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Problems of mncomplete data are pervasive in statistical analysis. In
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particular, incomplete data have been an important challenge in repeated
measures studies, The objective of this study is to give a brief introduction to
missing data mechanisms and conventional/recent missing data methods and to
assess the performance of various missing data methods under ignorable and
non—ignorable missingness mechanisms. Given the inadequate attention to
longitudinal studies with missing data, this study applied recent advances in
missing data methods to repeated measures models and investigated the
performance of various missing data methods, such as FIML (Full Information
Maximum Likelihood Estimation) and MICE(Multivariate Imputation by
Chained Equations), under MCAR, MAR, and MNAR mechanisms.

Overall, the results showed that listwise deletion and mean imputation
performed poorly compared to other recommended missing data procedures, The
hetter performance of EM, FIML, and MICE was more noticeable under MAR
compared to MCAR. With the non—ignorable missing data, this study showed
that missing data methods did not perform well, In particular, this problem was
noticeable in slope—related estimates. Therefore, this study suggests that if
missing data are suspected to be non—ignorable, developmental research may
underestimate true rates of change over the life course, This study also
suggests that bias from non—ignorable missing data can be substantially
reduced by considering rich information from variables related to missingness.

Key words: incomplete data, panel survey, full information maximum
likelihood estimation, multiple imputation
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d ZAIA THEE , 22343 AT olo] HIS MNAR 489 2
? 8 AHdAY E€3X] 2de @ A8 RES4F AZE, dad,
1994 (54l 374 0149 LEFHE H1d AAEY 40%ol thaiA 19944
(49 L2354 Ae AFECEH 2EXE THAZT

2) EAdE AR AW

B 189 Ao Tl SAAY, BZUAY, EM €188,
HoRTH(FIML), THEETA Y (Multiple Imputation)o] AFREITH EM €1
ZIEY ALET) sl B o7 28R e ZFEY 28 i EM &
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(B D ZEX 24INd ZE4 2 FY(HRS 2847314

MCAR MAR MNAR

RY dHa M| R s AR 8 HWe AY
frrrrr 00 150 § 11111 0 380 111111 0 375
111110 1 82 { 100000 5 36 | 000000 6 40
111101 1 65 | 110000 4 32 | 100000 5 35
111011 1 52 | 111000 3 28 | 111000 3 29
110111 1 32 | 111100 2 25 | 110000 4 27
101111 1 21 | 111110 1 20 | 111100 2 20
111100 2 20 | 000000 6 19 | 111110 1 14
110110 2 13
011111 1 8
111010 2 ]
111001 2 8
111006 3 3
110101 2 7
101101 2 7
011116 2 1
110000 4 7
110011 2 6
101110 2 6
100111 2 6
101010 3 6
011101 2 4
011011 2 4
100000 3 4
101011 2 2
110001 3 2
010101 3 2
100011 3 1
011100 3 1
000111 3 1

T N=b40: 2&7 $4 B(1=3%, (=¢ &), ¥ors 4EX7) 248 840 528 o), HRS 18]
P2 B EEQ QoI BF EH0F

TEES B 448 B € ZE FEES ol&al0] ARH2E 40 &
85lc BA4E AIg, AULEH(FIML)E &8 22d 1189 ATl 8
o F2EEL 28e FE0l] Q8 S48k ZRO8Sd A AlSEH 1
UsH, & AFoMs o8 Z2dES Eold FMLESH ZEE £
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tEUdgY 38 o) SHS oA o1F0j8 5= QAT 2 Aol
A A8EHs W 2 MICE(Multivariate Imputation by Chained Equations)O]
CHRoyston 2004, 2005 Van Buuren, Boshuizen & Knook 1999 Van
Buuren & Oudshoorn 2000)01T}, MICE= 22 E 7170 W Mo ig
shid ZYOIE =S4, T EFeE 2E)g FHslc i E3xE R
{8 MY w0 240 WY oy REY JAZEE FHETHAE S
duks)7 2F, BA 2F, UYEA BF, NEEA 28 §). Hig 2 @
7h EE ol A BAs 2570 2HE RET MICES Tgs 89
Heol A WS 2EX)7 Eshe 294 B8 FEE Zetn B
Qo Ut TRFA 2 dFdNe & 10 AEY BRAIEE A4
sirt.”

