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A Al S E-41Latent class analysis; LCA)Z} =+
AZZ I E LPA)&
&3t 2 & (mixture models)®] THEZ Q] HHo]
THCollins & Lanza, 2009). &3+
models) & FFTho] TAE R ko oA AH]
AeeEe Egon TAHC AL 714

—3}—7 7_} SR = RN /\ltﬂo}ﬂ 93t %mo

-4 (Latent profile analysis;

2 8 (mixture

"%1 gold %% e

=2

T P
S A8 4= QTlanza et al., 2013).
o5t e PR WA HeA

AZH oo #AE Btk &8
7 A 2R AP e
of MEEol gom, tEA YR
1SHAl & ¥ (one-step approach), 3T+A H
H(three-step approach), 2TA L H(two-step
Aok Hx=2 AE 1944 A
THe AAZE AT 9% Wo
SOl FAs= WHe

o pul
2 % o9 FE FAAs &8, 19

_4::4‘

A} 7

T A

]

_|
=

I?j-]__‘

=

o o

approach) 9]

ki

SR g A ”Zﬁﬁl" e #AE
Uehle 27 shte] 23 oA FAl
ZAEATHBolck et al., 2004). o] WHL T

F40) BRHAY, S A =gH BA
5o waol glol, o] % nesy] 98 3u

Al Aol AbE A ThBolck et al, 2004;
Vermunt, 2010). 304 AZHLE WA X BHS
£ B 2% 3H gEH AT FES
248 5, ATIEE O AL 7
AAAZA B, olm) ALE AT3E
o ngse AAAET 9uws 7ko] W
£ FAs= Al dAZ o] Fo]F tHAsparouhov
& Muthén, 2014). ©]3% 304 Hawe] = 1l
A GARD AR g GAE st &
a4 o] 2B TS =20 20 Xdi“ﬁ

o] AEA A= ATHBakk & Kuha, 2018).

9

el QR Zhol]l #h o]
=Yg 7|E JPH o2 FTHBakk et al, 201
2019; Lanza et al., 2013). ©] 15\’}

5y e 248w

Janssen et al.,
ZA5 H A (measurement
invariance) T 2} 7] %5 &3 (differential item
functioning)°] EAeHA Fe=the= 7H I T
B} (Masyn, 2017), LCAY LPAS] 7]EA Q1 |
=" A(ocal independence) 7HE3 F-AFSE 7Y
dolt. web gjnwsel Amws 7] 24
2 7ol F5HA URLIE 27

it

=4
w4 2740 Wapo] BAY B ohj2} A
Azel A4 oA A% A48 5 ot
(Bakk et al., 2022; Di Mari et al., 2020; Janssen
et al, 2019; Masyn, 2017). ]S S0, Janssen
S2019)2 FHRle] Ao = 57 &
o AHAQ dFE mAE A5, oy
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2y YollA JRwel AEHg
4%‘;@?%% *éxé% T slte @AVt
2019). °]& 39A HIH
A A FA-E A0
ANAZ Aol g ASSES HEOE 9
BAE

Bssl AAAS o) BAE TP T
ZRFe 35, o AHAN PAAFS
e AENF AAE HE EH g

P2l0] QIR S0 0] ikl Fek 200 B 36 FH2He Hle

o] QITHDI Mari et al., 2020; Janssen et al.,

MdAes FAAASTET AdPsh= A3 3
THLanza et al., 2013). WEbA o] ZAA|
So 7%k e AEdse] S8 gE
AHAR] dEFe mAsAE B AL
W 2 o]BH WA SHME AdxY
oh RH, A dakA o2 A Sl
g8 dZHe WEE AAHER, FAAAS
o] 734%401] &y st 2

(19
)
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%ﬁéﬂ:kﬂ m{m_EFEE

LA
A3] el okl e T 74
2o YAEF o] AREEHIL glom(]
%, 2016; Joshi et al., 2015), ©]& 3 =52
Ao g Q3] LPA HA A AFo|A wj$
el 8= Uk wehs R

