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Tiboldt ERRIE olsfiete A T o|HA Aduige] el tigt ojd] e FAdl dig
Hbeo 2 AA AN FARRE whgo] fFEE Aro|r|e Stk g, 2004). T3 A Bl
of WA el 7, A7, o= Syl gk AR A Apztelw A gl el ket A
2 ZJel(Hoffman, 201)E & 4 Stk 342 Ag2doznw zte] A4 Fo| JF v
Ae 842 44 g, HZ SdMT 3 JAEA BT, Wl 2013; 49,
1996, 22, A&7, 2014), 324 FAEA, 2009), A=A dABAGEFA, 97, 2014), g
WA, 2012 2 ARSI A Agae] #A At DREIWA AFREY gEA] A
o7t Al ARglel lo] FFFe] FeAdo]l HiFHI Stk FAAAT 22 A13]e] FAA od
ol 24 847t 8% 9TE dtu U2 wHsE W@, 2009, dAG, A5,
2015) T2 A ALE 5 Aolrbe ite A AR A1gA g3 U #elo] gtk A
= ¢ F Utk

3 A

Tl B9 A7 BT AT dolM FH dT7EE g va vk e AL
ERele] B =o} 5’3%—% d&ata olellste AA A3 amls fEde FMA A

TR GHA UrE}‘)'T’Jr l Ade AAH FaH IAH Fe Fdete T Gl A=
U}Eﬂ] Zgsta Q&S HoFe Holth
E3F Hoffman(2011) M4 WHg-2 2Ro] AJejEthe ERIS Adefo] o 1+ *
ojA Rt FAke] IS AAE] WrolBH A|elAl 2HE T A7 BRleAl 2%
T 7K A$7F dvkar SFATE Batson, Early, 18] 3L Salvarani(1997)5 34 SoM = 5
A BRIl AR e BAE AR e ARG O A8l A7) AdA SRS o
fE= Aol B B 344 FAE AP o%la, olFA AR o T 34
g5 Aoz AHo] FHAUth Lamm, Batson, L2 Decety(2007)E 4547(}01]7“ aExEE A
ol Al AbEe] dews vt Y-S HoFa ALl dolwks 459k BRle]l At
1 At A¢E dE2A AsteE sta 7]%312}71*“10“%1%1) gtk 1 A3
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o] & A% FH9 $AYE tEA depdtle 2 ARSI Vogeley9t EEE001)°] A
TFAAE EFIY] mlg-S olglel e ZAFolE ToMBHE P9 WA FY(medial frontal gyrus;
olat mPFC)e] Astd wkH, 7] ARl e 9 Ave 75 SFFEEAgT
(temporoparietal junction, ©|3} TPJ)

B 3 #H AFES FE Aol AAF 1% Ae
2 A8 ¥ ThAkiesuki & Decety, 2009; Jackson et al., 2005). AthHo] 3 1ES FAsle=
121 AAA w2 frgith JiRle] AAA 1Bl HPE uf Tk S T
A= TNUA B (personal distressy ]} dF=t], o]} FHHT T YA O 2= insula, SMA,
733 (anterior cingulate cortex, ©]3} ACC) o] FE HHTHDecety, 2015). SHA|TF A
Abo] g Aol nERts #Eske AL oMBER Fie 1% #HdE YA A
it st Agete 12 W< olalst=d dA7F 3l

T4 & oe ¢ SHs "@eske A4 TS EHelo] Ad AgS XA R olgs}
Hgoltk AAA F AFE & 42zl velmP FEEQ006)S I FAEANA w3t 2 A
BS oA ¥ 1 Rl olold TGS AL FEHFEE Sk
S FE5= ToMY As|A mPFC, middle frontal gyrus, middle temporal
gyrus, cuneus®] FAIE7E JAE AT LI Keiimerdt FHEQ010)% ©|0A] ol FQ1FE] A
gk Aol Sle ASE AFAEAA AAet Al dig AdS T FEEHE T4 AA
Q1 Fio dia] ATttt T4 AFelA Bol EiEe mPRFC G Yol YRSk paracingulate
sulcusoll = GAF9 AZbAAIA LA = spindle celle Edtela JEH, A9 A F 75
o 2F Tsltty A 9o m(Allman et al., 2001, Decety et al., 2004904 A1), ke
=5 AW, A4S oEfsta, HAE Ffrohe AIAF 34 4T3 dhe ToMH HHG A
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2010; Lamm et al., 2007; Shamay-Tsoory, 2011; Vogeley et al., 2001).

Preston¥} de Wall(2002)& F4olgte Aol FAA0E AR Ao EA] ztel] /HAAQ 7} gle]
Htz gl Gl Aoz whgete Aot Ak aHy HEts ndshA] 22 39
odlA & Aol did FARE GRS Zgo] BN E FErh ET Singerdt TRE
2006 F7to] 42 Wle] ffe FHdN g2 A8dte As Huste AT FHE
frste Aol mHAoR &4 B2 PF5 A& uf ned werhd 499 n%d d¥
g GA7E FEE e Alo] ozt 238 BT S8 (nudeus accumbens, ©18} Naco)©] 2/d 2}
dote 2342 Basisith ol 33 o] gl B3 IAH Ads AR PAE 24
7le g ofnett
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g2 A wheehs T 99 g8k Utk Preston¥ de Waal2002)2 37| 71A17F AHgA Q1
HHgol2kaL SRAIRE Singert TEE(20002] ATAIAH T3t wpgo] FFA Wl o8 9
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120 7Qle] A 3} 226l e AeA e whee va2A A 2 5 3] wEelt)
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71, 1998), 8 okl = Q7o 719k (At agjn EAATe] wA Fxo dHEE A
7} Ahkel: Deci & Ryan, 1999). 159 A= AR B4 12j1 WA E7eke] A& b5
Al AAL YFdA ATEe BT 2 FeER Qd stuzt ke d9e WH 7]l
B4 g nHga 3t olek AR, Chan?t Lam(2008)] ATollA= F=9 78hd &
Agz% \;H/\]-Oi ﬁzﬁx%o

