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Abstract Sp @ freqleney based nfetim @ wn plays an
mp ettant rele n vsUd peregpton. , Y sembnn& behav
ord apd elesrecn e hd ¢&an EE G measUrements we
nvest €aed the meehan sms ef the mnteraet on and nfer
m¥en ntelragn between difgrent pad freqleney
bapds The ebserversy erfotmed a seene sdeSeri A on task
on hybrd mafes tha were Speraed by cembnn® the
low g @ @ freqYeney L sF e encnt of ene mafe w th
the hi®h g a @ freqleney HS' comp encnt ef anether
ma&_The resUts shewed tha the recefnt on efthe HS
comp encnt was ntergred bythe nen atendedl S* conp @
nent @ sem ant 16 level . The stren&h ofthe sem ant & nter
frense was medy aed by thep hysd smlarty between
theL S apd HS sorp oncnts. nd Yses of theBE G daa
reveded ap earjy aptergr 1 semp encnl 1 ms ffem
stmUUs enset tha was re]aed tg the ebserved nterae
tn?: eofthe sem ant andp hysd nfem @ en between the
LS apdHS somp encnts These findn&s dem enstrae tha
the semant & nfetm @ en fem difgerent g @ @ freg Yeney
bands ean be nte&raecd a cay stale efthep ereqptUdpre
eessn Ths ecaly nte&raon s1kelY te oselr & frontd
areas n orderte nttctey down fael 12 wn
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Introduction

S @@ freqleney s one efthe base vsUa fealres tha the
vs'd system 5 pesdi1edte andy ¢ seres of behay
ord 2ndy hys wleS1ed stUdes have demenstraicdihe ex st
enec of » A 1 freqYeney shannels n ealy vsld system
a | emere and anpbc§ 16, angbell and Rebsen
16 (We Vdesetd 1 (Wisen and Wik nsenl 7.

natem wdly the sefreSaon of twe maer vsld p ah
ways the mafneecllYar p ahway Mp ahway and the
p arveecllYar p ahway pp ahway, has been ent fied
threU€he the herarshy of v sla p rescss ng fem ret na
te vsYUd coftex. ne eofthe fUnet wnd d]ff:l‘cnccs between
the twe p @hways s re] ded tg the p loeess né ef pad
fieqYeney based njetma en. That 5 the Mp ahway s
mere sensive telew p A1 freqUeney LS nfeim @ n
whereasthep p dahway smere peei 1 ed on thep reeess
nfefhi®h g @@ feqleney HS' njetm @ en Merifan
and MalUnse]l 1 3. Mere mp ettantly there were ¢l
l1an€ evidenees frem behaverd experments tha | nk
sUeh meehansm te the fUnet ons ef hiher Jeve] vsld
pCclegption

Tof example prevels |teralres have sUS&sted a
sodrsc to fincp rmeple tha tth rescss nS efthe fine sede
nfem @ en earred by HS® 5 preeccded by tha ef the
s0drse sede mnfelin & wn sarred byL S ar A %a Ll
ler "1' He 8de  HU8hes et g 1 6,Palf<cr et 4.
1 , 1 7,Sehynsand 1wval [ GeffaUset d_ 11,
peyrnet 4. 1. Meanwhile ether theer s beyond the
codrsc te finc prneple have dse been p rep @scd part !
lady there were nereasn€ evidenees shew n€ tha the
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nfeim @ en frem digerent g @ @ freq Ueney bands ean be
Used flex 1y durngtth ereqpt on of seenes and otjccts_
et example by UsnS hybrid maSes thaa ¢gmbmned the
LS eempencnt of enc mafe wih the HS" «emp enent
of anether mafe researchers have demensiraied tha sen
st1aente diffrent 9 @@ freqUenees ean nfl Yenee the
Usale ofthe g @@ freq Ueney bands fer vsld caeer:

%en 1vaand Sehyns 1 7, Sehyns and [wval

Enetd. 6, Merrsen and Sehyns 1 The vsla
sYstem dsetdkes the advaptale efthe dlag[!.st ¢ nfetma
ten flem weeric 9 a@d fregleney bands n a Even tagk
sontext Retshtenet . 1, sYh asthe Ysefiness ofthe
HS" nfe'ma en n sUberdnae sacSeri @ on tasks el
In 6 elnand MeMlijen 5 Wegp te the neen
ssteney n the rele played by thc.; ad freqeney based
nfem @ en n hi€herlevel vsUdpereqpt on thescp rep os
s have sUSEsted ap ardle] meshan sm tha afrees w th
the andem 1€d se&efa on ofthe M andp p ahways nthe
vsYd system_ Hewever the seenes and ebees n nalra
env ferment never dpear n @ snée freq Yeney bapd The
nfetm & en frem difperent 9 @ @ freq Yeney bands m Ust be
ne&aed a a eetan leve] of v 5Y4 p resess n& before the
mement of 1 recefnt on

