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Patrinee Khongchoo 2008: The Factors Affect to Retail Oil Price by Multivariate Regression
Analysis. Master of Science (Statistics), Major Field: Statistics, Department of Statistics.

Thesis Advisor: Assistant Professor Boonorm Chomtee, Ph.D. 134 pages.

The purpose of this research is to study the factors that affect to the three categories of the retail oil
prices in Bangkok, i.e., Diesel, Unleaded Regular Gasolin 91, and Unleaded Gasolin 95. The study is based on
the secondary data from the governmental and private organizations collected by month from the period
January 2002 to December 2006. The Correlation Analysis, the Canonical Correlation Analysis, the Factor
Analysis, and the Multivariate Regression Analysis are the statistical methodologies in this research. The

dependent and independent variables in the study are comprised of 3 and 74 variables, respectively.

The study finds that among the total 74 independent variables, only 33 independent variables have
significant relationship to the three dependent variables at the significant level of 0.05. Such 33 independent
variables, however, encounter the Multicollinearity problem. Therefore, the study turns to the Factor Analysis
by Orthogonal Method via Varimax. From the factor analysis, the three related factors are determined, these
are,the price (Factor 1), the production and export of oil (Factor 2), and the economic factors (Factor 3). Such
triple factors elucidate the variance of the 33 independent variables by 91.041% as follows:

Factor 1 (the Price) = -0.003X,-0.001X,+0.005X,-0.003X-0.001X +0.006X,+0.029X +
0.031X,,;+0.066X, +0.266X ,+0.137X,,+0.000X ,+0.144X +0.024X . +0.017X,+0.003X,.-0.041X  +
0.023X,,+0.037X,,-0.115X, +0.153X,,+0.088X, +0.003X,+0.041X +0.032X ,+0.050X_,

Factor 2 (the Production and Export of Oil) = 0.196X, +0.054X,+0.411X,+0.290X,,

Factor 3 (the Economic Factors) = 0.171X,,+0.435X +0.370X,.

Then, the Multivariate Regression Analysis is used to find out for the relationship model between

the 3 categories of the retail oil price and the 3 factors. The regression equations are,

91 =17.547+4.239Factor 1+2.057Factor 2+1.733Factor 3 ; R12 =96.2,8.D, = 1.027,
{(2 =19.619+3.66Factor 1+2.536Factor 2+2.192Factor 3 ; R; = 98.3,8.D,=0.673,

A

and Y3 =20.489+3.627Factor 1+2.504Factor 2+2.126Factor 3 ; R§ = 98.3,S.D,=0.667, respectively.

The above regression equations can explain approximately the change in the 3 kinds of the retail oil
prices by 97.6%, with the average error 0.789. Hence, the results of this paper provide the useful regression

equations for forecasting these retail oil prices.
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0.426 (0.003)
0.855 (0.000)
0.403 (0.005)
0.154 (0.297)
0.458 (0.001)
0.232 (0.112)
0.924 (0.000)
0.296 (0.041)
0.375 (0.009)
0.614 (0.000)
0.845 (0.000)
0.599 (0.000)
0.728 (0.000)
0.778 (0.000)
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M3199N 3 (Ad)

Yl YZ Y3
X, -0.282 (0.130) -0.221 (0.131) -0.226 (0.223)
X, -0.530 (0.000) -0.355 (0.013) -0.363 (0.011)
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v
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v
NAadY Wilks’ Lambda (Likelihood Ratio Test) Haziaadnamsingiziaaae 1l

a 1= v o J 1 3’ % = Y]
auudagulumsnagey  H,: Wifianuduiusszninsaniniunielan 3 dsznniu
Y
dusilavenns o 19 33 @y
= [ @ 4 U g’ &% S [
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Y
dsilavenns o 19 33 dauls
d‘ 1 1% o 4 A o (% @ a 3
M1319N 4 NMInadeuManduiusuALUealALadIMIY Y,, Y,, Y, tag dwlsdaseina

33 @uals 1aedT Wilks’ Lambda

F df p-value

Wilks” Lambda 33.40 96 0.0001

a 4 1 v 1 1T o 1 1w
HANITAATIETHUWUI A1 Wilks” Lambda AN 33.40 a1 P-Value (10U
= [ v o w = Y1 A [ v 1 2} o =)
0.0001 nszauUIFINY 0.05 %Qfﬁ:ﬂhlﬂ'J”Illﬂ'ﬂ?Jﬁ?JWl!‘ﬁﬁZﬁ'JNiTﬂTHTIJHEIJ'IfJ‘IJﬁﬂ 3 Usznn
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M319N 5 MInadoumanduiusuauueatiaoanazg 1Ae75 Wilks’ Lambda

4

deun  aledu AHANNUD F df p-value
AULDANADA

1 853.901 0.999 33.40 96 0.0001

2 20.288 0.976 7.25 62 0.0001

3 3.365 0.878 3.03 30 0.0024
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uAuUeAlABAgN 1 uAUUEANABARN2  LAUUOALADARN 3
Y, 0.988 0.151 0.040
Y, 0.989 -0.144 0.018
Y, 0.990 -0.137 0.007
X, 0.950 -0.217 0.060
X, 0.951 -0.213 0.065
X, 0.967 -0.201 0.051
X, 0.946 -0.240 0.104
X, 0.950 -0.228 0.096
X, 0.968 -0.198 0.045
X, 0.985 -0.143 -0.003
X, 0.983 -0.129 -0.012
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X, 0.893 0.240 0.029
X,, 0.887 0.238 0.026
X 0.893 0.240 0.029
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Sl e duiug e duwuT e duwus
uAuUeAlABARN 1 uAUUeAlAEARN2  LAUUOALABARN 3
X, 0.865 0.243 0.030
X, 0.971 -0.115 0.113
X, 0.967 -0.141 0.110
X, 0.937 -0.246 0.170
X, 0.866 -0.350 0.194
X, 0.972 -0.182 0.089
X, 0.835 -0.150 0.178
X,, -0.854 -0.268 0.125
X, 0.815 0.178 0.060
X, 0.924 0.106 -0.098
X, 0.833 -0.254 0.003
X,, 0.752 -0.280 0.094
X, 0.453 -0.239 -0.108
X, 0.673 -0.300 -0.088
X., 0.566 -0.350 0.191
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X, 0.512 -0.270 0.434
X, 0.884 -0.130 0.029
X, 0.626 -0.308 0.379
X 0.906 0.106 -0.041
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X, = SAMELUFY 95 deeenvthTsandy (m/ans)
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Mardia
B p-value
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R “Nilzl,ﬂﬂﬂﬂlu“rﬂ Multicollinearity muum%%ﬂ%msamiwwﬂi]fuslmma‘lums

U
FY . . .
Llﬂi‘]ﬂul“m Multicollinearity
a d Ly
5. MaN15ANIITHLe (Factor Analysis)
a 4 @ 9 ax . £ 1
Ha91INM3ANIIeH 998 TAeN13 1 UV Orthogonal AI8IT Varimax FINUI

alsoasznariug 33 aNilavesiunu 3 a9e uazilevdenavuatioFureanunuLilsued

o A o Yy 9 A
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AMANURUIs  daaIuveenNuALLlssIy AaIUvInNNAULLTITINEE A

thie (Eigenvalue) (% of variance) (Cumulative %)
1 14.753 44.706 44.706
2 8.146 24.684 69.390
3 7.145 21.651 91.041
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1 [T a g o I o w 1 o U v A 1
arumsiadiuilsdaseis 33 dwls Iiiduiladeana g $1uau 3 Jade insananm

Y 1 E4
o v K =

1ninilavteraaadlunisan 9 a9

~ 1 g’ o Y Y ad .
AN 9 Arnilede TﬂﬂﬂWi‘Viﬂ}lu@flﬂTﬁ Varimax

auals i
fladei 1 ladeh 2 flae 3
X, 0.605 0.579 0.508
X, 0.610 0.574 0.506
X, 0.637 0.570 0.497
X, 0.602 0.565 0.525
X, 0.609 0.534 0.518
X, 0.640 0.566 0.497
X, 0.714 0.537 0.423
X, 0.721 0.534 0.408
X, 0.813 0.427 0.344
X 0.949 0.182 0.177

