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Studies using the event-related potentials(ERP) in detection of concealed information were reviewed. First, this study

described the concept of ERP and the characteristics of P300. There is a description of P300 as a cortical signal of the

recognition of meaningful information. This attribute was applied directly to concealed information detection in the

P300-based concealed information test protocol. Important results were reviewed in regard to P300-based concealed

information test and P300-based complex trial protocol in previous studies.

This study examined the effect of

countermeasures in P300-based lie detection. In addition, this study examined previous studies of several components

such as N200, late positive potential(LPP),

late posterior negativity(LPN),

feedback—evoked FRP, medial frontal

negativity(MFN) in detection of concealed information. Future directions for detection of concealed information using

ERP were suggested in order to detect deception with more accuracy.
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Table 1. Summary of major findings in studies using event-related potential-based concealed information test

Components Study Paradigm Major findings
P300 Rosenfeld et al., Oddball paradigm P300 amPlitude(Pz) iI.’l the guilty group :
(1988) probe ) irrelevant (hit rate 70%)
P300 Farwell & Donchin Oddball paradigm P300 arrilplitL.lde(l‘Dz) in the g.uilty‘ group -
(1991) probe stimuli > irrelevant stimuli (accuracy 87.5%).
- Experiment 1 - Hit rates 82% in the guilty group, 18% in the
P300 Rosenfeld et al., Oddball paradigm counté.:rmeasure group. .
(2004) — Experiment 2 — 1 week the guilty group, 2 week the countermeasure group,
3 week the guilty group(hit rate: 1 week 92%, 2 week 50%, 3 week 58%)
P00 Rosenfeld et al., Oddball paradigm ‘P3QO detection sen-sitivity :.1 probe > 6 probe, self-referring information »
(2007) incidentally learned information
300 Mertens & Allen Oddball paradigm Hit .r?tes 27% - 47% in the guilty participants, Hit rates 7% - 27% in the
(2008) participants instructed in the use of countermeasures
Lui & Rosenfeld A :
P300 . oseme Oddball paradigm ceuraey
(2008) 2 probe group(78.55%) » 3 probe group(67.45%)
- 1 week the guilty condition, 2 week the countermeasure condition, 3 week
P00 Rosenfeld et al., Complex trial guilty condition(hit rate: 1 week 100%, 2 week 92%, 3 week 100%)
(2008) protocol — The complex trial protocol is resistant to countermeasures in detecting
concealed information.
. ) — The complex trial protocol proved to be sensitive to the detection of
Winograd & Complex trial . L . . .
P300 concealed information incidentally acquired during a mock crime.
Rosenfeld(2011) protocol )
— It was resistant to the use of countermeasures
P900 Rosenfeld & Complex trial - P300: The complex trial protocol was resistant to the use of countermeasures
Labkovsky(2010) protocol — A new event related potential at Fz and Cz at 900 ms indexed CM use.
) - a new P900 component associated with countermeasure use when 2 of 4
Labkovsky & Complex trial .
P900 irrelevants are countered.
Rosenfeld(2012) protocol . ,
= P900 appeared in the 2 groups using 2 and 3 countermeasures.
N2OO Gamer & Berti Oddball paradigm N200 a@plitude(Cz) in the guilty participants :
(2010) probe > irrelevant
Hu et al Probe elicited a larger N200 than irrelevant only when guilty participants were
u et al, . . . iy . .
N200 Q013) Oddball paradigm  in the high awareness condition, whereas the P300 was mainly responsive to
information recognition,
Matsuda & . The occipital LPP was elicited by nonaffective stimuli with cognitive demands in
LPP ) Oddball paradigm ] ) -
Nittono(2015b) the two-item updating and concealment conditions.
. The LPP-based evaluative oddball may be useful for detecting individual
Herring et al., i . . . .
LPP 2019) Oddball paradigm  evaluation : the sensitivity (80%) was respectable during truth telling, but poor
during concealment (sensitivity=35%).
LPN litude(Pz) in the guilt and d—guilt :
LPN Hu et al,, (2015)  Oddball paradigm aml?1 ude(Pz) in the guilt and suppressed-guilt group
probe » irrelevant
- The feedback concealed information test (fCIT) provides participants with
FRN, Sai et al., i feedback regarding their memory concealment performance during the CIT.
Oddball paradigm . ) . .
feedback P3 (2016) — FRN(Fz) and feedback-P300 amplitude(Pz) in the guilty participants : probe

> irrelevant

MEN

Scheuble et al.,
(2021)

