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B RRERE T AN E
] Lk By — B i G AR B

Tl AHF

aEE kWA’

A EAM?

(AR T 2O SRR FHRIFSE oL A0 BB, M 510631) (B 5200 I 24 0 BRAE B, IEFITE R 010022)

Hm =

T B (LGM)SE T AN Bl ) — i A7 0 TR, TR0 3R MU AR 2Bl 7 S5z B AL 248

PRI A, BERT LAF& B8 ST S AR 7 LGM(—By LGM), tn] AFHFRFRE S 25 i LGM(ZBr LGM). i
T W LGM bRBE Iy (G046 RUEHEARIA FIs B g, B2 T A AT B Ao AR S AmifE A B 5 i A A3 B
—Bir LGM Frife bRl . REEES T B LGM A5 7k KH AT ) —BYy LGM #4548 hRA8 i S 45die
PEAT R, HEAEAT RO g it — By LGM BEATAR I FIFRIEAL .

XKEiF
SES B84l

AT R YU (identification), 36 WE M R 43
BT (CFA) i) — 35 5L ikt T4 J2& X #5 B (scaling), H
Ay -5 T i B A £ i (N2 46, 2004)
SE Ve e BN, 3 B R EE T 7 (scaling method,
R A U T %) S 8 P 1 7 g ik B3 [ T 25
PR (PR UL e SR VAN 1 DA VA (7 9.0 I 5 I 1%
Hoir— AN $8 BRI 7 (loading) [# 28— 40,
N BFRFRFR R RUEE 48 b5 (scaled-indicator BY,# mar-
ker-variable). e J7 {8 (2 E Fifar A 1, BLRTE T
AN 8 B 5 RUBE 8 A () N S B AR T T T 22
PR RBAHF r 2 — R, &R
SEREE TN 1o FULBOE IR R A, T ICESS
FRIRSEAY, SRR R - S E AR PR Y B (intercept)
FRIEE R 0; X F AT YE LS AR (Mplus 3K
RN, A PIRPEREE T vk . — 2N I - 0 PR [
M0, T —FER R BEFE AR R E 2 0.

AR A (latent growth model, LGM)J&43HT
I\ e B R ) — R A o T E, 7O B 2Ef A A 2
FReE e G2 B w0, Jeon & Kim, 2021;
Yang et al., 2021; HIWATiEH 7). LGM &—

W5 F 2 2023-02-06

TR, SR, FRBET ik, RUBESRAR, UM i, AL bRiElL

FRRRIR I R A, & AR BE 7 A H A RRIR PR 2

FH S £ (latent variable)& 57 ) LGM L 24 G faf 45
B2, A S B A mE# A LGM A A k7 X
S AR SCEE G ) FE B ) A, AR S A A R
LGM (—Fr LGM)FI A 5 LGM (ZFr LGM); &
Ja AR ZHr LGM bREE ik, $& A AT EE v
AR BRAEACPR ik, JRFE A - RS
LGM P57 B 0T Ui — By LGM i Ass; 425
FH—AZ 48 A8 & 1 SC e, X i B bR BE 7 ik
AT LB — B LGM S5l 4s 58, &
JEXT B LGM 5 BE RS B AR Ak 7 AR 47 o

1 PR A

1.1 BRTEFHEKER

AR — SE SR AT 7E RS —R7 5T 22 (latent
state-trait theory)t & F i LGM J7 #£ (#4411, Mayer
et al., 2012; Geiser et al., 2013), HHE HiZ. BA S
PR 030 S AAIRFIR] 7 Ay 19 722 B 1 5 (] ) 7 e A
(B : ZEWNEE %%, 2012).

AT R AR 5 A A AR (univariate LGM),

* ERHRBHFES T (32171091), #E BBASCH SR S AFSE T R0 H (220D 190006) % B

I —1EFH: E—W
WAEMEE: A, E-mail: wenzl@scnu.edu.cn
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e — B R AR A R . AR IS TTEEE I B
LGM, - A—B LGM, BEASHE X T T IRIB B
M, 88 X\, Xo, -+, Xp3 FEUSCHa] A FRAHSE, )
Bk e=1,2, -, TN THRESR | NIEE X,
YERNPIUAR A, FHDN LR B A 98025 1 AR S i a4 6
XREAR i, #A — AT AR A B X b
] 4 A2 1k
X;=0;+ B (t-)+e;t =12, (1)
HAP IR o, 78 X BRI A6/KF-(initial level), #H5
(slope) B, F/~ X 178k (change rate), e, SR [H] A
 BR2E, E X e, JEIME A F MBS &
AP | A AN o; B B, (HANHE EAEW
W53, J& TR T, EEF e,
ANHMERE 5 R (D PR A WA (o 1B, 43 5IFR R
R P ARPRE F) L T AFEFRXG, X, .o, XD B
HhRR AT RER W, FELLT=4 R, W)y
FRUNR (H38 1 [N AR A 55 3 Z B TR ) -

