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Abstract

Background: Previous research showed that individuals have a natural tendency to conform to others. This study
investigated the temporal characteristics of neural processing involved in social conformity by recording
participants’ brain potentials in performing a line judgment task. After making his initial choice, a participant was
presented with the choices of four same-sex group members, which could be congruent or highly or moderately
incongruent with the participant’s own choice. The participant was then immediately given a second opportunity
to respond to the same stimulus.

Results: Participants were more likely to conform to the group members by changing their initial choices when
these choices were in conflict with the group’s choices, and this behavioral adjustment occurred more often as the
level of incongruence increased. Electrophysiologically, group choices that were incongruent with the participant’s
choice elicited more negative-going medial frontal negativity (MFN), a component associated with processing
expectancy violation, than those that were congruent with the participant’s choice, and the size of this effect
increased as the level of incongruence increased. Moreover, at both levels of incongruence, the MFN responses
were more negative-going for incongruent trials in which participants subsequently performed behavioral
adjustment than for trials in which they stuck to their initial choices. Furthermore, over individual participants,
participants who were more likely to conform to others (i.e, changing their initial choices) exhibited stronger MFN
effect than individuals who were more independent.

Conclusions: These findings suggest that incongruence with group choices or opinions can elicit brain responses that
are similar to those elicited by violation of non-social expectancy in outcome evaluation and performance monitoring,
and these brain signals are utilized in the following behavioral adjustment. The present research complements recent
brain imaging studies by showing the temporal characteristics of neural processing involved in social conformity and
by suggesting common mechanisms for reinforcement learning in social and non-social situations.
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Figure 2 The rate of making behavioral adjustment (i.e.,
making a response different from the initial one) in the second
presentation of the line stimulus, depicted as a function of the
incongruence level. Error bars represented standard errors of the
means.
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Figure 3 (A) ERP responses at the midline Fz, FCz, Cz, CPz, and Pz, time-locked to the onset of the presentation of group choices and
categorized by level of incongruence. The shaded 250-350 ms window was for the calculation of the mean amplitudes of the MFN responses; (B) ERP
responses at the midline Fz, FCz, Cz, CPz and Pz, time-locked to the onset of the presentation of incongruent group choices and categorized by subsequent
behavioral tendency (change vs. no change), clasping over the highly and moderately incongruent conditions. The shaded 250-350 ms window was for the
calculation of the mean amplitudes of the MFN responses.
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Figure 4 (A) topographic maps for the MFN effects evoked by
group choices, categorized by level of incongruence; (B)
topographic maps for the MFN differences evoked by
incongruent group choices, categorized by behavioral tendency
(change vs. no change).
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a1 fai s ffe ,ard ad an agesy, (@n\,e mfal sffe, celi- o anfy % o he., he . ¢4 hibi eda «; ge MFN diffe -,
c1ed'q gregaiegig MFN Sl § (\)(CI,PL.,Va e cebe‘ eer “chan ge’ a,Ld fe chalge gl ‘he‘ ¥ -
Dijk, Leli,eld, Zhos: B gjr aciiy ir faipe Gyn, ide - ,aqi‘lhl, dk1d41al€h§ e gle likel o charge hei ,
aigr o bga, e di i kr:Deg he111al.j‘«e;u, Yid Peiy  odie haye hw.n ha he MEN
»la a gle?, b'l ed) The MEN effec Yo _eflec he Srel § A6 @ iie o it d]vldu al diffe g ce alyr g dif-
deeclgw of qc1alé ecarg glag« a egahalg: dj - fe e dlve« b, ,th.dmg e graliy o "‘q aliy. Fy
Y gf %} an '.,eced qual"q ¥ [28,29]. Du - 4t le,Yamge al. [34] e,q ;dac.,l gla b bey een
irg eel ik, he hl’al'ba‘el Y3 hae deek,ed he MFN at, ligde ard he , a Jch ar " gingen heyy
3”ec1ﬁclecha, i¥ e deec orgmingdeiaiy fol o- Y.ch he fel . belvqkedl he galbh g akyih
cial r.q Y, [30].1 ; ,%1ble ha he e'echaﬂlv ,hae lage MFN a¥, llude @ foel dir g « highe ji el e-
he aWere al e gae a hg eeﬂgagedv , eldlcv Ve gaing. &k ¥ awdDeCe’e [116] furd ha he
e %‘du iy g rer;ecial gily Ve lea w‘mg [10,31]. MFEN a¥, lmde‘a Y. & wiwgrced it , e qelingan-

