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Mplus syntax and output for Chapter 10: Structural Equation Modeling II: Latent Variable Models
Much of the material in this document builds on the Mplus syntax and output from earlier chapters. If necessary, refer back to those documents for reminders.

CFA example data
The ‘DATA’ and ‘VARIABLE’ commands for the SWAN parental report of ADHD symptoms example are below:
DATA:
  FILE IS "adswan.dat";

VARIABLE:
  NAMES ARE swanp1-swanp18 swant1-swant18;
  USEVARIABLES ARE swanp1-swanp18;
  MISSING = .;

There is a small number of missing values in the data file, which are denoted as periods.
CFA: model specification
The two-factor CFA model in Figure 10.2 is specified as follows:
MODEL:
  inat BY swanp1-swanp9;
  hyper BY swanp10-swanp18;
The ‘BY’ operator is used to indicate that a latent variable, named on the left-hand side of ‘BY’, is measured by the observed variables listed on the right-hand side of ‘BY’.
By default, Mplus will interpret this model specification such that the latent variables are freely covaried and while all error variances are fixed to zero.
The latent variable scales are not explicitly specified in the text string above. By default, the marker-indicator approach will be implemented when the model is estimated (i.e., the unstandardized factor loading will be fixed to 1 for the first indicator of each latent variable). But that default can be over-ridden as shown below:
MODEL:
  inat by swanp1* swanp2-swanp9;
  hyper by swanp10* swanp11-swanp18;
  inat@1;
  hyper@1;
The asterisks next to the first indicator of each latent variable is used to force that indicator’s factor loading to be a free parameter (rather than fixed = 1, which is the default).
The lines 
  inat@1;
  hyper@1;
fix the variances of the latent variables = 1 (rather than being free parameters, which is the default).

The entire input script for the two-factor model looks like this:
TITLE:  SWAN parent rating, two-factor model

DATA:
  FILE IS "adswan.dat";

VARIABLE:
  NAMES ARE swanp1-swanp18 swant1-swant18;
  USEVARIABLES ARE swanp1-swanp18;
  MISSING = .;

ANALYSIS:
  ESTIMATOR = MLR;

MODEL:
  inat BY swanp1* swanp2-swanp9;
  hyper BY swanp10* swanp11-swanp18;
  inat@1;
  hyper@1;

OUTPUT:
  SAMPSTAT;
In the ‘ANALYSIS’ command, the ‘ESTIMATOR = MLR' option is used to implement the robust maximum likelihood procedure described in Chapter 10. Additionally, Mplus will implement so-called "full-information maximum likelihood" estimation to account for the presence of incomplete cases. FIML estimation, also known as "direct maximum likelihood," is described in Chapter 11.
Again, ‘SAMPSTAT’ is included to obtain descriptive statistics.
Pertinent output is given next:
SUMMARY OF ANALYSIS

Number of groups                                                 1
Number of observations                                         166

Number of dependent variables                                   18
Number of independent variables                                  0
Number of continuous latent variables                            2
The ‘Number of dependent variables’ is 18 because, in a CFA model, the observed indicators are actually endogenous variables.
     PROPORTION OF DATA PRESENT

           Covariance Coverage
              SWANP1        SWANP2        SWANP3        SWANP4        SWANP5
              ________      ________      ________      ________      ________
 SWANP1         1.000
 SWANP2         0.988         0.988
 SWANP3         1.000         0.988         1.000
 SWANP4         1.000         0.988         1.000         1.000
 SWANP5         1.000         0.988         1.000         1.000         1.000
 SWANP6         1.000         0.988         1.000         1.000         1.000
 SWANP7         1.000         0.988         1.000         1.000         1.000
 SWANP8         0.964         0.952         0.964         0.964         0.964
 SWANP9         0.994         0.982         0.994         0.994         0.994
 SWANP10        0.994         0.982         0.994         0.994         0.994
 SWANP11        0.994         0.982         0.994         0.994         0.994
 SWANP12        0.982         0.970         0.982         0.982         0.982
 SWANP13        1.000         0.988         1.000         1.000         1.000
 SWANP14        0.988         0.982         0.988         0.988         0.988
 SWANP15        0.988         0.976         0.988         0.988         0.988
 SWANP16        0.982         0.970         0.982         0.982         0.982
 SWANP17        0.994         0.982         0.994         0.994         0.994
 SWANP18        0.988         0.976         0.988         0.988         0.988

           Covariance Coverage
              SWANP6        SWANP7        SWANP8        SWANP9        SWANP10
              ________      ________      ________      ________      ________
 SWANP6         1.000
 SWANP7         1.000         1.000
 SWANP8         0.964         0.964         0.964
 SWANP9         0.994         0.994         0.958         0.994
 SWANP10        0.994         0.994         0.964         0.988         0.994
 SWANP11        0.994         0.994         0.958         0.988         0.988
 SWANP12        0.982         0.982         0.952         0.982         0.976
 SWANP13        1.000         1.000         0.964         0.994         0.994
 SWANP14        0.988         0.988         0.952         0.982         0.982
 SWANP15        0.988         0.988         0.952         0.982         0.982
 SWANP16        0.982         0.982         0.952         0.976         0.982
 SWANP17        0.994         0.994         0.958         0.988         0.988
 SWANP18        0.988         0.988         0.958         0.982         0.982

           Covariance Coverage
              SWANP11       SWANP12       SWANP13       SWANP14       SWANP15
              ________      ________      ________      ________      ________
 SWANP11        0.994
 SWANP12        0.976         0.982
 SWANP13        0.994         0.982         1.000
 SWANP14        0.982         0.970         0.988         0.988
 SWANP15        0.982         0.970         0.988         0.976         0.988
 SWANP16        0.976         0.964         0.982         0.970         0.976
 SWANP17        0.988         0.976         0.994         0.982         0.982
 SWANP18        0.982         0.976         0.988         0.976         0.976

           Covariance Coverage
              SWANP16       SWANP17       SWANP18
              ________      ________      ________
 SWANP16        0.982
 SWANP17        0.976         0.994
 SWANP18        0.970         0.982         0.988

These ‘Covariance coverage’ values pertain to the amount of missing data, as described in the Chapter 8 documentation for Mplus.
           Correlations
              SWANP1        SWANP2        SWANP3        SWANP4        SWANP5
              ________      ________      ________      ________      ________
 SWANP1         1.000
 SWANP2         0.386         1.000
 SWANP3         0.310         0.458         1.000
 SWANP4         0.403         0.482         0.364         1.000
 SWANP5         0.503         0.366         0.305         0.512         1.000
 SWANP6         0.448         0.462         0.351         0.466         0.329
 SWANP7         0.495         0.389         0.267         0.447         0.664
 SWANP8         0.040         0.269         0.323         0.261         0.049
 SWANP9         0.517         0.443         0.333         0.457         0.661
 SWANP10        0.281         0.285         0.355         0.198         0.116
 SWANP11        0.266         0.310         0.392         0.268         0.161
 SWANP12        0.248         0.202         0.260         0.160         0.203
 SWANP13        0.170         0.153         0.364         0.177         0.126
 SWANP14        0.173         0.130         0.245         0.168         0.130
 SWANP15        0.285         0.295         0.445         0.349         0.195
 SWANP16        0.278         0.256         0.427         0.254         0.122
 SWANP17        0.226         0.259         0.457         0.237         0.160
 SWANP18        0.325         0.331         0.540         0.270         0.188