X =1a+0-F+¢ 2)
X,=l-a+l-f+e, 3)
Xy=l-a+2-f+e 4)
X,=1-a+3-B+e, (5)

Horre FIXMER 0, B, I H S o Bl BERA
AHK

Bl 12— 4 kI —Br LGM B2 E . A
T a M B REE IIC N gy N g, T B BITT 2553
B K o Fil O'Z,,a gt 2ich Oup o X5
LGM 24U a2 AR S], T HEAARYE 77 (1)~(4)
WS EHX 5 NS ITE,

o f i

e € €3 [

E1 —Fr LGM W+
e MR ERNEERBUE SHESHAE LS

7 FE(2) P 1R Y0l
,uazE(a)=E(X1) (6)
Uy 7 IRIIRIK o BRI £ (2)/F PR IE

1 =E(B)=E(X;)-E(X,) (7)
pp = VIR . XTI R, g0, iR
X TEHT G B A s 8] A S 2 22 5

M FEQ)~@4), T X, X,, X, ZH
2015

cov(X),X,)=0, +0, (8)
cov(X,,X3) =0, +20,, ©)
cov(X,, X;) =0, +30,,+20; (10)

SR A 5 RELL(8)~(10)7 5]
o’ =2cov( X, X, )—cov(X;, X;3) (11)
Oap = cov(X,X3)—cov(X,,X,) (12)

1 1
o} =ECOV(XZ,X3)+ECOV(X1,Xz)—cov(Xl,X3) (13)

o il o) 43 BTG KT RS L 3R A8 5 RN
Oop EAL ARG R UG KF-HCFR, R IEA SR,
W b KT BB, AR SR A AR G R R
FHOG, TR 4G KT s kAR fRAT A /N S I
Ah, BT SEOR R T 22, WA C &
[ 7 o

ABZ AR RE ST AR/ R, 4,
T 0 2 R REL R 0 236 14 [ 2 88, 1T o 1 o) S K
FEFNARERR Y BEALALN o A 22 7K A5 R0 P 1S AR
RUHTON B (7 oA, W2 0L Chou %% A(1998)
FIZE TN EE 55 N (2014) 1) 303

LGM — & 2 ¥ES5 ), 2% 8dEhn
PHERMHTFHEAGRIREHE K . LGM Wit &
e, Hii— LGM bR B K 21038 5 K1Y
JFb o P AE LGM Hr i il 26 2 5000 [ 5
RO, H A AR, PRI bR R A s T (]
FE MR bR s R EEE . T, S T AR
T a RARVIGEAKT, X EEE o 4400 0, B0 H
X, =1 +1-a+0-B+e AT, a NETHIHAKF-. A
Jii, X, Xa, Xo W05 7 FR AR BE R0 24 5 | — A~
V) A5 PO D, 5 D)y s T ) 23 A 2 e iy
R Y22 58—y, T B ASHIEE T4k
R, XM FEG)~GIN_EA R 0 BB 5 F H
Ko FTLL, LGM Hr 23 b ) I 15k Ty i 0 A
HBBLE R 0

BB SR AR T T Ve 14 2 D0 S R] B R S 1) R PR K
FEA, ARASKEE T 2] — TS T o 24 X Bl ] A5 b
SEAELR MR KB, AT RAZE RN R e — DY
TR R SR, AR, (025
(YR A 2/ T 368 BRI B B, N, AR —
YK, AR 9 LGM 7ERHE . R (— )72
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55 %

L

Ab, T BN — A R K, AH M, R e R
=31, i — DRFI =, KRN 0, 1,4,9. £
TR ZIE) LGM AR IEHE . SB[ (B B AS
AHEEEF, W5 — MR BE R 1, 5 Y E] R A A
55— [l B 4 Le B R TR 3, ¢ PTREAN &
A AN, 4 A0 RS A T BRI R 2 S H
3AAL2AA, WM =1,2,35 45, Bl exin %
FRIE PR 2 4~ H o
1.2 g kEE

