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A Monte Carlo Study of Comparison among
Factor Rotation Methods for Bi-factor Structure

Takahiro AOKI (Graduate School of Psychology, Kansai University)
Kazuaki SHIMIZU (Faculty of Sociology, Kansai University)

Most of the analytical methods of factor rotation have been developed to achieve the simple
structure of multiple factors. Rotation methods for the bi-factor structure constructed of a
general factor and group factors have also been proposed. Monte Carlo experiments are
performed to study of the behavior of factor rotation methods for recovering of the bi-factor
structure. The condition of this study is the rotation method (Varimax, Promax, Bi-factor,
Biquartimin, and Quartimin). Three types of factor correlations are also examined as the part
of population models. Biquartimin method reveals better recovering of the bi-factor structure
among above analytic rotation methods. The implications of these findings relating the factor

structure and factor rotation are discussed.
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EC&IC

MEEDO N THEEICET 23T, 2RTET WV
(Spearman, 1904) & % N+ € 5V (Thurstone,
1934) 2SEHENL 2 ED% v, 2L C, ZRTH
2 AT LAV EEFIVISHARALZ EI2E D, 2
WL - LRV ANVORF5 5 7% 58N 7% €T
VELTHESNZ, 2D L) BEFTVOEILN L
Wex N—2 & LT, WFordehs it
VU TR LTCEIZEDNZ b,

Holzinger & Swineford (1937) &, —f&K+ (n
BRT 1 IIE) LR (n AT L7z n ik
JC) hH%b 2RWFHAIICLT, —KET, %
KT EBERT W ZEBTm-1%IT) 25 7% 5 Bi-

factor R 2B L7z, 2L C, —EF LR T
DFETEL WL ODPOFKREMBN LTV D, D
HEEZTIZLT, BEREHOTTO—KET &HER
F & & fENTRYIC0EE 3 5 J5% % Jennrich & Bentler
(2011) 1%, Matlab I— FEHEITRELTWVD, &
LC, Harman (1976) ¢ 24 ZHICHEL T, 2o
5T o [ s 5 & RERRIY [ F o0 AT R & & H
L, Bi-factor ff§i& % AT MER T 5 2 & OFR)EE
FRLTVD, oS SICHRTHEEEIKETS
HELIR—EL T3 (Jennrich & Bentler, 2012)
REpit &% F T IR L, ZOKE,S
RIERERT 2MEAT ANV EELTETWE, £
D& BWEOHREIZB T, WKL 72EEO KT
WL COEEME L a R EHBOEEI SR L
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72 0 BRBLE DFEEFICIERE N T WA 2 EDH D 2
DEIIFERERT LML, HAHERT, fhe L
TUE—RETFE2BEL, NEBIIEEBOMRET 2K
FELTWD V) ERET>T0D LT 2 &
bT&ED, T4bb, WIRBFOEX LI, N5
DL 2 Bi-factor fii& 259 5 2 & i L C
WLEW)EHIZDEDLZENTELDOTIEIR W
%9 H Reise (2012) 1%, TEH A SHERU &% %
L, REMERIZEHS L TELRTON - ik
E7 ¥ 7IHE OGBS M, Bi-factor ik &
WOBEASOFERL L2 - L TWwh, ZLT,
ROILER T & TR E LCHER T ED L L
WTEDL L) R REBROBSGICB T, LEEIE
M4 % Miad 3 5 72 @12 Bi-factor € 75V T OGS
DLEM = Fwm LT 5o

Gorsuch (1983) &, —MHEF2MESND L9
R SO ER 121, Varimax HEA#HY) TH 5
CEEELELTwA. [AfkoZ L% Comrey (1973)
LR L T\ 5, Promax #:1%, Varimax OJE% Al
AERT TICLTC, IRGRESE 2 ER L, L0 B
s % RO T Z OIHAD I E B IR L -
TEHLLHETH L, TD0, Varimax F5FH
SRR O HAREE A RO DR Y I2BWTIE, Thb
DELHOFNRERDAEHEEVZ L) ZOMAIZ
B LCl&, Bi-factor iz €7V E LAY I 2L
—>a yE,rHEA (2014) 1, Promax b &
Varimax 5% O [A]diz 75 3: 7% Bi-factor O Ml J5E & L
T TIE WS LRI SN L7z, 72720, 2
DY Ial—vavid, CLOORBT—5 15D
RTCTH o720 AFTIE, SPSS 7% & OREHENY 7 AT
s e st g e LT, GLEFEROM AR 2
12X o, Bi-factor B0 7 — & (2l Y) 2 [l#x 5
FErEHIZERLTALZEIZTS, 22TiE, RO
psych 78 7 — ¥ 5 Varimax #: (E%Z), Promax
1, Bi-factor i (i5%¢), Biquartimin i, Quartimin
EABEONRET LI EICT 5, AENREY T
ANOEEBREAT) RIS, IS OMEN YRR L
T, FEHICHBEEIT> TADLI LT 5,

EFHETIVEEER

K S #T OFERZER b H & L7z TIME, RO
I ERFTIENTEE BIZIE, W - 8- A
JI - T (1999) 7 &)

x = Af + Du (1)
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ZI2T, xiE n BOBMEBDR RGNS BTN
MVET 2. fLuldEnZivm BORFHE,S
T HHINT MV E n O E RS %% BH|NX 2
MVed2. AlZ (nxm) WOWRF/35 — 475 T
HY, DX (nxn) KT nEOMEMZ X HIEIZD
ORATHIE T 5,

