
n clinical and epidemiological studies, researchers are often interested
in the comparison of the different treatment groups. Individuals in gro-
ups may have additional features. For example, individuals may have
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Comparison of Missing Data Analysis
Methods in Cox Proportional

Hazard Models

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Da ta with mis sing va lu e are com mon in cli ni cal stu di es. This study in ves ti -
ga ted to as sess the ef fects of dif fe rent mis sing da ta analy sis tech ni qu es on the per for man ce of Cox
pro por ti o nal ha zard mo del. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  In or der to se e how samp le si ze and mis sing ra -
te ef fect the mis sing da ta analy sis tech ni qu es, we de ri ved the sur vi val da ta with 25, 50 and 100
samp le si zes. So me ele ments of the sur vi val da ta with dif fe rent samp le si ze we re de le ted in dif fe -
rent ra tes un der MAR (Mis sing at Ran dom) as sump ti on to ge ne ra te in comp le te da ta sets which had
5%, 10%, 20% and 40% mis sing va lu e for each da ta. Da ta sets with mis sing va lu es we re comp le ted
by fi ve mis sing da ta analy sis tech ni qu es (comp le te ca se Analy sis-CCA, me an im pu ta ti on, reg res si -
on im pu ta ti on-REG, ex pec ta ti on ma xi mi za ti on-EM al go rithm, mul tip le im pu ta ti on-MI). The new
comp le ted da ta sets we re analy zed by Cox pro por ti o nal ha zard mo del and the ir re sults we re com-
pa red with re sults of ori gi nal da ta. RRee  ssuullttss::  The dif fe ren ce bet we en the tech ni qu es grew for in cre -
a sing mis sing ra te and whi le the samp le si ze in cre a sed the met hods we re si mi lar to each ot her. CCA
was the most af fec ted from samp le si ze. The es ti ma tes from the met hods REG, EM and MI we re very
si mi lar to each ot her and re al va lu e. CCoonncc  lluu  ssii  oonn::  Mul tip le im pu ta ti on met hod as im pu te mo re than
one va lu e for each mis sing va lu e sho uld be pre fer red ins te ad of sing le im pu ta ti on met hods as im-
pu te only one va lu e for each mis sing va lu e.

KKeeyy  WWoorrddss::  Mis sing da ta; mis sing da ta analy sis; Cox pro por ti o nal ha zard mo dels; mul tip le im pu ta ti on 

ÖÖZZEETT  AAmmaaçç::  Kli nik ça lış ma lar da ka yıp de ğer li ve ri le ri ler le çok sık kar şı la şı lır. Bu ça lış ma da ka yıp
de ğer prob le mi ni gi de ren yön tem le rin, Cox oran sal ha zard mo de li nin per for man sı üze rin de ki et-
ki si in ce len di. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ka yıp ve ri prob le mi ni gi de ren yön tem le rin ör nek ge niş li ğin -
den ve ka yıp ora nı mik ta rın dan na sıl et ki len di ği ni gör mek ama cıy la 25, 50 ve 100 bi rim lik sağ ka lım
ve ri si tü re ti le rek her bir ve ri se tin de ka yıp oran la rı %5, %10, %20 ve %40 ola cak se kil de te sa dü fi
ola rak ka yıp-MAR var sa yı mı na uy gun ka yıp de ğer li ve ri set le ri oluş tu rul du. Ka yıp ve ri prob le mi -
ni gi de ren ek sik siz ve ri ana li zi-CCA, bek len ti mak si mi zas yo nu-EM, reg res yon de ğer ata ma-REG,
or ta la ma de ğer ata ma ve çok lu de ğer ata ma-MI yön tem le ri oluş tu ru lan ka yıp de ğer li veri set le ri ne
ay rı ay rı uy gu lan dı ve per for mans la rı Cox oran sal ha zard mo de li uy gu la na rak kar şı laş tı rıl dı. BBuull--
gguu  llaarr::  Ka yıp ora nı art tık ça Yön tem ler ara sın da ki fark la rın bü yü dü ğü, bu na kar şın ör nek ge niş li ği
art tık ça yön tem le rin bir bi ri ne ben ze di ği gö rül dü. Ör nek ge niş li ğin den en faz la et ki le nen yön tem
CCA ola rak be lir len di. Yön tem ler için de yap tık la rı tah min ler açı sın dan EM, REG ve MI yön tem -
le ri bir bi ri ne ya kın so nuç lar ver di. SSoo  nnuuçç::  Ka yıp ve ri du ru mun da her bir ka yıp de ğe re bir den faz -
la de ğer ata yan çok lu de ğer ata ma yön te mi sa de ce bir de ğer ata yan te kil de ğer ata ma yön tem le ri ne
go re ter cih edi le bi lir.  

