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Bie we SEAAL od BESE Mol BE-Sake] o
4 mEe wd @E0dz WESA WM WAt Amasel
/8 S | |

S Bme met oW m&s dd mEdd BET + O dE
Be ®BEEE WEMDN A wg zam BHRES S it o
Sube] mEE =r oz A BEmez He W & ok

EZ 3 X (Multiyariafe,Analysi{s‘-)le‘%_]— e ggy%;ﬁﬁgg 52

SWEERTS  ARBARIR S

= sebatedl - QoA LER #
g §A%A 2z AR 4T F Q' AR G
prse wEd o |
FHAAL et SWE HHSNHEES FAA4 A FE
pEe EAsnA woh WA A Frsl mam WAL BRE W
S Wz ol = ﬂ,z}oﬂ "nﬂo} SAS Package fﬂﬁﬁﬁ&%._%ﬁ@‘i%}
712 dd go 2 HHsHA = %ﬁ%%ﬁﬁ%%%fﬁﬁ%ﬁﬂ gz
el wa chgst -k | | |
REXD ;ﬁmﬁam Al HE
5 ¥ # #® 5 W K &
o 1@ #WMEHEAY o W4 44 (Principal Component
T BRI AnalySlS)
o o EEAHF (Factor Analysis)
o 28 WEBMS | o Ei%wssﬁﬁﬁéahoni;al Correla-
. BIRSAT tion Analysis)
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I. B&Hn &
1. E%’-ﬁ‘ﬁﬁ.ﬁ#ﬁ (Canonical Cbrrelayti(;n Analysis )

D EwEBANS B@e WR

o BRAAE At BAd dddd oedrd BEZ MR
= —‘?‘- %—%9] : ?ﬁu%#(twb sets of measurréments)% 7?_14—3.— uﬂ‘7}‘ 8
G B ma olw EAd dsel 10749 @IRE Gbility
tests) S 9 74A 9 ﬁﬁbg (interest ~inv¢htc>lryl‘.sca1‘es) Z WE e
m@ﬂ'%wﬁﬂ_mﬁﬁ%%g%az a% %%ﬂiﬂqQ%% %744
BER D WOOAteR e LBE 4 mibse 0@ C 10
X958 “MEMMME Gbivariate correlation) & TFael o F m
55 ﬁ.ﬂ%ﬂl, | (si‘mulr.taneousyy)@%-_5}@?%.; _45 91 A} ggm &
’ 737&31 #ﬁﬁﬁséﬁa}% mEA mAT #YRA e obF ol ’
olsh ol H—@ H&CEAE)E EEd WEddAw 2@

e
t

Bumol BMAMOZ AL GE EHEM Womin) e RE BT
o MEE 7

F RAA mEEel WEREmA @et By FL

A%k ek olaA @ FAS WEBA S MMM (interrelat-
lon)E E®MESNE FES] Fob ¥ £ gk —@mez I
3 B #'%%y:@%@%ﬁﬁﬂ/&ﬁ@ﬁ%ﬁm@immrwm“mn'
analysis) & EMMMANS HED MZA oI5 WEE EEED
W e g o | . |
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% BB 5 H (multiple regression analysis) & ~7Z2} FESEH yo
JKE AT WEBE y 9 BHEAS RACAE MEZ 47
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mEC ySh xS AMMEE RAEHE EHE
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CESEMARE oldd FREMANC MEoZ ¥E % WEEM 5
Pt W WEEE y 2 EESO]l oy% §x o MWENE RAMLSE o
' ’lﬂvﬂﬁ Zﬂ'W%E

I

B’ WA R eld Z=a'y, W=
ﬁﬁﬁ%_(set of canonical variable) ,~z$} wel ﬁﬁﬁ%&(P)—% F#
Bk 8 (canonical corvrelati'qn coefficient) 2t ’Ql“‘/} o3w FrER
Mo WA o4 WEy + qué{ﬂﬂlﬁxﬁm%;&afﬁﬁ_

B (I ERERE) S BUY F oo EEmmed ®aMcls 2
Ggoz BAMME 2t EREN® (HEFEKS)E T %
ek, olWA MAMoD T OBME F Kol ge me  mER
dee EwEMEE 7Y 4+ Ao o
2) EEAMATY BEH FR -
EAe mEE yS b AR p, ¢BY BEEEZ ol Fold

gtz A, =,



3 =Cynsyas oy 3p)

,,=(X1:X2" """ , 1) ol

l ‘ Pt - le = 12\ o o
>= N < ) ’ < ’ ) Jiieesaiisenrvent 1.1
x ' H2/ Sa  Xn '

covCa’y B'x)

: [var(_o_z’_;_z) 'var{»(ﬁ'l)*]

of -

S RAf CRMAN P @HES RALIHNE o, gol EETE

Z9 WE %lﬂiﬁﬁ&% (the first canomcal varlables)oli} —E.'—E.

>u1 oldlol PE 1 EEAMAMGEH (the first qa'nonlcal correlatlon)
dx med K126 a, gol dded PE 0% FAXRel
B2 a4, fort PR RAELHACR A BHCX0) G, G

A Aol Ciaor Cafe® 44 PP E BAMLH Uk e E o
g musl A% Ses Ze HEBEAE
var (z)= var (g'g) — o Tua =1,
var W)= var (8 1) =4 gmﬁ_::l' .............. >(1,3~) 7
X199 EETAA £.2)F BAESE HES 9% Le
BASE Ko HRH (L.agrange BRI, | |

Lgf, Sttt ad—a " Thuadtd(1—8" 2 ),
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9
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a1 L

KA. (1.DE B HEEAT ®RT Aot RUA.4X o

2 FHm KRA.5) g E Fa |
COV(Z/,W).=ﬁ"’ DIEP) ﬁ: ’Ez; a= 4= 1 =2 ('..’1212=A
z:2'.1)

o muded e adwdAL Fr MEE mEu

e

’\221r_1222 B
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g zZEt asE=R

—2Zn PIPD i
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.,ﬁﬁﬂ~44q Pad ¥ ©g ReE EFY oA

: ( - 1 )plq p 222 22 211 212 222 EZlf ,‘= 0 "'.‘i" (1.10)
%, Sp.=oEE s T
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T za 23 B (DT =0 e (1.12)
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cov (Z;, Z) = cov (0;, ®) =10, var(Z)= var (@)

(Z,W)= corr (Z,W)E& JkAftsdtE a- g5 &

4
g
I
basA
o

of a, gol AW Z=a'y, w=p1'F H2EEBMEeIdD PE

G A% AL 8 LE RALIE MEE EmsTd

| L=£'Zi2£‘+% B (1—d Zy ad+sd 12(1—‘L9'7222_Ls_)+
gl Tt Tas

e hes e s, A A dlESe 022 Fes

2
i
I o

— = Zpf— A Zuatuaan T 0 eeereeeee (1. 14)

- = Tona— A2 Lo B+ 42 Xae _@(1) = 0 (1. 15)

9L : o ‘ L
_ = .5.‘(1'..2”211 £)=0, .............................. (1. 16)
021 . ‘ .

—='%(1—ﬂ";2n B) =0, reeeeeees teeeeeeessecianies 1. 1D

oL - ' S
—_— = g' ay = n e = 0 5 ceeeciene aressentaiisiiateraseneneenns (1. 18)
o . ,

oL o - .
;:; — _é (@ 9] 222 _é — 0 , . ........... secssaseee .o (1. 19)e
2 3 . . :
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A (41) 211 g(‘l) = 212 _é W X(l) Z“[ﬁ,(l) =221'VE (98]
o] Bz RA.F G INE FH Ggg ¢ & gtk

g @ i B =F Za am = 0 e ,"7 ........ - (1.20)
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2ERBE®S FiE MEE 929 FRAE FE ME =
"'@1211 212 a o |
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P “‘2222 f g
24 ol Ae RO} EWI T FERO HEZz o4
HEE @M FAME 2 109 oo BETE aan fo

A ==

. Zz=_01_'(2)y9 _a_)z = ,3,(2) x 2 g = KA. 20),3-1\ “?LE%

'COV"(VZI ’ W2)= cov (Zg ’ Wl) =0
= obgd 43¥¢ ¢ 4+ Ao |
IYA A%l Psad W EPESEKEAA TT 4+ oo

2ol & 4 gk

2
i
ofN
ok
En
el
£
dlo
X

~cov (Z;, Z,'-) = cov (Wi, W;) = cov (Zi, Wj) =0

i#jzlz,\ ...... ’,P
Var‘(zi): var Mt) =1 ' i= 1,2 seeree, Pieceeradioeaas (1_ él)
Pi= cov (Zi, Wi) = corr (Zi, Wi) =1, 2, , P
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2822 KA 100A a—PAe 1=0° £} 2 P tVEO]v‘ v
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xde ¢ & A ) |

aoe ABHE Fold EMET ¥H KEME THE FEE B
Wkl HA. WA olAAAE Emd A BEol EEEEES HES
EoAe BAECZ TE EEIOEZA ERI 4 4

RO ol o] 4 i (random sample) 7} FAAE oA
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/\ n ”n
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1 ’ byl 4 ’ b 4 /\ ,A\
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f: (}_'19 Yoy 0t ’ 3—7-1))9 Z,:(il’ """"" iq) )
2 Y7 #REY oL HFERAA EE#HHSIH FEAMGEI #

€ = o,
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g3t BEBMMERCT Fold: WEBmRT #EsA o

ERmMAN BES Wilkse AV E AR WEGE R
v=_[n'—1—%(P‘+q+1)\J G /N eeeveenieneennaeees (1. 22)

(=t A=%}(l—h@)
o2 3o, old VE HEMUMOE HEE pead 1t — AKE WE

gz ¢dA g (1947; JRSS' Sef.B) .
QA mIESEEEE P AEES BESS 9 BEER H
P, =P, = =08 Agch 2eld EAHEE 5, =E LT T
el sk (1. 22wz W<=—ch—1—%cP+q+153hAgAl

o & g
=ilr1 (’ 1 —z;‘z) PRI ﬁ%%}zﬂv EA_F}.

BERRE %1 EERERK Piﬂ.ﬁ%&ﬂkﬂ%ﬂ%(%;ﬁ%ﬁﬁ“
o] 77+ .2 IE % H MR K mﬂ/ﬁﬁﬁﬁﬁ%@ﬂm,aq,ﬂ%ﬂiﬁ'
EEMEKS S EXMmoZ HEIA =Hed jdd EEMABAKE
BET W mEHHE V;E oSes 2

Vi=—(n—=1—%@+qg+1)Ién Nj,

4 R ” :
Ai=T Cl—u?.

i j

of W ViE HmE (P—jt1)(d-j+10c¢ x'—Hael E

IOWilks 8 Ax o SBEERBEEY B (centroid) o A3 &
gwos @R™ Aol th (1932. Biometrika). |
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ez wedh
Dkt ol MES AAsd A2z BEER +23 @ u=

£ WES BUA =k
£ KO % | |
EEBE REHKF MA=EE B4EHaEY REZA RIPIS

: . ~ :
(Rhode Island Pupil Identification Scale)o] gltd ol oo

"z

e T WMoz F4s gk
<,§ 3 ‘ RIPISRE’{-‘—’J B K
® 0Mm I | ®  0mM T
o HBAR o BRBL
(body percepvtion)> N (fnemory for reprodu’ctivon
o HMEWMMLER | , . of symbol)> |
‘ (génsor&—motor ;dérdin— | o jjr&],' ﬁ'zﬁ;{&%ujj
afion). . | P ,(diréctional positional
o .‘EEEJJ (attention) U constancy)
o HE# (self-concept) o EEZHF W
o %#531“%’157 » (spatial and sequential |
(merﬁdry fm; éveijlts) N TR arrangement) |
| o MM FHEED
(meinory f'ur Qymbol_s for
cognitive oi)erétiozns)

RIPISRES fEMES otur S84 60349 RES HEo=
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2 Al M Wt BE sAd A—3 sEel oA mEstach old
& 55 9a4 BMT e s 2AZ -arz}; 2 A WES AL 1
B sAG WER AL el s, BEER 200 wemas AHH
Fe e fAlsH ek o -

(E 4 #MPIN o AEMMRTH(RIPIS)
X1 X2 Xs X4 Y1 5’2 3 Y4

1 1.000 o

Xz: .54 1.000

X, | - 671 L6507 | 1.000

s . 65’73. - 5811 | - 60~ 1.000

9 | L7921 438 . 776 . 5184 1.000
‘yz © . 482 .7015 . 5678 . 4616 - 5341  1.000

Y3 5794 L5682 . 824 . 6037 - 5832 - 6818 1.000

y; . 5107  .d247 . 5384 . 7512 - 5678 . 5402 - 6400 "1,000
Mean 13.1003 5.338é 9.3564 10,5164 12.4934  4.8980  8.9128  40.2993
S.D 4.6627 2.3423  3.8148  3.7989  4.74%  1.9842 3.6127 4.0352

X1 = /y, = Membry for Reproduction of Symbo'ls

X2 = y; = Directional or Positional anstancy

Y3 = y3 = Spétial and Sequential Ar\rangement

Xs = v4 = Memory for Symbols for Cognitive Operations

x: 128 WEME yi5A WEME
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5D EWPITCl EEAERSH #R(RIPIS )
WE | Bk |EEEMEE Wil A| 2 | DF | HEKE
0.72415 | 0.85007 0.0672 | 166411 | 16 - 0.0
0.50722 | 0.71220 0.22375 | 84.60 | 9 | 0.0
0.36910 0.60753 045406 | 471.75 4| 00
0.28081 | 0.52944 0.71969 19654 | 1 | 0.0
AARC12 A WEMEOY WK (R
. EEEE 1 EWSE2 | FESES3 G 4
I 0.26002 136187 0.07646 0.36225
X2 | - 0.03059 ~ 0.10485 0.95487 - 0.99791
s 0.60187 - 0.79731 0.18046 1.08702
A 0.30584 - 0.35341 ] = 107108 - 0.76784
EARCS A WEM S WK FK
N33 ¥ TE#E 8 2 iE M5 & 3 TEHE 5 f 4
1 0.22033 1.27799 0.00980 0.22709
y? = 0.03233 - 0.00137 0.98713 ~ 1.00939
93| 0.6933  ~ 0.69288" 0.16367 120312
y4 o 0.23380 - - 0.20431 - 1.06824 - 0.78876




SRR (E5>AA REel EEEE 1A BE X, Y,
o A ma A% 2 OEEE Rz A9 WEC(I1ZAS 5H)d

o
o
fo
2
N
L

C
£ Rashn BEEFENC GE REE 31 4@
e HITEHBEES] HEMAIN ERMBAKE T, =0.85097

24 1} =0.724150 0] B2 S BEo FHESE Z8o o 2%A

b3
rlo

=2 ®medz ddz ¥ F At Re FESE EXKHSE E
KRS '

Adne RIPISRES @MMALs Kol &k —®
9 REJE WET 4 ek RIPISS @M1 AERE K&
X ggAm WML 2L FREE JEdd

oA HEe o7 wel RIPISRES ®MISG A2e REE
_jJ?ﬂS{Equl ’CAT (Qg%ﬁﬁazﬁ cogn,i“;ive Aptitude Test ) A}o]
o WEE Fohnsl Gl M- BAES WROE WER EA
dolxl REFGEN MMMES ohes 2 |

(%6 >  RIPIS(HMMI) 9 CAT #HMB&E

X X 5 X 3 X4 Y.Yly Y, Yi’

X, 1.0000 ”

A, .4787 | 1.000 . .|

X, | .5033 | .6351 | 1.000

X, ,5@19 5043 | 6649 | 1.000 |

Y, | -.0687 - 0410 | -.1328 -.1479 '1.000
"y, | -.osa | .o722 | -.2081 | -,0925 | .3831 | 1.000 |

Y, | -.ossi | .0084 | - 0837 | -.1272 | 8964 | .,3281 1.000
Mean | 12-0931 | 4.6366 | 8.2310 | 9.5375 | 94.5493 | 60.5521 [95.4930
s.p ’4,4948 | 1.8732 .| 3.3879 | 3.8166 |29.5459 53.5368 |30.4558 |
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RIPIS S wmpIl

X; = Memory Vforl ‘Reproduction of Symbdl_s
X, = Dire'ct‘i’onal ‘or Positional Constancy
X, = Spatiai and ' Sequential Arrangement
X 4, = Memory kfor. Symbrolls‘ for Cognitive Operati'ons‘
CAT
Y, = Verbal
H‘Yz = Q‘uanti'tative;
Y3 = Non-Verbal
(& 7) A D 48 R
4 5| mEY |EREMERwiLke1 X® | DF A
B 10.49427 | 0.70304 [ 0.44913 | 280.15°| 12 0.0
2 |0.08892 (‘)4.298~19 1 0.88808 41.54 . 6 0.0
3 |o0.02524 | 0.15888 0.‘97476/..' 8.95 | ' 2 0.01.
| AMBECXBEI WK FK
EEmi 1 iF Y R 2 I 3
X, ~ 0.26777 0.13541 1.15319
X, - O.k‘()5446\ 1.23989 | - 0.48646
X4 - d.’soozf - 0.98076 - 0.48188
X, - 0.97538 0.21212 0.10526

o -18-.




