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(AL SIS O 3R 2 B ] 92 300 AL T R SE B0 5, dLaT 100875)
CREBTCREHE LR, i)

A RIS, 25 BT A B A SR 25 5 DX 30T 22 [ BT A Y 0 R R P R S KA T
AR (DTSR, BRI e R 2 SR ML . (2)IR-A BRI A e FE, N DA —E BEAS B (2 200)
B4R, HE%E BIC HEH IERY SRR, g Mi{i . ARL SFREHE 0 20 MEBOR IR . (3)Z B Bei
R JE IV 25 06T TE W R R A e 56 0 0 288 B A PR — € R R o (4) V2O B B RIRE A 1 BOR, SHUG TTRS
JEBERT o (S)TEFIWT 7 FEAERAPE A TR AR P, ART AL 5 5 g 1] T~ 052 AR

Z B Bl G KA (PGMM); I K 7 M (LCGA); 2 BIEE B (SMD); &I

B&41

1 55

2\ 5] WF 5% (Longitudinal analysis)X} TN & &
U | A RE . TN AR 0 B S R A
SRR RE BT B DR SR Z Yl SR a5
Wi AH LL, B ERDFSR B AERT . SRAARTE, HEE
AT DX AR s 22 ) Y PRLOROC R AN S B R, BT
DSt 5 — PR 52 Bt s [R] 08 A8 A B 64 T 534 o
11 ZHEBERSEKEESE

T FEh, W5 a] LU T AR f 3 s Al
(Latent growth modeling, LGM )R ##fiid BEAA Y & Ji&
HAFALL R A AR 22 5 o AR TR B W I R4 [+ it 1 &
Jr B GEBE AN RAFTE K R R AN [ JoT A Z2 A FEA,
WL AETETE IS . AW 21 () 5 J53 P4 (unobserved
heterogeneous), I8 & & & HA % 22 (A e — 1>
HELREGERIR), EVFTE 2 KRB B, X i — ik
i LGM AF53E H o 2 B BOiiR & 3G KL (Piecewise
growth mixture modeling, PGMM) (Li, Duncan,
Duncan, & Hops, 200 1)/ 1] DA [&] s fiff 2R3 P A ]
) —Fh oM 02 (B 1)
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K1 ZHBUR A KB (PGMM)/R &

TER LR, B 6 YOI, A7AEPT I TE
(el A1 c2), FEAMHAT A LIEBTBL, BT
AEI ] 87 13 b —A> PGMM BUE AT L F 5 3

v = AN 20 M

e =py 4G @)

FEJTFE 1RO 2,y R k St
FOTRIIAE (6> 1 T E), i FoRES k Bk i e
B PR T G LY FE RS K R4 AR L AR 1
FRER 2, ol 3x1 ), AD RHRE kK
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A T R BU6x3 ), i) FoR 5 kS kg
KT R G* 1 [4) . BEHLA > e FR 8 &k 26
I IR 25 (6x 1 Ml aE), XA Y PR T 225 B Ry
@"”, (O FKIRE b ROk i B R K N TRk 2
(3x1 [l fE), BPERE k280 P AMA ] A9 22 5, X A B
T PO,

Fe R, 75 PGMM Hh, WFgE it AY sl
KIBH B o I 5 IR ASL I AT i, AR A 2R
far#B [ E R 15 6 B 6 G RFNRER 1, s 25
HIERATIE AR, B0, 1, 2, 2, 2, 2, SXHFAER 1
WAERIT 0 3 6 B 13 3] g6 BYSEHR FONRER 2,
W 5 Z T BT T AR A, Bl 2, 2,2,3,4,5, X
I Rb 2 BAEH T 15 3 o OB BE . =35 & AL
BT PGMM BERVERGE I S ] i 77 (AR 3),
102

AW = 3)

—_ = = =
[\ NS R (ST NS R

2
2
3
4
5

TESEBRI R, WF5E 3 — M 23 (i FH 5y ff B
B 78 25 531 3% 4 43 #1 (Latent  class growth analysis,
LCGA) (Nagin, 1999), 55 10y ffi 2 il 3 K AR A
(Latent class growth modeling, LCGM)#&i- 17 7EA
[F] & JEVSTEZR A R )8, B[R] PGMM #x F 29 X
SIAE T2 A5 SV A — 26 31 P B IR TR A R AR S
PGMM A [A] 26 N B AR TR AA 7R 28 S, AT LASE 2ot
VFBERLIFE A ¢ KR 2 T LCGA fRBEH ™
B, BRGNS, WP BBR
HE,
1.2 ZMBERSIEBKERNSEL TR

PGMM & i & 3 K B & (Growth mixture

modeling, GMM) (B. Muthén & Asparouhov, 2007; B.

Muthén et al., 2002)F12 [ BE 4 K 455 % (Piecewise
growth modeling, PGM) (Duncan, Strycker, & Duncan,
1999; Raudenbush & Bryk, 2002)[Y 45 &8, £
Attt I, PGMM 2332 2| A A S 40 ik 114 A 1)
BRI . 75 PGM H, RERAYZAR AL 52 M 25 1Y
SHAGTEREBE . K3 7 A — SRR A, R
R, R TR PR 1Y S e BRI, X, X
212, 2013), 1 GMM 1, AR, W (E A%
0 23 X ARG TG B 7 A ), T 2 S B R el
KR HERPE : PR G, HAr 2845 B 2% (Tolvanen,
2007). It4h, Steinley Al Brusco (2011a, 2011b, 2011c)

T B8 (K-means Clustering) FlE & 4 7
(Mixture Mode)7EVETESM2E FIY2E SR, JHRIT T
53] 5] Y B A M X 2R A5 R A2

