Performing Vanishing Tetrads Tests Using CTANEST1

John R. Hipp


This documentation describes how to use the program CTANEST1.mac to perform vanishing tetrads tests using the sample covariance matrix for continuous data, or employing the polychoric matrix to account for categorical data; this program can be used to test a single model at a time, or can also be used for performing nested tetrad tests of two nested models.  

If using categorical data, this documentation assumes the researcher is familiar with either the LISREL or M-Plus software programs for estimating structural equation models.  

If using continuous data, this documentation assumes familiarity with the AMOS software program, and describes how to obtain the model implied covariance matrix using this software.  


The following steps are involved in the procedure to test nested vanishing tetrad models:  1) obtain the polychoric covariance matrix and its accompanying asymptotic covariance (ACM) matrix from a structural equation modeling (SEM) software program; 

2) estimate the first model in a SEM software program and obtain the sample covariance matrix (or polychoric matrix) and its model implied covariance matrix; 

3) estimate the second model in a SEM software program and obtain its model implied covariance matrix (only necessary if performing a nested test); 

4) incorporate these various matrices into the CTANEST1.sas program (first use the CTAFILE.sas (MPLUS or LISREL) to prepare the ACM file if using categorical data).  


This documentation describes these procedures for three SEM software programs.  Two of these SEM software programs handle categorical data currently:  LISREL and M-Plus.  The third, AMOS, can currently be used when testing models with continuous data.  

The first three steps are described separately for each of the three software packages.  The researcher should follow the described steps for the chosen software program.  Step #4 is the described once.  

Using LISREL:

#1  Obtaining the polychoric covariance matrix and its ACM matrix from LISREL


The researcher should first input the data set to LISREL.  If the data has been converted to a Prelis file, the following is an example Prelis syntax program: 

!Getting the Polychoric and ACM matrices

SY=Z:\CSEM\TETRAD\KNGNTL.PSF

OU MA=PM SM=kngntl.pcm AC=kngntl.acm PA XM XB XT

On the last line, MA=PM asks for the polychoric matrix, SM= specifies the name of the file containing the polychoric matrix (this matrix can also be obtained directly from the output, as described below), and AC= specifies the name of the file containing the asymptotic covariance matrix.  

This latter file, kngntl.acm in this example, will be declared for CTAFILE.mac after being suitably transformed.  To transform it from a binary file to an ASCII file, the freeware program BIN2ASC.exe must be used.
  BIN2ASC.exe can generally be launched by double-clicking on it within a program such as Explorer.
  The program prompts for the path and filename of the file to be transformed (in this instance, it is kngntl.acm).  After hitting return, it prompts for the new name to give the text file (in this example, we use kngntlacm.txt).  We now have a text file of the ACM to use in CTANEST1.mac.  

The output from this Prelis run also lists the polychoric correlation matrix.  Paging down the output, we find:

Correlation Matrix                  

             CORE16A    CORE16B    CORE16E    CORE16I    CORE16K

            --------   --------   --------   --------   --------

  CORE16A      1.000

  CORE16B      0.652      1.000

  CORE16E      0.637      0.520      1.000

  CORE16I      0.601      0.536      0.553      1.000

  CORE16K      0.713      0.579      0.600      0.572      1.000


While listed as a “correlation matrix”, this is indeed the polychoric matrix in our example, since this we requested a polychoric matrix.  By eliminating the variable labels at the top and in the left column, this matrix can be copied and pasted into our code to call CTANEST1.mac.  It will then be necessary instruct the program to symmetrize this matrix (see #4 down below).  

#2  Estimating the first SEM model in LISREL


To be added later.  To gain greater degrees of precision in the model implied covariance matrix, use the ND command.  Thus, the line
OU RS ND=8

would give 8 degrees of precision to the matrix cells.  This value can range from 2 to 8.  

#3  Estimating the second SEM model in LISREL (only for nested tests)


This step is the same as #2, with the exception that the researcher now specifies the second model that will be part of the nested test.  It is not necessary to obtain the polychoric matrix, as it is the same as the one from the first model.  Only the model implied covariance matrix must be retrieved from this run.  