S p (YRED)S mme Rk

- iIE # &% & 1 IE ¥ 8% & 2 IE # % & 3

Y, |  0.094] ; - 0.46468 , 1.98970
Y, 0.15521 " 1.02671 o 0.12402
Y, - 0.13235 0.37687 - 2.22219

(%7>% ¥ RIPISRES CATREES k& ##d 24, E
Ml 14 & 4 9%ol RIPISRES shiel BEMEMS A
wghol e 4+ CATRES Non-verbal Wb @A vhehdoh
= EESE2dAE BESAEHS TS £F Verbal®s A
Gehdel, miAez EmmEIAA nw HELERand e +
£ Non-Verbal @7} A vehdel =3 FEEBE 24 HramiE
RA 77 Quantitative FEE x{i, Feo MEMEIS & < 9
9 sAm m1ERSEYY EEAWEE A4 $oDz Fam
B1o @GS Sz smstelor ¥ gl | |

C5) SHKRY mEt WA
ERAMATRHE AEE ZEd KM EEMMEN 1

S mEHE EREES ARG FEBmd e BB Do
WA EEAEl A3 = n s old MESE W49 FumE
s WEWE 2 9% .55 EXWSE SRS A BEAA
BEEY HEMEE mEse WEEM MEMES o ek
olsh el ZAze ERMMEKS EEBES WET T SEEL
o me EkE Voot @IEM Kl E@stelor ek
ol MAR AW B FRHEMSHFS 16 FES 4@ gAY
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EH&R BEKE o= EAY F Uk pI

mmE BEel T omEEM WEE Yobd- pEA gk old
S A% %%%ﬁ%ﬂ ﬁﬂ%éii dehe EEsNE A RN
3ok UAR WRE RE AE2E WEE B9l + gt A
e i | | |

2. EEH# ( Factor Analysis)

1) ERSRY BEN HR
7 T

CERSHE EWBIA o LEBBMAN BWE A%
3k Spearman(1927) & AMS Myl GBE AT Wiueel
= BEY 244 BR 3, mmcld: —me BRI A3 EA
9 %ﬁi §E&iVﬁ%§ & ge @ﬁﬂ»:%@ﬁ%(th-
kwo—factov’r'tlheor)"‘ of intelligence) & A%A S 2t A4
E@E mEe) A mae E@AA 8 mMERY sl
o gl LEEE KRE %mﬂﬁ%'laﬂ‘ﬁﬁ%%'kﬁﬂx
fR e oo WESDY MEE ®WSE ot Spearman
SERERS FENHIL  ‘/.  S i
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2 % Thurstonme (1947) & #@WE ( Common factors) olzhe
e mEdA HAdh HBERoIS oW mEEAA JE BEE
Z B o4 mES #EIGZ oANE od #HE 2

o Spearman®l- A& BEES WEE AAY BEYT B A
g% UeA F¥E s e EEOR mmEsEn  sSdAw

Thurstone & %ﬁ%@—% Aed ez . -‘?—%% g4 ERCENEE T

BEH ( c/o‘mmonv factors) &2 o] oL ZEEKRENY HE

WS RIS |

IH EE( factors)ol st MES EhE BEESHH ( factor
| ‘analgrsts”)g} B K (vmathémét‘icians )5 Apolol EEI g et
ERSFHEEL ERS od BHY EE ﬁzé_é@ P ( theoreti-
cal or hypothetical Variable)Z fMst: RE, KEXHEL 23

mEEE gAskel e ®RE 2T 95 KE® BEEZA
ERS mEdh zdd BEAR dd HRSHA wERd =
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 EWE BMEE 2= (x.x, oo, Xp)d dm X
~;JK£.25#1 aﬂf 2#d) ﬁﬁﬂﬁ%-ﬁﬁﬁ E%jﬁﬁ%&i
& HAHA HTE —mes 84 %; £éN<9,z)qz %z
R | L |

wg ZAze mESol WA REEREF KHEERY BKEKLES

= B BEME( factor model )& & ol uBd £ g

] Xy = A Y, T oeeieeeeennn + Aym Yok €,
XZ = 121Y1+ """""" +12m Ym+ez ...... ,(2 1)
X, ’=~  Apy Yy e o+ xp.m‘ Ym +e,

Yy, ¢ jdld HBEE
Aij ot i‘ﬂ’“ﬂ el glolA  juA . ERS E%ﬁ
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e i B HRER |
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= 44 ¥ U

3
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EE 4%%&53‘%& ( specific variance) o] gtz 3o}

oA xS ye EHKE Tad uw
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= Aoy

Ju%‘iﬂﬂ‘ﬁﬁ% idaA ERS gesmel "ok zde wep
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MR s | Ce el
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St BAERSE FT 4 dn 2dd FAA 44 As e

f7. TE mxmELZFHC S s

I

N
~
=
N
+
S

AT CAT)’ + o - TT’

-24-



o musA "k F HZ A€ & w2 T4 Fesee o
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(=TS Zd4 713 Bz =3 @E}7 4
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AN

¢ F2% 2= AL EASA Heh 9E oA Bm#( transf-
ormation )< TR EMCl S B |
e mEE o2 @A AT Sl o} BA.

3) HEAWE
oofd mE AW 6 BB Cixaaxs o xesxesxe)
e AssT BRWSZ 674X RE F (xomox)E BE
G EHE, (xovox)E BEG EHE Fob ¥ 4 dddw

> O

)
=)

gk olAd mHmE AA Fxol ERSME BATLEA R
2 %+ sk R

el mAdA T AMEEAIC S

cms> BT T
X X X g e % X6
%1 oo 0.720 .75 - .30 0.2 70; 0.0 B
% o.’720, 1000 033  0.288  0.240  0.240
ED 0 0.336 _1.000” 0420 0350 0.126
xe | 0.324 0288  0.420  1.000  0.300  0.108

x5 | 0.270 ° 0.240 0.350  0.300  1.000 0.090

xs L 0.270  0.240  0.126  0.108  0.090  1.000 —
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= x’ =/(x1'f"xe)

i~=.‘(yl,5',2)

e = ( ey, €y weeeee es )
S SR SR
A = g A

(2308 (2.4), 2w B8 EEES
| l"’N ( Q.‘v I), o .(yi,ej)=0rrd P( Y1 syz) =0, p'(‘e.-.»,e;)=0

& wEHE 4% T 2d g 2w,

4. = 0.889 —  0.138 1

0.791 — 0.122

0.501 - 0.489
0.429 - 0.419
0.358 0.349

- 0.296 —  0.046 -

Fd 47 A FHAAN AAAE mEA He R (24D BE



pCx1:%2) = Anim + 1 2y
= 0.889 X 0.791 -+ 0.138 X 0.122
= 0.7200
& goemz (E8>olA pnd 2EET ¥ 5 A AT M
o]Z  MBGREATIA W 3B ER ( common factors ) f,,f, 7t
FERe ¢ 4 Aok |
o

A

e

AA oy yael HEAA FolW oA BT HFH
e obyth @EA

%

y; = 0.988y; — 0.153y,

R ;
y, = 0.153y + 0.988y,

E ( y*l )= E ( y*z ) =0 ,V.ar(y*;) . var(yz) == 10]_]‘1

y 1% ya7t Rl iAoy E MBI olE HA 2
o \
vy = 0.988 y" + 0.153 y5

y. = -0.153 y1 + 0.988%;

AL FASA 42 RH oS3 2L 4 EF d& F Ak

4% [ 090 0 -
0.80 0
0.42  0.56 _
0.36 10.48
0.30  0.40
L 0.30 0
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ogonal ), 4AMIE BREL A (obliquedolstz stol BE H
AHHER ( ob'l’ique factor ) 5] E#ZER ( orthogonal factor) Bt}
Ztgs FE2E ZErh ol ol oW EREMEES HE ERHE

mRIGE AL JldHASE @ EE( rotation) st oloh

C9eld B3 EREEE EELSE ched 2o

[ B 1) E@Ese %4 ( factor rotation)
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9 24wl 49 sFS EREE 2x% sMAAY
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W REHMN CRERE=0.6 )0l ZAst] BE® fepol REHY
BE© £y 94 BEY AoGE gmmd £3¢ 4
= Aed deA xHmE 49 wa.

EEY AECyh A 3D
7 communality = A% + 1% oz
"ﬁmﬂ%_gsﬂ’a%%(yf% ye )

' communality = 1%; + g 4+ 205 A p(‘y*;l< , yf)°]“4.-

i

2t F A EF 2 gRE E—dth & E@EE mEst:
vre puE wed L
Gee 9 piEY EEHMERET FF  communality S speci-

ficity & @ h

test -~ communality =~ specificity
1 | o811 0.19
2 0.64 ’ 0.36
3 0.49 0,51
4 0.36 0,64
5 10425 0.75
6 0.09 0.91
3 2.64 ~ 3.36
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3. %5994 (Principal Component Analysis )

1) ERHFHE mEE wR .
mwel we WEE o MEE mEsEd glo  ke(dim
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vir(y;) = var(x’ B, ) = B; vAr(x) B; = B; T Bj -wveeeeess (3.2)
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B3B; = 815 + 6
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P e B3 =1 P & I D)

oA BAASME TE LRSS e Fodd MEE KRG

BTNy ol HEe BT g EAMSE Zol =Am ok

A . lagrange multiplier & FlH sl

< HAfsE MBS - ZE Le B2 #Hol®sld 002 Fow
dL
—_ = 22@1 -2 2 El =0
28,
(x-21 D) Bl 2= (). eesecsenccscstitsnensessesersecannaseis setsestens (3 4)
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zad R GB.DANA P pE
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shed
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Z, pimpi=is A% wE v HHel 20l w9 BAA
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Loz dw oy AEE 4el A4 oW Lol HEdE me
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= var (y;) DV PR ‘ ' ‘ :

i=1 , =1
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ol® REMIE : _ DR
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RETD

=

ERFoIG (K8 IAAFH HAMAA S

=

o -

ot

25.218  30.336  34.144

S=130.336  40.073 46.187
34.144 46.187  58.005
=R EAK

i36;

HEATF SERE REES B s

P ’lelré,e ""(\)o:<st—rof— living * Indices
Year. ’(F.R,‘B,‘NY) %X ,(Hansén) xq g “(»Burkgr,ezs,s)\ X3
1900’ 80 ' 6 | (/s%..b7
1901 82 75 « 7006
1902 LT 78 : 74.8
1903 s 81 748
'v1904v 87 81+ 76.1
:1905 87 81 ) 76.0
1906 90 85 78.2
1907 95 90 om0
1908 ,,91;- 87 844
( ;~1909 o1 o ffss,a‘
'1910 96 94 93.1
oW mmmE Bgel deld A% e AAA EEA A
CIE F ol mEE EET AW F& o #EE 2o @
WA BEE AMT AAAE WA Al =wo gEe A%
WSS ﬁ%ﬂﬂ,ﬂﬁ A3 ade sme Fglz = oade
5 ¥ #RE 48%

B ol



' % (& ' ¥ | e}
118.44 0.4398 0.5762 0.6889
4.00 | -0.7170 - -0.2365 0. 6557
085  0.5408 .~ -0.7823 . 0.3091

(tr S=3x2;=123.29 )

A - ERS2
y1 = 0.4398x; + 0.5762x, + 0.6889 x5

o2 ®EI CE@SEe 96 %( 118.44 / 1’23.-29;)'% s A
G5 AAA ERAL FolR AAA ARREEEES S HE
2 e BRE 23 A4 % A A At —gwd A
bz e

ot

( generalized variance ) 2 5% Y
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AREE QoA ERFS BBESE ol 4o G  HKS
posgez ¥ A e MEme obldc d
A4 £RAS HBE ded BNEAd Eddz FRE®Y @E
mage BEE 9 4 o Aol wep %%%,%ﬁ,ﬂﬂ %%'
GE HEMBESZ BRSO A-%E Zdsl "=
B OE ERS EEE AEBS ENY K AES 25 &%
Bybol .  Ed ERSHS ARZEEH BRS g FABAZ

AZANAANE k" Aol
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|  7' T SAS PACKAGE f”fﬁ jj&‘; 3 %% R

' IIE—E#EEQ’J}*E( Cén}onictrl Correlation Analysis)

SAS Package o 4 ©| sie %gﬁ%}{. ’P:océdl’lbrei-}—;— * PROC CAN-
| CORR A AAdA FAAE mEE Eed 2w 483 o
i Cénonica]Correlaiidﬂ ! ' | R o

- Pa}t§a1 Cano}nibt‘kzal .Cvorrrelation, G -

Canoﬁ ical lRedundan;y’ ~Aﬁa I ysis ‘

' ‘_Tesﬁ /e‘r"Ser,iés.’ of’ Hypéthesisb

| 'Caﬁbnica lk"'Coe‘ffic_ie’nts

“Scores ori Canonical Variables

1 IPlbot 7 ‘ _ L : , : L :
~'°l 5}17‘?75 %o | %ﬂiﬂ'ﬁ‘ﬂ F’;fil%% Eﬁﬁﬁfl% ( "Canoni'ca)'.Vari'abl‘eis‘)‘ 71"”
aEY EMWAE FEACd. 4 BEEoEYH BHEY ROES

e

& Fohbd ol AL EMBER C Set of Canonical Variable ) o] 2} f-,zsm
oW elgsl Comelationg EAZ A mEdoide add o
Comrelations] AdA EusMel Ak =, RAKAEY FEE
,ﬁ;gﬁﬁ(”CanonAica"l/C,oeffiéienf;’ of Caionical Weights ) 2} *6}1:4 BE Eﬁﬁ_ﬁ
He SEl 19l HES EEEL EELAUL AUA 279 Ca

