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1 515

TEXT U P 2 St R R A 0 B R A T R, R
HOIE B AR SR SO, BN, PR S 5 e
A N A B e S L ), AN SRR
Vi, B B e JoHE ke, PRI dnfe] &b 3 O 508 SR
BT PR AE A5 3 T R 0T S TC Ik [R5 ) )

4 B R AUSAAL 1T (Full Information Maximum
Likelihood, FIML)FIZ & fi#h(Multiple Imputation,
MI) & H Fir Bl 56 £ 4 2 A B R o 3 4k S5 0 O ik
(Graham, 2009; Schafer & Graham, 2002). X P FJ7
AERRE 451 T TG4 2SN Y, (H2E T AR
PR AT ERAG I | BE it A 3R AR BEPE DL R 45 R i Ao fgkt
P (e.g., Yuan, Yang-Wallentin, & Bentler, 2012), 7E
JriksE SR Eerh FIML S 05 AR 3% (Yuan et al.,
2012; Edpk, b, 2014),

TEBRR B A S e rh, Jy ik il il
20K B 7% 5 (auxiliary variable)fe 2 5 45 5 1) Fa i
£ SRH] FIML AbBRERE BRI, A BRA 4 B A2
w AT LIS FIML 25 UIAH OC A SR 2R ML A5 2100 2
TP AR T A RE SR T, BEINSETTEIA%(Collins,

R H 3): 2015-06-05

Schafer, & Kam, 2001; Graham, 2009), #Xifi, 24Hi
07 15 27 0T Al B 728 ) T 90 A L o Y
(] U AR . BN, g0 A B B siAE e sk B4 B
BHEIERA 7 Hik, RAUFRBCR SR RIS
[ 75 B0 v A7 TR UG — 2B AR R, A3 i ]
T A PR Al B A PR A 25 48 51 o
1.1 HFEHIRENG SRR E

EE G4 Rubin (1976)f5 FoRe k2 L 43
32 sEABENLER | BENLER G FEHE AL SR
5¢ 4 [ ML Bkt ¢ (Missing Completely at Random,
MCAR)FE 22 it 62 & A= (Y AT REE 5728 5 [ B SO
i AS FEERIC G, RIAZ & IR e X — FE A Bl AL
. BEHLERIE (Missing at Random, MAR)E 2% & {ilt
I A AT R R SR Y v R S A A OGS
AR B TER, RV A AR B T RE M A AR
XK. JEFEFLERSE (Missing Not at Random, MNAR)
FRAS F R A A AT REPE RS H B AE G

PRACAL BRI K s 1 ik, ORI B S
) 2 4 8 R AL SR Al 1T il £ 4 b (Enders &
Bandalos, 2001; Graham, 2009; Schafer & Graham,
2002). BEE G L e, X PR ES S T
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1Z W (e.g., Kidger et al., 2015),

164D PRk 2 KPR I, FIML i 97 A7 L) 725 g
() 48R0 BT S5, BRI SRR S 4 B R AL
KA. TEW £ MCAR Fll MAR AY44F, FIML
FEAE TC IR AR U S5 . FIML AR SR (6 T
AT Al R AR X e G (B A R 48, T 2 AR A A ik
B A5 Bk %A 7 X746 11 (Enders &
Bandalos, 2001; Graham, 2009),

MI fERBAE B BEPLER R AE BT, P~ S
2 e S R A A B W 38 00 A1 0 (DR A A s 2R 58
— SRR ML 3 25 EdEddish, THREANC A,
S b, FEANRECCIR IS AT, M1 5 FIML 45
R—3,

WA o 5 v #0242 A e A R
B, BRI IE A WA ORI, 5, FIML 2
LT TR BT B S8 T s, oA s L EoR
Ui, M2 T GE R A (g ab B F2 . LR, FIML 43
Bring I AR AMER AR, T2 e C F015 Bk AR
177 AT A TE, M 5 BRI AT Je 2Ly
Mro i, i MI b3 O 5500 e e B 722 f i 3%
A —B 4518, JUHETE 52 bR ab 3 vp
(Mustillo, 2012) .5 F L) |- FIML F1 MI 5 25 89 Ho %,
DL RASC FEZWT SR AT AR A N2, AT
HSGH: FIML A FR G B5C i l BA AR 2 i AH DG )
12 HET=E

il B AR R AT N SR, HBE R ek B i
AR A F 5 B A28 B (Enders, 2008). #2444 B
15 2 B 78 300 2 3 OB R SR 10 D PR A e
S WFgE AR ARG AR