TESL R v, PGM I Tt e 4 JE B Be A 1% 22
AYTRIREL, S Tk e A 5, ] LATE i E SCAN ]
B B O[] eRBICR A8, GMM T itk 2 Jie e 34
A [ J3T 8 R) R, %o JRE A AR 1) 8 7 28 ) B A7 Ak
1M PGMM ] L[] i fife e g 35 AT B 4 s LA
AR B IR, FERETI A RE . IR . #2750t
AN 72 (Kamata, Nese, Patarapichayatham, &
Lai, 2012; Li et al., 2001; McAuley et al., 2011; B.
Muthén & Brown, 2009; Uher et al., 2010). Li 5% A
(2001)% H] PGMM RAF5E 5 A AERNTG 174 1Y % e
A, MATE SCT AT, PRS0 4T
FANFE (O HE ARG AESR), 0580 PGMM
B aE R PR PR AL T SCBRIEYE . B. Muthén F1 Brown
(2009)¥ PGMM Ji FH 3122 Bt 30 A A9 v oAt AT T A B,
LRGNAE 25 205, B W 1548 1 3 1 22 i
(Fe ), I BAR LR N I T SRR . [
A EHA IR AT, Mi=E SO 2 X T AR
B8 o H T LIS W H IR e 1A il ] 42 T ) s
BT 25 SO o

LCGA J2BRE T I R IR 07 22 & 1Y)
PGMM, H(ATLIE e PGMM ) —MHEf, — M
Mo, LCGA B A1 220 8, (B T4
TR Mplus) 9 & J, LCGA U5 T WA >
FplE ek, AFERE PGMM BENLE 5 8%
AT LCGA Y& X (L. Muthén & Muthén,
2010). IEAh, LCGA HYER RN A2 Al 1T B, T8
¥ LCGA 132 THEN N PGMM AT 801 R E
(Jung & Wickrama, 2008), T LCGA J&—fijfk
BEAY, AN RSB I AR 2E 5, 70 0K I LA,
Fr LA BIIR Z0F 5 # n Bk, JCHAET A AESLAR
Pl 75 45 47 A i 5C (Delucchi, Matzger, & Weisner,
2004; Nagin & Land, 1993)f1% J@4iilk (Luyckx,
Schwartz, Goossens, Soenens, & Beyers, 2008)24
Nz

AR IR, WF5EE — AR AR R L 7 ik
S PR AT AEZE 1 53 T (Feldman, Masyn, &
Conger, 2009; B. Muthén & Asparouhov, 2007;
Reinecke & Seddig, 2011), EJ[EAH{# ] PGMM i
LCGA MHHE#ATIME, JFHMN 1 DGR, &
HEREINZE R, DL A 10 R B BRI A
T ek S R i B ok I W e 2R R 1 2% B 22 20 A 2R Gl
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(B. Muthén, Muthén, & Asparouhov, 2012), KZ%k
#F 55 & fw ] ff F§ BIC (Bayesian information
criterion), LRT (Likelihood ratio test) LA JZ Jii {H
(entropy )k I W7 2 531 (1) 480517 0 FIVR Y 1) 73 2 15 L
(Celeux & Soromenho, 1996; Feldman et al., 2009;
Nagin, 1999; Nylund, Asparouhov, & Muthén,
2007)o SRAESE BRI F Y, SR8 2800 1Y S PR St
JEWFE A R T 5 B2 5L A [R] B1(B. Muthén et
al., 2012; Vermunt, 2010),

2 WHEHA

TESZBRBFZE R, BF9E 0T LK LCGA B RUR &
B ) — Bk e L, RN & PGMM e
MRS, BT, RS 38 T LB I ] — i
A RJERRE S BOR], HAG TS Rl
—EZESE . HISE, FRIHRE B MER S e R Y
AT IR KR, LCGA 5 PGMM AYRTHR IR AN,
EATAT RERE TR R 28 B A A ) il o X P Ab e
F RIS . SET RS AR, 4
TR T T DA FAS Y, 25030 B S A % SR T 25 ) 3 7
e SCIE FH MR maAT 2K, H R B2 AH DG RIFIY
FAAEIE

714, T PGMM 5] AT GMM Fl PGM,
FiT Lk GMM 5 PGM 21 [ R 23 %F PGMM 4k
Thak s, — ) 8 H i A i — 28 9T .

ELEN), HT 2P B R AR, X
PGMM W X478 %, PGMM H, T
ARG BErE, RERSWEIN, XA A e iR &,
WA RFERRRA A NEEBESMIAF
(IREE SR A )N PGMM At 45 5 19 52 ) 1 A v
. LA, A TRHE BRI, ASFSE % R A
BRI 4 73k, i FEF Mplus 6.0 (L. Muthén
& Muthén, 2010), FRRTEMFPEIET, PGMM F1H:
ALY AT LA B AL A0 25 5, DL 2S5 i 55 Al
KR IEAS 5 N Z XSRS BAG TH5E ), I 24K %G
PR, BRI RIS Y AR

3 W5

3.1 #HEEX
K Mplus 6.0 H' Monte Carlo #E AR A= R4
o AHE CT AR A W B A, 4t 6

ML (v1-y6), FeTRAE ys3 &b o ASWFFE R E W1
A © F1 W A%, HIAD =AP =A, 0" =0
=0, v =v? =y (HE/EEZEHKHN TS
e, B p, V@

6 IR ZHFF © W 2HH N 0, JrE#8N
0.2 (3 4, © IR TIMEN 0, J7 22 % # 56 FE 1Y
ZICIER M AN), WARRERZE 7 250 ¥ BE R
XA, AR R B BRI 2593 R 1, 0.5,
0.2 (A S, W IRMWFEMEN 0, J5 25 % FAE Y
ZICIER ) o AN BT 5 AR AS 2 1) L AR ],
BRI T EE RE(R)H 500 1K,

© ~ N(0,diag[0.2,0.2,0.2,0.2,02,0.2])  (4)
¥ ~ N(0,diag[1,0.5,0.2]) Q)
3.2 RBLEIT

()BEES

— b, F 5T 1 A 5 FC R 2557 J7 MR (Square
root of the Mahalanobis distance, SMD){F h #5255
R R bR, HaE AW .