- nonical Variableo] mhEojAF ALHA o EXEMEME  RE

e

S EmEERE HE ol % EAmoE AL BEH

Ao e B AFUIFY EREENS BEC
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B C Unrelated) ol vl Hls)  ERAMS Aolx o= B shiol m

Wl o E B mM d%etel SmAIM ( Multiple Correlation) M ThE

Fobof =k

vz} 2o &  Canonical Redundémcy Analysis + Eﬁ%%{ ( Canonical Var-

iable ) E2 78 EEEs S

T

rr

Aehy B BET F 9

T Arh
’SASW Program’ N Coding ) -
PROC . CANCORR - Options i — , -
VAR ~ Variable | ' Names/ . needed |
WiTH o | " " ;. _
 PARTIAL % R
FREQ o o " ;- _
o optional
WE IGHT ‘ " " ;
’,BY " " ; -t

~ @ « PROC CANCORR options

o] Statement 9] Option #f 4roll vhebd de A

3w thes 2

frt

g uvd

. DATA=SAS dataset 25}*}?6‘}9%% DATASET NAME

'+ OUT=SAS dataset ; #re]l FlEz FREHSH Score on Canon-

ical Variables & =& DATASET NAME

. OUTSTA’I‘:SAS dataset ; T Hs RE Eﬁ*ﬁéﬁﬁﬁ% ‘;’-4'04'31 e

i8S @< DATASET

, + SIMPLE(=S) Zpﬁgsat @2 Print

. CORR(=C) : EEHE Aold #HME Print
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REDUNDAN~¢Y'( :\RED)‘;”R,edundar;rc&ASta;tiS‘:t'i.cs —g— Print
& i«ALL: ; 35—7»7}%‘?& %’é%% Priﬁf ; A
NCAN;n; Full OutputO] zgo} Eﬁﬁ%&«i %H'-’F'—}’ ' o5
e E*Derrro; d".f ,}%#55{]}*"‘( input ©] - resxduaiOE! WHV) .
- RDF=regress d.f ;[ E 1 ( input o] residual g W)
‘ NO‘IN’lf; in‘teix/“cept 7 9=  model
. VPREFIX(=VP)=nam'e:VAR6ﬂ PREEE Tt E@ﬁﬁ 2
: | name (by default Vl, Vs, , Vn)'
WPREFIX( WP) name ; WITHoﬂ urE}v} ﬁ%{ﬁi/] E@%%&a-
9]‘ name (by default WI,WZ, ----- ,-,Wn)'
:VNAM.E(zVN‘)z“ Label ” 3 VARG RRincis ﬁ%{*—a—f], 1gbe1,(.4<)§z
| Mmoo e
. ;WNAME(ZWNj:“IabeI” . WITH o ure}»} Uy ey 4 label (401
£ B Gl
2@ VAR Statement. _
- VAR Variables ; 2 7 9] BT AdA %?ﬁ(ﬁ;—‘ﬂ _ ﬁ%&%
® WITH Statement | \
+  WITH Variables ; 14“1/%4 BB BNE
@ PARTIAL v.S‘-tatenfl.entv
e PARTIAL Variables ; Partial Corrélétiongi 11E"¢ﬁ7fﬁ‘-§_.— & 5
® WEIGHT Statement
. ’>W'EIGHT_ Varie;bles ;.Wei'ghted ;j)roduct—mb\ment correlatipn cqeffic-'

ient & F#Y W weighting I SEH. o] )
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SHET, HET W mEEY Aoz

® FREQ Statement

Sl
%
i
"
|
_?L
rir

FREQ Variables : B#l S . of®  zko] °é°1ZJ 3
o omE-
@ BY Statement
BY Variables ; ?ﬁmf@% grouping 3z A} e ME. olwE: o]
ol o8l éﬁ?ﬁuﬁ%\c’l Sort = of = glojof o
pEEREd GEuE |

e dedud des g
© AME 7 mEES AR MR (FH, BEEE, BE, KD
® AN BECES B E UK
® E%HM
| @ adjusted canonical correlation (Lawley, 1959)
® EmmMe EUK R | |
® HEit (E s KRR o g BHSES BmESKS KD, (=1
/ApDipi e iAW ERARMD | |
‘@ Canonical R-squared (=p?) |
® BEBBECHipn =prar, = s=pe=0)c W LEHK(H;
P1 = P2 == o =0 Ul = t&tt%wilks'A)
© F#z8 ( based on ‘Rao's apprkoxirﬁation y

@ NUM DF ( numerator d.f),
DEN DF ( denominator d.f),
PROB ) F ( F#itEol wEZ P-value)

@ Wilks’ LAMBDA, PILLAI’S TRACE, HOTELLING-LAWLEY TRACE,
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Fri ROY's G-RE’A’I;ES"IT ROOT |
:f @/%ﬁkﬂﬂ;%%fﬁﬁﬁﬁﬂlﬁﬁk%jEﬁﬁﬁ(ﬂﬂ‘E#%%;
o V.Q] ;}%&{_‘ Ly R | . i

@ 4 '7‘}74]\ ﬂgﬁfg,ﬁ (‘ca‘nqniCal‘st:ruti:tur(-:')v", |
C B o E#ﬁﬁ%&ﬂ,ﬁﬁ%ﬁ),"
@ canoﬁ‘ic'al Reduhdancy Analysis (Stewart and Lox}e', k1968 ) 3
® % ﬁﬁ%'%m%%ﬁﬁgjﬂ%'Rm Eﬁ@ﬁ%4ﬂ'&mm

Multiple Co/rrel/ation‘

BB W o®

oW ZYMY 2 FUY BEES WEOE sEm  BExEs
EHRES MRS Yobuol 9o AAS s mES AR
T EBE BEE Wt ERmMANE AAdud
. ﬁﬁﬁﬁ%faéﬂcwmlﬁ%ﬁiﬂﬂ($mﬂ,%ﬂﬂﬂﬂﬁw,
 ABmBEC ST Weight), 99 (Wais), 9% (Pulse)
( Program)
DATA Fl‘f - | :
} VINI;TU’-I‘ WEIGHT WAIST éULsE CHI‘NS"SITUPS‘ JUMi?s‘j:
CARDS: e | |
o1 % 0 5 162 60
189 37 52 2 10 60
;19'3} 8 s 12 101 101

162 35 62 12 106 3% - -
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189 35 46 13 155 58 .
182 - 36 56 4 101 42
211 38 56 8 101 : 38
167 34 60 6 125 40
176 31 | 74 15 200‘ 40
154 33 56‘ 17 \251 250
169 34 50 17 120 38
166 33 52 13 210 115
154 34 64 14 215 105
247 46 50 1 50 50"
193 %6 46 6 70 31
S22 e filz 210 120
76 - 3 s4 4 60 5.
157 32 52 11 230 80
156 33 | 54 15 225 73
138 33 ° 68 2. 2110 43
PROC CANCORR DATA—FIT ALL
VPREFIX=PHYS VNAMEz“PHYSIQUMHCAL MEASUREMENTS”‘
WPREFIX=EXER WNAME: B EXERCISES » |
VAR WEIGHT WAIST PULSE ;
" WITH CHINS SITuPs }UMPS#
TITLE MIDDLE-AGE MEN IN A HEALTH FITNESS CLUB;
TITEQWbATA COURTESY OF DR.A.C. LINNERUD, NC STATE

UNIV ;
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32

ADSh Waist ()l MMMEE 087020 Chins (Hzo] ) o
’ﬁSmm(%%ﬁiﬂﬂjﬂ,ﬁ%%ﬁ%.&wﬂﬂ# BREM = Waist
| o} Situps 7b  -0.6456 oz 73 'ii-%ﬂl‘ 4@‘;&5}. ]
C@MdE sAe Ew e ez, |

@HAE OE el Y BRER CEEMBE=0 ) ﬁ%mﬁﬂ
%ﬂw%4 ﬁﬂﬂfE$wﬁ @W%%,ﬂﬂﬂ‘ﬁﬂﬂ 2749 E@m

—]m

W RAR 4 glont, AwA ERAN 94 Ek (ample)ol

23

fd

HEAEO 0065022 @Y m®E WA s

roll

@ EEEEHS EEfd EEREC Jeh dbd, 3 s
i T WEHEmel wEr apel mEfd EERKS %ﬁiﬂ%‘ﬂ
28 Eﬂ_z{%ﬁﬁﬂﬁ @%ﬁzﬁﬂ A A 'IE“@%%((EHYSQ{— Weight 7}
-0.7754, Waist I} 1.5793,, pulse ( Huk) 7} -0.0591 9_1»‘ N & R
Y =Y ERE 2 85t A [Ef B (EXERD) Chins 7
~0.3495, Situps 7 -1.0540, Jumps ( 9] g7 )7k 0.7164 = #rsE L 9l
@RAAE o2 7R o m%%&ﬂf&ﬂﬂ%ﬂ mmﬁ% PHYS1 s}
9 msa%gu 0.925’4, Weight 3}' PHYSl>94}9] BRI 0.6206 ]
}. EE R ﬁmw EXER1 9 Eﬁﬁ?ﬂl%% Situps 7} 7@ 2
,ﬁéﬁ%%{(-o 8177)— 7}21“% JumpS~— 0. 727601"/'} ayd Weight ##
#=  PHY 1 29 E@%ﬁ(owm)% ﬁ%%ﬁ(o&%)ﬂ SN
o ﬁéﬁvhmmﬁﬁ ﬁn EXER 1 3}9) E@%ﬁaww@% A1 B £
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S s ore e 4%e AzAEA
WA Situps BEES BPWSH7] Yste] Weight o} Waist o S EEE

& % 5k At

i

QAR FE Absto]  Sitwps & E¥ Alwm, R 77

2 sols} @ithm EEsH  Weight o Waist £ & HIBIBR0.8702)
2 ztig} w3 Large Waist 5 7FX A2 Small Waist & 7= A}
Juc SitupsE YA o2 Waist9 Situps o4 MMMEE &
CBIRES Zx Weight o 4 Waist 9 wAAZ @ MWWES 2t
o, |

mA = chd  Large Waist & 7bxl Abe

K
i
)
l':k'll-
[o
fru
g
&

-
[l
N
N

o ARz EEY ZAYo®  Situps 9 L EEIFA Waist o -H
mEEE @ KBS A3, Waist 7} a4 AL Weight
2o A 2 wd FEHA 22 Ao Siups GE
B mEE A EEEES Aws Ewmme HHHE AR
42 @ 4 Aok | |
Hmmoz AuA EEMMS 2Em BES fu", Waist 9
Situps 1ol ol MBS FZA A8 Weight s Jumps & 334
ol B C Suppressor Variable) £ sz |
Eﬁ%?ﬁ%fﬂ BEHES AHE7 93 @He Canonical Redundancy
Analysis + —‘?—‘ R o 2 5E A‘Jr—?: e FresEgrt 474 wdH
mpre 2@ w: A4 BES o ,
7t Eegge] od ®usEc mEdld SEES
po AuA ERBECE sET o+ Ax ud
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o] 0.28540) %, EBE BEWS SREEL 0.2840 22 WA F
wEE e E EEel 9 2m BABKENE T
‘"ol @ | | =

GHAAE AN sl AP Ewmme ‘BEHel e dE

2
WA EBE EEES AWA EEBRS RNHL Waiste o
AAE 0.5421 (FE ), Weight of maﬁ%‘mmwﬂz,%%%'%%;
B A$ AMA EEEEY REHE Sitwsol daAE  0.4233,

Chins o] 8 ] 4 & 0.3351 o] ¢}

-58-



2. EE5 4 ( Factor Analysis )

ERAF(EE BFARDL od shdel mEEA od mEE 4
oS MEMAZEE KEBES Folz, WEMS EaES R
o PoAo #AM EREL M 2o HEd RWE A5
e 4T kol o, | |
EESTY @A AMS 2A AANEZ re Hu
© #H#ES H® ( Exploratory l;urpose) D EEEe] oWt M RE (Pattern)
= mmEel YEHE ohiel A2E maT BAN U B
t -

® @S B Confirmatory Purpose ) : BE%7t EiMy MBS 7
#x oo mET EREEC A AN mEANENET @

. AL HE |

® -WwES BH (Measurement Purpose ) : RS o2 HE dojxl # ‘
£% 8 ( Index VLSt #F 447l FUBSHE HEY SAS
o4 o %#& BFSE Procedure = PROC FACTORO| o}

g7l AE et ERHFFHES FIT £ Az o AH
o ANWEE 2 WH(Output )& AL 4 gk mEa o] Procedure
9] Output © 2% E Factor Score & 37| $1al <d%a4 PROC S-

COREEF @HAHT 4 Uoh
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(£10> AW OIBAR FE
S A , : {
o # | A 5
A DATA | - m# DATA .
i - ORE . Correlat-\ihon matrix
~ . Covariance matrix ;
e Fag‘tor pa'ftérn
. Matrix‘.of scori-ﬁg coe<ff>ic’ientrﬂ
- . Canonical coefficient (from CANDI SC)H
;3\ *ﬁ %k | EREF 1. Principal C;mponent Analysis
L 1w | . 1Pri>ncripakl Pr‘actn_o‘f Analysis ®
. Maximﬁm Lik‘elih’ood I‘i‘actor‘ Aﬁalysis
Itera’téd‘ Principal Factor Analysis —
. ,Unwéightea Least Squares Factor
’ . Analysis
. Alyphé' ‘Factor kAn’alysivs
+  Image Cémpo'nent Analysi's
. Harris Compoherlt Analysis
B & 7?{% + Varimax
f‘Quartmax .
. Eqﬁafnaxf:_
. ~,Orthomax wi;h user‘—s/pecified Gamma
B Pr_ormaxf with usevr—spec‘ibfi‘e’d‘ exbonent 1
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5| om =2
o -Harris-Kaiser Case I wivth - »
user—épecified exponentm
B Oblique Pr(?crustean with
) user-specified target pattern
iy ho| - FHEERE, AWRAK
“ ( Output ) | . “Kaisers measure of sampling adequacy

~ eigenvaluses , eigenvectors

scree plot

prior and final communality

bﬁnrotéted facfbr pattern

résidual and bartial cqrfelation
rotated’ primary- factor - pattern
primary factor structure.

inter-factor correlations

reference structure

reference axis correlation

variance explained by each factor
plots  of both rotated and wunrotated .factors
squared multiple correlation of ~each factor

with the variables

scoring coefficients




f%fol 7o  Principal components, Principal *

TR E

5

- factor ka’n‘alrysis, Maxim‘um“ like1ihood f”a‘c:~tor’ 'éfialySisﬁﬁ}_"/ o] & IH
ﬂ%‘é}i 74]”301 #afel AL Principal factqr"‘an"alysis o], Prior
commu'nali»ty estki‘m‘at‘es'é {A\:}-‘gi ‘%50}' Priyncipail compér!}entrs Q—EI -
ol g}, e |
| ‘Pr‘ihcipél f‘acfcor’ analysis’ﬂ]ﬂ%— —f o2 od el r,}fi_ =]
o %%ﬁ(ﬁa‘iﬂg SMC-( squared ‘multiple co’rr'elatiAo'n ):“’E— Prior ,coﬁnmna—
‘l\ity estimateéi {# F 3k A gk *ﬁ@g%%zﬁﬁljﬁ (\correlation m’atrikx) 7}
Singular o] g SMC ®4  MAX ( maximum -absolute’acorrelat‘ir(’)n )—% fE
mae | | T
Maximum likelihood v'fac’tor an'alysis’{—, e 5 S0 ST ALY }%ﬁasy-,

mptotic property )& 7R oz  Z @Ak AE Eroh E3 HEFol

34 EmEES T 4+ doh: Amel dov o Fke Communal-

ity e REMOE fEEsIE GEmMS @% gl S¢ KT
  %(7]“ R R Factor procedure & Fdalof 322 o uﬂ_“-_;_ =

el Princi‘pal factor analjisis 24 HATHE AA jﬁiﬁﬁl} 5 Maxi-

mum. likelihood factor analysis & 3}= 70| % By o] o}
SAS Program Coding .

