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The purpose of this study is to show the P300 amplitude of probe stimulus is overestimated more than that of irrelevant

stimulus because of the difference of the number of trials between two stimuli in the P300-based concealed information test, and

to demonstrate that the type 1 error rate of bootstrap method is higher than the significance level, but that of permutation test is

the same as the significance level. The type 1 error rate and the statistical power of bootstrap method and permutation test were

estimated by using Monte Carlo study in the case of using 30 Hz, 10 Hz, or 5 Hz low-pass filter, and using P300 peak

amplitude or P300 mean amplitude of 100 ms interval. As a result, despite using low-pass filter or P300 mean amplitude of 100

ms interval, the extent of overestimation for the P300 amplitude of probe stimulus was greater at least about 1 (V than that of

irrelevant stimulus. For this reason the type 1 error rate of bootstrap method was higher than the significance level. However, the

type 1 error rate of permutation test was the same as the significance level. The power of permutation test was highest when 5

Hz low-pass filter and P300 means amplitude of 100 ms interval were used. The results of this study can be used in all cases

where the P300 amplitudes of two stimuli with different number of trials are compared.
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HAESHA "k @t 7HAl= AAdelAl ZRA7E e AFellA
P300 AZo] o A A7 wEo|tk(Johnson, 1993).
HeloA #az=e FHAA=ET o 77 Qe A=l
Aqh FARE A IAA] A= FHEAES FY
gt 7S ZHAA Edh oE 7 s o] ASE T
AAREZE B 22 2A=RFolA P00 FEo] o A F
Ast7] di#elth(Johnson, 1993). F1§t XA A oA 3
dAE FHAAES AR FEER] g U HEd
gb, QoA WA= FEHEAES Ar s H
F7F = RS HFo] AANIETE FHEE HEl

AAMEIERET o AA EchFarwell & Donchin, 1991).
P300 CITollA A= Fabz=9] g 1142 4

St olf7h o719 i
T2 P300 CITollM= F 7FA] sidsford AI7F Sl
g 7= AleT AR oE T A9 P300 &S H]
ot Wl et Aolm, ohE 7t 7Rx= #EA=9] P300
ZZo] FyAZ=9] P300 X FH dupt o 7ok AR
AAE Hloletal waet 4+ Qlertel #wRt Aojoh
bAoA SAE Hu= A= W Hukel A=t
Teo] gl WK, s T kol2)7t ezl Aol
of A=t W Huhs s uiEo Z5o] A7) w2
gk Hej /\]ﬁgc’ﬂ/ﬂ 7\]':'3’—} %L?i% HutE A5 Eelsh =
ReRsl FoA &lstt(Luck, 2014).

rok

L

Bt 712 %%‘6& Z ﬂ° ofg] Wl HhE AAG T 2=
AA e 71Ees o AF HuSGingle sweeps), =
7t =5 AN W] Huks Batsto] ERPE AFHEs)
+ ZAolth. w253t HE Huiel Aol
o] 0o]BR ofg] ¥ ZAT Hu5Z Hdold ERPo| X
SHe i ETe] R Attt o]RHor R /\]
G5 7AW ERPOIA iAW oS ¢HAs] AAL 4

o] T2 AlPL7t fetet A ERPol= 4 HH%‘HHJV} of

A7t a4 ERpl Z9E W3
Hjse) o of go] agcie elulolch
ERPo| el a4 wigknhs P300 L o

a7 wEd 28 194 2 % e el Pol, &g
P300 mho] mzute] wjANms} 27hElE p300e] Aol
g 27 249 ®ok ohjat 18 19] (WAY AP}

Ztow a9 19 (B)¢ o] Adart o & 7ol HIske
ast HigEERe] ol o @i, AxAo= p3009] A
o] o 2A =A4=cHLuck, 2014). P300 CITol|lA &A=
O] A7t RHRAZSO] AR} 40 o Zong
A=) ERPo| B B2 aFut wuirb 2ot whet