)
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dals flai
flaseii 1 flasei 2 flosei 3
X,, 0.956 0.167 0.169
X, 0.949 0.182 0.177
X,, 0.957 0.104 0.177
X, 0.699 0.526 0.465
X, 0.980 0.542 0.475
X, 0.920 0.531 0.540
X, 0.458 0.621 0.585
X, 0.690 0.504 0.489
X, 0.640 0.270 0.549
X, -0.874 -0318 -0.038
X,, 0.943 -0.009 0.205
X, 0.846 0.431 0.139
X, 0.435 0.740 0.395
X, 0.459 0.513 0.457
X, 0.021 0.871 0.105
X, 0.215 0.822 0.320
X., 0.069 0.539 0.673
X,, 0.591 0.487 0.534
X, 0.726 0.462 0.411
X, 0.108 0.154 0.930
X, 0.668 0.498 0.337
X, 0.207 0.276 0.900
X 0.720 0.388 0.389
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X, = smiuuEy 95 devennihlssndy (1IN/ang)
X, = MGy o1 desenwthIsandu wm/ans)
X, = Smiudisadieenuhlsandy Wm/ans)

X, = gy 95 iidhurhTsandy Wm/aas)

X, = gy o1 vidhuhTsandy Wm/aas)
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X,= SAMILUFY 95 edwmrhTsandu mEns)
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X, = sy lunataTan (Toaw) (M3oyansigandisa)
g} o a a J ~ o J

X,, = aniiuudy osluaaaden 115 (W3enansg/ansisa)
g} Y a a J ~ o J

X,, = Anuugy 92 luaaadn 115 (v3eansganssa)
3} v A a 4 ~ [ J

X,, = naniiuaaluaaiaden 115 (v3syansgansisa)

X,, = Usinams g Wil (Gwh)

X,, = Yszmnnsswlungannag (Wuau)

o

a o o
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[ 1 a o oI = FY
X,, = yammsaeannanduntl Ins@on (@1mum)

v
a a o w A o
X,, = Ymnamswaniniuay (1,000115159)
9Ya o ~ v A dyl v Y
{890 aden 1 171 Jadeausia (Factor 1)
w d' 9 9 a o 9 (Y] J
o0 2 1szneudlealualsaaszinuiu 4 awils aall

Y
X,, = oAUty (@1uum)
Y
X, = Usmnamsnaainiu LPG (d1uans)
Y
X,, = Usmamsdwweniiuuusu 95 @uanas)

Y
X, = USunamsdeeniniunugu 91 (@uaas)

H E4 v
Aveazisonileded 2 1 tdsdumsnaauazaseomingiy (Factor 2)

v Y
iladen 3 Usznoudiedunlsdaseduau 3 dauls aeil

o 9] 7 @
X,,= UIUI0Inseueuansanziou lungaunna (fu)
a o ] [ I @
X, = Usmnamsimiesodnserueua luilszma (fu)

a a @ J v v
X,, = UTNUMINANTOINTOUBUA (WHAL)
YA o ~ [ d' dyl v Y a
adeaziseniladen 3 191 dadeemuAsygna (Factor 3)

msaanzuuuifady (Factor scores)

Iy ada 4

naannimsanailatenda fadedwiinsadeazuuuiladedieds sz ims
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B, = dulszanimsnanesruduvesileden p veadanlsh

m = NUIUAIlIoasy

n $udeya
HananzuuUilatenIn1san 10

d' [ as a 4
M1319N 10 ﬂ%uuu‘ﬂ“"l]i]EJIﬂEJ’J‘ﬁﬂ'Ii’JLﬂi'lgﬂﬂﬁﬂﬂﬂfJEJ

Factor 1 Factor 2 Factor 3
-0.445 0.569 -2.735
-0.255 -0.167 -2.324
-0.232 -0.602 -1.513
-0.194 -0.213 -1.862
-0.324 0.167 -1.957
-0.288 0.209 -2.143
-0.227 -0.722 -1.213
-0.454 -0.283 -1.204
-0.386 -0.465 -1.018
-0.483 -0.639 -0.499
-0.616 -0.674 -0.321
-0.531 -0.331 -0.820
-0.500 -0.746 -0.028
-0.472 -0.848 0.018
-0.468 -1.356 0.740
-0.510 -0.538 -0.532
-0.710 -0.542 -0.112
-0.668 -0.431 -0.358
-0.482 -1.055 0.062

-0.593 0.186 -0.846
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Factor 1 Factor 2 Factor 3
-0.379 -0.627 -0.624
-0.277 -0.805 -0.435
-0.423 -1.197 0.144
-0.475 -0.963 0.159
-0.550 -1.106 0.577
-0.585 -1.438 0.949
-0.816 -1.004 1.344
-0.553 -0.577 0.192
-0.755 -1.054 1.730
-0.948 -0.180 0.945
-0.704 -0.479 0.988
-0.417 -0.097 0.484
-0.686 0.465 0.275
-0.741 0.695 0.622
-0.980 0.210 1.473
-1.135 1.097 0.404
-0.795 0.302 0.927
-0.734 0.417 0.457
-0.687 0.759 0.945
-0.779 2.270 -0.494
-0.556 0.405 1.545
-0.479 0.810 1.604
-0.212 1.905 0.515
-0.109 3.289 -0.455
0.094 2.839 0.006
0.149 1.679 0.684
0.209 0.998 0.885
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Factor 1 Factor 2 Factor 3
0.774 1.172 -0.009
1.314 0.182 0.588
1.624 0.080 -0.084
1.572 -0.935 1.615
1.772 0.719 -0.462
1.598 0.463 0.711
1.676 0.014 0.877
1.801 0.602 0.147
1.776 0.579 0.250
1.828 0.008 -0.075
2.292 -0.897 -0.052
2.470 -0.860 -0.394
2.660 -1.261 -0.293

1 [} =Y a 4 [} a a'{ v @
mazuuuilade Tagdsmsmizinsonnos laduilszansazuuuiladoaaaniluaisng

n11

' %
Ms1an 11 dulszansazuuuilade

o 1 g‘ v v v % as
Tagmsthanlszananimiinilade nasanvyuunuileds Tae35 Varimax sz

auls

Factor 1

Y
({hsedusian  @adedumsnaauazdseanminiy)  (aveduasugna)

Factor 2

Factor 3

v &~ w

=

e e o oo

-0.003
-0.001
0.005
-0.003
-0.001

0.054
0.052
0.049
0.041
0.042

0.025
0.026
0.020
0.040
0.035
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Factor 1 Factor 2 Factor 3
duls . oy - , v . 9 -
@aveauainn)  (vvanumskaauazdseoniniy)  ({adsanuasygn)

X 0.006 0.047 0.021
X, 0.029 0.048 -0.014
X, 0.031 0.051 -0.022
X, 0.066 0.006 -0.028
X, 0.266 -0.160 -0.090
X, 0.137 -0.086 -0.044
X, 0.000 0.000 0.000
X,, 0.144 -0.121 -0.019
X, 0.024 0.030 0.013
X, 0.017 0.037 0.014
X, 0.003 0.017 0.057
X, -0.041 0.067 0.064
X,, 0.023 0.012 0.034
X, 0.037 -0.124 0.149
X, -0.115 -0.046 0.159
X, 0.153 -0.187 0.035
X, 0.088 0.074 -0.141
X, -0.044 0.196 -0.076
X, -0.017 0.054 0.033
X, -0.110 0.411 -0.241
X, -0.087 0.290 -0.125
X, -0.107 0.042 0.171
X, 0.003 -0.004 0.072
X, 0.041 0.012 0.004
X -0.075 -0.249 0.435
X 0.032 0.062 -0.043

=
°
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. Factor 1 Factor 2 Factor 3
duls v s o oy - . 2 . v v -
@aveauainn)  (vvanumskaauazdseoniniy)  ({adsanuasygn)
. -0.070 -0.188 0.370
0.050 -0.018 0.017
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mﬂmmjﬂﬁzmﬂ‘ﬁﬂmuuﬂ%ﬁ]ﬂiﬂmmlﬂﬂzﬁmmﬂaaﬂ ATV LAy VRPURTRTISRRIRYAY

9
v A

quMInanosvoduaaziladelaaadl

Factor 1 (938@1131A7) = -0.003X,-0.001X,+0.005X-0.003X,-0.001X, +
0.006X+0.029X,+ 0.031X,,+0.066X, +0.266X,,+0.137X,, +0.000X,, +0.144X,,+0.024X,,, +
0.017X,,+0.003X,, -0.041X,+0.023X,,,+ 0.037X,,-0.115X,,+0.153X,,+ 0.088X,+ 0.003X,,,+

