
Factorials and Comparisons of Treatment Means

Factorials in SAS

To analyze a factorial experiment in SAS, the example used is an experiment to compare
the weigh gain of lambs given four different treatments. The 2 treatment factors are first Gender:
Male or Female and second Implant: 0 mg or 3 mg Stilbesterol arranged in a 2x2 factorial
treatment design. Thus the 4 treatments are FS0, MS0, FS3 and MS3.

Gender

F M

Implant 0 FS0 MS0

3 FS3 MS3

To analyze this experiment in SAS, it is necessary to create a separate column for each treatment
factor, in this case Implant (values will be 0 or 3) and Gender (values will be F or M). The
ANOVA for this experiment is:

Source df

Total 15

Block 3

Gender 1

Implant 1

Gender*Implant 1

Error 9

Factorial Analysis

In SAS Analyst, note that in the variables box on the left, the variable Gender has a C in
front of it. This indicates that Gender is a character variable, with values that are
letters/characters rather than numbers. This will not affect the analysis, because this variable,
together with Block and Implant, will be used to set up the Classes or sources of variance in the
ANOVA. Is it possible to do an ANOVA with a character variable as the dependent variable?
Why or why not? Also note that the variable Treatment will not be used for this analysis, because
the treatments are fully described by the variables Gender and Implant. Leave the variable
Treatment in the left-hand box.

In this experiment, Wt Gain is the Dependent variable, and Block, Stilbesterol and
Gender are the Class variables. The next step is to add the Gender x Implant interaction. This is



done by selecting Model button. Select both Gender and Implant (hold down the shift key while
selecting the second variable) in the Independents box, and then select the Cross button. This will
add the Gender x Implant interaction into the Effects in Model box. Select OK and finish setting
up the analysis as usual.

When the analysis is run, the second portion of the ANOVA will include the effects of
Block, Gender, Implant and the Gender*Implant interaction. When the interaction is not
significant, the results of the experiment can be described in terms of the effects of Gender and
Implant.

Multiple Range Tests in SAS

The lamb experiment is also used to compare treatment means in SAS. Wt Gain is the
Dependent variable. The variables Treatment and Block will be the Class variables, and Gender
and Implant will not be used so will remain in the box on the left. This is done so that the results
of the different methods of comparing means can compared to the results of the factorial analysis.

The ANOVA will be a simple Randomized Complete Block Design. To perform a
multiple range test, select the Means button and then the Comparisons button. Clicking on the hat
to the right of the Comparison Method box lets you select from a variety of multiple range tests.
Select Duncan’s Multiple Range Test. The Significance Level can be kept at 0.05. Next select
Treatment from the Main Effects box and click on Add above Effect/Method to test treatment
effects using Duncan’s Multiple Range Test. The rest of the set-up in Analyst is done as usual.

After running the analysis, the first step is to check to see whether the effect of Treatment
is significant. If the Treatment effect is not significant, the analysis is finished. If the Treatment
effect is significant, continue through the results to find the Duncan’s Multiple Range Test for
Wt Gain. Here the Wt Gain means for each Treatment are arranged from largest to smallest. In
the Duncan grouping column on the left, means that do not share a common letter are
significantly different. The columns to the right of the means show N or the number of
observations for each mean, and the Treatment that the mean is associated with.

Contrasts in SAS

To test contrasts in SAS, first the appropriate analysis, in the lamb example an RCBD
analysis, is performed using SAS Analyst. Before running the analysis, select Means and LS
Means for Treatment so the results will include the values for each treatment mean.

Source df

Total 15

Block 3

Treatment 3

Error 9



The desired contrasts are:

Trt1- FS0 Trt2 - MS0 Trt3 - FS3 Trt4 - MS3

Gender 1 -1 1 -1

Implant 1 1 -1 -1

Gender*Implant 1 -1 -1 1

After the correct ANOVA is obtained, it  is necessary to modify the code created by SAS
Analyst. To do this double-click on Code from the tree to the left of the data table in Analyst, and
the program code will appear in a new window. Select Edit from the buttons along the very top,
and then select Copy to Program Editor. The program code will now appear with green and blue
colors to indicate the different types of steps. Comments or information are in green, and actions
appear in blue. Find the following step:

proc glm data = Work.Lambs;
class BLOCK TREATMENT;
model WT_GAIN = BLOCK TREATMENT / SS3;

The meaning of this code is as follows:
proc glm is the general linear models procedure
data = Work.Lambs identifies the data set to be used
class indicates the variables you listed under Class
model describes the analysis to be performed, in this case the effect of Block and

Treatment on Wt Gain
/ SS3 indicates the Type 3 sums of squares are calculated (more on this in future labs)
; at the end of each line indicates the end of each instruction

After the model line, insert the following contrasts using the numbers from the contrast table
above:

contrast “Gender” Treatment 1 -1 1 -1;
contrast “Implant” Treatment 1 1 -1 -1;
contrast “Interaction” Treatment 1 -1 -1 1;

In each statement
contrast describes the action desired
“Name” gives a name to identify each contrast
Treatment identifies the variable whose levels are to be compared using contrasts
The numbers, such as 1 -1 1 -1, are the coefficients for the desired contrast. The

coefficients are listed in the same order as the treatments appear in the data table.
Spaces separate the coefficients.

Don’t forget the ; at the end of each instruction, or SAS will be very confused.

When the contrasts have been entered, select the running man icon along the top to run the
program. The results should show the SS, MS, F and P for the three contrasts following the



ANOVA. The numbers should be identical to those obtained using a factorial analysis of Gender
and Implant.

Comparison of Results

Compare the results obtained using factorial analysis and orthogonal contrasts. They should be
identical.

Next compare these results to those obtained using Duncan’s Multiple Range Test. Which
method of comparing means provides the clearest results regarding the effects of Gender and
Implant, which the experiment was designed to test?


