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The Effect of Group Mean Differences upon Factor Analysis
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The purpose of this study is (1) fo demonstrate that ignoring group differences may mislead
to incorrect conclusion when analyzing corrglation data (e.g., factor analysis), (2) to highlight
the importance of the data analyic method considering group differences, and (3) to provide
ways of incorporating group differences in data analysis. In study 1, ignoring group difference
in factor analysis may mislead to incorrect factor structure. To remedy this, 2-transform method
and group analysis tool in covariance siructure models were suggested. In study 2, the group
differences effect was illustrated by using real data (1Q test data).
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Bake BEROIE FANGL W BAY £ Y= BAYE AHST o

€ A48 7 U= HHES AN A ste 2383t A3 A
TAAE B A ZE AFENA &2 2E AGdA F5HFo=
dojuhes EAE diste FAS 7Y d, £2 A AAH
A 9] (Social Economic Status, ©]&} SES)7} A e] 2|50 A3HS ujx|=
A& zAB A 3 A4S AAstd Bl ojudE Y] w-& SES
o] A9 ztolE MYPIHAY A Fo| mE SES9 &3] o] E Wy}
A4 71HE AV EOE A93 AEe 1BEkx g $AF
71H& T2 AL FARN oY B So| o33 A
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TR YouE Ag3FA FFE dFde AL Bo 57w
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F A= 9EZ Simpsond HAMF} A#BAA JeldE= AFe) oF
(aggregaﬂon error)E € 4 o} HA, Simpson®] %-(Simpson, 1951)-&
SANE2 Y EN A4S SHs1A & o AP 2/ vely
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A4S Tt & F A ol 9 E (contingency table)E X
Al FoA Uehd HEE o] AV AAAY 948 Utk
TFAHLE de= o043 2o & 12 LI He| F A7 e 3 1
£ofl i Aol JEAE dotry] Y3l Al gE TEEL AR
A zo|tHPaik, 1985). EA A= FA L3t BA HO di¥ 184 & 4
252 4, 181 F RAE FR AA Ay diE a8 9 €
gzt 71 A= 9o

8 rr

(B 1) BM Lo| Hidd D8xI/EEX &

BAML 2MH T sjAL
= 0{%4 = 0id = 034
DA 4 550 1250 2950 800 3500 2050
Ef2tx} 5 1450 2750 1050 200 2500 2950
1BE 27.5% 31.25% | 73.75% 80% 51.3% 41%

HolA YeRd uiel o], EA L3 H EFolA Ao 18E0] FA
o] 1EERY FAHLE RS T2 WHHEA L x = 9.18, p <.
0L, %A H: x2 = 14906, p { 01), ¥ £ME ST AA 3Ae) A=
dqMe 238 FHTLE] 4 TEERY FAHCE [FosA &
Thx 2 = 338.00, p < OD). WA o] ABeAE RHE FAG BHL
2E FAY EAS NYEA v Aoz Asdd U 2E&¢ vgA
o
FRgA R3] LFT BE JDE0] FYI FBHAE VAT

cHE E73 JDES FHA £431W Zt Fdo] 7kA 1 e WS
18] ABFAZ AR AY, T e AABAE A& WA
Z3cH(Nunnally & Bemnstein, 1994). <A, °o]2 &< AYE A
Pearson®} HEFBVATME oY 24 JDdolA vebd HABAS F
#3 FAu|d Fa#A ST vElE 4 Aok (Pearson, Lee, & Bramley-
Moore, 1899; Wendt, 1976). 3o A F3te] 277} LA Simpsone)
G- AR E AFEL BAXLE AR HAEA 3 & AdL 7
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Algtal = A& x, 7 x,9 FTE F3IE 449 AN Jehs
A8 FRIAY GAHE FFE 4EF 50 ded oF T
(spurious correlation) ©]2}3 Ft} (Wendt, 1976). E 29 x13} x25 o}
9% £Y%8E Yehe dse} 3k, A9 BY F3d sidx 7}
Ak A A, AG BAA x13} x29] FBASFE 24 +.62, 382 A
2 o] Ueigton, F e A8E FHA FAASFE 7o -4
2 BAAPS B tKNunnally & Bemnstein, 1994). & Athe FA|5t1
48, AAZE A58 Fesgo] AU FABAC ded=
78t 3 Aol ot ZES WE Aot

