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CONFIRMATORY FACTOR ANALYSIS USING AMOS,
LISREL, AND MPLUS

This document summarizes confirmatory factor analysis and illustrates how to estimate
individual models using Amos 7.0, LISREL 8.8, and Mplus 5.1.
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1. INTRODUCTION

1.1. FACTOR ANALYSIS AND LATENT VARIABLES

Factor analysis is a common statistical method used to find a small set of unobserved
variables (also called latent variables, or factors) which can account for the covariance
among a larger set of observed variables (also called manifest variables). For example,
scores on multiple tests may be indicators of intelligence (Spearman, 1904); political
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liberties and popular sovereignty may measure the quality of a country’s democracy
(Bollen, 1980); or issue emphases in election manifestos may signify a political party’s
underlying ideology (Gabel & Huber, 2000). Factor analysis is also used to assess the
reliability and validity of measurement scales (Carmines & Zeller, 1979).

1.2. EXPLORATORY VERSUS CONFIRMATORY FACTOR ANALYSIS

It is possible to distinguish between two categories of factor analysis depending on
whether the investigator wishes to explore patterns in the data or to test explicitly stated
hypotheses. Exploratory factor analysis (EFA), corresponding to the former task, is
available in general purpose statistical software such as SPSS, SAS, and Stata. When
carrying out an EFA no substantive constraints are imposed on the data. Instead it is
assumed that each common factor affects every observed variable and that the common
factors are either all correlated or uncorrelated. Confirmatory factor analysis (CFA), on
the other hand, is theory-driven. With CFA it is possible to place substantively
meaningful constraints on the factor model, such as setting the effect of one latent
variable to equal zero on a subset of the observed variables. The advantage of CFA is that
it allows for testing hypotheses about a particular factor structure.

CFA is a special case of the structural equation model (SEM), also known as the
covariance structure (McDonald, 1978) or the linear structural relationship (LISREL)
model (Joreskog & Sorbom, 2004). SEM consists of two components: a measurement
model linking a set of observed variables to a usually smaller set of latent variables and a
structural model linking the latent variables through a series of recursive and
non-recursive relationships. CFA corresponds to the measurement model of SEM and as
such is estimated using SEM software. This document considers estimating confirmatory
factor models using Amos 7.0 (Arbuckle, 2005); LISREL 8.8 (Joreskog & Sorbom, 2004),
and Mplus 5.1 (Muthén & Muthén, 2006). CFA and SEM can also be estimated using the
CALIS procedure in SAS. All four programs are supported by the Stat/Math Center at
Indiana University, while EQS, another popular SEM program, is currently not
supported.

1.3. MODEL SPECIFICATION AND IDENTIFICATION

It is common to display confirmatory factor models as path diagrams in which squares
represent observed variables and circles represent the latent concepts. Additionally
single-headed arrows are used to imply a direction of assumed causal influence, and
double-headed arrows are used to represent covariance between two latent variables.
Figure 1 below provides an example.

In factor analysis the researcher almost always assumes that the latent variables “cause”
the observed variables, as shown by the single-headed arrows pointing away from the
circles and towards the manifest variables. The two & (ksi) latent variables represent
common factors, with paths pointing to more than one observed variable. The circles
labeled &; (delta) represent unique factors because they affect only a single observed
variable. The §; incorporate all the variance in each X; not captured by the common factors,
such as measurement error. In this model the two &; are expected to covary, as
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represented by the two-headed arrow. Additionally error in the measurement of Xs is
expected to correlate to some extent with measurement error for Xg. This may occur, for
example, with panel data in which &; and &, represent the same concept measured at
different points in time; if there is measurement error at t; it is likely that there will be
measurement error at to.

Figure 1: Path Diagram of a Confirmatory Factor Model

y
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To facilitate formal presentation it is conventional to treat the observed and latent
variables as deviations from their means. The confirmatory factor model can be
summarized by the equation

X=AE+3 (1)

in which X is the vector of observed variables, A (lambda) is the matrix of loadings
connecting the & to the X;, £ is the vector of common factors, and 8 is the vector of unique
factors. It is assumed that the error terms have a mean of zero, E(6) = 0, and that

the common and unique factors are uncorrelated, E(5°)=0. Equation 1 can be rewritten
for Figure 1 as:

X1 =Anér + o X2 =A21&1 + 02 x3=A31&1 + O3
X4 = Ag2&2 + O4 X5 = As52&a + Os X6 = M62&2 + O (2)

Here the similarities with regression analysis are evident, with each X; a linear function of

one or more common factors plus an error term (there is no intercept when the variables
are mean centered). The primary difference between these factor equations and regression
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analysis is that the &; are unobserved. Consequently estimation proceeds in a manner
distinct from the conventional approach of regressing each X on the &;.

1.4. ESTIMATION

When the X variables are measured as deviations from their means it is easy to show that
the sample covariance matrix for X, represented by X (sigma), can be decomposed as
follows:

T=ADA'+O 3)

where © (phi) represents the covariance matrix of the & factors and © (theta) represents
the covariance matrix of the unique factors & (Bollen, 1989, pg. 236). Estimation

proceeds by finding the parameters A, ®,and ©® whose predicted T isas close to
the sample X covariance matrix as possible. Several different fitting functions exist for
determining the closeness of the implied covariance matrix to the sample covariance
matrix, of which maximum likelihood is the most common. This document includes
examples using maximum likelihood, including Full Information Maximum Likelihood
(FIML) for situations in which there are missing values in the raw data file. It will also
describe a weighted least squares (WLS) approach suitable for situations in which the X
variables are categorical.

One essential step in CFA is determining whether the specified model is identified. An
unidentified model is one for which it is impossible to come up with unique parameter
estimates. As a simple example, the equation 10 = 2x + 3y is not identified because an
infinite number of values for X and y could make the equation true. In CFA, a model is
identified if all of the unknown parameters can be rewritten in terms of the variances and
covariances of the X variables. A full discussion of the topic in the context of CFA is
available in Bollen (1989, chapter 7), including some necessary and sufficient conditions
for identification. When the sufficient rules are not met, however, identification can only
be definitively proven by carrying out the algebraic manipulations needed to rewrite the
unknown parameters in terms of the observed variances and covariances.

Without introducing some constraints any confirmatory factor model is not identified.
The problem lies in the fact that the latent variables are unobserved and hence their scales
are unknown. To identify the model it therefore becomes necessary to set the metric of
the latent variables in some manner. The two most common constraints are to set either
the variance of the latent variable or one of its factor loadings to one.

1.5. GOODNESS OF FIT

After estimating a CFA the next step is to assess how well the model matches the
observed data. A large class of omnibus tests exists for determining overall model fit. It is
conventional to report at least one of these as well as the individual regression weights
(factor loadings) and some indication of their significance. The example used in this
document reports a y” statistic, available in all packages, for which the null hypothesis is

http://www.indiana.edu/~statmath



© 2006-2008 The Trustees of Indiana University Confirmatory Factor Analysis:5

that the implied covariance matrix is equivalent to the observed covariance matrix.
Failure to reject the null is therefore a sign of a good model fit. However, the y* test is
widely recognized to be problematic (Joreskog, 1969). It is sensitive to sample size, and
it becomes more and more difficult to retain the null as the number of cases increases.
The y* test may also be invalid when distributional assumptions are violated, leading to
the rejection of good models or the retention of bad ones.

Because of these drawbacks many alternative fit statistics have been developed, though
each has its own advantages and disadvantages. Another commonly reported statistic is
the Root Mean Square Error of Approximation (RMSEA), a measure of fit introduced by
Steiger and Lind (1980). The Amos 6 User’s Guide suggests that “a value of the RMSEA
of about 0.05 or less would indicate a close fit of the model in relation to the degrees of
freedom,” although “this figure is based on subjective judgment” and “cannot be
regarded as infallible” (Arbuckle, 2005, pg. 496). Additional statistics, such as the
Akaike Information Criterion (Akaike, 1987) and Schwarz’s Bayesian Information
Criterion (Schwartz, 1978), can be used to compare to differently specified models.

Appendix C of the Amos 7.0 User’s Guide provides summaries of many different fit
measures (Arbuckle, 2005). For a thorough discussion of different tests see Bollen and
Long’s (1993) edited volume. Hu and Bentler (1999) provide rules of thumb for deciding
which statistics to report and choosing cut-off values for declaring significance.

This document provides step-by-step examples for conducting a CFA with three
commonly used packages: Amos, LISREL, and Mplus. The next section provides an
example of a one- and two-factor CFA with six observed indicators. Section 3 extends
Section 2 to cover cases involving missing data. Section 4 discusses the commonly
encountered situation in which the observed variables are categorical rather than
continuous. Section 5 provides a brief summary.
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2. CONFIRMATORY FACTOR ANALYSIS
2.1 PRELIMINARIES

In politics commentators often use the terms left and right to describe the ideological
positions of politicians and voters, but it is not always clear what exactly these terms
mean. In the United States the political left is generally associated with favoring greater
government involvement in the economy while the right is understood to favor market
autonomy. Yet on moral issues such as abortion, assisted suicide, and gay marriage it is
often the political right that favors a stronger regulatory role for government. Does a
single dimension of values underlie Americans’ views on both economic and moral
issues? Or are there in fact two distinct value dimensions that underlie citizen attitudes?

This example uses data from the American sample of the European Values Survey
(European Values Group and World Values Survey Association, 2005) to determine
whether a model with one or two common latent factors adequately describes attitudes on
economic and moral issues. The survey queried a random sample of 1200 respondents
about their economic, political, and moral values. Three questions summarizing
economic attitudes and three questions summarizing moral attitudes, all measured on 10-
point scales, will be analyzed. The economic items asked respondents if they felt private
ownership of industry should be increased (PRIVTOWN)), if the government should take
more responsibility to see that all people are provided for (GOVTRESP), and whether
competition brings out the best or worst in people (COMPETE). The moral items asked
respondents how they felt about homosexuality (HOMOSEX), legalized abortion
(ABORTION), and assisted suicide (EUTHANAS).

In order to provide an example of the most basic and common approach to confirmatory
factor analysis, most of this document will demonstrate examples that rely on maximum
likelihood estimation (MLE). However, MLE assumes multivariate normality among the
observed variables, and preliminary univariate diagnostics show strong deviations from
normality for several of the variables. Alternative estimators exist for cases of
non-normal data but for the most part lie outside the limited scope of this document.
Section 4, however, does consider factor analysis with categorical indicators.

For this section missing data is handled by listwise deletion (all cases with missing
observations on any indicator are removed). Section 3 will show an alternative approach
for estimating a confirmatory factor model in the presence of missing data. Listwise
deletion resulted in dropping 40 of the original 1,200 observations, leaving a sample size
of 1,160. The data is saved as the SPSS file values.sav located in the folder C:\temp\CFA.

2.2 CFA USING AMOS
Amos can be launched from any computer running Windows in the UITS Student

Technology Centers by going to Start — Programs — Statistical Software — Amos 6
— Amos Graphics. The following screen will display:
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On the far left appear the different tools that can be used to create path diagrams. Just to
the right of the toolbar buttons is a column that will display information about the model
after estimates have been calculated. The remainder of the screen contains the area where
the path diagram will be drawn.

To load the data go to File — Data Files. The Data Files dialog box then opens. Click on

File Name and navigate to the location where the data file is stored. By default, Amos
looks for an SPSS file.

Group Hame | File | Wariable | Value [ N 1
Group number 1

Look in: [ CFa e I o B
z R v
My Recent
Dacuments
=
Desktop
by Document =
O
My Computer
My Network File name: Jvalues sav =1 Open
Places
Files of type: |sPss Fisam = | Cancel
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Choose the data file you wish to open, click Open, then OK.

The next step is to draw the path diagram. A model where a single latent variable is
assumed to underlie the six observed variables will be drawn first. To add the observed
variables to the diagram, first click on the blue rectangle in the upper left corner of the

tool bar [ (alternatively click on Diagram — Draw Observed). Then in the empty
drawing area hold down the left mouse button to draw a rectangle. Left-click five more
times to create a total of six equally sized boxes. To add the latent variables, click on the

blue oval in the tool box D (alternatively click on Diagram — Draw Unobserved).
There will be a total of seven latent variables in the diagram: one representing the
common factor and six additional variables representing measurement error specific to
each of the observed indicators. After drawing one large oval on the right draw another
smaller one on the left and single click five times. You can move the objects you have
just drawn by clicking on the Move Objects button ¥ located on the tool bar and
dragging the pieces of the diagram to where you want them. The path diagram will look
something like this:

0 000 0O

Next, click on the Draw Paths button #— and click and drag from the common and
unique factors to the appropriate observed variable. For SEMs latent variables are almost
always assumed to “cause” the manifest variables, thus the arrows all point towards the
rectangles.
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0 99997

The next step is to name each of the variables. The easiest way to name the observed
variables is to bring up a list of variable names in the loaded data file. Go to View
—Variables in Dataset. The Variables in Dataset window then opens.

% Variables in Data. .. |E”E|

arivtawn

govtresp
compete
homosex

abortion

It is now possible to click-and-drag each variable to its corresponding rectangle in the

path diagram.

i Object Properties

Colars  Test lFormat] Palametels] Visibility]

Fant size Fart style

18 - Reqular =
W aniable hame

leftrght
* ariable |abel

Set
Diefault

Undo
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To name the common latent variable right click
inside it and choose Object Properties. Then click
on the Text tab and enter LEFTRGHT in the
Variable name box. Amos applies the change
immediately to the path diagram. It is also possible,
if desired, to add a label describing the variable.
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To name the unique factors representing measurement error follow the same process.
Name these d; through ds, yielding the following path diagram:

. privtown
govtresp
compete
homosex
(d5) « abortion
euthanas

Without introducing some additional constraints the scales of the latent variables are
meaningless and the model is not identified. A common procedure for setting the latent
variable scale is to constrain a factor loading to equal one. Do this for the arrow pointing
to PRIVTOWN by left-clicking directly on the arrow and choosing Object Properties.
Then click on the Paramaters tab and enter 1 in the field labeled Regression weight.

43 Object Properties

Enlnrs] Text ] Format Parameters l‘-fisibilit_l,l]

Font zize and style Orientation

|1 4 leeguIar j |HDri20ntaI j

Set

Reagrezzion weight D

|1 Undo

Close the box by clicking on the X in the upper right hand corner. Follow the same steps
for the arrows connecting each of the error terms with their respective indicators. When
finished, the path diagram should look like this:
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privtown
govtresp :
compete
homosex
@1_. abortion
euthanas

Note that there are several ways to draw a path diagram in Amos. A more efficient means
of creating the same diagram may have been to draw the oval representing the common
latent variable, clicking the Draw a latent variable or add an indicator to a

latent variable button S\é;, placing the curser inside the oval, and clicking six times.
Amos adds six rectangles representing observed indicators along with ovals representing
measurement error. The scales of the unique factors are automatically set by constraining
the regression weights to equal one. The variables could then be named as described
above.

<= Anaysis Properties &) Before estimating the model it is possible to
e el | Bootsun | Femueatins | Ranom#t| | ChOOS€ the information that will be provided in
the output by going to View — Analysis
P emednntiy et d o6 Bl ot Properties. Click on the Qutput tab and choose
¥ Stendaized stiates I~ Esctor soore weihts the following options: Minimization history,
¥ Sguared multiple conelations I~ Covariances of estimates Standardized eStimatesa Squal'ed multlple

correlations, and Modification indices.