T MAR HLHIE S T AU 4 5, P 7e
B /DX SEROULIN B S 1 25 F T, TCEEAEGE T XL
PR 2 MAR #E1TKE 58 (Raykov, 2011) A T 5%
ik — AN, T e B A A B A e
Aok 2 MAR {RiZ AT GEYE(Collins et al.,
2001; Schafer & Graham, 2002; Yuan & Lu, 2008),
HATTE FIML Z00rHh, Sei FH 0998 A Bh AR & 0
2 5 Graham (2003) 2 H A9 1l S5C Bx AR Al
(saturated correlates model, SCM), 7E SCM H1, @&
FUVFHE B AR R R] Ll B AR B A A LI e bR A K
A ORI A 00 e 1R 25 A0 56 FE SCML 2 1 2201, 12
FH ML Ab 3B AR, PRI SR Ak ot 22
M EiE & i ML 342 NORM (Schafer,
19994 7 8i# 2 25040 Ab 2 SR FH M Ak 33 5k 2 254
N B AR AR DT, H R TR AN RSO S 8 A

PN EPE, AR IR 4k ML ey b B8k G L
P 1977 1% (Graham, 2003). KA FIML #F47 43 M,
Fr RN AR, SRR R AR (U Mplus)
2RI K ] SCM (Muthén & Muthén, 1998-2010).,
SCM HYy#2 iy FIML/SEM 4b 3 i 4 5 P42 4t T 1R
KEEF], W75 Mplus 28 [ 3R SCM A1 ()
WA B ) FIML/SEM . A 352 B fife 25 5080 A
BT H BB (Enders, 2008; L)l 2014),

2 AR

21 SERIEMEAR

JETT AR 5E 22 550 2 TR T 4 Bl AR A G
5 1) & M (Collins et al., 2001; Graham, 2003;
Mustillo, 2012), #lfH, Graham (2003)# #5518 i
SCM X BAAS AN 1 4 B A8 53817 FIML/SEM 43
BT o 3K SERHIT 5% 34 & AN B ) i B A8 it S5 5
7 b e BE AR OG0 A% Bl 7R i R A OB AR T S8
i1, Mustillo (2012)HF 55 78 ] I AR 78 v i 33 M
SRR AR, PRI AR 2SR | WS AR Y BR
REFRHLHIOCR, W58 & LA B A G X}
ZHAGTHRCA W e . SR Collins 45(2001)
fe i, RO g A5 e AR 5 0 O 1 4 B AR i, 4551
IR RS, SRS EAN T, M
4 55 fie 2 A2 AF DG R A B A Rk 2, IME L T
26 . A Ak T 2377 A S BP9 O 2% o

TAR, AN K B AR BT R B R T, AN
XIS AR S AFAEER A B AR St B AR AR B
M4 Bh AR A AFTE BRI, T a7 S BUR
ZINIFFE R, RN A B 14 B AE B AN an gl
AL B AR BB 24 F 5L, (HEA R H 208 & 5
A %5 (Enders, 2008; Hardt, Herke, & Leonhart, 2012;
Yoo, 2009), #il4, Enders (2008)% Ji§ FIML/SEM X
W88 B i e Je HLAI (MAR) . BA%H Bl 735 5 174 ke 2 AL
il (MCAR, MNAR) . i B 48 & i Bl 2K 2 (25% .
50%). AHRFLE (= 0.54, r = 0.90) T4y, 450 %
TR Rt 4y B 7 R ke 50% (LA 78 e ) ke 2 AL
4 MNAR), A EWA RTS8, BARL B
F% R B A A SRS O, (HE T R
T B AR e 5 T 90 AR A% ] R K R i il B AR
IR S, LR IT AR A Bk O AR A B AR Y
Bl 2R 171 %E (Enders, 2008), i 9 45 B 4% [ A B2k 3
ANEE TR GEREAS v g 2 1 e [ ) il 2 (FRT AR AR B3R

LA F— AR B TET S A B AR,
TERHEV R 5 FA B, S A S Bl 7E A
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AL, PR, RIS AR i 5 A B AR L
SHUAL TG BB T BCE A3 BT B 5 — A~ Tl
Von Hippel (2007)%5 5, BIfH4HBhAS o 5057 A
SEAESE, YA AR RS TSR L E T, 2500
HAF M35 . Enders (2008) A 5T J0 2 H & B 24 4
By AR i 5 B9 A i 0 SR B AR IR B 15% M), 45 R 4™
A= B A 25 o (EX A [n) E H R BR 15 3] R S
5. NI Z B RHURI A . B | Sl ahas
B ) T B — 2L BT
22 KRB

3 3o SO [REURHE A B, B AIEA R 4 4[]
MR RO . SF—, JeriiFoE R T 8R4 B AR
HIEN . M 25 B AR B HAEA 8RR A
fiE, VI b iiss A BRI AR fb Y SR, RIREESY
FF VA X TG v & B e i 3 ] A — 25 i R
#; B, DAEMSRAURBRE MAR HLEI A58 AR
H5 MCAR fil MNAR [ B B &, A — 25
FEAF AR B 5 5 Bl A Al g 5k 2R AL AR 4 (TRTAR
FLEHLED; U, ST RS B E N S %
Collins %5 (2001) AR, ZWF 57 15 5 Bl B S i 55 0
ST A A JC TR 5 95.(0.54, 0.90), X 7E SEBRIFST
HFIFAZ L,

