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Abstract

Grouped multivariate data can be tested for differences between two or more groups using multivariate
analysis of variance (MANOVA). However, this method cannot be used if several assumptions of MANOVA
are violated. In this case, multidimensional scaling (MDS) and analysis of distance (AOD) can be applied to
grouped dissimilarities based on the various distances. A permutation test is a non-parametric method that
can also be used to test differences between groups. MDS is used to calculate the coordinates of observations
from dissimilarities and AOD is useful for finding group structure using the coordinates. In particular, AOD
is mathematically associated with MANOVA if using the Euclidean distance when computing dissimilarities.
In this paper, we study the between and within group structure by applying MDS and AOD to the grouped
dissimilarities. In addition, we propose a new test statistic using the group structure for the permutation
test. Finally, we investigate the relationship between AOD and MANOVA from dissimilarities based on the

Euclidean distance.
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(2 020]7 ul A4 ALo|n] D, X, 2 X Aol A BBL ofusit).

o] oA+ Choi (2014), Cox2} Cox (2001) I
7|1Zol8S st vy A A e ol g
A 37l 7stH ez yehlol HAlE ke #A
(Choi, 2014). d¥t& oz n7je] 7A 7+ A=l
2 nAe A 7F 8l VEE 38 D = (dy), kI =1,...,n8 T3 & o] DE AxY 27
of yehl= 7IWoleta & & ok ol uAd {FEe= F3rollxe] AA 2 vlFAME d 3t A %—
2" A FFlA Y HlFAMS i Arele] BAZE AR AAEE=E sk o] R HER S 53
olgta & = itk

Kruskal#} Wish (1978)01 28 A HEN S dus 530 Aol whet A v AEE ot
Ao T ek E3] AR AN HFA da o] SAHEE JRAl e Al
SAAE e 114 FEE=AE Uehln vAZRE tAR AR A ARl 27 A4S
st 184 AEve e S stk

31 Torgerson (1958)2 #1Z 3to] thAL 2 =2
e PR R e NS WA S A3
£ gaden Awne cha aed sgeln
28 49 UiHEE 599 delze ey

gul

2]
bl
A

_4

bt 2 dFelAe ARE e 7Y F il
Choi (2014) a2]al Cox8} Cox (2001)E Fal= sto] a2 HrEwe] Aol s g2ishd v

2t
L] 7S] A 2 Bl GAM diu® TAE W RANRE D = (di), k1= 1,...,n& T
9] WHAHBY D = (d) 25H B A = (ar) & TH 1714 au = —%/2% wEa

BEA] 1,2 S delr J, 2 74 947 25 19 FEd of SASEEE H =1, — Jn/net &
ot 3E ARTE o2 22 olF-FA%E ¥ ZE 7T

*

A7 zi = art — G — Gk + @& WEIAL @y, ak., a5 2474 AFE A9 AR & HF, kWA
R Y Hg, BE 7Y 9459 Folth

[ASA] o3t o] AE Zo] AT EYF)

Z=VAV' (2.6)
£ AMETE A (2.6)014 Ax Z8 IR/ A, k=1, nS WAAAE S Ay E o]
ohoolumf ARFE A > Ao > - > N, > 098] FAE T Vi f3kel tigshe
HEQ vi,va,..., vy O & %—% TFABAL Qe WEeln VIV = VV! = 18 w53 2
dojr}.
[BA] 2l (2.6) o2 HE thed 22 PLg Axtert 4] (2.7) Z = CC e AAL w3t
1 1 1
C=V\z = [lef,...,vnm} : (2.7)
A (209 #E Cxe A AEAEY I3 HxFES vehith dubder 1d4 Hey
[ADA A TR ZRFES A (I, A/ 20, M) x100%00 Bidste] g (<n)AFD ThE A



570 Seungchan Nam, Yong-Seok Choi

% 03 402 gAE A 163
3717k nxq YL C(q) = V<q>A =
 nRHoENH AN 548 049 A
frox a4e el §o1 278 A
| A CE &8st o9 15 7=

= 199 HF=(goodness-of-fit)E AT 5
ALy Ag(g<n) T olof tigee IRHEEE U
(VIA2 v A ) S ARk = Qltk o] Ao
HAY 299 Ade Sl & Al