RO 15, B, HESFUR O, Ea
FEAEAIE AR 5, e 2 — 418 H 25 )40 4 1
ARG n)o XBTRERT LA E 5 A 5L
(composite score)Z= 7 FAARE LGM, L A] LA
AR (LU B 1 8R) 237 B LGM (second-order
latent growth model),

ELHE R G E )48 bn g S VAR I AR R, AR
S (o FH AR B ] P A e (U 3 A28 7 CFA Ay
R F)# 7 LGM, 5t755] McArdle (1988)fi 1A
F-Ali e A (the curve-of-factors model), XFh [
LGM, HARE MRk Z Fr A B, Hrh—Fy
PR — 2 I v s B, B R A R R
IR F b2 R

AR — ek, B 0 A 3 MEPR, f8t5
AT LR H A5 43 5E B H /N TS A o4
(Gfe, DB, 2011). BRI ¢ B9 3 RS IL
H XXX, t = 1,2, 3,4, —Fr LGM H—Fr A
ERUE- R )

X =7 +/1'l77t+gt1 (14)
X =Ty + ol + & (15)
X3 =173 +/1377t +&3 (16)

Hrr=1,2,3,4 B ETFRIEA 124, o 25

MEPRIVEREE, A, 25 i NMERIE T, g, 2T

)5 ¢ A5 @ N RPRAYIR 2ZZ T AE N 0, TR ILASH

X%, I H 51 n AHE) o R NG faf AS B 1) 2R 1k,

SRR T DA AN AR R (U A HE— 2515
K LGM H i 5 X D AR R

m=1la+0-+7 (17)
n, =la+l-+¢, (18)
m=la+2- -+, (19)
n=la+3-+3, (20)

For o R g B 5 VR LGM BRI, ¢, 593
B9 0, PR, HFHS o fl g #AMK. —
B o A1 I DT AR AN T B, G A —
B LGM o AT g (R0 577 AN T B —

— By LGM A2 & UL 2,

N

A Ay Ay

A Ay Ay DAY

VAN

) i) (3] o) [ ] 3] ] 32
| €| 3| &u| x| 3| &n| & 33| €
7 7, 7 T T3 T

Mo Ay Ay

v\

7]

ELS

i

S

—a—>

1 T, T
NI
JAERN
B2 K LGM fHI T
W =B ENRGRBOE S HHESNAE LN SEL B
I S SR AN AR P B S7, BIVHS AR S0 ART FIAE B AS i A vl 2 4k

H(I7)FIA8) AT I, 577 F(6) A1 (7)F WL 1Y 2

Hy =E(a)=E(m) (67
Hp =E(B)=E(m,)-E(m) (7)
[ PR AT AR F2E LT (1) ~(3) IR RE I 7 #, Hidhny X

BN o

ZHr LGM BY—>H RSB B2 A I A
AR, JF HZOR A A R BEE, X4 =, 2020),
B2~ B TR 568 PR 7 7 R A AR AR AN A8 (X L
3 MBI 4, 4,4, BIEER 7,7,,7,, A
B SR fL) . AR AN 2, WSS EEHS
B AT R 22, 2 KN 535 RAEM R S5
(e i b AR S 0 P R S AN PR ) L B
St G AN 8 M 1 A7 A R 1 LB A 22 /0 ) R
G BN AEPE B 67 Ao g A B R 45 B ) S i e K S
% /ME 2 228 ¥(Kim & Willson, 2014), T H 5%
AR B AR 7 A X (Jeon & Kim, 2021),
2 iR R AR PR T i

B LGM B— By R (B AR ) AL IR
(RPACHE P FUREBR )RR Zhn B . B 11
FRIE R AAAS B LGM [ —Ff, X B S HE
B LGM B —Br X7 B9FREE 51k . Yang 48 A (2021)
T =R ERBE DT R, ALAE RER PR . 200 it
AR B RR AL TE . TR WA T, BRA —
2 PR i) 67 Aoy (15 8 VA8 F DU o B ) . — A5 X PR A
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R (B VA i Dt Do) o IS T R R v 2%
fAifb TARZ o JCHIE X ER B 2 AT 48 E PR v A8 1
FrRuEfbik, BT A AT AR T AR
2.1 REfERE

