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SAS syntax and output for Chapter 3: Regression with Categorical Predictors
Much of the material in this document builds on the SAS syntax and output for Chapters 1 and 2. If necessary, refer back to those documents for reminders.

Begin by importing the ‘reading.txt’ data into SAS. The ‘dlm’ argument is used to indicate that the ‘reading.txt’ data file is space-delimited. The ‘reading.txt’ data file contains variable names on its first row, but SAS is not able to read these names; instead, they are provided using the ‘input’ statement. Thus, the ‘FIRSTOBS’ argument is used with the ‘infile’ statement to tell SAS to start reading the 2nd row of data rather than the first.
In the ‘input’ statement, the $ sign following ‘group’ is used to indicate that ‘group’ is an alpha-numeric variable (i.e., a variable containing letters rather than just numbers).
	data ch3data;
 infile 'c:\reading.txt' FIRSTOBS=2 dlm=' ';
 input id group $ pretest1 pretest2 posttest1 posttest2 posttest3;
run;



Descriptive statistics for reading score outcome by group (Table 3.1).
The 'posttest1' variable is the reading score outcome variable used in Chapter 3.

	proc means data=ch3data maxdec=2 n mean std median min max range skew kurt;
 var posttest1;
 class group;
run;
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Side-by-side boxplots of reading score by group (Figure 3.1)

	proc sgplot data=ch3data;
 vbox posttest1 / group=group;
 yaxis label="Reading test score";
 keylegend / title="Reading test score of groups";
run;
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Regression with dummy-coded variables
The following syntax creates dummy variables according to the coding scheme in Table 3.2:
	data ch3data;
set ch3data;
 d1 = 0;
 d2 = 0;
 if group = "DRTA" then d1 = 1;
 if group = "TA" then d2 = 1;
run;


Now regress the reading outcome variable on these dummy variables, 'd1' and 'd2', using ‘proc reg’ and obtain the model summary and parameter confidence intervals:
	proc reg data=ch3data plots=none;
 model posttest1 = d1 d2 / clb;
run;
quit;
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The results above match those given in Chapter 3. In particular, note the R2 values and the F-test rejecting the omnibus null hypothesis. Next, the parameter estimates, their signifiance tests, and confidence intervals match the dummy variable results in Table 3.6.

Regression with contrast-coded variables
Here is one way to set-up the contrast-coded variables according to Table 3.4:
	data ch3data;
set ch3data; 
 c1 = 1;
 if group = "DRTA" then c1 = -0.5;
 if group = "TA" then c1 = -0.5;
 c2 = 0;
 if group = "DRTA" then c2 = 0.5;
 if group = "TA" then c2 = -0.5;
run;


Now, we can regress reading scores on these new variables:
	proc reg data=ch3data;
 model posttest1 = c1 c2 / clb;
run;
quit;
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The output above gives the same R2 and corresponding F-test as the dummy-variable model and the parameter estimate results match those for the first contrast-variable model presented in Table 3.6.

Improved contrasts
Table 3.5 presents an alternative set of contrast codes, which can be set-up as below:
	data ch3data;
set ch3data;
if group = "Control" then do;
  c1 = 2/3;
  c2 = 0;
end;
if group = "DRTA" then do;
  c1 = -1/3;
  c2 = 1/2;
end;
if group = "TA" then do;
  c1 = -1/3;
  c2 = -1/2;
end;
run;


Now re-estimate the model with these improved contrasts:
	proc reg data=ch3data;
 model posttest1 = c1 c2 / clb;
run;
quit;
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The output above gives the same R2 and corresponding F-test as before and the parameter estimate results match those presented in Table 3.6 for the second contrast-variable model.

The ANCOVA model and beyond
To follow analyses in Chapter 3, first regress the posttest reading scores on pretest reading scores (called 'pretest1' in this dataset):
	proc reg data=ch3data;
 model posttest1 = pretest1 / clb;
run;
quit;
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R2 matches that given in Chapter 3.
Next, specify and estimate a model regressing posttest reading scores on both the pretest scores and the contrast-code variables.
This is the ANCOVA model based on those most recent contrasts, consistent with the analysis in Chapter 3:
	
proc reg data=ch3data plots=none;
 model posttest1 = pretest1 c1 c2 / clb;
run;
quit;


Test whether R2 changes significantly when the contrasts are added to the model:
	proc reg data=ch3data;
   	mod1: model posttest1 = pretest1;
   	mod2: model posttest1 = pretest1 c1 c2;
	R2deltaTest: test c1=0, c2=0;
run;
quit;
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And obtain the model summary:
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The results above match those reported for the ANCOVA model in Chapter 3.
Next, the 'lsmeans' statement from the 'glm' procedure can be used to obtain the adjusted means from the ANCOVA model. The ‘glm’ procedure fits an equivalent regression model using OLS that’s fitted using ‘proc reg’, but ‘proc glm’ has some different options available. In ‘proc glm’, a variable is declared categorical using the ‘class’ statement.
Use the 'cl' option to get the 95% confidence intervals:
	proc glm data=ch3data;
 class group;
 model posttest1 = pretest1 group;
 lsmeans group / cl;
run;
quit;
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The 'lsmean' values in the output match the adjusted means reported in Chapter 3.
Also notice that the output above reports 95% confidence intervals for these adjusted means.

