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AAD B2 HololA dy] ARREIL = P300-CIT(Concealed Information Test)E F2 Z3F,

S, FARAASE AgSk] P00 ARIBAMS] AEE Tt Hlastel Az/KA B4l
AR ATAEE 7 A9 P3000] FofeiAl BEA wHehy] fF Fd Yo F
EXES 283 BHSS A8t ok skt o3 SIS ERASES v
W A7E e TS A A7E EUEZ vlag] gl AREI ol 71 AR 7h
ACGARFESER, 7IANAY AEREXEY, YA JFFEXEY, 49 FH 9
FAFEXEY, F49 Fojo] A wE 7ANAH AFREXEWE AAsaL o]
£ TRHe dasiink Azwd Addo R d98 F 309 S| Plos
AHgEte] ofe] FEXEY WSol WSS drhd 74 FaoR A $gsheA] vl
ST AZRE B 71FoR P Bl AREE 0% frelaEs VISR ke W,
A AFREXER] W9 FXAEC] 7P = e W, JRFEXET
THL vl e AgES KAtk B3 £AE WFFEXEY YYES AUEsE ¥
3t BA7IEB00%B30%FO)FE, 60%/M40%FolrH s HEstsE W, e s At
TE 8w 7 PARGES BT
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AR FAE 9 BF A e
o] ololAn Qe 7heH, HeldEst Rob
oA @A 7 del AREHIL = Y T
S 3 I Electroencephalography; EEG)E A&
sk AAkeltty. 7S] ZEasjzrt A8
AAel wske A A wee EHeke
A 2y, Hue FFAAAG)AA e

Wsle 24an. o o ¥3 243 i
7 wel AHEE A 7R 44 EA
AKConcealed Information Test; CIT)E, U]l
A o] HAAE ARER B AT7F AAIE I
25 248 dug WFse ABARS
(event-related potential; ERP) £4-& A, FA
THGPNA 71 A
ole] AEe olgshs ATl B U3
HAUtk T ERP A& P300S =8
BOE, g AdAH &5S st Ao
Z dHA Athluck, 2014; Polich, 2007). thT}h
T ar
(P300-CIT) 3 HAAS] A3l Ee 24

e >

oy
i

qkoF Aol W9l #Ho] Ue AT
AT ARLS s Aol 54 Hx9 #
HdY ARE 71 9JeS e ars
|27t o] BA ARE YopatglsA ofd
AL HEOE AZTS WETE durE o
2 are Al F7Y A5oE2 FAEE, &

F(Target)’, ‘BF&(Probe)’, ‘F-F&H(Irrelevant) At
So] o)t BAAFE AR A
SR, ARY 5 290 Aghio] & & 3

L HHBE Aol dE Sof, Tl

Rilep

& p300 o] WA=} P300-CITL)

7y A& Wtste] ERPE T, ©lE
3l ME AAEY olze} WAkl had
o} Id ERPE I AQES] Hio|mE
Z A5 FREE, B, FH] gsiA st
o] 3ty 9 i, P30Tt ZEA Al "ok
o|Z <lste], FHA=S] P300 HFgho]
A5 AEFRRG FofatA At eA
SAHOE HIety] offth. WeF ERPE T
kA a1 Zhzke) I AYPER IEE 79

EARAS AN A9, 7 AWBY wolx
Z Qsl] AAHo] ol Al B ThRosenfeld,

Ward, Meijer, & Yukhenko, 2017). ©]2{3F 3HA|
g SEstm A ANAY WIS 93

- 76 -



we Avse P dEHez ne
22E#:A(Bootstrap) HH, H]o]X]QHBayesian) HH,
9 o] E-B(Wavelet) B, Support Vector Machine
SVM) Y Fo] ZEH U
oI FOI4 THg e AglE e
EX~EZY HHOF HEFZH(with replacement)
JuH oz ANse] ARe AR TS
= otk &, o AdENA W
ANE BEAFES] AEE
BE 4 T P300-CITOl A AR
54 AYPEs BUFE
7 A@Ese] Wt dolg
M 22 ERPIHY S W50
TKRosenfeld & Donchin, 2015). P300-CIT
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ol A
difference; BAD), “&3FE 2~ E W (bootstrapped
correlation difference; BCD), RT-BOOT(bootstrapped

rlr

HZRE A E W(bootstrapped amplitude

analysis of reaction time) 5°] FEXAEZH HIH
o7 AgHTh

BAD: 217} &A= FadA=sA &
AF=2 AEAZ ERPHYS TobaL, SA
9] P300 FEF3} FHAATE] P300 FE9]
zpo|(P-NE Tt S RHEgith o] #A
& Fote] P19 BEE THER 90%9] AlEF
Foll A FRAT] P300 WEghe] FRHAAT
o] P300 JEFHT FojuetA IA FHT
ot &, % zfo] ExO] 90% A1FFIE| 3t
129 FEHUAH] okT AW Azl ®
HAste 7]ES AR5 WKRosenfeld, Soskins,
Bosh, & Ryan, 2004; Rosenfeld et al., 2008), HF
EAY Aol THEAR PI Aol FES
90%7F 0BT EXE BT THMeixner &
Rosenfeld, 2010). $2to] WS WHEAls) A
oA BT MFo] FREAT NEZHG

