Appendix AH- Identifying Multiple Subsets of Significant Latent Variable Interactions and Quadratics in Survey Data

The following presents the details of a search for additional subsets of significant interactions and quadratics in the Figure 3 model besides the "overall-F-test/stepwise-one-interaction-at-a-time" technique proposed earlier. In some cases this search uses techniques that are modeled after regression-based approaches such as backward elimination, and this material is provided for a number of reasons, including to demonstrate that there can be multiple sets of significant latent variable interactions/quadratics in a data set, and to provide examples and details to support arguments made earlier in the monograph. The discussion begins with a recap of the results of the "overall-F-test/stepwise-one-interaction-at-a-time" results discussed earlier.

In the Chapter IX pedagogical example that probed the Figure 3 model, the overall F test was significant, but there were no significant interactions or quadratics in the set of all interactions and quadratics that were used to estimate this F (see Table I). Subsequent probing using the "stepwise-one-interaction-at-a-time" technique revealed that there were two quadratics that were likely to exist in the population (i.e., they were significant).

As stated earlier, the structural coefficient of, for example, an interaction (e.g., b3 in Equation 2) is related to its partial correlation involving the other variables in the structural model, including any other interactions and quadratics (i.e., XX and ZZ in Equation 2). As a result, despite the absence of significant interactions or quadratics in the overall F test set of interactions and quadratics, there may be subsets of significant interactions and quadratics in the F test set of interactions and quadratics. The interactions and quadratics in the full F test set of interactions and quadratics may be masking or suppressing each other.

Searches for subsets of significant interactions and quadratics can be conducted using several nonequivalent procedures. Each of these procedures involves adding all possible interactions and quadratics to the final-test model to form the suggested F test model (e.g, Figure 3) which will be termed the "F test model." This F test model includes first-order variables (e.g., T, U, V and W in Figure 3) specified as they were in the hypothesized model (i.e., the model without all possible interactions and quadratics). The interaction and quadratic paths to the dependent or endogenous variables in this F test model (e.g., the dashed lines in Figure 3) are either fixed at zero or free, depending on the search procedure (for emphasis the dashed lines represent possible paths, not whether or not a path is fixed or free).

As an example of a search technique, EQS provides a procedure (WTEST) that, when restricted to the path coefficients of interactions and quadratics that are free, will eliminate (i.e., fix at zero) nonsignificant interaction or quadratic paths one-by-one until there are no more non significant interaction or quadratic paths. Because LISREL 8 does not at present provide this automatic "backward elimination-like" capability, interaction or quadratic paths in the F test model must be eliminated (fixed at zero) manually. This can be accomplished by initially freeing all the paths from the interactions and/or quadratics to the dependent or exogenous variable(s) in the F test model, then sequentially fixing them at zero, based on the sizes of the significances of the remaining freed interactions or quadratics. Specifically, the interaction or quadratic with the smallest significance is eliminated at each model estimation step by fixing its path coefficient to zero until there are no more nonsignificant interactions and/or quadratics. An example of this procedure is discussed in detail in Exhibit B.

The resulting, possibly empty, subset of significant interactions and/or quadratics is not always the only subset of significant interactions and/or quadratics that can be found by sequentially searching. For example, the interaction and quadratic paths to dependent or endogenous variables in an F test model can be fixed at zero, and then nonsignificant interactions and quadratics can be physically removed from the model one-by-one using LISREL 8's modification indices for PSI. To explain, because the interactions and quadratics paths are of interest, the covariances between them and the dependent/endogenous variables are fixed at zero, in order to produce an identified model. Thus, fixing these paths to zero creates non zero modification indices for BETA and PHI, and modification index for PHI involving one of these paths can be interpreted as a measure of the contribution to the variance of the dependent/endogenous variable on this path made by that interaction/quadratic if its this path were freed (i.e., if its BETA were free instead of fixed).  Specifically the interaction or quadratic with the smallest modification index for PSI involving the dependent/endogenous variables (i.e., the smallest contribution to explained variance) could be removed from the model at each model estimation step. This process could be repeated until no more nonsignificant interaction or quadratic modification indices for PSI are found. An example of this procedure that provides additional details is also discussed in Exhibit B.

It is also possible to "forward select" significant interactions and/or quadratics. In an F test model with all interaction and quadratic paths fixed at zero, interactions and/or quadratics with the largest modification index for BETA can be freed one-at-a-time until there are no more significant interaction or quadratic modification indices for BETA. This procedure is explained in Exhibit A.

These methods do not always identify the same set of significant interactions and/or quadratics, and they may not identify all possible subsets of significant interactions and/or quadratics. OLS regression can be used to suggest candidate subsets of interactions and/or quadratics that may not have been found using the structural equation analysis approaches mentioned above. Specifically, OLS regression can be used with either raw data or with a dissattenuated (i.e., error adjusted) variance-covariance matrix from the F test model estimation to forward select, stepwise select, backward eliminate, and test all possible subsets of interactions and quadratics. Any additional subset of interactions and/or quadratics that was significant using OLS regression would then be verified using structural equation analysis, because a significant association in OLS regression may not always be so in structural equation analysis.


AN EXAMPLE
Each of the procedures mentioned above was used to probe for subsets of significant interactions and/or quadratics in the Equation 33 and 33a model (Y = β1T + β2U + β3V + β4W + ζY and U = β5T + β6W + ζU) which was used as an example of post hoc probing in Chapter IX (see Figure 3). Recapping the procedure discussed there, each indicator of the independent and dependent variables was mean centered The indicators for each first-order variable (e.g., T, U, etc.) were summed then averaged in each of the cases, and the single indicators for each of the interactions and quadratics of interest were formed as the product of the indicator averages of the relevant constituent variables and added to each case. 

Next the structural model was respecified to include all possible interactions and quadratics (see Figure 3). These interactions and quadratics were specified using the Equation 17-18a reliability approximations for loadings and measurement errors. The Equation 17-18a calculations used the previous structural model values (i.e., without the interactions and quadratics) for the correlations among the latent variables, and coefficient alpha reliabilities and dissattenuated variances available in SPSS (see TableAH1). In addition, each interaction and quadratic was allowed to covary with each other and their constituent variables (i.e., XZ, for example, was allowed to covary with X and Z).

"Forward selection" with structural equation analysis identified five subsets of significant interactions and/or quadratics (see Table AH7), and Exhibit A presents the details of using these procedures. The other procedures variously reconfirmed these five subsets of interactions and/or quadratics involving Y (see Table AH7). For example, "backward elimination" using modification indices for PSI reidentified the subset TT-Y, UU-Y, UV-Y, and the details are presented in Exhibit B. In addition, several of the procedures identified the TU-Y, UU-Y subset which was identified using the suggested "stepwise-one-interaction-at-a-time" procedure discussed in Chapter IX.

Exhibit C presents the details of using OLS regression with raw data and dissattenuated variances/covariances to suggest subsets of significant interactions and quadratics. In summary, with raw and dissattenuated data OLS regression suggested interactions and quadratics involving U that were not significant when they were verified using structural equation analysis. Similarly, while OLS regression identified the TT-Y, UU-Y, UV-Y and TT-Y, VV-Y subsets, it identified a large subset of interactions and a quadratic that was not significant when it was verified using structural equation analysis.

As an additional example of interaction and quadratic interpretation, Exhibit D presents the results of interpreting the subset TT-Y, UU-Y, and VW-Y.


DISCUSSION
Unfortunately, while it is obviously unwise to generalize from a single example, my own experience to date suggests that most of the results from this example are not generalizable. For example, while it appears that forward selection using modification indices and OLS regression with stepwise or forward selection are equivalent to the "stepwise-one-at-a-time technique" discussed in Chapter IX (i.e., they more or less immediately found the same moderators, TT and VV), but that has not always been the case. However, OLS regression has so far consistently identified spurious sets of significant interactions/quadratics, and forward selection using modification indices has so far identified the largest collections of significant interactions/quadratics.

As these results in Exhibit B suggest, the associations corresponding to a "significant" summed modification index (i.e., with a sum larger than 3.8) can be non significant. Although the summed modification index for TT-U was above 3.8 in Table AH5 Estimation 6, its TT-U component had a nonsignificant modification index (1.82797), and the TT-U path was non significant.

Exhibit A- Details of Searching the Figure 3 Model for Significant Interactions and Quadratics Using Structural Equation Analysis and "Forward Selection"

To use "forward selection" with structural equation analysis, all the Figure 3 interaction and quadratic paths were fixed at zero (i.e., the solid line paths were free and the dashed paths were fixed at zero). Using the LISREL 8 code 
 
 shown in Table AH4 to produce the "Modification Indices for BETA" shown in Table AH2. The largest admissible
 interaction and quadratic modification index for beta in this "all-zero-moderator-paths-model" Estimation 0 was 6.78486, corresponding to the VV-Y path (see Table AH2, Estimation 0). Since the value of this modification index for BETA is approximately the change in the model's chi-square statistic if the VV-Y path were freed, a modification index (approximate chi-square) of 6.78486 (which has an approximate t-value of .009 with 1 degree of freedom) suggests there would be a significant difference in model fit between fixing and freeing the VV-Y path. Because a significant difference in model fit usually corresponds to a significant path coefficient when the path is freed, the VV-Y path was freed.