WP OEBEOFIETIX, W35 — 475 A
&, ERFED L WITRITEICE o THEE Sz (n
Xm) ROHFATHV MRS 5 2 L2 X > THRD
Nb, (mxm) WORFHOEWRATH 2 T LT 5
L, RO EHICZDFRERNTELILENTE S,

A=VT (2)
—fAICiE, WF 8y — AT L CTh ATEOR
Bf ) BHFEL, Ihei/Mbd b 0idmiibd
52L& o, BWATHINSEE S A (Browne,

2001) o
HF M OBIRIZRD L HIZRT T ENTE B,
=TT (3)

O (mxm) RO & XHTHAHEITHITHY, &
LEAMTORBETIE, Z OTFFNIEAITH %% 5 .

Od=TT=1 (4)
%8B, WTFioZHAT5) % B/ 1R R0 5 K
(2014) TREL{BEHLTWZ DT, T TIIEMT
%o

FRTFHED D VIIIRLEPSHOND VX, FEE
& BT B ET A HE O T CTHEE S N72ATHIT
B 5o LHFIIHA & RS 5 A8 Thurstone
(1935) DEFE L - HAEETH L, ZOHMERLED
RE KD T, %< OMTYETEEIIRE S LT
%o ZOREHBD Varimax FETH Y, TNEFLD
TC& D Bl S & FE S €72 D28 Promax 5T
& o720 Bi-factor i & RE L 72 AT 1Y [01HE 5
Jennrich & Bentler (2011) 12X % Bi-factor 5T
5o

C T, B CRESNTV DTN 2 Mg
ik, S7OOREFFH L HIO T TRESI NS
BTG T, NS OIERWNARE 2 O
fIHZHN L CTA LI LT 5,

Orthomax &

AT AR, PR EOSHICER T2 &
ZAHDBIIENHED Si/z, B2, ERREEE L
Tied LA SN TE A Varimax #E1x, BT &
DOFHERKLT A2 2 HIyE Lz TH -
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7o HAEEO MEROTTREME % N FTFIOEETH
5 HF O MET HARKE T 5 LROmLO
¢, Orthomax & & MHEIL 2 —HE O [Al§z 7 524
FEINTE, TIT, fHADE T kFIO%E
TR ETDHE, ZORE, KOBEE U (Orthomax
L QIFIIND) ZIRAMLT D2 L2 L o TESR
END BIzIE, %, 1979; iRES, 2011; M7 &
1999 &),

2
U=iizﬁk—’;i[ ” iik] )
j=1lk=1 =1l =1
Varimax 1, 2O w OfEAS 1 O TH A, w =0
954 & Quartimax & b, ZOM, Biquartmax
(w=1/2), Equamax(w = m/2), Parsimax(w = n
(m - 1)/(n + m - 2), Factor Parsimony (n) 72
DOHEREELLEA, ZORICEENL, Z0Mk#EE
B OREE ) Fx2 WET 5 X 9 128 L7z Crawford
~Ferguson JjE &9 X D IEWIFO L fiibhs 2 &
b5 (Crawford & Ferguson, 1970) o

Oblimin &
Wy Eufi i o W - ORI 2 /M2 S 55 2 Ti0°
Carroll (1953) 12L& - TIRFEEN, ZORERE
T, KOQERMETHZLIZL > TERSINL
Oblimin Z£#E25% % o

0= > “LZWJA [Z%,J[ZIAH j*k

(6)

Bl w2 Mg LR 0L ¥EO T CTlE, Quartmin
(w = 0), Biquartimin(w = 1/2), Covarimin(w = 1)
% EOMNERGA B Y, Oblimin & & ML 2 & b
&% (Mulaik, 2011)

R EER

n OB S D HEOREIE T & B4
12, Z ORI T-Hl % Wiz 5 % /1A% Procrustes
%L LT, Hurley & Cattell (1962) 12X - CTIRES
1172 Hendrickson & White (1964) %, Hiflif§ss
IV ICHETE D LV ) LAV OFERICE
LW WEKROEF 4\ ZEB L, Cofi%x 45
T2 LITL o TEWE & ARE & ZRIL L 7 ARG
RTINS 5 7%, BfERb A SN T
5% Promax ke LCTREL: (K, 2014). %17

J5ERMERE LT, Varimax iz fif$ 52 &
MSPSS e ETOT 74NV bERoTWD, 2D
%, Gorsuch (1983) 7 L o#itHlix, Z ok
DOTFTIE, Promax EICbHTIEFEFLLENWZZE)T
H5bo

Bi-factor [El%z

REGHRE G & 3 % Bi-factor k1%, FEik, Hib
MEEOTFEFRIT L TEE S v, n OB 242
Do TOEDDO—RF 2 ME L 7S 7205 T
&% . Holzinger & Swineford (1937) DEFR% T
DRIV CER T 5 kL LT, Jennrich &
Bentler (2011) &, —fxREF LHERT & % NExIZH
WCHBE L 72 Bi-factor 2 2R L T b,