PROC FACTOR  options ; —

PRIORS ' communalities ; needed

VAR : variables _ ; —

PARTIAL  variables ; —

- o ] _ optional
FREQ i variables = ;-

WEIGHT . . variables  ;
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[¢]

CHE

BY variables ; — R
PROC FACTOR options

T E

ik
A
%0,
rir
=
o
wju

RFFHANAE A7 A BHE
L I

. DATA set
EESTID TN
5] 8 75 vk

o ( ou‘tpuii )

a. DATA set

DATA=SAS dataset ; 4r#73}2 & DATASET NAME

- OUTSTAT=SAS dataset ; F#T#i% 5 =& DATA NAME

TARGET=SAS dataset ; #f M ( oblique ) products [ #o] {fi fj =

target pattern & T‘E}—?_- DATA SET

b. ﬁl?iﬂaﬁjjﬂf

METHOD(:M )=PRINCIPAL(=P) B prin_cipal cor_nponents‘ £ @ﬁ
‘ﬂ-‘g H el .PRIOR 7t @M= principal factor | analyéis —“';_,_,—‘ 3.
M; 15RINIT ; iterated principal factor analysis & 9.

M= Ut %ULS ) un’weighte'd' -least s.qu.':lres factor’ analysis = 49
M= ALPHA(;A) ; al‘pha factor anélysis 5 39

M=M (:ML) ; maximum likelihood factor analysis& 4 38J( =} Cor-

relation .matrix 7} non-singular & ®j ).
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M Z?HARR'IS(";'H )’ ; :Har'r‘rié‘. cgmponént analysié »‘;3_.— —’i‘—%ﬂ ¢ ‘;/_P ‘cbf‘re—
iatibn‘ matrix 7} non—‘sing’ﬁl"ar C:—_} ’ wﬂ{) o ‘

;M——f I;MAGE(=I)‘ ; image gqvaria:n'ce "matrixk.‘l] X priﬁnci;ksa’lr compoﬁ-‘
ent,,ra"ngllysis% Y,-T’;‘-ég.; s oy k | '

M= PATTERN ; DAT{A'SET.@{' TYPE= FACTOR, coﬁR‘,‘Covﬁ L
factor p‘atrt'ernt'%-r 344;‘,—:— }. ‘ 'k ’ -

M= SCORE . DATA SETS TYPE=FACTOR, CORR ,/covg“rqj scor-
iné : coefficients & . ¢} =t} - |
(M=)< PET et H M= PRiNCI?ALrJ}” el ubef DATA
SET S TYPE = FACTOR o] W M= PYATT.ERN’FL'}A o e
.:COVAR.IAN'CE(,:'COV') 5 FIBI4R BT 7 ( correlation rﬁatrix‘)mﬂq] BT

WA C covariande matrix) 2 factor & 3 Uh(H, M=P,
| PRII‘T,U_LS,IMVAC/}EQ]'{:;_}" D) s o

. WEIGHT ; weighted correlation E+ cova\r'iaﬁce",matrixf_f;:’_ factor

i

P . (b, M=P ,PRiNI’T_,UL‘S,"I‘MA"G_E o uk {# i s}e] DATA |
SET 9 ?r‘YPE:;cORR,COV,FACTOR;:]‘oa oF FTh) )
MAx:,TER;n’  REENE EE (o, M= PRINIT,ULS ,ALPHA, ML

o ﬁﬁéﬂ# default £ 30 e |

CONVERGE = n ; $¥ 7 %% A4 (defaultE 0.001 )

rr

NFAciORs =0 pHE g%(ffactof)s] HE E C default

variable 9] %f() e o '

‘PR’OPORTION(#P):n }.é%%ﬂ % wE SEE AWT &
A

9 factor § #E % (¥ M=PATTERN,SCORE |4 & ff



MINEIGEN(=MIN) = n ; factor & #§% WEsts HK¥oZ eig-
envalue 7} nXt} 2 - factor & #iH (=, M= PATTERN, SCORE

AAE BERART)

c. EEF® |
ROTATE(=R)= \}ARIMAX(zV) ; varimax ' rotation
R=QUARTIMAX(=Q) ; quartimax . rotation |
R= EQUAMAX(;E) 4; equamax rotation
R-—-:OR’I‘HOMAX‘; GAMMA = no2 #Ed jmg;ﬁg—::;— Z+: orthom-
-ax rotation
R = PROMAX (=f) ; prom\ax‘ rotation
R= PROCRUSTES ; oblique procrustean rotation ( &}, TARGET =
data set ol 4] —7—0151 target patterh% ‘%U%’)L |

GAMMA = n ; orthomax weight & #§5%&

a

_ POWER =n ;7' ROTATE = PROMAX o ] btarget pattern & I ESE
= ﬁm:q:q péwe'rs—,_— #%E (default = 3 ) : | '
PREROTATE (=PRE) = ﬁame E PROMAX o)} 4] 2] 'preri‘)tatioﬁ FES
fEse 9k M= PATTERNo|glthyl PRE=NONEe| soo} ach
( défaul_t = varir’nax’)” ’ -

7 NORM= name ; m#-g #3te] factor pattern® FEL  EHLA

Al HES #%w ( default: KAISER)

d. 7 ( output £.& print )
SIMPLE(=S) ; T4y, EA/RE

CORR(=C) ; HHBAtR 8175l ( correlation matrix )

- =656~



MSA’; partial correlatibns', Kaiser’ s measure of /samplrling éde‘qﬁacy ‘

'SCREE ; 'scfee\plo;t éf vei’gen,valqék * ‘ |

: EIGENVECTORS(zEV). ; eigenvector

‘PRINT;' INf’UT factor patltern. 5‘3{—- SCOri\né\ cgef'ficri_ent s -1 1A ‘

‘5&74]75]%:—‘ o2 #HEt&. o/b‘liquevql 73—?-\—‘-‘;—/ reference and factor
structure (?},' M = PATTERN,SCORE ¢l 7 $ofu}) | S0
RESIDUAL (=*RES D) , %%#ﬁﬁﬁ%ﬁ(ﬁﬂ ( residﬁal v correlation matr- |
ix ) 3 partial co’rrrelation' matrix - |

| P,REP‘L'VOT; El#§] factor pattern

PLOT ; E###  factor patterh _

'NPLOT=n ; plot & . factor 9| KE HE , |
SCORE ; factgf scoring cqef‘fvicients. 7+ - factor £}  %ﬁ% A}C;]
9] ‘,squared ‘mu‘itiple: ’corr»elvatiroﬁ SR E .
ALL ; plot & B4 ZE Ou}ﬁut : A i
REORDER ; #8559 factor o uﬂﬁ‘} W (“_i.qading,)’ o =27 K

FAz wEA e

~ ROUND ; element & 1002 F3to 7% EET ERE o

v‘ﬂ] dlo]  wFE  correlation = 'load‘in‘g matrixs:’ -
FLAG = \n ;‘ROUNDS} o 7ko] (‘{Eﬁiﬂtnl _correlation 2 loading

matrixs q - ‘élement 9 " ﬁ&ﬁ%‘ﬁgﬂ- nig a9 7 eleméht o] ~l.t‘!;,,_,1§_(*)
FUZZ = n ; FLAGY KME&oz nic How ZFA (missing

o, residual correlation

~value ) 2 print ( partial correlation 2 &

rlo
N
o
Bt
i
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. ‘NOINT; intercept & ﬁm%}z} *%{—D}. | |
. NOCORR ; OUTSTAT= data set o] MBFARKTIE ¥A Feoh(x
M= PATTERN,SCORE % = ) '
. TOLERANCE = n ; f#I{R #7519 singuality & ®E}E B 5 (de-
fault = 1E-7 ) |
@ PRIORS communalities ; |
7 #EgES HEWE ‘communaliti\esg:— s 2= Aoz o JE
Fx VARoﬂxM variables o MEFFel wEch |

#) PROC FACTOR ;

VAR X Y Z ;
PRIORS .7 .8 .9 ;

9] o} 7&0}@@&5&1 27 ER communélitiesf—a— }E‘% }

ol

rir
)
P

ges 7o derx FHEez JdEd HEL T

+
32
+

« ONE ; RE ZE=ji communal.ities 7} 10 '

« MAX ; fi ﬁ%{ﬂﬂ maximum absolute correlation-§& ZE§j com-
muna;litiesi A

.- SMC ; ¢} & 4_‘1-‘5 s grolo]  square multiple correlation g 7l
, .

. ASMC ;A communalities 7} SMC 9 H]‘F:il stz o Aol M-
AX St A @ | |

. INPUT ; DATASET( TYPE = FACTOR ) o] 4| %7 communalit-

Ces® gel s

RANDOM ; #§] communalities 2 03 1 &}o] 9 unifoi'mly

random number = -fﬁﬁﬁ

...67..



k@ VAR"statem\entv’
-« . VAR varlables ; ﬁffﬁ'%l'

@ PARTI AL statement

p PARTIAL variables ,ﬁ#ﬁﬂl

varlables =

%%

partial r};orrela{ft‘i/on o}f’# ‘;:ovar fance
L ﬂmﬂ'q;” e | ; o
@ FREQ statement
ﬁiﬁﬁ@&i ﬁﬁv‘g varlables »}g
. FREQ wridle ; BWES om ¢l Uil EHE  mL
_ ,':si% ﬁ& SRE
®  WEIGHT statement i »

. WEIGHT variable s A7 B Rt ol 21%:—7-} e ‘t”“?“’ T
REEE F EA sle A mET O HKe ME
q-égirﬁﬁﬂ%,* o e

@l_»B‘Y; statement i | \

wm B¥vmwmm,ﬁw@  growping 327 4§,§m%v%%,
olel ﬂ‘%&%,&ﬂ et Hwns 1‘mmﬂﬂf%ﬁ¢ §

HkelA EASHE 3 EE program WA o2 A Fre

Qg 5 |

~ﬂﬂﬂ'mwim%~mﬁ(mm)ﬂﬁ%vﬁ‘%ﬁﬁﬁiﬂiﬁhﬁfﬁ

HES udd ww 4%4f@%" oy 2 o

O3 2 5 ) '2151&5";'%@@% EL mu@mopmcszmma,y

e A |
@ ; MK C Option(CORR) o 515 1)
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®; MMERATY 99
( Option (ALL) o] 91& )
'@; Patial Corrélations ( controlling _all ‘otherr variables /)
( Option (MSA)e] 9l& = ) |
® ; %1:79,'6&*3 o] @3 KAISER'S MEASURE
( Option(MSA) ] 91 ) o
L@ WE AR #EE
( Option (M= IMAGE, HARRIS, PATTERN, or SCORE) o] &l& -
D) | | |
ON .Squared Multiple Correlations'
( Option (M= IMAGE or HARRIS)o] 9% ®)
; Image Coefficients (Option (M = IMAGE)°] 1& w)
NOMN Imaéeh Covaria}lce ‘Matrix i " v , )
@ ; Preliminary Eigenvalues ( ba;ed on the ‘prior communality )
( Option (M= PRINIT, AI;PHA,ML‘, or ULS )o] 1< o)
@ ; R ( Option (M=PATTERN ‘or SCORE)e°] gl& =)
@ : A Scree Plot of Eigenva‘ylues'('.Option(SCREv‘E) o] g& =)
@ ; the iteration history ( Option (M= PRINIT,ALPHA.,ML, or
uLsdel $E W) \,
®; BEEC % AEEBEOption (M=ML)o] 9g )
®; AKAIKE 'S INFORMATION CRITERION (Option (M=ML)e] i
s @) "
® ; SCHWARZ 'S BAYESIAN CRITERION ( Option (M=ML) o] 9}

D
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) ;'S/qu,ared Canonical Correlation ( Option (‘M:EI\ﬂ,) o] 9L o )

®;

@ ; Coefficient Alpha for Each Factor ( Option (M=ML )o| 1< =) -

Eigenvectors ( Option (M = PATTEN or SCORE)©] ¢l Option

(EIGENVECTORS or ALL)°] 9l& )

; Eigenvalues of The (Weighted) ( Reduced) ( Image) Cérr‘elafcioq

or Covariance Matrix ( Option (M=PATTERN or SCORE)¢| &

s W)

;- Factor Pattern

Variance ( expléi'ned’ by each factor )

; Final Communolity. Estimates

Res idual Correlations (w,j\th uniqueness on the diagonal ) ( Option

(RESIDUAL or: ALL)o] 9l& ® )

-~ @ ; ‘Root-Mean-Square ( off-diagonal  residual ) ( Option (RESIDUAL or

@ ;

ALL ) o] & w)
Partial Correlations ( controlling factors ) ( Option ( RESIDUAL

or ALL)o] 9l& ) ey

@) ; Root= Mean - Square ( ofodiagonal“ patials ) (Option(RESIDUAL

or ALL ) o < )

@ ; Plot of Factor Pattern ( for >i1nrotatéd factors ) ( Option (PR -

EPLOT) o] 8lg )

@ ; Variable Weights ( for rotation )} . ( Option ( NORM = WEIGHT) o]

’@;

KL W)
Factor - Weights ( for ‘rotation ) ( Option ( HRPOWER Do) ’9,}\»% )

@D ; Orthogonal Transformation Matrix ( E3Z[E##o] M%ﬁg o )
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® ; Rotated Factor Pattern (EZZ @ o] 2EZE = )

@ ; Variance ( explained by each factor after rotation ) (1 42 [ o]
LEE ) .