[ Sample munent: [T Cunelatiores ol exdinales:

I~ Implisd momsnts [~ Critical ratios for differarces

I &llimplied moments [ Tests for normality and outliers
™ Residual moments [ Observed information matris
v Modification indices 4 Thieshold for

modification indices
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Close the box by clicking on the X in the upper right hand corner. To start the estimation
choose Analyze — Calculate Estimates. After the estimation is completed it is possible
to view the parameter estimates in the path diagram by clicking the View the output
path diagram button.

By default the unstandardized estimates will display. To bring up the standardized
estimates, click on the Standardized estimates option in the column between the tools
and the drawing space.

Unstandardized estimates

Standardized estimates

¢ [Sranninpvalies

The screen should look like this:

.35
privtown
.02
govtresp
.50
compete
.00
homosex
0
@_, abortion
.00
euthanas

The path diagram now displays the standardized regression weights (factor loadings) for
the common factor and each of the indicators. The squared multiple correlation
coefficients (R?), describing the amount of variance the common factor accounts for in
the observed variables, are also displayed. Additionally, a 5 (chi-square) statistic is listed
in the column between the tools and the path diagram.
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It is evident that the three items related to economic values load on the common factor
while the standardized regression weights for the three morality items are near zero. The
PRIVTOWN and COMPETE variables appear to be the best indicators of LEFTRGHT.
Their standardized regression weights are, respectively, .59 and .15. Additionally
left-right explains about 35% of the variance in PRIVTOWN and 50% of the variance in
COMPETE. GOVTRESP is the poorest among the economic indicators of LEFTRGHT,
with an R” of .02 and a standardized regression weight of .15. Meanwhile the three moral
values do not appear to have any relationship with the hypothesized LEFTRGHT factor.
Each morality item has a corresponding R? of 0, meaning that LEFTRGHT explains
practically no variance in these items. The y” statistic of 798.6 (df=9) is very large. The
null hypothesis that the model is a good fit to the data is easily rejected.

It is possible to get more information about the model than what appears in the path
diagram by going to View — Text output. This opens an output window giving
information about the raw data, the model, estimation, model fit, and any additional
information requested with the Analysis Properties box utilized earlier. For now
consider only the parameter estimates, which are displayed in the output window as
follows:

Estimates (Group number 1 - Default model)
Scalar Estimates (Group number 1 - Default model)

Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default model)

Estimate S.E. C.R. p Label
privtown<---leftrght 1.000
govtresp<---leftrght .304 .085 3.591 bk
compete <---leftrght 1.270 .411 3.087 .002
homosex <---leftrght .003 .093 .035 .972
abortion<---leftrght .039 .085 .458 .647
euthanas<---leftrght .063 .088 .716  .474

Standardized Regression Weights: (Group number 1 - Default model)

Estimate
privtown<--- leftrght .591
govtresp<--- leftrght .150
compete <--- leftrght 707
homosex <--- leftrght .001
abortion<--- leftrght .017
euthanas<--- leftrght .027

Variances: (Group number 1 - Default model)

Estimate S.E. C.R. p Label
leftrght 1.754 .588 2.985 .003
deé 9.571 .398 24.061 F***
d5 8.897 .370 24.068 F**
d4 10.604 L441 24,073 Fx*

0
d3 2.839 .920 3.085 .002
d2 7.024 .297 23.681 **xx*
dl 3.263 .582 5.606 **x*
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Squared Multiple Correlations: (Group number 1 - Default model)

Estimate
euthanas .001
abortion .000
homosex .000
compete .499
govtresp .023
privtown .350

In addition to the information available in the path diagram the output also displays
standard errors, critical ratios (estimate/standard error), and p-values for the regression
weights. No p-value is listed for the PRIVTOWN variable because it was constrained to
one. Three stars (***) mean that the p-value is less than .001. GOVTRESP and
COMPETE have p-values smaller than the conventional .05 significance level while the
three p-values for the moral indicators are quite large. In other words, the regression
weights associated with the moral values indicators are not significantly different from
Zero.

It is likely that a two factor model is more appropriate to describe the economic and
moral values of Americans. To test this possibility, bring the path diagram back up
without the estimates by clicking on View the path diagram:

@

homosex
.1——{ abortion
euthanas

®

Click on the Erase objects button 75 and then on the three lines connecting the
common factor to the moral values indicators. Next, add a new latent variable as before
and name it MORALS. Change the name LEFTRGHT to ECONOMIC to keep the
theoretical meaning of the latent variables clear. Draw three single-headed arrows to
connect each of the observed moral values items to the MORALS factor and set the scale
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of the new latent variable by constraining the regression weight for HOMOSEX to equal
1. Finally, allow ECONOMIC and MORALS to covary by connecting them with a
two-headed arrow. The new diagram should look like the following:

To estimate this model, go to Analyze — Calculate Estimates. The standardized output
can be viewed by clicking on the View the output path diagram button and then on
Standardized estimates. This produces:

E

compete

.01

.63

abortion
.44

To get more detailed information about the results, go to View — Text output. Here is a
sampling of the output:

Notes for Model (Default model)

Computation of degrees of freedom (Default model)

Number of distinct sample moments: 21
Number of distinct parameters to be estimated: 13
Degrees of freedom (21 - 13): 8

Result (Default model)

Minimum was achieved
Chi-square = 35.299
Degrees of freedom = 8
Probability level = .000

Estimates (Group number 1 - Default model)

Scalar Estimates (Group number 1 - Default model)
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Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default model)

Estimate S.E. C.R. p Label
privtown <---economic 1.000
compete <---economic 1.268 .426 2.978 .003
homosex <---morals 1.000
abortion<---morals 1.148 .074 15.619 il
euthanas <---morals 1.000 .062 16.204 ol
govtresp <---economic .298 .085 3.518 el

Standardized Regression Weights: (Group number 1 - Default model)

Estimate
privtown<--- economic .592
compete <--- economic .706
homosex <--- morals .632
abortion<--- morals .792
euthanas <--- morals .665
govtresp<--- economic .148

Covariances: (Group number 1 - Default model)

Estimate S.E. C.R. P Label

economic<--morals .024 .118 .206 .837

Correlations: (Group number 1 - Default model)

Estimate

economic<-— morals .009

Variances: (Group number 1 - Default model)

Estimate S.E. C.R. p Label
economic 1.760 .610 2.887 .004
morals 4.232 .423 10.009 **x*
D6 5.343 .323 16.556  **x*
D5 3.320 .338 9.820 **x*
D4 6.373 .35318.034 **x*
D3 2.840 .954 2.978 .003
D1 3.257 .604 5.391 *xx*
D2 7.030 .297 23.694 Fx*x*

Squared Multiple Correlations: (Group number 1 - Default model)

Estimate
govtresp .022
homosex .399
abortion .627
euthanas .442
compete .499
privtown .351

Model Fit Summary

CMIN
Model NPAR CMIN DF P CMIN/DF
Default model 13 35.299 8 .000 4.412
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Model NPAR CMIN DF P CMIN/DF
Saturated model 21 .000 0

Independence model 6 1037.631 15 .000 69.175
RMSEA

Model RMSEA LO 90 HI 90 PCLOSE
Default model .054 .037 .073 .319
Independence model .243 .230 .255 .000

The ¥ statistic for model fit is still significant, meaning that the null hypothesis of a good
fit to the data can be rejected. The RMSEA likewise suggests that the fit of the model is
questionable. The value of .054 exceeds the .05 suggested as a cut-off for accepting the
model fit.

Under the Regression Weights heading the unstandardized loadings appear along with
standard errors, a critical ratio, and p-values. All of the unconstrained estimates are
significant. The standardized Regression Weights can be interpreted as the correlation
between the observed variable and the corresponding common factor. For this two-factor
model the regression weights are all significant. In addition, the R* corresponding to five
of the six observed variables indicate that the respective factor explains a respectable
portion of the variance (between 35.1% and 62.7%). Only GOVTRESP has a negligible
R? (.022), raising the possibility that this item does not tap the same values dimension as
the other two economics questions.

While this model appears to fit the data substantially better than the single factor model,
it may still be possible to improve the fit further. Previously when the Analysis
Properties dialog box was opened we requested that Amos report modification indices.
These indices make suggestions about loosening certain model parameters in order to
improve the overall model fit. As long as any decisions made on the basis of modification
indices are theoretically meaningful and do not result in an unidentified model they can
be helpful in improving model specification. Amos made the following suggestions:

Modification Indices (Group number 1 - Default model)

Covariances: (Group number 1 - Default model)

M.TI. Par Change
d2 <--morals|26.732 .955
d4 <--d2 12.286 .755

Regression Weights: (Group number 1 - Default model)

M.I. Par Change
govtresp<---morals 26.728 .226
govtresp<-—--homosex |28.448 .128
govtresp<---abortion[16.866 .108
govtresp<---euthanas|13.033 .091
homosex <---govtresp|11.399 .102

The first box suggests adding either a covariance between the d, error term and
MORALS or a covariance between d4 and d,. The first option violates the assumption
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that the common and the unique factors are uncorrelated, and the second does not make
much sense theoretically. The Regression Weights box, meanwhile, suggests adding
single-headed arrows between GOVTRESP and any of several other variables. The first
suggestion, to add a path from MORALS to GOVTRESP, seems most plausible. The
GOVTRESP variable was only weakly accounted for by the ECONOMIC variable,
hinting that the survey item was not tapping the same values dimension as the other two
economic values indicators. An alternative possibility is that GOVTRESP is also tied to
the morality dimension. According to the modification index, freeing this loading will
reduce the x* value by about 26.728.

A final model was thus estimated after adding a path from MORALS to GOVTRESP.
The standardized output, as displayed in the path diagram, is the following:

.38

‘II'}—AAAAAA—Fthovvn
gov‘tresp

-.01

abortion

cuthanas

Selected output is the following:

Result (Default model)

Minimum was achieved
Chi-square = 7.927
Degrees of freedom = 7
Probability level = .339

Estimates (Group number 1 - Default model)
Scalar Estimates (Group number 1 - Default model)
Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default model)

Estimate S.E. C.R. p Label
privtown <---economic 1.000
compete <---economic 1.176 .382 3.078 .002
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Estimate S.E.

C.R.

P Label

homosex <---morals
abortion<---morals
euthanas <---morals
govtresp <---economic
govtresp<---Morals

1.000

1.127 .071 15.940
.991 .061 16.304
.291 .084 3.480
.227 .044 5.152

* kK

* % %

* Kk x

Standardized Regression Weights: (Group

Estimate
privtown<--- economic .615
compete <--- economic .680
homosex <--- morals .638
abortion<--- morals .785
euthanas <--- morals .666
govtresp<--- economic .150
govtresp<--- Morals .176

number 1 - Default model)

Covariances: (Group number 1 - Default model)

Estimate S.E. C.R.

P Label

economic<--morals

-.030 .126

-.243 .808

Correlations: (Group number 1 - Default model)

Estimate

economic<-- morals

-.011

Variances: (Group number 1 - Default model)

Estimate S.E. C.R. P Label
economic 1.899 .636 2.986 .003
morals 4.322 .42510.163 **xx*
deé 5.333 .31916.717 **x*
d5 3.411 .327 10.430 ***
d4 6.282 .35117.910 **x*
d3 3.044 .859 3.544 Fx*x
dl 3.118 .628 4.965 **x
d2 6.807 .291 23.433 *xx*
Squared Multiple Correlations: (Group number 1 - Default model)
Estimate
govtresp .053
homosex .408
abortion .617
euthanas .443
compete .463
privtown .378
Model Fit Summary
CMIN
Model NPAR CMIN DF P CMIN/DF
Default model 14 7.927 7 .339 1.132
Saturated model 21 .000 0
Independence model 6 1037.631 15 .000 69.175
RMSEA
Model RMSEA LO 90 HI 90 PCLOSE
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Model RMSEA LO 90 HI 90 PCLOSE
Default model .011 .000 .039 .994
Independence model .243 .230 .255 .000

The overall model fit appears quite good. The ¥* test yields a value of 7.927 which,
evaluated with 7 degrees of freedom, has a corresponding p-value of .339. This p-value is
too high to reject the null of a good fit. Additionally the RMSEA is .011, well below

the .05 cut-off. Both tests suggest that the model is a good fit to the data.

GOVTRESP has low standardized loadings on both factors (.150 for ECONOMIC

and .176 for MORALS), suggesting that it is a rather unreliable indicator of both
economic and moral values. However, the other items have moderate to strong
standardized loadings. For PRIVTOWN the loading is .615; for COMPETE it is .680; for
HOMOSEX it is .638; for ABORTION it is .785, and for EUTHANAS it is .666. The
squared multiple correlations provide information on how much variance the common
factors account for in the observed variables. Despite receiving a path from both latent
variables, GOVTRESP has a low R of only .053. The remaining R” statistics are, in
order of increasing magnitude, PRIVTOWN (.378), HOMOSEX (.408), EUTHANAS
(.443), COMPETE (.463), and ABORTION (.617). Finally, the correlation between the
two common factors is a very small -.011, and the covariance estimate of -.030 is not
statistically discernable from zero (p<.808).

In summary, there appear to be two orthogonal dimensions which underlie American
attitudes on a number of different issues: one representing economic values and the other
representing moral values. It is unclear which dimension the GOVTRESP item was
tapping, however, and future surveys should employ a more reliable measure.

2.3 CFA UsING LISREL

This section demonstrates how to estimate a confirmatory factor model using LISREL
8.7. Because the previous subsection revealed that the single common factor model was a
poor fit to the data, this section will begin with the two factor model.

LISREL can be launched from any computer running Windows in the UITS Student
Technology Centers by going to Start — All Programs — Statistical Software
—LISREL 8.80 — LISREL 8.80.

The easiest way to get LISREL to analyze raw data is to import the data file and save it as
a .pstf (PRELIS system) file. PRELIS, the pre-processor to LISREL, can read data files
from a number of statistical programs, including SPSS. To open the SPSS file values.sav
saved in the C:\temp\CFA folder, go to File — Import External Data in Other
Formats. The Open dialog box opens. Change Files of Type to SPSS Data File(*.sav),
navigate to the correct folder, and click on values.sav.
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Open
Losk in: | (=3 CFA = e & cF BE-
Evalues sav,
File name: Ivalues.sav Open I
Files of type: ISPSS Data File(™. zav) LI Cancel |
[~ Open as read-anly
A

Click Open. You will then be prompted to save the data as a .psf file. Name the file
values and click Save to store it in the working directory (currently C:/temp/CFA). A
spreadsheet with the raw data will display.
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Like Amos, LISREL allows you to construct a path diagram of the model you wish to
estimate. Go to File — New and choose Path Diagram. You will be immediately
prompted to save the path diagram. Name the file values and click Save (the .pth
extension will differentiate this file from the other files named values in the working
directory). An empty window opens where you will eventually draw the diagram.

The next step is to name the variables that will be in the model. Go to Setup — Title and

Comments to open the Title and Comments dialog box. Enter Two Factor Model in the
Title field and click Next.
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Title and Comments

Titls
[Two Factor Model

Cammcntz

MRt ‘

Cancel

The Group Names box opens, which is used to label different groups when comparing
models for multiple independent samples. Because we are interested only in the single
sample of American respondents we can skip this box by clicking Next.