The MEN car hee& & eflec rg ork heengdingef fai, o q,;.& ed o fal,,ffe ‘aAd hi effec’ dlage b o

e,ghcl.5 € s ale Yureay gade gefy hance 22 dcha ‘1hh1ghe ﬁ ce 1 ﬂ fairg, ha § ya-
feedback by ale yiglaipn efd, ecag . a(],”qaal 1c1,a €1hg{e gonCe Vglag o, ocial n ,"'1

af

se ¥ I he, gen ud(, vdwd‘.al ('quld oV, a¢g a ki d d of , edicigr e g ‘ha car be 4 ili ed a

hei_j i ial che icg ¢ihe, it ofe he i 'e'be . Sl qs'e4 lea njn g ign al ﬁi”‘nbeueﬂ‘ beha, i a}

as d he dlffee;ceilh. he, ,Gald be e Gyded a a, ¢ adiy Yer . The Vo ¢ ig: ificar e,(:llcg € m j
dlCh e g A geen ERP ud(-; omcial Gr lu ale aLuedbg ar irdiidgal, he | e,llkei( he‘wld abe-

N 488 ed ha_ = cial dqla ce ackae he b ajr’ e g que' y change¥ind o arfe ’» «e he (eealq 110]
’q de g 4, "e¥ [32]. N; e ha, it he ahy, e di o, n,€eha\,ela gel caeg -,
I ohi oad,jeale g‘.«d ha MFN&,%‘! e it , o ded hearly %iy effec ;e qb epeda ‘e ’al,,e% _

caewvggw, chyicg itGrgaer gih_ he(a p{.aw ’ gfu’ada iu ed he deie‘q be Gz i e ,ih

~—~

“1 che ice can be(., edic lve.f‘ he he  he ‘wld u“l’)- o he i chyice, eleclg a alqwd f ocial ejr g gle .
WL I cha, ge hei Pir d; her hey eeggien a ec Pg‘qe b g a},,%‘lble ha?a ;a,a« had, 1' by ed
o dq».q gniy q'akelveydg'eﬂ (cf, [22]). A h, h o he, chglce i lin ejdgle 3 a e ngfl g lag
le, el "o f it Gyt gagen ce, igl i g hich he v chan,  ie q‘e ” ake’*.j gacq a‘e]ﬂdg'e‘ (e, in & 'al. al
Chaﬂged hei Yind h” ed Yo e‘ﬂega&e-&rg MFN il Wiv) A Yo | adie o ecial arf Yu, he d -
Sret, & ha ig} ‘hICh heg  ick o hei jr iial .elfe« al de ig g ey ed Gy ld fe 'alg 4 dEﬁ“leh
judgWer . The ¢ £ qele -lea # ‘1 g he s, ef MFN diffe ¢ iae "he TS of ey Wiy, A"'m ible y & o
[25,33], s gge ., ‘ha he MEN gflec, he gdirgef, ¢ "v g€ he de ign 1 e itchide a Gr o Grdigs it
dlcw e g 4t he Widb ajr dg, a‘L e, 4 ¥, {hlch ‘hlch hegw, QFL by, @Pefo ) Ql Je ,q,ga!
Llgal o he a e iy gpg‘.laecq @ (ACC) and [ ee [35]). ]‘h‘ﬁve,‘lf “he ¥, e ' Q‘ga’ gene ge
gn 1de ac i, elecgl Yediaed by he ACC hay gh he chyicg bgedor o ed kiay ledge, , a ich ¥ igh
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_an hq'q'q ,‘he he C.;'“n e 4 g ¥, (e, e@hg
he o ¥, e(( oV ed ager ), a d he ey Wiy

effec « b air edir hi isakr ca il be aker g beirg
wi of e 'alve Gt Q '1,{, 1f he cqf.u e s ,,ga’ﬂ

gen e e chyice dq'k,.a }CL&“ fngh @ hee
chyice diffeg k. In deed, 5w idic g ya ][CL,a { 1h
"bay ". e bug" ch.lce qf qck aﬁd,lk ; .j‘du ced hy

