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YA e aRlgve $AT 7 71 W dapuksdse] A ngsts AS oA
woll A 2 afle] H wlart 7hsdit gAoke|A Dem WS, ARG SR
: A AR 2gsE A A B ool A
o 25olA Zh ajlvitt qloj® AP S mhera WHS AFRFH Aol SFITE Millsap
Ao golFekE 12 aAstd Aol & 3 kim018)9] WAL o] 8% FhAIRS A
sHth o]gA HHE & =

A Thera §4fe] HE3HE 13
of AL oAl ¥ ke w = A
e T AHE tE7] A% SRS gtk Fukicke s Qlstel AF mE 3
2AET} MillsapT Yun-Tein20042] F7HAF  gpapiiate] BT A|eko] 718)]7]
e el Al B AT O LAl o} o]F A g9IREE 12 AHT
Fot BEE 2@elA dofE AU’ s 2o A meA Ad 2t BYsiohe Al
A vk D B gdstthe Aokl 7kl 2 sleid o]BY AmuSE AY

A ol = CFA
Ae Zolth E3 M AR BN go) gyd #4e AT BHe] grPt
[RAFeE 12 AT T daAe =
& AA EE i o Adeste Jo 3t
Fdstth= Aoke Ttelof gt ol2d F7t SHEHA 89l
AkS AXH F pEF PH+rEdd PHAY
A B4E AoksiAl "ok FUHAE Al o MY cFAY SAEREAY 8 A= o
& 297t obd AA BEFE A olf v &Y CFASt "BEIIRAZ AT EF | wet
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ggd + ArhWidaman,
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o] EA(Bollen, 1989; Cooke, Kossen
2001; Marsh, 2007; Kline, 2016)3}=
ol ’\o]'%'s}% WY CFAY AAFY
Ao 5 fltkal oA
HEA O] Th(Glanville & Wildhagen,

%
=
O
=5
o

o
o o (2

sl ot

o

2007;

Looij-Jansen, Goedhart, Wilde, & Treffers, 2011;
Meuleman & Billiet, 2012). ©]+ A 2471 o
B8 3o AlRAS —3],_ o aAlo] H
7] wZo]tt. 1Z‘r/\l ”Lﬁﬁ A BT 81

2 a9 ® go| 43 BAY 7
2 B5E %@o}~ 4 $%e 47 e
Zolth, webd W7 crael S48y 4
QWA AA B4 5EY BuE Fyom

wo2 Ayt

x2Aol AR 1A

ZHEWA Fole =AA A eko] 7}EIA]| R
LA Aol Tl &

%71124 oz AAs}

= yA=

239 Rolgke] RIS el el

3l Ao|t}h ¥y HFEd 27 E Y3
SN A il CREE o
27 gete AR 2T vef W
B FALE 93 MLM(mean adjusted
maximum likelihood)2©|W} WISMAE H+ %
Ak 0|50l FAUE A8E A4S 7 2
o] Aol AAH XQQ\'OH Satorra®} Bentler
oone| BAATE tdst B e A
A Axtstd "o I8y WISMV, MIMV
(mean and variance adjusted maximum likelihood)?),
ULSMV(mean and variance adjusted unweighted
least squares)4)7_q‘ji::q Yoo s EAke] gk
27MA S0t FARES AHse A ®
AhEEah -l gk BA7A
HFH FEoA o] FolA s At I %
a7l Wzl Mpluse i3 FAMES A
A& A Aol AE 9IS DIFFTEST 24
Al &R DIFFTEST 419 AHH2 o] % 4
Al wlolE] &4 Al &HTh

DIFFTEST &4 AHg Al y?xlo]AA LS H)

e s Hed 2R3 LR 2Hel
FABS Aaghsel Aol 7,00 U 2

4g AN F 7,0 424 B¥I) B4

3 VEZE Ege 7P st AAEg
(Asparouhov & Muthén, 2006). DIFFTEST Z3}7}
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45 7] wjiol dapH o 2= vtz st
£ 5 2de AFE Aol g ol
T DIFFTEST Al Uehves Af=s
AR T RFe AsE Holsh UNHt
(Asparouhov & Muthén, 2010). ol Hlwsl A}
she RS ARE Aolol tie ol 17