reeent behay prd stUdy by K hara and Takeda |

nvest €aed the nteSraton of mUtple p A @ freg udndy
bands n seencp ereget wn. The stUdy adggted a seene et
cSer1 & wn task andtested ebservery’ p crfeiin dnec for dy
ferent mase tpes mtad LS, HS, andL S© HS' ¢em
bned andexp eslre dUragns 3 O ms - r1edly the
stUdy comp ared the acelracy f.r.thc]! sF msF som bned
ma& condien w th the est maed ageUracy baged on the
sem bna on efthel SF ma& apd HSF ma condt ens.
The | ater ene reflested the behay erd p er fotfim anee. when
diferent 9 @ @ freqUeney bands 1, L SF and HS"  «en
tr bhed nde endently w the™ Unet wnd_nteErat on. The
resUts shewed hi€her acelracy for thel sF HsF cqmbned
maf condien and ths advantafe gpecared only ager
abelt 1. ms fem the stmYVYs enset demenstrat n€ the
benefit oj’thc nfetin @ en ntera en efthe difgerent o @ d
freq Ueney bands Therefore the resUts of the stUdy sUg
Cested tha the nte&ragn be€ns as ealy as 1 ms afer
the stmY Vs enset n sscncpcregption. cvertheless ev1
denees from nelrep hys oSy and bran maSn&tha s
pottthspre esd are stil ]agk n&

The am ef the present stUdy was te mvest ae the
nelra siEnalre of the mnfetm a en niteErai pn between
difgerent » @@ freq Yeney bapnds n seencp cregp t on. We
adgeted a behav rd p aradifm ef seenc caicSeri a on

task en hybrid mafes 1wvaandSehyns1 7, Retshien
et a. 7 1., Sehyns and 1wva 1l , 1 and
testedthe sem ant 16 nterfrense from thel S semp encnt

enthe HS' «¢omp enent efthe hybr d mags We chese the
sem ant & nterferense as the ev idenee ofthe nfofim a on
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nte&raten between the twe g @@ freqUeneres dUe to
twe redsens. | sl semant & nterferenee ¢an be dree]y
measUred n the seene saeSeri a gn tasks and 1 thYs
col dserve as are] @be ndsater efthe nferm a on nte

Eat gn. Seeon¢! the behav erd and pelra meshan sm
of sem ant ¢ mierfrenee has been w el y stUdes 1 the
] teraiUre The ntetp retal on .ftthrcscnt findn& ean
be bepefited by somp arnE wih previelUs resYts. The
p resent stUdy conssted oftwe cXp er ments. InE Xperi
ment 17 we tested the behav ord effeet on the sem ant i
ntergerense InE xperment 7 we com bned behay ora
and eleereenegy hdo&ran EE G measUrements am né
te Went fy the neUrd sSnaUre jor sUe¢h mnfetm a en nte

&t ign that has been reveded behav pra]y n K hara apd
Takeda’s st Udy

Experiment 1
Metheds
Observers

Ten nave ebservers 6 mdes meadn a& 31 8 +£16
were p art op ded n the experment. 11 ebservers hdd
netmd er eotrectcd te netmd vsmen and Save writen
nfeimed consent. The st Udy wag Pop reved bythe 1 @¢d eth
1¢s semm itee

Stimuli
Im a& daagets fremL abclMcP rejcet RUgse]] et a 8
were Used n the experments. The mafes belenS te s
semant 1« edtcSores that ean be Sre'ped ether as nall
rd seenes of man made seenes. The three natUrd seene
sdicSeres were forests sodsts and epen colntres The
three man made seene sateSores were hi€h ways sireets
and bUidn&s There are tetdly 1 = 6 na%d mafes 36
jotests & eeoasts and 11 ®ecn colntres and 1 16
manmade maes 6 hi€h ways stireets and 66
bUidnS nthe daabdse 1| males were resiedte the
resel W on of X p xels and transfermed te Eray
sede_ The fixa enpent was & the senter of the hybrd
ma&e_ The stmul1wcrcPrcscntcd on the scgter of the
sefeen w th a &ray bagk &rend ntenstyefl . Thesie
efthe ssmWiwas 7. x 7.+

We definedy hysed smiarty and semant s smiarty
between diferent mages. Thep hysed smiarty between
twe mafes was defined by twe erter@a the corre] & ion of
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a