(B 2) Y A2t BOlIM x,, x,2| #X

ZEt A &tk B
x1 X2 x1 X2
18 11 10 23
19 14 16 24
32 15 19 27
37 22 21 24
24 12 20 29
34 13 14 21
28 11 14 24
31 19 16 27
25 8 19 21
30 14 20 25

Sockloff(1975)cl eJs}d, F 7H¢ stelFdo] A& W MFENY I
Bt zte] HE wal, F e GHAS 1 3 AT & FHE
m o] ghFo] 37kA] ez vEhd 4 Aty Py (1) F ¥EF
o ol BF AT 1M o € W X0 X, ; Yo e WY F
@27t AdeE ARG Fhol 4o W¥oE FUkEL, (2 ¥ W
T BEL ARG 14 27, g8 HF9 FFL F A F
Y8 HX, )X, ; Y, = V)& AV S5 A gado] 0o H230,
3) & Wse BF2 3T 194 23, 98 "5 B & 33
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@ 204 F WX DX, V(e IBAt ARFE AALBL &9
Wgo g ZRT golA AME dEL BT Sockloffe] 7 7+
3ol sFH

53] 23w 727 AAAHY o, & sAF et o] shie B
Mol & &9t vz o, BHNGHE 133A &g 48 Y
AMe gt LF/7 G &Eo] gtk & A7t 4 qgndA FF
A, AT SRS BEse FHYITY AAE 978 o
7bd gol Russ HAEA T Aol e Y 4HEG ¢
Eoe Aol I8y o33 A 24D F DS FASHA Y
Ehs 239 JFsAe] Atk ® 32 A, B, C, D Y g3 Qe A
16%9e] $54, BAESF, ol e 7MY ARl of A
spelaze] B o] Asledel BAY w3tel Sake UAY T
28 2E0. o) ARE Fol Ao UF $EAYY A HYEES =
As) SlalA AR S5AAT EANAY G ABE T
sHR 7h stapa ARe BE 1000147, Saeks RATIE BAST
B a5k BHA AUS BAZ BAEE A 34 1699 S5
ST 4B, 3 BPEE 1812 dobdth WA 2 AU B
b EASA G WA BEE 2 43 o) BHANE 4ol 100
olm, Mg TeAFA e BAAE Aol 1000)Th tebd Fazk
o BEAt AL 0 ol FAT 2L R 4L UL + 3
22 A 20
E OE dEc AegdA 2R AP A Ay 4
#S BIAM EXeHENE AFe d7ES & F U B 47
Eol AT A FHAAA A 3t M2 hiksEle AFHE U
34t (Rogers, Cleveland, van den Oord, & Rowe, 2000; Zajonc & Mullally,
1997). Zajonc} Mullally:= o] &)@ 4ukel Azrt BAMA o] BE 23}
2 M3t e, HolA =203 vt 2ol M olgkE D E F
AlZ Ao 710E 7tsAel Uk

RepE Az Yt AAM F2E PART A AEE $4HQ
Aoz sopsted A T total comelation)E F3HA =W Foujg A
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(B 3 Y & 2% il:fHQ 1692 =545, MEES, &FHo

3 JIE Xtz
o} FEAx oy &y
A 300 2 D
A 305 4 C
A 310 6 B
A 315 8 A
B 330 2 D
B 335 4 C
B 340 6 B
B 345 8 A
C 360 2 D
C 365 4 C
C 370 6 B
C 375 8 A
D 380 2 D
D 385 4 C
D 390 6 B
D 395 8 A

Po] 4D & YT, o2 AN WS T VA thsje} 2EH BE
o £2¥ 4 ok 2 A4 BANE ABAE HYSE BAY
o] 22 ol ASHE A BAEL 4k WA WYY HolE Wyt
£ 24 E900) WY Zolth 53 YVAE WIHE 2R Y
FABRTGE ZR0I} 4B ABolH O 27U FZEYIA @&
B9 Hee 7 Aol RS 1 FFAAY BAHEE FHA,