S g 29719 s Aol &L i Bel7le] malel oy
55 AR APl LR9 42 AHET 220] BAE A A3t BAHA BFS f
: 27] figzkol slghd Wak olel AA| 423 Al telME A4

4 2 g FEg M Baksel Wk wA Ang
2oittn Basdt. 3 34 3P4 Bgsh Belse Bhg vias AokEFe s
A7\m, B 2 RAPAE FUAIN Y5z 9 vINE Ao weln. vl

4 s
o Ml s FF AR HEH SH 5 A SHdA e YA JFEt ohde), B
e = BT E}% AAA - XA SEle 9%
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o #AE AT AR nedeone ABUE Wder Jahui
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8 =
Ae $AL W Yo B 4UL A7 2PN Sl RPAZL felsbl A e
AR B o] AL A+ Vansteenkiste2} Deci(2003)= AA F2A SElslE

bl Uehda 44 A2 ASHE 29 FEE 22ANE A9 34
FH WA or Fristdata dvh v A4le £ e g g e
I B7do] F3-F-TA (performance-contingent) H/4A Ao AlEELS YHow &
Husldoh 3k A2 57 (perceived competence) ™ 2-&

Azl dia] FTAHJLZ 7] 53 (Reeve & Deci, 1996), 7] fdoll 44 <3

\l zg]:
< T|A]7]% S}il(Taver & Harackiewiz, 1999), A< EA o2 A Zsts A% 234 IAE 4
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A4 3ol N WAz asa HrlEe Wik e A7t IME WEHolge A
s 4 F Ak

olEE AA o] Azt YA ey o] vz Aeslu e A3 AFES FF
& 2w, Q1] AAA - FAA AgFHA el oW Z|A7t AEsheAE Bok s Aish]
daire 2R FH FF AFE AHE DUt Aok HEACE Decetyt FEE2004) 7

2 5ol A7l A4 W PEL W T4 BYse] Aolg )
afieh A Qﬁrc’ﬂ w2 A4 vk 45 o Lo AT 7 (frontoparietal) WIESH
g g&ate Aol FHe, ol THHBAA TolHL LAANA e nAH AL
Belcio] 943 B Aow Eltn AWt £d A4 Ageld AUHen Belds
T39S mPEC} inferior parietal lobe G2 YUERGTE T ThE Ao A Z:E"‘(stroop)ﬂ'xﬂ
5 Apgsto] Al AR Alte FHEE AN A3 Aske Al AAE A A
o] o= getefof st Al Ago® Q& insula, fusiform gyrus, superior frontal gyrus 52
99 i3S H a9 ThPolosan et al., 2011). 18|31 ACCE AN A Hlm FZFoA AtfHlbo]
7€ W Yehde FoE 5 2R s A 2ds Ue® FrkDvash e
al., 2010; Polosan et al., 2011).

N9 ATE TR BT A4S F AL A AT AL W AW AE AT
}L At AT B 2] I B4 £ sk w99

AR G MR T

ff

o

o

= .
e 71EAoR BlE olefsta o dste YME RN FEAA s Aot
A

kel A& 71AQ1 b, AL st Ao A AdelAG rjAtE] el M ]

Q
& % gl 87 2ol Adclehs 87 BA0R 44 BE oletn BAL Q)
913 1S ol Aokt s deAoz P ol o AFE BAAA A4HE Bl
o] At 4} A el AREE 15E ol B HE = F AT AWk B4
o Axel Aed BB TH A S 1B Ak e RO ALHAL FHE
AdHom XA 373 JAH FPoR U, A4HoEE § Add Belshe F4
A9 Aol7} ek HPATE TAR 2BF olth Ay ATEE Al AF Sl Aol
AAROE AL TFS W FAHE P R 3 ATE APSRAAT A BEAN
£ o O 0] AN Bl 4P ek oA g o HAst fuEE QA4

- 445 -



oIx|nfst

, M27H M3=

Joh

JolA AL gAclor melste] dAgielel & Uﬂﬁﬂ Hhﬁm b ety 2
2 w ARgo] oW el ML e

re
-
o,
I
)
rlo
ox
o
o
v
rr
o
-
e -
ro
o,
ol
A=)
=2
>,
ACH
4

A% Fotnnd e Aol
g AT 2A0| w eI e ATEAS ARAAT. WA, A wx ABAIN T
# S £ 0 BE de T 993 A4l ok Al UL HAE AT
s F 99 Ao} slevk A, A5 W 4R Alades 598
Adle] B3 ol ek we 4B ol Fe Rololn 2o ket Holsk Yk

—Ll

AT
e B 7= A tietel Ak $l AT QEEF ] A 227 Aol Fefst
At 22‘% - A5g 4 H T3 AR Qe G Y 5 e F/E B didA 18-S A
olsto] F 2199 ARE Al ARESITE AGAIE, il Al B gls, ee2Edt
o] & LR AYX FE— zAstglen ok Aoz Aol AFE ARG AFAE
ojs}

