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1 INTRODUCTION

v clgh ae..iwex,..llu R 6*“_@6 3™ s i M-
W5 e diie® @ daiies (c.o., que, ald o8 s 1ch)
W ociaci s M 18 ce M at e.b..al!%ce Ei exaf) e, a
Neis cell e ec!! bed sw‘ac?‘ ge sAd8 ol dM™ g he
u&a. . The ce| J},h" eM Noaa cal se « heml " s A 5o
4 ids™ he ex:® d™ cicase heap“ & il ceded &
M shicad¥ g hé i o8 - },ajag.'akhs. H “opgi, i theieis
" }.ilp i ™ (exae™ hdl exida , thds’ise fa haq i tile
NP A8 cest he s, d8 5. The s i qie™ & pass he exad

Ij uiWa g

Ce ss @ daJe{;f'u Cc1ail ses

BMigaecs Becs “heiBe M gades s?ﬁ\'ﬂ .
e ol 8 ¢ &d },e-a iA% ce de},ﬁ a8 ie“aid (ie4 adgte ic “aid). Beha%aj
iesh s sh “ed a g B
e d e N2 (N he je“aid e‘}‘ L) B Nel\cau s ea\ d hai the Ta% e ™ ja
N2 d heia b ds s¢ Jjale™ ¢ e laigei 8 theM e ol 8 (e d e 8 N he
(e d g bl e \i‘ y g. “g'
e 3 g behaggia/Mdeece \h de 8 §cal e co de™ sjaes thatie4aid ® -
h8 ces e B | Qe“ ® ™ ace s dale™ exi diedlxces ob s da e i

‘u [ [ ec

M Me igaie ip adile® ®ei @ daji
" theache thei. S} ch eMijcima M 18 ce the \p cesdd g i s [ i
the % -eJe* ) d

s ac

‘Edcaua- eWiigete o ice gy hseMiice

eﬂqwgaeh‘.e adg & aesces s dajeMijcieM ¢ a8 g8 b-
aiiG M s caeg i sed jcldies asicyes® N g B maes i N -

L: X wa e&he ah de Qsl\aj

ss da™ eifei® ceeifece™ | M heMs je4ad

41 heie “afe jedaidb },e;a..m!l ce. T‘l}eﬂ-

' |
cp ss g daieMiic, N2, je“aid, theia b ds G 1ae™ ¢

cff acte BB cear® eMeM jcadt ot d @ A e the -
de i dssace . Qﬁ@_ﬂlf,’i&@whe_ﬁ qw)‘ sld
8 he exad s ie“ad exyecaie® (e.g., ache*gahgh
g.a@is"“he exad). The 01\.-64“1& ddede qugae
b“4ic a.dex},ecafe,"“ }Bcewb s daje™iicoam -

e 1AM g Becicaeg i ,afe,"\ vl

The exas e g“ ab gyl Asiaes b 4 cp s da)
eMijci ™ aise “h® iheieis™ oM gl 8 ce™ LEYP e
1&&&n*gw.ﬂ difci® & daies. The e g.IBc be-

el il e mige ™ @M gige @ dajies o be
deﬁ‘edace-d‘g& the si LI s edpia, spaia, Wdd
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PSYCHOPHYSIOLOGY

h ghei qu(d\ch as seA" 1cs) chajacrei sics. Pi eq
s d es hav de®™ siaed ca ss @ dal™ ciici® ce difecs
dluﬂ gs becriee g, &% (D aeM esch, AN, & McB e sh,

2011; M b 4, | e, Jagg:, & Exe 2004; & giei &
T «ch® ei, 2011; QJG-eﬁbeag&Deleu 2}{09) E i
exal },JC,P‘ L G. e bei g‘ﬂ d De Lell (2009), },a-va §

Mida s w&pcdv‘es‘ pes® ed ®d he s M d
Md }'LC’I\I‘C “4eie ase ¢ aied 4 h 6 thei he safe " da)
(Qﬂ g'\® s dilci® (Wi ma N eN 18 ) Paiic N B0

“eie ag ed& ice Mized the aldei o/ ggelas Becs™

se)ai are seaf . Theahla..sal‘d tha™ e g1 & (4 als
ede 58 “4ei jeacie ies e gl 8 gias. Sddes
1M g he B P cctdic s “ed «ha«?‘e“gilﬁ'alde

Qsl alsiAll el¢ ied laigei N2 (220 380 ) * d N400
e_.i}e,ﬂ!s s thi% e g.I\B il M b 4 e al, 2004,
7 e, Luh Pﬂ "y Gn%f Mg & & idifi, 2010).
Neheidadt g shdes sh “cd ha: e ijch g al de el al
sid\l el¢ed geae acige ™ dis aeial yeieN -
@l e iex (DLPFC) ® d & e i &Y g ae e iex (ACO),
\gge°“ g thar DLPFC 8 d ACC ya iapi® s es™
so i da)e™ | cigis M gBdice A e ( @m.tﬁ
a & %7, 2004, 2009).
VR e a;d exjpecial a“ Bhces e NiigpeVe Bd
po 4 es hham Pe. eia%ce B @i ¢ & B.aQ.
2015; Padgala & Pess a, 2011; &k«s@d’, Stelzel,
Pascl.‘r e, lei, & bChl bei 1, 2015). B “4 oy s K s"a -
JaW_ deii Qdm_ﬂ s deﬂ’\ the w2l ¢ A
‘h ch i s heab 1 & o® e.% efie A w2 e exis
& cp ss @ daje™ exis. Me® “4h e, a“lr.ﬁbe.e 1 sd d es
hav shggesied the ex s @ ces i as e daulech!! |
si e jial av e s | (Ha N5 Axaachei, @ h®& | Egei,

& Fell, 2009;" & bei s & Hall, 2008; S},ag a, Mag e,

& P 201% é seA®™ er al, 200% Ei exaa },Je,ﬂ
41 v ~ ce 4

asd d ™ “1 ch the Swes ) eliec as ™ d\ced?‘ B (h

hewla W d healde i  daliest e beis ®d Hal
(2008) e M d (ha: ACC PFC, ® d <he },a.. e:al & be had
§ s e" ticriciacd (Ve gl gy e gl¥ )
aci gl es ace ss rak @ daj 60““1 gge"ﬂ gashyam da
e 2 gech® g™ e }Fi g “ h an i c‘i%e as _e
& = Lo 2009). Exi® &% gﬂhese s d es, 4eiec® (| -
qw gaed the eifecs | ie4aids™ e g\\ sqe“ 1M he
@i_@ daje™ ex: B de bve.qd afac ias i eilecs |
ic4aids cp go e dale™Miiciies 1ieM (Ko g, ",
& ki, 20“) b} ExPeuJB clef «h s shd, e™ -
dcaM™ gie4 a.dﬂa._nlaa ol the chii® < 4ias 4 as yie-
™ cdM™ ad*ce b s “cdb B alde,a &davsl
i (Asi O) };esa ed §_Al M!elxs P&SGPE (s
e.e“s-\geda d scil ae & thei the alde i & the
el al leei esh s sh “edagalei™ 1ecfe.‘6 ce eifec
(ies g™ se i_gles‘f Ts] s i ™ off o8 ¢ il ais AN I\SR Ts
i\g’eﬂ g8 ‘i]%‘?)“ heje“aid e d e ase ajacd
“4 h heMs je“aid e d e, s\gge"!\ﬂ % 8 h# ce-
A% i e ull 1Q e “ dei the ie‘aid ex},ec«ase"

e exi. B “?Q_i, i s behagg ial sdd sped e (8 g
& the™ elkna sl bs4ia<es MNd dga Qﬁy\‘ dei '™ g <he
s bgﬁvd elfecs ,} ciedd s W cea “4hehei a™ 5@
iedaid @ dl 1ais™ ga™ T <h 1’\1}_@ da/ ™ dce “;i..t da)
eMiicisaie SL\},P icedb ae a@¥eaNed ik (e,
ash yase dajgech® sa)eib ds™McH ehial sl\bsu‘azes
(.c.,q dai: Ped'ﬁ caech® gas).

