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AR T) R DAAZ A (B Sy BEAILBRE FBE AL AR 32), S
TAKI 25 55 SEBRAF ST R, S T R AEIAY, B
FEH NG By Boy RN By B R 181 52 B8N (R4 oy
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mode)FEATIA TR 00T, B2 1 HAS R X,
Zy WAYIE X, M Z, oA )E AT e, TR
WHME X, . Z, RHZHI X, Z,, BT 2:
JZ-1: Y, = By + B (X, _X-j)-’—ﬂzj(zt/’ —Z/)
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IRE e 7,y AN BRI ) AR AR 43 Z, , B30,
T 43 T A8 5 Z,; B8 P9 R0 R TR 5508 (O 7
(6) 5 RGN Hb) o “TCIRWEFEA SO 1 B 218,
AT LA DX 38 S 8 AR PR RIS R (] 3500
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BN, BRI — B AR R Z (R,
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2.1 fEEHR X BRI S
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(Ozkok et al., in press). 2f—FZ4l WxW I3
A =1 1 N 1 S < 7 NI v I 5 i w7
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Cx Xie—yYwi-1y + Exie
Yyie = Br¥winy + Vv Xwi-y +
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PP T 181 2800 3 A O B (14) RS ) I TR 58
149 5 S T 1) T RN 23 B (OF B2 (9) F(10)), &
IR Ry B /IS i 22 A 1T R R BB . Ozkok 5
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KX = BxXwioory ¥ x Ywie-ny ¥ Cix X pi Yooy +
Cox XXy + Cox Y Xppieony +
Cox Y'Yy + €xu (16)
Y = BrYyig—ry + Vv Xwigoy + Cy X ¥y +
Coy X piXpie-ny + Coy Yo Xppirony +
Cay Y Yyioory + Evie (17)

Horb, WAIUN XY w1y~ XeiXwion~ Yaiwia-1y
M YY1y, WER Crys Coxs Cixy Caxn Cryy Coys
Cyy. Cyy TR REEE, SRR S5 ZAEH
JSE R R 3 . SRR MI(IS) ML, 252
YRV I 75 55 AR A (5 R (L6) R (L) XA A 5
A% T, Ozkok %%(in press) AW UEH, 15
J2 R BV IR T RN 43 B (O AR (L7) A AR B8 8 757 T
Yp:Xomig—ny) WAL T 5 J2 R %) ik 7% St R 45 3% R 43 A
(B0 Ygi= Y, Xy = Xigo1y~ X)), RIH Cyy
PR ZE A TR /N I 8%

Pl 5 BxW 938 S B
(B4 F Ozkok et al., in press)

223 EEANMKEIREEA TR A
A A TR) B 75 R 1 KO0 43 BT AT R R S O R
(18)H1(19)
Xpi = DyZpi+yxYp +CxZpYp+ey  (18)
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o, Zp; Be— AN B4R ) A28 1 (i 33, T
T Zgi Y M ZpiXpi, WER CxME)Cy B, FoR
PH B0V B 3 (Ozkok et al., in press).
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MR — R H A AR/ X, Y, T LUK
T o T AN B A A — AT AT . B,
H1 7 A (14) F1 (1) BEAT AN 1A 618 35 980 35 28002 23 #
J7 T (L6)FH (17)3E AT 125 J2 VR 114 Vs 081 05 280 1z 43 47 B
A, TCIE AT AR (8] T IR T RO T

AR A A X, ARG Y, BER R AE A ()
BAE), TR Zp, AN ] A fb (BB R ), wh
CINDR L b S R S QI -3 S VR i o 2 V=
PR, 7 REL4)RICS)HER T4 AR P9 T 0 4
e, I7RE(18)~(20)ZEA TR ] Fr) FE 81 3 28508 234 (A
A R T AR R, W 2R TR (20)),

Zy = D.Yp+y, Xp + C. XY + 65 (20)
5 J22 R R R 3 20 43 BT U 5 2 A T R (16) F(17)
FRERAS AN AN T A I Z5Ywi—1yM Zp: X1y B
Al (Ozkok et al., in press). Ozkok 5 A F—~/= 4l
TH 7S UDAR)Rs 1S R 5 45 44 7 F23: 1 Bayesian 35 AH 4%
B, KT AN B 1) AR Ak 8 7 AR 2 (P ) A = R
VR B A AT o

A SR Jr A 7tk A B P [R5 Ak (A X, Yy R Z3),
(A AL AT LK = 0 v 81 1 2800 3 5 7E — #4740
Bro H—, HEADHFAS)EL AXEM Zg- -
Xy Zwia-y™M Y- Zwie-ny =50, FEMITFE(21),
RIAY AT R PR VR IR 1 3008 43T o

