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PROC REG, PROC GLM, and PROC INSIGHT can all calculate two types of F tests.  SAS labels the F 
tests based on the incremental sum of squares (described on pg. 69) with the heading Type I Sum of 
Squares.    The F tests corresponding to the t-tests (described on pg. 71) are labeled under the heading of 
Type III Sum of Squares. 
 
The following code uses PROC GLM to analyze the data in Table 1-1 (pg. 5) and produce output similar 
to that in Figure 3-6 (pg. 71). 
 
 
DATA visit1;
INPUT weight height water @@ ;
CARDS;
7.0 29 0 11.0 35 20
8.0 32 0 11.6 41 10
8.6 35 0 12.3 44 10
9.4 34 10 12.4 40 20
10.2 40 0 13.6 45 20
10.5 38 10 14.2 46 20
;

PROC GLM DATA=visit1;
MODEL weight = height water;
RUN;

  
 

Even with just two independent variables, the procedure produces seven p-values for testing hypotheses! 
 
A – This is the test associated with the ANOVA table.  It always (even for cases that aren’t regression) 
tests the null hypothesis that none of the independent variables linearly predict the dependent variable.  
The alternate hypothesis is that at least one of the independent variables does linearly predict the 
dependent variables.  Because it tests all of these at once it is sometimes called the omnibus test.  For this 
example it is testing the null hypothesis H0: both βheight=0 and βwater=0.   
The alternate hypothesis is that at least one of them is not zero.  In this example, the p-value is less than 
0.0001 and we would reject the null hypothesis. 
 
B and C – These are the Type I, or sequential, tests.  The line with each of the p-values always begins 
with which independent variable is being tested, given that those listed above it are already included in the 
model.    The p-value of less than 0.0001 (for Fdf=(1,9)=2809.24) on line B thus tests the hypotheses  
 
H0: βheight=0 given that no other independent variables are included in the model  
vs. HA: βheight≠0 given that no other independent variables are included in the model 
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The p-value of less than 0.0001 (for Fdf=(1,9)=374.34) on line C, however, takes into account that it appears 
on the line below height.  It thus tests the hypotheses 
 
H0: βwater=0  given that height is included in the model 
vs. HA: βwater≠0 given that height is included in the model 
 
By line B, we would thus conclude that height (by itself) is linearly related to weight.  By line C, we 
would conclude that water is linearly related to weight after accounting for height.  If we wanted to 
reverse the order in which the two independent variables were considered, we simply could have listed 
water before height in the model line. 
 
It is sometimes useful to note the relationship between the Type I tests and the omnibus test.  Notice that 
the sum of square on line B and C add up to the SSR on line A  (47.84+6.37=54.21).  It can be shown 
algebraically that the Type I sum of squares will always add up to the sum of squares on the model line. 
 
 
                                                       The GLM Procedure 
 
                           Sum of  
              Source                      DF         Squares     Mean Square    F Value    Pr > F 

              Model                        2     54.21340491     27.10670245    1591.79    <.0001    ◄A 
              Error                        9      0.15326176      0.01702908 
              Corrected Total             11     54.36666667 
 
 
                             R-Square     Coeff Var      Root MSE    weight Mean 
                             0.997181      1.215797      0.130496       10.73333 
 
 
               Source                      DF       Type I SS     Mean Square    F Value    Pr > F 

               height                       1     47.83873518     47.83873518    2809.24    <.0001   ◄B  

               water                        1      6.37466973      6.37466973     374.34    <.0001   ◄C 
 
 
               Source                      DF     Type III SS     Mean Square    F Value    Pr > F 

               height                       1     16.36840491     16.36840491     961.20    <.0001   ◄D 

               water                        1      6.37466973      6.37466973     374.34    <.0001   ◄E 
 
                                                         Standard 
                       Parameter         Estimate           Error    t Value    Pr > |t| 

                       Intercept     -1.220194274      0.32097793      -3.80      0.0042   ◄F 
                       height         0.283435583      0.00914212      31.00      <.0001   ◄G 

                       water          0.111211656      0.00574800      19.35      <.0001  ◄H
 
 
D and E - These are the Type III tests.  Just like the Type I tests, each line always begins with which 
independent variable is being tested.  In this case however each of these tests is done given that all of the 
other variables are included in the model.  The p-value of less than 0.0001 (for Fdf=(1,9)=961.20) on line D 
thus tests the hypotheses  
 
H0: βheight=0 given that water is included in the model 
vs. HA: βheight≠0 given that water is included in the model 
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Similarly, the p-value of less than 0.0001 (for Fdf=(1,9)=374.34) on line E tests the hypotheses: 
 
H0: βwater=0  given that height is included in the model 
vs. HA: βwater≠0 given that height is included in the model 
 
By line D, we would thus conclude that height is linearly related to weight after accounting for water 
consumption.  By line E, we would conclude that water is linearly related to weight after accounting for 
height.  In this case, the sum of squares will generally not add up to the SSR.  However, the last of the 
Type III tests will always equal the last of the Type I tests.  (Re-read the hypotheses being tested to see 
that this is so.)   
 
F, G, and H – Lines G and H are simply the t-tests discussed on page 71.  Notice that 00.312.961 =  
and that 35.1934.374 = .  Recalling that (tdf=n)2=Fdf=(1,n), it is no surprise that these t-tests are exactly the 
same as the Type III F-tests (D and E in this example).  The reason for having SAS output this section is 
because it also gives the estimates of the regression coefficients and their standard errors.  (Compare these 
lines of output to page 62 for example).    Line F is the test for the intercept as seen on page 27. 


