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activities related to self-evaluation
and social feedback

Received:02June 2015 - janYang?, Xiaofan Xu?, Yu Chen?, Zhenhao Shi? & Shihui Han®

Accepted: 21 December 2015
Published: 04 February 2016 ; Self-esteem has been associated with neural responses to self-refection and attitude toward social
. feedback but in diferent brain regions. The distinct associations might arise from diferent tasks or task-

related attitudes in the previous studies. The current study aimed to clarify these by investigating the
association between self-esteem and neural responses to evaluation of one’s own personality traits and
of others’ opinion about one’s own personality traits. We scanned 25 college students using functional
MRI during evaluation of oneself or evaluation of social feedback. Trait self-esteem was measured
using the Rosenberg self-esteem scale after scanning. Whole-brain regression analyses revealed that
trait self-esteem was associated with the bilateral orbitofrontal activity during evaluation of one’s
own positive traits but with activities in the medial prefrontal cortex, posterior cingulate, and occipital
cortices during evaluation of positive social feedback. Our fndings suggest that trait self-esteem
modulates the degree of both afective processes in the orbitofrontal cortex during self-refection and
cognitive processes in the medial prefrontal cortex during evaluation of social feedback.
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procas & ing ch BCE\Q eﬁgl, ion, ane may en, of,ignl can injenes§0 ag octal cognj, i‘re anda egq, ikre ne gq cl-
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Figure 1. Experimental procedure (top) and experimental conditions (bottom) used in the fMRI study.
4 ‘econdi ion, _anied accordingy of he Tange oft he e_al @ ion  elf N Celebni, ) andy of he Ta, k ofg he
ETal aion elf—\e\ral @ion en g ocial feedback). ! ‘ ¥

fMRI Data Acquisition. Image eneacq gred in a 3T Siemen, TRIO MRI, canner F \ng ional da a com-
pri ed 1680 \rol me acq gred i h T2%- eigh ed gradien echo plananimaging (EPI)s eq ence, . We oby ained
32 echo planan image, pen \rol Jneg en i\rel; oblood of gena ion le_el-dependen; (BOLD) con, ray (TR = 2000
m, ec; TE=30 m, ec; 3mm X 3 mm in-plane ng ol {ion; Field of Vie' . [FOV]=192mm X 192 mm). Slice, _ere
acq (red in an in enlea_ed onden and onien, gd panallely ot he AC-pd plane, i hthicknes of 3mm, 0.99 hm
gap. High-ne ol gion afﬁ- eighyed 3D fay = eld echo (FFE)¢ eq ience, exd oby ained fon ana, omical nefen-
ence (176¢lice,, TR= 190?) ms ec; TE = 2.52m, ec; licey hickng = 1 mn?; FOV =250mm x 250 mm; \Toi’el
@ e=1mm X 1mm x 1 mm). '

’

fMRI DataAnalysis. Daa eneanaky ed 4ing Brain Vo_agen QX 2.3 (Brain Inno, 4 ion, v’ e Na henland, ).
F \naionalg can, ere realigned” j hin and acnas v g (0 C(}’m‘eo; fon head ma, ion, ang CO-heéZ( ered iheach
pan icipan§ ana ohical daa. F ng ional daja _eneq hen nonmad ed in, ogf andandgy ereq; ag, ic Talailvaghs pace,
g licedimoa o¥elgk e of 3 x 3 x 3mm?and, mog;hed _jhan8mm Ga 4 ian kemnelf o increa, e ignaly o-nok e
14, i0. Elren -relaede eas ereaqyimaed gingyhe genenal linean model and emplo_ing a carhonical hemod_-
namic n& pom e f g, ion cgn\rolkred i hy he efperimen al d% ign. Fi¥ed¢ eq, analgq _ere ny penfonméd
Loeqyimaee eq a each Ere}'el‘andl; o Eompahe regionall ¢ pect £¢ eds in indi\Tid @l paw Icipang ¢ ing linean
con nat . Gro p anal ¢ & ~_eret hen cond (g ed ¢ing random-¢ eas model §o'enable pop Ja ion inference .
Inference of ¥ 4 ik icglsigé cance ged \ncomreg edp ‘Wal ©? < 0.005, in region, encompas ing a leay 20
(ﬂ'eL 20. i
¥