B5H =

rlr

o
l-'J
)
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o,
m
ot
2
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e o
-4
i
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T ko] At HEE MFE A
B sk 1oad] Bt o
& E AF8Sl= LPA A3to 2% 3}

st MvE Bask Utk EE o} <
F9 2o WFY W5l BHlen B
L A% g A% g, Asuse 4
ol B4 A A e %Y Wt
AEHE AT WS oo wet WY
AsmASeh B b BAW ol @
&9 AmAFS A5Y ARus %o B
g WA $AY Bt g
webd & o

2y e AP DA, 20 A
3 3eA HEHES AEst 1 AdE Rl
=] 6(;]:

oA, HyEe] T sk B4 M2
of et 34 At o9l BeAEAE A4
HEad Gk o vebt 20 HEHE B
goto] Smasl AwAS e WA o
sk, Folg BAE mHol AEs W)
7 1% BAE BN ARE AQSkaA ek

s
%0}7] 3 Clogg®} Goodman(1984)0] A<t
= ZA) Al S B2 (multi-group  LCA)S 7]
?'&E}. o]F o] HIHL FWAS =
A Zgete] FHclel wWE AAST 4%
Y| AolE FAS= WHor FEHo
THChung et al., 2006; Lanza et al., 2007). ©]
He LCAd FHdE FHE Az NER
H7}EH, ©]3 Dayton} Macreadymﬂ- =
A2g QA FE L8t AAAS SE
gk Tl FIFe myPslet 2z
[e] g Q

oL o Jﬂ NPy oo g

=2

> ok

v}

o
Yo
>
2
4|

ek

fo 4

o
3 2
UERh} 9O m(Agresti,
<I¥g 1>& 194 =
Roltt

of S

3}
2013; Vermunt, 2010),
go| 725 =A3e

(G IR

exp( o+ Eﬁqk M

P(C =kl Z,)=
1+Zexp ah+2[3qh plq

*1 2

a8 116 2ol 4%
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0[e] § / HMASEAL AU TAR A0 Qtsot Rz 7+ X R0 £2{0] Qs 2 28 0K ek 284 &

IIE

T 37 Y Ha

HA, WY £F jG=1...00 tF EFeA €42 Y T ok RIS J|EL
M o W2 Y, wF jol W 54 2 HAAS +F AT AAA U o
S HHe ¢, 2 EET =, WFY e A 7 Ao 2F 7EEIY 94
AME Ce A ik FFE FAAF p o Opedficaion’t SERF 25 $H ST
(=1, R AT 5 AT w8 7,5 7] WENVemune, 2010) gLl 1
Qe B F sl Z,= A 9 HAG AAE drig SHRES 9 F4

djoF ste, 1 Aol AT FA oI
22 oup g 7bedol Atk oked

$% 8L UehlE : .
=l - ):;ZHHIZ vl gy UUS SRR pURS B 57
g Gt e e B TR ageson vl slay 2A wa
ok

i"é SES 9]‘3]6‘}‘34 0]
o2 PY,=ylG = k>% 58 AT £ o mAtoz, 19 WS Qo] 7

k°ﬂ gk Al A =
o= yepd 5 gl

LCAS] ?LZ‘.E?%S_ AAAZe] B2xE AH
= ZAAIS &-E(latent class proportion) S &
T2 7Kt LCAdA HAAE  FEQ
P(C=k)v AA QY T B FAAF
&3k AFEY] M YeERH, gutygos
AT A 2715 =,
A ole FAAS Co I4FE F= T
A Z7h 2FEo] glom, Fwel
5 SR Al P(C=kZ,)E
3

r-ltl
o[o
it
_‘ \
4]
lo
i

KR
A & AUtk AAR g A7
2ys Bl AAATY ok 54
A% &, FHdS Friet AAASH
HhAlS W} 2FA A A
Ak olHT 194 H
of dAE B sl g AR
T-H(stepwise approach)o] A|StE oW, &
© 1% 39 el 7 de 285
o

ol 19 Fage sRHos Zpg}

3E MY
el Z3E Auel FAAZY +F
ARSI ol% Mo, (4 29 AAD

s gEwe s ane B8
© 7oA dE] AREEIAL 9l oM (Vermune &

Magldson 2021, o] WHS

o ZARRs FERIS Lels] FHRT

3EA d:“ﬂJ A WA A= 3] e

ojgs] oJFHMTE TR P2 LCA EF

= —ir é“?_T:HVermunt 2010).