Zwi = BrZwig-ry t Y ax Xwi—n ¥ Yz Ywie-ny +

Cyvz Xwic-nZwia-1) + Cxr Xwige—1yYwice-1y +

CrzYwia-nZwi-n + €z (2D
55, BT RR(18)~(20)HEAT A A [H] 4 v 1 1 A5
I3t =, TIRE(L6)RIAT) RS AN Zyi-1)
Zpi¥wig-1y ~ ZpiXwia-1y ~  Zpiwie-) ~  YeiZwig-1) ~
XpiZwig-1y, FI0_ET7R(22), BIRT AT 2R AT
VERERS S5

Zwie = BrZwi—ry + Y zx Xwice—ry T Y2y Vi) +

G2 Y X ooy + Coz Y Yoy +

Cy2YsiZwio-1y + Caz X pi Yooy +

Csz2 X i Xpicrony + Coz X iy +

Cr2Z Y1y + CozZ i Xy +

CozZgiZyi1-1y + €z (22)
TR VLAY, =R RN RS T
RV I, 3% TC5EHE I T HE A U sy vl B,
WRARHIN T 2478 ], ESSirh, @R E
FENIIE b HERR — 269 F 300 B AR 48 1Y I 15 10,
AT U AT 1

3 ETHTEERKERNNEHEN
TR
QAR R e A Y e R B A R] R
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t

ot

P 6 kT U A AR B O i B4R 1 R B RY (2 F Wen et al, 2014)

AT SBONE  ATA A DU A P A OB, )R
728 i )P B RO | A R A v
KA | AR G AR R R L R A I
AR B BIAL (K] 6), 7T A O S A e g 2 3
I TR BRI, Wen 45 (2014)2R HITRFRIR

P T IR IR K, 2 BUR AR T
IR R BARM, AR RLE

BERBER AT LI IR N
X,=ay+9, (23a)
Xy=ay+Sy+6, (23b)
Xy=ay +28,+ 6 (23¢)
Xy=a, +3S8y+9, (234d)

Horb, ay 1 Sy HORIEAL R, 4% A FRRAE R X Y]
ARG AR fE 8 TR B, 8] 42 Y 8
LIS KA AT LA TR

Z,=a; + 35 (24a)
Zy=a;+8,+ (24b)
Zy=a,+25,+ 0, (24c¢)
Z,=a; +35,+ 0 (244)
K R (23a) T LA (24a), HEIAG
X\ Z,=aya, +a,0,+ a0 + 6,05 (25)

2, WIIR KR TN AL (18] 6), B az X ay
I ay 5 25 W9 15 80 0T 78 h

ay=b+day +ea, + faya, + ¢,y (26)
Horh, WU ayaz, XiZ) 92 axaz WIRHR,
o TR AR AR A i, PRI FL AT 1 AR
B £ W, FRPIER KT B RO 3 Gl

g%, X472, 2020; Wen et al., 2014),
07 TR (23b)k 2 (23a) . 5 B (24b) I8 25 (24a),
(CES
(X; - X)) =Sx +(6,-6) (272)
(Z,=Z)=S, +(6—55) (27b)
BT RR(272) e LA(27b), K TG
(X, = X\NZ, —Z,) =SS, + 8 (5 —55) +
87(6, =) + (8, =6 )(F — 5) (28)
W2, o FEQ23d). (23c) My FE(24d) . (24¢), 195).
(Xy = X2y —Z3)=SxS; +Sx (6 — ;) +
$,(8, = 33)+(8; = 5)(% —6;)

B, AT RN E(E 6), B S, X Sy
Sy 5 2 BV 5 3508 1T Fe o hy
Sy=g+hS, +kS, + WSS, + &gy (30)
Horp, PO S S, (X, - X)(Z, - Z,) Fl
(X4 = X3)(Z, = Z3) = SyS, WIEHR(E 6), WHER
Bow W, TR IR TE RN B R L,
X417, 2020; Wen et al., 2014),
B T bk T T A e AR ) SR AR AR, A
AT DA JC 75 4 i 3 AR T %) Vs R 0 45 4 Ty R vk
A 5T TR A i 0 R ABS AR %) 2 1) B3 14 3 3580 43
BrCEE LS 6 3543 A 7 191 o RS I8 1 285 4 J AR 1 ) —
AR, B TR KT (98 30 axaz)%ﬂ RS
(AATIT SyS,) BT TTRLRL AN, TR 19 45 44 O R vk
AT DU R ™ A B R (A axSy. axS, Hl
azSy), RIGHIEAT H BRI 0T, HE Y
AL Z SR ANBERS [ ARG, VR 4 Rk
AT DA ) = A PR TN axZ  SxZ), SEATIRT