Group Hames E]
G | Al el
i
< Provious

bewt »
Cancal

Mule, Procieed Lo e pesl scieer il e aralesis s Tororee grocp oribe,

Fun imalli-saniale dala, vl gioup e ioees Ly csieng e Diovee s @ ke,

Labels 4]l The Labels dialog box
Observed Wariables Latert Wariables then Op?ns’ Wthh 1S used
Name ] | Name | | to identify the latent and
12 e CEraiGe observed variables to be
i analyzed.
Cancel
#dd/Read Y ariables J Add Latent Wariables |
F'res; the Diown Armow to inzert ohe row at a time once a label haz been typed in the
previous row
Press the Insert key to insert empty rows or the Delete key ta delete zelected rows

Currently no variables have been selected. To choose variable names click on Add/Read
Variables. This opens a new dialog box used to locate the PRELIS system file. Verify
that the Read from file radio button is chosen and pick PRELIS System File from the
drop-down menu. Then click Browse to choose the PRELIS system file created earlier.
Click OK.
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Add/Read Variahles

[+ Read from file: |PRELIS System File |

O Add list of variables [c.g., warl wark):

Tile Mame JE:\.temp\CF.-“-.".valuee.pef

Irifu

Select one of the bwo system files.
The LISREL data system file has a
DSF extersion and the PRELIS

spieadstiesl a PSF exlersion, Cancel

|

Labels 4l The names of the observed
Obzerved Yanables Latent Yanables Varlables are now IISted mn the
[ Neame [ ] Name | | Labels box. To add the names of
o PEE CRLT  Previous the latent variables click Add
] COMPETE .
4—_ HOMOSE™ Meut » Latent Val'lables El’ltel’
e s ECONOMIC in the box that
i)
ok | opens. Repeat to enter the name
Cancel of the second common factor

= MORALS. Click OK.

Frezs the Down drrow to inzert one row at a time once a label haz been typed in the
Previous row

Add/Read Variables

|

Presz the Inzert key ta insert emply raws or the Delete key to delete zelected raws

Click Next, and a final dialog box opens.

Raw data from a PRELIS system

Broups: file will be analyzed. If desired,

! K| m the data can be viewed and
Pl < Previous edited by clicking on the Edit

Data

dii.

Statistics from; File tupe: Edit Mew... .
S T Data‘ ;J| button. Because this system file
- | already contains information
i i W R o File name: HENEES: : tp ol
I [ e Cravebee b — about the sample size it is not
Statistics includect e necessary to make further
- - changes. Click OK.

“Weight Mumber of observations

I Include weight matrix i}

Wieight file name 0 |

I atrix to be analyzed
|C0variances LJ
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It is now possible to begin drawing the path diagram. The names of the observed and
latent variables appear on the left side of the screen. Drag all of the observed variables to
the drawing pad along with the latent variables ECONOMIC and MORALS.

Dl - miw vl slo]el

emad | B ] et [Eeimt =]

= [

Next click on the single-headed arrow on the tool bar and connect the ECONOMIC factor
to PRIVTOWN, GOVTRESP, and COMPETE. Also draw arrows from MORALS to
HOMOSEX, ABORTION, and EUTHANAS. Because the usual assumption is that the
latent variables “cause” the observed variables, the arrows should point towards the six
indicators. Finally, draw a two-headed arrow connecting each latent variable.

n
‘“‘x,,__ 1.00
T oo

Unlike Amos, it is not necessary to draw the unique factors representing measurement
error for each of the observed variables. LISREL includes these by default and
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automatically sets their scales by constraining the loadings to one. To set the scale of
ECONOMIC, constrain the regression weight of the PRIVTOWN variable to one.
Double-click on the line at the point where 0.00 appears and change the loading to 1.00.
LISREL will not recognize this constraint, however, unless you then right-click on the
loading and choose Fix.

0. 00 =R VT O A

0.90+COTRES . | e %
-00 —

Set Value ...
000 ={COMPETE~—

o.of et Equalo ...

Delete

Zharacter skics
Dpions...

0.00-HOMOSEN ™~

o.oL

i,
Do the same for the path connecting MORALS to HOMOSEX to set the metric for the
second common factor.

The final step before estimation is to build from the path diagram the corresponding
syntax LISREL uses for estimation. There are actually two languages that LISREL
understands: LISREL syntax and SIMPLIS syntax. As its name suggests, SIMPLIS is
more straightforward and easy to read than LISREL syntax. A SIMPLIS syntax file can
be built from the path diagram by choosing Setup — Build SIMPLIS syntax. This
opens an editor displaying the SIMPLIS commands needed to estimate the model.

& 'CiiEamp! CFA\ valuss, par'
mblem  ECOMONIC NORALA

PRIVTOWN = i,00%ECONONIC
COMTRESP = ECOMONIC
CONPETE = ECOMORIC
MOROSEX = L, 00YMORALS
ABORTION = ACRALE
EUTHANAS = MORALS

PATH PLSQT&N

End of Problem

& *

Observed  Literd | <[ =]
PRIVTOWS [ECONOMIC

GOVTRLSH | LORS From | G at Path | )J J J |

COMPLTE || T -

HOMOSEX To | cavawes | 7] 8| 8]

ABORTION o

ELITHbpiA¢ F'll St Covairce | 4] 5[ 6] -f=

fo | seEwovaioes | 1] 2] 3] (]

Eous | Set EnoeCovarisece| 0 | 1 1]
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To begin estimation click the Run LISREL button #% The unstandardized estimates
will then appear in the path diagram by default. To view the standardized estimates
choose Standardized Solution from the Estimates drop-down menu:

] E ztimates: |Standardized Solution j

‘Standardized Saolution
Conceptual Diagram

T-values
M odifization Indices
Expected Changes

The path diagram then will look like the following:

0. 65 =PRIV TS

o_Et9

0.3 =GOYTRESH=~—___

o.15
@
071 \
0. 50O MPETE /
0.0l
0. &0-==HCO KO 5 Ex] 0.&32 lﬂ/

Uﬁ?"‘%BORTIOI\/D_ss

0. 5e=FTTHANS

Chi—Scuare=34.80, df=8, P-walu==0.00003, EM3IEA=0.054

The unstandardized estimates, standardized estimates, t-values, and modification index
information can all be obtained by choosing the appropriate option from the Estimates
drop-down menu. Alternatively, each time the Run LISREL button is clicked a text
output file is written to the working directory (extension .out) which contains additional
information. It is always a good idea to inspect the output file for any error messages and,
in some cases, warnings that a model may not be identified. For this model the output file
is the following:
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DATE:
TIME:

6/ 7/2006
14:46

LISRETL 8.70
BY

Karl G. Joreskog & Dag Sdrbom

This program is published exclusively by
Scientific Software International, Inc.
7383 N. Lincoln Avenue, Suite 100
Lincolnwood, IL 60712, U.S.A.
Phone: (800)247-6113, (847)675-0720, Fax:
Copyright by Scientific Software International,

Confirmatory Factor Analysis:27

(847)675-2140
Inc.,

1981-2004

Use of this program is subject to the terms specified in the

Universal Copyright Convention.
Website: www.ssicentral.com

The following lines were read from file C:\temp\CFA\values.SPJ:

Two Factor Model
Raw Data from file
Sample Size = 1160
Latent Variables economic morals
Relationships

PRIVTOWN = 1.00*economic
GOVTRESP = economic

COMPETE = economic

HOMOSEX = 1.00*morals

ABORTION morals

EUTHANAS = morals

Path Diagram

End of Problem

'C:\temp\CFA\values.psf"

Sample Size = 1160
Two Factor Model

Covariance Matrix

PRIVTOWN GOVTRESP COMPETE HOMOSEX ABORTION
PRIVTOWN 5.02
GOVTRESP 0.53 7.19
COMPETE 2.23 0.66 5.67
HOMOSEX -0.28 1.34 -0.04 10.61
ABORTION -0.13 0.96 0.06 4.86 8.91
EUTHANAS 0.01 0.89 0.08 4.24 4.87
Two Factor Model
Number of Iterations = 6

LISREL Estimates (Maximum Likelihood)

Measurement Equations

PRIVTOWN = 1.00*economic, Errorvar.= 3.26 , R? = 0.35
(0.60)

5.39

GOVTRESP = 0.30*economic,
(0.085)
3.52

Errorvar.= 7.04 , R2 = 0.022
(0.30)
23.69
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COMPETE = 1.27*economic, Errorvar.= 2.84 , R? = 0.50

(0.43) (0.95)
2.98 2.98
HOMOSEX = 1.00*morals, Errorvar.= 6.38 , R? = 0.40
(0.35)
18.03
ABORTION = 1.15*morals, Errorvar.= 3.32 , R?2 = 0.63
(0.074) (0.34)
15.62 9.82
EUTHANAS = 1.00*morals, Errorvar.= 5.35 , R? = 0.44
(0.062) (0.32)
16.20 16.56

Covariance Matrix of Independent Variables

economic morals
economic 1.76
(0.61)
2.89
morals 0.02 4.24
(0.12) (0.42)
0.21 10.01

Goodness of Fit Statistics

Degrees of Freedom = 8
Minimum Fit Function Chi-Square = 35.30 (P = 0.00)
Normal Theory Weighted Least Squares Chi-Square = 34.80 (P = 0.00)

Estimated Non-centrality Parameter (NCP) = 26.80
90 Percent Confidence Interval for NCP = (12.17 ; 48.96)
Minimum Fit Function Value = 0.030
Population Discrepancy Function Value (F0) = 0.023
90 Percent Confidence Interval for FO (0.011 ; 0.042)
Root Mean Square Error of Approximation (RMSEA) = 0.054
90 Percent Confidence Interval for RMSEA = (0.036 ; 0.073)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.34
Expected Cross-Validation Index (ECVI) = 0.052
90 Percent Confidence Interval for ECVI = (0.040 ; 0.072)

ECVI for Saturated Model = 0.036
ECVI for Independence Model = 0.96

Chi-Square for Independence Model with 15 Degrees of Freedom = 1099.69
Independence AIC = 1111.69
Model AIC = 60.80
Saturated AIC = 42.00
Independence CAIC = 1148.02
Model CAIC = 139.53
Saturated CAIC = 169.18

Normed Fit Index (NFI) = 0.97
Non-Normed Fit Index (NNFI) = 0.95
Parsimony Normed Fit Index (PNFI) = 0.52
Comparative Fit Index (CFI) 7
Incremental Fit Index (IFI) 7
Relative Fit Index (RFI) =

0.9
= 0.9
0.94

Critical N (CN) 660.70
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Root Mean Square Residual (RMR) = 0.41
Standardized RMR = 0.049
Goodness of Fit Index (GFI) = 0.99
Adjusted Goodness of Fit Index (AGFI)
Parsimony Goodness of Fit Index (PGFI)

0.97

0.38
The Modification Indices Suggest to Add the

Path to from Decrease in Chi-Square New Estimate

GOVTRESP morals 26.9 0.23

The Modification Indices Suggest to Add an Error Covariance

Between and Decrease in Chi-Square New Estimate
HOMOSEX GOVTRESP 12.3 0.76
Time used: 0.031 Seconds

The y* statistic for model fit is 35.3 (df=8), which is large enough to reject the null that
the model is a good fit to the data (the path diagram displays the Normal Theory
Weighted Least Squares y’; to be consistent with the output from Amos this example
considers the Minimum Fit Function ” printed in the output). In addition the Root Mean
Square Error of Approximation is .054. Using a cut-off rule of .05, the RMSEA is too
high to indicate a good fit.

The standardized loadings represent the correlation between each observed variable and
the corresponding factor. Considering first the indicators of ECONOMIC, they are .59 for
PRIVOWN, .15 for GOVTRESP, and .71 for COMPETE. Considering the indicators of
MORALS, the standardized loadings are .63 for HOMOSEX, .79 for ABORTION,

and .66 for EUTHANAS. It is possible to ascertain the statistical significance of the
estimates by comparing the unstandardized loadings displayed in the equations under the
Measurement Equations heading in the output file with their standard errors displayed in
parentheses. When the unstandardized loadings are at least twice the size of the standard
errors the estimates are significant at the .05 level. In this case each of the unconstrained
estimates is significant.

Additionally a good deal of the variance in each observed variable, with the exception of
GOVTRESP, is accounted for. The R? for PRIVTOWN is .35; for COMPETE it is .50;
for HOMOSEX it is .40; for ABORTION it is .63; and for EUTHANAS it is .44. Only
GOVTRESP, with its R? of .022, does not fit in well with the model. It may be the case
that this survey question taps some kind of value dimension distinct from the economic
dimension measured by the PRIVTOWN and COMPETE variables.

LISREL reports modification indices, both in the path diagram (by choosing
Modification Indices from the Estimation menu) and in the output. These numbers offer
suggestions for improving the overall model fit. Two suggestions are given in the output:
add an error covariance between HOMOSEX and GOVTRESP or add a path from
GOVTRESP to MORALS. Both of these suggest that the GOVTRESP item has
something in common with the morality dimension, either by sharing measurement error
with the HOMOSEX variable or as a direct indicator of the latent morality dimension.
Because the standardized loading of GOVTRESP on ECONOMIC was so low it is
possible that the item is actually tapping a different values dimension. One final model is
therefore estimated adding a path from MORALS to GOVTRESP. This modification
results in the following standardized solution:
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The (abbreviated) output is the following:

Two Factor Model

Covariance Matrix

PRIVTOWN GOVTRESP COMPETE HOMOSEX ABORTION
PRIVTOWN 5.02
GOVTRESP 0.53 7.19
COMPETE 2.23 0.66 5.67
HOMOSEX -0.28 1.34 -0.04 10.61
ABORTION -0.13 0.96 0.06 4.86 8.91
EUTHANAS 0.01 0.89 0.08 4.24 4.87
Two Factor Model
Number of Iterations = 6
LISREL Estimates (Maximum Likelihood)
Measurement Equations
PRIVTOWN = 1.00*economic, Errorvar.= 3.12 , R? = 0.38
(0.63)
4.97
GOVTRESP = 0.29*economic + 0.23*morals, Errorvar.= 6.81 , R?
(0.084) (0.044) (0.29)
3.48 5.15 23.43
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COMPETE = 1.18*economic, Errorvar.= 3.05 , R? = 0.46
(0.38) (0.86)
3.08 3.54
HOMOSEX 1.00*morals, Errorvar.= 6.29 , R? = 0.41
(0.35)
17.91
ABORTION = 1.13*morals, Errorvar.= 3.41 , R? = 0.62
(0.071) (0.33)
15.94 10.43
EUTHANAS = 0.99*morals, Errorvar.= 5.34 , R? = 0.44
(0.061) (0.32)
16.30 16.72

Covariance Matrix of Independent Variables

economic morals

economic 1.90
(0.64)
2.99
morals -0.03 4.33
(0.13) (0.43)
-0.24 10.16

Goodness of Fit Statistics

Degrees of Freedom = 7
Minimum Fit Function Chi-Square = 7.93 (P = 0.34)

Normal Theory Weighted Least Squares Chi-Square = 7.96 (P = 0.34)
Chi-Square Difference with 1 Degree of Freedom = 26.84 (P = 0.0)
Estimated Non-centrality Parameter (NCP) = 0.96
90 Percent Confidence Interval for NCP = (0.0 ; 12.23)

Minimum Fit Function Value = 0.0068

Population Discrepancy Function Value (F0) = 0.00083
90 Percent Confidence Interval for FO = (0.0 ; 0.011)
Root Mean Square Error of Approximation (RMSEA) = 0.011
90 Percent Confidence Interval for RMSEA = (0.0 ; 0.039)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.99
Expected Cross-Validation Index (ECVI) = 0.031
90 Percent Confidence Interval for ECVI = (0.030 ; 0.041)

ECVI for Saturated Model = 0.036
ECVI for Independence Model 0.96

Chi-Square for Independence Model with 15 Degrees of Freedom = 1099.69
Independence AIC = 1111.69
Model AIC 35.96
Saturated AIC = 42.00
Independence CAIC = 1148.02
Model CAIC = 120.74
Saturated CAIC = 169.18

Normed Fit Index (NFI) = 0.99
Non-Normed Fit Index (NNFI) = 1.00
Parsimony Normed Fit Index (PNFI) = 0.46
Comparative Fit Index (CFI) 1.00
Incremental Fit Index (IFI) = 1.00

Relative Fit Index (RFI) = 0.98

Critical N (CN) = 2702.18
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Root Mean Square Residual (RMR) = 0.11
Standardized RMR = 0.014
Goodness of Fit Index (GFI) = 1.00

Adjusted Goodness of Fit Index (AGFI) =

0.99
Parsimony Goodness of Fit Index (PGFI) 0.33

Time used: 0.016 Seconds

This model fits the data well. The y* measure of model fit is 7.93 (df=7), which is too
small to reject the null of a good fit (p=.34). Additionally the RMSEA has declined
to .011, which is small enough (below .05) to indicate a good fit.

