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Abstract gpai@] freqYeney based nf rmai1 n plays an
nme rantr le nvsYlperegpting Y ¢« mbnn8 behav
113 and elesir enegphal &am ( &) measUrements we
nvest 82ied the meshansms f the nterdetin and nf r
matin niefragrn berween dfferent g aral freg Yeney
bands, The bserversperf rmed a seene saie€ r Gag1 n 1ask

n hybrd maé&s thay were &neraged by ¢ mbnné the
1 W g9 4 Q] freq Ueney L sF) ¢ nent f ne ma& w th
the hi®h g arnl freqYeney (HS > ¢ mp nent f an ther
ma&e, The resYis sh wed thay the ree Eng1n f the Hg
¢ mp nent was nterfered by the n n aendedL §° ¢ mp
nent 2 semant . level, The siren&h  f the semant e ner
ferenee was m dYaged by the phys wal s m iar 1y berween
theL §' and Hg' ¢ nw nenis: Andlyses fthe G daa
revealed an ear]y anterir N1 ¢ mp nent (122 ms fr m
stmUYYs nser) thay was relaged 1 the bserved mngerae
tin fthe sic:mam s andphYs 63l nf rmai1 n beiween the
L and Hg ¢ mp nents, These nd nSsdem nstrage thag
the semants nf rmai1 n fr m d fferent a1 @] freq Yeney
bands ¢an be nie&raed aear]y stale f theperegpilalpr
sessn& Ths early ne&agin slkelyt  ee% 2 fr ma]
areds m rdert miy@etp d wnfaeisdi n,
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Introduction

sp a1 @l freg Ueney 5 ne f the bas e v sYa] fearlres thay the
vsla system 5 pesdlsed t analyse, A seres f behay
11a] andphys11 Eual stUd es have dem nsiraed the ex st
enee f g 28] 1feg Yeney shannel3\ n early vslal sysiem
( lagcm re and " amp be 1969 “amp bell and bs n
6" We Val sera, 192 Wis nand Wik ns n 1997
Anat m.dlly the se&efain f tw m3 r vsUa pah
ways the maén eellYar p athway (Mg athwayy and the
pary eelllar paghway (Ppathwayy has been dent1 ed
thr Uh Y the herarshy f vsUa pr eessnfr m retna
t vsla ¢ riex, One f the fUnet1 ndl d fferenses begween
the tw pathways s rejated 1 the pr eessnS f g ard]
freq Ueney based nf rmatin, Thay s the Mg athway s
m resenstvet 1 w g ainl freqleney L § ) nf rmaiin
whereas the Py athway s m re peefl sed nthepr eess
n& f h€h g 2@l freg Yensy (Hg ) nf rmar1 n (Mer San
and Malnse]] 199 3, M re nyp ri2nily there were «Ym
lagn& evdenses fr m behaviral exper ments thar 1nk
sUsh meshansm 1 the fUnet1ns f hifher level vslal
peredptl n.

©r exanple previ Vs Jgeraglres have sUSEesied a
¢ aset neprmsple thatl!hcpr eessn& fihe ne sedle
nf rmat1n sarred by Hg' s pr eceded by thay f the
¢ arse sedle mf rmain sarred byL g (ar2003 u
Jer 2001 He&e 200~ HUthes ey al, 1998 Parker ot al,
1992 1997 <ehyns and @1 va 1994 G ffaUx ey al, 2011,
Peyrn et al, 2010y, Meapnwhie ther the res bey nd the
¢ arset neprneple have als beenpr p sed, Parye!
lar]y there were mereasn€ evdenees sh wn€ thay the
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nf rmat1 n fr m d fferent s a1 @] freg Yeney bands ean be
Used flex b1y dUr né theperegpiin f seenes and bJCtts,
r_exanple by Usn& hybrd mages thay ¢ mbned the
L 5F ¢np nent f ne maf wih the HS' ¢ mp nent
f an ther ma&e researehers have dem nsiraed thay sen
s1Ba1nt dfferent g 3 8] freg Yenses san nfl Yense the
Usafe f the g a1 @] freqYensy bands f r vsYal eaef ri
3911 n (@1 va and Sehyns 1997 Sehyns and @1 va 1999
3€&ner a,2006 M rrs n and §ehyns 2001, The v sUa]
system als takes the advania&e f the d@8n st nf rma
t1nfr m weel ¢ 2@l freq Yeney bands n a Even 1ask
¢ niext ( tshienet a, 20103 sYeh as the Usef Uness f the
Hg of Mma1n n s rdnae ¢ae€ ruag: n 1asks (1
In 2006, " 11n and MeMYjen 2005, Wegp 1¢ the ne n
sstensY n the r leplayed by the g a1 @] freq Yeney based
nf rmai1 n nhiéher level vsYaperegptin thesepr p s
als have sU8Eested ayp aralle] meshansm thar afrees w th
the anay m wal se&efayin fithe M and Py athways n the
vsla sysiems H wever the seenes and bjests n nai'ral
envr nment never Jpear n a snfe freg Yeney band, The
nf rmai1 nfr m dfferent g 2 @] freg Yeney bands m Yst be
nie&raed ag a eerian level fvsYapr eessnbef re the
m ment ffllres Snyi1n