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ka yıp ve ri; ka yıp veri ana li zi; Cox oran sal ha zard mo de li; çok lu de ğer ata ma
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many fe a tu res, such as de mog rap hic va ri ab les (age,
gen der, etc.), physi o lo gi cal va ri ab les (blo od glu co -
se le vels, blo od pres su re, etc.), be ha vi o u ral va ri ab -
les (di et, smo king sta tus, etc.). Such va ri ab les are
cal led the in de pen dent va ri ab le or co va ri a te and
the se va ri ab les are used to exp la in the de pen dent
va ri ab le. Cox pro por ti o nal ha zard mo del of the
most wi dely used met hod for mo del ling this types
of da ta. The sur vi val da ta ha ve cen so red ob ser va ti -
ons. For examp le in a cli ni cal study the sur vi val ti -
mes for the se pa ti ents are unk nown so this
ob ser va ti on are cal led cen so red.1

In the most of the sur vi val da ta, in di vi du als
ha ve va ri ab les with mis sing va lu e. This kind of da -
ta is mis sing da ta. Comp le te ca se analy sis is one of
the so lu ti ons of prob lems of mis sing va lu e in Cox
pro por ti o nal ha zard mo dels. This met hod is de le ted
ca ses with any mis sing va lu e on the va ri ab le. 2 Ho -
we ver comp le te ca se analy sis may ob ta in inef fec -
ti ve re sults es pe ci ally it de le tes a lar ge frac ti on of
the samp le. 3

For this re a son, de al with mis sing da ta prob-
lem and use of the met hod which over co mes mis s-
ing da ta prob lems and im pu te clo sest es ti ma ti ons
to the ac tu al va lu e ins te ad of mis sing va lu e is ex-
tre mely im por tant. Met hods which enab le the sta-
tis ti cal analy sis by sol ving mis sing da ta prob lem are
cal led mis sing da ta analy sis.

This study in ves ti ga ted to as sess the ef fects of
dif fe rent mis sing da ta analy sis tech ni qu es on the
per for man ce of Cox pro por ti o nal ha zard mo del.

MA TE RI AL AND MET HODS

The Cox pro por ti o nal ha zard mo del is the most wi -
dely used met hod of sur vi val analy sis. In sur vi val
analy sis, the Cox pro por ti o nal ha zard mo del is used
to de ter mi ne re la ti on bet we en de pen dent va ri ab le
and co va ri a tes. The Cox pro por ti o nal ha zard mo -
del may be writ ten as1

λ(t;zz)=exp(zzββ) λ0(t) (1)

whe re zz is the co va ri a te vec tor, ββ is the unk -
nown pa ra me ter vec tor and λ0(t) is cal led the ba se-
li ne ha zard and it is func ti on which ob ta in non
pa ra met ric es ti ma tes as ti me-de pen dent and in de -
pen dent from zz’s.4 λ(t,zz) rep re sents the re sul tant ha -

zard, gi ven the va lu es of the co va ri a tes for the si tu-
a ti on with re gard to sur vi val ti me (t).

MIS SING DA TA ANALY SIS

Mis sing da ta of ten ari se in va ri o us are as, es pe ci ally
in cli ni cal tri als, epi de mi o lo gi cal stu di es. He re, the
me a ning of mis sing da ta that so me of the va lu es of
va ri ab les are mis sing.

