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Hij 288 E B e A FE — (B 275 (irfgE ) (uniformly powerful) HY4ET
B WL ESEERE JORE I AL A EHFIAR - A HIEZAEWE—{E ? Tenreiro
(2011) fR#% Fromont and Laurent (2006) ArfgHt EFLHY Bonferroni RE1EEA » E17—
EREZEEFRBNLERER - ZREFPEE T WUETE S A FR A T EERE -
HHEERENNSETR - slERERHE & - BEE - (EZBEHRITURET] - M
St -REEE Bt s TS (AL o ASCGHEHE(E % B LI AR, - WFRHE Bonferroni
RIEERFEE > R RE VB ENME G EZER R ERE S - R T
Bt B EHH RIS AIARE T o A SIIEE G 12— B 5 DAV 4Rst
= Wininm(5) (Wang and Hwang, 2011) » 58 &1 LEL Tenreiro (2011) BYVU{EAH &
BB Z WEECE 2 = (E - R 2 ERRERAH G o B EL Tenreiro (2011) [EEEHY
HESW9E - SEUMNEEG T - LR EH NS ERE KRR - NMEBEERBER
Tenreiro (2011) HYVU{E&EETEAVIAE » R 2T AAVRE T -

RRsiEEE © ZEMEREST ~ Bonferroni KEIEVE ~ ZEEHEREIEC - SEH-REEMEEE -
JEL classification: C15, C63, C65.
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THE EMPIRICAL STUDY OF MULTIPLE TEST PROCEDURES FOR ASSESSING
MULTIVARIATE NORMALITY o1

1. &

S B RGEEE EEAYER TE - S8 S5 )T AT R SR ER
WL EERRTCAERL B4 - LB EEEE T (MANOVA) ~ 80 - H
A5 (discriminant analysis ) 55 o 2% &5 REAY IR & R RERG ISy -

£ x1,Xg, -, XN [UF— p $EEE X WBEREAR - £k X RIE—RSE
HI| 228 8 5 el E VR M EER S B

%lg

Z

H(]:fGNp

It

H IR ZE BRI 2 — 2y 4ham - BIMER Bie e DHRE J57% - # S R e Al
RHVHIL R E RIS iRE ) - R EERP R F A BEigiE ST ( Tenreiro,
2011; Wang, 2015 ) - 2241 > 52055 > 5540 Henze and Zirkler (1990); Horswell and
Looney (1992); Mecklin and Mundfrom (2005); Wang and Hwang (2011) > &= & #
# Mardia (1970) 1Y% 21§ E 45T & (multivariate kurtosis) » & HHE B & =
i FEE R [E)7A 26 88 2 BBV S ARG AT LS (B30 Pearson FIEZ51) » sEEHRE S
iR ET] s 2 B B % 8 8 5 BRI S BT AT 73 ol » 140 Khintchine (GEP
marginals) 81 Burr-Pareto-Logistic (normal marginal) » #E JJRIFEF] 0.1 DUF » It
Ah > 41 Henze and Zirkler (1990) 21— £ 5 EARE—F % (invariant consistent ) [y
&istE BHEP tGFIEIZHYE imEl S R RFLD - EE A A R RIRR A ¥ L BEi Fr R B Y
e Vg 2% (8) HYEEEMRE - PRIEFIAIE S ILBERAY S CARR - S RIEGE
BEE B o [FIBEH > Wang and Hwang (2011) s{E{E 2 E B HEAILEGRTET ¢ AIFR
TREBEEEEVNAREERSN - FTABEEENERAEG VAR ER | HEEER
HIgtHAy e BAgeat & (functional statistic) SEZARIRIRAF > AlthA B2 5L HRRE
77 e

PRIILE & TSR N BLRRAY S T BGR - ZB B R E VS RIS A5 - A
WL - S5 ] DURF &M 13 I LB R RIS T B R SR - SHEERI IR -
B —(E R i ig e DFREAIRE J774 ?