Q‘.,.chﬂpaiee [36].5 .gwldlg a;cLa ¢iha-
acieng e J‘ldg'e« ofhuWar_ face a;\dqvl( » e ced
by C,Y.u e, ‘[11 ] did affec P2 }CL an, Ch,lce behawg x
b heeeffec ceat ch’ ;eake ,hem he 1’ ac, of
Sed) ch,1ce , q‘dﬂ cedly hy¥an 7 x

4
¢

M. @y Budp wp il i ced by hatan ,ee ,

ad geg, chqlce ‘ger e ged ly Q'M e g q.ga"
e11c1 diffe e ial » e al igral in bl egign v, li-
caed it ey qe' en lea g g e re iIr b g 68‘5"

inyel edin e (oA € G al, ece ing[l1]. Taker o-
ge he ﬂwe "1gh Gt CLIde ha‘ The oyt 'u effec

ebeyedin hi and q"eg he , . dig i e e iall ea
of 1o Baie cq«g 'u Tha i, }Cl.a Labe-
g4 beha i gl adi Ve ‘;; ‘¥ edia ed by he

ep@ cWPe lea ﬂ‘pg'echan' in {hlchl% h g ad
bemgahgwedglhgw, awdave jo o beitgren-
aligr ed P o ha,eacedy ek ge . [11]. .
. Arg he j ye ha eed dlqlwhj G ce n, g he he
he MEN effec ob emedvlgh be d , laired it e ¥
a e gt devg ed o he g1 gu‘eﬂcequw, o) it 15'\ .
Inya jula, he,a y:l,aw ¥ igh ha e, aldle a e -
5'1 a he, a ﬁf «¥e igl , Yakin g hew 1g«q e he
Q,Lgm.w(’qm aery  heg  hesed  Yalle
Soel S . In C% g"leh g%‘» ‘Fi‘”"‘n« ard a
‘eake e der g qy‘lg aen b ad]u hei cheice .
Hey eve,‘hl lveqfagta'ei ee¥, 1' Jay, ible a he
_P300, ‘thhl ger e alk beheved q e‘ﬂec he d1 ipa -

bt of a e ral gau CE‘ [37], (2 acualh Y. ¢

l

g %i' 'S

,.&'u»eg he ne charge” gl har &  he “char ge”
igl (Fig e,SB)

Conclusions

B Ya LulaLg helqel f(ir)amnrgoen cebegee " he
,a 1c1,a in i ial chyice an dgw ¥ e¥be , chyice
1:\ alhepdg‘ew .ak he., e, a4 de'qw 3.ed
ha 1) ir Gyr g ager edy chqlce geuld ehc1 Y. ¢
egalxe &ing MEN S‘“” 1€ ha,L Grgalt ong
€he he,ap.,a gee(, gen ed{1h hech§1ce,
2) it Gyt g uger g.;,., chyicg in il ir 4 hich he,a j-

Clpa ..chas ged hei ’Dd‘he gi, en he eyt dq,—
pe & iy o Pake lve)ﬂ dg¥er elici ed Yq 6 ega i e-
&ngFN Srei § har inGyrgagen | Suds chy ice ir
1a} in {hlch he ,a ;cn.,a, .t ck o he1 & igit al
o FitiBuye pdiidial,a i, 0 jeha, ¢ by
€‘e e¥e glikel o Gl " .o he @ hibi ed of g€
_MEN_ diffe e ce be€ er “chan ge” ard “te charge”
igl har b e ‘Ig‘ee(w The e finding 2 gge