“U

(Y, =ylC=k)% P(C=Fk2Z,)< A
9 =W (Maximum Likelihood; ML)S &-83}e] &
Aol FA gttt

Z71d ARk 194 HIHele 2 /A
SAZE EAGTE UA, A A 11
dlop & FRAY 47t B A HEEZ

4
F ook aTAE FEAL EHT B3

Q)

)

_E
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N
l0gL g = ZlogP( Y, =y)=
i=1

N K J
Plog| Y AG=k]IP(Y,=y,1 C=k)
i=1 k=1

i=1

7 WA gAl A= IS
g 9HE(Y)e A HA 9A ]0111 —?—
R UEOS o5 BANTA T
olo] gt EF 2 F(cassification error)S
Stk o] AAFAM AR o dA D
AAAZE W2 EA%T A FPelA

rN
i
ol oo
LN

2O SR )

}

(o)1}

|

M 8% 24v % HE HEH)7T
FolRe W AF kol £ AFFEEQ
P(C =Y, =y)oltt. AFFEL Ho]=
AEE olgdl AT = lom, AARE 4

& 4

it

Axrstz] fsiA= A 07t
AS] W7b EeskH, ALE
L g 7}% g ol F /e &
& Q%(modal assignment) ¥} & T}
S (proportional assignment)©| T} HTj&E T
Be WE AFHE AR B A ki

O T

= =
T =

o

o

Hoh r
HTI fo
rkﬂ

A

o2 338, AFaE0l 71 2 Fl o
8l ZFEAP(W, = kY, =y) BT wy)E 1
2, UmA w, ol B 002 Foshs 9
B35 W2l(hard partitioning)o| T}, WHH, &
e gTe BHAME wEsE 2§ T

2)(soft partitioning) 0.2 7}FX w, o #he
P(C=HY,=y)7 AAZ 243t BF
SF/FE P(W,=slC=k)2 Yehis, A4
M HAASE koIANE s 2 A% ddE
F5< @tk B 9RE AESE Ao

(4 52} ZTHVermunt, 2010).

P(W,=s|C =k =

P, =) P(C =k Y, =y)P(W, =5 | ¥,=

A s)

o] HH, &

m

opAE Al A DAl FRle] ks
FAshs A2 oA AR 194 A
MaHes Ao sdsiy, 271 384 %

el
H
HolMe &7 LFE B8k il O

i

&l'ru
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o KB

A 204 ¢ oA WE Rl AR
THVermunt, 2010). 1&1}, Bolck 5(2004)
P(W,=sz)8} P(C.=klz) A NA

&8l w7t CE dAE
th o]F ol2’ EAE Hgstr] flsl HA

[e}ge] =
Sl Bl

=
A GAL Ao wFsts A" 39
¥ (bias-adjusted three-step approach)©] 7l
F T} Bolck 5(2004)0] A|9+sH BCH(Bolck,
Croon & Hagenaars) W
g Hxo 3uA HIWo
7b itk et of 3
A At A8 + i, xEAE
stapll FAaA Zave @AV AT ol
49 BCH ol A=A mFA7}L
SazAE JBsAel o3 2kt ol
2 B3] Y8 Vermunt(2010)= H &%
(maximum likelihood, ML) W& A|¢HsI) T

oo e} 71E9] Wi 3Tl FITHE EF
ORE HAGNE FHE FAHHGOH, 1 2

g3 A WA wAle] HrjeEAe 247 (
D3} 2] 9ol AN

1>

P(W,=s | Z,)=
Y P(C =k Z,)P(W,

k=1

W,=s| C=k)
7

logL‘[L:

Elog i

Aol 2 =Y

3EAl AR AT Aabis b

} \ "B.J—_ll’ '—EPO| Ql_l_

2t 330 0Kz 3% 2B F2HD 3E H2d B

o] FAE Z=AHsl= "o
ML HZW3} BCH AW F 74
o] T W Y3 (4] 9& A]—%—?S‘I-X]‘?_,
Aast= "o zol7b UAtkBakk &
Vermunt, 2016).