B addiess h¢ 1 e Wd (I‘I\i‘ﬂei M gsi gace the
eece phie s dcal dNagicse i jedad o d aie Yy
ce ss g dal e iiciies KieR W he oyl shd
edys ed a cpss @ da) eMiic ag “h e ieceidtg
scaly, EEG ¢ ® als d\i™ g the ak . e A% )\ aed he al-
degela e gi®c b Mg jchiesMdaNdsiea
the saftee b g (Miaach Biaae)e, difei™ & becs.

aiG )M “eic afed & gaeg i e the § cdies as Wi -
Aaes i "NW gaes becs “ﬁje} & M g the & M ds. The
s i A% ce de)® o8 ie‘ai&fis A% aed bs & -
w‘. b s A aieM Ac“4eicables b thieyicae
e ‘e'v 1\5‘!‘?‘ & g5 harie“aide lkjdied\ce ca ss @ da)
e c@ d icggal the elece \h de & g cal cqge® ce s
Hsiedaid g d jaieN
egai € gsca&,EEG };eg Lsshdess® eMijcop -
ces? g hagg s M (ha the 1" & c!’ wall d s bl ed N2
(200 350 as)i s i cgai gget ™ e gl 8 ¢ 4ias h
N e gl 8 gials, shgges™ g harN2 pa c®iap

e™ eMiic deecie™ (Lais™ Cla s & Cla“eM
2014 @ e & Caiei, 2002; Mg ‘ﬁ $&, &
G he | ZOOXS Othei s d es haqam sh“! e ijicije-
laed g d\iﬂt&" N EEG aci g M he theia (4 8H3)
e 18 c (Cagp aghz asbife a4 le3, & AIM,2012;
@ h8 & Cagp agh, 2011; G b8 ‘& D™ ¢, 2013; 18 g,

7 h# g,&* Gaal, 2015).E CXM},C @ h®s B dDW g
(2013) L sed a S @M ag o Qm gae the & les i (hea
b!$ dacige ™ e ¢ o ces? g The & b°enqdae" -
icrielacd dluaw" & hdlam Phase s eda dl&'h
1al theta b¥ d aci L ;™ deed, the thea b d act o “4ag
able & }jed ct },eii iA%ce™ eMijciies J\%&" . These

01\ is shggest that theia b de 5¢ JaieM s aieicacd &
eM i c W cesd g (@ h & D ¢, 2013). S4 de°haq
als shggesed thar N2 has a syecval ¢ 8 adiefg hea
bt d (vee Cag# agh & Fithk , 20.& b a.e“e‘) Tekf
\ﬁe«he. i the chii® (sdd, 4e };ed ced tha: je4aid
41 d d aeeniic ieJa<ed N2 agyidde ® d hea
b ds ¢
SePa.' ael , };eQ Ls SzI\d esl\sﬂ gaal b‘,‘.’. alche «ai-
ge< A ad ga de®™ gjaed that the chee iedaid i dluares

j € ) a8 .\i‘ ehialaci g (aJPha b de sGmlaie™ <) be-
‘eﬁ the ie4aid che®d he aige (e.g., Sa4g D&, &

“ ce.

Jlaie" s,

? a#Md 2015 b @8 Beig Kiebs, I iis, & & dyf.
2014). "% e"™ jage, },ePB mld _ﬂ!}.“aedlue aid
pess a bs ck"\seﬁw‘e- 2 ™ eiess i the

shd “ass exas e “hehei ie‘aid 4l das aifec: the
};esi.ﬁl\}@‘ ehial acige ™ slxch a e exi.
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2 METHOD

2.1 Par ti La fg

T4 hvg.adl aces i M deag-adl\aemlda s (117emak,
age.ﬁ ge 18 26 eaise d)ie A Niogid 1&“ B&'™ g pai-

¢ pacd™ s sdd . Al Paua},ﬂ “4eic i ght W8 ded,
had‘\-, idale eueceda"a..ala 0™ M d had sef ie-

'«ei&-.alajheaﬁ‘g Thssdd “as caif e‘ﬁl M ace id-
!?«ce " th <he Dec ajaie™ & § Hes?‘k. ™d“as a)r gl b
the Ethcs G _ad rees§ the Sche ja§ Ps ch & gcal®d
G N igpSc®ces, P&MN g a}wsf .

4
2.2 atllsa ate ias
Aup A 3 B alg i
B h ayge i gt d Q:lka siall “eie lsed™ che sad .
Theic 4eic 4 pese i siall (e, !!_glae& CLE N .ﬁae)
"N he 'wlxaja da\dﬂ. si ALl caeg u‘ﬁ,-es eci (g
pshal sill “eie 40 bag W d\ih e Me dia

selecied ip @ Ms dgiass W d M dei“ai ¢ (1980) %
s daid zeds™ Tam a9 ek, Theie‘eie 20
B]W };Cf\.e"%ldm?‘g'_(lae};cl.e" “:lla
\‘h eie pyes® ed ar the 8 s i abag backge,“dw

“eicpached ace idd g8 § ze. Thegﬁee,u he}, «1\-e° as
B ™ gla®ge Paid “eoie seacd S7ca e A
aC Tane,. -

Aldes i sigli “eic 40 e yex s M ds, “hich “eie
se@}caj_ icaed & the eiiesgN dd g @1\@* sl 1.
T4Y . !S}_ilateal’\idsﬂdmﬁ\ﬂqlaea“dv «ha°a¢l—
},Y‘ gia1&74410%{ (16 b )‘e;el\sedﬂ the sd d . Allthe
akd&i SF AN “4eids i M) .ed'&ddeﬂq«edb‘aﬁ.aj at
L: S B B Jeqslabl«60dB Alde»- .nll\u cie e
W cdgui @ cB 24, ca W es B8 eguch
Ekx Ge Q\} Ilage, IL). The dlkiab“bf each s 1 d “as 500
dAs.