WoiL, n BMOEEDE T IE R ED S — Az KT
DOHEYT L5 1 RFOMEEHEL, YD m—175|
ORTATFNCEL T, ROBEOR/MLE KD 5 F
AR LT\ b,

n m-1 m-1

gmin =Y. > YL j*k (7)
J=11=1 k=i+1
COANPLBHL PR LHIZZOFFEIT KR T %
Frva7z m—1 12 Oblimin 2882 @ L7z b 0 &
LEZDLIENTES,
Ik

KW TlE, RICBUIAEYFAMVOEICLY, 4
WL7zyal—yaryi—% 2o THT DM
MR RO - FElia 1T > TAh B 2 E2T %,
E 2T NIV EEEBROFEITIZ BT Paxton, Curran,
Bollen, Kirby, & Chen (2001) O FNEIZHE- 720

Step 1 Research question: £~ 771 a|2L ), Bi-
factor DR THirEx EOREFE THIHT L2 L05T
& % 7%, Varimax %, Promax ¥, Bifactor %,
Biquartimin ¥, % LC, Quartimin % 5 FEFH DAY,
Rl AR E L THET L TARL I L2l
720 BHIOREZ T 2481E L LCiL, % T
SNTZWF/35 — 2 & TR O3 L AR
EOMEMEHT A2 L1272,

Step 2 Representative models: AXHF 52 O k5] xf 5
DEFNIE, nHOLEDOTXTH D HEEDOHT
INE = DED S T B — KT L A ED m -1
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FEORER T 75 7 % Bi-factor HiiE DR T-E TV &
L 720 WERETO R TATH] VIR — o i CTHEE L,
SIS AR A R L, R8s — S ATF
A LR EAHBATY @ & 5H L7z,

Step 3 Specific experimental conditions: A Hf 72 T
(&, SO BRI A T, W EAHBE O R
2 & B, [AERAS RIS 5 L L, 31
HORFHAHBEATI 2 %E T 5 2 &I2 L7z, FES
HLF—=FIEN=5007—AL L, ZOKIZONWT
&, R SRR E L R o 72

Step 4 Values of population parameters: 2 51 & %
9LL, £1RTIELTOHEOOAMEA 0.4 D
25 7% 5 —kRF2EE L. BRFOHILI L
L, B2HRF2084RFITIZ0.7 D TARTE T
AHEH%E 3OTORT T LI E Lze TR
T, —MERTEBRT LM E L, B2 /T
o4 RTOMEIZOWTIE, Ky (EFV 1),
HRREE (E7V2), ZLTC, Bw (E7LV3), O3
OxnEEL (F1)

Step 5 Software Package: fiL¥t 7 — % DA RIZ 1,
R @ {psych}’¥v 7 — 2 @ simstructural % fEH L
726 simstructural iX, £ 1 DKWT/$7 — 47518 &
O FHAE A S W0 o7V Efglk L, 2
DEETFNVOTT, MEREDHKE N LT, &I
I nEZEBOBNT -5 2EKEE L, B, RT
i, BUESSEERE L TAVEY X - VM R &
EHLCBY, BENIEBEEETBESEL LD
T&hEnbNTnid,
KORAZ) T MBET— I EROMETHY, fx
12F 1 OWF/3% — 47525, PhilZ5 1 O K+
HBIATFIOVT N Z AT L CTRET IV E L7z,

assign ("dataraw’, sim.structural (fx, Phi, n =
N, raw = TRUE) $observed)

KIZHER L 727— % 70 5 R CHEZRI N T-50H7 % 17
Jo RICIE, SMGHEEEZBIRT 52 L3TE2
fa{psych} & &I L BHEE % 1T factanal {psych}
Wb AP, BUE, —HWicE{HwenD
£ o T&E/e LA L, AW TIZ Spearman
% Holzinger 512 & V) $#&ike & 7z —HL W1 % & Tk
DI OB AZRINCH VSN T E 2B W T
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(pa) IZX > THITEAT) 72, fa{psych}x H\W %
ZrizlL7z,

K1 BEFILOBRO-HDORF /N2 — 175 ERF

REIAERE TSI
K1 W2 W3 W4
1 0.4 0.7 0 0]
2 0.4 0.7 0 0
W K3 04 07 0 0
ﬁ ¥4 0.4 0 07 0
5 85 0.4 0 0.7 0
] 2856 0.4 0 0.7 0
7 THT 0.4 0 0 0.7
EH8 0.4 0 0 0.7
2859 0.4 0 0 0.7
5] W%l 1 0 0 0
N EAT K2 0 1 0.1 0.2
FIRE A5 K-+ 3 0 0.1 1 0.1
K+ 4 0] 0.2 0.1 1
— HF 1 1 0 0 0
S B2 0 1 04 05
HIRE4TH1 K-¥ 3 0 0.4 1 0.4
K+ 4 0 0.5 0.4 1
593 K71 1 0 0 0
omm HF2 0 1 06 07
s M3 0 0.6 1 0.6
K4 0 0.7 0.6 1

Step 6 Executing the Simulations: %€ 7 (32
DEETIV) BIUOZEEE (52o0REER) 1229V T
ZNZENE00 7 — A DEEZ A S, =B, fa
ipsycht THF53HT 247 ) B SdlE e i &
L C SMC #: (Squared Multiple Correlations) 737
T AN MIHEIN TN D, SHOERIZB VT
PNEEMEE 1 251 E Lo T, MR L ChEtk%x
v A ke Hwb7-5, SMC=FALSE & L7z,

assign ("FA" fa (get ("dataraw")), nf fm =
"pa’, rotate = rotate, SMC=FALSE))

