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Comparing Latent Means

This topic extends the previous handout to the comparison of factor characteristics between groups, for example, means of factors.

The two methods outlined previously – the Covariates method and the Separate Groups method – will be illustrated.  The focus will be on the second type of analysis.

The data are those from Example 12 of the AMOS 4.0 manual used in the previous handout.

The data are measures of girls (N=72) and boys (N=73) on six tests, three of which are indicators of a spatial ability factor and three of which are indicators of a verbal ability factor.

Previously we failed to reject the hypothesis of equality of the variance/covariance matrices of the two groups.

Although not necessary given the above equivalence, for purposes of illustration we compared factor patterns between the two groups and also performed tests of the equality of raw loadings of indicators on their respective factors.  As would have been expected we concluded the two populations were equivalent with respect to factor pattern (the configural test) and equivalent with respect to raw loadings.

This handout will illustrate comparison of characteristics of the factors between girls and boys, with a focus on comparison of factor means.

Comparing Factor means using the Covariates method

The Covariates method is the simplest way to compare factor means.  

This method simply involves adding an exogenous (independent) variable or variables to the model representing the groups to be compared.

If there are only two groups, only 1 variable need be added.  If there are three or more groups, then a set of “group-coding” variables will have to be added.  The example here will require only one such variable.

Note that the variable or variables to be added will be dichotomous variables.  This is OK, since they’re exogeneous (independent) variables.  If they were endogenous variables (dependent variables in a structural analysis or indicators of a factor), they would NOT be appropriate without special programming considerations not available in AMOS.  (Try MPLUS for categorical endogenous variables.)

The Example 12 model with Gender added.
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Example 12: Model A

Factor analysis:  Girls' sample

Holzinger and Swineford (1939)

Model Specification


The added variable is called Male Gender to indicate that gender was coded so that males had the larger value.  This means that if a positive relationship is found with some other variable, the male mean on that other variable will be larger. 

Conversely, if a negative relationship is found, the male mean will be lower.

This is a structural equation model.  It is also what Kline calls a partially latent hybrid model.  There is a structural model, but it is not between latent variables.  Instead it is between an observed variable and latent variables, hence the phrase “partially latent”.

Note that the correlation arrow that was between the two factors when it was a CFA only is gone.  There canNOT be correlation arrows between endogenous variables.  Any correlation that exists between endogenous variables must be represented through their joint causation by exogenous variables.  That does not preclude correlations between the residuals of those endogenous factors, however, as we’ll see later.

Example 12 covariates method output
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Example 12: Model A

Factor analysis:  Boys' sample

Holzinger and Swineford (1939)

Model Specification


This model suggests that males have higher spatial ability but lower verbal ability than females.

However, examination of the critical values of the two loadings indicates that neither is significantly different from 0.

As can be seen, the model does NOT fit the data well at all.

This is because there was a very high positive correlation between the two factors, but this model actually requires a negative correlation between them since the signs of the loadings on Gender are different.
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Example 12: Model A

Factor analysis:  Boys' sample

Holzinger and Swineford (1939)

Unstandardized estimates

Chi-square = 32.793 (28 df)

p = .243

CFI = .984

RMSEA = .035

Here are some of the modification indices for this model.  Several of them cry for a way to allow Spatial and Verbal to be positively correlated.  

Covariances

	
	
	
	M.I.
	Par Change

	espat
	<-->
	everb
	26.913
	6.269

	err_l
	<-->
	everb
	6.776
	4.663

	err_v
	<-->
	everb
	6.690
	4.039


The typical modification in situations in which endogenous variables need to be correlated more highly than the structural model will allow is to introduce covariance between the residual latent variables – the espat <-> everb covariance above.

 Example 12 Covariate model modified
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Example 12: Model A

Factor analysis:  Boys' sample

Holzinger and Swineford (1939)

Unstandardized estimates

Chi-square = 24.545 (26 df)

p = .545

CFI = 1.000

RMSEA = .000


The only modification the previous model was the addition of a correlation arrow between espat and everb.  The modified model fits the data much better.

Although the mean Spatial for males is larger than the that for females and the mean Verbal for males is less than the mean for females, neither is significantly different from 0 (p=.205, .067 respectively).

Note that this analysis assumes that ALL other parameters are the same for all participants.

It assumes equal configuration, equal loadings, equal residual variances and equal factor variables.

Furthermore, the values to which these parameters are restricted are “whole sample” values, rather than “within group” values.  This means that differences between the groups (what we’re trying to test) may influence estimates of the parameters of the measurement model, not an ideal situation.

For this reason and others, most SEMers prefer the multiple-sample method to be described next.

The Multiple-sample method of comparing

Performing a multiple-sample analysis, such as those described in the previous handout is an alternative way of comparing factor parameters, such as means.  It offers many advantages to the Covariates method described above.

The advantages include:

1)  Multiple parameters, e.g., two or more means, or  means AND variances, can be tested simultaneously.

