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Improving Interpretability of Multivariate Data
Through Rotations of Artificial VariatesD

S.Y. Hwang? - A.M. Parkd

Abstract

It is wusual that multivariate data analysis produces related (small
number of) artificial variates for data reduction. Among them, refer to
MDS(multidimensional — scaling), MDPREF (multidimensional  preference
analysis), CDA(canonical discriminant analysis), CCA(canonical correlation
analysis) and FA(factor analysis). Varimax rotation of artificial variables
which is originally invented in FA for easy interpretations is applied to
diverse multivariate techniques mentioned above. Real data analysisis is
performed in order to manifest that rotation improves interpretations of
artificial variables.
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<3 311> oAk AW 2A4E 0%
EREE BRI
dimi dim2 dimi dim2
brazil -0.33606 1.77663 -1.77349 0.35223
congo 1.41020 .28037 -0.66058 1.78652
cuba 1.42931 -0.27069 0.78523 1.22459
egypt 0.78777 0.31172 0.00526 0.84718
france -0.61103 0.31007 -0.51596 -0.45088
?ﬂ;ﬁi%ﬂﬁ?l—ﬁ =] india 0.40025 0.60868 -0.41500 0.59872
israel -1.45195 0.34994 -0.86720 -1.21596
japan -1.30390 -0.78164 0.23772 -1.50153
china 1.26301 -1.18007 1.56658 0.73049
ussr 0.00538 -1.23044 1.14330 -0.45484
usa -1.66362 .03021 -0.64974 -1.53179
yugo 0.07063 -1.20478 1.14388 -0.38473
E R 6= 292°
dim2| | dim2| | |
| | 2+ | +
2+ + * CONGO
* brazi| | |
| * CUBA
* congo | |
1+ + * EGYPT
| * [NDIA CHINA =
* india | * BRAZIL
israel * * france * egypt | |
0 + *—(Sa f 0 + }
* cuba | | |
I * FRANCE  YUGO * USSR |
* japan | |
14 ¥ |
yugo * ussr  * china I| * ISRAELll
| * USA | * JAPAN
2+ ¥ |
| | -2+ | +
2 -1 0 1 2 -2 0 2
dim1 dim1
<adg 31-1> gAsr] A <9 31-2> 3 A3 F
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oFaFY A & 54 (multidimensional preference analysis; MDPREF)2 o] =(biplot)
o A% 02 (Gabriel, 1971), o1& FEE3} o]E AEo| Tt A EE 15 A
SLEE dolH7y] 3 A o m HAite HE 23Y a¥o® AT v
MEFAL AE% A85E FAHORZ 3 BA7|HOR o] A3k AR 2MAES
AFol et A&, =2 AF FAd U 7 AFE HrrE de S gAdAs
A2 o3 F F/HY S FAlA FE T 7lsstHd FxE YERY Fh
A2 17 AFA U AEE (RE A4 o] 4d 9, 1993)