2.3 Desi;i afﬂ br'g llre
Each 4 al beg® “ h af xae™ ¢® a: the c® weisi the
scie® , Jas™ g 500 as (F gie 1). ThS w\dau /“"lka
sil hse i W alde g2l sial As \ai “as },e@ ed B i
500 as. The at da 'wl\aj siAl As Pa.-s el\Jd seA™ |
_ﬁa\ﬂl alds Wlﬁ il A },a-s(e"‘ g.I!! ¢, the § };cvl\ne as
a“a ¢ Pa icd 4 }Q,hea“d%_.i the sades b ecy, e.g., the
Pc\-e&u abid“as },a icd 4 h hea“dal ab.dch-},)
e,.'\-,"_.ﬁ%:ha“e“:l\a &Hlu },a-u (‘e“g,lﬁ the
Pcl\-e as aa s }a-ed th aa“hw Me hei cai-
egi ,e.g., the Pc@.ean abid Pa ied 4 (h «hea“dan
bel). Paii ¢\ s ‘W“ silceds [ Be e alde “.nll\u
" d he ™ d cacd “hehei ‘hes b ec™ he }'\,C‘»I\ie “4dag -
e MW gaeb yes®Mga ieiigh iespseke
“ h the™ dex ™ geia i the el i i ght M8 d, iesyeci gl -

‘ect caegies “eie

<)
500 ms =S “Ringing”
500 ms
+
/ “Miao”
2,.300-2700 ms Z{R
500 ms

FIGURE 1 M exesyai Qs theexyei a® @l af. A« he
“gafe b&&,ac\e‘as };esﬁ <eds“s11l0‘ &KGPQ ©

“hehei the 4 Ldieccgga Pei%.ﬁﬂ ce dePB a8 icad

c\ii® b & . Each 4 albed¥ s # h 2500 st xae™ W “4cd b

" a\d& ol alsiall Pa.- las™ g 500 5. Pait ¢ Pﬁ s “4eie ag eds

caeg i xe"hc diesasieyes ™ ot gaee (N W daes Becs. The

ies i se 4 M 1,500 p s ses | the aige: 4 L dbeice ided.

The™ wei4i a M eigg “as serar 800 1,200

A e A, <

The dayft g bef‘iﬁ the < iesg¥seke s®Wd % &b
eiba® ced S i G },5 i
Add @& a1 ailal gh‘ea clxs N “4iecdad d aes
the ald& e a eMiicoeliec, 4eM c}\ded Q?l\aja" | Bd
alds- M Gass yoghpaic Wi yedcMg
«he 18 @ g aige Theﬁl\ds i N qas seiggdash e
woalk, % dl -‘es\ﬁ‘ se “4ag id 1iiedi i these « als. The™ -
e aM e QJ‘as 800 1,200_as.

Agihe beg’“cﬂ @ i each exygy@® aibs &, paic )
'“e‘ed a clﬁ‘c i@ g theg “hehei the e ) e bt ad-
d e icdads™ (he hii® be GuadieGh call ,acked
N :W v p. AP | O P

a.dbs\ﬁ N dcaed ha: aie4a {ieg* &

each 4 al 4 <h a‘ﬁccewll .eﬂp" se, 4h ch as de™ ed as
aievf," se thar “4ag h’h accl.ae&dlwe; h¥ a baseM e

Togd -\gé.'\a ie a.dbqekz "M ¢ cacd (ha™e add ™ a)
-eﬂa.diludbeg*“ hec\--@! be & . The base™ & T

4 d"a@caj adl sied di i eachbe & , de},ﬁd‘ @™ he
},em-.nl!% ces § «he.&d g al Jaii ¢\« The base® & T
& thefisibs ¢ “ as Sgg the e TW },am ce 4 als.
Th® , the base™ eR T 4as l\rdafedi i hédexibs & b car-
¢l aM g the @t & § the base! & T8y he i
% d hea T theclii® (bs ¢ ,ad },P‘gzhei e L
& il [a: base™ & & n+1=(baseM & s &
% ia o baseM & TR be | =(baseM & TN bs
nrAcs® TR be & n)/2 (see 3 4 S ean 249)

W\“’ the CX}Q\_.‘IB thad a e4aidT peie a.dv’!e,

ic4aid) 3(&41 AsT je: M gl g e gl g
\aaﬂ 1) “4 e Pauq’ﬂ facs i ?J dei® . The ex},en..tﬁ«
a..i},\ sed 360 % als, 4 th 60 4 AP ¥ eache | the § x ex

A a e d e™ 5 The 360 4 als‘eied@edﬂa hieeie4aid
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be & s d hvedNs jefad be G 5. add N heiegpie 60
ade g | § e 4 als, dsw b, ed Mgl h che ic4aid " d
N jc4aid bs & 5. Ayl the i al ¢ pes “eied Nal dsq by ed
M cachbs ¢ ™ d“cic };‘esﬁ cd™ a },se\d i d_ A e idei.
Pie i & the® i.ilaJCX},ei}.ﬁ? a6 s e ) gigd 30
pacice 4 as. The v cediie s i the pacice o als fis the
safe as & iye@dY expei A eyge) thae iedaid™ -
biae “y ggp. Paiic P”' s 4eie ak ed & iespﬂ das
=& "d acchjael as p s¢ be, ® d the iecé Q_d feed-
bag (e iieces iMe iieqﬁ ai e the bl e ess. The aet
T &M g he yiacice “4as calch jaed as the baset € T®
the fi ist b &WC ‘he® ifalexyci A .
R heie“aid e d e a1 s 44 e oM )
W all theies oS see the thiesh d, % d zep K M N
add ie" ajje“aid “as del ggicd™ hee ie‘aﬂ e g e,
Feedbag d8s W g hes ™1l abeis | eM s “as pesBygd
e 10 4 ais. Arhe ® de i the exyei AW ¢, the eM 5 “eie
exch®® ged® | casfyf .c.. 1 6™ =0.1CH¢ ese 4 ), ajh | gh
the (ait ¢ (M s “eies M2 igeds | he exch®® geiare be-
& igghe expeia® L Paiic (8 se | el g o 24 18e §
ie4aid baseds™ (hé },eicl‘, iA% ce, “h ch “4as added s hé
bai c ja A8 ¢ §55 18 Y pA (G )M g™ hesid .

-
24 B i t i
| K 'ra‘ a a%‘f‘ sis .

O s5e™ ¢ M d™ @ jiecr 4 als ‘eieﬁc}\ded foa h& T
®al gs.Eiecach pai @ Pﬁ ;0 alga R T ie (h (hiee
s#8 daid degaie™ 5 ab i besa 4 theaae®® TN eachex-
(i A8 al e d e “oic d scaided ass Weis (1.4%s T all
cii t caldaa p“ ). e dc 2 Sie},ea‘ed.ileas\i es
®a WTQM!C NO_A), “g thefiisiiacs iicleiM g
s ie“aid e (e‘adgge ie“aid)™ d he seeM diace
ieleiM ge sidlds o e (efYgnl® g e gl . -
1 e J\& S..t"ﬁj Ma §s4as e d ceds he gch eip
iaces, “lich “eie cach jaed as ‘he Vopiiete M e iiec

"%‘Q h 3 thegsis 10 ifes as kel &

N da M gias™ eachef d e . The.ﬂe&x T deie i

iae™ each exPe.i..;lB aleM d e gicsh AN Hg\ie 2.