The unconstrained loadings are all statistically significant at the .05 level, having
estimates that are more than twice the size of their standard errors. GOVTRESP
continues to have a low correlation with the ECONOMIC factor (.15) and has a similarly
low correlation with MORALS (.18). However, the remaining standardized loadings
range from .62 (PRIVTOWN) to .79 (ABORTION). In between are HOMOSEX (.64),
EUTHANAS (.67), and COMPETE (.68).

Despite receiving a path from both common factors GOVTRESP continues to have by far
the smallest R” (.053). The remaining statistics are moderately well accounted for by the
corresponding factors. The R? values are, in order of increasing magnitude, .38 for
PRIVTOWN, .41 for HOMOSEX, .44 for EUTHANAS, .46 for COMPETE, and .62 for
ABORTION. Finally, the correlation between ECONOMIC and MORALS is a negligible
-.01 and, for this sample, is statistically indistinguishable from zero (covariance = -.03,
std. error = .13).

The conclusion from this analysis is that two nearly orthogonal dimensions underlie the
economic and moral values of American citizens. Additionally it is unclear whether the
GOVTRESP item is tapping either dimension. Future surveys should incorporate more
reliable measures of economic values.

2.4 CFA USING MPLUS

This section demonstrates how to estimate a confirmatory factor model using Mplus 5.1.
Because the subsection covering Amos revealed that the single common factor model
was a poor fit to the data, this section will also begin with the two factor model.

To launch Mplus from any Windows machine in the UITS Student Technology Centers

go to Start — All Programs — Statistical Software — Mplus — Mplus Editor. This
will open Mplus and display the program’s built-in syntax editor.
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Bests [ i

Unlike Amos and LISREL, Mplus does not allow you to simply draw a path diagram and
estimate the model; you must write the syntax yourself (the Language Generator under
the Mplus menu, however, can make this task a little easier). Additionally Mplus cannot
directly read a file saved in SPSS format. Instead the data must be saved as a free or fixed
format ASCII file. Nonetheless, Mplus is an extremely powerful program for estimating a
much wider range of models than is possible with Amos and LISREL, and this example
will only scratch the surface of what Mplus can do.

To convert the SPSS file values.sav into tab delimited format open SPSS and load the file.
Open the syntax editor in SPSS by going to File — New — Syntax. In the editor, type
the following:

SAVE TRANSLATE OUTFILE='c:\temp\CFA\values.dat' /TYPE=TAB /MAP /REPLACE.

This will create a new ASCII file in the C:\temp\CFA folder that contains only values of
observations without variable names. The first six rows of the file values.dat look like the
following:

ot e N N N
W — W W= W
Ea LYl O S
W= N —=DN
A9 W=D
A O ON W W

The first model to be examined consists of two common factors and the six observed
indicators of economic and moral values. The Mplus syntax for estimating this model is
the following:
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TITLE: Two Factor Model;

DATA: FILE IS values.dat;

VARIABLE: NAMES ARE privtown govtresp compete
homosex abortion euthanas;

MODEL.: economic BY privtown govtresp compete;
morals BY homosex abortion euthanas;

OUTPUT: standardized;
modindices;

Save as an input file under the name valuesl.inp in the same folder as the values.dat file.

The TITLE statement provides a label for the particular analysis that will be run. The
DATA statement specifies where the data file is located at. Absolute pathnames are only
necessary if the syntax file is located in a directory different from where the data is saved.
The VARIABLE statement provides names for the six observed variables in the raw data
file in the order in which they appear. The MODEL statement specifies the particular
model to be estimated. In this case ECONOMIC is assumed to cause the three observed
variables PRIVTOWN, GOVTRESP, and COMPETE; and MORALS is assumed to
cause HOMOSEX, ABORTION, and EUTHANAS. The OUTPUT statement requests
that standardized parameter estimates and modification indices be included in the output
file.

There are a few things to keep in mind when creating Mplus syntax. First, all commands
end with a semicolon; omitting the semicolon will lead to error messages. Second, Mplus
cannot read more than 80 characters in a line. One way to limit this problem is to use
very short names for variables, such as X1, X2, Y1, Y2 (longer names are used here to be
consistent with the Amos and LISREL examples above). Commands can take up more
than one line, as the semicolon marks the command end. Finally, Mplus is not case
sensitive; capital and lowercase letters can be used interchangeably.

It is also important to know that the default behavior for setting the scale of the common
latent variable is to constrain the loading for the first variable (in this case PRIVTOWN
and HOMOSEX) to one. This option can be overridden but will not be altered here to
keep the example consistent with the Amos and LISREL examples above.

After entering the syntax and saving it as an Mplus input (.inp) file, estimate the model

by clicking the Run button B This produces a text output (.out) file stored in the
working directory with the results. For this model the output file looks like the following:

Mplus VERSION 4.0
MUTHEN & MUTHEN
06/08/2006 12:21 PM

INPUT INSTRUCTIONS

TITLE: Two Factor Model;

DATA: FILE IS values.dat;

VARIABLE: NAMES ARE privtown govtresp compete
homosex abortion euthanas;

MODEL: economic BY privtown govtresp compete;
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morals BY homosex abortion euthanas;

OUTPUT: standardized;

modindices;
INPUT READING TERMINATED NORMALLY
Two Factor Model;
SUMMARY OF ANALYSIS

of
of

Number
Number

groups
observations

of
of
of

Number
Number
Number

dependent variables
independent variables
continuous latent variables

Observed dependent variables

Continuous

PRIVTOWN GOVTRESP COMPETE HOMOSEX
Continuous latent variables

ECONOMIC MORALS

Estimator

Information matrix

Maximum number of iterations

Convergence criterion

Maximum number of steepest descent iterations

Input data file(s)
values.dat

Input data format FREE
THE MODEL ESTIMATION TERMINATED NORMALLY
TESTS OF MODEL FIT

Chi-Square Test of Model Fit

Value
Degrees
P-Value

of Freedom

Chi-Square Test

Value
Degrees
P-Value

of Freedom

CFI/TLI

CFI
TLI

Loglikelihood

HO Value
H1 Value

Information Criteria

Number of Free Parameters

Akaike (AIC)

Bayesian (BIC)

Sample-Size Adjusted BIC
(n* = (n + 2) / 24)
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35.329
8
0.0000

1038.526
15
0.0000

0.973
0.950

-16407.791
-16390.126

13
32841.581
32907.312
32866.019
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RMSEA (Root Mean Square Error Of Approximation)

Estimate 0.054
90 Percent C.I. 0.037 0.073
Probability RMSEA <= .05 0.319

SRMR (Standardized Root Mean Square Residual)

Value 0.049

MODEL RESULTS

Estimates S.E. Est./S.E. Std StdyX

ECONOMIC BY

PRIVTOWN 1.000 0.000 0.000 1.327 0.592

GOVTRESP 0.298 0.085 3.520 0.396 0.148

COMPETE 1.268 0.425 2.980 1.682 0.706
MORALS BY

HOMOSEX 1.000 0.000 0.000 2.057 0.632

ABORTION 1.148 0.073 15.625 2.362 0.792

EUTHANAS 1.000 0.062 16.211 2.058 0.665
MORALS WITH

ECONOMIC 0.024 0.118 0.206 0.009 0.009
Variances

ECONOMIC 1.760 0.609 2.888 1.000 1.000

MORALS 4.232 0.423 10.013 1.000 1.000

Residual Variances

PRIVTOWN 3.257 0.604 5.393 3.257 0.649
GOVTRESP 7.030 0.297 23.704 7.030 0.978
COMPETE 2.840 0.953 2.979 2.840 0.501
HOMOSEX 6.373 0.353 18.042 6.373 0.601
ABORTION 3.320 0.338 9.823 3.320 0.373
EUTHANAS 5.343 0.323 16.564 5.343 0.558
R-SQUARE
Observed
Variable R-Square
PRIVTOWN 0.351
GOVTRESP 0.022
COMPETE 0.499
HOMOSEX 0.399
ABORTION 0.627
EUTHANAS 0.442
MODEL MODIFICATION INDICES
Minimum M.I. value for printing the modification index 10.000
M.I. E.P.C. Std E.P.C. Std¥YX E.P.C.
BY Statements
MORALS BY GOVTRESP 26.907 0.227 0.467 0.174
WITH Statements
HOMOSEX WITH GOVTRESP 12.301 0.756 0.756 0.087

Beginning Time: 12:21:04
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Ending Time: 12:21:04
Elapsed Time: 00:00:00

MUTHEN & MUTHEN
3463 Stoner Ave.
Los Angeles, CA 90066

Tel: (310) 391-9971

Fax: (310) 391-8971

Web: www.StatModel.com

Support: Support@StatModel.com
Copyright (c) 1998-2006 Muthen & Muthen

The overall model fit is not great, with a y” statistic of 35.329 (df=8) large enough to
reject the null of a good fit. In addition the RMSEA is .054, which is higher than the cut-
off value of .05 chosen to indicate a good fit.

Under the Model Results heading the unstandardized loadings appear along with
standard errors, the ratio of the estimates to their standard errors, and two standardized
estimates. The Est./s.E. column can be used to evaluate significance. If the absolute
value of the number in this column is greater than 1.96 the estimate can be interpreted as
significant at the .05 level. In this case all of the unconstrained loading estimates are
significant. The column stdyx can be interpreted as the correlation between the latent
and observed variables and is equivalent to the standardized estimates provided by Amos
and LISREL. The standardized loadings are of moderate to strong magnitude. The
smallest standardized estimate corresponds to the GOVTRESP variable and is .148. The
remaining estimates for the standardized regression weights range from .592
(PRIVTOWN) to .792 (ABORTION). Finally, the output reports R” statistics describing
the amount of variance accounted for by the respective factor. When there is only a single
path from a factor to an observed variable these are equivalent to the standardized
loadings squared. GOVTRESP has the lowest R? with .022. The remaining variables have
R? statistics that range from .351 (PRIVTOWN) to .627 (ABORTION).

While the loadings are statistically significant, there remain some problems with the
model. The overall test of fit still suggests that the model does not adequately fit the data.
Also, the low R? for GOVTRESP suggests that the variable may not really be tapping the
same economic values dimension as PRIVTOWN and COMPETE. Perhaps an alternative
model would be more appropriate.

For hints at what such a model may be examine the modification indices reported in the
output. Mplus makes two suggestions: 1) add a covariance between the HOMOSEX and
GOVTRESP variables, and 2) add a path from the MORALS latent variable to the
GOVTRESP variable. Both of these suggest that the GOVTRESP item has something in
common with the morality dimension, either by sharing measurement error with the
HOMOSEX variable or as a direct indicator of the latent morality dimension. Because the
standardized loading of GOVTRESP on ECONOMIC was so low it is possible that the
item is actually tapping a different values dimension. Thus the second suggestion makes
theoretical sense and will be estimated.
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Enter the following syntax in the editor and save the input file.

morals BY homosex abortion euthanas govtresp;

TITLE: Second Two Factor Model;

DATA: FILE IS values.dat;

VARIABLE: NAMES ARE privtown govtresp compete
homosex abortion euthanas;

MODEL.: economic BY privtown govtresp compete;

OUTPUT: standardized;

Confirmatory Factor Analysis:38

The output is the following:

Mplus VERSION 4.0
MUTHEN & MUTHEN
06/20/2006 9:46 AM

INPUT INSTRUCTIONS

TITLE: Second Two Factor Model;
DATA: FILE IS values.dat;
VARIABLE: NAMES ARE privtown govtresp compete

homosex abortion euthanas;

MODEL: economic BY privtown govtresp compete;
morals BY homosex abortion euthanas govtresp;

OUTPUT: standardized;
INPUT READING TERMINATED NORMALLY
Second Two Factor Model;

SUMMARY OF ANALYSIS

Number of groups

Number of observations 1160
Number of dependent variables 6
Number of independent variables 0
Number of continuous latent variables 2
Observed dependent variables

Continuous

PRIVTOWN GOVTRESP COMPETE HOMOSEX ABORTION EUTHANAS
Continuous latent variables

ECONOMIC MORALS
Estimator ML
Information matrix EXPECTED
Maximum number of iterations 1000
Convergence criterion 0.500D-04

Maximum number of steepest descent iterations

Input data file(s)
values.dat

Input data format FREE
THE MODEL ESTIMATION TERMINATED NORMALLY

TESTS OF MODEL FIT
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Chi-Square Test of Model Fit

Value 7.934
Degrees of Freedom 7
P-Value 0.3383

Chi-Square Test of Model Fit for the Baseline Model

Value 1038.526

Degrees of Freedom 15

P-Value 0.0000
CFI/TLI

CFI 0.999

TLI 0.998
Loglikelihood

HO Value -16394.093

H1 Value -16390.126

Information Criteria

Number of Free Parameters 14

Akaike (AIC) 32816.187

Bayesian (BIC) 32886.973

Sample-Size Adjusted BIC 32842.505
(n* = (n + 2) / 24)

RMSEA (Root Mean Square Error Of Approximation)

Estimate 0.011
90 Percent C.I. 0.000 0.039
Probability RMSEA <= .05 0.994

SRMR (Standardized Root Mean Square Residual)

Value 0.014

MODEL RESULTS

Estimates S.E. Est./S.E. std StdyXx

ECONOMIC BY

PRIVTOWN 1.000 0.000 0.000 1.376 0.614

GOVTRESP 0.292 0.084 3.485 0.402 0.150

COMPETE 1.179 0.383 3.078 1.622 0.681
MORALS BY

HOMOSEX 1.000 0.000 0.000 2.079 0.638

ABORTION 1.127 0.071 15.946 2.343 0.785

EUTHANAS 0.991 0.061 16.311 2.060 0.666

GOVTRESP 0.227 0.044 5.155 0.471 0.176
MORALS WITH

ECONOMIC -0.030 0.125 -0.241 -0.011 -0.011
Variances

ECONOMIC 1.894 0.634 2.986 1.000 1.000

MORALS 4,322 0.425 10.166 1.000 1.000

Residual Variances

PRIVTOWN 3.123 0.627 4.985 3.123 0.623
GOVTRESP 6.807 0.290 23.443 6.807 0.947
COMPETE 3.037 0.861 3.528 3.037 0.536
HOMOSEX 6.283 0.351 17.919 6.283 0.592
ABORTION 3.410 0.327 10.432 3.410 0.383
EUTHANAS 5.333 0.319 16.725 5.333 0.557
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R-SQUARE

Observed
Variable R-Square

PRIVTOWN 0.377
GOVTRESP 0.053
COMPETE 0.464
HOMOSEX 0.408
ABORTION 0.617
EUTHANAS 0.443

Beginning Time: 09:46:44
Ending Time: 09:46:45
Elapsed Time: 00:00:01

MUTHEN & MUTHEN
3463 Stoner Ave.
Los Angeles, CA 90066

Tel: (310) 391-9971

Fax: (310) 391-8971

Web: www.StatModel.com
Support: Support@StatModel.com

Copyright (c) 1998-2006 Muthen & Muthen

The overall model fit appears quite good. The ¥* test yields a value of 7.934 (df=7),
which has a corresponding p-value of .3383. This p-value is too high to reject the null of
a good fit. The RMSEA is .011, sufficiently low to indicate acceptable fit.