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 hybrd mages for the fol st m"Ys condt wns.
Twe hybrid mafes ene na%d seene n HS' and ene manmade
seene n HS' are diglayed for cach condion. 2 SS pS condion.
b SS p® condien. C S® pS condinn. d S® p® condton. SS PS

ener8y dgtirbUen jor eash p xel s erent@ en was
defined as the anfe between the | ne senneet nEtheyp xel
te the 11X gn and the ] ne cenncet n& the fixa on te the
m dp ent efthe Ppper cdfe efthe mage The ntensty ef
cachy el refleed the ener8y efthep xel. = of cach or1
entd an the enerfy va Ve was ehtaned by avera€n€ithe
ntens1y vd Ues for thep xels denE ths erenta wn. The
cocilicent val Ve for twe maes was ¢d ¢ aed agthe cor
re] % on between the ener8y va Ues don€ d] eorentd wns

N § N ofthe twe ma&s Thepearsen serte] a on socf
fieent between the solTey ondng mean ener8y va Yes
aeress or Entd ans ef twe mafes was defined as the cor
rel & on of cnery dsirbhien. n mafep ar was defiped
asp hysedly smlar pS # both sotte] 4 n cocilieent
va Yes were hiSher than 6 tee 5 % nthe daaset and
physedly dssmiar p®° mae if beth correl @ wn coc
fleent vd Yes were — 5 bettem 5 q n the daraset = We
defined twe mafes as semant wdlY smlar SS i they
were frem the same saieSery e & beth mafes were frem
forest sacSery and semant wdly dssmiar S® i they
were fem difgerent Sre'ps ¢ & enc mafe was frem the
nalrd seene &.$ andthe ether one was frem the man
made seene Erolp

LSF: Natural
HSF:Natural

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

LSF:Natural
HSF:Man-made

SD-PD

LSF:Man-made
HSF:Natural

sem ant 181y andyp hysedly smi1ac SS PD semant dly smlar and
physwaly dssmiar SD PS semant wdly dssmiar andy hyswedly
smiar SD PD semant a1y andp hysedly dssm jar

I mages were transfetimed nte g @@ fregYeney
deman UsnEa Fag Felrer Transfetm 4 Serthm and fil
tered Us n€ W Galss @ap filters. The ¢Weoff freq Yeney ofthe
h€hy ass filter was 3 3eyde s andthc «Yoff freq Ueney .f
the low p ass filter was 1.1 eyde, Retshten et .

1 SkettUn The s€nd deeay 56 05 for b.tht.hc
hi€h'p ass 3ndlo\,v.p ass filters. Root mean sqlare RMS
contrast nefmd 1 A wn Was 2”]81:(1 te beth theL S and
HS' ma&s mean ntensty 1 Y 2 B

We &neraed jolr types of hybrd Snagcs 1 va and
Sehyns 1 7, Sehyns and [wa 1 by cembnn& the
LS comp oncntFof enc mafe wihthe HsF somp encnt of
anether maf © € 1  The twe mades san be 1 SS and
PS SSPS,  SSbup® SSp®, 35D blpS SB
pS and  S® andp® SO p® | ndly we Seperaed

hybrd mages jor the SS pS sendi on 55 hybrd
mages forthe SS p® condi on 1 hybrd maes forthe
S® pS condien and 5 hybrd magcs for the SO pD
sondien. There were p osshic rgpetimns of the seene
ma&es U mafe seled onp l‘.ccdul'c Cnsul‘cdtha aseene
mage Pp cared onl Y ense Under the SS sondi en of Under
the S® condton bY 1 sp ess e tha an ma&e Pp cared
n beth SS and SO ¢ond1 ns.
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Design

bservers were nstrlsacdie atendie the HSF semp encnt
ofthe hybrd ;ma&s wha was drawn w th] nes andm &e
ajud§nent en whether each mae was analrd seene or 2
man made seene byp ressns enc oftwe bltens. ! Thep Uy
p osc efthe Udy was te mvest iSade the pad freq Yeney
based nfetim & wn nte & on by test nSthe slgn ant 16 nter
frenee oftheL S somp encnt ever the HS™ somp encnt_
The cearse te fincp rneple Was tdken nte seoUnt when
we shese ths erder rather than the qop @stc ene 1e, the
ntergrenee of the HS' ever LS . «cordn€ te the
sodrse te fine prneple the LS nfetmd en was pre
sessedp reeede tha efthe HS™ njetin & en_ There jore we
welld exg eet that when the ebserver wasp ay n€ atent sn
tethe HS" comp enent ofan ma& theL S° nfetm @ n en
the sane ma& wed be aliem a wdlyp resessed In ths
way we sheUd ebserve semant miergrenes eff e
betweenthe twe g @ @ freq Ueney bands
E ach trd Jasted for , 5  ms  trd ganed wih a
stmYUspresentd on for 1 'ms lenEexp osUre condion
of 3 ms shett cxp esUre condimn fellewed by a 15 ms
mask_prevels stUdes have sU&sted tha the v sUd 'sys
tem mayp resess the g a @ fleq Yeney semp encnl's dfger
ent @1y Under difgerent exp esre t mes. Sehyns and ] va
1 have demenstraied tha sUbeds were mere 1 kely
te recenie the mafe nL ST Under shert exp oslre t me
andihe mag n HST Under|eng exp oslre tme. We Used
twe cxp osUre tmes nE xperment 1”7 am né te nves
t1€ae whether the exp esle t me had cffeet onthe 9 a @
fieq Yeney based nfetim @ en ntcra en. The experment
consstcd of folr Heeks twe shert exp oslre Heeks and
twe lenE exp osUre Heeks | oUr stmUUs condt mns were
presented n arandem erder w thn cach bekE ,ach condi
ten hadS irds neach Hedk andthere were trds n
totd. (1]