2)  Tests can assume equality of parameters across groups or can assume that certain parameters are not equal across groups.

3)  Comparisons can be made even though the models for the two groups are not identical, although this is a topic for advanced modelers only.

Disadvantages of the multiple-sample method are

1)  This method requires more attention to detail to conduct.

2)  When more than two groups are being compared, it can get quite detailed.

3)  It requires that means and intercepts be estimated, something that is easy in AMOS but may not be in other programs.

Estimating means and intercepts

Reference for much of what follows is

Byrne, B. M. (2001).  Structural equation modeling with AMOS:  basic concepts, applications, and programming.  Mahway, NJ:  Erlbaum.  (See Section III:  MultiGroup Analyses.)

The vast majority of SEM analyses are conducted on variances and covariances between variables.  Such analyses do NOT require means of observed variables.  The analyses proceed as if all variables had been “centered”, that is, transformed so that their means are 0.

However, analyses comparing groups of scores may require augmentation of the models to include the means of observed variables, the means of factors, and the intercepts of the equations relating indicators to factors or factors to other factors.

Such analyses include between-subjects groups (e.g., Experimental vs. Control, Males vs. Females) and also repeated measures analyses in which groups of measurements are taken on the same people at different times (e.g., Before vs. After measures).

As Byrne (2001) says, “The AMOS program was designed to make mean and intercept modeling easy, and that it has done in spades.  Believe me, testing for latent mean differences can’t get much simpler than the AMOS approach to these analyses!”

The default in AMOS is to NOT estimate means and intercepts.  

To estimate them, View/Set -> Analysis Properties... -> Estimation and check the Estimate means and intercepts button.

The default is to not estimate means and intercepts because for many analyses, including CFA and many SEMs, estimation of means is not required.  

In fact, means and intercepts canNOT be estimated in single-group analyses.  To do so introduces more parameters to be estimated than there are observed values on which to base the estimates.  Such a condition is called underidentification.

So means and intercepts are estimated only when multigroup analyses are performed.

Checking the Estimate means and intercepts button causes the Unstandardized View to change so that means and variances of exogenous variables are displayed.  Intercepts of endogenous variables are displayed.

The means are displayed along with variances, with a comma separating them:  Mean,Variance, e.g. 103.2, 224.6.

Intercepts are displayed by themselves.

The Covariates method illustrated above does NOT require estimation of means and intercepts. 

But the multiple-sample methods do require such estimation.

Comparisons using the multiple-sample method

In these analyses, as in the previous handout, estimates of parameters are allowed to vary or are not allowed to vary from one group to the other.

The chi-square difference test is used to determine whether parameters are equal across groups or not.

In very general terms, the procedure involves two steps

A.  Estimating the model allowing estimates to be different in each group.

B.  Estimating the same model requiring estimates to be equal across groups.

The chi-square difference tests assesses the significance of difference in fit of the two models.

If not significant, then we conclude that the estimates are equivalent in the populations represented by the groups.

If significant, then we conclude that the estimates are different in the populations.

Multiple-Sample analysis of the Example 12 data.

The techniques covered in the previous handout were used to label the various parameters.  Some notes on the labeling follow.
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Example 12: Model A

Factor analysis:  Boys' sample

Holzinger and Swineford (1939)

Unstandardized estimates

Chi-square = 30.624 (26 df)

p = .243

CFI = .985

RMSEA = .035


Girls input path diagram
Boys input path diagram

1)  Each Girl and Boy factor loading has the same name.  This causes them to be made equal in the analyses.

2)  Each Girl and boy intercept has the same name, with the same result:  They are constrained to equality in estimation.

3)  Each Girl and Boy factor variance has a different name.  This means that they will be allowed to be different unless constrained using the Manage Models dialog.

4)  Each Girl factor mean is set to 0.  One set of factor means must be set at 0 for purposes of estimation.  This means that what is actually estimated is the difference in factor means.

5)  Each Boy factor mean is individually named. This allows us to constrain them or not.

The various models analyzed.

Four different models were analyzed.  Each one imposed a different set of constraints on the parameters and was used to test a different null hypothesis.

The four models are

1.  Unequal Factor Means
Unequal Factor Variances

2.  Equal Factor Means
Unequal Factor Variances

3.  Unequal Factor Means
Equal Factor Variances

4.  Equal Factor Means
Equal Factor Variances

Model 1 is the baseline model, allows all parameters of interest to be different in the two groups.

Model 2 constrains the means to be equal but allows the factor variances to remain unequal.

Comparing chi-squares of Models 1 and 2 allows a test of equality of factor means in regardless of factor variances.

Model 3 contrains the factor variances to be equal but allows the means to vary between groups. 

Chi-square of Model 3 vs. 1 compares factor variances without regard to factor means.

Finally, Model 4 constrains both factor means and variances.

Chi-square of 4 vs. 1 compares BOTH factor means and variances.

