KRB R T — 2 BT D8kx 22 ERANET VT Y X L ORGE
e MR gk FE2TT
HE

% AL (Multiple Imputation) D FHE 7L =Y X A2, ~ /b3 7T T L e E(MCMC: Markov chain
Monte Carlo) . 5% 4 4= {7 5§ & (FCS: Fully Conditional Specification) ., EMB(Expectation-Maximization with
Bootstrapping) 23 & %, L L. 3207 /= U X AMOEL IR E LT e, £, ZEAAEOEET —%
BEMZ WL DIZERETTEONIZON TS, BERE LTS TRy, £ 2T, ARTIE, KT —
Ay hELTORFEE VA - FEFAEOHERT — 4 2 AT, 3207 VTV XLADHBRIEEZ{To72, &5
2, BFELCY A - BEHHEOEBT —ZICHESL I alb—varF—2 2, ZERAEORET — 2%
M Z WL DIZERET XX DI O TREEZEIT - 72,

et

T2 NRPLTND5E, FAIHFRERT =& A AR/ L, EENMET T2, &6
(. BUE & RNE & ORISR R ZRDPIET D256 Batofr OfRICHRE D 2384
LRENRD D, Lo T, EEROHEHTIZB N TR, SO TREMEIZ ST 5
TEMRFEAEFRICNARZETHY, RIUT —FZ OXE L L TEEMNAEMultiple
Imputation)? 232" & 4 C & 7= (Rubin, 1987),

ZHEAANELE—DOICE>TH, Y7 by =T IZEESNTWAE T LT XAIZITEkA 720
ENRHY ., ~ a7 HHE 7 L v E(MCMC: Markov chain Monte Carlo), 52545 7E
(FCS: Fully Conditional Specification), EMB(Expectation-Maximization with Bootstrapping)® 3 -2
EHNRbOL L TETOND, BRLRIZENT, 3 2O7 LAY AAMOELITHIRE L
TV, £72, ZEMAAEOERLT — 2B M)Z W< DIZRET LV onW T,
BREZIEROP TV, £ T, AT, KT -4ty e LToORFEV TR
-EEAEOEHRT -2 2 MW T, 3 2OT AT Y XADBMRIEEZIT 72, S5, R
TR - IEEBFHEOERT — X IZE S I ab—var T2 EHW, ZEARALEOH
L7 — 2 (M) % < DIZERETIUX LW DIT OV TRRGEEZ 1T o 7,

1. RBMEME & ZEHENARALEOER

ZHEARAEOHFRIL. Rubin (1978)IC & - THIH THEE 41, Rubin (1987)I2 8 TIRRAL
Sz, AEITIE, KAMEME & Rubin (1978, 1987)i1C L 5 L HNATED AR /2 A 1 = X 2
Z IR 9 (King et al., 2001; miff, (R, 2013),

T OIMSIATBOE ARG o 7 —HGEHE - BATEHGEHEA AT 72 LRirsE ]
T MSZATBOE AR o 2 — RS B R b o T A S HE I SR e R

VRERED SRS R, BB - BEEEEA [ 24 FEREE Y 2 - [EERA] OMmAS R oA ® A 2
WCEEPMBEH LD THD, o, AFEONEIL, EXOMANRMFEEZTRTHOTHY | HEO RFEL R
T H DO TR,

2 TZEMRAME] &iX, Multiple Imputation DFRTH 5, MEE R REORE % —TiX, Imputation DFRGEE
E LT MHIE] ZHVWTWA2Y, Multiple Imputation DFREEE LTIk T BN AL OMFOE A —RAIZHE L
TW5(EH8, D 2013, p.20), Lo T, AfElcBWTY, IZEAAE OFEEHCS,
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11 RAWEFED A F1 =X 2

# 11 o7—2ty MJE, 9 AOH R, s, EHE, MW, KREICET 27— 23508k
ENTWVDEHR, IDIDANDOHFEDHEAKAL TS, MiE12»DMES X, ZEAANEICE
HDWEFT —F 2y FEEERL TS,

