were par! lpaed In he exper'men All ebservers had
nermal er erre ed e nermal vislen and gave wrl en
Infermed ensen Thes udy was appreved by hele ale h
I's emm! ee

Stimuli

Image da ase s frem [ abelMe proje  (Russell e al 2008
were used In he experlmen s The !mages beleng e slx
seman! aegerles ha an be Zreuped el her as na u
ral s enes or man made s enes The hree na ural s ene
a egerles were feress  eoass_and epen eunrles The
hree man made s ene a egerles were high ways_srees
and bulldings There are e ally 1_0 6 na ural 'mages (326
feres s_ 360 eas s_and 411 epen eunrles) and 1216
man made 'mages (260 high ways 2 2 srees and 664
bulldings) In he da abase All Images were reslized e he
reselulen of 200 x 200 plxels and ransfermed e Sray
s ale The fixalen peln was a he ener of he hybrld
Image The s!mul! were presened en he ener of he
s reen wlh a gray ba kSreund (In ens! y of 128) The slze
of he s !mull was72°* x 72

We defined phys! al slmllar! y and seman! slmllarly
be ween differen Images The phys! al slmllar! y be ween
we lmages was defined by we rlerla he errela lon of
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LSF:Natural
HSF:Natural

LSF:Man-made
HSF:Man-made

SS-PS

LSF:Natural
HSF:Man-made

LSF:Man-made
HSF:Natural

SD-PS

Fig. 1E xamples of hybrld Images fer he feur s Imulus end! lens
Twe hybrld !mages (ene na ural s ene In HS and ene man made
s ene In HS") are dlsplayed fer ea h end!len a SS PS end! len
b SS PP end!len ¢ S® PS end!len d S® PP end!len SS PS

energy disrlbulen fer ea h plxel !s erlen alen was
defined as he angle be ween he llne enne Ing he plxel
e he fixalen and he I'ne enne Ing he fixalen e he
mld peln ef he upper edSe of he Image The In ensly eof
ea h pixe]l refle ed he energy of he pixel “eor ea h erl
en alen he energy value was eb alned by averaglng he
In ensl y values fer he plxels aleng hls erlen a len The
ecffi len value fer we !mages was al ulaed as he eor
rela len be ween he ener8y values aleng all erlen a lens
(" 35 °) of he we lmages The Pearsen errcla len eef
fi len be ween he errespending mean enerSy values
a ress erlen a lens of we lmages was defined as he eor
rela len of energy dls rlbulen An !mage palr was defined
as phys! ally slmllar (PS) f beh errelalen ecffi len
values were higher han 06 (ep 5 % !n he daase) and
phys! ally disslmllar (P®) lmage if be h errela len eef
fi len values were <0 05 (be em 5 % In he da ase) We
defined we lmages as seman! ally slmllar (SS) f hey
were frem he same a eZery (e &_be h Images were frem
feres aegery) and semanl ally disslmllar (SB) i hey
were frem dlfferen Ereups (¢ £_ene Image was frem he
na ural s ene greup and he e her ene was frem he man
made s ene Sreup)

LSF:Man-made -
HSF:Man-made
SS-PD

LSF:Natural
HSF:Natural

LSF:-N;:\turaI
HSF:Man-made
SD-PD

LSF:Man-made
HSF:Natural

seman ! ally and phys! ally slmllar_SS PD seman! ally slmllar and
phys! ally disslmllar SD PS seman! ally dlsslm!lar and phys! ally
slmllar SD PD seman! ally and phys! ally dlsslml]lar

All mages were ransfermed !n e spalal frequen y
demaln uslng a ~as ~ eurler Transferm alger! hm and fil
ered using 20 Gausslan fil ers The ueff frequen y of he
high pass fil er was 33 y le *_and he ueff frequen y of
he lew pass filer was 11 y le* (Reshelne al 2007
2010_Ske un 2000 The signal de ayls 6 d, fer be h he
high pass and lew pass fil ers Ree mean square (RMS)
en ras nermallza len was applled e beh he 1S and
HS" !mages (meanlnensly 128 _SD 40

We genera ed feur ypes of hybrld Images (@llva and
S hyns 1 7._S hyns and @llva 1 4) by  emblnlng he
LS empenen ef ene Image wlh he HS' empenen ef
ane her 'mage (" 1g 1) The we !mages an be (I) SS and
PS (SS PS)_ (D) SS bu PR (SS PB_(3) SB bu PS (SB
PS)_and (4 S® and P (S® PB) Inally we genera ed

