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AL B ARE Jleln Jdl B o p300
=71 R AAHP300-based concealed information test: P300
CIDE AF8SF 4= 9tk Rosenfeld, 2011). P300 CIToAE=
ZAF SRl A "Rk 1L Sk ARE(FAAS EBe "R
= probe)¢t EX|otE AHeF A THo| gle= HHE
(FHAA= drrelevant)s Alo] AA[sPHA HutE SAS
of. BE WAEs FHEg=9] HEE 114 odeR o}
o, AT AA| ST A 303 ol (wehA R

Sample size of bootstrap method used
in P300 concealed information test

Jin-Sup Eom'’, Hajung Jeon?

'Chungbuk National University, “Chungnam National University

It is evaluated whether the P300 amplitude for the probe is greater than the P300 amplitude for the irrelevant in the P300
concealed information test. However, there is a problem that the P300 amplitude for the probe is overestimated because the
number of trials of the irrelevant is much larger than that of the probe. Rosenfeld et al. (2008) attempted to solve this problem
by reducing the bootstrap sample size of the irrelevant to the sample size of the probe. In general, the bootstrap sample size
must be the same as the original sample size and the type 1 error rate becomes smaller than the significance level if the
bootstrap sample size is smaller than the original sample size. The purpose of this study is to evaluate the type 1 error rate of
the modified bootstrap method that reduces the bootstrap sample size of irrelevant through Monte Carlo studies and to check
whether this error can be corrected. As a result of experiment 1, the type 1 error rate of the modified bootstrap method was
about .073, which was lower than the significance level .10. The type 1 error rate of the adjusted bootstrap method with
corrected the significance level using the standard error was about .140 which was higher than the significance level .10.
Consequently, the error of the modified bootstrap method was not corrected. In order to investigate the reason why the error of
the modified bootstrap method was not corrected, a Monte Carlo study using numbers was performed. In the results of
experiment 2, the type 1 error rate of the modified bootstrap method was about .054, which was less than the significance level
.10, and that of the adjusted bootstrap method was about .10, which was the same as the significance level. It was found that
the reason why the error of the modified bootstrap method is not corrected was due to the specificity of the EEG data. The

reasons why these errors are not corrected and how to solve these errors were discussed.
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f FEAE (bootstrap) WHOl 7H wWol] AR QL
(Cutmore, Djakovic, Kebbell, & Shum, 2009: Rosenfeld,
Soskins, Bosh, & Ryan, 2004). P300 CITo|A] REAERY
HhHo wH o= o]23E HMH(Cutmore et al., 2009)3 E
FQAE o] 8ot W (Rosenfeld et al., 2004) & 7FA|7k
ARGETE MEE ol8sks W ey At © B9
el oigt 30709 T AR Hub(single sweep)ellAl 307K
£ Bo5Ech, FaA=e] digh 120719 & Al &
oA 120748 BEFETAT @ EUFEE oA ¥
=3 BHEASC] ERPE Z2H7F AbEsha, P300 &S &
Aty @ THEAF] P300 FZo] FyHA=2] P300
EHot 3 REAES 250 1 TRttt @ O~Q9]
= 1,00081 ¥HESith © FEAESY 247F 900 o)/do]
A foeE(a) 10014 TAZ=FL] P300 FEo] Tkt
0] P300 AEHRG EAHoR §oslA o Aoty BT

. BEOAE offste e ohedt At 0¥ ©

=

rek

rE ol

2 WEQE olfcl= WM Fdoit @ BWRAEY
P300 ZFZofA Bzl P300 F=E Witk @ O~
o] 374& 10008 whEste] HEAER FHERE FAT
th. ® FEAEY BHEEO] HH-S Mpefdl ot BEH
A= SDptl & off, My - 1.29XSDy 7} 0Kt 28§94