N adde™ a Baei®™ ANO A \QANOVA; & ldei,
l\&ie , Sreé_@ , & Pe @ ce, 201%) 495 e d ceds! Ts
4" h he & | “aie JASP (hirys:H asy-sase o). The®al ¢s
e ajaies the ik eibe ds i Woea &4, 4T ch™ s he
A ciiecs™ dd (M cacie™ sbe“e® i abes “h e et -
§ de® g hef N s%% ce W abes (% d A eﬁecm; e.g., Pau"i c-
1} 5). The Ba es face,\h(BFm)% 18§ es heiaie & the
'ﬁ‘lsﬂ l;add: f ae de_‘\‘“h jhﬁﬁ_rd‘ ai Q h Eﬂesj s (e.g.,

B 1nei® ces ber“e® ie“aid e g “eiciciable)
% d he ik eile de i he delal @ dg.‘l hay /h gghes s
(e.g., HO‘:2 Tdici® cesbe“e® jedaid e d e g “edle
ielable). B e™ Q N BF, <3 a4 }'” es thas ‘he_(lﬂ"mlk_
jaie" hatMe & b ) s cifece™ he de) 48 gy abe “fpe
BF|,>31d ies ‘ha: theieis a gy able diiei®™ ce be et
o d o 5 (Fi g, My dik , Sch¥ai 3, & K6 ch, 20147 & 1 dei
eral, 2012). B i exad e, BF;y=10M d caes tha: the alei-
' be Whe e _M)ai cd
“ h he¥ 1 1 h g heis.

A -4 .

2.5 EEGre LA i garl tor Sor- ® .ess; g
EEG “as ice ided is_a 64 Ag/AgC) eecw des # 1% ed
NN elasi ay, (Eas cay, Bid Pe d\ms, Geia®™ ).

ce id% gs “eiciciei® ceds™ Mes héts se | 8 diciei-
i ced & My ed dasy dse fine (TR TP10). The e ec-
e Che gad (E,QG) 4asice ided ai 4 cece de§ es; the
QH cal EOG “as @™ s icd ip @ cece des },Aaced ab. ]
thei ghie e dhels i 3 a EOGis & cece des§ 4aced
a‘;ﬂhe& 1ei o s the e e. Alleecs deia Ped%l\;is
“eiek e bes 4 5k 29 The EEG™ d EOG ice id% gs “eie
ad)liicdb Bid% Agys (Bid% Pe dicrs, Geia® )1 ga
b d Passfw Jeis § 0.016s 100Hz, ' d d gized®™M Neara
sal )M giaces ¥ 500Hz3.

*
8 - Congruent
600 * * Incongruent
Visual_only
s il
550 o e
= -2
E $ 4- T ]
@
. ok +H
500 IE o 1
2 |
- —
450 : : 0 , . . :
Reward No-Tewarg Rewara No-Tewara

' |
FIGURE 2 Me jeacief ules‘i Ts; i )™ deisiiaes (%;i gh)) 4 h ‘“W‘

PTG s daideip is (G 13 eal, 2005) as ainy cie

&1 he exyei 8 a e d e s Theasei § Mdcaesad Biich dile® cebeet e d el s (7p<.05)
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' |
The EEGLAB 88 b x (Des ife & M%é g, 2004) “as

\sede \jep cess the EEG daa. cdaa“eieh gh
cicds 11N cab gg0.5H3®™ de “ \assi ieied bes 4 30H3.
Oct, i aiiiacis 4eice jicciedb a v cedl\iebaseda"i N de-
},!3 " 1e_@9“ QMa s (Jl} geral, 2000).

[
SS 1=

2.6 ERP a i
a3 A Sis

Ei ‘E P®al §s, ep chs “eie exiacied ia _ 200 As pes-
i@\ Ase 80045 p sesial hseM ser The \eie dise_a 200

s%.ﬁlx}\mﬂ set sei Qd as the }jCSL‘l\hS base™ e. Ti s
“hach gyiagess | ep chs gygeedd g+70 hed<h
& A ecds i M e jjiect .‘esF," ses “eie exc_l\ded. cicAd -
N g i aisMygl ded 95.79% aiiiac fiee 4 as™ & «a (963 %
B theje“aid e gl ® e d e 07.44% ai heiedad
M gl8 eNdie, 97.37% %V"rhe iedaide | ggelal
e d e 95.19% i.,;,«he"a iedaid e gl 8 e d e
94.55% s ghese ie4aidM e gl 8 oM d e ,93.97% ' i
‘héte je“aide | getaeMdien)

Ace idd ge gl aM s)ecems | he p 8 v M i c eﬁegi

" d oyl s M d g N iicoyp ces g “ecad aed 4

cpss o daleMiicoeliecs:® eail elect (N2, 240 320 45),
$ da aediec (N400,380 45045; seQﬁ gie 3).G Q that the
Wdei M ge Wiiggiycem s i N2“eie s ggeseds dey® d

No-reward
N2

./ . }\1400

r——?‘ i
-200 o

N2 (240-320 ms)

No-reward

Reward

0

FIGURE 3 E },:é PiesP" sesw ede the sidl Asef e
M d N400 aie h ghy ghed. "™ ¢ ic4aide™die N2

I' RE\Y
.

I

kSYGHOPHYSIﬂI.ﬂGY

N se p gayhcadsi bleN (B 5@ & Mgres,2008),
the scaly, ieg s W e i eece de chsweis “eie™ chded
the stai sical®™ al §s. we selecred 15 elece de ¢ g gip
" eisis ¢ steis i aieas (F3, F3, F4, FCxz, FC3, FC4, C3, C3,
C4,CP3,CP3,CP4,P3,P3,P4),"8 d d gulcd hea™ f wpelec-
® de chseis (e @ F3, F3,F4; s s o 4ar FCs, FC3; FC4;
A ia:Cs C3, G4 },a.‘} es ™ 4a: CP3, CP3, CP%a.’. ea: P3,
P3, P4). Thiec “4a .‘e},eazed_il eashies ANO_A “4as e gLced

ghe act |4 des § Ngg® o N40O, iesyeci ug! 4 hie-
“ad: (eGedadge ic‘ad), sial ks e (e gl g

NN gl® ) Mdeece dechsa GQ& @, isNs A8 jal, -
dal paies O Gas yai egaas hiee 4 MV ot Gut facs is.

The N2 ag i 4 des “ei ef\i thei 8 a. zed 4 h BANOVA

N dei eacheece de chsiei gelc s goi cge® ce s

the (jes® ces i abs® ces i elec.

2.7 R elesle  a a gis
L T Ny ot ?\ D ]
" & ced WM \hase s ¢ ed) EEG aci g “4 ag ededb
Sllbti ac™ ¢ EEG act L G § each™ d ﬁl\a_\ dalis.d eﬁ; ed
(Phasea & ed) EEG aci gy (the aggiage aci gy " each
e d o) & i each PTG T delid 18c ) i
[ R Pei% idcdfy e $ o he™ dced acige 4 h
a e.il},JexM ilet ‘aqjet 4 ha Gasi® ke f4cce
Reward

V[\\{\\Nﬁ
N400 (380-450 ms)

No-reward

Congruent

Incongruent

Reward

' | p' |
icdaide™ d e (lei)®dheiedaded »&'\\ﬁ ght) a« FC3. The N2

400 “eic# i@ cgaigpt i™ e g18 jiasase dyaed 4 heN gl 8 yas

e,eMijcreiect).™ theie“aid & L L | s edas®ii (e jceenect (*p<.05). [ ia,h &1 the jages |
{ "o | fiec).™ theic4aid e d @ o8 | N400 sh “cd fo oMy fiect (* 05). B "Sf,g. },h cha(,.g f N2
e iicieliecs 8 e gl gy e g1 240 32045, el )™ d N400 e" i c: effecs (380 450.4s;i gho)
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PSYCHOPHYSIOLOGY

4 dh lf"g F e ) &8 B x (@ NMM, Fi es, Maii s, &
Sch fieM , 2011). Ths pp cediie 4as ay ied s ird 18-
¢ esyff & gie @ 28 30HM mekse,'f 1H:® d e cig
be4 00% d 1,500 as™ seyse i 10 as. Eqp ¢ aced

“ga‘?zcajclua‘ed as the yeic® }:age chid geM f, ‘?ie a-
lva the base™ e ( .e., 200s OAS.eﬁqa o1 gt }\@ ser).