Oddball paradigm

MFN amplitude : probe stimuli » irrelevant stimuli

LPP, late positive potential; LPN, late—posterior—negative slow wave, FRN, feedback-related negativity, MFN, medial frontal negativity
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ZARE A9E2 AA FEo] =2 BEE A=HoE= AA
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2] 901 &3] A=oluy B A=) Hlof 3 A=o] o
o P300 #ES yvepdth ey RSN 51 A
= 8o oplet g AF MR R A=HA o &2
P300 FHFe deied, 5% A= Hoe "9Y A=
P300 ZZo] B2 A yepdt, &3 A=o] 7y 2}
=Hoh o & P300 FES Hole A& mdapt £4 AR
W A" F3] A= 11 AEE oln] & U] "
of Ueht= o &FAS Wtttk Soskins 5(2001)9
AdPAT ZAute] 7]z5)4 Rosenfeld2011)2 w31 FEE
HAoks 502 P300 S AL o dubde=s 0.3
Hz high pass filter®t 30 Hz low pass filter& AH&3]
A peak—to-peak WH-& o|&st= AS FHstAL Ut
(Rosenfeld, 2019).
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o @ 2=old o Al B AR A48 98 o 5y
Aol Jle} Bt WA 77 ZbA B A2 P30
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s 147} F7Fetal o B A= AR o Z2e] A
PollA o & FoE 8= 5p7] wizol IAH A &
7t AXL wg2&7F 27] wige] P300 ©A vHEst &
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Az 270 S-S Ade] Feert 78.55%°]1 37 €3
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0114-1’4-51 E £ 9tHRosenfeld, 2011). IEH A= =
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= Zﬂ"]% i &3 AEE 280 Qe At 293 A=
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REEIZZ BA T HAE 5 dowH FH AP o}
ol Fo 2l Eato]l dojdt} 3-A= Z2EEFI)
P300-719F w31 AE HAf|A FEA AA|eh odd 1A
7b SAlel dojutar & A 7 AA o] dojubH(Donchin,
Kramer, & Wickens, 1986) &3 Z=2] P3000] ZolE0]
A g dof HeFalHtHRosenfeld et al., 2008). thH-5-2
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oA ATE Fol7| T AE2A B3 A D2k

Z(Complex Trial Protocol, CTP)°] 7W&=AtHRosenfeld
et al, 2008). &g Ald mR2EEZ2 3t AR T WA=
Weledl 19AAE B3 A=olu £ A=o] A4
Hy 2eAM e HE Aol HERE A=o] A
= o A Qo FX S Ee FHE AF0] AAEE
A= 1, 0% 2R S B HER AFo] AAEHE A=
28 FAHAS 19 12 CTP #x9 JE HoF1 Q=
o B33 A= wdAelARtE onrt Qe w0 AR, o
Ao )7t ZEglon R A= mAelA o
0 §l= o2 IHE2 A=A Rosenfeld & Labkovsky,
2010). ﬂq%lz}h A= 1o] ANEHE “A=s EYHd saw
it)"& U= &0 oAl T MES F SlUE 7
=9 9 12 5}71] ot ol% AXEE A= 290 58 A
= HEE A2 1014 59 A 47 oAl W A b
Felo] AU 111112 5 =08 AREEHo]
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44444, 55555 HlEE =02 A EC] QE&0] 17
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AsHAl B, A5FA dAlet dd HAE 4 dAR Ee
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(Rosenfeld et al., 2008).
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Stimulus2:Target/Non-Target
!

Figure 1. The complex trial protocol(CTP) (Rosenfeld &
Labkovsky, 2010).
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AeEt 42 mate] Asel 9292 et oS
ARG M@= gl 8-S AMESHA] 2 & wdAtE &
A A9 P300 HZEo] 9388 © Z7kskath Rosenfeld
5(008)2 71E9] 3-A= ZREZAAN EF AY ZzE
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o) st olelat AATE B A30] 74T
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effect)2tal SFATH(Meixner & Rosenfeld, 2010). Z3 A|<)
ZZEZ| 19A A A g o e g
= A8 g A=l dedS ARESHA] ot di-S
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MERET 2 3 P00 Aol okt dhsaa A3
A e £3 HEA v geAe Ase 93 N
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o 345 ZREZA B¢ AW 2EDg s
o, B A9 Zeemel 73 ¥se Bl 439 e
Pt AdHeR FohR e Ae e wal A
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oS FATHL HIEFIH(Sokolovsky, Rothenberg,
Labkovsky, Meixner, & Rosenfeld, 2011; Rosenfeld et
al., 2008; Rosenfeld, Tang, Meixner, Winograd, &
Labkovsky, 2009; Rosenfeld & Labkovsky, 2010; Hu et
al., 2012; Labkovsky, Rosenfeld, Winograd,
Sokolovsky, Weishaar, & Ullmann, 2013; Winograd &
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Figure 2. Superimposed probe and Iall ERPs at three scalp sites for each of three groups. Positive is down and each tic-tic interval