           Correlations
              SWANP6        SWANP7        SWANP8        SWANP9        SWANP10
              ________      ________      ________      ________      ________
 SWANP6         1.000
 SWANP7         0.319         1.000
 SWANP8         0.236         0.063         1.000
 SWANP9         0.282         0.713         0.044         1.000
 SWANP10        0.262         0.162         0.208         0.152         1.000
 SWANP11        0.227         0.260         0.213         0.243         0.539
 SWANP12        0.178         0.199         0.153         0.225         0.361
 SWANP13        0.218         0.118         0.138         0.070         0.473
 SWANP14        0.143         0.113         0.139         0.117         0.472
 SWANP15        0.270         0.184         0.361         0.186         0.423
 SWANP16        0.235         0.154         0.332         0.134         0.381
 SWANP17        0.283         0.105         0.245         0.188         0.416
 SWANP18        0.324         0.160         0.300         0.182         0.444


           Correlations
              SWANP11       SWANP12       SWANP13       SWANP14       SWANP15
              ________      ________      ________      ________      ________
 SWANP11        1.000
 SWANP12        0.500         1.000
 SWANP13        0.575         0.489         1.000
 SWANP14        0.553         0.486         0.725         1.000
 SWANP15        0.482         0.415         0.531         0.451         1.000
 SWANP16        0.370         0.414         0.434         0.435         0.719
 SWANP17        0.581         0.475         0.531         0.518         0.572
 SWANP18        0.348         0.282         0.371         0.286         0.608


           Correlations
              SWANP16       SWANP17       SWANP18
              ________      ________      ________
 SWANP16        1.000
 SWANP17        0.612         1.000
 SWANP18        0.629         0.613         1.000
The correlations in Table 10.1 can be found above; they are not exactly the same values, though, because Mplus has used a maximum-likelihood procedure to calculate the correlations given the presence of missing data.
MODEL FIT INFORMATION

Number of Free Parameters                       55

Loglikelihood

          H0 Value                       -4166.333
          H0 Scaling Correction Factor      1.6313
            for MLR
          H1 Value                       -3971.176
          H1 Scaling Correction Factor      1.2812
            for MLR

Information Criteria

          Akaike (AIC)                    8442.666
          Bayesian (BIC)                  8613.826
          Sample-Size Adjusted BIC        8439.692
            (n* = (n + 2) / 24)

Chi-Square Test of Model Fit

          Value                            343.145*
          Degrees of Freedom                   134
          P-Value                           0.0000
          Scaling Correction Factor         1.1375
            for MLR

RMSEA (Root Mean Square Error Of Approximation)

          Estimate                           0.097
          90 Percent C.I.                    0.084  0.110
          Probability RMSEA <= .05           0.000

CFI/TLI

          CFI                                0.800
          TLI                                0.771

Chi-Square Test of Model Fit for the Baseline Model

          Value                           1197.232
          Degrees of Freedom                   153
          P-Value                           0.0000

SRMR (Standardized Root Mean Square Residual)

          Value                              0.103
The RMSEA, CFI, and TLI values above do not correspond to the values reported in Chapter 10, which were adjusted based on Brosseau-Liard & Savalei (2014) and Brosseau-Liard et al. (2012). Nonetheless, the fit stats above also indicate that this two factor model fits the data poorly.

Correlated error terms
The two-factor model specification above can be expanded to include freed error covariance parameters among the hyperactivity symptoms ('swanp16' through 'swanp18') to produce the model in Figure 10.4 as shown below:
MODEL:
  inat BY swanp1* swanp2-swanp9;
  hyper BY swanp10* swanp11-swanp18;
  inat@1;
  hyper@1;
  swanp16 WITH swanp17 swanp18;
  swanp17 WITH swanp18;
Above, the 'inat' and 'hyper' latent variables are specified the same way as they were for the original two-factor model.
But now, the WITH operator is used to free the error covariances between 'swanp16' and each of 'swanp17' and 'swanp18' and between 'swanp17' and 'swanp18'.
Once this revised model is estimated (again using the robust approach), overall model fit is still not acceptable according to the model fit stats given below (which are close, but not identical to the robust fit stats reported in Chapter 10 for the same reason as above for the previous model):
MODEL FIT INFORMATION

Number of Free Parameters                       58

Loglikelihood

          H0 Value                       -4146.672
          H0 Scaling Correction Factor      1.6496
            for MLR
          H1 Value                       -3971.176
          H1 Scaling Correction Factor      1.2812
            for MLR

Information Criteria

          Akaike (AIC)                    8409.345
          Bayesian (BIC)                  8589.840
          Sample-Size Adjusted BIC        8406.207
            (n* = (n + 2) / 24)

Chi-Square Test of Model Fit

          Value                            313.925*
          Degrees of Freedom                   131
          P-Value                           0.0000
          Scaling Correction Factor         1.1181
            for MLR

RMSEA (Root Mean Square Error Of Approximation)

          Estimate                           0.092
          90 Percent C.I.                    0.079  0.105
          Probability RMSEA <= .05           0.000

CFI/TLI

          CFI                                0.825
          TLI                                0.795

Chi-Square Test of Model Fit for the Baseline Model

          Value                           1197.232
          Degrees of Freedom                   153
          P-Value                           0.0000

SRMR (Standardized Root Mean Square Residual)

          Value                              0.107

One-factor model
The one-factor model described in Chapter 10 (Figure 10.5) is specified below:
MODEL:
  adhd BY swanp1* swanp2-swanp18;
  adhd@1;
As reported in Chapter 10, this model fits the data poorly:
MODEL FIT INFORMATION

Number of Free Parameters                       54

Loglikelihood

          H0 Value                       -4302.212
          H0 Scaling Correction Factor      1.4554
            for MLR
          H1 Value                       -3971.176
          H1 Scaling Correction Factor      1.2812
            for MLR

Information Criteria

          Akaike (AIC)                    8712.425
          Bayesian (BIC)                  8880.472
          Sample-Size Adjusted BIC        8709.504
            (n* = (n + 2) / 24)

Chi-Square Test of Model Fit

          Value                            546.488*
          Degrees of Freedom                   135
          P-Value                           0.0000
          Scaling Correction Factor         1.2115
            for MLR

RMSEA (Root Mean Square Error Of Approximation)

          Estimate                           0.136
          90 Percent C.I.                    0.124  0.147
          Probability RMSEA <= .05           0.000

CFI/TLI

          CFI                                0.606
          TLI                                0.553

Chi-Square Test of Model Fit for the Baseline Model

          Value                           1197.232
          Degrees of Freedom                   153
          P-Value                           0.0000

SRMR (Standardized Root Mean Square Residual)

          Value                              0.128


Three-factor model
The three-factor model described in Chapter 10 (Figure 10.6) is specified below:
MODEL:
  inat BY swanp1* swanp2-swanp9;
  hyper BY swanp10* swanp11-swanp15;
  imp BY swanp16* swanp17 swanp18;
  inat@1;
  hyper@1;
  imp@1;
As reported in Chapter 10, this model fits the data poorly:
  MODEL FIT INFORMATION

Number of Free Parameters                       57

Loglikelihood

          H0 Value                       -4150.666
          H0 Scaling Correction Factor      1.6385
            for MLR
          H1 Value                       -3971.176
          H1 Scaling Correction Factor      1.2812
            for MLR

Information Criteria

          Akaike (AIC)                    8415.332
          Bayesian (BIC)                  8592.715
          Sample-Size Adjusted BIC        8412.249
            (n* = (n + 2) / 24)

Chi-Square Test of Model Fit

          Value                            318.556*
          Degrees of Freedom                   132
          P-Value                           0.0000
          Scaling Correction Factor         1.1269
            for MLR

RMSEA (Root Mean Square Error Of Approximation)

          Estimate                           0.092
          90 Percent C.I.                    0.079  0.105
          Probability RMSEA <= .05           0.000