#* 1.1

ID TR G = PRI (LS fiEL  WiE2 ME3  MiE4  HHES
1 174 31 K % 62 174 174 174 174 174

2 161 45 KIE L3 48 161 161 161 161 161

3 158 24 HA L3 42 158 158 158 158 158

4 163 52 K L3 58 163 163 163 163 163

5 172 29 HA % 70 172 172 172 172 172

6 153 38 HA L3 46 153 153 153 153 153

7 178 28 K % 70 178 178 178 178 178

8 170 44 AA % 63 170 170 170 170 170

9 ( €si)) ) 40 A A % 69 184.8 174.6 178.3 177.0 173.0

W KWﬁ@ﬁ%%kLT%%CﬁﬁéM5UX%U%X%%%Tﬁ\%ﬁ@ﬁwﬁ%
ZLATID 9 OAT)ZHIBR L, 77—ty FZBHURICRGTICT 5 2 & T, #atmoth & lae

LTWDA, RllZEER0EAS (i, EE. ], KAE) OoBERFRLETE-TL
FIHLICRD, bLRHEZEDEENMTTHLONS 2L, T—X& v RO
FBWEBOEHR L VR THIUL, REMEIZ— o) booE TO EDEZID DD, &< R
MHOMWRNZ LR FELL, REMEIZRITH D720, VA RTA ZXHLE LR,

Lo, %11@7 2T, RUZGOERN THR) T2 ennhroTnd, D
F0 . REMEIE, ZERICRATIERWOTHD, £o, FWMEREZRL L, KADT—FT
HDHZENTND, %z AFLERIZ FLAUE, AN OE RIL, K955 B Fnb 212 B F 0
FHIZAD EHEETZ D, INFETOERPH LT TH, [—oco~oco] LI IRFH 20l
S, 185 B F~272 B F ) LD AIROGMHITHEMEZ RO D Z LR TETND

Wiz, HEOMEBKHAL THDA(ID DOMOEDERE LD E, ZOANET, HARAK
NBWTHD Z 035305, BRANRABHEOH R, FHK 170 & F, ﬁﬁﬁ#ss%
FETHEBPENCIERSM L TWS EEZ LN TS, LA ->T, ID9 DFEIL, 1ZIF 100%!2
ﬁw%$fMOt/%uLmoty%uW®§E?%é&%mf%éo_h_ib\ﬁm@
S FL 140 B FETRFHZENTE IkKEEZ 212 B F 005 200 8 F £ T
T, HEEEOWEZRD D Z LI LT D, EHIZ, BRABRABEOH E EREOF
B7—4Tlix, R 118 FTOANDEERENK 69 F il d7cd, (KE 69 F =D ID 9
DEREIZII8 L FSOHWEHETELTHA D,

IO XN, WEREIINT — XIS T, KREMEOTR Y 1528 25k T & Ak
R OIERINTH 13T O KPNE % A BRA 72 IS & X 2 D1EED Z & &4 7E (imputation) & I
S LU ERE 69 F D HARANBRABHEDOT X TR HFRE 178 L F Th D LI3E U,
BBLE 1B B FORIDETH D & Bbivd s, 2T 178 B FLLEDO AN B WL,
178 B FRMED AN b WNWAHEEAS S, SHIIC 178 B F IO W EHEIZTE 550D, kit

Z1ODEZFRIET D Z LILTERY,



1.2 ZBERAEDOA =X A

ZEAR/ANETIE, BT —2 2% LT, KT —FOFEESMERE L, ZOFks
T D OEELAIMHZIT 5 2 & T, MBI E Db 5 RHEFMEZ KB S 72 M EM > 1) OFE
BT —2ty FEARTLHZEIZED, XEEZ M EOY I 2 b—3 g VMEICEEHZ 5,
F L1 TIEE L~HIE 5 OF S BPHERT —Z &y MIH- 0 B REOfEIX, 184.8,174.6,
178.3, 177.0, 1730 L 72> TV %, HEDIXLOENRKREVDIL, T—F A XAn/hE <,
MNP ARELETH D Z & (RMEFENE) 2L TS, Zho MEORIERT —Z &y b
R 2R U THE T 21TV, LD REFEICKOFEREREG L, SHfEEiizEH 7
% (M=5DZEMRANEOMEZX 1.1 IZXR),

