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Completely Randomized Factorial (CRF) Designs 
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Simple Effect Contrast 

1, 21 11A BS µ µ= −

12

 simple effect of factor A, at level 1 of factor B  

 
2, 22A BS µ µ= −  simple effect of factor A, at level 2 of factor B 

 
Main Effect Contrast 

2 1AM µ µ= −i i  main effect of factor A [averaged over levels of the other factor(s)]  
   
Interaction Effect Contrast 
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Main Effect Contrasts vs. Main Effects 
• MA and IAB above are contrasts and thus not defined in the same way as in the ANOVA 
     where µii  or Y  are taken as the reference (baseline). iii

• 1 1AM µ µ= −i ii  and 2 2AM µ µ= −i ii  are Main Effects (not contrasts) 
 

“Simple Main Effects”  
 21 1µ µ− i  “Simple Main Effect” of treatment A2 at level B1

 22 2µ µ− i  “Simple Main Effect” of treatment A2 at level B2

 
 
 
Decomposition of the SS(Total) 
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CRF - ab  (Fixed Effects Model) 
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Example: Vacuum Tubes in specialized audio equipment 

 

DV:  pressure inside vacuum tube (micrometers of Hg) 

IV1: Exhaust index (60, 90, 120 seconds) 

IV2: Voltage  (120, 170, 220 volts) 

 

Design: Completely Randomized Factorial (CRF-33) 
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CRF Designs 

Simple Effect Contrast comparing V220 & V170 at E=60 seconds 

220,60 170,90C m m= -   

Consider the following Main Effect contrast comparing the 60 & 90 sec Exhaust indices: 

60 90C m m= -60 90m m60m  à 60 90Ĉ Y Y= -60 90Y Y60Y  

1) Estimate the contrast and its standard error. 

2) Compute the test statistic for testing 0 : 0H C =  and test the hypothesis at α=0.05 . 

3) Compute a 95% CI for the contrast 





Tukey’s 1 d.f. Test for Transformable/Multiplicative Non-additivity  ( r = 1 observation/cell ) 
 

Source d.f. SS 
A a-1 SS(A) 
B b-1 SS(B) 
A*B (a-1)(b-1) SS(AB) 
Error ab(r-1) SS(Error) 

 
 1) ij i j ijY µ α β ε= + + +  

 2) ( )ij i j ij ijY µ α β αβ ε= + + + +  

 3) ( )( )ij i j i j ijY mµ α β α β ε= + + + +  

• Residuals from (1) represent deviations from an additive model 
• If (3) is the correct model, then residuals from (1) should be linearly related to ( )( )i jα β  
 
 
H0: There is no Transformable Non-additivity 
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Class         Levels    Values 
salinity           3    0 6 12 
days               3    14 21 28 
 
Number of Observations Used         9 
 
Dependent Variable: water 
                            Sum of 
Source           DF        Squares    Mean Square   F Value   Pr > F 
Model             8    116.3800000     14.5475000       .      . 
Error             0      0.0000000       . 
Corrected Total   8    116.3800000 
 
R-Square     Coeff Var      Root MSE    water Mean 
1.000000           .               .      6.700000 
 
Source           DF      Type I SS    Mean Square   F Value   Pr > F 
salinity          2    22.64666667    11.32333333       .      . 
days              2    80.68666667    40.34333333       .      . 
salinity*days     4    13.04666667     3.26166667       .      . 
 
Source           DF    Type III SS    Mean Square   F Value   Pr > F 
salinity          2    22.64666667    11.32333333       .      . 
days              2    80.68666667    40.34333333       .      . 
salinity*days     4    13.04666667     3.26166667       .      . 
                                                         
 
 
SS(Non-Additivity) for Tukey 1 d.f. test for Transformable Non-Additivity 
 
dfnonadd    ssnonadd 
    1        11.9559 
 
 
If a transformation is needed (W=Y^p)                                           
Tukey's suggested power is p = (1 - slope * ¯Y_..) 
   y_gm  = ¯Y_.. = Grand Mean of all Observations 
   slope = Estimate of the slope relating e_ij and (¯Y_i.-¯Y..)*(¯Y_.j-¯Y..) 
 
y_gm     slope         p 
 6.7    0.24267    -0.62587 
 
 
*--------------------------------------; 
*Read in SAS macros; 
 FILENAME macro231 URL "http://www.uvm.edu/~rsingle/stat231/macros-stat231.sas"; 
 %INCLUDE macro231; 
 
* Compute SS(NonAdd)   
 %tukey1df(DATA=b1,DEP=water,INDEP1=salinity,INDEP2=days); 
    
* Look for a transformation to remove any multiplicative non-addititvity; 
 %tukey1df_transf(DATA=b1,DEP=water,INDEP1=salinity,INDEP2=days); 




