STRUCTURAL EQUATION MODELLING

SEM is a generalization of many familiar techniques including

· Regression

· Path Analysis

· Discriminant Analysis

· Canonical Correlation

· Confirmatory Factor Analysis

Our interest focuses especially on this last

Exploratory and Confirmatory Factor Analysis

Recall that an exploratory factor analysis is a technique used to discover underlying latent factors or constructs which can become important elements of some theory.

When the theory has achieved the stage of maturity where it may be tested against relevant data, a confirmatory factor analysis may be attempted.

In a confirmatory factor analysis the theory is tested by examining the consistency of actual data with the hypothesized relationships between all of the unobserved latent factors and the observed measured variables.

Warning! SEM is sometimes called CAUSAL MODELLING.

BUT a well fitting SEM model does not imply the causal relationships it specifies.

In most cases all that can be said is that the well fitting model does is consistent with the hypothesized causal relationships. There may be other models, which fit equally well. 

PATH DIAGRAMS

It is usual to begin an SEM analysis by specifying a PATH DIAGRAM.

These days the availability of software often makes this a fairly painless task.

N.B. For very complicated models the path diagram may be unacceptably complicated to present and construct visually.

Recall, a path diagram consists of 

· Rectangles or squares that represent observed or directly measured variables.

· Circles or ellipses that represent latent (unobserved) factors or constructs.

· Single headed arrows or paths indicating causal relationships between variables and constructs.

· Double headed arrows or paths indicating associations between variables or constructs, i.e. no attribution of causation.

EXAMPLE OF A PATH DIAGRAM

The path diagram below is a representation of the confirmatory factor model for data collected by Holzinger and Swineford. 

· The data are the scores of 73 girls on six intelligence tests.

· There are two hypothesized intelligence factors a verbal and a spatial ability factor, which are drawn as latent factors that are assumed to cause the variation and covariation between the six observed variables.

· There is a double-headed arrow between the two factors indicating that we assume that the two factors are correlated.

· The arrows from the factors to the variables represent linear regression coefficients or ‘factor loadings’.

We do not assume that the latent factors completely explain the observed variation. Each observed variable is associated with a residual error term that is also unobserved and is represented in a circle.
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Figure 1. Confirmatory Factor Analysis; 

Holziger & Swineford Data


The assumption in exploratory factor analysis is that the covariances between observed variable can be explained by a smaller number of latent factors.

There is no hypothesis about the number of underlying factors or the relationships between the latent factors and observed variables. The aim is to discover these by loading all variables on all factors

By contrast, in confirmatory factor analysis the above path diagram represents a clear hypothesis about the factor structure. There are now two aims.

Firstly, we estimate all the parameters, i.e. the factor loadings, the variances and covariances, the residual error variances of the observed variables.

Secondly, we assess the fit of the model.

Typically some of the factor loadings are constrained or fixed to be zero.

For example there are no arrows from the verbal factor to ‘visperc’, ‘cubes’ and ‘lozenges’. Nor are there arrows from the spatial factor to ‘paragraph’, ‘sentence’ and ‘wordmean’.

For each factor it is also necessary to fix one loading to the value one in order to give the latent factor an interpretable scale. This is because the loadings are a function of the variance or the latent factor and the latent factor is also a function of the loadings and so we cannot simultaneously estimate unique values for all these.

One solution is to fix the variance of all factors to one and then estimate all factor loadings. (Lisrel does this by default)

It is more usual to fix one loading for each factor to one and then estimate the factor variances.

The unobserved ‘e_v’ through to ‘e_w’ on the right of the path diagram represent measurement errors. We do not expect that the two factors will perfectly predict the observed variables and so we include a specific error factor for each observed variable.

So, in SEM, we must specify a model before we start the analysis.

This is usually guided by a combination of theory and empirical results from previous research.

Once the model is specified, we can go on to estimate the factor loadings and (co)variances.

We also conduct a chi-square test to assess how well the hypothesized model agrees with the data. If the chi-square is highly significant, the hypothesized model is rejected and we could go on to search for a better model.

In Lisrel, the estimates are written to the path diagram, as below
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The chi-square for the two-factor model is 4.42 with 8 degrees of freedom and so apparently this model is very plausible for these test data. The estimates of the factor loadings and their standard errors are written to an output file so that more detailed examination of the hypothesis can take place. 