A reeent behav1ra] siUdy by K hara apd Takeda (201 1)
nvesti€ed the nie&arin f mYiple g 2@l freg Yeney
bands n seencperegpti n, The st'dy ad pied a seene eay
e€ rag: n task and tested b%crvcri:‘pctf rmanee § rdf
ferent mag types (nast L 5. Hg'. andL% Hg' ¢ m
bnedyand exp slre d%arins (3 250 msyu rasaly the
stUdy « me ared the aseraecy f r theL 5 Hg ¢ mbmed
ma& ¢ nd11n wth the estmaged as¢Uraey based n the
¢ mbnatin fiheL g maée and Hs‘F mage ¢ nd 11 ns.
The laier ne reflested the behav1ral perf rmanee when
d fferent g a1 @] freq Yeney bands (e, L s and Hg H e n
r bY%ed ndependently wth Y% fUnet1 naLFntcfl:':rau n The
resUts sh wed h €her aeeUraeyf r thelL § Hg' ¢ mbmed
maf ¢ ndi1n and ths advania&e gepeared nly afier
ab U 100 ms fr m the stmYY nset dem nsiragn€ the
bene t fihe nf rmai1 n ne&a1n fihe d fferent g a1 1l
freq Ueney bands, Theref re the resUlis f the siUdy sU€
Eested thag the nief&rai n beEns as early as 100 ms after
the stmYYs nset n seene peregpt1 n, Nevertheless evi
denses fr m ne%r physi1 8y and bran man&ihay s'p
p rtthsprp sa are stil 1aek n&

The am f the present st'dy was 1 nvest Sage the
ne'ra] si®nat're f the nf rmain nie&rag: n berween
d fferent s 1 1] freq Yeney bands m seencperegp 11 n, We
ad pted a behaviral paradi®m f seene e2e€ ruagin
task nhybrd mages (@] vaand Sehyns 1997  shien
et a, 2007 2010 Sehyns and O va 1994 1999, apd
tested the semant 16 mierferenee fr m theL §° ¢ mp nent

nthe HS' ¢ mp nent fthe hybrd mag, We «¢h se the
semant ¢ mierferense as the evdense f the nf rmai1 n
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nie&ragr n begween the tw g a1 @] freqUenses dle

tw reds ns. st semantis nierferenee ¢an be dreely
measUred n the seene ¢ae€ rGag1 n tasks and 1 thYs
¢ Ud serve as are] @ble nday r f the nf rmai1 n nie

&ag1 n, ses nd the behaviral and neral meshansm
f semant . nierferense has been w dely stUdes n the
lrerailre, The niempretdiin f the present nd nSs ¢an
be bene ted by ¢ mparn& wah previ Us resUis, The
present stUdY ¢ nssied f 1w exper mentss In “ xperi
ment 1. we tested the behav1ra] effest n the semant s
nterferenee, In “ Xper ment 2 we ¢ mbned behaviral
and eleerr enegphal &am ( G) meas%ements amné
t dentfY the ne%al si€nagre f r sYe¢h nf rmag1 n nie

&ay1 n thag hag been revealed behav1ral]y n K hara apd
Takeda’s stUdy,

Experiment 1
Meth ds
Observers

Ten nave bservers (6 males mean afe 2 31 8 + 160
were partep aied n the exper ment, All  bservers had
nrma r errested t n rmad vsin and Save wraen
nof rmed ¢ nsent: The stUdy was dpr ved bythe] ¢ eth
15 ¢ mm Hee,

Stimuli

Image dajasets fr mL abe]Mepr jeer ( Ussell et al, 200 8)
were Used n the exper menis, The maes bel n&1 sx
semant e ¢ael res thay ean be & Yed ether as nayl
ra] seenes r man made seenes, The three naglral seene
saie€ res were f rests ¢ asts and pen ¢ Unires, The
three man made seene ¢3S res were hi€h ways sireets
and bUid n&s, There are ¢ tally 1 96 naira] maes ( R6
frests ®0 ¢ asis and 411 pen ¢ Ynires) and 1216
man made mafes (260 h&h ways 292 sireerts and 664
bUid n&s) n the dajabase, All ma&s were ressed 1 the
res 1Y%in f 200 x 200 p xels and wransf rmed 1+ &ay
sedle, The xarinp nt was a the eenter f the hybrd
mage, The stmY 1 were presented n the segier f the
sercen w th a &ay baek & Und (mtens1y f 12 \ The sue
f the stm Y 1was 7.2 x 7.2,

We de ned physed smiar1y and semante smiar 1y
between d fferent maes, The physal s miar 1y berween
tw mafes wasde ned byiw erger the ¢ rrelayin f
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LSF:Natural
HSF:Natural

