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(Bakk & Vermunt, 2016):
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JG30) o SR HLEIRAEAEUN T LA B (Vermunt, 2010):
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W %) = 2095 32 B O vE 203 F R IR 9E 38 )iz 6
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I Jo TV 2 ) G 2738 B AR kg I A S (432 )
i R DA S A T I 0E 30T o

fi B = 25 1 A R AR B T R 28031 1R 51 3 (Most
Likely Class Regression; Clark & Muthén, 2009)2,
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{I% it 1 B @ (Bolck, Croon, & Hagenaars, 2004;
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i g I {5 ) e R 2 P A, AN SR AT IR 22 HE
K, HEAJE T H— 2000 R K o 225006 2
SN EEA S AT A R B R M . BT X =20 A
FE R 22 Y R, AP R BSR4 L T — LB
1ET5 B R I8 A0 43 S 22 77 AR 152 W) (Bakk, Tekle,
& Vermunt, 2013; Lanza, Tan, & Bray, 2013; Vermunt,
2010), RS2 T4

()M 11 5 & A0 AN AUHE 2R B3 15

XA 5 i 0 43 A AR 5 R =0 R,
WA = . HARR UL, 55— 25446 00 I 46 b
B RS RIRAT LCA 40T 58 2B AR5
I MER AT e PRSI U 20 T - (L) ARE 238 1T U o
S5 S AR AT R R e, A S MBI S 2
HEAT I A AT, (2) AR 2 1] )3 325 D AR 455 5 38 43
GG 5 VS R AT S (E SR S S ek
TTIAL, PIRh IR ER % T R e, 5
A7 B = 20 VR AH L ] I3 2R B30 25 SR AR R A Sy v
{HH T 5 IR AT A B R AA R R 22 0, T
IDYENE By ORI il R L R p i DT e
(Clark & Muthén, 2009).
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LCA 48— 3 #r 14 5 S M A > 14 43 21
33X ol Ak A7 AE R AR 22 0 1) R DL
(pseudoclass method, PC &)k FZSRLB I AE 43 B
A el Y 2 AT AN, SR 9 S5 30 5 431
BEHLHIBCE TS GBS 20 W) T RE )G B AL R4,
AR A5 5 U M AR 1A 0 E B AN W) 9 2531, 4R

S X HRIB RN AT, R T % A R R 2 1 5
TR XA A
RSN EA VAT A A P RE(EAE 4325109
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JE PR3 TR 45 Ay e 210 53 25 45 2R (Wang,
Brown, & Bandeen-Roche, 2005),

Clark 1 Muthén (2009)FHHl & IR, Y4432
K B % 5 I (entropy > 0.8), %IRRT
SR AE BOE MBI R R B, SRR =20k A
HODPARLE, BRI AER A R
(Asparouhov & Muthén, 2014), 752 Fr R I 3
AL .

GRE=DSEH MML &

Fafd =43 Vermunt (2010)7 Bolck %
(2004) (W BIF5 FEfids 1 42 4 14 o R [ A SR L ZEARUR
A3 BL I FIAR KA SRAG 1, BB it SORRAE S AR IR A K
ISR AL T (Modal ML), Asparouhov FI Muthén
(2014)¥s HoFR 1| = 2514 (3-steps approach), K T X
TR =0, AT X B R E R @ =20
%o VA RER R =, KAIEFHE 2%
JET Ay, R R =D T AR AL B A 2R
% Rl =R BRI 4,

Fixed according to misclassification

Estimated

E 4 Fafd=0 0 i E (Asparouhov & Muthén, 2014)

Bl =45 o B KR SRS 5518 T 4
KR HORHIE . B W ORI THURAG g%
SIS, SRR R C IR 4R
(524 — BB RAEAE A KR %), BIAEAE T 2
AR

Pc c, = P(C =GN = Cl) = Z P(C, = C2|Ui) )