Page 8 of 10

rha in Gyn g ugen ce g ih Sed, chyice o &y s (¢ hich
Lac, a akindef gcial g 't) car el1c1 bag Spol 8
ha a%lflla ~ he eelicied by tglag ofrer-e-
cial d ,ecar g it Q'ee.vahaw and, eﬂ'aﬁce
'q*lq ipg, ard heeb gir, igral can beu 1h edir he
£k, it g beha iy a}adp Ve . The.. g 1d a¥-
2 ,leWer  ecer b gin Mang udle b heyying ha
“he ba}. a,ldll ¥, e he .jc1al ' baedq
Ledy ¥ e¥be ‘q,vi;zﬂ aﬂd qu ag qwe oyt
iq,n'€1h he ‘kq' The, a4 alqmngggm (‘q"q“
Yecha: [ ¥ & .6k qe' e learing in  ecial and
retzecial iaaiy, .

Methods

Participants . L .
Tyeny-los gundegadiae and gaiae “udeﬂ'
(13 fe¥ale ; Year age 225 ea , SD= 193) ;2 }Cl-
paed in he é,elfe . Fea ude',{lu

‘: a;lge"‘, he', a }chaﬂ ,‘ee‘ gcuded g Cq -
fede g ¢ . Te écL.de, 1bleL fliercent d o
cial arfy '14, each EEG ;2 1Cl.a“ (2
1h4§ afe dé G fede a‘e [38]. '
All he,a 1c1.,a (€& 1gh -har ded ar d had 7« W¥al
« S p.ced—q g'al.vlb* The had e hlq“%f
P e ey gical o Agchla igdie e, , Infy 'ed G, en
€a b air ed fo¥ each,a 101. an beg & he g . The
,eltew (2 »eﬂ,'ed i aca darce “1h he
Declaa‘g .ijellklad‘a a,,q‘,edbl he E hig
GYYi ee of he De a Ye Pychylg, Pekis g
Usie, js . Each ,a }Cl,a (2 Pald 60 Ch1ee¢ual
(abys  USD$ 95)a baleaj'e‘* ar d infy Yed
ha addlgwal ’qﬂea,(, g‘ad{‘quld be ald acG, qr
ihg e hei yefy Yanceir he gk

%

g ey, ed

Design and procedures )
Theé’,elfe 4 ed a s e-face tlhv—pa }Cl.a“ de-

N 18 {1h he‘elevel quw. chyice. Fo ' he highl i -
cqwguleﬂ @rdir, hepe i Bty Y e¥be ,Yade
chyice diffe ¢ fo he a jei, an 1.111al clglce,fg P
he'qdeatek it argae Grdier, go ge Web-
be  Yade chyice diffe g fo¥ he,a }Clpa "hlle
heq he g lelbe Yade he afe chglce,g che
Gt g agen cqwdu.p,q €w_ ju gw ¥ ¥ be "ade
chy ice diffe ¢ fg!’ he, a 1C1.,a “’. .

\X/hq a,a kcn.,a ca'e - helahg aﬂ,(‘head he
oo gur fede 3€, \‘ee[qld ha hg( wald i it e age
A ('q' Teea Lak qgehe hq‘.gh e Cq’,ﬂ e .
rese KB a 1gﬂ1:g he{a lCl.El‘\ ard hecgnfedeake
; e,deelhedcag[ he;/ e% e, iyel ledq evaa‘e
abicle o, ly diffe ¢ q‘le In he ak The,a ich, ar
(2 her o ld ha he a ‘ella he.i he EYN gw, Y-
be ‘€q4lld ﬁ*lhahe]‘ldg,eﬁ ak ,gehe He€a
alq in 'ed _«f he o ecedi & qf he d,eife
(Flgl g 1). Tha 4, a he beginning of each " igl, he
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ar][char‘ g‘e‘ edilh‘anallel e*calhe,
€1hale gh felhe 25e DOCH,gn eihe lef o ,igh
,ideqf he c ggn (‘1hq 1€ Gyl g,,eal,ga.; e, ide in
halqu he igl ) andahe dern alblacl<lve 1hale gh
qf60c’) He had J.udge‘hlchqﬂeqf he g% ve ;cal
livg i of he aWelerghg hehydes algnely ,
Lgahn ot ‘1h he iz dé fir ge of helef.3 Agh’ had
(ie, a biray, jodgPer )The.qlb of he he dr al
liregsa eihe gn he q,qfq g2 heby &¥ of he e
ve }callv {hlle he ela i Lere, 11;* qf he s ve ;cal
dine taled lighly akrg he»e lCalq ign algr eye