Freeing the VV-Y path and reestimating the resulting model produced a significant VV-Y association (t = -2.63). In addition, the largest admissible modification index for BETA in this "VV-Y model" was 4.51530 (p  .03 with 1 degree of freedom) which corresponded to the TT-Y path coefficient (see Table AH2, Estimation 1). Freeing this additional path produced significant TT-Y and VV-Y associations, and the largest moderator modification index for BETA in this "VV-Y, TT-Y" model (4.40404) corresponded to the TU-U path (see Table AH2, Estimation 1a), which was inadmissible because interactions and quadratics in U were not allowed to affect U (see Footnote 4).

The path corresponding to the next largest admissible modification index (3.74534, for the TT-U path-- see Table AH2, Number 1a) was freed and the model was reestimated. In this "VV-Y, TT-Y, TT-U model" the TT-Y and VV-Y associations were significant, but the TT-U association was not significant (t = 1.95). In addition, in a trimmed model with only T, U, V, W and Y, plus TT and VV (i.e., the other Figure 3 moderators were physically excluded from the model), the  TT-Y, and VV-Y associations were significant, but the TT-U association was again not significant (t = 1.93).

Thus, the search that began with largest modification index in the "all-zero-moderator-paths-model" (i.e., for VV-Y-- see Table AH2, Estimation 0), was discontinued after identifying the VV-Y and TT-Y quadratics. These results are shown in Table AH7 on line (a).

However, another search was initiated that began with the next largest modification index in the "all-zero-moderator-paths-model," 6.57458, which corresponded to the TV-Y path (see Table AH2, Estimation 0). Freeing this path and estimating the resulting "TV-Y model" produced a significant TV-Y association (not reported), and the resulting modification indices, the largest of which was for the TU-U path, was inadmissible (not shown). The next admissible modification index in the "TV-Y model" output was for TT-Y, which when estimated was nonsignificant. Since the remaining admissible modification indices were even smaller than the one for TT-Y, the search that began with the second largest modification index in the "all-zero-moderator-paths-model" output (i.e., Table AH2, Estimation 0), TV-Y, was discontinued after identifying the TV-Y interaction. This result is shown in Table AH7 on line (b).

Again returning to the "all-zero-moderator-paths-model" modification indices (see Table AH2, Number 0), another search was conducted using the next largest modification index after the ones for VV-Y and TV-Y was for UV-Y (6.46527). This path was freed and the "UV-Y model" estimation produced a significant UV-Y path (not reported). Then the largest admissible modification index in the resulting "UV-Y model" output, UU-Y (not shown), was freed, and estimation of this "UV-Y, TT-Y model" produced significant paths for UV-Y, TT-Y and UU-Y (not reported). The modification indices from the "UV-Y, TT-Y, UU-Y model" suggested there were no more significant moderators (not shown). Thus, the results were a significant UV-Y interaction (identified in the "all-zero-moderator-paths-model"-- see Table AH2, Estimation 0), a significant TT-Y quadratic (identified using the modification indices from the "UV-Y model"), and a significant UU-Y quadratic (identified using the modification indices from the "UV-Y, TT-Y model"). These results are shown in Table AH7 on line (c).

Instead of again returning to the "all-zero-moderator-paths-model" modification indices, the "UV-Y, TT-Y model" output was reexamined for any other significant modification indices other than for UU-Y (see Table AH2, Estimation 1a). This examination identified the TU-Y path, which was the next largest modification index in the "UV-Y, TT-Y model" output after the UU-Y path (not reported). The resulting "UV-Y, TT-Y, TU-Y model" produced significant UV-Y, TT-Y and TU-Y associations (not reported). Because the "UV-Y, TT-Y, TU-Y model" output contained no significant modification indices (not reported) this search was discontinued, and the results are shown in Table AH7 on Line (d).

Similarly, instead of returning to the "all-zero-moderator-paths-model" modification indices, the "UV-Y model" output was reexamined for any significant modification indices other than for TT-Y (not shown). However, none were found and "all-zero-moderator-paths-model" output was reexamined for the next largest and significant (admissible) modification index, which was for TT-Y (see Table AH2, Estimation 0). The above process of freeing the appropriate path to U or Y, estimating the resulting model, then examining, selecting, freeing, estimating, etc. was continued until there were no more significant modification indices in the output from the previous significant interaction or quadratic whose path was freed. The results were a significant TT-Y quadratic (identified in the "all-zero-moderator-paths-model"-- see Table AH2, Estimation 0), a significant UV-Y interaction (identified using the modification indices from the "TT-Y model"-- see Table AH2, Estimation 4), and a significant UU-Y quadratic (identified using the modification indices from the "TT-Y, UV-Y model") (the "TT-Y, UV-Y, UU-Y model's" admissible modification indices were all non significant). Because these results are they same as those for a previous search they are shown in Table AH7 on line (c).

Reexamining the "TT-Y, UV-Y model" output (not shown) identified the next largest modification index after UU-Y, TU-Y (the "TT-Y, UV-Y model" produced the same output as the "UV-Y, TT-Y model"). Because these results duplicated those from an earlier search, they are in Table AH7 on line (d).

Examining the "TT-Y model" output again identified the next largest admissible modification index after UV-Y, VV-Y (see Table AH2, Estimation 4). Freeing the VV-Y path produced significant TT-Y and VV-Y paths, but the modification indices from the "TT-Y, VV-Y model" were all nonsignificant. These results are shown in Table AH7 on line (a).

A reexamination of the "TT-Y model" output identified the TV-Y modification index as the next largest admissible modification index after UV-Y and VV-Y (see Table AH2, Number 4). However, in the model with the TV-Y and TT-Y paths free, the TV-Y association was significant while the TT-Y association was not.

Finally, another examination of the "TT-Y model" output identified the VW-Y modification index as the next largest admissible modification index after UV-Y, VV-Y and TV-Y (see Table AH2, Estimation 4), but  in the model with the VW-Y and TT-Y paths free, the TT-Y association was significant while the VW-Y association was not.

Returning to the "all-zero-moderator-paths-model" modification indices (see Table AH2, Estimation 0), the next largest admissible modification index was for VW-Y. This model was estimated, the VW-Y path was significant, and the "VW-Y model" modification indices contained a significant modification index for TT-Y. However, freeing this path in the "VW-Y, TT-Y model" produced a significant TT-Y association but a nonsignificant VW-Y association. Since a significant VW-Y association had not been observed previously it is shown in Table AH7 on line (e).

At this point there were no more admissible modification indices that were significant in the "all-zero-moderator-paths-model", and the search was discontinued.

In summary, each "significant" modification index for BETA (i.e., above or near 3.8, which corresponds to p .05 with 1 degree of freedom) that was admissible in the "all-zero-moderator-paths-model" was used as a starting point to search for subsets of significant interactions and/or quadratics. Each "chain" of "significant" modification indices was examined until no more significant modification indices could be found in the chain. Then additional searches were conducted at the point in any chain where there were more than one "significant" modification indices" (i.e., where there choices of which path to free). This process identified five subsets of significant interactions and/or quadratics with Y, and no significant interactions with U (see Table AH7).

Exhibit B-  Details of Searching the Figure 3 Model for Significant Interactions and Quadratics Using Structural Equation Analysis and Two "Backward Elimination" Approaches

To use "backward elimination" with structural equation analysis to search a structural equation model, two approaches could be used. One examines the modification indices for PSI of interactions and quadratics in the "all-zero-moderator-paths-model" discussed in Exhibit B, and the other examines the t-values of the interactions and quadratics in the "F-test model" discussed in Chapter IX.

Modification Indices for PSI
The "Modification Index for PSI" output from the Figure 3 "all-zero-moderator-paths-model" discussed in Exhibit A (i.e., the Figure 3 model with solid line paths free, and all the interaction and quadratic paths fixed at zero) was used to identify the smallest modification index for PSI corresponding to an interaction or quadratic. In this case because the Y and U paths to the interactions and quadratics in Figure 3 are of interest, the covariances between Y and the interactions and quadratics are fixed at zero (to produce an identified model), and the same was done for U. Fixing the Y and U paths from the interactions and quadratics in Figure 3 to zero creates non zero modification indices for BETA, which were used in Exhibit A, but it also creates non zero modification indices for PHI in the (fixed) covariances between Y and the interactions and quadratics. A modification index for PSI involving Y, for example, and an interaction/quadratic can be interpreted as a measure of the contribution to the variance of Y made by that interaction/quadratic if its Figure 3 (dashed line) path were freed (i.e., if its BETA were free instead of fixed). The smallest modification index for PSI involving the interaction/quadratic covariances with Y was 0.00075 which corresponded to VW (see Table AH5, Estimation 1). Since the value of the VW-Y modification index for PSI is an approximate chi-square statistic, a modification index for PSI of 0.00075 (with an approximate p-value of .978 level with 1 degree of freedom) suggests there is likely to be no significant difference in the explained variance of Y by freeing the VW-Y path. Stated differently, VW is likely to make no significant contribution to the variance Y (i.e., it is likely to explain no variance in Y), and thus it could be excluded from the Figure 3 model.

As a result, VW was removed from the Figure 3 "all-zero-moderator-paths-model." This model without VW was estimated, and UW-Y exhibited the smallest modification index (0.06962) (see Table AH5, Estimation 2). Since a chi-square of 0.06962 has a p-value of .791 with 1 degree of freedom, this suggests that UW is likely to make no contribution to the variance of Y if the UW-Y path in Figure 3 were freed, and it was removed from the Figure 3 model.