=

Xi = )_(g + ¢

4714 X BF A5 X,E A9 B2, 1T = BEAF AW

BFel solE Ve o] BYH Fe 4P FASHL 43T
£, X5 Wz WA Jzol Bk &
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E(X) = E(X, + ¢) = EX,) + E(e) = X

aey FEAY Aes AFHY 2ol ofyr] wEdl HEs FAS

Nl

T 245Y ged) WA WU 43¢ B9en Y S0 YehtA
FET. ogd W&ol A o ERAAE ABAS WAL FE o

@ B0 714 Bol AgElE 71 ol Sl 89 BN FHE T

2. ROIEA: MTYES| X0 i 24

8Q1E-4 (factor analysis) 7]'§-& A HAL| A A R FHAE 73}
E AH oA S HE o]EHY aTRE VA3 #EE &

} A7z AP E HA3 = 7ot Spearman (1904)°] A

5 ¢ty 80 E4%E QQleg FREIL ol FAHCE &
ﬁi}‘i} ol MEE Q&AM J[Ho| WdEr] A&3tH  Thurstone
(1931)9] FF8%] Z¥ AFeg A 9njo 2JAEA7]Ho] Y
HAT 8RN FAE BAFRE 2y fUdojze AT (atent
variable)E 7} ok o] AAWESE AAE AFHAE GAT &
2o dF9 didel He FAAAHA g (AW AB)E YERED. o
AAEE (AL AR FAHA = AT AsAsde BFA
F& d &3l A5E AE3a Yok ojF FAFLRE aAEH A8
23oz FHIE oA Zrh

X = W+ )\j, z; + )\jz Zp + ot )‘,m im * W 1)
A7) x i WA QY AR AelR, N AR EF kA
809 tﬂﬂ dtFoln, g = A AL AR 2QH o)A TR
2o 2y 558 (unique factor)oi 02 (F5)82¢) o5t dus
A we —‘%%—% Uehdch 422 AR FIF FHE g3 o
Art, QRJAAF 780 AAZE BEHA ¥ 7HEAA FAHTeEE
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HolA Thao. E¥ AARS7 /M A5ek HolM Aa
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2AFFOY 55 2UWS) o) 001D ¥ETY Fo) 00l 7}
B sl x BT FEA BAO)E e 2ol FEDT

3 = AGA’ + Dy &)

714 o= QUETY FFE YL D= AR EE S5 2Qs
Zte) FEAHE Jehdch 3)g) Zof #FE FEY JE& A,
HeoHE FHFoER SJAFZE oA "t

a3y Z Jduit A4 o] gE Fedde A 3)9 BF 9
3 A57t 71e2 4 o & A s we JEA) gle W A
SEYNAM FEHE 8UEYY BAH Y, S FEAEY| Y3
2] ¥t} uhto) I, JAAE JHEEE 23 HAEA g =Y
< BAXRCE O EYoin, Iyt EAT W 1 Afolg FAE
4L 3t AL 229 FARYEE FEAE Aot IJgE s}
A G BAoAE ARY FEA F2E OF T, JTAE 2
Hite FEATE Gy T 2ok
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471X g JDE YEIL w,E 7 o] FoAE 7R 4 I
@] B9 947 1 @ ol 4 e 4 @) 2 e
Batol7t FEAATF R AAHOZE HPH Al S ¢ S ok TekA
ALt EXhs AsE 4 @9 2L RS 728 A A1,
olgl 4 39 A=E AJANIIY, ARF FEL ‘:Q 7FsAdel A w
g Jgpt EAske Aol JYAE 2T 4] dasin.

AAag nejstd 24T 5 e $¢es A F 7HAE A7
2 £ 9t AAE 4 AYEE EEUSE AR Og 1 ZEH5E
o] &3t g AR3l= Aolth olfdls ZE ] BT IAB
o2 Jaztel HAtolo 3 B LREL glold Aol & 4
@A 2z ] Hol A¥te Bl FENPEL Est 2ot
Rolth.