LSF:Man-made
HSF:Man-made

SS-PS

LSF:Natural

LSF:Man-made
HSF:Man-made HSF:Natural
SD-PS
Fig.1 xanwles f hybrd magesf r the f % stmY Y% ¢ nd 11 ns,
Tw hybrd _ma&s ( ne na1%al seene m Hg' and ne man made

seene n Hg ) are dplayed f r eaeh ¢ ndrinsass PS ¢ ndain,
bss PR e ndtinsCS® PS¢ ndeinads® PO ¢ ndi1 1, SS PS

enerfy dsuwb%in fr eash p xek s remdin was
de ned as the an&e between the 1 ne ¢ nnesinS the p xel
t the x31n and the Ine ¢ nnesinSthe xa1nt the
mdp nt fthe pper ed€e fthe mage, The niensty f
cach p xel reflested the ener8y f thep xel,© r eash ri1
entdt1 n the ener&y valle was biaped by avera&né€ the
niens1Y valles f r the p xels 4 n€ths remar: n, The
ecf eentvallef riw maes was edleUaged as the ¢ 1
relag1 n berween the ener8y valles a] n€ al rentdi1 ns
(lv' 39") fihe tw maes, The Pears n ¢ rrelagin ¢ ef

sent between the ¢ rrep ndn€ mean enerfy valles
aer ss remdiins f 1w mafes was de ned as the ¢ 1
relagin f ener&Y d sir bY% 1, An maepar was de ned
as physsally smiar (PS> £ b th e rrelatin ¢ ef sent
valYes were hiher than 06 (1p 5 % n the daiaser) and
physsally dssmiar (P®) mafe £ b th ¢ rrejagin ¢ ef

sent vallYes were <005 (b 1t m 5 % n the dajaser), We
de ned tw  mafes as semantw2lly smiar (5§ f they
were fr m the same ¢ae€ ry (e.& b th ma&s were fr m
f rest «21e8 ry) and semantwdlly d ssmiar (S f they
were fr m dfferent & Y s (e.& ne ma& was fr m the
naiUra] seene & %. and the ther ne wasfr m the man
made seene & Yo )

LSF:Natural
HSF:Natural

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

LSF:_NaturaI
HSF:Man-made
SD-PD

LSF:Man-made
HSF:Natural

semant 63]]1Y and physeally smia SS PD semantsaly s miar and
physweally dssmia SD PS semantwally d ssmiar and p hyssally
smia SD PD semant«2]ly andphysweallyd ssmiar

All mages were 1_!ransf rmed nt @] freq Yeney
d man Ysnéa Fast‘ Y er Transf rm al& r thm and 1
tered Ysn€2® Galssan  liers, The «Y% ff freq Yeney f the
hi€hpass lier was 3 3eYele . and the Y% ff freq Yeney f
the | wpass lier was 1,1 eYele (  tshien er al, 2007
2010, sk 1Un2000), The s1€nal desay s6d f rb th the
hihpass and | wpass liers, t mean § Yare (_Mg)
¢ nirast n rmal Garin was Gepled o b th theL g and
Hg" ma&es (mean ntenst1y 12 s 40y,

We Eenerated f U tjpes f hybrd mages (®1va and
Sehyns 1997 gehyns and @] va 19943 by ¢ mbnn€ the
Lg ¢mp nent f ne ma& wih the HS' ¢ mp nent f
an ther ma& (" & 1% The tw  mages ¢an be (1) 55 and
PS (sS PS> (2>55 bY P (55 P (3 5D bl Pg (s®
PS> and @) s and PO (S® P®), | nally we Eeneraged
92 hybrd maesfr the 5 PS ¢ ndg1n 955 hybrd
ma&esf rihe g5 PO ¢ ndi1n 410 hybrd ma&sf r the
S® Ps ¢ ndiin and 90 hybrd mages f r the s® PO
¢ nd11n, There were p ssble rgpettins f the seene
mages, ®% male selest1 npr eed e enslred thag @ seene
mage gpeared nlY nee Under the S5 ¢ nde1n r Under
the S® ¢ ndt1n bY% 1 sp ssble thay an mae gppeared
nb thgs and S® ¢ nd 11 ns,

@ Springer



3

¥ ran es(201 3227 %7 ¥7

Design

O®bservers were nsirlsted t amend 1 the Hs‘F ¢ n@ nent
f the hybr d ma&es (whay was drawn w th 1 nes) and make
ajUd&ment n whether eash ma& was ana'ra] seene ra
man made seene bypressn€ ne fiw bt ns)' Thep U
p sc¢ fithe stUdy was 1 nvestSae the g 2 @] freg Ueney
based nf rmai1 nFntcgratl n by iestn€ihe semant s nier
ferenee f theL §° ¢ mp nent ver the HS' ¢ mp nent
The ¢ arset neprneple was taken nt ase Unt when
we sh se ths rder ragher than the pp sie ne (ies the
nterferense  f the Hg  ver Lg ) Aee rdng ¢ the
¢ arsey ne prneple the LS nf rmain was pr
sessedpresede thay f the HS' nf rmai1 n, Theref re we
w Ud expest thar when the bserver wasp ayn€ agent 1 n
t theHS ¢ nmp nent fan maf theL §° nf rmain n
the same mafe w Ud be aly maywallypr sessed,In ths
way we sh UYd bserve semants nterferense  effest
between the tw g a @] freq Yeney bands,
ae¢h iri] lasted f r 2500 ms, A @] staried wih a

