OB 2021, Vol. 53, No. 3, 322-336
Acta Psychologica Sinica

© 2021 LB 2
https://dx.doi.org/10.3724/SP.J.1041.2021.00322

BERNHWATEENARRENNE

x| 2

wo gt

Ho !

(AL FE 20 B2 2 AU BT A 2O B 250 0 FH S 560 BRIE U T 8 5 9286 28, JB AT 100875)
CRIRTHB AL RS BEAA B, B AT 210023) (P EE XA E OB R, B MM 46556, SEE)

W E 54PN AT (mediated moderation, meMORTI TR 220 2257 MBI S #0E T, NS
L ELZ I meMO BN K/NKFRFR . X TR EEE, A SO BT 2R AR, $EH T —Fh T ARy 22
EFF MR EA A BT CmeMOYEAL, 25 H T H T meMO Z-Hr S JRFTA08 . B4 7 8808 A4 A i
RN R/ NN i . 3835 Monte Carlo BEHIFSY, AT meMO Fl 2meMO #5826 SECHION AR T - FR3 .
Fid PR R FIFFERE T 2meMO B A 7 FH LA S0 1 9 115 A o

KSR AP, J72E5R0E, ROV, DUt

SES B84l12

1 55

TEAR Z 48 A SE PR 5T P, H 41 (mediation) %L
R 53 AT A IE T (moderation) &N 7 AT & 8 1 H 28 &
XA R Y Z A R W T, s
WM ATR A, 72 REERHESHESR T, K
BN ST G, BT AR Z M E AR
FAIF 5 7 1k kR #k 7 21 FE L ( Kwan & Chan, 2018;
e, R AR, 2013). Hop, A ARy
(mediated moderation, f&FR meMO)R HIZEHR 1T 7
AR AR IPLE T, RO TSR TR

meMO AR I 53 A1 8 H AR AR TR 19 42 B Z %
A5 (X) 5 RS & (Y)Z [\ 26 R AR AL, iR Z
XX R Y Z 815G R BRI o A B R Y AR
(M)(mediating moderator)iS A, MFR Z @i M %)
X R Y Z a5 Z [0 #2008 35 S A s R T
(meMO), T [F] BLiE 1 R 82, meMO FEALIT 4Rk
TEOP AW A58 T 7 32 B (A0, Baron &
Kenny, 1986; Liu et al., 2012; Muller et al., 2005; +
el 4%, 2019; M 3C2E 4%, 2019; Wik iy 4%,
2020) 7E 7 LR Gk, WA VF 205 E B meMO

W H 3): 2020-06-25

BERY 1) o3 A 20 BRARS 36: 07 1k R AT T BN TER A
0 .45 (Hayes, 2018; Kwan & Chan, 2018; Ng et
al., 2019; M4, B, 2013), SR, 76 SZPRA
FHH meMO BRI 2= /A il LA R =T T Y 1)
B, AT meMO AL, iy Tk A B
meMO W i AHEAR, B HIFFE FRAR A 45 A0,
i, BCEHESE R AT A AMEE R S meMO A
FURGHR A [ U VC IE ST X584 i 3 5 ]
Gt R R, Ok B 1 T ORI R
PR AN DX R A 255 (U, American Education
Research Association, 2006; Cumming, 2014; Funder
et al., 2013; Rozeboom, 1960; Wilkinson & American
Psychological Association Task Force on Statistical
Inference, 1999), FEWNH) CLBEL2EHM ) M GO HEER
)RS WA [FRE R R AR, B E R IR, AT
FHBALE T meMO )8 RE O HAON f #E 4T
B K P P 00 S AR R o AT IO S LA 2R AL PR A%
N AR AR AR, AR U5 B v i T AR 4
I T A hA R AT, RS R SRR
&I (Aiken et al., 1991), [HIXLEFEIRIFAGIE
PR oA NSO e CRAS SRR TR, R0 2 S 1 A
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PG (N5 m A5 ) IO/ N B AL KRR, B3l RN
W EE X T RO R 1Y BF 5 ) R (Kelley &
Preacher, 2012), K1, % £F fiff o A6 [7) A2 ] [l ¢
meMO Fr MBS BRI “Z it M T X A Y Z [
KR M, G BN AR, X meMO 43
B eb T AT R A B I8 1 R0 R/ NBEA T PR o
HWR, A A BT AT (meMO) A P87 1 A
(moderated mediation, f&jF8 moME) f 5k fi B i)
], (H TR S BRI P 2 e TR -
Baron fl Kenny (1986)fx F-#£H T meMO F1 moME
ML, R Z WP 5EBE S X M2 04T 1 PR RY
[#]iA (Edwards & Lambert, 2007; Liu et al., 2012;
Muller et al., 2005), Hayes (2018)%% & HE & 4% 81 Fl 4t
PR X} meMO Al moME #E47 T FE4RAY 432, IF
P24 T PROCESS Zr#id)y . #RT, T R FH#FS
H RV X PR AT ), PR & 2
I B G R R R R 2 A A G R & moME(E
meMO) Y BUIA, T 7558 1155 8 45 R 10 i B b AR
HT meMO(zK moME)Hf# & (W, Gonzalez-Mulé
et al., 2016; Liang & Chi, 2013; Park & Searcy, 2012;
Tang, 2016; Tang & Naumann, 2016; Zacher et al.,
2012; B30 4%, 2019) T8 HARA SR & PN 7E 8L
a4 E, meMO 5 moME X1/ i) 45 3145 AU AH ],
SEWIIEE X meMO Fl moME FEA: TIRVE . HAK
kit WK meMO KiEI S meMO-1 Al
meMO-IT B, meMO-I £ 555 —Fr Bt moME
BALSE M, meMO-1T BEHY 558 — [ Bt moME #5445
#fr(Kwan & Chan, 2018) A 3L 37T Y [ R anfal A
LS &, TR B R IA B meMO
A5 G 3 Y 8 A 56 R DA R 7 A e i VR AL,
FE AR B, DATESS R X5 meMO
1 moME P ZEBIARY
B JE, meMO BB SR 27 22551, 1015 &
B0 2 A 0t R I — IR, SR S B L
X RV H AL, JE R AL Y1 RO AR
(Aguinis & Pierce, 1998; DeShon & Alexander,
1996). it X & 47 32 B AR IRy [l LR
Y =by+bX,+b,Z, +b; X, Z, + ¢, ey
A Y. XA Z i FoR N AS & . H AS E AT Y
WhE; b RoNAEFRUEL B IH RBG R 2E 6 ~
N(0,0%),i =1, 2,++, n, n FRFEART, 25 HER
RBLFAE, BWREX T AR X BORERE x; 1,
BRI ARG, AR, A A HAE R BIALAR
MENS 07 22 P PERY AT SR R, o S ECH 2840

R IYIG KRR I0: 7 ()R B, >4 52 ELAE TS0 Lz i [m]
AR AR, HSEAGTEX R AR R A
b, TS B BT 0 3 10 285 % (B 3 3800 1) o L
#:(Aguinis & Pierce, 1998; DeShon & Alexander,
1996) o AW FT IURT A S5 ) meMO #5E B 904740 i, 7
DL IR 5 SO A R meMO B0 & R B,
[F] s 10 M R 15 22 AEORS T 19 728 s 1Y Oy 22 AR SRR IR R

R T AL B RN A AT 45 o R B T 2R SY
PERY )R, Yuan 28 A (2014)% F G 2 A8 2 T 1%
50 118 Y81 AN T AR AR 0 st ST I 9 K
BER/NEHERR . BAR Yuan %5 A (2014) B A ¥
meMO FERY, (F A4 H ) 1 J2 AR ) RELARL RN AR,
ST SO HE R 5K IR 800 R ) AT 4 ) A A
AR KW o ABIEFORE S S Z BB E SR SR B,
V4 A e B 2 = A TR A 10 T B 1 B, IS
T e SCREIE T 5 25 57 Mo i, SGE T 224k
FrE S5 meMO RN 8 H5