(29)
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BORLIIT o 35, ol T A B B (28 i X
IYN ay M1 Sy PIANTEAS R, MRS LU, AT K
Sy SR T AL, MRV IR S T R ik A Sy
X ay—Sy REBIWTTHNL, IFA—ERHE 18
R s i Z,

4 HPEBTFEHATREHESILR

ZIEHERIMLM) . 225540 R RI(MSEM) |
A2 S J R (CLM) s A2 3 KBS R (LGM) Y
PEITRAY LE AR 1 B o NIl B 14 9 R0
G3 BT — RS ORI RN 1 S . Bk, £
JERRL | 22 R AL 7 REASE B N A8 S I AR AU A
AR Ak X 53 Ay IR ] 228 £ 1 I A 78 3 (W) FAS it
i [i) A2 A6 AN PR TR 73 (B), - DA T A 9 1) K4k ) 4
VRN AR =R 4y, Bial Wxw 575 4 BxB
P A BXW 5 J2 U o 1A ik 1 A AL D )
BRI 680 819 2800 0 ik DA 0 e 2K ) 9 AR AR
A3 4 5 2500

O 1) EiHha 1 98 5 40 A B 55— R R EAT I
7S ek R R T RAONE 3BT, T L DR AR A P T
4509 J7 B (LMS) ¥k HEAT 18 728 5 B ] 99 R0 0 B
(Asparouhov & Muthén, 2021; Ozkok et al., in press;
Preacher et al., 2016; Wen et al., 2014), H &,
Preacher 5%(2016) A4 th, FA7 119 44y U5
EREIE T 1 x (1= D)W TR A W W 335 200
SrHT (BRI 2 (8) Y RyyR.)o Wen %5(2014) He 52 T e
FRFE o 12 PN T 1813 445 ¥ Oy R 1 A U 2 A Y
A2 A 3 B A T AL N A S T R B . SRR,
TEIESFMT, JUHRTE/EAR, WY 451
T3 R LR BIRARETE S BN T 77 A 5 /N i
25, HREBIAFESZMAT, FPIEIRE L
P R 5 VR AR S A T I 7 A B A i 25
P, S8R E S AT, e T
SER 7R B AR IR, HETE (L ISR
bRk .

HET, W g5 Jr Rk il Mplus B

F{E S B (Muthén & Muthén, 1998-2017), {HJZ,
Mplus BROTEVE TR G546 J5 18 1 00 9/ 55 2800 A 1
o, SR KA SR Al T (Muthén & Muthén, 1998-
2017). Y HAR A A R AR A AT, K
WIS T 2IEE AR (numerical integration),
XK S BT 8 B 1R K (Asparouhov & Muthén,
2021), FRFFRA D, X H R AP AR R
AR R, TR 5 T R VL A Bayesian 1 AH
2545 (Mplus8.3 K ULJG MiAS J7 AT S8, 45 295
SN 1Y Bayesian {11 (Asparouhov & Muthén, 2021;
Ozkok et al., in press), Asparouhov Fll Muthén(2021)
H AL ST R I, 76 W R T S5 4 5 AR T Y IR K
AT, AH L Preacher 55 (2016)fd FH 4% K AR
SRAG T, Bayesian flithox Btk | SR (R
R B /ING 446 iR 22 (absolute bias) I 44 [X. 7] 78
75 2 (interval coverage rate) ). H ISR E &,

8=, RN B HAT T~ EER
R SR 1 R AT D7 A R SR A R (UL SR B, 2017),
TR AT D7 A DR SR AW, AE AR SO A L3k
PR, A 38 S e AR R AR A T L) S
B, B U B8 U R AR AR BT D s R SR
Wiy 5 2R T A B ) S SR SR R R, MR & T A
FHERON (A 5, 2021)0 Hofh = P 8 75 A%
R, B % AR B R RS R SR 0y,
A RON 3 A AR B 5 R B 1R 4B T
TLAT L RIS IR B Se it LA S i B4R CIRL A,
2017; JI7R4E, 2021).