1
Ne, e

LU, CORZRAIE AR R, N ARE)S 105 A
HE 34K 43 B AS [R] 78 24 1) 2 ) 25 £ (M plus 43
Mrooscfh LCA BERIE {RA7 IS S % 5 45 RSk
M f i —51), U UINEEFR. N JEMRAE N A

® 1& Mplus /1, Fafd = A Pidsc b AshMFEs),
H 3t B9 R A AUXILIARY [ R3STEP #&T, #f:H
B Bk 3 BT, FEE R B0 BIPAT A0
B2, BUHAT LCA 4307, A% 4 Ze iR R0 6 S0
Ko W, EX—La00rdh, BB LREN AR N
P AL 18 7 A A R R G X B0

AI433) CL 2R
TE Mplus #9580 IE WA (7.2 Z 5 A9 W
), P c, FETT LLLESS b i 3070 4R o BtiJs AT
I R %7 . P(N=c|C=c,) B3 Fr R
T C2 2 A 7E LCA AR5 S HER 1B H A CL
HIMER .
pCvaz NCl

q%:F’(N:cllczcz):z N ©
cMcc,'Ve

Ne AR N A A5 F) C RO HC:  Fadd =
LU log(dg ¢, / G e, ) 14 NAGTT C (AL .

(6/EIE M BCH ¥

BCH 4 i Bolck %5(2004)#%H, T4t
PRAD A TRINAE ) LCA, 1%k SRaf =2
R, XONTE TR =B A = A
TFO7 R AR R ARUSRAG T, 1T BCH 4 L2 5 1 fin
BT ZAHT, SRR EE AN,

SFat =B, BCH B —A S Al A
TN S RV I Y o 0 A SN I Y il A
e R ASRAG T — AR = 5. HF ML Al
B A5 B R 0 e KA I A AR R KA AR, T LUIR
G RLAL TR R R E 2 ARG E, R 4G (O
AR BEAILAE J8G, T AR 43 BT 4 S G (B AN [ A
FI 1 7 2 00 45 ST RER ], 98 2 391 94 I, 7T
AN A HTAR IR 9 B5CHs A s bn, A 21 0940
G AR GVECH WAR R, (H 28 508 A8 1 KF 1Y
JI5EJ VT i AN [] (5 — A28 1) A B0 A~ 2 51),
L2 RS 43 B s A AR K B4 BB A

BCH LA R TET, 2425 B AR /ML K/
BEACR Y, 280N IR 25 22l e (i . LA
RS0 P Ty 22 B E AR SR, BT DARAS IE Y
A NG R A R {E (Bakk & Vermunt, 2016).

Bt H TSRS 25 R B, Radd =P
LR R A B TN A B RMM B 1 o
MR H S BB, e B R,
SR AR MR 1 Ml — 2B T . AR =R
ST RERRIE IR, AFG )T RN AT A 1 A b
A2 2 e -

22 BEHERTEMLCA
SR, A A R AR R LCA e T

S FERa il = 5k A b, Mplus [ 2l W5 i 2 A s, —
H & A, Mplus # R ) 45 45 5 (Asparouhov &
Muthen, 2015),
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AR LCA B e —8b, K1 J5 3 1) i AL 72

Xin Sk s B N e " " \:L_ /JIZIZf(Zlczt) (8)
28 ) v AR AR O R A e R — AR X —— 7

logistic B{Z Wi, logistic [EIH, {H7EAL &4 RAs
Y LCA , SR EEAAEMAMIE . EEMmE
BIAE G, T 4 A R PR OR [ 245 R AR
LCA 534 ik o
221 H#RTEREHETE

(1) B

Gl SRR R SRS R, ] LU 4 SR Y
fE LCA BRIy da b5, [RS8 U ALk, SR
M7 M BT, LCA SRIBA AR 2, M AHELL
IR Z 5, AR 28E HEAHIER.