@ ; Target Matrix ( for Procrustean- transformation ) ( Ohtion(ROT-
ATE = PROCRUSTES or PROMAX Yol gle ®)

@ ; Procrustean Transformation Matrix ( Option (-RQTATE = PROCRU-

STES or PROMAX)o] & =)

Ol

@9 ; Oblique Transformation Matrix (2K @HiEo] LEZ “H/’)

@ ; Inter-Factor qurelations (&= ¥:1:0] @%-O] ,ZE%EL - 3

@ ; Rotated Factor Pattern (%@}ﬁjﬂ’\] @igo] HES ﬁﬂ)

@ ; Reference Axis Correlations (,%‘}ﬁﬁ’\j mago] SEIL W )

@ ; Reference Structure ( Semipatial Correlations ) (3} fafy E#o]
=g o) _ S \

Variénce(explained by each factor eliminating the effects of

@

-

all other factors ) (Rifgfy [Eigo] LT =)

@ ; Factor Structure ( Correlations ) ( FAK fg]ﬁlgo]‘ MBSk uﬂ )

@ ; Variance( explained by each factor. ignorfng the effects of all
ofher factdrS) (plmpy @Edo] LEY o)

@ ; Final Commun’ality Estrimates ( for the rotated factors) ( Option
(ROTATE=) o] & )

@ ; Squared ’Mul‘tiple Correlations ( of the variables with eacﬁ fact‘—v
or ) ( Option (SCORE or ALL)o] & w )

@;' Standardized Séoring Coefficients Qéption(SCORE or ALL)O] ol

e W)
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e ® ;.Ploi: of Factor Pattern ("f({jr; 'r‘.dtiated\. factors) ( Option (PLOT)

°l.

e W)

E ~.~@.; Plot of. \Refe;f'er\xce Structure ( for ' rotated factors ) - ( Option

’(PLOT)Q

LT

R D

 Los Angeleé’- Standard Metropo»litan/‘ Statistical Ar'eéQ] 12@ 58 2

Eold SH HEEESHE WES o

N s =

(1), Pr_i,ncipa‘fl‘ Components

'DATA SOCECON;

g 344 ERSHFEOE

TITLE‘FIVEiSOCiO—ECQNOMIC;VARIABLES;

TITLE2 SEE PAGE 14 OF HARMAN:MODERN FACTOR ANALY-

SIS,3RD ED;

INPUT POP SCHOOL EMPLOY SERVICES HOUSE;

CARDS;
f5700' 12.8
1000 10.9

3400 8.8
3800 13.6
4000 12.8
- 8200 ws.sl
- 1200 11.4
»910 () :1'1.5l

2500

600

1000
1700,
1600
2600

400 -

- 3300

270

10

10
140

140

60

10

60

25000

10000

9000
125000
25000 .

12000

16000

14000

72



9900 12.5 3400 180 18000
9600 13.7 3600 390 25000
9600 9.6 3300 - 80 12000
9400 11.4 4000 100 13000
PROC FACTOR DATA = SOCECON SIMPLE CORR; -

TITLE3 PRINCIPAL COMPONENTS ANALYSIS;
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WA ¥ owdE A %ﬁa4 T 100 B 547 7138 7}
-7—012:] et o %ﬁﬁ%ﬁ'ﬁ—t— Prmcnpal Componenl: Analysis °Li %
i Com}rr';uknalllitie/s £ ©@a3 2ol 1elg (Default).

@M= ,‘5}‘7“’9" ’Factb‘r o vﬂ%,}'i Eigenvalue 9 25 2 7} o] %
e ¢‘ﬂ% 1) teae] A st Sieh 2aH oW Prin-
« cipal component Analy31s.4 ay%;goﬂ ,‘v‘}‘a} ‘Eix;—genvavlue 7} 1‘@\
_|:<g_ Factors ot #@silmz A& 2,71194' ~Factt‘qf's7"]-, aﬁtﬂ;}l o]
2719 Factors 7} 9&4 9&4%%‘ﬁ%é-¢ Semz. 2o
= we 4 9n it g
@uolE BEES 4@ Factor p;nerfn ‘Ma;g»i—g;}; v
i 1% A% Tﬁﬁ{ﬁ(Loading)ﬁ-' e 5711 WY EF Fac-.
tor 1°ﬂ -l’—“’.' l%;«] B 8@ (Loading) & 73 >%%] VServ1vces
, (o 93239), House(o 79116), School(O 76704) o 73 e =L - HEBA
o 1+EM-.,_; ot Factor 2 o qE Pop(O 80642)4—]- Employ(O 72605)
"%Sﬁﬁﬂ,ﬁﬁ = SEmeZ A Loading Jef ek
" ~®tﬂoﬂ—‘;—* Flnal Communallty Estlmates 7. b]-E]-b]- m,-t—ﬁ]' 017,4\%
d WEES 2709 Factor o W3 WK Loading) o EETRRS
o7 FHA fk%% ¥y BE Fmal Communallty Estimates 7}'
038ﬂﬂg()%7%ﬂ4 2, BEE 2709 Component 24 %
LT EERE Sy R T
(2) Principal Factor ‘Ap’al’ysisy -

(Data #% < (1)8] Principal Components 2} [—)
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PROC FACTOR DATA = SOCECON MSA SCREE RESIDUAL PREPLOT
ROTATE = PROMAX REORDER PLOT
OUT = FACT — ALL ; | |
PRIORS SMC ;
TITLE3 PRINCIPAL FACTOR ANALYSIS WITH PRONMX ROTATION;
PROC PRINT; ,
TITLE3 FACTOR OUTPUT DATA SET;

(PHRER)

FIVE SOCIO-ECONOMIC VARIABLES
SEE PAGE 14 OF HARMAN:  MODERN FACTOR ANALYSIS, 3RD ED
PRINCIPAL FACTOR ANALYSIS WITH PROMAX ROTATION

INITIAL FACTOR NETHQD PRINCIPAL FACTORS
C)PARTIAL CORRELATIONS CONTROLLING ALL OTHER VARIABLES -

POP  SCHOOL EMPLOY SERVICES HOUSE

 POP 100000 ~0.54465 0.97083 0.09612 0.15871
SCHOOL 05465  1.00000 054373 0.04996  0.64717

- EMPLOY. © 0.97083  0.5373  1.00000 . 0.06689  -0.25572
SERVICES 0.00612  0.0499 006689  1.00000  0.5%15

- HOUSE 015871 0.64717  0.25572 ~'o.594’15 1.00000

KAISER’S MEASURE OF SAMPLING ADEQUACY OVER ALL MSA =
0.57536759

® POP SCHOOL ~ EMPLOY  SERVICE  HOUSE
0.472079 ’ 0.551588 0.488511 0.806644 - 0612814

PRIOR GﬁMMUNALITY'ESTIMATES: SN¢'

POP - SCHOOL ~ EMPLOY  SERVICE  HOUSE
0.968592 , 0.822285 . 0 969181 0.785724 . 0.847019

EIGENVALUES OF THE REDUCED CORRELATION MATRIX: TOTAL=
4.392801 AVERAGE = 0.878506
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Py 1 2 3 e DR
EIGENVALUE  2.73301 1.716069 0.039563 = -0.024523 +-0.072608

DIFFERENCE  1.01832  1.67656 - 0.064086  0.048084
PROPORTION ' 0.62% 0.3907  0.0090 ~0.0056 -0.0165

’CUMULATI'VE, oo 046225 : 1.0131’ o 1.0221 1.0165 1.0000

2 FACTORS WILL BE RETAINED BY THE PROPORTION CRITERION

&

FIVE SOCIO- ECONOMIC VARIABLES T 5
'SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS, SRD ED
'PRINCIPAL FACTOR ANALYSIS WITH PROMAX ROTATION

INITIAL FACTOR METHOD: PRINCIPAL FACTORS
'FACTOR PATTERN

FACTOR1 FACTOR 2 R

, 'SERVICES.  0.8789 " -0.1587

! "HOUSE '~ o215 - -0.57806 «
EMPLOY 071447 0.67936 | .
SCHOOL ~  0.711370 ~0.55515
POP . 0.6258 076620

VARIANCE EXPLAINED BY EACH FACTOR -

FACTOR1 = . FACTOR2
2734301 1716069 T

e -78-
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. FINAL COMMUNALITY ESTIMATES: TOTAL = 44587
POP ~  SCHOOL EMPLOY SERVICES  HOUSE
0.978113 © 0817564 097199 . 0.797743 0.884950

@ RESIDUAL CORRELATIONS WITH UNIQUENESS ON THE DIAGONAL

POP  SCHOOL  EMPLOY SERVICES ~ HOUSE

POP 0.02189 © -0.01l18 0.005l4 0.01063 0.00124
* SCHOOL - -0.01118 0.8244  _ 0.0281  -0.02% 001248
EMPLOY 00614 00251 00800  -0.00665  =0.0I561
SERVICES 0.01063  ~0.02390 0.00665 - 0.2026 0.03370
HOUSE 000124 00128 001561 003370 0.11506 -

® ROOT MEAN SQUARE OFF-DIAGONAL RESIDUALS: OVER-ALL =
o.ol98282 . , e

POP ~  SCHOOL  EMPLOY = SERVICES  HOUSE -
' 0.008153 - 0018130  0.013828 0021517 ~  0.019602 -

@ PARTIAL CORRELATIONS CONTROLLING FACTORS

‘ - POP SCHOOL = EMPLOY SERVICES  HOUSE
POP. 100000 017693 020752 - 0.1575  0.0247L.
SCHOOL -~ -0.176% 1.00000 - 0.30097  -0.1243 0.08614.
EMPLOY 02052 03097 100000  -0.07504 . ~0.27509
SERVICES 0.15975 = ~~0.12443 -0.07504-  1.00000 0.22093 -
HOUSE 0.7 0.08614  -0.27509 02293 £.00000

@ ROOT MEAN SQUARE OFF-DIAGONAL PARTIALS: OVER-ALL =
‘ ’0,,.185501'3’2

POP SCHOOL ~EMPLOY SERVICES = HOUSE
0.158508  0.190259 0.231818 ©0.15470  0.182015
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FIVE SOCIO-ECONOMIC VARIABLES . : , 6
SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS. 3RD ED
PRINCIPAL FACTOR ANALYSIS WITH PROMAX ROTATION
INITIAL FACTOR METHOD: PRINCIPAL FACTORS

@ PLOT OF FACTOR PATTERN FOR FACTOR1 AND FACTOR?2

FACTOR 1

D

-1.-.9-.8-.7-.6-.5-.4-.3-.2-.1 0 '.1..2 .3 .4 .5 .6 .7 .8 .9 1.0

. . .. . . . . . [] . 3 . . . v 3 . . .
© [oe] N (<] (3, > w [\ e S - [ 3% w > [3;] =2} ~ oo O -
DO

I

!
1
—

~POP =A SCHOOL =B EMPLOY =C SERVICES =D HOUSE =E
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FIVE SOCIO- ECONOMI C VARIABLES : S ‘ 7
SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS 3RD ED
PRINCIPAL FACTOR ANALYSIS WITH PROMAX ROTATION

PREROTATION METHOD: VARI MAX

3 ORTHOGONAL. TRANSFORMATION MATRIX

O
0..78895 0.61446
2 =0.61446 0.7889%

@ ROTATED FACTOR PATTERN

 FACTOR2  FACTOR2

HOUSE ©0.94072 ~0.00004
SCHOOL ~ 0.90419 0.00055 ”
SERVICES 07985 - 041509

POP 0.02255  0.98874

EMPLOY 0.14625 £ 0.9749%

@® VARIANCE EXPLAINED BY EACH FACTOR

FACTOR1 - FACTOR2
2.349857 2.100513

‘FINAL COMMUNALITY ESTI’MA,TES: -TOTAL = 4.450370

POP SCHOOL EMPLOY SERVICES HOUSE.

-0.978113 0.817564 0.971999 0.797743 0.884950
FIVE SOCIO-ECONOMIC VARIABLES : ' 8

SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS, 3RD ED
PRINCIPAL FACTOR ANALYSIS WITH PROMAX ROTATION
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PREROTATION METHOD: VARIMAX
PLOT OF FACTOR PATTERN FOR FACTOR1 AND FACTOR2

FACTORI1
1

o)

C

-1.,~.9-.8-.7-.6-.5-.4-.3-.2-1 1.23.4.5.6.7.8.9 A, 0

L4

S oW o N v W
OO

oov‘
N o o

-1
POP —A .SCHOOL =B EMPLOY =C SERVICES =D HOUSE=E
FIVE SOCIO-ECONOMIC VARIABLES 9 |
SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS, 3RD ED

PRINCIPAL FACTOR ANALYSIS WITH PROMAX ROTATION

ROTATION METHOD: PROMAX
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@ TARGET MATRIX FOR PROCRUSTEAN TRANSFORMATION

FACTORT ~ FACTOR2
HOUSE - 1.00000 -0.00000
SCHOOL 1.00000 0.00000
SERVICES 0.6%421 0.10045
 POP 000001 - 1.00000
" "EMPLOY  0.0032%6 . 0.96793

® PROCRUSTEAN TRANSFORMATION MATRIX

| PR TR
14117 - 0.09865
2 20.10572 0.96303

~ ® OBLIQUE TRANSFORMATION MATRIX

| . S
. 073803 0.54202
2 ~0.70855 ~ .0.86528

@ INTER-FACTOR CORRELATIONS -

A "FACTOR1 FACT(R 2
FACTOR1 ©1.00000 0.20188
FACTOR2 0.20188 C1:00000

L) ROTATED FACTOR PATTERN (STD REG COEFS)

FACTOR1 ~ FACTOR2 -

HOUSE 09558  —0.00792 |
SCHOOL 091842 . -0.09352
SERVICES  0.76053 0.339%2

POP S 0.0798 | 1.00192
EMPLOY - ©0.04799 . 0.97509
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@ REFERENCE AXIS CORRELATIONS

FACTOR1 FACTOR2

FACTOR1 1.00000 -0.20188
FACTOR 2. -0.20188 "~ 1.,00000

FIVE SOCI0-ECONOMIC VARIABLES 10

SEE PAGE 14. OF HARMAN: MODERN FACTOR ANALYSIS, 3RD ED
PRINCIPAL FACTOR ANALYSIS WITH PROMAX ROTATION

ROTAT ION METHOD: PROMAX

-@ REFERENCE STRUCTURE ( SEMI PARTIAL CORRELATIONS)

FACTOR1 ~ FACTOR2

HOUSE , 0,93591 -0.09590

SCHOOL 0.89951 ~0.09160
SERVICES 0.74487 0.33233

POP o —0.07745 0.98129 ’
EMPLOY = 0.04700 0.95501

® VARIANCE EXPLAINED BY EACH FACTOR EL IMINATING OTHER
FACTORS : - "
FACTOR1 FACTOR2
2,248089 2.003020

@ FACTOR STRUCTURE( CORRELATIONS)

FACTOR1 FACTOR 2

HOUSE 0.93582 0.09500
SCHOOL 0.89954 +0.09189
SERVICES 0.82903 0.49286
POP 0.12319 0.985%
EMPLOY 0.24484 0.98478
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@ VARIANCE EXPLAINED BY EACH FACTOR IGNORING OTHER
~ FACTORS DT s

| FACTOR1 FACTOR2
3 244739 2.202280

. @ FINAL COMMUNALITY ESTIMATES: TOTAL = 4.450%0

POP  SCHOOL EMPLOY SERVICES HOUSE
0.978113 . 0.817564 ~ 0.971999 0.797743* 0.884950

" FIVE SOCIO-ECONOMIC VARIABLES A
SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS, 3RD ED
PRINCIPAL FACTOR ANALYSIS WITH PROMAX ROTATION

ROTATION METHOD: PROMAX

® PLOT OF REFERENCE STRUCTURE FOR FACTOR1 AND FACTOR2
REFERENCE AXIS CORRELATION = -0.2019 ANGLE = 101.65

" FACTOR 1

~1.-.9-8~7-.6-5-4-3-2-.1 0 .1.2..34.5.6.7.8 .9C1.
-1 - : A
-2 o
-3
-‘4
-..5
’_.6 )
- : -7 .
, s
-9
..1 .