ZE b, ARWFSE AR RS B MWA
A BRI ATY &, #4 Yuan 55 A (2014)5E X
(14 9 22 0 [ ) A5 AR 4 e B P 2 A e A i R T
CmeMO)EE A Hym X (748 H X 5N E Y2
0] 56 R AR SRR 40 i, 25 Bl meMO U
F/NFEAR; SR 8 i B S AL B R S E L K
KON AN TR, JFE T 51558 meMO AL,
TR R AL B G M [R] BsoRe T 52 B K i 2 45 A
Mplus (Muthén & Muthén, 2017)iE )443 2meMO
A 1) 07 FH L B 35007 s At T A A, LA {5 1o
HEE; fJaFe t Ok I AT R DL RO AR A
)DL SR A RN S B g FH P 7 3 g ] A8

2 A By I

BAR meMO HEH 0] DL 4y A meMO-1 # Fl
meMO-IT Y, {H AT fif B Pk A% i HAA R SO A B,
meMO-1I BRI T H T X, GIRZ 5 HINA
meMO-T A& A 1 9 28 1A SE bR X, W
AN B 5 iF (Edwards & Lambert, 2007; Hayes &
Preacher, 2013), K1, A SCH S8 B REPER
FRIE LAY meMO-II #%Y(Kwan & Chan, 2018;
Hayes, 2018), HXF i (I HE B R ULIE 1. B 1 5 dn
RZMATT X >YHMEKR, HZEX >Y Eryil
TR R M TRy, XU A T A A
PRI CRHLZ S5 bt A (R 6 A28), A8 1 M R A Y
A R, WAL, M ORTRE RO T Z B
RO, L Z 16 X Y EEERAYRE . ©



324 N H

L

53 %

1 AL AL U 2 A0 i 2 0] S AR I BIR 3R0A, A
AE FLARBEAT 0 M o A4 FL R 4 D RE RS B o A e
RURFIE I GEH A, A R AT i — 2P KR 0 A

B A T B 2800 AR B B CRLIAR 2 s AT TP Ay
A 5 2800 )

ASCAE T Yuan 25 A (2014) A0 EAE, SR 2
FR ) S B IR 1 X ST TR /1Y
A A A0 6T XU Y B I R R ] A2 8 9 A
RS, RIS ASE A ASA 4, X6 Y s R
e it 2 HoAE PR T AR EBUE A ASF AR L . S—
R IR meMO 4387 H AR i X X AR Y 5
M FR B AR AL, BR T)RHR Z R M OXF X R Y Z ]
KR, LI AR5 Z Frh A iy AR i M
ZIP R HAERERE, X T XM Y ZRXR
AR S, A6 8T R rh b Je B )R AR i Z Fih
WP AS T M Ab, P REIE S AR AT R R 1 AR
S, POHFER R h i X — Y SN BELIR 22 0

2meMO AR A KIR A
)= 1:
Yi=d; +cX; +¢ (2)
)= 2:
di =Va0 VoM + V2 Z; +uy (3)
Ci:760+}/61M[+7CZZ[+uC[ (4)
M; =yyo+7mZ: +ey (5)

FTRRQ~@ER T A& X, WA E Z Mhim
WA E M SRR Y ZERKER; TG
T AR Z Frh AR R M Z R R

oy 0 My 0 23R I ZE & Y Firp A 8 5 722
B M OB EIEEEE: 71,7020 Veos Vets Ver B 7apy AT
R B X, Z MM OEBE O AR R, RD
E(Z)=E(X,)= E(M)=0 . BR%W ey, = +1uy,ep,
Flu, IRMIEZS S35, H E(ey) = E(ey;) = E(u,) =0,
var(ey; ) = O-eZY’Var(eMi) = O'eZM Svar(ug) = O':fc o eygis ey Al
uy; MBS 1 o (AR B, A IR T 2
MBI, (B2 S BREUE I AN R B 1 )2 B8,
SR EEEIX S g, Muy,, B ILAEIRN
ey o JION, TERRINE b, SUVF ¢ FATEREHLAS 53,
DAk b B R 25 5 22 B X, AR AR T 25 38 55 1 ]

(5 EFATFEAN T 13X — [A] ) . 2meMO FEALXS i
A RGeS R AT I 2 367

22

B2 IREA T BT (2meMO) A 6 B Y )2 4
THE R LA 2R 3R A P 1 3 19 %4

B — EARIA meMO  HE 55 &7 I BRI 56
FAE XX Y (s, HA#EE d; FIRE o HBENLR
B o T JRARIPE— DR Z A MO REAL R K, N
c; IS, Rl 20 — )2 B RLIR 2 LT Z N M Z [H) 1
KEFR BMASRYE, IrfR@) R TR Y X X (a1
MR d, Z BRI (BR T X ShE s m s & Y
FAE D), TRE@OHEE T X X Y 9 EIE R 5 ¢, 2 3]
AT R X B Y IHZ s a), Hd y,, R
XX Y W ERN, y, Fm MXT XY Z LR
P, ., FoR ZA XN Y Z A R E R,
FEGEIR T M X Z ByIalH o X R HI PR 2 8 SURRE
BRI I7 AR T meMO AR RS b B Y B N2 X Y
Z B SC R (2 1) ey e 3 7 (G5 4 9 779 5 8] 42 9
), M AT A R IX > meMO 5 moME filf 56 1 [a] i
Y22 5%

T A IR Rk 2P WA 2meMO
BERIFIME S meMO BEEL IR ZR AT . B (3)F1(4)
AR, 533G IR RIEN

Y=d +cX;+&=ys0traM; +7:,7Z;
Fug + (Yo VM + V2 Zi +uy)X; + &
=Vao T YoM+ VarZi + Vo Xi + 70 XiM,;
F Ve XiZ +uy X; +ey;, (6)
PR EXGRARIZER (6, 155
Y =ao +Ya¥mo) + Waz + YV an)Z;
+(Veo +7a?m0) X + (Voo + Varm) XiZ;
HYaiev +VaX ey TuqX; +ey
=74, *7a,Ym0) + (Va, +7a, V) Z;
Heo +7a7m0) + Ver +¥a¥an)Zi
+ (Ve U)X + (Y pens +ey)- 7
e LU Y JE, M HLESER) meMO 8L, J7 R
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O)F(NZ T u, X, X —I, W] LA R X o5
fiffe B SR A TR B IR Y, AR R B R
(FATIEAETT IR 53 32— 2P f# B meMO Fl moME [
Xoe 534h, GIFEMTBROTREE X > XM
Fl XZ — XM Wi 45 J5A4% DA T ok W 2% 4% R 500 PR B
(WL 2 FEl 3), RIFRE X — XM W RS M
XX SR — MORIZE, 338 7,05 BRE
XZ — XM BB RES Z —> M 5%, 25 7,

HIFERWM T WHEBRATE S, X X Y Bsgmh
Yoo+ VeVaro» LA X X Y (I EEEW 0, YKL X
AL XM A Y BTRESEE y 07000 , XM OXE Y BYSE 00
Ver» WIATE S RE X > XM Ny, 5 X >
XM Y N yarue; FH, XZ Xt v B3 W
Yer +Valant» I8 XZ X Y B E B y,,, VUK XZ
WAt XM G Y P RIEZZ I y 700 XMWY BSE0 Ry
Ya » WO 3t W OE XZo>XM K oy, 15
XZ > XM >Y N yo+ varu o WIETTE@6)F(T),
FHF 2meMO 43 H7 I % i i & - ge i B R an 51 3 B
o XTHCIE 2 A 3, [ 2 AR N B