G
Sy=2+ g{]l Wby = M)ty - )’
=3+0=3%

web Adate] o3 EAE BAHA 4 A
F HAE 4 @ AFe BYE AEdhe
@) #NF3= 2P MPLUSES Z2Iof o ‘;]71] z4%,\]gg_ &=
Ao}, q7leME B} go] AMgEE 7R o'Ev‘xl' oM A
SEATE S AHBIAT. FEA TEEI A DN —% 1%6}“ )
He 2 AGEE 899 F2E WE {4 JHEE AjYE
(likelihood)& A 43t HFx=9] o] A7t HEF 8] 72& #
ol gAjolth. A F ko] YT, offs} o] A7k g
H3te 2¥g e o] F 2L FA AFAIE Wt

olch.
71 It YRHeE A

2| = A]q)lA], + Dlll}
©)
22 = Az ¢)2 Azl + DZ‘J’



118 =AAT

LISREL(Joreskog & Sorbom, 1994), AMOS (Arbuckle & Wothke, 1999),
EQS (Bentler, 1989)%-9] FEATZEY Y H7|A7} o] W& £33tz
Aoid AR 2 gATE o) stk Tk GMFY 2R
23o] #3402 HIsA] Pt T3 (uidentified)o]7] HEo| TPL
A4 W 2%o] Wasth myo] FAHY] AMME mm+D)2 @9
8909 A9 F7hHe Ajeko] Wasith gaty R} WA 2ANA U
7he 8AREF Fo shivt 12 aAFook 3, F A 4N
Urbs 8Q1E3eg & F AV 12 nRH ok 3o, o]gd Wz
A4 AYstd mAA AJAoA ke LAFHE Fol w7 12 2
AHA) 3 2Fo] FAHT FAF QARG FRY T2EHY
golA BT ¢ gtk I¥ o, FaEFE AAIE HFHe=2 3}
v A34E d& F stk

II. 97 1: A|Ed ol 47

o] AFAE EAo| O AGEL JFPAA ¥4 7IHE 3
SN2 o ST F Y EAHES AT, 1 HEYLE AAE
W Eo] date] EAE AT 5 UEAE AEHH d7E T3
AZ3GTh d7loA ALE AL A8 ATANY ARE 9%
ol A 5 FAT 2Y8AE & W e dF3s Al
Atk olg A BA 9 A AEA ¥ B oz}, A-3#dt
a7 o8 oM 4A THE F A

B dFdAes 2208 4A Bo] AHEF A& HolzingerAw ol iF
3= dARE dFHoE BT og, JEAE DAL, 1 e
27} RQEH B JFE PIAEAE AHEJ}TE BT AR A
9ale wgsts 240) gAY 8AFRE Fohd F USS BAF
12 gk
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2GS FA3e AEe 1Y &9 AsHAETSNY RS B

FE 8084 EddAM AF AEHE Holzingerd] "EE =&
(Harman, 1960)olA AAE F@ATHEE o] &3t Kaisero] 4]
(Kaiser & Dickman, 1962)& A}8-3}9], Holzingere] A3A oA 7133
A YHFE AESET 9A U FBAS PES e FAHAE
o] 9A47E APEHAJL (7 HE 7T N=100, 7} NES AR o
ANE F77 EZFUAE A EE Wiso] 47 A 19 289} A
@ 29] REE ALHUTH

Yo (EEHAl= 52 SY)
c 22X | o|AFSE 3t | LHHKX (i}
we | B0 | B jow 2 fﬂil W | o | e | e
ojg| | &4 | Eof | o | A | =X

EEt 1 30 40 50 60 70 60 50 40 30

&gt 2 50 40 30 80 70 80 30 40 50

2) ¥4z

HA F AG ZAzho] g3t 8AR A& A A8 Holzingere] 817
ZE AEUeAE AFAIet F HAR, JAds FASIL F J
2] A5 E F3Haggregate) N Foll 2% v‘i'-é%% AN vhR e
g 93 zolE WPt £4S AT o] BAYL IR B&
A4E AL g EEHT O ABPE & ALdstd 884 S
st I AMOSS] HEt E40] AMEEHAT 8JdEA S HUk
¥ (Maximum Wishart Likelihood) 2.2 2918 H3AZ) thg, VARIMAX
Pz aQRdEFS AANHT
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2. 241 | =9