0.041X,+0.032X ,+ 0.050X,,

9
Factor 2 (fladedumswanuazdeeontinii) = 0.196X,,+0.054X,,+ 0.411X,+

0.200X,,
Factor 3 (Jade@1uidtsugna ) = 0.171X,,+0.435X+0.370X,,

(% o [y . . . o @ a o 3
Wa\ﬁ]'lﬂﬂ']ﬂ'l'i!lﬁ}ﬂiy?ﬂ Multicollinearity Iﬂﬂﬂ'ﬁaﬂﬂ']ujugqjllﬂiﬂﬁﬁg 33 gy

Y
[ U [ o a 4 Y
flade 3 ade 1299 INATILH NI DAD DA

a d LY
6. HaMIAATIZHOADVLUKAA S (Multivariate Regression Analysis)

a J v 9 ax . v @ 9 U @
MNHAM I UAT12HT9T8ATTHUIUY Varimax ansaanailedela 3 fve uay
o 1 o A v o ' o
mnzuuuiladen ldumagen eunsonadeunnuduiutsznindulsaunaz

o a aa = a o dy
aulsddase laeadd Wilks’ lambda (1) nadeutaziauuagiulumsnageuail
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v o 1 @ v v W a @
6.1 ATNADUANVTUNUTIZHINAWY AW 3 ANuasoase 3 @2

M99 12 MInageuaNNduRUSTzrIedwl oy 3 @il sdasy 3 damse

{la9e 3 19w

F df p-value

Wilks” Lambda 112.63 9 0.0001

HAMIAATIZH IAAT Wilks’ lambda (M1 112.63 11ag A1 P-value (M1 0.0001 &4
Y 1 [ v o w [ oa.ll Y Y] 091} @ 3’ =S
tosnnszautivdinn 0.05 aeiu a3l 1dan dwnlsauns 3 duls Grenhdufee, s1m
v v Y
WUUFY 91 wazsanhiuusy 95) tazdulsoasena 3 @1 (adeduiladediusian,

v 9 a 1 gl o v 9 a A v o Jdo
hatenumsnanuazdeeaniiniu !Lﬁ%‘ﬂ‘ﬂﬂEJ?HMLP{‘Z‘H;@ﬂ%)iJﬂ’JﬁJﬁﬂqu‘ﬁﬂuGlugﬂuUU

a { [ v o w IR= Y a 1 Y] { % o d o
Fuduase NszaviedAny 0.05 ugasnisulsdaszediaion 1 ANTauduRUTIY
0.1 :JI v =R

WA 3 A9

4

o v o @ a v 1 v 1
\'1‘Vnﬂ1'H'ﬂﬂﬁ@ﬂﬂﬂ?ﬂﬁﬂwuﬁm@\‘lﬁﬁuﬂ‘i@ﬁﬁgﬂﬂﬁﬁllﬂiﬁWNLma$ﬁ"]ﬁfJUl'ﬂ

AaTl
] Y4 1 @ [ a = (%
6.2 ASWADVANVAUNUTIEHINA TN VA58 a5L (Factor 1 Failuilede
kY
AU31A1)
awuag I lumnaaey Ho: [B, B, B, =0

Hl : [Bn Blz Bn] # 0
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4 v o d J % v v W a
M3197 13 MINATOUANNFUNUTIEHINAM5AM 3 Anuaulsoase (Factor 1)

F df p-value

Wilks” Lambda 960.96 3 0.0001

HaNIAATIZH 13A1 Wilks’ lambda 1M1171 960.96 1A A1 P-value (AU 0.0001 &4

9 1 Y v o w [ 3 9 o Y = 1Y 1Y - =S
HUogNNITAVUYA NN 0.05 AYUU ﬁﬁqﬂllﬂﬂ'] Mateausimuanuduwusny s1mvelan

Y
£ o w

9 9 v
WuAEra WUUEY 91 uazihliuudu 95 NTzausd Ay 0.05

Y] Y4 1 @ [ a £ & U W
6.3 ASIWADUANVANNUTIEHINA TN VA0 aTE (Factor 2 il uilede

Y Y
MumskaaazaIantingu) aail

auuaglumanasey  Hy: B, B, B,1 =0

Hl : [le Bzz B23] 0

Y v o 1 @ v v W a
ﬂTi'l\‘i‘ﬁ 14 MINATOUANVTUNUTIZHIA WU 3 Anudulsoase (Factor 2)

F df p-value

Wilks” Lambda 371.53 3 0.0001

HaNIAATIZH 13A1 Wilks’ lambda (91171 371.53 1a2 f1 P-value (AU 0.0001 &4

@ o

Y Y
tosnszauiivdifny 0.05 auiu a311d3 Hededumsnaauazdsooniiniu i

[ A

9 9 v v
ANUTY ‘L!T;’ usmnedan diuaea HTuugy 91 uaztinuniuuugu 95 Nsea

v o J 1 o Y a £ g o
6.4 AFVADVANNTUNUTTEHINAsAunuAIls0852 (Factor 3 Fuiluilede

Y a @ dy
@nulﬁi‘lelgﬂ"l]) AN



awuaglumanagey  Hy: (B, B, B,] =0

Hl : [Bn Bu B33] # 0

! v o ' Y v v W a
msnﬁ 15 MSNATEUANNFUNUTTZHINAWUsAY 3 Aanualsoase (Factor 3)

F df p-value

Wilks” Lambda 308.43 3 0.0001
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HaNINATIZH 18A1 Wilks’ lambda (M1 308.43 1A% A1 P-value (AU 0.0001 &4

Y
o w v @

' v ' @ a a v o Jo
doonszauiedinn 0.05 auiu agdld dedemussugne danuduiusny siaue

Y Y
% %

v '
danihiuaea gy 91 tazi i uuusy 95 Nszautivd Ay 0.05

v o @ a v 1 o 1w
NNMINATIUANNTUNUTVIAWUToAsZAUA M sMuunazdd wunauls
a QaJJ = [ @ Jou @ "o v Y v 9
DATLIN 3 MUANUFUNUTAVA TN uaas Yadea1usia (Factor 1) aveau

Y
a 1 o Y a v o Jdo
MINAALLASTIDDNUINU (Factor 2) LAY ﬂ‘ﬂﬂﬂﬁ'lulﬁi‘kljﬂfﬂ (Factor 3) PANUFUNUTOY

9

Y Y Y [
Sinelaminiuamacy )Uiuudy 91 (Y,) rasiduudu 95 (Y,) Nssauisdinmy

4 9
0.05 LLaS‘VI”Iﬂ13‘VIﬂﬁ'i’)‘]JﬂTﬁll‘ﬂ33E‘T‘i/l‘ﬁﬂﬁﬂﬂﬂ@ﬂﬂli’]ﬂu@]ﬁ‘é’m%uﬂiﬁ’ﬂqﬂﬂﬂﬁ

£
o o A

4 9
6.5 Msnageumaulszanimsnanesvessimuelantiniuawa (Y) Aail

d' a do v AA 1 a 3‘ )
M3197 16 HamsuATzHilaveninanesimunelaniiuama

fals Estimate Standard Error F Pr >F
Intercept 17.547 0.132 132.33 0.0001
Factor 1 4.239 0.134 31.70 0.0001
Factor 2 2.057 0.134 15.38 0.0001
Factor 3 1.733 0.134 12.96 0.0001

R-Square = 0.962 Root MSE = 1.027 y, = 17.547
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115 Intercept , Factor 1 (Ha98d1131A1), Factor 2 Jadsdumsnanuay
deoominiuas Factor 3 {osednussugiv) i P - value Wit 0.0001 Fafiefooniim
seduisdfay 0.05 uaneI@als Factor 1, Factor 2, Factor 3 HAnuduiusiudlsam
Y, fith R v 0.962 tazimanuamamaeu iy 1.027 Fanineanu dunlsdaszil
aunsoetuemsuldeunamesiaulsam v, 18 96.2 %

