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Hhh AEEE g 2 s "eATE QA FE
HFe AR Ao, ALl A duke] 75
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FoellA o] & Ze B G4 AR AR 3 7
Mato] o didske] FHA, AIZHA Rl =Y &
o] theket AelA TIAE dEAA e ol & AT
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g4 g2ynts AFASAA At A 2 gt F o 4A1&3 wkgo] dojd ot} &
sk A4 A Al 98 S 3o 49 A8 $0 IE lrel
B FAHE ALY GAvke ABE FEHE A B $Hedd] FE, o 48502 &4 grke
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(47%)°19t}, 189 2759 AY e F/F0Y
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Rl 22 2ajARt? £ gafo} siE 7|H9

(& 2) =4 ot AlLi2|2

aZgels o

LA et

(B A=)

‘é?ivﬂﬁ‘r a2 A 7] 49

T2 A

74" A EIMHHE} Aol Fet

Al = &
9] ¥RYe 4798 ZIAUG. A2 24890l $A e 9ol /19 vzl Fol
RRYAN SA Aol otk S1E S of2] A 7
3 SRS SUTte g 22 7199 A5 Sl Bl el 9l dsige avds
Ro] Yok AUALER AESRE ABAE L Bz o) 2 SRRl
o 3345t WelA sk 2 Fo el Be mgo] Hrke
£ e AEAE THE o), 0|2 A A AelekE, LA A5 42
£ oz yude 2ol Avd veg 9 3 g 28 gn hanelE e
= e, 9e A5 weFH Age 1 Tue

£ lelo} guint.

S AI9EES ASLE E 9 Al (s 4

- AQgme] AEAE SApEle] AER Fohel Ao A7) A2 ¢

AMep & AU, A2 2%

A2A Delt
(g

AL AR A A A7 AT DA, A2 540 o]

i) ez Qe B2 AR RSk, vholg 2o tiaslE o

A7EoM AdEAFUTE 22, AZ JEE WAlE vlolg A ‘él‘?—é 135}3’— SholA A
Hpo] 2] 2o 7L°3Q" *}”PG AL} 8% AE AZ 4 vke, YR H2E A YgsY
o}, whel Algtae o|gh Alokx 401] By, r)r/\_q g WA Yot 3742 W, 3)A}
T dow 5”‘7} T 1«] ]‘” s T 31?5‘4‘:} Tk ANgE 8/2 AP R Aol Bl
ofd, AL el wWAale] A% JJr“H 7 wd gl FAbe FE AT F glgUn. BAl
& A%< 1HE4°]E 6“4"/}

- WA RS A ES AR AR 8%E B Folth(EYd 93)

A A WA ES Ao b%olete EolA Ao Baud AotH(o]& F7)

3= A% e F (Sig)
74 | (EzeA
D) Atees a9 o A% 24 A% AEUA?
(1=24 < 85 7=274 Bo] A A9 | 5.5200.12)
1 S
SHE ) Ngeles g3 on 4= 4249 A LR A8 | 571013 | 22060.142)
(1=A7154) gkek; 7= Aztsieh)
3) &l A o377 olE Yt (reversed). 7Hel | 3.44(0.207)
149
A (1=0% olaln] sreth 7=01% Folat)) A% | 3.30(0.189) | 0-689(0-4D)
1) A oE g ol AAZ ol & gE A%l
A A 2EUA (1=134) gtk T=nj$ a3t} AL | 4.950.18) | g 1000 0010
ABA | 5) Aues o om 2o H)%a A3 WoAE 9 | A | 4.35(0.208) | 131770
ofd A 2EUA (1=034) gtk T=nj$ a2t
&) AvEles Agel AAz e TAanE, A3 &
A5)4 Slare] e o3 . ' ~ | A9l | 4.85(0.195) "
bl 9ge md A 2EUA? (1=a24 o | 10.959(0.002"%)
S Rk 18 | 5.65(0.159)
o T 749 | 5.06(0.205) .
el 1=x94 47; 7=0]% >+ A3 | 3.65(0.242) 23.533(0.000%)