The resulting model with VW and UW removed was estimated, and TV exhibited the smallest modification index (0.38830) (see Table AH5, Estimation 3) and it was removed. This process of successively removing the interaction or quadratic with that smallest modification index for PHI was repeated twice more, with TU removed in Estimation 5 and VV removed in Estimation 6. Examining the modification indices for PHI from Estimation 6, TW had the smallest summed modification index (1.55012 = 1.21442 + .33570-- see Table W5, Estimation 6) and it was subsequently removed from the model.

This process was repeated until no more "nonsignificant" interaction or quadratic (summed) modification indices for PSI remained (i.e., below or near 3.8, which corresponds to p .05 with 1 degree of freedom) (see Table  W5, Estimation 8). At this point TT, UU, and UV still remained in the model (i.e., because they had "significant" summed modification indices). The significance of these paths was reverified by freeing the paths for TT-U, TT-Y, UU-Y, and UV-Y, and the results are shown in Table AH8 Part AA. Because the TT-U association was non significant in this estimation it was trimmed and the results are shown in Table AH8 Part A, and in Table AH7 line (c).

In summary, using the smallest interaction or quadratic summed modification index for PSI involving an interaction/quadratic, and Y and U at each step, interactions or quadratics were removed one-by-one by deleting them from the model until no more of these summed modification indices for PSI were "nonsignificant" (i.e., no summed modification indices were below about 3.8, which, interpreted as a chi-square statistic, is significant at approximately the .05 level with 1 degree of freedom). As a final step the candidate interactions and quadratics identified were verified in a final model estimation where the remaining interactions/quadratics were freed, then any nonsignificant interactions and/or quadratics in this estimation (e.g., TT-U) were trimmed.

However, because, as this example suggests, removing interactions or quadratics is tedious, and easier (but non equivalent) "Backward Elimination" procedure will be described next.

T-values
Backward elimination with t-values and structural equation analysis was also used to search for significant interactions and quadratics. This approach began with estimating the Figure 3 model with all the relevant interaction and quadratic paths freed (i.e., an overall F-test model).
 The resulting t-values in the "Lisrel Estimates for BETA" section of the Lisrel output were examined for the smallest interaction or quadratic t-value, in this case the t-value for UV-U association (-0.12993-- see Table AH6, Step 1). This path was fixed at zero, and the model was reestimated. The interaction or quadratic with the smallest t-value in the resulting estimation was found (VW-Y, t = 0.28426-- see Table AH6, Step 2) and its path was fixed at zero. This process of examining t-values, fixing the smallest one at zero, reestimating, and examining the resulting t-values was repeated until in Step 9 the path for UW-Y was found to be nonsignificant (t = 1.95877-- see Table AH6, Step 9). Fixing this path to zero and reestimating caused the previously significant path for TW-Y to be nonsignificant (see Table AH6, Steps 9 and 10). Then, fixing the TW-Y path to zero caused the TV-Y path to be nonsignificant (Table AH6 Steps 9, 10 and 11). Finally, fixing the path of TV-Y to zero produced the significant TU-Y and UU-Y paths (see Table AH6, Step 12). This result is shown in Table AH7 line (f).

Exhibit C- Details of Searching the Figure 3 Model for Significant Interactions and Quadratics Using OLS Regression

To use Ordinary Least Squares (OLS) regression to search a structural equation model, two approaches could be used. One involves the use of raw data as input, and the other uses the error dissattenuated variance-covariance matrix from the overall F test model.

OLS Regression and Raw Data
OLS regression was used to suggest subsets of significant interactions and/or quadratics. U and Y in the Figure 3 model were regressed on the Figure 3 variables separately (i.e., using two separate equations) using raw data. In particular, the final-test variables (i.e., T, U, V, and W) were entered into the regression in one step, then the interactions and quadratics were stepped in automatically using the well-known stepwise procedure (Efroymson 1960) (i.e., when a new significant interaction or quadratic is added any already added interaction or quadratic that is made non significant is removed). This approach identified a subset consisting of TT-U alone, and a subset consisting of VV-Y and TT-Y. However, TT-U was nonsignificant when estimated using structural equation analysis (e.g., t = 1.96). This result is summarized in Table AH7.

Next the interactions and quadratics were "forward selected" using OLS regression and raw data. Specifically, the first-order variables (i.e., T, U, V, and W) were entered into the regression in one step, then the interactions and quadratics were added one at a time (with no removals), starting with the most significant unentered interaction or quadratic. This approach reidentified the subset consisting of TT-U alone, and the subset consisting of VV-Y and TT-Y. This result is also summarized in Table AH7.

Then interactions and quadratics were "backward eliminated" using raw data and OLS regression. In particular, all the Figure 3 variables were entered in one step, and nonsignificant interactions or quadratics were removed one at a time, starting with the least significant regression coefficient. This approach reidentified the subset consisting TT-U, and the significant subset TT-Y, UU-Y and UV-Y, and these results are summarized in Table AH7.

OLS Regression and Dissattenuated Variances and Covariances
OLS regression was also used to read a dissattenuated variance-covariance matrix, that was copied from the COVARIANCE MATRIX of ETA produced in the F test model 1 (i.e., the Figure 3 model with all the interaction and quadratic paths free), and to (separately) regress the Figure 3 variables on U and Y. The "stepwise" and "forward selection" procedures just discussed identified a subset composed of TT-U and TV-U, and a subset composed of TT-Y, UU-Y and UV-Y. The "backward elimination" procedure discussed above identified the subset TT-U, TW-U, and WW-U, and the subset TV-Y, UU-Y, TW-Y, UW-Y, and the singleton, TU-Y. However, these subsets were verified using structural equation analysis and none was significant. For example, the TT-U, TV-U subset produced tTT-U = 1.99 and tTV-U = -0.37, and the TT-U, TW-U, WW-U subset had tTT-U = 1.42, tTW-U = 0.92 and tWW-U = -1.05. Similarly the  TV-Y, UU-Y, TW-Y, UW-Y, TU-Y subset produced t-values of 2.97, ‑2.18, 2.08, 3.27, and 1.998 respectively.

Exhibit D- TT-Y, UU-Y, and UV-Y Associations Interpretation

To provide an additional example of interpreting significant interactions and quadratics using their factored coefficients, the TT-Y, UU-Y, and UV-Y subset of significant interactions and quadratics will be interpreted. 

For comparison purposes, several estimates of the Figure 3 model with the TT-Y, UU-Y, and UV-Y subset of significant interactions and quadratics are shown in Table AH8. Part AA of Table AH8 presents the results of trimming the Figure 3 interactions and quadratics down to the TT-U, TT-Y, UU-Y, and UV-Y selected subset of interactions and quadratics and estimating it with the reliability specifications (i.e., Equations 17-18a). Part A shows the results of trimming the nonsignificant TT-U association in Part AA down to TT-Y, UU-Y, and UV-Y. Part B presents the same estimation with all the Figure 3 interactions present (but with all interaction and quadratic paths to Y and U fixed at zero, except for the TT-Y, UU-Y and UV-Y paths). Part C shows the results of estimating the Part A model using the Ping (1995) specification for the TT-Y, UU-Y and UV-Y paths. 
 

In summary, the Table AH8 results suggest that the Y associations with T, V, and W were disconfirmed (although the V-Y and W-Y associations approached significance), and the U-Y association was "confirmed" (see Table AH1). After adding the significant interaction/quadratics TT-Y, UU-Y, and UV-Y, the T-Y, V-Y and W-Y associations were still disconfirmed (see Table AH8). However, because of the significant moderators of these nonsignificant association, it is not the case that Y was never associated with T and V in the study. For example, as suggested by Table AH3-- when the existing level of T was below 3, small changes in T were positively associated with Y (i.e., T was positively associated with Y for low T). And, the interpretation of the significant moderators (i.e., TT-Y, UU-Y, and UV-Y) provides a deeper understanding of the confirmed and disconfirmed associations.

For example, the significant UV and UU moderators suggest that the U-Y association was actually disconfirmed, even though the U-Y association in Tables AH1 and AH8 was significant. Specifically, the significant UU-Y and UV-Y associations suggest that the U-Y association was not "constant" as Table AH1 suggests it was conditional (i.e., variable), and Table AH3 Part (C) graphically suggests that it was not the case that U was always significantly associated with Y in the study as Tables AH1 and AH8 suggest. For example, in Table AH3 Part (C) when respondents' existing levels of U and V were lower (i.e., below the study averages for these two variables), small changes in U were generally not associated with Y (i.e., U was not associated with Y).

Similarly, the disconfirmed T-Y and V-Y associations were contingent. For example, the T-Y association was significant for levels of T that were below the study average (see Table AH3 Part A). To explain, when the respondents' existing level of T was high in the sample, small changes in T were not associated with changes in Y (i.e., the T-Y association was not significant). However for lower levels of existing T, small changes in T were positively associated with Y (as hypothesized). This provides an explanation for the hypothesized but apparently non-significant T-Y association: the hypothesized T-Y association actually depended on the existing level of T, and the hypothesized association was observed only when was already low.

For lower levels of subjects' U, the V-Y association was non significant, while at higher levels of U it was significant. That is, at lower levels of U small changes in V were not associated with changes in Y. At levels above the study average of U however, small changes in V were associated with Y. As with the T-Y association, this contingent association provides a possible explanation for the apparently nonsignificant V-Y association in the study: it is nonsignificant at lower levels of U.

These moderated results have ramifications for future studies involving T, U and V, and Y. In particular, the Y associations with T, U and/or V could be "confirmed" or disconfirmed in future studies, depending on the average of these variables in each new study. For example, if the averages of U and V in a future study are lower than they were in the present study, the U-Y association could be observed to be nonsignificant (see Table AH3 Part C).