1) 7+ #che] ozt B4

Z} Aol Ul 2ARMNA, THX (eigen value)7} 1R Z ATFE
899 2 A= J|EKaiserd 7F)CE 8 & AAI}IS W o
A A5 7R YE 389 TRE AEIATE F 494 AAE 89
B AgoAE & § Axo| Y e A 8US HEIHAY.
FAeh A2 BY3 AP L VIAEE AE7F FAHJULER J
ool mekd 88N Ayt FU3AT

(B 4 T 17} 29| oigsizk (FcHa FH29| 20IRsigo|

solgh

29211 292 291 3
ctofejo| .946 -0M -.023
23y .819 -.038 .160
0|4Ar8tH thof 875 .094 .005
B8 o= -.010 -036 972
LI X&) ,.013 042 895
b E ex} 133 .040 819
=4 -.150 744 175
Algt .105 839 .055
&7 .086 .886 072

2) AdAE FA3 24

AGaE FAPE ol 38 RFI] H3 F I ARA
2 ARE AHE3 2UENE ST Kaiser®] IF2]0l ®HE 7]E
gaiA 22 FE AASY, e aglite] AEHJYL, K)F3F|
E 59 AAFH] Ut

o] A7} AARHE vhe B3I W DAL EAFE B F
S FAS I A5, A9 872 E Wiled A%E + g
£ Aotk )9 doAM ¢/t EAF AT FZE Iz o4,
AA2E A5e FA3T e 890 A AU, gfactors} 312 3ht

>
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232k . a7
ojaksh £ty 972
=8 di 973
Lio{x|5E7] 974
HERl S=X} 977
=zt 952
Ayt .959
&5 .956

o] g9os ARE AE8S UE & Utk

3) AkAE T T By
Aol ANE ATE BEYSE T A4 24 Pz FRY T
2oyl 9@ A ohes L

Hed 2 o

HIEE BEHTE UL o) FFES AWNA FHATE @
SJAEHE & APoe 29728 E7HE & AU AFH: w49
A4 os FYIAAT ol 74 JDEE BEHSE FIY, AA 3
#3Ygo] U Holzingere] a3y d st %%lﬂ“i a2 w32 o] H
A X o) A 4 JHEE REASE I JUES F
gate o] MG Aol AAA 3= %Xﬂif}—: LYFRE Fopd
T AFE BAF3 gt

B FEEYA YURHS 0§
B FEREFIA HBEAS o 8F AIE 7 29 3o
].

K
AR5 729 FEH P o AEFHUT av ADEHS
A B ARE AYANA ALY A5dE ARV 38 QARA
Foll & AFHA FUh o1& FAHE AFI] st HGry

r“lo fa °|°° rfo
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oA @e QAN YURAL A48T 2ARNE BAE 3
= AFE2 v YTt (R 634F). FPF EAd 238 GFI (Goodness
of Fit Index)x 9HT} AW FL2 23T RMSEA(Root Mean Square
Error of Approximation) 05ETH Zto0W F& R3o g AR} o] &
Aol RFolA SHSY, ATe AR BHANE AFEASE ofF
ggred walel, AT BAE ¥ 2He AREA) By o
A AR FAL ug AL AT B0} EE2Asol 9T $A
o) ARES B 8L ¢ & Utk WL LA e By A
£ A%dl 3N 2P waos o,

(& 6) HB= X%

HEe SAS B | HOIXE s 24

GFIl .053 .091
RMR 40.63 5.696
RMSEA 428 .075

¥ 249 BaNE ThA B RoET B
shehshe Q24 71 S U
AaE TAG BHL Aol 0 4
A%e 2T 1, ABAE WYSE B4 WA

A7 AR BYE AL A 2L 2E YT
Ui 4472 STHIY ¢ A, 42
Belt. 194 RO ATE Aold FEHoE
RS W AN & W) WRolTh

2

&=

o

ih)

o

rr

B
lo

o

d

ga

,H 4
. B
mlm

BTN E g
£a350
luorlro}m' gr

28
s 2 =
rlolo Fﬁ“—r"
3:9.