2 ¢ REXAE# A|4(Bootstrap Index)l] 1

2012 S / P300-CIT 2EAEY 2 1|1

AE 71EeE, 7|2 ATEL 9% T1EE B
o] ARE3}FTHFarwell & Donchin, 1991; Mertens
& Allen, 2008; Rosenfeld et al, 2004). BADEPHS-
P300 NE3 Abslr] 913 ol wel 714
XA X (base-to-peak;  b-p)F -4 H(peak-to-
peak; p-poE TREAC ZAA-AHE AF
AN A 71AAF} p3o0 HE e Hrigkel 2}
|2 P300 HF-5 Ao, FA-HA-E P300
Bygel Aok olF urhde HAgI A
o]2 P300 ZZ-& ™ 3TKSoskins, Rosenfeld,
& Niendam, 2001). 7]&¢] AT BADWH,
3] BADp-p)HHo] E& HAAZES B
& th H 3 THMertens & Allen, 2008;
Rosenfeld et al., 2004; Soskins et al., 2001). TE3F
P300 Aol ehbs AAATHatencp] 7
Fuith 0F A9 anzoz J)sdte
Az o] 9lTHRosenfeld et al., 2008).
BCDE S¥ASH &A= 8a 539
AS5S REXAEFOZE AxHst, FXEA=
3 BAAT UG FAATT FH
Azel AW WL, B A3 9
AARE gAATE) P00 WEo] Ao
2RATHAATE Aol BAATFUY
AT JEET F Rolg We AMIT
(Farwell & Donchin, 1991). RT-BOOT+= > 3}7}
obd WhE-A|ZHReaction Time; RT)S ARE-3}S]
HEXENS AASTE ART 9 JRE &
71e gL o B AAHAAE a8 o
woll WhgAIZto] oA Hedl, ol A
< o]&std FAFY RIVF FHEASY
RTET FostA] 2 4%, 73lez A5
Aot BoDH e A4 AL AZlow B

0o
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Abootaeli, Moradi®} Khalilzadeh(2006)= ©] &
@ BE2EY WHES WYsY e
HE BADYo| BAZT FaEATe) 0
e AgSE ATk TP BuAZY 1%
& Wi neell AR $H FEAS
3 BHAT A AolF T D, -
T-p), HEASH A= zolE ekl
D; = - D, Dol DEG T 2 3¢ FEXE
A A5l 12 FI0: £ B
A2 AA A T P00 o] Lrehie
T2 WA AASE TR A3 @
2] 300ms F-E| 900ms Ato]e] FAATE T3t
Aok " PHES B AT 7129
WHES RluEgleH, 4849 BAD B &2
T7He A3 BCDBCD-shor)® A A5+ th
Abootalebi §(2006) T =AM ol &
P(Wavele)S AHESH HHE AA AT,
B-spline wavelet s ARR3l] AlZk-Fulg £
< AAE ABRAE IEsAt ST

AFAELS REAEY Wy 9o g2
HES 88t 7 ggo] FofsA HEAl
ol 172} FUTE Mertens$}  Allen(2008)-2-
Hj 0] 2] QKBayesian) & A A 5HA T ERP2HE €]
ERY B4SL FEa, 7ol BRI} o
W A9e woleAol ue GEHoR 7

fch 2, ERpgol HBH Fsh &
b ofE Al ARRAE T

319 Th Lui®t Rosenfeld(2009)= HEAE
FHo] ohd DA (permutation) S ©]-&3FA=
o, FE2EfS AHES Adet Ao I3
ABRE AUtk HIde SVMES AEEHe

HAZAo FEE ANE5YTHGao, Yan, Sun, &

i
ol ro{<

S
o

ol
-

=

l_,
ﬁN_‘

Zheng, 2011; Zhao, Zheng, & Zhao, 2012). SVM
WL 90%E A3Ete o ERASLI}
RuE7 glot, ofzkA del AHeE L 9]
Ae %

REAEAS AF4F

-

HHHELS P300-CIT &
ofol Al FYA ARREHI Yok I E F
E BADp-pHS AHES 77 R ATHY
A, BbgHl, 2014; XA, BbgH), EX1E
g3l EEgal, EXE, 2008,
sy, EX1E, 9, A4, 2017). H27
I 71982013)& BCDQ BAD(b-p)S Ml &}
A=t BCDS] FAAFGE] o EA JER
T} o]& Abootalebi 5(2006)0] H13F A3} £
AFgHH], BCD, BAD(p-p), flolE8l =02 &7
A =7} =94t} SFAHE Abootalebi 5(2006)2]
AT+ BCDS BADE WEst] AHEstlon
2 OE A7 A2 vE 7] oHo
AT APH2013)9 AFANME 7 d
AHEE = BADp-p= AHH O E HWEHA|
2o, EAAHLEC] 50% o5t UEFTH
a9 B EA

2012; AIA,

A

B AT @4 ASHE REXEYS A
% ANQY BE PESS BWA vwst
7] #18te] BCD, BAD(b-p), BAD(p-p)E EF A

{315t ¥k oz}, Abootalebi 542006)°]
A8 8 e Agstel P70 wlwst

nEXED %57} 90

dolop ARor B AT wot
(Abootalebi et al., 2006; Mertens & Allen, 2008;
Rosenfeld et al., 2004), Farwell®} Donchin®] BCD
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AR o A8k 7190/3071, 1003
FEZEY AF 900)dE
74;1’ 3009k ]@ oom|ul 300]AHL FTHE
%), AeAT 711982013)0] AMEE 60/407)
1003 REAEHY A FEAEH AT 60
oL AR, 4omTe WAl 60m| gk 400) A4S
AFE] Ml 7R E AHESIAT

QEERo] KB = 256,
= 214, 159 947} 2REHAJ
WIS ool FIE 53 2
o AE, B 9, SRR BA
o 28 AL AT == A

6+
_>,L‘

[es]

Q¥ Hoi
32 [o rln N

Aue] PaHoE I AAES)
il B olm mel W Auel st
A e AU Bgws %m 9

Ao] &g Hdol BAo] ol 11% Aol
A ALBEE W) e wHtER A AW
gk w2 }zm ﬂze—__, %1 AAAA

WE éP 22 FAY
ARS=Z »&Z% ALE 20000408 BAF
o] ZZE AL HAb o]Fo] Aol 30& T
HEgof gtk AWS ST AAEE
d FTE T BE VHANA 40,0009€0] =
HAth AL Aol B9 AYe
AR} FYME 2T Foll Ao
sth Ao Fofd Ak F 192 EEG
ZAM FHEF wolz2 Qlste] oA

Z

(o]

T
£ R ozl o

2012 & / P300-CIT 2EAE 24 H|I

(==}

ALHE AT HFHoE F 30We Hlolgr}t
4o ARRETE B AP mHdstw
IRBS] %21 sfol] AAE A THKU-IRB-15-155-A-
1(E-P-1)).

