Chapter Eleven

Importing Design Matrices

In this chapter, we provide sample analyses in which the model is described through a design matrix, rather than through a model statement. In each of the other sample analyses in this manual, a model statement is used to specify the form of the model, and ConQuest then automatically builds the appropriate design matrix. While the model statement is very flexible and allows a diverse array of models to be specified, it does not provide access to the full generality of the model that is available when a design matrix is directly specified rather than built with a model statement.

Contexts in which the importation of design matrices are likely to be useful include:

Imposing Parameter Equality Constraints: On some occasions, you may wish to constrain the values of one or more item parameters to the same value. For example, you may want to test the hypothesis of the equality of two or more parameters.

Mixing Rating Scales: Under some circumstances, you may need to analyse a set of items that contain subsets of items, each of which use different rating scales. These subsets could be assessing the same latent variable, or they could be assessing different latent variables and a multidimensional analysis may be undertaken.

Mixing Faceted and Non-faceted Data: A set of item responses may include a mix of objectively scored items (for example, multiple choice items) and some items that required the use of raters. Under these circumstances, the rater facet would not apply to the objectively scored items.

Modelling Within-item Multidimensionality: ConQuest can only automatically generate design matrices for within-item multidimensional tests if the mean of the latent variables is set to zero. Within-item multidimensional tests that do not have this constraint can, however, be analysed if a design matrix is imported.

In this chapter, we will provide two sample analyses in which a design matrix is imported so that a model that cannot be described by a model statement can be fitted.� The first sample analysis illustrates the use of an imported design to model a mixture of two rating scales. The second shows how within-item multidimensionality without setting the means of the latent variables to zero can be accommodated. 

Mixing Rating Scales

The data we analyse in this section were collected as part of the SEPUP study (Roberts, Wilson and Draney, 1997). It consists of the responses of 721 students to a set of 18 items that used two different rubrics. Items 1, 2, 3, 6, 10, 12, 13, 16, 17 and 18 used one rubric, and items 4, 5, 7, 8, 9, 11, 14, and 15 used an alternative rubric. In this sample analysis, we fit a sequence of three models to these data. First, we fit a rating scale model that imposes a common rating structure on all of the items. Then we use an imported design matrix to fit a model that uses two rating scales, one for the items that used the first rubric and one for the items that used the second rubric. We then fit a partial credit model.

The files that we use in this sample analysis are:

ex9a.cmd	The command statements that we use.

ex9_1.dat	The data.

ex9_1.des	The design matrix imported to fit the mixture of rating scales.

ex9_1a.shw	The results of the rating scale analysis.

ex9_1b.shw	The results of the mixture of two rating scales.

ex9_1c.shw	The results of the partial credit analysis.

The contents of the command file ex9a.cmd are shown in Figure 11-1.

1.�datafile ex9_1.dat;��2.�format responses 5-9,12,15,17,18,24-32;��3.�codes 1 2 3 4 5;��4.�score (1 2 3 4 5) (0 1 2 3 4);��5.�model item + step;��6.�estimate;��7.�show >> ex9_1a.shw;��8.�reset;��9.�datafile ex9_1.dat;��10.�format responses 5-9,12,15,17,18,24-32;��11.�codes 1 2 3 4 5;��12.�score (1 2 3 4 5) (0 1 2 3 4);��13.�model item + step;��14.�import designmatrix << ex9_1.des;��15.�estimate;��16.�show >> ex9_1b.shw;��17.�reset;��18.�datafile ex9_1.dat;��19.�format responses 5-9,12,15,17,18,24-32;��20.�codes 1 2 3 4 5;��21.�score (1 2 3 4 5) (0 1 2 3 4);��22.�model item + item*step;��23.�estimate;��24.�show >> ex9_1c.shw;��25.�quit;��Figure 11-1	Command File for Fitting a Mixture of Two Rating Scales

�1.	The data file we are analysing is ex9_1.dat.

2.	The format statement describes the locations of the 18 items in the data file.

3.	The codes 1, 2, 3, 4 and 5 are valid.

4.	A score statement is used to assign scores to the codes. As this is a undimensional analysis, a recode statement could have been used as an alternative to this score statement.

5.	This model statement results in a rating scale model that is applied to all items.

6.	Commences the estimation.

7.	Writes some results to the file ex9_1a.shw.

8.	Resets all system values at their defaults so that a new analysis can be started.

9.-12.	As for lines 1 through 4 above.