EEXFLL L 4 5, ABFE S SR RIS, R
FH FIML Ab345 ke 7 B i vh i ik Bt £2 H
1) J2 4R 90 B A o 5 0F 5 AR e ) SR BRI L ek
B OFHCRREEE | BN AR B S AR B X B X S
BB T4 R 05200

3 WFREETT
31 AERERRIE T

3.1.1 MREZER
ARFFT I E R RIS IR Enders (2008)HIAF5T,

BRSPS (X R Y) R B ES FRE RY, 41
A 3AWIMFEbR, SMERAS R X XN AR Y 1
FIHREZ N 0.60, MR X BFEPR(x1, x2
) BHRAB, WAEBAR Y Ry, y2
L y3)V W BEAFAE GRS, R BhAR & Z Je— /4L Bk
I AR A% 5 (AR DL R — /N0

Collins 55(2001)WF 5% &3, %l B8 i 55
A i 2 () A 6 R B AP REIR B 0.4 DLk, TEABAT]
(IRFFEH, BFSEAE e (R IR EAE py, = 0.90 B FEAH
X, BRI AE S FRIFFE Hh an bt & A IR Z L. A
M, 7EZ %71 AWE5E (Enders & Peugh, 2004; Hardt
et al., 2012) &AMl b, AHFSE 5 AT P4 57K
- ARMISEBEN py = 0.2, py, = 0.3 FIH 25 s = 4 56
H pea= 0.5, py,= 0.6 FTAAE 5 JR A BRHE IE 2553,
RIAME R 0, 7Nk 1, BEHTF 2N 1, HFi
ik 0.70, 227220 0.51, 1EAE 25 B A8 5t
ZE4 Hardt 22012, 7, = 0.1 B 7, = 0.5)5 Enders
F1 Peugh (2004, r,, = 0.3)AUBFSY, ASHIF5E 15l B
A Z A R BN 0.4,

2 I8 Graham (2003) 4 H A1 AN SCIBEARHL 14 1
5 T B Tl B A A U R DG I AR R (R B AR i
WFFE AR it AR/ = A G o
312 HREKHLF

MBI A B ALE S MNAR B, B AE &
B kAT REME RS A B AHOCHT, g A B AR
TCHE % 28U 145 5 (Bnders, 2006; Yoo, 2009),
P&, YA S4B Y R EORIR R, Bk
LIS MNAR B, BCEHE A 5 s #xfE LU 21 T8
TSR, IAIEIE R BT AR i Y 1) 2
FRHLHI(MAR & MCAR) SHBIAE & Z 1) 3 BRIl
fil(MAR, MCAR, & MNAR), 3£ 6 FpILBLIZ1 5 .

B SRR R IS ADLIT AR A 7 A2 ]
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5 e Hi 2 U 58— (Enders, 2008), ASHFZE R
FHIB R 1) A Rl e it . B U, Y Y WA
HAERHLEY MAR B, #8654 B AR
BZAHX, BERSECNIE, W ZNEBR, Y Bk
TR, MEBIAE R Z BB D MAR B, %
EZ RS X AR A O, RIRSEE AT,
R X XL AE B (K, Z A BRI SN . YA B
A Z I HLE ) MNAR B, Z 982 5 F B4
X, WERFRSHON M, W Z MEBOR, Z M5 B
PFM N, xR, MAEE A8 MAR-MNAR
BF, SHBhAE SR pE AR AR L 2 (5 B, [FIRT
ALY B 5 A 5 ol B A e Y i R R A B AR
AR 1 R T RE T
313 MHAEMREE

F VLR T JemiAH AL 5T v, RS dt ik
RBMBERE ., KREZBWREE WA RTE
200~500 Z[A], 2 J& 2] R 22 5500 3 2 I A A 57 A
FIML XAHEA 225K, ARBFSE MREA 1 100,
200, 500 Al 1000, & IEAE MBI Za 45 BRAITT 5T
AR G SR s B AR A B A4l Enders
(2008) A BIF 5T, b oT AR hiE 5 HL A B AR o Y e iR
KF) 8%, il Bh AR B A 4N A RE 1 45 A5 ) vl 3
P S EAG TS R AR/, T2 e ER ik 5 15%
B, SE T2 AR A 5% 15 2 Bl Bl
i SR B LR R 5% .10% . 15% 1 20%.