2A8 4 @=(Non—Ignorable) 2&x19) ATl M E SIEHEF ZES o
AR Rjo i F/HE QR AESITE, <& 1D9] 2% MNAR 4804 2%
Y 22 28 REE RoFU YA, HEEE 29 4% th%l o
E fE2 19g gos o, B dFdAE 249 HEsiet Al
Aol 2549 S8 AW 730 2A MT FEE Iﬂ-sB-E 72
(=313 F4s 179 BEXE HEsle R80h=1H)e 7ot B d
TN Fo ans BHE Adsle AU ESW BEE ASske 3B

rot

rOll

1) 2 Aol 4 EM €152 E8 SR 89 4452 SASE B ojFolR,
el EM €858 B8 2878 X BEEUA & 22 EMCOV =213
ol 228 + o, FULTHEFEIML)Y H81 I dd AMOS, EQS,
LISREL, Mplus, Mx & 7ARLEA THE £H517] 8 E45E Z2TO8S
ol FIML 84E M&sld YT, HE EH4ETH BEY %OI CiQat WAl
OF |0 + QXY FeTHe EE5IUA g A2 FAYUEY HFES
ZR5 98 ExsE uizgﬂea ALgE a7} Utk

12) 82 R, S—Plus, Stata 59 ZE1#8E0| MICE Eé Hz18 A3atd A=,
E Ao e Stata LEE AIE5lo B AQg +d59lt B8 257 2
HE Y s HESE AES BEE EH 2389 2BxE &7 93
MplusE AESIQTH, MICE Qo Hil 851 e vsddlYl=zce
DA(Data Augmentation) ¥1gl50l Ql=Hl, SASSY PROC MILt Schafer?]
NORMoJ ojol 7\=at1 QUCt,
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1. MCAR %

(E 2= MCAR 880l =&¢ H2AR (| S8 7F 2850 3e) &
WeESd 289 FHEUE HOF1 Yo, ESE A8 HUgdEY 2
UE EHEY Ad (DT B8 EAYLEAN 2577} gle 2HE RE
AL8E B39 28T 7187]9 84 R BEQAE EoiF1 Q). 454
7t Qe SRS GRS AR FE40e N 09 RESEE)0] 985
& BoF1 gt B8 7187 FEAE AEVIT 12dd R fe5401 d

WTEE V5t ASe Eoﬁil Utk (& D= ES U129 718

(007) 9§ PR BT BANCE RYnECZA(a = .05), HE B

ENBEM)NAY 28 (éﬁ) 4 A9 Z7 mE L2THY WE
(g7l AotA AAE {oulg FJoi7t EMEE HOFL Urt,

(# 20 B8 2519 AZio AEd ol BHEY JEENE HoF
1Lt 23g0) Y 2us nd A dojd FExIe Hug i 224
Az APIHHES THECE 1 KE&1 QoA 2 X0 HolAl g

13) ZEolA 188 BT 71879 ;’20 2Ad HEE ddss duo) 24
HE AStte dBd uld HE aEAEY 2EEH0] LIINE =20, 22
SO Wlol BASMAE ¢ 0070 BEl SUksks ACE 44dd, oHd &
HI 712719 g2 BREETH RddA F dE 79 JOlE HuCEA &
ET9L), HEEg 20 22 4FE 718 fiF nAE B4o] oFojd ¥
Q7t YA HEEF 2HE A HOE ABSIL Y 2 A7olMs 0|8 A
SI712 et
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(& D HIZAS HASHIN 28 FWA9} EZOR MCAR