1.10 ZERAEOR A

ZEMANEICLY TEHB ST MIEOHEET —# v N aRl2 I LTl okt
AT RERENR T2 &) 24TV, LLFOFIAIC LIl THEE A KA L. AHEEEE
BT 2, Opa /"7 A—200 m FHOWMEET —F 2y MIESWHEHBE T2, Hib
L7z MO IR0 LB TH D,

1 M
éM = M Z ém €Y)
m=1

Oy DI HTyIE, RQR)D LB TH D, 0,05 Hvar(8y,) D EM Z v, & T 5D, Oy ZHMHE
NNV &35, Dy fEMDROFEE ET5, DF 0, 0yDOkiE. MiEN Koy &
HEM DD, 2B ANTZEDOTHY, A+1/M)IE. M OF A ZANERTHH-DICH
h T HTH D,

M
1 o
M—1 Z(em—eM)z )

PO LM ABEIRKCI D75 5, limy., (1+5) O = 0 & 725,
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AWFFATIE, DEnXxpDT—4 Y heT5 (n = BAYA X, p = 0K, LT
—Z PR LT U, DIFEERZ ik ik - HOoHATHIE TEE R ER DA LT
W5 ETDH, DFED . D~N,(WX)TH D, KMMEZAET DERICE LB IER S 2 8E L T
WHDT, MIEETMIME TH D, VBRI L TWD &5, Vi3, ZEY 2R 1170
TRCOBIETH D, Viix, R@EVHEBLIMERTHY . ~1 LR FHOMN DD
VLM 22T, Eo, BIIEURREL. el 3BRAN (RIFM) 72 R etz £,

V=Y, B+ 3)

YRR ORI LB E WL, SEME, i, OB HRTHY . ZhbiddXTpt
SICHEERLTVDS, LER-> T, b LpbIRERICBM TH S 1R, VITESHTEDRE
JRAREB A R ERNCHIHT 5 2 LN TE, KPME B IREMICHET 2 Z ENTX D, &N
HLAFEAEDT—H Ty ML, IZIEFICKEERAEEN TV, nEINERITIIEE
HTIE7R< S, BOHEEICE L CHEEXR S Z LR TE R,

REITBT D BIL, WH O/ FRIEIZBT DROHEEMS & 1T R0 | EERSMNOp S
DEEEZRMAITO 22T, 2OV ot HERMREMELRKBEL TWD, Ll BT
FEIZ K0 FERIA N OpESOBELMME 21T 9 2 & 138 Ly (Allison, 2002), = 9 W\ - 7= i
ERRRT 272012, WHITHAT 280, HaRHET LI XABRRBINTND,

2. BERAETAVITY XL ava—F Y7 =T
21 v vaZEGE T A uE (MCMC): T —Z 5K (Data Augmentation)

Rubin & & > TRE SN2 eROZERANEIL, A 7O THE S, /L
o 7 HEHE 7 B L v {E(MCMC)IZ FES0 Y Tu 7= (Rubin, 1987; Little and Rubin, 2002;)), Z D7
NTY ZLEFHALTND Y 7 b7 =71, R4y 4 —3 Norm 3.0.0 (Schafer, 2008)" & L Tl
AR T D, ZDOA =R NT LLFD LB Ths (Schafer, 1997; 42, 2002; Gill, 2008),

BT HNAREF, V2= alrFEOLOTHY, VU =X EMINDS —#HO TR
2 b=y g VIEEM L DOERSHICE SV TERT IO TH D, /Lo 7EdT, xR
WERTHY | t OFRFRIZBIT 52 ) — ANONLED B RONE~BE T HiERIL, v — AW
DHAEDN BN DIMEFT D HDTH D, LIzii-> T, Bl E TOMEO, ..., 010> 5 ST
TS LD, FT2, T — XYL KHE(DA: Data Augmentation)iZ, MCMC OFHRE 7 /L2 U X A
To b, Augmentation &1F, MEK] ZEWRTLHHRIETHDHM, DAETIE, 7—XOXKRHAIL