CFI/TLI

          CFI                                0.821
          TLI                                0.793

Chi-Square Test of Model Fit for the Baseline Model

          Value                           1197.232
          Degrees of Freedom                   153
          P-Value                           0.0000

SRMR (Standardized Root Mean Square Residual)

          Value                              0.103

Bifactor model
The bifactor model described in Chapter 10 (Figure 10.7) is specified below:
MODEL:
  general BY swanp1* swanp2-swanp18;
  spec1 BY swanp1* swanp2-swanp9;
  spec2 BY swanp10* swanp11-swanp18;
  general@1;
  spec1@1;
  spec2@1;
  general WITH spec1@0 spec2@0;
  spec1 WITH spec2@0;
Above, 'spec1' and 'spec2' are the names given to the specific inattention and specific hyperactivity factors, respectively.
The 'WITH' operator is used to refer to the covariances among the latent variables. By default, these covariances are free parameters. But using '@0' fixes these covariances to 0, as the bifactor model requires.
The results from estimating this model, again using robust ML, are below. The ‘STDYX’ option was included in the ‘OUTPUT’ command to provide the completely standardized estimates:
MODEL FIT INFORMATION

Number of Free Parameters                       72

Loglikelihood

          H0 Value                       -4060.067
          H0 Scaling Correction Factor      1.5639
            for MLR
          H1 Value                       -3971.176
          H1 Scaling Correction Factor      1.2812
            for MLR

Information Criteria

          Akaike (AIC)                    8264.134
          Bayesian (BIC)                  8488.197
          Sample-Size Adjusted BIC        8260.240
            (n* = (n + 2) / 24)

Chi-Square Test of Model Fit

          Value                            160.566*
          Degrees of Freedom                   117
          P-Value                           0.0047
          Scaling Correction Factor         1.1072
            for MLR

RMSEA (Root Mean Square Error Of Approximation)

          Estimate                           0.047
          90 Percent C.I.                    0.027  0.065
          Probability RMSEA <= .05           0.581

CFI/TLI

          CFI                                0.958
          TLI                                0.945

Chi-Square Test of Model Fit for the Baseline Model

          Value                           1197.232
          Degrees of Freedom                   153
          P-Value                           0.0000

SRMR (Standardized Root Mean Square Residual)

          Value                              0.047

MODEL RESULTS
                                                    Two-Tailed
                    Estimate       S.E.  Est./S.E.    P-Value

 GENERAL  BY
    SWANP1             0.384      0.098      3.918      0.000
    SWANP2             0.510      0.113      4.519      0.000
    SWANP3             0.738      0.100      7.397      0.000
    SWANP4             0.343      0.077      4.431      0.000
    SWANP5             0.249      0.109      2.287      0.022
    SWANP6             0.562      0.119      4.734      0.000
    SWANP7             0.219      0.103      2.122      0.034
    SWANP8             0.529      0.105      5.050      0.000
    SWANP9             0.287      0.121      2.379      0.017
    SWANP10            0.562      0.112      4.997      0.000
    SWANP11            0.588      0.131      4.505      0.000
    SWANP12            0.487      0.168      2.899      0.004
    SWANP13            0.560      0.174      3.217      0.001
    SWANP14            0.438      0.189      2.317      0.020
    SWANP15            1.047      0.127      8.230      0.000
    SWANP16            0.971      0.120      8.101      0.000
    SWANP17            0.895      0.120      7.478      0.000
    SWANP18            1.065      0.105     10.141      0.000

 SPEC1    BY
    SWANP1             0.565      0.130      4.338      0.000
    SWANP2             0.482      0.094      5.137      0.000
    SWANP3             0.255      0.096      2.659      0.008
    SWANP4             0.444      0.067      6.582      0.000
    SWANP5             0.912      0.133      6.865      0.000
    SWANP6             0.454      0.118      3.838      0.000
    SWANP7             0.904      0.110      8.188      0.000
    SWANP8            -0.037      0.243     -0.154      0.878
    SWANP9             1.004      0.099     10.103      0.000

 SPEC2    BY
    SWANP10            0.424      0.108      3.934      0.000
    SWANP11            0.635      0.118      5.402      0.000
    SWANP12            0.575      0.152      3.788      0.000
    SWANP13            0.870      0.130      6.683      0.000
    SWANP14            0.935      0.148      6.334      0.000
    SWANP15            0.322      0.256      1.259      0.208
    SWANP16            0.211      0.278      0.758      0.448
    SWANP17            0.427      0.182      2.351      0.019
    SWANP18           -0.016      0.158     -0.103      0.918

 GENERAL  WITH
    SPEC1              0.000      0.000    999.000    999.000
    SPEC2              0.000      0.000    999.000    999.000

 SPEC1    WITH
    SPEC2              0.000      0.000    999.000    999.000

 Intercepts
    SWANP1             1.753      0.081     21.637      0.000
    SWANP2             1.469      0.090     16.408      0.000
    SWANP3             0.861      0.090      9.559      0.000
    SWANP4             2.096      0.068     30.946      0.000
    SWANP5             1.970      0.092     21.522      0.000
    SWANP6             1.416      0.105     13.471      0.000
    SWANP7             1.663      0.088     18.906      0.000
    SWANP8             1.698      0.095     17.894      0.000
    SWANP9             1.158      0.098     11.873      0.000
    SWANP10            0.958      0.089     10.818      0.000
    SWANP11            0.626      0.094      6.647      0.000
    SWANP12            0.049      0.095      0.519      0.603
    SWANP13            0.133      0.096      1.377      0.168
    SWANP14            0.320      0.094      3.404      0.001
    SWANP15            0.689      0.107      6.442      0.000
    SWANP16            0.691      0.100      6.914      0.000
    SWANP17            0.197      0.099      1.986      0.047
    SWANP18            0.676      0.101      6.662      0.000

 Variances
    GENERAL            1.000      0.000    999.000    999.000
    SPEC1              1.000      0.000    999.000    999.000
    SPEC2              1.000      0.000    999.000    999.000

 Residual Variances
    SWANP1             0.623      0.133      4.693      0.000
    SWANP2             0.837      0.143      5.843      0.000
    SWANP3             0.739      0.100      7.418      0.000
    SWANP4             0.447      0.062      7.211      0.000
    SWANP5             0.497      0.104      4.759      0.000
    SWANP6             1.312      0.200      6.545      0.000
    SWANP7             0.419      0.078      5.373      0.000
    SWANP8             1.193      0.295      4.040      0.000
    SWANP9             0.478      0.095      5.012      0.000
    SWANP10            0.803      0.091      8.865      0.000
    SWANP11            0.717      0.123      5.847      0.000
    SWANP12            0.917      0.210      4.373      0.000
    SWANP13            0.465      0.086      5.434      0.000
    SWANP14            0.389      0.124      3.131      0.002
    SWANP15            0.691      0.119      5.823      0.000
    SWANP16            0.633      0.153      4.131      0.000
    SWANP17            0.644      0.108      5.985      0.000
    SWANP18            0.564      0.128      4.413      0.000

STANDARDIZED MODEL RESULTS

STDYX Standardization
                                                    Two-Tailed
                    Estimate       S.E.  Est./S.E.    P-Value