Gy Ah, SR AR R T R0ON A 5 AR AR
B/, R R 2 R AR, A R R B A
PIIR, SRS Xl R R AL, SR 2 R0 R
IR () 28 b 2 0 I8 05 A B, R BBV

AR
5 YEEHERRE T 2 AR

TS — G 1) K8 1) 9819 280 23 BT AR 55,
FEAH DL A BEAT e 7 AR H A THE, FRATE

F1 HEHENATELR

R TR A TR 4 it MR TSR I LMS 3k FERS
MLM X WxW . BxB Fll BxW 77 =3 x x bl
MSEM Vv WxW . BxB Fll BxW iy =3 x Vv K
CLM Vv WxW ., BxB fil BXxW i 77 =2 Vv 2 K
LGM Vv BIARIKI S | AR R8T 45 =3 x 2 K

e VT FRALUELE, <7 RRTLEFLE,
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25—\ ) B B R TN A T AR (LA 7) -

(1) 24T e R g 2 a2,
D] A 28 S e A T AT R T AN A BT . B, i
ALHE 2,

QY EAE Y 2 ZEdEL 7 iR, )
2 B854 7 BRI TR SN b, 224
14 77 TR BB RN £ 23 B B 3 G T R A A 1) 22
Feo A, o PR AR i R R SR AT R N SN A
Mo FAE VAR B B R AR A AT L[] A A 5 e e A
X AR (5 ) OB AR AR S AR B, G0 Sy) FIAR AL
a5 e At 28 £ (B AR AR AL AR D B &, 40 Sy)
(BB, X4z, 2020).

RV Z)Z A I BRI S 7 g, il
Z 2S5 T B AL B IR T AN A AT A AR, m I,
i FH 2 BTSN AT« 22 IR A5 M AR A
TN Z2 )2 AR T 1 R 28 22 e TR S A 2
ZIEERRZ (L 1.2.2 F43), HEZ 24 BRY
WeSOME FEBE R, BB A S (P 25 SR T AR IR 22 1
ZIREER TR, WA T B B2 )R,

| AT P R I |
I

| A RBUR RS R |
Bt

| mEsRdTRERNSR | | SRR |

e AR

7 I s B I R o B AR A

6 Y\ 1a HiE B 5 R 53 4T TR B

T A SEBR R Al AT 7R R
AT 1) Bl 1 I A o AR B AL A S RE oh
FEX) T3 AR (V) RN, 7 R
ECERIFRPAE RN R 1k, EEENE 4 K,
31132 % 11~15 B RYEEFEDE)ERA Little

(O13)BF 5T . KHH Mplus 8.3 B AFIEAT I 1 B s
48 45 2808 43 AT (Mplus T2 13 UL TR 2% i B 55 ) o
6.1 E T3 iR 5 55008 B8 5 S8R 53 4T

TSR T AT D e R SRS, W R 2
RS AL A T N BN 00 R T AN T . R TR
AR, A 222 vh 58 (X) FN 75 AR PR 67 (Y)
BN, K Bayesian 12 FIVEIH Y 2544 AR i A2k
GHEFTEE WxW [ ICTRE 1938 S Fa A s s
BN A BT (7 B (L) FI(L5), 3 A TE 5T Xy Y
Xy Yia T Xz Yiiz)o VMR, H S w8 AR AR 4%
SBEMEAT T H k.

2 —, Bayesian 3% /2 L & /R Bl K &% (Markov
Chain) U SICH ATHE 1Y, % FH LT [ (trace plot, AN
REHH/RBREE T & E SR D RER
BEWCSL)Fl PSR(Potential Scale Reduction, 1
PSR<I.1 (B(HE™#& MARifE 1.05)3R ] E /R BL K6
WS S A 30 B R B e = A5 B, TR A N
DLEE R 7 7S FISK B 25 (2011) . LI TN PSR 45
JR(TECHS #5555 7700 Y% fHT PSR = 1.049)3%
W] IR B R EE SR

WL Al WxW R AN A T A SR R,
Xywig-1y—Xwie B F FHEZN By = 0.482, SE = 0.025,
95% 1] 4E [X [6][0.431, 0.5321 A% 0, H [1JH%% K
By W, RBEE B MHER, ZEEPRZEHm
o Yipig1y—> X B0 JG BN py = 0.003, SE = 0.02,
95% 1 4 X [H][-0.037, 0.0441605 0, WEJGRN yy
ARE, RY 1 BZNE DEYPIR TR GE B E
TG —iF 20 ¢ PRBE W o X1 Y wig-1y = Xwit
BTN Cy= —0.053, SE = 0.026, 95% 1] ¢ [X.
[B][-0.105, —0.004]1 N5 0, WL Cx W3,
T Xy BT TGN Yipsmy— Xy B
Yw,'(,q)iﬁj—%_T EI Uﬂ%lﬁj XWf([—l)*)XW[[o