Ei theigelid 18c Ba L g ‘e R 4 o M-
P feM s 8 ga ‘heia, “ichis a el & A8 ed
iMatiesi e Biigg e e | (Cagigeh &hF.m, 2014;
@ 18, 2014), M d p seeie i ajha, “hich “as Y Mds be
N gd™ expec™ g hel e AN ggelaisiall Wda-
e a) };e},aja'fa" (B xe &N dei, 2011;* d8 Beige: W
2014). Baseds™ these h 3 theses, the B § se™ (hea “as
Y chse theia™ e ™ jaclece des, “h e the®® al § oM
aJPha‘asi clxsedaﬂ e p sieis i eece des.

E i the saisical ™ al $se i theia b d aci qes, clﬂ
@i based \ei ) e ces: (Man ¢ & Qs qjd 2007) “4a
A },JC‘IB icde™ <heda aciy es aca gs the iid 1 Bce i
6 8Hz dM g he ide 44 4 425 200 6005 $ Mull ks
Moo (G M8 &P e 2013; H® s a i eral,2008; 1% ge:
2., 2015; N ghty, Iehe wp. & SWier, 2011) a: thefete ot -
wa. chi e s (F3, F1, F2, F3, F4, F5, F6, FCs, FC1, FC2, FC3,
F‘QL FC5, FCo6, (,i Cl1, C2, C3,C4,C5, C6). B N st gae
“hethei M d b ﬁ. he theias s¢ aieffes di @ b he cp ss
* dae“f{ﬁ as_ g o a«edbﬁ aid, 1 es: e_.ﬁPa.F‘ g&
] gil\Bzg.heﬂg.l’Bw e-ecamed-,l«e,-«he-e aid

iedaide™ d e sepaiael . Dekﬁ dB (safyleress

“4eic e d\c«eéﬂ thetas ¢ llas i aci (g ess i h chi¥™ e .
Ad ac < ch# eis exceedd g aljha egp@ 05) “eie go Hyed
Me achswei. Thechsei legggsiaisic “4ag cach laed b 21’-
" o he vltgle, i the tq}\eF o «he chsei. The\ ltﬁ\ﬁ'
itda Peull aief RN the M" ¢ Ca.& Acis ¢dgas se:
& 5,000. By he‘i e esed the™ eiacie® be“ct e -
g\8c ™ d-e a;db ™ &\ cM gail; hei cygiei based pei-

Al ras’ t«es«e.il},an!‘ g the ﬁfﬁ& ces be 4ot W a4 g.‘I\B 1
'Hcde“g,l'&fuarﬂ theie4aid®™® dda jc4gu e d & g,

E cxa#™ e the ¢ M aMy }Bcea Vie atd?‘iula'f&“
o },eo il Ass G llas i aci g es (1 he.edl\ced a\}haba d
] W es) iep i eﬁ‘ },eq 1\5 54 deu (H\gheu, Mah | &
e)} g, 2013; Sa‘&k}ﬁf al., 2015) he 1 deird 16 c ®a-
M ajhabitd “4as as plede he '1_.ﬁe“ ei gt be-
“e® 1,500% d 1,00045 “ h the base™ ¢ e ciggs §
1,000e  800.as. Glgirei based yeid ae® cesis (Mai s &
Q s Q , 2007) “eie e dicieds™ ajha bt d acigge e
s the id 18c & 10 12H3 &M g he (e “e g 4
s f 800& 0_.l° p s [N s&™ ger at the 3 siens i chi® ejg
(CP3, CP1, CP2, CP3, CP4, CP5, CPo6, P3, P1, P2, P3, P4,
P5ﬁ6, Rﬁx, POS,%M, PO7, POS, O3, 01, 02) & \ﬁ.il
iedaid 4 e jedaid gas. echse hsigged 4
(L) ghie ‘has theie “4as a _gleﬂyég e g&@h },e, ie «he
sl As & heaj},habﬂ dacige ®al s s“4h lear «h@ia.ie
e vhe caeg i ﬁaﬂ ﬁfg“ ses the },eq Lg 4 al“4afs
MNchded® dig “e q 4.

3 RESULTS

3.1 B loa postt
K ‘S

3.1.1 FTr.r rates

As sh 4‘“ Fg\-eZ(hgh) ANO_ A" cip i jases sh 4 “d
a aM cieciel ie“aid | )& F(1, 24)=7.538, p=.011,
mo=24, gjgeges™ g that yaiic (B s e Agfl ed @ jeeipis
M heic4aide™die™ MM hdle ;e4qdeM d e (3.9%
W 2.8%). N & hei eifecs iM eiacie™ “ash M d.

3.1.2 RTs

Assh AN F gye? (Je“ ANOVAa"R Tosh dodas o
Ho o ady elfecs fie4aid: ) F(lm?él) 22.74,p <.001,
M= 49, 4gh sk e ToM Becimd e d e N
rheﬂa iedaid e™ d e (495 W 560.45). The add eiiect
8§ sl As ©)e a},}pﬁched QT o ce, F(2, 48)=2.86,
p 067n-111—£ e, <heBaeS|aca-b-'h°..ﬁ&
eifec: (BFlO—O 084) sh ggesced thar he 1 11h ¢ hed S i

‘ﬁmke & be qle. Lﬁfm@ | , the™ <e.aCfe,“ be“ e

ie“aid ™ d il o e “as cW i o, F(2, 48)=4.089,
_ 2_
p=.023, np-.lS. . ‘“ “
E Xyl ie the™ «ejacie™ | W\C cM e 4a ANO A

a“R T\‘m<hs_¢l1 AS ¢ \meas the 4 A8 PG facs
«he.eﬁ.d&d“& iedaid e‘“ @ g jes Pemq E i ‘he
N je4aid e d e heie “as a_ﬂa‘ eIICC&I "411}
VS F(2, 48)=4.402, p=.018, n =.16. Pa 4 se e A )ai -
a"weqajed shoie” Tss «he e gl 8 e d e
& i he! e g.IB (e o et (553q 569 As; p=.041),% d
Tdilei® ces™ hewl aje™ | e d e g e..i}‘a;ed
4 hWN the a“ g.l\B refd e (560 gy 553 a5 p=.241)
& i™ ihe! reN dieN (560 gy 5@45,19:.443).
B rheie‘aide"dia'\ the ANO_ A sk “cdts 'gt',?,ca«
A e T sl s e F2,48)=.19, p= 832, = o1,
These ies} s s} gges: ehhav the c& ss g daj e iic ey,
aneajed“ thes. e a;&a"dw“ by e M ‘he ie4 a.d
e g e Add e o), “c® al zed heﬂne; acie™ |w the
& thei diecie™ . Theieace™ iess .e‘ﬁ.d iials 4eied g-
5ol Tase zhaR Tsei thes je“aid 4 as™ al he
sl hs e e dief g (ps<.001 )
\ge_.iaﬂa e that thes Q.ame\,'hdenec (ic4 a.dqﬂa
icdaid)™ s ieipiiaessh 4 edadlle.!‘JwPa o e
diec™ weigss ©° T. b},ech call ,ielal L theds je-
‘\&de"d’fe," pa e M se af ced @ iceie isM heie-
“4aid e g e bluﬁupﬂ ded_ill\chlas ei. Theda Ndcae
that yaii ¢ (s 48 ghtedﬁsy’\ se §)ee ie (M acd -
iac ™Maidei & & by ie“aid Me he 4 ids, syeed acd -
jac sades i1 thar “as™ dicedb ic“ad(B eqgd, Cseeis,
&AawiZOlO) E westihsh 13 theg Red«ed the 4 als
Me 4" THsace idd ge «he.ﬂed'& T™ each ex,ei-
A aeNdiet Rd caJclk_a.ed the eis i iaes™ eacﬁ* T
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‘M ‘El