JXEEF8 R 5 (scaled-indicator method) 2 & &
W5 08 — bR, B BRI E R 0, A far [
FEN 1o PR RAT DK 5 I R HEFESS 1 M,
I LAR S 2 — B bR x,, VR R FE AR

EHRAHT, WE 7 =0,4 =1, Ax,=n,+&,
NI}

E(M,)=E(x,),t=12,3,4 (21)
PO (TG QDT
Ho =E(x11), 15 = E(xy) = E(x) (22)

H QD) FIQ22) T A, WU K- IIME g1, WS R
B R 0P 00 R K, AR 1 R R 4
FRAESS 2 R 5565 1 il 1 25 % 0 X T4
PESEABIAY, 0, 039l 2 ROBE 8 AR TE BT S5 DA I 1]
MBPERI2ESE . BR T p, B S, WAL S350 3
NEESH o), 05 Ml o,5 H x.x,,x0, Z 0 E P
23R K (Yang et al., 2021), Z558 5(11)~(13)1
—FE, HELH A X, X0, X8 x L xy,, x5 AT
AR, — B B ik AN R RO $8 bR, 15 21
LGM Z4Ali 145 5 vl e 2 AR A AH A Y o

X B2tk LGM T 245 T S 50045 - 2
AT Ay, Ay, 2 D 75,75, 12 DT8R (4 AN E] 5
BIPRYIRZE T 2, 4 A R] SR 0y, my,ms.m, (B
BB F RURRR N iR )P 5% 25 5 22, 51 LGM
BH(p1, M pig.00 Ml oj,0,5), F125 40 — i,
RBA p N F8b8, TSI A, T2 AT S 4006
i :p— 1 A7, p—1 DERER, pT AN EPRAVIR 22 5 22,
T SBF ] AV AR s Ak 22 97 22, 5 1 LGM 4L,
— 3 k=2 (p— 1)+ (p+1) T+ 54, F A BELE
Y CFA BAYEHE SAEE pT (pT +1)/ 2 DFEA
T 2R pT MREARIIE, Wik A AT S5 4L
k, VT3] T ektE LGM B A BRI R AN

dfsr.am :pT(pT+1)/2+pT—k:
pT(pT+1)/2—-(2p+T+3) (23)

J TE A 28 1) T A v A8 b B2 O VA AR B A
BE 5 RS PRIES 20— . iR TS MR Fis T
SRR Bt E SIS R AR RE), B0 Rk
HEX, RZ MR A AR A R (B,
WEARANZLNE LGM, TFEMITHSH—RaST 2,
[SREEE 07 e RN W E) IV

2.2 WM EGIE
BN Y i 7% (effect-coding method)J& ¥ 4% Hif [i]
R — B PR I 7 AR Y A ER U 2 AT ER A 0,
[7i] BN 4 &8 97 4y 22 R BR ) Dy — 1> 8 £k (Little et al.,
2006; Yang et al., 2021), I8 SCHR L i i ULAG
PRI o
HI R (14)~(16) AT Jl, XFE—BHI AT ¢, 3 46
bRz Al
X T X T X3 :(Tl +7 +T3)+(ﬂ’l +4, +ﬂ‘3)77t +
(64 +&7 +&1) (24)
W0 X, =X, + X, + x5, B TR S SR A K
GrE. R R
T +7,+73=0
L+ +4=1 (25)
W (24) 72 1, X, =n+¢, H & =¢&11tEntés R

BT R ERZE T, AT

E(n)=E(X,),t=1,23,4 (26)
HHAFG). (T)EEEQ6)N15

Hy =E (X)) (27)

Hp = E(X,)-E(X)) (28)

HHQT) . @)l S5HE®6). (TERX—F—F,
R A AT 4 (1D)~(13)—FE R4 . X Ui, —
Br LGM PRI EE 2 F1oky 0, fafar 2 Fnky 1, 153
(1) 5 DSHOR S G o B CE R Ny A
LGM 32|/ —F(HIA A HABA - 7, Ky
LGM 2@ 3Ulm, RN E TS5, WiE
AR S EANIT .