€y

K3 3 RAA A BT (2meMO) AT 4] LY 5 48
TR CHUA LR A A B TR A

P 3 H X B Y AR AR R 0 S 5 X IO FY
[l 5 2 R A LR, u,, , FHLAEIE Y 5% 22T5
ZEv] LLRE X B 7224k 22 4k (OF 23R 55 18), 1548
meMO B R X, 2meMO AR SR AL 7%
BEALI u,, AU PR B2 22 Fr PR R se, i HLEE
PFE SEBRAE O o IR D B 1A E rp 25 R B Y 9 1 7 4
XY Z[8] i) 5 FR A Al BEMHT TR b B f 55 A
HAR Ry A2 o, XX Y R B BEAIL TR 2250 u,, 15 3
Mz 7 — o BR T X — RIS, RS L

G211 meMO XN G TR (Grant & Berry, 2011;
Liu et al., 2012)# L, fEGEAL R XZ — XM F
X - XM WEE A RAGTE, mAERMERNSEIT
R v 3 5 B AR A S BRE S  Z % M Il A ARk
RMBEEAN S, X PR A RERINT 2. BT
BEHLEN u,, b, BAER 2meMO X R 4 -G8 i 5l v
(9 FH At #6435 Kwan F1 Chan (2018) M\ 55 — ¥ ff1 4 5
) meMO 1S TR [R], (H WA & a4 A B
meMO SR B B A AEAR T 22 5% . 2meMO 43
JEGEAT AR (B 2) 5 A 8B R 1) Xof o O 3R B ¥ AT
BRI 5CF XM Y Z 8] 5C R A8 S i B th 31 ) F 38
fif, "TLAFSE X Y Z M6 AR5 ()R RE, 2 X
P AR B Z B R R RN | VR T AR LA B R 4
PEATRON, T ELX — R SR e A B I R R IS T
u,; =0 AYRIRY

3 meMO R i i E X

TE R (2)~(5)FTE L 2meMO A H | (5)

RA@), FTLLE XX Y B RE AN ¢, 2
G =Yoot VaM;+ Ve Z; +u,

=Veo ¥ Va1 (Vo + Va2 +ey) + Ve Zy +uy

=Yoo +VaVar0) + Wea ¥ Vea?ar)Zi + Vaeus + g (8
BE—T y.0 + V¥ 2en XX Y By, Hy %
IR XX Y BRI,y oy RN Xl XM XY
([ EZR2 ), 3X — I 5 R AR i Z IR TE G, 56
I (Y oy + Ve Van) FRTHTT AR R Z X X - Y (R
TR, Hody, /& Z XX - v B R A0,
VaVan & Z3BIE M XX — Y B TR 0N (o
T AR A AR R (] 2) AR R 1Y Z 3@ ik M OXE X Rl
Y 2Z [a) [ 5 R B s, b T A IR ge i ALK 3)
HI XZ > XM —>Y), 7.7 B meMO R SET:
B BB, 1CHN o o RIS HAE A
TR RO G 56 e B AR I H - 7 enso = 0 2 T
FE, SEBReR, AR X AR Z A
ME z (s FES T 1 AbriE2s), 115453
VaVaiZ» SRR A & Z BURNRMER, Z i@
AR M XY Z 8156 FR A R R BE (747 5 meMO).,
FEARLTF VA1 RO v T BAKON 25 SRR, 6T A
BRI AT SONAE Z, = 2, F1 Z, = z,, "] A5 H 43
TR ZE S dif v = VerVan (21— 22) 5 SEBm L ] %6
Hy dif oo = 0 FEATKG S, LARIZEJ 28 Z A
[FE z, 1z, B, AT ER RS ESR .

XX} Y SRR LA S, Bl o, T 250

Var(c,») = Var(7c0 +7/clMi +7CZZi +uci)
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= (Ver +7ara) Var(Z) + 7500, + 0 (9)
T ITFRATEE T ¢, 28 55 59 A [6] R Pk 5 Sl LA
& meMO K/NRUN B o B — 800 B
ez * Yeran)* var(Z,)

P (Ve +7c17M1)2 Var(Zi)+7310-ezM +O'3c o
RS G Z X a1 H FRER ¢, SR S T AR I L 48],
A ARSI B X6 Y s me A8 e v, AR 5 Z T
REARRERY S 2 S T o 1 BB 800

rovar(Z,)
(Ve +Ya?an) Var(Z) + 7200 +0r
DR T 72 B Z 0 BR800 0 81 H 2R 8 e, S
S BT iR R e, ml DL TR R AR e Z %)
X - Y IR BT RN B RN o RN

Pnerio = ¢M0_ind

_ (7c17M1)2 var(Z;) (12)

(Fer + V7)) Var(Z) + 7200 + 0
iR T AR Z ik A p TR AR R MR TR R Y
SN (UL Y ASCAT PR A B3 )R [T U 2R K ¢, 2 S i
fi e ny Fe g, mT LA PR A i R A8 i Z g i i
P AT MXT X — Y BEAR FR BRI RN A KN .
EARTE B2, BT8R W RTE SCRRON i,
TR BRI R Y AR Ry, A5 )T AL
X I I BE A R B gy P17 Z AR, I Z 1]
ARSI I, it AR RECE 72 S R
FARNEAINE, HE HR RO 5 5 R R R
B BRI SE T BTN, B B o #

Pvio_dgir + o ind °

M5 25 SRR B, R R B ¢ sk 22
BEHLIR A R, Blu, =0, %X (2)~(5)H ik 5l g
W JE AR GE R A A T AT BRI AR Y meMO),

i e SR AR (10)~(12) B AT AE R LA R A 3K

(11

¢M07dir =

SR RN
o _ (Ze2 +7c17M1)2Var(Zi) (13)
MO _tot = 2 2 2
(Yer tVaVan) var(Z) + 750,y
LRV
f) _ 732Var(zi) (14)
MO _dir =
- (7e2 +7c17M1)2Vaf(Zi)+7310e2M
HR A IR BN
4 g
meMO MO _ind
(7c17M1)2Var(Zf) (15)

- (Zea +7¢17/M1)2 var(Zi)+7flan
X, FRATEH LA (DK X AL X X
Y KRR BELIE 2 .

AR (13)~(15)FFEE T 2meMO BiRL, Hop
BRI E LRTEAFIE X > Y i R BEHL
W2 (u B, WA Z XX — ¥ R B
o HAL S AR IR (7oy + yaran)’ var(Z;) Al
AR A MR R R R TRY yho,
T o TE TR R Y A S R AR R Z E R I
RAE S A B R T AR R MR R, ARie
SRR 22T 26 R SRR AR R AR 22 7 2K T X
AITEOL, FRATTER LS H 1 DU A v A 18 5 2500 Y 250
EAEPR . 27 (13)~(15) AR iE T meMO Fl 2meMO
BRL, A2 (10)~(12)03E T 2meMO #i8 ,

M A I3 A 2meMO #ERIBEHLER 4> S %4
AL A, MRS 5 i 20 18 B BE AR I (PR 22
Ji 2 M) BB T Ry ), 2 3 DL A e Ab
PRI AR, JU R S A T 2R i B AL AR S A T I
TR 3G AL (Wang Preacher, 2015; Muthén &
Asparouhov, 2012; Asparouhov & Muthén, 2020),
FATEEF DL J7 Al 1 2meMO S 8000
o O TAET AL, WA T BT meMO
B SHU . TERR E BRI e A, R
IR A R4 52 FF 7% Markov Chain Monte Carlo,
MCMC) Gibbs RAFE RIS EL 1) J5 55 537 (Gilks
et al., 1996), T Gibbs RAFUSIER KA, fdH
Gelman-Rubin #“BE 4 Jil (potential scale reduction,
PSR)%i 114, H4E Brooks Fl Gelman (1998)1IH 5%,
WA PSR G it/ F 1.05, WA SHUG TSI
o X TUSREAS, FATH S H0ry D rfli T S
0 )5 8 o A BB (PR O 5 B ¥ (E, 2Bl
TR ALED), I HAT T W SOREAS 19 45 1 22 A5 5 40
PREZE o SE TS HUR KA 2.5%F1 97.5%F1 73
L %5, 4% 3] 95% A {7 IX [4] (Credibility Interval,
CI)(Song & Lee, 2012),