2 ANT AoR QTASY ERE A4
3171 S8l Mplus 6 ©13-o == ot}

=23 2

2 A (sequential tes)S 2t EF9] F
Sz BYR WAL ese AART ¢
T

A
Ake AT AT P SRR
Q

AL Aol PAEH(Lopez Rivas, Stark, &
Chernyshenko, 2009; Wang & Yeh, 2003) AA|Z
T EP-AE o ol ARt AEel ot
(Dimitrov, 2010). &3t &g ¥ 7E
T3] A7 AFE WA o=

Burgol 2o AZelA ol % gitk o

Olivares & Cai, 2006; Stark, Chernyshenko,
Drasgow, & Williams, 2006) 37+ o}zl &
g o] E&(Bathinic, Wolff, & Huapt, 2007;
& Almeida, 2011; Lawrence,
Rosenberg, Rimmer, Thombs, & Faurbach, 2010;
Morin, Train, & Caci, 2016)NA = WIHSHA
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A SAE TFe T UHA TR Bl
A AT G Glockner-Rist &
Hoijtink, 2003; Sass & Schmitt, 2013; Temme,
2006). ol ¥HoF FA AARANA FFEE &
Hapz] XS A5 olwd o] g B
EHAES 9A 8T ZAdA 3 A=
oot sl Apol7} AR
BAELEN W Ak WA FolFof
of It U A adFste] WA
SGHE $AOZ FKGlockner-Rist & Hoijtink,
2003; Temme, 2006). WAl A A o] 712}
Hle W AA 2ol tiy L4 Ake
A FolgoEn RE AATLES WA
583tk olHd WA AA BT Ao
ARE EY H
IFake] ek b zpolo] thdk AT @
HasletaAl 3k 210 (Temme, 2006),

of 3tk AR AF AA 2 ERA
gRE MO F FtkSass & Schmitr, 2013).
81538t 9 AAFLA tid A HAol
717 H e W aglRatl o LA Al
= HA EFoFoEA FE eRstEdl
< WA FEgt ol 8]l #AI F8
BFE RS AR Jeste A 2
TE SHEULS A% 7o 2R AT
Aot
TAHEE K| Xto|