165 R (24) P 121 TR s 5 A FE bR A B G HLE: 3),
IR X, = (x, +x, +x,3) /3 CERIABUSIA 540,
& =(e +e,+65)/3 (H BB ZED), WA
hy B

T +7,+73=0
A+ +24;=3 (29)

5 5026)—B—FE R XU, —Br LGM KR
AR Z A 0, fAfTZ AENFEFR L, R3S
Bt hA 5 A SMHHA R ECE Y o) g
it LGM 15811 — (A HADA—RER TR, P
AR S EANIT

E AR LR S 5 40 ]S Y 4 AR s B LGM 1%
N SEAR TR, BRI 7 2 A F 1 555
TR, BRR K LGM S50 m R A,
PIHE N EESBA SRR MO R R, T ERA
(B i VGRS B3
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L

23 BEERENLE
HI T 48 0 79 b b B2 5 v 7] e 23 445 BIAR A [+]
K LGM 2553, AAURIEIBREE 7 kA5 2 i 45
WA AT, R —Ribs BE 5 2 3 AN [] BR ] 55 =X
92 P45 BB BAT AT e . Yang 558 A (2021)fi 451
Nt (Ferrer et al., 2008; Grimm et al., 2017),
F LA B[] s BT AR B A T AR AL, S (E R 0.
FZEN 1 BPRAERAE & XSRS FR S 2 IS,
QR BRI, BRIAGEFRSE — ]S, A
TR AR E R0, IR 2ZWE N1, FHEHR
LA JE M, T TR B ] 5 7 722 e R A o) DU i 58 AN
70 M BRI T AR AR A I E (— O A 0) Rl A i 22
(— A 1),
Yang 5 A (2021) 42 i i 3 T ROEE 8 bR ik i
AR Er bR fb 2 (1atent-standardization method)¥ T -
1)Re ROBE $8 b 1 8 B 1 2 Sy IXORE 48 B 1) Y 4H,
Bz = E(x,);
2K RUBE 48 b 14 B Ay [f] 2 Ay RUBE 46 A 1Y T 22
Fe I HAFFEJG I+ 07, B
2y =% Py, (30)
TR — T ARG, DI SO AR T .
HREAHA
X =14 e (31
o B 2% T var(Am) = Alvar () o A
var(n ) =1, WEAMBH F2EET A7 o EES X, 1
15 B A5 T H I 43 B0y 25 B DO 43 oy 22, 1D
Py, = Aoy s M 2 EREIG30).
FE T RON i i it AT DA H 2 ABL(30) Y PR | 45
X, HRERERRS A 5, (58S sy
B0 {5 BE (Yang et al., 2021), AT A 25 51 o e AR 1%
T HE T 48bn 0915 B2, HSEBR 0 i A5 B
HUGERY, DIMAATTER 0 5 ikl = T M . andu]
HUE A8 bR BCE B BURAE FEWE 7 fe T SE Y S iE
CFA 193], HAbIr M8 EEMENGEE . o R
S VRG22 GRLUD B, EE 08, 20115 IR g%
45, 2022), {5 RIS CFA "I S4L, i j2i8id CFA
MZHOTEAE], MRS T CFA, i@ (30)
KRG I A, P LA g T 258
L BE R 0, T 5 fay FIAECEE A 85 I (] (1 A 25 P (i
AT LA NGEASE A4Sy 36 2 1) 000 e i AN AR P A B ST), A5 )
F) B ey R PT A B T
XAE, FRATTAT DASR S B 7 5 SO AT 48 E P s
A AR EAL R (P I BOA ) . 2 T R FR ARk 9T
AR FRAEE AT

H—BB: BEn 2N L BER 0, '
AU IR A I RIS P, i CFA;

55 BB HES7 B LGM, B RUE TR AR O #E
[ 5 Ay 5% — I ] 5500 R BE 48 A I A AR I (E, 1
7= E(x); ¥ REEFRPRI GG A4, B2 i CFA
P32 () 174 o

FE TR, i i RV S AR HEAL IR AN T

55— B B 5 T R 8 A vk 09 v AR S A E AL
®—rE;

55 BB HESL B LGM, SR AR ERIE 2
FIRR i A 265 — I 18] s A5 FE AR U RE A Y (E 2 F, R

T+ +73 = E(x))+E(x)+ E(x3) (32)

IR A+ A, + Ay BRI R 55 — B BE A9 31 /9 £ far 22 1
GET G BB AR U BB B (A4 + 4, + A4 )/ 3 BRI
R o — B Be 4 3 1Y 0 A {8 (R T8 088 A A
). AR, T TG U 80E A 8 5 i 1T bR
Ak, Y PR S5 R —FF