4 AT

ARG E SR F Tk, REAFESST,
meMO F1 2meMO 7EZEAt TR B2 1280 A 75
MR, T meMO F1 2meMO B9 b3, $ouk iy
ZF AW ER, HRK 2meMO BIA L)
B
4.1 EHRLZT

XTI FEQR)~(5), &% Wen 55 A (2010)L
Liu 5 A (2020) AL 254, SBOTEMBEI T
(DI B R 5Ly, FR/NEC 3 ANKF: 00 0.2 F
0.4; Q)BENLIRZE u, BT o B3 A IKF-: 0, 0.25
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F10.5; G)FEA T I 4 1~7KF: 100,200,500 F1 1000,
TEB M ol = ORF, R YRR 2277 250 12 S5 PR
BE, B R A BN meMO AR, HAl £ 1R
BWEWMT : KBy, My, KEH 0; ¥
XY, Z>Y,M—>Y HMZ—>MPERNIEE N
04, Bl vy =72 =V =nn =04 Z X X >Y ¥
R EBR RN E N 0.2, My, =02, A4
X, VAWASR Z, (RET ey, A ey, MM FRIE L5
i N(0,1). FEA 36 D5, BASAIFER 500 K.
FF 2meMOF AL, fifi F R # /(R Core Team, 2016)
R A B AE o AR PR A Z(10)~(15) 0] LAAF 2 X B+
Yo M oL HAET, SRR, 2580 1,
4.2 RS ARG IERR

XFF 2meMO A F meMO #i4Y, fi ff] JAGS
(Plummer, 2015)#1 R {4} (R Core Team, 2016)1 A9
Py AL “R2jags #EAT DU G 11, kAt 15000 ¥X,
FHEG 5000 DGR SEN G55, BTN
#R(burn in){EBEE N 10000, XTI S HUE
B9 An kB, JE T SCERE i (e.g., Song & Lee,
2012; Wang & Preacher, 2015), X T [\ 19 & %
?=n0sYaa15Vaos YarsYaa>Yeos VersVe2) P L VAN RN
SRR, X TiRE % 6 =(00,00,00) K
FHI ST (R385 43 A I S 08, X S S 55 2 [ )5 43 By
FN&EFE) 7 REAR AL 5 FH %) 2 338 /5 56 (Gelman et al.,
2004), HARTF, X FRIE R, WE R Ah
H: oy~ N(0,10%) ; R RET 2, SE SR i
M. o} ~1Gamma(0.001,0.001) . #ELEGE N 3, N
T BRS04 A ] Y A AR OGRS LA 25 T, Kl
B B0 AR f [ f i 2 0 10 (B thin=10), /&%
(S HCEAE T A TRV 7,enso FI AT T8 53800 1Y
25 dif oo » B Z =1 K VEAE A9 A1 5 meMO
(T merto YA, BUZ = 1R Z = 1 R K 40 98 5 A8
Z WS [F]E B PG A {7 B meMO &% N 1Y 22 5

(dif yero )o

X FZE 1 erio T difporio » S EAL 1) I
7 (Bias) . ¥ 7% 22 (MSE) ., 95% [ {5 [X ] {76 35 % |
K06 J1 FEE— 255158 5 MRV S BT Rk
JE RPN A, SRR 3 AR AR AL A RS B
[FIAF R meMO Fl 2meMO #EBIgEAAE1, % T
2meMO BEH, AT LLAE B gf) 0 i B0
Do to1>Pvo _dir M @ enio EIREITEER, X meMO £
B, AIASBIRT 3 AR Al THE

P 2% (Bias) R4 J5 15 25 (MSE) A E SLUNF

Bias(0) =0 -6, (16)

Zf_mé;—eo)z an
Horp, 0=3F,0 /R %R R=500 WEESHAEIT
MM, 6, N r IKEE B HHE.

95% R {5 DX ] (/) 78 5 R 248 R=500 R E &
DU S Al H 45 20 09 5 46050 A Th 5 2.5%F155 97.5%
AT DX ) P9 AL B 2 8B A BT 5 B8 H 1 A
FIEFESHOG R EAEA R 0 55 1F T, R=500 1K
A P RENS KK S50 3 R A BT Y
Fo ] o 5 — SRR AE SO N I LA Dl 0 1 254
T, R=500 ELE TR HSE R EARN 0
VBT o5 1) EL A
43 H#R

XA — GRS A, ALY ef T A SO N 1Y)
PSR it ¥ /T 1.05, WX T meMO #i
2meMO #EAY, UL Ah AR A ARSI ]
431  p,.000 M dif, 50 BIEITFEE

22 45 T A PR RONAE A 7 nemo 19T
2, iR, 95%n] {5 X (a1 7 35 R AR 46 R, X T
AR,y 0 = O B HH 26 5 (R (AR 28 5 — 2 iR
B Vmemo # 0 BHELRIE A FTAGL T ] LIE H,
Xt T S B0 1T 0 D 25 0038 0 152 25 PR RS AU A5 31 11

MSE(0) =

F1 BHRTEGNENBNERE

Y 0 0.2 0.4

o’ 0 0.25 0.5 0 0.25 0.5 0 0.25 0.5
B 1 1 1 0.6622 0.6622 0.6622 0.4475 0.4475 0.4475
8 1 1 1 0.3378 0.3378 0.3378 0.1381 0.1381 0.1381
P 0 0 0 0.0541 0.0541 0.0541 0.0884 0.0884 0.0884
b0t 1 0.1379 0.7410 0.6622 0.2128 0.1268 0.4475 0.2402 0.1641
Buo an 1 0.1379 0.7410 0.3378 0.1086 0.0647 0.1381 0.0741 0.0507
Grerto 0 0 0 0.0541 0.0174 0.0103 0.0884 0.0474 0.0324
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x2 MMEREGIN V00 BHIRE, HHAIRE, BN AIEREBEEEMIERR

S meMo 2meMo
100 200 500 1000 100 200 500 1000
Bias 0 0 0 0.002 0.001 0.000 -0.001 0.002 0.001 0.000 -0.001
0.25 0 -0.002 -0.001 0.000 0.001 -0.001 —-0.001 0.000 0.001
0.5 0 0.003 0.000 0.001 —0.001 0.003 0.000 0.001 —0.001
0.2 0 0.08 -0.002 —0.002 0.000 0.001 —0.002 -0.002 0.000 0.001
0.25 0.08 —0.006 0.000 0.000 0.000 —0.006 0.000 0.000 0.000
0.5 0.08 -0.002 0.002 -0.002 0.001 -0.001 0.000 -0.002 0.002
0.4 0 0.16 0.000 0.001 0.001 0.000 0.000 0.001 0.001 0.000
0.25 0.16 -0.004 -0.001 0.002 0.000 -0.004 —-0.001 0.002 0.000
0.5 0.16 —0.002 —0.004 0.000 0.002 —0.002 -0.003 0.001 0.002
MSE 0 0 0 0.002 0.001 0.000 0.000 0.002 0.001 0.000 0.000
0.25 0 0.003 0.001 0.001 0.000 0.003 0.001 0.001 0.000
0.5 0 0.004 0.002 0.001 0.000 0.004 0.002 0.001 0.000
0.2 0 0.08 0.002 0.001 0.000 0.000 0.002 0.001 0.000 0.000
0.25 0.08 0.004 0.002 0.001 0.000 0.003 0.002 0.001 0.000
0.5 0.08 0.005 0.002 0.001 0.001 0.005 0.002 0.001 0.000
0.4 0 0.16 0.004 0.002 0.001 0.000 0.004 0.002 0.001 0.000
0.25 0.16 0.005 0.002 0.001 0.000 0.005 0.002 0.001 0.000
0.5 0.16 0.006 0.003 0.001 0.001 0.005 0.003 0.001 0.001
HER 0 0 0 0.952 0.942 0.942 0.942 0.952 0.956 0.944 0.940
0.25 0 0.908 0.920 0.918 0.872 0.940 0.956 0.942 0.932
0.5 0 0.912 0.874 0.852 0.870 0.948 0.952 0.936 0.948
0.2 0 0.08 0.962 0.950 0.966 0.924 0.968 0.954 0.972 0.926
0.25 0.08 0.920 0.918 0.922 0.908 0.930 0.944 0.956 0.946
0.5 0.08 0.894 0.882 0.884 0.882 0.928 0.946 0.936 0.944
0.4 0 0.16 0.960 0.948 0.958 0.950 0.962 0.950 0.958 0.946
0.25 0.16 0.935 0.937 0.930 0.933 0.960 0.948 0.942 0.962
0.5 0.16 0.926 0.928 0.896 0.882 0.946 0.954 0.940 0.940
45 R 0 0 0 0.048 0.058 0.058 0.058 0.048 0.044 0.056 0.060
0.25 0 0.092 0.080 0.082 0.129 0.060 0.044 0.058 0.068
0.5 0 0.088 0.126 0.148 0.130 0.052 0.048 0.064 0.052
0.2 0 0.08 0.438 0.762 0.998 1.000 0.399 0.760 0.996 1.000
0.25 0.08 0.390 0.650 0.970 1.000 0.314 0.606 0.950 1.000
0.5 0.08 0.362 0.600 0.882 0.994 0.269 0.488 0.838 0.990
0.4 0 0.16 0.938 1.000 1.000 1.000 0.926 1.000 1.000 1.000
0.25 0.16 0.834 0.996 1.000 1.000 0.808 0.952 1.000 1.000
0.5 0.16 0.794 0.970 1.000 1.000 0.730 0.964 1.000 1.000