SMD = SMD() = (1)) -2 ) ¥ (1) 1) (6)

Foeb W (k= 1,2) o i o R B 0 KBRS
Hh 4 E SMD M 1.5, 3 Fl 5, fRFSEZ I
BN R AR

QERFES

B XT 2 B BB (AR WF 5T 5 TR B B ), AR [R] S
SIFEAS [) B B 1) % Jre i 3o S B il i K JR R 25
AFE. BT A AW R Z BRI RN, X H S
2% Tolvanen (2007)TELMEIRL T B AW E, RiE
Z M B RE S, B XNE 4 FhEJRIEAAJLE 2):

OFATIEE: PIHRIRESHEEZSS, (RPN
(AR AR I AR [ 5

QI FATIER a: VIHIRESHFEZESR, B
RERAAR, 55 B B R AN [

@I FATIER b WIIRESAFTE2E 5, SB—Br B
BRI, 55 F BORR A

OAEPATIER o MRS AFFEZE R, W Bkt
IR,

X AR SMD RUHUE, 7E Bk 4 MBS T 4
BE SOV A m A GREPR AR i B (R 1), 7
R YR AR 70 I S H0 L A s
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gz 8r = ——cl| W= gt o —— |
L P
= 4 . 4z 4 |
2r 2+
O 1 1 1 1 1 1 0 1 1 1 1 1
1 2 3 4 5 6 1 2 3 4 5 6
s ) i i)
14 @ e @ &
12F . 12 P-g
e 10 = e 10T z
= 8t /E" ——l ?a:g 8+ s ——l
36 o —s—a| Je M —s—
=y _Ij/ = 4 L=
2 [ 2 L
723 4 5 6 07 ' 2 ' 3 ' 4 ' 5 ' 6
i i) I ]
El 2 SR 4 FOR[E PGMM JEE (R SMD = 3)
*1 ARAEESTETENENERE
SMD =5 SMD = 3 SMD = 1.5
RBIEE SR cl c2 cl c2 cl c2
©) AE 0.00 5.00 0.00 3.00 0.00 1.50
eS| 1.00 1.00 1.00 1.00 1.00 1.00
e ) 0.80 0.80 0.80 0.80 0.80 0.80
@ I 0.00 1.00 0.00 1.00 0.00 1.00
e 1.00 1.00 1.00 1.00 1.00 1.00
BEE 2 0.80 2.99 0.80 2.07 0.80 1.30
® e 0.00 1.00 0.00 1.00 0.00 1.00
e 1.00 4.46 1.00 3.00 1.00 1.79
e ) 0.80 0.80 0.80 0.80 0.80 0.80
@ IR 0.00 1.00 0.00 1.00 0.00 1.00
e 1.00 2.41 1.00 2.23 1.00 1.73
BEE 2 0.60 2.60 0.60 1.60 0.60 0.80

UL A

MRAE IR, AT DR 25X 7 15 X1 B

i () SMD (y)E).
SMD(y)=\/(u§” - lu(yz))

?
¥,

YRR RS SMD (y) GR2 9 T %45

ZE SMD %t

(W) o

SR A ) e /MEAR B AL T 50, % RS
W, ASHFIE I S AEAS B B 100,200 F1 500 =K,
I E R /INEEAS | R AEREAR A RAEAS, PR AE 2R

Hrr, “‘) (k = 1,2)3% 7 000 [a] 1 ) HME, X 5%
ETJ}??%%E[@ WO BRI AR Bl T 25 SR
TEH W RARE
T=AYAT +O
(8)

) = Apd
(€)=
AR FT A B 5E (Zhang & Willson, 2006), &

A AS B A 45
F2 M#ESTELTEEES SMD MW ESEES
SMD (y)
RIBIEE SMD =5 SMD =3 SMD = 1.5

@® 4.47 2.68 1.34
@ 4.74 2.87 1.45
©) 4.68 2.82 1.40
@ 4.89 2.98 1.46
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3.3 EEER
(DB LEANIRE LA
218 Nylund 45 A (2007)42 H 14 26 IR A 1A
MRS TV, R R R R AT LA . 2 H TR
FRAL & LA JLF
a. FRRVERIUG . SR BIC F8AR1E N B AL
GRS . L AR sRER(H, InL SRR SKALIR pRERE
) A SRR L, P S HAE, N AR L, BIC 1T
BAKXWT
BIC=-2InL+Pln(N) Q)
b. i {H (entropy). M{EZ—MHERME, 5503
B AT RE 2 B I SRR AR BL, B T IR 2R
RGOl HIUETEEY 0~1, 0 om0 312K
RS SRR ], 1 DR 43 B — R s 2
B9 S5 45 MK % & 1(Celeux & Soromenho, 1996;
Feldman et al., 2009; Nagin, 1999), #i{E# K F/R IE
Wiy bl . A 10 v, p, FoRIT
i @ B B ks AR, K RS
K n
entropy, = kZZlA?ik ln(f’ik) (10)
1l
c. MR, Samt RN o Kk,
R GETT AR 73 S 55 R AN LB s Z (R 1Y) 22 57
FRPEAT RIS 1 B, T F 5 A By P SR HE
E{ERZER N SN e
d. ARI (Adjusted Rand index). HR#EIF L2 E 1
17 1 (Steinley, 2004; Steinley & Brusco, 2011a,
2011b; Vermunt, 2011), ARI 1] DA% 2% 43 H (1 25 1] J&
TREIR 12 A 200, o -

F1 95% B 15 X 18] 7 55 LR (CP) =47 kAT
HA BB B F

R
bias=%;(fpr -7,) (12)
RMSE= /li(f -7 )2 (13)
R& prp
1 R
CP=EZCI9S (7,) (14)
r=l1

Hrp, R F/REE LBUE(R = 500), r HEEIK
B(r=1,2,..,R). 1, W r KiBHESH p BT
i, =, WSH p MEMELE D), 6, B r RKisH
SR p WS TIARIEDRS, T2

W2, €(z,+1.966,,), MACI; (7, )=1
AWClys (2,,)=0
3.4 #hFEIEit

MR A R AR AR e = 2 R H DL Rk
SR, 7 F— AR R, 85 5 2850 2 [a] i B A
K/MFAEZFANE R EGE S B REH
MBS BN, W — SR = KM A R, i,
Iy AT I LT 2 B A R e S
PN AE 2R o AT I 2518 — 307 O T RIEZ5 18 1Y
AHES M, BT — AN T

XA 3 AZEANAIEN, BE el il c2 ZIAFE
2 SMD = 3, ¢2 1 ¢3 Z[H[FEES SMD = 3, # c1 #l
c3 Z A A SMD = 6, % [ & RIE & 5E 11
BMFEEATPATES TGN . 3 AAB0ATAE
SR E WL 3,

5)