K-8l [A18% TUZ, rotate (2 5 FFHD TG L 72
fa{psych} CHEARTRET A2 L2, Theh
DORTFH % mEE RN FAT L7z, &, 3R
OREFIVE G E L7 2O RT3 1000 [a]9°2
1572

Step 7 File storage: Paxton et al. (2001) D FEERT
&, 300 AHNA FDOTFT—=F AN L=V BULELE S
n, T—IRENER TN AORERDS, WigeE o
BB REBFREO—D L LT\ 5, 2014 4EBLTE
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TlE, ary¥a—FHMioMERIZLY, Zhideh
EEREBIEL TR S50, AWZE T, HEE
MOEHED 720, H£7— % ORFITHT, HREO
AEIET LI TUT T I v % ioTze BB,
FEERIINN 2T — 120w TE, ZOHEENRTE
5 XS, BLESEAED seed 7 EDREEITHo TV
%o

Step 8 Troubleshooting and verification: > I = L
—Ta ryPET LRI, BMIheT - BI T
TUT T IV TRIEMETCH 72D F =y 7 DL
Thb, 707 T ML o THERENT2 T — 5 DL
R, T A X LN ORI D, RO
Bz, EEoEAT1.0 %z % Haywood case
WZHEBT L2 b DD, AWZETIE, FERFEE M
HL7z0T, Thzi#dsZenTE7,

fa{psych} 75 DEEDON AT TIE, RO
JINEZE /S Table 1 OFEE TIV & 87 2 BIEH5E L
720 £ZT, W ZLIMEOMNEREMEL, &
ETFNVDIZEDEL L) 2T r T a2 &
WZ&D, CoOBRERMSLREL T TOB
KT HEAHRDONES iz E&bE7z,

Step 9 Summarizing results: & > 7 /7 )V T FEERIZ X
S THRLNTT — & OERT F IR R TR -
2 HEE O 3 o0k E b, AR TIE
FONTH 788 — T8 A L RF BT @ D
fED P &R & 2B L7z,
BR

Varimax #, Promax #:, Bifactor{%, Biquartimin
%, Quartimin %0 1000 B OFEIEROM R (FH
fifi L MR ZE) 2R 2P HR6ICEH L2, Wl
DORERTHET NV EZERIIHET L LIETE R
Polze MIEMIZASL L, mOITWEEY —ERT &
3ODHHFZ L THFHHIZBNTRLADE,
B:E 7 )V 1 @ Biquartimin #:Cd > 720 BEETIV 2
PHRETN IANERTHMAEIEL 2L L, —f
WAL &L 2D, FBRFORF/38 — > OfED
Ko7z BNTORT/NY =Y 2TIZERT 2
&, Varimax ¥, Promax %, Quartimin T
R, BPETNVTHRELZO.TISEWHEEZESLZ L
BT & 72e —#HFIZH LTI, Bifactor i b
Biquartimin $ZEWAFER 2R L7zo W RAARILC

B LClE, ER%SEME T % Varimax ¢ & Bifactor
HETIE, BRoZ L L LTRE SN, HFHHE
BDSE L 22 25 OEERDS, 81 WFORF/y —
D%, BERT-OXT &2 b NEEHTTOMIZE L
%A HATHIES /2L 9 TH Do Quartimin #: T
&, —EFORTI8Y — L 1E 3 2DOETIVET
BREZENIASNT, ARIFXOTH LMK
TR TFECTOME L kA EMER LIz, BUT
T, A RERJTENCAE RO W CTRRE 2 2 T A
HZ LT 5,

#£2-1 Varimaxix (BETIV1) ORF/N2— > EHEE
FREOFE B HRE

W71 Wr2 W73 WT4
¥ SD ¥ SD FH SD ¥ SD

2Rl 046 158 .784 .035 .121 .033 .154 .033
ZH2 054 .167 .782 .037 .122 .032 .155 .033
283 .055 .167 .782 .039 .120 .032 .153 .033
R4 046 .161 (118 .033 .789 .035 .120 .035
ZHE5 054 176 (119 .032 .790 .036 .119 .032
26 .053 .166 .118 .033 .791 .035 .119 .033
287 055 .172 .155 .032 .121 .037 .783 .040
Z2¥8  .061 .175 .155 .031 .122 .034 .783 .040
ZF9  .052 .168 .153 .032 .122 .034 .783 .04l

% 2-2 Varimaxix (BEFIL2) OEF/I4—> 1A
FREOFH EIZHRE

WT1  Wr2 W¥3 T4
I SD ¥ SD ¥ SD P SD

2Rl 108 189 .727 .075 .205 .036 .238 .039
Z¥e2 116 .192 731 071 .206 .034 .237 .038
ZE3 121 200 (726 .079 .204 .035 .238 .039
ZEe4 091 170 .194 .036 .749 .059 .196 .035
285 103 187 194 .034 .749 .061 .195 .035
26 110 191 196 .036 .746 .067 .194 .034
ZEe7 111 195 .237 .037 .206 .033 .729 .076
2258 118 190 .237 .038 .206 .035 .728 .074
2289 108 .187 .237 .039 .206 .035 .730 .073