-
oX
i)
32
o
=
ok
ofl
i
N,
i
=2
k=)
®
>
2
M 0o o X

R
o
X
2
=
N
>

ot o
ol
£
>
i
tlo
bl
o

1;1: } ug ATHER o
= RHgo= ?*35]‘}114 ‘?Liﬂziii SnA
P Qe e 4 2
kol k=9t FA ¥
Aol Bz AAHAUTE AA =z
A I A AL ddAE 9 e W
S=(A e AAe FA=

Ak

e o mu lo 0 Ry o

WSS AP B3 A o)
il gug% E1, A3 TN A=

% 3 Aol Fosian dTAE o A
e %W}Z}QI AL RS dolyr] {lg
EEG zwoiw AR A
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AAENeH, Hd T F Zpol= e
WA SUTHE . A7IEL AZA A
flaglo] = AEY 494, BIS, PANAS,
PPI-R), &9 aclell dieix= e b w7t
AAEen, fd b ol Aol B
A FUT F2 AT S S 9
sl @ E&F o] ZAKhandness scale)ES A A}
HoH, Bl td ¥ whgAF Aol
Aot &R FFAA AA 2 Y53t
AA AE(BIS/BAS; Carver & White, 1994)=
AT A 27F gAe A o7t
&S wiAE] fste] BA-RAH AA A
S (PANAS; Watson, Clark, & Tellegen, 1988),
Beck 927 A} (BDI; Beck, 1985), Beck £<F
ZAAHBAL, Beck, 19615 AA3FYa, AAT
P #do] e AEd 8ddo=E 4y
Z 271 A A Z(Self-monitoring; Snyder &

o %
al

A 2 E(Risk-Taking; Knowles, Cutter, Walsh,
& Casey, 19735 AASHATE = AALS
% o Aeld wsol Aon 2 AU
A F]lab] 91 A AAYIKPPIR
Lilienfeld & Widows, 2005)5 AA|SIH T

HEA S Bl A7AE A At
AollA T e BEE AANSATE shve
48 9% vgel, TE shis A2 2%
@ don Amsen Adze g
Auel A ge ERel Selgdn

Wetn A9E sere] W "
Wee e Ao $ASES st 3
UE A¥e Fil $A7 gaEta Be
g9, P QRE FAIES 15 AT
d @oR iRt ws AP Bt
A Aol Wk Awge] w04

Gangestad, 1986), un}7|olHg|E AgFH T =
(Mach IV; Christie, Geis, & Berger, 1970), $1& AEE £33 & VA= YHup AARE
E 1. APIED MEX| Zo)
ARG P ARG F ! daf 4
Handness Scale 28.7 (5.1) 33.4 (13.3) -1.285 28 209
BIS 20 (2.3) 19 (1.6) 1.016 28 318
BAS 11 (2.0) 12 (1.7) -1.357 28 .186
PANAS-positive 24 (5.5) 24 (7.2) -.142 28 .888
PANAS-negative 15 (4.0 14 (2.9) 733 28 470
Self-Monitoring 8.2 (2.5) 7.8 (2.1) 478 28 .636
Mach-IV 58 (4.1) 60 (5.6) -1.447 28 159
Risk-Taking 59 (7.0) 63 (5.3) -1.709 28 .098
BAI 7 (5.2) 6.7 (4.2) 153 28 .879
BDI 8.2 (4.2) 5.7 (4.6) 1.534 28 136
PPI-R 58 (11.0) 55 (8.8) -1.422 28 .160
o 7t Hcke] Hrgk 59 EL Qb2 FFHUAKSD).
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amh 4Ast B

AL WES
% “%}‘ﬂ‘%”_“xxx%” _ “%";}‘é\{ﬂ;q 7]]_?” A/\

SHHRE 1. L N A A F SR FUASE A 93

U7k s 500ms &1t AAHANG “FAI27 SEAS0E ﬂﬂﬂ Ao SEAS
“XXXE” Abole] A= b kAL 1050, 1150,  JHAPEE T2 ASE AMESte] #¥3lsiith

012 S / P300-CIT 2EAEY 24 H]

El

o519 0. ua, A4 A BURER A9 ) B ekl HES TREd
TAHT e MR DA ol F Wb Gor, Fe FAANRE NFOE 78 )
A w AL A8 F POCT GAE © Fo| FRANATL, WA Y AFE F
Pahelth. A} 9EE F AATRE B AX Gtk oFR oo MES EHo}
oA ATEel sl HEsgon ARels o), BEAI UEATES AR
54T vtk AN o WES FHT.

XXX BEo| AA B A8 AT
AR o) AN, BAAFE A, U, A

A 2ol W4, wdE, WETL ASHSITh

B ATIE B0l B o8 poo. g ATES HA AAIEL Fojel 2
e 77 wolz Bal 47} wgshE, AdEE golAt Hse
Hol sheio] ANHAOH, B B BUW 2] Aol ARHAL o F YHAZ

ll‘U

2 olglen, MY il A AAl =

77k 1000ms F AAEYOH, “FHE  Fow EAAT. UsA A5 F b}
O

125, 13soms FAM F Al FHHOE  BEAIS BAATE AT A )
HESon, XXX B FHEUA A ATEE PRAATOZ AgHAT

o9l AL soomsTh “FHEUA olF  BEATH GAAT 181 e R
WA A 1000ms oIl WS AAT Aol FAHY A AN,

& giglon, olurt 9o AW W MY :
Ade BHA ANHT Bee JRE  BEAT ¥ GUATE 2L AFo] A%

7| M ERP 24774
-200ms — Oms Oms - 1500ms

i

XXXE

1000ms 1050ms 1000ms 500ms 500ms ~1000ms
1150ms
1250ms
1350ms

gl 1. 3=
o MA|=ALCE,

g ARSE P300-CIT XSHAIEAL XXXE #=20 2t =8, S, Fux=

Ho
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= & o719

E5og FAE%NeH, 4 £5 e 30x

AN NS S w3 Al W

E5 Apol(Ate] Auto

AWE FHelAE T FA FAREE A

AstEeh kA A & 4eAPe R T

AEAHAZE+1EH+55-38) x 113] HHE
x GEE).