stmYUspresentatinf r 120 ms (1 n€exp slre ¢ nd11 m>
r 3ms(shriexp s'e ¢ ndermdf 11 wed by a 150 ms
mask, Previ Us stUd es have sUE&sted thay the v sUa] sys
tem maypr eess the g @] freq Yeney ¢ mp nents d ffer
ent @11y Under d fferent exp sY%e tmes, Sehyns and @] va
(1994 ) have dem nsiraged thaﬁ sUbjeets were m re 1kely
t ree Enue the mae nL g Under sh riexp sle tme
and the ma& n Hs‘F Under | n€exp s%e tme, We Used
w exp slre tmes n “ perment 17 amng 1 nves
118ae whether the exp s%e tme had effest n the g a8l
freq Ueney based nf rmaiin nie&agr n, The exper ment
s nssted ff U bl ks tw shriexp slre bl eks and
w I nSexp ste bl ks, YW stmYYs ¢ nd11ns were
presented narand m rder w thneash bl e, ash ¢ nd1
tinhad 50 r fls neash b ek and there were 001 @ls n
t 1l

esYts

O®bservers’ behaviraperf rmanee s sh wn 0k 82, The
vallYes f aseUrasy and rep nsetmef r ea¢h ¢ nd11 n are

! We have ¢ ndYied @ ¢ nir ] experment n 2 «2e€ 1 5ag1 n task
n whuh 14 bservers were nsirUsted t agiend theL §° ¢ me nent
f the hybrd ma&es, The resUis sh wed thay the aseraces f the
W sem?ntwaly d fferent ¢ nd 11 ns (1e. S ﬁs (13=-013%
p=007 and SO P® [(1 3= —1.57 p < L5 ) were n t sEn1
sani]ly hi€her than ehanee leve] (the aselrasy f < PO ¢ nd1
t1n was aeYally sin1 eantly <50 %y The resUis sUEE&sied thag
the bservers were n t able 1 ¢ rreeily sae€ r e the seenes based
slely'p ntheL ¢ nf rmain nahybrd mag Even the nterfer
ense fr m the HS™ ¢ mp nenu

@ Springer

sh wn n Table 1, A repedied meastres ANOVA (exp slre
tme X semant smiaryy x physea smiargy) n aee!
rasy sh wed thag the aselrasyf r the | ngCXP sUre ¢ nd1
11 nwas s¥n1 eangly h fher thap the ace'racyf r the sh ry
exp slre ¢« nd11n[F(L9y=6 306 p < LHI]AThcrc was
als man effests f r the semante smiargy [gs _psW
F(1L9) = 2021 p = LWL and the physweal smiarty
[Ps < PR F(L9)= 6000 p < o,uﬁ, We a]s bscrvcsfl
s€n1 eant three way nteraet1 n [F(L9)= 7M. p < L0
and theref re analysed the daia sep arae]lY £ r the | n€ and
sh riexp sY%e ¢ nd11ns,

" rihe] n€exp slre ¢ ndi1n (Flg, 2a) the ANOVA
ana]ys s revedled si®n1 eant effeets f 1 the semants sm 1
lar gy [Ss s F(L9Y=41.7L p < LT, :TCPhySlcal
smiar gy [Ps < PR F(19y=272 3p = LI, and ther
nteraer1 n [F(L9y= 10, p< 0,05 ,Planned ¢« npars n
analys s revedled thay the aselrasy fthe $§ ¢ nd 11 nwas
sn1 sanily hher thap that8 f the S® ¢ nd 11 n Under the
Ps ¢« ndiin [F(1L9y= 71, p < 0,001 and sin1 eanily
hiéher thap thag f the P ¢ nd 11 n Under the P® ¢ nd 11 n
[F(L9>=9.6L p< 0,05, T fUgher determ ne the nterfer
enee fr m the n n aggended § nf rmai1 n Under d ffer
entphysed smiarty ¢ ndi1ns we de ned a semant e
¢ n&leney mdex as the dfferenee bepween asslraces
n the S® and S ¢ nd 11 ns Under eaesh physeal smiar
1Y ¢ nd 11 n, The ana]ys s revedled thai the semant 6 ¢ n
&lUeney ndex Under PS ¢ nd11n 5 si€n1 eantly hiSher
than thay f the P® ¢ ndi1n @) = .52 p < LT,
Th s resUt nd w3es thag the n n awendedL §° ¢ mp nent
exhbis st nr semant s nterferense f 1sphyssalpr p
crt]‘é ssmiart thay fihe Hg o e nent.