TableAH1- Abbreviated Results of Estimating the Figure 3 Structural Model with All Interaction and Quadratic Paths (βs) Fixed at Zero(oppfin11)a
Y = -.045T + .210U - .149V + .118W + ζ (= .392)
(1A

         (-.55)     (3.13)   (-1.97)    (1.94)             (6.72)   (t-values)

U = -.621T                                -.256W + ζ (= .524)
(2A

        (-7.86)                                (-4.51)             (8.93)   (t-values)

χ2 = 336
GFIb = .88
CFIc = .967

ECVI = 2.00

df = 200
AGFIb = .85
RMSEAd = .055

R2 for Y = .122, R2 for U = .382

Error Attenuated Variances (e.g., available in SPSS, SAS, etc.), Error Disattenuated Correlations (i.e., Standardized Covariances of ETA in LISREL 8) from the Equations 1A and 2A Structural Model, and Coefficient α Reliabilities (Variances are shown down the diagonal with correlations elsewhere):

                   T              U              V              W            Y   

               ‑‑‑‑‑‑‑‑        ‑‑‑‑‑‑‑‑       ‑‑‑‑‑‑‑‑        ‑‑‑‑‑‑‑‑      ‑‑‑‑‑‑‑‑

      T     ADVANCE \r00.51987

      U    ADVANCE \r0

ADVANCE \r0‑0.55983    ADVANCE \r0

ADVANCE \r00.84787

      V     0.35643   ‑0.28654    0.60138

      W    0.26668   ADVANCE \r0‑0.40448    0.53824     0.96764

      Y    ADVANCE \r0

ADVANCE \r0‑0.22678   ADVANCE \r0 0.29719   ‑0.18175    ADVANCE \r0‑0.04977   0.44601

              0.9421      ADVANCE \r00.9266       ADVANCE \r00.9172     ADVANCE \r0 ADVANCE \r00.9412      0.8846    (Reliability)

Interaction and Quadratic Loadings calculated using Equations 17 and 18: e
                   T               U             V              W

               ‑‑‑‑‑‑‑‑         ‑‑‑‑‑‑‑‑      ‑‑‑‑‑‑‑‑        ‑‑‑‑‑‑‑‑

      T     ADVANCE \r00.97148

      U     0.95040     0.96399

      V     0.93777     0.92804    0.95949

      W    0.94563     0.94344    0.94550     0.97104

Interaction and Quadratic Measurement errors calculated using Equations 17a and 18a: f
                   T               U             V              W

               ‑‑‑‑‑‑‑‑        ‑‑‑‑‑‑‑‑       ‑‑‑‑‑‑‑‑        ‑‑‑‑‑‑‑‑

      T     ADVANCE \r00.03039

      U     0.05600     0.10165

      V     0.04249     0.07654    0.05741

      W    0.05699     0.10492    0.07956     0.10687

───────────────────────
a Using LISREL 8 with Maximum Likelihood estimation. T, V, and W were intercorrelated but measurement errors were not.

b GFI and AGFI may be inadequate for fit assessment in larger models (see Anderson and Gerbing 1984).

c .90 or higher indicates acceptable fit (see McClelland and Judd 1993).

d .05 suggests close fit, .051-.08 suggests acceptable fit (Brown and Cudeck 1993, Jöreskog 1993).

e The loading for TT is in row T of column T, the loading for TU is in row U column T, etc.

f TT's measurement error is in row T of column T, TU's measurement error is in row U column T, etc.

Table AH2- Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program Showing Modification Indices for Beta with Various Fixed and Free Interaction and Quadratic Paths in Figure 3a
Estimation 0 (with all Interactions and Quadratics paths fixed at zero):(oneatimb)
      MODIFICATION INDICES FOR BETAbc
                   T          U          V          W          Y         TT   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑       3.66967    3.66979     ‑ ‑       0.00029     ‑ ‑   

        U     ‑ ‑        ‑ ‑       1.85695     ‑ ‑       2.75124    3.52963

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.08427     ‑ ‑   

        W     ‑ ‑       3.27184    3.27215     ‑ ‑       1.79109     ‑ ‑   

        Y     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        - -       6.28831d
       TT     ‑ ‑       1.81859    1.81857     ‑ ‑       1.13689     ‑ ‑   

       TU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.59581     ‑ ‑   

       TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.42080     ‑ ‑   

       TW     ‑ ‑       1.21774    1.21776     ‑ ‑       1.51839     ‑ ‑   

       UU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       4.82841     ‑ ‑   

       UV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       1.09700     ‑ ‑   

       UW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.06919     ‑ ‑   

       VV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.57787     ‑ ‑   

       VW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.00075     ‑ ‑   

       WW     ‑ ‑       0.71849    0.71851     ‑ ‑       0.72063     ‑ ‑   

                  TU         TV         TW         UU         UV         UW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T    3.66974    3.66964     ‑ ‑       3.66970    3.66982    3.66965
        U    4.24501    2.44582    2.69048    2.98673    0.56830    0.77509
        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        W    3.27183    3.27188     ‑ ‑       3.27186    3.27177    3.27185
        Y    2.24271    6.57458    1.93332    0.37392    6.46527    2.13964

       TT    1.81858    1.81857     ‑ ‑       1.81858    1.81857    1.81859
    TU,TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

       TW    1.21773    1.21775     ‑ ‑       1.21774    1.21772    1.21775
    UU-VW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

       WW    0.71848    0.71850     ‑ ‑       0.71849    0.71848    0.71849
                  VV         VW         WW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T    3.66969    3.66969     ‑ ‑   

        U    0.22672    0.00179    0.02527

        V     ‑ ‑        ‑ ‑        ‑ ‑   

        W    3.27186    3.27183     ‑ ‑   

        Y    6.78486    5.26491    3.00378

       TT    1.81857    1.81856     ‑ ‑   

    TU,TV     ‑ ‑        ‑ ‑        ‑ ‑   

       TW    1.21774    1.21774     ‑ ‑   

    UU-VW     ‑ ‑        ‑ ‑        ‑ ‑   

       WW    0.71849    0.71849     ‑ ‑   

___________

a The table is read from column to row: The modification index for the TT-to-U path is 3.52963, while the modification index for the U-to-TT path is 1.81859.

b A Modification Index value is approximately the change in the Chi-Square statistic if the fixed path were free. The Modification Index  of 6.28831 for the TT-Y path, for example, is significant at approximately the .012 level with one degree of freedom.

c Modification indices that are crossed out are either irrelevant or not admissible (see Footnote 4).

d Bold modifications indices are one that are likely to be associated with significant path coefficients.
Table AH2 (con't.)- Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program Showing Modification Indices for Beta with Various Fixed and Free Interaction and Quadratic Paths in Figure 3

Estimation 1 ("VV-Y Model):

      MODIFICATION INDICES FOR BETA

                   T          U          V          W          Y         TT

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑       3.67270    3.67278     ‑ ‑       0.07708     ‑ ‑

        U     ‑ ‑        ‑ ‑       1.84757     ‑ ‑       1.89472    3.56155

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       6.79824     ‑ ‑

        W     ‑ ‑       3.28829    3.28854     ‑ ‑       3.20723     ‑ ‑

        Y     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       4.51530
       TT     ‑ ‑       1.82273    1.82269     ‑ ‑       1.06228     ‑ ‑

       TU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.60395     ‑ ‑

       TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.30513     ‑ ‑

       TW     ‑ ‑       1.23800    1.23803     ‑ ‑       1.46626     ‑ ‑

       UU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       5.01549     ‑ ‑

       UV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       1.03693     ‑ ‑

       UW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.10591     ‑ ‑

       VV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.84615     ‑ ‑

       VW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.04586     ‑ ‑

       WW     ‑ ‑       0.69905    0.69908     ‑ ‑       0.83035     ‑ ‑

                  TU         TV         TW         UU         UV         UW

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T    3.67279    3.67266     ‑ ‑       3.67274    3.67287    3.67267
        U    4.29572    2.48684    2.74143    3.04576    0.59207    0.80831
        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        W    3.28825    3.28842     ‑ ‑       3.28831    3.28813    3.28830
        Y    0.93583    1.86060    0.45218    0.83775    2.07783    0.86541

       TT    1.82273    1.82272     ‑ ‑       1.82273    1.82270    1.82274
    TU,TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

       TW    1.23798    1.23801     ‑ ‑       1.23800    1.23798    1.23801
    UU-VW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

       WW    0.69904    0.69906     ‑ ‑       0.69905    0.69905    0.69905
                  VV         VW         WW

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T    3.67272    3.67272     ‑ ‑

        U    0.24573    0.00078    0.02048

        V     ‑ ‑        ‑ ‑        ‑ ‑

        W    3.28837    3.28832     ‑ ‑

        Y     ‑ ‑       0.11189    0.99075

       TT    1.82271    1.82270     ‑ ‑

    TU,TV     ‑ ‑        ‑ ‑        ‑ ‑   

       TW    1.23800    1.23799     ‑ ‑

    UU-VW     ‑ ‑        ‑ ‑        ‑ ‑   

       WW    0.69905    0.69905     ‑ ‑
Table AH2 (con't.)- Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program Showing Modification Indices for Beta with Various Fixed and Free Interaction and Quadratic Paths in Figure 3

Estimation 1a ("VV-Y, TT-Y" Model):

      MODIFICATION INDICES FOR BETA

                   T          U          V          W          Y         TT

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑       3.84754    3.84750     ‑ ‑       6.07318     ‑ ‑