F1 BEXRUMRREMNFAESREAXSHLE

Y& DR IWIRES FEA & B F (%)
Arbuckle (1996) ML 145, 500 0, 5,10, 20, 30
Collins et al. (2001) MI & ML 500 25,50
Enders & Bandalos 100, 250,

(2001) FIML 500. 750 2,5,10, 15,25
Newman (2003) FIML & MI* 400 25,50, 75

Enders & Peugh
(2004)

Enders (2008)

Enders & Gottschall
(2011)

T a SRR IR RAR G T 5 i BM = IR R

% (expectation maximization) o

ML & EM 200, 400,600 5, 15,25

FIML 500 25,50

MI 50, 250 5, 15,25

314 HEITEH

AN WG AN A il B AR e AT i O B
Br, AEXF 94 A Z2 /0~ 4 Bl A s 4 0] RELTE DAAE ) AF
FEP I A T 148, Enders (2008) F B HF5T— 4
A BRI O, ARBEIE AL 15257 Enders

(2008)%EF FIML/SEM 5T, H- 5% o8 45 K ik
rHes . 54b, Gl &/ MEAR R | ek
G T S5 R T R B SR, ARFIE R EEH LR 1
AL 3 ANHS AN B AR AR L

315 HIEERM

AW FE T4 B BCE A 5 43 AT 4R A Mplus
7.0 (Muthén & Muthén, 1998-2010)5E 5., AHF57 Ik
B 3 PG OL: (1) WFFEAR s, Sl AR Rt
&, HAEERIRT g AT BI AR 55 (2) W57 48 1 A%
A w AL E, H7E @A N A S Bh AR iy (3) ST
7 i 5 A B AR e R, H AR A AN G A% Bl AR
T S —RSLIDL S 1 vh o5 RSN S 15 S Bl B A
HERERAFR], P s LRI AT S H
SR AR B (R RIS AL, AL P FR S5 T W58 A8 bt
BRI AR R o 27 = ARSI R 5 R SE 48 25 1
FERIRI AT, AN B A B3 17 o e i 45 31

BAMERIILA 576 FAE, BRMAGHER
5000 YKo S PIFPBLLAA ARSI =G . 4 B
AH#(100., 200, 500, 1000) ., 4 FhAEEE3(0.05. 0.10.,
0.15. 0.20). 6 FhILELHLHIZH A (MAR-MAR, MAR-
MCAR, MAR-MNAR, MCAR-MAR, MCAR- MCAR,
MCAR-MNAR). 3 FHiBIZEEHH 1. 3. 5). MW
Tl A L B (A 5E py, = 0.2, py, = 0.3 F1H 25 i 25 A
K px= 0.5, py, = 0.6)o
32 HRITMIRE

K ST 5T T8 FH B P AN PEA AR . S84
i1 22 (e.g., Enders & Bandalos, 2001; Yoo, 2009)
FN7E 7 % (Coverage; Yoo, 2009),

Fb % B A T R 25 19 F8 AR 2 bR o e 25
(Standardized Bias; Collins et al., 2001; Enders &
Gottschall, 2011), #rifEfZE = CEBMTHE-HE
B/ EEIbRAER(LIR X8, 128 IR2E se)o A0SR
2% se S T-0.5, BWREIZRF G THEL TS (E-0.5
A FRUERAY AL E . Collins 25200148 Hihi 22 s /DT
0.4 RTelwflit, J&kmAFFE R bR #E (Enders
& Gottschall, 2011), {HARFFTFEELL 0.4 15 A FIK;
bR 59 35 Y01 (Graham, 2009), At 24 0w 2% 30 69
THOERZ I, AWEFE R IR R 22 100 (Biasio)TE R
SERIEN TSR

SR RIBRD, 2l iE DL A S 5

- K
$=>4/K (A3)
k=1

Biasyg = (9 — )/ $x100 (AR 4)
Hrp, K FoREE BB, K WEZRE(k=1,
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2, K)o g Nk VBB BEIIMEHE, ¢ IS
MEE(E, ¢ N K WGBB M. A3 3 A
A AR - 22 =CF AT HE B A/ B
f x 100 (LA/RIXA7, 18 MIRZE 100)o HRHE Muthén,
Kaplan F1 Hollis (1987)4 &, AWFFEIN M R2EK
T 10 FA MG

Ak, FERIATSE h, 5 R R R IR E A
U IRr A5 45 SR 46 T/ n BAE P B, R T S
B DAl TH ORI 19 B A5 D]« DX TR 5 1 LA
L3 HL ) A DX T) T SR/ () A0 A 15R ) ARE 3 (1D b 5
PEACTOAS R [ E [, W E e =1 5%, L,
M TR 0.95 B, EEPRE TERIFE 1000 R (BE4UL T
TR BRI B X E R, A 950 WASEIRY
fETHEAE BB X R AL S T IUE, SRR RS IR A A%
BN 0.05, BT A IHTFFE A R B 55K /N T 0.90 J& AT
232 1 (Collins et al., 2001; Enders & Peugh, 2004),
AT WR A 0.90 BIFRfE

4 2k

g5 A AT N 5T % A R B ARG T 28
(Collins et al., 2001; Enders, 2008), &M% &%
YR IR IR CIE 5 =0 o o (= R S A Sl P B VA )
S5 5 (I 22 5 7 55 25 ) R OGE 0L 25 R OF 24088075 31 (P
% H I Z FBR LA B A0 . BT i BR
AW AR T E LR (n = 500), T4
LA REAS B 500 22 100 NS A AT SPEFE B R KAG .
41 HHEITETEREK