F(a) 1004 T=HEA=2] P300 FZo] A2 P300
AZHT FAACE [oJotA o Aty gtk

olg|gt FEAER] Wo]= gt 712 A0l qirh. 7
H2=0 REAER FEIA7|7F #iA=9 REAEY &
27|18t X 9 I Holoh ZEI7PF 2 A=l
Hste] ®237]7F 22 A=9] ERPo| 1Fn}; ko]=27} T
o] ZtE|BnZ AR p300 FZHo|] FfFAE ] 1
027} Z7kshA BrkLuck, 2014). P300 CITAAE o]
gk ZAlofl tiAst] flste] 4~6 Hzol 2 EEE o]
sto] nFu RS AAsH, P300 AHE A=
Aol P300 Aol Z3H 100 ms 3o o =& =4
ShtHRosenfeld, Shue, & Singer, 2007). 124t o]&
A& AX Fox 1Fu} o] =of o3 ¢k ofxig]
2AtH(Jeon, Sohn, & Eom, 2020).

Rosenfeld 5(2008)2] dtellAl= o] Al thAst7] <
oto] FHRA=9 REAEY REAV|E
2EH FEI7]|9F HISSHA(RE FYsH) A7Esks
S Argotth dE 9, F

E o
Soll g 120709) B Al WstelA 307er EFEe)

oo W oN &%

D ZRE7F 10091 ¢ B34 1.200Hth £ WAool 10 o=,
Rosenfeld?} E8E5L 1.295 AAX=E ARgsi)

rr
N

Zolth. Rosenfeld?t Fa52 tFE9 AFolA oF
A w49 FEAEYH HAE AR glom(Davydova,
Rosenfeld, & Labkovsky, 2020; Lu et al., 2018; Olson,
Rosenfeld, & Perrault, 2019), < 2 ALHFEL °]
WS ARESE Qlth(Ham, Kim, Jeong, & Kim, 2020;
klein Selle, Gueta, Harpaz, Deouell, & Ben—Shakhar,
2021; Lukécs et al, 20165 Song, Kim, Lee, Chang, &
Kim, 2018). 2134+ Rosenfeld 5(2008)2 FoHdz=9] B
EAEY BEIVNE Facke 24 REAEY HHe) g
ol el ATt st

BEAED WS Efon(1979)0] oJa) AR Aoz, B
BRI el BEIA|G FUol et
(Arcones, 2003; Hernandez et al., 2017). ¥&]9] EEF7]
Hep 22 REAER] 3RI7|5 ARSSHH A52o] Woprl
th(Bickel, Gotze, & van Zwet, 2012). dejdo=z AHEY
FU ool digt REAES ®igo] Rols] 2 A9
HEAEJOA= defjo] BRar|Ho 22 HEAES] 3
23715 Agshe Aol B F2 ZAor HIHIE g
(Arcones, 2003; Athreya, 1987; Bickel et al., 2012; Shao,
1994).
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Sample size of bootstrap method used in P300 concealed information test

8% 249 FEAEH W] 1§ 2RE2 0530 AEE 85l foArES WA HEAEY YHE A 1F
AL ofdt oFES ettt FEAER P MEAE ol8she
I BERARE olgshs Y F KIS ARsh 1

\/52+52 :\/52+52 W S e BE2I7PE FEAES WY 1§ LFE

1 L AN IRl d= s flstel BRAS] HA AP

[e]
25 303 oAl F il 602 AR&stel, wiaT)
’ molezlte] RIS 308 12091 ZAT 607 24001
ZA\A By 71282 A= 255k}

EAL s o) R
NN N
REEL]

2 ATE T 7 BHE At A WA BH2 P00 B A7l 1E 0289 sRlsls Zlo] Bxjolna, maEzt
CITSN PRASe] REAEY BEA/NE Faohe & o] diet wA} 2UAA] dieh mDE 5o
Al FEAER TR 1§ 2780 RoleEEt WA Aojsion). BAMon AP HEAEY Wy} HE
HebeA] sielse Aolh B Q79 WA BHS & spw mBaslE 249 449 PEAE W, 449
e FEAER] ¥ 1F oREs wAskE WA 4 REAEY wyo] WS wAT WS Argsiglon, ®
g SRlsk= Aotk BEAE olgste WHelXe= ®Bayz 301 12090 2AT 603 24091 A AAEY
4T FEAEY Yo 20 REAEY U & ¢
FoAED 12658 o AA] YEe o2 FAHHER 4