HH 7127
= 24 Ha A
AZX U8 .985 1.293 047 007
(.060) (.126) (.006) (.001)
R A .840 765 .058 .008
(.091) (.162) (.011) (.002)
BRUAY 983 1.213 047 004
(.059) (.121) (.005) (.001)
EM 232|5 1.002 1.199 043 006
(.059) (.119) (.006) (.001)
FIML .969 1.214 .049 006
(.069) (.216) (.008) (.002)
MICE 1.004 1.232 043 .006
(.060) (.124) (.007) (.002)

oh g T2 ST NI o SHRAYY A% 257} g 288
AIRE A2 220 Hl3 222 A8 BHT 712/ AiHoE &
Aolg HOILH, AVAAYL T8 08 7}—6 A 59 Z4Z QlE ThE
HEUHE 13 FEQRL AjECE JHE%% woly Y

(& DA AAE 2= G-I E7l) a} SEZ XY 7|13 ¢
3ol ol 7Hom Q9T Zol7t Y AL, (F He o)y BEY
O|HHE HBE] 98 AFATEY HHES HHd 8IS AR A4
e E@!J ZHA BEZRRE BAF 1 Qrh, 250 fE gEs R}
BE, AW, 283 A5 Z/HEH)T BEsl0 4E A U BE
ol EBISE0] RN BE(-)OF ¢ Q2L HAFEHa = .01).
ZEF71 Qe SRS NBE T8 41 184F0] HEY F7l IE 28

14) 2 A7t AAEQ ZOlAF Y 21yt ool SRAAYI FHE S0 B4
&Pk S8 20| 71018 23 2 AFs 20 7108 2 £ Auke
HolM 2443s Lutglsterl SA7H Efgit, E8 2 79 32 MCAR
ZANM 488 FEARIY A%V e Aths 8§ 188 827 Utk
Zodgol 7128 71EHH(Wothke 2000)= HUi=H 22 Ldd vlg) &
ARG 22 FEXEY 2do] ANHZ e arke BE HoF1 Q.



e
e
fen)
4
M
o
2
N
0%
1@
it
L
03@
find
i)
st
A
o
ol
I=3
Faas
FH
9/’
rlo
E
m
_{
i}
=

—ﬂ:_,ém%@ =k T%.,ydou UoIA %@HMEOH Ei
ek E}—E— SHES H8% A3 Alolo] HiHCE 2 ROVt Y28 By &
th BEUAYY 39 285 Z/HEH)Y Z2 UHZ EM, FIML,
MICE 53 {AIE 28 RolRitt 849 HEl{71e7))9 BddAE
HolL} 184E0 B3 BF EAHCOE QN5 ¥ AT VBT
Tk, BUHEOR (& 3)& EM, FIML, MICE ol $HAAHoIL B
Ao HIs 2227 Qs 24R8 KIBA 2HE 3 QAB Z2NE ¥
old, E5 EMzt MICEY B2/}l 433 QA A0F Liehal it

2. MAR %

(i H= MARY Z2dA 2¢d e ATiLEsd HEE0E UE
1P F=5 A5Y BEY 2 SUAAME H93 U] Bl ES
HE SAE 2348 2ol1 Jr}, MCAR 48 vidl F3AY 57} Bol
E7RE T Eotl UM AME 25XVt Qe 2Ed NEERYH T&
 FENENT 480 UE 41E HoF1 9}, 25171 gle 8dsdt 1}
TolA 2 g0 eUrAlE B8 23 AlolY Riol= MCAR 480
Hld MAR 480 A BS HSH UED (B He= E8 MCAR 48]
Hidl MAR 4804 228 AHY 71871 F80 YolM 2 1= HE
LHES HE8F} HE2E BojXl USg HoFal Qirh,

IR UUEEEE 28 FEENE HoFe (B DY 22 dHAAY
o BCUAEE UE AEgEHEn 480 tE 22N BoF At
31, olpigt Zol= 71e7ldl st sl EW 59 ETdA B2 3A Ut