AAE AT 24 wjAe B 3N F
ANZ AAFR o H, A=2] Al E(visual angle)
o 219t ASES BUH FALE AR
Ade Hasap] 9ste] 1725 RT =Y
B2 AA A

ool MEjAls EX 9 2AM

¥ 3= NeuroScanAl®] SynAmps RT 64-
channel EEG system< Al&3le ZAFHUTH
(NeuroScan Compumedics, Charlotte, NC, USA).
Z1EdSS & A FAENeH, Hdd
ol Huk 49| 71Eo 2 AREH UThlinked
carlobe). HAAFE FP2AS3 A5 Abe]d]
QRS om, 95 ol 9ot ol 2 @
o 2 v Hol e AL HAA
7 E(Electrooculogram; EOG)E ZA3Ith 7
EOG AIFEL o|F E=YAEEX(Independent
Component Analysis; ICA)Y] HBEE Fo|
7] $18te] ©=(monopolar) ©. 2 ZA =tk
(Bigdely-Shamlo et al., 2015). 2} A= 5kQ ©]
&t JIE2E FASA W 1000H9] EH
EE 7ISHAT

3l 243 FAo AAE(Electrocardiogram;
ECG) =Ho| o]|Fojxt}. ECG =42 Biopac
System(model MP150, Santa Barbara, CA, USA)&

Agsgon 2 AT % AT T

2

N
=

BB
T

g FiEel FREAY FES H9et
2 1000HzZ FEHEHPOH. ECG ATE o
gof] Aro] W& FEFe AAsH| Hst S
A= ATKPark, Correia, Ducorps, & Tallon-Baudry,
2014).

249 Yu= 250H2E TheAZE =54
o, 0.1~30Hz ¥z = thluck, 2014;
Mertens & Allen, 2008). ECG X3} 250HzZE T
CAEE HAoH, 1~40HE tho HS
THPark et al, 2014). ZE]FP-S EEGLABS] FIR
HEE A2l THDelorme & Makeig, 2004).
oq7E Hiks 1A E4& AAste] EOG,
ECG Al&s} o] w2 ICA AES AAF
O 2 HAYEIYTHChaumon, Bishop, & Busch,
2015). BAHE M= XXXES(FE, 83, F
&) A= AA A 200msol| A A= AA] F
1500ms7}A] A FIEe 2 Urol Mtk vro]
2z AP XF A7P7F £750vE 9 74
T AF A EANA ALEH A

HAX AP EolA FAFTA DP9
E ARg3te] P00 AE B4 9 7]
2EF] EAo] AAEHUTE P300 £
ol AR FgPoz A3 Fdk 7k
zkol7t AA-sHA| o] FoAKEA Rl
of AAEAT P3008 AFS A= 73
¥, 23, 7)) HE ek, REESA W
A4S AAskAth e 7F ddle AF
ARG, PR ho|on, Hk ¥ W
= FReldth EAe Afr=rE 29 A
£ Greenhouse-Geissere 0.2 W AE EA TS
B33t P3009] 21E-2 g ARREE AA-
A WHE o83t 7313 ThSoskins et al,
2001). AA-FH WHE P00 o M =
& BAFRT 1 o]Fo Yehe TP B
T2 ALY ApolE Fobe] IEFOoZ AR

o (m for

(
=

do 0 g o o>

ol
o

—~

N
N
Qo o oo I

>~
il
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ofr

Fe dolth B Agdde AF AA %
300msH-E] 900ms Ale] 100ms 77+ V=59
Hetgkol 7P =2 #e Fskon, M =

2 zho] UERE AHEE 1500ms7hA] 9ol
A 100ms 77 AES- HFgro] Mg e 3%
= Zob AT

Held =4

o
EF 42 BADHI BCDH& AAe

T (S

TL o> > xR oqr g
to H oo (o (M L XY
fu o ok
Mo 8
v
Hou o
v
i
—z
m
[>
|m
s
M
1%
rlo
T
v

A
o
-z

erEd A4 AL

BADY

BADH2 A 7IAN-AHE A8 W
BADb-p)F FH-HHE AT WHBAD-
p)LE TEED o] WSS #hASH 7
#AA=e P30 FFe FAsH] wlwshs

HhHo|Th 3L Abootalebi 5(2006)2 ool T
g Wygow BAFe ZoA FHAA
o] 1ZE w kD, = P-DY FxAFo 7

Zol ) BHATY WES W FD, = T-H
Aol ANBADD) AN BHE A3}

2012 S / P300-CIT 2EAEY 2 1|1

He APAFE ME AFE NFoR 8
A THRosenfeld & Donchin, 2015; Rosenfeld et al.,
2017). AFEHE AYPSS BEst] 2L
ERPHE S THEIL U, A5 A4 300ms
FE 900ms7kA] 2] HfolA 100ms 77F Y=
S7F HAdAl #e FeEth S 25ImstH
950ms T-ZF AFo]oll A, 100ms F7]9] ==
O FAAZIH HkS Fetal, 1 Higtol
M we A5G Ve BT AT Ay

& AZRH A AN A
100ms T7He] HE AEES W ge o]
P00 AEoT WHATby. T HARL
ROl 100ms 9= 712dH AALS A7k
olg} &td, AAAIZIAA 1500ms7hA] Rl
A HAAGE Hols 100ms Y= FHe F
=TKNEG; Soskins et al., 2001). ©|Zo] A4k
HAg HAge] zbol7k P30 IFo=
B H THp-p).