2 hybrld !mages fer he SS PS end!len 55 hybrld
Images fer he SS P® end! len 410 hybrld Images fer he
SP PS end!len and 5 ¢ hybrld Images fer he SB P®

oend! len There were pessible repe ! lons of he s ene
Images @ur lmage sele len pre edure ensured ha as ene
Image appeared enly en e under he SS end! len er under
he S® end!len bu ! Is pesslble ha an !mage appeared
In be h SS and S® end! lens
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Design

@bservers were Insru ed ea end e he HSF empenen
of he hybrld Images (wha was drawn w! h Ilnes) and make
ajudgmen en whe her ea h Image was a na ural s ene er a
man made s ene by pressing enc of we bu ens ! The pur
pesc of he s udy was e lnves 1ga e he spa lal frequen y
based Inferma len In egra len by es Ing he seman! 1In er
feren ¢ of he [ S° empenen ever he HS' empenen
The earse e fine prin 1ple was aken Ine a eun when
we hese hls erder ra her han he eppesie ene (1e_ he
In erferen ¢ of he HS ever 1S) A erdng e he
earse e fine prin Iple he 1S Infermalen was pre
essed pre ede ha ef he HS Inferma len Therefere we
weuld expe ha when he ebserver was Igaylng a enlen
e he HS' empenen ef an!mage he S Inferma len en
he same !lmage weuld be auema! ally pre essed In hls
way we sheuld ebserve seman! Inerferen e effe
be ween he we spa lal frequen y bands

E ah rlal lased fer 2500 ms A rlal sared wl'h a
s Imulus presen a len fer 120 ms (leng expesure end! len)
or 30 ms (sher expesure end! len) fellewed by a 150 ms
mask Previeus s udles have sugges ed ha he visual sys
em may pre ess he spa lal frequen y empenen s dlffer
en lally under differen expesure !mes S hyns and @llva
(1 4 have demensraed ha subje s were mere llkely
o re ognlze he Image In | S° under sher expesure Ime
and he !mage In HS  under leng expesure lme We used
we expesure lmes In E xperlmen 17 almlng e Inves
1ga e whe her he expesure !me had effe en he spa lal
frequen y based Inferma len 1n egSra len The experlmen
ensls ed of feur ble ks we sher expesure ble ks and
we leng expesure ble ks ~eur s lmulus end! lens were
presen ed In a randem erder wl hinea hble kE a h end!
len had 50 rlals Inea hble k_and here were 800 rlals In
eal

Resul s

F
@bservers~behavleral perferman e Is shewn In " 1g 2 The
values of a ura y and respense !me fer ea h end! len are

! We have endu ed a enrel experlmen en a aegerizalen ask
In wh! h 14 ebservers were Insru ed e a end he [ S empenen

of he hybrld Images The resul s shewed ha he a ura les of he
we seman ! ally d!fferen _end!lens (1e_SW® PS [t(13) = —036g
p = V07] and SB PP [t(13) = —157_p < 0 05) were ne slgnlfi

anly higher han han e level (he a ura 'y ef SB PP end!

lon was a ually s!gnlfi anly <50 %) The resul s sugSesed ha

he ebservers were.ne able e erre ly aegerlze he s enes based
selely upen he Lé Inferma len In a hybrld Image glven he In erfer

en ¢ frem he HS' empenen

@ Springer

shewn In Table 1 A repea ed measures AN@®VA (expesure
Ime x seman! slmllarly x phys! al slimllarly) ena u
ra y shewed ha hea ura yfer he leng expesure eondl
lon was signlfi an ly higher han he a ura y fer he sher
expesure end!len [F(I_) = 6> 16_p < 0 001] There was
alse maln effe s fer he seman! slmilarly [SS »SB
F(1_) =2021_p = 0 00]] and he phys! al slmllarl y
[PS < PP _F(1_) =6000 p< 0 00]] We alse ebserved
signlfi an hree way Inera len [F(1_) =7 ¥4 _p < 0 5]
and herefere analyzed he da a separa ely fer he leng and
sher expesure end! lens