~ OO

POP =A SCHOOL =B' EMPLOY =C SERViCES::D HOUSE=E
S ' -86- ‘ g X



FIVE SOCIO-ECONOMIC VARIABLES
SEE PAGE 14 OF HARMAN: MODERN
FACTOR OUTPUT DATA SET

‘OBS

[ S RS
7R R =N TR O X

PREe8BEITRRIBRES

© 0 N o G AW N -

-TYPE-
MEAN
STD
N
CORR
CORR -
CORR

* CORR

CORR
CQOMMUNAL
PRIORS
EIGENVAL
UNROTATE

UNROTATE -

RES IDUAL
RESIDUAL
RESIDUAL
RES IDUAL

RESIDUAL,

PRETRANS
PRETRANS
PREROTAT
PREROTAT
TRANSFOR
TRANSFOR
FCORR

. FCORR

PATTERN

" PATTERN

RCORR
RCORR.
REFERENC
REFERENC
STRUCTUR
STRUCTUR

NAME

POP
SCHOOL
EMPLOY
SERVICES
HOUSE

FACTOR1
FACTOR 2

‘POP

SCHOOL
EMPLOY
SERVICES
HOUSE
FACTOR1
FACTOR2
FACTOR1
FACTOR2
FACTOR1
FACTOR 2
FACTOR1
FACTOR2
FACTOR1
FACTOR2
FACTOR1
FACTOR2
FACTOR1
FACTOR2
FACTOR1
FACTOR 2

* POP

6241.67
3439.99
12.00
1.00
0.01
0.97
0.44
10.02
0.98
0.97
2.73
0.63
0.77
0.02
0.01
0.01
0.01
0.00
0.79
0.61
0.02
0.99
074
0.54
1.00
0.20
0.08
1.00
100
0.20
0.08
098
0.12
0.9

_87_
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FACTOR ANALYSIS, 3RD ED

. SCHOOL EMPLOY SERVICES HOUSE

11 4417
1.7865
12.0000
0.0098
1.0000
0.1543
0.6914
0.8631
0.8176
0.8223
1.7161
0.7137
~0,5552
-0.0112
©0.1824
00215
~0.0239
0.0125
-0.6145

0.,7889 -

0.9042
0.0006
~0.7055
0.8653
0.2019
1.0000
0,9184
-0,0935
-0.2019
1.0000
0.8995
-0.0916
0.8995
0.0919

2333.33
1241.21
12.00
0.97
0.15
©1.00
0.51
0.12
097
0.97
0.04
0.71
0.68
0.01
0.02
0.03
~0.01
~0.02

015
0.97

0.05
10.98

0.05
0.96
0.24
0,98

120.833

- 114,928

12.000
0.439
0,691
0.515

- 1.000
0.778
0,798
0.786

-0.025
0.879

—0.158
0.011

-0.024

—0.006

0.202
0.034

0791

0.415

0.761
0,339

0.745
0,332
0.829
0.493

17000.0
6367.5
12.0
0.0
0.9
0.1
0.8
1.0
0.9
0.8
-0.1
0.7
~0.6
0.0
0.0
-0.0
0.0
0.1

°

0.9

© 0.0
1.0
0.1

0.9
0.1
0.9.
0.1
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~@‘ﬁﬂ O}ﬁ%ﬂ}A{—r"gﬁﬁ \Communality HeEfE 7 SMC (Square Mu-
ltipyle'Correl‘atiorvl)i Fox ded = :‘3_7]7} 0.7857 o] 4
0.96918 24 1 W@y ZrlolEz %@_%ﬁéﬁﬁ(ﬁactor'madmgs)
“  Principal Components o 4 & @3 A 4;Z] ek},
AgGaA 27 i‘*ii/ 571 9 Factor 7 7+e] Eigenvalue 9 38
@ 4 & sue KESO] WS Uz 25 Eigenvalues o ol

1.392801, 7ol 0.8785% e 9t Ed SMCS A% Eige-

nvalues 9 #° ZgE ¢ F Yok od7eld F 249 Fac-

ﬁ.@,%%( Itera’t’ing) ol] 4 é‘:% ‘
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#oo] g4 Principal Components 2} 3@5%9{ zet,
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Fgsed =gl "k °
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cipal Components o 49 A w2 ot 549 BWEK EF A
A TRl E¥¢ Loading & %z Uz FHA ER 94 Pop 3
Employ 7 %A Loading 59 & KM House 8} School & &S]
Loading & 23 9o BEES ved KA w4 AL RE-
ORDERl ®ES 6]—0;] HA RAuEA Factor o)) EL ‘Loadihg%]_',lllﬁ}ff?,
2ohg A Factor ] A Loading 1 MFE Hdsgin] @ Eold

Final Communality Estimate = 2§l Communality 53 79 1y

o
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. Factor £24) %ﬁ%ﬂ—; S50 3 B (Common Varlance)a»} 5k (Sp-
eci~~fi¢ Variance) o & HER o] ‘«‘;—tﬂ Factor -—°] R WS

o] Az HBHEEO 4 Z}.&Ei. g o Partial Correlation o 4.
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E FHaA FHd 'g&n[gg F¥S .3}71] 5 =1 ‘rﬂ_/‘q’ Var imax, é
Or:'thogonal’ Tfansformation & Al E];TL 2 gge g ‘Procrustv—
ean Transforrlnét;ion o A He} =3 ol 5 R ‘Transfd‘rmation,.
9 V{,’—C:_’ Oblique Transfvo'rma‘tion ,—8_1—' A He o | v
Transformation & = ®Hrt} k*d?ﬂy 35%@3'3}?‘?“&, ‘ff"J% Lol @M% Lol 2
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¢ AEAEE @e AT W, F # Aols EMelw  Orthog-

e

onal Transformation, Ef°] o}d wj& Oblique Transformation &
fEEstA =o (b, Factor 7} Correlate ¢ d ),

®, @o JEd FEREMGHXRE 2E EUE KRS ¥olx

9}
om I3 Principal Components &% FA o FuUx L=}
@9 Lo Print ¥l Dataset= PROC FACTORS #HEZ u:s

o]z Output Dataset & Print 3 ZHolt} o7]4 uEo]z . Output

Dataset & F| 3l 4

e

ot & [m#He Harris-Kaiser 9  Orth-
. :

oblique Rotation & & <  Qlt} Harris-Kaiser Rotation & Out-

put Dataseto] 9+ Data So¢] Promaxo4 {#HfH=E -Type- = ‘Pa-
ttern’®s} -Type- = ’Fcorr’ & A5tz =z Ao -Type- = 'Un-
orotate’ @ = AL -Type- = ‘Pattern’ © & u}3o] 4 o] & In-

- put Data 2 {EH 3o},

2 gl ged o

m
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 DATA FACT2(TYPE=FACTOR);

SET; ' : ' AR :
IF__TYPE_ ='PATTERN’ | _ TYPE _='FCORR’ THEN DELETE;
IF _TYPE _='UNROTATE’ THEN_ TYPE _ ='PATTERN' ;

PROC FACTOR ROTATE=HK NORM=WEIGHT REORDER PLOT;
'TITLE3 HARRIS-KAISER ROTATION‘WITH CURETON-MULAIK WE-
IGHTS; :

<ﬁm$%>f

FIVE SOCIO- ECONOMIC VARIABLES o SSIE 13
SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS 3RD ED
HARRIS - KAISER ROTATION WITH CURETON-MULAIK WEIGHTS
‘ROTATION,METHOD: HARRISfKAISER ,

@ VARIABLE WEIGHTS FOR ROTATION

 POP . SCHOOL ~ EMPLOY SERVICES  HOUSE
0.950827  0.93%454 .0 0997464 . 0.121948 0.940073

OBLIQUE TRANSFORMATION MATRIX

e 2

1. © 07353 . 0.61899

‘2 -0.6883 0.78987
INTER-FACTOR CORRELATIONS
FACTORI - FACTOR2

FACTOR1  1.00000 ~ 0.0838
FACTOR2 0.08338 1.00000
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' ROTATED FACTOR PATTERN (STD REG COEFS)

_ * FACTOR!  FACTORZ
HOUSE 0,94048 - 0.00279

SCHOOL 0.90391 0.00327

SERVICES 0.75459 0.41892

POP ~0.06335 0.99227
_EMPLOY ©0.06152 0.97885

" REFERENCE AXIS CORRELATIONS.
FACTOR1  FACTOR2
FACTOR1 1.00000 ~0.08358
FACTOR2 - -0.08358 1.00000

REFERENCE ;S TRUCTURE( SEMI PARTIAL CORRELATIONS )

 FACTOR1  FACTOR2

HOUSE . 0.93719 0.00278
SCHOOL 0.90075 ~  0.00326
SERVICES C051% - 041745
POP , 0.06312  0.98880
EMPLOY 0006130 : 0.975‘43

VARIANCE EXPLAINED BY EACH FACTOR "ELIMINATING OTHER
FACTORS R :
‘FACTORI FACTOR 2

2.262854 - 2.103473
FIVE SOCIO- ECONOMIC VARIABLES : : 14

SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS, 3RD ED

ROTATION METHOD: HARRIS-KAISER
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FACTOR STRUCTURE (CORRELATIONS)

, FACTOR1 =~ FACTOR2
HOUSE 094071 0.08139

SCHOOL 0.90419 0.07882
.~ SERVICES 0.78060 0.48198
_ POP o 0.01958 - - 0.9869%8

- EMPLOY 0.14332  -0.9839%9

VARIANCE EXPLAINED BY EACH FACTOR IGNORING OTHER
"FACTORS ' R
P FACTOR1 FACTOR2
2.3468% . 2.187516

'FINAL COMMUNALITY ESTIMATES: TOTAL = 4.450370

= POP  SCHOOL EMPLOY SERVICES HOUSE
0.978113 0.817564 < 0971999 . 0.797743  0.884950
FIVE SOCIO-ECONOMIC VARIABLES |
SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS, 3RD ED
HARRIS-KAISER ROTATION WITH CURETON-MULAIK WEIGHTS

ROTATION METHOD: HARRIS-KAISER
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PLOT OF REFERENCE STRUCTURE FOR FACTOR1 AND FACTOR2
REFERENCE AXIS CORRELATION= -0.083% ANGLE =9%.79

FACTOR1

o« e, e e e e . ’
v v N o b -

: .1 C
| -1.9:-8.7.6.-5.4.-3.-2.4.0 .1.2.3 .4 5.6.7.8.91.0
g -1 A
-.2 |
-3
-4
-5
-6
g
-8
-9
. : : -1 : )
POP =A SCHOOL =B EMPLOY =C SERVICES=D HOUSE=E

IS vJelyehtes
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3 ) Max‘i.n;lum V,Likre 1ihood ﬁgc t’4o'r; Ané ls;s i s

S-}oﬂ A4 EEI g}_g}" 7+o]. ML Faétc}r.Analys'is%' 3}17] 3_54*
IEEE%,} Factor #& ?“‘ZEoH gt 7,4\01—% % (2)9] 'Prm(;'lpal’
Faétor Ar‘lalgys,is.ii Factor %{E %0}41’;&( V:‘;’?',OHV ’MC.,] %1&01 Bl
7 3t JEUFFJ(ASYHIDW“C) #E@a"’%x—‘:‘ Zi"]‘:l". °] 7% 7@@215
%l Aol Principal Factor Analysis 5of & MEE 9% &
CSeh QslelAE Factor Bob 1A, 20, 34U ASE A% Hs
iyﬁﬁ#@ ﬁ&ﬂ 14 Aﬁﬁﬁu@%g %ﬁﬂ‘ﬂm@ ﬁ%’if
EENLEN |
| @ Facl:or ﬁﬂ 19_"\73-?-‘_;
PROC FACTOR DATA-¥SOCECON METHOD.;mufﬁEYWOoD N_;igi

TITLE3 MAX IMUM LIKELIHOOD FACTOR ANALYSIS WITH ONE
FACTOR; ‘

]cs}mf%) : Factor B7b 19 A%

~ FIVE SOCIO-ECONOMIC VARIABLES D T
" SEE PAGE 14 OF -HARMAN: MODERN FACTOR ANALYSIS 3RD ED
‘MAX IMUM LIKELIHOOD FACTOR ANALYSIS WITH ONE FACTOR
INITIAL FACTOR‘;METHOD: MAXI'MU,M' LI_KELIHOOIS _

_PRIOR COMMUNALITY ESTIMATES :SMC

POP. SCHOOL "EMPLOY - SERVICES ' HOUSE -
© 0968592 0.822285 0.969181 ~  0.785724 0.847019

© PRELIMINARY EIGENVALUES: TOTAL=76.11658 AVERAGE = 15.223317

=96~



1 2 3 4 5
EIGENVALUE  63.701000  13.064719  0.327639 -0.34781 ~0.61%601
DIFFERENCE  50.646289 12.727080 ~ 0.674920  0.272220
' PROPORTION  0.8%9 0.1715 0.0043  -0.0046  -0.0081
CUMULATIVE  0.8369 1.0084 10127 1.0081  1.0000

1 FACTORS. WILL BE RETAINED BY THE NFACTOR
“CRITERION '

@ ITER CRITERION RIDGE CHANGE COMMUNALITIES
1 6.54292 0.000 010330 -  0.93828 6.72227 1.00000 0.71940 0.74371
2 31237 0.000  0.72885  0.94566 0.02380 1.00000 0.26493 0.01487

’

UNABLE TO IMPROVE CRITERION \
TRY A DIFFERENT ‘PRIORS’ STATEMENT,

SIGNIFICANCE TESTS BASED ON - 12 OBSERVATIONS:

TEST OF HO: NO COMMON FACTORS .
VS HA: AT LEAST ONE COMMON FACTOR.