TR AN BRI BN AS e, b 25 SR D

F5 R 55 RARAE T B2 . BRI, AR B
K, PRI A R0 ] A R B e 25 (R /N o % /e
AK(n=100), FHBIA R Z, W R B0 258K
XFF AR SEAR TN, ME AR IS K,
YN B AR KSR A 2 1 . I Ak, Hl B AR
2 (n = 100 BRAM), X BT 7 w22 i/, FE
B 25 Fh S5 0F T, 7 35 R Yk hr HAR AR K.
42 HEEMRTEHER: BEENPNHHTE
BT, FA E R B S8 T A
2, HAb S8 T X T FIE R B 455,
“MCAR-"Z & T B S B TH45 AR TS o T 25 2
HIAE“MAR-H B IE X, HEEAGERC,
PRZERTE B Z o FOCHER &, B2 5 th IR 22
TEMAEL AR R, XY 7 57 10 78 25 R 57
A2 TN TER A5G | MAR-MAR 214 41FF,
YA S AETBIAE AT, X R G far A9 7 35 R HL AR
B B AR S BCH SN IR = (22 R TE 0.01~0.02 Z
[E]), SR Y P75 B . R
T, AR w5 R AR G IR T 7 1 25 5
(A T S R ILT- 2T ), A WIEs R4
R BUE“MAR-"#H A L(n = 100 Jifi). ‘5 Enders
(2008) 45 o —E A I, 24 n = 500 HAFFT AL B
HLEIN MAR Bf, MAR-MCAR 204U T [t MAR-
MNAR 414 3 22 A IS 0 2 (3% 2). 1 HAE
MAR-MCAR 6 b, HILHAk 5] 15%8), HiH
B AR A B0 T B B A I 22, X AT A
Enders (2008)NHF 58 & B2 I S EAh 1T 45 R H R
T2 L B 55 W 9 AR e S [ R AR A 2 (B B %),

®2 WHTESMRT=EREANNHENTEMEIEFRENEITRE e
(n =500, FEREEX)
MR AUX MAR-MAR MAR-MCAR MAR-MNAR MCAR-MAR MCAR-MCAR MCAR-MNAR
0.05 1 0.0469 -0.3646 -1.4419 -0.0058 —-0.0058 -0.0058
3 0.0418 -0.0526 0.1175 -0.0131 -0.0146 -0.0087
5 0.1334 —0.0480 0.2910 -0.0029 -0.0029 0.0044
0.10 1 0.0374 -0.0230 -1.7935 —0.0043 —-0.0058 -0.0044
3 0.1449 —-0.8075 0.1105 -0.0130 -0.0116 -0.0072
5 0.2615 —0.1553 0.3471 -0.0029 -0.0029 -0.0014
0.15 1 0.1432 —0.7913 0.0261 -0.0014 —0.0028 -0.0029
3 0.1958 -0.1301 0.1107 -0.0157 -0.0144 -0.0071
5 0.4418 -0.1693 0.3388 -0.0014 -0.0014 0.0216
0.20 1 0.1207 —0.9355 0.0266 -0.0014 —0.0042 -0.0014
3 —0.4426 -0.1681 -0.0505 -0.0156 -0.0172 0.0000
5 -0.2518 -0.2358 0.1852 -0.0014 -0.0014 0.0301

T RIS 45 R B 225 MR=6R 36, AUX=41 B 28 it 40, MAR-MAR=fE2k 7 AR R AT 52 28 d 9 B HLA), A7 3R s Bh A8 = 1

B MUK, MAR=KEHLH S, MCAR=5E & FEHLER IS, MNAR=EFEHLEL . FIH .



1494 TN il = Eile 48 &

T A S B I ML o IR0 2 4 R AR AE ] $E 32 V5 RN o

43 HBWEMRT=HE: BERAHNIEHE 05 FE A S AP LA 2R = AP ] 9 &R AR
T8 RIS R(LER 4), KMEASAWAMBIZE/, Irfg

TEMABAUSRAT T, REZHALEHLH A S T LS
AR I A e 22, H S A DG B B AR A
KNP T RS B W2, W2E 58 mRNE R 2
— B FRAEE ABE Y P 1 Aoy 9 i 25 B 7E 32 Y 1
W, HBEEREA R AR, WTHEAZ 10 O 25 (6080 o
J34b, BRdiJE MCAR Mo A 5, fhitas R sl
PR 22 o 5 AT — FBLRUE SO, w25 2 BRAE
““MAR”, ““MCAR’4l & I, “-MNAR’4 &5
P 22 (WL 3)