If we have a large sample then the values of a factor loading divided by its standard error can be referred to a standard normal distribution and so for example any value larger in size than 1.96 would be considered significant at the customary 5% level. All the above loadings turn out to be significant.

The estimate of correlation between the two factors is 0.5332, which is moderately high. Exploratory factor analysis can also produce factor correlations but these are strongly influenced by details of the specific rotation method used. The ability of SEM to produce a meaningful identification of the correlations between factors is a key strength.

Multiple Regression Analysis

It is instructive to see how a familiar procedure such as multiple regression looks when represented as a path model. The figure below depicts a path model of a multiple regression to predict the perceived burden of having children from the variables ‘childcare by neighbors’, ‘integration in the neighborhood’, ‘inability to be alone’, ‘relatives in the area’ and ‘child care by relatives’. The example is taken from Goldsteen and Ross, The perceived burden of children.  Journal of Family Issues, (1989), 10, 4, 504-526.

[image: image3.emf]
Note

1. In multiple regression we generally assume that the independent variables are correlated which here is manifest in the two-headed arrows between the independent variables.

2. The residual error term is actually an unobserved latent variable.

There is no great point in using SEM to fit a multiple regression and we are looking at it in this light only for purposes of illustration.

Estimation Methods

Most SEM software provides a choice for methods of estimation.

The method most widely used is Maximum Likelihood Estimation (MLE), which assumes multivariate normal data and a reasonable sample size, e.g. about 200 observations.

If the data are continuous but not normal , an alternative method is Asymptotically Distribution Free (ADF) (in Lisrel this is known as WLS for weighted least squares).

If the data are ordinal categorical they are often considered as imprecise observations on continuous normally distributed variables .  Given this assumption it is possible to compute polychoric correlations, which are the estimated correlations between the unobserved normal variables.  The analysis then uses ADF to estimate the model parameters . This again requires large sample sizes.

Another option is simply to ignore the categorical nature of the data providing that the number of categories is not small ( at least5) and the data do not look too obviously non-normal.

Model Fit: Goodness of Fit Indices

Statistical tests for model fit have the problem that their power varies with the sample size. If we have a very large sample, the statistical test will almost certainly be significant. In the present situation this means that, if we have a large sample, we are very likely to reject the model even though it describes the data quite well. On the other hand with small samples the model is very likely to be accepted even if the fit is poor.

Given the sensitivity of the chi-square test to sample size, researchers have proposed a variety of alternative fit indices to assess model fit.

All goodness-of-fit measures are some function of sample size and degrees of freedom. Most of these take into account not only the fit of the model but also model complexity. By fitting enough paths we can usually explain the data perfectly but the resulting model is as complex as the data itself. We usually prefer more parsimonious models. We discuss various indices next week

Modification Indices

If the fit of a model is not adequate, it has become common practice to modify the model, by deleting non-significant parameters and by adding other parameters that will improve the fit. To assist in this process, most SEM software provides so called modification indices for each fixed parameter. The value given is the minimum amount that the chi-square statistic is expected to decrease if the corresponding parameter is freed.

Researchers can use this in a sequence of model modifications – at each stage they can free the parameter that produces the largest improvement in fit. For example in a confirmatory factor analysis one could free the value of a particular loading that was fixed at zero and estimate its value. This will improve the fit at the cost of one degree of freedom.

WARNING!

Try to apply modifications to the model only when there is theoretical justification for them. There is a danger that this theoretical justification is evaluated post hoc and depend on this particular data rather than the underlying theories.

Main Criticisms

There are two main criticisms of SEM.

The first concerns the statistical assumptions and required sample sizes needed to have confidence in the results.

The second is the misrepresentation of causal relationships. Most applications of SEM are on non-experimental data but many nevertheless interpret the final model as causal. It may well be but SEM does not provide such proof.

Software

· LISREL  a free demo version is available from http://www.ssicentral.com
· AMOS see the web page and available free demo version at http://www.smallwaters.com/amos
· EQS  web page and demos  at http://www.mvsoft.com
· For more software and a general guide to SEM resources see Joel West’s SEM page at http://www.gsm.uci.edu/~joelwest/SEM
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