% 2-3 Varimaxixz (BEFILI) ORF/N%2— > EHEE
REOFY IZHERE

KT 1 K2 B3 ¥4
P SD F¥y SD Py SD P SD

Rl 192 0199 .664 (110 .261 .043 .290 .054
ZE2 194 .200 .661 108 .263 .043 .292 .055
283 193 195 .667 .109 .262 .042 .290 .052
R4 177 (198 241 044 .698 .092 .240 .044
RS 182 204 .239 .044 .699 .098 .240 .044
ZE6 176 188 .241 045 .701 .091 .240 .044
R 194 196 .292 052 .263 .043 .664 .105
288 199 .206 .291 .052 .261 .042 .664 .113
ZE9 195 .203 .290 .054 .264 .042 .661 .112
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¥4, Varimax ZEORETH 505, KA (B
ETNVD) WZBWTIEE 1RFTH L —EHF %l
LR oMol HRTIZBITERT/Y =T
BT L2 WERS 1 B OB AR & AU R &
R LTS EIIEVD VR E oz, TR
O (FETIV2) TiE .1 LBV S S —fkR
FOEERZTDEHICHRZ D05, 782Kk
2.1~ 2HEDETH Y, HEREOED 255D
LV EOHIHBTH LD, ~HETEEH252
EVTEZEIEBVD72v, BV (BEETIV3)
IZBWCTOHPREOHB L F L X9 iR E R L7z,
HRTTIE, BMEEEEL 23 TEhho72h’
3ODFETIWVEBICHTF Y - &R DL, i
WAOES /NS, BRFEZELE V) BT
HOTTIE, FNGVIZESZLIENTEZEN
AZITHb,

#3-1 PromaxiE (BEFIV) ORF/ISZ2— > LHHE
BREDOF L2 HERE

K¥ 1 ¥ 2 ¥ 3 KF 4
iy SD Ty SD TP SD ¥ SD

21 .053.177 .803.080 .000 .026 .001.028
22 061 .184 .797 .091 .001 .026 .002.028
Z2¥3  .065.186 .797 .095 .000 .027 .001.028
¥4 054 .178 .000.026 .799 .081 .001.029
285 .064.192 .001.026 .795 .092 .000.026
Z%6 061 .185 .000.026 .803 .086 .001.027
ZET 062 .187 .002 .028 -.001 .027 .795.098
288 .067.198 .002.027 .001 .026 .794.099
29 .060.187 .001.028 .001 .025 .797 .104

K71 1.000.000 .064.212 .063 .201 .072.218
K+2 .064.2121.000.000 .313 .049 .387 .044
H+3 .063.201 .313.0491.000 .000 .314.048
H+4 .072.218 .387.044 .314 .048 1.000 .000

£ 3-2 Promaxix (BEFI2) OEF/INZ—2 EHEE
REBOFY I2ERE
KT 1 KT 2 T3 KT 4
SP¥y SD B39 SD O F¥y SD ¥y SD
81 067 .211 .766 .163 .004 .034 .011 .039
22 084 .237 763 .182 .005.034 .077 .038
83 086 .236 .756 .181 .004 .034 .093 .039
ZE4 062 .196 .004 .037 .780 .142 .060 .036
25 071 .217 .003 .035 .775 .150 .035 .036
ZE6 079 .221 .005.037 .773 .156 .026 .035
87 081 .235 .008 .037 .004 .032 .762 .182
58 .083.224 .010 .040 .006 .033 .765 .171
29 071 .215 .009 .040 .004 .033 .769 .166
K1 1.000.000 .253 .338 .230.313 .247 .341
¥ 2 .253.338 1.000 .000 .524 .040 .593 .034
K3 .230 .313 .524 .040 1.000 .000 .525 .039
K4 247 341 593 .034 .525 .039 1.000 .000

20154 6%

% 3-3 PromaxiE (BETILI) ORF/SZ—> &HHE
FREOFH L ZH(RE

K1 KT 2 K13 K4

TPy SO P SD P¥ SD Py SD
ZHE1 096 .259 715 .232 014 .045 .029 .059
ZEe2 .091.256 710 .224 .016 .044 .030 .060
2R3 .096 .263 716 .232 015 .045 .025 .056
ZH4 086 .241 014 .051 .736 .198 .011 .049
Z¥5 101 .265 .010.049 .734 .221 .013 .050
26 .084.235 .013.051 .742 .197 .012 .051
ZHET 096 .258 029 .056 .015.044 .712 .226
288 100 .272 027 .055 .012.044 .710 .236
2289 096 .259 .025.056 .018 .045 .710 .229
K71 1.000 .000 .471 .344 .443 .329 473 .341
K+ 2 471 .344 1.000 .000 .651 .035 .716 .028
H+3 .443.329 .651 .035 1.000 .000 .651 .034%
K74 473 .341 716 .028 .651 .034 1.000 .000

Promax T, WTFNOEFIVIZBWT L, BER
FTIRBIF RT3 — > & BHE TR o J - RAR R
DFHNTE TV L, —kHTTHEHHELRTIZD
WL, PR I BEEEIEFINSREE o7,
272U, BEREAEOMD, FETIV] T IS,
BEETV 2 C 22 Witk REETIV 3T .26 HifAOMH
ERLTBY, HABREDOLZAHIIRET VD 412
TWEZELZENTE7200 Lt BET
V2 ERETIV 3 O— AT LRS- & OFHEIAY .2
B ABE otz HRFORF/IY — 21, w
NOEFNVTLHEFTVOMIEVFEREZRL
Varimax {EO#EF & 0 b WIHE 2 BRI 5 2 78 L 72
Promax 3D HASZ OFER T L CIldgzl L 72
bz b,