4.4 F[EERLEHE A EEE

T 5 — AT 5 H 2 AL SR R e
AR EONERICAT R, RIS F T MO 9E A 1
SRR BRI R AR R 1Y, 38 X P A AR
AL T SR R, B AR A B AR B
7 A g 25 I AT B PR TR

AEXE 58 ALY 25 0, 705 =R BDL 251
T, fw2E FEHIAE X P F i f il 0 24 L. 8@
SEAHSCRRRE | FHB AR, FEARR A ILER, AR
25 F B PUAE A5 O v A OG5 UF T HL A B AR 1
Z, M IMZER OO Z; FEAR GBS, B 22
AIPE AR AR 2 | 3l 0 LA R OG5 X IR+ £ A
2R, EMEASNARBIZ RN EMET,
MAR-MCAR, MCAR-MAR fil MCAR-MCAR iX 3
P B MEE AR Bl m 2= . AT E 825, 45
RARRNW Rk, JEHZ“MCAR-PHF, fliTh4s

RIS AIL I 0 207 5 SR IR 22 . Hodb, 7E“MAR-?
HEKRXA MAR-MAR 9 M 22 8o /70 1E
“MCAR-"# &K i MCAR-MNAR H P 22 5%
itde/b  BHE FEAR YRR, B 22 B E £
YA BN AS B2 S, “MCAR- 4445 54 B 7E ml 43
ZAWHEN . “MAR-HLA B S5 R/ MEAR B 51T
T, RFEAMHK SR B 22, (HAT O R 25 SR 15 21
B s . AAREB S 2 s, BMER B AR a
WFFE AR i S ARAH G, R0 far A LS R B A 1 1R)
FEASE T o0, T2 w22 (AR /N

5 theS4e

Enders (2008)#HF ¢ 3 55 2% fE 4l Bh A8 18 1 R 2k
R ML S EAG TR . ARBFSE7E Enders
(2008) [y 34y |, HE—20 5 Al B AR i 5 WF oY A B
g | LERALE] . AHOCHRRBEE L B AR R K
FEA X ST 45 R A5
51 SREMHEIF I

250 AR B S FsT AR ARE, AT MNAR
[ B AR BE, MCAR 15 Bh AR 5 25 5 LS Bl
Th w25 o XUl B, Rl B AR G Sk AL
MNAR, Z0ARBRIHEAT A A R F s S50k 1
(Enders, 2008)., Enders (2008)#5 i 1 T* MCAR %fi 1l
AR B JC T ) PR EAS A 2 P, 3G OR T A B AR kY
AL 55 BIF 5 A8 0 i 2 AL 2 e [ R 3R 3

R3 WHEESMRESELRETHNFINLEER X BFRAGTHMBITRE e

(PERSHERX)
MR AUX MAR-MAR MAR-MCAR  MAR-MNAR  MCAR-MAR MCAR-MCAR MCAR-MNAR
0.05 al 0.1011 -0.5050 ~0.0071 ~0.3565 -0.5150 ~0.2463
a3 1.0821 -0.6143 ~0.3699 1.1631 —0.6272 ~0.1963
as ~0.1801 8.6938 ~0.2664 1.6054 8.9708 ~0.2685
0.10 al 0.4234 -0.5153 0.0021 0.4412 -0.5150 ~0.0889
a3 0.6445 ~0.1684 ~0.2803 1.1298 -0.6198 ~0.1977
as ~0.2134 4.3897 ~0.2358 1.5734 8.4461 -0.4087
0.15 al ~0.1038 -0.4218 ~0.2568 0.4120 -0.5168 ~0.0896
a3 0.5556 —0.5610 -0.2629 1.0989 —0.6095 ~0.1991
as ~0.1607 3.9751 ~0.1288 1.5368 7.8865 ~0.2956
0.20 al 0.3036 ~0.3732 ~0.2561 0.3744 -0.5168 ~0.0896
a3 ~0.1244 -0.5357 ~0.1745 1.0712 —0.6019 ~0.2006
a5 ~0.0566 2.4203 ~0.2840 1.5028 7.1880 ~0.2970
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(n =500, HERFHEX)

