THE ANALYSIS OF MULTIVARIATE DATA WITH MISSING VALUES

1. Introduction

In practice, many multivariate data sets contain missing values. These missing values may
result from non-responses in a survey, absenteeism of participants in a longitudinal study,
etc. The traditional way of dealing with these missing data values is to use list wise
deletion to generate a data set that only contains the complete data cases. However, list
wise deletion may result in a very small data set. It is a well-known fact that most
multivariate statistical methods require a large sample size, especially if the number of
observed variables is large. Consequently, alternative statistical methods for dealing with
data with missing values are of interest.

Multiple Imputation (MI) and Full Information Maximum Likelihood (FIML) estimation are
two popular statistical methods for dealing with data with missing values. Both these
methods are available in LISREL for Windows (JOoreskog & S6rbom 2005). The Multiple
Imputation module of LISREL for Windows implements the Expected Maximization (EM)
algorithm and the Markov Chain Monte Carlo (MCMC) method for imputing missing values
in multivariate data sets. Technical details of these methods are available in Schafer
(1997) and Du Toit & Du Toit (2001). Supplementary notes on these methods are also
provided by Du Toit & Mels (2002).

In this note, the Multiple Imputation and FIML methods for data with missing values of
LISREL for Windows are illustrated by fitting a measurement model to a multivariate data
set consisting of the scores of a sample of girls on six psychological tests. This data set is
described in the next section. The measurement model is described in section 3.
Thereafter, the method of Multiple Imputation is used to fit the measurement model to the
data set for girls. In section 5, the measurement model is fitted to the girls’ data by means
of the FIML method.

2. The Data

The data were simulated, with missing values at random, from a multivariate Normal
distribution and are the scores of 1500 girls on six psychological tests. The raw data are
listed in the PRELIS System File (PSF) MGGIRLS.PSF in the MISSINGEX subfolder of the
LISREL for Windows installation folder. The first couple of lines of this file are shown in the
following PSF window.
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Note that the —9.000 entries represent missing values.

3. The Measurement Model
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We consider data with missing values on six psychological tests. These six psychological
tests are theoretically constructed to measure the visual perception and verbal ability of
seventh- and eighth-grade children. A path diagram for the corresponding measurement
model for verbal perception and verbal ability is shown in Figure 1.

Figure 1: A path diagram for a measurement model of Visual Perception and Verbal
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4. The Multiple Imputation Method for Data with Missing Values
Multiple Imputation

Use the Open option on the File menu to load the Open dialog box.

Browse for the MISSINGEX folder of the LISREL for Windows installation folder.

Select the PRELIS Data (*.psf) option from the Files of type dropdown list box.

Select the file MGGIRLS.PSF.

Click on the Open push button to open the PSF window for MGGIRLS.PSF.

Select the Multiple Imputation option on the Statistics menu of the PSF window to
load the Multiple Imputation dialog box.

Select all the labels in the Variable List box.

Click on the Select push button to produce the following Multiple Imputation dialog
box.
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» Click on the Output Options push button to load the Output dialog box.

» Check the Save the transformed data to file checkbox in the Data section.

» Enter the name MGGIRLS_ IMPUTED.PSF in the string field of the Data section to
produce the following Output dialog box.
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» Click on the OK push button of the Output dialog box to return to the Multiple

Imputation dialog box.

» Click on the Run push button of the Multiple Imputation dialog box to run

PRELIS27.EXE to produce the text editor window for MGGIRLS.OUT.

The imputed PSF MGGIRLS IMPUTED.PSF is written to the MISSINGEX folder of the
LISREL for Windows installation folder. The first portion of this file is shown in the following

PSF window.
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Fitting the Measurement Model to the Imputed Girl Data
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Select the Close all option on the Windows menu to close all open windows.

Use the New option on the File menu of the root window to load the New dialog box.
Select the Path Diagram option from the list box on the New dialog box to load the
Save As dialog box.

Enter MGGIRLS.PTH in the File name string field.

Click on the Save push button to open an empty path diagram window.

Select the Title and Comments option on the Setup menu to load the Title and
Comments dialog box.

Enter A measurement model for visual perception and verbal ability of girls in the
Title string field to produce the following Title and Comments dialog box.
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Click on the Next push button to load the Group Names dialog box.

Click on the Next push button to load the Labels dialog box.

Click on the Add/Read Variables push button to load the Add/Read Variables dialog
box.

Select the PRELIS System File option in the Read from file: dropdown list box.

Click on the Browse push button to load the Browse dialog box.

Select the file MGGIRLS_IMPUTED.PSF.

Click on the Open push button to produce the following Add/Read Variables dialog
box.

Click on the OK push button to return to the Labels dialog box.

Click on the Add Latent Variables push button to load the Add Variables dialog box.
Enter the label Visual for visual perception in the string field.

Click on the OK push button to return to the Labels dialog box.

Click on the Add Latent Variables push button to load the Add Variables dialog box.
Enter the label Verbal for verbal ability in the string field.

Click on the OK push button to produce the following Labels dialog box.
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» Click on the OK push button to return to the PTH window for MGGIRLS.PTH.

> Click, drag and drop the labels of the observed variables one at a time into the PTH
window.

> Click, drag and drop the labels of the latent variables one at a time into the PTH window
to produce the following PTH window.
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Select the arrow icon on the drawing toolbar.

Click and drag paths from Visual to visperc, cubes and lozenges respectively.
Click and drag paths from Verbal to visperc, cubes and lozenges respectively.
Select the two-headed arrow icon on the drawing toolbar.

Click and drag a path from Visual to Verbal to produce the following PTH window.
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> Select the Build SIMPLIS Syntax option on the Setup menu to open the following
SIMPLIS project window.

B¥ MGGIRLS SPY -0 x|

A measurement model for wisual perception and werbal ahility o2
Faw Data from file 'C:4v1isreldsd_student MISSIHNGEXAMGGIRLS _IMP
Latent Variabhles Wisual Yerbal

Felationships

wisperc = Wisual

cubes = Visual

lozenges = Wisual

paragraf = Verhal

sentenc = VYerbal

mordmean = Yerbal

Path Diagram

End of Problen

¥ w
a | b

e

=]

Obzerved  Latent e e I j

» Click on the Run LISREL icon on the main toolbar to produce the following PTH
window.
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The FIML Method for Data with Missing Values
Close the PTH window for MGGIRLS.PTH.
Close the output window for MGGIRLS.OUT to return to the SPJ file MGGIRLS.SPJ.

Use the Save As option on the File menu of the root window to load the Save As dialog

box.

Enter the name MGGIRLS_FIML.SPJ in the File name string field.
Click on the Save push button to open the SPJ window for MGGIRLS FIML.SPJ.

Change the file name MGGIRLS_IMPUTED.PSF in the second line to MGGIRLS.PSF

to create the following SPJ window.
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» Click on the Run LISREL icon on the main toolbar to produce the following PTH
window.
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