P(Y.lz)= ip(c = t)ﬁP(Yiklc =t) f(ZIC=t) (7)

f(Z X =t) MUME R Z 2EEE 0 P R 43,
AR RN RS A, WSR2 A S
Wk £ TCIEA 53R o

DT R R HTR . A AR
TES NN IS AT o AR E AR B W 2%
DA ) A AR (18 5 A B T S, B s A 2 il A
(Bauer & Curran, 2003), 7 4b, GHRAFAEZ A ESE
SERVE RN M A RAER AR AA—A
SR R AR, W] 2374 LCA BRI VE 1)
[P WA RIS AR 1] Y LCA BEE R F Y

(QLTB ¥

Lanza 4§ (2013)fe i #& i1} 1 —Ffof ity 75 vk vl
DA 3RE G o A o 3 T2 A A2 B 45 SR AS A 1) )
R aX 5 2 I A R E 3 A R TE LTB ¥,
RS R A Z NP E RN A LCA St (i
B [vi] 55 P00 A% £ ) B L), TR AN 5.

Analyze Calculate

ZH? ]z

E 5 LTB LRk

5 A TR R A A A 2 R B
G SR 7E ) SUME R () A5 i)

T A A A 2 (33 LY 7 2 0 A ) DR A e A
1 [ R A T B R 2 5 22

Py
Cai]

I A 7Y

Mg Z TERRERBIN I E f(ZX =t) 7T
Ao DL FAR A

.\ f(Z)P(C=t2)

f(zlc_t)_—P(C:t)

Hef iy P(X =t|Z) Fl P(X =t) & 4 R

FON R A g — b AR . b f(2) R,

Asparouhov Fl Muthén (2014) 2 1fdi ] Z 1) 52343

iRA=F

C)

N_ P(C=t[z)

Lanza 46 (2013)FF- %A 4 H 1 FIFRHEIRA S,
Asparouhov 1 Muthén (2014) & 1 fifi 1128 5145 2 1
J5 25 B T MR LA S S o I RE A B AR A, (RS
PSR X FPOL 2 R FRED (Bakk & Vermunt,
2016). Bfi 5, Bakk, Oberski 1 Vermunt (2016)#2 i
T Jackknife 7l Bootstrap FEAHAE FIFRHETR .

M3 45 TR 1 5 2% AR N TR 2 500 N R A e
R[] J7 24 (homoskedastic errors), LTB 441145
JER TR Y, I A 5 SR A e 5 2 AR et 2 ]
linear-logistic &% . MR H 22 A wlisr B 5 0 22
(heteroskedastic errors)iif, LTB ¥4 -2 4% 1 14
Y A7 760w 22 (Bakk & Vermunt, 2016)., % 4h, LTB
T3 b ¥R 2 A % S 25 SRR A AR TR, T 2RR
FH 53 5 AR 1 5 K T 4 26 1 [ R Y TR 85

(REBIEW LTB %

1% LTB A9, Bakk Z5(2016)%5 & fafd
ST RS LTB it iy THBIE, FoK
A R S S N S Ly R 1 ¥ e 2R A
i FEAR R ARRLGRER LI 6). 12, Ml P AR bR
AL LCA, R s AR 41 50 ME A 1A 43 BN [ 1Y)
WA No B, HIR R ZEMETE T E
it NG C, M 4s AR Z fE N
P AR GG AT (R A =28 O R g A B A8 i),
WA 11,

(10)

P(N, =9Z)= ip(c =tjZ,)P(N, =sC=t) (11)

L PN, =SIC =t) B 5k 1 — 2 A
T N,

M 2 8 A B 7 2578 R [ 2800 9 A A4 4
BB S5 22), LTB A 45 A R .
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Analyze Classify

O] [ v

Analyze Calculate
] o
Fixed

w

6 fEIEM LTB RmE

FEXT IR, Bakk 4 (2016)4 i 75 2 75 =X 3% 4
R Il AR R PRI R I (3 12) A ik A - D
ZEHY ]

(12)

ex Z + 9,22
P(C:t|Zi): _ p(at"'ﬂt i t s )
Zexp(at, + Bz + ;/[Ziz)
t'=1

(4YB1E BCH ¥

W AR, BCH 355 2 WU T pr e
APRTIAS ) LCA, JEok Vermunt (2010)% H:
AT THBIE, i ERT DUAR A5 Fh ISR (A8 i