or he leng expesure end! len (Flg 2a)_ he ANOVA
analysls revealed slgnlfi an effe s fer he seman! slm!
larly [SS »S®_F(1_) = 4171_p < 0 001]_ he phys! al
slmilarl y [PS < PB_F(1_) =27 23gp = 0 00]]_and helr
Inera len[F(1_) =10 04 _p < 0 05] Planned empar'sen
analysls revealed ha hea ura y ef he SS end! len was
signlfi an ly higher han ha ef he SB end! len under he
PS end!len [F(1_) =718 p < 0 #01] and signlfi an ly
higher han ha ef he S® end! len under he PB end! len
[F(1_ )= 61_p< 005] Tefur her de ermlne he In erfer
en e frem he nen a ended [ S Inferma len under dlffer
en phys! al slmilarl y end! lens we defined a seman 1
engruen y Index as he dlfferen e be ween a ura les
In he S® and SS end! lens under ea h phys! al slmllar
ly eond! len The analysls revealed ha he seman! en
gruen y Index under PS end!len Is signlfi an ly higher
han ha ef he PP endllen [#() = 852 p < 0 00]]
This resul Ind! aes ha he nen a ended | S empenen
exhlb! s s renger seman ! In erferen e if 1 s phys! al prep
er yls simllar @ ha ef he HS' empenen

or he sher expesure end!len ("1g 2) he AN@OVA
revealed slgnlfi an effe ef phys! al slmllarl y [PS < PB_
F(1_ ) = 533 _p<VWl]and!sInera len w!h seman
1 slmllarly [F(1_) = 47 6_p < 0 00]1]_bu ne fer he
seman! slmlarly [F(1_ ) = 241 _p = 016] Planned
emparlsen analysls revealed ha he a ura y ef he SS
ond! len was slgnlfi an ly higher han ha ef he S® en
d!len under he PS end!len [F(1_) =261 _p< 0 00]]
and marglnally lewer han ha ef he SB end! len under
he P® endllen [F(I_ ) =4 7 p =1 053] Seman !
In erferen e analysls revealed ha he seman! engruen y
Index under he PS endllen Is slgn!fi an ly higher han
ha ef he P® endllen[#( ) =15 83gp < 000]]

The absen ¢ of he seman! slmllarly effe fer he
sher expesure end!len was llkely due e he highera u
ra y fer he S® empared wlh he SS end! len under he
PP end!len (marglnally signlfi an_p = 5% Hew
ever _as be h he leng expesure and sher expesure end!
lens exhlbl ed slgnlfi an Inera len effe s and seman
1 engruen y effe s we weuld sug€es ha hese we
expesure end! lens exhlbl ed slmllar effe s of seman!
In erferen e
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Fig. 2 _ ehavleral resul s of a — 38 b
173 1 1 1.0 1000
he s ene a egerlza len ask In ---3D — 88
E xperlmen 17 a The mean 09 - --- SD
a ura y fer he leng expesure ‘g ’ I_/‘I ‘| g
ond! len b The mean respense t o8 Jtes B’ 900
Ime of he erre rlals fer he 3 .- . £
leng expesure end! len ¢ The § o7 I,/" o
meana ura y fer he sher 'g S I‘ ~~~~~~
expesure end! len d The mean g 06 g 80 7 TTTeeag {
respense me of he erre a £
rlals fer he sher expesure en 0.5
dllen Error bars represen he 0.4 700
s andard errer of means a ress ' PS PD PS PD
ebservers
C 10 —ss d 1000 — ss
L. 09 ---SD - === 8D
g £
S o8 o 900
8 /'l e
. =
S o7 e °
£ 7 (2]
g -~ S 800
s °° &
o ,/’ [0
0.5 I/ o
0.4 700
PS PD PS PD
Tabel , chavierala uray SS PS SS PH SH PS S PB

and respense lme In

1 »
E xperlmen 1 Long exposure

A uay(£E M
Respense !me (£§ M)
Short exposure

A uay(£E M
Response !me (+8 M)

