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Abstract

The maximum likelihood estimation of missing data by EM is a basic method to deal with missing
data. In this paper based on the maximum likelihood estimation method based on EM, was filled
with the EM method for a class of random missing data sets; the results show that in 10%, 20%,
30%, three different loss rate, the relative error of EM method to fill up the missing data is less
than 0.1, showing a high accuracy under the condition of low the loss rate. Further, the EM method
is applied to the missing data in the actual questionnaire survey, and the influence of the survey
results before and after the complement is analyzed.
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Kl SRR AR T AL B A B LI L, I AE AR WUATR S Sk B TR
PURFAE R — > R A Bt sk 2k A B o L 22 ST U HERE R e [1] [2] [3]: ESRMAZE A
PP R NS RE T B S HERR OSBRI T A SR

R 2 USRNG5 T7 150 B8 P41 I A2 22 ST A I 2R B0 TE R R R 1 0, 4 SR i O e B A
T REETHEIA GG BT Sk IEE 1AL TEL 0 — o WA R R A SR IIL SR E 57, ERX 2
FTREASK AN 2 (I A B, AT K AN B AR S A T RS EE o AR B v A i 2k BRAE SRR TSR 2% AR 10 5% FT e AR
P2 [IA7AE 35 25 57 IR T R 5 95 B AR 90 3% 4 B2 B0 1) 9 T HE BT A0 425 %, 68 i - H B 7™ 6 2 s ke
M ER BRI AR

xR EE A B, H AT CAT A RIBTFE[4] [5]. M2 T EM AR E R AR J5 7 (6152 — R A Y
e AR N RIBORUA G TH(ETAR EM J7%, R IR, 12058 R4 RS BL A kAR e A AUSR
PR RSB B AN R R B O LA R BE LSRR O BUE T, 12T IR IR T AN 58 4 Bcdfs b 45 210
P TH[7]e PR 2 A0S SRR B AT R A o JL R R 25 EM SR T

E X EM SER BRI e, EEERAEN MBI FEHE H EM SRERNSTEIR T ER
MR I R BRI, IR EEL TSR ME8]: BRI EM i Ah ST TSR
RABRIEAME, I N2 EAEANRIAE, SR DTk B9 F) DA 2 B AR EL EM Sl Ah R 2
BAK[O].

AL TAEEE PRy BRI EM TRk H 508 10%. 20%- 309% HIRE A6k I Ho b 3
ATEHENANGT, FEMEERN b, K% 059 N T SE R A - B R e i G R R R A SR B AT
AN IO T 2 BRI AR R, R RE A TR AN ST R 1 R A R AR B

TN EZHIT, 51 HAE T EM JEEA R EOPER, JRg it TAES. 5 2 T4 EM
SVEAN ST S0 2 SRR P S, AT LA T EM BAEARN [ BENLER R 2R P RE, TS EM VA RH]
T LR AR AL, BEE 3 WL TR R B TE.
2.EM &%

EM 583 th Dempster 25 1977 4R4R 1, R HALIR IR, 8IS AR SRR AUR Al 8
JRBEE . T EM SRR RAF WSSO A AR OB AR BE AL UR B8 BB S AR L R 5T,
PAVF 2 55 ok R B A R 1) v #1822 45 B EM RER 20 [10]. EM B30 12 v S SR A8 e il o8 B AX
ZJE R e BEEAR AT SRR, SRR R BRI S HUG THEL SO R PG THER AR . EM FVE RS PTEE S
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4) EHU LRI 2~3 4, HE LY eIk,
EM BEEH T RFEAS, TEILSLAENE A R S M AN E, %077 Re i idd 78 RS M BIE 44 T
RefeE . MTEERRBIRMAE . AR IM R A RO . FIH EM BERANT U 4 x 3 P RE, HAdh
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NA 0 3
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2oyt Bk EMIEREEPER, 4 RIE SR
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4.000
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Figure 1. Missing location of different missing ratios
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Figure 2. Normality test Q-Q diagram
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SrHAETHE T, T, B KSR THE AR WL IE 2,2, BB, JEAREVEAN NI = AN B (1 B 5 3L
$ﬂ€ﬁ@iﬁ?ﬁ$ﬁxﬁﬁ%5=%, A=1"—1 FoRIRZE N FoRFEHIE, | FoREAE, HEH SRR R
10%, 20%, 30%H[13], A AIAHXT iR Z ME A 0.0947,0.0371,0.0413, #/hF 0.1, Af WL EM BiLTE
AEFRACER R R M AR R RO e R e, FURS R LRI, MEHE 2 AR 2 A 3.
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Figure 3. Box plot of relative error for different missing rate datasets
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AR YR AR GO PRI Bk AR Be s i2 R, BRI T2 B R E R B A [15]. A
W TR EE(AE Y RIEERIEZ I TI2ER IS RS I ), A 8 (U A 3 18] 72 2 B e A3 Bt
%, BAEBERAIZE 1 R LA ERI(ERLEE), M EE AL = H W2l E R RS R S, HiAd
A 2 BE)

PR = e S i R A B, UH SR BUE B B B MIE, Ha BRSS9 )55 Ui
i) DA K S 1] =T VEE T . Bk R 2.