Mode § gofsefreg,edco ¥assdi g hesefevagaio kass Brainaai aion gsociaed ihe al gion
of oneg o ny hf;: ea, &\ in%:a; etd b conéfa:l,' iné-(EPg—i—t ENé) ‘_:élg, s (EPC +\ENC). },\e con, hay, Yot (EBFS EPC)
NS (ENS ENC)‘ 3 calc la ea,g o de ne brain regiory i \ol\red in e al @ ion of pa, § i‘we( naig off heg elf.
Moneotren,( o idenjif > he hen pan icipan y naj ¢ elf ey eem can mod &'a e hein brain ag, La iony rela edgo
e al @ lon of one; o ynt naig s elf ax eemg cong, deni_ed fromg he RSE q ¥ ionnaire ene enered a a regne, -
sonina hole brain fegnq,s ion anal ¢ {0 &s &s 1y &sociaion, i hyhe comnay  al Lg of (EPS+ ENS) _en ¢
(EPC+ BNC) on (EPS EPC) _ex 4 NS ENO). peai, el v v
) . N .. AN . .
F @ hen, bnain ag i, aion, rela edy o pan icipanis’ ay § @é abo ythegelf ene qfimaedb_ regnaging pan-
| icipanis’ ra ing of eachy raj adjeq, i\ﬁ ona4 poin g cale (1 =gy rongl di agnee, 4 =gy rongl aénee). Brain ag i-
aion, vha ¢ho ed linean rela ion hipy, i h increa ing na ing in e _al @ ingy rais ofyhegelf ere calc Ja ed.
;’,‘e con, nas of &PS +ENS) _en ¢ (EPC‘—i— ENC) on (EPS EPC) etig s (ENS ENC) ere con& Gedioasas
rain ad i, a ion, rela edyo agi de qo andihegelfonagi de o andihepa, i ikre'; naig oft heg elf, ng, peq, i\rel
Moneo\rem o iden, if v ‘he; hen people; {nai ¢ elf a%eem co Id mol Ja eq he brain region, ¢ ha ¢ ho ‘ed a linedn
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en,’ feedback ontheg elf a eyimaedb_ com nay ing ( ]?%S + ENFS) _en, ¢ (EPFC+ ENFC).r_ e con nay of
(EPFS EPFC) _en ¢ (EN‘S ENEC) aé,)::alc Ja edy o de nebmain negign, engaged in e‘val @ ion'?)f o hen’ po, -
i i\re feedback ong heg elf. Moreo_ eny, 3 iden if ‘he; hen pay icipanis s nai s elf &g eem can mod |4 ex hein brain
ag 1, a iony in ol edin e al @ ion ofg ocial fee}(’iback ont heg elf on pay § i eg ocial feedback ong hegelf,a _hole
brain negneys ion anal ¢ & Oft he con may _al ¢ of (EPFS + ENFS) &8 b (EPFC + ENFC) om he con, nay Je of
(EPFS EPEC)  en ’(ENFS ENFC) erecond ged ihgelf eyeemgcorea anegragon X

F o hen, braln ag i a ion, rela edy o pan icipans’ ax’y de abo y ¢ ocial feedback _ere @y imaedb_ regnas ing
pan icipang’ na ing of‘\égachl,' nai, adjedji, eona4 poin g cale (1 =gt rongl_ di agree, 4‘:9,‘ rongl agneg). rg e con-
yray, of (EPFS+ ENES) en ¢ (EPFC+ENFC) a yhencond g edsoagdes brain ag, LTq ion, Réla; edy, 0'4-1; i de
(o andy heg ocial feedback ong heg elf. In addi iony he con nay of (EPES EPFC) e « (ENFS ENFC) a ged
indme negha,s ion anal ¢ & ¢ o eYfamine brain ag ikra; ion, relaeds o ayi deyo andpa i i, eg ocial feedback ong he
self. Moneo‘\reh,l; o ideg ify ‘he; hen people; y rai ¢ elf @y eem co |d mod Ja €y hein brain region ¢ ha ¢ ho ‘ed a
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Figure 2. Participants’ reaction times (A), propox ion of ng, pory & d pingy heg elf-etral @ iony a k (B) and
propox ion of ng, pon, & d pingy heg ocial feedbacky a k (C). !