7122 BADb-p) ¥ BADp-pHH- Al
EHE AT PRART P00 WEL
Hluskgley. gA=e] p300 zlFo] ¥
A=) P300 MNEFRT Ao FEXES] A
gl 18 F718th o] $AE 1008 HHES)

| RE2EY 247} 900l4old AZOR,
gom|Rtold Zdg Aasiith +AHE WY
e 2o o R ANEUTh 212 BADG-

[o
21_',

N

ofd. il M

BCDH

BCDW &2 o® ] AREE Y Farwell
3} Donchin(1991)°] AH&-3F {3}, P300 ERP 3}
dol Uehhs REolA @S T W
(Abootalebi et al., 2006) F 7FIAE T3 TH
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4 7 ke A ATHIEE B,
sae) ARse FEstl WA B )
Ak of AR B e FEAEY IHol

A AEfE 4 A5rEe M2 ERPHY
FH A WA ursz & vl AR
BADYW 3} &
FE Hout A B
W Zbzre] SxAls, SRS, FREAs
gt FRATE et & 524

(double-centering). F-E~E L
g3t oz EHQ

HEste] REZ2
E A7k 900l el ARl ez, 307 o]
A= stk 30014 9ow|wke] A7}
g A folle aadEsoE 3
FHATE Tl Hee 7 TRE A
st shue A AA A FEEE P300
Hyge] FFo] 7AM FEOE Fo]
A=, A= AA A 100ms HFE A= A
o00m7IAE AHEIATKA LT, 1B, 2013,
Farwell & Donchin, 1991). 2 AT = o] ¥
e AFgslE WMHE BCD-longSE A A3
Oh O e P00 el Uehle i
BE helebe WE, AT AA 3 300ms
EE 900ms7FA| S AF&8FS THAbootalebi et al.,
2006). 3% W2 BCD-shortZ A 3FATH

X (Receiver operating characteristic curve) £2d
2 AA3} THAbootalebi et al., 2006; Ben-
Shakhar & Elaad, 2003). JIAFHS Eolx

(specificity) 715 FTroz AAsH o™, ROC
A FEZAHA = FEAEY BEYoA 4t

=4 F
29 RESEY 4570 AUt ROCEA
WA 2 =R (parametric) ROCE AFE-3FS T
ZF A wHEe] ERadAHL AUC(Area
Under Curve)gt 0.2 AA| =T} AUC A& Fko]
19 A% szm:] Tvg%ﬁ; ofmstm, 0.5
9 7% 3 B84 SuTE

o] % HanleyQ} McNe11<1983>4 WS A
AUC 39| 95% AlFF7HE T3kl AuC ¥
A& AZ vt

a4 %
P300 ZIZ

ZF el Pzo A€l it ERP7F 1Y 29
xwaoa ok AR T Y BT =g
=2 P300 JJr?SﬂOI = Segton, Ry

p<.01, n°'=.629), A& %JEMI «lffP TEJJrE
59 ]zs—}szaukmzs) 6.816, p<.05, n’=.196).
A= A@del o3 FoAg =3
FomEAl YERTHER,56)=8.253, p<.05, 1
=228). &, A=9 ¥l wet 2zt JodelA
ZZgro] T2 Al Yepgth AREA

ol 7P «l“la‘}ﬂl EM%
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sh=dElEelAl s g

E 4. BAD 7fol¢

M A j|_|.

AR KR Edle
HE BAD(b-p) BAD(p-p) BAD(b-p) BAD(p-p)
1 100 100 55.7 425
2 49.6 43.5 39.3 29.7
3 99.4 99.6 673 89.3
4 71 72.6 34.1 58.4
5 99.9 99.9 67.7 41.8
6 99 98.3 58.2 81.3
7 99.6 100 233 30.6
8 95.2 90.9 35 66.5
9 66.7 90.1 53.8 78.4
10 100 100 65.3 389
11 96 90.1 24.6 56.2
12 99.1 98.5 10.4 29.8
13 77.2 65.9 69.6 83.1
14 100 100 11.8 9.5
15 99.9 99.7 714 73.8
ERAY AAREUY | (FHES) [ AAREAD)

907)% 11/ 4 12/3 0/15 0/15
90/307]% 11/4/0 12/3/0 0/11/4 0/12/3
60/40715 14/1/0 14/1/0 5/3/7 6/41/5

Ad SAAHGE AEES A9, %)

90715 733 80 100 100
90/3071% 73.3 (100) 80 (100) 26.7 (100) 20 (100)
60/407]5 93.3 (100) 93.3 (100) 93.3 (100) 333 (45.5)

T FAREE @dET A, %)

907)% 86.6 90
90/307)%& BAD(b-p) 50 (100) BAD(p-p) 50 (100)
60/40715 70 (80.7) 63.3 (76)

oI A=

sted HiE FEXEY A5E owgh

- 86 -



el
ue)
7
off
o
fru
W

AAF ol A= 1135]
PR BT &, AR A
25 A" RS BHE
SgE o] 519 BA(false negative)
AR v 7471 300]
FEXEY A4S Ho At
soluA HAdok o] wW A
SARSES 50%, WHEF
ASEL 1007} Uk F
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B A ©
2 733l 4omThEk40%)S AAE 7
atm 400l Gomlgke] W9IE BIEFOR

