
Week 10:  Three factor experiments.  The GLM and missing observations.  Randomized 
block design.  Factorial experiments run in complete blocks. Latin square design.   
[pp153-168] 
 

Three factor Anova 
 

- interpretations are similar except we are 
averaging over the factors unmentioned 
in the expression p 154 CN 

 
Example p155 CN 
 
Results for: POTATO.MTW 
  
Data Display  
 
Row  Bacteria  Temp  Oxygen  Rot 
  1         1     1       1    7 
  2         1     1       1    7 
  3         1     1       1    9 
  4         1     1       2    0 
  5         1     1       2    0 
  6         1     1       2    0 
  7         1     1       3    9 
  8         1     1       3    0 
  9         1     1       3    0 
 10         1     2       1   10 
 11         1     2       1    6 
 12         1     2       1   10 
 13         1     2       2    4 
 14         1     2       2   10 
 15         1     2       2    5 
 16         1     2       3    8 
 17         1     2       3    0 
 18         1     2       3   10 
 19         2     1       1    2 
 20         2     1       1    4 
 21         2     1       1    9 
 22         2     1       2    4 
 23         2     1       2    5 
 24         2     1       2   10 
 25         2     1       3    4 
 26         2     1       3    5 
 27         2     1       3    0 
 28         2     2       1   17 
 29         2     2       1   18 
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 30         2     2       1    8 
 31         2     2       2    3 
 32         2     2       2   23 
 33         2     2       2    7 
 34         2     2       3   15 
 35         2     2       3   14 
 36         2     2       3   17 
 37         3     1       1   13 
 38         3     1       1   11 
 39         3     1       1    3 
 40         3     1       2   10 
 41         3     1       2    4 
 42         3     1       2    7 
 43         3     1       3   15 
 44         3     1       3    2 
 45         3     1       3    7 
 46         3     2       1   26 
 47         3     2       1   19 
 48         3     2       1   24 
 49         3     2       2   15 
 50         3     2       2   22 
 51         3     2       2   18 
 52         3     2       3   20 
 53         3     2       3   24 
 54         3     2       3    8 
 
ANOVA: Rot versus Bacteria, Temp, Oxygen  
 
Factor    Type   Levels  Values 
Bacteria  fixed       3  1, 2, 3 
Temp      fixed       2  1, 2 
Oxygen    fixed       3  1, 2, 3 
 
Analysis of Variance for Rot 
 
Source                DF       SS      MS      F      P 
Bacteria               2   651.81  325.91  13.91  0.000 
Temp                   1   848.07  848.07  36.20  0.000 
Oxygen                 2    97.81   48.91   2.09  0.139 
Bacteria*Temp          2   152.93   76.46   3.26  0.050 
Bacteria*Oxygen        4    30.07    7.52   0.32  0.862 
Temp*Oxygen            2     1.59    0.80   0.03  0.967 
Bacteria*Temp*Oxygen   4    81.41   20.35   0.87  0.492 
Error                 36   843.33   23.43 
Total                 53  2707.04 
 
S = 4.84003   R-Sq = 68.85%   R-Sq(adj) = 54.14% 
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Descriptive Statistics: Rot  
  
Results for Bacteria = 1  
 
Variable  Temp  N  Mean  StDev 
Rot       1     9  3.56   4.28 
          2     9  7.00   3.54 
 
  
Results for Bacteria = 2  
 
Variable  Temp  N   Mean  StDev 
Rot       1     9   4.78   3.11 
          2     9  13.56   6.33 
 
  
Results for Bacteria = 3  
 
Variable  Temp  N   Mean  StDev 
Rot       1     9   8.00   4.56 
          2     9  19.56   5.5 
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The case when n=1 (one observation per 
cell) p 158 CN 
 

- error d.f. =0 
 
- - if we can assume that the interaction is 

negligible, we can use the interaction MS to 
test the main effects 

 
 
- The model yij i j ijµ α β ε= + + +  (with no 

interaction term) 
 
-ANOVA table with two factors A (with a 
levels ) and B (with b levels) 
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Randomized block design (RBD) p159 CN 
 
- Model yij i j ijµ α β ε= + + +  

- A noise reducing design 
 
Example 4 p161 CN 
 

Tabulated statistics: Block, Method  
 
Rows: Block   Columns: Method 
 
      M1  M2  M3  M4 
 
B1     7   5   3   3 
 
 
B2     9   9   5   4 
 
 
B3     4   6   2   3 
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Data Display  
 