5 2t
the AmE vE 583 AgAA 1770 Rl thstel 2589 Bk
Z

b 2ol A AR e Aol 0944 FHOR 04oR A5 we A
34 @ee dvstn, 9PoR A5E S HEFS Each FAnE wy, A4
A7 Es 220 2 #yEdon <ay 32-1>%= 2, <19 32-2>9 diml &
B REe] Qi A volAEL vToln], 3o it FEAES T oI
gets AEelth %, o T aFe Aol v olAm ¥ olvh dim2%e] 4
¢ AZelE gy, WA FR AFolw of S 23, A7ME Fie 4EYS
o % 9tk F, dm2Fe] e F 1§ Aol Avlsh AFelgn ¥+ vt
X 32-1> 177 A5l gzt A5% A5
A 23] A} =dy FERS
Cadilac Cadilac 8007990491240508971093809
Chevrolet Chevrolet 0051200423451043003515698
Chevrolet Chevrolet 4053305814161643544747795
Volkswagen Volkswagen 4858509709695795487885000
Volvo Volvo 9989998909999987989919000
A3 a7t
u) A oAl
a9, A7
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<E 32-2> tAkd dEx #2449
st A gAe =
dim1 dim2 dim1 dim2
Eldorado -1.06117 2.35377 -0.102351 2.579892
Chevette -0.55718 -0.79036 -0.81264 -0.524148
Citation -0.44200 -0.72088 -0.679828 -0.502863
Malibu -0.53592 -0.55493 -0.704752 -0.313812
Fairmont -0.48902 -0.73090 -0.727175 —0.494542
Mustang -0.32998 -0.48664 -0.488229 -0.327631
Pinto -0.70438 -0.81702 -0.959117 -0.493732
o] = 1 2= & & Accord 1.38591 0.04048 1.3001895 -0.481544
Civic 0.88338 -0.46144 0.6462491 -0.758716
Continental -0.98082 2.32094 -0.04014 2.519355
Gran Fury -0.56490 -0.20849 -0.601871 0.018259
Hor izon -0.51026 -0.68787 -0.730757 —-0.446687
Volare -0.55451 -0.62874 -0.749631 -0.375286
Firebird -0.30397 0.37177 -0.142602 0.458553
Dasher 1.05781 0.20650 1.0581602 -0.204721
Rabbi t 1.30380 -0.13210 1.1594188 -0.610812
DL 2.40321 0.92593 2.5750747 -0.041567
Rk 0= 22°
dim2—+ + + + + + dim2+ + + + +
| I | I
| | | |
1 I i
| Continental | Eldorado ** Continental |
| * Eldorado | |
2 ‘I‘ Jlr 2+ +
| |
1 T * DL T 1+ +
| Firbird = * Dasher | *|Firbird
0+ Gran—+ *—Accord + Gran
| Malixu | * Rabbit | 0 +Malirxu—-v *~DL—+
| MustCVxIxion  * Civic | FCit*t*oMustang * Dasher
| Pinto ***Chevette | * *x*xChevetteRabbit * * Accord
-1+ Hor izFairmont + VoHor izon | * Civic
| o r
2 4 0o 1 2 3 | : | : :
-1 0 1 2 3
dim1 dimi
<29 32-2> 3] A <29 32-3> ¥ &
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33 A% @ &4

4 =34 (canonical discriminant analysis)< & R3] wholl ojst 7}4S s
LA Rl Ade AYPASS Sote]l awS Eelstaa she uHE 2471
Holth, dEA e FamAe oy Jd Ale]d] FHS HastskdA 72 3
v BT E FEsheE oty 2y ZEe] AVt ofF A e g ZF A
st ARAFE AHEAY o Puohs aEdeEE FEe JRE A X
g Zoltt. oluf, Z} A AHAFE WHI AT oRA [l SEHs H
ol A Hits THoR T AR AEHor vopd 5 gls Aol

27 A mE do #Y (X5 FH: 8, AFE(2001))

Aol A Aad w2 E /A 5 F sue A zEdd dow giAZ o
27} BlAo]l Ayt Aol wlg] A Fo] 22 5Ao] otk BEWeE 2MEA A
(fresh water)® ¥}th(marine)oll A9 A agoln Fubo BFE 47h=A Aokl <
27} B) A male, &2, e ~7F Bl A female, FE3; AUt A male, J4; A}
t} e A female ©]t}.

¥ 332> AF w24 4%

st A s &
dimi dim2 dimi dim2
T =75 | freshwater  0.916766  0.399425 | freshwater 0.26880 1.49237
mar ine -0.831183 0.555999 marine -1.32867 0.32718
A= 6=321°
dim% | | |: : | | dime— | |: : : |
4+ | + | | |
I 5+ I +
| [3
| 3 | 4
| + 3| 4 +
2+ 2 | 3 + [333 3
4 4 4 3443343 3
22 2 11 | 33 4 21 2333 14
22 2 3444 0 +— 1—1—1421343——— +
12 21 | 433 212 222 111234 4
22 13 4343 22 121 11 11| 3
0+ 1—12 +-433-34 } 1112 214
12 111121 3 34 + 1| +
112 11 1| 43 1 |
2 2 4334 3 1 |
124 | 4 |
| 3 -5+ | +
-2+ 1 | 3 4 + | | |
50 25 00 25 50 50 25 00 25 50
dim1 dim1

< 33-1> 3|dst7] A <19 33-2> A =
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<Y 33-1>00A dimlEE Webd  debasbt doji F2 A3, Avirhit o

tER $3d ANy 9es & & drh AW dm2Ee] AL BF Lo
sk Alueae Rel @ge & & Atk sAw, Hd® Auel <3y
332> A F2 AR EdmI ST dm2d 5% % (4) o Ra)el Aokt Aol
RE &