GRE=F%

Fafd = 2B vkt mT DU T Ab B S SR AR i R 4
) LCA. AL g RATRL N LCA BifIR

P(N :qzi)zip(c:t) f(ZIC=t)P(N=9C=t)(13)

P(N =s|C =t) 8 &l 7 Ry 55 — B4l it 1 73 264G
WPESEL,  f(Z|C =t) 3% MM E 5310 o A e
R, GRS R R SRR R 1) LCA (9 H 7 TAG T
g AR PR R RIS R K L B 25 5, (045
AR R 7 25 78 R [ 28 20 PN T RE AR A5 b T BE AT
TE 22 5 (ST 25 40 T I 4 200 N 22 [R) B AR i) o
X 2 R RIG B, Fafd = 2 ik MR AS [E] 9 A4
2 BN Ty 22 [ BRI A 5 25 5 05

KEAUWT 5T & P (Bakk et al., 2013; Lanza et al.,
2013), 4 B A PR, Rafd =450k, BCH Al
LTB 5 A] LA 21 JC U 1) 2 B0 1145 51 (B0 2 501
E 45 A B o SR, 24 S A BT B (IR
ER T EARR ), BfE=45M LTB RME 2%,
1Ml BCH 7: M 2 B R AR A (Bakk & Vermunt, 2016).
Asparouhov I Muthén (2015) 38 1 L 48L#E — 2 T4

8 7£ Mplus ML, {fi il BCH 4}H7 63 5 45 578 1 RMM Ik
FfE, HFE—LRInrse B, filh) i3k 2-8.
© ML Fil BCH fBi% 2845 H s Au 2 0 N B 401 M 1E 506 o

R =20k i T e A =X (RIS B O 25 RN
REETF 2, 43 H%F N, Mplus H ) DE3STEP
DU3STEP), LTB %, 5%, PC VLM BCH ik £ %
SL2% A w AR R A OBUE 43 A ) B 1) R B, 45 SR
—PAUESE T BCH RyARfa I (FL A 7 vk R A
fE). RGN, Y2500 B B B A SR o N
(b entropy = 0.5), BCH & iRk, fluf]
MIES R kI, YN 2 R A S B,
E AL R Rafd =4 (DUSSTEP) Il BCH £
e, HAtE Tk,
222 HRTERLITE

LTB JA7EAL M A 45 AT f i R AL, A
SAR Y M S5 SR AR 1 i B R IE SR 22 )
AR e B Al T I 22 ) B, #E Asparouhov Al
Muthén (2014) BB 5T, #ade T 3 A
(N =200, 500 £ 2000) A1 2 Fift 43 K5 iy 7 (entropy =
0.5 1 0.65) T LTB [ B, 455 % BALAE N =200
1 entropy = 0.5 I 74 2>t B & 1900 2% o
23 MEFREHEEFZENERBERLAR

ST O R IR A R AR TR RN L
e, 7£ Asparouhov il Muthén (2015) () JE Al
b, FBULETHA AR BAER LCA 5547 0
T 25 AR RNRT 20T, AR5 5 3E .

3 kBIoHh

SEECE R H o ELCR K22 2010~2011 $44T
ML BT AR S 4 N (60~95 2 )R ISR 2, £
MOREACRE 1292, Al T R B R AR AE
R 3R (GDS-15) &3 (gds) . A1 A BURBLIL 16
ARRI(C2A-C2Q), Ity : 1. A% T, 2. FLk
WIXE; 3. MO 1), AR (L), “wfd AT M
FEENG (478 i, ifold) % i H .

0 Z FRARIE)%E . http://www.cnsda.org/index.
php?r=projects/view& id=60493698. 34k 1% il LI [ 17
T BRAIE AR U B AR AT 4 AT
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1 SMERLEEELAR
& ik Mplus it i) o
Auxiliary=()

LERUSEE A% bk TRIGER]  EHE K ISR AS Ry LCA WS BR SR

At LR S BRI s A [ £ 2 S8 B
AR SR 9 S DR A R
LTB DCAT JE AL ER S BE AR R B vk 2 —, HEREE A .