(EPS+ ENS) (EPC+ ENC) middle fron, al g e 10 L —41 57 8 31 0.68
infenion frory, al g, s 47 L —38 23 1 58 0.66

prec \ne ¢ 31 L —-15 | =50 29 21 0.68

cney 19 L | -9 | -8 37 | 21 | 064

panahippocampal cox e¥ L —26 | —45 3 23 0.67

middlef emponal 8 s 21 L —64 | =33 | —10 | 34 0.65

s {penion emponal gyt s 22 L —58 | =51 20 144 | 0.68

middle occipi al g L. 19 L —27 | =93 | 22 39 0.67

(EPS EPC) (ENS ENC) middle fron al g s 9 L —44 31 36 68 0.69
infenion emponal g s 20 L —60 | —11 | =19 | 29 0.65

middlef emponal 8 s 21 L —53 | =29 | —9 29 0.63

Table 1. Association between self-esteem and the neural activity related to the self during the self-
evaluation task.

5=88), nighy middleyemponal g n ¢ (34/—79/23, , = 4.42, 5= 35) and middle occipial g n y (23/—94/9,

y=428, 5= 24) (Table 2). Ho e ex, people; ( nai ¢ elf ¢ eem did no, comelae i hyhe ne pal ;Yo, 1\;, rela edg o
. v ) vy

s ocial feec’iback on ong elf.
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Figure 3. Prediction of self-esteem by attitude-related neural activity showed significant activations in the
bilateral OFC in responses to evaluation of positive traits of the self compared to the celebrity (Z=0).

(EPFS+ ENFS) (EPFC+ ENFC) ACC 24 L -7 36 4 221 | 522
(EPFS EPFC) (ENFS ENFC) ACC 32 L —9 | 40 4 22 | 2.89
Middle frony; al gy s 10 L —33 38 21 24 441

PCC 30 R 1 —54 6 60 4.02

Prec e ¢ 7 L —15 | =71 46 279 | 471

Prec e 7 R 14 | —69| 49 | 88 | 411

Middley emponal g s 19 R 34 | =79 | 23 35 442

Middle occipi al g s 18 R 23 | —9% 9 24 4.28

Table 2. Neural activity related to self during the social feedback task.

F whena hole brain regregion anal g i off hﬁ ne pal ag 1‘T1, in ng por ey of he e_al @ ion of; ocial feed-

backy oy hegell _en gt he celebni re ealgd agigni can ag 1\5}; idn ing he nigh; ca da € (22/—14/29, ,= 3.49,
. ) W . - . t

= 20). Mean hile,a hole bnai rgghas ion anal ;@ of ay i de rela ed ne pal ag, Lho hgelf ey eem na, -

ingg core & a negnas onre ealedg igni cam ag iLTa }i)n, ing he _en; nal medial prefron, al XOR e¥ (mPFC: 9/53/3,

»=0.66, 5= 25), PCC (~'36/31/24,” = 0.63, 7= 24) and ocCipi al cox e¥ (6/—92/—5,” = 0.63, 5=73) in

1& POn, & 1§ 0 eLTal @ ion of pa, § i‘Tes ocial feedbacf(l,‘ o heg elf W& 84 he celebnj, y (Fig. 4).

Discussion

r_ ere ha been lag ¢ han penfeq agreemery i hinghe py _chological li ena e ont he na, pe ofg elf afeem,in
yenm, of in rapen onal L & inj enper, onal }?els peq, LTQ 1 anda eqi e & b cogni i_e procas & 12 2.7 e
¢ gwen, onk efamined' he henand ho ne gpalagi i _ relaedyogelf e al @ ion and ocial feedback cal be
relq edy, o‘oneL ¥ nai ¢ elf Q,‘( eemand he fenand ho j{h:}i self ayeem can%e asociged ihthene palag 1‘T1
rela edf o bo hy a k and ay i de. Coﬂ, iven, iho g nyh pohei,people s raigelf Gyeem a poii AU
conrela ed i hy he in| rapen, onal proces ing iﬁ OFC hich l¥a¢, beensho nyos ppora eqi e phocase ;:{ng
cor, k¥ en, ‘i,‘ h o psecond hypq he i .1 heing raj ¢ elf” e eem & Po i i\rely conrela ed ‘i,' h-me in enpen, onal
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Figure 4. Prediction of self-esteem by attitude-related neural activity showed significant activations in the
medial prefrontal cortex (mPFC), PCC and occipital cortex in responses to evaluation of positive social
feedback to the self compared to the celebrity (X=7).

