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A Test for Multivariate Normality Focused on Elliptical Symmetry
Using Mahalanobis Distances
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Abstract

A chi-squared test of multivariate normality is suggested which is mainly focused on
detecting deviations from elliptical symmetry. This test uses Mahalanobis distances of
observations to have some power for deviations from multivariate normality. We derive the
limiting distribution of the test statistic by a conditional limit theorem. A simulation study
is conducted to study the accuracy of the limiting distribution in finite samples. Finally, we
compare the power of our method with those of other popular tests of multivariate
normality under two non-normal distributions.
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Mardia(1970), Ozturk, Romeu(1992), Baringhaus, Henze(1988) ol A|A|E AALEo] 43 A5&
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o] AFoA Atatnal ahe AL, 7|Eo] AAH oz ¢ P AP FAER A
ALEEAS W 53 78, EF Hl%ﬁ‘*é i pzo 24 F AAHelth TAALE o]
AFolA AAGte AR thiF AFACAN #3HE eldd A Aelliptical symmetry)oll =3
S T3 ZAAAY olg-g Awsley] 98 stdteteuls AE o &3k FhelAlF AAoln
FAAA Hxe opdFE xR HE3l Fxiscaled residuals)t PhEElH]2 7 2](Mahalanobis
distances) S AAetE, HEd}t AAE 7|22 74 AHEW(quadran) 2 W FI wpEEbed] 2 724
FZg 7122 FlolAF 2 (quantile)E Yw FHeel)E TAHA ASEFE ALY F oldEF
o} vjwshs FlolAlF AAE FHdks Aoloh
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1 1 =

S=H(Y-D(r-T) /et FE o, AEd WAhe
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e I
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olgA At
olgA HEgtE AAE 7T o AEHE FF R=RE 9 /A7 AHEE F U o
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5 7 Yol kg Asted AFH 2
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g Aot 7|4
= E[ZII(ZE Ali)]r b,‘z E[Z%I(ZE Ali)] _po, C;= E[ZIZ2I(ZE Ali)]

BA Z=(z, ... z)"E BE7F N(0,D FEWFeIY A,=GNS,EA G 3 S;= 74
2) AR 2.1 FAH Ut
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5% % ek
A 1. Y, Y,,.... Y, BTl golil A <(nonsingular) TEAIFH! IE 7= BEF A
TEE N(p,2)olrMe) GEREed, p—ood W 5ol Ay
n VAU, — npye) — Nx(0, ¥)
o714

U= p,I— pt ec'— AA'— BB'/2— CC*
ZA AB 2 CE @ AIH o p=1/K=1/(gc), g=2"°th

% Huffer, Park(2002)¢] Lemma 3.1] &8 #A =S WE [y (Z,...,2Z,)< BETA Hancillary
statistic)o] ™ Wl g=(y, 3) S} 8]EEE 7 Zcomplete and sufficient statistic)?] (Y, S) % =
ol Ak (¥ A AN E HHFxo] HAwst A5 ALT W R(S)E TFée Wil
vjokaix|ut A T3} ZPi}SL] Bye 59 6—} ] wj¥oll Gram-Schmidt %<& AH-&ste 2oz 7HA s}
o Z9gch) mebd ZE goll dis)
Lo (ULZy, ... 2,0 =L (UL2y,....2,))
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7t ARgeh 718 g,=(0,DE TAE Folw, v §4L2 Y=0,5=1 o] #=HY
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Park(1995)¢] %73 Z3ko] 2(conditional limit theorem)S A-83}7] flaiAE %o A9 =AU
YV=0,S=1% AF%% S % (canonical sufficient statistic) > 2 YEPE Fa7v} ik wepr 19
o] p-H8 y=(y, ..oyl A3l s(M=(y,d», (et AR 97|

A=A, .y AFez F4HE WEH /)=y 0¥ E HE TE F 4
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ZAE 3 s(9)in= (0, €. 0pppp2)7F Pk WA 2] A&

£ go(Un( Y1, V)l Z\s(y,-)/n=(O,,,e,,,O,,(,,_l)/z))
7b B} thiEd AFE o) ME Park(1995)¢] Corollary 19] Z71 S wh&EstE AL 44 By
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2 wEde 48 44 ¢ 4 Aok gy
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vl=g1§a?/1>o, vz=pg§b?/(2po), v3=g§c?/po

2ZA a;,b; B o, Q)M AYHY om g=2%0]t},
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o muoly W AR Sl AFEI} 19 JlolAF FEWgeltt. 2dd Dt Dyt
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3 7ltigto]l A8 AAFe oA Agel APSE F2 AMolth o] APSE Awnd F
FRET} o}F BL BARIAE 4L T & Utk AAe] YT /UEGL 12 AFAE el
S AslsY FRLEY Al 5B AL & F Ack

thgog o] Ao A¢tk3lt slolAF AAI Mardia(1979), Ozturk, Romeu(1992), Baringhzus,
Henze(1988)9] #AHE vluwsts 2oddg Adsch Axg vepd o A4S fs) lolAlx
AAL X%, Mardia® 5 H= AAL 27 Skew9} Kurt, Ozturk, Romeu (1992), Baringhaus,
Henze(1988)210 A48-& 747} OR3} BHE YElU7|& gl

A A nEE BEE Ogy 2 dEURSE /M1 Al

Ay, )= % {1+ cos[2(8—27)]}exp(—7*/2) (3.2)

AN r3 0E (3,3)9 FHE P WASH Awolth of FEYRFSY AEEE F 7
of WH S Y N0, Do 43 ABmomens7A WSE B AR XPS AT
W oc—58 AS37 1000 W) WERAHS HFS 9 B A A4 AL RokD Ao <

£ 1>o|t)

<¥ 1> o 7pA e A AR 32 EE g AAEY

n=100 n=200
a 01 05 1 01 05 1
x? 420 671 788 .870 948 91
Skew 009 048 095 014 055 113
Kurt 004 017 051 005 025 072
OR 028 110 180 046 109 191
BH 029 112 176 048 163 285

Fol| A 7P°lXﬂ—S~ AA4L gdd A4S AL lew yuA] o 71X 44 F OR¥ BH

i) 2
k>
o
o
0_.\..

A1, Y2, ¥3, ¥4 = 71; exp(— 72/2)I(y1y;9334 (* — m)<0) (3.3)

DM = ptolml = FTI1/2) 0% A7 4 AN £XS FRGolth o R
N0, DS HEUERFS 7 ARl WS Vo J|EOR Aol MBS F @ B

B 5 AES 9E Bxolth X'E ANET W c=28 AET 1000 Wel BRALE

=
uf ol 7k A AHHE Q%F Zlo] <& 2>0lH
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<¥ 2> gl 7HA ol E A A (3.3) B¥ e AR

7= 100 n= 200
a .01 .05 1 .01 .05 1
X? .014 .080 .148 .058 178 269
Skew .010 .049 .084 .012 .040 .090
Kurt .004 024 .070 .009 .035 .087
OR 014 068 118 .008 051 .108
BH 013 067 124 .028 120 219

o] oME O 71 44 T FtelAlE AAF BH Wl bt AAHE 7Y JlolAlE
Ao BHETH o7 £92 7Hx1 Y A
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