20 ZAlH

(B 3 T2 BUNEZN D FMYX(9 FEOX MCAR
2l i 7
L e
#E1 o8 E®  3.151 096 -.355 -.482 -.113 -.003
(299 (116 (134 (1300 (0210 (.001)
Jg7 070 029 015 .007 -.005  .000
(032 (013 (015 (.014) (.002) (.000)
AFMAY  ME 2671 .167 -.378 -.280 -.104 -.002
(4200 (168) (.209) (.198) (.031) (.002)
€71 111 036 -.031 -.009 -.004 .000
(054) (022 (027 (.026) (.004) (.000)
HIUHY  BW 3146 .109 -.373 -474 -.112  -.003
(286) (113 (13D (1270 (0200 (.001)
Jg7 013 019 020 013 -.001  .000
(0200 (11D (013 (013) (.002) (.000)
EM T2S  H® 3202 .24 -.374 -511 -.114 -.003
(288) (114) (132) (128) (.020) (.001)
7187l 060 026 014  .006 -.004 .000
(03D (012 (014) (014 (002 (.000)
FIML HE  3.141  .099 -.367 -.490 -.112 -.003
(4000 (11D (163 (1470 (.024) (.001)
71271 067 031 015 .002 -.004  .000
(.039) (013 (016) (.016) (.003) (.000)
MICE HY 3210 .12 -.370 -512 -.114 -.003
(292) (115 (133) (129 (.021) (.001)
71871 056 027 012 .005 -.004 .000
(.033) (.013) (.016) (.015) (.002) (.000)
(E O B|ZAT BRLERN 2Y FHA BELK: MAR
oy FET
Yt A Hat 4
&7 ol 985 1.293 047 007
(.060) (.126) (.006) (.001)
X RHY 513 584 0928 1003
(.041) (.053) (.005) (.001)
B 1.014 1,125 7009 1008
(.058) (.118) (.006) (.001)
EM SEEE 027 1.394 036 004
(.061) (.126) (.005) (.001)
FIML, 954 1,183 053 005
(.069) (.228) (.011) (.002)
MICE 1.022 1,431 038 004
(.064) (.148) (.007) (.002)




SN YREY NEY B 2]

o, dE SY, BLUAHY 3% 49 2¥c RN X8 B, 1=
€710 U Rike 201H @R MLEM]_ Q. & 9 MCAR
280 Hlug 0f (E 5HY MAR 88olA #EHE £ OE I E
FIML, MICE®] +821K(E3], 7187)0] U &uh7t JuiHeE “a"‘OlHE}
= Holoh, dldd, & 59 22 olE & 1 ATYHAAL 1=
718710 it Eiks FOmsHA LIERIA @1 Atha = .05).

HBA GS  EH 3050 096 355 -482 -.113 -.003
(.293) (116) (.134) (1300 (.021) (.001)

7171 .070 029 .015 .007 -.005 .000

(.032) (.013) (.015) (.014) (.002) (.000)

SIMHAMY  HH  1.363 .031 -.061 -.246 -.041 -.002
(.233) (.080) (.098) (.096) (.016) (.001)

71871 .033 .016 -.011 015 -.002 .000

(.031) (011D (.013) (.013) (.002) (.000)

HAHY  HE 3,027 128 -.322 -.414 -.107 -.003
(.283) (1120 (.129) (.126) (.020) (.001)

J|g71 -.156 .005 .024 .033 .007 .000

(.030) (.012) (.014) (.014) (.002) (.000)

EM Y721 H® 3.293 .095 -.356 -.454 -.121 -.003
(.300) (119 (13D (133 (.021) (.001)

71271 .007 .024 -.001 .019 .000 .000

(.027) (011D (.013) (.012) (.002) (.000)

FIML MM 3.003 .075 -.318 -.416 -.108 -.003

(.404) (107 (.158) (.140) (.024) (.001)

J1g71 074 028 -.009 .012 -.003 .000

(.043) (012 (.015) (.016) (.003) (.000)

MICE MM 3.283 078 -.355 -.449 -.120 -.003

(.313) (.121) (.138) (.137) (.022) (.001)