e BERMRT 0.9, SRR RE T 8%MEMMIAT RN, 7,00 =0 HELRE AR I, 7,00 = 0 FHELRME

RERI 1

SR EE R Bef 22 5 (2 5 AE /DT R S5
fii)o TEWE R T 25T, meMO KA
2meMO HEHIRF S HAGITH A5 R IIEA -2, 2
My F SN L, B o, JT 22 M,
X 95% R {5 DX ) 4 2 R0 A — RS IR B 45 2R,

2meMO HERIAZE FET 8 A (. X TR B 1 0
25, meMO 7 /MREAS I I 15 T 2meMO, H 3% 5
PRI B SR 33 A P, meMO Bt 75 1y 55—
SR ORI 77 10 IR 5 W REA BRI 4
1AL 7, O, KR TR
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difvorto T Vmemo PRSI —5 AL 55 meMO il
2meMO BRI 22 ERIR /N . FETT 2555 AR T,
PR AL R Bias, MSE ., X} 1) 95% A {5 X [6] ) 75
RN — R 22 AR/ . SR, TEIR2E T 2%
EFHEFRMAT, 2meMO X dif,, 00 AT AL T EE I HE
T, [T 2meMO X Y 95% n] {5 [X [8] (1) 78 55 R
FLIT 95%. 2meMO J5 ILFEFR 5 — A5 R R T TH
KL, B35 o (EE9IE N, meMO HY&H—Je5E
TR PTG R
432 HEEWMHITER

X F AR R AEE A PR SOV (p,, = 0.2850.4 )
i, AL meMO AT 2meMO AL, 2
5 (13)~(15) 15 BT 6t i) Lo 0ll) o 1 AL HO
fEHHE; 24 18T R H o W R IR 2205 2% o # 0 i,
ATLIR A 2meMO #iAL F A3 (10)~(12)45 215
B o sors o ar T enso BT 0 10 25
SR, SR I 4 b i 45 S R B A R A AR
FIFRASC AL i @) T e TZS S

% 3 AW T FRBRA R g i
BEARE MK, o MR/, o) A TR B
o 1E o =0 BN T, meMO #HEIFI 2meMO #
FIT] R 22 AR/ o (B, Y o, # 0, 2meMO [44
RGN, JEERE o2 YN, 2meMO i

FEXS T meMO BEHY {1 P34 AR 75 1ok i B 4

#4450 T 2meMO FEAITGE RN & 6,0000
PAEITHE . MEERATLIE Y, FEFTA &5 F, MSE
TEABTRAD,  onso XTI 95% 1 5 IX 7] {1 78 36 Al
P 95%. W% o, FIEEAR BN, @00 fhTTHY
RO R (A2, (EAERNRE, MR RK
INBE, Benso MR IR 220K, JUHOEXT T8/
AT . Kk, ELERTP, BTk
FFXT B rorio FEUERA AL T, 7T BB 20 R FEAS i,
SUE BTG R ARkt R Ak, BT
oA BE HEATRE IE

5 N HZEG

51 HIFEFEKEE

A TET 2meMO BiAlS meMO BRI LA,
X HLFR AR Kwan Fll Chan (2018)8F 5% T FH 9%
PECF 21 hk ;. http://dx.doi.org/10.1037/met0000160.
supp)o HEIEKIET 2012 4 OECD (Organization
for Economic Cooperation and Development)ZH 21 A9
PISA i (the Program for International Student
Assessment, PISA), E.{&4-44 . Kwan #1 Chan
QOI)WFFEH N4 . IZEHEREALE S 3047, 73
728 T A4 < S g E Al S (MATH), [ 728 &

%3 WHERENNHEE ), HitRE, BFiEE SUAEREELE

. . ) . moME 2moME
PR el o HAH
100 200 500 1000 100 200 500 1000
Bias 0.2 0 0.054 0.014 0.006 0.002 0.002 0.015 0.006 0.003 0.002
0.25 0.054 0.015 0.009 0.004 0.001 0.016 0.010 0.004 0.001
0.5 0.054 0.023 0.013 0.003 0.003 0.022 0.012 0.003 0.003
0.4 0 0.088 0.003 0.001 0.001 0.001 0.004 0.001 0.001 0.001
0.25 0.088 0.000 0.001 0.002 —0.001 0.000 0.001 0.002 —0.001
0.5 0.088 0.001 —0.002 0.002 0.001 0.002 —0.002 0.001 0.001
MSE 0.2 0 0.054 0.003 0.001 0.001 0.000 0.003 0.001 0.001 0.000
0.25 0.054 0.003 0.002 0.001 0.000 0.003 0.002 0.001 0.000
0.5 0.054 0.004 0.002 0.001 0.001 0.003 0.002 0.001 0.000
0.4 0 0.088 0.002 0.001 0.000 0.000 0.002 0.001 0.000 0.000
0.25 0.088 0.003 0.001 0.001 0.000 0.003 0.001 0.001 0.000
0.5 0.088 0.003 0.002 0.001 0.000 0.003 0.001 0.001 0.000
HinR 0.2 0 0.054 0.962 0.940 0.956 0.926 0.958 0.944 0.954 0.922
0.25 0.054 0.958 0.926 0.922 0.914 0.970 0.950 0.962 0.948
0.5 0.054 0.958 0.902 0.882 0.874 0.980 0.954 0.952 0.934
0.4 0 0.088 0.968 0.952 0.948 0.954 0.966 0.952 0.948 0.950
0.25 0.088 0.964 0.944 0.948 0.952 0.964 0.944 0.948 0.952
0.5 0.088 0.932 0.908 0.914 0.874 0.950 0.940 0.956 0.932