The GOVTRESP variable has relatively low standardized loadings on each common
factor (.150 for ECONOMIC and .176 for MORALS), suggesting that it is a weak
indicator of both economic and moral values. However, the other indicators have
moderate to strong standardized loadings. For PRIVTOWN the loading is .614, for
COMPETE it is .681, for HOMOSEX it is .638, for ABORTION it is .785, and for
EUTHANAS it is .666. The squared multiple correlations provide information on how
much variance the factors account for in the observed variables. Despite receiving a path
from both latent variables, GOVTRESP has a low R? of only .053. The remaining R*
statistics are, in order of increasing magnitude, PRIVTOWN (.377), HOMOSEX (.408),
EUTHANAS (.443), COMPETE (.464), and ABORTION (.617). Finally, the correlation
between the two common factors is a very small -.011, and the covariance estimate of -
.030 is not statistically distinguishable from zero.

The conclusion from this analysis is that two nearly orthogonal dimensions underlie the
economic and moral values of American citizens. Additionally it is unclear whether the
GOVTRESP item is tapping either dimension. Future surveys should incorporate more
reliable measures of economic values.

2.5 SUMMARY

Tables 1 and 2 compare the unstandardized and standardized results from each package
for both two-factor models. Standard errors for the unstandardized estimates are
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displayed in parentheses. Additionally the y* and Root Mean Square Error of
Approximation (RMSEA) statistics are displayed. Results vary little across packages.

Table 1: Comparison of Estimates: Two Factor Model — A

Amos LISREL Mplus
Unstand. Stand Unstand Stand. Unstand. Stand.
ECONOMIC - PRIVTOWN 1.00 592 1.00 .59 1.00 592
ECONOMIC > GOVTRESP 298 .148 30 15 298 148
(.085) (.085) (.085)
ECONOMIC > COMPETE 1.268 706 1.27 71 1.268 706
(.426) (43) (.425)
MORALS = HOMOSEX 1.00 632 1.00 63 1.00 632
MORALS > ABORTION 1.148 792 1.15 .79 1.148 792
(.074) (.074) (.073)
MORALS > EUTHANAS 1.000 665 1.00 .66 1.00 665
(.062) (.062) (.062)
ECONOMIC €¢-> MORALS .024° .009° .02° 01° .024° .009°
(.118) (.12) (.118)
X2 (df=8) 35.299 353 35.329
RMSEA 054 054 .054

Standard errors appear in parentheses
* covariance; ° correlation

Table 2 : Comparison of Unstandardized Estimates: Two Factor Model — B

Amos LISREL Mplus
Unstand. Stand Unstand Stand. Unstand. Stand.
ECONOMIC > PRIVTOWN 1.00 615 1.00 .62 1.00 614
ECONOMIC - GOVTRESP 291 150 29 .15 292 150
(.084) (.084) (.084)
ECONOMIC > COMPETE 1.176 680 1.18 68 1.179 681
(.382) (.38) (.383)
MORALS > HOMOSEX 1.00 638 1.00 .64 1.00 638
MORALS > ABORTION 1.127 785 1.13 .79 1.127 785
(.071) (.071) (.071)
MORALS > EUTHANAS 991 666 99 67 991 666
(.061) (.061) (.061)
MORALS > GOVTRESP 227 176 23 18 227 176
(.044) (.044) (.044)
ECONOMIC €-> MORALS -.030° -011° -.03" -01° -.030° -011°
(.126) (.13) (.125)
X2 (df=7) 7.927 7.93 7.934
RMSEA 011 011 011

Standard errors appear in parentheses
* covariance; ° correlation
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3. CONFIRMATORY FACTOR ANALYSIS WITH MISSING DATA
3.1 PRELIMINARIES

Missing data is a pervasive problem in the social sciences. A subject may fail to complete
a test in an experimental setting, refuse to give an answer to a particular survey item, or
drop out of a panel. In many cases, including the previous example, researchers choose to
drop all observations from subjects that have missing observations on any of the items
included in the model. This approach to handling missing data is referred to as listwise
deletion and is the default in programs such as SPSS and Stata. Unfortunately dropping
incomplete cases results in sacrificing information from the sample and can lead to biased
estimates when the data is not missing completely at random.

Over the last 30 years more sophisticated means have emerged for dealing with missing
data, many of which have been incorporated into structural equation modeling software.
Because it is available in Amos, LISREL, and Mplus, this document will consider Full
Information Maximum Likelihood (FIML), an estimator which makes maximal use of all
data available from every subject in the sample. Other approaches to dealing with missing
data, such as multiple imputation via Bayesian simulation, may also be available
depending on the specific program. A non-technical overview of different methods for
handling missing data in the context of structural equation models is available in Enders
(2001), though the description of capabilities of specific computer packages is already
dated.

This section shows how to estimate the two-factor model for political values introduced
in the previous section when the raw data matrix includes missing observations. The data
to be analyzed has been saved as an SPSS file named values_full.sav in the C:\temp\CFA
folder. All missing observations have been coded as system missing (.) in SPSS.

3.2 CFA WITH MISSING DATA USING AMOS
Launch Amos Graphics. The complete data containing missing values is saved as the
SPSS file values_full.sav in the C:\temp\CFA folder. To load the data, choose File

—Data Files. After the Data Files dialog box opens, click on File Name. Navigate to the
CFA directory and choose the correct file.
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Click Open, Then Okay.

Begin drawing the path diagram by clicking on the Add Unobserved Variable button

O and drawing an oval to represent a latent variable. Move the cursor just below the
oval and click once to create a second oval of the same size.

Click on the Draw a latent variable button or add an indicator to a latent variable

button E\é’i Click three times inside each oval to add a total of six indicators and their
respective error terms. By default Amos sets the metric of each error term by constraining
the path parameters to one. The factor loading of the first indicator for each latent
variable is also set to one. If you are not happy with where Amos added the indicators it
is possible to rotate each latent variable by choosing the Rotate the Indicators of a
Latent Variable button <> and clicking each factor until you are satisfied with the
appearance. Finally, add a covariance between the two common factors by choosing the
Draw Covariance button 4 and drawing the two-headed arrow. Your screen
should now look like the following:
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jaadydor

To label the latent variables, right-click in one of the ovals and choose Object Properties.
When the Object Properties dialog box opens choose the Text tab. Name one variable
ECONOMIC and the other MORALS.

e Object Properties

Colors  Test anrmat] Parameters] \-"isibility]

Font zize Fant style

18 - Regular hd

YYariahle name
BCONOMIC

YYanahle label Set
Default

Unda

Do the same to name the error terms d; through ds.

To name the observed variables choose View — Variables in Dataset. Click and drag
the names of each variable to the appropriate box in the path diagram. If the names do not
fit you can resize the box after clicking on the Change the Shape of Objects button

5% The path diagram should look something like the following:
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compete

govtresp

privtown

euthanas

abortion

homosex

P 46

Earlier analysis suggested that GOVTRESP was not strongly tapping purely economic
values, and modification indices suggested an improved model fit by adding a path
connecting it to the MORALS factor (see the previous section). In the path diagram add
an arrow from the MORALS latent variable to the GOVTRESP indicator.

compete

I

goviresp

privtown

euthanas

abortion

et

homosex

When missing values are present it is necessary to request that Amos estimate means and
intercepts (required for FIML estimation), which is not the default. Choose View

—Analysis Properties, click the Estimation tab in the Analysis Properties dialog box,
and select Estimate means and intercepts.
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ks Analysis Properties E]El
Title |
Estimation | Mumerical | Bias | Dutput | Boatstrap | Permutations | Fandom # |

Dizcrepancy

[ Estimate means and

& Maxirmurmn likelihood intercepts

¢~ Generalized least squares
I Emulisrelf

7 Unweighted least squares -

¢ Scalefres least squares

[ Chicomect

" Asymptotically distribution-free

For the purpose of computing fit measures with incomplete data

¢+ Fit the saturated and independence madels
" Fit the saturated model only

" Fit neither model

Next click on the Output tab. Minimization History is checked by default. Also place
checks next to Standardized Estimates and Squared Multiple Correlations.

- Analysis Properties

Title |
Estimation | Numerical | Bias ~ Output | Bootstrap | Permutations | Random # |
v Minimization histany I Indirect, direct & total effects
v Standardized estimates I Factor score weights
v Sguared multiple corelations I Covariances of estimates
[ Sample moments I Comelations of estimates
I~ Implied moments I~ Critical ratios for differences
I Allimplied moments [~ Tests for normality and outliers
[~ Residual moments [~ Observed information matrix
I Madification indices '7 L:'delzgg%‘\jn:vnlrndmes

To estimate the model, go to Analyze — Calculate Estimates. To see the results in the
path diagram click on the View the Output Path Diagram button. i

The unstandardized estimates are displayed by default. Choose instead to display the
standardized estimates.

Lnstandardized estimates

Standardized estimates

¢ |Sranninmwalies

If the results are hard to read it is possible to move elements of the diagram by displaying

the input path diagram, choosing the Move Objects button “®®# and changing the
position of parts of the drawing. The standardized output can then be viewed again by
requesting the output path diagram.
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Amos now displays the standardized factor loadings, the squared multiple correlation
coefficient for each observed variable, and a ” statistic of model fit. Note that for some
models with many parameters and missing data, Amos (and all SEM software) may
require a large number of iterations to estimate a ” statistic. For this simple model,
however, there is no problem. To see more detail about the results go to View — Text
Output. A selected portion of the output is the following:

Result (Default model)

Minimum was achieved
Chi-square = 7.402
Degrees of freedom = 7
Probability level = .388

Estimates (Group number 1 - Default model)
Scalar Estimates (Group number 1 - Default model)
Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default model)

Estimate S.E. C.R. P Label

privtown <---ECONOMIC 1.000

govtresp <---ECONOMIC .306 .082 3.739 ***
compete <---ECONOMIC 1.201 .364 3.295 **xx%
homosex <---MORALS 1.000

abortion <---MORALS 1.122 .070 15.959 #**x*
euthanas <---MORALS .994 .061 16.366 ***
govtresp <---MORALS .210 .044 4.798 H*xx*

Standardized Regression Weights: (Group number 1 - Default model)

Estimate
privtown<--- ECONOMIC .615
govtresp<--- ECONOMIC .156
compete <--- ECONOMIC .691

http://www.indiana.edu/~statmath



© 2006-2008 The Trustees of Indiana University Confirmatory Factor Analysis:48

Estimate
homosex <--- MORALS .637
abortion<--- MORALS .783
euthanas <--- MORALS .667
govtresp<--- MORALS .161

Intercepts: (Group number 1 - Default model)

Estimate S.E. C.R. P Label
privtown 3.541 .065 54.587 ***
govtresp 4.312 .078 55.367 **xx*
compete 3.442 .069 49.743 **x*
homosex 4.773 .095 50.493 **~*
abortion 4.356 .086 50.738 **xx*
euthanas 5.048 .089 56.523 ***

Covariances: (Group number 1 - Default model)

Estimate S.E. C.R. P Label
MORALS <-->ECONOMIC -.051 .123 -.412 .681

Correlations: (Group number 1 - Default model)

Estimate
MORALS <--> ECONOMIC -.018

Variances: (Group number 1 - Default model)

Estimate S.E. C.R. p Label
ECONOMIC 1.901 .596 3.187 .001
MORALS 4.288 .421 10.196 **x*
d3 3.119 .588 5.302 **x*
d2 6.907 .290 23.834 *x*x*
dl 2.997 .837 3.581 Hxxx
dé 6.282 .348 18.034 **x*
ds 3.397 .322 10.537 **x*
d4 5.272 .31516.724 **x*

Squared Multiple Correlations: (Group number 1 - Default model)

Estimate
euthanas .445
abortion .614
homosex .406
compete .478
govtresp .049
privtown .379

Model Fit Summary

CMIN

Model NPAR CMIN DF P CMIN/DF
Default model 20 7.402 7 .388 1.057
Saturated model 27 .000 0

Independence model 6 1059.583 21 .000 50.456
RMSEA

Model RMSEA LO 90 HI 90 PCLOSE
Default model .007 .000 .037 .997
Independence model .203 .193 .214 .000
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The overall model fit appears quite good. The x* test yields a statistic of 7.402 (df=7),
which has a corresponding p-value of .388. This p-value is too high to reject the null of a
good fit. Additionally the RMSEA is only .007, offering further evidence that the model
fits the data well.

Under the Regression Weights heading the unstandardized loadings appear along with
standard errors, a critical ratio, and p-values. The critical ratio and p-values can be used
to ascertain statistical significance. A critical ratio greater than 1.96 or a p-value smaller
than .05 signifies significance. Three asterisks (***) indicate that the p-value is smaller
than .001. In this case all of the unconstrained estimates are significant.

The unstandardized weights are highly sensitive to model constraints, whereas the
standardized regression weights provide more intuitive information about the strength of
loadings. The GOVTRESP has low standardized loadings on both factors (.156 for
ECONOMIC and .161 for MORALS), suggesting that it is an unreliable indicator of both
economic and moral values. However, the other indicators have moderate to strong
standardized loadings. For PRIVTOWN the loading is .615, for COMPETE it is .691, for
HOMOSEX it is .637, for ABORTION it is .783, and for EUTHANAS it is .667.

The squared multiple correlations provide information about how much variance the
factors account for in the observed variables. Despite receiving a path from both latent
variables, GOVTRESP has a very low R* of only .049. The remaining R statistics are, in
order of increasing magnitude, PRIVTOWN (.379), HOMOSEX (.406), EUTHANAS
(.445), COMPETE (.478), and ABORTION (.614). Finally, the correlation between the
two common factors is -.018, and the covariance estimate of -.051 is not statistically
distinguishable from zero (p<.823).

3.3 CFA WITH MISSING DATA USING LISREL

After launching LISREL, open the file values_full.sav by choosing File — Import
External Data in Other Formats. Change Files of type to SPSS Data File(*.sav),
navigate to the folder C:\temp\CFA, and choose the correct file.

Open @@

Look in: | 59 CFa | ® = B~

File name: |va|uesﬁfu|l. =av
Files of bype: |SF'SS Drata Filel[".sav) ﬂ Cancel

[ DOpen as read-anly

Click Open. A prompt appears immediately to save the file as a PRELIS system file
(.psf). Enter the name values_full and click Save. A spreadsheet will open displaying the
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data. Notice that missing observations are coded -999999.0. To make sure PRELIS
understands these are missing values it is necessary to declare them as such. Go to Data
— Define Variables. A Define Variables dialog box opens.

Define Variables ﬁl

PRIVT O [[—
GOWTRESPE

COMPETE

HOMOSE Rename
ABORTION

EUTHAMAS

Cancel

To gelect more than one varniable at a
time. hald down the CTRL key while clicking
on the wariables to be selected

Highlight each variable name by clicking on PRIVTOWN, holding down the shift button,
and clicking on EUTHANAS. Click on Missing Values to bring up the Missing Values
box. Click on the Missing Values radio button, enter -999999.0 in the first empty field,
and check the Apply to all option.