#4-1 Bifactoriz (BEFIL1) OEF/t%—> £HHE
FREOF LR E

W71 W72 Wr3  Wr4
T SD PH SD P SD T SD

ZE1 537 150 548 .246 -.021.109 -.014.097
22 537 147 .551.241 -.020.108 -.013.099
283 535 145 .555.239 -.020.108 -.014.099
R4 484 156 -.021.126 .589.249 -.030.106
285 487 (160 -.020.128 .590.248 -.033.107
286 489 164 -.022.131 .583.254 -.034.111
ZET 541 (151 -.014.101 -012.123 .554.228
288 541 148 -.012.098 -.012.124 .559 .226
289 538 .145 -.013.097 -.010.123 .560 .224
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% 4-2 Bifactoriz (BEFIL2) OEF/t%—> L1HE
FRE DT C AR RE

£ 5-2 Biquartiminix (BE7FIL2) ORF/INZ2—1&
ARG O T CAZHRE

WT1  Wrz W73 W4
I SD 35 SD F¥H SD P SD

KT 1 T2 HT-3 W14
Py SD Py SD ¥¥ SD Y5 SD

21 652 .087 .447 .193 -.018 .087 -.016 .100
Z¥2 659 .091 .437 .204 -.023 .094 -.025.109
23 657 091 .439 .199 -.025.093 -.023 .104
R4 597 096 -.026 .105 .512.193 -.022.105
225 600 .101 -.030.107 .510.198 -.027 .113
%6 601 .103 -.031.110 .506 .199 -.029 .111
T 659 .090 -.021 .104 -.024.093 .438 .200
28 657 .088 -.020.103 -.023.089 .440 .198
Z¥9 654 .087 -.016 .101 -.020 .088 .446 .196

% 4-3 Bifactoriz (BEFIV3) ORERF/N2— > EHEE
REOFY 12 HERZE

Rl 628 139 .447 .253 -.007 .084 -.015 .106
ZE2 636 .144 .438 .263 -.014 .100 -.015 .111
ZE3 633 .142 .441 .257 -.014 .105 -.013 .104
24 585,136 -.017 .108 .492 .255 -.015.109
285 590 .141 -.016 .110 .488 .257 -.019 .123
¥ 6 .589.139 -.014 .106 .488 .259 -.022 .118
ZH7T 638 .140 -.013 .111 -.011 .107 .436 .260
288 634 .137 -.016 .102 -.007 .091 .439 .255
ZH9 634 .140 -.011.104 -006 .111 .442 .257

W11 W72 KT 3 W54
¥¥ SD WYy SD ¥ SD ¥ SD

K+1 1.000.000 -.015.087 -.010.073 -.018 .088
K+2 -015.087 1.000.000 .060.244 .130.277
K-F3 -010.073 .060.244 1.000.000 .074 .266
K+4 -018.088 .130.277 .074.266 1.000 .000

¥l 722 .059  .335.173 -.026 .083 -.026 .108
B2 720 .056 .349 .167 -.019.079 -.015.097
2R3 723 .059 .340 .174 -.023 .077 -.024 .110
¥4 665 .067 -.032.105 .434 .174 -.029 .095
25 667 .069 -.033.111 .431.177 -.031.107
26 667 .068 -.033.100 .431.173 -.030.101
T 720 .058 -.021 .108 -.021.080 .346 .171
B¥8 722 061 -.026.112 -.025.079 .343 .178
9 720 .056 -.023.109 -.020 .078 .346 .169

% 5-3 Biquartiminix (BE7FIL3) DRF/N&—>&
HRERR DT LB RE

K71 KT 2 KT 3 K74
‘¥ SD V¥ SD P SD F¥ SD

Bifactor {#Tld, —#REFIZ DWW CTIZIHREICIE 2
LI EPTEETZHH, BETVORTHAHE
WRELBRDIZON, 4%IEDDITHZDKELME
Elp ol TORRE LT, BRTORTF /(Y —>
DEHNE L T B &) FDSH HNTz, S HICHE
HToEEFRES KEVWEMERLTEBY, HT/S
y = DEMICEARECENZ L) TH b,
THMHEPERNE TV 1 O%EIE, BETLD2S
AT, THUIEENHIRE I LS hh o7,

% 5-1 Biquartiminix (BEFIL1) ORF/INZ2— &
TEREMREO T CAZHRE

ZE1 717 .072 (315 .228 -.020 .094 -.017 .118
B2 714 .070 .325 .232 -.014 .095 -.013.102
Z£H3 718 .072 .315.233 -.018 .093 -.020 .119
ZH4 .665.081 -.012.118 .404 .218 -.012.115
RS 667 .086 -.017 .121 .398 .228 -.020 .110
6 667 .082 -.018 .119 .400 .224 -.014 .109
ZHE7 711 .072 -.011 .113 -015.088 .337 .222
288 .715.073 -.018 .131 -017 .103 .328 .228
2RO 714 .072 -014 .114 -019.092 .329 .222

K+1 1.000.000 -.014.046 -.006 .038 -.015.047
K+2 -.014.046 1.000.000 .075.267 .144.272
K+3 -006.038 .075.267 1.000.000 .067 .259
K4 -015.047 .144 .272 .067 .259 1.000 .000