ARI = ®3 ZRABTEMEMHE
) N _ > Ney > Now|| /[N S i KA
ket kvl 2 ier\ 2 Jiew\ 2 2 - cl c2 3 cl c2 c3
1 Nk+] [N+h] [Nk+] [NM]/[NJ B 000 300 6.00 0.00 1.00  2.00
S22l S S e
2 keT[ 2 ol 2 a2 el 2 2 AFE1 100 1.00  1.00 1.00 223 3.77
%2 080 080  0.80 060 1.60  2.40
(1
N _ r
Horp, {ZJ%KENEEJ‘&H 2 MR, FEAFEHIREAE N 100, 31T N =300, HAx%k
N(N 1) B 5 Z AT AR A
] e ke T FRBnME k IFARZE 35 4%

A, ke U FRIRPIETG K k& TS5 ADE5R
R R B clues F2)PALT15E AR (4
Rand 25,

QSHEITHRE

TEVEE T IERARL 0 3Eah -, F— 2 RS
RS RE, 43 5 A 22 (bias) . 1% 2234 J5 HR(RMSE)

ARWFFEE X L SCE SO B BUEAE, R 6
AW AR B |5 = U B A BT AR B 2 B BoE A
B, 3 Al ] 5 A J7 22 3 B9 PGMM AR AL 1Y
LCGA (MIasX 5wt Sy 240 ) P A A [ /2
FeAR A E ORI 22 5 . T Mplus 6.0 4T
VAT
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4.1 BEAEB LR INIEE
411 BEBEXMNOENHBZ N

T PGMM HOES 58 m e, — oAk
MR RYE R, TEICER I 5T B A 1 s )
AEOR LRI A B AR AL, LURA 2 S A28 00 1) 3%
B FrLL, T RIAVRRARLG Ao A5 L (E),
FIXF 12503 3 AR EA T HL 5 IR, A
i LCGA faifb TRIRI R 2 22 B, H oG T2 50m
ARG B A 5, SEBR N k58 2 5 R
LCGA 5 PGMM #f7H%:, PITWHE4H T LCGA
BRENREE R,

ANFEZESBEHE PGMM 4558k )%YW, 7&
SMD # 5 i, 2 FERIRLAL ) BIC B R . H
JETE SMD 2 3 B, FEAEXT BIC BYZEEA 5200 .
FEAR R AE 200 5 2L [ 2 2K 51 BIC #12E £ (A R 5

o (HEFE SMD = 1.5 Bf, — AR5 BIC /R A
sk, UEIHIZIE G0 BRI ] TR 4325

fAILER LCGA 5 PGMM 1Y L 4h H (36 5)
R, 7ETAH BIBHLF T, LCGA tt PGMM %44k
PG BIC)Z: . (HZE, MWIEFE 1, Sk, LCGA
It PGMM & . SMD = 5 it PGMM %5 4 [ 47:(>0.9),
{HJETE SMD = 3 B, HAEASMTE 0.6~0.8; 4
SMD J#/N8] 1.5 B, RS T R 2] 0.4~0.7 . UiV AE
P A KK PGMM. 43 20 5 Pk B2 AR K. i
LCGA TAAARH57E 0.88 LU I —IA N, 1E#fZM
T 2GR F 80% A B N S B4 4 2K (Celeux &
Soromenho, 1996), {H MMM 5K FE, ZbrifEIT
AT IR E o 1 I TR R 2 1 B 8 X 40 2 S A ) 5 )
R, W 7E BE B A/ N B Dl 1] T LCGA

T RIBIEA, BAKMA LT A2 Higm (£
4), MiRE(EZ L& MR (3 5). H 56, LCGA 1

&4 PGMM AR ZFHRE B ERI S BIC BIIEFEHEE (%)

®* @ ® ®
TTE IR B (=¥ = c=1 c=2 ¢=3 c=1 c=2 <¢=3 c=1 c=2 c=3 c=1 c=2 <¢=3
SMD =5 N=100 1 99 0 0 929 1 0 929 1 0 99 1
N =200 0 100 0 0 100 0 0 100 0 0 100 0
N=500 0 100 0 0 100 0 0 100 0 0 100 0
SMD =3 N=100 82 18 0 68 31 0 68 32 0 60 40 0
N=200 58 42 0 28 58 13 42 58 0 20 80 0
N =500 5 95 0 0 100 0 0 86 14 0 100 0
SMD=15 N=100 929 1 0 99 1 0 99 1 0 98 2 0
N=200 100 0 0 99 1 0 100 0 0 100 0 0
N =500 79 0 21 100 0 0 100 0 0 100 0 0
e O, @, OM@FHIFRR 4 MBS FATES . EPTELE a~c, T,
%5 PGMM 5 LCGA (C = 2)#E 8% % LL B (BIC F145)
SMD =5 SMD =3 SMD = 1.5
AR ® @ ® @ @ @ @ ® ©) @ ® @
BIC
PGMM  N=100 1713 1715 1715 1716 1676 1683 1680 1686 1616 1622 1619 1621
N =200 3377 3381 3380 3382 3303 3316 3312 3323 3185 3195 3190 3196
N =500 8340 8350 8347 8354 8156 8188 8179 8205 7863 7888 7878 7890
LCGA N=100 2619 2695 2665 2719 2451 2569 2523 2625 2301 2376 2349 2389
N =200 5211 5359 5302 5408 4878 5112 5022 5222 4580 4728 4674 4756
N=500 12961 13331 13189 13452 12131 12714 12489 12987 11389 11757 11624 11827
L]
PGMM N=100 0.94 0.97 0.99 0.98 0.64 0.82 0.77 0.77 0.58 0.61 0.61 0.62
N =200 0.92 0.95 0.97 0.96 0.70 0.63 0.81 0.66 0.54 0.71 0.58 0.55
N =500 0.93 0.96 0.97 0.97 0.71 0.76 0.77 0.76 0.49 0.48 0.47 0.48
LCGA N=100 0.95 0.99 0.98 1.00 0.94 0.94 0.94 0.97 0.96 0.93 0.94 0.93
N =200 0.94 0.99 0.97 1.00 0.90 0.93 0.91 0.97 0.90 0.88 0.89 0.89
N =500 0.96 0.98 0.97 0.99 0.94 0.95 0.95 0.97 0.92 0.93 0.92 0.94
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EAZIE AR m, (REE7E 088 i Iy HIK,
PGMM 7 I B3 55 K B AS 52 s m), 1 6 BE 2
/NEF(SMD = 1.5)ZFEERMEK, FIEESW©)
R 13 3l AP T A AR AT IR (@©~@),
4.1.2 HEEHMHENAE