M. A2@M g gy sh -« THY) 2(e“ a.dq"e, iedaid) 3
(e g1 8 W“ en g.lﬁ QF@J&N 1 )ANO_ As™ ¢ip
iaes sh ed_.ﬁa“ enec"& T B¢ s, F(1, 24)=24.178,
p< .001, n =502, % dic4ad, F(1, 24)1ﬁ1 163, p<.001,
n -ﬁl69@4~na Q., the™ ciacie™ be“e®™ T s W d
ie4aid “as s B 5 M, F(1,24)=8.737, p=.007, n, 2= 267.
N e thei ad8 cifece i™ <eﬁm&" ieached § gl\ T c%!c ce. %e
N | flec®al g sh “ed hai the eip i iaec®siiedaid
it a};e“?s h ghei ‘48 & Me ie“%ad i am® W hesh 3 T
Y (6.1% wug. 3.4%, 1=4.434. p<.001)Re M 1he&ﬂ‘g} THe
(1.5% ﬁl..l%, t=.986,p=.334).Ths },at‘d\ s\ggesred that
‘he ie4 aiﬁ‘ d ced syeed acchjac iades ils cchiicdst |
N ojias“4 4h7a°«.e°f¢" ses.

E 1 thei™ Qo gaethe p i aMir® gol hesyced
acchjac .ad%a f1eM he eMijci elfec, e e&d\med 2 a
@ o skt T BY) Td[(Ta}l): 1:1049 T4 -13.154 -1.3 T-5.(F[((1.5% 13 6. 1.1%, ))34 2,]0-TIHes 48T“ T*[((&8 g @13 (5. sk
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FIGURE 4 Thedifci®® ce™ 3 “ei chd ge Peic!S ‘%ea f& 5¢ las i aci L eSieJa‘We, the }jes‘w.ﬁl@\s base™ e ( 200 0as) bei“e®

N e gi\!! M den giI\B <a1\de, w2 Pa.-sn thés je4aid e d e (ci)%d <heie‘w e d e (i gh)). E ¥ Osé

i aciggiessaMNg

e 08 8005 ai e sih hse sera FCz. Bag Mes® ciceiede™ s i chseissh 4N gg Ao diies cegﬁef‘eﬁ NeMgles Bd

e gly e

WMo (e, eMiicieliec), e iecieds il ee dyai ool d gclsei based siaisics. Theie “asai Wi M eMiycodiec

N héte je“adeMd e BNe N hejc“udetdien B e @:F p gayh s the aq.'agee,f thetas s¢ 1ae™ s (350 600_As)

sai si c=2719.28, p g0 18), s} gges™ g tha: theisM :a)hea
& 5 LW aciggies “eie s#M gei B i he a\ds gl a o}
g'\® das D By he e Gl aa" hee ic“aid
e d e (14298 . 122.75% ¥y ¢ “ei chi ge). P thei
Ma gshi he™ eiace™ sh “ed ha: F3, Fl, F2, F3,ﬁ5,
FCs, FC1, FC2, FC3, FC5, C3,C1,C2,C3,C dC6“4eie
gelyed as a § BT M Megaigg chse 4 h i1 8c
iMMNois g 6s BHiMdime™ cigr i™ M gisa 350
& 600 As a e Si_gll\_l\s&“ set (CJI\Sfeiv.‘.‘ta't s\'ﬁ: 1479.68,
p=.049), s} gges™ g hayghe diTei® ce be/glt M e g -
B MdeM gl ® gas “assaale™ theic?ad e d i}y
‘i M heMa je“aid e d W (7.1 2 18.61%™ ¢ e
chi} ge).

-4
- u . .
3.3.2 Pres’ A‘Us a‘w a % o k1“atl?5.s
The chsei based Peul\zaia" de}}! " 7 res‘@’sh 4 cdils
IR chsweis (p>.1), sh gges™ g ‘ha ie4ad exjeca-
o d : afcﬁm the yiesiy A ehial aci g %Y dei the
be & “seie‘ad A |} aie .