X
n
~

proca ing in mPFC/PCC hichg ppons cogni iLTe proceas & . Moreo_en, 0 ¢ fMRIne, s s ggat edt ha ¢ naj
self ayeem predig edy hey atk rela ed ne pal ag i % _ ing he middle fnonal g_n g, infenion emponal g_n g and
middles emporal g_n ¢ in ne pom ef o ekral @& ion oFToXe; 0 Nnpai i‘Tel,‘ nais comparedy of ha, e of a celel¥1\i
Inj enqy ingl , one g elf greem a pa i i\Tel asociged ihihea eq LTe rela ed ne pal ag; ]8 in bila enal
OFC, hich inxrolkred in eval @lon of paii{_ex mais ofi Heg elf. r” e onbi, ofron, al con e¥ (OF \){ an impon-
L an paﬁ ofy, h¥ nea onk in‘ToLaed in ema, ional proce, ing beca ¢ e of iy ne gpoana omical conneg i\ri jha ec-
(i _eregion, s (ch a ' he am gdala, cing la e cox e¥, and in, Ja?* % Someyy die ha _ee _eny ggay é’dl,‘ha‘ OFC
canbe . ie ed 3 pan ofa g)fobal onlg pace fone_al @ ingihea eq i e alence ofgim (725 N ymero ¢ o dig
Ad L . . oL vy . ) ¥ )
ha_egho ¥ OFC aq i a iony d i ed, i, e procas ing,s cha henrecei ing plea an and painf J{o che %.
OFC ag,i aion a ako comelaed ihtheamo gy of mone_ necei _ed/loy 1na probabiliyic i ial as ocia ion
{ & k. Damagey 8( he OFCinh qna?g ma_ precl deg he gengna; ion'of helpf | ema;ional info‘irma; ion®, hich
ma_ be as ociaed _ihimpainmeny, in emo, ional andg ocial beha_ion charad, ek ed b_g ocial inappropnia €ne,s
ancY inng, pon, ibilj, ‘Self ereemp ana eq i el ladengelf e al @ ion fromg he i ,?a 50 k ‘Tie >and & ig core,
self ayeem nefen, {oho . efeelabo { o w'el’ @ and i inheren]_ oo ed ina eg,i_e procays q,‘fnoml, heg ec-
tive model of elf efeem””>. Ra hen han being ba, edg glel on chni; i‘Tes elf e al @ ion ,self ayeem in‘ioLTQ,
5 ed i eprocas @ fha ma_onma_ng be rela edyos pect c¢;comn cio s €lf e _al @ ion. r erefore,q he ag, i;‘ra, ion
of OFC ma_ be ak o involzred m}_’ eq, ive proces ing and ‘a, as ocia ed ‘if‘h peoples s elf ey eem d g\iﬁgl; he
gelf eLral @longak ’
O iy d_akosho ede idencefha g nai s elf efeem canbealopaii el relaedsofhe cognii e nelaed
ne pal ag i ¥ inghe mbdial prefron al/pay erion cing Ja e con e¥ d ping e "l @ion of pay i i e ocial feedback
Nt v \
abo (¢ heg At Acc @ Ja ing da ag \ggans | ha conceilring a_ie Hpoirl; of o hen, § heon_of mind), a a rela ed
fonm ofg elf projeq; ion, in,Tol\rQ, brain ne, onk a ocia ed L‘“Ill, e cogni, ive proces ing),l incl ding fron, al lobe
s .ot emy & ha aneq nadj ionall , a¢ ocia ed 1?1 planning, & A & medial{ emponral panig al lobeg of emy,  ha are
ajs ociaed ih memon_%3. '}’ €5 ociome, gnl,‘ heon_propa, &\ ha gelf exeemi ggeniall ap chglogical mae, en,
onga ge,\ h?\‘ moni o, 3, he 'q.@li; of people; nelzy ion, hip, ihohey3. X i apenong ilX ennﬁ,b Djeq, i‘we inde¥
on manken regandingy he degreey dJ hichy he indiLrid @l beingincl ded N e¥cl ded b_ o henpeoplé. 1’ ¢
self ayeem encompas @ acogni i e proces ing\m monti oningy he rela ion, hip i h o hes , fromg he 7 Lep -
$0 h,pe];, pegq, Rre. Moneo\Ten,l,‘ rai o ?If q\ eem ‘a, al, 0 ag ocia ed ‘i h ag, 1‘W1 ig iﬁl,‘ he occipi al cox ic, d ping
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