* P(0.001, ** P(0.01
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3.3 &1}
3.3.1 234%

oA Agek mkeh o] TS 1891 25
‘/M D HQIA vs. AKE1A) 9] 9] @A H]ao]
57 A5 (repeated-measures ANOVA)
] JJr o 2w, d¢ F F3 7+ Eo]‘zg}/‘}”
A Aot gl B =2 ASE YEy
0.05). /\}ﬂ 2 gyutEhs 7iA %EHUMW Ur
Aol o Al Ut (Muag = 4.35, Moz
4.95, F(1,65) = 13.18, p € 0.001). &, 7}
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Rl 22 22ajAR? £ defo} oid 7|He dFgalE o

IV, 2 SmME: & AJARREL
(Event-Related Potentials)

4.1 A7 U2

- EEG(electroencephalogram) =343 £4
= 3 HA 2eEntek ALEAH dant £33t
Aol AlAFA R B syl EEGE 4
d B aH gAEE A oi:rL"ﬂ"%— ol /‘}%ﬂ
w5t 24 Y F SR 3t WAlE A
NSl o) Aot 77H°1°l 2 Ay 52
H =t golstrh(o] &5 ¢, 2013, HEY - ©f
&, 2016). AP B ”fﬂc’ﬂ"i T frazte] Aol
2R S B3l Fls9n, E A= A
A dinks 349 7IAR, AEA Derke 4
of 7| & ¥ 99 &3] AolE Felste] 7}

13} 7Wd28 ASstaat ot
ol HFstna ¥ AFte] = (temporal
F ekl e A= (millisecond)
2 Yehfl= o A #E A (ERP) & o] &3l &Y
A AR S 3] A9 W3k uhg-s 2ARITH AR
Aot dFelM e =84 Z2F A 27](200-
400ms) ol EAsH= 4ol A9 & 300ms A A
o= P3 1 & o =7 Lovh=(500-700ms)
o] A% (late positive potential: LPP)3tel
A< 2 H(Kunkel et al., 2018, Leuthold
al., 2015). =94 den} sz i o4 P300
=3 e P2602 whE 74 g7k w4 gl
LPPE & T Exﬂﬂ Aeg aFshe FES &
} Ath(Sarlo et al., 2012). ©|
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A Ha Ao ol RE 3IAELS [RBo
o3 FlE A oo gt FIAE AISHA
ot meb A7) Ao =92 d e #3h o
IS SYste AEYS ARl A
olol] FoJgt B FAETHo|
i uuh AEe dol At

q

SNES
o
o

e

HEM]H 30cm
oﬂ 01—0]- /\164 2 X ag

1 W2 (chin rest)

o sl Ak <17
o} u} TUE oko] 4]d
o] &2 Heols] gl on wA e 9x= 9dat
A8 7] BFo] w0l & 2A ST

= AgelMe 10/20 =A A=A Hel whet

T

UNJ

65



F 6470 (2% 2) FZ: FP1, FP2, AFz, AF3,
AF4, AFT, AF8, Fz, F1, F2, F3, F4, F5, F6,
F7, F8, FCz, FC1, FC2, FC3, FC4, FC5,
FCo6, FT7, FT8, FT9, FT10, Cz, C1, C2, C3,
C4, Ch, C6, T7, T8, CPz, CP1, CP2, CP3,
CP4, CP5, CP6, TP7, TP8, TP9, TP10, Pz,
P1, P2, P3, P4, P5, P6, P7, P8, POz, PO3,
PO4, PO7, PO8, Oz, 01, 02)9 #AZFS 172
d =79 (actiCap, Brain Products GmbH,
Germany)©l F2g A F@A59 vl 284
2. FAIE ol&d H9t A58 E(EEG gel
supervise FMS)< 2E 64709 Add U384
t}. E-prime 2.0 SoftwareZ ©]£3d PC ZUH
A AAE F 39 20 AvE e e Al
Zatt, vdAEe] R vt 739 Alvd

BUE A ¢& wek HF HEE wo] v

3 A58 25 43t 71 dF(reference

66

electrode)& FCz F&o, HA = (ground
electrode) = FPz AAF4E $1A]o 2319t} =
HE 2 64719 Ag/AgCl A& AT F e
Brain Products GmbH ©|A #|&3t= MR 23
°] 5= $%7|(BrainVision actiChamp, Gilching,
Germany) “dH]1E AR&SI5IT Al WlE== 500Hz

Z 2s9on nE

A9 g9 A (impedance)