3FF-E 7A-$60/407]%), BADDb-pHEE AA
o 5 1He JdE507 148S A
3

A =(modified) BADHE A3}
EXEH] 45 AT Aotk 907]F

3

2 g w2 o}am
2 AR Be

=7kt —r7§1?l BAD(b-p)9] HAATES
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REreE

Al

FH

5. #8&(modified) BAD 7H2l¥ &4 &

t

Kl

AR KRR bes
ik 44 F BAD(b-p) T4 E BAD(p-p) T4 E BAD(b-p) ¥ BAD(p-p)
1 97.5 97.1 12,5 0.1
2 77.6 294 4.7 0.5
3 99.8 95.4 45.9 56.7
4 50.2 70.9 40.4 283
5 99.3 99.5 9.3 0
6 92.6 88.9 40.5 51.6
7 92.6 98.1 2.4 1.4
8 75.9 68.4 27.7 43
9 283 35.1 5.4 2.2
10 94.1 99.1 0 0
11 79.5 449 0.7 0.2
12 78.7 8.3 0 0
13 52.8 52.2 7 0.8
14 99.4 100 1.2 23
15 75.6 66.4 335 3.1
ERAY AAREUY | (FHES) [ AAREAD)

97| 718 6/9 0/15 0/15
90/3071< 7/7/1 6/712 0/4/11 0/3/12
60/40715 12/2/1 10/2/3 0/3/12 0/3/12

A g4 GE (FHDGES A9, %)

90715 46.7 40 100 100
90/307]5= 46.7 (87.5) 40 (75) 73.3 (100) 80 (100)
60/407) 2= 80 (92.3) 66.7 (76.9) 80 (100) 80 (100)

T FAREE @dET A, %)

9071 733 70
90/3071% A€ BAD(b-p) 60 (94.7) A€ BAD(p-p) 60 (90)
60/4071% 80 (96) 733 (88)

o QI S 108 W] PrE FEAED A5E ofn,
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st=aelstelx] - Y
E 6. BCD 7Held &4 Axt
AR/ R Ry
Hs BCD-long BCD-short BCD-long BCD-short
1 95.5 93.5 0 0
2 19.6 57.8 0.3 1.4
3 38.7 60.5 28.7 57.1
4 37.5 26.4 8 73
5 29.7 3.2 24 0.9
6 20.9 12.9 19.7 21.7
7 92.4 96.8 1.1 0.3
8 45.8 37.7 15.8 37.7
9 1 1.1 0.2 0.3
10 46.7 65.7 0 0
11 3.4 2 24 3.1
12 7.5 1 0.4 0.8
13 18.9 5.6 1.6 1.7
14 43.4 25.5 12 7.9
15 7.4 19 22 1.8
ERAT AABAJNY /| @FDES) [ ILREAD)

907)% 2/ 13 2/ 13 0/15 0/15
90/307 ] 2/51/8 2/41/9 0/0/15 0/2/13
60/407] % 2/3/10 4/1/10 0/0/15 0/1/14

Al EXAHEE FHEES A, %)

9071 133 133 100 100
90/307] 13.3 (20) 13.3 (18.2) 100 (100) 86.7 (100)
60/407) % 13.3 (16.7) 26.7 (28.6) 100 (100) 93.3 (100)

T4 FARSE @IES A, %

9071 56.7 56.7
90/307]% BCD-long 56.7 (68) BCD-short 50 (62.5)
60/4071 56.7 (63) 60 (64.3)

o QY Sak= 103 WHESlY

£ A5E oJnih
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2012 S / P300-CIT 2EAEY 2 1|1

S AR Qe WES UENITE 5915 po 417%, BADpp= 545%2 YT AHES
HET} HARABE 4% WAYDANA AR MY WE SAE BADPHES F94TA
o ZAE WwEEAY, ARFNA HR 2 UEA F%en 9053071ES A85tA
A3 WY Y Hles on|Rit. < et RS AT E BADpp) B B

712 AT(Abootalebi et al, 2006; Mertens &  (FHH BADGDb-p) SHFEAHES RITY E=3

Allen, 2008; Rosenfeld et al., 20044 E&] AF  90/307]|5S ALSI¥UE ASET ¢ &
|HH 907]ES AT A 7 52 A8 AAESEEH 167%e KB, vl
S5 HoE L BADppHHOE, ARY  HAHETE ST =2 gAAGES BS
5

c
9
AN,

HE
rlo

o Al A FHeFEAo] LAGH)SIROY 7 ok BADWHES Wl¢ @ FEY BHE
= HXNAHATES ZYT BADbpWHE  ES HAATKBCD-long 10%, BCD-short 6.7%),
TS A5 HYEAFEE) HEJALE A M3 =L AAFAHES BT

st A& AEFES RAFdn. $A THHOE, 907179 HlnE F=& fFoF

i,
w
>
@)
ok
i
it
A
o°]
0
@)
ol
i
i
Mo
o]
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9
ae}

T
s

o BH1ES AT 45 7129 BADY
BADb-pHETE W2 BAASES B HEY WEASEC] =A deuten, &9
379 7971 vehA @sktk BAD(-prE

A

A

) = oy SR EC] 50%0] 07]E AE Al IEEFO] FlOHAE 90%
0 el AR 2 sk X8t 9 BAAGES Btk AT WEV|ES
v A%FSs Btk =3 BODWHEANAE 5 WAY A AdEFECl A AsIAY
AR At oy R EC] 44 9ol Uehe AV AT 84
86.7% = JERHTH BADYHELS 907]FoMA e =2 3AFAE

=

o

= f
Atk o ¢ FAAGEC] w2 FELE ST
& g

=
ool WS A7 s0%e] TP we ¥ BADb-p) LS 60/407]1FS 48

ES5ES B9t £49 BADWHES 30%0  167%9] BHESE dtolA 96%9 ©SAAHS
o] AAEFES EJo, dAdESS A9 E& Btk 1Y BODWHELS oud 7]
& A9 49 BADbp7t 947%, $£8E & AHLsNE A9EE OE WHERD