X FIRA B, 4325 B B P 2 PP A5 A 4 SR
AR B HEAR, T DA S A ART ) B2 Xt
LA BT A 2 1) 5 B SO i — Bk, & 6 Il
TIERIA P2 5] PGMM A fE I PI2E 5] LCGA Y
SATH R AN ARI OZE R

M 6 BILE AT, BarH R ARL A B
A . XFF PGMM, ARI 5 b2 C K
0.988, LCGA H 0.790, M EaphZkF, HiaH
T (B BRI o S v R T A I P 14 RT3 =,
SMD = 3 sH KA, HEarE7E 80%LL I, mMife
SMD = 1.5 FIESL T, R84 70% 2240 o

Xt ART %585 B0, 76 SMD = 5 [y, BFp
BRI ARIL 5 R R4, JFHATLUA H PGMM LT
LCGA; SMD = 3 fiylff, #K7E 0.8 £ 478N, H
JE SMD = 1.5 (EHE, HE5R LT DT 0.6
BUPIT . JFH, 7EFEE VNG, PGMM 5 LCGA 1)
T AT 285t BH S A [, PP RS TR ) R AR R
A EERT R, YU B R, AR a R
(3R [ SRR LT, R SMD>3 R, 1 HAE
AR, IR PR G (R & ST 7, ARI ik
e, RRBIENT T SMD = 1.5 ByBHE, I ARSI E L
S R — A B R ] LCGA

X F K SR IE 2S5 o 2t e M B R e, RN SCHR
FFE ML A8 PGMM 8, LCGA, FATIEA T
A A ART 20 8 AT HoA AR AT RS
IO
4.2 SEHITHEE
4.2.1 PGMM S#{E1HEE

SRR 2% F1 RMSE A9 45 AL, S itk
{25 RMSE #8525 94(Kl 3). % T PGMM, &
5, S [\ W 28 0 BE 25 (SMD) s 5% il RMSE,
SMD # K, RMSE /)N, 156 BH bifi 25 7 248 031l i 5 1) 3
K, MIAEEAE S . #E[F— SMD BANFEZEAIEDS
H, FHZEIFAN R, MeAh, BEE AR AR, RMSE
IAELIRE/IN, T B S0 B Bt A Ak g 398 o i 34 7 o

95%CP Z5 5L an1& 4, AT 7, SMD K (SMD
= 3 fil 5)AF, CP i b RHAE 90% L I, (HETE
SMD = 1.5 if, CP W & LL HAB G 22, H 4 MBS
ZIWA 2R FATEAR CP T HAbIEFATIE
A, (HEXFBEMAE SMD BAm I 5A B,
Sh, BEEREA SR K, CP g K,

4.2.2 PGMM 5 LCGA &Lt E LLE

FlHL, Y57 LCGA /S 4 R4, At
JEARRRANE HAr 26 5 BAE Z [ i 22 501 o G — 20 %t
HAr S HOE T, WE 7 AT, LCGA )
RMSE 45 %% A 41 PGMM #afdt, 52 3 A iR
Ko RGN, 7E SMD = 3 8 1.5 lUEML R, KIRIE
AR LCGA Z8Ufkiit, MidE &g KAy it 2 8ot
FEhy . HE— 20, Y2 AR it EU(EAH R iR

% 6 PGMM 5 LCGA (C=2)H ELER LK (E HEF ARI)

SMD =5 SMD =3 SMD = 1.5
A ® @ ® @ ® @ @ ® ® @ ® @
RES TR S
PGMM N =100 0.99 0.99 0.99 0.99 0.85 0.89 0.83 0.92 0.59 0.65 0.67 0.68
N =200 0.99 0.99 0.99 0.99 0.89 0.91 0.88 0.93 0.59 0.67 0.68 0.70
N =500 0.99 0.99 0.99 0.99 0.91 0.92 0.92 0.93 0.60 0.73 0.72 0.73
LCGA N=100 0.91 0.97 0.95 0.99 0.78 0.88 0.84 0.93 0.65 0.73 0.71 0.75
N=200 0.91 0.97 0.95 0.99 0.78 0.89 0.85 0.93 0.65 0.73 0.71 0.75
N=500 0.91 0.99 0.95 0.99 0.78 0.89 0.85 0.89 0.65 0.73 0.71 0.75
ARI
PGMM N=100 0.97 0.98 0.98 0.98 0.79 0.81 0.79 0.86 0.53 0.56 0.57 0.58
N =200 0.97 0.97 0.98 0.99 0.82 0.84 0.83 0.87 0.53 0.57 0.58 0.59
N=500 0.98 0.98 0.98 0.95 0.84 0.86 0.85 0.87 0.54 0.61 0.60 0.61
LCGA N=100 0.83 0.95 0.90 0.98 0.66 0.79 0.74 0.86 0.54 0.61 0.59 0.63
N=200 0.84 0.95 0.90 0.98 0.66 0.80 0.74 0.80 0.54 0.61 0.59 0.63
N =500 0.84 0.90 0.90 0.98 0.66 0.80 0.74 0.84 0.55 0.61 0.59 0.63
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057 () 051 (v
04r @--._e__.-@-.._o 04 |
03F L
o ——SMD=5 Z; 03 ‘\/0\0 ——N=100
O —
502- o N — -0 — SMD=3 2 02t . *D——j_g-__——ﬂ — 0 — N=200
— F T e ==8 |--0O--sMD-L5 e O -0 - -N=s00
0.1F 0.1F
0.0 1 1 1 1 0.0 | | L |
@ ®) ® @ @® ) ® @
s BIZ

K3 PGMM (C = 2)fli i1 45 (RMSE) 45 /s B (a %78 SMD, b R/nFEA L)

1.0  (a) LO (v
09 t 09 t
& 08 ¢ oy . & 08 ¢
207 - s % 07 t
: ——SMD=5 : T N=100
06 [ |~ O~ SMD=3 06 [ | T N0
- - O - -SMD=15 " O - TN=500
05 1 1 1 1 05 1 1 1 1
@® @ ® @ ) @ ® @

K 4 PGMM (C = 2)flii1Hs 2 (95%CP)4h 7R i(a 275 SMD, b kA )