1%1 Pa_jci, an,, e; gdL 2 -é,elte“que iy -
ale‘hal a al ,blbleg chet o be u g
‘hlch e Eallv (€1had1ffeegceqf029dege‘evyl—
aal ar gle be ; een hehﬂe) a of he a’eleﬂgha he
he dger allite. Adealledé a’vabp qf he, a_ lcgaw ’
q(pqmm”lg€ed ha _he acw ag of he,a ][CJ,a.
Srei § (ie., chee, Lg e ve jcal lin e{1h60c')‘
43.38%, h1ch d1d o diffe ,igr ifican } fo¥ he charce
le el (50%), t(18) =1.27, p> 0.1, _

The , a lchaﬂ (3 her , g‘eﬂ ed€1hafarevd1—
Cal g, hu'gh @k g ca wet fig g, }Mg Yay of
he 4 o he Bedy Ye¥be ,had chy en he ede ple
lire . The Bedy chqlce ee‘, ede e Bired by acq'—
pé "e X q,ga!» i heya he a joh an [ keeg ledge, ar d
ede bL.elme €ee(a;dgyk a, lgﬂed The, a 101.3:
(3 o Ty Late lne 1'4|L| agam, ard (2
i, oced o it d1caeh1 chyice he ecqwd el v S ”
ihga e‘wlebu The ap,a (2 Lgledbe—
f g he'd, elfew ha he C%’M e gould &a dhi
g‘ww e aﬂd he é a‘,ey'eﬂ a de, en des Ayt he
aCQu ag ofhi eqn d ch ice i each '1g1 The melv
qf he, gen aign of each fale in each igl g a illi-
u a‘edL Figi 1.

The ,a jcia 42 . I gbL eaed ahy 10V i
fq;l qfa%’g‘l e .Ceg b adlfl,z li ee¥. Thed ,ei;
Ye ¢ adfvl ee;iqﬂ a(‘q',u e 1haDel221:ch
CRT di, ly 4, Lngqne‘ aiyn '.;f4aq(Neu epeha i 3
&e’Ic)q Jhe.e‘e'ag adl'qufhe
Wl E ,he hlghk i Grgae Gpdikr, all he o
gudy ¥ e¥be | chyice {ee,dlffee; fo¥ he,a jci-
pan it 120 1@1 aﬂd hee WePbe ,chyice 4 ee‘dlffe =
e I 60 igl . By (helqdea‘eb chwgﬂ‘e« Gy digr,
‘%gw, Ye¥be chyicg ;e qdiffe g fo) he a jci-
a ] i 140 111 E (he G gaL Gt d11.5, h e
ety e'be < ore) had he a¥e chyicea he,a-,
ici, @ i 60 il , a«dall he §u gey, 'e'be had he
. Wechyiceg he,a jeia i 120 'iil The 500 igl
e a*d,'L vi eda ‘ee,dg,ldedl gaals a¥be, ,
1q 5 ¢ bhck €1h he & igir ha re 'qe(ha
he o "'é ew ie gl (€& he a'elcg Zagence
le,el. A, aflcebl;ckquO igl i ‘hICh he,a jei an
mde“eﬂ he ate, oced g3 ha it heg Yal ¢
(2 ad¥111 ee;lgfallhaj(e he a jo an, €1h he d -

P

af

l

-~

- k)( af 2

i
o %
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..elfveﬂ Pa LC].,a. ‘ee‘deb 1efed,,a1d ard haked a
"he et de fheé elﬁe