(A) Small number of trials (B) Large number of trials

—— Clean P300
—— Noisy P300

P300 peak amplitude = 12.17
P300 mean amplitude = 4.87

P300 peak amplitude = 10.83
P300 mean amplitude = 4.99

Figure 1. Examples of a clean P300 and noisy P300s

gozol Al P300 CITES AARH & #eAz=a}

=9 P300 e 4o, ¥A=2] P300 AH
o] RFHA=] P00 A¥HET ¢ A Uehd 7FsAo]
.5 FEY BYRE Hlem #ARE wdd 7ol

+ wAZE AR ko= o] FAIE AR Aol

QIgh 1w} wjyute] AR HE27|& it

Luck(2014)2 o] ZAof disto] T 742] sfassie At
Skeiet. ?F 7kAl= P300 B4 AR8Sk= Al P300o] L
ue 1] #ate AMgshe Zlolth &, P300 mhdolA 7t
& E2 A P& AR8She diddell P300e] WEhhE
7He] et AFHE ARGk Zolrh 18 19 (AL (B)ollA
2 4 gl A4 P00 FEo] Al AheHRE B
U AEe) W AES Adhe] mret A<l g
el dE @ b 49471 6 g 09 A9E
Qngh e 5 2709 AAGE Yo BElRE

lole}, et of WS WA B AR B U g
B2 $AA dF5ge] wordttLuck, 2014).

P300 CITol Tet HPATLoNE o] EAe} Padd T
4 e ARgSka gtk @ 7K 9Ee Luck(2014)9)
ARk o] P300°] WAL AMgotE dlel @ T
Byt NEZ ARgot= ZAolth(Lefebvre, Marchand, Smith,
& Connolly, 2009; Rosenfeld, Soskins, Bosh, & Ryan,
2004). I2u} o] WhH 1o £E Anpr Aofjof A9
ek 2AZF ok 79 Eg yF A AAstH Fut
vl ke vl Zoln] v @A AAsk P300°]
ofd “Ago]l Skl xebd ol AFAFolM= diFt
+ P300 B HF 100 ms 77+e] HHAAE A8t 9l
7] wf=oll(Lefebvre et al., 2009; Rosenfeld et al., 2004),
10 Hz Hr} Y2 a5ut vjAabs o ds] p300 21Zo]
Qe ud iAol Hob ik ThE @ A1) whe v
of A95EE(low-pass filter) & Z-gsto] 1Tt JES
A7 & ERPE 4AFEdle ZA o= (Farwell & Donchin,
1991; Rosenfeld, Shue, & Singer, 2007), Ba IZS AR
ot A 2d#o® FAG AolthLuck, 2014). =tk
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W2 Fo(0F 2~4 Hz) AE7H] AAE BE= %2 A9
SHHHE AMgSH Wb s FARgo] v
(Luck, 2014), o|Et} &2 ASHLEHE AMESHH 1Fat
ARl s AAEA = wAlde] Qi AdHo=w
P300 CITQ] MPATEol4 P00 Hot FEE AgotAL
HMAFHEHE ARSI AT, oHs] Ay Zpol= <l
gt 1gat WA E o] FA7F Holsls 7hsAdel =k
A=) P300 ZFo] FgiA=2o] p300 HEHT o
o] QA B EAE wisk=t o2 712 WSl AMESL
o] S IA Al 7HA] WFE otk A WA
TR FRHES 7P & #Esks P3009] S
gobA|, f72]9] 7|Eo® ARESte Zlo|th(Abootalebi,
Moradi, & Khalilzadeh, 2006; Arasteh, Moradi, &
Janghorbani, 2016; Mertens & Allen, 2008). 1=t} P300
g2 29 FRol wet g2kx 22 (Curmore, Djakovic,
Kebbell, & Shum, 2009) #A=o] E2kx|H F-7X 9] 7|&H
= gebo gtk BAIRE M gloh P300 CIToll At
BE= A5 A S AR et AL A FEE
=, P300 CITE AAIT muith g#ae § 71=ds A=
okt gek webd of wiel Ag4el BAVH B 4
otk & WA= TS ERP7F EEAE ] ERPOF 3t
HZ=0] ERP & o= 23 o fARIAE B7lste W0l
tHFarwell & Donchin, 1991; Wasserman & Bockenholt,
1989). o WS Wlel A PAxT BEAZY ERP
7} At APgsked, of 44el ol BAt B
4 SthRosenfeld, 2005). mHA2t Al WA= =9
P300 FZo] @] P3O0 HWEHL FAHOoR {9
SHA B E215 ®7tohe Wiolt o] W oo &
g =24 BAZE glem P300 CITOlA 7H gol At
537 Qth(Ambach, Bursch, Stark, & Vaitl, 2010;
Bowman, Filetti, Alsufyani, Janssen, & Su, 2014;
Ellwanger, Rosenfeld, Sweet, & Bhatt, 1996; Kubo &
Nittono, 2009; Lefebvre et al., 2009; Lukéacs et al.,
2016). A HHoz EyuxE t AF(independent
samples t test)?} FEAEF B (bootstrap method), <&
A% (permutation test)= AR & Stk dubA o= A 7t
2 sAA BRel 452 A HEA #rhGood, 2005:
Robinson, 1987). %7] P300 CIT doAxe =HEE
t AFo] AHEH7|E ol (Ellwanger et al., 1996;
Rosenfeld, Angell, Johnson, & Qian, 1991; Rosenfeld,
Reinhart, Bhatt, Ellwanger, Gora, Sekera, & Sweet, 1998;
Rosenfeld, Sweet, Chuang, Ellwanger, & Song, 1996), |
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W