AL 20~264 o™ o] F S 9 (mean age=23.2 SD=198)°] 1L,
age=222 SD=1.95°|0th. 9FE ol digtn Ao std el oY hS(DKU 2015-11-
0209] A& Wskon, FFAEL A A Aol AHsn dde] F5E F &%

o] F7HE At

TeEE 7] A8 Renierst TEREQOID] ME3t FFE2013)0] W< - EF
slato] Abg-3E A FZH A 2 E(Questionnaire of Cognitive and Affective Empathy, QCAE)S A}
sttt st Tl ® A T A THoE FEE o XA T 2
(perspective-taking)Z} Al E#| ©] A simulation) &2, A& 72 %47 H(emotional contagion),
18-’ (Proximal responsibility), T8 WH8d(peripheral responsibility)2 T3 F o] ATt 44 2AE
=o] A7) Haoln, Cronbach a AFR &S #9412 =E a=087 ©IUth

_lé\t‘ 2, op oo ofl

- 446 -



oy

Oled / B0t oldy J2oM S| dgsA 7|H|

>

4
Oﬁ
ﬁo

AP L] S8l AR, 3 XA A FAAY IR UHH T
o
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AA 2 BRle] Aeat B Wl olsfsle dE 8 adE I dEe Adei
= AlEEeld R e Renies®t FR5001)9] APATA AR T3] s F=

S thgo 2, T2 Adibke] A thek AEA whgolgtal FY Prestondt de Waal(2002)

2 ZAE Krimer® BEE010)°0] WEate] AFRE 2pFo]| 7 Zste] B ATLE Y3l
AT Adaiith B Ao AR a8 A5 AN AR e ot gl
Nummenmaa$} & H2E(2008)°] AH&-AE 67FA] HAMEA F(pleasure), EF(sad), w(anger), I
(disgusting), &F228 Fr(surprise), FE(fean}E sl A48ttt 67H«] A FolA A
o &dhe A2 E7% shdela, ymAl s/ e ZF FEAA 7] dEel A= Azt
AoAA S TP vEE BT 98 S A A= 52709 olmAE A&,
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5 =/ 32 = JvteE EAo] AdThDonaldson & Bucker, 2001). ¥ ATFollA] ZARA|S] F
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Azt AR vEA 21E B Addske A9 AAE sklaL, 4ol sobrb AlAE7

WA Eaelzh 200oms AAEE B SEASS PANE BRHES 5

7R, W74, BA) £l s/ 2" A5E AAEAL, F 209 el U™ 742 30
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<48 g4
ZY | HBY SH | TS | BY HBY SM | IS | Y HBY| SH | TS
T139E 288 AFBUG

Al | stimulus Stimulus Stimulus Stimulus Stimulus | ITS B
Al (65) (65) (65) (65) (6s) | (205)

% - N RED) A= (4s) Hh-8(2s)
L\ I it &
6s megs < response

(SI (random)

<H|AA 24>
4s 2s

<A GG A9 TRl

<versionl>
runt
& | BY BIBY| EM | TS | BY | HBY 8H | TS |BY| HBY &M | TS
run2

<version2>
runt
& |HZY ZY &H| TS HIBY Y EA| TS HIBY| BY  &H | ITS
run2

<version3>

runtl | SH| | BB | B TS | &M | 3Y HBY TS | X BIBY| BY | ITS

un2 | X | B | HIBY | TS | & |HIBY Y| TS | &H | BY HIZY TS

Aol oAl
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Stk aeln 48 F 75 QR ARAEE 49 a0 o
olAAYE FEe AANE =4S Buskith A8 HA= E-prime(version 2.0 professional,
Psychology Software Tools, Inc, Pittsburgh, PA)S AF&3lel MRI 27 U9} dEH FAE 53
800x600 pixels® g3t AlZH 02 A|A|StH.

715 A A 718G o] A (echo planar imaging; EPD} Tl-weightedd -2 e thetal <
E19] Simens 3.0 Tesla 7S ]3] 533t 2 EPI G482 interleaved ¥ = ©]&
mFAZ G TR=2000ms, TE=30ms, Field of View=200x200mm, matrix=64x64mm, flip
angle=90" 202 Z} EPI T ¥ 32 slicsE FS3IAUTE T1 A% G2 FOV=256m, TR=1900
ms, TE=2.52ms, flip angle=9" = zAzsld, 1 FAZ 25t

353 GAS MATLAB R2015a version WollA 5 E|E SPMS8(Statistical Parametric Mapping;
Welcome Department of Cognitive Neurology, London, UK) 2T EAE &-galo] B35, F4

o] AbA A B (preprocessing) 2 AlZFl] WhE 2Fo] W slice timing), =2 37 (motion correction), 7]
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02

=g - 2010/ YD} 5|13Y Aol SHel M T[]