Mottt e o Ha o
= 1
= o
o oy T 4y
=
S
l-ﬂl rR

e
-
b
m[m

HI. A7 2: A+

B dTolME 2ARANA Afe) LI AA ARA BAY £
&g dza) ﬂs}oq AL ez ARY ASAA dE A=
& BHSET. o] AROIA B thao] B Awe ARl
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1. Xtz

223, w9, 239 (2001)0] K-WISC-II & EZ3s7] Ashd ¢
Y As7t ALHAT. dAsE AL, B OT, B3], A 34,
A9, A A G2l 640l 164 o)5F2] o}F 223192 A} o 2 K-WISC-
Mol g AAHS7E AN, & T oA E 84, 134, 16412 &
EET AEHUATE K-WISC-T 9] 137) &AW 2 37), 34, 715
27, 354, A D3], 45, B, o, BF B3, o3, §
g 7], A, u2)E FAH gou, nZ A2HAE AT 12709
2ANEL T v 298 AU Y&, 2000).

AolH ols) 2.2 44, FEA, o3, olal &4
A2E 2A5 29 WAT 27, A 237, A, SYREY)
x9) A% A%, 24

AY&x: 71527), FI3AA

M

2. EAER

D S 74

ot
)1
2

2 2AANA De FS

J
g A e 1 FELA Aol
zma 2AEHE stk ol AgH ZTTIAL AMOS 400/ 0H,
Hojem PPOE BYL HIAAT

2) AEN7E 98 24

ABAE TR BHANE AMOSS ABRY JME AHgste 37}
A AFFe ARE FAO AFAAE PAS ATk 1 Sl 3
W AR BN AW PRoR BAsdth
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3) mFad Ayl o

3% g4 E284 A
2AW BT FYsch

t

X
AHgsttke Au AlgstaE Jds

4>
o

3. 2t ¥ =9

AA Al B O = AFE] ® 79 AAIFHY Sl 47
oM GFle 4% F& 523& Je1 RMSEAE FL54E F2 &
& Uehith o] EXoME AGEM, BEHF, IS TG £4
9 ¢£o2 AYP=s F34o-

(B 7 Nz A=
HErS FAY 24 BEZHT FEHEAE (AMOS)
GFI .950 .963 .928
RMR 2.043 .323 2.370
RMSEA .069 .056 .039

BT FAHOR Yoe PASNGE Mot 1A ¥ we) F3tE v
@s7) Yol AE a9 FaFH 2SN JVASE A= B
B4} 9ok E 810004 AAF 89 FAFAME A 24 we
A Fole AA ggith o Yue TEA @ BAHe gE T
2AMRT 89 $aide] w& 540 Ut WY, 2AE% 4
FE Byl meh B Aol7l BARUG ABAE A WL B
Aol 9% A3 (EIDE LAERS F#] 9 AEE i wUO
EEA5O 9% B (E 1201} AVRH/EE o) BHUE 13)
fAE 2QlE3te] Aol 1 BA WYk olHT Ahel AR 8
ATEE AYeR, AGAE TesHA g BH 9B FRE 8
QEThe o 298 © AAVTh Y, 8AB HBe] Fom
2 o] AAE Wl A9 FELQACE s nTkE shte FEA
sja) ske 2ol o BFshy] WEolth wHe) TE T BAUe 4
£91€ AXshe] Fh KWISCE] AAAE o]2Hog 280 $A
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o2 48900 AXHE 2Yolnt WA AVAES 1A e B4
& BEH AEL AEY 4 dom, Aoe LAV BYo) AgH ool
% AYE AEA P Aol FrPe HAET

(2 8) FC2 FAE 24

0l AZAL oIS s1E
elofx{o|sf i 0930
2= 0.887
e 0.952
o8 0.868
X2+ =&l8} H8p I 0.803
X2 0.773
sat 0.892
29 0.762
A 0.874
xo| X|=
o A3 2%} 0.783
2| s =3 0.817
s 0.892
(B 9 EFEH0] 28t 24
20| LA QoIS slE
o101 ofsH a4 0.750
zs 0.669
% 0.824
e 0.722
bhX| 0.566
X2 0.547
X[ZbA XX|3
2= =X sat 0.715
(=1 0.648
Mg 0.659
Kol X|=
T4 43 2K} 0.506
N =y 0.598
Mel s= Jl& 0.662
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(& 10) ZcH2Y (AMOS)