9

a 4 dy =S Yo A
AMNNITAUNIICHINADDYU E‘ﬂlﬂimﬂlﬂuﬁllﬂWiﬂﬂﬂ?Jﬂ”lﬂﬂQu

?1 = 17.547+4.239Factor 1+2.057Factor 2+1.733Factor 3

4 14 9
6.6 MsnageumMaulszanimsnanosvesTimutslantiniuuugu 91 (Y, Aail

d‘ a o o A 1 = 3‘ % a
M3190 17 wamsaasizrilateninanesimvielanidiuyugu 91

fals Estimate Standard Error F Pr>F
Intercept 19.620 0.087 225.79 0.0001
Factor 1 3.660 0.088 41.77 0.0001
Factor 2 2.536 0.088 28.94 0.0001
Factor 3 2.192 0.088 25.02 0.0001

R-Square = 0.983 Root MSE = 0.673 y, = 19.619

115 Intercept , Factor 1 (Ha98d1131A1), Factor 2 Jadsdumsnanuay

a1 9

9 1
deponiniu) 1ag Factor 3 (Hadodumsugne) A1 P - value 1tM1A1 0.0001 Feliatiooniin
v v o w 1w v o Jdo o
sEAUBdIARY 0.05 UaAIIIAT Factor 1, Factor 2, Factor 3 NAnuduiusiudulsaiy
Y, uazlial R® v 0.983 waziisanuaaiamnaon iy 0.673 Fanunennudn aamls
a dy a A Y k4 = A
gasziamnsoofuemsnlasunasvesdlsnm v, 16 98.3 % uazlicumsnanos fio

~

Y, =19.619+3.66Factor 1+2.536Factor 2+2.192Factor 3
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4 14 9
6.7 Msnageumaulseansmsnanosvessimurelantiuiuuugu 95 (Y, Aail

! a do v AA 1 = g‘ o a
msnﬁ 18 WamsuATIEHdadenlnaneimvelantiduuugu 95

dunls Estimate Standard Error F Pr>F
Intercept 20.489 0.086 237.82 0.0001
Factor 1 3.627 0.087 41.75 0.0001
Factor 2 2.504 0.087 28.82 0.0001
Factor 3 2.126 0.087 24.48 0.0001

R-Square = 0.983 Root MSE = 0.667 y, = 20.489

a

A5 Intercept , Factor 1 (Ja38@1131A1), Factor 2 (Jadedumsnanuay

9

Y [l
daponiniu) 1ag Factor 3 (Hadeduasygne) a1 P - value 1111 0.0001 Feliaioeniin

@ o w 1

@ Y = v o Jou o
sEAUNEAIAY 0.05 uaAI1dIls Factor 1, Factor 2, Factor 3 NANNANWUSAUAI 501
Y, tazlial R iy 0.983 wazlimnnuaaiamaou miny 0.667 Fnanenudn auls
a dy a d' [ 9 = =)
dasziigmnsnefueanuldsunilasves dundsaw v, 18 983 % wazliaumsnanos Ao

~

Y, =20.489+3.627Factor 1+2.504Factor 2+2.126Factor 3

[ k4
MndoyaninNAnEIAwARoUNNTIAY 2545- NDUTUIIAN 2549 TINTTELIAT 60

=) d‘ = [ d‘da a 1 = g‘ % tﬂy a A oy v A
wou iivednilatenianswadesimanelanvesiniudemas 3 Uszian Ao iniudiwa

Y Y

o w a o w a v o d 1
Wuugu 91 saziuiuwudu 95 nagdnugUuuuanuduiusszrinsmnelan

g} % 3 Ya aay ¥ U a 4 a 4 [ o 4
giune 3 Uszm Taeldasmsneada ldun msansizinmsonnes msnszianduius
a a doy o I Y 2 9 = Y v 9 a
uAuvealinea uazmMsIns1ziade udu wohdnvuzdeyalinnuaeandosnudoaund
2
iesduresmsinzimsnanes wazimstihmaianiinsierdiladongielums
% { o Jd A

udlayn Multicollinearity &4 ldeumsnanosnannsniiluldlumswensaitSua

Y Y Y Y
11180 anve N UAA T UUUFY 91 1A UILUFY 95 A9l
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Y
1. aumsaanesd1msusImvelaniniuda Ae

~

Y, = 17.547+4.239Factor 1+2.057Factor 2+1.733Factor 3

(31® Factor 1, Factor 2 ilazFactor 3 Ao Ja3sd1131m, fdedumsnanuazdiesn
Y i1
itiuney Jadedussugna awde Taolia1 R? v 0.962 wagiisnnunaiamnaon

WA 1.027

Y
2. aumsoanosdmsuIImnslaminiumugu 91 Ao

A~

Y2 =19.619+3.66Factor 1+2.536Factor 2+2.192Factor 3

1J® Factor 1, Factor 2 ttazFactor 3 A iladediusi, ademumsnaauazdeoon
Y 1
Wniuuaz Potemunsugne mudiay Taefian R® 510 0.983 uaziimnunaianaou

1101 0.673

Y
3. gumsanneed M uTIMvIedantiniuuugu 95 Ao

A

Y3 =20.489+3.627Factor 1+2.504Factor 2+2.126Factor 3

1318 Factor 1, Factor 2 (i@ Factor 3 Ao Jadedusia, adedumsnanuazdioon
Y i1
itiuney Yadednuasugna awde Taolia1 RY v 0.983 uagiisnnunaiamnaon

10 0.667

e

Tasfiaumansnanosvoduaazilade ansadiuin ldaail

Factor 1 ({1998@1131A17) = -0.003X,-0.001X,+0.005X-0.003X,-0.001X,+0.006 X+
0.029X,+0.031X,,+0.066X,,+0.266X,,+0.137X,,+0.000X,,+0.144X,,+0.024X,,, +0.017X,+
0.003X,,-0.041X,,+0.023X,,,+0.037X,,-0.115X,,+0.153X,,+0.088X,+0.003X,,+0.041X -+

0.032X,+0.050X,,
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Factor 2 (adeaumsndauazdioontiniy) = 0.196X,,+0.054X,+0.411X,+

0.290X,,,
Factor 3 ({1a88@1uiftsugne ) = 0.171X,,+0.435X+0.370X,,
o d' [y a v dq’ d
7. mathaumsanaseaniaainmsisei ¥ lumswennsel
A ] = FA/ o 2 o = Yoo 4 Y
onaasms ldwamsaneiag s lumsnensalsianiniunelan 3 Uszinn §de’la
o 3 9 oy o o 1 A A F) = Y 1w Aa o
Mmanudeyasaniniunaziladeais o Anerverldun daulsdasy X, $1uau 33
auls Tugaudeuunsian 2550 — aaaw 2550 wazihdeyanwnanuldiuaumsoanesn
Y = A o 1 4 =y o dy
Tannmsau eludisgralumsneinsal uaniseaz@eanil

A ¢ A v
7.1 Wﬁﬂ]jjlﬂinﬁﬂlﬂy‘alﬂﬂﬂﬂu

v Y H
A15199 19 maﬁagﬁmﬁ’uﬁm%’uﬁ’mﬂimu 3 dutls PimsAneIvnrtae v

(Joyamounniiny 2550 — ADUAAIAN 2550)

fly Aunde Andleauuumasgy MAga AgIgA
Y, 25.009 1.489 22.76 27.47
Y, 27.743 1.756 24.83 29.57
Y 28.526 1.748 25.63 3031

~ I a <Y di} 9 ) Y [ = ~
N3N 19 1Wuwamsansiziveyaiiesdudmsudlsaniu 3 aaunls Uaunae
Y v Y
o951 uAIa (Y,) Ao 25.01 (UW/anT) AundsvesAnhluuudu 91 (Y,) Ao 27.74

H Y
(LIN/AAT) LaZANRAIVDITIA NN UVUFTU 95 (V) D 28.53 (1M/anT)
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o 9 @ 1 A g Y a a’/‘ @ I [ 9
7.2 1“‘11’011“'@@]'J?JEJ'NGlTﬁJVILﬂ‘Uﬁ'J!L‘lJﬁﬂﬁ'i%iﬂ“ﬂ\i 33 aauls uﬂmtﬂummmgm 1an
9

unua1aaluannIsuea Factor 1, Factor 2, 1418 Factor 3 lanail

Factor 1 (‘ﬂﬁ]%ﬂ&uﬁm) = -0.003(-1.929)-0.001(-1.923)+0.005(-1.621)- 0.003(-1.678)-
0.001(-1.678)+0.006(-1.578)+0.029(-1.922)+ 0.031(-1.928)+
0.066(-1.616)+0.266(-0.615)+0.137(-0.617)+0.000(-0.615) +
0.144(-0.618) + 0.024(-1.636)+0.017(-1.631)+0.003(-1.943)—
0.041(-1.952)+0.023(-1.625)+ 0.037(-1.205)-0.115(0)+
0.153(0.939)+ 0.088(2.232)+ 0.003(-1.642)+0.041(-0.101) +
0.032(-0.817)+ 0.050(-1.452)