(5) o Fz)ell ezt ol
34 ARLA G o] &8 3244 2 &AL
ZAE 6708 AN@AE G FIF (8 =3 Lawley ¢, 1971).
<#E 34-1>2 22089 FeEe] 6HEUAU], Fof, Ak A=, di, 71she
Aol B3 FRdEE 2ol Fa 9l

<FE 34-1> 6719 A2 FHI} A=

Gaelic 1.000 0439 0410 02838 0329  0.248
English 0439  1.000  0.351 0354 0320  0.329
History 0.410  0.351 1.000 0164 0190  0.181
Arithmetic 0288 0354 0164  1.000 059 0470
Algebra 0329 0320 0190 0595  1.000  0.464
Geometry 0248 0329  0.181 0.470  0.464 1.000

<3 34-2> AAEA A

3 dst7] Ad SRR
dimi dim2 dim3 dim dim2 dim3
Gaelic  0.65782  0.44905 -0.18658| -0.02043 0.57775 -0.57877
English 0.68842  0.29039 -0.50965| -0.06204 0.33108 -0.83936

Q124 A
e History 0.51737 0.63734 0.52656 0.13693 0.96454 0.04522
Arithm 0.73831 -0.41303 0.00065 0.68539 0.04930 -0.49347
Algebra 0.74388 —0.37545 0.10674 0.71734  0.12697 -0.41834
Geometry 0.67831 —0.35501 0.17880 0.70353 0.14203 -0.32092
) 2h 6=329°, p=42°
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dim2 | |
1.0 + +
* History
0.5+ Gaelic * +
English *
0.0 ++ +
Algebra
Aritxm =
-0.5 T GeometryT

0.00 025 050  0.75
dimi
<9 34-1> 3 H37] A(dim2*diml)

* Historyt

0.5+ ,
|
dim3 |
* Geom?try
* Algebra
0.0 +———*—ArithT
| 4
I * Gaelic
|
-0.5 + | * English +
-0.5 0.0 0.5 1.0

dim2
<9 34-3> 3 Hd3st7] A (dim3*dim2)

0.5+ * History +

dim3
Geometry =*
Algebra =*
0.0 ++ Ar i thm—*—+
Gaelic *
-0.5 + English » 4+
0.00 0.25 0.50 0.75
dimi

<¥ 34-5> 3#38t7] A (dim3*diml)

1.0 + * History +
dim2

* Gaelic

0.5+ +
*|English

Geometry
Algebra *

* Arithm

0.0 4 f }

-0.5 0.0 0.5 1.0
dim1

<19 34-2> 3]d3g F(dim2+diml)

dim3 | |
0.5+ +
0.0 + History—*—+
Geometry
* Algebra
-0.5 +|* Arithm +
* Gaelic
* English
-1.0 + +
I 1 | 1 I
0.0 0.5 1.0
dim2

<% 34-4> 31 A% F(dim3*dim2)

dim3 | |
0.5+ +
0.0 +——— +=*-History——— +
Geometry
Algebra *

-0.5 + * Arithmt

* Gaelic

*x|English
-1.0 + +
| ] 1 ] 1 |
-0.5 0.0 0.5 1.0

dim1

<% 34-6> 3 A% F(dim3*diml)
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WA 3del7] A AAAHAY FHEE BH dimle] A EE wyEo] tja) BluF
FrAbeE e YERY, dim2E o3 H 3 e Edxzte] b E
AMTE 28 A] 2 NS 3k F ) A R22D)E AE3 A HAAAET =319 =
o=42 = <l ZiP—E L}E}”’o‘jﬂ 94 A3 3o dimlS Al&¥

Aadelst Bl e SAAAE Am AL @ S A . Al m
dimle FelEla, dim2e A4, dim3e ol fHAA4en @ + A <17
3A1>RE <1 34-6>7148 AvnolE AA4A AL Stopdl A S Loz
NZHoR Bl Fu AE & & ek

ARG A8 AAAA BaEel WU s wHe Agetel A48 F FE 9
Mk o] 2Fe o Aelatw AR BEe NY F JES 2o FE AL L
F gtk BE 24 BAWE ge A Agstel B Aol ohmz %9 4ol
ofele WwE Ao ddoA H9 Aol by F& Poldus & + gk eyt
B eRg BolA Ho uAsel Qi SME wnh @ 4T 4 gl el wEe
AATE Aol 2 g Folstm vk m, o 2 BN YoiA sdsy] A3
Hag Fo QABol= ojwd Wakrh Aot sk Rl oA FAAH AT
28 Aoletn AR
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