842 % (35 %)
77 (425 ms

64 1 % (47 %)
786 (£4) ms

837 % (+2 4 %)
784 (425) ms

683 % (+42 %
828 (£25) ms

88 6 % (£2 6 %)
768 (£26) ms

68 8 % (£2 8 %)
766 (£7 ms

48 % (£2 4 %)
7 2 (£40H ms

767 % (£2 1 %)
752 (+£36) ms

We alse re erded ebservers respense lme durlng he
aegerizalen ask (18 2b d A repeaed measures
AN@OVA (expesure Ime x seman! slmllarl y x physl al
simllar! y) en respense !me of he erre rlals revealed
ne signlfi an hree way Inera len [F(I ) = 0325k
p = 058] There were slgnlfi an maln effe s en seman
1 similarly [SS < S®_F(I ) = 36 p < § 45]_phys!
al simllarly [PS »P®_F(1 ) =24 p < 0 00]] and
helr In era len [F(l ) = 1326Rp < 0 01] “er he leng
expesure end! len (" 1g 2b)_ he AN@VA analysls revealed
signlii an effe s fer he seman! slmilarly [SS < SB_
F(1_) = 1882_p < 0 01] phys! al slimllarly [PS »P®_
F(1.) = 2127 _p < 0081] bu ne helr Inera len
[E(1 ) = 3 80 p=1011] er hesher expesure end!len
(1g 2d)_ he AN@®VA analys!s revealed signlfi an effe s
fer he phys! al slmllarly [F(1_) = 11 00_p < 0 #5] bu
ne fer he seman! slmlarly [F(1_ ) = 028 p = 0161]
and helrlnera len[F(l1_) =1 SOJJ = 030]

These resul s mlrrered he behavlerala ura yresul s by
demens ra Ing ha he re egn! len of he HS® empenen
was In erfered by he nen a ended | S empenen as he
seman 1 and phys! al Inferma len In era ed be ween he
we empenen s Sher s!mulus presen a len !me and lew
behavleral a ura y were alse knewn e redu e heEE G
slgnal e nelse rale Te maln aln he&EE G slgnal level we
used enly he leng expesure !me In E xperlmen 27

E « @i f‘.e 2

Me heds

Observers

E Igheen nalve ebservers (  males mean age

2165 + 242 were par!l lpaed In he experlmen All

@ Springer
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ebservers had nermal er erre ed e nermal vislen and
gave wrl en Infermed ensen The s udy was appreved by
hele ale hl s emm! ee

Stimuli

In E xper'men 2” a new s!lmulus end! len was added
Under his end! len a slmulus enly enalns he HS

empencn eof a s ene 'mage (HS enly) The HSF enly
oend! len served as a basellne end!len !n wh! h ne
semanl Inerferen e @ urred durlng he a egerlza len
ask

Design

@bservers™ask In E xperlmen 2” was ldenl al e E xper
Imen 17 The leng h of ea h rlal ranged frem 2 000 o
3JN ms A rlal sared wlh simulus presen a len fer
120 ms fellewed by an 80 ms mask @bservers were
Instu ed @ a end @ he HS empenen ef he hybrld
Images and make a judSmen en whe her ea h Image was a
na ural s ene er a man made s ene by pressing ene of we
bu ens

EEG recording and analysis

EE G daa were a quired frem a 64 hannelEE G ap
raln Predu s Mun! h_Germany) E le rede Impedan e
was kep belew 5 k2 fer s alp hannels E le ree ule
gramsE @Gs) were re erded wl h ele redes pla ed la eral
e heexernal an hl ef he lef eye and abeve he righ eye
e apure o ular a vly An ex ernal ele rede pla ed en
he 1p of nese was se o be he referen ¢ The ele rede
A" zwas hesen ebe he greundEE G da a were re erded

a a sampllng rae of 1 000 Hz and were re referen ed
offilne w!h he mean of he lef and righ mas eldsEE G
da a were epe hed and basellne erre ed by subra Ing
he average of he pres Imulus (200 ms) da a The basellne
orre ed da a were fil ered wl h a finl e Impulse respense
(FIN fil er (pass band ueff frequen y 0 016 Hz_s op
band ueff frequen y 100 Hz_de ay ef s ep band 24

e ave)E ven rela ed pe en lals € RPs) were ob alned by
averaglng he fil ered da a based en end! lens and ele
redes The Sreup peak peln eof anE RP empenen was
lden Ified frem he averaged urve a ress ebservers ~ er
ea h ebserver he peak peln ef heZ RP empenen was
Iden Ified as he peln wl!h he max!mum value wlhln a
60 ms Ime windew enered a he Sreup peak peln The
ampl! ude of heE RP empencn fer ea h ebserver was
hen al ula ed by averaging eleven lme peln s en ered a
he ebserver’s peak peln