EEG recording and analysis

EEG ;e & ou ded fo ) 64 cal 1e 4 pg it elec o
de 'qm ed ir ar ela Jc ca., (B% PQ‘CLIC s NLMICh
Ge'ag) acG, ditg o he It esaignal 10-20 R
The e jeal elec qpaukgaf (VEOG) ;a  em ded
LAy A bgallz fe¥ he igh ge The h%zﬂﬂ al EOG
(HEOG) o, ded fo ¥ elec ode  laced a hees e .
car hy, qf he lef g e. All EEG ad EOG ;e ¢ ¢fe -,
en ced,Lh e o an & enal elec wde, 4 hlch‘a » laced
«? he iz,.jf g & ard e g e‘efeegced fllive o he
Year of helef and igh Pa «id . Elec ode i¥, eda: ce

(2 ke, beg 10 kQ & EOG cha el and beg 5 kQ
g all o he leleC edg . The bi ig al ¢ €6l , lified
‘1habald,a fo¥ "0.016 o IOOH “ard dlglz edq

lir e€1ha a‘ lirgfesenq of500H .

Sepaa,e EEG e ech of 1000 ¥, 1ha200—’;'

R

. i, l, baeline ){e 6d acedofflive, iWelkcked o

heqﬂ e qf Ceag, o, inir. Oula _a ;fac eeicq «
e,ced{lhaw ege—l%eleﬂ G £C it al& 1(h

el by, 2 ege‘]qk aal i i G ¥ bir a ir ‘1h
a }fac a,e agit g [39]. chh ‘ee,baehec._\ £ ed

b, ab acing fe ¥ each a' le he a e age ac i iy of

ha chan s el d ipg e ba elve e igd. All he igl ir
‘hICh EEG vqlage d Ceededa R ghelde % 80 u di -
hg & c],l.g‘ee(é clided fo ¥ ﬁl he anal, 1.The
EEGdaa ee‘]g + 8, ﬁlee;ibe]; 30H .
{ { .

F, ,he MFN, he’ea ab, liade ir he 1’e€
do g qf250 350 ¥, {ree,aﬂalq ed. Thi 1'6‘1. [
a, eleced ace, ¢,ng e heclg ical defvlgw & he
MFNadaccchquvmalL ,ecg gf‘a‘vegl‘
The G ger hoy, e-Gel e g feiwt G piplains of he

a ¥, of, , heigiy i3 aMhed he Gy mp 1ge
The & rife gpi G gC it €a 4 ed & '411],16
&¥, aian, -

The Wear 1. ¥be if rg\} ha a e eq:lh 'MEN ar a-

a 1322 (g gigfe), 79 o 175) e xa b &
he highl i Grgaen Gt dig 1001 (fe ¥ 52 o 131)

& ,he¥ode ael lcqﬂgu‘e G dlb“ ard 1337 (fe

71 e 173) & Jhegrgae Grdii:. Afe Qcadpg he

ﬁye a jehar, g hy hadle  har 10 “charge” gl it

e1he hlghl( © (helqde a‘ek bt gae Grdikr,

& ‘he e!al hgldya joan , he¥ear 1, ¥be .kf 111

ha€ae:ee;:11q he“chage ‘e chan ge” ¥, a iy

a 704 (& ,charge”, 3 git gf,, 27 156) ard
54.9 (g s charge”, pgihg fe¥ 17 o 111), e ya jci-

pa ir he highh rargae G dlgl ald‘ee(231

(apgingfe) 11 o 38) ard 733 (g ging fe¥ 12 o 106)

» € xd b it helqdea‘ehlcq i Gyt d11,

‘ L clea fo¥ Figy g3 ha he chglce Gy1t g ugen ce ef-

fec an d diffe ¢ ce be ¢ e “char ge” ard “re” chas ge”

il 3, eaedre erh it heMFN€1:dq€,b‘. ale it



alae,,.a iby he P300, Je‘hd.5 Bs gi, en " ha

he, a e.v(qfeffec in helae APe Ld; (¢3 8 @-
'1alk he, a¥e 3 hequeg heMFN,‘edlduq e,q .

he ar al« 1qf he effec, ir h1 ‘l.udq‘
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