@ CHI-SQUARE = 54,52 DF = 10 PROBYCHI**2 = .wo1
TEST 'OF HO: 1 FACTORS ARE SUFFICIENT.
VS HA: MORE FACTORS ARE NEEDED

CHI-SQUARE = 24466 DF = 5 PROBYCHI**2 = .0002

® AKAIKE'S INFORMATION CRITERION = 57.47924
@® SCHWARZ’'S BAYESIAN CRITERION = 31.16415

® SQUARED 'CANONICAL CORRELATIONS
FACTOR1

1.000000

_-97_



EIGENVALUES OF THE WEIGHTED REDUCED CORRELATION MATRIX:

TOTAL = -0.0000 AVERAGE = -0.000000 b
, 1 2 34 s
EIGENVALUE © 1.92760 © -0.228313  -0.792956 -0.905891
“. DIFFERENCE  -1.927160 = 2.155473  0.564643.  0.112935
FIVE SOCIO-ECONOMIC VARIABLES L S 17

 SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS, 3RD ED
MAXIMUM LIKELIHOOD FACTOR ANALYSIS WITH ONE FACTOR

IN‘ITIAL FACTOR METHOD: MAXIMUM LIKELIHOOD

FACTOR PATTERN

FACTOR 1
 POP : - 0.9745
SCHOOL 0.15428
EMPLOY v 1.00000

~ SERVICES. 0.51472

HOUSE .~ 0.2193 ™

‘V’VARIANCE EXPLAINED BY EACH‘ FACTOR - |

"FACTOR1

WEI GHTED - 17.801063
UNWE I GHTED-  2.249260

FINAL COMMUNALITY ESTIMATES AND VARIABLE WEIGHTS
TOTAL COMMUNAL ITY: WEIGHTED = 17.801603 UNWE I GHTED=2.249260

POP . SCHOOL -EMPLOY SERVICES HOUSE
COMMUNAL ITY  0.945656  0.023803 = 1.000000  0.26493%5  0.014866

‘WE IGHT 18401165 1,024384 . 1.360424 1.015090



Factor & 172 FEN FUAST W SIHREEY BAAG 2ol
Fuls EEis (lteration)ol 4 REEE THAAT ot 37
{—(Conver'gence Criterion) & =wFuzx E3g 7] = Fd V@‘fﬂ ‘%}01]\
“Unable to Improve Criterion?”, <“Try, a Different ’.Priors’ State-~

ment ” 2t Aol . vEy Yk olWlE ®E MAdS] HAl SMC =

X

Fo] X - EFR] Communality'Estir'natesfg o] Fo] oA 4 HrEl o
5

Agh RAY mE oo 4R gEe ®E oA =7 4o

Ol

@4 Common Factors o fifeo] ol @ MEAEENH BEel 17
U\_};Sl] Factor 7} ﬁl—%—% g4 Q}'D]—(Chi—Square~—;54,25, Pr =
0.0001). =% 179 Factor 24 %A 44 Zoe MRS Wl
4 9t} (Chi-Square = 24.466, Pr = 0.0002). |

‘ GH = @GHe AIC (’Akaike’s Information Criterion) Y} SBC(Sc-
hwarz'’s Bayeéian Criterion);“—:— @w 2 Chi-Square & H<3dy &
B B, A7AE Factor mol AW BEMHEoE 1FI &
(AIC=57.48, SBC = 31.16) & #&F5 Factor 9 %&’:— RES
Aoz A st

@w e SCC (Squared Cano‘nkical Correlatién)-‘g— @@'(%EH Fac-.
tor & BHES=H Y SMCv(Squbared Multiple Correlation) & Zxm
2 P Eigenvalue 7} U$& 7t o714 RulA >Eig'em;"alue 7}
Missing<l 9]%%,%5%% ?1]‘2—._! oY & EnplonJ Final Commun-
ality 7} 1.\00].‘?_& ‘We.ight 7} ERAZ Hzo o9 FE}E} Weight
7t Missing © 2 Print 55 AFe A Eigenvalue 94 Mi-

ssing°] Htoh @A  Total 3 Average & G Fkoh
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® Factor 9 #mot 29 A$

PROC FAC'POR DATA SOCECON METHOD ML HEYWOOD N—2 ;
" TITLES MAXIMUM LIKELIHOOD FACTOR ANALYSIS WITH “TWO
_FACTORS ;

(ﬁ-#ﬁ.ﬁi%) : Factor @7} 29 A%

FIVE SOCIO-ECONOMIC VARIABLES ' 18
SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS, 3RD ED
' MAXIMUM LIKELIHOOD FACTOR ANALYSIS WITH TWO FACTORS
INITIAL FACTOR METHOD: MAXIMUM LIKEL IHOOD

PRIOR COMMUNALITY ESTIMATES : SMC

 POP  SCHOOL  EMPLOY SERVICES HOUSE
0.98592 . 0.82285  0.99181 0785724  0.847019

PREL IMINARY EIGENVALUES: TOTAL =76.11658 AVERAGE = 15.223317

12 3 4 5

EIGENVALUE - 63701009 ~ 13.054719 0327639 ~0.347281 -0.619501
DIFFERENCE 50.646289 12727080  0.674920 0.272220
- PROPORTION . 0.8%9  .0.1715 0.0043 -0,0046  —0.0081

CUMULATIVE = 0.83%9 . 1.084 - 1,012 1.0081  1.0000
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2 FACTORS WI LL BE RETAINED BY THE: NFAC’DOR CRITERIO'NV

ITER CRITERION RIDGE CHANGE COMMJNAL ITIES
1 0.343122 0.000 = 0.04710 1.00000 0.80672 0.95058 .0.79348  0.89412
2 0.307218 0.000  0.03068  1.00000 0.80821 0.96023 0.81048 0.92480
3. 0.306786 0.000 . 0.00629 1.00000 0.81149 0.95948 -° 0.81677 0.92023
4 0.306737 0.000  0.00218 1.00000 0.8098 ~ 0.95963  0.81498  0.92241
5 0.3067"—32 0.000  0.00071  1.00000 0.81019 0.959%5  0.81569  0.92187

CONVERGENCE CRITERION SATISFIED.
SIGNIFICANCE TESTS BASED ON 12 OBSERVATIONS:

TEST OF HO: NO COMMON FACTORS. ,
VS HA: AT LEAST ONE COMMON FACTOR.

o

 CHI-SQUARE= 5.2 DF = 10 PROB)CHI™"2 = .do01

TEST OF HO: 2 FACTORS ARE SUFFICIENT.
VS HA: MORE FACTORS ARE NEEDED.

CHI-SQUARE= 2198 DF = 1 PROB)CHI**2 = .13

AKAIKE'’S INFOK’MATVION‘CRITERION= -31.68079 ,
SCHWARZ 'S BAYESIAN CRITERION = 19.23474 N

SQUARED CANONICAL CORRELATIONS

FACTOR1 - FACTOR2
1.000000 10.951889
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EIGENVALUES OF THE WEIGHTED REDUCED CORRELATION MATRIX

TOTAL =19.785316 = AVERACE = 3.957063
1 2 3 4 5
EIGENVALUE : : 19.785314  0.543185  -0.039771  -0.503412
DIFFERENCE . -19.785314  ]9.242129  0.5829% . 0.463641 ‘
- PROPORTION 0.0000 1.0000 0,025 - -0.0020 ~0.0254
CUMULATIVE £0.0000 1,0000  1.0275  1.0%54  1.0000
FIVE SOCIO-ECONOMIC VARIABLES: 19

SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS 3RD ED
MAXIMUM LIKELIHOOD FACTOR ANALYSIS WITH TWO FACTO.RS

INITIAL FACTOR METHOD: MAXIMUM L IKELIHOOD

FACTOR PATTERN

. FACTOR1 FACTOR2
-POP . 1.00000  0.00000

© SCHOOL  0.00%5  0.90008
‘ ‘ EMPLOY 097245 0.11797
’ SERVICES 0.43887 0.78930

HOUSE 0.02241  0.95989
VARIANCE EXPLAINED BY EACH FACTOR

FACTOR1  FACTOR2

WEIGHTED 24.432971 19.785314

UNWE I GHTED 2.138861 2.368353
FINAL COMMUNALITY ESTIMATES AND VARIABLE WEIGHTS
TOTAL COMMUNALITY: WEIGHTED = 44.218285 UNWEIGHTED =

, 4.507214
( . POP - . SCHOOL ©  EMPLOY SERVICES HOUSE - .
COMMUNAL ITY 1.000000  0.810145 0.95%71 - 0.815603 092189
' WEIGHT o 5.268204  24.724667 5425646  12.799679
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1047101]*1%:— ok A A FWEE (lteration) o 4 REfE} T A2
2 wWeo] “Convergence Criterion‘ Satisfied ” g1 Printﬂ(ﬂ"ﬁl
w  Factor #7} 29 ALY mEHIFES Chi-Square = 2.198,
Pr=0.138224 [E®RE 7754 Zes AICS SBC 94 9
Factor # 1¢ A$9Y HH#sod ¢ HoP= Factor # 2 7}
Q'éé.?ﬂﬂi Azg F Ao 2y oW Afele BB Pop |
Heywood Case o] o},
&< Heywood Case)
Communality = Squared Correlationo]”7] wfo] 13 0 A}Ov]‘oﬂ

4o1g

)

9o Zolgtzm o AsAT Final Communality & 13 72

=% b ol@l 7§ Final Communality 7} 1°]% Hey-

& -
o
=
I

Wood Case, 1< #@shd U'l'tra—I-‘Ieywood Cése 2tz sk
Ultra-Heywood Case &} 33 (Specific Factor or Uniqﬁe Fac- _ »
tor) 74 & S#E ZEth F Foddssh AxHEAJGE AL ®
soe 2 REeZE oA e A¥E ¥ 4+ A%
f‘ﬁﬁﬁ Communality HEEfE7}F %Z] %t

. Commoﬁ Factor 7} Y% |
. Common Factor 7} W ¥ Ag

- owHh mwEd REME A7l RESH

. %Hé}}ﬁﬂ] Factor Analysis 7} A AsL= FE3Hof,
Ultra—He.ywood Case¢ AL 2 ERMc ZKEIA X3sidx 2
S 9 o 99 oA mME ALE 4R

1. Quasi-Heywood Case : #°] - Commonunality 7} = #5829

Reliability & #:B% 4
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3. e %@(Faﬂdf) 2} ﬁﬁ%ﬂﬂ Squared Mujltip_.lel Corre-
’ lationo] 1 TS_«“ HEs = >7§-<,4’—( Aiph&'FéC‘t“or Ana‘ly'éis' 9]' 7
Sl BER) ; - |
/4‘, ‘Sduared Mﬁl'tipﬁl'é Corré“lation O]V @‘ﬂ 731—‘,’—
% Em g4 ge Afeln) -

5. Eigenvalue 7} @&l 7% (®fi7} Common Factor Modelo]
A gn Agem) | 5

6. RSS! B[R] | ;g;!gz,}%ﬁ (Comfndn Variance ] ,100% PES RS

| A5 CHFRr Communality’est“imate?} L‘];‘xj/‘- 96% Agole) L

, %é] 9l y\_]:_sl 731/—‘,5- =3 UltraeHeywoqd"Césé o} :7F}‘°] HEEE
BER ek R e ' |

‘Princip’a’l: Component Analyéispﬂ&] \{Ekiﬂljﬂﬁ (Missing Valués) 7} 3}

rr
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fsd
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© Factor 9 #7} 39 AY

PROC FACTOR DATA=SOCECON METHOD=ML

HEYWOOD N=3;

TITLE3 MAXIMUM LIKELIHOOD FACTOR ANALYSIS WITH
THREE FACTORS; '

( S &R : Factor o %7k 39 A%

FIVE SOCIO-ECONOMIC VARIABLES
SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS, 3RD ED
MAX IMUM LIKELIHOOD FACTOR ANALYSIS WITH THREE FACTORS

INITIAL FACTOR METHOD: MAXIMUM LIKEL IHOOD

PRIOR COMMUNALITY ESTIMATES: SMC

POP
0,968592

SCHOOL
0.822285

EMPLOY
0.969181

PRELIMINARY EIGENVALUES: TOTAL =

EI1GENVALUE
DIFFERENCE
PROPORTION
CUMULATIVE

1 2
63.701009 _ 13.054719
50.646280  12.727080
0.8369. 0.1715
0.8369 1.0084

20

SERVICES HOUSE

0.785724

0.847019

76,116586 AVE RAGE = 15.223317

3 4 5
0.3763  ~0.37281  —0.619501
0.674920  0.272220 -
0.0043  -0.0046 -0.0081
1.0127 1.0081 11.0000

3 FACTORS WILL BE RETAINED BY THE NFACTOR CRITERION
WARNING: TOO MANY FACTORS FOR A UNIQUE SOLUTION.

ITER CRITERION RIDGE-

1 0.160126

2 0.00340681
3 3.000041434
4 1.472E- 06
5 8.799E- 08

0.031
0.031
0.031

10.031

0.031

CHANGE CQMMUNALITIES

0. 05102
0. 05878
0.01013
0. 00155
0..00029

0.96382
0.98216
0.98334
0.98316

0.98311

0. 84123

0. 87602
0.88004
0. 88054
0.88065

- 1.00000 0.80346 0.89804

1.00000 0.80295 0.95682
1.00000 0.80507, 0.96695
1.00000 0.80480 0.96850
1.00000 0.80462 0.96879

CONVERGED, BUT NOT TO A PROPER OPTIMUM.

TRY A DIFFERENT ‘PRIORS’ STATEMENT
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SIGNIFICANCE TESTS BASED ON 12 OBSERVATIONS:

. TEST OF HO: NO COMMON FACTORS.
VS HA: AT LEAST ONE COMMON FACTOR.

CHI-SQUARE= 54,22 - DF = 10 PROB\)CHI**Z = 0001

TEST OF HO: 3 FACTORS ARE SUFFICIENT.
VS HA: MORE FACTORS ‘ARE NEEDED

CHI-SQUARE = 000 DF = -2. PRQB>‘CH1*'*2 = 0000
AKAIKE 'S INFORMATION . CRITERION = 34

SCHWARZ 'S BAYESIAN CRITERION = 2112171
SQUARED CANONICAL CORRELATIONS

FACTOR1 FACTOR2 = FACTOR3
1.000000 ; ‘0.975846“ " 0.699066

s

EI GENVALUES OF THE WE IGHTED REDUC ED CORRELATI ON MATR IX:

TOTAL- = 42 724206 AVERAGE = 8.544841 -
1 23 45
EIGENVALUE = , 40.401173 ~ 2,322986  0.000319  -0.000273
DIFFERENCE -40.401173  38.078186  2.322667  0.000591
PROPORTION 0.0000  0.%456  0.0544 ' 0.0000  -0.0000
'CUMULATIVE’ 0.0000 0.9456  1.0000  1.0000 1.0000
FIVE SOCIO-ECONOMIC VARIABLES 2

- SEE PAGE 14 OF HARMAN: MODERN FACTOR ANALYSIS, 3RD ED
MAXIMUM LIKELIHOOD FACTOR ANALYSIS WITH THREE FACTORS

INITIAL FACTOR METHOD: MAXIMUM LIKEL IHOOD
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FACTOR PATTERN
. FACTOR1  FACTORz FACTOR3

POP 0.97245 -0,11188  -0.15792
- SCHOOL 0.15428 0.88881  0.25859
EMPLOY . 1.00000  =0.00000 . =0.00000
SERVICES  0.51472 0.72429  -0,12272
HOUSE (0.12193 - 0.973%  -0.08071

VARIANCE EXPLAINED BY EACH FACTOR
FACTOR1 FACTOR2 FACTOR3
WEIGHTED ~58.032408 140.401173 2.322986

UNWE IGHTED 2.249%0 2.274514 ~ 0.113382

FINAL COMMUNALITY ESTIMATES AND VARIABLE WEIGHTS
TOTAL COMMUNALITY :WEIGHTED = 100,757 UNWEIGHTED = 4.637157

POP 'SCHOOL EMPLOY SERVICES HOUSE

COMMUNALITY 0.983113 0.880658 - 1.000000 0,804594 0.968791
WEIGHT ' 59.218853 8.378825 : 5.118%1  32.040674

Factor o #7 3¢ 7ZA% 54 REiH ¥ e Az &
W7t =% Este] « Converged, But Not To a Proper Optimum” ©]
Print o] Q=2 }5—(’@5‘1‘%%%% A F o *‘W;arning : Too Many

Factors For a Unique Solution”o]2 3l #f&# (Model) o] R

(Parameter) o W7H MBBMETACNA #Ed Ek (Blement) o}

ot e #wstm ek
s mEskdEe 2H 34 EEA 9@ BRecEdd  HHE

(Degree of Freedom) 7} — 2 & " WAL HEY F gla, AICS

SBC = Faétor g 249 7;;‘%34 Az, Factor #H7} 1 749l

73_?;9,}' 7+o] s # Employ 7} ,Heywc}od Case o] o}, ‘ |
EAE9 37FA A$9Y 4HFe S A{ Factor #7} 279l ~ 73—‘,’—/

b7k d stz #RAE o+ dTh
o -107-



3.

B

2

o

ERD ﬁ*ﬁ ( Principal 'Component Analysis ')'

iwaﬁﬁkPLAj% ﬁafﬁﬁ% &Q,W%% %§a% 58
ol oA wae mpO WHE EhSz 23 0d BRUW
7%%m%ﬂ?ﬂﬁ%ﬂfiﬁﬁ5ﬁ%4%%.%&%% %ﬂ$’ﬁﬂ
3 1 HA ol % WEM

N

’»% Pr'inci‘pal COmpone.nt‘?lf ’AH.E%?_'— ﬁﬁi .