£ 10kQ vlRte2 fA13t}. wix]Ete 2 sk(noise)

ik uz m\m

(2

st
=l

2 2318)7] Slelo] 46&%}01]741 Aog 2ol 47

o % zhwkol S AAe] =

2 27843 A

S S e A ﬂwo}g L8k
EEG =4 2g7} szt e (a8 3)3 2o
gL gkl YAl (within-subject design)
O FAEAT WA AP g LS 523t

=5 7 799 2t Aue] e 70-80% Bt
%1‘711 atleh. 1914, AbE A gEut T e 3ol
7} 3WA HHEE o

% 6709 Aelest BAge
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Sole B8 RYRAXN £ Leo} # JIH AY

AAE AT, ZF el Agg Q. rpre R
A% AElpzte] 2 102 9t AAE AT
7134 (baseline) ¥ &%& 3% &<t
AAFEAY (ERP) ZAME 23 413
2 Aysidtt. et s 1(EE493])H o]l
U 2(o]&F )W AlAske] PC RUE
F1RE 1/2 5 & /ME FaA st =3 7} 670
deup AU 2 #1E AloldlE shH Sl AlA

]
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2E EEG/ERP #42 Matlab(Mathworks,
NJ)ell A AHg-she 3t FAZ2 a7 EEGLAB
% ERPLAB & 92& o439 tH(Delorme and
Makeig, 2004, Lopez-Calderon and Luck,
2014). 7182402 Hu 34 A] BAste 52 Al
AE st st= WA (preprocessing) A=
EEGLAB®| AF3 28 (basic FIR filtering:
0.5Hz) ¥ Cleanline”]¥o] TLtt T F39
devt Alue] o3t A9 vk Aol FE ERPE
Ea EAgt Abd A4 7719 100ms 71 A S
#1, ERPY Hit +7Hepochs) S 1200msZ A
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i
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For

Bt AZ(mean amplitude) 2= P3(300-400ms),
LPP(late positive potential: 500-700ms) %
900-1100ms®] £4%E 377FCE A&t ERP
£ 2AHY P3 ?‘7}"1]* TS5 AAFH A A
3 FP2, AF4, AF8 Ad, LPP #3tell& E54 ¢l
$1xg TP9, TP10 xH%é, 900-1100ms T3tell=
#5 AT A FP1, AF3, AF7, F3, F5,
F7& HHO}"% A = Hagnh E dPdAe
ERPS] 33 (waveforms) % E2(topo) H(map)
& 22w adll=(grand) A2 Eudt}

7HA1E 7Hd2E ASE] e 3719 eRlem
R4 B2 (repeated-measure ANOVASs)
= AN dent T FF N0 vs. AHE1A),
A=A (laterality 294 & vs. $) 2 7§‘34“
(frontality 29A: AAFYH vs. T4 H%
A9). A4 frel & BAE ﬂﬁﬂ*it Greenhouse-

Geisser correctloné ‘4%;\]}\‘:}

ZL‘:

4.3 Z1t
4.3.1 Y& 23
2279 @Al AFHoR o9 d‘i*(bmary
choice: 51211}_4‘ OJZJI Vs, O]%fl':?-

6
I} 2t} Jlol Al F(chi-square) 49 E}E‘ﬁ, *

(E 4) P3, LPP % 900-1100ms T-Zt2] &t

Z3k(p ) 0.05). & 738
< 5o @ﬁaw, HAA D utef A
51144 =d4 94 Adg, % 21
B ok B| oA ALl A
%‘EJIUMW—E 5 370 84 938, 5 209
& sk Badow A4 dee

22 % 157 (68%)9 A@AEc] 294 ¢
A AR Eevlell A = 227
zflx].l:—o] EE4X4 01;1,] A e

AR

o ofN

H
[N
Lo,
o
Ot
N
— o
1o
L\‘J

4.3.2 AAAEHL(ERP) 4 23

(1) P3

Greenhouse-Geisser correctione 283 3o,
Y Ei@ A2 (repeated-measure ANOVAs)
of W29 P3 #7H(300-400ms) <] FPe POAE
(AAFYE vs. 74 HEF) 2ol dsf 7 249} #
Gkl FEI} Aole FAAT(HE 4) Wilk's A =
0.816, F(2,42) = 4.738, p = 0.041, 5% =
0.184). ﬂa]]u]- £33 Ao A}Q_x_}g &7
] zpol & el T Wllk sA = 0.695, F(4,84) =
9.217, p = 0.006, 7% = 0.305). T Dalv} &
P ASAY Hode st 7 2dvt 73, A