2 ehavleral resul s

The values of a ura y and respense lme In E xperlmen
27 are shewn In Table 2 As shewn In " 1g 3zLal repea ed
measures AN®VA (seman ! slmllarl y x phys! al slm!lar
ly) en a ura y shewed signlfi an effe s fer he seman
1 similarl y [SS »SB_F(I17) = 3741_p < 0 101]_ he
phys! al slmllarly [PS < PB_F(1.17) = 4210 _p< 0 W01]_
and helr Inera len [F(1 17 =10~ _p < 0 01] Planned
emparlsen analys!s revealed ha he a ura y ef he SS
ond! len was signlfi an ly higher han ha ef he SB en
d! len under he PS end!len [F(117) =11 6_p < 0 1]
Under he PB end! len he a ura les of he SS and SW
end! lens were ne s!gnlii an ly differen [F(1 17 = 006
p = 082] The analysls alse shewed ha he seman! en
gruen y Index under he PS end! len Is slgnlfi an ly higher

Tab e2 _ ehavierala uray
and respense !me In

SS PS

SS PP S» PS S» PH

E xperlmen 27 A uay(£E M

7 8 % (£2 %)

861% (£22% 615% (L4 %) 7 2% (£26 %

Respense me (X8 M) 84 (£24) ms 840 (£25) ms 888 (:|:31\ ms 851 (:I:QS) ms
i 1
Fig. 3 _ chavleral resul s of a . __ss b _ss
he s ene aegerlza len ask In : -——- SD 1000 sD
E xperlmen 2” a The mean HSF_Only cT
0.9 HSF_Only
a ura y b The mean respense — i
Ime of he erre rlals Error § l/l £
bars represen  he s andard errer 5 08 /l o 900 R
of means a ress ebservers g // E ~~~~~~~~
S 07 e 0] |‘\H
£ L @
8 06 } g 800
)
& 3
0.5 [any
0.4 700
PS PD HSF_Only PS PD HSF_Only
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han ha ef he PB endllen [#(17) = 222 p < 4 01]

These resul s repl! a ed he findings frem E xper'men 17

shewIng ha he re egn! len of he HS s enes was In er
fered by he nen a ended [ S Inferma len S!mllar phys!
al preper y be ween he HS and [ S™ Inferma len led o
s renger seman ! 1n erferen e
or all erre rlals a repeaed measures AN@VA
(seman! slmllarly x phys! al slm!larl y) en respense
Ime shewed slgnlfi an maln effe s enseman! slm!larly
[SS < S®_F(1.17Nh =22 83gp < 0 001] and phys! al slm!
larty (PS »P®_F(117) =842 p < 0 01]_bu ne helr
Inera len[F(1 17 =2 4 p=011]

EE Gresul s

For heEE G daa_we en enraed eur analyses en hree

I%ryz@ls: ’;\r’%c ,@dcs he fren al ele redes (Fz\ Flg 2

.~ 1L~ ")) he parle e @ lplal ele redes (P1_P2_
P3 P4 P@> PO4) and hee Iplal cle redes (@1 @2
@z er ca h ebserver he averagedE RP daa frem all
ele_redesInea h greup were used Ins als! al analyses
or he fren al ele redes_ here was a N1 _empenen
enered a 122 ms afer he slmulus ense ( 1g 4a A
repea ed measures AN®OVA (seman! slmllarl y x physl!
al slmllarly) shewed slgnlfi an Inera len effe
[F(117 =505 _p < 0 05] fer he an erler N1 empenen
(Flg 4b) There was a marglnally slgnlfi an maln effe
for he seman! slmllarly [F(117) = 4 07_p = 4 6]
bu ne signlfi an maln effe fer he phys! al slm!larly
[F(117h =000 p=10 7] en hlsanerler NI empenen
Analys!s en he seman! engruen y Index revealed slml
lar effe as frem he behavleral resul s The ndex under
he PS end! len Is slgnlfi an ly higher han ha ef he PW®
ond! len [#(17N =225 p < 0 05] ~ ur hermere  he ampl!
ude of he N1 empenen under he HS enly end!len
was sig€nlfi anly lewer han ha ef he hybrld end! lens
[averaged a ress feur endllens #(17) =
sugges Ing ha he ebserved In era len effe of N1 em
pencn fer he hybrld lmlz%gcs was due e he In erferen e
frem he nen a ended [ S° empenen
or he parlc @ @ Iplalele redes we feund s!gnlii an
maln effe fer he seman! slmlarly [F(1 JIZ) =585
p< 0 05] fer P2 empenen (laeny 247 ms 1g 4 _d
There were nel her signlfi an effe fer he phys! al slm
Harly [F(1.17) = 071_p = 041] ner fer he Inera len
[F(1.17 =10 43gp = 052] We did ne find any slgnlfi an
effe fer he e Iplal ele redes befere 00 ms af er he
s Imulus ense Previeus s udles have sugg€es ed haE RP
empenen areund 200 ms af er he s Imulus ense In parl
e o o Iplalareasls medula ed by higher visual pre,essing
su has ebje re ognl! len and s ene per ep lon ( "edlspe !
e al 2006_VanRullen and Therpe 2001) The ebserved
semanl slmllarl y effe In hls area was enslsen wlh