8ottt the ZelAe 184 A=

u E’_
s

N
k3o

|

Z

C
A

[

ot i\, 3

{0

ok r

o
=

of

3. IS dlseArdol tiet B|248 B2y
3.1. 2|24

Cox$} Cox (2001)%= Gower?} Krzanowski (1999)7} A3t A B AL 2E31H wl-Ad Lo &
SAAN 2% F2E F 4 Jokw sch o FellAe Coxgt Cox (2001) 1|3 Gowerst
Krzanowski (1999)8 #13te] AeliAe] o]2< Helstunt ath. AzlRAL nfALRLL of
g3to] 2% et 2F o) F2E shebehe WelEkn B £ itk 94 ge] aFe® o
A QJx 2539 thigARaE X7 Joka Adsinal Asde] Bl M2 ulaA Pge
D = (d%,(i,5)/2), i =1,...,n; j = 1,...,n.2t A2|3E 4] (25)9} Z = CC'e] BAZRE

—HDH = CC' (3.1)

£ B=dth. 281 N = diag(ni, ..., ng) 8 32 377} nxge #E G = (G G4 --- GL) '} 3t
2t o714 32717} nrxg_Tfngﬂ G, =(gir),i=1,...,0,;r=1,...,9% TF&T} o] Ho&}A}.

o[ P A A 25 £ A8
Gir = 0, 194-/]

ol 25 HFHEE C=N"'G'Ce} o] A4t 7psdtng
CC'=N"'G'cc’'GN! (3.2)

7 BEgt) 4 (3.2)004 £9e CC'E 4 (3.1)2 tAsh 4e)shd

- et g1 L St L e 1 ~
CC'= -N'G'DGN™" + ﬁlglfLDGN Ty -N 'G'D1,1 — ﬁlgliDlnlg (3.3)
gh 2ok HGARE DE A (24)9) 2ol 277 nyxned FEBE Dy, 1,5 = 1,0, 9% OIF

oAeHl 4 (33)9 $WoAN F = (fr.) = N'G'DGN '8} 34 f,, = Dyo/nn.7t 498
o ZEl 259 FRAE Col i) 259 ARESS WA 15 BTRE 29| ALE v,
r,s=1,...,g2F ST}

1/}35 = 2frs - fw‘ - fss

o BAZ AT BT 4 (3.3) e YA A FEL .9 AL Aol Ao FsE RE
oty 12T 2% BF Aol MFACR TR FHL B = (YA/2), r,s = 1,..., 99 DT 1
AT n = (n1,n,...,ny) e B W) DERE ADRAL Ea] 289 T2E OFe} 2o Bal@ 4 9
o}.

1'D1 i 1!D,, 1, L n'¥n
- :

n - n
r=1 4

(3.4)



Non-parametric approach for the grouped dissimilarities using the MDS and AOD 571

A4 (3404 1'D1/ne AR HFAA, Y0, 1D, 1, /0, & 15 W] W FAE 125 n'Tn/ne
2% o) HIAAAS ehlE o150 Bk 338004 AWsAl B BaRAe] 1o} ) gol 3)
btk HolAE 4 (34)9 1F FAE BESe] £IAIL AW A2 AAEATS A @

22

3.2. &YUH

Gower®} Krzanowski (1999)+ th 8 EAMR A o] o] &3|of 3= 71 &0l A|l<ko] &= FAP+= thiak
BAEAS A5k o) wlEo] RS BEE /HeA b v 25 vEsd A4 By <20
< A3t o] EAARE AR st ARAHA FIHE T = v <EHEFE 3] A
L WA A8 A4EALLS Adsiol BTk, Clarke (1003)€ 15818 SANYL2E <918 28
3 AR FTAES Adstd=d ole HATE thAd A= ZHgth B AfelX+= 4 (34)F Fn

2 o] A2g AREAT IS the7} Lol AltalaAl Bk,

P (1Br) 30 B

2l (3.5)9 AARFAZE I+ 4 (3.4)9 27 725 Uehls oA AAY vlfAHdel tisle] 15 Wl
o] vl FAd o] AR S HlEolky B 4= gtk o] AL 33" AWeA 2 Wilks's A9} vl 2
sk Adte] et olol tisiAE 3.38 A F o FAF R dWste gty 4 Manly (2007)8 %
12 3te] A (3.5)9 I'sE 83 +=44A4Y ExE A& 2y o3 2o