ResUis

bservers’ behay »'d perfofmanee 5 shewn n F & The
v Ues of aselracy and ey ense t me for eash cond1 on are

! We have condUsed a contrel cxperment on 2 ealeSqr1 & wn task
nwhih | ebservers were nstrlaedie atendtheL S™ comp enent
efthe hybrd maSes The resUts shewed tha the acslraces of the
twe scmfnt wdly diferent condtens 1e. S® 55 k1i3=-_%
p= and S® p® lt13=—1457p/ . were net sen il
santl§ b her than ehanee level the acc“r’ﬁc&’ of S® p® condi
ton was aaUad]y siEnfieant] y S g _ The resUts sU8&sted tha
the ebservers were net abic te settcet]y slteSerie the seenes based
selelY pentheL S nfetma@ en n @ hybr d mage Eventhe ntergr
ense fem the HS™ somp enent_
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shewn n Table 1. rop caedmeaslres Ve eslre
tme X semant s smlarty xphysed smiarty en ase!
raey shewedtha the aseUracy for the | ons cXp osUre sondi
tion Was s1&n fieant] Y hi€her thay the aseUracy, for the shett
exp osUre condtnlF1 =636 p- " ll_Thcrc was
dse man cffees for the Siman 10 smfar!y [SS_» S
F1 = _1p= _ and the p hysd smiarty
bs -p® P1o—6 . .‘.p < ?Wc dse ebserved
s &n fieant three way ntcr.act »n ’F.f =7, p~ . C
andthere jore andy edihe daa sop arae]y for.the 1ong gnd
shett exp eslre cond1 ns.
"ot the lenE exp os're cendten Fe a the v

and ys s reveded sin fieant effels for the semant 1€ sm 1

larty ISS» S® F1 = 1.71 p- rool t‘]thh}’sual
smlatylpS-p®» F1 = 7 3p= ol andihe r
nteradon[F1 =1_, p- 7 planne somp 2 sen

and ys s revededtha thc.auul‘acy ofthe SS condt on was
s1&n fieant] Y hher than tha_efthe S ¢ondt n Under the
pS eondtenlF1 =71, p- _ l] and s1&n fieant] y
hiSher thap that ¢fthe SP condi bn.u:q.dcrthcp'i condten
IF1 = 61 p- _J Te flther detetim ne the mterger
enee frem the nen didndedr sF nfetm & en Under difger
ent p hysed smiarty eendtens we defined a semant 1
son&rleney ndex as the difprense between aselrases
nthe S® and SS condtwns Under cashp hyswd sm lar
1Y ¢ond1 en. The and ys s revededtha the sem ant & sen
&lUeney ndex Under pS condimn s 51%1]'1(3[111}’ h1ghlfr
than tha ef the p® condion [ = _5, < _
Thg resUt ndeaes tha the nen atendedL S c.mp. et
exhbis strener sem ant ntci‘:fcl‘(‘,ncc 1 isp hysed p rep
ety s smlartetha ¢fthe HS somp enent_

" or the shett cxp esUrc condien 1 ¢ the v
reveded s i€n fieant effe el ofp hysed smiarty pS —p®
F1 =333 p- . l] and 15 nteragt on w th sem an
tesmlatylF1 "="7 6 p~ I, bY net fer the
semants smlarty [F1 = ' p = 16 plapned
comp 2 sen and Yss reveded that the acelracy ef the SS
cond1 on was s1n rieant] Y h i€her thap thar e¢fthe SO «o
dign Underthe pS condten lF1 = 61, p- ?
andmar&na]y Jewer thap tha efthe S® condt hn.utwer
the p® condton [F1 = 7 p= _ 515_ Sem ant 16
ntergrenee and ys s revededtha the scm.an.t 1 son&Veney
ndex Under the pS sondien s %ﬁﬁuantly hi€her thap
that efthep® condionlr = 5 3p- 4