Missing Values for, PRIVTOWN ...

" Mo missing values

I+ Mizzing walues Cancel |
3393330 | |
Low | High |

Global missing walue | | |

Low | High |

Deletion methods: % Listwise ¢ Paiwise

Click OK, then OK again. Save the data so that the changes take effect.

The next step is to draw the path diagram. Go to File — New, choose Path Diagram,
and click OK. You will be prompted to save the path diagram. Name it values_full and
click Save. An empty window opens where the path diagram will be drawn.

The next step is to name the observed and latent variables and tell LISREL to call the raw
data from the PRELIS file. Go to Setup — Title and Comments to open a dialog box to
label the analysis. Enter “Confirmatory Factor Analysis with Missing Data” in the Title
field.
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Title and Comments ﬁl
Title
|Eonfirmatnly Factor Analysis with Missing O ats
Cornrmerts
Mext »
Cancel

Click Next. This opens the Group Names dialog box, which is used when comparing
models across different clusters of observations. Because this example is concerned with
only a single sample, click Next to bring up the Labels box.

Labels g]
Observed Wariables Latent “ariables
| MName | | Mame | |
T R S
2 AR D < Previous
Mext >
Cancel
Add/Read Y anables Add Latent Yariables
Fress the Down Anow to insert one row at a time once a label has been typed in the
Previous row
Fress the Insert key to insert empty rows or the Delete key to delste selected mows

To read in the names of the observed variables, click on the Add/Read Variables button.
Make sure the Read from file radio button is chosen along with the PRELIS System File
option. Browse to the C:\temp\CFA directory to choose the values_full.psf file.

Add/Read Variables <]

i+ Read from file: | PRELIS System Fils =

" Add ligt of variables [e.q., warl-warb):

File Mame |E:\temp'\CFA'walues_full.psf Browse. ..

Info

Select one of the bwo spstem files.
The LISREL data system file has a
DSF extenzion and the PRELIS

spreadshest a PSF extension] %

Click OK. The next step is to name the latent variables. Click on the Add Latent
Variables button and add the name ECONOMIC. Click again to add MORALS.
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Labels @
Observed Variables Latert ' ariables
| Narme | | Name | |
1 PRIVT O 1 ECOMOMIC .
2__|GOVTRESP 2__|MORALS ko
3 |COMPETE
4 |HOMOSEX Mest »
5 __|ABORTION
B |EUTHAMAS
0K

£dd/Read Vanables

L

| I

Press the Down Amow to insert one row at a time once a label has been typed in the
PrEvIous 10w

Press the Inzert key to insert empty rows or the Delete key to delete selected rows

Confirmatory Factor Analysis:52

Choose Next. A final box appears to specify the location of the data file to be analyzed.
Make sure Raw Data is entered in the Statistics from field and that PRELIS System
Data is chosen in the File type field. The PRELIS system file contains information about
the number of observations and missing data codes, so no further changes need to be

made.
Data E
Groups:
| E| = :
Summary stahistics S E evioll
Statistics from: File tupe: Edit J Mew...
|F'F|ELIS System D ata =i Q
o i | =t itk File: name: Browsse... | bk |
] ]C:\temp'\CFA\values_full. paf
Cancel

Statistics included:

‘wieight Mumber of obzervations
I Include weight matrix i}
Matri= to be analyzed
‘wieight file name: Il | |C°“"E"i‘5"'1c’ES LJ

Click OK.

To begin drawing the path diagram, first drag each of the variable names from the

left-hand side of the screen to the drawing area.
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Next, draw single-headed arrows pointing from ECONOMIC to PRIVTOWN,
GOVTRESP, and COMPETE. Draw additional arrows pointing from MORALS to
HOMOSEX, ABORTION, EUTHANAS, and GOVTRESP. Unlike with Amos, it is not
necessary to draw unique factors corresponding to measurement error in the observed
indicators; LISREL includes these by default. Finally, add a two-headed arrow to
represent the covariance between ECONOMIC and MORALS. The path diagram should
now look like the following:

0. 00 =PRI T \

[=lnn]
o. 00

o

o.oo
o_oo HOMOSE. \
s n)
o_oo0=HBORTIO o_oo%—u,u
o

The last step is to set the metric of the two common factors by constraining factor
loadings to equal one. Double-click the 0.00 on the path from ECONOMIC to
PRIVTOWN and change the loading to 1.00. Right-click and choose Fix to constrain the
loading to one.
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0. 00 =PRIVTOWH

l.00

0. 00+=G0VTRES---— i Free
Set Yalue ...
o.g Tet Equalto ...

a

0.00==COMPETE

Delete

Characteristics
0.  Options...

Do the same for the path between MORALS and HOMOSEX.

Before estimating it is necessary to build from the path diagram the syntax LISREL uses
to estimate the model. Choose Setup — Build SIMPLIS syntax. This opens the syntax
editor along with the commands required to estimate the model drawn in the path
diagram. If we had not previously told PRELIS which codes were missing it would be
necessary to add the line MISSING VALUE CODE =-999999. To begin the estimation

click on the Run LISREL button 3 .

Estimates: |Standardized Solution ~|| The unstandardized estimates are immediately
displayed in the path diagram along with two

Zhandardized Solution measures of overall fit: x2 and RMSEA. To view
Conceptual Diagram . .
"E | HOIT -values the standardized results choose Standardized
2 10 Modification Indices Solution from the Estimates pull-down menu.
== Espected Changes

The path diagram will now look like this:

0. sz-+=PRIVTOW

0.35 O TRESH

o.g9

0.2 *+=COMPETE 0.1

]
(=]
=
(=]
s
¥
%

9. 55+=ElI THANA ¥

Chi-Square=7.41, df=7, P-value=0.38760, RMSEA=0.007

More detailed information can be obtained by looking at the output text file generated
after estimation. This file is given the same name as the path diagram plus an .out
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extension and stored in the working directory. The file values_full.out looks like the
following:

DATE: 6/14/2006
TIME: 16:28

LISRETL 8.70
BY

Karl G. Jdreskog & Dag Sdrbom

This program is published exclusively by

Scientific Software International, Inc.
7383 N. Lincoln Avenue, Suite 100
Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140
Copyright by Scientific Software International, Inc., 1981-2004
Use of this program is subject to the terms specified in the
Universal Copyright Convention.
Website: www.ssicentral.com

The following lines were read from file C:\temp\CFA\values full.SPJ:

Confirmatory Factor Analysis with Missing Data
Raw Data from file 'C:\temp\CFA\values full.psf'

Number of different missing-value patterns= 11
Convergence of EM-algorithm in 3 iterations

-2 Ln(L) = 33675.45983

Percentage missing values= 0.69

Note:
The Covariances and/or Means to be analyzed are estimated
by the EM procedure and are only used to obtain starting
values for the FIML procedure

Latent Variables ECONOMIC MORALS
Relationships

PRIVTOWN = 1.00*ECONOMIC
GOVTRESP = ECONOMIC MORALS
COMPETE = ECONOMIC

HOMOSEX = 1.00*MORALS

ABORTION = MORALS

EUTHANAS = MORALS

Path Diagram

End of Problem

Sample Size = 1200
Confirmatory Factor Analysis with Missing Data
Covariance Matrix

PRIVTOWN GOVTRESP COMPETE HOMOSEX  ABORTION EUTHANAS

PRIVTOWN 5.02

GOVTRESP 0.55 7.27

COMPETE 2.28 0.70 5.74

HOMOSEX -0.28 1.25 -0.07 10.58

ABORTION -0.15 0.88 0.01 4.80 8.80

EUTHANAS -0.01 0.77 0.05 4.23 4.82 9.51
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Confirmatory Factor Analysis with Missing Data
Number of Iterations = 4
LISREL Estimates (Maximum Likelihood)
Measurement Equations
PRIVTOWN = 1.00*ECONOMIC, Errorvar.= 3.12 , R? = 0.38
(0.59)

5.30

GOVTRESP = 0.31*ECONOMIC + 0.21*MORALS, Errorvar.= 6.91 , R2 = 0.049

(0.082) (0.044) (0.29)

3.74 4.80 23.84
COMPETE = 1.20*ECONOMIC, Errorvar.= 3.00 , R2?2 = 0.48

(0.36) (0.84)

3.30 3.58

HOMOSEX = 1.00*MORALS, Errorvar.= 6.28 , R? = 0.41
(0.35)
18.04

ABORTION = 1.12*MORALS, Errorvar.= 3.40 , R? = 0.61

(0.070) (0.32)
15.97 10.54
EUTHANAS = 0.99*MORALS, Errorvar.= 5.27 , R? = 0.45
(0.061) (0.32)
16.37 16.73

Covariance Matrix of Independent Variables

ECONOMIC MORALS
ECONOMIC 1.90
(0.60)
3.19
MORALS -0.05 4.29
(0.12) (0.42)
-0.41 10.20

Global Goodness of Fit Statistics, Missing Data Case
-21n (L) for the saturated model = 33675.460
-21n(L) for the fitted model = 33682.869

Degrees of Freedom = 7
Full Information ML Chi-Square = 7.41 (P = 0.39)

Root Mean Square Error of Approximation (RMSEA) = 0.0070
90 Percent Confidence Interval for RMSEA = (0.0 ; 0.037)
P-Value for Test of Close Fit (RMSEA < 0.05) = 1.00

The Modification Indices Suggest to Add an Error Covariance

Between and Decrease in Chi-Square New Estimate
ABORTION HOMOSEX 17.1 -20.72
EUTHANAS ABORTION 27.2 13.58

Time used: 0.063 Seconds
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The overall model fit appears quite good. The ¥ test yields a value of 7.402 (df=7),
which has a corresponding p-value of .388. This p-value is too high to reject the null of a
good fit. Additionally the RMSEA is only .007, offering further evidence that the model
fits the data well.

Under the Measurement Equations heading the unstandardized loadings appear along
with standard errors, t-values, estimates of error variance, and squared multiple
correlation coefficients (R?). A standard error at least twice the size of the estimate can be
considered evidence of significance. In this case all of the unconstrained estimates are
significant. The unstandardized weights are highly sensitive to model constraints,
whereas the standardized regression weights provide more intuitive information about the
loadings. Standardized solutions are not printed by default in the output but can be
recovered from the path diagram. They are interpreted as the correlation between the
observed and unobserved variables. The GOVTRESP has low standardized loadings on
both factors (.16 for ECONOMIC and .16 for MORALS), suggesting that it is a weak
indicator of both economic and moral values. However, the other indicators have
moderate to strong standardized loadings. For PRIVTOWN the loading is .62, for
COMPETE it is .69, for HOMOSEX it is .64, for ABORTION it is .78, and for
EUTHANAS it is .67.

The squared multiple correlations provide information on how much variance the factors
account for in the observed variables. Despite receiving a path from both latent variables,
GOVTRESP has a very low R? of only .049. The remaining R? statistics are, in order of
increasing magnitude, PRIVTOWN (.38), HOMOSEX (.41), EUTHANAS (.45),
COMPETE (.48), and ABORTION (.61). Finally, the correlation between the two
common factors is a very small -.02 (according to the path diagram), and the covariance
estimate of -.05 is not statistically distinguishable from zero (Standard Error = .12).

3.4 CFA WITH MISSING DATA USING MPLUS

After launching Mplus a screen displaying the Mplus syntax editor appears. Unlike Amos
and LISREL, Mplus cannot directly read an SPSS file. Instead raw data must be saved as
an ASCII file in free or fixed format. If a file is saved in free format Mplus does not
understand blanks to be missing. Instead a number code must be entered in the raw data
and specified to mean missing in the Mplus syntax. Open SPSS, choose File -New —
Syntax, and enter the following in the SPSS Syntax Editor window:

RECODE
privtown govtresp compete homosex abortion euthanas (SYSMIS=-1).

SAVE TRANSLATE OUTFILE='c:\temp\CFA\values full.dat' /TYPE=TAB/MAP.

This syntax recodes missing values as -1 and writes a tab-delimited text file to the
C:\temp\CFA directory.
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The syntax for the confirmatory factor model to be tested is the following:

TITLE: Two Factor Model with Missing Data;
DATA: FILE IS values_full.dat;
VARIABLE: NAMES ARE privtown govtresp compete

homosex abortion euthanas;
MISSING ARE all (-1);

ANALYSIS: TYPE = missing hl
MODEL: leftrght BY privtown govtresp compete;

morals BY homosex abortion euthanas govtresp;
OUTPUT: standardized;

modindices;

The TITLE line provides a short description for the analysis. The DATA statement
specifies the pathname for the tab-delimited raw data file to be analyzed. The NAMES
ARE portion of the VARIABLE statement lists the names of the variables in the order
they appear in the data file. The MISSING ARE option tells Mplus to interpret the value
-1 as missing for all variables. The TYPE = missing option to the ANALYSIS statement
tells Mplus to use an estimator appropriate for the presence of missing data, and the hl
requests a chi-square statistic for model fit. Convergence may be very slow for models
with many parameters and missing data if a y* test is requested, and in such cases the h1
may be excluded. The MODEL statement tells Mplus that there are two latent predictor
variables and six outcome variables. The OUTPUT statement here requests that
standardized estimates and modification indices appear in the output file. See section 2.4
above for additional information on the rules of Mplus syntax.

