QUESTIONS of the MOMENT...

"How does one estimate categorical variables in theoretical model tests using structural equation analysis?"

(The APA citation for this paper is Ping, R.A. (2008). " How does one estimate categorical variables in theoretical model tests using structural equation analysis?" [on-line paper]. http://www.wright.edu/~robert.ping/categorical1.doc)

In covariance structure analysis (e.g., using LISREL, EQS, Amos, etc.), the term "categorical variable" usually means an ordinal variable (e.g., an attitude measured by Likert scales), rather than a nominal or "truly categorical" variable (e.g., Marital Status, with categories such as Single, Married, Divorced, etc.), and there is no provision for "truly" categorical variables. In regression, a (truly) categorical variable is estimated using "dummy" variables. (For  example, while the cases in Marital Status, for example, might have the values 1 for Single, 2 for Divorced, 3 for Married, etc., a new variable, Dummy_Single, is created, with cases that have the value 1 if Marital Status = Single, and 0 otherwise. Dummy_Married is similar with cases equal to 1 or 0, etc.) 

The same approach might be used in covariance structure analysis (CSA). However, several issues arise in theoretical model testing with dummy variables and CSA that are not encountered in dummy variable regression. For example, dummy variables violate several important assumptions in CSA: dummy variables are not continuous, they do not have a normal distribution, and their covariances may not be appropriate for their analysis. 

While ordinal variables from rating scales (e.g., Likert scales), that are not continuous and not normally distributed, are routinely analyzed in theoretical model (hypothesis) tests using CSA, these variables violate CSA's continuous and normality assumptions, and strict gauges of significance (e.g., t-values greater than 2) should probably be used. However, for dummy variables with cases that have only 2 values, not only are they not continuous or normally distributed, the covariances, that are customarily analyzed with rating scales (e.g., Likert scales), are incorrect. Point-biserial, tetrachoric, polychoric, etc. correlations are technically more correct. 

In addition, Maximum Likelihood (ML) structural coefficient estimates are preferred in theoretical model tests, and this estimator also assumes multivariate normality. While ML structural coefficients are believed to be robust to departures from normality (see the citations in Chapter VI. RECENT APPROACHES TO ESTIMATING INTERACTIONS AND QUADRATICS), it is believed that standard errors are not robust to departures from normality (Bollen 1995). (There is some evidence to the contrary (e.g., Ping 1995, 1996a), and EQS provides Maximum Likelihood Robust estimates of structural coefficients and standard errors that appear to be robust to departures from normality (see Cho, Bentler and Satorra 1991).) 

In "interesting" models (models with more than a few latent variables) there could be several (truly) categorical variables, each with several categories. Because most CSA software requires at least 1 case per estimated parameter (10 are preferred) (some authors prefer a stricter criterion from regression: multiple cases per covariance matrix entry), the number of dummy variables can empirically overwhelm the model unless the sample is large and the number of dummy variables is minimized. For example, in a model that adds 2 categorical variables each with 2 categories to 2 latent variables, 11 additional parameters are required for the additional correlations and/or structural coefficients due to the dummy variables--the loadings and measurement error variances of dummies are assumed to be 1 and 0 respectively. This would require up to 110 addition cases to safely estimate these parameters (5 times more additional cases would be required for the stricter regression criterion involving the asymptotic "correctness" of the covariance matrix).

Thus, in addition to samples larger than the customary number of cases used in survey data model tests (e.g., 200-300 cases), "managing" the total number of categories is required (more on this later).

Thus, with dummy variables, the term "estimates" (e.g., of association and significance) may truly apply. While there is no hard and fast rule, significance thresholds in theoretical model testing with dummy variables and CSA probably should be very conservative (substantially above |t| > 2).

The model estimation result is typically a (sub)set of significant dummy variables (e.g., Single and Divorced). However, an estimate of the significance of the categorical variable itself (e.g., Marital Status) of is not available in the CSA output. Thus, the aggregate effect (e.g., the overall significance) of the dummy variables comprising Marital Status, for example, should be determined to gauge hypothesis disconfirmation (an EXCEL spreadsheet to expedite this task is available below).

In summary, the steps for estimating the effect of Marital Status, for example, on Y in a survey-data-test model using CSA would be to create a survey with an exhaustive list of categories for Marital Status (the number of categories can be reduced later). A larger number of cases then should be obtained, if possible. When the responses are available, the exhaustive list of categories for Marital Status, for example, should be reduced, if possible, using the number of cases in each category (i.e., low frequency categories should be dropped or combined with other categories). 


Next, dummy variables for Marital Status, for example, should be created with a dummy variable for each category in Marital Status such as Single, Married, Divorced, etc. Specifically, a dummy variable such as Dummy_Single, should be created, with cases that have the value 1 if Marital Status = Single, and 0 otherwise. Dummy_Married would be similar with cases equal to 1 if Marital Status = Married, and 0 otherwise. Dummy_Divorced, etc. also would be similar. There should be 1 dummy variable for each category in the (truly) categorical variable Marital Status, and the sum of the cases that are coded 1 in each categorical variable should equal the number of cases. (For example, the sum of the cases that are coded 1 across the dummy variables for Marital Status should equal the number of cases, the sum of the cases that are coded 1 across the dummy variables for the next categorical variable should equal the number of cases, etc.) In total, there would be 1 different dummy variable for each category in each of the (truly categorical) variables.


Then, the CSA model should be specified as usual, only each dummy variable would have a loading of 1 and measurement error variance of 0, and all the dummy variables would be included in the model. (In CSA, all of the dummy variables should be specified because CSA does not estimate intercepts without considerable specification work*--in regression, 1 dummy variable is usually omitted to avoid multicollinearity when the intercept is estimated). After gauging the reliability and validity of the variables in the model, and gauging the model-to-data fit as usual, the structural model would be estimated,* and all the effects of the dummies for each of the categorical variables would be aggregated (click here for an EXCEL spread sheet to expedite this process). Specifically, if there are multiple categorical variables, the effects of each dummy variable would be aggregated (e.g., the effects of Marital Status, for example, would be aggregated, then all of the effects of categorical variable 2 would be aggregated ignoring the dummy variable effects of Marital Status, etc.). Using the aggregated effects of each categorical variable and the other structural coefficients, the estimation results would be interpreted using a suggested strict criterion for significance (e.g., t-values probably should be at least 10-20% higher than usual).

* Unfortunately, including all the dummy variables has been found not to work with popular CSA software such as LISREL, EQS, AMOS, etc., and a CSA "workaround" is taking longer than anticipated. However, there is a regression approach that will estimate latent variables and truly categorical variables, Latent Variable Regression (LVR), and that might be useful until a CSA approach is found. (LVR produces Least Squares estimates, not the Maximum Likelihood estimates preferred for theory tests. And, while multiple endogenous/dependant variables can be stiimated in LVR, they cannot be estimated jointly.) Please e-mail me for more.
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