Ae REAEFY Yol BEQAE 1/1.265=0.791¥] 3te]  maich Mo

HEZAE ol gt WHolMe thadt 2ol wAT & ok ¢ 2AG o]gste] HolstAtH(Yeung, Bogacz, Holroyd, &

grol 1.29¢ o 4] #HEe] 1001tk 4" FEX  Cohen, 2004; Zoumpoulaki, Alsufyani, & Bowman,
EfY oA fdixdd EEAE SASH] fst] A 2015). Wuks toRt FukeE iR ARIZAC oz
AZ 12991 0.791& &shd, dAZE 1.0200] & ol mg=E 2 9lon@(Luck, 2014), ThFet Fudro] AplZA
AYAZY] GBS 1540]B8, HEAEY 24 8462 7| o dslo] ool Alg Wute] BADS TAGT Tl A
FOE ety foaEd Ut 1T eFE0l UEE ¢ uu wjguale] £4:3 P300 mHgo] tlsidl Aolmg,
Zoltt HA =)t P300 wHES A ofstaitt. Figure 19] 9% 19
2 AFolde= 2H 7HEE=(Monte Carlo) 975 E5F0] 3} gro] AJolZAS o] R3}0] &43F P00 WS A5t
T8 FEAEY WY 1T ofEs ekl A¥ 1 o AgidTe) RHxANA BEAES 2EEAEe] P00
NME G AP Hut BYES o] 87t 2H FER AFE AZe 5 W UHonZ (Rosenfeld et al., 2008) &4t
FHstgler, A9 204s Ad 19 A si4S fstd  p300 - AES 5 W= opAch EgF P30 AA
ZAE o8]t 2H 7HER AFE skt utd o] Ek P300 o] ¢ FA mpg o] £ ZH7} oF 200~300
ms R P& (Eom, Jeon, & Sohn, 2018), 2 Hz Apel=419]

A1 A4 1k 250 ms®} 2 Hz AFIEAC] 84 ukg 250 msE

Hote] & 500 ms Zolo] 4% P300 mHEE WHEI

i < ot wEold B AFY M Agiapeld Hzg 24T o 03 He 1oEIEEE A
e HYdor sty 2H 7FER 99E AAISKITh o] g5y YuE 2ASH i) 423 Hz A9ERHHE A-L5ld
Rl sl BEZAZI7E Nodk ANl = e BES wuod nFmt RS AAtAtHRosenfeld et al., 2008).
by 2 ApoAe Fuk4rt 0.3 Hz 1.3 Hz, 2.3 Hz,

3.3 Hz, 4.3 Hzolal 43 93 (phase)= 7H= ARIFA

A 1AE AT
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Figure 1. The P300 wave (left), background EEGs with an length of 1000 ms (middle), and single sweeps (right). The peak to peak

P300 amplitude is 5.0 @V

SNE Bt ghol 302 &ste] AE JL7E -30 wollA
+30 @volal Aol7k 1291 v uE sty Figure 1
o] 7hedl ZI7oll 107]9] wi7g ==zt AAI= o} k. wpA]E)
o2 P300 CITolA P300 A2 #AAAIZIo] 500 ms HF
o]BZ(Jeon et al., 2020), #i7=}te] 380 ms ~ 880 ms
A4l =47t P300 1S Tste] Figure 19 @ 8% 17
W ol & AJRY HubE FAsein. 10,00071] A
ks ghEo] P300 AE2 SA7t 23, 2w P300 7
221 500 Wt fAFSE 5.057F AFEE QML P300 FZo] 1t
B 9j2jol A SUAIY Huto] p300 g S7 ATt
BEFHEAF 1118, Y - 0.01, H= - 0.55%ch df=et M
7F 0o 77k = Alg) P300 AEo] BRIl AHFEIL
HIZRE Ao s Uehytth

olg] 7o) ARQIZA9] oz whEojdl T Al Muirp
AAl & Al Hukeh FAREA] Bkskleh Hut e 4
e olpotdAY HuATE 3t Fe] e 5H
A/EPAREo] Bt H7FEATH(oIRE 47, Bt dE 30.240).
IS A ARelZAM oz SRS thal Ald) M} 100719t
AA ARdolA SR Tl AJRY o} 100718 AlotAl AlAl