To begin the estimation click on Run | A text output file appears and is saved in the
working directory. For this model, the file is the following:

Mplus VERSION 4.0
MUTHEN & MUTHEN
06/15/2006 10:15 AM

INPUT INSTRUCTIONS

TITLE: Two Factor Model with Missing Data;
DATA: FILE IS values_full.dat;
VARIABLE: NAMES ARE privtown govtresp compete
homosex abortion euthanas;
MISSING ARE all (-1);
ANALYSIS: TYPE = missing hl

MODEL: leftrght BY privtown govtresp compete;
morals BY homosex abortion euthanas govtresp;
OUTPUT: standardized;
modindices;

INPUT READING TERMINATED NORMALLY

Single Factor Model;
SUMMARY OF ANALYSIS

Number of groups 1
Number of observations 1200
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Number of dependent variables 6
Number of independent variables 0
Number of continuous latent variables 2

Observed dependent variables

Continuous
PRIVTOWN GOVTRESP COMPETE HOMOSEX ABORTION EUTHANAS

Continuous latent variables
LEFTRGHT MORALS

Estimator ML
Information matrix OBSERVED
Maximum number of iterations 1000
Convergence criterion 0.500D-04
Maximum number of steepest descent iterations 20
Maximum number of iterations for H1 2000
Convergence criterion for H1 0.100D-03

Input data file(s)
values_full.dat

Input data format FREE

SUMMARY OF DATA

Number of patterns 11

COVARIANCE COVERAGE OF DATA

Minimum covariance coverage value 0.100

PROPORTION OF DATA PRESENT

Covariance Coverage

PRIVTOWN GOVTRESP COMPETE HOMOSEX ABORTION
PRIVTOWN 0.994
GOVTRESP 0.994 0.999
COMPETE 0.994 0.999 0.999
HOMOSEX 0.977 0.981 0.981 0.982
ABORTION 0.988 0.992 0.992 0.976 0.993
EUTHANAS 0.986 0.991 0.991 0.976 0.985

Covariance Coverage
EUTHANAS

EUTHANAS 0.992

THE MODEL ESTIMATION TERMINATED NORMALLY

TESTS OF MODEL FIT

Chi-Square Test of Model Fit

Value 7.409
Degrees of Freedom 7
P-Value 0.3875

Chi-Square Test of Model Fit for the Baseline Model
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Value 1060.466

Degrees of Freedom 15

P-Value 0.0000
CFI/TLI

CFI 1.000

TLI 0.999
Loglikelihood

HO Value -16841.434

H1 Value -16837.730

Information Criteria

Number of Free Parameters 20

Akaike (AIC) 33722.868

Bayesian (BIC) 33824.670

Sample-Size Adjusted BIC 33761.142
(n* = (n + 2) / 24)

RMSEA (Root Mean Square Error Of Approximation)

Estimate 0.007
90 Percent C.I. 0.000 0.037
Probability RMSEA <= .05 0.997

SRMR (Standardized Root Mean Square Residual)

Value 0.012

MODEL RESULTS

Estimates S.E. Est./S.E. std StdyX

LEFTRGHT BY

PRIVTOWN 1.000 0.000 0.000 1.378 0.615

GOVTRESP 0.306 0.082 3.712 0.421 0.156

COMPETE 1.201 0.373 3.221 1.655 0.691
MORALS BY

HOMOSEX 1.000 0.000 0.000 2.071 0.637

ABORTION 1.122 0.070 15.971 2.323 0.783

EUTHANAS 0.994 0.061 16.386 2.057 0.667

GOVTRESP 0.210 0.044 4.817 0.434 0.161
MORALS WITH

LEFTRGHT -0.050 0.127 -0.395 -0.018 -0.018
Intercepts

PRIVTOWN 3.541 0.065 54.608 3.541 1.580

GOVTRESP 4.312 0.078 55.390 4.312 1.600

COMPETE 3.442 0.069 49.763 3.442 1.437

HOMOSEX 4.773 0.094 50.514 4.773 1.468

ABORTION 4.356 0.086 50.759 4.356 1.469

EUTHANAS 5.048 0.089 56.546 5.048 1.637
Variances

LEFTRGHT 1.900 0.610 3.117 1.000 1.000

MORALS 4.288 0.420 10.213 1.000 1.000
Residual Variances

PRIVTOWN 3.120 0.601 5.191 3.120 0.622

GOVTRESP 6.907 0.290 23.836 6.907 0.950

COMPETE 2.996 0.856 3.501 2.996 0.522

HOMOSEX 6.282 0.349 17.998 6.282 0.594

ABORTION 3.396 0.320 10.609 3.396 0.386

EUTHANAS 5.272 0.312 16.891 5.272 0.555
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R-SQUARE

Observed
Variable R-Square

PRIVTOWN 0.378
GOVTRESP 0.050
COMPETE 0.478
HOMOSEX 0.406
ABORTION 0.614
EUTHANAS 0.445

MODEL MODIFICATION INDICES
Minimum M.I. value for printing the modification index 10.000
M.I. E.P.C. Std E.P.C. Std¥X E.P.C.

No modification indices above the minimum value.

Beginning Time: 10:15:02
Ending Time: 10:15:02
Elapsed Time: 00:00:00

MUTHEN & MUTHEN
3463 Stoner Ave.
Los Angeles, CA 90066

Tel: (310) 391-9971

Fax: (310) 391-8971

Web: www.StatModel.com
Support: Support@StatModel.com

The overall model fit appears quite good. The ¥ test yields a value of 7.409 (df=7),
which has a corresponding p-value of .388. This p-value is too high to reject the null of a
good fit. Additionally the RMSEA is only .007, offering further evidence that the model
fits the data well.

Under the Model Results heading the unstandardized loadings appear along with
standard errors, the ratio of the estimates to their standard errors, and two standardized
estimates. The Est./s.E. column can be used to evaluate significance. If the absolute
value of the number in this column is greater than 1.96 the estimate can be interpreted as
significant at the .05 level. In this case all of the unconstrained estimates have Est/SE
ratios greater than 1.96.

The unstandardized weights are highly sensitive to model constraints, whereas the
standardized regression weights provide more intuitive information about the strength of
loadings. The column stdyx can be interpreted as the correlation between the latent and
observed variables and is equivalent to the standardized estimates provided by Amos and
LISREL. GOVTRESP has low standardized loadings on both factors (.156 for
ECONOMIC and .161 for MORALS), suggesting that it is a weak indicator of both
economic and moral values. However, the other indicators have moderate to strong
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standardized loadings. For PRIVTOWN the loading is .615, for COMPETE it is .691, for
HOMOSEX it is .637, for ABORTION it is .783, and for EUTHANAS it is .667.

The squared multiple correlations provide information on how much variance the factors
account for in the observed variables. Despite receiving a path from both latent variables,
GOVTRESP has a very low R” of only .050. The remaining R” statistics are, in order of
increasing magnitude, PRIVTOWN (.378), HOMOSEX (.406), EUTHANAS (.445),
COMPETE (.478), and ABORTION (.614). Finally, the correlation between the two
common factors is a very small -.018, and the covariance estimate of -.050 is not
statistically distinguishable from zero.

3.5 SUMMARY
Table 3 compares the unstandardized and standardized estimates that each package
produced. Standard errors appear in parentheses, and the final two rows list x> and

RMSEA estimates. The results are essentially identical across programs.

Table 3: Comparison of Unstandardized Estimates:
Two Factor Model with Missing Data

Amos LISREL Mplus
Unstand. Stand Unstand Stand. Unstand. Stand.
ECONOMIC - PRIVTOWN 1.00 615 1.00 .62 1.00 .615
ECONOMIC - GOVTRESP .306 156 31 .16 .306 156
(.082) (.082) (.082)
ECONOMIC - COMPETE 1.201 .691 1.20 .69 1.201 .691
(.364) (.36) (373)
MORALS - HOMOSEX 1.00 .637 1.00 .64 1.00 .637
MORALS = ABORTION 1.122 783 1.12 78 1.122 783
(.070) (.070) (.070)
MORALS = EUTHANAS .994 .667 .99 .67 .994 .667
(.061) (.061) (.061)
MORALS - GOVTRESP 210 .161 21 .16 210 161
(.044) (.044) (.044)
ECONOMIC €-> MORALS -.051° -.018° -.05° -.02° -.050° -.018°
(.123) (.12) (.127)
X2 (df=7) 7.402 7.41 7.409
RMSEA 007 007 007

Standard errors appear in parentheses
* covariance; ° correlation
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4. CFA wiTH CATEGORICAL INDICATORS
4.1 PRELIMINARIES

The maximum likelihood estimation approaches used in the previous two sections relied
on the rather strong assumption of multivariate normality. In practice a substantial
amount of social science data is non-normal. Survey responses are often coded as yes/no
or as scores on an ordered scale (e.g. strongly disagree, disagree, neutral, agree, strongly
agree). In the presence of categorical or ordinal data alternative estimators are more
appropriate.

This section continues to use the political values example developed above, but with
scores recoded on a three point scale. Original responses ranging from 1 to 3 were
recoded as 1; those ranging from 4 to 7 were recoded as 2; and those ranging from 8 to 10
were recoded as 3. Initially observations with missing data are dropped (40 of the original
1200) in order to focus only on the problem of categorical outcome variables in the
confirmatory factor model. However, the final subsection will show how to request
pairwise rather than listwise deletion in Mplus so as to use as much information in the
raw data file as possible. This section does not consider Amos, which lacks a means for
estimating the polychoric correlation matrix used by the other two programs in the
presence of categorical data. The assumption in this section continues to be, as in the
previous examples, that the latent variables represent continuous (not categorical)
concepts.

Mplus and LISREL employ a multi-step method for ordinal outcome variables that
analyzes a matrix of polychoric correlations rather than covariances. This approach works
as follows: 1) thresholds are estimated by maximum likelihood, 2) these estimates are
used to estimate a polychoric correlation matrix, which in turn is used to 3) estimate
parameters through weighted least squares using the inverse of the asymptotic covariance
matrix as the weight matrix (Muthén, 1984; Joreskog, 1990). In Mplus these steps take
place automatically when the syntax includes a line identifying outcomes as categorical.
In LISREL the polychoric correlation matrix and asymptotic covariance matrix must first
be estimated using PRELIS. This will produce a LISREL system file (.dsf) containing
both the polychoric correlations and information about where the covariance matrix is
saved. The information in the .dsf file is then used by LISREL when the weighted least
squares estimator is requested.

The recoded data file that will be used for these examples is the SPSS file values_ord.sav
located in the C:\temp\CFA directory.

4.2 CFA WITH CATEGORICAL INDICATORS USING LISREL
Launch LISREL and load the data by choosing File — Import External Data in Other
Formats. Navigate to the C:\temp\CFA folder, choose the file values_ord.sav, and click

Open. When prompted, enter the name values_ord in the File Name field and click Save.
The data will then be displayed in spreadsheet form. It is possible to define the variables
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in the dataset as ordinal by going to Data — Define Variables, highlighting all the
variables, and opening the Variable Type menu.

Variable Types for incO10 ...

‘*  Ordinal
[ Cantinuous Cancel

" Censored above

" Censored below

" Censzored above and belowe [ Apply to all

The next step is to estimate the polychoric correlation and asymptotic covariance
matrices. Go to Statistics — Output Options. In the dialog box that opens choose
Correlations from the Moment Matrix drop-down menu and click in the empty box
next to LISREL system file. Also place a check in the box next to Save to file under
Asymptotic Covariance Matrix and enter the name values.acm.

Output E|

homent M atris Dala
| Conelations = I™ Save the banstormed data to file:

I~ Savetofile: v LISREL system data [

‘ “w/idth of fields: 15
Means

Mumber of decimals: E
[ Save tofis

[ Mumber of repetitions:  [7
tio

I Fewi
Standard Deviations
I Gave to file: -
‘ Iv  Print tests

—
I~ wide print

of underlying bivariate normality

Asymptotic Covariance Matri
W Save to file: [ Frint in output
[values. acr| + Random seed

(" Setseedto |123456

Asyrptolic Variances
[ Save tofile: I Print in output

| oK | Cancel

Click OK to save both the LISREL system file and the asymptotic covariance matrix to
the working directory, in this case C:\temp\CFA.

The next step is to create the path diagram of the confirmatory factor model. Click on
File — New and choose Path diagram. When prompted, save the diagram. Give it the

name values_ord and click Save. An empty drawing space will open.

Go to Setup — Titles and Comments to give the model a name. In the box that appears,
enter “CFA of Ordinal Data” in the Title field.
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£

Title and Comments

Title:
|CF of Ordinal Data

Comments

Mext

0

i

Cancel

Click Next. The Group Names box opens but can be ignored because the model will be
tested on only a single sample. Click Next again. The Labels box now displays.

Labels @
Observed Yariables Latent Wariables
Mame | | Mame | |
O e - =
A < Previous
Next >
Cancel

Add/Fead Variables Add Latent Variables

Press the Down Amrow to insert ane row at a time ance a label has been typed in the
previous row

Press the Inzert key to inzert empty iows or the Delete key to delete selected ows

The names of the observed variables are saved in the LISREL system file created
previously. Click the Add/Read Variable button to access them.

Add/Read Variables X

I+ Read from file:  [LISREL SystemFile =

" Add list of vaniables [e.., varl -var):

File Mame  |C:Memp\CFAMvalues_ord.dsf - Browse...

Info

Select one of the twa system files.
The LISREL data system file has a 0K
DSF extension and the PRELIS

spreadshest a PSF extenzion.

Cancel

In the Add/Read Variables box make sure the Read from file radio button is selected and
LISREL System File is chosen from the drop-down menu. Browse to the location where
the LISREL System File was saved, choose values_ord.dsf, and click OK. The observed
variable names will then appear in the Labels box. To add the names of the latent
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variables click on Add Latent Variables. In the box that appears enter Economic and
click OK. Do the same to add the label Morals.

L.abels EI
Observed Vanables Latent Wariables
| Mame ‘ ‘ Hame ‘ ‘
1 IPRIVTOWN 1 Jeconomic ;
2_|GOVIRESP 2 moras i
3 |COMPETE
4 [HOMOSEX Nest >
5 |ABORTION
B |EUTHANAS
0K
Caniel
Add/Read Variables ‘ (" hidd Latent Vanables 2
Press the Daown Amow to insert one row at a time once a label has been typed in the
pIEYioUs 1o
Press the Insert key to insert empty raws or the Delete key to delste selected rows

When finished, choose Next. The Data dialog box then appears. Choose Correlations in
the Statistics from drop-down menu and make sure LISREL System Data is chosen

under File type.

Data @
Groups:
| E2| m .
Surnmary statistic: P el
Statistics from; File type: Edit Hew...
|Conelations j LISREL System Data Q
[ & [ = i File hame: Browsze... | Ok |
] JC:\temp\CF.-’-‘«\values_ord.dsf
Cancel
Statistics included:
-
Wieight Mumber of observations
I Include weight matrix il
atrix to be analyzed
wieight file name E } |C0variances LJ

Click OK. Next create the path diagram by dragging the names of each of the observed
and latent variables to the drawing space. As in the previous examples, add single-headed
arrows pointing from the latent variables to the observed variables and a double-headed
arrow between ECONOMIC and MORALS. Finally, set the scale of the latent variables
by constraining the path from ECONOMIC to PRIVTOWN and from MORALS to
HOMOSEX to one. This is done by first double-clicking the weight, changing it to 1.00,
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right-clicking, and choosing Fix. When finished the path diagram should look like the
following:

0. oo-==pRIVT O

o.
o_oo U THAMNAS

To request the weighted least squares estimator go to Output — SIMPLIS Outputs.
Choose Diagonally Weighted Least Squares.

SIMPLIS Outputs <]
kethod of Estimation
© Maximurn Likelihood " Generalized Least Squares
 Two-stage Least Squares  ‘weighted Least Squares
£ Instrument Variables = Diagonaly Weighted Least Sauares

" Unweighted Least Squares

¥ SelCheck Admissiblityta [20 | lterations
Mawimumn Mumber of Iterations [250 | Cancel |
Nurmber of Decimals (0-6] in the Output |2 = Default

I~ Print Residuals I~ wide Print

I~ | Save Sigma [fitted matrix] [ Select LISREL Dutput:
[ | Crossvalidate File [ Irvoke Path Diagram

Click OK. To create the SIMPLIS syntax based on the path diagram go to Setup —Build
SIMPLIS syntax. The SIMPLIS syntax editor will open displaying the commands
needed for estimation.
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Click the Run LISREL button #. The unstandardized solution appears in the path
diagram along with y* and RMSEA statistics to assess model fit. To view the
standardized estimates choose Standardized Solution from the Estimates drop-down
menu.

C_sa-+=PRTV TR

0.s5

s =G0YVTRESH

C_z7*=CONMPETE

C. sz+=HONOSE]

C.z3+=pBORTO

C. 53+ THANA

Chi-Square=6.23, df=7, P-wvalue=0.51363, BRM3IEA=0.000

Additional information can be read from the text output file values_ord.out automatically
saved in the working directory.