=, Y y— Y B9 H EUEZ By = 0.286,
SE = 0.028, 95%n] FE X [7][0.228, 0.3411 415 0,
A AN By W2, RUIFEE B R, F20
ERIR ORI . XA A SEPR, SR T
AT B AR BRI o Xgm1y— Yo BT S5 200 0E
7y = 0.07, SE = 0.028, 95%1] HE[X [i][0.016, 0.126]
AALE 0, WiIEEN py B3, R 1 2R E
RN T R —I ] ¢ DRI, X
RN, HEM R E, ik HAMA
N, XAF DD ZERY, SEEZGKZ
VERIR IR o Xy Ywievy— Y BRIV 8007
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Cy = —0.039, SE = 0.033, 95%n] %X [A][-0.105,
0.0241f3.% 0, THTTELNL Cy A2

S0, R AR G AR E R X Y
HIBINE K 0.564, SE = 0.058, 95% 1] HE X [H][0.459,
0.68 1AL B 0, Xp— Y, BRI B 3, FHIZHE ot
58 N T R A AR AN B KU o 7 B Y
J, ARGIREE W x W I TR T RO K 56 (R 3 9
TIOFERT 3 A hEE, B, R R B E TR
oj K B 23 FE A B
62 ETFTSELEHMAEEINNARIENET

2R 53 H

TSR A 1) B Y R R, W 2 2
S0 7 FERE R AT R SN M o B ST Y S
T (Z) % G2 2 i 98 (X FI 35 D AR B () B 3]
RN R JH Bayesian 1 FITE IR 5 SRy 7 AR
BEATL 2R B0 IN k AE 235 R AT T R S8 A . 3L
AL R BTN L S o 2% 58 1 )22 Uk (R VS R Y
NG, FL AR T VR T RN FH U R Y S R O R AT
B, T RGBT, A o, s, B R O

55—, B K H PSR 45 5 (TECHS 414545 900
WIEARET PSR = 1.044)F WA D /R B AEIRSL, 5
S A iy RGO E N TR € R RE
BLA3 AT 7R, A A (Al Wx W) B T8 30 15 3800
730 = —0.191, SE = 0.077, 95% ] % X [A][-0.35,
—0.047] L 0, p3o MEA N 0, FRMALEIRNI
RO . B =, AR (4l B x B)TE
JHH R p03 = 0.232, SE = 0.086, 95%7] 5 X [A]
[0.063, 0.394]R L% 0, yo; WHEAN 0, WL
A ) B R R T RON SR . BRI, R R IR Ak
RE yi = —0.113, SE = 0.156, 95%] 4 [X. [] [-0.403,
02091435 0, yu A, RULE R RIS
MARE ., eSS« 2.
63 ETETEMKEANINEHBEBHEATH

R4 #

BEWTFE Y S M 1 (2) 0 R EE v e () A
IDAEREIR (V)BT RN SR FH Bayesian 35 FITE

PHT S50 7 IR ARG A AT 3 T AR e K A A
FA YR 5 380 43 BT B AT avaz A SxS2) o

Wi—, BB FI PSR 45 (TECHS 454
1900 YR E AR PSR = 1.011) 3 B Zh /R Bl R BE Y81
5 AR IR S N A I A R R (L
By RARUEAL ), Sy XT Sy IR i 2 (h = 0.363, SE
= 0.084, 95%A FEX [A][0.2, 0.528)NELF 0); Sy %F
Sy W B (k = —0.21, SE = 0.105, 95% 1] 47 X [&]
[-0.418, —0.007]A 0% 0); ASALZRAG Y5850
F(w = 0.052, SE = 0.024, 95% ] 4 X Ji][0.006, 0.098]
AL E0), RV FH B AR (b 3 0E 1 I8 T R E
SR AR AR 5 D AERR AR R E R

55 =, WA KT (A U 79 00 R 8 25 SR R (LA
T 2B RARER), ay X ay BIR BEC =
0.417, SE = 0.082, 95%A] 5£ X [A][0.264, 0.581]A
HE 0); az X ay IR A B #E (e = —0.117, SE =
0.064, 95%HI 4& X [6][—0.251, 0.00116% 0); #I4H
TR B 3015 8508 B 2 (F = —0.173, SE = 0.053, 95%
AMEE X [A][—0.282, —0.0741 NG5 0), BRIV f# H
HYRI G AT IR T T G BE vh 3= ) 46 /K7 5 D4R
B IRTIR KRR

