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Application of NORM to the Multiple Imputation
for Multivariate Missing Data.

Hyun-Jeong Kim1l), Sung-Ho Moon?), Jae-Kyoung Shin3)
Abstract

The statistical analysis of incomplete data sometimes requires handling
of incomplete observations. Towards this end, each case with some
missing values generally should be deleted, namely, resulting in only use of
non-missing cases. EM algorithm(Dempster et al., 1977) which involves
prediction and estimation steps is a general method among others. In this
article, we use the free software NORM developed for multiple imputation,
which uses DA (Data Augmentation) algorithm in its imputation, and
evaluate its efficiency through a numerical example.
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(Little and Rubin, 1987).

Little and Rubin(1987) Johnson and Wichern(1992) iv) EM
(Dempster et. al., 1977) (Orchard and Woodbury, 1972)
EM
( , single imputation)
i) i) iv)
(multiple imputation) . i) dii)
iv)
Markov Chain Monte Carlo(MCMC) Data Augmentation(DA)
NORM (Schafer, 1997a, Chapter
5)
NORM
CAT (Schafer, 1997a, Chapter 7-8), (general location
model) . MIX (Schafer, 1997a, Chapter 9)
(multivariate linear mixed- effects model)
PAN (Schafer, 1997b) ,
NORM :
2 NORM , 3
1, 2
NORM )
2 NORM
NORM 1) , , ( )
EM , 2) DA
3) C ) : 4
DA , (plot), 5)
(overall) Rubin (1987)
NORM
m(>1) : (complete data : 1 )
m : m (standard
complete data : 6 ) .. m

Rubin
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NORM  Markov Chain Monte Carlo (MCMC) DA
2.1 NORM
NORM Data, EM algorithm, Data Augmentation, Impute from parameters
4
(1) Data
NORM file New session
import ( ) . ( A SCII) * dat
Enter
. Data file
, 1 -9
. Variables
, Transformation none
*imp (default *imp
).
Summarize
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1. NORM 2. Summary Out
Run summary .out

default file 2

(2) EM algorithm
EM
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(Dempster et al., 1977) . EM
(estimation) (maximization) .
, data
. EM EM
output file(*.out)
parameter file(*.prm) . EM output file
parameter file . (Display)
. Computing option
(Maximum iterations) (Convergence criterion)
3 Maximum iterations 1000 , EM 1000
1000 . MLE  Posterior mode
, EM default MLE .
EM DA
EM (Rate of missing information: Rubin, 1987)
(3) Data Augmentation (DA)
NORM DA ,
. DA
MCMC , . DA EM
DA 4 Run Computing, Imputation, Series 3
. Run button
(output file(*.out) ,
parameter file(*.prm) ). Output
da.out
Do mam-|mmu.-mnmmm| el B sty uwnlmmml
?-.ll:l::';?w. ara R T D J. -.EI

[Eealon romn, |Slt=lmml1.

3. EM 4. Data Augmentation

parameter file . DA Computing options (Number
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of iterations), (Random  seed), (prior
distribution) . Imputation option ,
*imp file View imputation immediately
* nimp file .
Series DA plotting parameter series(*.prs)
parameters
series(*.prs) . Save all parameters at
every k-th cycle : ( , , )  *prs .
DA
k *prs file
. Save only worst linear function of parameters : ( )
*prs
series *prs Series plot Worst linear
function  Autocorrelation function . Series

Save only worst linear function

(4) Impute from parameter sheet
Impute from parameters NORM

. NORM parameter (*.prm) NORM parameter series
(*.prs)
, output (*.out)
, (*.imp)
. NORM DA
. 5 Run
parameter (* prm) file parameter series(*.prs) file
. Computing
(seed)
2.2 NORM
display  imputation
imp.out 6 1
default _nimp . n
NORM 3.2
NORM
N ORM

, URL http//www .stat.psu.edu/ 5 |s/ misoftwa.html
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5. Impute from parameters sheet 6.

Tanner and Wong(1987), Schafer
(1997a, 1997b, 1999) Schafer and Olsen(1998)

3.
( X;: sweat rate, X,: sodium content,
X 4: potassium content) 20 (p=3,n=20)
3.1
5 , ¥ .
(Efron,
1994).
#= maximum eigenvalue of Py
)
8= 193.70,
(hot - deck) 0= 173.84
(mean imputation) = 170.40

6= 200.46
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, (estimation) (maximization) EM
(Dempster et. al., 1977) 179.15
EM
NORM DA 21 .
3.1. Sweat Data

X1 X2 X3
Individual Sweat rate  Sodium Potassium

1 3.7 485 9.3
2 57 65.1 8.0
3 38 47.2 109
4 3.2 53.2 120
5 3.1 555 97
6 46 36.1 79
7 24 248 14
8 7.2 33.1 76
9 6.7 474 85
10 54 54.1 11.3
11 39 369 12.7
12 45 58.8' 123
13 35 278 98
14 45 40.2 84
15 15 135 10.1
16 85 56.4 7.1
17 45 716 8.2
18 65 52.8 109
19 4.1 441 11.2
20 55 40.9 94

Source : Johnson and Wichern(1992).

3.2

>

f= 200.46
193.70
hot- deck 173.84
170.40
EM 179.15
NORM 196.58
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NORM
1 (Data). “-9” 1
Variables VAR_1
, Summarize
Run .
2 (EM). path default Computing
( 3 ).
3 (DA). Computing , Imputation Series
Run ( 4 ).
4 (Impute). impute Run
Display impute file *_nimp
6 n
9
N ORM
196.58 : EM DA
(2001) .
, 1 NORM SIW  CAT,
MIX, PAN
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