PR b, SRR EE 25 SR AT LA AS B
PrEfL AR GBS 0. Jr 20 1), (HSEFR B fig
HA, 1IE40 Ferrer %5 A (2008) 15 143X HE 75 2 /1) i, £
fEIERIT 0. Jr 22T 1. B, BT REAREE T
IR AL AT REA 58 A —AHF

3 — A RS AR A AT H

X T 226 bR AR R, BE AT DA A R4 4
#Ar —Fr LGM, tln] DA R o AR B ST By
LGM. 1HE—Br A1 By LGM BT Fo ik, AMUAETS
B A A I RE R T FL A R 4, i L AT AT
U BRAR B LGM bR 5 k.

31 ETFREERENLER

FH 2.1 5], T R FR PRI A B LGM,
S RUBE F8 5 (1 58 4= 22006 I At A8 B ) ST 11 B
i —Br LGM A o] ek, Bk uigi)e, XF LGM
SRR, Dhx, AR LGM 5
FH x,, SES2 ISR R— iy LGM A] LA 23 [F Y 05 72,
BI, gy, =E (%), tp=E(xy)=E(x) . HHH
e 5 4 LGM S8 Ll lEaa B A, Wk
LGM M 624 fil 2 B AR AR 915 2

XREURRE, dH A Y ROBE H8 bR i O A EE AR,
— 7T, ORI bR AU R R AR 215 2 T REAR AN
[ A2 S, s o T AS [R) 46 b 37 i A8 it LGM
SHRAF LR —FE. 57—, AR ER
B, BOTERIIR K AR A E SBT3 %
s R FR bR, DI 5200 dr i i i 25 SR nT RE &
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BRI
32 ETHMELENELE

2.2 35 A1, By LGM ffi i BR i =2 Fn oy
0. Ffar Z AN 1 AR g, 508 FH A s o) 2
S HAS B LGM A AT E e, AT LIRS B 2
LGM Z%411) 5 X —FER I fE . (H PR s T
BN R (AR 25, 2004), XTSI HRL
TS, PRI HAb AR —FR I 2,
T A ASE RS () S50 T SR 0 i AN & 58 4 45 ]
F— M 254 Iy RRASE AL —FF, PRSI S 5008 30 1) A
BE 56 BT BT BE A DR (RS 4%, 2022),

K LGM i R AR Z Al 0, S 2 Al
KBRS B RN A, 5 A A L
LR LGM A AT HetE, P T LA 5 32 2
LGM S8 5 X —FER . I KR IHER .
33 ETETERENEHOLEER

PG b, QSR LA g, bREACVE MR BE, Toig 3k
TR R0 AR BE 7k 2, B RRHELR, S AR B AR
HEALSE ISR —FERY, B K LGM RS EUhi145 8
FE—E, A5k b, PO AS AR LA
LR BE R 00 FENR 1, T ARFERET
A, AR LA B 25 AT REAR S8 e — B, 1
H, #EE A HEAMTH aT REAS KNS5 T 0,

SEREAL G, 7 B B LGM ] HL Ry s i
LGM, JEMbriifbd s x 8, miH X, X,
X EZMS X MR 2k Asde, RIS 2s X A TS
FRLL X MobRifEZE, 13 X, 2 X, PR AR I Y R 25 s
FHABORH ) B 3] A RUBE 488 o 32 PR R i AR o gy 28 g,
FEGA ) I 5 AN A BRI R, 7R mp, e R b oAb AR
I, ERLEAHIE PR S VA% J5 A AR [R] e i 4 ik
RGBT R A AT AR R, P bR iEAL
i SE A, R AR AR R LGM W 5E 25 R .
3.4 NG

4 B e, TR —BY R B LGM 1Y
WA RIS R 1. X T ZAapnilla A, B

SL—Br LGM By, JLFRR A oA, i
A AR bR A 0B LGM # AT AL
FRIE T 32 R $5 471 (Yang et al., 2021), 40,
Leite (2007)38 5 B 40LHY 77 325 LU A — By LGM Fl By
LGM X 250k, —Br LGM P F3550 7
BB, T Y LGM i R B bRk OF 57
AR Y R — ), PR B Z AT Ee b, BT LA
LB EE R A E L A T SHER4556 B
A —B LGM i, — By LGM R 241 3450 1
A, i 7 OF 5 77 A= B0 1 FUR R — )

4 SCBREE RN

X H— A F A 32 1 HR AR RR B i
B LGM M AHR B —Fr LGM, BF 5 1> LGM &4
T2 AL AR RIBR B ik B 2e 5%, DA —Fhi—
Br LGM 0] EL A IG Olo A8 o A rh i 3¢
R 4, X ETRINERR, Rt R
595 R J0 S Bk gy .