Using M-Plus

#1  Obtaining the polychoric covariance matrix and its ACM matrix from M-Plus


To obtain the ACM from M-Plus 2.1, the researcher needs to trick the program and estimate a saturated model using the WLS estimator.
  This is accomplished by allowing all of the observed variables to covary, specifying the WLS estimator, and asking for the program to output a file with the ACM using the Savedata command.  An example program for a model with five observed variables is below:

  title:

  Tetrad Paper: Knight data, weight matrix;

  data:

    file=kngntl_8.txt;

  variable:

    names= y1 y2 y3 y4 y5;

    categorical = y1 - y5;

  analysis:

    estimator=wls;

  model:

  y1-y4 with y5;

  y1-y3 with y4;

  y1-y2 with y3;

  y1 with y2;  

  Savedata:

  file (tech3) is kngntl.acm;

  output:

    sampstat;
This model contains five observed variables:  y1 through y5, which are all categorical in this instance.
  The program must specify that the estimator=WLS.  The model declares that all of the variables are allowed to covary (using the WITH command).  Note that under the Savedata command we are asking the program to output a file called kngntl.acm containing the ACM.  This file will be used when calling CTAFILE.mac.  

#2  Estimating the first SEM model in M-Plus


The researcher next specifies the first model in M-Plus (or, the only model if not performing a nested test).  An example program is below, along with selected parts of the output.  Note that it is necessary that the ‘sampstat’ and ‘residual’ options be specified in the ‘output’ section.  sampstat tells M-Plus to output the sample covariance matrix:  in an instance using categorical data, this will be the polychoric matrix.
  Residual tells M-Plus to output both the residual covariance matrix as well as the model implied covariance matrix; it is this latter matrix that is needed for CTANEST1.mac.  

Additionally, the researcher may choose to output the polychoric matrix as a file using the Savedata command.  This is done by asking for the sample statistics in a file by declaring the ‘(SAMPLE)’ option.  Directly below is the sample program for a simple CFA model.  

  title:

  Tetrad Paper: Knight Social disorder model;

  data:

    file= kngntl_8.txt;

  variable:

    names= y1 y2 y3 y4 y5;

    categorical = y1 - y5;

  model:

  eta1 by y1 y2 y3 y4 y5;

  output:

    sampstat standardized tech1 residual ;

  SAVEDATA:

  FILE (SAMPLE) IS kngntl.pcm;

Note that this program has saved out the polychoric correlation matrix in a file called kngntl.pcm to be used in CTANEST1.mac.  This is the most convenient approach.  Alternatively, the polychoric matrix can be obtained directly from the output.  Below, we show the key parts of the output from this model run.  Early in the output, the sample statistics section appears:

     ESTIMATED SAMPLE STATISTICS

           MEANS/INTERCEPTS/THRESHOLDS

              Y1$1          Y1$2          Y2$1          Y2$2          Y3$1

             ________      ________      ________      ________      ________

      1        -0.480         0.655        -0.791         0.289        -0.873

           MEANS/INTERCEPTS/THRESHOLDS

              Y3$2          Y4$1          Y4$2          Y5$1          Y5$2

             ________      ________      ________      ________      ________

      1         0.062        -1.063        -0.050        -0.413         0.426

           CORRELATION MATRIX (WITH VARIANCES ON THE DIAGONAL)

              Y1            Y2            Y3            Y4            Y5

             ________      ________      ________      ________      ________

 Y1

 Y2             0.652

 Y3             0.637         0.520

 Y4             0.601         0.536         0.553

 Y5             0.713         0.579         0.600         0.572


Because this model is treating the data as categorical, M-Plus lists the threshold estimates.  While informative, they are not necessary for CTANEST1.mac.  All that is needed from this output is what is listed as the ‘correlation matrix’ (note that this is in fact the polychoric correlation matrix estimated by M-Plus).  The researcher will need to add ones along the diagonal, and declare it for CTANEST1.mac as lower-diagonal.  


Towards the bottom of the output are listed the various optional outputs requested.  The residuals we have asked for are located here:

RESIDUAL OUTPUT

     ESTIMATED MODEL AND RESIDUALS (OBSERVED - ESTIMATED)

           Model Estimated Covariances/Correlations/Residual Correlations

              Y1            Y2            Y3            Y4            Y5

             ________      ________      ________      ________      ________

 Y1

 Y2             0.639

 Y3             0.644         0.539

 Y4             0.625         0.524         0.527

 Y5             0.706         0.592         0.596         0.579

This is the model estimated covariance matrix that is needed.  Again, the researcher will need to add ones along the diagonal, and declare it for CTANEST1.mac as lower-diagonal.  


NOTE:  M-Plus only lists the model implied covariance matrix for the endogenous variables in the model when using categorical data.  Therefore, in order to obtain the full model-implied covariance matrix in such instances, one strategy is to estimate the model using the ML estimator:  while this ignores the categorical nature of the data, it will yield a full model implied covariance matrix that can be used for the tetrad test.
  This full implied covariance matrix can be declared for CTANEST1.mac as described above.  