MR AUX MAR-MAR MAR-MCAR MAR-MNAR MCAR-MAR MCAR-MCAR MCAR-MNAR

Zincluded NoZ Zincluded NoZ Zincluded NoZ Zincluded NoZ Zincluded NoZ Zincluded No Z
0.05 1 0.0469 -0.4588 -0.3646 —2.1466 1.4419 -1.2277 -0.0058 -0.8048 -0.0058 -1.2625 -0.0058 —0.4986
3 0.0418 1.4034 -0.0526 —4.2416 0.1175 -1.4980 -0.0131 1.9365 -0.0146 —4.1561 -0.0087 -0.4017
5 0.1334 -3.7225 -0.0480 -26.2865 0.2910 -2.7701 -0.0029 2.4776 -0.0029 -26.6406 0.0044 -0.6177
0.10 1 0.0374 0.7844 -0.0230 -1.3159 -1.7935 -1.4928 -0.0043 0.8393 -0.0058 -1.2797 -0.0044 -0.1164
3 0.1449 0.3156 -0.8075 —-7.3373 0.1105 -1.5320 -0.0130 1.8892 -0.0116 —4.1764 -0.0072 -0.4102
5 0.2615 —-4.9350 —0.1553 -19.7723 0.3471 -3.1737 -0.0029 2.4364 -0.0029 -26.2012 —-0.0014 -1.0154
0.15 1 0.1432 -1.8333 -0.7913 -3.2520 0.0261 -0.6556 -0.0014 0.7922 -0.0028 -1.2980 -0.0029 -0.1154
3 0.1958 0.2564 -0.1301 -4.5317 0.1107 -1.6986 -0.0157 1.8429 -0.0144 —4.2121 -0.0071 -0.4178
5 0.4418 -7.1851 -0.1693 -19.0169 0.3388 -3.3226 -0.0014 2.3860 -0.0014 -25.6260 0.0216 -0.6969
020 1 0.1207 0.5294 -0.9355 -3.5947 0.0266 -0.7276 -0.0014 0.7260 -0.0042 -1.3167 -0.0014 -0.1160
3 04426 —6.9937 -0.1681 —4.6797 —0.0505 —1.4407 -0.0156 1.8009 -0.0172 —4.2336 0.0000 -0.4206
5 -0.2518 -9.8203 -0.2358 -17.3550 0.1852 -1.1406 -0.0014 2.3386 -0.0014 —24.7607 0.0301 -0.7033

T MR R G 5 IR 2% . MR=6tJk 28, AUX=Hli B 25 - 48, MAR-MAR=HE 4R 22 31 (X Ao A8 B iy B e AL, A7 A0 R BhAs & 1
B MUK, MAR=KEHLHSE, MCAR=5E 2 FEMLEL S, MNAR=IERENLERSS, Z included=44 A% B 2SS iE AT 85 40 H, No Z=AS44 A% B

AR A HEAT R 1A

AT REME, 11 MNAR i By A8 500 55 A8 i Sl
PLIRERS EH A P3P o BT LSS B S 0F ot AR i
et ANSER T AN A G Bh S B R A T BB
P44, N BE P A i B 28 1 i SRS AILTI S MNAR
1A 2 W g, o e A L s MAR-
MNAR 5, MCAR-MNAR fif58 455 . MAR-
MCAR 5 MCAR-MCAR Zi4f, H4h, RE MAR
5 MCAR #RJ& 1] Zmg 6, {H MCAR B N
JH% (Rubin, 1976), KL, 7E4HBIAS & S50F50 A8 i
S AR i AE DG, AN B AR R, B ST AR AR A
AL MAR # MCAR 5258 5 H PR A 22 o

B, T B SR — > ] R e DRy S
o 5048 1 g 2 AL ) 5 R A T Y AL
HlE L, X P B S E R F AR L R R A, G
XA A — P AR S 1 A AT A 5% A M L, R
RFFR A Z (PG, 4 5, S%E, 2013), R4
BATFEA I P T LR S ENLH 4L 4, H
JE T A B anfa H) Wi 52 BRATF 5 A A fa] A6 96 HLAIL
(IR, FRATHE B A FT R A, PR A [ 1
T AR BB . (B0, T AR B ) RT E R
PSR ZEAY, AT LIAR o 48 5005 AU O i PT RE I, JF
38 o = T A BOR R O R B AR B TR
5.2 tHXIZE RN

ARG KB, 5l B AR i S A AR A OC R
H 0.2~0.3 B, g9 A% BY AR BB R 45 2 G IR Ah
To X— A B e iAot 45 R AR, Hardt £5(2012)

BIAALKALET (- = 0.1 5 r = 0.5 B RIERAA
K. Enders 1 Peugh (2004; »=0.1 5 »=0.3)1.15 3
FAL 25 o PR Ay i B 72 o 5 B0 5 A8 et ) A DGR 1,
Tl 722 e e A IS 1 R R Y £ B2 (Collins et
al., 2001; Yoo, 2009). 2K 1fii, iX ] GE & i Tl T E
AR RAR (- = 0.1), T304 B8 B Y GG A
. 1 H., Enders (2008)F8 H 44 B A8 e A7 7E Bl 2k
AF, RE X Tl B AR AR 5 A e v A SR AR R T B A
FIEE R, AR T A& R TR T 28
UGB AR e T R EE R . L, AR A IT 25
M B AR B S SR AR AR G IRE] 0.2~0.3 B, R
A RN A Z R B A i, JU R B A L
MAR-MCAR Hf

AREANGERIE S, TERH B A8 T A B 2R A1 Ol
T, AR BE XTI ST A5 SRR AN K, X Rl RE S A
A R R AAIK . A GBI AT 5&(Collins et al.,
2001),
53 T ERNEEB