3.2.3. AERESHA

AT A PN AR BE e 5 I 5 R LU 2, B M RE S N [ e 3] 18 T 2 s 301 32 foh ) I 95 14
Ko T AR RGN TR A IR 55 R R RV [16], AT OWEE B B SR Bt B AR RO Herp T 12 B R &
T RRSS B — AR N BT E L, AR BN MR W ORGSR IRGS . BERUIRSS A
PR SS  AERE RS T mUIRSS BRI O BRI, SRRy MRS, BERAERSS.
MRS MR A . MRAE X LA A R UL LB AR E RS, @3 TES@BEE L. (128,
Mg G B BEREERAREE . R L BURAER R 6 A AR E S

3.2.4. Bt SR

SRR TR L, [T28F. BP0 8. EEEYREHE . [Ehar o b
Be SR AE AR 6 AL AL Uy 17 AR AR B0 LR A 85 (3 e 4™ e B 5 R 2 N Y 2 A R U ] 7Y
PR . O 1 7800 M B U 16 A0 LA U X PR ST IR A, T AR R R B N R
PHE[L7], AR BRIE 7R O (BT XA B R AN T H R -

R L (BT B 4L MR, B RS 25 MREEIT 2 A R, L 9 AN A Y [l 2 Bk
RAGHIL 30%, XL L, 5 (3, BXTEERTIIE. REAMPCREL L THE? ), B8 1. &
X L B F) R I PR TR Y )R AR 2 BE VA IR, PTUABCA VRN, X T RO
BRI DUEAMMEA R, HORHZ 9 AN BT UUNBR . MRk 9 AN RS, #5317 —A 4147, 16 i
Btk 16 MAEM A (1=12,3,---,16) K%K, W4 3, SRR FRER SR L I 4.

3.2.5. BRABIRAIE S F—SERM EM B%

REAEER B B F R A, TR A R BRI B PR B R LR 55, SRR, 5
AT AT LI AL B AL AR A A AR S . 0 #d it - MCAR K256, p {79 0.059, #iifiix, AN
ZHE e LR K -

XFT MCAR ISR AEN, 212 BEHHNAT795, M SPSS X ok RAZ BEHEAT fikh o JHI 0 AN R
EARHAIE 20 MEAME, 74T 20 Dreatinds, THE TR BURE R IEATT Z I RS THE, JFR T
THEANREH T 2 EAEFMOTERR 0,r, RE BIME, AR HRBA K 4.

Table 2. Summary of sampling methods at Kanghua Hospital
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Table 3. Questionnaires and labels for part of the questionnaires
= 3. @Aty BB RS

Ay 5 (L. B TA (e, ik, ) RETHE? )
A 35 (2. B TR AR, A, FRARSE) RTEHE? )
As 555 (4. BRI 2R D TAEREHE? )

A 5 (G BRI OTENE EFRERSLMHR? )

As 5 (6 AT AEBE L A A N IR S5 SRR TR ? )

As 6. X EEEANRFAIRS (

A %6 8. BXREEEARBNESMERLTHR? )

As %6 8@ B EEEENIRSSERLEHRE? )

As 56 M4 BN EEEANBERKTFEEGHER? )

Awo FOML. X BHEEANRERGHZ? )

Au 92, ERHL AN RIS A TWHR? )

As H9 @B BRHFARETIEANIRS R EHRE? )

Ass 5510 (L TN AR E R A IR 55 O R IR N ] 2 )

Aws 3010 R(2 TEXTEE R ) R SR AHE B A B AL 2 i SRR T 2 )

Ass 3010 B3, EXERAE B AT 7 AT N B PN AT 2 )

A 3010 B4 EBXERRISH R EA ST, SHIUNEE R e ? )

Table 4. Multiple Imputation attribution model
4. ZEHIMNAEER
R Et] BRRAE VARRIE I Bk K AH(0) FHXFHE N7 2 (r) FHXF 2% (RE)

A Logistic &1 1 20 0.225 0.283 0.989
As Logistic &1 1 20 0.238 0.305 0.988
Ag Logistic &1 2 20 0.052 0.055 0.997
As Logistic &1 2 20 0.057 0.06 0.997
Ass Logistic &1 4 20 0.262 0.346 0.987
As Logistic &1 6 20 0.201 0.247 0.99
Asy Logistic &1 9 20 0.032 0.033 0.998
Ass Logistic &1 11 20 0.056 0.059 0.997

RANTTZ BRI A6 (05 SR SR ARL IR 35 A2 B 1R P S AP S bt 220 4.299, 0.875, Tiif4iE 1 20
AN ERAEANIIE ARG, I LB B R AR I T S BRI hR e 722, SR IRST R S E AT Y b 72k
PO ARANZ AT HIF LI E AN P2 aE 22 (B, AR 156 15 DN EUR R N2 B Ah iR A 45 3L, o1
BIEAFEIbREZ 75N 423, 0.90. #2 EHANILR S EM BRGS0 e R L& 5.