4 DISCUSSION

The agpsf the pest « sid “?s & M gsi gae the ggee -
phie s gcal @ gl cs MW dei M g the diecis | ic“aiden
ce ss @ da) {7 ct }p ces N s bect caeg i zaeM .
Behagg ial! , “es N d ha icdaidle @M | id)p gpd behagy
e ial },e.‘i i Meial, b1\1 as iedl\ced the c& ss @ da)
e e eicfcz S L YT EYL BT | S dade e -
dajies “eicM gptyaibe Ths M d¥ gis e i s 4 h he
Me @M haiie“ad®Mces e Wiigy e e Wdiac]aes
e iicjes v B ¢ & Biav, 2015; K g e al,
2017; Padgaa & Pess a, 2011; & 1\15Chd’ e g 20@. B
e AN g% P digecimd 18 c Ma ses, “e b “ed ha:
" e": gi\ﬁ 1a1\ds o al st As Pa is e* ed i gei N2, N400,
'id 1#%e 8 al thea b ds sG 1lae" acy Q‘ Qﬁas e_;l},aﬁd
| the Gl (ol ds gelaldis. lap i ® o ,4ee N\ dic4ad
& d ae e\ he e fictielacced N2 % d theia b8 d\ﬂcfems,
b\ Me e he N40O éifect. These esh s s gges: thatie“aid %
BMcce B Qeﬂ e M ace ss g daje™ ex d.‘edl\ce
cp oo da e iicMN M eai) sagesie Wiigg s cest g
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The® P®a s de@giaced a aigei T s 8 P
e iy c\riﬁecﬁ the¥e je“4aid e d @ a5 e dyged 4 h
the ie“aid e d e . Piegg \s s4d es hagg s M ha: he
T e 8 iall dsy bl ed N2 \ed™ g ayp vsael 200
400 s a e s\ Ase serisjeaeds eal e™ i W -
ces® g ieslg," seM h b e s eini @Via Mg (N hl\e,
Apebiis, McKa , & o 4 i17,2016; Lais™ e al., 2014;
N gbl\i et al, 2011; * e & Caiei, 2002; ,,el’\‘ geral.,
2004). E i exas pe Q ™ W dCaei (2002)}\ o gaed
the (. @ 1 ACCacig M geiic® deip i deecien
b 1M gl Mhg ai . The 838 daiste 8 jaN2e.a-
s ,“h ch“as ié‘ﬁai @™ heiesp s e gl @
e d e g e a)aied “ ‘h he e g1 ® < e d &M . The
as sb “ed ha: ACC g8 eiaced the N2,id 0 cafy g e fic
dececie® . B g gaes i Mo yaad ga 4 eoaing
Bdte a4 ids, KB geNdle 3 (2010)@ “4ed hat the
N2e apN®  ed™ga as®d230ds “as aigei s iM-
e gl 8 iajs iR B e gl ® (gt d ho N2 e e
eliec \%B 8 ced & i egaH\Q gds, as e yaied ‘Tﬁh
"oehaal 4 ids. The al b s sl ggesied that N2 aa iel lect the
am M s i ies hices iggl ed & e ijci deecie™ | These
iesh s aie ¢ § 58 4 h pye s EEG ™ &% g5, sh gges -
M g ha: ie4aid as age 1(’& i dlvazes the eai | Szageef
v gﬁsﬂ M e g}‘tqeﬂ w (K ss, Di Q,&EW,ZOO%
Sa?g’ eral, 2015, ¢, Wg &J,2015). Sa“ki e al
(2015), & i exaa PJe,VeIxaaW ed the ie“aid cifec s a® -
g alselecie ™ gelgisgaich. I i the raigeraiia yghe N2y ¢
:‘%s aigei ® i ‘he "ﬁe‘?d i als i B rheie“g‘ld i a.PS,
s gges™ g hatie“a dM cicased cif ¢® c o T a®® @M as j -
B8N oM d;cd ced hdb cedd i & clsed ait® @M
Lish 1 d red (hai the e o o8 it N2 d che p sce-
ie i N2sh “eddifei® - pareit s fic4adgm ¢, aieN 3§ he
A8 sid L § G cajm, the e e c® 4a] N2 sk “ed 8
M eiacie™ be“e® je“aid ™ d e gl®c Mdcal g ha
hsiaMe o 4a/N2iscasel iclacds eMiiciies i
®dhai sies LieM o cess ¢ff be Jaedb ie“aid.
E\,eﬂ iast, the™ eiacie™ be“4ec® je4aid® d e g8 c
‘a&-, a bsagdi i the g seeie i NgGgh sccad, e ai qge™e
iedaid 4 al, ‘ﬂe 3 sieis i N2 s “cd ™ & wial decieased
acigg ™ ic“aid 4 ak, icgaidiesss | he eM g1 8 c M he
A8 ¢ 4 al. The diiei® ial g™ saf Tae ™ ga N2
Mdposeiei N2aee® i 58 «“ h héls ©8 ha difei®s
s\be & g8 s T N2aeieacecds dilci® e ® Qfl'\‘ c-
o (B sd & ™ Pe®™ 2008).E 53 %d M Pei
(2008) VP sed that the N2 e_.ﬁp"\ 8 eldbed @edﬂ L)
thiee sibe & g% 8 aie™e 8 4a) eApNS NdcaNg
peiceyhal ey ae & sdach, a seeM d feMe 8 ja e -
?“ 8 icacds e W] Qeﬂ ‘&J,'H« da 3 sieis i N2iclaed
& gehal aw&’mﬂ . deed, Sl\‘ PEL Y achad , % d W gh:
(2000) sl “ed tha: the g sieis i N2 “as jaigei 8 i he «ai ge:
si Ll (yes® ed ac20% § 4 aks) (8 he s® daid siall,
shgges™ g thar the p sieie i N2isiclacde a® e a)p -
ces® ga | <he rai ge: sill. Ggp these aid A % d the

diic® arde T heipNe o8 va NJ¥ d he p seis i N2
M he c\ii® < sdd s kel tha, “h e the Tas 8 4a)
N2 idi ecis the WP cesse | e iicie™ s | he p seeie i N2
iciecs @ b ced eli G c el a®ieMa o coei e
thed yo 4% o gl al sl As ha: % ead e iedaid. Ths,
&4 iesh s deg™ siae har the dilei® tale B (g M c-
@ M dexedb difei® gl be A N8 fF N2t % fes
M heca ss @ dale™ ex:.

Theg P®a ssas sh “edaeijcim dlx_aiaﬂ o
N400, “ h aigei N40O ad i 4 des b e g8« dax
IS B e gh® ¢ iias. A laigeiabeis i e ls shd-
i es hagg sk A ha: N400' 57 @ picaecd™ sedf ic p cess-
Moos s bHecs™ W & sic (Ky as & Fedeidé ei, 2000)  d
}1,& i al s & Kl\‘as, 2003) e exis. Pi e'Q L8 Sfl\d es
ae sl “4ed that N40O s icared & ca ssg@ dal seath -
icdach g (M b 4 e al, 2004; Sct ¢ dei, Deb® e,
Q8 gd &P gel, 2008, M eeral, 2014). B i exal-
pe. M s 8 eral (2004)™ gysi gaced alde ggehale b ec:
ice BN \p cesses\h W gimages ® d greal zaie™ se i
Mo das. G5 4 h he Xii® sad, he & B ise b-
sei Qd tha: ™ e g.‘lp { al\de, 'WI\aJ il As },a.'s elg ed
i ega}, Pies;“ ses abl}d400_.ls 95&“ ser as
e jacd “4 h eN g8 « ade ggelal sial As (ais. The
ce ss g da) e c eﬁecﬂ s by reds ugi the o8 # \ai -
el § es. lap i‘ﬂ U, ‘ev.', the CI&B + N400 sea® ic
e™ i ci elyect “ad dijeced b iedaid AW P, e .
e jase 4 h heie“aid g & aie o thefe e c® 4a N2
e ijcoelfec. Ths e™ jas: & ght be dics heMadies
dif s i the i ak :caeg i aie (B fac g -
Mo dac) d cfs Meed M de cchis eail ea@& , elab jaed
s ic ) cegﬂ g (Gii 1 S}ﬁﬁ i & K® 4 shei, 2005; LA,
Haiii s, & K% ‘We&, 2002), “4h chi s™ dexed b N400. It s
3 sibe thaie4aid e dlua@ LA I R v cesdd @ cehis

eai | . N theess.] (41 dbeM eies™ go M gysi gace
“4hehei ie4aid @ d\ aie" &N he E Pe aghe e e
e pp cesd g (N2 qy. N40O)i s ci i call de)$ d8 ™ he
paiich i ak o« yes i ak dif A (e.g, caeg i 1aeN .
A8 (T caie ).

