Measurement Models and Structural Models
Structural Equation Models are typically viewed as being composed of two parts.
The first part is called the measurement model.  It is the part that specifies how the latent variables in the model are to be measured – their indicators, and the relationships between the latent variables and the indicators. 
The measurement model is usually a confirmatory factor analysis model with 1 or more latent variable(s) and multiple indicators for each latent variable.

It specifies how each construct represented by a latent variable is indicated by observed variables.  It connects the latent variables in the model to the real world.
A measurement model is both an end and a means to an end.
It’s an end if it specifies a way to measure a construct that has not been specified previously.

For example, we’re working on a collection of models that specify a way to measure faking.  Although not new with our work, it has not been pursued as far as we have taken it.  The example that follows illustrates this measurement model.  By demonstrating that the measurement model we created fits the data well, we have furthered our understanding of how persons respond to personality questionnaires.
Often, though, a measurement model is a means to an end.  It is a way of measuring a construct in order to allow the testing of relationships of that construct to other constructs.  Those relationships, when incorporated into the SEM, are called the structural model of the SEM.

Structural models are typically regression analyses involving the latent variables within a SEM.  The regression analyses can be between latent variables and other latent variables or between latent variables and observed variables.  They are called structural regressions by some persons.
Example 1A:  A measurement model for Big Five personality characteristics and a faking characteristic.  
Below is an example of a measurement model from Wrensen & Biderman (2005).  Participants responded to a Big Five questionnaire twice – once under instructions to respond honestly, again under instructions to “fake good”.  The model specifies how the Big Five latent variables and a faking latent variables are to be measured.  Mike – Discuss it in detail.
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Once FA has been defined in terms of this measurement model, its relationships to other variables can be examined by creating a structural model.

Example 1B.  A Structural model of faking ability.
The following schematic path diagram shows the measurement model above along with a structural model relating faking ability to Cognitive Ability, Emotional Intelligence, Integrity, Social Desirability, Self Monitoring, and the Order within the research procedure that the faking instructions occurred (1st vs. 2nd). The structural model is in red.  In this case, the structural model is between exogenous observed variables and the endogenous Faking Ability latent variable. 

CA:  Cognitive ability; EI:  Emotional Intelligence; INT:  Integrity;  SD:  Social Desirability; SM:  Self Monitoring; Order:  Order of presentation of H and F conditions.  Notice that all of the regression relationships are partial, since we performed a multiple regression.
Example 2.  From Biderman, Nguyen, Mullins, & Luna (2008).  Start here on 11/16/11
Here is the measurement model.  It’s similar to the above measurement model, with the exception that it’s from only one administration of the Big Five.  The Wrensen & Biderman (2005) model was applied to two-condition data, in which the Big Five was administered twice – once under instructions to respond honestly and again under instructions to fake good.

The model here was applied to data obtained under instructions to respond honestly. So the latent variable that represents variance not attributable to the Big Five is called M, for Method Bias.  

The Structural Model.  Predicting supervisor ratings of performance.

In this diagram, I have made only the regression links and the dependent variable of the structural model red.  All of the Big Five latent variables and M are part of both the measurement model and the structural model.
We found M was the best predictor of Supervisor Ratings.
We were puzzled about that until recently when we discovered 
that under instructions to respond honestly, M appears to represent the respondent’s affective state.  Thus, persons with positive affective states (happy people) had higher ratings than those with negative affective states.

Example 3:  Further investigation of the CCAI
The final measurement model of the CCAI data.
The model includes the four CCAI factors described in the CFA lecture, five Big Five factors, and a method factor. 

The purpose of the paper was to investigate the utility of including a method factor.  For technical reasons, it couldn’t be added to the CFA of just the CCAI items because the CCAI factors were so highly correlated that it was not possible to distinguish the common variance attributable to M from the common variance attributable to intercorrelations among the factors.  M could only be estimated when the Big Five, which are essentially uncorrelated, were added to the measurement model.  This is an example of adding a questionnaire to an analysis just for the purpose of permitting estimation of a factor.

















Criterion related validity of the CCAI dimensions without the method factor

In order to assess criterion related validity of the CCAI dimensions, respondents were asked to report the number of overseas trips they had taken or planned in the near future.  The distribution was highly skewed, so the logarithm of the TRIPS variable was taken to partially reduce the skew.  That variable, LGTRIPS, was the criterion to be predicted.
First, the criterion related validity of each of the CCAI scale scores was assessed.  This was done by regressing LGTRIPS onto the four CCAI scale scores.  This is a pre-SEM or dinosaur analysis.
Given the very high scale intercorrelations, such an analysis might give misleading results.




Only ER (Emotional resilience) was uniquely related to LGTRIPS.  Among persons equal on the other scales, those who scored higher on the Emotional Resilience scale were slightly more likely to have taken or planned a trip.

The unique relationship of PAU to LGTRIPS was not significant, although the regression coefficient was large.

Second, criterion related validity was assessed from within the framework of the latent variable model.  In this model, some of the common variance of the CCAI items is accounted for by their loadings on M.  The result is that the CCAI factors in this analysis are not as highly correlated as were the scales in the above analysis.  Since the predictors were not as nearly collinear, it is more likely that if two or more predictors are related to the criterion, this result will show those relationships.  In this case, both ER and PAU were significant.
The path diagram below was drawn in Word.  The analyses were conducted using MPlus.









In this analysis, ER and PAU both exhibit significant unique relationships to LGTRIPS.  
These covariances are estimated separately because they’re assumed to reflect slight differences in faking specific to the Big Five dimensions.


We included them to improve goodness-of-fit values.


We’ve since quit estimating them, although the issue needs to be revisited.





FA represents variance in the F testlets that is 


a) common across all 5 dimensions and 


b) not attributable to any of the Big Five characteristics.





These covariances are estimated separately because they’re assumed to reflect similarities in responses due to similarities in item wording.;
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The model applied here is called a bifactor model.    It’s called that because each observed variable has two (hence “bi”) latent variables influencing it.  The first is the trait latent variable.  For example, each Extraversion item is influenced by the trait of Extraversion.





But each item is also influence by a 2nd latent variable – called M in this model.  Having each observed variable influenced by two latent variables is what causes a model to be called a bifactor model.





Bifactor models are not well known in the CFA or SEM literature, although they’re gaininig in popularity.  





See Brunner, Nagy, & Wilhelm (Accepted 2011).  A tutorial on hierarchically structured constucts.  Journal of Personality.  Doi: 10.1111/j.1467-6494.2011.00749x.


for an excellent discussion of the applicability of bifactor models of intelligence.
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