[1A] A (2.1)3F 2ol 2717} nyxpQl FEHE X, r=1,...,g& o]Fo7 Y82 X0 3.
X0 o thate] 27] AREAZ T () S T3h

2] AAE] HellA 15S FAE @ 5, aFEE AREE xS XV olat sta o) o
st AR EAZF 'y = T3t

(BHA] 22AE md WHEsEA XPof tigt AFEAF Ty, t = 1,...,mE 73 F Tyl sk
A8 2 £ (empirical distribution) & 3|xEI} o7 T}

ADA] SIA2ETHAAN Tye] AXE &Asto] o|Hrt o A 3] vE= p-gh= 738 ths &
O 4F a9} vlwste] IF 79 Folle Apol7t gltke AR 717 o7& it

99 £Q04 ARl Wk WAL T w42 me AR AE 2 AT 5ol g
Fol 9 7t IFWE AN A Yk AR THE FANR 98T & Je ARt
(gn)!/[(n)?gllITh. ok g9} nol A7 SR QBT 5 Y ASE G40 BolA
drk. webd ZE 7bse 2958 Sut A W@AHelth Manly (2007
5% pge) AR Lebrbed AVHOR Fo4F 0.059 Tt HolE 100099 337 a3t
1, fel520] 0012 wjt Zol % 500089 wdshrt DRsicky Kt

=
R=)
it
g
3
o
olN
N
ok

3.3. Jc|242} T 2LH2Y

F2YE ALE AT ALLAT s

e feldos WS WP A¥ BAE ATk o] ol At JohnsonT Wichern (2007)¢]
& AW AP RAT ek BARAT) $2) 49 Auge 4T
Q1 o 2ol thslA A chas RaRAL A 2



572 Seungchan Nam, Yong-Seok Choi

Huf %] (one-way) th=F FAHEA T} o] Al X] (two-way) THAH BAHEA SR s 4= &t £ A7
A IAuix] chEE BARATS T2 52 st 94 ¢(>2)79 BT RE g9 A=

%%} J — 5‘}_1_ ] Xri ™ NP(IJ‘T72)7 T = 17"-7g7 7/ = 17,,,77’1.,43]-_1__7_ 7]'1046_1]E]—X]'~ O]HH E]'Eﬂaok qu:ﬂ'_E'”
£ FRAYDL BATo] BAgle] E Arkm AHGRTE ol71M xok rAA IFelA 8 AR
o gEEolt o] A2 the e BYoR AT 5 Ak

Xpi =+ Tr+e€s, r=1,...,9;i=1,...,n, (3.6)

AN pe AABEIHE YL 702 T = p, — g, D00 e = 02 WSSk r Al 2159
IFEIIEE ek 283 €5 A2 SHoH Ny(0,2)E was FEHFo . 18 35
e x,; 2 WES 912 LYol tf3ol== Haljehd v )

Xri = X+ (Xr — X) + (Xri — Xr), (3.7
AA7]NA x = 2:1 E:L:rl Xm‘/”, Xr = E:Zl xm’/nr% gttt & xE AAREY Eig—{_—_,LB_ﬂE17 Xr —
X 2w ro IFEIHEE 223 x5 - X2 IF WY IAPEE el 074 xS FHoR

\7)a o) tfste] wAFE L T i=1,...,n.2 r=1,...,g° thaty] HaFH AFT w2t
g H o] Bi= tfS3} Zt}. Table 3.12 O}ﬂ/] A WEgolz goksl Fol}

EH

g

> Z Xpi = R)(Xpi = R)' =D mp(Rp —R)(Re — )+ Y i(xn — %) (%0 — %)

r=11i=1 r=1 r=1i=1

oAl 2l (3.6)oA ZFEIAMEE Atelelle Aol7t Gthe AFZM Ho: i =72 = - = 74 = 0%
A7) S18to] 4] (3.8)7} o] I8 o] WS 243 dulsty B (W Ao isge =