= -0.405

Factor 2 (ﬂ%%’aﬁmmiwﬁﬁ = 0.196(1.471)+0.054(1.215)+ 0.411(0.015)+ 0.290(0.129)

azaiooniingu) 0.397
Factor3(ﬂ%%’8ﬁ'1mﬁw§ﬁ%) = 0.171(0.213)+0.435(0.724)+0.370(1.379)

=0.862

7.3 11181 Factor 1, Factor 2, 118¢ Factor 3 Nenuiar ldunuasluaumsannossail
?1 = 17.547+4.239Factor 1+2.057Factor 2+1.733Factor 3
= 17.547+4.239(-0.405)+2.057(0.397)+1.733(0.862)

=18.140

~

Y, =19.619+3.66Factor 1+2.536Factor 2+2.192Factor 3
=19.619+3.66(-0.405)+2.536(0.397)+2.192(0.862)

=21.033
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Y3 = 20.489+3.627Factor 1+2.504Factor 2+2.126Factor 3

= 20.489+3.627(-0.405)+2.504(0.397)+2.126(0.862)

= 21.847
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H o 1 % 1 ] A o a
M3197 20 HANMININTRIVOINUIA08 1N (Y ;i =1,2,3) L‘ﬁwﬂu%’@mvmsq

90

(Y, ;i =123)
o Amennsal ASe Awmennsal A3 amennsal A1sa
¥ Y Y, Y, Y, Y,

UNIINY 18.140 22.76 21.033 24.91 21.847 25.71
auAIWUS 15612 23.1 17.833 24.83 18.731 25.63
Huau 18.251 23.62 20.814 26.54 21.663 27.34
U 13.712 24.83 15.689 27.88 16.674 28.68
WO HAIAY 19.251 25.34 22.597 29.19 23.371 29.99
TLIRIN 16.850 25.34 18.922 29.2 19.759 30.01
NINYIAN 16.015 25.61 18.119 29.05 18.972 29.85
GRURGEY 21.323 25.44 23.392 27.73 24.189 28.53
Ay 22,615 26.58 24.178 28.59 24.972 29.21
Aa1nY 21.234 27.47 23.306 29.51 24.113 30.31
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a ¥y o 1Aq ¥ ¢
MINNUINA 01 Joyadredn Inunlylumswernsal

Ao Y, Y, Y, X, X, X, X, X, X, X, X, X,
UNIIAV(2550) 2276 2491 2571 144 1396 1557 1479 1435 1564 2358 22.89 21.15
AUATHUT 23.1 2483 2563 154 1494 1641 149 1445 1625 246l 23.93 22.06
Hunw 2362 2654 2734 173 1686 1684 1693 1649 1657  26.62 25.95 22.47
WY 2483 2788 2868 1872 1835 1825 1827  17.83 1798 2813 27.46 23.97
WOBNIAY 2534 2919 2999  19.67 1925 1842 1958 1915 1836 29.2 28.53 24.17
Ngueu 25.34 29.2 30.01 1884 1841 1841 1899 1856  18.44 283 27.64 24.19
N3NQIAY 2561 2905 2985 185 1808 188 187 1828 1862 2797 27.31 24.6
GRVRLIY 2544 2773 2853 1698 1656 1844  17.14 1673 1849 2672 25.99 2422
Aoy 2658 2859 2921 1812 177 20.1 17.74 1732 1959  28.14 27.37 25.99

fanY 27.47 29.51 30.31 19.46 19.04 21.05 18.95 18.53 20.65 29.55 28.77 26.99



MS19NUINT N1 (9D)

Ao X, X, X,, X,, X, X, X,, X, X, X,, . X,,
UNIIAN(2550) 3.46 326 346 326 1177 1187 1399 137 15 10203 - 2082.7
ANAIUT 3.46 326 346 326 1257 1262 1506  14.82 1592 10041 - 2082.7
fiuaw 3.46 326 346 326 1301 131 1695 1671 1625 12028 - 2082.7
WU 3.46 326 346 326 1408 1419 1838 18.2 17.66 11348 - 2027.9
WOBNIAN 3.46 326 346 326 1412 1421 194 1922 17.86 11803 - 2027.9
Nguieu 3.46 326 346 326 1436 1442 1851 18.3 1786 11973 - 2027.9
N3NgIAY 3.47 327 347 327 1479 1492 1816  17.95 1825 11817 - 2068.2
GRVRLIY 3.83 357 383 357 1454 1475 1665 1641 1791 11835 - 2068.2
AU 4 3.7 4 37 1586 1591 1784 17.59 19.62 10124 - 2068.2
AaAw 4 3.7 4 37 1671 168 1913 1886  20.51 - - -



MS19NUINT N1 (9D)

104

A
U

Xs X5 X0 X X X, X0 Xs X X X, X5,
UNIIAN(2550) 4.99 36696  690.2 92.9 33.8 31751 40670.78 7728.43 140 12429.38 180 3724
UM s 4.65 33203  585.6 89.9 334 30129 56660.56 9092.61 124 11080.89 156 3751
Huaw 4.18 30058  574.5 126.6 355 35421 43950.75 7433.22 128 13458.01 152 4463
WU 3.99 26336  615.7 129.8  36.8 26122 51372.19 6072.46 99 12615.47 129 4232
NHHNIAY 3.9 21868  643.6 151.5 343 33809 61067.78 9004.39 154 15903.13 179 4114
ﬁquwu 3.86 18899  647.1 101.7 324 33864 54583.17 1460.01 143 14725.39 171 4090
nInHIAY 3.86 15616  643.9 50.4 30.1 30460 59837.65 8988.27 122 12911.4 160 4175
GAVRGH 3.87 13100  684.5 855 338 31421 67342.6 9313.42 127 16528.84 155 3961
AU 4.03 7968  659.5 84.2 318 28423  53749.67 9826.75 118 17766.11 147 3981
fany 4.03 4291 676.6 10.4 - 30254  61540.09 11088.44 135 20539.94 160 3963

@ I @ & o ] o
wneamg auls X, udulsdsznnssaulungunnumuas gl ldsimssaus
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MANUIN VT WamMInadaumstanadlndviatedinls 1835109 Mardia

25.76796 24.10033 23.805136
24.10033 24.645471 24.299976

23.805136 24.299976 23.963476
S INV

0.5673905 5.1925649 -5.829121
5.1925649 281.68685 -290.8006

-5.829121 -290.8006 300.71642

TESTS:

BETAIHAT KAPPA1 PVALSKEW

Based on skewness: 5.2582369 52.582369 0.089007

BETA2HAT KAPPA2 PVALKURT

Based on kurtosis: 12.42955 -1.817582  0.069128
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Canonical Correlation Analysis

Adjusted  Approximate Squared

Canonical ~ Canonical Standard  Canonical
Correlation  Correlation Error Correlation

1 0.999415  0.999097 0.000152  0.998830
2 0976231 0.963836 0.006115  0.953027
3 0.878018  0.816498 0.029824  0.770916

Eigenvalues of Inv(E)*H = CanRsg/(1-CanRsq)

Eigenvalue Difference Proportion Cumulative
1 853.9012 833.6125 0.9730 0.9730
2 20.2887 16.9234 0.0231 0.9962
3 3.3652 0.0038 1.0000

Test of HO: The canonical correlations in the current row and all that follow are zero

Likelihood Approximate
Ratio  F Value Num DF Den DF Pr>F
1 0.00001259 33.40 96 75.734 <.0001
2 0.01076083 7.25 62 52 <.0001
3 0.22908374 3.03 30 27 0.0024