(W, =5,2,)=
ip(q =k)f(Z, | C;=k)P(W,
k=1

A 9= AR} FAAS e BAE
FAs= oty Z = AYHSE oJulsiy,
AFWote] AE Yeille 2ae i
7F AF kol £ o, Al ief A
Al 7,0 FERE [(Z

:\_l‘
E
B
2

o i
Bt ox
do o o o

P(W, z:sIG: k)= —%@L e
HH, f(Z,1C =k " 3t ¥
d F4€4. A
1(Z,1C =
AN A5

(e
%
R

Ir
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& AASel =22 F jon, oY%

Mplus®} Latent GOLD
SANA FEE A
AZs TZ25 A HA DANA 7] Fstarting
values) . 2 T A= AL A FESA A
z 727 @aA 2ES 44T 4 do
(Asparouhov & Muthén, 2014). ©]& Wald 74
& Agad 2 A% 1 A BE A
o7t felBA WA U

0 Ao

b
&
o
>
rir
%
¢

)

TKBolck et al., 2004; Vermunt, 2010). ©|ZA|
T4E ZE2 ML e 2y oA A
9 %(Pseudo Maximum Likelihood; PML) &4
2 F3l Addo

ML H93% Hlwd o, BCH H2WHY &
83 A F stue Aoy £ A%
AAHGTE FAASe Aot WA
Ue Aoty =3, 24 F471+=

gAE eFE B wEl

e e a2

=
= Jn

Lo rlr i

to

i
Ir

(homoscedasticity) F=+= O] F-AFAd (heteroscedasticity)
< MstEE Wald S B3 FHEHE
ASHE H2 sty 12y AAAS 1
I RE A7 AL gl A
wao] AT ThE A 43 A

bRl g2 348 4 Utk of

Wi

3
e
E
i
=
2
&
g
S
5

20HA A2
HollA A
%3}7] Y3 Ao+ . Bakk¥} Kuha(2018

4 o

=

T

2 FAsA @ots HH, FAHE 3
s

A o] QJthBakk & Kuha, 2018). o] A

2 Dayton¥} Macready(1988)2] &1 <Q13} 2|
AlZ 2t FA thek A2} Bandeen-Roche &
aonel Ak WHe 722 S, o)F
Xue®} Bandeen-Roche(2002)0l] 9]l A= AT
Bakk¥} Kuha(2018)& o|2f&k A3 A9 7l
< HIEC R o]F shtel dAE HIRow
A A gkskA
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PY,=ylC =k

ol AAAE e BAS 2T AL, 6,
& PY,=ylC =K% P(C=k)7F Bt
] SAeA 3

2 102 F HA gAdA FHlE
BAAE 2 BAE 2] A 2ol
o, P(Y,=ylC,=k)7} ZAA. FHQ
of EAY o JFAAZ kel £ FEQ
P(C=HKZ,)e 053 Rgos 23

T oolen, I AL dA AAZ (4

2o,

20 s B 0] DX 5% 267 HRUD 36 2wl biE

it

A 1) AR FAAZ 1 BA
FAe7] AT Aotk (A 1ndAE 3 1
I 2] AAAS FEol Ao T
2] gFom, oo wel ol wAA F
g P(Y,=ylC=k)% P(C;=k)7} 1L

5

o ol flo

BCH A9 9A-HTjose} 598 52 ot
20 2w FAAe BELAE 199 2
WAl RGeS BE T3 A

zoahe FEAE Aol

Kuha, 2018). <718 4 5
Hawe) AN RRe AN

-
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R S
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O i U rE ok
= H%m
S O_Ekfloz&'
o L Lo

fir =
¥ _O‘rE,é

T A >
l"-?l:_\|‘_‘r
Su
oz
HTEEON

ot
-
I
T
o
of

of
o
g

= AFHF
of WrgEA e
(Masyn, 2017). ©]¢} o] Ao}

2ol AAASE B3l A9EA =
Ak A, 7 Mg ol A3 Eadirect
effecty’} EAZTIL & 4 QT o]Hg AH
230 H-s] wgetA Yo &F

=

=

E .