oll= P300 CITOlA] thgH el <t 1
SAlH] I fr® &d ATol AHE Hol AT
(Bowman et al., 2014), FEAEZ HhHo o
o] ARgE| I Sltt.
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@), @ TEAF] i G A9 Husak FEz=
izt & Ad Hubss 25 Ale=th © A7 AA @
Al EutellA 30749] HutE FAEESESIY A9
Yotz 7HEshch Umz] 120709 Hubs fosEaae] Hut
2 7t @ AREFEE HnE olgste] A=
FHAZSS] P300 M2 Zpolghs Autgtt. ©® @~@e] 3}
4o 1,0008 §HEste] BHREEE ARSI © BRI
A A ZEO] p300 HE xpolgk 49 v Hoh g &
o] vl &S AARIHp = .055). @ o] Hlgo] AFA] A
GolfZ(a = 05HTE 2oy FEA=Ze] p30) HZEo] B
TAZ=9] P300 MEZHY FAHCR {o5tA o & AL
2 mdsis, 1"z ¢god p300 AE zo|r} BAHoR
frolshA] ek whoght,

A At it Zo] REAER HEF2 F
HEZA P300 %= Zpolgto] ‘0'HT} 22
Aol 7HdHSel g3ttt olnf 0'S 7]+2E of
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Sweeps Bootstrap Samples
Probe, N=30 D=10.3
P300 = 26.5 pVv

e

120

Irrelevant, N=120
P300 = 21.6 pV

Sampling distribution

Repeat 1000 times

Figure 2. The bootstrap method for the difference between probe and irrelevant P300 amplitudes

Sweeps

Total sweeps, N=150

-t Tl
Probe P300 = 26.5 pV
Irrelevant P300 = 21.6 uV

Permutation Samples

M
30 Raars: il
A 120

Sampling distribution

p=.055

Repeat 1000 times

Figure 3. The permutation test for the difference between probe and irrelevant P300 amplitudes
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oef BAMelx] TG S S W, 2F AFE
olefat Vol AUsH ek 29 AZOIAE ol
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AT 1. B A Eimje] RYct