The absense eof the sem ant smlar’}’"cffccl for the
shett exp osre condt en was] kel Y dUe 1@ the hi€her agel
racy for the S comp ared w ththe SS cond1 wn Under the
P condien mar€ndly sEnfieant p = 53 Hew
ever s beth the len& exp eslre and shert exp es're sond:
tns exhbied siEnrieant nierae on efieets and seman
te conrleney efpeds we welld sUEEst tha these twe
exp osUre cond1ens exhbied smlar efgeds of semant 1
ntergrense.
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Fig.2 , ehav ord resUts of a — SS b
the seenc scEor1 & wntask n 1.0 -—-SD 1000 — ss
B xyerment 1”_aThemean 0.9 - --= SD
aseUracy for the lenE exp os're g ) I_/_I ] £
condi en_ b The mean reg ense S 08 JPtaal © 900
tme ofthe sotreet trds forthe o JPtias £
lenEesp oslre condt wn. C The § o7 I,/" o
mean aeeUracy for the shert ‘g s |~ ______
3p osUre cond1 on. d Themean g 06 g 80 7 TTTee {
tey ense t me efthe serret & £
trds for the shett exp oslre con 05
d4 en_ Error bars rep resent the 04 700
standard errer efmeans asress PS PD PS PD
.bscrvcrs
c d
1.0 s 1000 — s
---SD -
5 0.9 > SD
3 3
S o8 o 900
8 A £
S o7 o P
- s 2
o e
8 0.6 // § 800
o Pad [0
0.5 I'/ o
0.4 700
PS PD PS PD
Tablel  chiv wrd dectiraey S5 pS 5S p® S® pS S® p®
ndregp ensetme n
E perment 17 Long exposure X - o o
selraey +5 M % £P P _6%8:|:_6% 6_§%8zlz_% 37é%:l:_%
Reponsetme +8§ M 77 4+ 5 ms 76 £+ 6 ms £ 5 ms 7% £ 3 ms
Short exposure g8 g g
sslragy =58 M 641‘§7i<7% 6. % £ _ % % + . % 76.7% £ 1%
Reponsetme +8 M 76 £ 3 ms 766 + ¥ ms 7 +  ms S+ ® ms

We dso recorded ]Sbscrvcrs’ rep ense tme dur & the
clcSeri A gn tagk 18 b d_ rop caed measUres
V' expestre tme X semant e sm1arty x p hysied
smlarty en rew ense tme eof the cotred trids reveded

ne 51gnflcant three way muteradon [F 1 = 35,
p= <5 _ Thete were si€nfisant man efeeds on sem an
tesmlartyISS-S® F1 = % p- 7 phys:
Asmiaryhsopw F1 = 3 g A0 T o

ﬁ_ Foft e lon&
and ys s reveded
semant s smlarty [SS -~ S®

the r nterae on [F%: =136 p~- _
cXp oslre condion i & b the
s n fleant %f@cts for th?

F1 =1_, p~- - hysed smlarty [PS,bp‘i
F1 = é 7 p /]011’ bW net ther mnteraed on
IF1 = 13" p= 1" "erthe shert exp osUre condt n
Fe 4 the and ys s reveded si€n fieant effes
forthep hysed smiarty lF1 =11 VP e O
net fer the semant s smiarty [F 1 A 1 p.é <61]
andthe r nteradon lF 1 =1 % P= 3 '

These resYtsm rreredihe behay pra aselracy resYts by
demn enstrat n€ tha the reco&nton ofthe HS' comp encnt
was mtergred by the nen atendedl S somp encnt 3s the
semant s andp hysed nfetm @ wn nterasded between the
twe somp encnts. Shett st m Y Usp resent@ on t me andjew
behav rd aseUracy were dse knewn te redUse theEE G
sind te nese rat . Tomantan th&SE G siEnd Jevel we
Used enl Ythe lenEesxp oslre tme nE sperment .

Experiment 2

Metheds

Observers

E Bhieen nave ebservers mdes mean afe
169 + were p art p ded n the experment. 1l
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ebservers had netmd er cerrested te netmd vsien and
Save wr tten nfetmed sonsent The stUdy was gop reved by
the los¢d ethes semm ttee.

Stimuli

InE xperment 7 anew stmYYs condtn was added
(hder ths condien 2 stmYVYs enly sentans the HS
somp encnl of 2 seene mafe HS enly . The Hs' enly
sondien served as a base] ne cendien n whih ne
semant i« nterfrenes eeslred dUr € the cate Sori1 a on
tagk

Design

bservers’ task nE xperment ” was dent €d 1o E p er
ment 17 The len&h of cash trd ran&d gem 1e
3,4y ms- trd started v th stm ' Us p tesent@ on for
1 " "ms fellewed by an s mask_  bservers were
ns’rudcd te atend te the somp encnt ef the hybr d
mages andmae a;Ud§nent en whether each ma was a
nald seene of aman made seene byp ressn enc oftwe
blUiens.