Canonical Correlation Analysis

Multivariate Statistics and F Approximations

S=3 M=14 N=I11.5

Statistic Value
Wilks' Lambda 0.00001259
Pillai's Trace 2.72277317

Hotelling-Lawley Trace 877.55504807

Roy's Greatest Root 853.90116997

Statistic Pr>F
Wilks' Lambda <.0001
Pillai's Trace <.0001

Hotelling-Lawley Trace <.0001

Roy's Greatest Root <.0001

F Value

33.40
8.29
217.85
720.48

Num DF

96
96
96
32
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Den DF

75.734

81
57.339
27



Canonical Structure

Correlations Between the VAR Variables

and Their Canonical Variables

V1 V2 V3

Y, 0.9878 0.1505 0.0400
Y, 0.9894  -0.1441 0.0181
Y 0.9905  -0.1374 0.0068

3

Correlations Between the WITH Variables

and Their Canonical Variables

W1 w2 W3

0.9498  -0.2165 0.0592

0.9505  -0.2131 0.0652

[

0.9667  -0.2012 0.0509

w

0.9457  -0.2398 0.1043

~

0.9492  -0.2279 0.0957

w

0.9676  -0.1979 0.0450

=N

09849  -0.1429  -0.0034

3

09833  -0.1292  -0.0119

=

0.9905 0.1119 0.0187

©

0.8928 0.2395 0.0294

0

0.8873 0.2383 0.0260

0.8928 0.2395 0.0294

2

0.8651 0.2430 0.0304

3

0.9707  -0.1146 0.1130

4

0.9666  -0.1406 0.1097

5

o o T e T o T o T o BT B R BT B B

0.9368 -0.2461 0.1703

=N
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0.8658  -0.3502 0.1943
0.9718  -0.1821 0.0885
0.8348  -0.1495 0.1785
-0.8541 -0.2681 0.1250
0.8154 0.1778 0.0600
0.9243 0.1056  -0.0980
0.8330  -0.2537 0.0033
0.7521 -0.2798 0.0937
0.4527  -0.2385  -0.1076
0.6728  -0.3004  -0.0883
0.5659  -0.3504 0.1908
0.8976  -0.0979 0.1554
0.9449 0.0061 0.1103
0.5123 -0.2700 0.4338
0.8842  -0.1299 0.0287
0.6261 -0.3080 0.3788

0.9055 0.1055 -0.0406
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X, X, X, X, X, X, X, X, X,, X, X, X,, X, X, X, X,, X,

X, 1000 1.000 0985 0992 0923 0980 0980 0973 0922 0744 0737 0744 0706 0962 0964 0974  0.949
(0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1.000 0984 0993 0993 0979 0980 0973 0923 0747 0740 0747 0709 0964 0966 0975  0.949
(0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1000 0980 0980 0997 0983 0977 0935 0782 0773 0782 0747 0978 0979 0970  0.938
(0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1000 0999 0979 0974 0966 0914 0740 0733 0740 0706 0959 0961 0977  0.953
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1000 0979 0977 0969 0920 0744 0738 0744 0711 0959 0961 0977  0.951
(0.000)  (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1000 0980 0974 0935 0784 0775 0784 0750 0976 0979 0970  0.937
(0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1.000 0997 0963 0835  0.829 0835 0801 0975 0975 0966  0.917
(0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
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X, X, X,, X,, X, X,, X, X,, X, X, X, X X X X, X,,
X, 0975 0847 -0722 0671 0818 0862 0751 0532 0758  0.668  0.897 0902  0.602  0.868 0709  0.847
(0.000) (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
X, 0975 0849 -0725 0675 0819 0860 0750 0527 0754 0.668 0896 0904 0599 0867 0707  0.848
(0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
X, 0992 0855 -0.727 0705 0.852 0891 0796 0538 0752  0.669 0921 0914 0597 0879 0174  0.847
(0.000) (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
X, 0976 0854 -0718 0675 0814 0855 0767 0517 0753 0674 0.898 0906  0.614 0872 0717  0.829
(0.000)  (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
X, 0976 0852 -0725 0.680 0818 0853 0763 0513 0753  0.668 0899 0907  0.608 0873 0711  0.823
(0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
X, 0991 0854 -0.732 0707 0.854 0890  0.804 0537 0746  0.669 0923 0917 0598  0.884 0714  0.852
(0.000) (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
X, 0984 0832 -0.804 0759 0887 0861 0766 0495 0729 0612 0894 0929 0542 0886  0.657  0.887
(0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
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X, X, X, X, X,, X, X, X, X,, X, X, X, X,, X,, X, X,, X,

X, 1000 0966 0837 0832 0837 0803 0972 0972 0961 0911 0980  0.826 -0.808 0759  0.890  0.861  0.766
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1.000  0.904 0899 0904 0876 0949 0942 0907 0828 0944 0803 -0.877 0.823 0920 0.794  0.715
(0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1.000 0998  1.000 0988  0.842 0.829 0766 0.641 0814 0728 -0.891 0915 0909  0.636  0.640
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1000 0998 0990 0834 0821 0760 0.631 0808 0724 -0.904 0924 0911 0623  0.627
(0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X,, 1.000 0988  0.842 0829 0766 0.641 0814 0728 -0.891 0915 0909  0.636  0.640
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1000 0.805 0792 0729 0594 0786 0711 -0.872 0929  0.898  0.590  0.597
(0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

X, 1000 0.999 0972 0939 0978 0851 -0.781 0741  0.880  0.897  0.802
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
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X, X,, X, X, X, X,, X,, X, X,, X, X, X, X, X, X, X, X, X, X,

X,, 1000 0982 0947 0978 0847  -0.770 0725  0.874 0907  0.808 0522 073 0646 0919 0939 058 0863 0716  0.873
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)  (0.000)  (0.000)

X,, 1.000 0978 0973 0851  -0.718  0.693 0810 0871 0793 0468 0722  0.666 0889 0915  0.621  0.864 0739  0.834
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)  (0.000)

X,y 1000 0926 0791  -0.614 0530 0715 0887 078 0573 0767 0734 0858 0862  0.659 0813 0770  0.771
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)  (0.000)

X, 1.000 0871  -0.744 0763  0.865 0861 0794 0478 0710  0.608 0918 0913 0584  0.883  0.696  0.843
(0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)  (0.000)

X, 1000 -0.585 0729  0.693 0677 0633 0312 0524 0471 0843 0804 0548 0754 0653  0.740
(0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.015)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)  (0.000)

X,, 1.000 0798 0916  -0.613  -0.535  -0.310  -0461  -0338  -0.646  -0.847  -0321 0766  -0339  -0.809
(0.000)  (0.000)  (0.000) (0.000) (0.016)  (0.000)  (0.008)  (0.000)  (0.000) (0.075)  (0.000)  (0.008)  (0.000)

X,, 1000 0.822 0479 0539 0041 0285  0.I82  0.664 0745 0282 0715 0376  0.731
(0.000)  (0.000) (0.000) (0.758)  (0.028)  (0.164)  (0.000)  (0.000)  (0.029) (0.000)  (0.003)  (0.000)

X, 1000 0793 0.635 0407 0607 0399 0789 0871 0328 0785 0458  0.797
(0.000)  (0.000)  (0.000)  (0.000)  (0.002)  (0.000)  (0.000) (0.011)  (0.000)  (0.000)  (0.000)

X,, 1000 0759 0673 0853 0706 0858 0823 0533 0718 0681 0722
(0.000)  (0.000)  (0.000)  (0.000)  (0.0000  (0.000)  (0.000) (0.000)  (0.000)  (0.000)
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X, X, X, X,, X, X, X X, X, X,
X, 1.000 0545  0.632 0.615 0.808 0719 0.548 0.783 0.643 0.709
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)

X, 1000  0.691 0.539 0492 0452 0.319 0.468 0.409 0.437
(0.000)  (0.000)  (0.000)  (0.000)  (0.013)  (0.000) 0.001 (0.000)

X, 1.000 0.621 0708  0.677 0.479 0.622 0.593 0.627
(0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)

X,, 1.000 0.631 0.608 0.699 0.576 0.774 0.560
(0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)

X, 1000 0.877 0.619 0.820 0.730 0.792
(0.000)  (0.000)  (0.000) (0.000) (0.000)

X, 1.000 0.538 0.854 0.659 0.886
(0.000)  (0.000) (0.000) (0.000)

X 1.000 0.435 0.963 0.537
(0.001) (0.000) (0.000)