71271 .006 .028 .002 .016 .000  .000

(.040) (.012) (.015) (.015) (.002) (.000)
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3. MNAR %%

(& 6>2 MNAR ¢2dlA =28 A ADidEsd HEEnE Al
1 Joh, Fecfolu BEUAEY 22 MAR 718 71zata A7l
FIMLOIU MICEY] 282117} MAR 4ol Hlsi MNAR d2d A 4t
oF Holle A2 iS58 + Anh, Sal, MCAROIU MAR <23} Bl g
0 =8d e AcldlEe 225 A58 V18719 AddE FEAA 58
2RI AHECE FA EolAH, olo Hs) HESE EQJ 8% =A%
fl= 2de ARolA &2 SE87d Hd 289 B+ FEXE2 BLEINY
T 718719 B FEAE2 dHElEE Bas E@JE}.
MNAR #2049 245 AWEE=8 28 FEEnE U= <&
DY A2 HUECE UE B4 1T MUY Ed Hid HEEd 2Fol
SX7t g 8T OB AUECE RAG 23 20
HE MNAR &80A EM, FIML, MICEY #8817 MAR &8
HisiA BOXIZIE, 015 WHldl 7158 B FHXSS STUA AL &
cA o Hia diECE 2EX7 ele S88 ArdA F8E 2108

(Z 6 HZHT HANEESY 2F $3x[et #F224 MNAR

HH 7187
Yo 24 Ho =M
a453x s .985 1.293 047 .007
(.060) (.126) (.006) (.001)
SHHHAY .582 .319 016 .001
(.045) (.062) (.005) (.001)
oAl .934 776 -.014 .004
(.051) (.091) (.005) (.001)
EM &12|§ .923 .899 014 .001
(.053) (.095) (.004) (.001)
FIML .895 .898 016 .001
(.058) (.184) (.008) (.001)
MICE 915 .900 016 .001
(.055) (.133) (.005) (.001)
e zgt .900 1.065 079 011

(.057) (.122) (.007) (.002)




Tl s
A3 Uz HE 3.151 096 -.355 -.482 -.113 -.003
(.293) (116) (134 (1300 (.021) (.001)

7187 070 .029 015 007 -.005  .000

(.032) (.013) (.015) (014 (.002) (.000)

2AHH A 3 1.736  -.039 -.142 -.372 -.047 -.002
(237 087y (106) (105) (.016) (.00D

71871 038 .018 003  .010 -.004  .000

(027 (010 (.012) (.012) (.002) (.000)

ooy W 2,729 116 -.123 -.404 -.102 -.003
(.248) (0980 (113) (1100 (017) (.001)

Ji87] -.108 -.001 013 025  .004  .000

(.026) (0100 (012} (012) (.002) (.000)

EM g12lEg FH 2.845 115 -.206 -.445 -.105 ~-.003
(.2567) (102) (118) (114} (018 (.001)

7187 009 .04 016 007 -.002  .000

(.024) 009 (01D 0103 (002) (.000)

FIML HH 2714 095 -.206 -.422 -.102 -.003
(.363) (.098) (.136) (.130) (.022) (.001)

71&7| 018 017 617 005 -.003  .000

(.037) (011} (013 (014} (.002) (.000)

MICE Ed 2.835 117 -.196 -.444 -106 -.003
(.267) (102} (122) (1200 (.018) (.00D)

71&87| 019 015 014 005 -.002  .000

(.028) (.010) (.014) (.015) (.002) (.000)

e Hd 2.882 110 -.273 -.443 -.107 -.003
(.276) (.108) (127} (122 (.019) (.00D)

71E71 56 024 005 -.017 -.006  .000

(.037) (.013) (.016) (.016) (.002) (.000)
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ol AIAE Q7 Ut} ZUHCE MNAR HZoMT dEAAHOIL B
tA#l Hla) HE SdsAT #5d ZE 1teE 88l EM, FIML,
MICES g2 BHS0] 2237} flc aud TlrdA d2 duet 4tEe

FAG ETE UEE A2 JIUE 5 Qe Rolold) tie ZodFEY
o= Collins et al.(2001)3 Schafer(197)E &%).