" rihe sh riexp ste ¢ ndi1n (& 263 the ANOVA
revedled sin1 eant effest, fphys.al smiaryy [Pg < PR
F(L9y=53% p< 0L.NI and ts nteragi1 n w th seman
tie smiaryy [F(L9y=4796 p < 0.00L. bY ;¢ r the
semante smiaryy [F(L9) = 241 p = 116, Planned
¢« mpars n and]Yss revedled thay the ass%raey f the 5§
¢ ndi11nwas siEn1 eamly hiher thap thay f the SO «
d11n Ynder the PS ¢ nd11n [F(1L9)=26.19 p < L1
and mar&nally 1 wer thap thay f the W ¢ nd 11 n Under
the P® ¢ nd11n [F(L9 =497 p = 0,053, semant
nterferenee analys s revedled thag the semant s ¢ n& Veney
ndex Under the PS ¢ ndi1n s %12‘5111 ¢angly,h ifher thap
thay fithe P ¢ ndi1n @) =5, 3p< l,m],

The absenee f the semants smiarty effeet f r the
sh riexp slre ¢ ndi1nwaslkelydY 1 the hifher ase!
raey f r the S® ¢ mp ared w th the 5§ ¢ nd 11 n Under the
P® ¢ ndt1n (marnaly sn1 ¢ank p = L5 3 H w
ever asb ththe | n€exp slre and sh riexp sYe ¢ nd1
t1ns exhbred sin1 eant nieraerin effests and seman
1t ¢ n&leney effeets we w Ud sUE&s thay these 1w
exp sre ¢ nd1ins exhbred smiar effests f semant i
nterferenee,
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Fig.2 ehaviraresUs f a —SS b
the seer eate € rzag1 niask n 1.0 ---SD 1000 — ss
“ xper ment 17, @ The mean 09 — --- SD
asslraeyf rihel nSexp she g ’ I—/_I‘I g
¢ nd11 n,b The meanrey nse S 08 JPtae o 900
tme fihe ¢ rreetir Alsf r the o - £
1 n8exp sY%e ¢ ndt1nCThe § 07 I,/" 5
mean aserasyf rthe sh ry ‘g s |~ ______
exp sUe ¢ nd 11 d The mean g 06 g 8o 7 TTTeell {
rep nsetme fthe ¢ rres T | £
waAlsf rihe sh riexp sthe ¢ n 5
d 11 n Error bars regresent the 0.4 700
standard err r f means aer ss ' PS PD PS PD
bservers
c d
10 s 1000 — s
---SD -
5 0.9 > SD
3 3
S 08 o 900
8 A £
S o7 o °
€ 2
o .
8 0.6 // § 800
o Pad [0
0.5 I'/ o
0.4 700
PS PD PS PD
Tablel ehavira) acelraey s Ps s P o P D P
andregp *hse tme n
“ permem 17 Long exposure o - o o
Acethaey (+5 M 0% B% O %EU D 6LV (A2 % 3T (2 %
ep nsetme (s My 7P (£25 ms 76 (£26>ms 2 (£25>ms 7 4 (£25 ms

Short exposure
Aselraey (=g M)
ep nseime (s My

64,1 ?7(;5—4‘7%)
76 (£ 3 >ms

4 8% (24 %>
7?2 (44 HHms

6 8‘ 8% (£ 8%)
766 (£ F>ms

7647 % (£2.1 %>
752 (£ ®H ms

We as ree rded bservers’ regp nse tme d% n8 the
¢e€ rpay1 n 1ask (Flg‘ 2b dy A repeaed measlres
ANOVA (exp sY%e tme x semanie smiar 1y x physeal
smiargy) nrep nse tme f the ¢ rrest or Als revedled
n sng eant three way mnteraegin [F(L9) = 0, 35
p = L5 . There were sin1 sant man effests n semén
te smiaryy [s§ < S F(L9>=9.8 p < LI5. physt
¢ smiargy [Ps »PR F(L9 =%, % p < o,m?. and
ther nterasiin [F(L9=1%6 p < mﬁ“F r the | n€
exp sre ¢ nd11n( 152by the AN®VA apa]ys s revealed
s¥n1 eany ?fgcts f r the semante smiaryy [gg < sW
FL9y=1.2 p < LA, physsa smiary [Pg _»PR
F(1L9y = 2127 p < .13. . bY n ¢ ther mieraeiin
[F(1.9%9= 30 p= 0,19],‘ rihe sh riexp s're ¢ ndi1n
(F & 2d> the AN®VA apalys s revedled sin1 eani effesis
f rthephysweal smiar1y [F(L9)= 1100 pg 5. bY
ntfrihe semante smiaryy [F(L9 = 2. p = 0161]
and the r nteraeg1 n [F(LO=1,3 p= 0, ;FA

These resUts m 1t red the behay 1 ra] aeeUraeyreslis by
dem nsiragn8 thay the res Enxin f the H' ¢ mp nent
was nterfered by the n n anendedL §° ¢ mp nent as the
semani e and phys.ed nf rmaii n nierasied bepween the
tw ¢ mp nentss Sh re stmYYspresentaii ntme and 1 w
behaviral asstraey were als kn wnt red%e the G
snalt n sera1, T mamanthe G sind level we
Used nlythe] nfexp s%etme n* xperment 2.

Experiment 2
Meih ds
Observers

Bhieen nawve  bservers (@ males mean af
2165 = 242> were partiep ded n the exper ment All
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bservers had n rma r ¢ rresied t n rma vsin and
€ave wr tien nf rmed ¢ nsent The st'dy was gepr ved by
the 1 «d] eth s ¢ mm 1ee.