Fromont and Laurent (2006) f:Hi—(H% B a5 - SRR R
FE B G TSR E - % % EE /AN B H Bonferroni fLI1EZ% @ S (H4RET & ILEIA
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R HSRIFEANER LR BUE S 04T 8 - IR E0E - DR EERRE S - i
G 2 Bt A HEREENNESERI (goodness-of-fit ) - Tenreiro (2011)
RHE(E RV ERRE T % - FZRRE L B8 ERE - PRI FR a7
ST HREmE IS EeEEnetiste  LEsER i ABS HEaah—He
JifikasE SN E Ik o B R A E M (affine invariance) HYfRE st E
FERTL Mardia (1970) Y258 ST B S 8 RAEGE - 2 HIfEE MK (multivariate
kurtosis) Bl MS (multivariate skewness) > K Henze and Zirkler (1990) $&HHY— £
FEAE—ZM: (invariant consistent ) AY4ETE BHEP §11Y B(hg) 82 B(hy) - 20U
Efg ESaT B BIHIENE ~ (REE - JHRE (light tail) K/FE (heavy tail) HYERIEEL
SIS - RS E R AV LG -

Tenreiro (2011) A& VU{E & B EAI4ET & MK, MS, B(hs) 81 B(hy) 1T —
ZEBERR  (EE-REFENER T - mHEZAVE IR - B2 AT
T WU EYE RV B - BEREE A > AR RS R HREE 4 -
I - EEERRIAGN = 4 BRI » B e REEER S ARl -

ARIARE Tenreiro (2011) HYZ ERENIER @ T RIS ERENHSE » 758
SRS = ESETE - FRIEEE

1. %1/ Bonferroni f{IE¥ FWER (familtwise error rate) SB8%I—28 o (94ER » ¥
& E VR —3RE % & o/m (m Byt R ) » HAwE Nk E 7 AHVEE m
PEDOMREAR o R » fikEE Tenreiro (2011) By EiREREFT » B IRE ST - 7
DEAE i E st 2B EE T -

2. [t EBE AR S 2 ERERRE S - B AHEZ T IRESA e
Wk E ST © ASCIRIE Wang (2015) OB E BUIRERYE G E T8 #EE > 155 WK
g1 Wang and Hwang (2011) $2tHY Weinm(5) 26 Filmih 0G5 (B EER -
BEAR - ) WEL ° NILHE Wainm(5) Fiat ZMAME > LIAUT Tenreiro
(2011) 4H&HHY MS ~ B(hg) B2 B(hy) ©

DL _EAECE 5 i SE R B A5 T » LRER Tenreiro (2011) AY4H & B AR SCHE H HY W (BT 4H
& AEEHEZATH I RIS E JIRIR - 5B 2 §idusré8iE = (E4H S ATER AT 5 (E
LB ESETE N > 55 3 BRUL Tenreiro (2011) fRHHYZ E B H RN L Hig
FEREFT 5 4 EifIUASGR AV S R B Y B 5 BRI S -R A LhEL
=TS EHIRRE IR > RIRSE 6 NS ©
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2. RRANS BEEERESETE
2.1 MS B MK #3H&

Mardia (1970) f2tf MS B MK &t o s#dn | -

o MS &ist&E -

1 n

ij=1
H gy = (x; —x)/S7Hx; — %) S BAEALSREMEH x, (RFE i HEEALA
1<i<n- BRERKEZLEEHEESA - A bi,/6 BER v O BHER
p(p+1)(p+2)/6-

o MK &t -

1 n
N )
=1
B by — p(p+2)(n — 1)/(n+ 1)/ v/Splp T 2) WUTHERERAS -

W1 MS Bl MK QR %8 SRR GEELETT - & ¥ EERAY (R AR Bl REE T
RENY > GEBESEHIRIE )T K2 0 BEIR RIS BT fR *ﬁﬁ%ﬁ?ﬁﬁ%% °
41 > MS ﬁ%ﬁ%ﬁ%ﬁ%ﬁ@ﬂﬂ@éﬂﬁq S EESRE I E I MK BERER
ECHTER - BB ERAER - e %R 0.1 DUT ( Wang, 2015 ) < BIf#
Wikt - MK UﬁanfF%E@ﬁﬁ%%&%@ﬁé\ﬁfm@ﬁ;& o WIEEFEZK - {PISF MS B MK /L)
ESR— A% B U E 2 0 B2 Mardia and Foster (1983) st 454 MS Bl MK
EE: > f2H Sh #istE > MERFIEQTERNN AW E 2 M > NERE - Edes
HHF -