£ 79 78 42 W=S5d el A 4T 11w 24| 2
T S0 te BA o E2d R AdHl +AENE A4S Hlus
< A0t YA Z1H5IHR0] B A7t A 2L 237} of
H7lol 242319 disiol QloiA olel thet Fo71 BQsH, HEZ Al
A ddsle tdt 25 24 REe Ldchke 2o AARY £ 977}
Q5.

olziEt AlRE 7ol T AAA ENE QolsH, RN, B dFE &
24 Aol thet HEoIA] X8 ARAEE BAEN A0A RN 7}
O|Z oj0ld =+ YE& AR, B4&T= MCAR 480lA MAR J21
MNAR 482E 270 HZdd nct SEHAYS 22 HAAZY S
e AT S AEE 24207 25307 gl 20T ARERH &
£H 29 Zolg AAH0] AHCE 2ok S AlAkst Qth.

Sdl, 24T HEEY IEE Agcke 979 22 =24 1189
242 AHY 27IETE AIZY 2 mhE &Y WsKE A7 E

718 BB F¥sed A4 BAE 71 5 A8 AABI Ut
ot g2 AU oE SERA £7)9 2R 45K 9 By &0 I
WEXAY SRV S7He Wet 8719 S0l AR UKt i &

Okt

g8 /st 1S l‘l@o | AHESHA %o}é HIFAIZQ! B SO] EJEHTEE



ST HIERY Aol BHWY 25

olLt tEtiAlE His) =& Tzol e AZEI7 SUHoE BojFE
HoZED. 53], SUAAHL BAUadn 42 Sed ulg) Fexy
olLt ChEthAIEo] 2= AUE 291= MCAR 7H80] B3 2ot @450l 7}
Holgld & & Q= MAR RAGA AtH0Z A7 Uehdt.

£ o79 2% MNAR &89 22 dEEg 280l 4HoE $2 &
TE HAXT oo AFERZ0] HHEF HEL BEE NRERH TEE
= Qle 7180 71%511 Ao, B dT7HE EEE 159 29U B4R
ol B Tt Z8E 22 Uik A2 B2 ol 80 ASE
AEE gQ7} k.

HEEY Kol B Eg HEol A= A8 2 EMY4FA0 EAE I
ABEZtE RAE 5+ gie(Non—Ignorable) 257 B4j0] QAT Al
A FUTHo OEUAEE AlRSke Rol 3 &gl tigt 920
A7E = rt. B 479 8481« MNAR ABdAT FoTHollt
st SE-Agoi Aol Hig HE2Et AUEHCE 52
2 Ho&En, HE OLéﬁF OH/\I]UJ, F29 HoAE ZI(E SH,
Collins et al. 2003)= MNAR A2l A UEtidgs 22 Yool an5e
2 AgE & 9on, ESF 1R H4TIH et ZRE /89 gFg2
SUELE nujg +EUS G ATt

T8 E A9 22 HUHou OEUAY, B8 nstiAYY BF

ol ME7IE FHol ASS AHE st Qltt, ols 2, H|E B A7
Me 2847 ZAT, QU oR UEUA Y 22 E4LEEd e A
A EAT 259 BAT e HEW(auxiliary variable)E HTANE
ol HENZAM 888 = Qrie A FABL, v1F 259 S4A7A 7}
MNAR 48olz}al siEsis 377t 8579 By JHE HaES
éﬁéoﬂﬂ HE5HA EEold ToY 4BRES 24NE ¢ US A2 7
g &t BAE & gl 28K S4A-0] JARHE REESA
Kl?a}?l HE#EY 2ol HE B ZEE Algst= U4l MAR 7185l &
£79 243 ZEAA R0E EHE AIsie RANSES HENE
A B&sle Aol Ert siEEs tiolol 8 ofx]7} ol7ldl Qe Aolth,
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