S5 AT FEET oy, oF
A

ol
Py
o
r
)
N
o —-

=
L
FI“N
ol
ol
i
o B

e 4o Ao
3

#733)

Oberski et al., 2013; Vermunt & Magldson, M.
oh olel@ AE WAE 59 93] YU
2 opet ohe el mY WA Rl
T AT ¢ 9ormg AR =A 7HA
o gl Bz 57 ARate] ZAZ
4l ok Ao

(2] 129 A Al¥E BVR(Bivariate Residual;
Vermunt & Magidson, 2005 ©|2]3F & &
AE A AR F S, BIEF 4
oA Argstx| Xgk ol ake] 278 U
E}”]UP E& BVRES 7 W Abolo] ArE |
7} e Tk Fel

ZAY sAe AT

%

r
rulru ¥

(Oberski et al,, 2013). WepA]l BVRO|] & WHF
B oled HEAde HiEoR AR ade

e 233 Y BA eR7e Thede A
=% Fast gl

Z (Olz - EI:)Q
B RV
BVR,; =

1€{0,1RIGHT

A 12)

}:Fl

A 129 0.+ 9F¥Hs 78 AxHF
y; 8l WA HE(cross-table)oll A AZH  gholH
B nAEAA ZIdE e ge ot
AYATolMs |FE W ol dis] BVR
&3 oS ARAY 71Eule of thumb)O &
A Al ket

T+ WA A E+= EPC(Expected Parameter
Change; Oberski & Vermunt, 2018)°]T}. EPC+
F 330 2(ltem Response Theory) ¥ 214
2](Structural Equation Modeling: SEM)OA g
gast= A 7HE EAEFo]tHJanssen et al.,
2019). EPC A= 1BH 54 BT4E Z}Oi
A FAHAE B A8
715 YUEH, o5 F& A
Al 272 HAe 2715 B
THWhittaker, 2012). Oberski 5(2013)2 ©]
fwagel gshe wie ALsAd
Slss AEHS 7H 20R EHAo
o b5H0) I B, BRCE olmg W
Boll A Y ENE FAH R v Bast
S d 488 Auz B89
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0[e] § / AMASEAL HUZ2TUR AN Qetisor R 7+ 2R £2{0] Qets: au £80) 0Kz ek 28 F2Hn 3t E2gd B

o
rlr
il
o
o
£
(d
Jil
o0
)
y
lo
o
i
1
fu)
e
ofo
o
N
=2
rr
2
)
dlo
o,
X0,
Au)
=)
5
8
]
=

= @A 1EF T APE 2009

sto] 2F RE AHSHs ol AT 19 HWolN AREHE MRS A

o)Hmsel w4 7t WAl F EpCe 9 ZARET TEy wEE A2gsol

Aleke (2] 1) ZTHOberski et al,, 2013). s, AHERE FUlet 23S oA FH

st By FAX 9 =2H AAATY A9

2P ; bk S Qeh W 2w AENe 19

I Var(s)) Aes 9 24nys FEede Best

@13 o FAsEE ARas) 44" 2 A

TR R SAHRY BEyrE 1A

55 205 599 ool g@ g4 o & e de d dnd 23 418

— 8L(9)§ Uerd % ol L(0)= %7& AZte 458 F Jdoe AHoE A8
oY; 3FcHJanssen et al., 2019).