 GENERAL  BY
    SWANP1             0.368      0.090      4.068      0.000
    SWANP2             0.442      0.083      5.311      0.000
    SWANP3             0.635      0.067      9.420      0.000
    SWANP4             0.393      0.080      4.893      0.000
    SWANP5             0.211      0.090      2.350      0.019
    SWANP6             0.415      0.078      5.348      0.000
    SWANP7             0.193      0.089      2.177      0.030
    SWANP8             0.436      0.076      5.764      0.000
    SWANP9             0.229      0.091      2.513      0.012
    SWANP10            0.493      0.088      5.603      0.000
    SWANP11            0.486      0.097      4.997      0.000
    SWANP12            0.400      0.137      2.919      0.004
    SWANP13            0.452      0.135      3.344      0.001
    SWANP14            0.363      0.155      2.335      0.020
    SWANP15            0.761      0.082      9.330      0.000
    SWANP16            0.763      0.092      8.284      0.000
    SWANP17            0.702      0.073      9.647      0.000
    SWANP18            0.817      0.050     16.256      0.000

 SPEC1    BY
    SWANP1             0.541      0.104      5.209      0.000
    SWANP2             0.418      0.081      5.142      0.000
    SWANP3             0.220      0.079      2.769      0.006
    SWANP4             0.509      0.072      7.020      0.000
    SWANP5             0.774      0.056     13.902      0.000
    SWANP6             0.336      0.088      3.827      0.000
    SWANP7             0.798      0.052     15.332      0.000
    SWANP8            -0.031      0.197     -0.156      0.876
    SWANP9             0.802      0.046     17.273      0.000

 SPEC2    BY
    SWANP10            0.372      0.091      4.080      0.000
    SWANP11            0.525      0.090      5.811      0.000
    SWANP12            0.472      0.119      3.956      0.000
    SWANP13            0.702      0.089      7.870      0.000
    SWANP14            0.775      0.101      7.639      0.000
    SWANP15            0.234      0.183      1.283      0.200
    SWANP16            0.166      0.216      0.768      0.443
    SWANP17            0.335      0.143      2.350      0.019
    SWANP18           -0.012      0.121     -0.103      0.918

 GENERAL  WITH
    SPEC1              0.000      0.000    999.000    999.000
    SPEC2              0.000      0.000    999.000    999.000

 SPEC1    WITH
    SPEC2              0.000      0.000    999.000    999.000

 Intercepts
    SWANP1             1.679      0.212      7.934      0.000
    SWANP2             1.274      0.158      8.080      0.000
    SWANP3             0.742      0.092      8.104      0.000
    SWANP4             2.402      0.186     12.926      0.000
    SWANP5             1.670      0.224      7.462      0.000
    SWANP6             1.046      0.132      7.937      0.000
    SWANP7             1.467      0.166      8.854      0.000
    SWANP8             1.398      0.163      8.583      0.000
    SWANP9             0.925      0.120      7.736      0.000
    SWANP10            0.841      0.086      9.741      0.000
    SWANP11            0.517      0.085      6.104      0.000
    SWANP12            0.040      0.078      0.518      0.605
    SWANP13            0.107      0.079      1.361      0.174
    SWANP14            0.265      0.081      3.294      0.001
    SWANP15            0.501      0.088      5.695      0.000
    SWANP16            0.543      0.088      6.188      0.000
    SWANP17            0.155      0.079      1.960      0.050
    SWANP18            0.519      0.085      6.115      0.000

 Variances
    GENERAL            1.000      0.000    999.000    999.000
    SPEC1              1.000      0.000    999.000    999.000
    SPEC2              1.000      0.000    999.000    999.000

 Residual Variances
    SWANP1             0.572      0.091      6.274      0.000
    SWANP2             0.629      0.069      9.123      0.000
    SWANP3             0.548      0.078      7.067      0.000
    SWANP4             0.587      0.068      8.596      0.000
    SWANP5             0.357      0.082      4.340      0.000
    SWANP6             0.715      0.064     11.126      0.000
    SWANP7             0.327      0.077      4.222      0.000
    SWANP8             0.809      0.067     12.094      0.000
    SWANP9             0.305      0.065      4.667      0.000
    SWANP10            0.619      0.076      8.108      0.000
    SWANP11            0.489      0.087      5.643      0.000
    SWANP12            0.617      0.114      5.407      0.000
    SWANP13            0.303      0.059      5.123      0.000
    SWANP14            0.267      0.091      2.948      0.003
    SWANP15            0.366      0.064      5.711      0.000
    SWANP16            0.391      0.084      4.627      0.000
    SWANP17            0.395      0.063      6.229      0.000
    SWANP18            0.332      0.083      3.997      0.000

R-SQUARE

    Observed                                        Two-Tailed
    Variable        Estimate       S.E.  Est./S.E.    P-Value

    SWANP1             0.428      0.091      4.695      0.000
    SWANP2             0.371      0.069      5.377      0.000
    SWANP3             0.452      0.078      5.827      0.000
    SWANP4             0.413      0.068      6.057      0.000
    SWANP5             0.643      0.082      7.815      0.000
    SWANP6             0.285      0.064      4.426      0.000
    SWANP7             0.673      0.077      8.709      0.000
    SWANP8             0.191      0.067      2.851      0.004
    SWANP9             0.695      0.065     10.644      0.000
    SWANP10            0.381      0.076      4.998      0.000
    SWANP11            0.511      0.087      5.899      0.000
    SWANP12            0.383      0.114      3.350      0.001
    SWANP13            0.697      0.059     11.789      0.000
    SWANP14            0.733      0.091      8.085      0.000
    SWANP15            0.634      0.064      9.909      0.000
    SWANP16            0.609      0.084      7.221      0.000
    SWANP17            0.605      0.063      9.527      0.000
    SWANP18            0.668      0.083      8.031      0.000
In the output above, first notice that the model fits the data well, although the model fit stats don’t exactly match the robust fit stats reported in Chapter 10.
Next, under 'MODEL RESULTS', the first set of 'Estimate' values correspond to the unstandardized factor-loading estimates given in Table 10.2, along with their associated standard errors and Z tests. 
Under the 'WITH' results, notice that the estimated covariances among the latent variables all equal 0 because they were fixed to 0 in accordance with the a priori specification of the bifactor model.
The 'Intercepts' values are usually ignored in CFA applications.
The variances of the latent variables all equal 1 because the according to the model constraints used to set the scales of the latent variables.
Next, the values listed under 'STDYX Standardization' correspond to the completely standardized factor loading estimates in Table 10.2.
Accordingly, the completely standardized residual variances are uniqueness estimates giving the proportion of unexplained variance of each observed variable; these equal 1 minus the ‘R-SQUARE’ values reported last.

CFA with polchoric correlations
In the second ADHD symptom dataset, ‘ksads.dat’, the variables given the names 'sinat1' to 'sinat9' correspond to the inattention symptom items while the variables given the names 'shi1' to shi9' correspond to hyperactivity symptom items used in the example analysis in Chapter 10:
DATA:
  FILE IS "ksads.dat";

VARIABLE:
  NAMES ARE sinat1-sinat9 shi1-shi9;
  USEVARIABLES ARE all;
  CATEGORICAL ARE all;
  missing = .;
As introduced with the Mplus code for Chapter 8 on EFA, the ‘CATEGORICAL ARE’ subcommand tells Mplus that the observed variables are to be treated as (ordered) categorical variables. Doing so will lead to the CFA model being fitted to the polychoric correlation matrix using the default WLSMV estimator (there is no need to include an ‘ANALYSIS’ command if this default is acceptable). 
Otherwise, the specification of the bifactor model is the same as above for the SWAN items, but now for the KSADS items instead:
MODEL:
  general BY sinat1* sinat2-sinat9 shi1-shi9;
  spec1 BY sinat1* sinat2-sinat9;
  spec2 BY shi1* shi2-shi9;
  general@1;
  spec1@1;
  spec2@1;
  general WITH spec1@0 spec2@0;
  spec1 WITH spec2@0;
Including the ‘SAMPSTAT’ option in the ‘OUTPUT’ command will cause Mplus to include the polychoric correlations in the output:
OUTPUT:
  SAMPSTAT;
The resulting output is below:
UNIVARIATE PROPORTIONS AND COUNTS FOR CATEGORICAL VARIABLES