2.2 B(hg) ¥ B(h;) &it&E

Henze and Zirkler (1990) gt E4RisT= BHEP :

T p(X1,X2, -+ ,Xn) = n(4I{S, is singular} + D,, gI{S, is nonsingular}) (3)

)
H

Dus= [ 1P()=Q)Pes(t)i ()
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I{-} RFH5TEL (indicator function) » P(t) B Q(t) 47 HiiE 28 & % AE Y A HH
BRI L B B R Ak B (empirical characteristic function) » & ¢p(t) (A3 &
Np(0, B°L,) MR FES 8 T8 A /B 28 (smoothing parameter ) - S REHE > 2
(4) & PHERE > FTRL

1 O 2
Dup = 3 3 con (=W - VilP) )

Gk=1

2
21+ ) zzexp< s IGIP) + 0+ 2 (o)

EHEIY (Y - Yall? = (x5 —x)'S™ 1 (x; —xp) > [V * = (x5 — %)'S ™ (x; — %) » (ks
FEIE S = 0L (xy — %) () — %)’ -

BHEP 4zt EHIfeE IR EIE G2 8 AVEEEEAERE - Henze and Zirkler (1990)
TESEHREEAVEREE S P8 UG B 1 > B4 > 6= 0.5 HERAHII A
EERE S o Tenreiro (2009) & RFEAVEEENTTT T - ERRIAH 8 H > 7 RIFHEREE
(short tailed) B2 (long tailed) VB EER AR ESNEES] » 5ok

| 1
7S = s ~ V(0448 1 0.026p)

1 1
L= Tong = V2(0.928 + 0.049p)

Tenreiro (2011) fE#R A Bs Bl 5r 1Y BHEP 45t & (3) £ B(hg) i B(hr) © 48
4% Tenreiro (2011) ¢HEHIVU{ELEETE MS ~ MK ~ B(hg) 81 B(hy) 3 RI¥ %S & REE
IEfE - SHRE (R BER (ER) WRMEERES -

2.3 Wyinm(5) SatE
SR mem<5> F I Roy (1953) 9k & A 7 # (UIP, union intersection
principle ) 58755 % & BB T 7T DIFRE 1y 2 (8 BB B W RE R E YA - TRENE TS
S T ?”%4 ERE 0 EPTE BB BT NN 0 TRERIER Ho - RESEE
HREME SRS E S B A MRE - Wang and Hwang (2011) L UIP k2% 8% B # A6
ERIER] > A% Royston (1992) #E{#H Shapiro-Wilk iy W &iztE Mk (E R HEE

lm

I>

'TERARR ) B CHREER, CRERE - NS MEBHEN—E - i RERENE
R - SR RIERRENAE  2KH Tenreiro (2011) apfay4tat & B(hs) 2 B(hr) FHY S(hort) 5
L(ong) -
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oy

FEReE - AR W RESET BV - RERARERR  NEZEEFERRE
St BNt ESN S BB R MERE - BIgEtBERR

Wnin = min W(c), (7

~—

Hip ¢ RFZBELDRNVAGHRE > 11 W(e) ALEZMAET W MEMETE - 7828
BHEERS SRS EERNEN R/ MEREFIFE BT - Fang and Wang (1994) $2
T HEL ) (projection pursuit (PP) approach ) AR&E H17E (& 1F 2 4k [ 22 AT i
[RE{E T » FOREEMIVRIE - AR BB FEIVAIR B9 5 75 firy
HRIEFEEGE o BEEERETREAREEE/IMERTT] » FYE= (7) &k