365 p< 001l

previeus findIngs and sugges ed ha he pre essing of he
a egerl al Inferma len In higher visual areas was pre eded
by he fren al analyses of he seman! Inferma len Thls
finding agrees wlh he prepesal ha ep dewn Influen e
plaﬁs an !mper an rele In s ene per_ep lon
or he o Iplal ele redes (18 4e #i_ we feund
signlfi an maln effe fer he seman! slmllarly
[F(117h = 21 _p< ¢ 1] fer he & empencn (laen y
344 ms)_bu ne fer he phys! al slmllarly [F(1 17 =177_
p=020]er helrlnera len [F(1 17 = 052 p= 048] I
was pesslble ha hils lae slgnlfi an seman! effe was
due e feedba k medula len Hewever fur her Inves 1ga
lons are required @ enfirm h!s In erpre a len
There was pessiblll y ha he ebserved early seman !
effe 1n fren al ele redes was rela ed e he final de 1slen
made by he ebservers We herefere averaged h&2 RPda a
based en he behavleral he! es (na ural vs man made) fer
ea h ebserver and 1den lfied he empenen ha Is erre
la ed wl h ebserver’s a egerlza len de !slen (' 1g 5) The
analysls revealed ne s!gnlfi an dfferen ¢ be ween we
he! ¢ end! lens befere 282 ms frem he s !mulus ense
Analys!s en he ampl! ude of P’ empencn eof he fren al
ele redes shewed signlfi an dlfferen e be ween na ural
and man made hel es [#(1 17) = 271_p < 0 05] This
resul 1s enslsen wlh previeus Il era ures shewlng ha
he P3 empenen refle s he behavieral he! es!n per ep
ual de 1slen asks (Jehnsen and @Ilshausen 2"3 , Phl]las
Ides and Sajda 2006

DigH 4

@ur s udy Inves 1ga ed he behavleral and neura] s!gna ures
ef he Inferma len In egra len be ween he | S and HS
empenen s In s ene per ep len The behavleral resul s
shewed signlfi an Inera len be ween semanl and phys!
al simllarl les of he | S° and HS® empenens Mean
while helZ RP resul s revealed an early an erler NI em
penen In fren al area ha errespended o he ebserved
behavleral effe  The findIngs advan e eur unders and!ng
of spa lal frequen y based Inferma len In egra len In s ene
per ep len
@ur resul s demens ra e ha _ al heugh belng Irrelevan
e he ask beh he seman! and phys! al !nferma len
of he nen a ended LSF empenen eof a s ene 'mage are
pre essed when ebservers make per ep ual judg€men
The analyses of he seman! slmllar! y revealed slgnlfi
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la k of fe used a enlen beh he seman! and phys! al
Inferma len of he | S empenen are pre essed and an
ne be velun arlly 1gnered The Inferma len frem dlfferen
spa lal frequen y bands an be In egra ed even 1f enc of he
spa lal frequen y bands Is man!pula ed e be ask lrrelevan
@ur resul s alse Ind! ae ha be h he phys! al Inferma len
a sensery level and he seman! Inferma len a de lslen
level are required fer he spa lal frequen y based Inferma