        U     ‑ ‑        ‑ ‑       1.95147     ‑ ‑       3.88375    3.74534

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       2.17915     ‑ ‑

        W     ‑ ‑       3.37725    3.37796     ‑ ‑       2.60297     ‑ ‑

        Y     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

       TT     ‑ ‑       1.94958    1.94956     ‑ ‑       0.05488     ‑ ‑

       TU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.41693     ‑ ‑

       TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.29601     ‑ ‑

       TW     ‑ ‑       1.23826    1.23830     ‑ ‑       1.50663     ‑ ‑

       UU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       4.78655     ‑ ‑

       UV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       1.13652     ‑ ‑

       UW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.10997     ‑ ‑

       VV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.49485     ‑ ‑

       VW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.02173     ‑ ‑

       WW     ‑ ‑       0.70045    0.70050     ‑ ‑       0.72209     ‑ ‑

                  TU         TV         TW         UU         UV         UW

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T    3.84763    3.84750     ‑ ‑       3.84757    3.84768    3.84750
        U    4.48484    2.55449    2.81288    3.16117    0.61583    0.84473
        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        W    3.37721    3.37726     ‑ ‑       3.37727    3.37732    3.37725
        Y    1.84427    0.97177    0.18320    3.17576    1.73516    0.10149

       TT    1.94956    1.94957     ‑ ‑       1.94956    1.94956    1.94959
    TU,TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

       TW    1.23825    1.23826     ‑ ‑       1.23826    1.23825    1.23827
    UU-VW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

       WW    0.70045    0.70046     ‑ ‑       0.70045    0.70045    0.70045
                  VV         VW         WW

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T    3.84754    3.84753     ‑ ‑

        U    0.24102    0.00060    0.01765

        V     ‑ ‑        ‑ ‑        ‑ ‑

        W    3.37732    3.37723     ‑ ‑

        Y     ‑ ‑       0.10209    0.38670

       TT    1.94956    1.94955     ‑ ‑

    TU,TV     ‑ ‑        ‑ ‑        ‑ ‑   

       TW    1.23826    1.23826     ‑ ‑

    UU-VW     ‑ ‑        ‑ ‑        ‑ ‑   

       WW    0.70046    0.70045     ‑ ‑
Table AH2 (con't.)- Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program Showing Modification Indices for Beta with Various Fixed and Free Interaction and Quadratic Paths in Figure 3

Estimation 4 ("TT-Y model"):

      MODIFICATION INDICES FOR BETA

                   T          U          V          W          Y         TT   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑       3.86755    3.86749     ‑ ‑       9.58164     ‑ ‑   

        U     ‑ ‑        ‑ ‑       1.98404     ‑ ‑       5.24166    3.74600

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       2.23509     ‑ ‑   

        W     ‑ ‑       3.37561    3.37589     ‑ ‑       1.44586     ‑ ‑   

        Y     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

       TT     ‑ ‑       1.96451    1.96449     ‑ ‑       0.20216     ‑ ‑   

       TU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.38906     ‑ ‑   

       TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.39383     ‑ ‑   

       TW     ‑ ‑       1.22122    1.22126     ‑ ‑       1.56321     ‑ ‑   

       UU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       4.61165     ‑ ‑   

       UV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       1.20936     ‑ ‑   

       UW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.07781     ‑ ‑   

       VV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.53045     ‑ ‑   

       VW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.00510     ‑ ‑   

       WW     ‑ ‑       0.71650    0.71654     ‑ ‑       0.62141     ‑ ‑   

                  TU         TV         TW         UU         UV         UW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T    3.86766    3.86752     ‑ ‑       3.86759    3.86771    3.86751
        U    4.47111    2.54362    2.78335    3.12884    0.60692    0.82355
        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        W    3.37558    3.37570     ‑ ‑       3.37565    3.37558    3.37561
        Y    1.05403    4.09894    0.01612    2.70038    5.00214    0.49098

       TT    1.96450    1.96450     ‑ ‑       1.96451    1.96451    1.96452
    TU,TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

       TW    1.22120    1.22123     ‑ ‑       1.22121    1.22120    1.22123
    UU-VW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

       WW    0.71650    0.71652     ‑ ‑       0.71651    0.71651    0.71651
                  VV         VW         WW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T    3.86756    3.86754     ‑ ‑   

        U    0.25431    0.00096    0.02049

        V     ‑ ‑        ‑ ‑        ‑ ‑   

        W    3.37565    3.37554     ‑ ‑   

        Y    4.99812    3.91448    1.47385

       TT    1.96450    1.96448     ‑ ‑   

    TU,TV     ‑ ‑        ‑ ‑        ‑ ‑   

       TW    1.22122    1.22121     ‑ ‑   

    UU-VW     ‑ ‑        ‑ ‑        ‑ ‑   

       WW    0.71651    0.71650     ‑ ‑   
Table AH3- Statistical Significance of the T-Y, U-Y, and V-Y Associations Using Table AH8 Part C Results(ping.xls)
(A)


               T-Y Association                            U-Y Association                

                 T        SE of                                   U          SE of                

     T       Coef-    T Coef-        t-         U       Coef-     U Coef-      t-     

 Valuea  ficient b   ficientc      value  Valued  ficiente    ficientf     value   

     1
0.48       0.17         2.84      1
       0.02        0.11        0.19    

     2 
0.30       0.12         2.46      2
       0.16        0.07        2.22    

     3
 0.12       0.09         1.31     2.33      0.20        0.07        3.08    

     4
 -0.06       0.09        -0.65      3          0.30        0.07        4.28   

   4.13
 -0.08       0.10        -0.87      4          0.43        0.10        4.31   

     5
-0.24       0.13        -1.86      5          0.57        0.15        3.94

(B)


               U-Y Association                            V-Y Association                

                 U        SE of                                   V          SE of                

     V       Coef-    U Coef-        t-        U       Coef-     V Coef-      t-     

 Valueg  ficient h   ficienti      value  Valued  ficientj    ficientk     value   

     1
-0.72       0.23        -3.17      1
       -0.22        0.16       -1.37    

     2 
-0.51       0.16        -3.18      2
       -0.01        0.10       -0.08    

     3
 -0.30       0.10        -2.93    2.33       0.06        0.08        0.75    

  3.75
 -0.14       0.08        -1.80      3          0.20        0.07        3.08   

     4 
 -0.08       0.08        -1.11      4          0.42        0.10        4.18   

     5
0.13       0.11         1.17      5          0.63        0.16         3.88

───────────────────────
a The value of T in the table was determined by the indicator t5, whose loading was fixed at 1. t5 ranged from 1 (= low) to 5 in the study before mean centering, and -3.13 to .87 after mean centering.

b The coefficient of T is given by -.084 - .180T with T mean centered (see Table AH8).

c The standard error (SE) of the T coefficient is

     ___________       _____________________________ 

   √Var(bT+bTTT)  = √ (Var(bT)+T2Var(bTT)+2TCov(bT,bTT) ,  where Var(ADVANCE \r0

ADVANCE \r0) is the square of the SE of ADVANCE \r0

ADVANCE \r0

ADVANCE \r0 in Part

C of Table AH8, and Cov(bT,bTT) = r*SEbT*SEbTT, where r is the correlation of the structural coefficients bT and bTT available in LISREL 8.

d The value of V in the table was determined by the indicator u4, whose loading was fixed at 1. u4 ranged from 1 (= low) to 5 in the study before mean centering, and -1.33 to 2.67 after mean centering.

e The coefficient of U is given by (.203 + .138U).

f The standard error (SE) of the U coefficient is determined by substituting U for T in the Footnote c formula.

g The value of V in the table was determined by the indicator v4, whose loading was fixed at 1. v4 ranged from 1 (= low) to 5 in the study before mean centering, and -2.75 to 1.25 after mean centering.

h The coefficient of U is given by (-.136 + .211V).

i The standard error (SE) of the U coefficient is

     ___________        ______________________________ 

   √Var(bU+bUVV)  = √ (Var(bU)+V2Var(bUV)+2TCov(bU,bUV) ,  where Var(ADVANCE \r0

ADVANCE \r0) is the square of the SE of ADVANCE \r0

ADVANCE \r0

ADVANCE \r0 in 

Part C of TableAH8, and Cov(bU,bUV) = r*SEbU*SEbUV, where r is the correlation of the structural coefficients bU and bUV available in LISREL 8.

j The coefficient of V is given by (.203 + .211U).

k The standard error (SE) of the V coefficient is

     ___________        _______________________________ 

   √Var(bV+bUVU)  = √ (Var(bV)+U2Var(bUV)+2TCov(bV,bUV) ,  where Var(ADVANCE \r0

ADVANCE \r0) is the square of the SE of ADVANCE \r0

ADVANCE \r0

ADVANCE \r0 in Part C of TableAH8, and Cov(bV,bUV) = r*SEbV*SEbUV, where r is the correlation of the structural coefficients bV and bUV available in LISREL 8.
Table AH3 (con't.)- Statistical Significance of the T-Y, U-Y, and V-Y Associations Using Table AH8 Part C Results(ping.xls)
(C)
                 U-Y Association Moderated (Jointly) by the Levels of U and Va     
V    
Centrd








Levelb
    Vc    
                           U Coefficientd                                      







1
-2.75
-0.563
-0.425
-0.379
-0.287
-0.149
-0.011




0.249
0.220
0.212
0.200
0.194
0.202
(SE)e



-2.26
-1.93
-1.79
-1.43
-0.77
-0.05
(t-value)