A oA P300 CITE ARESH AAATLE S5t9 2|
IR Ao ARESE T A wfmte] TS A
o}, sty o] AT AN FEE o] T A HutE

271 o1F7] diZol ool A7 AIA 5—@5 =
Hopa] T AJRY MHuto] RS A5kl 2 ASHH
o] 1 F LRes FASH] Slote] TN &d A
Hupo] myts Adsialen, 4 AW dsEe F
got7] flsto] FEzAANA T AF Huke] Ry
ottt AgA+Eole 30 He A5 EE
AW(Kubo & Nittono, 2009), 10 Hz ]9 < FatHE
S AFgSEAY(Bergstrom, Anderson, Buda, Simons, &
Richardson—-Klavehn, 2013; Mertens & Allen, 2008), 5
Hz Welo] AHYSIHHE ARSIt Matsuda, Nittono,
& Ogawa, 2011; Rosenfeld, Hu, & Pederson, 2012;
Rosenfeld, Winograd, Labkovsky, &
Wiersema, 2009). mahA 2 AFoA X 30 Hze} 10 Hz,
5 Hz A9EHLHE AR Al 712 /9] #3279 B
Yt fHx10 Byds s FUHeR {5t
BT 3719t AA™¥ZEAE 2P ERP(FAIA = P300 &
ZA1ZH 9 AFATe] dFe nE 5 gloH=E,
B =719 P300 FAAZRY] o] dAdo] & mAidhy my
o =719k P300 FAAITEE] o] Aol 2 RyTe At
et A or AYARE olsto] A 24 2 aE(H
F, AT H95HEE 3 $7(30 Hz, 10 Hz, 5 Ho), 2
el 27 2 55 BF &5t & 1219 =g +
“dstsict.
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P300 CITolA THAZ 5749F FaAx= 2070, =54t
= SHE Alold FAoR s AAlstelem, Ad7EA
NA FFAFO] A= ‘o HEM@RA 9F HE)S 7}
¢ WA F21 i A5G BT FHEAS)l
AAEE ‘of Q" HEMRA QEXK HE)Z 7Hee W2
A 22t AA ST A2 AARTIAIRRE 1m Yol
9 3= AHFEH 2ZUE Tl Lsem Eolof AgxA o
22 AASHIT AFS 300 ms B¢ AASHE e, A=
7 AA HEL Bt 2,700 ms(BY 2,200 ~ 3,200 ms)¥
ot 3070¢] A= 93] §HE AAlste] F 2703 A= Al
Aloteleh. 2F=9] A|AeF §Hg-9] 7152 SuperLab 5.02 ©]

ot

Hop|E ¥ 24

Y]ub= Grass Model 12 Neurodata Acquisition System
(Grass Instruments, Quincy, MA, USA)& o]-85}o] =45}
et Ag/AgCl =& <A 10-20 A|Al| what F3, Fz, F4,
Cz, P3, Pz, B P4o] 75t HmbE 7|5stglon, F&
g ddd 7EHSE FA6lA, o] FAH=TE
Habobgleh. 9% =9 919t ool M=& Fabsto] Hdk
(electrooculogram: EOG)E SAst3et. Hut= 0.3 ~ 100
Hz digedaket & 20,0008 FEst.0m, ebdEE 5,000
v ZEsiolct. 5H HuE 250 Hz #HE= HAE ¥
2ot} HFE ol A sieich

P300 CITellAl= P300 o] 7H AA S 5= PzollA
At HoE =2 ARgStRR, 2 AFA T PzolA 4
bl BAo] ARESEITE WA AA] Hute] thohA]
EOGE ol-&sto] w2t eHtgsol oJet Huke] iy
2 A5 tH(Semlitsch, Anderer, Schuster, & Presslich,
1986). o2 A Hfuto] 30 Hz A S-s3=eet 10 Hz
s hE, 5 Hz AY9sHEHE 27 Agote] 15u}
dol AR t=2A metE Al 7H] FR9 HutgE 145k
oh mpARto g A HupE A= A4 A 100 msFE A=
AN F 1,400 ms7HA] & 1,500 ms 702 o], B

ol

Table 1. Error rates (%) and reaction times (ms)

