ESTIMATING ENDOGENOUS INTERACTIONS

(The APA citation for this paper is Ping, R.A. (2009). "Estimating endogenous interactions." [on-line paper]. http://www.wright.edu/~robert.ping/ Endog_ints2.doc)

(Earlier versions of this paper, Ping, R.A. (2008). "Estimating endogenous interactions." [on-line paper]. http://www.wright.edu/~robert.ping/ Endog_ints1.doc, and Ping, R.A. (2005). "A status report on estimating endogenous interactions." [on-line paper]. http://www.wright.edu/~robert.ping/Endog_ints.doc, are available here.)

In the structural model with endogenous effects, 
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(Figure 1)

UZ could be called an "endogenous interaction" because one of its constituent LV's, Z, is endogenous. Endogenous interaction models also include, 
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    (Figure 2), 

and
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(Figure 3)

These (sub)models could also be part of a larger model.

There may be four (additional) interaction considerations for an endogenous interaction in theory testing using structural equation software (e.g., LISREL, EQS, Amos, etc.): theoretical, specification, and estimation software considerations; and methodological and interpretational considerations. 

The theoretical considerations will be discussed first. Anecdotally, some researchers believe that a moderator LV, Z, can not also be a mediator LV. Specifically, in Figure 2 Z should not moderate the X --> Y association with the XZ interaction, and also mediate the X --> Y association. 

However, Z in Figure 2, as both a mediator and a moderator of the X-Y association, for example, is theoretically plausible. For example, Relationship satisfaction (SAT) and the attractiveness of alternative relationships (ALT) are well known in several social science literatures to be antecedents of relationship exiting (EXIT) (SAT --> EXIT and ALT --> EXIT, see Figure 4) (e.g., Ping 1993). 

SAT


ALT               EXIT


SATxALT

(Figure 4)

However, Johnson and Rusbult (1989) proposed that satisfaction "devalues" or reduces the attractiveness of alternatives (i.e., SAT --> ALT). In addition, Ping (1994) argued that satisfaction and alternative attractiveness interact in their effect on relationship exiting (i.e., that alternative attractiveness suppresses the satisfaction association with relationship exiting) (SATxALT --> EXIT). Thus, with mediation, satisfaction is likely to reduce alternative attractiveness, which then is likely to reduce exiting. With moderation, the interaction, increased alternative attractiveness decreases the strength of the (indirect) satisfaction-exiting association. 

Thus, alternative attractiveness (ALT) may be both a mediator and a moderator of satisfaction's (SAT) effect on relationship exiting (EXIT), and in at least one model, joint mediation and moderation (and an endogenous interaction) are theoretically plausible. Moreover, I have tested this model in an unpublished paper using survey data, and all four paths were significant. Thus, mediation and moderation are both theoretically and empirically plausible. 

Regarding specification considerations, in Figure 1 the interaction UZ should be specified as correlated with its constituent LV's, U and Z to reflect the fact that in real-world (non-normal) survey data, UZ is usually significantly correlated with U and Z, even when U and Z are mean- or zero-centered.
 Failure to do so reduces model-to-data fit, and biases structural model parameter estimates (e.g., variances, covariances and structural coefficients). The same is true for XZ and UZ in Figures 2 and 3. However, it is not possible to correlate UZ in Figure 1, for example, directly with endogenous Z in SEM. In this case, a correlation specified between UZ and Z actually specifies a correlation between UZ and the structural disturbance for Z, ζZ. 

However, experience suggests that not specifying the correlation between ζZ and Z also reduces model-to-data fit, and it biases the structural model's parameter estimates in real world data. Stated differently, experience suggests the UZ-ζZ correlation is typically significant in real world data, and not specifying it usually misspecifies the structural model (the misspecification can be verified using the "Modification Indices for PSI" (LISREL) for the UZ-ζZ correlation). In addition, experience suggests that any misspecification bias increases as the R2 ("Squared Multiple Correlations for Structural Equations" in LISREL) of the interaction's predicted LV (e.g., Y in Figures 1, 2 and 3) declines.

Parenthetically, specifying the UZ-ζZ correlation, for example, could be argued to be equivalent to correlating UZ with itself (some of the variance of UZ is included in ζZ). However, experience suggests that this does not appear to matter in an interaction, UZ for example, with centered constituent LV's U and Z. Specifically, experience suggests that the UZ-ζZ correlation, for example, typically are comparatively moderate (e.g., in the 0.10 to 0.20 range in absolute value).