olf

2 g3 diet gadole 43 2 EFSKnormalization), L83 PRA|EIO.E g AE A7)
A sKsmoothing) 2y & FAATE AAARE vkl G AWt HE 2d(general linear
mode) S ©] &3], Ul 712 AIBFBAEABRIARBEAZ1ADE 1P un2E FESH] 24704
A A FEx38E x2run)] AFE ZH7 regressor® 1 AT AA] AlH S 71202 EAEHA
o} Z+ AbAwjch o sukgsk —T—(hemodynamlc response function: hef)e] 212 thH] 3 A(contrast image)
< ABERZ FH O HPIHE o] &3l AFESITh 1Ak MRS A AL o] J3s 2
= onesample t-testE &N A B vs. WA G whE A o] T 245 I
of gt FEAE AU oM, two-sample t-testS T3l A FF 4 ZZANA T AA
ol o Bo] #ofshe A o 9 GotE YT o] W dxistE ffs JPAE FA M
Qo= 7&%—6}% —‘%fﬂ Hol wd S ALg-at9ith mA| 2O 2 Lamm, Batson, —L2] 3L Decety(2007)°]]
£ gele] ARe gelde B4 AL Fudld ¥ AN
multiple regression 'Hi‘—‘ RS Abga] 2709 7HQle] thB] < Y contrast image)®t T AR F
2d AuoE Ane T gz JBE gasAT oleld BUS Ba A WAz 24
el w1 Aol el 1A Bl Bolal & FalslgonE o), ¥
AZ AT WA AN AEd dd B4 Beel 947 A2 BHe AR e 2
o X B3E AR oT HANATKE 3, 22w A WA A B FE T
A §% 2700 g £ e 4TS Kol F4 99e Lol PTG 4
Multiple comparisons 13+ BA1A Foju] #AH] p<.0018 FIT FF2S AMSSE olFE -
#kol 3.09 ©]%dY Wl uncorrected p<.0019] o] ol ‘?}%:}V/}i gom, o] Z2 |
Ba A3 e Feke olae] ke ATl FiA AeEE § &
al, 2006). H=3F thekgt 273t BAZ Aol @ amm et al, 2007; Schnell et al, 2011) multiple
comparison®] FSAA QN Foln] AES 93] p<.00l(uncorrected)?] FA T FES V|EFHOE AR
7] wWiEe] B AFME 22 FolFEE AMSSle] A3 24 s 4 frefvld dola
o A A3} F94o MNI FHEE Husrh sPMollA A ZsHE MNI ZEE Yale Biolmage
Suite Package L% 1% (htep://sprout022.sprout.yale.edu/mni2tal/mni2tal heml)S ©]-8-3}] Talairach 3%
2 W33 B Talairach & Tournoux(1988)} Talairach Daemon(developed by Jack Lancaster and Peter

HU

:i

F‘{N Ho
%
s
g

Fox, Research Imaging Institute, University of Texas Health Science Center, USA)E ©|-§-3le] T 44
o He Avey 9He dopugn

QA 9 B BL WD AF dolel spss 2108 BEG] AYT wAY 2
A A ) ek Sl Geks] el e AR Y A4S AAsslE 2o
U AEBARGE 1o] BA 200 0 AEUolE E4 AE ANSA ekl 1 ol %
Bl 2 AR AR AT 29 A3 a0 Fa4e 44 Sl S B
wejo] Aol G Rolnt Eme AEe] 334 FAe Bud o] B AS
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afst, ®M27H M3=

oh)7] wze] wlelel el4e] 2 SJnlzk gtk Berelel PEurg Aol nelelA etk

#S cllojef Z1t

8t 462 FES] HAE 23] APt B A HA A} F AR A FPoA vES A
e AFEITE e=AE GR1] A8l runldt un2o] AR i vESAIZR] g
A4S AAEIAY. 2 A un1e] AAZRACNA FaE Al WHEAITHM=276.62ms,
8§D=59.56)2}, run22] WFSAIZhM=278.69ms, SD=48.98)2] o] ¢+ BA TS -123(p=.583)
o2 FFE 0594 ARt WE AFEHE FAAHCE Tl‘g]é]'xl B o E Yt v
Aol A4 23 034 244 FPAE ﬂaﬂ Mgtz g gAY AolS vebick
GE 1 22 AR A BAAS gu Ui} ol WA ZHM=277.66ms, SD=48.14)2] Wi}
271 ARl oid XA T3 FAld HFstd HAE *63 = WREAIZhM=385.47ms,
SD=97.87) BT} 4T 0.059A BAAHLRE fofotA mES EASFATH=-4.530, p=.002). &
g 2719 Ao oM e F 24 ol folgk ztolzb vEpA] GskEt, ol 34 A
7b REoHA] A WEgE AA7E UEhd 7] wiEel S ARIAl FAAQIAE Atetr] vt
F437] g Aoz BHelr

(<]

(

(E 1) Z2(ZY vs. vIZY)0ll E mexte| gtSAlZi Feotzol theh A

z3 BM EFANSD AVl 4 P P
HH-3-A1 7k A7 277.66 48.14 21
4530 002
® H 734 385.47 97.87 21
Hae A 98.27 2.49 21
0.006 989
(%) H A 98.26 2.27 21

*p <.05

=g Holg Zzt

243 1. A3 B BEAA S A HAF 9 Hol
A3 WA el el Aol ddd w AEAQ o o] SYstEEA &
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S0 - R0IM / ZUD BIEY MM DUl AZE I

ol® 7] Q& AA-uAA, B|ZAA-FA] thH]) S F(contrast unage)% o]-8-3 one sample t-testS
St AR wE2HAS wet a2¥A &2 A SAgEE ¥ Gdo] tEA YE
SOHGE 2 #FX). AR} £8 A9E vE £ e BAEES 21 T A E FYhke =