    SINAT1
      Category 1    0.060       12.000
      Category 2    0.085       17.000
      Category 3    0.855      171.000
    SINAT2
      Category 1    0.050       10.000
      Category 2    0.106       21.000
      Category 3    0.844      168.000
    SINAT3
      Category 1    0.157       31.000
      Category 2    0.234       46.000
      Category 3    0.609      120.000
    SINAT4
      Category 1    0.158       31.000
      Category 2    0.097       19.000
      Category 3    0.745      146.000
    SINAT5
      Category 1    0.081       16.000
      Category 2    0.122       24.000
      Category 3    0.797      157.000
    SINAT6
      Category 1    0.091       18.000
      Category 2    0.146       29.000
      Category 3    0.763      151.000
    SINAT7
      Category 1    0.076       15.000
      Category 2    0.101       20.000
      Category 3    0.823      163.000
    SINAT8
      Category 1    0.192       38.000
      Category 2    0.192       38.000
      Category 3    0.616      122.000
    SINAT9
      Category 1    0.131       26.000
      Category 2    0.192       38.000
      Category 3    0.677      134.000
    SHI1
      Category 1    0.574      112.000
      Category 2    0.215       42.000
      Category 3    0.210       41.000
    SHI2
      Category 1    0.444       88.000
      Category 2    0.207       41.000
      Category 3    0.348       69.000
    SHI3
      Category 1    0.310       62.000
      Category 2    0.200       40.000
      Category 3    0.490       98.000
    SHI4
      Category 1    0.457       90.000
      Category 2    0.223       44.000
      Category 3    0.320       63.000
    SHI5
      Category 1    0.543      107.000
      Category 2    0.173       34.000
      Category 3    0.284       56.000
    SHI6
      Category 1    0.207       41.000
      Category 2    0.253       50.000
      Category 3    0.540      107.000
    SHI7
      Category 1    0.313       61.000
      Category 2    0.200       39.000
      Category 3    0.487       95.000
    SHI8
      Category 1    0.452       89.000
      Category 2    0.188       37.000
      Category 3    0.360       71.000
    SHI9
      Category 1    0.397       77.000
      Category 2    0.201       39.000
      Category 3    0.402       78.000

     ESTIMATED SAMPLE STATISTICS

           MEANS/INTERCEPTS/THRESHOLDS
              SINAT1$1      SINAT1$2      SINAT2$1      SINAT2$2      SINAT3$1
              ________      ________      ________      ________      ________
      1        -1.555        -1.058        -1.642        -1.012        -1.005

           MEANS/INTERCEPTS/THRESHOLDS
              SINAT3$2      SINAT4$1      SINAT4$2      SINAT5$1      SINAT5$2
              ________      ________      ________      ________      ________
      1        -0.277        -1.002        -0.659        -1.397        -0.831


           MEANS/INTERCEPTS/THRESHOLDS
              SINAT6$1      SINAT6$2      SINAT7$1      SINAT7$2      SINAT8$1
              ________      ________      ________      ________      ________
      1        -1.335        -0.715        -1.434        -0.928        -0.871

           MEANS/INTERCEPTS/THRESHOLDS
              SINAT8$2      SINAT9$1      SINAT9$2      SHI1$1        SHI1$2
              ________      ________      ________      ________      ________
      1        -0.295        -1.120        -0.459         0.187         0.806

           MEANS/INTERCEPTS/THRESHOLDS
              SHI2$1        SHI2$2        SHI3$1        SHI3$2        SHI4$1
              ________      ________      ________      ________      ________
      1        -0.140         0.389        -0.496         0.025        -0.108

           MEANS/INTERCEPTS/THRESHOLDS
              SHI4$2        SHI5$1        SHI5$2        SHI6$1        SHI6$2
              ________      ________      ________      ________      ________
      1         0.468         0.108         0.570        -0.817        -0.101

           MEANS/INTERCEPTS/THRESHOLDS
              SHI7$1        SHI7$2        SHI8$1        SHI8$2        SHI9$1
              ________      ________      ________      ________      ________
      1        -0.488         0.032        -0.121         0.357        -0.261

           MEANS/INTERCEPTS/THRESHOLDS
              SHI9$2
              ________
      1         0.248
Because the observed variables have been specified as categorical, the ‘MEANS/INTERCEPTS/THRESHOLDS’ output corresponds to the estimated threshold parameters used to calculate the polychoric correlations. Because each item has three categories, each item has two threshold parameters (denoted with ‘$1’ and ‘$2’).
           CORRELATION MATRIX (WITH VARIANCES ON THE DIAGONAL)
              SINAT1        SINAT2        SINAT3        SINAT4        SINAT5
              ________      ________      ________      ________      ________
 SINAT1
 SINAT2         0.738
 SINAT3         0.495         0.350
 SINAT4         0.349         0.363         0.572
 SINAT5         0.334         0.201         0.259         0.257
 SINAT6         0.296         0.412         0.268         0.444         0.034
 SINAT7         0.409         0.446         0.089         0.269         0.355
 SINAT8         0.090         0.357         0.113         0.079         0.119
 SINAT9         0.097         0.267         0.143         0.255         0.082
 SHI1           0.340         0.179         0.274         0.115         0.219
 SHI2           0.567         0.341         0.309         0.096         0.261
 SHI3           0.403         0.443         0.303         0.142         0.184
 SHI4           0.277         0.211         0.286         0.242         0.152
 SHI5           0.213         0.220         0.271        -0.003         0.189
 SHI6           0.151         0.107         0.132        -0.047         0.189
 SHI7           0.187         0.110         0.136         0.199         0.202
 SHI8           0.336         0.216         0.167         0.050         0.137
 SHI9           0.088        -0.079         0.038        -0.070         0.123

           CORRELATION MATRIX (WITH VARIANCES ON THE DIAGONAL)
              SINAT6        SINAT7        SINAT8        SINAT9        SHI1
              ________      ________      ________      ________      ________
 SINAT7         0.377
 SINAT8         0.373         0.157
 SINAT9         0.492         0.251         0.542
 SHI1           0.045         0.202         0.133         0.104
 SHI2          -0.012         0.337         0.183         0.014         0.650
 SHI3           0.122         0.074         0.175         0.171         0.513
 SHI4           0.098         0.020         0.145         0.030         0.472
 SHI5           0.120         0.064         0.212         0.161         0.489
 SHI6           0.104         0.236         0.187         0.032         0.543
 SHI7           0.008         0.111         0.119         0.075         0.399
 SHI8           0.016        -0.088         0.077         0.010         0.346
 SHI9          -0.172         0.026         0.121        -0.062         0.331

           CORRELATION MATRIX (WITH VARIANCES ON THE DIAGONAL)
              SHI2          SHI3          SHI4          SHI5          SHI6
              ________      ________      ________      ________      ________
 SHI3           0.477
 SHI4           0.389         0.467
 SHI5           0.425         0.482         0.426
 SHI6           0.460         0.645         0.478         0.494
 SHI7           0.269         0.422         0.584         0.455         0.434
 SHI8           0.331         0.337         0.239         0.441         0.421
 SHI9           0.260         0.426         0.402         0.352         0.478