on the y—axis represents 2 microV, and on the x—axis it represents 200 ms (Rosenfeld & Labkovsky, 2010).
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P300 7|¥F-%71 E HARIAE ol2qt 51915880l UE
=R dotEgtedl, B9 Ad ZREEZS ARSSiE 5|9
SAEC] =7 UErdtHWinograd & Rosenfeld, 2014). &
Aol ARE &4 =719 FF(informed/naive)QF 2o H
g AXE A9 o‘j(gui ty/innocent)e]l w2t 4749 et
o= oA ¢4t7h JFESGIch 1 Ayt "3e JHE
71 Q= 7= Hek(innocent-informed)e] £ 13H= 9

WS §Hz F F BRstel 519134 50] 69%2 Uehi

42 A3

=21 AR AAellA B4 ARl ofidohs %
o] oflet Eejfi= 9ol el Wk
=°0] FEESITE klein Selle 5(2016)2 %}4@%%

Q
[¢]
o HAZE hrol gojge] Ao B FES 7
—CTL
°

24 ARY GAE Holes ANsia 247 4

HAHS AFS Holx G B FEE SeoRA
ARG G AAA At BAHEE AT 9]
Aol A% TR FEAN MEATEI} ZST Aol

LAl 250 YAEE Aow Uehs=tl, HAAY] A
< BP9 EREG BRHFgRA fREHEE o A U
Ef=t] Hhofl AHEo] LA AY 280 “Zﬂﬂ% A

LreRtR] okertt Kubofb Nittono(2009)= <7 =4, B
A 2704 AEE —’Ff"“ﬁ}“‘%ﬁ] iy
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ot 21 BE £ FHoA F3
A=9] P300 ZFo] Fyh A= Hot v A YEuital
st &3 A=3t 73 A= Atole] P300 = &}
ol FAA 24 Hoh &9z 24 © IA YEkiTh
Kubo®} Nittono(2009)] @A-telA #HAl z7o] e g5
v R 9bEZE P300 AE Aot 4 24 Hoh A7
LEhAd] B, Rosenfeld 5(2017)9] dtoAe &7k &
Aol & A= FE A=%E P300 HFAtolr FA=
27 Hop 3A yeA Az RHE AnE BHolFgl

Rosenfeld 5(2017)9] AtollA @2 gozp AT A
FFHellA N200/N300 HA717F A== §hgo] vrekst
o} oA AAAHY A AlE =2 HolEoz|=d|, FAZ
olgfet A ®hgo] UehA] ¢h= ZAo=m AR
22 2=l o & W= oA "X AE
EYs gEE I Aol FIHAEQL Q1A
A st (Matsuda & Nittono, 2018), B712
Aot WA 553 A ¥-gEo] YEd
e EYule ko] ARlE w7+ LEWE

AtHKubo & Nittono, 2009). oJd oz & 3}

)
e
odl

HH
rr

N
N
)
O I
poy
L e

ro
)
oft nlr

t}. A

==
o

390,

@ > ro o i
v
o o
N il
o]

A

(Bergstrom et al., 2013), ¥Aof| w2t tfE A3E Yepd
o Q7] wige] olet TS| o el Ao dasiria
=R=

N200(N2): ZS ZL|E{2(conflict monitoring)

N200(N2)& A=AIAIE 200 msollA 300 ms oA u
B 24 A9 A4 (negative peak) 02 HEFHF A
FURIS HAh N2002 F9, Mzs, &4t ¥
Wb opdet Mok 4 B &F W] FA9tE
Hrh 55 AFSAGYGe] N200o] 25 RUEHy
2™ (Amodio, Master, Yee, Taylor, 2008; Leue, Lange,
& Beauducel, 2012a; Leue, Lange, & Beauducel, 2012b;
Leue, Lange, & Beauducel, 2014; Nieuwenhuis, Yeung,
Van Den Wildenberg, Ridderinkhof, 2003), A= o4 o

o)