2
-1.75
-0.351
-0.213
-0.167
-0.075
0.063
0.201




0.185
0.152
0.144
0.133
0.135
0.155
(SE)e



-1.90
-1.40
-1.16
-0.56
0.47
1.30
(t-value)

3
-0.75
-0.139
-0.001
0.045
0.137
0.275
0.413




0.130
0.094
0.086
0.079
0.098
0.135
(SE)e



-1.07
-0.01
0.52
1.73
2.82
3.05
(t-value)

3.75
0
0.020
0.158
0.204
0.296
0.434
0.572




0.105
0.071
0.066
0.069
0.101
0.145
(SE)e



0.19
2.22
3.08
4.28
4.31
3.94
(t-value)

4
0.25
0.073
0.221
0.257
0.349
0.487
0.625




0.102
0.072
0.069
0.075
0.108
0.153
(SE)e



0.72
2.92
3.73
4.65
4.50
4.08
(t-value)

5
1.25
0.285
0.423
0.469
0.561
0.699
0.837




0.122
0.112
0.114
0.126
0.157
0.198
(SE)e



2.34
3.79
4.12
4.46
4.44
4.22
(t-value)



-1.33
-0.33
0
0.67
1.67
2.67
 Centered Uf



1
2
2.33
3
4
5
 U Level

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)      (Column Number)

a
The table displays the unstandardized associations of U with Y produced by the significant interaction UV and the significant quadratic UU in Table AH8 Part C (ping.xls)(see Footnote d for the factored coefficient of U). When the existing levels of U and V were low in Column 1 Row 1, small changes in the level of U were negatively associated with Y (see Column 3 Rows 1 and 3). As the Column 1 level of V increased in the study (i.e., going down Columns 1 and 3), Us association with Y weakened and became nonsignificant, then it turned positive and became significant for the highest level of V in the study. As the existing level of U increased in the study (i.e., across the table) small changes in U were no longer associated with Y, but the column 3 pattern of Us association with Y weakening, then turning positive and becoming significant was repeated.

b
V is determined by the observed variable (indicator) with the loading of 1 on V (i.e., the indicator that provides the metric for V). This indicator of V ranged from 1 (= low V) to 5 in the study.

c
Rows minus 3.75.

d
The factored (unstandardized) coefficient of U was (.203+.211V+.138U) with U mean centered. E.g., when V = 1 and U = 1 the coefficient of U was .203 + .211*(1-3.75) + .138*(1-2.33)   -.565.

e  The Standard Error of the U coefficient is:

  ____________________       ______________________________________________________________________________

√ Var(βV+βUVV+βUUU) = √Var(βV)+V2Var(βUV)+U2Var(βUU)+2V*UCov(βUV,βUU)+2VCov(βV,βUV)+2UCov(βV,βUU)

        ________________________________________________________________________________
                                 = √ SE(βV)2+V2SE(βUV)2+U2SE(βUU)+2V*UCov(βUV,βUU)+2VCov(βV,βUV)+2UCov(βV,βUU)) , where Var and Cov denote variance and covariance, SE is the standard error, and β denotes the unstandardized structural coefficients shown in Footnote d.

f
Column values minus 2.33.
Table AH4- Lisrel 8 Code for Post Hoc Probing the Figure 3 Model for Significant Interactions and Quadratics (see Footnote 2)
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 !T U V W Y TT TU TV TW UU UV UW VV VW WW

  1 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !t2

  1 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !t4

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !t5

  1 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !t6

  1 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !t7

  0 1 0 0 0  0  0  0  0  0  0  0  0  0  0  !u2

  0 1 0 0 0  0  0  0  0  0  0  0  0  0  0  !u3

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !u4

  0 1 0 0 0  0  0  0  0  0  0  0  0  0  0  !u5

  0 0 1 0 0  0  0  0  0  0  0  0  0  0  0  !v1

  0 0 1 0 0  0  0  0  0  0  0  0  0  0  0  !v3

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !v4

  0 0 1 0 0  0  0  0  0  0  0  0  0  0  0  !v5

  0 0 0 1 0  0  0  0  0  0  0  0  0  0  0  !w2

  0 0 0 1 0  0  0  0  0  0  0  0  0  0  0  !w3

  0 0 0 1 0  0  0  0  0  0  0  0  0  0  0  !w4

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !w5

  0 0 0 0 1  0  0  0  0  0  0  0  0  0  0  !y4

  0 0 0 0 1  0  0  0  0  0  0  0  0  0  0  !y5

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !y6

  0 0 0 0 1  0  0  0  0  0  0  0  0  0  0  !y7

  0 0 0 0 1  0  0  0  0  0  0  0  0  0  0  !y8

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !TT

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !TU

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !TV

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !TW

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !UU

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !UV

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !UW

  0 0 0 0 0  0  0  0  0  0  0  0  0  0  0  !VV

Table AH4 (con't)- Lisrel 8 Code for Post Hoc Probing the Figure 3 Model for Significant Interactions and Quadratics (see Footnote 2)
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 0  0  0  0  0  0   0   0   0 .963   0   0    0    0    0  !UU

 0  0  0  0  0  0   0   0   0    0 .928  0    0    0    0  !UV

 0  0  0  0  0  0   0   0   0    0   0 .943   0    0    0  !UW
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 0.056001437

 0.042489536
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Table AH4 (con't)- Lisrel 8 Code for Post Hoc Probing the Figure 3 Model for Significant Interactions and Quadratics (see Footnote 2)
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 0 0 0  0 0  0   0   0   0    0   0   0    0   0     0 !WW

 pa ps

 *

 1 !T

 0  1 !U

 1  0  1 !V

 1  0  1  1 !W

 0  0  0  0  1 !Y

 1  0  1  1  0  1 !TT

 1  0  1  1  0  1  1 !TU

 1  0  1  1  0  1  1  1 !TV

 1  0  1  1  0  1  1  1  1 !TW

 1  0  1  1  0  1  1  1  1  1 !UU

 1  0  1  1  0  1  1  1  1  1  1 !UV

 1  0  1  1  0  1  1  1  1  1  1  1 !UW

 1  0  1  1  0  1  1  1  1  1  1  1  1 !VV

 1  0  1  1  0  1  1  1  1  1  1  1  1  1 !VW

 1  0  1  1  0  1  1  1  1  1  1  1  1  1  1 !WW

!T  U  V  W  Y TT TU TV TW UU UV UW VV VW WW

 OU all nd=5 it=300 ad=300

Table AH5- Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program Showing Modification Indices for PSI with Various Fixed and Free Interaction and Quadratic Paths in Figure 3(bkpsi)
Estimation 1 (with all Interactions and Quadratics paths fixed at zero):

         MODIFICATION INDICESa FOR PSI            
                   T          U          V          W          Y

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑   

        U    3.66967     ‑ ‑   

        V     ‑ ‑        ‑ ‑        ‑ ‑   

        W     ‑ ‑       3.27185     ‑ ‑        ‑ ‑   

        Y    0.15881    2.31586    0.08427    1.17722     ‑ ‑   

       TT     ‑ ‑       1.81859     ‑ ‑        ‑ ‑       1.71123

       TU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.59581

       TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.42080

       TW     ‑ ‑       1.21774     ‑ ‑        ‑ ‑       1.09355

       UU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       4.82841

       UV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       1.09700

       UW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.06919

       VV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.57787

       VW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.00075

       WW     ‑ ‑       0.71849     ‑ ‑        ‑ ‑       0.50223

Estimation 2 (with VW removed and all other Interactions and Quadratics paths fixed at zero):
         MODIFICATION INDICES FOR PSI            

                   T          U          V          W          Y

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑   

        U    3.67084     ‑ ‑   

        V     ‑ ‑        ‑ ‑        ‑ ‑   

        W     ‑ ‑       3.27271     ‑ ‑        ‑ ‑   

        Y    0.15891    2.31836    0.08397    1.43329     ‑ ‑   

       TT     ‑ ‑       1.81904     ‑ ‑        ‑ ‑       1.74830

       TU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.60553

       TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.42315

       TW     ‑ ‑       1.21787     ‑ ‑        ‑ ‑       1.10846

       UU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       4.86361

       UV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       1.10965

       UW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.06962

       VV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       1.00654

       WW     ‑ ‑       0.71907     ‑ ‑        ‑ ‑       0.68394

──────────────────────
a A Modification Index value is approximately the change in the Chi-Square statistic if the fixed path were freed. The Modification Index of 4.82841 for the Y-UU path, for example, is significant at the .028 level with one degree of freedom.