WF1  WFz W73 W4
35 SD ¥ SD P SD P SD

1 466 .258 565 .285 .014 .131 .068 .114
2 466 .257 571 .273 021 .131 .065.122
23 466 .259 567 .279 020 .134 .051 .123
ZH4 455 .258 001 .117 .561 .300 .039 .120
25 456 .258 -.001 .118 .564 .302 .070.123
2286 459 .263 001 .122 .552.308 .043.121
BT 474 .263  .001 .109 .018 .133 .551 .298
28 471 .261 .006 .112 .018.129 .563 .287
Z¥9 475 .264 .000.115 .018.132 .546 .300

K+1 1.000.000 .006.139 .000.118 .005.134
K2 .006.139 1.000.000 .053.227 .091 .241
H+3 .000.1I8 .053.227 1.000.000 .052.226
KH+4 .005.134 .091.241 .052.226 1.000 .000

Biquartimin #:Cl&, EOREFIVTY, —iZHT
BELoNEEBL AT ENTE, AIZE DR
£, W HAHBEDMRAEE12E, T HAERE S &
O, FFETNEIZIEITT LI EDVTELLEVZE
I THB, FEETIV2 D5 3L RTHAAR A <
%5, —IKHFOMEDEL 20, FERT-OMED/NES
R BMERZR L2, RAFHoEE, wihotkt
TIWTHZFIUTIELED S 7o 72, Biquartimin 3 &
Bifactor & Z LT 2 &, W13y — v BLURH
THEAHEOM TR E ZEVIZR SN2, Bifactor
B DENE LTHFMAHE 282 5 2 L2 e
178 Biquartimin (O L W2 E 9 TH b,
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£ 6-1 Quartimini® (BEFI1) OERF/IN2—> M8
BRE DTS E1ZHRE
AT 1 KT 2 KT 3 T4
SP¥y SD V¥ SD P SD ¥ SD
1 096 .265 .725.228 .008 .034 .009 .037
582 108 .273 717 .235 .005.036 .009 .037
¥ 3 107 .272  .719 .234  .005.036 .006 .037
84 099 .263 .006.036 .726.226 .007 .037
85 .113.285 .006.036 .716 .244 .005 .036
2586 106 .277 .006.035 .721 .237 .006 .036
287 107 .271 .008 .038 .005.035 .721 .234
8 121.294 .009 .037 .007 .034 .706 .254
2589 101 .266 .007 .038 .007 .036 .724 .229
HF-1 1.000.000 .377.253 .360.260 .382 .257
WF2 .377.253 1.000 .000 .294 .050 .366 .048
HF3 .360.260 .294.050 1.000.000 .295 .049
-4 .382.257 .366.048 .295.049 1.000 .000
£6-2 Quartiminiz (BEFIL2) OERF/INZ—> &M
BRI OF L IZERE
K1 A5 2 K3 K-+ 4
¥ SD F¥y SD F¥y SD P SD
2581 098 .257 714 .226 .012.041 .017 .045
2582 117 .281 .703 .246 .013.040 .013 .043
3 124.285 695 .251 .012.040 .015.045
84 .091.247 011 .042 .723 .217 .013.042
2585 (116 .282 .011.040 .706 .246 .011 .043
¥ 6 .112.280 .013.042 .707 .243 .009 .040
87 118 .281 014 .045 .011.039 .702 .246
88 .112.276 .016 .045 .013.041 .703 .242
2589 101 .261 .015.045 .011.040 .715 .230
¥ 1 1.000.000 .493.217 .471.219 .493.216
KF2 .493.217 1.000 .000 .497 .048 .571.047
K3 471 .219 .497 .048 1.000 .000 .500 .049
WT-4 .493.216 .571.047 .500 .049 1.000 .000
%£6-3 Quartiminiz (BEFIL3) ODEF/NZ—> &M
BRHBOFY L2 RE
K+ 1 K+ 2 K+ 3 K+ 4
SE¥y SD Py SD OB SD ¥y SD
2581 111.265 .692.242 017 .048 .026 .059
282 109 .263 .689 .240 .020.048 .028 .061
83 113.268 .693 .243 .020 .048 .024 .058
584 112 .268 020 .051 .696 .240 .017 .050
ZEH5 124 .294 016 .050 .685.258 .019 .049
86 104 .252 017 .051 .707 .226 .018 .052
ZH7  111.262 .027 .057 .018 .048 .691 .238
2588 124 .284 .025.054 .018 .049 .684 .256
89 113.265 .022.055 .022.050 .689 .241
K+ 1 1.000.000 .571.190 .556.192 .574.192
H¥2 .571.190 1.000.000 .631.051 .705.050
HF3 .556.192 .631.051 1.000.000 .632.049
WF4 .574.192 .705.050 .632.049 1.000 .000

Quartimin #13,

o 72hs, A&

Promax £ L A U & 9 ZefiR &

BWIEZENLL I BRI R A8 S
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— U BLUORFHAABEOMB 2R L7z, BETIV
TORFEMED 0 ISHE SN TV L EHSTIEIZIE
OIZEWEA I TWE, 2LC, £THOHHAIZ 4D
BmARELLE1IRTICBY T, 1ORENE
AT NTOEHIZALN, ZOERFENHED .28
IR THY, —HETOFELELRIET 2R %3
Y=V ERMERETHIENTEZ, LIZni, Ok
% Biquartimin #: & 25— K T-OfEAME L, &
DT & BERT- & OFBIIZ OV TIEE T X S HEAS
A BTz,