#z 7 PGMM 5 LCGA (C =2)ZHf& 1145 E Lk (RMSE F1 95%CP, N = 500)

SMD =5
28 ® @ ® @ @® @ ® @ ® @ ® @

SMD =3 SMD = 1.5

RMSE

PGMM i) 0.08 0.07 0.07 0.07 0.10  0.09  0.09 0.08 034 032 037 0.33
REE 0.05 0.05 0.05 0.05 0.06 006  0.07 0.06 0.23 0.21 0.22 0.23
) 0.03 0.03 0.03 0.03 0.04 004  0.04 0.04 0.14 014  0.14 0.14

LCGA i) 0.30 0.08 0.09 0.07 036 012  0.12 0.10 016 012  0.12 0.13
(e 0.13 0.07 0.11 0.05 0.23 0.15 0.14 0.05 0.29 0.25 0.07 0.08
BER 2 0.10 0.04  0.07 0.03 0.18 0.05 0.11 0.04 0.22 0.07 0.20 0.14

95%CP

PGMM A 0.95 0.96 0.96 0.96 0.95 0.95 0.96 0.96 0.83 0.78 0.76 0.78
BEE 1 0.96 0.95 0.96 0.96 096 096  0.95 0.96 0.72 0.73 0.79 0.78
) 0.95 0.96  0.95 0.95 0.95 0.95 0.93 0.95 0.75 079  0.76 0.75

LCGA i) 0.48 092  0.90 0.94 026 075 0.78 0.83 0.71 082 085 0.81

R 0.32 0.85 0.78 0.95 0.00 0.16 0.66 0.96 0.00 0.00 0.92 0.84
BEE 2 0.14 0.91 0.53 0.94 0.00 0.90 0.25 0.94 0.00 0.67 0.00 0.03

ZEAERER
XF T = 2R 22 B B A 4 RS 1) 73 2 vy

[, CP A AL 50%. LTI, X FHSHIBmsE N 4.3
ORI, RAF LCGA REIERISN, (HHSHA TN

BERE2E, X T ARIZEBIE S B AL A o 4] 2
AN B ELAELAH R SAH T R 28, L 95%CP 7 0
BFi, BEIIH S G T ROR A

e, AT K RAR S 2 i A P R AT ART B9 1E 5351
H0.772 710.761, FEFAT K& JRAR A 2 B sy Hh R
1 ARI I{E 4518 0.824 F1 0.802, SRiHEH MK
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MRS —B, AT T B E b b 308 ARTE K
TARPATES S, & 8 4l T =2 o0 T
RPRIILR

R8 ZHHNEZMA LMD LME

F2H
AT NPAT
SEPREH cl c2 c3 cl c2 c3
cl 0.86 0.12 0.02 0.84 0.14 0.03
c2 0.15 0.68 0.17 0.15 0.75 0.09
c3 0.00 0.08 0.77 0.01 0.04 0.88

X AT R i)y [R]— AN S8 5 9 TE i 3 2, JE X A 4k
JCE NRFIMER, 2N M54 EAMICER (RHE) A BE B B i
PiZE(SMD = 6)iRFIMERR, FHARHATTHS I B B 10 H 2 (SMD
= 3)iRFIMEA

M 8 MEEIRWT LI H, 25 c1 F1 c3 [y
RS 2, RIS 2 FErE], 52800 1
2B 3 WBEEIYA 3, AU R A AL 245 29
R B 2 o 280 1 RN 2 B R H H:
BRI o3 MR, 2800 3 A I c2 1
WEZE L AR A 2R o1 BYRESE e, DI ) iR
BT, SRR MR E, BE R, R R R
ARG o X5 T IS I 45 A 30 A A T o 2 5 B
KAMEE I —E.

5 HE

ASCET PGMM A8, H S e T TER
() () FE B XS R e BRI S B T R 2 [RIR, 2
G2 BRI R, B AR TR A R RRIE SR
BERIZHUA T, 5 4h, 22 ARI iit4s
FRIGUE T 43 AR ROR o ASWIESE 19 45 R ] LUK 52
o 7 FH 2 i Ak — AR R e 2 T AR 1L
5.1 MMEDIRR: LIRS

IRABAI P, SRR — R Z A0
(), AR ZAF5% # E# BIC 2 e PR il oy 2% 8 )
FEHR(B. Muthén & Asparouhov, 2007; Nylund et al.,
2007; Vermunt & Magidson, 2004), 1HJ&MAHFFT
250, HMEERRIE ST, (URYE BIC #5FrJfA
— EREREIE H IEH ALY . BIC X —45 b5 32 1251
FE B S M R, T 2R S R B AN, AR AR
BIC 45 5 0] e A R A3 500 B Hh A P A7 2 AN []
RIBIHI LR . AR ILE IR, BIC 245
Z B FEA T BRI, X — 25 5 5 Nylund %5 A (2007)
IR LS —3 . XS VREPRN HE, KA BIC

BARIE AR, R PRI H R B RE AR B (V>200) . 75
Ab, £ PGMM LAY b X F o 85 1 28 1) ] 2
(SMD = 3)FA7 & FEryBiZE0, H BIC #5FRE 4
5 Z BN /INFEA B

AW FE A 25 FE B, 78 28 B BE B AR /N 1 B
PGMM [} RO 22 (I fE <0.6), H A5 195K
B WAEE S+ (Lubke, 2012), XEM, 7ERFHN
FETEAR SRR BLT, An SR 2800 A1 BE B 4/, XF A4
A0 I 00 T W P RIS, AR © A 1915 BT A
R AR Jig 40 T S5 A~ A T T A 200, X I 1 A T
TTEARBHEE B & 5 X R, XFF PGMM
BERL, FEAC R BOR, RE R 40 R A5 A 22,
XA, BE I A& — 12 ] 5 A A WA
W (HIRESEERE, W TR LCGA R,
H 152 VS O B B R AR S 9 RS M A/, JARAAY
R A L P K/ INBE AR 7R IS D) 2 W st v T 2
EE R AL i