The mis sing da ta mec ha nisms are ca te go ri zed
for mis sing da ta prob lems by Ru bin (1976) and Lit-
t le&Ru bin (2002). This mec ha nism des cri bes the re-
la ti ons hips bet we en the mis sing va lu e and the da ta.
In ge ne ral the re are thre e types of mis sing da ta mec -
ha nism in the li te ra tu re. The se are cal led as Mis sing
at Ran dom (MAR), Mis sing Comp le tely at Ran dom
(MCAR) and Mis sing Not at Ran dom (MNAR).5,6 If
the pro ba bi lity of mis sing va lu e on a va ri ab le de-
pends on me a su re ments of the ot her va ri ab les in
analy sis of the mo del but it is not con nec ted to va l-
u es of the va ri ab le, mis sing da ta mec ha nism is cal -
led MAR. If pro ba bi lity of mis sing va lu e on a
va ri ab le is not de pen ded on me a su re ments of the
ot her va ri ab les and va lu es of it self, da ta is cal led
MCAR.7When the da ta is MNAR, pro ba bi lity of
mis sing va lu e on a va ri ab le de pends on the va lu es of
it self but it do es not de pend on the ot hers.7

Da ta sets with mis sing va lu e are an im por tant
prob lem for re se arc her. Be ca u se sta tis ti cal met hods
and soft wa re sup po se that all va ri ab les in a mo del
we re me a su red for all ca ses. For this re a son, the prob-
lem of da ta with mis sing va lu es must be re sol ved. 

The re are two ways de al with mis sing da ta,
that are re mo ving the ca ses with mis sing va lu e (Ca -
se De le ti on) or fil ling in the mis sing va lu es (Im pu -
ta ti on Met hods).8

Comp le te ca se analy sis (CCA) is one of the
met hods most com monly used to re sol ve the mis s-
ing da ta prob lems. Es ti ma ti on of mis sing va lu es by
using known va lu es of va ri ab les re fer red to as im-
pu ta ti on. The most com monly used im pu ta ti on
met hods are me an im pu ta ti on, reg res si on im pu ta -
ti on, ex pec ta ti on ma xi mi za ti on (EM) and mul tip le
im pu ta ti on (MI). One of the clas si cal sta tis ti cal
analy sis tech ni qu es may be app li ed to the new da -
ta which is comp le ted with im pu ta ti on met hods.
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Comp le te ca se analy sis is known as list wi se de -
le ti on. This met hod is de le ted ca ses with any mis s-
ing va lu e on the va ri ab le. Des pi te the de ve lop ment
of many met hods that can comp le te the mis sing va -
lu e, re se arc hers of ten re sort to this met hod in terms
of easy to apply. Un der MCAR as sump ti on CCA
met hod may not in tro du ce bi as. Ho we ver this met -
hod will yi eld ap pro xi ma tely un bi a sed es ti ma tes of
Cox reg res si on co ef fi ci ents.3

In me an im pu ta ti on, the mis sing va lu es are fil -
led with the arith me tic me an of the ava i lab le ob-
ser va ti ons for any va ri ab le in da ta mat rix.9

Reg res si on im pu ta ti on es tab lis hes the reg res -
si on equ a ti ons to pre dict the mis sing va lu e in va ri -
ab les from comp le te va ri ab les. This met hod used
for many ye ars is si mi lar to me an im pu ta ti on. The
first step of the reg res si on im pu ta ti on met hod is to
ob ta in reg res si on equ a ti ons which pre dict va ri ab les
with mis sing va lu es from comp le te va ri ab les and
se cond step finds es ti ma ti on of va ri ab les with mis s-
ing va lu es. The se es ti ma ted va lu es    are used to rep -
la ce mis sing va lu es and the da ta set is comp le ted.7

EM al go rithm is a ge ne ral met hod which helps
to find ma xi mum li ke li ho od es ti ma tor in da ta with
mis sing va lu e. EM al go rithm is a two-step pro ce du -
re and pro vi des go od es ti ma tes un der the as sump ti -
on of mul ti va ri a te nor mal dis tri bu ti on. The first
step is cal led ex pec ta ti on (E) step which es ti ma tes
the ex pec ta ti on of the lo ga rith mic li ke li ho od using
ob ser ved va lu e for the pa ra me ters. The se cond step
is cal led ma xi mi za ti on (M) step, a com pu ted pa ra -
me ter es ti ma tes by ma xi mi zing the ex pec ted log-li -
ke li ho od. The se steps are re pe a ted un til
con ver gen ce is ac hi e ved. EM al go rithm can be de-
s cri bed as ite ra ted reg res si on im pu ta ti on. As first gi -
ve the ini ti al va lu es for me an vec tor and co va ri an ce
mat rix. The E step uses the ele ments in the me an
vec tor and the co va ri an ce mat rix to ob ta in reg res -
si on equ a ti ons for pre dic ting the mis sing va lu e from
the ob ser ved va ri ab les. The M step uses the re al and
im pu ted da ta to ge ne ra te up da ted es ti ma tes of me -
an vec tor and co va ri an ce mat rix. The up da ted pa ra -
me ter es ti ma tes for ward to the next E step, the se
steps re pe ats un til ele ments of me an vec tor and co-
va ri an ce mat rix no mo re chan ge.10, 8, 5 

