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Chapter 7.  Experiments with Two 
or More Factors
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Section 7.1  Two-Factor Factorial Designs
Example 1 – Identify the response, factors and replications

• A study of smoking classifies subjects as nonsmokers, moderate smokers, or heavy 
smokers. Samples of 80 men and 80 women are drawn from each group. Each person 
reports the number of hours of sleep he or she gets on a typical night.     

(factor A-smoker groups, factor B- Gender, rep=80)

b. The strength of concrete depends upon the formula used to prepare it. An experimenter 
compares 6 different mixtures. Nine specimens of concrete are poured from each 
mixture. Three of these specimens are subjected to 0 cycles of freezing and thawing, 3 
are subjected to 100 cycles, and 3 specimens are subjected to 500 cycles. The strength 
of each specimen is then measured. 

(factor A- formula mixtures, factor B- {subject to 0, 100, 500 cycles}, rep=3) 

c. Four methods for teaching sign language are to be compared. Sixteen students in special 
education and sixteen students majoring in other areas are the subjects for the study. 
Within each group they are randomly assigned to the methods. Scores on a final exam
are compared. 

(factor A –methods of teaching sign language, factor B-majors, rep=16)
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Model for a×b factorial design
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Means Table

Factor Levels 1 - B 2 - B … b - B Row Mean
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Calculation of Interaction Effects



Interaction Plot



Observations with two-factor factorial design

Factor Levels 1 - B 2 - B … b - B

1 - A Y111, …, Y11n Y121, …, Y12n … Y1b1, …, Y1bn

2 - A Y211, …, Y21n Y221, …, Y22n … Y2b1, …, Y2bn

… … … …

a - A Ya11, …, Ya1n Ya21, …, Ya2n … Yab1, …, Yabn

.,...,1 ;,..,1  where
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Example 

The Castle Bakery Company supplies wrapped Italian bread to a large 
number of supermarkets in a metropolitan area. 
An experimental study was made of the effects of heights of the shelf 
display (Factor A: bottom, middle, top) and the width of the shelf display 
(Factor B: regular, wide) on sales of this bakery's bread during the 
experimental period. 
Twelve supermarkets, similar in terms of sales volume and clients, were 
utilized in the study. The six treatments were assigned at random to two 
stores. Sales are presented in the following table.

Factor B 
Regular                Wide

Factor A

bottom  47, 43                   46, 40
middle 62, 68                   67, 71
top   41, 39                   42, 46
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ANOVA for 2-factor factorial design
Source SS DF MS F

A SSA a-1 MSA = SSA / (a-1) FA = MSA / MSE

B SSB b-1 MSB = SSB / (b-1) FB = MSB / MSE

AB SSAB (a-1)(b-1) MSAB = SSAB / 
((a-1)(b-1))

FAB = MSAB / MSE

Error SSE ab(n-1) MSE = SSE/(ab(n-1))

Total SSTO abn-1
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Sampling Distribution of the Mean Estimators
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Follow-up Test and Simultaneous Comparison When 
Factors Do Not Interact
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Multiple Comparison of Means When Factors Do Not Interact
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Analysis of Effects When Interactions Exist
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Example (Bakery)

The Castle Bakery Company supplies wrapped Italian bread to a large number of 
supermarkets in a metropolitan area. 
An experimental study was made of the effects of heights of the shelf display 
(Factor A: bottom, middle, top) and the width of the shelf display (Factor B: 
regular, wide) on sales of this bakery's bread during the experimental period. 
Twelve supermarkets, similar in terms of sales volume and clientele, were utilized 
in the study. The six treatments were assigned at random to two stores. Sales are 
presented in the following table. 

Factor B
Regular                Wide

Factor A
Bottom  47   43                   46   40
Middle 62   68                   67   71
Top   41   39                   42   46

4321321

1
2211

or    ,5.00.5  :exampleFor 

0  with  ...   :Contrast

ααααααα

ααα

−+−+−

=+++ ∑
=

  

cccc
a

i
iaa



SAS code  - proc glm for 2-way anova
/* Two-way ANOVA  (full model)*/
proc glm data=display;

class height width;
model sale = height width height*width;

lsmeans height / stderr pdiff adjust=tukey;
lsmeans width / stderr pdiff adjust=tukey;  
contrast "regular vs wide" width -1 1;
contrast "middle vs the others" height 0.5 -1 0.5;
run;

/* Two-way ANOVA  (reduced model)*/
proc glm data=display;

class height width;
model sale = height width;
lsmeans height / stderr pdiff adjust=tukey;
lsmeans width / stderr pdiff adjust=tukey;  
contrast "regular vs wide" width -1 1;
contrast "middle vs the others" height 0.5 -1 0.5; 
run;

/*Interaction Plot  - Method 1*/
proc sort data=display; 

by height width;        run;

proc means data=display noprint; 
by height width;
var sale;
output out=means mean=meany;           
run;

symbol1 v=r i=join c=black;
symbol2 v=w i=join c=blue;

proc gplot data=means;
plot meany*height=width;     run;

/* Model Checking*/





/* SAS Code  - Detergent Data*/

proc glm data = detergent;
class brand temp;
model dirt = brand temp brand*temp; 
run;

/* IF the interaction effect is significant */

proc glm data=detergent;
class brand temp;
model dirt = brand temp brand*temp;
lsmeans brand*temp 

/ pdiff stderr adjust=TUKEY;
run;

/*Interaction Plot  - Method 2*/
proc glm data=detergent;

class brand temp;
model dirt = brand | temp;      /*  including interactions*/
lsmeans brand * temp / out=lsm;
output out=diag p=py r=ry;    /* p=predicted value, r=residual */
run;

symbol1 v = b   i = join   c = black;
symbol2 v = s   i = join   c = blue;

proc gplot data=lsm;                        /* Interaction Plot */
plot lsmean*temp=brand;      /* cell mean vs temp by brand */
run;

proc plot data=diag;                         /* Diagnostic Plots */
plot dirt*py;                            /* observed v. predicted */
plot py*ry;       run;

proc univariate data=diag normal; /* Model Checking*/
var ry;
qqplot;
run;
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