13.-14.	These two lines together result in a model being fitted that uses a mixture of two rating scales. The model statement must be supplied even when a model is being imported. This model statement allows ConQuest to identify the generalised items that are to be analysed with the imported model. In this case, we need ConQuest to identify 18 items, so we simply use a model statement that will generate a standard rating scale model for the 18 items. The second line imports the design that is in the file ex9_1.des. This matrix will replace the design matrix that is automatically generated by ConQuest in response to the model statement. The contents of the imported design are illustrated and described in Figure 11-2.

15.-17.	Estimates the model and writes results to ex9_1b.shw and resets the system values.

18.-24.	This set of commands is the same as for lines 1 through 7, except that we are fitting a partial credit rather than a rating scale model and writing to the file ex9_1c.shw.

NOTE:	The number of rows in the imported design matrix must correspond to the number of rows that ConQuest is expecting. ConQuest determines this using a combination of the model statement and an examination of the data. The model statement indicates which combinations of facets will be used to define generalised items. ConQuest then examines the data to find all of the different combinations; and for each combination, it finds the number of categories.

	The best strategy for manually building a design matrix usually involves running ConQuest, using a model statement to generate a design matrix, and then exporting the automatically generated matrix, using the designmatrix argument of the export statement. The exported matrix can then be edited as needed.
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Figure 11-2	The Imported Design Matrix for Mixing Two Rating Scales

Running the Mixture of Rating Scales

To run this sample analysis, launch the console version of ConQuest by typing the command

conquest ex9a.cmd

ConQuest will begin executing the statements that are in the file ex9a.cmd; and as they are executed, they will be echoed on the screen. When ConQuest reaches the first estimate statement, it will begin fitting the rating scale model to the data. It will take 51 iterations to converge, and the results will be written to the file ex9_1a.shw. ConQuest will then proceed to analyse the imported model, taking 63 iterations to converge and writing results to the file ex9_1b.shw; and then the partial credit model will be fitted, taking 151 iterations and writing the results to ex9_1c.shw.

In Table 11-1, the fit of this sequence of models is compared using the deviance statistic. Moving from the rating scale to the mixture improves the deviance by 50.32 and requires an additional three parameters; this is clearly significant. The improvement between the mixture and partial credit model is 160.1, and the partial credit model requires 48 additional parameters. This improvement is also significant, although the amount of improvement per parameter is considerably less than that obtained in moving from the rating scale to the mixture of two rating scales. An examination of the parameter fit statistics in the files ex9_1a.shw, ex9_1b.shw and ex9_1c.shw leads to the same conclusions as does the examination of Table 11-1.

Table 11-1	Deviance Statistics for the Three Models Fitted to the SEPUP Data

���Difference���Model��Deviance�Estimated Parameters��Deviance�Estimated Parameters��Rating Scale Model�9382.19�22����Mixture of Two Rating Scales�9331.87�25�50.32�3��Partial Credit Model�9171.77�73�160.10�48��When a model is imported, the ConQuest output will only be provided in an abbreviated form. The output that is produced for the mixture of rating scales is shown in Figure 11-3.

Within-item Multidimensionality

As a second sample analysis that uses an imported design matrix, we will return to the within-item multidimensional sample analysis that was used in Chapter 9. In Chapter 9, we used constraints=cases, since this enabled ConQuest to automatically generate a design matrix for the model. If the model is to be identified by applying constraints to the item parameters, then ConQuest cannot automatically generate the design matrix for within-item multidimensional models.� 
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Figure 11-3	Unlabelled Output that is Produced when a Design Matrix is Imported

The files that we use in this sample analysis are:

ex9b.cmd	The command statements that we use.

ex7c.dat	The data.

ex9b.des	The design matrix imported to fit the within-item multidimen�sional model.

ex9b.prm	Initial values for the item parameter estimates.

ex9b.reg	Initial values for the regression parameter estimates.

ex9b.cov	Initial values for the covariance parameter estimates.

ex9b.shw	The results of the rating scale analysis.

The command file for this sample analysis is shown in Figure 11-4. As this command file is very similar to that shown in Figure 9-12, we will only highlight the differences between the contents of Figures 11-4 and 9-12.