A%k 4ukslE 244 B + W9 bl 183 A AFE ARS-gitt.
A=V (3.8)

2 (3.8)°] AASALE Wilks's Ackn Ry duldos e =e Age] thaiA AR Ho
717k87) @t

2. 1140114 MAE 72+ vlFAHE SE2 o AelEo] AR 4 Atk ek wok 4] (2.2)9 2
Zel= Aevh vA EER ASHE ARAS $a ALE 4 (349 1FTFE AN}
Table 319 AFdt AFREES v-¢ H AF BAE ZA uth A4 FEEE A 4
o 71249 WA Aoln7] 5] dele] VAL @i, i = L,...,ne} BeloH
1« S _
-~ do@i—w)? = (@ —2)? (3.9)
1<j =1
7} A gt 047173 T = ) 1$z‘/ﬂ°ﬂ- A (3.9 ¥ HA Y vleAEE rEEE AR
2 AN A B3 AFgFer AZE F ASS & 5 Atk o] IAE V2R 3] Gower}

Krzanowski (1999)% Az RE MA FE Z_P_/] HES A SR o]20]R HHS wlSolx] thazr B
AEAC] H2E 4 kAL SATE RlAM I iR 2R A ko] Bl Table 3.28 s34 Ht
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Table 3.1. One-way MANOVA table

Source of variation Matrix of sum of squares and cross products Degrees of freedom
Between B=>39_,n (X —%)(Xr — %)* g—1
Within W =39 >0 (xpi — X)) (X — Xp)® Y _inr—g
Total B+W=>3Y9_, 5" (xpi — X)(%p; — X)* > _ine—1

Table 3.2. Comparison of group structure by viewpoint

Source of variation Viewpoint of dissimilarity Viewpoint of total variance
Between n‘¥n/n tr(B)
Within 9_ 1Dy 1,/ tr(W)
Total 1'D1/n tr(B + W)
,WEeWE A5EY n'¥n/n = tr(B), Y/_, 1'D,, 1, /n, = tr(W), 1'D1/n = tr(B + W)7}

Wtk of AARFE A At 4 (3.5)9] s tr(W)/tr(B + W)} Zepds & 4= 9lrt. ©]
A2 S24ake] WIE Suistn dnkskd 2ate] WAl 4 (3.8)3% FEf7E il vt webd O 3
9 Aol AR Al AlFgt A AEDRRE F AR oz dAo] Jhesitt. she dwbAd o

S F3l Wilks's AS Adbste] AAshs Welil, & shis TS Adst ¢d44<
she ol 53] I's &83 ¢944e thil® A4S +3T 5 fle thil@Asel teid =

Aol A el Zhssithe e 7R Aok o] F 7 AAREAFE] AR dsie 4%
A F o AR e Aot

Z3 4] (3.5)9] s} 4] (3.8)9] Wilks's A 7+ A4S vlwale] st} Table
W 20 44 L ALF LFES dEth o4 7K 3S Az o)

=2 1

412 AA 7R Aol tsl 4
slo] ohl s AEEZE w2t WE 1,000 vHE AASIHTE G A Al 25E HEdEE B
T (0,0,0,0)' 22 2A AA3HIL sEAF L] B¢ iy BiaEA 0] A1 F sl gRAEE
o] FAAE WEAF] f1Et A (4.1)F 22 FRAakEE

1.000 0.500 0.250 0.125

5 _ | 0500 1.000 0500 0.250 (4.1)

0.250 0.500 1.000 0.500

0.125 0.250 0.500 1.000
< BojAFe] BRE Aol 23te] ARSIt dAHCE AR MFES AR B9/ o
257 %) wiol Apz ol thate] BE3LE AlACk git). wpEhA] FREAES AdAEL 1R 54
< AFETE B WS Tl A3 595 o] Qit| Rtk oj= AR Aol FHof gld] Zhrto] Sl
£ HFE olle AtEo R s dde] =S FEAE N 4 siES Fgekeich. 12 gk |
st ol thate] ek Wilks's A9 p-ghS 73 o §25F o = 0.052 3 'Y AL ALt
Al 1AM EER fE2EE ARE AMESIen AR EE foF gtk ojuf 3249 ¢dAA &
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Table 4.1. Settings for simulation study and type I error rates