X 22}ol A o
TR R g8 =77}

3
7
s J17ere Adol AT B 27

(Chen, 2007, Cheung & Rensvold, 2002; Meade,
Johnson, & Braddy, 2008; Rutkowski & Svetina,
2014) A7IME YA ASS 713 T
By FAA AS FojF BT 2y
/\W?J‘: A Apol7t EA 7S dA
WAool SRETY A& W™
‘2—__!‘?}%4?_' ?iéf%‘ CFAS] 7d%-o A
T ztold tid 7|ES gAvitk g
A AANEHAJAT T 7]Eo] FHAHo|L
dofHoltt #Ag JESs FHOCE HY
ACFIY 7% 0.02(Rutkowski & Svetina, 2014)
ol Al 0.01(Chen, 2007; Cheung & Rensvold, 2002;
French & Finch, 2006)7F4], ARMSEA$]
0.03(Rutkowski & Svetina, 2014)°l1A4] 0.015(Chen,
2007)7HA1 2 A A E o] Stk T A7 7]Eol
AA = ofok gt o= QIATKByrne, 2012;
Meade et al., 2008), PAHOZ ZAHBHAS
gHsfor she He nEstq eI A+
o ZRBEHA G A 49 EE AEEeE
Aol FE7F flvke 3t FA45 e
o, oln e £ ZAEFE A9
ztol & o] &3 SAEMA gRlo] o]FojA 1
%E}.
T% CFA9 Afolle 2P A
X}019} #E3 A7l EETHRutkowski &
Svetina, 2017; Sass, Schmitt, & Marsh, 2014). Al
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. ACFI 3 ARMSEAS] 749 $Heigh
o] rRHE RFJME Chen(2007)2] 7
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. 2014), EHAC] A Bfols I AolE
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Fa o)A Axd 7174 BAE
15 Wefol A HFHY Ao 4
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staalz|ats|x|: et
Aok AARTS AdE 2 HFE AT FHsEE 2P A AuHd F
AgAe] 7A wlEs nHF AR, FAH . 24\ (df =80)=1049.287, p < .001,
HlEo] a7y Mukzoz 7Pt Mk B RMSEA= 0.046, CFI=0.992)7} 433 %3
TE VISR St A HFE AEd 9 g gRe] £ A 3 Fesddel 4Pt
A A HledEe AR ATEY oY = Aoz wusgth U g A
g AE2 AU FHeks b 3l A o) A B4 MY WS 83 24
ke g Qe A AR glol AAE & WY AR A= ® 194 AT 5 9k
S8 7HE Fodol she EEel W' B aamaxe A9 \2xjo|AHo] EAHoR
WA AR SHE 7] AR frolstedAx® (df =18)=65.123, p < .05)
MR Cradl SARAY AL AT 0 ey Asbh $AHeR Rt F
AolBEE Mplus®] DIFFTEST £4& A go b 248a4o) gusx agide 2
S}, DIFFTEST #4& ol&3std wisMvy 25 Ulgok gt I%1d Byrne, Shavelsond}
MIMY, ULSMV 58] FHHE AEAS W B genioso)e HEZHREA e =908
AE A1AAE A BTk DIFFTEST o ZgEwAel oy dAloA die ms
+ O 533 239 SAVEDATA AAWMEONA 7} A zho] &S QA= Ry -3
DIFFTESTE 913 ARE AGF H o|F o z=x2wy gr wHS ke vk gk o
Tk 23] ANALYSIS AWMEo] DIFFTEST — wh HEZ=gnmio] Adslad Qi 23§
£ dEstd AYHEd. SFEHEA g Az BwAsts Jo o)y} o|2HoE E
© 7 B B S AEUdE AAsE ¢ 23 d4Le Aol sy, mdo HJm
A4 AA A F UL teoll BAE = 712 wE3)oF dTkByme, Shavelson, &
S WA Ak AATEA AF WA Muthén, 1989). old wet FAH 18719 AA
< W Dela A9 HESE AAYCE mi F 3 o) A BEET 20 F WA
2 FHEEAHTLEAELE glskA et AR e T8 Ak FoFAch
E 1. HFY =HelA QI2ME HMEst Hid Fot 7 SHEWHY A ZoH(WV=11,704)
E—
AP Y2xtol A" ;ﬁfjg
ZAERA B X df p  RMSEA  CH A P df ARMSEA ACH
FesYA 1049.287 80 000  0.046 0992
AATYEA 1086.463 98 000 0042 0991 65.123 .000 18 -
FEAASLS 1038.761 97 000 0041 0992 20134 267 17 -
FHQJAFIEYEA 932570 104 000 0037 0993  39.581 .00
FEQQIFsEUA 933334 101 000 0038 0993 1.370 849
a. Mplus DIFFTEST A 3}2] o]t}
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A multi-group analysis

using the categorical confirmatory factor analysis

Mimi Shin Su-Young Kim

Department of Psychology, Ewha Womans University

Categorical confirmatory factor analysis (CFA) is a measurement model that incorporates the categorical
nature of the Likert scale, which is frequently used in the social sciences, including but not limited to
psychology. The categorical CFA has quite different and complex model specification and identification as
compared to the typical continuous CFA. A multi-group extension of the categorical CFA needs even
more restrictions to be propetly specified and identified. Moreover, the steps in checking the measurement
invariance with the categorical indicator variables differ from those with the case of continuous indicator
variables. The present study aims to help researchers choose proper methods and procedures for using a
multi-group categorical CFA by investigating and integrating unorganized existing literature. To achieve
this goal, we focus on two aspects. Based on the limited information estimation, we introduce scaling
methods for the two types of latent variables, latent response variables and factors, and also address the
method for parameter restrictions for multi-group analysis. Next, focusing on threshold parameters of the
categorical CFA, we provide possible procedures for checking the measurement invariance. We then

illustrate an application of the whole procedures using real data, and finally discuss the results.