20178}
29l AZAL
8A 134 15M
0 o)3 At 0.742 0.832 0.735
2= 0.694 0.751 0.631
oi% 0.833 0.876 0.675
ol 0.680 0.759 0.713
X2t ==} | 0.623 0.562 0.525
| 0.513 0.634 0.521
£a} 0.712 0.716 0.593
(= 0.715 0.584 0.594
ol F=E A 0.595 0.724 0.718
XX} 0.481 0.605 0.401
2 ax =8 0.572 0.609 0.334
k-3 0.593 0.693 0.563
CE 11) HSXHR A8 24A9] 20IF7Ie] A
AHo{H olsf X2y xx|3} Fo| JE el 5=
o o]l 1.000
X2ty x| 0.890 1.000
Fo| FE 0.961 0.907 1.000
Ha| & 0.892 0.896 0.897 1.000
(E 12) BEEES 2Aof 23t 20IF7te] 4
oo|H ofsl X2ty =x|s} ol AE el &=
o= 0|3 1.000
X|Zi® x=x|8} 0.658 1.000
Fo| FE 0.876 0.743 1.000
el & 0.423 0.522 0.571 1.000
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(B 13) foRNo ot 20IFe] 43

8A
AHOH ofs) X2ty x=x|st Fo| HE X2 &=
oo{® ofsl 1.000
X2t xx|3] 0.735 1.000
o] A= 0.987 0.893 1.000
2| &5 0.557 0.897 0.885 1.000
13A
pa [ ESRTET X2ty x=x|s} Fo HE el &=
Ho{= o|sH 1.000
X2 X8| 0.689 1.000
Fo| ME 0.837 0.673 1.000
el s 0.431 0.452 0.413 1.000
164
AHoiy o|sl X2y xx|s} Fo| Y= M2 £5
oloIX ofsl 1.000
X2 xx|3| 0.526 1.000
Zo| FZ 0.760 0.660 1.000
X2 a4 0.351 0.385 0.463 1.000
IV. A =9

of ERAAE AWATL EAY o] o8 RASE FAH e Ae
sl AE] U o] 02T & Ae RATYUT 53 Pz 2
As AnE AHHA gn TR ABASE o83} A2E

s ahs

T AXE Yo} o TheAol ¥ HEE 08

£ A EASRUAE oo Aol AE AR 2 Ao}
AYA WL, JRAFE ASE e YBE gas AFANE AL ¥e
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e BAE HEANZ 5 QUth @F 13 20 E AT =2 O &
Q SRABA7GAA AR Aol & FABHY, o] g O
82 FZE AFARES B FAoH, JLAE 1ed EA Y
g Ao JHEES AR TR T2 EYS Ui 8
AFZE Zobd F US& BAFUL o8& = a2 uigt #
oA EAshs JDAE 13 2L TFYE AABIL T
A Aolg e 249 doAdE E73tE, B§S 978
A AFHAol HA g JGA HeES 1A gt o 7R
o7t A& F dou 71 & olfre ArF AR S o] JdAE 1 d}
2 kS W BT F s FAFA Ui AXo) §iY] HEY Ao
o AR FHEfALE A ol W& AZSH e Aol o] =i Fa
g 53 Fo drteo)r|x stk =& ol 7 Azto] Qi dHEE,
@aE HEE F Ae FAAHY 71l A AFASAA LNHA &
%71 W&ol ALEE 71318 A RIWE 5 Ao Ty FRA T
ZRFYPE o] &3 AT 2 U EAH S W JLAE AR &
It} =g LISREL, AMOS, MPLUSE 3 22 48318 AZEo}Eo]
et 7] W&o 1 23S AEAT= AL 17 o ¥o] oplh
AGate] 97 sfAe] =& BHFH F2E I EFolA Hd
8] Ao}, APRFP] Ayod= JAGAE 1A ¢od A52H
B FEF ARE dold F & A= Brh(d, Kim, 1998). & @
g 1A g FYdAT F3E WY T2 A d5EHA &
o, Xdoit & HFEY EUE Y 7 iR ez A
0] WA Ade] vk AFH myA JIaE wrdsts 71
o2 A MIRFPo|Y FRIPoE Badve FTAVIHEC Jed
(Bryk & Raudenbush, 1992; Goldstein, 1995; Lee & Nelder, 1996), ©]&]3g}
B EdAM e AAEHRY Y Ivrstd W RFPANA 4 FHetvitt 3
AA47} OEE MRS & HAAASE 1HE FROT HA ok BA
WeE AFse] IAAc e LEE FHUD. Ao SEST 4
od MAE EIH}CIE7))7E Adeit tE2v, HF SESY 712719 A
o] A#EQ 71€719] B4 T& FAY F vk gEiA 0T M¥e