Table AH5 (con't.)- Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program Showing Modification Indices for PSI with Various Fixed and Free Interaction and Quadratic Paths in Figure 3(bkpsi)
Estimation 3 (with VW and UW removed and all other Interactions and Quadratics paths fixed at zero):
         MODIFICATION INDICES FOR PSI            

                   T          U          V          W          Y

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑   

        U    3.66946     ‑ ‑   

        V     ‑ ‑        ‑ ‑        ‑ ‑   

        W     ‑ ‑       3.25142     ‑ ‑        ‑ ‑   

        Y    0.13978    5.06049    0.08770    1.49191     ‑ ‑   

       TT     ‑ ‑       1.83179     ‑ ‑        ‑ ‑       1.78239

       TU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.59655

       TV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.38830

       TW     ‑ ‑       1.21087     ‑ ‑        ‑ ‑       1.04599

       UU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       4.89637

       UV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       1.77279

       VV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       0.94073

       WW     ‑ ‑       0.69861     ‑ ‑        ‑ ‑       1.07693
Estimation 6 (with VW, UW, TV, TU, and VV removed and all other Interactions and Quadratics paths fixed at zero):
         MODIFICATION INDICES FOR PSI            
                   T          U          V          W          Y
            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑
        T     ‑ ‑   
        U    3.66919     ‑ ‑   
        V     ‑ ‑        ‑ ‑        ‑ ‑   
        W     ‑ ‑       3.25856     ‑ ‑        ‑ ‑   
        Y    0.19417    3.89109    0.86630    1.41614     ‑ ‑   
       TT     ‑ ‑       1.82797     ‑ ‑        ‑ ‑       7.46721
       TW     ‑ ‑       1.21442     ‑ ‑        ‑ ‑       0.33570
       UU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       5.60084
       UV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       6.15294
       WW     ‑ ‑       0.70316     ‑ ‑        ‑ ‑       1.06616
Table AH5 (con't.)- Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program Showing Modification Indices for PSI with Various Fixed and Free Interaction and Quadratic Paths in Figure 3(bkpsi)
Estimation 8 (with VW, UW, TV, TU, VV, and WW removed and all other Interactions and Quadratics paths fixed at zero):
         MODIFICATION INDICES FOR PSI            
                   T          U          V          W          Y
            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑
        T     ‑ ‑   
        U    3.49671     ‑ ‑   
        V     ‑ ‑        ‑ ‑        ‑ ‑   
        W     ‑ ‑       3.49674     ‑ ‑        ‑ ‑   
        Y    0.74085    3.46067    0.81288    0.48598     ‑ ‑   
       TT     ‑ ‑       3.49670     ‑ ‑        ‑ ‑       7.94819
       UU     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       5.73462
       UV     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑       7.44839
Table AH6-  Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program with Figure 3 Interaction and Quadratic Paths (Dashed Lines) Free

Step 1
            BETA

                   T          U          V          W          Y         TT   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        U   ‑0.51232     ‑ ‑        ‑ ‑      ‑0.29261     ‑ ‑       0.10825

           (0.09698)                        (0.05995)             (0.08400)

            ‑5.28274                         ‑4.88051               1.28862

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        Y   ‑0.10574    0.15342   ‑0.11551    0.00319     ‑ ‑       0.14084

           (0.13369)  (0.12030)  (0.10951)  (0.14560)             (0.48334)

            ‑0.79095    1.27536   ‑1.05482    0.02194               0.29138

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  TU         TV         TW         UU         UV         UW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        U     ‑ ‑        ‑ ‑       0.11818     ‑ ‑        ‑ ‑        ‑ ‑   

                                 (0.10951)

                                   1.07917

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        Y    0.64871   ‑0.25765    0.37981    0.35622   ‑0.06454    0.16653

           (0.86463)  (0.47345)  (0.49425)  (0.30864)  (0.49674)  (0.37671)

             0.75027   ‑0.54419    0.76846    1.15417   ‑0.12993    0.44207

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  VV         VW         WW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑   

        U     ‑ ‑        ‑ ‑      ‑0.05814

                                 (0.06452)

                                  ‑0.90117

        V     ‑ ‑        ‑ ‑        ‑ ‑   

        W     ‑ ‑        ‑ ‑        ‑ ‑   

        Y   ‑0.11606    0.07849   ‑0.09072

           (0.20036)  (0.28823)  (0.15270)

            ‑0.57928    0.27232   ‑0.59410

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑
Table AH6 (con't.)-  Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program with Figure 3 Interaction and Quadratic Paths (Dashed Lines) Free

Step 2

            BETA

                   T          U          V          W          Y         TT   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        U   ‑0.51232     ‑ ‑        ‑ ‑      ‑0.29261     ‑ ‑       0.10826

           (0.09698)                        (0.05995)             (0.08400)

            ‑5.28275                         ‑4.88052               1.28871

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        Y   ‑0.09528    0.16573   ‑0.12159    0.01671     ‑ ‑       0.08969

           (0.10518)  (0.07299)  (0.09719)  (0.09867)             (0.26799)

            ‑0.90589    2.27078   ‑1.25113    0.16936               0.33470

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  TU         TV         TW         UU         UV         UW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        U     ‑ ‑        ‑ ‑       0.11816     ‑ ‑        ‑ ‑        ‑ ‑   

                                 (0.10950)

                                   1.07906

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

        Y    0.55542   ‑0.19979    0.32101    0.32339     ‑ ‑       0.12030

           (0.45782)  (0.15606)  (0.18736)  (0.16877)             (0.12117)

             1.21320   ‑1.28018    1.71331    1.91610               0.99287

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  VV         VW         WW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑   

        U     ‑ ‑        ‑ ‑      ‑0.05813

                                 (0.06452)

                                  ‑0.90101

        V     ‑ ‑        ‑ ‑        ‑ ‑   

        W     ‑ ‑        ‑ ‑        ‑ ‑   

        Y   ‑0.11268    0.08056   ‑0.09369

           (0.19537)  (0.28339)  (0.14885)

            ‑0.57675    0.28426   ‑0.62948

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑
Table AH6 (con't.)-  Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program with Figure 3 Interaction and Quadratic Paths (Dashed Lines) Free

Step 9

            BETA

                   T          U          V          W          Y         TT   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        U   ‑0.62750     ‑ ‑        ‑ ‑      ‑0.25457     ‑ ‑        ‑ ‑

           (0.07861)                        (0.05653)

            ‑7.98191                         ‑4.50324

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        Y   ‑0.13397    0.16524   ‑0.09594    0.04683     ‑ ‑        ‑ ‑

           (0.09906)  (0.06965)  (0.08226)  (0.06805)

            ‑1.35250    2.37247   ‑1.16637    0.68811

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  TU         TV         TW         UU         UV         UW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        U     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        Y    0.42745   ‑0.25181    0.31413    0.29194     ‑ ‑       0.17942

           (0.14472)  (0.11579)  (0.15098)  (0.09084)             (0.09160)

             2.95369   ‑2.17472    2.08067    3.21369               1.95877

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  VV         VW         WW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑

        U     ‑ ‑        ‑ ‑        ‑ ‑

        V     ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑

        Y     ‑ ‑        ‑ ‑        ‑ ‑

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑
Table AH6 (con't.)-  Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program with Figure 3 Interaction and Quadratic Paths (Dashed Lines) Free

Step 10

            BETA

                   T          U          V          W          Y         TT   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        U   ‑0.62713     ‑ ‑        ‑ ‑      ‑0.25458     ‑ ‑        ‑ ‑

           (0.07858)                        (0.05651)

            ‑7.98104                         ‑4.50500

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        Y   ‑0.11821    0.20781   ‑0.11652    0.07954     ‑ ‑        ‑ ‑

           (0.09827)  (0.06708)  (0.08127)  (0.06588)

            ‑1.20295    3.09798   ‑1.43377    1.20732

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  TU         TV         TW         UU         UV         UW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        U     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        Y    0.37325   ‑0.26621    0.17251    0.21112     ‑ ‑        ‑ ‑

           (0.14035)  (0.11518)  (0.13032)  (0.07940)

             2.65955   ‑2.31119    1.32379    2.65899

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  VV         VW         WW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑

        U     ‑ ‑        ‑ ‑        ‑ ‑

        V     ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑

        Y     ‑ ‑        ‑ ‑        ‑ ‑

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑
Table AH6 (con't.)-  Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program with Figure 3 Interaction and Quadratic Paths (Dashed Lines) Free that Shows Structural Coefficients

Step 11

            BETA

                   T          U          V          W          Y         TT   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        U   ‑0.62712     ‑ ‑        ‑ ‑      ‑0.25462     ‑ ‑        ‑ ‑

           (0.07858)                        (0.05652)

            ‑7.98080                         ‑4.50519

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        Y   ‑0.08343    0.20869   ‑0.13474    0.10738     ‑ ‑        ‑ ‑

           (0.09435)  (0.06681)  (0.07982)  (0.06241)

            ‑0.88427    3.12361   ‑1.68812    1.72055

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  TU         TV         TW         UU         UV         UW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        U     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        Y    0.25864   ‑0.19070     ‑ ‑       0.19094     ‑ ‑        ‑ ‑

           (0.10924)  (0.09917)             (0.07744)

             2.36765   ‑1.92297               2.46554

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  VV         VW         WW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑

        U     ‑ ‑        ‑ ‑        ‑ ‑

        V     ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑

        Y     ‑ ‑        ‑ ‑        ‑ ‑

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑
Table AH6 (con't.)-  Portion of Lisrel 8 Output from the Table AH4 Lisrel 8 Program with Figure 3 Interaction and Quadratic Paths (Dashed Lines) Free that Shows Structural Coefficients

Step 12

            BETA

                   T          U          V          W          Y         TT   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        U   ‑0.62709     ‑ ‑        ‑ ‑      ‑0.25454     ‑ ‑        ‑ ‑

           (0.07858)                        (0.05650)

            ‑7.98022                         ‑4.50490

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        Y   ‑0.11733    0.21456   ‑0.09108    0.08323     ‑ ‑        ‑ ‑

           (0.09404)  (0.06749)  (0.07721)  (0.06174)

            ‑1.24761    3.17919   ‑1.17976    1.34799

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  TU         TV         TW         UU         UV         UW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        U     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        V     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑

        Y    0.32532     ‑ ‑        ‑ ‑       0.21194     ‑ ‑        ‑ ‑

           (0.10573)                        (0.07784)