FEEXN 2AEM (repeated-measure ANOVAs) Zzf

0% 0 Wz
Yot 43 RV AuA ‘éﬂﬂy‘;}z_ﬁv%‘ * ‘33117;}‘;%?‘% + |2 T%?%‘Dq % B3 +

F p F P F F p F P F P
P3 4,738 0.041** | 0.391 | 0.538 | 1.177 | 0.290 | 0.116 | 0.737 | 9.217 | 0.006" | 0.102 0.753
LPP 4.108 | 0.056** | 1.240 | 0.278 | 0.286 | 0.598 | 0.087 | 0.770 | 8.699 | 0.008" | 0.329 0.572
900-1100ms | 0.423 | 0.523 | 4.090 | 0.057** | 0.008 | 0.931 | 0.324 | 0.576 | 0.353 | 0.559 1.037 0.321

*p.01, ¥ p(.05
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22l 22 2ge|all £

=247 FuAge daEe g foeA gt
(p0.5).

P3 F7telM F devt 37t fog Aol
TFARCZ §-5 AAFH A 3709 A (2
#d 4) FP2, AF4, AF8) <4 g<lditt. FP2 A4
odlA AbEld dEeizt QA DRt Fit S
o] f| A1 o] A7} FPTHWilk's 4 = 0.715,
F(1,21) = 8.375, Musa = 9.9 ¢V, Myan =
-1.28 #V, p = 0.009, 72 = 0.285). AF4 A
oA AR)A denirt 04 Dkt B
%ol o A3 o] Ao|7t frPrH(Wilk's A =
0.683, F(1,21) = 9.726, Mass = 5.72 pV,
Myan = -0.42 £V, p = 0.005, 72 = 0.317).
npA gt 2 ARS8 AEAME GA] A3 d|wutrt
MAA deriEnt P FFo| o A1 o] Afo]s}

lo

L“fl\\//\.;ﬁm

NANIVA
A

(a2l 4) JME= "7 ERP 1t

A%

AYSHT m48A H1Z 20194 22

A3 H

efop a2 7IHel dBRalst AT

foldth(Wilk's A = 0.788, F(1,21) = 5.654,
Muysn = 7.53 1V, Myag = -0.39 ¢V, p =
0.027, 7% = 0.212).

(2) LPP

Greenhouse-Geisser correctione 283 3o,
=2 BB (repeated-measure ANOVAs)
ol A LPP #7H(500-700ms) <] FP<F TPANE
AT vs. & FHY) =°l el F 29t &
o] FaI} Aole FAPH(E 4) Wilk's 4 =
0.836, F(2,42) = 4.108, p = 0.056, % =
0.164). 7 Bdn} 33 A ds28 23
o] Aol o] dth(Wilk's A = 0.707, F(4,84)
8.699, p = 0.008, 72 = 0.293). = v}
3 A3 FsAe anek 7 2t /9, A

2 8

=
=

1o

ofl

JHel = dalot

AtEIE ot
300ms
2alot
=Ll
% EF - AP(PE MHFY)
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<)

243 FHA
(p)0.5).

BEAE BB fola o

LPP #3141 ¥ Dol 331 fo1a ol
PARCE ¥ ZEGA 44T 24 ALY

5) TP9, TP10)olA &lditt TP9 AdolA i
o1z dgnir}t A48 A dynpict Hit FZo] ¢ A

1 o] Zo)7} Frol A Wilk's A = 0.789, F(1,21)
= 5.616, Mysa = -2.06 £V, Myan = 1.87
©V, p =0.027, »? = 0.211). "E7HAZ TP10
AdelM MU e} AlslA deniE F &
Fol ¢ A3 o] Ao} mlw]eHA Kol PTHWilk's
= 0.838, F(1.21) = 4.052, Myga = -2.12 gV,
Myas = 1.66 ¢V, p = 0.057, p° = 0.162).