T EERT 0.9 MEJTHEETFR
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Fz4 2meMO BB BB E ¢,,., HITHIRE, BHIRE, BRAEXEBSER
PEM B bR Yol ol HAH 100 200 500 1000
Bias 0 0 0 0.040 0.024 0.013 0.007
0.25 0 0.030 0.016 0.005 0.002
0.5 0 0.023 0.009 0.003 0.001
0.2 0 0.0541 -0.002 -0.005 -0.006 —0.004
0.25 0.0174 0.021 0.016 0.006 0.002
0.5 0.0104 0.020 0.010 0.002 0.002
0.4 0 0.0884 -0.009 -0.008 -0.005 —0.004
0.25 0.0474 0.013 0.011 0.006 0.002
0.5 0.0324 0.017 0.007 0.003 0.002
MSE 0 0 0 0.003 0.001 0.000 0.000
0.25 0 0.002 0.001 0.000 0.000
0.5 0 0.001 0.000 0.000 0.000
0.2 0 0.0541 0.002 0.001 0.000 0.000
0.25 0.0174 0.001 0.001 0.000 0.000
0.5 0.0104 0.001 0.001 0.000 0.000
0.4 0 0.0884 0.002 0.001 0.000 0.000
0.25 0.0474 0.002 0.001 0.000 0.000
0.5 0.0324 0.002 0.001 0.000 0.000
BER 0.2 0 0.0541 0.932 0.936 0.948 0.922
0.25 0.0174 0.978 0.954 0.954 0.936
0.5 0.0104 0.976 0.964 0.940 0.948
0.4 0 0.0884 0.946 0.946 0.950 0.932
0.25 0.0474 0.962 0.946 0.936 0.936
0.5 0.0324 0.960 0.962 0.932 0.948

TE: W T 2meMO AL, i TOr 22451 RT 0, BFXIEME BRI AEE 0,

e B R AAR(MEFF), 877 48w ak &S 4 0 M
(ESCS) LA K A iy il 15 4% i G E 20 B 92 I (HRES),
RV . ESCS A LA™Y MEFF 5 MATH 2 [H] 4
K ZR, ESCS AKX )24, MEFF % MATH B9 % 45
5%, 1 ESCS %@ 12442, MEFF X MATH B5 i
59, ¥E—4#, ESCS X%} MEFF 5 MATH 2 [H] ¢ £
4985 V5 9 HRES fT b4, ESCS a1 2 AR P 45
£ %) HRES, ffll MEFF %} MATH BI85 . %f
o I REEA I UL 4, 43 AT BRI 5L 58 meMO
BERLA 2meMO #EAY, JrHrid B2 b MEFF. ESCS

ESCS

N
HRES
MEFF >MATH

Kl 4 FEEHE IR 2 U A 580 H RS
By LS 22 8] H A T RN Y (R A 2 2R on A
A B4 3 5 R0

F1 HRES 5B H OB ANFE Sk 1 85 Bl R 25 P
VT 7 FH R e A AR, FRATTHE I 285 B o 5 v
25 T BRI U B I Mplus 8.3 MYTEA) . T EH
YRR IR A9 23X HE A S 2 B Z IR 45, 7E Miplus
FATE By T 22 2 8RR UL ok S Ak F O vk s B
2meMO S EAG T, — P AMEREE—A> cluster,
52 LR

ST meMO AT 2meMO #5, 7EERIASE I
BB RN TR T S5O0 ) PSR Seit ity
I F 1.00 2 1.02 Z 1], #— ki 3 A FEERHL
6 1 R AN [ e 25 WS S5 3 IR RE 1Y) IS 30 40 A o 3R 6 4
T PN BR A SR TS SR L A B R RN A
THE AW 52 ROV 4845 . 2meMO - 5 H X}
W i) DIC (Deviance Information Criteria)~}y 78000.4,
meMO F ALY R ) DIC iy 78069.2, W/MEHI X} i
f) DIC By 225 ADIC = 68.8, 2meMO %I i DIC
/N, M¥E Cain FIl Zhang (2019)FF &1L i) ADIC >
7 BB LR BR M, 2meMO A5 B LA T
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meMO FL I

MR 5 IR AT LA 1, MRS 3 i S50
i R ERZHSEH EHZEA K, meMO Fil
2meMO Al 45 2 B A T8 15RO Y 5 56 X (8
A -2.019 F1-2.165, XF R 95% CI 435 H
(—3.439, —0.614)Fl1(=3.757, —0.673), CLAAL 0, Vi
WA A (R 5 2400 3 . 2meMO BERIZE BLER I,
55— 2 E0F B IR X B LS R ) SR Y
J5 B var (¢, ) = 484.239, 95%[ CT 7(229.158,
737.546); HF F IR ALBE X B SR R 4 AR S R
AT LA 1 A Ak 2 28 U b AN R v A U T AR
FREEBH BV AR (e + va7an) var(Z) +
yAol, WIS IRIIE N 46.643, 95%H CI H(13.412,
83.211) o 1 UL I 0 4t 11 753 3 49 20 B By s
B0 dir T Grerso FIIE BIIME ST 51K 0.059,0.025 Fi
0.010, 95% CI 4341°4(0.007, 0.122), (0.000, 0.068)
F1(0.000, 0.023), Ui BHAEEA: G E: A FRahe
SEMA ) AR S v Ak S 48 AL IR Y 0 Y R R
RIFRIIE R 5.9%, Fhox2e il B3
INf 1) R I S5 B SR (B 2.5%, R4 8 15 2400z (B

A A AR T80 ) F AR R Y S B 1.0%.
bk b R R 2w, M E TR, 19 880N 6
G ) G I B AR A A A 5
% 0.637, 0.275 Fl 0.106, 95% CI 4>51%(0.296,
1.000), (0.000,0.667)F1(0.000,0.206), i 1 7E A %
JEE B FRARLRE — B 2l LS 52 ) 2R B BE HIL
VR2E (u, I, FEAH 2 200 ML RN R B 207 VSR I A
il BRI B 27 F FRALRE R B it i e i A8 S vhr, A
ST AL SRR IS I IE N 63.7%, Hhas
G HbASE B T 2O Y A R R Y IS S B R 27.5%,
(] 422 3080 77 R0 14 il T 23 1Y) 5 39 BE A 10.6% o A 3l
H, oo 5 0o TERCME b2 Rk, HETR
PR B o BT A3 BRI 22 5, W — M Ui T
2meMO BB X > Y REYLIRZRE X,
A, ARG B IR AT ) TR
2meMO, AF5EH 1T DL T 1 AFF 53 ] i, 7E
NI (10)~(15)FTE LAY 6 A [F] A 0n; i rh it 55
A ROV, R TT AR AT X > Y Z A OC R AR
SRR B AR PRr, FRATME T EEE meMO
FERY, AR A B4 ER A BIF 5 Tl i, 7E A3 (13)~(15)

#£5 meMO 1 2meMO R S it LR

S meMO 2meMO
o S Tr bt 22 R bR 2

B RE

ESCS—HRES (7,,) 0.484%%* 0.011 0.4847%%* 0.011

MEFF—MATH (7.,) 46.438%%* 1.385 48.436%%x 1.571

ESCS—MATH (7,,) 14.621 %%+ 1.687 14.368%%x 1.676

HRES—MATH (7,,) 3.492% 1.672 3.418% 1.644

ESCS x MEFF—MATH (7.,) ~2.911* 1.501 ~3.284* 1.640

HRES x MEFF—>MATH ( 7.,) ~4.171%* 1.478 —4.471%* 1.631

ESCS x MEFF—HRES x MEFF ( 7,,,) 0.484% % 0.011 0.4847%%* 0.011
Bk 27 %

ol 6197.923 160.921 5668.715 189.195

o2, 0.749 0.019 0.749 0.019

ol - - 484.239 130.388
B H 185 meMO

A -2.019 0.718 ~2.165 0.791
YN

Bio r - - 0.059 0.032

$io an - - 0.025 0.022

Brorto - - 0.010 0.007

A 0.623 0.193 0.637 0.192

3% 0.261 0.203 0.275 0.206

o 0.110 0.057 0.106 0.056

my
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L

53 %

RS I BRI . Ak, AR AR AR R 3 g
TSRS e faadt A b, FRATTBR RS rh B2 T X
X - XM 1 XZ — XM W25 0642 RE R e, (B
SRR, XA R E S X T SR T2 R R
RN, EEERT L2, H, AT ke, Ea
Kwan F1 Chan (2018)F5 H i) S Fr H 1 1] DL Z 13X
APRE S