o lo

&

AojA AT BRIt Amodio et al,, 2008;
Botvinick, Braver, Barch, Carter, & Cohen, 2001; Leue et
al., 2012b; Nieuwenhuis et al, 2003). T3t N200°¢] 39,
97, A #ANA 3= (sub—components) © & L
ofd & oot B glck(Folstein & Van Petten, 2008).
Suchotzki 5(2015)-& ROJHF Aue| o) AR o]
A ¥REHTE N2 Z13o] F7iekgint Hskginh. N200
< O A= FREHe A= A6k A #9 odn
22 &7 AR HAR dollA Fo B A wEe
N2000] ¥+ =0l oo fdEnty B Egirk(Matsuda
& Nittono, 2018). Gamer} Berti(2010)= &71 AH 7AAL
oA 'R A=< N2 zZo] Rl A=Hoh =7 eyt
=8, N2+= 124 A4 A9 217 52 &3 A=) 9
3 MAlE 52 HF A (attention orienting processes)2}
o oy FEsnh T2u oleks 2 Ganis 5
(2016)2 =71 AE AAIA &3 57 78 25 Afe]
o] HZ(anterior) N2 ZFo] zpo|lg WHskr] Fopqirt.
Hu 5(2013)2 =71 AHE HAflA 1A 4380 ofgt mj&
WS I QIARAY A A FACE Hro] 3SR AL
A7 FEREAE HE T Hep A vk fis] w=
HE AFoIAL A Q1A fHEAS AAE & B Slokes
3007 €3 N2002] ®Rgo]

2
=
gebie 2 HolFArh £ 9o @ P300S I 9

i
n
=
o

)

o

ol

8

rlr

fin)

i

o

o =
A A1Z9) Naooo] Bl A2 mr} 2 A= Uehy
A Q7] §HZAT BH ZAME WANA kr A
ol
EF
=
S
A}

7 $HZANHE = N200 FZo] Zrlehd] 9orm
A
o

HAR
Go/No-go HA|(Go A= §H3tal No-go A=l ¥
SHA] o= IADeE ol 45 HUHPES ok A F
A IAA HF-FAH N2000] FAHJY AF-FAHIY
o] & N200o] A| 4ot W35 F24 pHdsh=t]
oJst 7Aool AHAEthFolstein & Van Petten, 2008;
Gamer & Berti, 20105 Hu, Wu, & Fu, 2011; Wu, Hu,
& Fu, 2009). Hu 5(2013) N2002} P300 2tZ+e 7kA| 2
=7 AHE FAsk:s ARt T ) AERdAdEe &

A ASHE W £7 ARE FASHe Bgo| F7KIhD A

Ol
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Alektt. ROC(receiver operating characteristic) -4oflA]
AUC(area under the curve) A|EE HWSEH Fz-N200°]
720131 Pz-P300°] .7991d] N200-P3002 .91=% 7l
o}, Kleene 5(202D)2 &4 A=, 784 24, @AH A=
(AA] g2z WgollA Aol shte] AlFARRte] gepzl A
)& AAXsks "PH 3-2= w10 AE HAfA H5Y
o N2 2ol 11 B A= wigt 237t 2 74570l
Al TSIl o] AFolA A= AT ARITAS
epoch7b 25704 Aol 157] o]4e] epoch?t ZQstal
AE5 Aok W F peak-to—peak WHo=m A2
N27} Cronbach Alpha coefficients .09 o2 YeRHTHY
LA o7 =

=70 BE AAlA A7k §F(orienting response) T 714
oA (arousal inhibition)7} §-oJAet HAZ ]| whet o
- HES 2o BuHeh klein Selle 5(2016)2
0 AR AAIA gojate] e wFEHE §hgo] F7tsl
AErEe] HojA 1l 25 A7 Uekt=d vl 527k
§ MRHE ¥-go] F7lok= HIRE [foju|ehA] e
mi HE ghgo] el AS A v ol gl A

SEAlE A4 oAet B ol e

L

o

o>

o K

P300-71¥F =311 AH HARIAZ goxtet ZAZ7L vh-
mfelo] Apol7b YebgthRosenfeld, Ozsan, & Ward, 2017).
|7 Adn=157 =472 HAdn=16) 2F FHH A=
Hot g3 =9 P300 FEo] FUKE Ao UEith
P300& A3F ¥e Zo] ofn| Sl AHE ARlst= A2
2 oA (Johnson, 1986, 1988, 1993), P300c] A wF
23 B 9cke S w(Donchin et al., 1984), &oJxje} =
AZ T A BE Qo] UEthe 2& HoEr.
23 A= F9E A=9 P300 AEANE yetd= CIT
At GoAol ARt fojulstA =A et E3F &
o)z HetolMut kg AL AR F3 HF91A
oA N200 whgo] AdxEdch(Rosenfeld et al., 2017).
Falkenstein 5(1999)2 Az o2 AAIH no-go A=9|
TR AT 999 N200o] Al Aot HEHy By
FA, van Gaal 5(008)= A7} RFEE no-go A=
o] ZFAIAIF 180 msolA 290 msoll FCz(F5 AF-FA,

midline fronto—central) £ AA 9] AFATHAAY]7F vrebyt

ol

A RSkl ARdTEolA AR N200 FA)7]
AEE AT HAFFHAS] N200 §H A9
Ao}l AozA A= wfzol, -§oJAelA
UERd N200 53 zdo] §oak59] 71 Aot ¥
ot A5 tHRosenfeld et al., 2017).