292 HekA E31Th BCDHHEES 53.3%

H_]l:

H=
BDWHERTE o MRE 86797149 HARAELS Hel, W
8 ARe 2 wEsAw, Ajgwe ¥ Wy

- =
AFHES BATh 8kA] Zsh= ZAaFdol sl UERstt:
60/407]12S 2 83514S wj= BADWHES)
AHGESEO] 13.3%, 167%% FolgA T % ROCZA
ARGE et S9lsAHY A7t vER FEZEf] WS AAH EREHY
o AHESY AFE AYstdS W, BADb- & ¥otR7] fske] ROCHA BAE AT
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B 7. REAERY YHEDL HYY|E OE HUHESE, HANEE, oSFE, SIAFHE
AHETEY FHESAY
Rides A 59 59 2 59 59
E5E AgE THE HAHE AgE IAHE FAE
9071 - 86.6 0 267 - - -
BAD(b-p) 90/307] 5 50 50 0 0 100 0 0
60/4071% 133 70 333 0 80.7 41.7 0
907 - 90 0 20 . - .
BAD(p-p) 90/3071% 50 50 0 0 100 0 0
60/407) %= 16.7 633 40 0 76 54.5 0
N 9071 - 733 0 53.3 - - -
B;ii) 90/307] % 36.7 60 0 6.7 94.7 0 125
60/4071% 16.7 80 0 6.7 96 0 7.7
907]%= - 70 0 60 - - -
SRCAl
90/3071% 33.3 60 0 133 90 0 25
BAD(p-p)
60/407) %= 16.7 733 0 20 88 0 23.1
9071 - 56.7 0 86.7 - - -
BCD-long 90/307|5 16.7 56.7 0 53.3 68 0 80
60/4071% 10 56.7 0 66.7 63 0 833
907]% - 56.7 0 86.7 . - .
BCD-short 90/3071% 20 50 0 60 62.5 0 81.8
60/407) %= 6.7 60 0 66.7 64.3 714
o 7} A= Wlg) S ovIEh
A3}, 77ke] RE2EN WPES AAZS 1Ao7} felWld 2 ohiUthp=ns).
2 52 BEFaadxes HAFA X 89 BCD-long®} BCD-short2 ROCEHAT EA oAM=
ROCHA1S] AUC A 9541877 B Bl 7P W BREAES Btk 53] BCD-
AZE YAtk 13 30l 24 REZE shoreis AUCS] AF k0] 05(F-A5F)0l 2

g PHE9 ROCHA O] AA = Q) A
A oA B 7]1209071F, 90/307]<,
60/407)1 )N A= 7]1&S] BADWHE
AFNE BPou, AAHQ] EREALS &
49 BADHEC| ¥ A JEehgth 18y

e
L

o] ¥

- 92
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Relsich 7 RE2EY WSl AUC B
< SAFSE vwd A3, F4E BADGbpY
H BCD-long(z=1.970, p<.05), BCD-short(z=
2,588, p<OHET fofn|stA AUC HA
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E015 5 / PR00-CIT EEAEY 2M d|m
1.0 ————== 10— T== = 1.0 2
08d o 0.3-5',4" 038+ _.,_..4--“_"_"_'—'"“‘.'*‘
gu.s- :" ',' 0sd 054" ’,"’—
é 0.4-;:.' 0.4 n.a-,"
02 dt .. BAD(b-p) 02 +HEBADDD) | o, . BCDAong
- - BAD(p-p) - - % & BAD(p-p) - - BCD-short
0.0 T T T T 0.0 T T T T 0.0 T T T T
0.0 02 0.4 0.6 08 1.0 0.0 0.2 04 06 0.8 1.0 0.0 0.2 04 06 08 1.0
1-Specificity 1-Specificity 1-Specificity
J% 3. FEAER giE0| ROCEM. Z+ giHE0| ARG AXNRES Aol Enfdoz 2
F&t = JUX|E LIEHHCE
T 8. FEAERY wHES AUC HAD 95% Al=|l77t % v|wZn}
FEsEd BADb-p)  BAD(p-p) e s BCD-l pep-
- - -lon,
1 P i BAD(b-p) BAD(p-p) & short
AUC 0.950 0.889 0.991 0.941 0.819 0.730
95% 0.768~ 0.949~ 0.852~ 0.739~ 0.532~
0.868~ 0.991
A =3 0.976 0.999 0.999 0.957 0.870
222 5 2= 5 BCD-
To To
Hw A} BAD(b-p) BAD(p-p) ° BCD-long
BAD(b-p) BAD(p-p) short
074 0.000 1.078 1.782
BAD(b-p) - 0.705 (.481)
(.283) (1.000) (.281) (075)
1.541 0.612 0.763 1.603
BAD(p-p) -
(.123) (.541) (445) (.109)
FAH 1.283 1.970 2,588
BAD(b-p) (.199) (.049") (009"
ZA% 1.531 2.350
BAD(p-p) (126) (019"
2.085
BCD-long - .
(.037)
BCD-short -
o H|WAIO] 72 zstatistics©]H ZE F2 F-o|4F(Hanley & McNeil, 1982)
* p<.05, #*F p<.01
BCD-shore i HTH FolabA A vebsinh = o

(z= 2.350, p<.05). T3} BCD-long"}H ©] BCD-

short BT} -2]3}1A
p<.05).