EHY &%ESES A "ok

P.C (Principal Component) o i< Esi® oh&s ok

@

PROC PRINCOMP Options ; —

BEE ® w2 P.CA BEHA 7 PCE EmEEY #
BEASE FANL 1 AEES EBEEY AWHEGA
El Eigenvector o 2c} § gy
Enige’njvectors—t—; Eﬁ;c%}ii‘,kll’.bc qA FEEBEMIA HEEZL
w rae 2E% , : |
'P.C Score & Unrélateq g

AuA P.CE FBEEY GDHAE 3 AF 2 AME 2
1“—?—%311"515.0?% 2z e 2 ﬁ%ﬁc—% e | -
Ag i/l P.CEL Y=XB+E M#EY ﬁd’sééf’é%% %i-_ﬂk
(", Y EEEEA Caxp), X:AE A P.CY Score gl

(axid)fFl, E: (nxp) BEGA)

- SAS Program Coding

L " Needed
VAR Variables ; N
“ PARTIAL Variables ; -
FREQ Variables ; 7 .
‘ - Optional il
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WEIGHT Variables J

BY Variables ;

@ PROC PRINCOMP Options

® VAR statement

o] Statement & Option 4ol “ebd F 3

2

E

rr
PO
ih
A
lo
K%

DATA = SAS dataset :lj}ﬁ% A dataset name
OUT = SAS dataset : §47 ¥ E®EHEFH P.C9 Scors &

=27 = Dataset name

'OUTSTAT = SAS dataset :/\jjﬁﬂ—‘é-&l- Ty, E¥RFZE, HBERK

#, 4 #, eigenvalue, eigenvector =9 =7 = dataset name'
NOINT : EIg#a#o] 4 intercept & @HA3A &L o
COV ( = COVARIANCE) : P.CE 3t4#{7%| ( covariance matrix)

2 %d HEY A

N=n:3#% P.CY AF

STD ( = STANDARD ) : output dataset o] $l& P.C score 7}

W5 (Unit Variance ), & S @] 1o HEF B

PREFIX = name : P.CEL BT o/ &
( default & PRINT 1, PRINT 2, wteeeeen)

NOPRINT : print 3}# &< =

i

-"VAR Variables : #73 5ol HBHES %%4

® PARTIAL statement

PARTIAL variables : partial correlation’ EE—‘E ;U/}& (covariance)
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e ﬁﬁﬂ a9 mEE
@ FREQ statement ‘

FREQ variables : @@W@jg] »'.ﬂ'nﬂ v%’bl %o{% s ‘iﬁﬁ‘?}

d

L BEM(EGES REY 9 REWE KE  freuency var-
iable o & ®ek) e
T ® WEIGHT statement

- WEIGHT variables : gofx 7 @@@4 m%m nEES 2

ol :

Bz ¢ W el® mEd Fr mK
® BY statement | \ " | _»
; BY variables : ?ﬁ‘@ﬂﬂﬁ%y 01?1 ‘ré’E}}lJi' grouping 3t - 4475
% W oF mESE WK, ddT datesctol o @
ﬁ&oﬁl Hake]  sort 5 ol Qlojob ek - /
S ERRE Geue @Hee ted ue ded o
© 4 WHSY T, EHEE Coption ( SIMPLE) o Se W)

sz

Correlatlons or Covariance Matrlx ‘ ;
Total Variance (option (_CQV) o] AL WH D

Eigenvalues (of the correlation or covariance matrix)

® ® ® ©

Eigenvactors

CHERR)
(D
3ok,

Ol

S EHY LA TAY FHmES et
DATA TEMPERAT ; | |

TITLE MEAN TEMPEATURE IN \JAI/\IUARY AND JULY FOR SELECTED

CITIES ; o
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INPUT CITY $1-15 JANUARY JULY ;

CARDS ;

MOBILE 51,2 81.6
PHOENIX 51.2 9.2
'LITTLE ROCK 9.5 8.4

SACRAMENTO 5.1 7.2

DENVER | 0.9 73.0

HARTFOED | 24.8 727

WILMINGTON '32.0 75.8

WASHINGTON, DC 5.6 78.7
. JACKSONVILLE 54.6 81.0

MIAMI ' 67.2 82.3

ATLANTA | 42.4  78.0

BOISE - 2.0 74.5

CHICAGO 22.9  71.9

PEORIA ; 23.8  75.1

INDIANAPOLIS 27,9 75.0

DES MOINES 194 751
WICHITA 3.3 80.7

LOUISVILLE 23 76.9

NEW ORLEANS  52.9 81.9
" PORTLAND, MAINE  21.5 68.0

BALTIMORE 33.4  76.6

BOSTON 29.2  73.3
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" DETROIT

SAULT STE MARIE

DULUTH
MINNEAPOLISk
'JACKSON
KANSAS CITY
’ST/LOUfS
éREAT-FALLSM
OMAHA -
'RENO |
~ CONCORD
~ ATLANTIC CITY
_ ALBUQUERQUE o
 ALBANY T
_ BUFFALO
NEW YORK'
CHARLQTTE'~‘
 RALEIGH |
 BISMARCK
~ CINCINNATI
CLEVELAND
COLUMBUS
OKLAHOMA CITY

PORTLAND, OREG

25,5
2
e
122
4%12/

27,8

31.3
20.5

22.6

31.9

20.6

32.7

32.2

2.1

40.5

8.2

26.9

28.4

36.8

-~ 38.1

73.3

63.8

65.6

©71.9

SL7 
8.8
78.6
69.3
77.2
69.7

75.1

78.7
72,0

© 70.1

76.6

78,5

77.5
70.8
75.6

71.4

- 73.6

81.5

67.1
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PHILADELPHIA 32.3 76.8

PITTISBURGH 28.1  71.9
PROV I DENCE 28.4  72.1
COLUMBIA ' 5.4 812
SIOUX FALLS 4.2 73.3
'MEMPHIS 405 79.6
NASHVILLE 38.3  79.6
DALLAS 44.8  84.8
EL PASO 43.6 82.3
HOUSTON 521 83.3
SALT LAKE CITY 28.0  76.7
BURL INGTON | 168 69.8
NORFOLK ‘ 40.5 78.3
R ICHMOND x5 e
SPOKANE 254 /69.7 
CHARLESTON, WV 34.5 75.0
MILWAUKEE 19.4 69.9
CHEYENNE .  26.6 60.1

PROC PLOT ;
PLOT JULYXJANUARY=CITY, VPOS=36 :
PROC PRINCOMP COV OUT=PRIN ;

VAR JULY JANUARY ;

PROC PLOT ; o .
PLOT PRIN2XPRIN1=CITY  VPOS=26 ;

TITLE 2 PLOT OF PR INCIPAL COMPONENTS ;
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k)
S

SHEERY OUL Fud mEFES, @9 1A% 7HY %5

RS EESn Yo OWe F OBMC1A® 7AY FLEE)

rl

o Gacl ve Qud ot U HEAKSZY 4, 5 26.292
+137.18 =163.47°] "ok @WL EEHHMFE sl AL 2A Y

P.Col ojd 779 Eigenvalue & =259 3% (145.1476), 283 7

7ol fezol et gk %W @we  Eigenvector & ERIFZ Y
=
[e]

ov 2 g 248 EERE ﬁ%ﬁﬂ- P.CE9 ERIH o F
sho] MEMEI 5o B I
plE2 > | ’ |

m 507 Fol ddA 7Ad MM REREE EHHI 10
Bak RRES WESAG -
" DATA CRIME ; | |
TITLE CRIME RATES PER 100,000 POPULATION BY STATE ;
INPUT STATE §$ 1-15 MURDER RAPE ROBBERY ASSAULT BURGLARY

LARCENY AUTO ;

CARDS ;
ALABAMA . 4.2 252 9.8 278.3 1135.5 1881.9 280.7
ALASKA - 108 51.6 9.8 284.0 1331.7 3369.8 753.3
~ ARIZONA . . 9.5 34.2 138.2 312.3 2346.1 4467.4 439.5
ARKANSAS " 8.8 27.6 832 203.4 972.6 1862.1 183.4
CALIFORNIA . 11.5 49.4 287.0 358.0 2139.4 399.8 663.5
COLCRADO/ 6.3 42.0 170.7 202.9 19%.2 3003.2 477.1
CONNECTICUT 4.2 16.8 120.5 1318 1346.0 2620.7 593.2
DELAWARE 6.0 24.9 157.0 194.2 1682.6 3678.4 467.0
FLORIDA  10.2 39.6 187.9 449.1 1850.9 3840.5 351.'4
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GEORGIA

E HAWAIi
 IDAHO
ILLINOIS
 INDIANA
10WA
KANSAS
KENTUCKY.

. LOUISIANA
k MAiNE |
MARYLAND.
MASSACHUSETTS
MicHrGAN‘ |
3 MINNESQTA‘
MISSISSIPPI
MfSSOURIMV
. MONTANA
NEBRASKA

‘NEVADA

NEW HAMPSHIRE

NEW JERSEY
NEW MEXICO
NEW YORK

NORTH CAROLINA

11.7

7.2

5.5

X

74

2.3
6.6
10.1

- 15.5

8.0

© 3.l

9.3

2.7

14.3

9.6

5.4

3.9

15.8

3.2

5.6

8.8

10.7

10.6

2.4

31,1

25,5
19.4-

21.8

26.5

10.6

22.0

19.1

30.9

13.5

4.8

20.8

38.9

19.5
19.6

28.3

16.7

18.1

49.1

10.7

21.0.

39.1

29.4

17.0

140.5 256.5

128.0  64.1

39.6 172.5

" 211.3  209.0

123.2 153.5

41.2  89.8

100.7 180.5

-81.1 123.3

‘1429 335.5

38.7 1700

292.1  358.9

1169.1 231.6

261.9 274.6

85.9  85.8
65.7 189.1

189.0 233.5

*

39.2 -156.8

64.7 112.7.

323.1  355.0

23.2 76.0

180.4° 185.1"

109.6 343.4
472.6 319.1

61.3 318.3.
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' 812.5

1351.1

-1911.5

1050.8
1085.0

1086.2

1270.4

872.2

1165.5

1253.1

1400.0

1532.2

1522.7

1134.7

915.6

1318.3.

804.9
760.0
2453.1
i04if7

1435.8

. 1418.7

1728.0

1154.1

2498.7

12685. 1

2170.2

39204
25996

2828.5

2739.3 -

1662.1

2469.9
2350.7

3177.7

2311.3‘
3159.0‘
2559.3
1235.9‘

2424.2

2773.2

2316,1

-4212.6

2343.9
2774.5

3008.6

2782.0

2037.8

297.9

1489.4

237.6

528.6

- 377.4

1 219.9

244.3

245.4

1337.7

246.9

428.5

1140.1
545.5
343.1

144.4

1378.4

309.2
249.1
559.2
293.4

511.5

259.5

745.8

192.1



NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA

RHODE ISLAND

SOUTH CAROLINA

SOUTH DAKOTA
TENNESSEE
TEXAS

UTAH

VERMONT
VIRGINIA'
WASHINGTON
WEST VIRGiNIA
:WISCONSIN

WYOMING

.
’

0.9.

7.8

. 8.6

4.9

5.6

3.6

11.9

2.0
10.1
13.3

3.5

1.4

9.0

4.3

6.0

2.8

5.4

9.0

27.3

29.2

39.9 -

19.0

10.5

33.0

13.5

29.7

33.8

20.3

15.9

23.3
39.6
13.2

12.9

21.9

13.3
190.5
73.8
124.1

130.3

105.9
17.9
145.8
152.4
68.8
30.8
92.1
106.2
42.2
52.2

39.7

PROC PRINCOMP OUT-CRIMCOMP ;
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86.5

43.8.

181.1
205.0
286.9
128.0

201.0

485.3.

155.7
203.9
208.2
147.3
101.2
165.7
224.8
-90.9

63.7

173.9

446.1
1216.0
1288.2
1636.4
877.5
1489.5
1613.6
570.5
1259.7
1603.1
1171.6
1348.2
986.2
1605.6
597.4
846.9

811.6

1843.0

2696.8
2228.1
3506.1

1624.1

2844.1

2342.4

1704,4

'1776.5

2988.7
3004.6
2201.0
2521.2
3386.9
1341.7
2614.2

2772.2

144.7

400.4

- 326.8

388.9
333.2
791.4
245.1
147.5
314.0
397.6
334.5
265.2

226.7

- 360.3

163.3

220.7

282.0
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SRR E WA BHS AT LT MEHE(FL, EERE)
5 mmE 2 AWEEZ s geh 2 Wl 749 PC o7
o} '

WA P.C:  4.1149 ( Eigenvalue ) o] 3. 2@ 58.79 %, Sl P.C

xo
f

Z7ke]  Eigenvalue 9 - 259 Mo s dedl A

= m%@(m@mam)qz,%%ﬂ 17.69 %, A WA P.CE 0.7258
/(m@&a@)qz é%ﬂ-lmﬁ%iﬂ of AAe P.CH g
%9%%,ﬁ%§>¢ 9a 4A A9 PCE A% 5%umwy
mmp e S -Aez dehp g% | | |

Fo]x  Eigenvectors 2| %k-g.— */gﬁi i“ﬂ_‘ PRI‘AN.I (A P.C)OJ] A5
& mMEel A9 M%Y MRE(Loading)E AAEEZ  PRINIE
amt mEEY WEA Aok SRA

PRIN 2 ( Fdl#l P.C )l AUTO 3 'LARCENY: [, MURDER $}

ASSAULT: 29 . 2 fm#fH ( Loading ) & 23 §HoZ BURGL-

=)

ARYE 4¢ B, RATEE A& e MBM(Loading )& 2 3
ooolzA Epm Rl AR HE RE @B on  EE
WE® 4 9% v PRING (A9A P.COE 23 EEdn
A Fo mREEE olF P.CE ﬂmﬂﬂymﬁﬂ%.ﬂ%,ﬁiél
284 288 WEE 2o @ 2s Al Programe 39

PROC SORT ;
BY PRIN 1 ;
PROC PRINT ;

. ID STATE ;
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VAR PRIN 1 PRIN2 MURDER RAPE ROBBERY ASSAULT BURGLARY
LARCENY AUTO ;
TITLE 2 STATES LISTED IN ORDER OF OVERALL CRIME RATE ;

TITLE 3 AS DETERMINED BY THE FIRST PRINCIPAL COMPONENT ;

PROC SORT ;
BY PRIN 2. ;
PROC PRINT ;
ID STATE ;

VAR PRIN1 PRIN2 MURDER RAPE ROBBERY ASSAULT BURGLARY

LARCENY AUTO ; s
TITLE 2 STATES LISTED IN ORDER OF PROPERTY VS.VIOLENT

 CRIME ;
TITLE3 AS DETERMINED BY THE SECOND PRINCIPAL COMPO-

NENT ;
PROC PLOT ;

PLOT PRIN2 PRIN! = STATE ;
“TITLE2 PLOT OF THE FIRST TWO PRINCIPAL COMPONENTS;

PROC PLOT ;
PLOT PRIN3 PRIN1 = STATE ;

TITLE 2 PLOT OF THE FIRST AND THIRD PRINCIPAL

COMPONENTS ;
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