= middle temporal gyrus/

Ao M= F - 55 cingulate gyrus, cerebellum, superior frontal gyrus,
parahippocampal gyrus, caudate, 3 middle frontal gyrus Go] Edstd RS FASIATE HhH
AR glol ElRleo]l Ak Aol sl Ftsles ol = paracingulate(BA 32), temporal pole(BA
38), cuneus/superior occipital gyrus(BA 26), uncusfinferior temporal gyrus(BA 20/28)d e &3} =3
o} 53] AR oA EA3HE paracingulated G- peak voxel S 41 S F BA32, BAll, BA47

o AA Y& gdde s Ryt

2 O B2 TS FUE U Z vt o ZAE S el IEHW
cluster MNIF %
99 BA L/R T %
size x y z

@Y - 1387

cingulate gyrus (23] 4847 24 L -20 8 28 8.29
cingulate gyrus (V1/2]) 4336 24 R 16 16 24 7.39
cerebellum (&%) 1236 R 2 -64 -20 5.95
parahippocampal gyrus/ middle
_ 117 19 L -38 48 -2 5.93
temporal gyrus (3R] F/5EFS)
superior frontal gyrus (‘3 FR) 197 6 L -6 2 64 4.98
caudate/middle temporal gyrus
e 36 L 36 32 0 441
G =)
middle frontal gyrus (57F9) 27 10 L -26 52 8 3.86
#FY - 73
paracingulate extended vmPFC
. 1530 32 R 8 30 -10 7.46
(A3
temporal pole/superior temporal
54 38 L -42 14 -38 5.09
gyrus (SFE/35F9)
cuneus/superior occipital gyrus
_ 26 19 R 34 88 32 460
A7 a8
uncus/inferior temporal gyrus
= 29 20/28 R 28 -2 -34 4.11
g8/

p < .001 uncorrected; k>20
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(@ 373-11737 (b) B13-37

caudat‘e/
: \ 2
42 . : 0

T value T value

| 'y
Pa ;;li;hamyy/

gyrus

(O 3) (a) 2™ =HolM 3Z IME 8 mf of Bo| ZMslE T 29 ACC(x=12, y=18,
z=24), cerebellum(x=12, y=-48, z=-20), caudate(x=-36, y=-32, z=0), parahippocampal
gyrus(x=-38, y=-48 z=0). (b) H|Zd™ =70 & DHE e o o Ho| SMSE Fiu| FA
temporal pole(x=-42, y=14, z=-38)3} paracingulate(x=8, y=30, z=-8). & O&lo &4sl=
p=.001(uncorrected) TZ0llA BHEFSH Z40|0{, MNIZtEE 7(gte2 &

2% 2 3 A4 FHANY A &I
AT vAg 279 49 vlas A4 B sgo] xaslel U

2 w ol Abzell g
o - e M AdI S Alsta A =3 wAA 2ddA A

4 Bge ¢

N
NN
1o
-0,
R

(£ 3) 20t |3 =olM Al=0l| tiet S8t 78 M gte XA Hetatd S w[sta Efele| d&of

—

g9 Chfm BA LR MNIZHE T %
size x y z

(Y-EA) - HFY-EA)
anterior cingulate gyrus (F1TH/33)) 1283 32 L 24 22 30 5.09
middle frontal gyrus (5AF%) 838 10/46 R 30 38 10 4.86
cerebellum (42*) 118 R 4 -66 -40 432
supramarginal gyrus(SMG) (9733)) 115 40/39 R 46 46 34 4.26
cerebellum (4*]) 123 R 2 -50 -4 4.21
medial frontal gyrus(mPFC) (33 F) 99 6 L 4 2 60 4.14
cerebellum (4*]) 75 R 2 -4 20 413
thalamus extended caudate, Nacc (A7) 110 R 12 -8 18 3.90
(B EH-EA) - FF-E)
vmPFC (B SHH T4 698 11 R 6 32 -14 5.38

p < .001 uncorrected; k>20
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S - R0IM / AW} B2 A0 o] AZEA X

o oo

OlH 12} two-sample t-testE B3l [BY-BAHEY-BA 20 TEo] T A3 99
selalgnt 24 A9 44 Ageld AR Aol AAaT 3 S Astn F3eke el
£ ACCBA 32), middle frontal gyrus, SMG(BA 40), mPFC(BA 6), Z12]1l caudate®} NaccZ &4 3}7}
G thalamus7} SASHE BT W] BIAA A Al #Eg s Q1]
e A 3 HY M= vmPFCBA 11) o A ApH A Do BAHUTKE 3 X,

N

(@ 7AA-TA vs. V17 A-TA

Z=-40 z=-4/"
‘l iy /4 :
g2 SN "

]

=y Z=107" s
AN SN

e — /‘t

v % VL | | f
N\ 4 bl middle frontal
ggrebeliup S i gyrus

.

(b) HIAAB-EA vs. 3A-EA

A0} |14 AollM ALSDE TS MM ECE Klstn AfEfn st d
oM M3t == HY. (a) A Ao ERRloA SZste 2HEoM 24t = A cerebellum
(x=4, y=66, z=-40), middle frontal gyrus(x=30, y=38, z=10), thalamus(x=12, y=-8,
z=18), SMG(x=46, y=-46, z=34). (b) H|ZH Aoy ElRlo|H S&st= DHdol| 2AMsE A
VMPFC(x=6, y=32, z=-14). & O&°| &dsl= p=.001(uncorrected)TZ0llA TESE Zd0|0q,
MNIZZE 7|gtez gt

23 3. TH AT e Y o 39

3R S WBA Bl ANQle] B e wel oW FH dgo] RHsteAE
ol 7] 3l 22 ZFEA A multiple regression SAIYWHS o] &3to] T A FHET
(QCAE) #k< covariance® AHg-ste] EAaiith. 1 23 di¥|Y
A 2AAAE FI5E p<ootdld GBS Hole 9ol UehiA ek, (AA-BA &

A3} (HAA-FA ZANA 22t JHQle] I3 Aok AHE Hole 9ol p<.oo1FEedA

L o
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A|otst, M27H M3=

(F 4) multiple regressionZA0llA (ZH-EX|) =241t (HIZAM-SX) oM #SH0[E{Ql 7Hele| SZ X2t
HE ALE Holg Ty A9

