Delury.sas: SAS for analysis of covariance – explanation

This is the data set analyzed in class.  Four treatments, each with 4 replicate rats.  Weight was measured before start of treatment (initial) and after 4 days (final).

Basic ANCOVA
The basic ANCOVA model includes the categorical variable (treatment) in the class statement and the covariate (initial) not.  Both variables go in the model statement.

Interpretation and follow on analyses:
The type III test for treatments tests the hypothesis of equal treatment means when evaluated at the same covariate value.  
The type III test for the covariate (initial) tests the hypothesis that the pooled within-treatment slope = 0.

When there is a single factor and one covariate, SAS will plot the fitted lines by default.  Remember you can get SAS to export the plot to a Word document using ods commands.  For example, including: 
	ods rtf file = ‘delury.rtf’; before the output you want to save and 
	ods rtf close; after the output you want to save.   
You can then open the rtf file in word and copy what you want to any other document.

All the usual follow-on analyses can be done.  Lsmeans returns the treatment means evaluated at the overall average value of the covariate.  Adding at initial=value returns the treatment means evaluated at the specified value of that covariate.  The variable name is included in the at piece because you could have two covariates.  

There are two ways to get the estimated slope: by printing all coefficients or by using an estimate statement.  When there is a class statement, by default SAS suppresses printing the regression coefficients.  Adding /solution to the model statement requests those covariates.  You don’t really care about the intercept and those associated with treatment (remember our discussion of overparameterized models).  Those are printed with a B to let you know those are not unique.  The regression slope is uniquely identified.

The second way to get the slope is to request that value using an estimate statement.  1 times the coefficient gives you the value.  Because the slope is uniquely identified, the coefficients in the estimate statement don’t need to sum to zero.  

Fitting quadratic models
To test whether a straight line is sufficient, the simplest way is to include a quadratic term in the model.  One way to do this by creating a new variable with the squared X value.  For example this might be called initial2.  You can create this as a new column in excel or use a SAS data step to create the new variable after importing the data file.   The easier way is to create the quadratic term in the model statement, e.g.:

Model final = initial initial*initial treatment / solution;

Initial*initial is the “interaction” of initial with itself, which is the squared value when initial is continuous.  The advantage of doing this is that SAS “knows” that the quadratic term is connected to the linear term, so the plot of Y vs X shows quadratic lines.

You can test whether the quadratic term = 0 either by the T test reported by /solution or by the type III F test.

Heterogeneous regression lines models
The heterogeneous regression lines (different slopes for each treatment) model is specified by adding an interaction to the model statement.  The type III test of the interaction term tests the hypothesis that the slopes are equal.   In this model, the type III test of the treatment term tests the hypothesis of equal intercepts (value when covariate = 0) for each treatment.  That is rarely a useful test.  The exception is when 0 is a reasonable value for the covariate.  I don’t have a useful interpretation of the covariate (initial) test for this model.

Can you test equal treatment means at some covariate (initial) value other than 0?  Yes.
The easiest is to shift the covariate values so that the “intercept” is now some relevant value.  The code demonstrates shifting initial by subtracting 180 to create the new variable initial180.  The intercept of initial180 is the same as initial=180.  When initial180 is the covariate in the model (both as a main effect and an interaction), the type III treatment test is the comparison of treatments when initial = 180.

It is possible to use contrast statements to get a test of equal treatment means at some initial value other than 0, but that is somewhat involved and I haven’t demonstrated that.  

The code demonstrates one additional sometimes useful feature.  You want to get the intercept and slope for the line for each treatment.  You can get these by manipulating results from the effects parameterization, but there is a more direct way.  That is to omit the overall intercept and overall slope from the model.  You omit the overall slope by dropping the initial term from the model.  The intercept is included by default and not included as a term in the model.  You omit it by adding the noint (no intercept) option.  Add solution to get the regression coefficients even though there is a class statement and you get the intercept and slope for each treatment.

Analyzing differences

We need to calculate final – initial and store that in a new column.  I will call that new variable diff.  You can compute diff in Excel before importing the data into SAS.  Or, you can use a SAS data step to read observations from the imported file and do the calculation.

data rat2;
  set rat;
  diff = final – initial;
  run;

The set command reads observations from already existing SAS data sets.  We created the rat data set with proc import; at the start of the code.  After reading observations, we compute diff for each observation.  You follow this with code to fit an ANOVA model to diff, e.g., using proc glm;.
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