Stimuli

In “ xperment 2% anew stm"1Y% ¢ nd 11 n was added
Uhder ths ¢ ndi1n @ stmYWY _nlY ¢ mans the Hg

¢np nent f aseene mafe (Hg nlyu The Hg  nly
e ndi1n served as a baselme ¢ ndtin n whsh n

semanis nierferense  selrred d n€ the ¢aie€ rpagrn
1ask,

Design

O®bservers’ 1ask n “ xper ment 2” was dentwdl 1 < xper
ment 17, The len&h f eaeh ra] raned fr m 2 000 ¢

3000 ms, A wal siareed wth stmYYs presentdiin f r
120 ms f 11 wed by an 0 ms mask, @bservers were
nstrUed 1 apend 1+ the HS™ « mp nent f the hybrd
ma&es and make ajUdEment n whether eash mafe was a
natral seene r @ man made seene bypressné ne fw

buﬂ ns4

EEG recording and analysis

G daa were a®yUred fr m a 64 ehapne]l G ¢
( ran Pr dYas MYnsh Germanyy lesrr de nwedanse
\;as kot bel w SkQ fr sedlp ehannels, leewr Y
&ams ( @Gs) were ree rded w th elesir desplased 1agerd]
t the external eanth1 f the lefy eYe and ab ve the r Ehyeye
t sdpthre eUar aev 1Y, An exiernd] elesir deplased n
the tp f n se was set 1 be the referense, The eleeir de
A 7waseh sent bethe & Und, G daawere res rded

ag a sapggln&rae f L 000 Hi and were re referensed
ffl ne w th the mean f the left and ri®ht mast ds, G
daja were e ehed and base] ne ¢ rresied by sUbrasiné
the averafe f theprestmUs (200 ms) daya, The base] ne
s rresied daga were liered wth @ nie mp Yise rep nse
(T > lier gpass band «Y% ff freglUeney 0016 Hi st p
band «Y% ff freq Yeney 100 H3 desay fsip band 24 d
stave), ventrelaedp tentfls ( Ps) were bianed By
averafn¥ the ltered daya based n ¢ nda1ns and elee
w des, The & Y pedkp mt fan P ¢ np nent was
dent1 ed fr m the averafd elrve aer ss bservers, = r
eash bserver thepedkp mi fihe P ¢ nmp nent was
dent1ed as thep nt wth the maxmYm val¥% wihn a
60 ms tme wnd w eentered ag the & p peakp nw The
ampliUde f the P ¢ mp nent f r eash bserver was
then ¢a] ¢Yaged by averan€eleven tmep nts sentered a
the bserver’spedkp nu

ehay 1ra] resYs

a2

The valles f aeslraey and rep nse tme n “ Xper ment
2’ are sh wn n Table 2, As sh wn ni & 3 argeaed
meas'res ANOVA (semants smiar 1y x physeal smiar
1Y) n aeeYraey sh wed sifn1 eang effests f r the seman
te smiarey [ _»S® F(L173= F4l p < L. tﬁc
physeal smiaray [PS < PR F(L17y=4218 p< 0L00
and ther mierasgin [F(L 175 =10, % p < 0.1 , Planned
¢« mp & s n andlYss revealed thay the assYrasy f the 5§
¢ nd11nwas siEn1 eanly hher thap thay f the SO «
dt1n Under the P§ ¢ nd11n [F(L173=1196 p < 0.1,
Uhder the P® ¢ nd11n the ase'rases f the §5 and S
¢« ndins were n t si8n1 eanly d fierent [F(L 17> = 0,06
p = L 2.The apalyss as sh wed thay the semant e ¢ n
& Ueney ndex Under the PS ¢ nd11n 5s1En1 eanily higher

.

Table2 ehavira] ase'rasy
andreg *hse tme n

ss Ps

ss PO s Pg s» PD

« " 8 8
Xp et ment 2 Acelragy (£5 M) P, 8% (£2 %> 6. % (£22 %> 615 g‘é(i‘“ ¥y P % (26 %>
ep nsetme (s M 49 (4> ms 40 (£25 ms (+ Hrms 51 (2 3ms
Fig.3 ehaviraresUis f a b
the seerlt ¢a1e € r a1 nask n 1.0 — gg 1000 . gg
“ xper ment 27, a The mean HSF_Only HSF_Only
aseUraey, b The mean rep nse - 0.9 @ -
tme fthe ¢ rreet ir Als, Error § l/l £
bars represent the standard err r g 08 /I @ 900 -
f means aer ss bservers 2 7 E ‘‘‘‘‘‘‘
9 0.7 e [ |‘\~H
£ g @
8 06 } g 800
o
g 2
0.5 [any
0.4 700
PS PD HSF_Only PS PD HSF_Only
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than thay f the P® ¢ ndi1n (17 = R2 p < .‘.]]A
These resYis repl wdted the nd n&s fr m “ xper ment 1~
sh wn&thay the ree Ent1n _f the H' seenes was mier
fered by the n n amendedL 5 nf rmdt S miarphysi
sa pr perty between the Hg' andL & nf rmatinled ¢
st ancr semant 1 nterferenee,