7 iR

A LA TR, 2 ol A0 P R 0N 3 A
BRI Z o X H A8 5 A AR A G 1) B i
FTRLRL 43T, T AR 8 57 A8 i R R 2T 43 =
KB —RBAT RN AR EA R
WML EBAEI Y X, X (X, - X)) - Y, KRR
TN A BT . 38 S S AR 2R v ) A (AR P ) 7
RSB OF FE(14)FN(15)) . T8 F 8 KA 8 v
) Sy X ay—Sy I FR IR 43 BT o 55 2R
VAR Z N AR R RO AT . W R
BRI 2x(1— D) RON 43 BT . 38 ST i A5 78
B 4l A AR TR Y Vs R YT RLO8E A BT (O B (1 8)~
(20)). WA EISRKARA PRI axZ 58 SxZ 1
PR 0BT B =R AR & Z KR a2k

R2 SEGHFERENATONNBISEMEITER

»

S8 Y00 Yot Y02 Y10 Y20 & Hoj Hij
E 2 ¢y 1.545 0.445 0.009 0.196 -0.052 0.167 0.057 1.002
FrifiEiR 0.015 0.033 0.063 0.041 0.031 0.006 0.007 0.079
AIHEIX ] TR 1.513 0.384 -0.128 0.120 -0.12 0.156 0.042 0.849
CIEa G N 1.571 0.513 0.119 0.276 0.003 0.178 0.070 1.154
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AR T ROV A o AN EBERIP ) Ix (1 1) Y
BNEA3AT | 38 S S A v e = ol o O B Y
AT WA R IR aya, 5%
SxS7 W35 RN 53T

MR T 3T 2R BIR | 2 22540 Ty TR
2 ST e AR TR R v A e 3 AR TR g 22 P ) Al
B IR T B8N 3 BT S, X T D 2R TR R T RN
ST TR T &AL, B B — )
B R T AR 3 BT AR B, I R 51 R An ]
HEAT A1) B A TR N A b . (R, AR
B 0 T B A DT AR AEAS B, W — 2R
AR R

B—, ASCHFZET A MR EA I m
BAIE L . Montoya (2019) [ B T Wi 7K S48 A
T (S PR A8 B A7 G 1) B3 ) P 49 80 43T o LA
M, WFSEE X R — A 0 T B RO R K
SCUR AL PR A AR X R TR, AT AR Z
SRR ) A AR S e, AR R Y SRRl [E]
ARAR ) T S AR g (IR AR B R AR i Y, AT Y.
PR A N BE TH I T 5 8O0 e A i ik & . |
Yig =L —Y, A AR Yoy, W0REIL IR
Yyg =dp +bpZ + 5, FIRE bp B3, MFRINT
RN . A, AN H AR RRNE AR R AN
i T ] A5 fb A 7% 22 A8 e, DRI o 2 B ST ] AR 6 Y
HEER A, AT LU 22 BA) 2 x - 1DIE T3
PGB oGS 72 S R AN i s [ 2 A ) 7 S
AT A g PR AR a2 [ A AR Ab ) 7 S A d, AT
PIE £ ERETAY 1 x 2— )RR 20 #r o

5, AR B B AR D (< 10) AL
o) B5CHIE 1 T RN A3 BT, SRR A A B
Z (t= 10) 1 9\ ) E s, WP b 5 4R G R AU
(Intensive Longitudinal Data, J#&3CiE%E, 2020; A&
J7AE, 2021), QAT HEAT G ) FHE i T RO 43 A
We? B AEIE R H I ShAR G540 1 AR Y (Dynamic
Structural Equation Models, DSEM)#t47 %5 43 #r
(FBEFIT4E, 2021; McNeish & Hamaker, 2020), 3l
ALy PRS2 28 U IS B ARURN 2 2 AR T A
g4, HARTURAZ)JZ BB s | a5 6
W (FFEGDFI(32)) . T BS540 J5 R
TR (1) 55 42 8 35 B30 RV B8N 43 AT RT 3ROR

J2-10 X = Boy+ BYem + BoyX oy +8; B1)

JZ-2: Bo; =Yoo+ Yo Z; + My, (32a)

B =no+riZ;+ (32b)

Baj =120t 102+ (32¢)
EEF', /2%%( Y10 %:Z/i E{ Uﬂ%l@, Y20 %éﬁ‘(%)ﬁ&ﬁﬂv,
Ry FoRANBRT [R] 2240 2 2 152 5 Z % A
B Ymry— Y,y TR, REL yy R
A 7 RPN Xy Y, WO RO,
Ry E)y, BEAR 0, FEFS TR
BFH . RSB RARD, 2 1 R
{E A, Mplus BPE A FpRE)Z 1 AR 5 0 i AR
PR 23 FAS AR [R) 3R 5 ANV AR 5, Z; i B (i
b (McNeish & Hamaker, 2020), 3T zhzs
S 7 FEAAY 1 ROV S A AN RAE T, HAT
ALBE A3 T AN BB 5] 28 A (4 9815 AR 12t Z; A9 905 28z
(Ozkok et al., in press).