L

BRI T5H7Clk, Varimax & 28] &t
< Promax {ENR—#kM )7k e L TiibLT&E 7,
Z W F O HAREEDZEHINBTEL T 2561213,
CORBEZEDLDTHM G FETH 72, 3201
HFI2B LT3, Promax IHEHETVOMEL L
SM)EFBT LI ENTEZ, LELEDS,
Gorsuch (1983) % Comrey (1973) 25—k K+ DfF
TEIZKR LTl Varimax #2858 8) Tld 22 v 2 L % 384
LTWws EH1g, —RFoMEIEEKk L Twas
EWbE MR, Tabb, ZBHEIEET S
RiEAs, AfRCHiET L C &7 & 9 7% Bi-factor &
TH - 72HE121%, Orthomax JED H T b 41 fmhE
& 72 5 C &7z Varimax %2> 5 @ Promax %1%, KF
BRI L LTl L idwv 2 v,

FET VOB AP LR EN L, 2
DORTIATH @ OB OB S & 12BI%R7% {, Promax
ETHE, 3ODOHHETIZOVTZITIERE T IVISE
WHIEEE LCEHR BT ENTE, 20—
T, —MHRT L L THFETE Lo 2 IEREDSRT
A OFE S I2FNT2 L9 Th D §¥12, Quatimin
BOFD, ZOMEAIAGEY - 72, ERAEETH - 72
Varimax £ Cl&, HAlE2JbN, BETIVOR
HFTEto L LAERETOME»EL B o7,

— MR T E RV v Tk, ERO Bi-
factor IHIEZOHMWZEB L2 WA b Lk
Vo BBETANFIRTH DI LIS L AN HEIE, 7
RELT, —HEFOBICKMEINIZL) TH S,
ZLTC, —RFOESH, BRFOMEEIK L
£ THb, ZORDEEFVORT I — 175
FHBETLICRES h o SRIORRECHEY
~N &1, Biquartimin 12 £ U Bi-factor fi 1% % FF3H
TEZETHAD,
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ERRDT — F T OB T, B 7V IS
BOL NV THEMONRIZHE S, BT LHF%Z
WETLZ LD, FROMRENS VD LI,
O L ODMEL)E TR LK T EELRETIE R
LW ZETHL, BHONE)EE BT 55T
B EOME 21T) R&ETH Y, ZOBIZIE, &
7% < & & Orthomax % & Oblimin fED W { DHDF
B MlAdHE TR ZITV, N5 OFFR%Z HE -
BT HZENLEFE L VEEZ 5ND, WSS
BT Bi-factor DM E T & 246121, 4o
R 5, L0 YRR L L Cid Biquartimin
FaffE CB &,

I TORRIE, EHOKE 9 & LIS
BRETIVCHE L7220 DISRE 2\, EBROFET
b oL OBOERERTLEMNRET LI L
1% %, COMETORKmEZOEFTTHHATES
MEIDNIOVTIE, BROBRHF/ Y — > OfH
B ERRICE R Io R BB EBRS L ETH L & E
ZTCW5o ZOB, 4IElE 1000 FO#: ) Z L A7 -
720 Paxton et al. (2001) &, 500 [@l & L T %75,
i A& & T OB 7 FEAT R OGRS b R T
Hbo

Mz /7B L Ch, RO {psych} 7Sy 7 — VIR
ELERET-722 b d Y, ST 2GS
ORGE Lize ROMDISy or — 2 Tld & Hk 7 iz
FEPFHRRTH 5o [ELRH O K F 2 ER %
ZM\/zo ZHiE, Holzinger 7% Bi-factor #1125
K& LCEBE, Bi-factor BFETIEERFESHW 5
TE&Z LIt TH oo Tz, ERTH
FEY, B-RTICRELTHEEL . ZOWRED
5 Bi-factor ET )WV TIIwALFELDHEL Tnd EWn
Zbho AL, EBOT—FIIHEIEEEL L, KL
BEOT DA BRI G E T E v, BIENFE
OEGRN RO LG T, bk 4
HROWFEDORETH %,

W42, bi-factor DFEFLICH L CER L TBE 7
VW, Holzinger & Swineford (1937) % Holzinger &
Harman (1938), Holzinger & Swineford (1939) (&
“bi-factor” & i L TW7z, & Z A%, Holzinger
(1938) % Holzinger & Harman (1939) 1 “bifactor”
ELTWh, ZO#ER, ZDHD bi-factor/bifactor
FIEDMRERICIE, ZD5hODOELZHbL L EE
W2 & 27 5 72, Holzinger % Wil & L 72HFFE2DS
B ENTEZBRLES Z0F -~ TIREADH -

7289 T, 2011 4FEE & Y WFGEDS TS 2 b 72, Bl
FE 1T (2014 4F 10 H 25 H) google scholar THiZR %
115 THA & “bi-factor” 25652 14, “bifactor” 731270
frezoies b, COHAERE, &I (1972), )
H(1950), I (2003) Tld [AHEF] & LTw225,
AIG T, bi-factor Z#Eat e LM L7z, BEL
72 JHEEE LC, [#ENT (group factor) ] & Holzinger
& Swineford (1937) 12> T L7zo 2 d [HF
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