DATE: 6/19/2006
TIME: 10:29

LISRETL 8.70
BY

Karl G. Joreskog & Dag Sdrbom

This program is published exclusively by

Scientific Software International, Inc.
7383 N. Lincoln Avenue, Suite 100
Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140
Copyright by Scientific Software International, Inc., 1981-2004
Use of this program is subject to the terms specified in the
Universal Copyright Convention.
Website: www.ssicentral.com
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The following lines were read from file C:\temp\CFA\values ord.SPJ:

CFA for Ordinal Data
SYSTEM FILE from file 'C:\temp\CFA\values ord.dsf'
Latent Variables economic morals

Relationships

PRIVTOWN = 1.00*economic
GOVTRESP = economic morals
COMPETE = economic

HOMOSEX = 1.00*morals
ABORTION = morals

EUTHANAS = morals

Path Diagram
Method of Estimation:
End of Problem

Diagonally Weighted Least Squares

Sample Size = 1160
CFA for Ordinal Data

Correlation Matrix

PRIVTOWN  GOVTRESP COMPETE HOMOSEX  ABORTION
PRIVTOWN 1.00
GOVTRESP 0.16 1.00
COMPETE 0.51 0.20 1.00
HOMOSEX -0.06 0.18 -0.03 1.00
ABORTION -0.02 0.15 -0.01 0.58 1.00
EUTHANAS 0.00 0.10 0.00 0.48 0.60

CFA for Ordinal Data
Number of Iterations = 5
LISREL Estimates (Robust Diagonally Weighted Least Squares)

Measurement Equations

PRIVTOWN = 1.00*economic, Errorvar.= 0.58 , R2 = 0.42
(0.13)
4.53
GOVTRESP = 0.39*economic + 0.29*morals, Errorvar.= 0.90 , R?
(0.084) (0.055) (0.064)
4.65 5.31 14.06
COMPETE = 1.23*economic, Errorvar.= 0.37 , R?2 = 0.63
(0.32) (0.17)
3.90 2.13
HOMOSEX = 1.00*morals, Errorvar.= 0.52 , R2 = 0.48
(0.071)
7.32
ABORTION = 1.22*morals, Errorvar.= 0.29 , R? = 0.71
(0.071) (0.076)
17.29 3.77
EUTHANAS = 1.02*morals, Errorvar.= 0.50 , R? = 0.50
(0.057) (0.072)
17.96 7.00

Covariance Matrix of Independent Variables
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economic morals
economic 0.42
(0.11)
3.66
morals -0.02 0.48
(0.02) (0.04)
-0.68 11.80

Goodness of Fit Statistics

Degrees of Freedom 7
Normal Theory Weighted Least Squares Chi-Square

Satorra-Bentler Scaled Chi-Square = 6.23 (P = 0.51)
Chi-Square Corrected for Non-Normality = 7.05 (P = 0.42)
Estimated Non-centrality Parameter (NCP) = 0.0
90 Percent Confidence Interval for NCP = (0.0 ; 9.18)

Minimum Fit Function Value = 0.0034
Population Discrepancy Function Value (FO0) 0.0
90 Percent Confidence Interval for FO (0.0 ; 0.0079)
Root Mean Square Error of Approximation (RMSEA) = 0.0
90 Percent Confidence Interval for RMSEA = (0.0 ; 0.034)
P-Value for Test of Close Fit (RMSEA < 0.05) = 1.00
Expected Cross-Validation Index (ECVI) = 0.030
90 Percent Confidence Interval for ECVI = (0.030 ; 0.038)

ECVI for Saturated Model = 0.036
ECVI for Independence Model = 1.34

Chi-Square for Independence Model with 15 Degrees of Freedom = 1540.28
Independence AIC = 1552.28
Model AIC 34.23
Saturated AIC = 42.00
Independence CAIC = 1588.62
Model CAIC = 119.01

Saturated CAIC 169.18
Normed Fit Index (NFI) = 1.00
Non-Normed Fit Index (NNFI) = 1.00
Parsimony Normed Fit Index (PNFI) = 0.46
Comparative Fit Index (CFI) = 1.00
Incremental Fit Index (IFI) = 1.00
Relative Fit Index (RFI) = 0.99
Critical N (CN) 3440.37
Root Mean Square Residual (RMR) = 0.017
Standardized RMR = 0.017
Goodness of Fit Index (GFI) = 1.00
Adjusted Goodness of Fit Index (AGFI) = 1.00
Parsimony Goodness of Fit Index (PGFI) = 0.33
Time used: 0.016 Seconds

Under the Measurement Equations heading appear the unstandardized estimates,
standard errors, t-values, and R? statistics. Statistical significance can be assessed by
looking at the size of the standard errors (in parentheses) relative to the unstandardized
parameter estimates. When the latter are twice as large as the former the estimates can be
considered significant at the .05 level. For this example all of the unconstrained path
coefficients are significant. In addition, the (Satorra-Bentler Scaled) y* statistic of 6.23
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(df=7) has a corresponding p-value of .51. This is not large enough to reject the null of a
good fit. The RMSEA is 0.00, indicating a very good model fit.

The standardized estimates of the loadings displayed in the path diagram can be
interpreted as the correlations between the observed and the latent variables. The
GOVTRESP variable has a relatively weak correlation with both ECONOMIC (.25) and
MORALS (.20). The remaining variables, however, have moderate to strong loadings on
the respective common factor. The standardized loading for PRIVTOWN is .65; for
COMPETE it is .80; for HOMOSEX it is .69; for ABORTION it is .84; and for
EUTHANAS it is .70. The R? statistics listed in the output file are interpreted as the
amount of variance in the observed variables accounted for by the latent variables.
Despite receiving a path from both ECONOMIC and MORALS, the GOVTRESP has the
smallest R” (.10). The other observed variables have moderate to high R statistics. The
multiple correlation coefficient for PRIVTOWN is .42; for COMPETE it is .63; for
HOMOSEX it is .48; for ABORTION it is .71; and for EUTHANAS it is .50. Finally, the
correlation between the two factors is -.03. Comparing the covariance estimate to its
standard error in the output, this is not significant.

4.3 CFAWITH CATEGORICAL INDICATORS USING MPLUS

Mplus cannot directly read data from an SPSS system file. Raw data must come from a
free or fixed format text file. See sections 2.4 and 3.4 for syntax to translate an SPSS file
to an ASCII file. For this example the data is saved as the tab-delimited file
values_ord.dat in the C:\temp\CFA folder.

After launching Mplus the syntax editor appears. The following commands are used to
estimate the confirmatory factor model with ordinal observed variables.

TITLE: Factor Analysis with Categorical Outcome Variables;
DATA: FILE IS values_ord.dat;
VARIABLE: NAMES ARE privtown govtresp compete

homosex abortion euthanas;
CATEGORICAL ARE privtown govtresp
compete homosex abortion euthanas;

MODEL.: economic BY privtown govtresp compete;
morals BY homosex abortion euthanas govtresp;
OUTPUT: standardized;

The syntax is similar to previous sections except that an extra line is added to the
VARIABLE statement to define the observed variables as categorical. The default in
Mplus is to assume all observed variables are continuous unless specified otherwise.
When categorical indicators are declared Mplus employs by default a robust weighted
least squares estimator similar to the Diagonally Weighted Least Squares estimator in

LISREL. After clicking on Run M ¢ carry out the estimation, a text output file is
produced. A selection of the output file is the following:
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Factor Analysis with Categorical Outcome Variables;

SUMMARY OF ANALYSIS

Number of groups
Number of observations

Number of dependent variables
Number of independent variables
Number of continuous latent variables

Observed dependent variables

Binary and ordered categorical (ordinal)
PRIVTOWN GOVTRESP COMPETE HOMOSEX

Continuous latent variables

ECONOMIC MORALS

Estimator

Maximum number of iterations

Convergence criterion

Maximum number of steepest descent iterations
Parameterization

Input data file(s)
values ord.dat

Input data format FREE

THE MODEL ESTIMATION TERMINATED NORMALLY
TESTS OF MODEL FIT

Chi-Square Test of Model Fit

Value 5.707*
Degrees of Freedom o**
P-Value 0.4566

ABORTION EUTHANAS

WLSMV
1000
0.500D-04
20
DELTA

* The chi-square value for MLM, MLMV, MLR, ULS, WLSM and WLSMV cannot be used
for chi-square difference tests. MLM, MLR and WLSM chi-square difference
testing is described in the Mplus Technical Appendices at www.statmodel.com.
See chi-square difference testing in the index of the Mplus User's Guide.

** The degrees of freedom for MLMV, ULS and WLSMV are estimated according to
a formula given in the Mplus Technical Appendices at www.statmodel.com.
See degrees of freedom in the index of the Mplus User's Guide.

Chi-Square Test of Model Fit for the Baseline Model

Value 1245.185

Degrees of Freedom 10

P-Value 0.0000
CFI/TLI

CFI 1.000

TLI 1.000

Number of Free Parameters

RMSEA (Root Mean Square Error Of Approximation)
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Estimate 0.000
SRMR (Standardized Root Mean Square Residual)

Value 0.017
WRMR (Weighted Root Mean Square Residual)

Value 0.531

MODEL RESULTS

Estimates S.E. Est./S.E. Std Stdyx

ECONOMIC BY

PRIVTOWN 1.000 0.000 0.000 0.645 0.645

GOVTRESP 0.390 0.074 5.287 0.252 0.252

COMPETE 1.237 0.292 4.239 0.797 0.797
MORALS BY

HOMOSEX 1.000 0.000 0.000 0.690 0.690

ABORTION 1.224 0.070 17.546 0.844 0.844

EUTHANAS 1.022 0.051 20.182 0.706 0.706

GOVTRESP 0.294 0.056 5.275 0.203 0.203
MORALS WITH

LEFTRGHT -0.015 0.021 -0.723 -0.034 -0.034
Variances

LEFTRGHT 0.416 0.103 4.019 1.000 1.000

MORALS 0.476 0.038 12.625 1.000 1.000
R-SQUARE

Observed Residual
Variable Variance R-Square

PRIVTOWN 0.584 0.416
GOVTRESP 0.899 0.101
COMPETE 0.364 0.636
HOMOSEX 0.524 0.476
ABORTION 0.287 0.713
EUTHANAS 0.502 0.498

The overall model fit appears quite good. The x* test yields a value of 5.707 with 6
degrees of freedom, which has a corresponding p-value of .4566. This p-value is too high
to reject the null of a good fit. In addition the RMSEA is 0.00, indicating a very good fit.

Under the Model Results heading the unstandardized loadings appear along with
standard errors, the ratio of the estimates to their standard errors, and two standardized
estimates. The Est./s.E. column can be used to evaluate significance. If the absolute
value of the number in this column is greater than 1.96 the estimate can be interpreted as
significant at the .05 level. In this case all of the unconstrained loadings estimates are
significant.

The column stdyx can be interpreted as the correlation between the latent and observed
variables and is comparable to the standardized estimates provided by LISREL.
GOVTRESP has relatively low standardized loadings on both factors (.252 for
ECONOMIC and .203 for MORALS). For PRIVTOWN the loading is .645, for
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COMPETE it is .797, for HOMOSEX it is .690, for ABORTION it is .844, and for
EUTHANAS it is .706.

The squared multiple correlations provide information on how much variance the factors
account for in the observed variables. Despite receiving a path from both latent variables,
GOVTRESP has a low R” of only .101. The remaining R statistics are, in order of
increasing magnitude, PRIVTOWN (.416), HOMOSEX (.476), EUTHANAS (.498),
COMPETE (.636), and ABORTION (.713). Finally, the correlation between the two
common factors is a very small -.034, and the covariance estimate of -.015 is not
statistically distinguishable from zero.

4.4 CFA WITH CATEGORICAL INDICATORS AND MISSING DATA

The previous two subsections explained how to estimate the confirmatory factor model
when the observed variables represent ordered categories. However, in order to focus
specifically on the issue of categorical indicators all cases with missing observations on
at least one indicator were dropped, reducing the original sample of 1200 to 1160. It is
possible to maximize the information available in the raw data file using Mplus by adding
an ANALYSIS statement specifying TYPE = missing h1, which has the effect of using
pairwise rather than listwise deletion for missing observations. Thus rather than losing all
information about cases with missing data on a single variable, correlations will be
estimated using all cases with complete observations available on both variables (that is,
even if there is missingness on a third variable). The Mplus syntax is the following:

TITLE: Single Factor Model;
DATA: FILE IS values_full.dat;
VARIABLE: NAMES ARE privtown govtresp compete

homosex abortion euthanas;
CATEGORICAL ARE privtown govtresp
compete homosex abortion euthanas;
MISSING ARE all (-1);

ANALYSIS: TYPE = missing hl
MODEL: leftrght BY privtown govtresp compete;

morals BY homosex abortion euthanas govtresp;
OUTPUT: standardized;

modindices;

The full output will not be displayed, but the results are summarized in Table 4 below.
4.5 SUMMARY

Table 4 summarizes results from the LISREL and Mplus analyses using listwise deletion
plus the Mplus results using pairwise deletion. Comparing the listwise columns it is
evident that the parameter estimates are equal but that Mplus produces smaller standard
errors. Additionally Mplus reports a different y* than LISREL and uses a different
formula for arriving at the degrees of freedom (the Mplus output includes a note pointing
the user to the location of the formula in the User’s Guide). The two Mplus columns
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comparing results from listwise and pairwise deletion show roughly similar estimates,
though they are not equivalent. The pairwise column should be considered more accurate
because it is able to incorporate the most information from the raw data.

Table 4: Comparison of Unstandardized Estimates:
Two Factor Model with Ordinal Indicators

LISREL Mplus Mplus
(listwise) (listwise) (pairwise)
Unstand. Stand Unstand Stand. Unstand. Stand.
ECONOMIC = PRIVTOWN 1.00 .65 1.00 .645 1.00 .657
ECONOMIC - GOVTRESP .39 25 .390 252 .390 256
(.084) (.074) (.072)
ECONOMIC - COMPETE 1.23 .80 1.237 797 1.197 787
(32) (292) (.270)
MORALS - HOMOSEX 1.00 .69 1.00 .690 1.00 .690
MORALS = ABORTION 1.22 .84 1.224 844 1.218 .840
(.071) (.070) (.069)
MORALS = EUTHANAS 1.02 .70 1.022 .706 1.028 .709
(.057) (.051) (.051)
MORALS - GOVTRESP .29 .20 294 203 279 .193
(.055) (.056) (.055)
ECONOMIC €-> MORALS -.02° -.03° -.015° -.034° -.019* -.042°
(.02) (.021) (.021)
3 6.23 (df=7) 5.707 (df=6) 7.409
RMSEA .000 .000 .000

Standard errors appear in parentheses
* covariance; ° correlation
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5. CONCLUSION

Factor analysis is a widely used method for situations in which a small set of unobserved
(latent) variables is believed to underlie a larger set of observed (manifest) variables.
Exploratory factor analysis, available in most general statistics packages, is a technique
for identifying structure in data and generating hypotheses. Confirmatory factor analysis
differs in that it is much more theory driven and is generally used to test explicit
hypotheses.

Confirmatory factor analysis is the basis of the measurement model in full structural
equation modeling (SEM) and can be estimated using SEM software. Three SEM
programs supported by Indiana University are Amos, LISREL, and Mplus. Of these,
Amos and LISREL are the most user-friendly, although Mplus syntax is not at all
difficult to learn. Both Amos and LISREL can read in raw data from a variety of different
programs, and both allow the user to estimate models by simply drawing a path diagram.
However, Amos cannot accurately estimate models when the observed variables are
categorical. PRELIS/LISREL and Mplus handle ordinal indicators by first estimating a
polychoric correlation matrix and an asymptotic covariance matrix and employing these
within a weighted least squares estimator. In LISREL the user must create these matrices
first using PRELIS; in Mplus all the work is done by the program once indicators have
been declared as categorical. All three software packages handle models assuming the
latent variable to be continuous, although Mplus can also estimate models in which the
latent variables are assumed to be categorical.

Consult the documentation for the respective package for additional information on
Amos, LISREL, and Mplus. Additionally IU students, staff, and faculty may schedule an
appointment with a consultant at the UITS Stat/Math Center by calling 5-4724 or
emailing statmath@indiana.edu.
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