lon In egra len In s ene per ep lon

ur hermere eurE RP resul s previde supper Ing evl

den e ha he neural slgna ure of he spalal frequen y
based Inferma len 1n egra len appears areund 120 ms frem
he slmulus ense Previeus behavleral s udy has shewn
ha he In egra len of spa lal frequen y based Inferma len
e urs areund 100 ms af er he s Imulus ense (Klhara and
Takeda 2010) Hewever here was ne eviden e In erms of
neural errela es supper Ing hls prepesal In eur s udy he
carllesE RP empenen ha shews slgnlfi an lnera len
be ween he seman! and phys! al slmllar! les 1s he N1
pcak of he fren al ele redes The Inferma len emparlsen
and In egra len be ween dlfferen spa lal frequen y bands
are he ne essary pre esses underlylng hls Inera len
effe The resul s previde dlire eviden e ha he In egra

lon of Inferma len frem dlfferen spa lal frequen y bands
an @ ur a he early s ages of per ep ual pre essing a
fronﬂarcas In's ene per ep lon

en cx ual engruen y effe s a well ebserved phe

nemenen In s ene per ep len (Pavenper and Pe er 2 004)
The errespendin®E RP empenen ef su heffe was sug
gesed erclac @ N40lsenen ¢ engruen y effe  (Ganls
and Kuas 2005 er earller seman! effe areund > 00 ms
af er he s Imulus ense (Mudrlk e al 2016 These s udles
used In engruen ebje sIlnapl! ure (e &_a player helds a
wa ermelen In a baske ball £ame) and examlned helaen y
of he engruen y effe w!hEE G re erding The resul s
sugges ed ha he earlles eongruen y effe was areund

00 ms afer he s!mulus ense and relaed e seman!

In egralen ha was a lvaed In laer pre esslng s ages
@ur resul s hewever sugges ha he seman! engruen y
effe In s enc per eplen an e ur as early as 122 ms
frem he s!mulus ense The dls repan y be ween eur
resul s and previeus findlings euld be due e he dlfferen
experlmen al paradl€ms _ u mere !mper anly he nen
a ended empenen eof as ene Image wasInls S band
In eur s udy whereas be h he ebje s and ba k&reunds In
previeus s udles were ne band fil ered The lewerE RP
ampl! ude of he HSF enly end!len empared wlh he
hybrld end! lens alse Ind! a es he In erferen e frem he
LS empenen durlng here egnllen The earller engru
en YE RP empenen !n eur s udy suggess ha he lne
gralen ef spalal frequen y based Inferma len helps o
fa 1l a e he per ep ual pre essing In erder e supper fas
de Islens
2 and elleagues &ar e al
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seemingly enrad! lenls ha he ebservers In eur exper!
men were o pay a enlen e he HS' empenen ef he
hybrld Images Asa en len!s knewn genhan eanda el
era ¢ visual Inferma len pre esslng ( ‘arras @ and ME Iree
200]) 1 Is pessible ha he seman! Inferma len ef he
HS_ empenen an be pre essed In de alls as early as he
LS Inferma len glven spe 1fi ask requlremen ~ ur her
Inves 1ga lens are required o larlfy hlsIssue

In en luslen eur s udy prevides dlre evlden e fer
he neural s!'gna ure of he ln eZra len ef spa lal frequen y
based Inferma len The seman! and phys! al Inferma len
frem he [ S and HS bands an be In egra ed as early as
areund 120 ms af er he s Imulus ense a fren al areas Thls
early In egra len an benefi he re egn! len perferman e
by fa 1l a Ing he subsequen per ep ual analyses hreugh
op dewn Infl uen es

Ack 1 _edg ‘e 4 We hank Man Seng fer help wlh heEE G
daa 'ﬁysls Thls werjwas supper ed by he Na lenal Na ural S 1
en ¢ eundalen ef 'hlna (Ne 3'1271081g3123002 g310708 6 _
he lenal High Te hnelegy Resear h and Pevelepmen Pregram
of *hina (86> Pregram) (Ne 2012AA011602) aggt he S lenlf
Resear h ~eunda len fer he Re urned @verseas 'hlnese S helars
Sad dualen Mlnlsry

Refeve ceq,

¥ M (2003) A erl al me hanlsm fer glggering ep dewn fa 11l a
len In visual ebje re egnllen ! "egn Neures 115(4) 600 60
del 101162 08 8 2 3321662 76

ar M_ Kassam KS_ Ghuman AS__ eshyan /S hmld AM_Wale
AM_ Hamalalnen MS_Marlnkevl K S ha er B, Resen R
HalgrenE  (2006) Tep dewn fa 1l alen ef vlsual re efn!
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