AR ol 245 "A7F ZodEn ARES S
B 17 A2 AR A= Aoyt AAAd Y
(P300 T)ETE ofyet 45 RUHPT XA FAE X
otH(Gibbons, Schnuerch, Wittinghofer, Armbrecht, &
Stahl, 2018; Koeckritz, Beauducel, Hundhausen, Redolfi,
& Leue, 2019; Leue, Lange, & Beauducel, 2012c). ®9]
WA} o] AAA T AR 2n2 AR AT
L Aols AT Hale] Holrh cky HmHelct
(Wu, Hu, & Fu, 2009). Cz(3% =4, midline central) &
A A AR §EGE] N2 Z1Fo] A §HEETE =74 1
B, AAA HESRE o] AnE AR 2ET N2
AZo] F7FolGirt. o] Aol N27h 245 &x]et ¥ 9l
thal HArsheict

rkﬂr_‘.lniiﬁf.‘a
X or
o
Hl

rr

$7| MEE: LPP(Late Positive Potential)?} LPN(Late
Posterior Negativity)

=7 AEHANA LPP B Aut(slow wave)= 2= AJA]
T 500 msollA 1000 ms oA HFFdoM= 74 A
A2 25 JYoM= AA M99 Fu ExE Ushdh
Garcia—Larrea®} Cezanne—Bert(1998)= LPP7} A=-2 3ql
gt Fo] X ASHinformation updating)$} Z2 F7H4
Ql 917 2Ho] A=Y of vehdtiy spgltt. @& A
Pl LPP = Mozt A =1 B verd
Tt B E Q1= (Weinberg, Ferri, & Hajcak, 2013), o]uj
o] LPP= 71 AE HAfA Hetes $5999] Foi
b= O2A FY-F4 FHIgelA B4 HE el
t}. Matsuda®} Nittono(2015)+= =71 BE HAR|A LPP7}
AT o] gl o] E7HESl Q1A xHo] v
U= 23 #Egy Basiln 53 a2 ARRAY &
oj7bA dEEo] e FFE EoA BF ¢t Bl U&=
ARlE Zelske O] HIFE 8okl 73 e AR

ol

Aol Sol7bA ol#t PF-g ofA] Uttt mo] HF Fo

TR B A=(EEd S5 <ol ARler g A
=& A dvE e F71=5 AASI & 7 AA

AR 5709 HIAA ARIC R o]Rojl eEE A
€ AMstEE, 5719 HIEA AR F /7R Abxde]
=

A 2oz A 9k = 9 LPP7F EEEH LY A
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A R AR FH-54 GolA L7 vebg B
Ao T Gedd LPPr btk F4-54 99
g Fo] Aeel vl 9n T GeelA et

lo

¢ S A59 L= kO] A Aot wiEs, A
+ A=) BA Aot BT $2= 2= 917 A2et
TGy F45t9ek Herring 5(2019)2 LPP-7]4F o=
£ dfethl e g fQAtel et 28D B "Aloh e
ol LPP AZ-2 FrdAR ARl gk 71l B77h 4

& o Hop 242 o o 24 Yepdth $A4 ASeld=

7Fe E9A AR Histes AXEHAT FEUAR] AR
£ A HA BEIF wfo] vFETE 80%<)
A S QIAS] ARl dis) SESE HR Bt wj(E
AFolM A w4 w)o] WHETL 35%% @AISHA Eof
S0 Hasielet. o] Aol wigEs & LPP &S
EEste YA A=9 SER ALESI
LPN(late negative potential)-> Z=AHAF 1200 ms <
oA Yehtes 74 99 Foixzo 72 A9 e v
Woh LPN2 &2 919 whg &4 7190604 e
s RYEHS gttt (Johansson & Mecklinger, 2003).