6 ITie5EIN

AT HIZPEER R T meMO AL R
FH WG JZ A (R HE 4 SCTT m] A B 22 Uy 25 3B 55 1
) 2meMO A, JEF IBTALEE X X Y 520 R 5028
SRR IEA T o, I R e SCT AT DA B
BRONE LR A5 A TP I R RN RN AR
MR bR . HE— 2 DU 77 T 2meMO A
RIZEUE 1, I8 1T Monte Carlo B EE T
ZHAGTHROREBE, JE 51850 meMO BRI T
R, BE T 2meMO AR A7 b By 22 3E 55 M A A4
TR

MR AU T 25 R, 78T 2208 12 FF R i i ixe
A, meMO Fll 2meMO 5 2| F 25 R L% A 257, i
2 U R ZEA2 58 meMO BRI T, 2meMO Wfig
530 TG O RS R A v A T T 25 SR o R A 7 2255 1
HI AT LT, 2meMO 15 2] 59 S50l 25 - AE
95% 1] {5 DX [1) 7 5 0 R4 i) B — Ak iR i R B
YT meMO HERY, X —455 577 22 9E 5 AR
A HAEFRE(Liu et al., 2020)F0 000 25 & 1% 1
535 R [ A 43 A AR R £ 3] A 45 S — 30 (Yang & Yuan,
2016)o 2meMO LA R 2 S 0 75 250 0z A5 Y i Ui,
1) J7 25 5% P AR 45 14F 19 335 75 (Aguinis & Pierce,
1998; Alexander & DeShon, 1994) 24t 1 i pk B 2%
T DUmE Al o Dy 2k A T S DA R AR ELBE 9 1
R, TATHERFVI R E M 2meMO HEALLL Iy 2%
AEFFHER SO, TERRFE b 5 RO GER 1 B 5% 0]
FERT L R 50 46 s

TEA A W UR T RO I A3, AR SCER Y
2meMO BRI I (AR F 8 bR A LA LI T 1)
Posil: (DR EBIALE L meMO GeitHiRIfg )
T, 7 MR TR f SR NG 0 AE X b g fn ] X
A3 AR SR Ty — AL RE SR . 1T LKA
RG22 f R AR 1 56 R AR Ak, 8 SCRJZE 1
PORTRY, SRS AR AR R X, 7E)= 2 Bl
i TR R 7y A ok PRI R R [ AR e 2 (] O AR Y R,
PR R A g AR A (R AR i 2 (R OE R . IR

SRR IR, BRI 4y T HAR & |
PRI S | 87 78 R R A 8 98 A R ) £
(2)3C P 4 H B 500 B S bR e i T 1 S B R PR S i
Z LR (B var(e,) W4 i 20 1Y, X i oh 5
FHISEX 5 Y ZHERM X — KR8, &
S G RO PR R TR, T U
R ZE meMO 7 BT IR Y ] LB th iy, B
BT Bk, [R) st B4 5 2500 e M P A O PN TR
(e.g., Kelley & Preacher, 2012), (3)3&7F 2meMO #2
BRSO AR AR, ANGE T 22 55 kN HLE T
T ZARFEERY S, AT RS R . PR A
i FH sk 2 O T RO R T S BRSO AN Tl 2 T 22 5%
PR AT R B A T 225, R B 07 IR AE TR)
(4)2meMO RIS HUAL TR A 5 78 Gibbs HUFERY
HEZLT, (B C A 10 G 9k DLk 3 Al 1R e S8t .
2meMO 1 Z B Al i+ AR % 5 il i # H JAGS
(Plummer, 2015). WinBugs (Lunn et al., 2012)#/
Mplus SFHAFEI . (5) 2, RSO
A H A 0 R S Y % 250N B AR AT R N FH A 5
FE RO TR, YRRb T B AT BOA A fm
1t meMO 520 18500 8 A ) R PR o
A, AREGE R ORI T 1k RSN i 1) JEL I
BAW RN AR E X 2meMO 1AL SR,
] LAAERE & R il A 24 X 5 meMO Fl moME %
KRIARVRfE— 2Ll % 0 DA SBIAKE, 2meMO L
BT moME-IT 5 ¥4 i B A5 AN [R], 1 2 JF AN S5 411
2meMO BRI T fift BRI 1 2400 S 0 fnf 38 2o A
R AR e A AEAME TR T moME-IL 228 T fif
H A 24O SR A RS TR AR R UE Y . SR, fE
eI 7 22 SRR BT P R Y e 5 A AR
[F], TE45 A i R EARXEAR &80 Bh b FH A9 3 1X 53 P
KR WIA BT . 7EM 2 B HESE S, XF T
moME AU AT DU SEA SO AR %, 7E)2 1 X
53 KB AR (a A ), TAE)Z 2 R A
PEAR RSB B SO T . N, AR Y
B Ry i h A B AT DL o
)= 1:
M; =a,X; +ey
Y =d, +bM, +c, X, +¢
2 2:
4 =7a0
d; = Va0 + Va1 Z; +ug;
by = Vpo + Vi Zi +

¢ =70
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FIRARARLN G I R R IR P Moy, X — I, T
2meMO BRI & R X, , IXFESE TR )
BT PE M LAX 43 o B R AR AR op AN B
PR 220wy, , X — WG J2 A5 70 4 1) S8 Bt A5 R 1
T GEE XA P B R AR R b ) X 1) o ARk e ]
DI S 7R S0 SO0 R, TR T i A
Jir SR Y o) 8 JRe 53l P RN S e b, DA DR AT
AR IR TR A 55 T B R Y A e A B
PR 25 A R IR VB Y IR R,

Lachowicz % A (2018)ii8 T & PR LN = 48
e N 5 2 AU 4F M (Kelley & Preacher, 2012;
Preacher & Kelley, 2011; Wen & Fan, 2015), ARHF5¢
St € SRR T FE b ELAT LU Rk o (DR 12
X5 meMO MMEERIBIDCEL, 7848 555 i I HE4L
T, &0 B AR RUBE, AT DA R & R i
O B AR S 07 22 B DTRR o ()R F R AR AR
TR, HIET DUM-S A T+ 09 J5 55 20 A AT 45 3]
SON BT I (CT) o (3) B0 o0 F o 1o PO
AF 0 f 120, KEHIERT, 1) 0 dihos
Do dir T Bevio FVBUEARAT T 0 A1 1 ZJ6]; (HAESE
B FH R, AT RS B B DU A 8500 i A E R T 1
(Lutz, 1983; Maassen & Bakker, 2001; Tzelgov &
Henik, 1991), ML Z %t X— Y B B3R (7,,)
FE I M X— Y B BEVE T (o pan )T AR, H
BT A% 22 8] A 2500 (suppression effect)

AR T HE R RO i A AR 240 05, (HAEN
B R S E R PR M . B 5, 2T 07 2250 v
[ M7, var(e;) & R B SERE (436, RIS
YIRS E LA var(e)VEh BB HERY, PRI 2t
AN A BT b SR — AR RN AR AR . R, FE
M NS L S 2 i A VA 0K I VA LN Ei e m s
IR/, DL fead 5K meMO 3000z, [A]AS oA Bl
T T A XX YIYSZ I, var(e,) R/ S A SEPR
M7 o BIFSER RO AE CTE var(e) A B K/ ET
T, R meMO BNV K/, Si4b, AT
WAER RO i (s, [R5 A sR 42 th i 2
RN FEFE PR, AT T RS B Y R O R R A
PRt Z ke 5 B [, NOZFEEIE TR
il BT S SC ) L R 2880 R ] 42 R A 2800 P 280
AR A BA A
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Abstract

Mediation and moderation analyses are commonly used methods for studying the relationship between an
independent variable (X) and a dependent variable (Y) in conducting empirical research. To better understand the
relationships among variables, there is an increasing demand for a more general theoretical framework that
combines moderation and mediation analyses. Recently, statistical analysis of mediated moderation (meMO)
effects has become a powerful tool for scientists to investigate complex processes. However, the traditional
meMO model is formulated based on the homoscedasticity assumption, which is most likely to be violated when
moderation effects exist. In addition, routinely reporting effect sizes has been recommended as the primary
solution to the issue of overemphasis on significance testing. Appropriate effect sizes (ES) for measuring meMO
effects are very important in reporting and interpreting inferential results. However, there does not exist an
effective measure that allows us to answer the question regarding the extent to which a variable Z moderates the
effect of X on Y via the mediator variable (#/) in the meMO model.