Winin,m = miP W{(c;), (8)

1=1,2,---,;m

I

c; Tl R (B > HUE p SEEERBERIE A HY m (%S - 55EE

lim Wmin,m = VWmin
m—o00o

JRBIE m BT HEES AT > Wininm REEHTR (7) HIME -

i Wang and Hwang (2011) Al LI (7) BV IMEM Fsta e s T B HIRE
AOFHE - RIS -REEE D S - DUk MERENE ¢ HE AR RES
atE > FIREL - ERE B ERETE Wiin(g) > EER

P(W(c) <= Whin(q)|c € R?,c'c = 1) = ¢%. (9)

FEE 5 L > Wang and Hwang (2011) $RFHIZ0 (8) HURE L - MEH FIZHIH
VRS ERE T > R ¢ = 5 RyiEAVEREIL AR Wininm (5) » ARG WH 47

S -

3. ZBEFETRENSEREEF

LA Bonferroni B IE ARSI % E g E » TR — (&8 LI € 1Y 8] — R E (R 5]
a/m - (B2 E L ERENR A ZEIEE 28I - FESERN 3R o T {#5H]
R—3R of/m (BIRAK T o R > BRI of/m > FTEAERA (&) A —ZR1E e
2k ? Fromont and Laurent (2006) 2t PAEEEHETE TR » 1581 o/m SEHYI—

2I/Vmin ﬁﬁﬁjgﬁxﬁ'@ °
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2% o Tenreiro (2011) fR#5 Fromont and Laurent (2006) f2HMV 2% Eig ENIFET » 0 E
ML B EER » EERFRIAE
SlREgET R

Tn(u) = %leaé((Tn,h — cn,p(u)) (10)

Het Ty, h € H ARARGETEEGHIERIGETE - 1M con(u) FR T, p EEERER

%EE/\]{I/‘%{q:_F B (1 — U) x 100% (E L) H’JEUD??‘{E =1 T, (Un,a) > 0 B> TE\ZEE
R - PH

Un,a = Sup]n,a: In,a = {u € (07 1) : P¢<Tn(u) > 0) < a} (11)

H o AFRIEESEEFRRAVEERE > 1 Pe() REBRMNERE > Lo EFTEW
& Py(Tn(u) >0) <o iy uVES  FEKEZEERRE (EREE) IR
T EEAN v FEEERE ST EART 0 AV R —Z2 DT © M uno &8
BTN T FTAEE une /Y w HEHE Py(Th(uw) > 0) < a o Tenreiro (2011)
it of |H| < una 4913”“*51‘%@%”—:&1% o B B wn o BUREAIRENI—3R - 2
DRIRNER: Bonferroni fLIERY o/ [H| - FOESES T EAIRRE T > EATIETT T detn
EJ] (ZDERBRA of |H| Z%fﬁ?ﬂﬁ”—éblﬂ’\]’fiﬂ) °

ASCEEF] Fromont and Laurent (2006) #EZRAVSEH REEE TR MET uno - FEEF
KE Ho» HEFGAI—3R5% 5 o un o BIEETERE—BRREAY 70 85/ MY v = 0.0001
FRIGTE LETEREIA —5R - & T HERAN o H > K30 v 3R EIRETE
0.3 » [EFEFs 0.0001 - ¥R EIAIEEARE n BLEE LT p o 73 HILASEH-R 2R B AR
N = 50000 KAAfEET » PRERFPAT ¢

1. 2wy = 0.00014,i = 1,2,--- ,3000 » SHETRLEEAI 58 o, — [T, (us) > O/N + i

Ty (ui) > O] FRFRLL w; FolESUEG > R4 R Ry -

2. HEiE Un,o = ma‘XUi(aui <a)e

fR¥E BHiR2Re » 3% 1 23 Tenreiro (2011) BYZ EiREHEIEA FBEAE n BT p
THY Un,o © RANEIRAY up,o EHIEATERARY AR Bonferroni FIEE /4 » HEL Tenreiro