=2 O
#71 BE Gl LPNY| JE2Z7H= AHFA<1 917 1y
S} 51FA JA|(top-down suppression)Zte]l HRS FE-S
=7

4 Pols 87 710l Ae Bttty Bars Qe
(Hu et al, 2015). Hu 50152 92 £xx o] #3]
£ AAsty 43 Hd(tandard-guilt group), FF Hot
(innocent group), & A HH(suppressed—guilt group)
oA &#21 AR HAF Fe AITHHNE EAHTHH
3. & 9A Ao Hu-reh 530 JE FGARIA {3
A5 & 4 gl sh7l Sl ®ol o] 7ols At S
Al gty R e 93] 2=y RE S 1
P300 ZZE2pol7h yeptr] ob=d| whell, 2 Aot 73
oA Hd HF Kol MAE st & A=EEA)| o
gk P300 z1Zo] Fytgl A=of tigh P300 HE Hrh £A
urebstth 53 Aol €93 A= 7 A5 7 P300
% ZfolHtk G2 oA Mo &3] 2= 7 A=
7+ P300 ZFEAfO|I7} FASHA Eolgel 9A e 719
AR = P300 &S FF wIApet 2 oAz
H& oHA] Eote ZAo=® uEylth oo whsf LPN(late-
posterior—negative slow wave)-2 % o 2at ofujzt &
] A4 HdolHe gx A= LPNe| Ry 2= Hrt
A =2 AZS yepdoza [PNo| 43 oA At
W 52 Hos Wdckst ¥ =2 AEEE UERlth Hu

=1
=
A]

rE e 4

(2015 LPNo] AHs2{ql Q17 Azjeh 4o2Ql A
oM dofid ¥hs FE& 74 THESP] A 8+ WY

—— Probe Stimuli
====Irrelevant Stimuli
d
6, P300
54 {
4_
s 34
s 2
£ 1]
o=
g s
-100
_1 i
_2_
_3_
6
[
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g 2
£ 1
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4
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Figure 3. Grand average ERPs for the (a) standard-guilt, (b)
suppressed—guilt, and (c) innocent groups in response to each
stimulus type. Data were recorded at the Pz site. Two

components of interest—the P300 and late posterior negativity
(LPN)-are indicated (Hu et al., 2015).
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feedback-evoked ERPs: feedback-related negativity
(FRN)2t feedback P3

Sai 52014, 2016, 2020)2 FARRE AEAAE S8 «7
AR AAeA AAERS EE ARERZo] figh m=Ee

)
N

Asde o o Al ApAE A (feedback related
event—related potentials)7} UepdTiy HHEstqty. & A}
=, 7Y A=, B3] 3-2F w7 AR HAPA &
A Aoy i A= AXS w2t ¥ st
o WEsh AAEGT, 1 o] +4 EX 28 mcuoz
AATSFATHSai et al., 2020). ZAAAAE HEI} UeERS
W 30 Setol ele] s} BAsr] B4 20
e mEdor "Gile S Tekal ItFE 9fn|stal
-2+ A mewog "L AALE ot o E 9n|
ot dEEslth AAlze " Aseld Fd A= A
AT +49} —20] mEHL wnt By} Algelo] RAA o7
ANEIGT, 3 YOI T ANF 300 ms 2]
= o] Es B ARRERIE ek, A 9
©] FRN(feedback-related negativity)?} FA G2 mHy
P3(feedback P3)o]ith(Sai et al., 20165 Sai et al.,, 2020).

P
C

bt

Microvalvt

Microvolvt

ms

=2 ] 2 iy L] Rivi 100

Guilty

Figure 4. Grand average ERPs during feedback stage (Sai et al.

i FAHAANNE B A7 AX F msn
284 1}% AANE mEuzt FRNZF 5 =W p3 1Z2jo]7}
Uehtz] of2d) ghef, f23deME 21 A= AA &
ml=oA FRN# m=wi p3 AZo] Ry 2= AAE
eyt 24 Ueyth 9 45 AR, 23 Yo
(Innocen)oll A B4 A= AX & fEW(YE e A,

[_1
==

5P A2 AT Ay
(AF E= A, Irrelevant—success, Irrelevant—failure) A=
943 7to] FRN#} m=#) p3 zZo] o]z} LjehA] ¢3S
ol W), §2 RHGuil)NHE B A2 A F vy
(A5 E= A A= 3ol FRNZ o= p3 XZofA
5P AT ANT fENEE B Am) 43 $duc
=7 vrebdthSai et al., 2016). Sai 5(2020)& #tw &
A=}
_ﬁ_

Probe—success, Probe—failure)™}

(m=s AL A / no D= Heher 571 R AA

A A/ 72 ADe] gt 4 JPoR o]
w2 AE HAelA whgol did TEus AlFet 2ol '3
29 ARl BAg P300ell= ofwet FFE w7 gtk
A& BolFoleh metd g A=9] Aol BT P300