1.�datafile ex7c.dat;��2.�format responses 1-9;��3.�set update=yes,warnings=no;��4.�score (0,1) (0,1) (   ) (   ) ! items(1);��5.�score (0,1) (0,1) (0,1) (   ) ! items(2);��6.�score (0,1) (0,1) (   ) (0,1) ! items(3);��7.�score (0,1) (0,1) (0,1) (   ) ! items(4);��8.�score (0,1) (   ) (0,1) (   ) ! items(5);��9.�score (0,1) (   ) (0,1) (   ) ! items(6);��10.�score (0,1) (0,1) (0,1) (0,1) ! items(7);��11.�score (0,1) (   ) (   ) (0,1) ! items(8);��12.�score (0,1) (   ) (   ) (0,1) ! items(9);��13.�model items;��14.�import designmatrix << ex9b.des;��15.�export parameters >> ex9b.prm;��16.�export reg_coefficients >> ex9b.reg;��17.�export covariance >> ex9b.cov;��18.�estimate !method=montecarlo, nodes=200, converge=.01;��19.�reset;��20.�datafile ex7c.dat;��21.�format responses 1-9;��22.�set update=yes,warnings=no;��23.�score (0,1) (0,1) (   ) (   ) ! items(1);��24.�score (0,1) (0,1) (0,1) (   ) ! items(2);��25.�score (0,1) (0,1) (   ) (0,1) ! items(3);��26.�score (0,1) (0,1) (0,1) (   ) ! items(4);��27.�score (0,1) (   ) (0,1) (   ) ! items(5);��28.�score (0,1) (   ) (0,1) (   ) ! items(6);��29.�score (0,1) (0,1) (0,1) (0,1) ! items(7);��30.�score (0,1) (   ) (   ) (0,1) ! items(8);��31.�score (0,1) (   ) (   ) (0,1) ! items(9);��32.�model items;��33.�import designmatrix << ex9b.des;��34.�import init_parameters << ex9b.prm;��35.�import init_reg_coefficients << ex9b.reg;��36.�import init_covariance << ex9b.cov;��37.�export parameters >> ex9b.prm;��38.�export reg_coefficients >> ex9b.reg;��39.�export covariance >> ex9b.cov;��40.�estimate !method=montecarlo,nodes=1000;��41.�show >> ex9b.shw;��42.�quit;��Figure 11-4	Command File for the Within-item Three-dimensional Model Using an Imported Design

3. & 22.	Note that these set statements do not include constraints=cases, as did the set statements in Figure 9-12 (lines 3 and 21). Thus, the means for the latent dimensions will not be constrained, and identification of the model must be assured through the design for the item parameters. ConQuest cannot automatically generate a correct design for a within-item multidimensional model without constraints=cases, so an imported design is necessary.

14. & 33.	These import statements request that a user-specified design be imported from the file ex9b.des to replace the design that ConQuest has automatically generated.� The contents of the imported design are shown in Figure 11-5. A full explanation of how designs can be prepared for within-item multidimensional models is beyond the scope of this manual. The interested reader is referred ‘Design Matrices’ in Chapter 12 and to Volodin and Adams (1995).

41.	The show statement cannot produce individual tables when an imported design matrix is used.
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Figure 11-5	Design Matrix Used to Fit a Three-dimensional Within-item Model

Running the Within-item Multidimensional Sample Analysis with an Imported Design Matrix

To run this sample analysis, launch the console version of ConQuest by typing the command

conquest ex9b.cmd

ConQuest will begin executing the statements that are in the file ex9b.cmd; and as they are executed, they will be echoed on the screen. As with the corresponding sample analysis in Chapter 9, this sample analysis will fit a within-in three-dimensional form of Rasch’s simple logistic model, first approximately, using 200 nodes, and then more accurately, using 1000 nodes. The first analysis will converge in 11 iterations and the second in 79.

The results obtained from this analysis are shown in Figure 11-6.
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Figure 11-6	Output from the Three-dimensional Within-item Sample Analysis with Imported Design

EXTENSION:	The multidimensional item response model given in Chapter 12 is written as: 

	� EMBED "Equation" "Word Object6" \* mergeformat  ���

	with � EMBED "Equation" "Word Object6" \* mergeformat  ���.

	If ( is rewritten as (*+ (, with � EMBED "Equation" "Word Object6" \* mergeformat  ���, then it can be shown that two models, one described with the design matrices A and B and one described with design matrices A* and B*, are equivalent if

	� EMBED "Equation" "Word Object6" \* mergeformat  ���.

	A small amount of matrix algebra can be used to show that the results reported in Figures 9-13 and 11-6 satisfy this condition.

Summary

In this chapter, we have seen how design matrices can be imported to fit models for which ConQuest cannot automatically generate a correct design. Imported designs can be used to fit models that have equality constraints imposed on parameters, models that involve the mixtures of rating scales, models that require the mixing of faceted and non-faceted data, and within-item multidimensional models that do not set the means of the latent variables to zero.

�	The range of models that can be generated through the command language will likely expand in future versions of ConQuest.

�	This would be necessary if a latent regression model were being estimated.

�	ConQuest will attempt to build a design for within-item multidimensional models, but this design will be incorrect if constraints=cases is not used.
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