SILRE - BHERIE TR B A EME (upper tailed test) » FILE Tn(un,a) > 0 B » FREDH—
B4R B HEETUE cn,n(un,a) > MHERRE SRS - AR5 - KA —E8ETEERR R - S0
2REERCE -

Y H| FRyRH A PR E (-
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R 1 uno MUHET © $H8f Tenreiro (2011) IV EfgEdl & -

2 3 4 5 7 10
n a=0.01
20 0.0038 0.0036 0.0033 0.0032 0.0032 0.0031
60 0.0030 0.0031 0.0032 0.0031 0.0028 0.0032
100 0.0034 0.0030 0.0028 0.0029 0.0028 0.0027
200 0.0034 0.0027 0.0030 0.0027 0.0030 0.0028
400 0.0028 0.0028 0.0025 0.0028 0.0027 0.0025
a=0.05
20 0.0194 0.0184 0.0181 0.0180 0.0175 0.0168
60 0.0177 0.0170 0.0165 0.0164 0.0159 0.0160
100 0.0174 0.0166 0.0162 0.0164 0.0152 0.0158
200 0.0175 0.0158 0.0163 0.0152 0.0160 0.0152
400 0.0165 0.0158 0.0152 0.0150 0.0148 0.0144

(2011) HUEETREWIG > TAE P S A BB A GRIE T > wn o 4T Bonferroni %
1F{E : 0.01/4 = 0.0025 % 0.05/4 = 0.0125 -

KXAEHELT uno fliatHF - STEH GG (B RE ST 2 SR (E
(critical value) ¢, 5 (u) BYELE » DIMESRARET B2 EVEEFEARIK o FRIFREE con(u) 33
RFERE 30 ERAVSEH R EBATSA I - "I BV ERR IO A -
EEHAVEEE - @RZENGET 2 ESITNFE S - R AR
SRV RR S (E A a0 - S (EIRE] TR ERYEE I EE - 55— J7H - $RA 30 EXRHVEHH
KBTI - R TR ES VSR - BT EEE -

4. FZEREREEER

Tenreiro (2011) f2thHIZ EigERFFT > 4G MK, MS, B(hs) 8 B(hy) PUfER
ELETE (LUTPAUE & MMBB fiif§.2 ) - WA B P~ FRVEILEER - Hig
EN TR - MEZERERRER IR > AT HARE TIFEREAEES -
HIEE BRHAMA & - SRRV EEE - B 2B E S Bl e st

=,

g °

°1£ Tenreiro (2011) {8 > & {EiREHIBHSE G RE 2 HREH - REER
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4.1 MfEREE SRR

ASTHIRF SRR LA DI B E ST R R S5 R IS B Tenreiro (2011)
VOB R S R HEAEENRESN - LT RIHWERAE - 27
0 EEE = (EE R -

L. MK + WH  ( DARE 5 MW f5fE 2 )
2. MK + B(hg) + WH (BL=1{HFRE MBW ffE > )

2R MW AVELERZKE Wang (2015) HYEREWIE > stHE S A0 Ia € ERT(E
FYRFEL » 37 MK 81 WH B S P RV I B &SRR E T A E - &Y
TP M2 E - HEFEEER MBS - RILL MK 8 WH RyifEdH e
FeAh - 4£ MK B2 WH W& FrERVERIZREZ ST > BHEP 25100 B(hs) &atE A2
A CHEREC) - WItINA MW BY8E - R =(Egat 2 arIE -
fis MBW - %% 2 8152 3 23 MW 81 MBW & P ERIFET EAVR 5% una (R
(11)) > NHEHEEE D » uno EHENE 1 2E MMBB HEH] uyo > HEERS
—L& o g ENER IR ESET EBHVI —3R uno T BEAEREIRERET] - B
HREGRE R > DUEE MW B MBW 2GR 2T AR - £ 28 MMBB #
HFRREST -