O e ird W8 c Balggenpacd haygge fafs O -
iae 56 gy hea bib d p “4ei W cieased “ﬁh e iicm
theMs je4aid o™ d @ b Ms M he ie4aid o d e .
Piegg s s4 d es s} ggesied thar theia b de 56 Jaie s & gy
At e A - e s | cesses, M c_l\d‘ g e iicia™ g |
iespM se M b e, 44N g aee i, ec (Cogpagh &
Rk, 2014; @ b8, 2014; @ 8 & Cagfp agh, 2011; @ h8
& D" e 2013; H® s.aa 4 et al., 2008v; I8 geral, 2015;
N gb\-‘ e al, 2011‘;2 aghmohm\ eral,20014.T ™ eieal,
2017, aa® & a& _aa , 2010). N gbl\i et al (2011),
& exa pe, T i z?;lared “hechei theia aci g ™ ‘he de-
de s a) e ex™ dexes ™ geased e R Q e e | de-
AN AN aS e ag ai Mo ak BdagMe g ag.
The & bseingd a S SR SRR RSP d@ 2™ N hea
aci g (FC3, 200 300_45) ace ss all «ag s; the 8 cese |
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theia act g sy b red as g the\&ﬁ‘iaj g jae e
W emwsaicas. S ggh iesl\_\@.‘eieieﬁ iedb @ h®
"d D™ e (2013), “hch sh\ied‘ﬂ a S @®% ag ha
the i dig™ 1a) (FC3) thea “eiygas s#™ gei ™ he hi gh
eiicieMdie™ MM hes 4 eMijcie™die ™ he
200 600_s™ cigyai i i@l A se. ThseMiic g d-
aie™ & heia b d aci g isas },e°ﬁ 1M the Sws b
a:k (H® s.aa i era., 2008). TA 8 & gehei, these ™ &% gs
shgges: thar thera bW ds s¢ Laie™ s sl \pi (oM ] cdeecia
Bdies }\3&" )P cesses, M dhe®™ I ced thera b ds s¢ -
la™ s aieiclacds M ¢ easediec.‘li Al sfe . ] e -
w | (H® siaa i ecal, 2008; b\. etal, 2011).
Ex# @4 g hese™ @ go, “es beei ol eMiici e & a
&N hea b de s¢ 1ae™ s™ ace ss @ das bectcaeg n\ﬁl
@ ag . These e {iciiclacd thea DI de s¢ laie™ s “eie
g itNe o8 jalclece de i es dfd o the 350 600 A5 -
ciggl p suaigee™ se™ heMe je4aid e d e . These ie-
sh 5™ d cae that the theia D8 de s¢ 1aie™ s aie 8 $igge
e s deat™ do,™ d ‘he® M ced theia D% d aci g es a
M d cae™ cicased aci ggie™t & i the e & |5 Szeﬁ?‘ ies gy
MNooce ss e dal eﬂf'uc‘;’hlg i® o, the eﬂf%qﬁ, dlx_\ated
thetas s¢ Laie™ elfect 4afe | pes8 M heje“aide™ den .
®oes i <he'._.lﬁ i % P AR AR v cesses ¢ the jeal 3a-
L PR IS J(CWgh & Fisk , 2014); the ™ iy ced theia
b’&dacrqtew & ANV gsial ks e aeN ga |1 Ihs
leb ™ d caf g A% ccd® M cicased e @ 1(Canlp agh etal,

2012).Th dlxced e iicidiiec™ eias i h $G llaieM g
M he ie“aid e d e de®M giaes the ie4ad® M8 ced
e Wiigpet e N hefaces i ca g dajeMiicrs.

The theab® do ¢ [ aie™ sl “ed a® sihesage Pawe\'\
as the ia e ™ ja Ths s ai #a Mdcaeai®c-
@ e ecie be“4e® heiaM a)heras s¢ 1l 18 d he
M e o a N2. I has be sh gges ed ha: asasyecual
i al;eM ‘heabthd(4 8Hz) (8 a-eQe see Cagp agh
&\in@l-k 2014)&& d :heie & ght be |l‘ cie™ ale i la), be-

et thea p “4ei M dN2W e A qe" ® (N gbhieral
2011). OXj esh s P hs v Fﬁa

As the iesh Jis ¢} gges: that je4aid & dl laes s S1Si -
WAS N2#%d hea b de s¢ Jaie @M i elfects, bl Lo O
};es'w..ll Lssa sG llas i aJ},ha gﬁ W Me p oI aJ..lecha-

L RN I «ha the },auap!- s 4eie berei ath Jea“gal« the
Mo isae™ N he ag liicegp Wi ogal Wdie
s geMiicM ajeaci AN e heicaid e d e
The d\a Agch® sise | ™ o | (Biagy, 2012) s} gges: ha:
heic aie 4 d°ﬂc_.i!!ﬂe-°a-eg.1qeﬂ w5 }pac
e ¢ ™ djcaci Qe“ e LW v aci Qe“ e |, theg ald-
ieced™® i @aie™ (sea| seeced®™ dad M edM jeac-
iggete ,a®ieNa e e isieal «ed?‘ a’ 1°“ ide
4%&‘ (Bi agi, 2012). P-eql‘flﬂdesl Mgay an W oal
iedaid AW A "™ (e a‘zk]‘ﬁa 2015; * a8 Beig
et al, 2014) hagy sk A haiie“aid @ d aes heelial
cigy (aJ},ha b de ¢ e ) p sick ee," ser by 1 be& ie
a.gea" ser, shgges™ g 8 1 ced jjiepaias i a" 18

«he\ibﬂd 18 g M he chii® csdd ‘?dd‘v © bseigg
iedaid @ dl aje™ a8 yesi [F R ] elkna aci g bl (an |

eMic eﬁec:se,ﬂ N2#%d zhe:a IS ds sgga
gee™ ser, s} gges™ g thar thei djace ficdaids e p
}_il}, cA®™ cdaf | a'i"\ﬁ a aﬁﬂ cti s deected. These iesh lis

&“o;yma._

}_il}, tha: the bs & 4 seie4aid %™ Mjae!% MAa ecades
M ocicased 4 d8 c & e™ & M g eac] Q.ﬂ'éﬂe;
I\ s “4ell esiaby shed™ <he ol d.ad ciedaid

oM fag lae e iiciyes Lo B d fisicad @ d-
aief s ass Gaed 4 h cei M Melja §Badies sich
as N2, therae s¢ laie™ , % d he BOLD acige ™ ACC
(Kiebs, B ehuei, Ayjebala, & & @ i15,2013; Padgan
& Pese a, 2@ 2 L schg era 5015) Beha’q iall ,%i
iesk s sh “edas @ a..edlxcedeﬂ| I ct cgﬁedb iedaid
L al\da L 2N ale™ ex, ex®® é g heie“aid e dl\Jawﬁ
N A S5 8 daﬂ_.ia“ LAt théb chial eqgls hiiesh s
sk “ed tha: he ie“aid o d jaie &N e ic pp ces? g
isale icacds theiep™a c® ja N2% d theas G 1aie™ |
T&™ g o gedhei the chii® ciesh s ® d the g 38 F\\ﬂew-
FLRTATY | yegs mldevﬂ\jhe w2 d_.la‘\ “e s\ g-
gesta sl am dajps lee Tiedaid™ & daNge Riig
e s | Ths sl ggesie™ a%v 8 Il\l thei eqgd® ce based
M diect G.il},an 2" ¢ be“4c® “ @ dal ™ dce ss e dal
e exisM a M gle exyel a® 1 R |

E e chde, the pes® shd ™ ggsigaed b 4 iedaid
& & aesce ss @ dagaNiicoe™ s Me bec caeg i sa-
L I Behag iall ,ie4aid AL Qd behag ial Pe..-, A% ce
" d-ed\ced cs ss @ daje™iicielfec™ -esp”‘ seigdes.
Ne\iau,ie‘aad edlced the e™ T c: elfece 2% d kﬁa
b ds G 128 5. M jeded ed®™ a) ses sk “4ed tharie4aid
¢ 1 ced ce W_ila dajeMijcie™ e | ad | b faciaMg
the yp ces® ga dﬁ.aca. M he ag Tiiclogp W8
& dal . Thks,-e adc® 8hcee Wi Qe" s ™ a
e ss @ da e exWdiecd \CC CP 55 & da e ice.
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