3 A= AAE g et AR 42

Xorr

Probe-success
=== Probe-faillure

14 e [ rrelevanits-sucoess
=== lrrelevants-failure

Microvolvt
-]

ms

-200 ] 2 404 G HiH) 1000

Microvolvt
e

ms

-0 L] 200 400 GO0 H00 100¢

Innocent

, 2016).
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FRNZ} mEd P3002 Az E=HAHOoR Uehtsd) RE
T2 HeollA " Aol s 7ok A= Hoh =2 A
& Yehf7] wiizell, 72 mdxeld 2 mdAE Hd
5= 882 =9 4 oty EuEIckSai et al., 2020).

FRN2 m|=s) ZH=2AA]% 200-350 msoll HFH ol 1}
Bhtal, Aufj(loss) o] FAHAQ1 mEd Aoy euk-go] AF
(win)®] 342 mjed Aoy gukg Hoh o 3 Z1%9)
FRN-& YEATHDI Gregorio, Ernst, & Steinhauser, 2019;
Gehring & Willoughby, 2002; Yeung & Sanfey, 2004).
FRN2 8% A5 o4 312 (dorsal anterior cingulate
cortex)ol A 71 ¥stH A7t o gt ARG F2 Fe
s 7te7le B 98 R/E TR th(Gehring &
Willoughby, 2002). &1 Foti 5(2011)& FRNo] 247
ol m=wofl A vehts BP9l A 9f(negative potentials)
7} ofujeh, 3EHY HEsolA vehd B Tl §H)
(reward-related positivity) 2 FAZQ1 mEHioA ZZo]
Fol=rhal sl

o P32 w25 AAIE 300 msofA 500 ms &
Wl FAFHNA Uehvhe A A (positivity) o]t FRN
o] &dojut g5 F o X<Ix9] A W outcome
valence)ol| 9% WE=tid mj=® P32 ZAutol F7]
(outcome magnitude)o] WZsH7] wjREo]| u=H P33}
FRNZ 7|54 oz &2 4 Slth(Sato, Yasuda, Ohira,
Miyawaki, Nishikawa, Kumano, & Kuboki,, 2005;
Yeung, Holroyd, & Cohen, 2005; Peterburs, Suchan, &
Bellebaum, 2013). Sai 5(2014, 2016, 2020)] AFEA
FRN} m=8 p3o] RHujlatollA] FH0AAE a&2lo
= HEod 5 Qo Hogioh /0= g@XE &
718E 718 7ML ok web '3 A=) AAE o
<o Yt mEmolA fe zp5o] AAE ool v
Ehbe mediEh MZo] o 2 FRN¥} mj=u p3o] 1}
ehdt}, olof ¥t FRodxtE HHle w7lEe 5718 Tt
22 7] whizel F3 Aol AAE whgell UEhvhe fE
Hyp B Z=o] AAE thZo] Uehhe mtHfo] T
Ay og & wl=wzt FRN¥ mj=m p300e] #ZL H
S35ttt Sai 5(2014)-2 wEH A ARATHFAE 7L 7]to]
U AEE w7= F¢ ot Ay} grto] F714 ofn|
+ A3 Brte] F71et WHET] vizel 571 A e
grdgtohar etk ey w71 AE HARlA e
= AMESE OE AFElA TEd I ATRAE B
J5HA] 7] Wil (Leue, Lange, & Beauducel, 2012b;
Scheuble & Beauducel, 2020), ©|9} #TE L= £ ¢

o]2o]z{oF SHH(Sai et al., 2020).