The article is organized as follows. First, the two-level moderated regression model proposed by Yuan,
Cheng, & Maxwell (2014) was extended to a two-level mediated moderation (2meMO) model with single-level
data, the statistical path diagram was structured according to the conceptual model and the equations. Second,
several effect sizes were developed for the 2meMO effect by decomposing the total variance of the moderation
effect. Third, to estimate the parameters of the 2meMO model and the ES measures of the meMO effects, we
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developed a Bayesian estimation method to estimate the parameters of the 2meMO model. Fourth, a Monte
Carlo simulation study was conducted to evaluate the performance of the 2meMO model and the proposed ES
measures against those with the meMO model. Finally, we illustrate the application of the new model and
measures with a real data example.

The simulation results indicate that the size of bias and MSE for parameter estimates are small under both
meMO and 2meMO models whether the homoscedasticity assumption hold or not. The results of the coverage
rate of the 95% CI for dif,, ,,; following 2meMO is comparable to those following meMO when the variance

of moderation error is zero, which is the assumption the meMO model is based. However, when the

moderation-error variance is nonzero, 2meMO yields more accurate estimates for dif,,,,0 . than meMO does,

the advantages of 2meMO over meMO become more obvious as the moderation-error variance increases. The
results of Type I error rate indicate that 2meMO controls Type I error rather well, and the rates are close to 0.05
or below 0.05 under all the conditions. However, the Type I error rates of meMO tend to be higher than 0.05
when the moderation-error variance is nonzero. The power rates following the meMO and 2meMO models are
comparable for the medium or large sample size, or when there is a large difference in meMO effects. While the
value of power following 2meMO is slightly lower than that following meMO at small sample se, this result is
mostly due to the inflated Type I error rate of meMO, and larger sample sizes and the smaller moderation-error

variances correspond to more accurate estimates of @%Qm- The results also indicate that, when the

homoscedasticity assumption of the meMO model is satisfied, the effect size estimates following the two models
are about the same. However, when the moderation-error variance is not zero, the results following 2meMO are
more accurate than those following meMO.

In summary, the article developed a 2meMO model with single-level data and proposed several measures to
evaluate the size of the meMO effect explained by moderator variables in total, directly, or indirectly. The
performance of the 2meMO model is compared against that of the traditional meMO model via Monte Carlo
simulations. Results indicate that, when the assumption of homoscedasticity holds, 2meMO yields comparable
results with those under meMO. When the homoscedasticity assumption is violated, estimates under 2meMO are
more accurate than those under meMO. More importantly, the measures of the size of the meMO effect proposed
in this article can be used as a supplement to the test of meMO effects and will meet the needs for reporting ES
in practice. Consequently, the 2meMO model is recommended for the analysis of mediated moderation, and the
effect sizes (ESs) for the interpretation of the effect according to the questions of interest are better reported.

Key words mediated moderation, heteroscedasticity, effect size, Bayesian estimation
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B : meMO #1 2meM O & E I Hr
f&itay MplusiEal

1 meMO 5
TITLE: mediated moderation model
DATA: FILE = memo.csv;
VARIABLE: NAMES ARE ID MATH ESCS HRES MEFF
CESCS CHRES CMEFF XCESCS XCHRES;
! CESCS CHRES CMEFF ¥ il Ak Y 25 1k ;
I XCESCS= CMEFF*CESCS, XCHRES= CMEFF* CHRES;
USEVARIABLES = MATH CESCS CHRES CMEFF XCESCS
XCHRES;
ANALYSIS: ESTIMATOR IS BAYES; POINT =MEAN;
CHAINS =3; PROCESSORS =3;
THIN = 10; BITERATIONS=(10000);
BCONVERGENCE = 0.025;
MODEL:
MATH ON CMEFF (rc0);
MATH ON CHRES (rdy1);
MATH ON CESCS (rdy2);
CHRES ON CESCS (rml);
MATH ON XCHRES (rcl);
MATH ON XCESCS (rc2);
XCHRES ON CMEFF (rm0);
XCHRES ON XCESCS (rm1);
[CHRES MATH] (rm0 ry0);
CHRES MATH (sig_em, sig_ey);
CMEFF WITH CESCS;
CMEFF WITH XCESCS;
CESCS WITH XCESCS;

MODEL CONSTRAINT:
NEW(var z vl v2 v3 v5 phi_fl phi f2 phi f3);
var z=0.935; !z {5 %;
vl = (re2+rcl*rm1)*(rc2+rcl *rml)*var z;
v2 =rc2*rc2*var z;
v3 =rcl*rml*rcl*rml*var z;
v5 = vi+rcl*rcl*sig em;
phi_fl =vI/5;
phi_f2 = v2/v5;
phi_f3 =v3/v5;
MODEL CONSTRAINT:
NEW(memo memol memo?2 dif);

memo = rcl*rml;

memol =rcl*rm1*0.967; !z BIRiEZ K 0.967;
memo?2 = rcl*rm1*(-0.967);
dif = memol-memo2;
PLOT: TYPE = PLOT2;
OUTPUT: CINTERVAL(hpd) TECHS;
2 2meMO #EK MplusiEf]
TITLE: two-level mediated moderation model with single-level
data (2moME)
DATA: FILE = memo.csv;
VARIABLE: NAMES ARE ID MATH ESCS HRES MEFF
CESCS CHRES CMEFF XCESCS XCHRES;
USEVARIABLES = MATH CESCS CHRES CMEFF XCESCS
XCHRES;
1R T B R g — A R — A R
WITHIN = MATH CESCS CHRES CMEFF XCESCS
XCHRES; V52 Bicdfa vh i GE B Ay 72 ek g 21 N 78 o

ANALYSIS: TYPE IS TWOLEVEL RANDOM;

CLUSTER = 1ID;

ESTIMATOR IS BAYES;
POINT =MEAN;
CHAINS =3;
PROCESSORS =3;
THIN = 10;
BITERATIONS=(10000);
BCONVERGENCE = 0.025;
MODEL:
%WITHIN%
¢ | MATH ON CMEFF;
MATH ON CHRES (rdyl);
MATH ON CESCS (rdy2);
CHRES ON CESCS (rml);
MATH ON XCHRES (rcl);
MATH ON XCESCS (rc2);
XCHRES ON CMEFF (rm0);
XCHRES ON XCESCS (rml);
[CHRES] (rm0);
[MATH] (ry0);
CHRES (sig_em);
MATH,;
CMEFF WITH CESCS;
CMEFF WITH XCESCS;

CESCS WITH XCESCS;

%BETWEEN%
[¢] (xc0);
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¢ (sig2_uc);

MODEL CONSTRAINT:

NEW(var_z vl v2 v3 v4 v5 phi_1 phi_2 phi_3 phi_fl phi_f2
phi_f3);

var_z =0.935; ! the variance of z;

vl = (re2+rcl*rm1)*(rc2+rcl*rml)*var_z;

v2 =rc2¥re2*var_z;

v3 =rcl*rml*rcl*rml*var_z;

v4 = vl+rcl*rcl*sig_em+sig2_uc;

v5 = vl+rcl*rcl*sig_em;

phi_1l =v1/v4;

phi_2 =v2/v4;

phi_3 =v3/v4;

phi_fl = vI/v5;
phi_f2 = v2/v5;
phi_f3 = v3/v5;

MODEL CONSTRAINT:
NEW(memo memol memo2 dif);
memo = rcl*rml;
memol = rcl*rm1*0.967;
memo?2 = rcl*rm1*(-0.967);
dif = memol-memo2;

PLOT: TYPE = PLOT2;

OUTPUT:

CINTERVAL(hpd);

TECHS;