I AR 5T K BN Al Bl A o e K 4k e
KA 25 1Y (e.g., Collins et al., 2001; Enders, 2008),
AWFRAE X —2518 . B2, IRAA R
N B A8 5 (R H X S EU T RS2, AN it
R T A AR 2R . ARFIE R B, MBS
R AR AR AL B, X F MAR-MAR 414 B,
YN RGBS IR A 25 19, X F MAR-MCAR 1%
MAR-MNAR ZH&HLH], 99 A ZF—A- 4 Bh A B 1Y
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il S T A5 B 0 22 (B de /N o $E A DGR | Sl
O BECRN BB T, REHMCAR-"
2 A BILH 25 1 T 45 20 1Y e 25 18 Rl 35 R A B 3G R
BN X T Y PR 17y Al 22 1 S0 T (R 22 s
2= 100), FHFIZAET, SRFEAGN 100, 500 5%
1000, 7E“MCAR-"ZH G L 4504 T 15 20 1 O 22 18
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TEWT, 45 FHMCAR-"H A HLHI & 18 F 1551
F14) i 2 1 B 5 A AR P9 385 T/ o
55 HREFIN

AR A 485 SR AN BN A AS Bl A 1) il B A8 B
AHFIREA RGOS, JEHRR, Y HF
P2z, HAth 500 F AL EeR g m It R g, AR
AF 538 2k W5 T A 74 B R i e A, T3l B A o
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PR i 5058 AR i 0 Y SRR BT, DL & Tk
XS BT 22 08K . AR, KR
A (n =500 5 1000). MAR-MAR 4 & ML 1%
T, BEAE LB A, A B AR S S5
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56 FAES5RE

AR ABAFE LR R F—, AR EEN
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o VIR BIWFSE AT DL 25 FEE Lo & 1y iR, D%
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B A5 F 5 REAR AL S B A2 8 U, R T4 R BE
TR B AR A fF e — P BT . S 4h, R
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The mechanism of auxiliary variablesin full information maximum likelihood—based
structural equation models with missing data

WANG Meng-Cheng; DENG Qiaowen

(Department of Psychology, Guangzhou University; Center for Psychometric and Latent Variable Modeling,
Guangzhou University, Guangzhou 510006, China)

Abstract

In social and behavioral studies, missing data cannot be avoided in the process of data collection, especially
in longitudinal studies. Because sample with missing data lose the balance characteristics of their complete
counterparts, which may distort parameter estimates and degrade the performance of confidence intervals,
special methods have to be developed for these analysis. Two modern missing data analysis techniques,
maximum likelihood estimation and multiple imputation, have been widely studied in the methodological
literature during the last decade. Since the maximum likelihood estimation and multiple imputation require the
MAR (missing at random) assumption, including auxiliary variables can help fine-tune the missing data
handling procedure, either by reducing bias or by increasing power. A useful auxiliary variable is a potential
cause or a correlate of the incomplete variables in the analysis model. Notably, Graham (2003) proposed a
“saturated correlates model”, which allows us to include auxiliary variables in FIML-based structural equation
models easily. However, some questions about the inclusion of auxiliary variables are needed to further study.
The main research question was under what condition the auxiliary variables will be effective in the FIML-based
structural equation modeling.

The current study investigates the effect of including auxiliary variables during estimation of structural
equation modeling parameters with FIML estimation through Monte Carlo simulation. It focused on the missing
values of the auxiliary variables and variables of interests simultaneously. The simulation repeated 5,000 times
for each of 576 combinations: common missing rates (5 percent, 10 percent, 15 percent, and 20 percent), missing
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mechanism combinations (MCAR-MCAR, MCAR-MAR, MCAR-MNAR, MAR-MCAR, MAR-MAR, and
MAR-MNAR), correlations (low, moderate to high), number of auxiliary variables (1, 3, 5), and sample sizes
(100, 200, 500, 1000). The evaluation criteria are bias and confidence intervals coverage of parameters. Data
generates according to Enders (2008) model. All data generate and analyze by Mplus 7.0.

Aucxiliary variables without missing values outperformed auxiliary variables with missing values. Including
auxiliary variables which had missing values in the analysis procedure was found to improve parameter
estimation efficiently in most cases. Results showed that the bias was more serious when the missing mechanism
of the auxiliary variables was MCAR than MNAR. In the FIML-based structural equation modeling, the
inclusion of more than a single auxiliary variable for MAR-MCAR or MAR-MNAR combined mechanisms is
beneficial, while for MAR-MAR combined mechanism, a single auxiliary variable would be better. In addition,
it is beneficial to include auxiliary variables which had low correlation with variables of interests in this model.
However, simulation results indicated that the common missing rates had little impact on bias.

Overall, this study indicates that the inclusion of incomplete auxiliary variables is beneficial, even if the
auxiliary variables and variables of interests have a relative proportion of missing data.

Key words missing data; missing mechanism; SEM; full information maximum likelihood; auxiliary variable;
Monte Carlo simulation