Me an, Reg res si on, EM im pu ta ti on met hods
ge ne ra te a sing le rep la ce ment va lu e for each mis s-
ing da ta po int. So they ha ve cal led sing le im pu ta ti -
on met hod. Most sing le im pu ta ti on met hods
pro du ce un bi a sed es ti ma tes un der MAR as sump ti -
on.7

Mul tip le im pu ta ti on (MI) met hod de ve lops
the Ba ye si an ap pro ac hes to sol ve the prob lem of
mis sing va lu e in the da ta. In mul tip le im pu ta ti on
each of mis sing va lu es are fil led in m ti mes to ge n-
e ra te m comp le te da ta sets. The im pu ta ti on pha se
of mul tip le im pu ta ti on met hod is two-step that
con sists of I-step and P-step. I- step use reg res si on
equ a ti ons to pre dict the mis sing va lu e of va ri ab les
from ob ser ved da ta and add ran dom re si du als to the
pre dic ted va lu e. In P-step, a new me an vec tor and
a new co va ri an ce mat rix are drawn ran domly from
the ir pos te ri or dis tri bu ti ons. Af ter P-step, I-step
uses the new es ti ma te to ob ta in reg res si on co ef fi ci -
ent and dif fe rent set of im pu ta ti ons. The im pu ted
da ta sets are analy zed by stan dard sta tis ti cal analy-
sis and then com bi ning the re sults from the se
analy ses for the in fe ren ce.7 Ru bin (1987) sum ma ri -
zed the for mu las for com bi ned pa ra me ter es ti ma tes
and stan dard er rors. For examp le com bi ned pa ra -
me ter es ti ma tes are arith me tic me an of the m com-
p le te da ta es ti ma tes. One of the ba sic de ci si ons in
mul tip le im pu ta ti on met hod is to de ter mi ne the
num ber of im pu ted da ta sets. Ru bin (1987) and
Scha fer (1998) re com mend that thre e-fi ve da ta sets
are usu ally suf fi ci ent to get pa ra me ter es ti ma ti on.
Mul tip le im pu ta ti on pro du ces un bi a sed es ti ma tes
if the da ta with mis sing va lu e has MAR mec ha -
nism.7,11,12,8,13

RE SULTS

This study was per for med to as sess the ef fects of
dif fe rent mis sing da ta analy sis met hods on the per-
for man ce of Cox pro por ti o nal ha zard mo del. The
most com monly used mis sing da ta analy sis met h-
ods exa mi ned for dif fe rent mis sing ra tes and dif fe -
rent samp le si ze with Cox pro por ti o nal ha zard
mo del. For this pur po se 25, 50, 100 sur vi val da ta
we re used and so me ele ments of the se da ta sets we -
re de le ted in dif fe rent ra tes un der MAR (Mis sing
at Ran dom) as sump ti on to ge ne ra te in comp le te da -
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ta sets which had 5%, 10%, 20% and 40% mis sing
va lu e. Da ta sets with mis sing va lu es we re comp le -
ted by fi ve mis sing da ta analy sis met hods (comp le -
te ca se Analy sis-CCA, me an im pu ta ti on-ME AN,
reg res si on im pu ta ti on-REG, ex pec ta ti on ma xi mi -
za ti on al go rithm-EM, mul tip le im pu ta ti on-MI).
The new comp le te da ta sets we re analy zed by Cox
pro por ti o nal ha zard mo del and the ir re sults we re
com pa red ori gi nal comp le te da ta’s re sults. The out-
co mes of in te rest we re the reg res si on co ef fi ci ents
and stan dard er rors of co va ri a tes in the reg res si on
mo del. When com pa ring the se mis sing da ta analy-
sis, they exa mi ned in terms of clo se ness the re al re-
sults which are ob ta i ned from da ta wit ho ut mis sing
da ta (ori gi nal da ta).