X, 1.000 0.546 0.789
(0.000) (0.000)

X, 1.000 0.625
(0.000)

X 1.000

72
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Rotation Method: Varimax
Orthogonal Transformation Matrix
1 2 3
1 0.71675 0.51456 0.47063
2 -0.69624 0.49039 0.52419
3 0.03894 -0.70338 0.70975

Rotated Factor Pattern

Factorl Factor2 Factor3

0.60527 0.57866 0.50788

0.60999 0.57436 0.50628

[

0.63676 0.56977 0.49676

w

0.60230 0.56482 0.52529

S

0.60940 0.56381 0.51761

w

0.63986 0.56608 0.49688

=N

0.71452 0.53656 0.42333

3

0.72147 0.53395 0.40765

=

0.81320 0.42729 0.34387

©°

0.94850 0.18238 0.17663

0

0.95605 0.16650 0.16898

0.94850 0.18238 0.17663

2

0.95661 0.10442 0.17728

3

0.69877 0.52592 0.46476

4

0.67971 0.54215 0.47514

5

0.62005 0.53195 0.54028

6

0.45832 0.62145 0.58526

7

0.68987 0.50445 0.48888

8

o T o T o T o T o T B B T T T T R R B B B R

0.64004 0.27018 0.54908

©°
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Final Communality Estimates: Total = 30.043814

[

[

w

6

M M M X X

7

-0.87352
0.94258
0.84622
0.43496
0.45853
0.02129
0.21509
0.06907
0.59088
0.72636
0.10790
0.66844
0.20689

0.71967

Factorl

14.753048

Factorl

-0.00290
-0.00141
0.00471
-0.00318
-0.00117
0.00569

0.02858

-0.31791
-0.00855
0.43123
0.74048
0.51269
0.87071
0.82155
0.53901
0.48747
0.46209
0.15390
0.49773
0.27560
0.38844

Factor2

8.145940

Factor2

0.05382
0.05157
0.04921
0.04113
0.04236
0.04689
0.04759

-0.03774
0.20477
0.13922

0.39524
0.45794
0.10510
0.32016
0.67258
0.53417

0.41137
0.93034
0.33728
0.90016

0.38940

Variance Explained by Each Factor
Factor3

7.144825

Standardized Scoring Coefficients

Factor3

0.02548
0.02570
0.01999
0.03970
0.03537
0.02105

-0.01427
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8

9

0

11
12
13
14
15
16
17
18
19
20

21

22

[

3

24

2!

1%

26
27
28
29
0
1

2

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

3
3
3
3

3

0.03142

0.06584
0.26625
0.13701
0.00000
0.14390
0.02367
0.01747
0.00272
-0.04061
0.02270
0.03706
-0.11475
0.15274
0.08796
-0.04360
-0.01711
-0.10951
-0.08652
-0.10737
0.00336
0.04063
-0.07513
0.03204
-0.06962
0.05009

0.05072

0.00624
-0.15961
-0.08632
0.00000
-0.12124
0.02995
0.03711
0.01695
0.06736
0.01177
-0.12357
-0.04624
-0.18719
0.07364
0.19601
0.05433
0.41131
0.28974
0.04204
-0.00043
0.01177
-0.24877
0.06225
-0.18762
-0.01800

-0.02232
-0.02768
-0.08990
-0.04427
0.00000
-0.01885
0.01272
0.01431
0.05739
0.06425
0.03359
0.14915
0.15885
0.03524
-0.14088
-0.07554
0.03317
-0.24070
-0.12513
0.17052
0.07158
0.00362
0.43535
-0.04326
0.36993
0.01740

118



a 4 @
MARNUIN US HANSIAATIZHNTOAD DUV A8A S

Number of Observations Read 60

Number of Observations Used 60

Dependent Variable: y1

Source

Model
Error

Corrected Total

Source

Model

Sum of

DF Squares Mean Square

3 1486.995291  495.665097
56  59.082327 1.055042

59 1546.077618

F Value Pr>F

469.81 <.0001

R-Square Coeff Var Root MSE  yl Mean

0961786  5.853664  1.027152  17.54717

Parameter Estimate

Standard

Error t Value Pr> [t

Intercept  17.54716667  0.13260477 132.33 <.0001

Factorl 4.23903013  0.13372382 31.70  <.0001

Factor2 2.05694678 0.13372382 15.38  <.0001

Factor3 1.73288878 0.13372382 12.96  <.0001
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Dependent Variable:

Source

Model
Error

Corrected Total

Source

Model

y2
Sum of
DF Squares Mean Square
3 1453.359701  484.453234
56  25.368584 0.453010

59 1478.728285

F Value Pr>F

1069.41 <.0001

R-Square Coeff Var Root MSE  y2 Mean

0.982844  3.430569  0.673060  19.61950

Standard

Parameter Estimate Error t Value Pr> [t

Intercept  19.61950000 0.08689174 225.79 <.0001

Factorl 3.66024033  0.08762501 41.77 <.0001

Factor2 2.53597344  0.08762501 28.94 <.0001

Factor3 2.19196138 0.08762501 25.02 <.0001

Dependent Variable: y3

Source

Model
Error

Corrected Total

Sum of

DF Squares Mean Square

3 1412.870576  470.956859
56 24.937989 0.445321

59  1437.808565
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Source

Model

F Value Pr>F

1057.57 <.0001

R-Square Coeff Var Root MSE  y3 Mean

0.982656  3.257066  0.667324  20.48850

Parameter Estimate

Standard

Error tValue Pr> |t

Intercept  20.48850000 0.08615115 237.82 <.0001

Factorl 3.62702359 0.08687818 41.75  <.0001

Factor2 2.50402411

0.08687818 28.82  <.0001

Factor3 2.12638710 0.08687818 24.48  <.0001

Multivariate Test: test all

Error Matrix (E)

59.082326954  -1.288932107 -0.111292094

-1.288932107  25.368584312  25.072927553

-0.111292094  25.072927553  24.937988975

Hypothesis Matrix (H)

1486.9952914  1447.3087471  1428.4194371

1447.3087471  1453.3597007  1432.9256274

1428.4194371  1432.9256274 1412.870576
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Multivariate Statistics and F Approximations

S=3 M=-0.5 N=26

Statistic Value F Value

Wilks' Lambda 0.00516386 112.63
Pillai's Trace 1.59585324 21.22
Hotelling-Lawley Trace 91.16181701 539.92

Roy's Greatest Root 90.20366097 1683.80

Multivariate Statistics and F Approximations

S=3 M=-0.5 N=26

Statistic Pr>F
Wilks' Lambda <.0001
Pillai's Trace <.0001

Hotelling-Lawley Trace <.0001
Roy's Greatest Root <.0001
Model: MODEL1

Multivariate Test: test_int

Error Matrix (E)

59.082326954  -1.288932107

-1.288932107  25.368584312

Num DF
9
9

-0.111292094
25.072927553

-0.111292094  25.072927553  24.937988975
Hypothesis Matrix (H)

18474.183482  20655.998185  21570.907455

20655.998185  23095.486815  24118.447545

21570.907455  24118.447545  25186.717935
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Den DF

131.57

168
81.733

56



Multivariate Statistics and Exact F Statistics

S=1 M=0.5 N=26
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Statistic Value F Value Num DF Den DF
Wilks' Lambda 0.0006664 26990.8 54
Pillai's Trace 0.9993336 26990.8 3 54
Hotelling-Lawley Trace 1499.4912949 26990.8 54
Roy's Greatest Root 1499.4912949 26990.8 54

Statistic Pr>F
Wilks' Lambda <.0001
Pillai's Trace <.0001

Hotelling-Lawley Trace <.0001

Roy's Greatest Root <.0001

Multivariate Test: test_factorl

Error Matrix (E)

59.082326954  -1.288932107  -0.111292094
-1.288932107  25.368584312  25.072927553

-0.111292094  25.072927553  24.937988975

Hypothesis Matrix (H)

1060.1932106  915.43627397  907.12867418
915.43627397  790.44419762  783.27090306

907.12867418  783.27090306  776.16270626



Multivariate Statistics and Exact F Statistics

S=1 M=0.5 N=26

Statistic Value F Value Num DF Den DF
Wilks' Lambda 0.01838695  960.96 3 54
Pillai's Trace 0.98161305  960.96 3 54
Hotelling-Lawley Trace 53.38639551  960.96 3 54
Roy's Greatest Root 53.38639551 960.96 3 54