Al HuE AElstes sioich. #7F Ad Hat 4
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He o] HEQE ol&dts WY BEeAE ol&dte
U 5 7R Uieo] A8Sigith &l Al Huk 2kgd
tisto] RS o83t REAEY WS thayt A
A2l gt 307H(FE+= 6070) 9] ©d AlE Hufoll A 307K
(E= 607N E HYFEttth FHA=] gt 12

24070)9] 2 Al Hutol A 120702407 € BEYFETT
7t A=de 9 AY WS Betste] ERPE AFESHY,
ERPOJA P300 ZEHS AARRIE P300 #1E2 AgAel
Yot BA-HH o r SAoIelth A= P300
ZAZ2 300 msolA 700 ms7kA] 100 ms +3+e] B 7}
7P 2 elA AR ol HH 1,000 ms7HA] 100 ms 7t
o] HAASPE P Fe ks W gtog Aojsiqirt.
A=9] P300 ZFo] Tzl P300 AEEch © AW
HEAER] 2|40 12 F71gith o] B 1,000 wHE3t
T REXES] X471 900 ol/dolH, o4 10004 ¥

2F=29] P300 AEo] Tgajx]—l_i P300 FZHTh FAHC

2 oo o Atal gddith BFeAE o187 e
FEAER] BiS %%6}1 P300 A& Axter § o5y

Zro] Aty P30 HEoA RHAAZ
P300 1&g Wi zto|grS AWteict. o] AL 1,0008 wt
Esto] P300 ZE zfolghe] Wal ZEFWAE AL
BPo-1.29XFF2P7F 05ty 3WH, Fo4F 1004 &
29 P300 %1Zo] “%%i?ﬂ-‘q P300 FZHc} FAZHO

2 fo5tA o I gttt £4H FEAER W
12070(F= 2407W)9] FaAz=o] digh Tl Al ot
A 307H(E~ 607MFE EdFEditts AS ALstas
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Sample size of bootstrap method used in P300 concealed information test

24 3 =9

7 A 8 1% 2580 Table 1] ANE0] 9]
WHOR WEelE o galt WM BEOAES ol W
¥ 2] 15 2886l 2 Aol it arteh wen
9t SRR ARGt 42 303 1200 o) REAE
WY 15 OR&S oF 312 foiEre BT of
o5 Avhe ARATI He GARE SHZ AR Folo]