Cor Al errest wAls a regpedied measlres ANOVA
(semante smiarty x physwd smiartyy n rep nse
tme sh wed sin1 eant m@n effeets n semants smiar 1y
[ss < s F(L17h=122 3p< LI 3n(11PhYSl¢al sm1
lacyy (Ps _»PR F(L17h = 42 p.< 0. bY p gther
nterast1 n [F(L173=2%4. p= LIT,

GresYis

F rithe G daa we ¢ neenraied W andlyses n three
Er\‘} \f elesir des  the fr nid] eleewr des ("3 L 2
‘ L " "2 theparer  sep 1 eleeir des (PL P2
P3Ps. PO 3POL) apd the sep 1] cleer des (0. @
@®5), | r eash bserver the averaed P daa fr m all
elesir des neash & Y were Used n stai st 6] analyses,

" r the fr mid] elesr des there was a N1 ¢ mp nent
sentered @ 122 ms after the stmYY% nset (& 43y A
rep edted meastres ANOVA (semante smiarty x physi
«d smiarty) sh wed, sn1 ¢am nterdeiin effest
[F(L17> =515 p < M§ f rthe anter1r N1 ¢ mp nent
(" & 4b), There was a mar&nally si¥n1 eant man effest
f r the semante smiaryy [F(L17) =407 p = 1.0
bY% n sin1 ¢ant man effeet f r the physwad smiar 1y
[F(L17>= 000 p = L’j nths anier1r N1 ¢ mp nenw
Andlyss n the semants ¢ n&V%ney ndex revedled sm1
lar effest as fr m the behav1ra] resYs, The ndex Under
the PS ¢ nd11n 5sEn1 eanily hifher than thay f the PO
¢ ndi1n[(173=225 p< 045 .7 Urtherm re the amp11
tUde f the N1 ¢ np nent Under the H§" nly ¢ ndi1n
was sifn1 edmly ] wer than thay f the hybrd ¢ nd 11 gs
[averaged aer ssf Y ¢ ndt1ns #(17h = 365 p < L.
sUEEestn€ thay the bserved nteraeg: n effeet f N1 ¢ m
p nent f r the hybrd mages was dY% 1 the nterferenee
fr m the n n agendedL § ¢ mp nent.

" rtheparer  eep 1d elesir des wef Und sin1 sant
man effest f r the semantis smiar 1y [F(l- 1= 5,5
p< 05 frP2¢mp nent (13%eney 47 ms = 46 dy
There were ne ther sn1 sani effeet f r the physeal sm
lacgy [F(L17y = 0,71 p = 04l nrfrihe nteraegin
[F(L17>= 04 3p =052 ,Weddn t nd anysin1 ean
effest f r the eep 13 eleeir des bef re 30 ms fter the
stmYYs nsew Previ Ys sild es have sU8&sted thay P
¢« mp nent & UYnd 200 ms after the simYY% nset npar:
et eep 1l areds sm d'ared by hsfher v sUalpy eessn®
sUsh as beetres Entin and seenepersgptin (' dgp 11
et a, 2006, Van Ylen and Th nee 2001y, The bserved
semante smiar 1y effeet n ths area was ¢ nssient w th

previ Ys ndns and sUEEesied thay thepr eessné f the
sic€ r6d] nf rmar1 n nhiéher v sYal areas waspreseded
by the fr mal anayses f the semant® nf rma1 n, Ths

ndn€ a&ees w th the prp s thay 1 d wn nflV%enee
pla]}/s an e r1Antr le nseencpereap il

Cr the eep 1dl eleer des (& 4e 3 we f Und
sn1 ¢amt man effeer, f r the semante smiary
[F(L17h=%2L p < 0,01] f rihe P 3¢ mp nent (1aieney
34 ms> b%n tf rihephyswal smiarty [F(L 17 = 1$77
p= lﬂJ riher nierdet1 n [F(L17h= 052 p= 04 LTt
wasp ssble thay ths 1ae siEn1 eant semant s effest was
dY% ¢ feedbask m d¥Wag1n, H wever flher nvestifa
tins aereqlredt ¢ n rmths niepreidi1 n,

There wasp ssbity thap the bserved early semant
effest nfr ntdl elesir des wasrelaied 1 the nal deesin
made by the bservers, We theref re averaed the P daja
based nthe behaviral ¢h w.es (nat'ral vs, man made>f r
eash bserver and dent1ed the ¢ mp nent thay s ¢ rre
lajed w th  bserver’s s¢aie€ rpayin deesin ( & 5u The
apalyss revedled n si#ny, sant d fferense beyween tw
¢h e ¢ nde1ns bef re 2 2 ms fr m the stmYY% nsew
Analyss nthe amplitde P 3¢ mp nent f the fr nidl
cleetr des sh wed siEn1 eant d fferenee between nailral
and man made ¢h .es [(L 17> = 7L p < l,.; .+ Ths
resUt 5 ¢ nsstent w th previ Us 1 eraglres sh w n€ thag
the P 3¢ mp nentreflests the behav1ral ¢h wes nperecp
tUa] dees1 n tasks ( hns n and @shalsen 200 3 Phig@s
tdes and $3da2006),