B =, AR SCALRE R O 1) B 4 45 5800 43 B
Jik, CAFRENA T a5 0 oA 800 53
ok GAEDT 4, 2018; Jr7R4E, 2021), ARAH
Tia) AT %) A R TS RO R S A — A, el kAT
1) B A TR B A BN TR Hon,
16 80408 1) A 98 5 Y o A 800 A 56 T SR T 22 )2 A A
(Bauer et al., 2006)F1£)Z H [ 945 % (Zhang et al.,
2018) AT 3BT o AELIX W T B R A AR 5 3
W s ] 725 i 18915 P 98 43 AR i [ 28 £ ) A
L5151 7/ N k4 € DR S IR s RS OV
GyBTeb, ] S 3 BE A 8] A Ak A 1A PR 80N RS
W BT 1) 2 Ak 118 AR T B0 1 A R0 s e 38
WA

O\ 1] B TE O B R A 4k B B F 50 rh 2
WOB R, AHAAL 5] E I 598 5 50 B 5 5 2
U IR T oA S ik i R R, i LA ) Kl
VAT A3 A 0 B A SR TR R N AR 2D, A S Ry
o BT 5T 3 R A R 1 7 TR 2 SRR . SERR B,
Te) K5 A0 1) 9 45 RO 19 43 A EE AT AL T 8 R
WA % [ B R R . i, 55T 38 i e
RUA O 1] ZCHE 19 55 00 20 B, H R RS AR
PR UEALAR, T8 2 ey S AR MEAL AR e 7 SCan, A
T 530 14 81 45 2800 43 A H AT 3228 0k Mplus BRAF
S, XAE— R R BRI TN R AT
T B0 1) 9 55 0N 4B, AT A BETE HA R |
HEATGN ) B B PR AR A BT R TN, ARV
WSS L T R LA s s, (HAR 2 i AR &
I — > R R R R R AR, e
7 R Us A TS I 1 S R L A RE R WR . vk ik
AR WE T R AL T — AN B A0 O 1) B
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Moderation analysis for longitudinal data

FANG Jie', WEN Zhonglin®
(1 Institute of New Development & Department of Applied Psychology, Guangdong University of Finance &
Economics, Guangzhou 510320, China) (2 Center for Studies of Psychological Application & School
of Psychology, South China Normal University, Guangzhou 510631, China)

Abstract: At present, the analysis of moderating effect is mainly based on cross sectional data. This article
discusses how to analyze the moderating effect with longitudinal data. If the independent variable X and the
dependent variable Y are longitudinal data, longitudinal moderation model can be divided into three categories
according to the type of moderator: time-invariant moderator, time-variant moderator, and moderator
generated from X or Y. Four types of longitudinal moderation analysis approaches are summarized: 1) Multilevel
model (MLM); 2) Multilevel structural equation model (MSEM); 3) Cross-lagged model (CLM); 4) Latent
growth model (LGM). It is found that the decomposition of the moderating effect and the use of latent
moderating structural equation (LMS) method are the two characteristics of the moderation analysis for
longitudinal data. A procedure for longitudinal moderation analysis is proposed. An example is illustrated
with the software Mplus. Directions for future research on moderation analysis of longitudinal data are
discussed, such as the moderation analysis for intensive longitudinal data based on the dynamic structural
equation model.

Keywords: longitudinal data, moderation effect, multilevel model, multilevel structural equation model, cross-

lagged model, latent growth model
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B 5% -
ETRX X EEB A4 WxW 855 5 #7 B9 Mplus 725
DATA: FILE = 1.dat;

VARIABLE: NAMES = x1-x4 m1-m4 yl-y4;
USEVARIABLES = x1-x4 y1-y4;
DEFINE: CENTER x1-x4 yl-y4 (GRANDMEAN); 4% M ¥ .ok
ANALYSIS: ESTIMATOR = BAYES;  !{# Ji| Bayesian %:
TYPE = RANDOM;