A

B THz=2.085,

B d7s

32o] S ARE3F P300-CITES 4

Al3ted, ATANA WEHOE AEHE )
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B AT FdE RE
< g AMEE URHBADb-p),
BAD(p-p), BCD-long) o= £HH WHEF
4% BAD(b-p), F4E BAD(p-p), BCD-short)S
ZFstHh =3 A8 AFENA 2A AL
L5998 AR/AA AD JEZHES AL

Ane ANNAE 4 248 M5 dolg
2 Agdle] 7 REsEY WY BRAT
58 =Ee Wag 23, 7E AT

de] ARSET 907]FelA4 BADGb-p)9} BAD
Pp7t =& BARZFEES BHYoH, 90/307]
ZAEe 7|2 BADWHEE 9 A9 BAD W
Heol 2 FARSES Btk J8y o]
sEOl =A UET 60/407]%
A= 7]1E] BADWHEANA H5H0] U
A= BADHHHEO| @& 5o
T_%E’é‘% st A w2 HEXASES YTk
E& B wi7]1F4 7]1E BADH

o AT

HEL o
9 Y BADPHEG e YHES B

o
o
=
mt)
ojr

7]¥ BADWH =9 ©AAYHEC] BCDY
HE9 %X]ZéQ%EU} =7
Rosenfeld 5(2004)2] 2
R B T1EeR 9071%—% A3
<= " BADp-po HAHH
H13 AFEFAE dX 5L13}(Mertens & Allen,
2008; Rosenfeld et al., 2004; Soskins et al., 2001).
vhH 60/407 =AY = AEI|EAS
A& B9, 7€ BAD MHES w2 319
FAES Ueth 604071EE AHEEE AL
73 3 Y82013)9 04—?L°1WE BAD(b-p)'d
< 1279 RG-S 29 HHEEI 109
Aoz BAs ] w2 SHTHES B
AsH, & dTdAE SHsHEC] woHA

lo

EpEHEE Y F 8 =2
S BEY TAE FHF R ¥
o TEv FARPEE gl A OM:L?‘U
QF7F AT oE ojojd & ue AR
e 183 & W, 7]E BADWHE AT
e QA W VES AHgske Aol A
ettt AzEc

T4% BADWHES AR
2006)9] ATNAM = HAASE
Uehe HAds WEr|Edos dgsty
ANE BAsr] wZol] 7]&d AMEHY
W74 wE HAAGES FAZ QL v
WE s7lE ofEgu, of 407]FoE T
ol FAHTE HE E u, 60/407]F3} Bluvt
7VFssttt AT Abootalebi 5(2006)2
A BADp-pHHE A&t 74%9 ©A
b Haeigled, B dATolAe ddE
EFS uf 733%°] HAFGES HoA
<38 FEo 2 JElth HEHo)| Abootalebi
A ¢Fs BCD-short®] 3¢ AW 80%2 &
FES UERIARE 2 AFdAE 60/40
712l A 0% TES), M3%BTES
AL BFAARSES Ho] o7t YERGT
BCD-longS AHESH AFEL thik Aold 2
}E Husa JEH], Rosenfeld 5(2004)E
9071 A 77% BARSES BHstH ot
Mertens2} Allen(2008)-2 35.5%(95715), B27
I Z1Y2013)2  65.2%(60/407]1HE K18}
4ok B A4 BCD-longS 56.7%°0 A 68%
7HA e FAA G ES HAA A2 &
o] Aol 7H¢ 7HEA YERS T

E}_oka} .41‘4—7]124 KR x%%zﬂ ,ﬂrtﬂx% _\;_‘_E
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A

frefgk Y Aole oy 4%E BAD
b-pHe AUC HZ o] 7P FA Jehston,
BADMb-p)@t A E BAD(p-p)HHol 11 HE
o]t} wWhH, BCD-long¥ BCD-short®H 2
BADWH S0 Bl3] W2 AUC HAS HYO
™, E3] BCD-shortH-& AUC WAC] 95% Al
7o)l $A5E0.5)9 AT Abootalebi
S(006)°] A FAHE BADWHES 2
g AREEIL A Fou, A WEr|E
TE&AT7 BegE et A

rl
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P300-CITOl| A AM&-% =
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2 AHES At (Farwell &
Donchin, 1991; & Rosenfeld, 2010;
Mertens & Allen, 2008; Rosenfeld et al., 2004;
Soskins et al., 2001), ¥Fo] AF= BAAHEE
ol 7H¢ w2 FHAAol ZHtete] HustAu
(Abootalebi et al., 2006), 60/407]|53} & 43t
d 7S ARSSIT] wEelthd 27, A9
£, 2013). T3 Rud AFEL WEIES
Ut Agskq7] W, 71Es AL
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et al, 2011; Zhao et al., 2012). EAZ, E A
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The comparison of Bootstrapping analyses in P300-CIT

Inuk Song Hyemin Kim Kyoung Eun Lee
Eunhee Chang Hyun Taek Kim

Department of Psychology, Korea University

The Concealed Information Test based on P300 (P300-CIT), which has been widely used in detecting
deception, uses mainly target, probe, and irrelevant stimuli to obtain P300 event-related potentials (ERPs)
and compares them to judge guilty or innocent. Researchers have used the applications of bootstrapping
as the useful methods for determining significant difference between P300 ERP components of the
stimuli. However, relatively few research comparing the classification accuracy of the bootstrapping
analyses have been reported. On the basis of previous research, six widely used bootstrapping methods
(bootstrapped correlation difference (BCD), base-to-peak bootstrapped amplitude difference (BAD)
peak-to-peak BAD, modified BCD, modified base-to-peak BAD, modified peak-to-peak BAD) were
selected and compared. Thirty participants were randomly assigned to the guilty and innocent groups.
The P300 components were acquired to compare the classification accuracies by different bootstrapping
analyses. Using 90% confidence level, which has been most widely used, as a guilty criterion of
bootstrapping index, the peak-to-peak BAD showed the highest accuracy. On the other hand, the BCD
methods showed relatively lower accuracy. Furthermore, the modified BAD methods applied to the other
criteria including indeterminate category(90%/30%, 60%/40% confidence level) showed high level of

accuracy with reduced rate in indeterminate category.

Key words : Concealed Information Test, Lie detection, Bootstrap, P300, Classification Accuracy
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