No significant difference between 4 and 1 would indicate that the factor summary characteristics (means and variances) were both equal n the two populations.

The AMOS model constraints

Model 1 had no constraints.

Model 2.
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Model 3
Model 4
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Example 12: Model A

Factor analysis:  Boys' sample

Holzinger and Swineford (1939)

Unstandardized estimates

Chi-square = 22.593 (24 df)

p = .544

CFI = 1.000

RMSEA = .000
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Multi-Sample analysis of Example 12 Results

[image: image9.wmf]0, 21.19

spatial

29.08

visperc

24.52

cubes

15.14

lozenges

18.33

wordmean

10.41

paragrap

19.48

sentence

0, 25.62

err_v

0, 12.55

err_c

0, 24.65

err_l

0, 2.84

err_p

0, 8.21

err_s

0, 19.88

err_w

0, 9.95

verbal

1.00

.56

1.37

1.00

1.28

2.21

1

1

1

1

1

1

7.19

Example 12: Model A

Factor analysis:  Girls' sample

Holzinger and Swineford (1939)

Unstandardized estimates

Chi-square = 22.593 (24 df)

p = .544

CFI = 1.000

RMSEA = .000

Model 1 Girls
Model 1 Boys

Note that the Boy factor means are essentially equal to raw regression coefficients from the Covariates analysis.

Model 2 results

The diagram is of the boys data only,.

Recall that Model 2 restricted the boys means to 0.
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The chi-square is 30.624.

The Model 1 chi-square was 22.593. 

So the chi-square difference is 8.03, with 2 df, p < .02.

This indicates that the restriction of the means to equality is not tenable. 

This is a joint test of the null hypothesis that the two sets of means are equal.

The variances of boys and girls were allowed to be different for this test.

Model 3
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Example 12: Model A

Factor analysis:  GirlsAndBoys' sample

Holzinger and Swineford (1939)

Unstandardized estimates

Comparing Factor Means Using the Covariate Method

Chi-square = 7.940 (12 df)

p = .790

CFI = 1.000

RMSEA = .000

.25
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Gender
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The chi-square difference between this model and Model 1 is 1.95 with 2 df. 

So we would not reject the null hypothesis of equal variances in the population.

Model 4

Model 4 constrains both means and variances to be equal.  Since we have concluded that variances in the population are equal, the appropriate comparison here is with the equal variances, unequal means Model 3.
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Example 12: Model A

Factor analysis:  GirlsAndBoys' sample

Holzinger and Swineford (1939)

Unstandardized estimates

Comparing Factor Means Using the Covariate Method

Chi-square = 38.185 (13 df)

p = .000

CFI = .920

RMSEA = .116
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Compared to Model 3, the chi-square difference is 8.248 with 2 df, again significant, p < .02.

So this means that the centroid of boys abilities in the joint space of spatial and verbal abilities is significantly different from the centroid of girls abilities.

We could have tested only the equality of spatial means or of verbal means.  Doing so would have resulted in the same result we obtained in the Covariates analysis above.  The test performed here, however, would not have been possible using the Covariates method.

Exercise 1.  Perform a test of the equality of the spatial means only, allowing variances to be free.  Use the file, Example12MultiSample for the path diagram.  Connect to the data, GrantFemalesMales.sav.  Note that you’ll have to specify a grouping variable and specify the values for girls (0) and boys (1).

Exercise 2.  It’s 50 years in the future.  You want to compare the mean job satisfaction of two groups.  How would you proceed?

Exercise 3.  This exercise uses data from the following article.

Manolis, C., Winsor, R. D., & True, S. L. (1999).  Purchasing nonprescription contraceptives:  the underlying structure of a multi-item scale.  Structural Equation Modeling, 6(3), 262-279.

The author investigated the comparability of a 3-factor solution for an eight-item scale for males and female.  The items and the dimensions on which each item was assumed to load are as follows.

Factor 1:  Importance of Brand Image

1.  When buying a contraceptive, the brand name is important.

2.  The brand name is the best indicator of quality for contraceptives.

3.  I will only buy a brand of contraceptives that I have heard of before.

Factor 2:  Embarrassment associated with purchasing contraceptives.

4.  I am embarrassed to buy a contraceptive from a salesperson of the opposite gender.

5.  I am embarrassed to buy a contraceptive at a store.

Factor 3:  Amount of point of purchase information search.

6.  I mainly use the information on the package to make my decision on which brand of contraceptive to buy.

7.  I usually decide on which contraceptive to buy by making comparisons in the store.

8.  When I purchase a contraceptive, I have to rely primarily on information at the store to make my decision.

The data file is called Contraceptives.  It’s an Excel file.  An AMOS file with the path diagram of the three-factor model is also called Contraceptives.

A.  Perform a test of equality of loadings between females and males.

B.  Perform a test of equality of factor means.
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Example 12: Model A

Factor analysis:  GirlsAndBoys' sample

Holzinger and Swineford (1939)

Model Specification
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