e ojze] Aolo] og Aolck(eon et al, 2020). A%
£7b 603} 2409 W REAER W 1% oFge o

272 AHG7E AL B9k vmste] tha AASAGAT o

20| ddEY ¢

538 REAEY PO 1% 0FE
A e o188 FHelEY T ApIE BE 4 o
M) TR elEel RE Aol

B

=
BF ool ExoA 34

e 15 OFES AAasr. Uot olzdd wee
=]
5
o

W djlo] REAEY W Ao AR B Wit
do] Wi w2 15 ofEe EAh Hupol 5 Hz ool o 553 54 W24 %7}0}71 flsto] Al 28 AAIS
nza Aol Tyslel 94 T 100 ms BRFANE A% gk,
SgolE 2P, BeAATe) P300 AEo] HrjrgH )
e AS 5 Hy olele] A%t 4EE A det P00 A 2
Aol s e vt AS ofulait mata Al
47) AR T2 AT P00 AES vlmsh) Pl A Ad 104 FReRRe) REAEY ERAE F4% 4
2@ Hoyol Wad Zojnh P, FEAEY WS 15 AW FEAEY 9o 15 e580] duut B U
osgo] AGATI SARP UEhTH: AL AARAL o] BEeAE ol8d dEe] BAlA el gste]
olgelel HukE ANt WEel HEAS BolFE Ao A4S RAUCR Sk 2d A1EE A7E SaAsdd @
= s, Q) A5 Hmell A P300 A BuE HFEEe} gAGHE
BPARY REAEY EEIVS BRAZO Ad4 Z(om e al, 2018), 274 ZATE AFRES olgsld
o BUAA F4t 48 REAEY WY 15 oFE  Aolddt ERP A7old B4 g2 deldr A,
o ARz Wt 072~ 0745 RS oleid SAE A 150 4)S BAA Asolne, 44 RADIAE Hu
e OlEZ@i o5 053Ke} oF 02 § & glol7l,  ATREE AMesigrh
folaz 10RTH oF 03 2o Zojth = ARAA o=
P Ui} Bo| REAES HBAAE 24T 90 Holh o
FHT B 15 ORES BAT 15 oRgel woul 7
ZeE vokoe, 4H REAEY wyo A%9e o  AHZ
AHQ BAYEG Be Aotk 448 REsEd Wy AW 17} SUsin
of oRE LAY HEAEY WHel 15 efse Aux
Aol wet 138~.1422 UEhd, folpE 10HD H w3 2L Yo
. 2, 448 HEAER Wiel oF7t Ae] BAH  RATE BF 07 EEWA 19 AFREGN 3RE 43
A gk 48 REAED POl 15 28] diE 7o) grEE Aol
57 e olgel mAE REAED WY 15 9RE
Table 1. Type 1 error rates of experiment 1 (c=.10)
Percentile Standard error
NI, N2 Bootstrap Modified Adjusted bootstrap Bootstrap Modified Adjusted bootstrap
method bootstrap method method method bootstrap method method
30, 120 316 074 .308 074 142
60, 240 276 .073 .270 072 139
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Q2 80] Table 29 AXEo] Ut
£ 0|83l "W BEFoAE
9 H|$6l4th REAE
Zo| wat 101~.1042
oleig Al Tt
2F-g0] fol%
%‘T—}E(Dwivedi,
Mallawaarachchi, & Alvarado, 2017; Konietschke,
Pauly, 2014), ¥&FA<1 rxﬂ:rz.;z].o]
o 1 258 A %

m{m

=

£
N

1740}04 B HEAE% * ofge
o et 0991015 felrzst A 2
2 A 1004 ol AR lﬂllﬂrx}ioﬂ ik
$o 1% eR/E°] EY A Ue
EE3 EA mjRa 7p5Ao] E=9kt)

lo A

m £

L DA )
|m

B!

PAR=ES)

o™
H

ol

A3k, P300 CITof oigh
At ae FEAEY
1055 e 0739] 1% ©

SEEt Bom gl u

2 AR} B3 P

2]
A ol
% 0780l
= 2t e
e Aol e

AN do mN B omx
rhr oo
LU

Jo

Table 2. Type 1 error rates of experiment 2 (c=.10)

HE RSl E237171 30 01 *01?‘; 2T
O HFo| TAGe] Bd 7ol F Aoz ot
(Ross, 2010). #zto] w]dzt AT EJ*‘OJ of oJshH
7411:}94 R} Hert 242 207 6.0, FEF |7} 30, G2

Z 059 ¢ 1F %89 Hu= oF 01 oJyel Aoz
L’rE’r‘i{E} HE=A R o= F4 7H4 (sphericity
assumption)= 8% 7Ho = AYzsiH, A 7Ho] ot
719 ZASo| s wAsH= AaE AZItHPark, 2003).
T84 7H3e] mpr1d QF&9 Huh= o] ot
2t .01~.032=2 yepdti(Haverkamp & Beauducel, 2017).
SAEAA dAe] BAS vEstd 1F LF&olA 01
ojfe] Huj= 8ok Ao= AZtsiH 01 oo Huj=
wrgsord Aro] & HupE QlAoh= A Ak FHRAS
o]l HEAEW FEI/E Zact 245 HEAEH] |£