(3) 900-1100ms

Greenhouse-Geisser corrections 228+ &0

\.\/?%L\«l.
WE i

(repeated-measure ANOVAs)
-1100ms®] FP¢ PO A4 (HAF
) Bl sl 7 2an K31t
%"H’/H(L 4) p ) 0.5).
Eﬂd‘l EJJr e ‘;‘Eﬂ

2
ru
m g
©
S
=

"o

ASA 9 FaEFAT vin|
H(Wilk'sA = 0.830, F(2,42)
4.090, p = 0.057, % = 0.170
g Pt A o] F D nt G frel e Aol
< ol¥ A= gldeh. 25 AFHel AR
67Hﬂ Ad (2" 6) FP1, AF3, AF7, F3, F5,
Joll Al B Aol 7h frofabAl = eF kAN, THQIA
%Eﬂuw vla] ApEld dEnp fyelA BE FF
ol o 2t FP1(Mugn = 1.77 #V, Myan =

o
=

JHel® ot

ArSIE a0t

500-700ms

e - N w a

16o | o Helm gao
-2 .
-4 2
TP10 ?

HUAA
AR AN 3
-100 \J ‘/J\ 2
-2 AFBIE 2o .
-4 =]
A% Z
3
(a2l 5) J#i= B ERP It 4 T¥ - IL(EFY)
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Rl B2 2EajARl? £ gafot

SiZ J|M<ef MFzalst AT

— A3 vt
REER=E L
Fp1
P | F3 —
/ 5
5 L/~
- /| e 900-1100ms
, \< : ,
100 400\\/uof\r’\"“?oo 100 400 800 1200
5
AF3 Fs
5
5 e A
vy N [~
A" \.-v.é-’ WW‘VM 4
100 400 800 1200 100 400 800 1200

NS

-2.35 ¢V, p ) 0.5), AF3(Mygs = 1.99 nV,
Myaxn = -1.47 ¢V, p ) 0.5), AFT(Muyazn =
8.31 1V, Myasy = -1.44 £V, p) 0.5), F3(Musz
= 1.92 #V, Mygn = -0.23 #V, p) 0.5),
F5(Mgsg = 2.82 #V, Myas = -0.04 £V, p)
0.5), FT(Myan = 2.99 ¢V, Myag = -0.63
#V, p) 0.5). ot F vt 79 tJJrZﬂ
T4 99l 243t @ 2 FAF F dnh

A2 U e

ERP=3 439 A3e acofsiv
AR olYgAE o PJERAE Be
dnht A Denke] Aol gigl
AEAAE AR Delot el AR
o olaFo| Ad¥le ot 2= HAAT, ERP
AR T 53] Adel Fol7h giolth.

HESHAT H48A 1% 20194 2¢

wvr%ﬁ%@‘{”\“v‘”ﬁa
-100 400 1200 -100 4 800

1200

FARAM e THHES AHEaIlaL, ERPAZA

92 AN R B Aol2 nalg, &
F4Gol & I3 Aehe 9948

e T3, ERPEZCAAE 3 o

e s 3}%’171 w2l Zol7h g 5

=
~
10

gol AFA7F th2r] Wi 23514

25 WAT FE g9t AT B APolAE

249 Q7o) BH4E 2AHDA 7] ulol

W4 4 glel 2 aAe rkn At
ol AIA, BEA WAL ol f2t AH A
Fo| RYPS AR 38 B2 HEFoR
dehte, 4B 33 /A4S Rad @] oo
TH(Haidt, 2001).
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Are We Homo Moralis?
Neuroethical Investigation of Decision Processes for
Moral Dilemmas

Jin Ho Yun® - Eun-Ju Lee** - Jing Zhang***

Abstract

Moral dilemma is a situation where a decision maker must choose between a moral choice and
utilitarian (economical) benefit. For business decision makers, utilitarianism/economic performance
is an important professional value, hence business moral dilemmas present a psychological
conflict that is difficult to resolve. We attempt to unveil mechanisms underlying morality during
business decision-making in order to see how morality and profit motives can collide in business
world. For experiment, we created two types of business moral dilemmas: personal and social,
and carried out manipulation check in a behavioral study. Using EEG (electroencephalogram),
we recorded subjects’ event-related potentials during the choice tasks where individuals faced
personal and social moral dilemmas. The ERP results showed that social dilemmas invoked
frontal activations in the right hemisphere around 300ms, which suggests the activation of
intuitive mechanism. When subjects were given a personal dilemma, their temporal regions,
i.e., brain regions which previous neuroscience studies associated with empathy, showed
significant activations. At the latest decision phase, subjects left prefrontal cortical activities
showed significant activations, reflecting the onset of the brain's self-control function. This
neuroethical investigation reveals that we as human moralis use three-pronged mechanisms of

intuition, empathy, and control to make a moral choice.
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