SE W B IR NN T3
size x ¥ z
AY-5A £7)
supramarginal gyrus(SMG) (&1733]) 506 40 L S0 46 30 561
fusiform gyrus/middle temporal gyrus (33 3)/FZF9) 175 2021 L 58 -4 24 538
inferior frontal gyrus(IFG) (3HH5< 66 47 L 42 30 -0 527
inferior frontal gyrus(IFG) (3FA5%) 54 45/44 R 38 22 20 457
medial frontal gyrus(mPFC) (&4 F4) 29 10 4 56 12 447
thalamus (A1) 37 R 18 -10 8 438
superior frontal gyrus (373 FH) 26 8/9 L 30 48 40 429
superior frontal gyrus (‘3 F%) 31 9 L -4 44 28 424
medial frontal gyrus (N ZHF9) 44 6 R 4 -4 60 418
claustrum (F7) 22 R 28 10 12 417
putamen (¥]7}) 30 L 26 4 8 414
cerebellum (423]) 30 L -6 -48 -4 386
HEY-5A ZZ)
temporoparietal junction(TPJ) (375778 A&+ 29 39 L S0 56 2% 417
p < .001 uncorrected; k>20
@ 74 “F&olA b W74 gl A
THAF 9A A FAF} FA ABH

value

(a3 5) (a) 2™ A=olM 32 SHTF(QCAE) Q| X2t dd At Hols gY9oz mERFEoME SMG
(x=-50, y=-46, z=30), IFG(x=-42, y=30, z=-10), mPFC(x=4, y=-4, z=60)g%n} m&s5lddolM=
fusiform gyrus(x=-58, -14, -24), putamen(x=-26, y=74, z=8), thalamus(x=18, y=-10, z=8),

32|30 cerebellum(x=-6, y=-48, z=-14)0| Ag 2| (b) H|ZH MF oM 3Z Xt & Azes 2ol
£ 99 TPJ(x=-50, y=-56, z=24). & 1zl %‘é}i}é =.001(uncorrected)s=0ollA &St Zo|of,

MNIZtEES 7|Etez &
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= - FO0IM / YD} H1E8Y MEM SEe| MEstE J(H|
Yebstt [(AA-EAl1 2dolA ARle] F A47F =45 SMGBA 40), fusiform gyrus(BA
20/21), IFG(BA 47/45), mPFC(BA 10), thalamus, superior frontal gyrus(BA 8/9), claustrum, putamen,
cerebellum @47 AH-E BHATE v A BA A= MUY 33 FA =255
TP] 9ol ¥ 4 HAhE 4 =)

o] AFAE AR AeH PFrAA T AATH ] ERIF AL dlok sk A
|4 ol FHEES Hole=AE B A gtk o] & 98 A e adAs
o & 578 BME Adsts AFAAE ol&sto] MRI Ho[H 9 A1 FHHEAR
Xdif_ A5E EA6Th A M A7 23R, AR AgeA fEE A doste F
¥ JHO R ACCBA 24), parahippocampal gyrus/middle temporal gyrus(BA 19), middle frontal gyrus(BA
10)9Jr superior frontal gyrus(BA 6), caudate®] T3 A3} PAFS BASHTE ubHd Aol gle
74z @A3E F¥ A9S paracingulate cortex(BA  32)9F  temporal pole(BA 38),
cuneus(BA 19), uncus(BA 20)th F WA A3 AHRE, GAHFE] JAAAH S A F AY =
AoAel F3kel QA A T ASt= ACCBA 32)9F SMGBA 40), mPFCBA 0),
thalamus, cerebellum % < ol 4] ‘JrE]rMJ—, s 2 vAA dgelA dAste 3 AR A=
A3HAl BA 11992 vmPEC7} 7] A WA Al MA A7 AAR, i F
%‘ FA 9 e ARG Holy F °3mf AR AR A ML FHFFCl =ETE
SMG(BA 40), IFG(BA 47/45), mPFC(BA 10), superior frontal gyrus(BA 8/9), putamen¥} cerebellum %%
o] #exlo] Uelkom, HIAA S A% 1) G90] 34 FA¢ w2 oS EIvh
B AT AHRE olastrlo] A B ATl g I SN Ve AT F3t
ofgA t&A offsh= Alo] Fasith V|E ¥ dFE FE H|H v AR £
AANH nEG. ol 719S A AL BANUAM TS A5 wgozAe A
A Jackson et al, 2005)%F ToMS] NFo & 3¢t ~Egle w2 1 1t
23l Al Vollm et al, 2006), W32 o] Fol ~€ S Hu F0Fe] A7
T A7l Ulike et al, 2011), E}RIS] #HE old|sle 24E& #A A9 34 <
et al, 20075 “Fe] vhEe7] A FEEE mentalizing?t FHI A A FFE At
o]t o]E R 71Ee] T AFE ©UA W R o]Foiyl g T H]
4

9,

13
10

1t
oy &2 2

ofr
-

%3] 9L FAsT 1 715 Fob Aoleh 2o} B AN Aol
FHRORA AR BANA B AABFe] BA TBE Aol F HeltslE Folum