             3.07688                          2.72285

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑        ‑ ‑   

                  VV         VW         WW   

            ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑   ‑‑‑‑‑‑‑‑

        T     ‑ ‑        ‑ ‑        ‑ ‑

        U     ‑ ‑        ‑ ‑        ‑ ‑

        V     ‑ ‑        ‑ ‑        ‑ ‑

        W     ‑ ‑        ‑ ‑        ‑ ‑

        Y     ‑ ‑        ‑ ‑        ‑ ‑

    TT-WW     ‑ ‑        ‑ ‑        ‑ ‑
Table AH7- Significant Subsets of Interactions and Quadratics in the Figure 3 Model

TT-Y    TU-Y     TV-Y     UU-Y    UV-Y     VV-Y    VW-Y    IDENTIFIED IN PROCEDUREa
‑‑‑‑‑‑‑     ‑‑‑‑‑‑‑     ‑‑‑‑‑‑‑     ---‑‑‑‑     ---‑‑‑‑      ‑---‑‑‑     --------    -----------------------------------------

   *                                                                      *                         F-2, Rs, Rf
(a

                               *                                                                     F-2
(b

   *                                         *            *                                        F-2, P, Rb, D
(c

   *            *                                         *                                         F-2
(d

                                                                                         *            F-1
(e

                 *                           *                                                       B
(f

_______

a F-2 = forward selection identified the subset twice, etc., P = backward elimination using modification indices for PSI identified the subset, Rs = OLS Regression with raw data and using the automatic "stepwise" procedure identified the subset, Rf =  OLS Regression with raw data and using a "forward selection" procedure identified the subset, Rb = OLS Regression with raw data and using "backward elimination" identified the subset, D = OLS Regression with a dissattenuated variance-covariance matrix and using stepwise selection and forward selection both identified the subset, and B = backward elimination using t-values identified the subset.

Table AH8- Estimates of the Figure 3 Model with the Subset TT-U, TT-Y, UU-Y, and UV-Y
Figure 3 Model with Equations 17-18a loadings and measurement errors; TT-U, TT-Y,

UU-Y, and UV-Y paths free; and the other interactions and quadratics removed: (bkpsi8)
(Part AA

Y = -.083T + .209U - .138V + .113W - .207TT + .149UU + .227UV + ζ (= .348)
(1AA

                (-.88)     (3.15)   (-1.82)    (1.89)    (-2.97)     (2.60)       (2.84)             (6.55)   (t-values)

U = -.528T                                -.268W + .141TT + ζ (= .513)
(2AA

               (-5.69)                                 (-4.75)     (1.93)          (8.95)   (t-values)


χ2 = 398
GFIb = .88
       CFIc = .966

ECVI = 2.47


df = 251
AGFIb = .84

RMSEAd = .051

R2 for U = .395, R2 for Y = .212
(Trimmed) Figure 3 Model with Equations 17-18a loadings and measurement errors; TT-Y,

UU-Y, and UV-Y paths free; and the other interactions and quadratics removed: (bkpsi8a)
(Part A


Y = -.083T + .206U - .138V + .113W - .205TT + .149UU + .227UV + ζ (= .348)
(1A

                   (-.85)     (3.13)   (-1.82)    (1.89)    (-2.95)     (2.60)       (2.84)             (6.57)   (t-values)


U = -.627T                                -.255W + ζ (= .520)
(2A

                 (-7.96)                                 (-4.51)          (8.93)   (t-values)


χ2 = 398
GFIb = .88
       CFIc = .966

ECVI = 2.47


df = 251
AGFIb = .84

RMSEAd = .051

R2 for U = .386, R2 for Y = .221
(Full) Figure 3 Model with Equations 17-18a loadings and measurement errors; TT-Y,

       UU-Y, and UV-Y paths free; and the other interaction and quadratic paths fixed at zero: (bkpsia)
(Part B


Y = -.084T + .208U - .137V + .115W - .207TT + .149UU + .235UV + ζ (= .346)
(1B

                   (-.87)     (3.17)   (-1.81)    (1.94)    (-2.99)     (2.61)       (3.02)             (6.57)   (t-values)


U = -.627T                                -.254W + ζ (= .517)
(2B

               (-7.98)                                   (-4.50)            (8.90)   (t-values)


χ2 = 521
GFIb = .87
       CFIc = .974

ECVI = 3.70


df = 379
AGFIb = .82

RMSEAd = .041

R2 for U = .387, R2 for Y = .226
───────────────────────
a GFI and AGFI may be inadequate for fit assessment in larger models (see Anderson and Gerbing 1984).

b .90 or higher indicates acceptable fit (see McClelland and Judd 1993).

c .05 suggests close fit, .051-.08 suggests acceptable fit (Brown and Cudeck 1993, Jöreskog 1993).
Table AH8 (con't.)- Estimates of the Figure 3 Model with the Subset TT-U, TT-Y, UU-Y, and UV-Y

(Trimmed) Figure 3 Model with Equations 8a, 9a, 10 and 10a loadings and measurement errors;

       TT-Y, UU-Y, and UV-Y paths free; and the other interactions and quadratics removed: (bkpsi8b)
(Part C


Y = -.084T + .203U - .136V + .110W - .180TT + .138UU + .211UV + ζ (= .347)
(1C

                   (-.86)     (3.08)   (-1.79)    (1.84)    (-2.99)     (2.59)       (2.88)             (6.55)   (t-values)


U = -.627T                                -.255W + ζ (= .520)
(2C

                 (-7.96)                                 (-4.51)          (8.93)   (t-values)


χ2 = 398
GFIb = .88
       CFIc = .966

ECVI = 2.47


df = 251
AGFIb = .84

RMSEAd = .051

R2 for U = .386, R2 for Y = .224
───────────────────────
a GFI and AGFI may be inadequate for fit assessment in larger models (see Anderson and Gerbing 1984).

b .90 or higher indicates acceptable fit (see McClelland and Judd 1993).

c .05 suggests close fit, .051-.08 suggests acceptable fit (Brown and Cudeck 1993, Jöreskog 1993).
(end of Appendix AG)
� As previously mentioned, OLS Regression estimates are biased and inefficient (e.g., Busemeyer and Jones 1983) when used with variables measured with error. In addition, significant Ordinary Least Squares coefficients may or may not be significant when they are reestimated using Maximum Likelihood estimation. Finally, for a model with multiple dependent or exogenous variables, OLS Regression estimates may be biased by the requirement to estimate the model one equation at a time, rather than jointly as in structural equation analysis.


� For simplicity, Figure 3 was specified using LISREL 8's submodel 3B in which all path coefficients are Betas (i.e., an "EQS model" with no gammas). However, LISREL 8's capability for finding significant interaction and quadratic paths, automatic model modification (AM), would not function properly in this application with my copy of LISREL 8. Specifically, restricting automatic model modification to the betas for the interactions and quadratics using the "never free" (NF) option for most of the model parameters appeared to overwhelm LISREL, resulting in all parameters being set to never free. In addition, had this approach worked, it would have identified at most one set of significant interactions and/or quadratics (in this case TT-Y and VV-Y) without resorting to fixing, freeing, and never free activities that are equivalent in tediousness to the forward selection approach.


� EQS has a NOFREE (NOF) option that can be used with its LMTEST option to automatically free the fixed interaction and quadratic paths. This technique identified one set of significant interactions and/or quadratics (in this case TT-Y and VV-Y) without resorting to fixing, freeing, and restriction activities that are equivalent in tediousness to the forward selection approach.


� The TU-U, UU-U, UV-U and UW-U paths were not admissible. Allowing U to interact with itself by freeing the one or more of these paths changes the final test model into one in which the implicit structural coefficient of Y is no longer 1. Such models are beyond the scope of this monograph (see Footnote 20 in Chapter IX for more on this matter).


� Since the interaction or quadratic is to be removed from the model and this removal will affect the explained variances of both U and Y, a summed modification index for PSI was used to gauge the combined effect of removing an interaction or quadratic.


� Notice that in Figure 3 the paths from the interactions and the quadratic containing U are not shown connected to U because U is not permitted to interact with itself (see Footnote 4).


� Several steps were used to produce Table AH8 Part C. First, the Equation 8a, 9a, 10 and 10a values for the loadings and error variances of TT, UU, and UV were computed using the T, U, V, and W loadings and error variances available in the final-test estimation of the structural model (i.e., the Table AH8 estimation without interactions or quadratics), and Equations 1C and 2C in Table AH8 were initially estimated (not reported). Next, the Equation 8a, 9a, 10 and 10a values for the TT, UU and UV were recomputed using the T, U, V, and W loadings and error variances from this initial Equations 1C and 2C estimation, and Equations 1C and 2C were re-estimated. Since the structural coefficients (β's) changed trivially between the two estimates of  Equations 1C and 2C (i.e., in the third decimal place) the process was judged to have converged (see Ping 1995), and Table AI8 Part C shows the results of this reestimation after the second step.


� A Table AH8 Part C estimation using the full Kenny and Judd (1984) specification did not converge. The full set of Kenny and Judd product indicators was inconsistent (i.e., their single construct measurement model did not fit the data, see Anderson and Gerbing 1982) and this inconsistency may have been responsible for the lack of convergence. Jaccard and Wan (1995) overcame this difficulty by using a subset of product indicators with the Kenny and Judd (1984) approach. However, they provided no guidance regarding which product indicators could safely be dropped while still preserving the content validity of an interaction or quadratic. While a procedure for obtaining a consistent subset of consistent product indicators was suggested in Chapter VIII, an estimation using a subset of Kenny and Judd product indicators was not pursued further.
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