4 AR THWEZRSOERIT, UTOLBY THD, i 2B8HEOA Ty 2L L, i=1,.,ntT5, j2%
oA Ty AL L, j=1,.,pT 5, D={¥,..Y,}E L. YiED D jEHDHIE L, Y IXOMEE &
%o DEY . DADYUADT RTOIITH %, R % HIEFER1TFI(Response Indicator Matrix) & 3%, D & R DIk
TIERUTTHY, DOBIIESNDLEER=1THD, DRBHISNARNWEEZR=0THD, T, Y & BHT —
ZEL, Y KT —2 35, DFV . D= {Yps Yuis} TH D,

P EAELXE YORERY, = B+ BiX; +u) OUE & ORMRENE, B, = EECREED - XECRE )

TEITHY . DI OEIRRIIEB, = V- BXTh B, DFE Y. FHNY P AL S - FYHATIIEHBEI T H
U, EURREBOREZITH 2 &N TE 2,
6K 11 DHEOEA. o= 174+161+158+163+172+153+178+170+5 & _ 1329+;'}'Egk U A 1 7

9
z}i\f?—_’f?’;ﬁb\o U 2 }\ ]7/], Xl&%foﬂ:ct V) . },I,Obs — 174—+161+158+163-;—172+153+178+170 — 166125&%& éhé ﬁ‘)\\

Hops = H ey &V I RIBREAFOLEZERS &L p# 1y, TH D,
" Norm 3.0.0 (X, R2.9.2 IR M TOLMIET B MICIEENLETH 5,
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TWDEPTICE Y 22 E (FIEME 2 B R M) 2fHET 5 2 & TREMICT—4% % THIik) L
TR ERT = ZER L, 22000 iR LFEZAVTHEREEZ R~ ICEEL T
K FETH D, T—FIERIED IR A T = X 20T, #IHIE, 7~ . 1-Step (Imputation Step)
2BV T, PWis|Yons ONTESNT, YEV% AT 2, SF 0, BT —#&24504E LT
AR U T B 0 53 AT H & Ml E B & AR 5. KIS, P-Step (Posterior Step) 23\ T
P(01Yps, YrINTHESN T, Oy BT D, DE D L FRDAN DT A—ZEEERT D,

ZL T, BURTHETIND 2ODAT v T EH@VIRT DO TH D,

2.2 SERZMEAHEE (FCS): #HEH X (Chained Equations)

SERLNAHEEFCS)IE, MCMC Of#EE LTIRIBENTVWE T AT XATHY, =
DFIETIE, ZEEXRBT —F OHE ZE5 T L1217 9 (van Buuren and Groothuis-Oudshoorn,
2011; van Buuren, 2012), O F 0, K2 D RZERERIIH L THEETT VEBE L, Th<E
NOELITK U CTHIEM ARV B LAFR T 5, 207 AT XALEZHEHLTWDLY 7 hyx
7%, R/Xv /r—3 MICE 2.13 (van Buuren and Groothuis-Oudshoorn, 2011) T& 5,

FUEMNTHETL2MEET VICIEZLOMEND DD, &b AH 17 b DI MICE
(Multivariate Imputation by Chained Equations) 7 /L = U X AT % (van Buuren, 2012), MICE &
F. TEEH AR ID2ZEEME] EWVWIOEWRTHY, 7—2 1y FNOBLHINE & B f R
179 R AZHEASNWT, &4 OERY, OMEET NVERMET D 0 P(Ymis|Yops Y-j R)e T D,
B x DEFATKE UL BUEY ops > & O EEAEZ AN &0 #TE D OIHHEY, , 2 3RET D, 2D
ntA%t=1,. . TETHVIET, /., 207X %j=1,.,pF THVIKET,
?—j,t = (171,9 . 17j—1,t: ?j+1,t—1: s 17p,t—1)5i\ Y2 bR< t 2 H O 0 iR L O RIZI T D5ERT —
2 Thn, BIE. fEME (t FEOMREVIRLOKR), EEAD=ALE5GMEE LT, fME
ETNVDORMONT 2 =2 T2 2 A ~P(A | Yobs Vojer R)o €D, HIEME O 1T
95 ¥ e~P(Yymis|Y,ops Y-jes R, At )o