4.2 REETK A EERFEERRE JTRIEI20 oA

MR 1 £ 3 FrfhstayfnIil— - R ER AR T - BE=[MFE
fRE S HIBE /KR MBEMERAERER o B - & 4 2 6 4L 50000 ISR EEH
BEAT (L ET AR /KAE > AIDUR ) = F RV RE ERAAE R E ARG — 3% o = 0.01 B2
a=0.05-

FEREE BT aH & IR E ST B RE MR BIE KRR - BRI S via e Joak (s
BREEONELHINEFEHENRE T > FRFEEE e 112 H N S RE TR
BREIE o {EOUEEE T VRS I B BC - o R 23R - fmft ~ (SR - Sk -
FEHEREAVRIE - [B 1 DU A T AG B 81 % = S B RS 2R ROV - 18 2 Al
=GR ENTLESETE - FERSVUREA FR AV BRI B e e TR -
*® 7R T AR -

GraR T WERIGET EAE A FR GV R ARIE > (& B(he) IR AERRE
Jeryihflr - HFRIHEL WH B - 55— )78 > MS HEM ¥ Burr-Pareto-Logistic
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R 2 upo HIMEET © B MW BYZ EREHE -

n a=0.01
20 0.0056 0.0058 0.0054 0.0055 0.0057 0.0057
60 0.0057 0.0058 0.0056 0.0058 0.0056 0.0058
100 0.0060 0.0056 0.0057 0.0059 0.0058 0.0058
200 0.0058 0.0050 0.0058 0.0052 0.0057 0.0058
400 0.0054 0.0054 0.0055 0.0052 0.0054 0.0050

a=0.05
20 0.0290 0.0296 0.0290 0.0296 0.0300 0.0288
60 0.0289 0.0286 0.0289 0.0284 0.0290 0.0294
100 0.0292 0.0279 0.0294 0.0288 0.0284 0.0292
200 0.0294 0.0272 0.0296 0.0268 0.0288 0.0285
400 0.0272 0.0273 0.0283 0.0270 0.0276 0.0268

R 3t uno HIMEST © 1 MBW Y EfREHE

n a=0.01
20 0.0042 0.0042 0.0036 0.0038 0.0037 0.0038
60 0.0039 0.0038 0.0038 0.0038 0.0036 0.0039
100 0.0040 0.0037 0.0034 0.0036 0.0037 0.0038
200 0.0042 0.0034 0.0038 0.0036 0.0040 0.0036
400 0.0036 0.0036 0.0034 0.0035 0.0034 0.0031

a = 0.05
20 0.0216 0.0204 0.0198 0.0204 0.0202 0.0193
60 0.0211 0.0201 0.0197 0.0189 0.0192 0.0194
100 0.0210 0.0198 0.0196 0.0196 0.0188 0.0193
200 0.0210 0.0190 0.0202 0.0186 0.0198 0.0190
400 0.0202 0.0194 0.0184 0.0184 0.0185 0.0183
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® 4 ZEREHS MW HBEKAEMSST -

n a=0.01

20 0.0089 0.0102 0.0096 0.0092 0.0101 0.0104
60 0.0092 0.0097 0.0098 0.0109 0.0094 0.0102
100 0.0102 0.0098 0.0095 0.0109 0.0104 0.0100
200 0.0103 0.0096 0.0110 0.0101 0.0099 0.0103
400 0.0100 0.0099 0.0099 0.0085 0.0098 0.0097

a=0.05

20 0.0491 0.0497 0.0507 0.0506 0.0498 0.0486
60 0.0510 0.0507 0.0505 0.0474 0.0499 0.0473
100 0.0535 0.0494 0.0514 0.0503 0.0489 0.0510
200 0.0523 0.0492 0.0527 0.0478 0.0517 0.0509
400 0.0486 0.0512 0.0528 0.0504 0.0505 0.0484