Discussion

Ol 51Udy nvestSaged the behav 1 ra] and l’lCuI'al:slgnalul"C
f the nf rmai1 n nie&ag1 n between theL § and Hg
¢« np nents n seene peregpiln, The behaviral resYis
sh wed s€n1 eant nicrde] n bctwc%n semant 16 andp hys1
¢a smiaryes f theL g and Hg' ¢ mw nents, Mean
whie the P resYisrevedled an ear]y anger1r N1 ¢ m
p nent n fr ntd area thay ¢ rreg nded © the bserved
behav1ra] effest, The ndnSs advanee Y Undersiand n€
f 9 28] freq Yeney based nf rmai1 n nie& a1 n n seene
pereptl n
Ol resUits dem nstrage thay alth Ysh be n€ rrelevam
t the task b th the semante and physeal nf rmaiin
f the n n agendedL §° ¢ mp nent f a seene mafe are
pr eessed when bservers make peregpiVal jUdEment
The apalyses f the semante smiar 1y revedled sin1
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lagk ff eYsed ditenty n b th the semant e and phYs al
of rmé@1n fthelL § ¢ mp nent arepr eessed and ean
n tbe v 1Untar 1y ©n red, The nf rmai1 n fr m d fferent
s 2 @] freg Ueney bands ean be nie&raed even f ne f the
s 2 A] freq Yeney bands s manp Yaed 1 be 1ask rrelevany,
Ol resUis als  nd sdge thay b th thephyswal nf rmaiin
ap sens ry level and the semant nf rmai1n 8 dessin
level are req Ured f r the g a1 1] freq Yeney based nf rma
tip ne&adn nseencperegytl n
“UWiherm re U P resYlispr vde spp ringevi
denee thay the neral si€nailre f the g @l freq Yeney
based nf rmai1n nie&ag1 n gpears ar Und 120 ms fr m
the stmYYs nsew Previ Us behaviral siUdy has sh wn
thag the nte& a1 n f g a @l freq Yeney based nf rmaiin
selrs ar Und 100 ms after the stmYY% nser (K hara apd
Takeda 2010y, H wever there was n evdenee nterms f
ne%al ¢ rrejaes stp rinSthsprp salIn Y st'dy the
ealest P ¢ mp nent thay sh ws sn1 eant nierast1 n
between the semante and phYswal smiarses s the N1
pedk fthe fr nid eleeir des, The nf rmain ¢ mpars n
and nie&rag1 n between d frerent g a1 @] freg Yeney bands
are the nesessary pr eesses Underlyn€ ths nieraei1n
effest, The resUispr v de d rest ev denee thag the nie&ra
tin f of rmaiinfr m dfferent g i @ freg Yeney bands
ean ee'r 3 the ear]y siafes fperegpila pr eessné a
fr¥md] areds n seencperegp il nu
" ntextYa] ¢ n&leney effest 5 @ well bserved phe
n men n nseencperegptln (Waveny ry and P wrer 2004 ),
The ¢ rrep ndn P e mp nent fsUeh effest was sUS
Eested 1 relage 1 N4 00 sentenee ¢ n&rleney effe st (Gans
and KY%as 200 3 r ear] er semantis effest ar Und B0 ms
afger the stmYYs nset (MUdr k eq a, 201 0), These st'd es
Used ne n&leni bjeets n ap wi%e (e.& aplayer h 1ds a
wagermel n n abasketba]] 8ame) and exam ned the [ageney
f the ¢« n&Yeney effest wth G ree rd n& The resUis
sUECested thay the earl est ¢ n&lUeney effest was ar Und
M0 ms after the stmYY nset and relaged ¢+ semant s
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seem n8Y ¢ nirad si1 n s thag the bservers n YU experi Gans G KU%as M (200 3 Ap clesr phys11] glc\a{ stUdy f seene
ment were + pay agentint the HS' ¢ mp nent f the ciicas n bea dentiedin ran es Eoran s
16(2>12 3144
hybrd mages, As atent1 n skn wht enhanee and aceel
eraie vsYal nf rmar1 npr sessnE( arase and Me Jree
2001y 1 sp ssble thay the semante nf rmain f the
HeF « me nent ¢dn bepr sessed n detdis as ear]y as the
LS nf rmain Even peer o 1ask reg Yrement - Urther
nvest a1 ns arereg Ured 1 elar fy ths ss'%.
In ¢ nelYs1n U siUdy pr vides dreet evdense f 1
the ne'ral s €natlre fihe niefrain f g 2@l freg Yeney
based nf rmai1 n, The semant e andphyseal nf rmaiin
ft m theL §° and Hg' bands ean be nie&aed as ear]y as
ar Und 120 ms after the stmYY nset aifr ned areas, Ths
early nie&aiin ean bene 1 the ree Enwinperf rmanee
by faei 121 n& the sUbseg Yent p eregp tUal analyses thr Y&h
tp d wn uofl Yenees,

Acknowledgments . We thank Man g n&f r help wih the G
daya analys s, Ths W\rk was s'pp ried byihe Nap1 nal Naytra) s ¢
chc Updagin £ 'hna (N, 32710 L 32 3% 347096
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