EEG recording and analysis

EE G daa were aeyUred grem 2 6 «hannelEE G ¢
4 ranpredias MUnih Germany E ledrode mpedanee
was kapt below S5kQ for sedp shannels E Jcedreese
&ansE  Gs were recorded w theledredesplaccd] aera
tethe externd santhiefthe Jef eye and abgve the riSht eye
le c%lurc esUar ad w1y n externd clcdr.chlaccd on
the tp of nese was sct te be the regrenes. The elesreds

wag shesen te be the &eUndEE G daa were recerded

a a sampl n& rac of | H and were re regreneed
ofl ne wth the mean oftqh.c.lci and r €t maste SEE G
daa were qp @ched and base] ne setresed by sUbirad né
the avera&e efthep rest mYUs ms daa The base] ne
sqrredied daa were filtered w th @ finfe mp Yse rep ense

IR riter P 3ss band ¢Yeff freqlensy 16 H step
band eWeff fregYeney 1 H |, decay ofstep band  d
edave E vent rejacdy ..t(.:nt AsE RBps were .bancd;t)y
averagn& the fitered daa based on cendt ens and eles
tredes. The Sre'p pedk pont of anE Bp comp enent was
ent fied gom the averaSed ¢Urve acress ebservers | of
cach ebserver theped p ont oftheE Rp comp onent was
dent fied as the p et w th the maxm'n val wthn a
6 mstme wndew ecntered & the Sre'p pedk p ont. The
ampl 1Ude of theE RP somp encnt for each ebserver was
then «d ¢ aed by avera€nSelevent mep e nts eentered a
the ebserver’sp edk p o nt_

a ehay ord resUis
The vd Yes of acelracy and rep ense t pe nE xp erment
» are shewn n Table _ s shewn ni & 3 arepc&cd
measres V' semante smiarty xphysed smlar
1y on aeelracy shewed si€nfieant effeets for the sem an
tesmlarty [SS» SO F117 = ¥ 1 p- ral the
physed smiartylpS-p® F117 = ‘l‘o ﬁ/ b
andiher nteradon lF 117 =1 _3 p- ° _Pfanncd
conp 2 sen and Yss reveded that the acelracy ef the SS
cond 1 on was s1&n risant] ¥ h i€her thap that efthe SO «o
dten Underthe pS condten lF 117 =11.6 p- __ lP
thder the p® condt on the aselrases ofthe SS an.d.S'i
sond1 gy‘qs were net si€nfieantly diprent [F 117 = 6
p=,  _The andyss dse shewedtha the sem ant 16 con

gr“eﬁcy ndex UnderthepS condt n s s 1En fieant] y hSher

Table?2 , ehav prd acelrasy

SS pS SS p® N BN S®» p®
and rep ense tme n g 3
E yerment 7 sslracy £8 M Tk % 61% = % 61<5‘7% + 3% 7. %+ 6%
Reponsetme +8 M + ms , + 5 ms + 1 ms 851 + 3ms
Fig. 3 , ehav erd resUts of a b
the seenc sdteSor1 @ wntask n 1.0 - gg 1000 - gg
E yperment ” aThemean 0.9 HSF_Only . HSF_Only
aeslrasy b The mean rep ense = )
tme efthe sotredt trds_Error @ l/l é
bars rep resent the st andard errer 5 08 /l o 900 .
efmeans aeress ebservers g s g ~~~~~~
8 06 } g 800
o)
g 2
0.5 o
0.4 700
PS PD HSF_Only PS PD HSF_Only
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¥3

than tha ef the p® condton lr17 = 3, p - ]]_
These tesUts rgp] watedthe indn&s from E >perment 17
shew n&tha the recefntwn @fthe HS' seenes was nter
fred by the nen a@tendedL S° nferm & en. Sm 1arp hysi
«d preperiy between the HS™ andL S* njetm @ enledte
stron &er sem ant s ntergrense.
Tef dl cotredt trids a ropedted measlres \

semént e smlarty x physed smiarty en feg ense
tme showcdSIgnfltantmgan cif s 0151 semant ¢ sm laryy

[ss-s® F117 = “3p- "o anQp hysed sm 1
larty pSep® F117 = _ ' p~ .A.lll b4 net the r
nteradonlF 117 = | p= .AIIIA
EE G resYts