23EMB 73 X A

EMB 72U XA, EREHLWT AL ITY XATHY, Zhid, G EIRHER K
{E¥E(EM: Expectation-Maximization)iZ / > /X7 A v w7 « 77— A N T v EZIGHLEE S
DTHD, ZOTNITVALEZFEHLTCNDLY 7 by =TX, RNy —Y Ameliall ThH 5
(Honaker, King, and Blackwell, 2011), EMB 7 /L2 XAD A=A LFILUTFTDOLEELBY TH D,
BORTERT —F (EARYA X=n) IZBNT, qEOEIBH S, n—q EOMHEHKHEIL T
WHETLH, T T FART v TEICEY . TORBET—Z NG BEAY A X n DT
— FA NI v FRIEADE ST Z MEFT 5, RIZ, 26 MEOT— A b7 v 7RIFEK
DHELIZEM 7)Y AL M L, pe SO AHEEMZ M EFEH L, M EOX(3)Z Vv TX
HME DA E 24T 9 (Congdon, 2006; Honaker and King, 2010), ik L7z 2 > 7 /v =) XA LT
B, T—bhANT T FETIE, 2 VAF—DIRELT O MBI L y 2o D O
1T 9 B Zpu (van Buuren, 2012), L7228~ T, #HEOE TRHRMENEW E IS D,

8 = L A % —43fi#(Cholesky Decomposition) & X, & L A BNIEEMEAFTINA = AV TH D72 51E, A= HH'\ZH MR
TE, ZZCITH HIExHARR BICEOER 2RO T =MA1751TH 5 (Leon, 2006),
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3. BERVYR - BEREBEOERT —F 2RV T-oFHER

AREITIE, 2012 4F 2 HICE M S -RFE o0 2 - IEBREORBT — % (FEERSH |
OHMEIERT (BARELSN)) o7 —% (BLR% 277,263) ZHv, 2 HTHEM L 3 20
SENNETVTY XAOWGEEIT o T2, KBIOFERA I =X 2%, MARIZHKS &, 58 L&
(B F—4 D 20% (55500 &) % A THNCKRBISET-, £72, BAE (B
T —4 D 5% (13,600 f#) % MfE24IC A THUC KA S (MCAR) ., F¥EMEHEEL (BAXED
WIE RPN ZFEAE S E TR (R 0%), HofrfERIL, R3LICRT LB THD,

# 3.1 (ZEARAEMERE : M=5)

A TN 2= & DR HE D tE ALBH O B
=X} 8.7636 1.5099 1.2075 534.2876
UARTAX 9.1326 1.3330 1.1431 408.1007
AMELIA 8.7820 1.4597 1.1818 428.9757 145 24 %
MICE 8.7819 1.4598 1.1820 420.2365 10 4y 35 #b
NORM NA NA NA NA EIEET

B, REDRWERRT =2y WS RTH D, VA RTA T, U X
FU A XpEEEAWESTERTH D, Amelia L MICE Tix, X TOHIRRE (¢ Lk
B OWHIE, 8 EmOEHERE, BIRRERE tE°) 28, U A R U A XBREE & R TEEIC
LANTND, LR T, KllzEte2r=y MEBEMIZRET 2LV H, ZEAAZITR
IFMWENT ERS0 D, Amelia & MICE O TIE, St BERZEIZA SR> 21,
F7o. TR | 13, HRESROMIEZIT TR TH D, EMB T/ Y XL Z## L1z
Amelia DAL HE 13RO T > 72, FCS 74 = U X A2 E-5< MICE OALFEH 13 . Amelia
DEED D> Te, 72E Norm Tl 27T T X3 EBEOT —H &y hERITZENTER)hoT,

4. ZERAEDOMEK

1HICIE, BB M=5 & LTHIZR L7z, LaL, FEEEIZIEM 20 < DI ET LT
FWVDOEAI M2 AR, Va2 b— a3 T, BEU EORIEARM > 100) % £ RT
HLERHY, 2 Ea—XORAPTFTRYIZ OMIELEITIRELELEZIOND N,
JG3K. Rubin (1987)I12 L5 &, ZEAAED MIFFEFIT/ NS WETFTHLSTEESnTns, —
F. TR, 4287 B . MENZE LT Rubin (1987) ~DOGans B ST s b
DO, +537efEimE G DIV oo T, REMT — &t v hOZERA L W) SURTIE,
MDY A R LT, arEa—FORFAUHEENCELTLE S WREMERH DS, Lo T,