oMol AEHSE 7+ AHAAE AT AAENE RYFsl= AL Ba 9Tk 3

B F 2ISERS vehim, v d B P(Y,=ylC =k)ol i@ 2% 59 7}

HaF| i3k 2arolth AL g3lEt= on2 A o= EX &

g HY FEol PAAZRY ozt 3N

Aozt 28 QoIS gL Witk sk HRolck

QRmeel AW F 2UF 59 /MY Zo] XEY F AT (Janssen et al, 2019).
o] ffujEo] F W Aojo] BRPO T My
2 & #AdAol EAskeE AT, olE EY PY,=yl z,)=
o WS B 2] FH BEE FV) SV 2 p(v=y | =k 7,)
Ag shte] WHoE AHAEAE AT F k=1
9lth 4 14
AdaNsE 2ysel] fsiMe 194 A
oW e 2w AEWe 288 £ it A AIHe S48 A9 WA BVR
UM =gk uie} o] UwrAQl 3TA HE EPC 59 ARE o|&3lo] oW A mwLv}
Wl HF HAolMe f ARHaTE Be F 0 Y Aol eA g & did i
g AAA ALdHER, o] GAA AFH 3t AHEAAE At F HS ko] #
o} EHE 3 AHEAE A o AE ¥ TFF 5 ok o] AN F
TKDi Mari et al., 2020; Janssen et al, 2019). @ HEI/} gitty Ad® AFHSFESe 23
A A HAIZROA AP ERE EAsE §H FEE 19AAM FHE EFXE 1A
W 54 AFASe} AEHS 1 BAE A sl AREI} e AEHS B S8
of &L glofof k= Aol Al Al FELS F oA dAldA FHTh Falol
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AFEHol HX = AHEE (A 159 o3
242 A4 TP 4,2 2iEE
I A Th(Janssen et al., 2019).

logitP(Y,=y | C;=k,Z,)=

AseHis7} Ashige] AL AL A5
e AAAZY Ashasel zdy BEe
UEE P(Z,1C = k)7 2AAZE ol
o 54 Amdse goE olzsbl k.
o) A% WHRFE ATASY Fe FA
2 de AW 2A% AoeEs AndS
7} Aspigel wAE APEANT TR
42 Bast glew, ol Pz (4 16
5 o] bl + ot

PY, =y.Z,) =

& % 9l0) 1cA% 1PAS] S8ATOIA U]
&35 o] $ti(Asparouhov & Muthen, 2014;
Vermunt & Magidson, 2021). T1#1} A 4HH
2 vk go] o] el HE vAdNE 9
ghol AxHrt AojEER oo A%
M4 2 ARESE Mo mases
g Aleko]l ek ool & A= 3T

A

7} EZASAT o8 wsA G Ao F

o7 2y
B oA Fuds AZEF 2 A7
w2t ol

2 b4
Bt EAshe A4 AR adte
7b BARS FA

sl Algdold dATE FHsAT <1

6> JeERd AT 19] A7 shte F
Hele] F 679 o2y NEHF F YR
I =3

of tis) AHEAE H8%
Hads AAskA Fe 29 Haw, 19
A 3EA HEHE A8st =

Hlmalely. dlole] A4

a8 6 @7 19 97 2
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A WA AFE 3
H, 0, & T ol
g 2aoze] AU, g, T gl 1
U w RAAZe FAE B
u] g,

< 19% & 198 7 Aol &3 Ao

of

gl
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The Impact of Omitted Direct Effects Between External Variables
and Indicators on Estimating External Variable Effects
in Latent Class and Latent Profile Analysis:
A Comparison of Two-Step and Three-Step Approaches

Chanhui Lee Hangyu Kim Jungkyu Park’
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This study investigated estimation bias arising from the omission of direct effects between external
variables and indicators in latent class analysis (LCA) and latent profile analysis (LPA). Two studies were
conducted, each addressing a different type of external variable and mixture model. Specifically, Study 1
examined situations in which covariates directly affected indicators in LCA, whereas Study 2 examined
situations in which indicators directly affected an outcome variable in LPA. In both studies, parameters
were estimated using two-step and three-step approaches, and the results were compared across models
with and without direct effects. In Study 1, the two-step approach yielded lower overall bias when
covariate direct effects were included in the model than when they were omitted. Bias increased with the
magnitude of the covariate direct effects and the number of omitted direct effects. Similarly, in Study 2,
models that included direct effects of indicators on the outcome variable exhibited substantially lower mean
relative bias and Type I error rates than models that omitted these effects. These findings suggest that
explicitly modeling direct effects between external variables and indicators can improve the accuracy of

parameter estimation.

Key words : latent class analysis, latent profile analysis, external variable, divect effect, two-step approach
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