MFN(medial frontal negativity): £71 A2 ZAo|M
H2 ZE(response conflicts)e| A&

=71 AE AAbollA P3000] @A/ (salience)®] A|EepH
MFN(medial frontal negativity)> ¥Hg =9 Z|3EO]
(Scheuble, Mildenberger, & Beauducel, 2021). ARY-E
o 122 FAlel gt 857F Srte = AAA FA= A
Al ZHE dgstal ofu] AYEe] e AANRE-S A5t
FES oflactk=dl "4HoltHBotvink et al.,
2001). AAZS & off AH5F gde] EFAo] 7okt
ol gdo] AAH FAl FasHA Tttt HuEIth
(Christ et al., 2009; Ganis, Kosslyn, Stose, Thompson, &
Yurgelun—Todd, 2003; Langleben et al.,, 2002). AR
A5G 719 BA Aot T ARIEEAS] dees
MFNo| &&j# QltH(Johnson, Barnhardt, & Zhu, 2005;
Johnson, Henkell, Simon, & Zhu, 2008). 7|9 =g
AATAALY MENZ w71 AH gt A1sol4 24
%t (Johnson et al., 2008; Leue et al., 2012¢; Scheuble
& Beauducel, 2020). 7|gto] opd A&o|A= MFN2
N450 T= ERNlerror related negativity)2 E3 &d={%
=8 AFAAF 450 ms THA FHE YehlEs IE
& HolAY(West, Jakubek, Wymbs, Perry, & Moore,
2005) @4hg o]F 70 msol| UEh= AR dA qth
(Falkenstein, Hoormann, Christ, & Hohnsbein, 2000;
Gehring, Goss, Coles, Meyer, & Donchin, 1993; Scheffers
& Coles, 2000). MFN2 HF-F4 H=oA PF &t
S Foll i A Ut £4 H9loltHGehring &
Willoughby, 2004 Johnson, 2014). MFN-& H-$- RUE
ok opyet ¥hg SEY W Qe AloE dEA o
(Carter et al.,, 1998; Gehring & Willoughby, 2004). MFN
< A5t wdoly I FRA 79 Aow F5ET
UTHGehring & Willoughby, 2004; Nieu-wenhuis et al.,
2004). A& g} TAL 24K 0] QA FES €7
StAYU 4 wEsls Ay BElciA 43tE AR §RE

S BHoE Fhuedt, A5 B Wae] B4t 4

ok L

1oug

HO| AAE7] FEo] gl SAol oigt Ba/do] St
= A gRETh B EITHAbe et al,, 2006). AR
AL Wol= Ao Hlwstd FrpEQl AA]F Aol
ojEdth, ARAYE Sh7] fleide S AAlskoksta
gk wEoulok skl Qe e EYAE BEUEI
oFgttH(Gombos, 2006; Sip, Roepstorff, McGregor, &
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Frith, 2008). 7|9 A-tollA ZIARE HHolA Hep AA vt
SollA MEN z1£9] Z717F Uesty, o] 14 Hhg
vl WA ARGRGol| H7pARl ¥k =S JhejXivtal BT

Act(Johnson et al., 2005; Johnson et al., 2008; Leue
et al., 2012c; Scheuble & Beauducel, 2020). Scheuble &
(2021)2 =71 AE HAplA T 2= Hlof &3 A=
oAl MENS] ZZo] 7kt AS AN sHAA & 259
s Aoz gHgSd v S=o] Uehes As 7HY
A F4sieleh. AREZA o 2 2159 MFN ¥h-g
ol 7|9eA AXREZRY NUS g o dFY 7%t
Ao diet F7HE 8t BedE vhsAol AEEUt
(Paige, Fields, & Gutchess, 2019). o] L= MFN
Aol HPH ¥t wAoiA Uehd S=9 AAA s
Uepdoh= o8& Aot tH(Johnson, 2014). A= o
g FRsiA MEN Aol ghgo g AR S
UepdHoHA, SA-H5 N2 AgEo] 2= mE AR
A49E yetdtty R E Itk Bartholow et al., 2005;
Folstein and Van Petten, 2008). Hu 5(2011)& 7]el&lel
olm] 719(o]g, Y, 1gPol gt AR A N2 A=
o] Z7PF dEtetl, 9w 7l9le YEde ASElA
N2 9] F7h= Belof|l tigt ARKe 247]-324 A
oA @A AR Halskgl.

KB
=
¢
=
=
==

P300-71%F =31 AE AAts 304 7P7to] &5k d+H

T il
NE A=l digt AR Aot FHEHL HPFIH

25 wAs vasy FRge] PP ohHel

|

Slslit] 23t A|F TZ2EZO] A

& Zgol Holed, theHol tell 5 Al ZREZO|
e 7HItkE A di-s AT wsiA AR 4
& P900°] A=A

HZ =01 719 gAolA dol, 44 59 7zt a2l A
T(Paige et al., 2019), &54< 719 7Hde] 3K Ward,

= Ag4Y 719 7Hd(Kim, Kim, Lee, Song, Chang,
Kim, & Kim, 2022)°] gt &71 HE HA ¥ AF50]
rs] HRET Stk Bo] A7 EUr WA 719 F
SHencoding)ol ol Mz AHE FSo%ls A 4o
Q1 719 7Hdo] P300-7|9F B9t A3 ZREFO] AHg:
A Lo (Ward et al., 2020), A2FA2 719 7H4
FHAAE 72+ Q= 4 oA Hinformed innocent) 2] o]
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