% 5 SEBELS MBW ABEEAEEE) -

n a=0.01

20 0.0101 0.0109 0.0094 0.0094 0.0092 0.0100
60 0.0094 0.0094 0.0100 0.0105 0.0087 0.0100
100 0.0098 0.0094 0.0096 0.0101 0.0100 0.0098
200 0.0111 0.0092 0.0102 0.0105 0.0109 0.0096
400 0.0096 0.0100 0.0092 0.0095 0.0098 0.0095

a=0.05

20 0.0496 0.0486 0.0509 0.0503 0.0516 0.0492
60 0.0508 0.0508 0.0501 0.0463 0.0494 0.0477
100 0.0536 0.0502 0.0503 0.0496 0.0474 0.0499
200 0.0509 0.0484 0.0521 0.0481 0.0526 0.0503
400 0.0492 0.0514 0.0493 0.0494 0.0495 0.0489
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% 6: HERELS MMBB (I K (st -

n a=0.01
20 0.0102 0.0096 0.0094 0.0099 0.0087 0.0096
60 0.0087 0.0098 0.0104 0.0104 0.0083 0.0101
100 0.0101 0.0095 0.0091 0.0102 0.0093 0.0092
200 0.0106 0.0094 0.0096 0.0101 0.0101 0.0098
400 0.0088 0.0093 0.0088 0.0095 0.0099 0.0102

a=0.05
20 0.0491 0.0486 0.0512 0.0495 0.0507 0.0489
60 0.0499 0.0494 0.0487 0.0479 0.0484 0.0481
100 0.0523 0.0506 0.0495 0.0500 0.0475 0.0502
200 0.0505 0.0483 0.0518 0.0484 0.0510 0.0512
400 0.0485 0.0500 0.0500 0.0502 0.0509 0.0489

(a) Pearson Type II (m=0.5) (b) Khintchine (GEP marginals)

(c¢) Burr-Pareto-Logistic (d) %5

REREHE FRE

Gl

L: VU EER sy BCHY LRSS S & B SR AR IR A -
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(a) Pearson Type II (m=0.5)

n =60
1
e MK
o9F e MS
B(Hy)
0.8 - =<t - BH)
07 O wH
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] S
2
gos A
Eoa g 4
5 . g
03 s
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0.1 =3
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(¢) Burr-Pareto-Logistic

& 2:

empirical power

(b) Khintchine (GEP marginals)

R ]
0.9 o ,:5- ==-4
P
03 MK
—————— MS
0.2 By
0.1 - =<+ - BH)
- - wH
0 . . . 1 ,
2 3 4 5 7 10
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The Empirical Study of Multiple Test Procedures for
Assessing Multivariate Normality

Chun-Chao Wang'

Department of Statistics, National Taipei University

ABSTRACT

This paper proposes two multiple test procedures for assessing multivariate nor-
mality, and compares the test power with the one proposed by the original author
Tenreiro (2011) by means of Monte Carlo simulation. The idea of using a multiple
test procedure comes from the fact that there is no uniformly powerful statistic, so
when various testing methods make different decisions, which one to believe? Tenreiro
(2011) established a multiple test procedure based on the modified Bonferroni correc-
tion method proposed by Fromont and Laurent (2006). The procedure contains four
statistics each showing high power in facing alternative distributions of various shapes.
And its Monte Carlo experiment also verified that this procedure showed overall good
performance. Using this concept of multiple tests, and based on the principle of the
Bonferroni correction method, this paper argues that a smaller number of multiple tests
should provide higher test power, as long as the statistics that make up the group also
have test power against a wide range of alternative hypotheses. Since the author of
this paper have proposed a highly competitive statistic Wiin.m(5) (Wang and Hwang,
2011) that can replace two or even three of the four combinatorial members of Ten-
reiro (2011), two new combinations of the multiple test procedure are then checked.
Through the same empirical research as Tenreiro (2011), it is found that among the
new combinations, the multiple test procedure with three statistics outperforms the

combination of the four statistics of Tenreiro (2011).

Key words and phrases: multiple test procedure, Bonferroni correction, multivariate

normality, Monte Carlo simulation.
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