9 MAR (Missing At Random) & (%, 8L T — & Z & & Li2GE, REIOBERRIIEEL THDLZ L E2EKT S
P(RID) = P(R|Yyps)o E72. MCAR (Missing Completely At Random) & 1%, KEIOFEAReSRIZBMIT — & &1 3R%
72l BAEICEAELICRAETHZ L EER LTS : P(R|D) = P(R) (Little and Rubin, 2002),

10 [EFfREIT1og (ﬁh%i) = a+ Blog(FEUFHH)OBTHY | tHIFBD tIETH S,

11100 D> — ROFERIZOVT, Welch O ZAZADFENZET 5 tEICE D | 5% KETHIEEIT o7,

2 ffifff L7z = B = —& %, Windows Vista, 7 = ¥ : Intel Core 2 Duo CPU T9400, A€ U (RAM) : 2.00 GB,
Ry MARV=T 4 VT UAT DEHR LT, — by arTh s,

18 7= & 203, 100 HELEL, 10 B8 oT—% &y MIBWT, M % 1000 (8 E Lz, BLIE & 2R oHiE.
AFFCL00EICEL TLE WV, BHE O PC TIXUENKREEZ B2 b D,
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AHEiTIE, ZERAT—Z Y MM OBEGZRY A T OWTHREEZ (T > 72,

4.1 MEUCBY 5 - AZIRITEIT 5 Rubin DR

Rubin (1987)ic k% &, M BNAIRTH 256 & BIRK TH 256 & O 2% Wi vrE xR
(ARE: Asymptotic Relative Efficiency) & 'EON, (4D LBV EFR L TWD, T 2T, SIEKHIER
ERLTNDH0<6<1), ARETZ%TH Y, HMIFEERLETHD, MBERKOES, X
() DFRFRAETX 100% & 720 | ZhEEMEDR R RITEL TWDH Z &I D,

-1
ARE=</1+%> x 100 4)

F 4.1 01%, KM 10%(6 = 0.1)7°5 90%(5 = 0.9)F TOT —XIZBW T, M ZHEINS w7
Balc, BRAKOM & LB/ REZR L TWD, ZORENPD, MZ5ICRET
5HZET RHEERDN 50%H 72 L LTh, 95.35% DM IR A FER T TE Y, UK
M I% TH-o7zb LThH, FEXIEIEIT 92.06% % =K LT\ D& Shd,

F 41 : M EFEXIRhR
M 6=0.1 §5=0.2 6 =0.3 5 =04 6 =05 6=0.6 5=0.7 5=0..8 6=09
1 95.35 91.29 87.71 84.52 81.65 79.06 76.70 74.54 72.55
(5) 99.01 98.06 97.13 96.23 94.49 93.66 92.85
10 99.50 99.01 98.53 98.06 97.59 97.13 96.67 96.23 95.78
15 99.67 99.34 99.01 98.69 98.37 98.06 97.75 97.44 97.13
20 99.75 99.50 99.26 99.01 98.77 98.53 98.29 98.06 97.82
o) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

(@) ZEMN, %< OCHR(Schafer, 1997; King et al., 2001; Allison, 2002; von Hippel, 2005;
Congdon, 2006; Buuren, 201228\ T, MIZ5~10 FRETI W& SNDHRIDTH 5,

42 MEBUCERT 53 : Rubin ~D X

T, 3 B a— 2 ORBLEE W LT 518N T 5~10 LW > 72RO METIER < |
TEXDRVELOEEFERATHIILENLEETLVEWVIRERIND LI R-TE,
Hershberger and Fisher (2003) Ti&, HffifE(EAfhHOMERICESE MBZHEET NS EHRE &
EZ.BEOMPNEFEIND L ERAT T 72, Carpenter and Kenward (2007), BFfE], I (2012)
IZBNTH, MOYA XL, BH~EEREFREEI LN ESATVD,