3.2.6. \EFILEHHEBREITM
(e 8 = o A 4 1) A6 O AS T, R Ay SR ) o PR 2 0 X B e 5% A 55 A I B L, DA —
FARPR N B R EEONNAR B S, HAREN TR IRhs: MBRE) B, . BRARSS B, - SRS B, MIEE B

8, HYc -1, WS 5B (i-1234) XA TERN:

S=¢B, +¢,B, +¢,B;, +8¢,B, 9)
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Figure 4. Missing locations for different variables
4. FRILEEHRENVE

Table 5. Multiple imputation and EM algorithm complete data results

5. ZEMIMIEM BRI STHIRER

A4 As Ao Ao Au Aw A Ass
E % E % E % E % E EZ E % E EZ E EZ
A M i M i M i M H M #H M #H M & M S
(7352 A 5 ¥ " i " om i 5 kil 5 i H i
E N % A ES b [ESE (N 3 b % b ES b ik b

1 4 4 3 4

2 5 4

3 5 3 5 3

4 5 2

5 5 3

6 5 2 5 5

7 3 4 4 4 5 4

8 4 3 3 4

11 3 1 4 4

15 5 4 4 4

21 5 5 3 5 4 5

22 5 4 5 4 5 3 5 5

24 5 5 5 5

26 5 3

28 4 4 5 4

30 4 3

33 4 2

39 4 4 5 5 4 4 4 5
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Ho ¢ R4 H AR BT 19 R 2

H1 T 17 25 8 25 A R AR T2 JO MBS 5 10, i DA REEE I 0F P 55 A 50l R A 25 S PR X % 22K
JER BT S5 o AT R B SOR B AR B R AL B SR, ) = AR bR RSB RAE Dy R bR B,
FBERANST AR . ] EM BN 2 SRR ST O o5 B I R AR EUE, RS B A A

PR A
RANSTEAR 22 5
S, =4.41c, +4.31c, + 4.40c, + 4.26¢, (10)
FI EM AR5 R A 12 3
S, =4.44c, +4.31c, +4.40c, + 4.29c, (11)
2 A AN 5 R 2 3
S; =4.39c¢, +4.29¢c, +4.40c, +4.23c, (12)

EM SIS Bt AR AR 5 Hle 10 A A i B R =

L = |SZS;Sl|x100% (13)

1

LB 25 T A A T HE AR O AR A T K ) AT T R N R

L, = S 33 S |x10096 (14)

AR BRI R B PRI E N ¢ = ¢, =¢, =c, I, THEH LA 0.356%, HI EM S5
H A F5 1 S AR AR T AR S () s A R D 7 0.356%, 1M L, 4 0.253%, Rl EidHhEIE
S EHE i 00 A R FE AR T AR AN S B AR RN T 0.253%,  EM SEANSR AR 5 (13 i
bl 2 A AN EE RN SO S R 242 T 0.103%.

2 AR BRI R B —HRBRIARLE A 2¢, = ¢, = 2¢, = 2¢, i, THELH L N 0.174%, B EM Sk
FEHE IS S AR R AR T RN SR R B S AT R RSN T 0.174%, 1 L, N 0.172%, B2 EifihE
TR TR J5 00 AT 7 P AR T AR AN S B 0 S AR R R N T 0.172%, LI EM RS ANEEUE 5 1)
2R R 22 B A R SR AN SR A S R B I FE A 2E S L

%Q%%W%%ﬁ&%:ﬁ%ﬁ%ﬂiﬁ&ymfg%:&ﬁtﬁﬁﬁg%&wm&WEMﬁ%%

TSR T AR AT T AR T AR AN i (S AR S RE R I T 0.162%, 1M L,y 0.216%, B[l 2 H i #h 5
AN EIHE e PR AT T AR TR AR it (e A SR 1 0.216%,  EM SREAN T HE e K4 n
R P2 FA AN RN ST R BN R R T 0.054%

4. ING

KRAEIET EM BIESTUE AT, S — AT i 2 AR R AE 10%-. 20%. 30% —FAN[FH R T,
H EM BEAN S = 240 A W S I 2R S5 BENLER R B0, 1531 =3 AR 225/ T 0.1, B0E T EM &
PIOTEARBR G DL T M w58 N800 2 BN EE T logistic [B1H) LA EM Syt FEfg
P Bt 2t 7= O Y 7 1) 45 R AR SR AT A AN, FRER RN EE . 2 B A STEAE LU EM B
AN R B R T AN, W T Y S RIR RSB E AR, PR ST AR A TR
AR () B AR R R . ASIESE AT R]: 1) UREARFER, EM BN EE S B A
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TR RN AAK, SR REA X T AR AR B SS I 8 AR, T AR R s Ok R
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