PROCESSORS = 8; \Z2ANRbBRER, NERis B
CHAINS = 2; W45 By JRBE e e
THIN = 2; V4 U 36k 43 A1 1 ] B

FBITERATIONS = 30000; ! Zh/RAFREEEAR 3 Ik
MODEL:  xbby x1-x4@1; E x BAREES, R BEHLAR R
ybby yl-yd@1; M y A REFS S, BIREHLEEE
xwl by x1@1; x1@0.01; '¥E x BIAME NS>
xw2 by x2@1; x2@0.01;
xw3 by x3@1; x3@0.01;
xw4 by x4@1; x4@0.01;
ywl by yl@1; yl@0.01; V&E y AR HN TS
yw2 by y2@1; y2@0.01;
yw3 by y3@l; y3@0.01;
yw4 by y4@1; y4@0.01;
xb yb with xw1-xw4@0 yw1-yw4@0; |BENLEE AR 3 A0 560 0

yb on xb; BN YA
xwd on xw3(beta_x); ! H [EHRLN
xw3 on xw2(beta Xx);
xw2 on xwl(beta_x);
yw4 on yw3(beta_y);
yw3 on yw2(beta_y);
yw2 on ywl(beta_y);
xw4 on yw3(gama_x); )R
xw3 on yw2(gama_x);
xw2 on ywl(gama_x);
yw4 on xw3(gama_y);
yw3 on xw2(gama_y);
yw2 on xwl(gama_y);
xwl-xw4 ywl-ywd WITH xw1-xw4@0 yw1-ywd@0; ! FR#Fra MM 0
xwl with ywl; xw2 with yw2; 24 H B AR T A 5
xw3 with yw3; xw4 with yw4;
xwywl | xwl XWITH ywl; Ve 5 0
xwyw?2 | xw2 XWITH yw2;
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xwyw3 | xw3 XWITH yw3;
xw2 on xwyw1(cx);
xw3 on xwyw2(cx);
xw4 on xwyw3(cx);
yw2 on xwywl(cy);
yw3 on xwyw2(cy);
yw4 on xwyw3(cy);

OUTPUT: TECHS;

PLOT:TYPE = PLOT2;

T AR AT 2 U SO0 ST (LA XY iy 0 00), U BEER Inan i )
xbywl | xb XWITH yw1; Vi) 275 35

xw2 on xbyw1(clx);

ETFEREMFREERNIET RS HE Mplus 257 :
DATA: FILE = 1l.csv;
VARIABLE: NAMES =x zy person;
CLUSTER = person;
ANALYSIS: TYPE = TWOLEVEL RANDOM,;
ESTIMATOR = BAYES;
ALGORITHM = GIBBS(RW);
POINT = MEAN; BB A Sl 1
CHAINS = 2;
PROCESSORS = 3;
BITERATIONS = 50000 (20000); !Zh/REMKEER LI 2 T, B&Z 5 TR
THIN = 10;
MODEL: %within%
xw by x@1; x@.01;
zw by z@1; z@.01;
sl | y on xw;
s2 | y on zw;
Xw with zw;
xzw | xw XWITH zw; VRS P 11494 45 35
yon xw zw xzw; | LMS 3R IE 800 p30
Y%between%
xb by x@1; x@.01;
zb by z@1; z@.01;
sl onzb; BEYLZRECHI LK I TTRBL 1,
xzb | xb XWITH zb; R4 i/~ Aa] fr) 4] 55 23
y on xb zb xzb; 'LMS ERET N yos
xb with zb;
OUTPUT: CINTERVAL(hpd) TECHS;
plot: type = plot2;



11 Tro A AR GhaE B i IR RO S M

ETETEE KRB AETHL S Mplus 25 :

DATA: FILE = 1.dat;

VARIABLE: NAMES = x1-x4 z1-z4 y1-y4;

ANALYSIS:  ESTIMATOR = BAYES;
TYPE = RANDOM;
POINT = MEAN;
CHAINS = 3;
PROCESSORS = 3;
BITERATIONS = (20000);
BCONVERGENCE = 0.025; ' Eh/RB} I B Y S5 b v
THIN = 10;

MODEL: IX SX | x1@0 x2@1 x3@2 x4@3; 153 LGM A= #l
1Z SZ | z1@0 22@1 z3@2 z4@3;
IY SY | y1@0 y2@1 y3@2 y4@3;
intl | SX XWITH SZ;  F4#AR b 3R % 1 35 I
int2 | IX XWITH IZ; URE) 0 6 7K S 1 R T T
SY ON SX SZ intl;
IY ON IX IZ int2;

OUTPUT:  CINTERVAL(hpd) TECHS; STDYX;
PLOT: TYPE = PLOT2;