F

Ter theBE G daa we censentraed oUr ana yses %nthrcc
gfo‘il%of c‘il,cclfodcs the frontd eledredes &, ©1 F
F ) 1 , thep arrte esep 19 cledredes pl p,
p3p.p 3p , andthe osep 19 cledredes 1
_ " or cach ebserver the averafedE Rp daa grem 4l
clesdredes n each gr.l} were Used p stan st 68 and yses.
"o the grentd cleeredes thete was a 1 _comp enent
eentered @ 1 ms ager the stmYY enset + & a_
rae caled measlres V' semant’ smlarty x physi
¢d smlarty shewed siénfieant nierad en e
lF117 =353 p~ ...~ ferthe anteror 1 comp encnt
1€ b _ There was gjmfﬂilfgnall}’ snfiedant man Cffcgl

for the semant smiarty [F117 = 7 p = o
b% ne snfiednt man cffeet for the p hysd smiarty
lF117 = ., p= enths anteror 1 comp encnt.

ndYss en the semant & con&leney ndex reveded sm1
lar effeet as frem the behav ord resUts. The ndex Under
thepS condien s 51gnﬁcant1y§h iher than tha efthe p®
sondionlr 17 = 3 p- . A‘F“nhcr ofc the anpl1
tUde gfthe 1 semp encnl l'ntkr the HS" only cendt mn
was si¥nfieant] Y lewer thap tha ¢fthe hybrid condi ens
laveraged acress jo sondiens 117 = 363 p - IT
sUE&st n€that the ebserved nieraed on cffeet of 1 som
pencnt for the hybrd mages was dUe t1g the mterfrense
frem the nen atendedl S sorp enent

efthep arcte esep 14 cledredes we foundslgnﬁca%ll
man cffd for the semant s smiarty IF117 = 5_ ;
P vy forp compencnt ldcney Tms & ¢ d_
There were ne ther si®n fisant cfg et for thew hyssd sm
laryy lF117 = 71 ]1 = ner fer the mterae on
IF117 = _ ,3p.= R AWc.: dd net find any s &n fieant
effeet for the ecep 131. cledredes before 3 ms ager the
stmUYs enset_prevels stUdes have sughed thae &
comp encnt areUnd ms agerthe stm Y Ys enset np ary
cte ocep 1d areas smedUacd by hiher v sUd p reeess n
sUsh as ebycet recotnton and secncpcregption  odpet1
et 4. 6, VanRUjen and Thepe 1. The ebserved
semant € sm i1arty effeet n ths area was eens stent w 1h

previels indn&s and sUEEsted that the p recess n ef the

cttcZer6d nfetm @ en n hiher v s areas wasy reee ded
by the frentd and Yses of the semant « nfetm d en. Ths
findn€ a&ees w 1h the prep osd tha tee dewn ufl Yenee
p13Ys an mp eftant rele n secncp creget on_

I of the osep 19 cledredes 18 e £ we found
snriednt man cffeed, for the semante smiarty
IF117 = _1p- r.l] for the p 3comp encnt [ a&eney.

3 ms ;b% net ferthey hysed smiartylF117 = 1377
P=y etther nteradon [F 117 = 5, P=y I
wasp esshie tha ths 1ae sin1ieant semant 1 eficet Was
dUe tg fedbagk medUa en. Hewever fltther nvestia
t ons are req Uredte confitm ths niesp retat on_

There w asp @SS b1ty tha the .bsCfVCd ealy semant 1
cifeet n Fontd cledredes was re] aedigthe find dee s ion
made bythe ebservers We there fore averaedihee Rp daa
based on the behay ord sheses nald vs man made for
each gbserver and dent fied the sermp encnt tha 5 cotre
laed w th ebserver's caicCeri aon deeson | 1S 5 _The
andyss reveded ne sinfjeant dijferense between twe
che sc condt mns before ms fem the st mYUs enset_

ndYss en the anpl 1Ude ofp 3comp encnt efthe fentd
cledredes shewed si&n 1ieant dlka‘Cncc between .nat Urdg
and manmade chowes 117 = 71 p - _ j Ths
resUt 5 consstent w thp rev ls | teraYres shew n& tha
thep 3eomp encnt teflesis the behay wrd she s np erege
1U8 deesontasks Jeohnsen and ]shalsen 3phlas

"
tdes and S g da "6 ;

Discussion

Ur qUdy pvest ifaedthe behay ord and ncuralpmgn&urcg
eofthe nferm @ en nte&ra on between theL S and HS
somp encnts n secnc peregetion. The behaverd resUis
shewed s i€n fieant nterae on between sem ant 16 andy hys 1
¢d smiaries eftheL S apd HS semp encnts. Mean
whie theZ B resUts reveded an eany apterr 1 «om
pencnt n frentd area tha cetrey onded tg the gbserved
behay urd efeet. The findn&s advanee ol Understandng
ofp @i freqeney based nferm @ en rile &t en n seene
pCcregption