QFEL FY5F 02~.039] HIFE HolH
Ao & oF=E A7tHr,

745 REAES] W] 1F o7t fYeFHT 4
Ui HukE _’1*0}71 ?lsto] OlEZq Q HEGE

tH fekEs 2

r&" HE
i

a >

oT 1%

= wAsford

=]
5 HEAE

e HeAE

, P300 CITo|A 474
e e ol

=
ol

fﬁﬂiﬂﬁb
o ey Hlﬂrlhi‘)ﬂ A
ERZZS & FRPoJA P
ol ERPIIA 100 ms %17}94
P300 XZoa AgslnE ﬁ%‘j}lﬂr P300 X=&
FRro] gEpA, REAER BROAL P300 P&
sl gto] ekt &, mEnuith P300 FEE AXlSHe
F7to] gEkAcks Ho| Humrtgro] Eol4oltt. AR
Yzt g o] o|# st EAo] ojust HAlog HEAEW;O] ZF
ol FFe vA=AE wefep] ofg. £5 A7E 0

Percentile Standard error
N1, N2 Bootstra Modified Adjusted bootstrap Bootstrap Modified Adjusted bootstrap
method bootstrap method method method bootstrap method method
30, 120 .104 .055 .101 .103 .054 .101
60, 240 .101 .053 .099 .101 .053 .099
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Jeon 5(2020)-2 P300 CITIIA 4+3H3 A
A= FRARS o] ARg Apolm Q% 1F RO H
mp7h dAehr] bethe AS Bolth REAEY WA
+ WAAFY} FEHEAS 2Ee] P300 FEAte]o]
RS FASHL o] BEETH 90% A=
2, Adg Apo]2 Qg Huprh ARzt

Hoh ey +gd45elAE G7HEel HE o Eix}%ﬂr
TS 7R P300 {ﬂ:t 1011 gt EQ—E

o,
i)
N,
o
)
= Mo

o 2

HEELAA 2ok A5 B7 ME} 1 # Zol2 <l
g BYEZAA A Aol QIRE Hupp &
= P300 AZzlolo] A= Hrlslng, AP
zol2 Qlgt Wuprl gl gEAlAto] spsaict waka P300
CITO|A o] 712 HEAEY ¥e At8sls Al £9

AES ARgste] AT P300 o] RHeATC]
P300 FEHT}H o X5 HIURITHH, FAZCZ HutEZ]
U= AVE 42 4 2 Aok
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P300 S{EEZAN MERl= FELAEY T2 #E I

P300 HUARAN AL iAol g P300 WZo] FpAAT ti P00 WEwTH o ZAE W 1edd] B
dATo] At peAe) Alasnet 94 o 27] tRe] geATe) tiet P00 AEo] TjEgHcts BAde] ot
Rosenfeld 52008/ o] B0l thfs7] $iste] Tpeirte] REAER BEAY|ES PAAT0 BREIV|R Zasl] A4
stk Qubon REAEY BRIl gue] HEAV|S SAoRt sjn), REAE EEA7]} eo] BRIV R
oy 15 05g0] §ol4ENTt Aokl AP} WA B A7 B4 BerlEw A7E Folo] Fuudael 1

EAE# BERIVE Z45Me £ REAESM vHol 13 0288 Wrlsia, OlEiﬁP RVt nFE A sk
HEAEH diHo] (£ 982990 oF (73078 Qojaz [0HLC} WUkt EX0AE o]8sle]

OJAZO WA HEAE
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rE
lo
—_—

QFE2 oF 14002 frojaF 10K t1 = Jeht, 449 REAEY wh

21 49 191 33 498
2 %
A8 29 98 REAE 9] 2501 TR U oIS W] Aok A% o

o0 SHpige A8 Sqon Q7AW S4E FEAEY WO 1F 0H8L oF 042 HOGE 1080 Hgko
O, LBE YEAES B9l 15 9REE o 1008 425 TG, by 449 $EAEY WHel 057t 2

AEA] ghe ol MubtRe] B4 B 0% Uehit, oleidt RS Fuek W] dhehA Elstrh
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