Statistic Pr>F
Wilks' Lambda <.0001
Pillai's Trace <.0001

Hotelling-Lawley Trace ~ <.0001

Roy's Greatest Root <.0001

Multivariate Test: test factor2

Error Matrix (E)

59.082326954  -1.288932107 -0.111292094
-1.288932107 25368584312  25.072927553
-0.111292094  25.072927553  24.937988975

Hypothesis Matrix (H)

249.6307731  307.76538183 303.888015
307.76538183  379.43851665  374.6581794
303.888015  374.6581794  369.93806699
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Multivariate Statistics and Exact F Statistics

S=1 M=0.5 N=26

Statistic Value F Value
Wilks' Lambda 0.04620958 371.53
Pillai's Trace 0.95379042 371.53

Hotelling-Lawley Trace 20.64053251  371.53

Roy's Greatest Root 20.64053251 371.53

Statistic Pr>F
Wilks' Lambda <.0001
Pillai's Trace <.0001

Hotelling-Lawley Trace <.0001

Roy's Greatest Root <.0001

Multivariate Test: test_factor3

Error Matrix (E)

Num DF

59.082326954  -1.288932107  -0.111292094

-1.288932107  25.368584312  25.072927553

-0.111292094  25.072927553  24.937988975

Hypothesis Matrix (H)

177.17130765  224.1070913  217.40274791

224.1070913  283.47698641  274.99654499

217.40274791  274.99654499  266.76980278
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Den DF
54
54
54
54



Multivariate Statistics and Exact F Statistics

S=1 M=0.5 N=26

Statistic Value F Value
Wilks' Lambda 0.05514233  308.43
Pillai's Trace 0.94485767 308.43
Hotelling-Lawley Trace 17.13488899 308.43
Roy's Greatest Root 17.13488899 308.43
Statistic Pr>F
Wilks' Lambda <.0001
Pillai's Trace <.0001

Hotelling-Lawley Trace <.0001

Roy's Greatest Root <.0001

Num DF
3
3

3
3
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Den DF

54
54
54
54
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/* This program is for testing the multivariate normality using Mardia's skewness and kurtosis
measures. Application on C. R. Rao's cork data */ (Khattree, Ravindra and Dayanand N. Naik,
1999)

proc iml ;

y={ 1148 1256 13.56,
11.83 13.01 14.01,

12.33  13.87 14.87,

13.42 15.02 16.02,

13.47 15.06 16.06,

12.92  14.32 15.32,

12.79 14.05 15.05,

13.12 14.24 15.24,

13.78 14.78 15.78,

14.50 15.33 16.33,

13.90 14.49 1549,

13.94 14.77 15.77,

14.65 15.80 16.79,

14.87 16.07 17.07,

14.79 1599 16.99,

14.66 15.86 16.86,

14.01 1525 16.25,

12.84 1441 1541,

13.04 1535 16.35,

13.64 16.19 17.19,

13.63 15.44 16.36,

13.77 1542 16.32,

14.08 15.78 16.58,

1439 16.26 17.06,



14.55
14.59
14.59
14.59
14.59
14.59
14.59
14.59
14.59
14.59
14.59
14.59
14.59
14.74
16.06
18.19
19.48
22.51
22.51
22.90
23.87
24.05
22.96
23.01
24.17
24.42
25.36
26.27
26.45
27.33

16.31
16.19
16.19
16.19
16.67
17.51
18.05
19.94
20.99
21.22
20.82
19.06
18.57
19.33
21.11
22.01
21.60
22.37
24.77
25.25
26.59
26.39
24.64
24.66
25.92
25.71
26.1

27.22
28.31
28.89

17.11,
16.99,
16.99,
16.99,
17.47,
18.31,
18.85,
20.74,
21.79,
22.02,
21.62,
19.86,
19.37,
20.13,
21.91,
22.81,
22.40,
23.17,
25.57,
26.05,
27.39,
27.19,
25.44,
25.46,
26.72,
26.51,
26.9,

28.02,
29.11,

29.69,
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27.79
27.55
26.05
24.19
23.87
23.62

29.27
28.94
26.08
24.84
24.75
25.39
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30.07,
29.67,
26.88,
25.64,
25.55,
26.19} ;

/* Matrix y can be created from a SAS data set as follows:

data oil;

infile 'oil.dat' ;

inputyl y2y3;

run;

proc iml;

use cork;

read all into y;

See Appendix 1 for details. */

/* Here we determine the number of data points and the dimension of the vector. The

variable dfchi is the degrees of freedom for the chi square approximation of Multivariate

skewness. */

n = nrow(y) ;
p =ncol(y) ;
dfchi = p*(p+1)*(p+2)/6 ;

/* q is projection matrix, s is the maximum likelihood estimate of the variance covariance

matrix, g matrix is n by n the matrix of g(i,j) elements, betalhat and beta2hat are respectively the

Mardia's sample skewness and kurtosis measures, kappal and kappa2 are the test statistics based

on skewness and kurtosis to test for normality and pvalskew and pvalkurt are corresponding p

values. */

q=1i(n) - (1/n)*j(n,n,1);

s = (1/(n))*y *q*y ; s_inv = inv(s) ;
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g matrix = q*y*s_inv*y *q;

betalhat = ( sum(g matrix#g matrix#g_matrix) )/(n*n);
beta2hat =trace( g matrix#g matrix )/n ;

kappal = n*betalhat/6 ;

kappa2 = (beta2hat - p*(p+2) ) /sqrt(8*p*(p+2)/n) ;
pvalskew = 1 - probchi(kappal,dfchi) ;

pvalkurt = 2*( 1 - probnorm(abs(kappa2)) );

prints ;

prints_inv ;

print 'TESTS:";

print 'Based on skewness: ' betalhat kappal pvalskew ;
print 'Based on kurtosis: ' beta2hat kappa2 pvalkurt;

run;
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dm'log'clear; dm'output'clear;
options 1s=64 ps=45 nodate nonumber;
data oil;
infile 'oil.dat' ;
input yl y2 y3 x3 x4 x5 x6 x7 x8 x9 x10 x11 x19 x20 x22 x23 x25 x26 x27 x28 x29 x30 x31 x34
x36 x37 x40 x47 x48 x52 x60 x65 x68 x69 x71 X72 @@;
proc cancorr data=oil;
varyl y2y3;
with x3 x4 x5 x6 x7 x8 x9 x10 x11 x19 x20 x22 x23 x25 x26 x27 x28 x29 x30 x31 x34
x36 x37 x40 x47 x48 x52 x60 x65 x68 x69 x71 x72 ;

run;
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a 4 [y
ANTIZHMTDADDINAEA AT ( Multivariate Regression Analysis )

dm'log'clear; dm'output'clear;

options 1s=64 ps=45 nodate nonumber;

data oil;

infile 'oil.dat' ;

input yl y2 y3 x3 x4 x5 x6 x7 x8 x9 x10 x11 x19 x20 x22 x23 x25 x26 x27 x28 x29 x30 x31 x34

x36 x37 x40 x47 x48 x52 x60 x65 x68 x69 x71 x72 @@;

proc standard data=oil mean=0 std=1 out=0il2 ;
var x3 x4 x5 x6 x7 x8 x9 x10 x11 x19 x20 x22 x23 x25 x26 x27 x28 x29 x30 x31 x34 x36 x37
x40 x47 x48 x52 x60 x65 x68 x69 x71 x72;
run;
 Tsunsumsinziilads Tasmsnayuuny Varimax */
proc factor data=oil2 method=p nfactor=3 rotate=varimax out=fscore;
var x3 x4 x5 x6 x7 x8 x9 x10 x11 x19 x20 x22 x23 x25 x26 x27 x28 x29 x30 x31 x34 x36 x37
x40 x47 x48 x52 x60 x65 x68 x69 x71 x72;
run;
proc print data=fscore;
run;
/+ Tdsunsumsanazimsnanesatodauls */
proc reg;
model yl y2 y3 = factor] factor2 factor3;
test_all:mtest factorl, factor2, factor3/print;
test_int:mtest intercept/print;
test_factorl:mtest factor1=0/print;
test_factor2:mtest factor2=0/print;
test_factor3:mtest factor3=0/print;

run;
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