A A7re 293 Faxde] dvie 282 A Al
Yol 50% oVl = AHAE HIAY FHA= dig
HEC] 50% wIRrolofAl ZANA Alelstalrt. FH|Z0
A FRAE RSl R AddTiAelA dEel
Sl ASClRR, PRiz= FHAd=s dete] st
p=e]

2 RESAC,

Z

[oZ

USRS USAIZH
AFA7IAREC] HARARR AAS F9E 71e=A Bt
St7] Qlste] & 13 o] ¥R FEW WHGARRE AFESH
Ak FHXAY {FH 2NN FRAFY] B TR
< 10% wtelglod, WaAz=y Fagda=of it %
HFeeReae 1% He2 S35 digh Hge Rt
Fdz=ol of
b g SRAIES SAHC R foo e AoRE UE
W, H2,28) = 22362, p < .001. Bonferroni WA AR
o ohEHln At F3A=of oigh et WESAIZE 794 ms7t
WA= FEAZS| gk YA 709 mset 723 ms
o8 FootA § L3t RN HZA;
=of et SRSAITE 804 msE FHEAR| gt FRGAIZE
722 msHth SAHOE fofsAl o e, ALl4) =
48.118, p < 001,

r
oL
T

Tl A Ejme| BYEH P4

o Hol ABWMSANAN 248 Hotg Fstol B
A ske] RATE TASAT. oln) §3 mwe] 2]
ot ARAIME 7F P00 HAARES olAHE BASH 9]
stel falzn P24 A2 ARA 1599 4

=mE BT 2R BHGCRAYE 271 157 270)3 P300 &

Target Probe Irrelevant
Guilty 9.9 (7.6) 0.4 (1.2) 1.0 (1.4)
Error rates
Innocent 83 (7.1 - 1.1 (LD
Guilty 794 (106) 709 (113) 723 (130)
Reaction times
Innocent 804 (95) - 722 (108)

Note. standard deviations are in parentheses.
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AAZrO] A2 et A7 1079 Amg Zeeh
A 37] 10 27 AT fH20A =
He 37 15 7o =3k 159 9] wa=e] gt P300
AAAZEe] BEAFE 84 ms@ow, TR gt
P300 FAAZE EEEAE 96 msQY W, A 97
10 2o =3te 1099 Aol gt x5

7k 57 mslom, FHAZSol thet
56 msytt. FF A mA
579 FA= Fz=o] of
F= 80 ms$E Hh, mAT 37
F7HAbel oigt P300 HAHAIZE &

rre e

P300 HAAIZE BEHAF
7] 15 2o =3tH
g P300 AR B
10 =49 xzeke 10
THA= 49 msh

BT 271 1591 Rz Me BdA=ol digt 67570
@57 x 1579 & AF Hutz fea=o] digh gd
AR Hute] BPTE FAdstdled, FEdEASe] diet
2,7007](18071 x 15%)9] @& AJFY iz FHE=o]
gt & AR Hupe] RThs st BT 27
15Q1 FRxZqA e BaA=T Fas=o] B Ay
7Rt Beo] gle ASolE wEAE FHEAES
Sto] 33757122571 X 15%8)9] @4 A3 Hupz it
T & WA FEEAE] ol AR Hutol
goz ARSI BT A7) 109 FH2ANM =

~
"3
Wi

ol F
1o

!
M o o oot

rd

2 TAT T AT PR 9 A9 Wit B
Aoz AHgshAr.

7}
Mol upe] s BT 7] 1591 2743 10
BAGS ZH7F whEo] B 722 dof ARgstsnh 19
4] Z+ mHehol| gk ERP7} AA|Ho] 9t} BE
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Figure 4, The ERPs for each condition
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Table 2. P300 amplitudes (V) for each conditions