LTI A

B
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YANE 7 Pue) E4L F1ests SAN AL & ov), =P
25 =717k AokdA AFYS EolE Ebvh Yok
ARAA Aol gehgdl we AeAE WeA EAS BE AT
Hol 2 BAL 7HE ATBANE oldT JURE FAs ok
aeh} REASs Ze BANME FHHE TASE AL 3R A
2 4EY 4 o8 YV BAE Aol BEA o8 T

3= FAA 7Y el AHEEoloF & Aot

o s
H}a2Ed

37, Y, 2HY 2001 @5 Y& obFATHA REFE AT
duldT” (FFA T ALD) 14: 43-60.

Y<e, 2000. F35F, e A3t g o, (WISC- (Y& ot5AsH
). EAET EFns.

Arbuckle, J. L. & Wothke, W. 1999. AMOS 4.0 user’s guide. Chicago, IL:
SmallWaters Corp.

Bentler, P. M. 1989. Theory and implementation of EQS, a strcutural
equations program. Los Angeles: BMDP Statistical Software.

Bryk, A. S., & Raudenbush, S. W. 1992. Hierarchical linear models:
Applications and data analysis methods. Newbury Park, CA: Sage.

Joreskog, K. G., Sorbom, D. 1994. Lisrel 8 user’s guide. Chicago: Scientific
Software.

Goldstein, H. 1995. Multilevel statistical models (2nd ed.). New York, NY:
Halsted.

Harman, M. H. 1960. Modern Factor Analysis. Chicago, IL.: The University
of Chicago Press.

Kaiser, H. & Dickman, K. 1962. “Sample and population matrices and sample
correlation matrices from an arbitrary population correlation matrix.”
Psychometrica. 27: 179-182



130 =AGT

Kim, C. 1998. Modeling individual differences in mathematical psychology.
Unpublished doctoral dissertation, Ohio State University.

Lee, Y. and Nelder, J.A. 1996. “Hierarchical generalized linear models (with
discussion).” Journal of Royal Statistics. Society. B 58: 619-678.

Nunnally, J. C., & Bemstein, 1. H. 1994. Psychometric Theory (3rd ed.).
New York: McGraw-Hill.

Paik, M. (985. “A graphic representation of a three-way contingency table:
Simpsons paradox and correlation.” American Statistician 39: 53-54.

Pearson, K., Lee, A., & Bramley-Moore, L. 1899. “Genetic (reproductive)
selection: Inheritance of fertility in man and of fecundity in
thoroughbred racehorse.” Philosophical Transactions of the Royal
Society, Series A 192: 257-330.

Rogers, J. L. Cleveland, H. H., van den Oord, E., & Rowe, D. C. 2000.
“Resolving the debate over birth order, family size, and intelligence.”
American Psychologist 55: 599-612.

Simpson, E. H. 1951. "The interpretation of interaction in contingency tables.”
Journal of the Royal Statistical Society, Series B 49: 467-492.
Spearman, C. “General intelligence, objectively determined and measured.”

American Journal of Psychology 15: 201-293.

Sockloff, A. L. 1975. "Behavior of the product-moment correlation coefficient
when two heterogeneous subgroups are pooled.” Educational and
Psychological Measurement 35: 267-276.

Thurstone, L. L. 1931. "Multiple factor analysis.” Psychological Review 38:
406-427.

Wendt, H. W. 1976. “Spurious correlation, revisited: A new look at the
quantitative outcomes of sampling heterogeneous groups and/or at the
wrong time.” Archiv-fur-Psychologie 128: 292-315.

Zajonc, R. B., & Mullally, P. R. 1997. “Birth Order: Reconciling conflicting
effects.” American Psychologist 52: 685-699.