#3  Estimating the second SEM model in M-Plus (only for nested tests)


This step is the same as #2, with the exception that the researcher now specifies the second model that will be part of the nested test.  It is not necessary to obtain the polychoric matrix, as it is the same as the one from the first model.  Only the model implied covariance matrix must be retrieved from this run.  

Using AMOS

#1  Obtaining the polychoric covariance matrix and its ACM matrix from AMOS


Not currently possible with this software program.

#2  Estimating the first SEM model in AMOS


In AMOS 4.01, the researcher specifies the model using the path diagram, and then must obtain the sample covariance matrix and the model implied covariance matrix for this model.  This is accomplished by clicking on ‘view/set’ and ‘analysis properties’.  Under ‘output’, the boxes for ‘Sample moments’ and ‘Implied moments’ should be checked.  The model is then run as normal.


In the Table Output, under matrices click on ‘Sample Covariances’:  this shows the sample covariance matrix.  The number of decimal places in the output can be changed by clicking on the pulldown menu just above this matrix.  (This provides additional precision to the estimates).  This matrix can be highlighted and copied, and then declared for CTANEST1.mac (see step #4 below).  


To get the model implied covariance matrix, click on ‘Implied Covariances’ under matrices.  Again, copy and declare this for CTANEST1.mac.

#3  Estimating the second SEM model in AMOS (only for nested tests)


This step is the same as #2, with the exception that the researcher now specifies the second model that will be part of the nested test.  It is not necessary to obtain the sample covariance matrix, as it is the same as the one from the first model.  Only the model implied covariance matrix must be retrieved from this run, copied, and declared for CTANEST1.mac.  

All Software Programs

#4  Using the CTANEST1.mac program to perform the nested test


The researcher will next need to call the CTANEST1.mac macro in SAS (and one of the CTAFILES.mac files if bringing in an ACM for categorical data).  

Categorical Data (using CTAFILES.mac):

LISREL:

Since Lisrel outputs a binary file, the user first needs to transform it to ASCII format.  This can be done using the bin2asc.exe file.  To use this file:  place it in a folder, and then double click on it.  This brings up a DOS box that prompts the user to type in the full path and filename of the ACM file.  When the user hits 'return' it prompts for an entry of the full path and filename of the ASCII file to be created from the binary file.  (NOTE: if you hit return after typing in the filename of the binary file and the box closes, this means that an entry error was made (i.e. typing in a wrong path, etc), so you'll need to try again.  

For example, the user might type something like this.  For the first prompt:

c:\john\tetrad\filename.acm

And for the second prompt:

c:\john\tetrad\filenameacm.txt

This lets the user know that it's a text file version of the ACM file.  This can then be brought into the macro.  
LISREL and M-Plus:

If using categorical data with a polychoric matrix, the researcher will declare the CTAFILE.mac macro.  The macro is invoked in the following manner:  

%include 'c:\tetrad\ctanest\ctafile.mac';

%ctafile(vars=8, mplus=1, pcm=1, pcmfile=c:\tetrad\ctanest\model1.pcm, acmfile=c:\tetrad\ctanest\model1acm.txt);

Note that the “%include” line tells SAS where the macro program is located (include the folder).  The following options are used:  

vars=   declares the number of observed variables in the model.     

mplus=  tells the macro which program was used to estimate the polychoric matrix.  mplus=1 

declares it from M-Plus, default is mplus=0.  

lisrel=  tells the macro which program was used to estimate the polychoric matrix.  lisrel=1 

declares it from LISREL, default is lisrel=0.  

pcm=  tells the program if a polychoric file is being brought in.  1 is yes, default is 0 (no).  

pcmfile=  this declares the folder and name of the polychoric matrix file (if bringing one in).  

acmfile=  this declares the folder and name of the asymptotic correlation matrix file.  


Note that these files are only saved in active memory (and are not written to a permanent location).  Therefore, this program must be run during the same SAS session as when running CTANEST1.mac.  