Mis sing da ta analy sis was app li ed for da ta with
dif fe rent mis sing ra te when the samp le si ze was 25.
The comp le ted da ta sets we re analy zed with Cox
pro por ti o nal ha zard mo dels. The re sults of Cox
pro por ti o nal ha zard mo dels for comp le ted da ta sets
we re com pa red with re sults of ori gi nal da ta (Fi gu -
re 1).

In Fi gu re 1, all of the mis sing da ta analy sis
met hod yi el ded re sults clo se to the tru e reg res si on
co ef fi ci ent when the mis sing ra te was %5 and %10
for samp le si ze of 25 units. With the in cre a se in the
ra te of mis sing da ta, reg res si on co ef fi ci ents which
ob ta i ned af ter CCA qu i te di ver ged from the tru e
va lu e of reg res si on co ef fi ci ents (Fi gu re 1).

In ge ne ral, ME AN met hod didn’t gi ve much
run away from tru e pa ra me ters va lu e and the best
es ti ma tors. ME AN met hod sho wed a bet ter per for -
man ce com pa red with CCA. REG and MI ge ne rally

ga ve the clo sest va lu e to the tru e reg res si on co ef fi -
ci ent in 20% and 40% mis sing ra te (Fi gu re 1).

Mis sing da ta analy sis was app li ed to da ta with
dif fe rent mis sing ra te when the samp le si ze was
50. The comp le ted da ta sets we re analy zed with
Cox pro por ti o nal ha zard mo dels. When samp le si -
ze is 50 units, the re sults of comp le ted da ta sets
we re com pa red with re sults of ori gi nal da ta (Fi gu -
re 2).

In Fi gu re 2 shown that in samp le of 50 units
CCA met hod ga ve bet ter re sults than samp le of 25
units. In this samp le si ze all of the mis sing da ta
analy sis met hod yi el ded re sults clo se to the tru e re-
g res si on co ef fi ci ent when the mis sing ra te was %5
and %10. EM and MI met hods ga ve the clo sest va -
lu e to the tru e reg res si on co ef fi ci ent in 20% and
40% mis sing ra te. Es ti ma tes ob ta i ned from REG
met hod we re bet ter than CCA and ME AN met hods
(Fi gu re 2).

Mis sing da ta analy sis was app li ed to da ta with
dif fe rent mis sing ra te when the samp le si ze was
100. The comp le ted da ta sets we re analy zed with
Cox pro por ti o nal ha zard mo dels. The re sults we re
com pa red with fin dings of ori gi nal da ta (Fi gu re 3).

Ac cor ding to Fi gu re 3, CCA met hod yi el ded
es ti ma tes clo se to the tru e va lu e when mis sing ra -
te is 20% and lo wer. Af ter CCA met hod es ti ma tes
di ver ged from the tru e va lu e in 40% mis sing ra te.
In ge ne rally all of the mis sing da ta analy sis met hod
yi el ded re sults clo se to the tru e reg res si on co ef fi ci -
ent in lo wer 20% mis sing ra te. Whe re as EM, MI
and REG met hods ga ve the best es ti ma tes when
mis sing ra te was 40% (Fi gu re 3).

We ai med to exa mi ne si mi la ri ti es of mis sing
da ta analy sis met hods for in cre a sing samp le si ze.
For this pur po se the graphs we re exa mi ned se pa ra -
tely for all va ri ab les and si mi lar re sults we re ob ta -
i ned each of va ri ab les. So the graphs we re ob ta i ned
for one of the va ri ab les (X1) (Fi gu re 4).

The graphs which shown in Fi gu re 4 we re ex-
a mi ned and for all samp le si ze dif fe ren ce bet we en
mis sing da ta analy sis met hods we re small in 5%
mis sing ra te. Es pe ci ally when the samp le si ze was
100 units, all mis sing da ta analy sis met hods ga ve
al most the sa me es ti ma tes in 5% mis sing ra te. Met -
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FI GU RE 1: Reg res si on co ef fi ci ent es ti ma tes for dif fe rent mis sing da ta analy-
sis met hods for dif fe rent mis sing ra te when samp le si ze is 25 units.