ML M TR AREAE R,
ZhE BCH BCH b e S 5 S R WP (0 )70k 22—, /E DUBSTEP

fafd =k KBIr%EA%  DUSSTEP

fafl =20k 250J5 %%  DE3STEP

AN A 2 B

TEH R BB N IES A, Jr ZAGR R H
23t B BIF AL AL B A

TELE R BRI NIEZS A, Jr A R B

LTB DCON X i B LR B, Y B B I o A T4 2R
AHEFEE
PC method E KRR 22, ASREAE 52 PR AT ]
oA PC method R SERATR, R
BL JE Bl ) RURLF, YA L NHE AL,
Fafi =20k R3STEP RIRLF, BAETE, IR

T T XA S TR 2 i Mplus $K
PRI PRAT bR AR B 2RI 1 o 31X HLFRATT X
Az A DR AL R AT I B, SRR R U

AT A R4S

=1
AR,

(DA 4347

HE, RS A AT HER LR F R 154
SHIATIZE A AT, - alila 2~4 A28, @
TR LS PR 2 A2 BB Sy B AR (% i
Mplus 5 4] UL W 45 MR ¢ 1), BLEt, Entropy =
0.965, #E/RH i B9 ORI AL . AR 2% F Y 52 B

1.0

B, KPS 0 i 44 R R RE F RS R BE
fig {2 20905 T 15.3%F1 84.7%, K 7 2
T PSRN B SRR

(2 mA TR A B 4 [F TR AR

TED B 1R WIS 28 B TR S iy 1 i A 5% 25 Tt
AR (R ), TN AE R, R R3STEP %,
FHIE ) Mplus 5547 UL I 2 R B 26 2

WET AR, PR A RV AR, kLAY
IS5 2 R 2 logistic [A1H . BA4-BRINEE 2 4~
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Regression mixture modeling: Advancesin method and itsimplementation

WANG Meng-Cheng™?3; BI Xiangyang”
(* Department of Psychology, Guangzhou University; > The Center for Psychometric and Latent Variable Modeling,
Guangzhou University; ® The Key Laboratory for Juveniles Mental Health and Educational Neuroscience in
Guangdong Province, Guangzhou University, Guangzhou 510006, China) (* School of Sociology,
China University of Political Science and Law, Beijing 102249, China)

Abstract: The person-centered methods, including latent class analysis (LCA) and latent profile analysis
(LPA), are increasingly popular in recent years. Researchers often add covariate variables (i.e., predictor and
distal variables) into LCA and LPA models. This kind of models are also called regression mixture models.
In this paper, we introduce several new methods. Those methods include (1) the LTB method proposed by
Lanza, Tan and Bray (2013) to model categorical outcome variables; and (2) the BCH method proposed by
Bolck, Croon and Hagenaars (2004) to deal with continuous distal variables. Using an empirical example,
we demonstrate the process of analyses in Mplus. The future directions of those new methods were also
discussed.

Key words: person-centered method, mixture modeling, latent class analysis, latent variable modeling, Mplus
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Mizk 1 BEDH MplusiEfl

Title: Lantent Class Analysis
Data: Fileis older_survey.dat ;
Variable: Names = C2A C2B C2C C2D C2E C2F C2G C2H C2I C2JC2K C2L C M
C2N C2P C2Q ifold age gds agesq™;
USEVARIABLES = C2A-C2Q;
MISSING are all (-9999) ;
CATEGORICAL = C2A-C2Q;
CLASSES=C (2);
Analysis:
TYPE = MIXTURE;
Starts = 50 3;
PROCESSORS = 4; !4/ L i 5 0 45 72
PLOT:
TYPE = PLOT3;
SERIES = C2A-C2Q (*);
Savedata:
fileis older_survey.txt ;
saveis cprob;
output: techll tech14;