           CORRELATION MATRIX (WITH VARIANCES ON THE DIAGONAL)
              SHI7          SHI8          SHI9
              ________      ________      ________
 SHI8           0.437
 SHI9           0.658         0.317
Although they are not explicitly labeled as such, the correlations above are polychoric correlations because the items were designated categorical (and there are no ‘VARIANCES ON THE DIAGONAL’ because variance is technically undefined for categorical variables).
Finally, we come to the output for the fitted model itself:
MODEL FIT INFORMATION

Number of Free Parameters                       72

Chi-Square Test of Model Fit
          Value                            145.917*
          Degrees of Freedom                   117
          P-Value                           0.0362

RMSEA (Root Mean Square Error Of Approximation)
          Estimate                           0.035
          90 Percent C.I.                    0.010  0.052
          Probability RMSEA <= .05           0.920

CFI/TLI
          CFI                                0.970
          TLI                                0.961

Chi-Square Test of Model Fit for the Baseline Model
          Value                           1132.421
          Degrees of Freedom                   153
          P-Value                           0.0000

WRMR (Weighted Root Mean Square Residual)
          Value                              0.751

MODEL RESULTS
                                                    Two-Tailed
                    Estimate       S.E.  Est./S.E.    P-Value

 GENERAL  BY
    SINAT1             0.907      0.068     13.440      0.000
    SINAT2             0.739      0.087      8.524      0.000
    SINAT3             0.611      0.086      7.131      0.000
    SINAT4             0.455      0.102      4.460      0.000
    SINAT5             0.442      0.120      3.700      0.000
    SINAT6             0.279      0.143      1.954      0.051
    SINAT7             0.404      0.128      3.160      0.002
    SINAT8             0.241      0.129      1.867      0.062
    SINAT9             0.141      0.146      0.970      0.332
    SHI1               0.473      0.090      5.238      0.000
    SHI2               0.580      0.083      6.955      0.000
    SHI3               0.466      0.089      5.227      0.000
    SHI4               0.330      0.096      3.424      0.001
    SHI5               0.343      0.099      3.474      0.001
    SHI6               0.296      0.097      3.052      0.002
    SHI7               0.153      0.101      1.515      0.130
    SHI8               0.242      0.101      2.390      0.017
    SHI9              -0.025      0.109     -0.234      0.815

 SPEC1    BY
    SINAT1            -0.004      0.193     -0.019      0.985
    SINAT2             0.268      0.193      1.388      0.165
    SINAT3             0.107      0.139      0.772      0.440
    SINAT4             0.298      0.142      2.093      0.036
    SINAT5             0.007      0.154      0.044      0.965
    SINAT6             0.626      0.125      5.011      0.000
    SINAT7             0.275      0.146      1.875      0.061
    SINAT8             0.554      0.104      5.321      0.000
    SINAT9             0.795      0.111      7.137      0.000

 SPEC2    BY
    SHI1               0.546      0.083      6.604      0.000
    SHI2               0.405      0.080      5.075      0.000
    SHI3               0.582      0.072      8.083      0.000
    SHI4               0.575      0.069      8.395      0.000
    SHI5               0.559      0.073      7.625      0.000
    SHI6               0.695      0.068     10.194      0.000
    SHI7               0.747      0.060     12.404      0.000
    SHI8               0.467      0.080      5.836      0.000
    SHI9               0.754      0.063     11.922      0.000

 GENERAL  WITH
    SPEC1              0.000      0.000    999.000    999.000
    SPEC2              0.000      0.000    999.000    999.000

 SPEC1    WITH
    SPEC2              0.000      0.000    999.000    999.000

 Thresholds
    SINAT1$1          -1.555      0.141    -11.029      0.000
    SINAT1$2          -1.058      0.109     -9.687      0.000
    SINAT2$1          -1.642      0.150    -10.982      0.000
    SINAT2$2          -1.012      0.108     -9.411      0.000
    SINAT3$1          -1.005      0.108     -9.326      0.000
    SINAT3$2          -0.277      0.091     -3.060      0.002
    SINAT4$1          -1.002      0.108     -9.284      0.000
    SINAT4$2          -0.659      0.097     -6.793      0.000
    SINAT5$1          -1.397      0.129    -10.793      0.000
    SINAT5$2          -0.831      0.101     -8.189      0.000
    SINAT6$1          -1.335      0.125    -10.692      0.000
    SINAT6$2          -0.715      0.098     -7.305      0.000
    SINAT7$1          -1.434      0.132    -10.879      0.000
    SINAT7$2          -0.928      0.105     -8.878      0.000
    SINAT8$1          -0.871      0.102     -8.496      0.000
    SINAT8$2          -0.295      0.090     -3.264      0.001
    SINAT9$1          -1.120      0.113     -9.942      0.000
    SINAT9$2          -0.459      0.093     -4.956      0.000
    SHI1$1             0.187      0.090      2.076      0.038
    SHI1$2             0.806      0.101      7.961      0.000
    SHI2$1            -0.140      0.089     -1.563      0.118
    SHI2$2             0.389      0.092      4.253      0.000
    SHI3$1            -0.496      0.093     -5.349      0.000
    SHI3$2             0.025      0.089      0.283      0.777
    SHI4$1            -0.108      0.089     -1.211      0.226
    SHI4$2             0.468      0.093      5.038      0.000
    SHI5$1             0.108      0.089      1.211      0.226
    SHI5$2             0.570      0.095      6.016      0.000
    SHI6$1            -0.817      0.101     -8.105      0.000
    SHI6$2            -0.101      0.089     -1.137      0.256
    SHI7$1            -0.488      0.094     -5.204      0.000
    SHI7$2             0.032      0.090      0.358      0.720
    SHI8$1            -0.121      0.090     -1.353      0.176
    SHI8$2             0.357      0.091      3.910      0.000
    SHI9$1            -0.261      0.091     -2.869      0.004
    SHI9$2             0.248      0.091      2.726      0.006

 Variances
    GENERAL            1.000      0.000    999.000    999.000
    SPEC1              1.000      0.000    999.000    999.000
    SPEC2              1.000      0.000    999.000    999.000

R-SQUARE

    Observed                   Residual
    Variable        Estimate   Variance

    SINAT1             0.823      0.177
    SINAT2             0.618      0.382
    SINAT3             0.385      0.615
    SINAT4             0.296      0.704
    SINAT5             0.196      0.804
    SINAT6             0.469      0.531
    SINAT7             0.239      0.761
    SINAT8             0.365      0.635
    SINAT9             0.652      0.348
    SHI1               0.523      0.477
    SHI2               0.501      0.499
    SHI3               0.556      0.444
    SHI4               0.440      0.560
    SHI5               0.430      0.570
    SHI6               0.570      0.430
    SHI7               0.581      0.419
    SHI8               0.277      0.723
    SHI9               0.570      0.430
As reported in Chapter 10, the bifactor model also fits these data well. The parameter estimates and related output can then be interpreted in much the same way as earlier for the continuous ADHD items.