In addition, specifying an exogenous correlation with endogenous structural disturbance is plausible in theoretical model tests with survey data. The LV's in these models typically are all correlated, and it is reasonable to assume that unmodeled LV's (i.e., those in ζZ) also should be correlated with the other model LV's. 

However, correlations with structural disturbances in general must be specified with caution to avoid violating the assumption that a predictor is not (directly or indirectly) correlated with its predicted variable's prediction error (its structural disturbance). Specifically, in Figure 1, X should not be specified as both a predictor, and correlated, with Z (ζZ actually), and Y (ζY actually) should not be specified as correlated with Z, U or UZ.

Similarly, in Figure 2, XZ cannot be directly correlated with Z in SEM, and in Figure 3, UZ cannot be directly correlated U or Z in SEM. However, because they are typically significant, and not specifying them reduces model-to-data fit and introduces structural coefficient bias, in Figure 2 the XZ-Z (XZ-ζZ actually) correlation should be specified. For similar reasons, in Figure 3 the UZ-U (UZ-ζU actually) and UZ-Z (UZ-ζZ actually) correlations also should be specified. 

In summary, an interaction should be correlated with its constituent LV's. If one or both constituent LV's are endogenous, the interaction should be correlated with its constituent LV structural disturbances (ζ's, or PSI's in LISREL).

Regarding estimation software considerations, from e-mails I have received, AMOS may not allow the specification of exogenous and endogenous LV correlations. For example, in Figure 1 the UZ-Z (UZ-ζZ actually) correlation is not allowed. At present, this restriction cannot accurately be "worked around," 
 and LISREL, EQS, etc. must be used to avoid the difficulties mentioned above when an interaction is not correlated with its endogenous constituent LV's structural disturbance(s). 

Parenthetically, correlations between exogenous and endogenous LV's in LISREL require the use of Submodel 3B. 

Regarding methodological considerations, the reader should consider reading the remarks in "FAQ D" under "FREQUENTLY ASKED QUESTIONS" on the previous web page, and "Is there an example that shows all the steps involved in estimating a latent variable interaction/quadratic?" under "QUESTIONS OF THE MOMENT," also on the previous web page. In particular, successfully estimating an interaction requires attention to centering, model specification, admissible values, etc. In addition, with endogenous interactions, experience suggests that not manually providing starting values for the structural model may produce unreasonable parameter estimates. Stated differently, experience suggests that an important step in successfully estimating one or more endogenous interactions, is to verify the resulting structural model parameter estimates. In particular, structural model parameter estimates (loadings, measurement error variances, LV variances and covariances) should approximate their measurement model values. In addition, a regression model of the interaction (e.g., XZ, X, Z, for example, and their predicted variable, Y) should produce unstandardized regression coefficients that are interpretationally equivalent to their corresponding structural coefficients in the SEM interaction model (corresponding t-values should have the same sign and roughly the same magnitude) (see FAQ D for more). 

Regarding interpretational considerations, in Figure 1 for example, the association between Z and Y can be written as (1) Y = dU + aZ + bUZ + error = dU + (a + bU)Z + error, where d, a and b are unstandardized structural coefficients.
 Thus, the (unstandardized or standardized) structural coefficient of Z's moderated association with Y is the coefficient (a + bU). 

Using path analysis (see Wright 1934), the (unstandardized or standardized) structural coefficient of X's association with Y via or mediated by Z is the product of the (unstandardized or standardized) structural coefficient on the X-Z path, c, with the (unstandardized or standardized) moderated structural coefficient on the Z-Y path, (a + bU), which equals c(a + bU) (= ca + cbU). Unfortunately, structural equation estimation packages will report only the unmoderated (indirect) X-Y association that has the coefficient ca. As a result, the coefficient of the (indirect) X-Y associations and their significances (e.g., X's indirect association with Y depending on the level of U in the coefficient ca + cbU) must be computed  manually. (Click here for an EXCEL spreadsheet to expedite that process.)
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� If X and Z are normally distributed, their correlations with XxZ are zero.


� Obvious strategies such as "2 group analysis" are well known to be untrustworthy for testing an interaction in survey-data theory tests because of, for example, reduced of statistical power in each of the structural coefficients, and difficulty gauging and interpreting non-interaction effects because they are frequently not identical between the two groups.


� In the second part of Equation 1 the partial derivative of Y with respect to Z is (a + bU).
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