Key words : categorical data, multi-group analysis, factor analysis, limited information estimation, measurement

invariance
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A CHElCH HRE S0l 20124 - HESUM 2

TITLE: multigroup cat-CFA_ ZEl-TY A3

DATA: FILE = CES-D.dat;

VARIABLE: NAMES ARE phyl-phy4 posl-pos2 depl-dep3 rell-rel2 g;
USEVARIABLES ARE phyl-phy4 posl-pos2 depl-dep3 rell-rel2 g;
MISSING ARE all(999);
CATEGORICAL ARE phyl-phy4 posl-pos2 depl-dep3 rell-rel2;

FEHTE AQF e WFE BFYoE AA
GROUPING IS g (0=male 1=female);
ANALYSIS: ESTIMATOR = WLSMV;
WISMVFEH AR
PARAMETERIZATION = Delta;
A RSe] HEsh WA 02 DA AHE

MODEL: phy BY phyl@1 phy2-phy4; pos BY posl@1 pos2;
dep BY depl@1 dep2-dep3; rel BY rell@1 rel2;
depress BY phy@1 pos dep rel;
phy pos dep rel depress;
[phy@0 pos@0 dep@0 rel@0 depress@01;
[phy1$1 phy281 phy3$1 phy4$1 pos1$1l pos2$1
dep1$1 dep2$1 dep3$1 rel1$l rel2$1};
[phy1$2 phy2$2 phy3$2 phy4$2 pos1$2 pos2$2
dep1$2 dep2$2 dep3$2 rel1$2 rel2$2};
[phy1$3 phy2$3 phy3$3 phy4$3 pos1$3 pos2$3
dep1$3 dep2$3 dep3$3 rel1$3 rel2$3};
Z=AHE B3 ¥ AA 5
{phyl-phy4@1}; {posl—posZ@l}; {dep1-dep3@1}; {rell—reIZ@l}'
1 o] AARE s BAe 18 1A
MODEL female:
phy BY phyl@1 phy2-phy4; pos BY posl@1 pos2;
dep BY depl@1 dep2-dep3; rel BY rell@1 rel2;
RAREAR 2l A 9] o] 1y b

IBEQOIBSIEYUA FE A BUA ALFS ZojE BT 74
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depress BY phy@1 pos dep rel;

phy pos dep rel depress;

[phy pos dep rel depress@0};

[phy1$1 phy2$1 phy3$1 phy4$1 posl$l pos2$1
dep1$1 dep2$1 dep3$1 rel1$1 rel2$1};
[phy282 phy3$2 phy4$2 pos2$2

dep2$2 dep3$2 rel2$2};
3A 2ol gk F7A|oF
AAEEAR 1 Al 9] o] ME A4
IHREAATYA e Al FUA AdS FoE A =5 V1A
SAVEDATA: DIFFTEST IS dif.dat;
10]3 YAlE =] ANALYSIS & o]oll DIFFTEST=dif.dac 7]A] Al

WAE 23 o] AstoA DIFFTESTAA A 32l 715
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ML wF ¥ L ¥ 2 dMF2 d 2 ¥ 3 W HE3

(h h FHe=h &) h FH2h ey h Fe=2h
=3 0.835 0.717 0.118 0.953 0.909 0.044 0.989 0.979 0.010
) 0.666 0.565 0.101 0.920 0.872 0.048 0.981 0.972 0.009
=33 0.733 0.581 0.152 0.922 0.860 0.062 0.982 0.967 0.015
34 0.759 0.69 0.069 0.910 0.909 0.001 0.955 0.978 0.023
=34 0.759 0.691 0.068 0.927 0.894 0.033 0.986 0.984 0.002
=36 0.724 0.668 0.056 0.901 0.881 0.020 0.980 0.978 0.002
=37 0.809 0.706 0.103 0.966 0.937 0.029 0.993 0.986 0.007
38 0.816 0.739 0.077 0.968 0.948 0.020 0.993 0.987 0.006
=39 0.856 0.767 0.089 0.976 0.954 0.022 0.995 0.991 0.004
310 0.936 0.931 0.005 0.990 0.986 0.004 0.997 0.995 0.002
11 0947 0.941 0.006 0.992 0.990 0.002 0.998 0.996 0.002

Avidow Afs o Yok b FHNE Aort 7HE jle Al MAl AARTFE HAAGRY Y T4

Aok tdoz A4
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