Regression diagnostics with categorical predictors
Enhanced plot of Studentized residuals against predicted values of ANCOVA model; consistent with Figure 3.2, the LOWESS span is set to 1.0 using the ‘smooth’ option:
	proc reg data=ch3data;
 model posttest1 = pretest1 group1 group2 / clb;
 output out=ch3data r=resid h=hatval rstudent=rstudent cookd=cookd p=predict;
run;
quit;

proc sgplot data=ch3data;
 scatter x=predict y=rstudent; 
 loess x=predict y=rstudent / lineattrs=(color=blue) smooth=1.0 nomarkers Name="Lowess" CLM;
run;
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Plot of Studentized residuals against Pretest scores (Figure 3.3), boxplot of Studentized residuals by intervention group (Figure 3.4), and univariate histogram of Studentized residuals (Figure 3.5):
	proc sgplot data=ch3data;
 scatter x=pretest1 y=rstudent; 
 loess x=pretest1 y=rstudent / lineattrs=(color=blue) smooth=1.0 nomarkers Name="Lowess" CLM;
 xaxis label="Pretest";
run;
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	proc sgplot data=ch3data;
 vbox rstudent / group=group;
 yaxis label="Studentized residuals";
run;
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	proc sgplot data=ch3data;
 histogram rstudent;
 density rstudent/lineattrs=(color=black pattern=2);
 density rstudent/type=kernel lineattrs=(color=black); 
run;
[image: ]



image4.png
Analysis of Variance

Sum of Mean

Source DF Squares Square FValue Pr>F
Model 2 108.12121 5406061 532 0.0073
Error 63 640.50000 10.16667

Corrected Total 65 74862121

Root MSE 318852 R-Square 01444
DependentMean 807576 AdjR-Sq 01173
Coeff Var 3948262

Parameter Estimates
Parameter Standard

Variable DF Estimate Error tValue Pr>|[t| 95% Confidence Limits

Intercept 1 807576 039248 2058 <0001 729145
cl 1 -139394 055505 -251 00146 -250312
c2 1 200000 096138 208 00416 007884

8.86007
-0.28476
392116




image5.png
Analysis of Variance

Sum of Mean

Source DF Squares Square FValue Pr>F
Model 2 108.12121 5406061 532 0.0073
Error 63 640.50000 10.16667

Corrected Total 65 74862121

Root MSE 318852 R-Square 01444
DependentMean 807576 AdjR-Sq 01173
Coeff Var 3948262

Parameter Estimates
Parameter Standard

Variable DF Estimate Error tValue Pr>|[t| 95% Confidence Limits

Intercept 1 807576 039248 2058 <0001 729145 8.86007
cl 1 209091 083258 -251 00146 -375468  -042714
c2 1 200000 096138 208 00416 007884 392116




image6.png
Analysis of Variance

Sumof  Mean
Source DF Squares  Square FValue Pr>F
Model 123074272 23974272 30.15 <0001
Error 64 50887849  7.95123

Corrected Total 65 74862121

Root MSE 281979 R-Square 03202
DependentMean 807576 AdjR-Sq 03096
Coeff Var 3491675

Parameter Estimates
Parameter Standard

Variable DF Estimate Error tValue Pr>|[t| 95% Confidence Limits

Intercept 1 185243 118532 156 01230 -0.51551
pretestt 1 063582 011579 549 <0001 0.40450

422037
086714




image7.png
Test R2deltaTest Results for Dependent Variable posttest1

Mean
Source DF Square F Value Pr>F
Numerator 2 7172389 1217 <0001
Denominator 62 5.89404





image8.png
Analysis of Variance

Sumof  Mean
Source DF | Squares Square FValue Pr>F
Model 3/38319051 12773017 2167 <0001
Error 62 36543070 583404
Corrected Total | 65 74862121

Root MSE 242777 R-Square 05119
Dependent Mean | 807576 AdjR-Sq 04852
Coeff Var 30

Parameter Estimates

Parameter | Standard
Estimate | Error | tValue | Pr> It

Intercept 1 129092 103716 124 02179
pretest! | 1 069319 010147 683 <0001
o 1 88757 042675 440 <0001

=) 1 079519 036723 27 00342





image9.png
group | posttest1 LSMEAN

Control 6.188185
DRTA 9.814739
TA 8224349

95% Confidence Limits

5143481
8779995
7181274

7232889
10849482
9267425




image10.png
Studentized Residual without Current Obs

%

25

50 75 100
Predicted Valus of posttest

125

°

Studentized Residual without Current Obs I 95% Confidence Limits
Loess, Smooth=1





image11.png
Studentized Residual without Current Obs

o

50

75

100
Pretest

125

150

°

Studentized Residual without Current Obs I 95% Confidence Limits

Loess, Smooth=1





image12.png
Studentized residuals

group

B Control M DRTA B TA





image13.png
Percent

15

10

Studentized Residual without Current Obs

- Normal

0

Kemel





image1.png
Analysis Variable : posttest!
group | NObs| N Mean  StdDev Median

imum | Maximum | Range | Skewness | Kurtosis
Control 22 22 668 277 650 200 1200 10.00 036 059
DRTA 222 977 272 1000 5.00 1400 9.00 013 09
TA 222 777 393 700 1.00 15.00 14.00 026 098




image2.png
Reading test score

150

128

100

75

50

25

Reading test score of groups

B Control M DRTA B TA





image3.png
Analysis of Variance
Sumof ~ Mean

Source DF Squares Square FValue Pr>F
Model 2 108.12121 5406061 532 0.0073
Error 63 640.50000 10.16667

Corrected Total 65 74862121

Root MSE 318852 R-Square 01444
DependentMean 807576 AdjR-Sq 01173
Coeff Var 3948262

Parameter Estimates
Parameter Standard

Variable DF Estimate Error tValue Pr>|[t| 95% Confidence Limits

Intercept 1 668182 067979  9.83 <0001 532336
d1 1 309091 096138 322 00021 116975
d2 1 109091 096138 113 02608 -0.83025

8.04028
5.01206
3.01206