Settings @) ) © @ © )
Number of groups 2 2 2 3 3 3
Number of observations 30 50 70 30 50 70
Number of variables 4 4 4 4 4 4

r 0.058 0.047 0.059 0.051 0.042 0.043

Wilks’s A 0.055 0.045 0.049 0.046 0.046 0.040

Table 4.2. The statistical powers of I' and Wilks’s A

c 1 2 3 4 5 6 7 8 9 10
T 0.092 0.183 0.336 0.581 0.753 0.879 0.949 0.987 0.998 0.999
(@) Wilks’s A 0.071 0.125 0.221 0.370 0.559 0.738 0.870 0.941 0.981 0.995
(b) r 0.091 0.232 0.517 0.741 0.921 0.979 0.995 1.000 1.000 1.000
Wilks’s A 0.066 0.146 0.327 0.571 0.761 0.925 0.982 0.995 1.000 1.000
T 0.120 0.311 0.645 0.892 0.980 0.996 0.999 1.000 1.000 1.000
© Wilks’s A 0.089 0.210 0.449 0.749 0928 0.990 0.998 1.000 1.000 1.000
(d) T 0.062 0.125 0.247 0.436 0.629 0.797 0.897 0.970 0.994 0.998
Wilks’s A 0.0568 0.078 0.145 0.279 0.430 0.602 0.751 0.882 0.950 0.985
r 0.079  0.181 0.420 0.680 0.849 0.962 0.993 1.000 1.000 1.000
(©) Wilks’s A 0.063 0.112 0.243 0.447 0.695 0.874 0.958 0.992 1.000 1.000
T 0.086 0.259 0.559 0.832 0.953 0.993 1.000 1.000 1.000 1.000

f
®) Wilks’s A 0.062 0.149 0.368 0.648 0.868 0.963 0.995 0.999 1.000 1.000

7<}°ﬂ wel m = 100022 dAste] FRH £EE 7oL olF §3 27 9| p-gk= 7ot old 3
= 1,000 QS = G 2ol thato] A83 § F AAFAZ AT AllF L/FES A3

D}. Table 4.15 2 H 7‘<jxﬂ75, °og 21]1-'— LFE0] 0.0504<]

Z

olAl ¥ AREAZF AALEE vlmsy] Asto] Table 4.19] A% (a)-(c)3} 2ol 15 71 F M
Ao diside R WA 252 FEHEE py, = (0,0,0,0'2 R, F AR 159 BFIEH
tpy) = 0lxexly, ¢ = 1,...,105% Zo] Fguele] Z+ 947} 0.14 Z/EE WS FHA
c=1,...,107kA & 109 24 F 25 o] xpo] FAL sk3lth. Table 4.19] A4 (d)~(f) 3 2
o] 27 7 Al A Aol theiA e F 25 A2t vp7AE A A :l*— HENEHE p, =
(0,0,0,0) 2 1A3YT, YA F 289 F@Me= pl? = —0.05 x ¢ x 1y, pf = 0.05 x ¢ x 14,
c=1,...,103} o] FFME] 7 Y47} £0.05% FAFEE WS FAA ¢ =1,..., 1074 F
1090l A Al 2§ 7] AelE AASATE A 7hA] AA o thate] HwuE o] wsle wE =7
©]4 3 AF= Table 4.29} Figure 4.13} Zt}h. 235 By Awkdog gwo] Ao|7t 715, 1
FE A 7 UM E AR Y] AAE & 4 vk 28 BE A9l tiste T Ao
Wilks’s AA WMEE} T4 xpo]Z o 7&6}% AL & 4 gtk © f‘a L¢94 M7} QA Bk

ISich wehd chig s
SHA 1F 7re) Afelo o
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Figure 4.1. Comparison of the statistical powers between I' and Wilks’s A. (a)—(c) are comparisons between two

groups, (d)—(f) are comparisons between three groups.
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Figure 5.1. Two-dimensional MDS map for World Cup final data.

Table 5.1. Group structure for World Cup final data

Total Within Between
9968.870 6572.168 3396.702

Table 5.2. Results of permutation test for World Cup final data

r Minimum value Maximum value p-value
0.659 0.762 0.981 0.000
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