P300 30 Hz LPF 10 Hz LPF 5 Hz LPF
PS Group
measure Probe  Irrelevant P-I Probe  Irrelevant P-1 Probe  Irrelevant P-I
Peak 10.24 7.66 2.58 8.24 6.39 1.85 8.32 7.14 1.18
Innocent
s Mean 7.09 5.76 1.33 6.84 5.59 1.25 7.65 6.64 1.00
- Peak 15.93 9.35 6.58 13.84 8.11 5.73 12.50 7.48 5.02
uilt
Y Mean 12.28 7.19 5.09 12.13 7.10 5.03 11.80 6.99 481
Peak 13.61 10.92 2.69 11.23 9.56 1.67 9.20 8.10 1.10
Innocent
0 Mean 9.21 8.04 1.17 9.07 7.99 1.07 8.45 7.51 0.94
Guil Peak 16.48 10.09 6.38 14.36 8.63 5.72 13.11 7.94 5.17
ullt
Y Mean 12.83 777 5.06 12.66 7.66 5.00 12.36 7.55 481

Note. PS = population size, LPF = low—pass filter, Peak = peak amplitude, Mean = mean amplitude, P-1 = probe P300 amplitude -

irrelevant P300 amplitude.

ZE zfo] gro] 2.58 (V¥ 2.69 V= 7HE Zlow, 5 Hz A
ASIPEEe P300 Bt AEs AHEshe 9ol P300 A%
ko] gkol 1.00 wet 0.94 W2 7P A9kt daHoR 5
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T Al Aol= Qlgh Mt ik ute] EA7E o418 &
Ashe Aoz vEH. fxzd9] 9ol P300 AF A
ojgte] Arts He ALlstale FAXAT Ao WSt
ArS. Holrt,

4591 5 2 ‘
a717F 159 of REAER] #3991 § /&L 30 He
AISHHEE AMSSI P300 AH AES AMgshe A%

Table 3. Type 1 error rates of bootstrap and permutation test
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SIEE, P300 XFo] 24 wel] TAl] §o

ST U RS HAT F NP5 A2 A nFn

ujAslre] BA} %

2 w7 gkt

=4 459 1 § eRede A8 4T

P300 30 Hz LPF 10 Hz LPF 5 Hz LPF
PS @ measure B P B P B P
Peak A4 .05 30 05 18 05

0 Mean 21 .05 19 05 16 05

b Peak 61 10 45 10 30 10
10 Mean 34 10 32 10 27 10

Peak 40 .05 25 05 17 05

0 Mean 18 .05 17 05 15 05

0 Peak 57 10 39 10 28 10
10 Mean 30 10 27 10 25 10

Note. PS = population size, LPF = low—pass filter, B = bootstrap test, P = permutation test, Peak = peak amplitude, Mean = mean

amplitude.
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Table 4. Statistical powers of bootstrap and permutation test
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TF(Mertens & Allen, 2008, Rosenfeld et al., 2004)o] A%
10% WA, Zaap=ol et
2 & A79 At Hstyl.
P300 CIT7F AdsHA 433+
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11 O %._"f)’]'ﬂ] %—@5—4010}:
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L BIEA T
A BE 10%
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Azud o 24 dehgd B
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Ty WSRO Aggrt SR ATt
ool #ez=9] P300 mage] 1Fuk Lo|=7t o

pS N P300 30 Hz LPF
measure B P B P B P
Peak 92 38 85 43 T4 44
0 Mean 76 46 75 46 70 A7
P Peak 97 53 92 57 84 59
10 Mean 86 61 85 61 81 61
Peak 90 34 84 40 72 44
. Mean 75 43 74 43 68 44
0 Peak 96 48 92 55 84 58
10 Mean 85 58 85 58 80 58

Note. PS = population size, LPF = low—pass filter, B = bootstrap test, P = permutation test, Peak = peak amplitude, Mean = mean

amplitude.
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