Amount of missing rate
Amount of missing rate

Amount of missing rate Amount of missing rate



hods va ri ed slightly in terms of the ir es ti ma tes in
10% mis sing ra te for samp le of 25 and 50 units. In
this mis sing ra te, met hods ob ta i ned very si mi lar re-
sults for samp le of 100 units. In 20% mis sing ra te,
met hods dif fe red from each ot her mo re than 10%
mis sing ra te for samp le of 25 and 50 units. Whe re -
as all met hods ga ve al most the sa me es ti ma tes for
samp le of 100 units. In 40% mis sing ra te, met hods
dif fe red from each ot her mo re than ot her mis sing
ra te (Fi gu re 4).

Graphs of stan dard er ror for va ri ab le X1 and
X2 in dif fe rent samp le si ze and dif fe rent mis sing
ra te we re shown (Fi gu re 5).

In Fi gu re 5 shown that app lying mis sing da ta
analy sis met hods ex pect CCA didn’t af fect the stan-
dard er ror for ori gi nal da ta. But es ti ma tes af ter per-
for ming CCA we re con si de rably in cre a sed when
the mis sing ra te in cre a sed (Fi gu re 5). This is the re-
sult of re duc ti on in samp le si ze.

DIS CUS SI ON AND CONC LU SI ON

In the li te ra tu re, dif fe rent im pu ta ti on met hods we -
re com pa red. As a re sult they ha ve se en mul tip le
im pu ta ti on met hod is of ten used in Cox pro por ti o -
nal ha zard mo del with mis sing co va ri a te.14 When
the mis sing ra te was 5%, the re was very litt le dif-
fe ren ce bet we en the mis sing da ta analy sis. Al so
mul tip le im pu ta ti on met hod can be pre fer red
when the mis sing ra te was over 10%.15 But in our
study we ha ve dis cus sed the fi ve mis sing da ta
analy sis met hod the re has not be en be fo re.

As a re sult of the ex pe ri men tal study, if the
samp le si ze is less than 50 (N<50), using this met -
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FI GU RE 2: Regression coefficient estimates for different missing data analy-
sis methods for different missing rate when sample size is 50 units.

FI GU RE 3: Regression coefficient estimates for different missing data analy-
sis methods for different missing rate when sample size is 100 units.

FI GU RE 4: Missing data analysis methods for different missing rate for vari-
able X1.

FI GU RE 5: Standard errors for variable X1 and X2 for different sample size
and different missing rate.

Amount of missing rate Amount of missing rate
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Amount of missing rate
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10% missing rate
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hod of CCA to re du ce the num ber of da ta and can-
not be fo und clo se to the ac tu al va lu es of pa ra me -
ters. For this re a son, if yo u want to use CCA which
has very easy to apply, yo ur da ta sets must ha ve
much samp le si ze (N=100) and the hig hest pro por -
ti on must 0,20 mis sing. All the missing data analy-
sis methods can be used for the sample size is little
and 5% and 10% mis sing rate while REG and MI
give the closest value to the true regression coeffi-
cient in over 20% missing rate for sample of 25
units. For samp le of 50 units, best met hods are EM
and MI. All the met hods can be used for lar ge sam-
p le si ze and less than 20% mis sing ra te. Es ti ma tes of
reg res si on co ef fi ci ents af ter per for ming MI, REG
and EM clo ser to ac tu al va lu e than ot hers met hod
when the mis sing ra te is over 40%.

The dif fe ren ce bet we en the tech ni qu es grew
for in cre a sing mis sing ra te and whi le the samp le si -
ze in cre a sed the met hods we re si mi lar to each ot -
her. The dif fe ren ce bet we en es ti ma tes af ter
per for ming mis sing da ta analy sis met hod and es ti -
ma tes of comp le te (ori gi nal) da ta sets was re du -
ced.

CCA was the most af fec ted met hod from sam-
p le si ze. The es ti ma tes af ter per for ming REG, EM
and MI met hods we re very si mi lar to each ot her
and re al va lu e. Mul tip le im pu ta ti on met hod as im-
pu te mo re than one va lu e for each mis sing va lu e
sho uld be pre fer red ins te ad of sing le im pu ta ti on
met hod (me an im pu ta ti on, reg res si on im pu ta ti on,
EM im pu ta ti on) as im pu te only one va lu e for each
mis sing va lu e.
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