M2 MAMMETEETESKEEE MplusiEfal

Title: Regression Mixture Modeling with Predictive Variable
Data: Fileis older_survey.dat ;
Variable: Names= C2A C2B C2C C2D C2E C2F C2G C2H C2I C2JC2K C2L C M
C2N C2P C2Q ifold age gds agesq;
USEVARIABLES = C2A-C2Q;
MISSING are all (-9999) ;
CATEGORICAL = C2A-C2Q;
CLASSES=C (2);
AUXILIARY = age (R3STEP);! #hfEfafit =4k
Analysis:
TYPE = MIXTURE;
PROCESSORS = 4;
PLOT:TYPE = PLOT3;
SERIES = C2A-C2Q (*);
Savedata: fileis older_survey.txt ;
saveis cprob;
output: techll tech14;

1 4E 4 5P 5 35 (/100)
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i3 MAMAETEEMPABREERMELERGES)

TESTS OF CATEGORICAL LATENT VARIABLE MULTINOMIAL LOGIS IC
REGRESSIONS USING
THE 3-STEP PROCEDURE

Two-Tailed
Estimate S.E. Est/SE. P-Value
C#l ON
AGE 0.153 0.014 11.219 0.000
Intercepts
C#l -12.935 1.031 -12.541 0.000

Mz 4 MADKERLTEENIRESREMN MplusiEa

Title: Regression Mixture Modeling with categorical outcome variable
Data: Fileisolder_survey.dat ;
Variable: Names= C2A C2B C2C C2D C2E C2F C2G C2H C2I C2JC2K C2L C M
C2N C2P C2Q ifold age gds agesq;
USEVARIABLES = C2A-C2Q;
MISSING are all (-9999) ;
CATEGORICAL = C2A-C2Q;
CLASSES=C (2);
AUXILIARY =ifold (DCAT);! Bt DCAT 7
Analysis:
TYPE = MIXTURE;
PROCESSORS = 4;
LRTSTARTS =21 80 16;
PLOT:
TYPE = PLOT3;
SERIES = C2A-C2Q (*);
Savedata:
fileis older_survey.txt ;
save is cprob;
output: tech1l tech14;

Mizz 5 MARXERLTEMFESKREMEHERGESD)

EQUALITY TESTS OF MEANS/PROBABILITIES ACROSS CLASSES
IFOLD
Prob S.E. Odds Ratio SE. 25%C.l. 97.5%C.l.
Class 1
Category 1 0.265 0.033 1.000 0.000 1.000 1.000
Category 2 0.735 0.0337 2.133 0.389 1.492 3.049
Class 2
Category 1 0.435 0.016 1.000 0.000 1.000 1.000
Category 2 0.565 0.016 1.000 0.000 1.000 1.000
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ik 6 MAELLERTEEVIREREHN MplusiEal

Title: Regression Mixture Modeling with continuous outcome variable
Data: Fileis older_survey.dat ;
Variable: Names = C2A C2B C2C C2D C2E C2F C2G C2H C2l C2J C2K C2L C M
C2N C2P C2Q ifold age gds agesq;
USEVARIABLES = C2A-C2Q;
MISSING are all (-9999);
CATEGORICAL = C2A-C2Q;
CLASSES=C (2);
AUXILIARY = gds (BCH);!3#% BCH ¥
Analysis:
TYPE = MIXTURE;
PROCESSORS = 4;
LRTSTARTS=218016; !fii# techld
PLOT: TYPE = PLOT3;
SERIES = C2A-C2Q (*);
Savedata: file is older_survey.txt ;
saveis cprob;
output: tech1l tech14;

R7T MAESHEITEMRARESEBEMELERGES)

EQUALITY TESTS OF MEANS ACROSS CLASSES USING THE BCH PROCEDURE
WITH 1 DEGREE (S) OF FREEDOM FOR THE OVERALL TEST

GDS
Mean SIE!
Class 1 4.540 0.211
Class 2 2.903 0.075

Chi-Square P-Value
Overall test 52.233 0.000