A @ Aol 71& AFshe] 2pEol),

tf
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opeb, M27H M3=

73R A% N3 RN HEvde AAZF

AL MRIATE e thofer A3 AFE(Cikara et al, 2014; Decety et al., 2004; Gallagher
et al, 2002; Halko et al., 2009; Polosan et al., 2011)2 &FEXH o2 ZHA #Foste AA|7] Tl
mentalizingS AFATE AP ARG Atolo] AS|A AR oM el At omE gfojof
o= ToMIgo] BashH olgh Q1A FAollA mPECI TP] o] #Tfdti gt 59
Polosan?} EEE(2011)2] Ao WEW ARS]A A (social competition) THF oA ERRIC] ke
HAWE mentaizing 2 Sl 54 FHYIA HEA IV} AEsted ol Aoz &
AetEle T 992 inferior/superior frontal gyrus, ACC, insula, superior/inferior temporal gyrus,
hippocampus, fusiform gyrus, cuneus@® ©]FA SIthal kATl W3k AA F3lo|A Azt welt
Bo] AgHe Adfole 2le] dF Fd m2e B dig dF W&ol doju=d o]
= 259 TyTIA A" A& Wol &2 o] hippocampus G S 0] ¥HS3HH, caudate =
B oS53 #dste] 437 E S Wittmann er al, 2005). 1 EE #d A AFE F
gelrw 2 Ao (BA-HAAe o] FLE T3 HAE Fdske Aol B
of we Z&A olwt W] wiiel Fie] A o] AAE FFde nHdE o, 24
3}E Ho]F ACC, parahippocampal gyrus, superior temporal gyrus, caudate - AR AAH I}
Aol =g Aor e g vk & Aol yehd G952 49 mentalizing 2H ol A
o MEAIE FHYL Polosan¥} FEE011)S] ATAIe} FAleith B oS doFs 2
= st 4o 2435 W neld uf A 2N Hofdl g952 T &F T
Aol F&E Fslal T E YU mentalizing Y olE1 Y}, AR A HAE FY et
g lAsie B ol Auel Bl 53 olFol LT A FTA w0l ]
Yz 9@ 97 FEoz AdelE 4 Atk olsh tRe} Tl 5 Fol Z4F W A7l
= WA 2ol sARg A4 2AAN BAGR Red S neFel nid o
Adasziy MsEEE A4 dasl 456 Aol fdee gdom FedE dow

M ot

4 gk

wel ¥4 4PINE B Bl $UeH Sasont B39 4Rl ohjae ol &
Aotk 5, 44 2L W} BlasiM Fake] A A Befshe FgEel e g4
& 4 UATh Paracingulate gyrus= mentalizing®l] #Jdte FHOE UdelA O H(Gallagher &

Frith, 2003) $RF ofegl AlgrEo] AAl Adste Ale] BAd s v W= &dsty]=
4 H o] thGusnard et al., 2001; Lane et al., 1997). L8] 1L temporal pole> YR O 2 A|ZbA z}=ro]

A7y Ao 4] TR1e] LEkA 7] (episodic memory)yS 3| AeHE A$o Uehdtin gelA]
A, dE 9 o] d9d2 A 719 34 e ol @AIE Ho|7|E FThFink et al,
1996). g o] G P 7Kvalue)el] et AT G oA HEPFFA LKMol et al, 2002; Phan et
al., 2002; Vuilleumier et al, 2001), Z}/d°] =& o SS}E Hol7|E THhlLane et al, 1999). 1]
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207

AL
To

(kb

ojM

()

/ SHnt H|EY Aol SHe| dlEstd 7k

Ho

U} Frith®t Frith(2003)E mentalizing®] 2ol Al temporal pole®] 2J&to] 7|l Al oJw]gla Z A2

Q19 A AR fdske A #4E dvka stk 5 AA o] gle Agelab Bilo] A
gk 3ol del Faske Al A temporal poleo] BASIE = AR Hol 7iQle] AAste ¢
329l 7198 wWeele o] E3E I(Frith & Frith, 2003; Gallagher & Frich, 2003), ©]dl 7|4k
skl T30l mentalizing”] 50| @43t Hw ACE HRITh

it

L= Oﬂ:lloﬂ/q kL % |23 APEe AA A3o|A thalamus7} caudate E B2 X Z A (ventral
strlatm)-/] AEO] Nace WOz HA 7 EAIE EAtte AMNoIth Nacce EA ] w3k
= Aow 4EA JEu(Emst et al, 2004), ¥ ATl A HAdol] that

717t s o 2443
|

L ]
Alde weed) mA Sl oRs) ot wabel AdiAelt % MEAELe HIHe BYe]
Aol Al AA S womA AAAG A2 ATk 22T Feke Aol BAE F714
F7h 0y

o7 AFgths FEE AAIY 25 7 2 AR5 1 T Fote Aol 37
a2 7Hte A AR HAE FREATE AR AEFAAE e AR 24
€ o Zlof ks Azl E9x = s o we] wkgdopiths Aol &
ok =, AUk Qg BAAE A5 AA 3ol HA g ZdE FEAA
o] it} aglal Eolg e A 27AMT YERG thalamus®] B4 8ko|t}. Thalamus ToM
ORI e IRl ARSIA Hlw e ARS|A FoAbgoR Qg Ved o HuEa gl
UHShamay-Tsoory et al., 2007). L&} thalamus’} WHH o7 A HE A2|ele FEZ LA
A3, AAFEAR 9 A #A-bst] 2 71F0] BuEH3 QoW (Anders et al, 2004
McCormick and Bal, 1997), 53] 5 thalamus= $5F AFH 7 At JAAH e 4
Bajeleh s YehdthNummenmaa et al, 2007)= 2 7] aelelE o & A4 mPFC
< A &3t thalamuse AR AEelA FiEe A4 24 9 QAAF 3 Aelek o
de Aow AYzlE & Ut

AR Fe3 FAEE A AZolge 2HAN FRIAES P o) sMce B

Tololzk otk sMGE TPJoll &dte 99O R superior temporal gyrus®] T E:

2} W &S5 FA(dorsal-rostral parts of the occipital gyr)®] 7FIARIEA] $1A|8te o] tHDecety &
Lamm, 2007). SMG®] 98- F7+o] QAT FoAE ToMZ 22 el s de J_i}
AA ALg) QA Fad 92 stn vk Buww, 53 59 sMGE A9 ERlS
Bala glologRE i 2o whgslE Ao® deA] YUthDecety & Sommerville, 2003;
Farrer et al., 2003; Farrer & Frith, 2002). Decety®} Lamm(2007)°] =882+ TPjoll thgt gl 75 2
HEH, Tkt A5l TP 99 oM E A7 e 94| ApolE Huste s & F
At o]52 TPyt FHE AA|71E0| ToM, Agency, Empathy, Reorienting 5o E e ATE

T

e

R-N

tlo d
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opeb, M27H M3=

= Zelstder B AFoA Bzl sMGo 91X g fARE 999 AA7ISS FE Agency(el.
Ruby & Decety, 2004)} ToM(Decety et al, 2004)2] 7]%50]th o] A& ZAAZF0l Ao A% Bl
gk QA A T TSt githe AME nEdE Aok 28y 5 sMGrt 1913 AR
Huphe 3903 Al oA ‘/]'E]rl/]'vl—-’-(Ruby & Decety, 2004; Schnell et al., 2013), 2713 Z2A HEch
= ERIEEA whgoA #EEvE AYPAFE FudlE w(Decety & Jackson, 2006; Decety &
Lamm, 2007; Farrer et al., 2003; Farrer & Frith, 2002; Silani et al, 2013), B]ZAA 3o} &
AR A= BRI A& gk dAF ol & W, AR Q&) BAMA FAE
H‘EW e AR Hth o3| ALSA HwE Faf B/ Al #al AHA dA7]%

= A7 AP ventral striarum©] 1 7] HEETHL H S Fliessbach®t TR E(2007)9] AT
o} BAdel] tjet o 3} Bt caudate?] 7]5S HALSHE AH(Wittmann et al., 2005)5 L&
) 734 233 A thalamus, caudate, Nacc® ST = J9E9] A3/} AR Bt
gt d&3 7IdE FEAAE TFed s Al E T

AAT MAA BRNA A 37 S5 £%
AAclE A% wE 24N BUTAE Fdee A9 Tel A HolEH A3

SMG7} thalamus, IFG, putamen, mPFCS} 3 =& A4S Hole gdoz yehded ols
Lamm, Batson, ~12] 3L Decety(2007)2] A7olA 3913 A3 FAst] Yepd 379 493 &
Aot 2] @ ) & FTO] DEE AR S ARE AIBEA Y @

Hz
2 ] jnsulaS ¥ E5] FH= SMG, A543 (aMCO), putamen, thalamus o] ¢

Ak T Schnell @t EEE011)9] ATE AuEW 1QAAIHT} P A dAct l‘ﬁ‘i‘—% xﬂ%}i
3914 A|Hel AAA FI FAF o] Yehd dFoF = SMG, 121 putamen, claustrum,
thalamus 0.2 H3st3 et o] g & Ao A3 3oA Yehd 993 v fAlsie
olglgt Adte A olg® Q1Y FHgTel wekA AR QA7 HEA A8 e
V58S BHolEth E38] AR 204 thalamus7t BA o2 B 93} 3 SA3E AR
, 5 thalamuse 5 AFFH A Adste] AAA 9] FEA R} #Hs) 7GRz
& T4 FEH thalamus9} F5 [FGBA 47/45)9] d8E AAA T4 Aeleh #do] gle A
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(Abstract)

Neural Bases of Empathy in

Competitive vs. non-Competitive situation

Su-Young Hwang Mi-Sun Yoon

Dankook University

This fMRI study is aim to investigate effects of competitive environment in cognitive empathic process
in human brain. Empathy is known as a crucial factor for human’s adaptive behavior in aspects of social
cognition and it is almost automatic process, on the other hand competitive situation is psychologically
devastated environment to win someone for getting rewards. We hypnotized that reading and
understanding of other person’s mind are a specific characteristic related to survival evolutionarily, however
competition would have an effect on the empathic cognitive process because of mechanisms of competition.
To manipulate the competitive atmosphere, one researcher took a role of competitor against participants
and they were instructed to get monetary rewards when their performance was better than a competitor.
21 participants(9 males and 12 females) performed to judge the emotional valence of the empathic task
consisted of illustrated images with various situation could be experienced in real world as on 1% person
perspective in both competitive and non-competitive condition, and did same performance with objects
stimulus in control condition. In order to examine the competition effects on empathic process,,
hemodynamic response were obtained during fMRI session and the imaging data were analyzed to identify
brain regions where responses to each condition across the two consecutive runs. Participants’ reaction time
in competitive condition was faster statistically significant than non-competitive one. Activation for
competitive condition increased in the following areas: ACC, mPFC, SMG, thalamus extended caudate and
Nace, parahippocampal gyrus, and for non-competitive condition increased paracingulate gyrus, temporal
pole, vmPFC, superior occipital gyrus. As a result of regression analysis using empathic scores as
covariance, the rSMG, IFG, fusiform gyrus, thalamus, putamen were correlated with higher empathic levels,
and TPJ were correlated with lower empathic scores. We suggest that these observations could mean

competitive environment have an effect on neural base of cognitive empathic process.

Key words : competition, empathy, cognitive empathy, ACC, SMG, TPJ, mPFC, thalamus, fMRI
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