K FH T 248 7 9620108 1T B HhSchiRil
FEMERL )5 ), 13k 26 MEUH, R 1 (E&eAR
[FE)~SGe e FE) i, e 8 MNYERE, BRI
Hoh R STERE RS YR, I YEEEA 3 M H (8 HR)
Pl m AR, SR 4 K, HFE 1 A,
A 1209 oA e8I B o4 RIE Y o REX
£ 0.72~0.87 Z[0], BB 2(5 B S 0L 4 #AKE(2023),
K Mplus 8.3 it CFA(fL 5 — B 1 —- By LGM).

St N AR PRSI, BB N B 2,
ANIE A iR E AL )R 7 22 5850 . SUH LA T8
%% CFI il RMSEA (%22 745 55 o X T AU 300,
25 L NBOHH 24 1) Z2 2H 0 AN A8 A 56, an SR b FR
il 5B Y CFI RIS LT 0.01. RMSEA 215
AT 0.015, W HE A a7 B A AR AR, RIAS AR
BA7.(Chen, 2007), FEMERBAI(BA BRI Z60F) . 554
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= root mean square error of approximation.
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Abstract

Latent growth models (LGMs) are a powerful tool for analyzing longitudinal data, and have attracted the
attention of scholars in psychology and other social science disciplines. For a latent variable measured by
multiple indicators, we can establish both a univariate LGM (also called first-order LGM) based on composite
scores and a latent variable LGM (also called second-order LGM) based on indicators. The two model types are
special cases of the first-order and second-order factor models respectively. In either case, we need to scale the
factors, that is, to specify their origin and unit. Under the condition of strong measurement invariance across
time, the estimation of growth parameters in second-order LGMs depends on the scaling method of factors/latent
variables. There are three scaling methods: the scaled-indicator method (also called the marker-variable
identification method), the effect-coding method (also called the effect-coding identification method), and the
latent-standardization method.

The existing latent-standardization method depends on the reliability of the scaled-indicator or the
composite scores at the first time point. In this paper, we propose an operable latent-standardization method with
two steps. In the first step, a CFA with strong measurement invariance is conducted by fixing the mean and
variance of the latent variable at the first time point to 0 and 1 respectively. In the second step, estimated
loadings in the first step are employed to establish the second-order LGM. If the standardization is based on the
scaled-indicator method, the loading of the scaled-indicator is fixed to that obtained in the first step, and the
intercept of the scaled-indicator is fixed to the sample mean of the scaled-indicator at the first time point. If the
standardization is based on the effect-coding method, the sum of loadings is constrained to the sum of loadings
obtained in the first step, and the sum of intercepts is constrained to the sum of the sample mean of all indicators
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at the first time point. We also propose a first-order LGM standardization procedure based on the composite
scores. First, we standardize the composite scores at the first time point, and make the same linear
transformation of the composite scores at the other time points. Then we establish the first-order LGM, which is
comparable with the second-order LGM scaled by the latent-standardization method.

The scaling methods of second-order LGMs and their comparable first-order LGMs are systematically
summarized. The comparability is illustrated by modeling the empirical data of a Moral Evasion Questionnaire.
For the scaled-indicator method, second-order LGMs and their comparable first-order LGMs are rather different
in parameter estimates (especially when the reliability of the scale-indicator is low). For the effect-coding
method, second-order LGMs and their comparable first-order LGMs are relatively close in parameter estimates.
When the latent variable at the first time point is standardized, the mean of the intercept-factor of the first-order
LGM is close to 0 and not statistically significant; so is the mean of the intercept-factor of the second-order
LGM through the effect-coding method, but those through two scaled-indicator methods are statistically
significant and different from each other.

According to our research results, the effect-coding method is recommended to scale and standardize the
second-order LGMs, then comparable first-order LGMs are those based on the composite scores and their
standardized models. For either the first-order or second-order LGM, the standardized results obtained by
modeling composite total scores and composite mean scores are identical.

Keywords latent growth model, composite score, scaling method, scaled-indicator, effect-coding, latent-standardization