KTHFEMMER e, AR T 8 F
HR, X ART A T — 288K . )\ ARL 5 B R
FIAI S R BT LLE Y, X F B SEEAI(PGMM), —
HZAGAE T EASE; WX T LCGA, RAEHEn
KE]T 0.790, HAH T HACHIRY, — 38 1L PR
IS A AT 45 5 % ART FC B ] T B S AR AR,
FAEFE SMD = 1.5 IR OL T, ARL ARG E 5L
H B R IBAE A R 7] LCGA . Hb T B i Al
[ 38 i B2 B bb H At % 5 25 E &, #F Steinley Al
Brusco (2011b)AHF5E ki F T ART 25 W7k
BIC 72545 M CH #8803 K45 R B9 4F 3K . Chiang
F1 Mirkin (2007)tH R ART SRR B 45 o3 238 5
SRR FGR A BN B SR R o B AT RS
H G 2 A BE RS PR IR, ART 5T 43 284845
(1) 7% 5%, AR K 19 % 52, A, AL XF
LCGA SRS B BT R B, LCGA REH K
AL S AR, B2 W2 . RMSE FIE X
) #0422, Xt A 55— TH Dl ART 48 BUiE £
PGMM TfidE LCGA #2417 iEdE . SAKE, AR 2
— AR R BT bR, HAT DLh e AR ) e R 4R
HETEA 1R T A

EAF —H R, ARWFIE S5 R AT 35 1 S FF
PGMM TfidE LCGA, X 3= B2 i T4 A= sy < 20>
B S 301, BUASHIE Y i B T AE 28 50 A AR 22 1]
TEAERENLAE S, T LCGA FERIFR 5 T 28 51 N 1A
EAAFAEAR S o XA RR I, f#if5 LCGA B infa
B FESCBRFSE R, 0 SR 2 S PN AR T ) B AL AR
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SR/, WIAT LA A Z o 53 4h, LCGA AR 5L
B A A —SERERR 4 N o 8] 0 X 2 0 0 A
(G i3 SN o O B3 i & &I DV L |
LCGA. B R IE 2 AR, LCGA R LAAT 3 0
AL IARS S A . K IR AL 43 A (Zero-Inflated
Poisson distribution)Z 51, HW M EA R Z A,
AKX LCGA W Z W 7T LLZ% L. Muthén Fl
Muthén (2010) 43 4E T .

ZE bk, ARMERR PG IEAS B — R FE bR i TR A
BRI IE W RIWT . AE BRI h, DHE 8
B AR (Y R R, DRSPS R B S A ()
B WIRBERRRCAT I S ah R, DhoE 8 vl Re e 24
BAVRARI G EASGE L2, (HJR WG A% 4%
R AR5 Dl ke AR, ] B 2 HH B0 43 28R S 1Y)
T G5 AR IE S JEERf PE Y TR bR, LCGA #
RIS R I T A —E 1k T IEM B 4 R E5 L, 1l
KPIFEE K 1.5 B, LCGA WRETE 0.9 245, B2
HXF I B9 ART HYAE 0.6 7547 ; PGMM A B4R (%
N T 25 W43 IS L5 0L, v A (DG By T 1Y) o e
MK — B, TE AR ASE AR (05 5 A A o 2 SR 1
WaPESE Ry —3 AESEBRR A, X TR AR R 25
B ERE, HEE RNIZ%E BIC ks K,
Xt F 25 AN KA BICH, ZHNSe i AR 2850 B g
R SCRUR RS, NI AE [ i) 25 FEAR TR R (A 40 & 1
S ORI 200 3 T f R T4 T, SR (A
R,

52 BEIINEBMEABESTIERGITERY

A

AN, VI S ) ) B VR A5 AR g S 531
BOMSEAG T RS B2 #0E AR A5, V2831 1R] 19
FEEGEUN, IR GHAYAY BB AR 22, HF Al rh
SRR B AR 22 0 SR IS — B,
Tolvanen E I —7E SMD = 3 fHi, 58050 f
#4325 (Tolvanen, 2007), MAHEIT IEE R E kK, W
WHEEIEH 2K, SMD>3 J2— B4, [FFZ
BOAGTIRE BE R 25 AR B, W Y BE R AN T
3 BF, A AT REAS 2 A XS A A S B TS R

KFIEEXTEE R, A5 AR PGMM
(25 AN Z HFL i, SR 1T LCGA [ —3 43 45 3k
AR EE, FEARMAAESEAG TR, FEHJE 95%CP
W K37 B AS IR . 7F LCGA ™, X THEFAT
B, SHMAITREMN PGMM #1122 1JL; (HZX}
TATIEE, SEANTHE B B A0 PGMM., F§)il
Hi, M 95%CP HYZERAR ;0] A, AT TR

HARTE 5S0%LAF, HEH 0 M, XUiiH, XFF
TTIEAR LCGA, flith i AR LT 58 2 A e 4k 2]
BEACINL BAEAT AT o XX R aE A H B, HE
F LCGA BAIA F B E A K. BT LCGA Jf
ANZEHNE S, HERE—THHNONMEANEEA
255, FTLATE SMD = 1.5 By, HEGA St
ARXEFER A AE LA o R T AT
Me, PR SUE—i, T H & &t HA
[A], FEIXFREHLT LCGA WLARME X H 47 v 1Y
a2, ITUASEOE L EAC . ik TR AT R Ak R
A, RETERBEYIIH L —E, B2
B4R Ak, HA A WBEAS DR SO0TFIEETIE
&, ZEOTUMESM T, AN, BT LCGA ¥
A 7% 18R SRy, ROSEAS B A X ] AV AR A
R, — BAT SRR N HERY, HE 5 X (a2
T 00 25 L RTR, Qnifutss 4 hm T LCGA,
2B B W F5 2 B m R, JEPATIES
M 2E Ry, HZIR S, LCGA MZRIFEA
PGMM Ry fi .
53 WRRE

WG AR T 0 2000 8] 9 B B R R RO
AX] PGMM LAY REFN S EAL T2, (HJ2
A7 — S [R) AT i — 2D AR

AHFFE IR, WETERE B R A R B PR I S 4k
it EE R R, (RS SEAS IR -3
— M f8br. SMD FUE M E CHE B I L L B B 4%
WIS ) — N8R, AMER , X TR E
FBE RS, BT AR 3R A BLE, BEBILES o T 25
W 2 SMD Fr % RS o3 o [lE 2 R an % b, Al
VI B # & (overlap) R ik 2 o AWFFE H HEF
XPAT S BN U TR SRy T — 2D R B AL
OT ZEW I, AR AWIE 2R, FRATH BELER 431
N W~ N( 0.diag|0.5,0.25,0.1 ) , Jf-7E SMD =
5, FEASTE R 500 WIS T TR, Ak,
WRBEHLER 53 5 2278/, BERIRLA T 2 45 R 25
ARG AR FEAILHR 53 B 28 10 I AN 52 i 258 456 LE A AR A
AU FR LG DRI B BTL 0 2 118 TR/ N 5 i A 764 ) o {42
A, (HRIFRA 0 AR R, . 4K, X H
Be— MR X TESWIRE, 1EEi0AH H
fib By — LB IJF 5% JEL % (McLachlan, 2011; Steinley &
Brusco, 2011a, 2011b, 2011c; Vermunt, 2011), A ¥
H 2R TS .