Ur resUts demenstrate tha dtheUh be n€ rrelevant
te the tagc beth the semant s andp hyswd nfetm @ en
efthe nen atendedL S semp encnl ef A seene mafe are
Pr.ccssed when ebservers make peregtld Judgncnt
The apndYses of the semant ¢ smilarty reveded siénni
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lak of fesUsed attenton beth the sem ant 1 andp hys q
nfetm d en eftheL S° semp enent arcyp resessed and ¢ap
net be vel Untar1y iéneted The nfetm @ en frem diferent
» A freqleney bands ean be nte&acdeven 1§enc ofthe
p @A fregYeney bands smanp Yacdie betask rrelevant.
Ur resUts dse ndae tha beththep hysed nfetm a en
a sensery level and the semant & nfetma en & deesion
level are reqUred for the g @ @ freq Yeney based nfetma
tiep nicEralen n seencp cregetion
" Uthermete oUtE Rp resUts provide shp ot n€ evi
denee that the ne%d sinalre of the 9 @@ freq leney
based nfetim @ en nicra wn dop cars are'nd 1 ms frem
the stmU s enset preveUs behav gra stUdy has shewn
that the nte&raton of 9 @ @A freq Yeney based njetim & on
oseUrs argUnd 1 s agerthe stm Y Ys enset K hara and
Takeda 1 _ Hewever thete was ne ev idenee mtetins of
nelrd cotre]ales s'pp ot nEth sy ree @sd_In oUr stUdy the
ear esiE Rp semp encnt tha shews siEnrfieant nieraed on
between the semant andP hyssd smilaries s the 1
peck ofthe fontd eledredes The nfetm & on somp 3 sen
and nteSraen between diferent g @@ freq Yeney bands
are the neeessary presesses Undel yn€ ths nterae sn
effeet. The resUisp rev ide dreet evidenee tha the nteéra
tion of nfetm @ wn fem digerent p @ @ freg Yeney bands
¢dn esslr A& the caly stafes ofpcreqgtld presessns a
frentd areds n secncp cregpt on.
ontextUd conrleney cfeet 5 a well ebservedy he
nemenen n secncp creget on Wavery ott andp efter
The collcy ondn& RP somp encn! of sUsh e g et was sU8
Sestedig rel e 1o sentense son&rleney effedt Gans
and K Yag 3 of c&ﬁ er semant ¢ cfe e areUnd 3 s
agerthe st m’"i Us gnset MUdrk et 4. 1 _These stUdes
Used neenrlent ebjees n ap wtlre ¢ & aplayer helds a
waermelen n @ bagketbd] Eane andexam nedihe]aeney
ofthe con&rleney i wtHEE G recordng The resUts
sUECsted thar the ear est son&rYeney effeet was areUnd

3“ ms afer the stmYVYs enset and relaed to sem ant

nte & gn tha was ad vaed n Jaer proeessng stafes.
Ur rasUts hewever sUSSst that the sem ant 1« son & Veney
effest n seenc peregption ¢an eselr as ealy as 1 ms
ffem the stmYUs enset. The dscrcp aney between olr
resUts andp reviels indnSs ¢l d be dUes 19 the digprent
expermentd p aradifis. 2 U mere mp ertantly the nen
atended somp encnt of A seene mafe was n tsL S bapd
n oUr stUdy whereas beth the ebjees and bae &reUnds n
previels stldes were net band filtered The lewerE Rp
anp] 1Ude of the HS‘F only condion comp ared w th the
hybrd cendt ens dse ndsdes the ntergrense frem the
Lsk somp enent dUrnSthe recofnt en The car er con &
ens)E R semp encnt n olr stUdy sUSS%sts tha the nte
SGaen of wad frogUeney based nfetma en help s te
fael 1ae they eregetYd p resess né n orlerte s'bp ot fast
de ¢ 5 ons.
2 X and eql]eales Qe d
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seem ndY contradiet wn 5 tha the ebservers n oUr experi
ment were tep aY atent ion te the HS' somp enent of the
hybrd maes s atent sn sknewn te enhanee and acse]
erdie vsUd nfetm @ enp rescssnd  arrasee and M [ree
1, 1 spesshie tha the semant & nfetm & en ef the
H%F semp encnt ¢dn bcP resessed n detajs as call%asthc
LS nfetma en Even peeris task reqUrement © Urther
nvest 154 ons are req Uredie darfyths ssle.
In sened Ysen elUr studypr.v 1dcs dred ev ldcncc for
the nelrd siEnalre ofthe ntefraon of 9 4 @ freq Yeney
based nf.rn%al on_ The semant i andp hys «d nfefm & en

frem theL S apd Hs‘F bands ean be nte&raed ag eany ag

areUnd1 ms agerthe stm Y Ys enset & frontd areas Thg
ealy nteSraen ean beneiit the reecontion p erfotim anee
by fael1a nEthe sUbseq UCntP crcqtuﬂ and yses threU&h
e dewn nfl Yenees.
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