Performing the Tetrad test with CTANEST1.mac

Either categorical or continuous data


The macro is declared in the following manner:  

%include 'c:\tetrad\ctanest\ctanest1.mac';

%ctanest1(SAMPMAT1 = 

1.44259240
0.32902571
0.24459959
0.18183673


0.32902571
1.53881889
0.40056103
0.29777936

0.24459959
0.40056103
1.58300286
0.43340765

0.18183673
0.29777936
0.43340765
1.60742121,

IMPMAT1B =

1.87624000
0.64992459
0.70311279
0.61217355

0.64992459
2.25867360
1.02575409
0.89308504

0.70311279
1.02575409
2.60323110
0.96617289

0.61217355
0.89308504
0.96617289
2.92354791,

IMPMAT2B =

4.12388694
2.00764333
1.40222869
0.85981719

2.00764333
2.98238308
1.38458579
0.84899893

1.40222869
1.38458579
2.29747854
0.79558660

0.85981719
0.84899893
0.79558660
1.49093864,

N = 1000, vars = 8, nesttest = 0, pchor = 0, lisrel = 0, mplus = 0, lowdiag=0);

run;


The options to be declared are the following, each separated by a comma:

SAMPMAT =   The sample covariance matrix (or polychoric matrix) is entered here (with 

spaces between entries; note- it can simply be entered as a vector). 

IMPMAT1B =   The model implied covariance matrix for the first model (the one with more 

vanishing tetrads) is entered here.  Or, if testing just a single model, the covariance matrix should be entered here.
 

IMPMAT2B =   The model implied covariance matrix for the second model (the one with fewer 

vanishing tetrads) is entered here.  

N=  this value reflects the sample size being tested.

vars =   this value reflects the number of observed variables in the test.

nesttest =  this should be set to 1 if the researcher wants to compare two nested models, and  

should be set to 0 if just one model is being tested.  

pchor =   this should be set to 1 if the researcher is bringing in a polychoric correlation matrix as 

a file, otherwise 0.

lisrel =   this should be set to 1 if the researcher has categorical data and is bringing in the 

ACM from LISREL, otherwise it is 0.

mplus =    this should be set to 1 if the researcher has categorical data and is bringing in the 

ACM from M-Plus, otherwise it is 0.
  

lowdiag = this should be set to 1 if the sample covariance (or polychoric) matrix and model 

implied covariance matrices are lower diagonal (the program will symmetrize them), 

otherwise 0.

Interpreting the output from CTANEST1.mac:


If testing just a single model, the output will list the T-(2 (tetrad chi-square), degrees of freedom, and p-value for the model being tested (entered in IMPMAT1B in the program).  

If testing two nested models, the output will list the T-(2 (tetrad chi-square), degrees of freedom, and p-value for the larger model, then for the smaller model, and then for the difference in these two models.  Note that if these models are tetrad nested, the program makes certain that the tetrads in the smaller model are a subset of the tetrads in the larger model.  


At the bottom of the output are two additional messages when testing nested models.  The first message, ‘MATSWITCH’, informs the researcher whether the model implied covariance matrices were entered correctly.  If they were not, this notifies the researcher that they have been reversed and that the matrix from the first model is in fact the model with fewer vanishing tetrads.  The test results are still appropriate in such an instance.  


The second message, ‘NOTNEST’, reports whether the two models are indeed tetrad nested.  If they are not nested, the nested test reported is INAPPROPRIATE and must be ignored.  However, the T-(2 reported for the larger model is still accurate and can be reported.  NB:  the T-(2 for the smaller model is not reliable, and may be inaccurate.  If the researcher wishes a tetrad test for a smaller model that is not nested, its model implied covariance matrix should be entered as the model with more vanishing tetrads (with the nesttest=0 setting applied).  

� This program is available at the following website:  ADD.


� Alternatively, DOS can be launched, and once in the correct folder, type BIN2ASC.  This will also launch the program.


� Thanks to Bengt Muthen for suggesting this approach in a personal communication on Jan. 10, 2002.  Future versions of M-Plus software may be able to obtain this matrix more directly.


� The observed variables need not all be categorical.  The researcher simply declares which variables are categorical, and the remaining ones are treated as continuous.  In such an instance, the program outputs what is more appropriately referred to as a polyserial correlation matrix (as it contains both categorical and continuous variables).  This is simply a special case of what we are referring to as a polychoric matrix, and requires no special treatment when employed in CTANEST1.sas.  


� As of this writing, current software is unable to handle missing data when computing the polychoric matrix.  As a result, listwise deletion is the default procedure employed by software programs.  An alternative is for the researcher to adopt a multiple imputation strategy (CITE Rubin, Schafer).  Bringing these multiply imputed data sets in to the software program of choice, the procedures described here would be followed in the same manner multiple times (for each imputed data set).  


� This is because we are not assessing the fit of this implied covariance matrix, but merely using it to ascertain which tetrads are vanishing in the model.  Using the implied covariance matrix from ML estimation will provide us with the information we need.  


� Note that if the researcher inadvertently reverses the order of the model implied matrices for the two models in a nested test, the program will correct this error and output a notification of this


� This adjustment is necessary as the ACM output by M-Plus must be multiplied by the sample size to put it in an appropriate metric.
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