Structural regression models
The 'health-nohead.txt' file for the healthcare utilization example is not identical to the one used for the healthcare utilization example presented in Chapter 10; instead, these data were simulated from a multivariate normal population distribution consistent with the correlations, means, and standard deviations given in Table 10.3.
Note that this dataset contains an ID variable, as explained earlier, but there are no missing values:
DATA:
  FILE IS " health-nohead.txt";

VARIABLE:
  NAMES ARE id age strss esteem attmar control phyheal menheal druguse timedrs;
  IDVARIABLE is id;
  USEVARIABLES ARE all;

Structural regression models: Measurement model specification and estimation
Following the so-called "two-step" procedure, the model is first specified and estimated as a CFA model:
MODEL:
  self BY esteem attmar control;
  ill BY phyheal menheal;
  util BY druguse timedrs;
  agel BY age@1;
  strssl by strss@1;
  age@0;
  strss@0;
The model specification above is much like the CFA model specifications presented earlier. But as explained in Chapter 10 and shown in Figure 10.13, in this model we need to create single-indicator latent variables for the 'age' and 'stress' observed variables.
Thus, 'agel' is a latent variable measured by 'age' with its factor loading fixed to equal 1 and likewise 'strssl' is a latent variable measured by 'strss' with its factor loading fixed to equal 1. Finally, the last two lines of the model specification fix the error variances of the 'age' and 'stress' observed variables to equal 0. These lines are necessary to define 'age' and 'strss' as perfect indicators of the 'agel' and 'stressl' latent variables.
The 'ESTIMATOR=MLM' option in the ‘ANALYSIS’ command is used to invoke Satorra-Bentler robust model fit stats and standard errors, as explained in Chapter 10. Here, the data are known to be multivariate normal (because they were simulated), but the MLM option is still used because it should be used with real data:
ANALYSIS:
  ESTIMATOR = MLM;
Finally, the ‘SAMPSTAT’ and ‘STDYX’ options are included in the ‘OUTPUT’ command to produce descriptive statistics and completely standardized estimates, respectively:
 OUTPUT:
  SAMPSTAT STDYX;
Running this model produces a warning because of an improper solution, as reported in Chapter 10:
   WARNING:  THE LATENT VARIABLE COVARIANCE MATRIX (PSI) IS NOT POSITIVE
     DEFINITE.  THIS COULD INDICATE A NEGATIVE VARIANCE/RESIDUAL VARIANCE FOR A
     LATENT VARIABLE, A CORRELATION GREATER OR EQUAL TO ONE BETWEEN TWO LATENT
     VARIABLES, OR A LINEAR DEPENDENCY AMONG MORE THAN TWO LATENT VARIABLES.
     CHECK THE TECH4 OUTPUT FOR MORE INFORMATION.
     PROBLEM INVOLVING VARIABLE UTIL.
Ignoring model fit for now, we can look at the completely standardized results not to interpret the estimates but instead to try to figure out the source of the improper solution:
STDYX Standardization
                                                    Two-Tailed
                    Estimate       S.E.  Est./S.E.    P-Value

 SELF     BY
    ESTEEM             0.655      0.055     11.959      0.000
    ATTMAR             0.425      0.052      8.200      0.000
    CONTROL            0.533      0.057      9.398      0.000

 ILL      BY
    PHYHEAL            0.741      0.033     22.733      0.000
    MENHEAL            0.673      0.035     19.403      0.000

 UTIL     BY
    DRUGUSE            0.575      0.038     15.212      0.000
    TIMEDRS            0.693      0.038     18.086      0.000

 AGEL     BY
    AGE                1.000      0.000    999.000    999.000

 STRSSL   BY
    STRSS              1.000      0.000    999.000    999.000

 ILL      WITH
    SELF               0.388      0.078      4.999      0.000

 UTIL     WITH
    SELF               0.035      0.088      0.398      0.691
    ILL                0.971      0.053     18.473      0.000

 AGEL     WITH
    SELF              -0.096      0.063     -1.532      0.125
    ILL               -0.043      0.052     -0.815      0.415
    UTIL              -0.042      0.057     -0.733      0.464

 STRSSL   WITH
    SELF              -0.007      0.062     -0.118      0.906
    ILL                0.474      0.050      9.525      0.000
    UTIL               0.501      0.051      9.810      0.000
    AGEL              -0.290      0.040     -7.242      0.000

 Intercepts
    AGE                1.974      0.081     24.257      0.000
    STRSS              1.543      0.071     21.826      0.000
    ESTEEM             3.983      0.138     28.963      0.000
    ATTMAR             2.561      0.103     24.784      0.000
    CONTROL            5.317      0.167     31.904      0.000
    PHYHEAL            2.106      0.085     24.886      0.000
    MENHEAL            1.463      0.066     22.217      0.000
    DRUGUSE            0.948      0.054     17.644      0.000
    TIMEDRS            1.781      0.072     24.693      0.000

 Variances
    SELF               1.000      0.000    999.000    999.000
    ILL                1.000      0.000    999.000    999.000
    UTIL               1.000      0.000    999.000    999.000
    AGEL               1.000      0.000    999.000    999.000
    STRSSL             1.000      0.000    999.000    999.000

 Residual Variances
    AGE                0.000    999.000    999.000    999.000
    STRSS              0.000    999.000    999.000    999.000
    ESTEEM             0.571      0.072      7.972      0.000
    ATTMAR             0.819      0.044     18.606      0.000
    CONTROL            0.716      0.060     11.871      0.000
    PHYHEAL            0.452      0.048      9.362      0.000
    MENHEAL            0.547      0.047     11.692      0.000
    DRUGUSE            0.670      0.043     15.417      0.000
    TIMEDRS            0.520      0.053      9.805      0.000
In the output above, we see that the correlation between the ‘UTIL’ and 'ILL' latent variables is suspiciously strong (completely standardized covariance = correlation = .97).
As reported in Chapter 10, this association is likely due to some redundancy between the 'timedrs' and 'phyheal' observed variables.
Thus, the measurements model is re-specified to free the error covariance between 'timedrs' and 'phyheal' using the ‘WITH’ operator:
MODEL:
  self BY esteem attmar control;
  ill BY phyheal menheal;
  util BY druguse timedrs;
  agel BY age@1;
  strssl by strss@1;
  age@0;
  strss@0;
  timedrs WITH phyheal;
Now the model is successfully estimated (again using MLM) without producing any warnings. Thus, we can proceed to look at the model fit statistics:
MODEL FIT INFORMATION

Number of Free Parameters                       36

Loglikelihood
          H0 Value                       -9091.424
          H1 Value                       -9062.696

Information Criteria
          Akaike (AIC)                   18254.848
          Bayesian (BIC)                 18402.379
          Sample-Size Adjusted BIC       18288.130
            (n* = (n + 2) / 24)

Chi-Square Test of Model Fit
          Value                             57.113*
          Degrees of Freedom                    18
          P-Value                           0.0000
          Scaling Correction Factor         1.0060
            for MLM

RMSEA (Root Mean Square Error Of Approximation)
          Estimate                           0.070
          90 Percent C.I.                    0.050  0.091
          Probability RMSEA <= .05           0.050

CFI/TLI
          CFI                                0.947
          TLI                                0.894

Chi-Square Test of Model Fit for the Baseline Model
          Value                            771.708
          Degrees of Freedom                    36
          P-Value                           0.0000

SRMR (Standardized Root Mean Square Residual)
          Value                              0.045
The output above produces model fit stats similar to those reported in Chapter 10 for the revised measurement model fitted to the original data. Therefore, we can proceed to specify and estimate the full hypothesized structural regression model.