Bodner (2008)i%. W72 M DH A XTI RBPHR & GEABEIS L TERETLHZ 2R LT,
7= & 20, 95% DA B /KHEIZ U T, R 10%72 HI1X M 1E 6 TH43CTh 523, KHFIFHEA 30%
THIUINLEER MBI 24 L7020 . RPIEN 70%E 25 &R MEIT 114 L7 5,

43 21—y arF—FEHWELZERAT—F ¥y MEM ORKREE
AR U= % o 2 - JREEE O T — 2 OfF® CEME. 4k - syt
L) ZHEIC, SEEIEHSMIC L > TEIEI% 1000, 3 E2EDY I 2L —varyT—FEy b



IO LIE, valb—varT—XORKIIhote T — X%, 3HILRIUL, FEERNHE
| DEMEFEEF (FAREDSN) ZHWe, T—% %y hOREARKHE EOHE L, T—X
1 DOHFEH) 1%, F42D LBV TH5D, Amelia, MICE, Norm IZBWT, F£42DT I 2L
—varyr—4%ty b (KHIE =10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%) (ZZEICA (M
=2, 5,10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500) i L. ZLHAAKE T —F &
v b ERWT, log (52 1i5,) = & + Blog(FEUFEH BT IS 5B & T OIHERRAEDHEE 21T - 721,

# 4.2

S/ IME 55 1 UYL A S fE %5 3 MUy r SN FEHE 2=
e bl 3.314 7.761 8.837 8.764 9.752 15.422 1510
PEFEFH 0.000 0.946 1.528 1514 2.077 3.993 0.891
BAL 1 3.699 5.727 6.331 6.323 6.921 9.088 0.907

41T TXTOMEDR Y 2 P T A ZFFREIW) LY HER TR Y  ZERAOT T,
M=2 DT 45— U AR S L R o = 2 EDRENTWD, —J7, KBRS Eaiu E
MHIFE, TRTOTF—RACBWTHEDKHEIT TR, 7oA MEZEZ 100 ETEFEL
Th, KHEB0NDT —F DRETHE LW LIRS TN D,

2 4.1 (FeshiIFRELDOHEE MR, Badibi =)

%% o
sl
1.19 -
1.14
=—=—m2
== mb
== m20
1.09
—é=m100
LW
1.04
0-99 T T T T 1
N I;}?
0 20 40 60 80 100 K=

U OHHBIC L D EALR LD, —FE 10 HRE L, MEOHE L, Amelia I2B T35 32—y g5 —
2 1 OFHHEROBE DL A H L T b, RO, Y EMRET 5, 7ok, HEEIX 1.2075 ThH 5,
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4 4.2 TiZ, K 20%D5E, M A 20 2H 2 5 L BRBOHEEEITZELE LIGH T
DT EBTND,

4.2 : R 20%, M =2~500 (HthhiItREcoHEEMm, Fihid M 0%

1.1964
1.1944
1.1924
1.1904 ——

1.1884 - N
1.1864 -

1.1844
5

1. 1824 T T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450 500

F 72, KM E 50%IZEHE L, 1000 O — K& AW T EROEEZBV KL THELNTE
FREOSAIE, K43 DERY THD, M EEZHOTIFHEOTIZEE, HOTKBNNEL e
TNE HEEEOIXLERMAOLND Z LN D, MED 10 LLFOSE, ekl & ol
E2, ZTRE, WBRELITE/NI RS AEER DV . 557k RAMETREAIC A EREC 2
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5. #Eem
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Amelia O FFHEVERE RS 13D T <, Norm 1L 27 F X3 EBOT—4 vy haofrT5 2 L
INTEIpnoTe, ZEMANEOELT —Z B MIZOWTIE, fEllZef BRI ER/FICHET S
2, Wi 5~10 T et &, 20~50 FREEAMEUIE LB X B DAY, KBEIEIDIE U T, 20%
R 72 51X M =20, 20%~30%72 513 M =30, 30%~40%72 51X M =40, 40%~50%72 51X M
=50 L VWO BSICRET D Z ENEUE ERbD, 2. RUERICEDHT. M = 100
A THLILD b DITIEF D720, RN 0% LR IaH D & 728 2 MBEHE F
TIRLIZELTH, MIEEORELZRIETCERIRIBENND D,

2 Z BN

[1] Allison, Paul D. (2002). Missing Data. CA: Sage Publications.