A ST AR R T 0 200 (8] R 2 KN X 4328
THERf I RS A T 25 SR s, (H R A A T A S
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AT A TE SR IT I P ARME ELFE A . BARAR
P 6~8, BFFEE AT LATHE: v A 1 4 g AT 0L
WA R, (HEERMITRELE 1R
At e, X T — bR EE, ATk
JerMIE XL TRAESE o NIk, LESEBR RN P AR ST Y
J5 i e X B s AT UG O, AASA TG 25 SR
KA fs 2 A2k 52 Z I BE B 19 K0S, AR 4R BE R
ARNFAR R IZITIEGE . T SRR AZ
B4 R R, T AAS BIF ST 9 2538 T LA H]
TS PR EE B 3 A, A BT R S 2 2 ]

BB B RN E B E AR IR G EAL, 2 gh R
AT EE A

BEAh, RS R A S B A R T BE 2 R e L
T E R BUAGTHIO SR, AOETE T BA 5 B
R p RS SR B DR, LRI S5 A
Bk — 25 B AR (4 52 2 M XHIR 5 AR 4y SR A5
MSEAG T

6 gk 5EEY

AR A TERMIR R, X PGMM Hii
28 531V B RN R T 25 R ARE AU 35 B TN S B T Y
W BEA TR, $R AR LA S5 i .

(1) TR I 31 1R 0 S M A TR S0 438 R S8R, T 26
)R] s R, BIC, MR B — Bk, HaEik
HIE R AR, A5 B IE ) A L R (H S5
6] i HE B AR/NSMD = 1.5), A4 AR R fERS L
Oy RAEI A BAE, BMEMH PGMM #1475
25, 4y HOR I 2B AT BE SR A IR W .

Q)X TR G BRI AR R, BF5EH N 5% 8
BLRY () 0065 5 43 2 45 A i M 22 0] A] BE A AE 1 4
PERR, R —EFEARRED 2000 FTH T,
T 5% 18 BIC $5 45 16 H 1E 6 (0 20 SRR P 5t
fH . ARI S8 $8 00 00 PR B AR Y

(3) & JRE T 25 5% 1 A S 78 ) 30 % 0 43 2K ) s o2
PESA — 7 FEBE A RE MR, V28 1 [ B B8 v 45 (SMD
= 3), BEAREPERIN = 200), i1k RIS IEH
B EBE 00 LU RS (R TR AR . TEA
25 5 ST R 05 A XN

(4IRS 1Y) S R0 TS BE 52 3 2800 1] R 85 R
A A RZ R, SR B R, S TR
FEAR R, SEA TR B s

(5)ARLJE— BN R AFEAR, AU A
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Abstract

The piecewise growth mixture model (PGMM) has been a very popular analytical approach in recent
studies of longitudinal data. PGMM builds on the piecewise growth model (PGM) and the growth mixture model
(GMM). 1t is used to locate the turning point of growth trajectory as well as to identify the latent class of the
population. It is particularly useful in detecting the non-continuous growing trend in a heterogeneous population.
A simplified version of the model, the latent class growth analysis (LCGA), has also been often used with a
restriction on the variance of PGMM.

Understandably, factors affecting PGM and GMM will affect the estimates and performance of PGMM.
These factors may include the change of the slope, the distance of latent classes, and the sample size. PGMM
being developed from the two growth-related models (PGM, GMM) also attempts to analyze the growth pattern
in latent growth trajectory as a special and newly emerged issue. Even for models with the same distance, their
different slopes can be combined to form different patterns. This issue has not been fully explored in previous
literature. Yet in empirical studies, factors such as the distance of the latent classes, the growth pattern, the
existing criteria of model fit indices, and the precision of parameter estimates are well worth examining issues.

In the present simulation study, a two-class-two-period model was adopted. The three simulation conditions
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being considered were: the sample size, the distance of latent class, and the pattern of the growth trajectory. The
sample size was set to be 100, 200 and 500. The distance of the latent classes was defined as the squared
Mahalanobis distance (SMD), with 1.5, 3 and 5 being used to represent the small, medium and large distance of
latent classes respectively. Four different types of growth pattern were selected to represent one parallel and
three non-parallel patterns. Finally, the LCGA was selected as the reference model to see whether PGMM could
be further simplified or not.

The results showed that: (1) the distance between the latent classes (SMD) was a crucial factor that
influenced the model selection and parameter estimation. Large distance would lead to consistent BIC and
entropy when the right models were selected; while small distance (SMD = 1.5) would not. (2) When
mixture modeling was taken into consideration, it was suggested that a sample size of at least 200 should be
used. BIC index should be the preferred choice to be used for model selection; the entropy, ARI and other
indices were also recommended to further reference. (3) The pattern of the growth trajectory would affect model
selection; specifically, non-parallel patterns of the trajectory would help model selection (higher entropy and
higher total hit ratio) for medium distance (SMD = 3) and medium sample size (N = 200) conditions. However,
as compared to LCGA, the pattern of the growth trajectory had little influence on PGMM. (4) Parameter
estimation was affected by the sample size and distance of latent classes. Parameter estimates would become
more precise as the sample size and the distance increased. (5) ARI was a reasonably good index belonging to
the recovery indices family. ARI was highly correlated with the total hit ratio and thus would lead to
recommendations of models closer to the true model.

Key words piecewise growth mixture modeling (PGMM); latent class growth analysis (LCGA); distance of
latent classes (SMD); pattern of the growth trajectory
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