Structural regression models: Structural regression model specification and estimation
[bookmark: _GoBack]The full model expands the measurement model to include structural regression relationships among latent variables.
Here, there is no need to explicitly define 'perfectly measured' latent variables for 'age' and 'strss'; instead, these observed variables are referred to directly in the structural regression equations.
The code below specifies the model illustrated in Figure 10.15:
MODEL:
  self BY esteem attmar control;
  ill BY phyheal menheal;
  util BY druguse timedrs;
  ill ON age strss self;
  util ON age strss ill;
  age WITH strss;
  phyheal WITH timedrs;
The first three lines of the model specification define the observed indicator - latent variable relationships.
The fourth line gives the regression equation for the 'ill' endogenous latent variable using the 'ON' operator; 'ill' is regressed on 'age', 'strss', and the 'self' latent variable.
Likewise, the next two lines give the regression equations for the 'util' and 'self' latent variables.
Finally, notice that the last line frees the error covariance between the 'phyheal' and 'timedrs' observed variables, consistent with the revised measurement model given above.
Next, running the model (again using ‘ESTIMATOR = MLM’ and ‘STDYX’) produces the following results:
MODEL FIT INFORMATION

Number of Free Parameters                       35

Loglikelihood
          H0 Value                       -9097.070
          H1 Value                       -9062.696

Information Criteria
          Akaike (AIC)                   18264.141
          Bayesian (BIC)                 18407.573
          Sample-Size Adjusted BIC       18296.498
            (n* = (n + 2) / 24)

Chi-Square Test of Model Fit
          Value                             67.557*
          Degrees of Freedom                    19
          P-Value                           0.0000
          Scaling Correction Factor         1.0176
            for MLM

RMSEA (Root Mean Square Error Of Approximation)
          Estimate                           0.076
          90 Percent C.I.                    0.057  0.096
          Probability RMSEA <= .05           0.015

CFI/TLI
          CFI                                0.930
          TLI                                0.872

Chi-Square Test of Model Fit for the Baseline Model
          Value                            732.178
          Degrees of Freedom                    35
          P-Value                           0.0000

SRMR (Standardized Root Mean Square Residual)
          Value                              0.051

MODEL RESULTS
                                                    Two-Tailed
                    Estimate       S.E.  Est./S.E.    P-Value

 SELF     BY
    ESTEEM             1.000      0.000    999.000    999.000
    ATTMAR             1.601      0.259      6.182      0.000
    CONTROL            0.290      0.045      6.479      0.000

 ILL      BY
    PHYHEAL            1.000      0.000    999.000    999.000
    MENHEAL            2.399      0.242      9.914      0.000

 UTIL     BY
    DRUGUSE            1.000      0.000    999.000    999.000
    TIMEDRS            0.043      0.006      7.766      0.000

 ILL      ON
    SELF               0.277      0.055      5.039      0.000

 UTIL     ON
    ILL                2.438      0.329      7.401      0.000

 ILL      ON
    AGE                0.077      0.032      2.412      0.016
    STRSS              0.554      0.075      7.343      0.000

 UTIL     ON
    AGE                0.123      0.135      0.918      0.359
    STRSS              1.076      0.280      3.843      0.000

 AGE      WITH
    SELF              -0.608      0.349     -1.744      0.081

 STRSS    WITH
    SELF               0.032      0.205      0.154      0.878

 AGE      WITH
    STRSS             -0.839      0.129     -6.524      0.000

 PHYHEAL  WITH
    TIMEDRS            0.278      0.040      6.959      0.000

 Means
    AGE                4.386      0.105     41.636      0.000
    STRSS              2.009      0.062     32.545      0.000

 Intercepts
    ESTEEM            15.791      0.188     84.031      0.000
    ATTMAR            22.827      0.422     54.033      0.000
    CONTROL            6.737      0.060    112.153      0.000
    PHYHEAL            3.495      0.265     13.172      0.000
    MENHEAL            2.675      0.519      5.150      0.000
    DRUGUSE            2.421      1.087      2.228      0.026
    TIMEDRS            0.463      0.047      9.779      0.000

 Variances
    AGE                4.939      0.326     15.167      0.000
    STRSS              1.696      0.111     15.302      0.000
    SELF               5.939      1.227      4.840      0.000

 Residual Variances
    ESTEEM             9.775      1.019      9.589      0.000
    ATTMAR            64.200      5.380     11.933      0.000
    CONTROL            1.108      0.110     10.039      0.000
    PHYHEAL            3.409      0.294     11.597      0.000
    MENHEAL            5.473      1.136      4.816      0.000
    DRUGUSE           53.980      5.064     10.660      0.000
    TIMEDRS            0.111      0.009     11.999      0.000
    ILL                1.203      0.221      5.450      0.000
    UTIL              10.528      3.563      2.955      0.003

STANDARDIZED MODEL RESULTS

STDYX Standardization
                                                    Two-Tailed
                    Estimate       S.E.  Est./S.E.    P-Value

 SELF     BY
    ESTEEM             0.615      0.054     11.367      0.000
    ATTMAR             0.438      0.052      8.456      0.000
    CONTROL            0.557      0.056      9.873      0.000

 ILL      BY
    PHYHEAL            0.619      0.040     15.437      0.000
    MENHEAL            0.831      0.040     20.961      0.000

 UTIL     BY
    DRUGUSE            0.594      0.047     12.734      0.000
    TIMEDRS            0.577      0.044     13.072      0.000

 ILL      ON
    SELF               0.463      0.067      6.918      0.000

 UTIL     ON
    ILL                0.654      0.066      9.957      0.000

 ILL      ON
    AGE                0.117      0.048      2.461      0.014
    STRSS              0.495      0.051      9.759      0.000

 UTIL     ON
    AGE                0.051      0.055      0.921      0.357
    STRSS              0.258      0.066      3.935      0.000

 AGE      WITH
    SELF              -0.112      0.064     -1.744      0.081

 STRSS    WITH
    SELF               0.010      0.065      0.154      0.878

 AGE      WITH
    STRSS             -0.290      0.041     -7.135      0.000

 PHYHEAL  WITH
    TIMEDRS            0.452      0.048      9.348      0.000

 Means
    AGE                1.974      0.081     24.255      0.000
    STRSS              1.543      0.071     21.704      0.000

 Intercepts
    ESTEEM             3.983      0.136     29.314      0.000
    ATTMAR             2.561      0.103     24.926      0.000
    CONTROL            5.317      0.167     31.923      0.000
    PHYHEAL            1.486      0.137     10.833      0.000
    MENHEAL            0.636      0.130      4.898      0.000
    DRUGUSE            0.265      0.121      2.183      0.029
    TIMEDRS            1.135      0.133      8.506      0.000

 Variances
    AGE                1.000      0.000    999.000    999.000
    STRSS              1.000      0.000    999.000    999.000
    SELF               1.000      0.000    999.000    999.000

 Residual Variances
    ESTEEM             0.622      0.066      9.355      0.000
    ATTMAR             0.808      0.045     17.835      0.000
    CONTROL            0.690      0.063     10.985      0.000
    PHYHEAL            0.617      0.050     12.413      0.000
    MENHEAL            0.310      0.066      4.703      0.000
    DRUGUSE            0.647      0.055     11.679      0.000
    TIMEDRS            0.667      0.051     13.063      0.000
    ILL                0.568      0.062      9.139      0.000
    UTIL               0.358      0.086      4.145      0.000

R-SQUARE

    Observed                                        Two-Tailed
    Variable        Estimate       S.E.  Est./S.E.    P-Value

    ESTEEM             0.378      0.066      5.683      0.000
    ATTMAR             0.192      0.045      4.228      0.000
    CONTROL            0.310      0.063      4.937      0.000
    PHYHEAL            0.383      0.050      7.718      0.000
    MENHEAL            0.690      0.066     10.481      0.000
    DRUGUSE            0.353      0.055      6.367      0.000
    TIMEDRS            0.333      0.051      6.536      0.000

     Latent                                         Two-Tailed
    Variable        Estimate       S.E.  Est./S.E.    P-Value

    ILL                0.432      0.062      6.962      0.000
    UTIL               0.642      0.086      7.440      0.000
The model fit stats in the output above are similar to those reported in Chapter 10 for the final structural regression model with the original data while the completely standardized ('STDYX Standardization') parameter estimates are close to the completely standarduized estimates in Table 10.4. The unstandardized estimates differ somewhat because of artifacts from simulating the data for the current analyses.
Additionally, notice that the output also includes the R2 values reported at the end of Chapter 10.