[2] Bodner, Todd E. (2008). “What Improves with Increased Missing Data Imputations?,” Structural Equation Modeling
vol.15, pp.651-675.

[3] Carpenter, James R. and Michael G. Kenward. (2007). Missing Data in Clinical Trials—A Practical Guide.
Birmingham: UK National Health Service, National Co-ordinating Centre for Research on Methodology.

[4] Congdon, Peter. (2006). Bayesian Statistical Modelling, Second Edition. West Sussex: John Wiley & Sons Ltd.

[5] Gill, Jeff. (2008). Bayesian Methods—A Social Sciences Approach, Second Edition. London: Chapman & Hall/CRC.

[6] Hershberger, Scott L. and Dennis G. Fisher. (2003). “A Note on Determining the Number of Imputations for Missing
Data,” Structural Equation Modeling vol.10, no.4, pp.648-650.

[7]1 Honaker, James and Gary King. (2010). “What to do About Missing Values in Time Series Cross-Section Data,”
American Journal of Political Science vol.54, no.2, pp.561-581.

[8] Honaker, James, Gary King, and Matthew Blackwell. (2011). “Amelia II: A Program for Missing Data,” Journal of
Statistical Software vol.45, no.7.

[9] ‘AR (2002). [RFZERT—Z OfEaHENT] . # s =23/ I A M

[10] King, Gary, James Honaker, Anne Joseph, and Kenneth Scheve. (2001). “Analyzing Incomplete Political Science Data:
An Alternative Algorithm for Multiple Imputation,” American Political Science Review vol.95, no.1, pp.49-69.

[11] Leon, Steven J. (2006). Linear Algebra with Applications, Seventh Edition. Upper Saddle River, NJ: Pearson/Prentice
Hall.

[12] Little, Roderick J. A. and Donald B. Rubin. (2002). Statistical Analysis with Missing Data, Second Edition. New
Jersey: John Wiley & Sons.

[13] BFRIAS, HAFFIH. (2012). [Multiple Imputation {1 & % 2 Beflr — 2 2> s — VEFZEOfEFT) . [
#eats2) vol.41, no.2, pp.79-95.

[14] Rubin, Donald B. (1978). “Multiple Imputations in Sample Surveys - A Phenomenological Bayesian Approach to
Nonresponse,” Proceedings of the Survey Research Methods Section, American Statistical Association, pp.20-34.

[15] Rubin, Donald B. (1987). Multiple Imputation for Nonresponse in Surveys. New York: John Wiley & Sons.

[16] Schafer, Joseph L. (1997). Analysis of Incomplete Multivariate Data. London: Chapman & Hall/CRC.

[17] Schafer, Joseph L. (2008). NORM: Analysis of Incomplete Multivariate Data under a Normal Model, Version 3.
Software Package for R. University Park, PA: The Methodology Center, the Pennsylvania State University.

[18] mf@RFEL, OHEF 2. (2013). [HREFFARAICIST 278 b O KPR E TR OV T~ ZERAEIC L D FEE
OFHfi~] , [HRHFZERER] 5 70 5 no.2, MBS HFHIHERT, pp.19-86.

[19] van Buuren, Stef and Karin Groothuis-Oudshoorn. (2011). “mice: Multivariate Imputation by Chained Equations in R,”
Journal of Statistical Software vol.45, no.3.

[20] van Buuren, Stef. (2012). Flexible Imputation of Missing Data. London: Chapman & Hall/CRC.

[21] von Hippel, Paul T. (2005). “How Many Imputations Are Needed? A Comment on Hershberger and Fisher (2003),”
Structural Equation Modeling vol.12, no.2, pp.334-335.

B RO I ab—a v ELEMRANETIE, L, RAFEROBRICKEREVEDH D, Thbb, BHOYI
2=y g T, 27— %%y Ialb—ra i LTERT DD, 2ERBKBILTHDE EEZX DR
D, BB TUIBINEZ > I 2 b— a3 UMEICE SR 20T, T—FAO—FBOHZB KA L TN D
72, #0R LEERD L TH L e &2 5% (Honaker and King, 2010),

10