Row  Block  Method  Score 
  1  B1     M1          7 
  2  B1     M2          5 
  3  B1     M3          3 
  4  B1     M4          3 
  5  B2     M1          9 
  6  B2     M2          9 
  7  B2     M3          5 
  8  B2     M4          4 
  9  B3     M1          4 
 10  B3     M2          6 
 11  B3     M3          2 
 12  B3     M4          3 
 
 
 

Two-way ANOVA: Score versus Method, Block  
 
Source  DF       SS       MS     F      P 
Method   3  33.3333  11.1111  9.30  0.011 
Block    2  19.5000   9.7500  8.16  0.019 
Error    6   7.1667   1.1944 
Total   11  60.0000 
 
S = 1.093   R-Sq = 88.06%   R-Sq(adj) = 78.10% 
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Note: We are assuming no treatment block 
interaction and so we should look at a plot of the 
data to see if this assumption is reasonable 
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Confidence intervals for the differences for the 
differences between treatment means  
 
Treatment means: 2

/2t si j bα− ±T T  

s MSE=  
 

- Use Tukey’s method if you want all pairwise 
CIs  
 

Ex Find a 95% CI for the difference between 
mean scores of methods 1 and 2. 
Here is the data: 
 
Rows: Block   Columns: Method 
 
      M1  M2  M3  M4 
 
B1     7   5   3   3 
 
 
B2     9   9   5   4 
 
 
B3     4   6   2   3 
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- If some observations are missing, the 
procedure doesn’t work. Use GLM procedure 
(with indicator variables)  
 
Ex In a manufacturing process, a plastic rod is produced by heating a granular plastic 
to a molten state and then extruding it under pressure through a nozzle. An experiment 

was conducted to investigate the effect of two factors, extrusion temperature ( ) and 
pressure (pounds per square inch). A complete 2 x 2 factorial experiment was conducted. 
Three batches of granular plastic were used in the experiment, with each batch (viewed as 
a block) divided into four equal parts. The four portions of granular plastic of a given 
batch were randomly assigned to the four treatments; this was repeated for each of the 
three batches, resulting a 2 x 2 factorial experiment laid out in three blocks. The data are 
shown below: 

o
F

 
Results for: RODMOLD.MTW 
  
Data Display  
 
                                            Rate of 
Row  Batch(Block)  Temperature  Pressure  Extrusion 
  1             1          200        40       1.35 
  2             1          200        60       1.74 
  3             1          300        40       2.48 
  4             1          300        60       3.63 
  5             2          200        40       1.31 
  6             2          200        60       1.67 
  7             2          300        40       2.29 
  8             2          300        60       3.30 
  9             3          200        40       1.40 
 10             3          200        60       1.86 
 11             3          300        40       2.14 
 12             3          300        60       3.27 
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ANOVA: Rate of Extrusion versus Treatment, Batch(Block)  
 
Factor        Type   Levels  Values 
Treatment     fixed       4  20040, 20060, 30040, 30060 
Batch(Block)  fixed       3  1, 2, 3 
 
 
Analysis of Variance for Rate of Extrusion 
 
Source        DF      SS      MS       F      P 
Treatment      3  7.0921  2.3640  137.60  0.000 
Batch(Block)   2  0.0573  0.0287    1.67  0.265 
Error          6  0.1031  0.0172 
Total         11  7.2525 
 
 
S = 0.131075   R-Sq = 98.58%   R-Sq(adj) = 97.39% 

 
 
ANOVA: Rate of Extrusion versus Temperature, Pressure, Batch(Block)  
 
Factor        Type   Levels  Values 
Temperature   fixed       2  200, 300 
Pressure      fixed       2  40, 60 
Batch(Block)  fixed       3  1, 2, 3 
 
 
Analysis of Variance for Rate of Extrusion 
 
Source                DF      SS      MS       F      P 
Temperature            1  5.0440  5.0440  293.59  0.000 
Pressure               1  1.6875  1.6875   98.22  0.000 
Temperature*Pressure   1  0.3605  0.3605   20.98  0.004 
Batch(Block)           2  0.0573  0.0287    1.67  0.265 
Error                  6  0.1031  0.0172 
Total                 11  7.2525 
 
 
S = 0.131075   R-Sq = 98.58%   R-Sq(adj) = 97.39% 
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MIMITAB Commands 
 

 
 

 

 12



Latin Square Design p166 CN 
 
An experiment was conducted to study the effects of different types of 
background music on the productivity of bank employees. The treatments 
were defined as various combinations of tempo music. 
 
Treatments: 
A : Slow instrumental and vocal 
B: Medium, instrumental and vocal 
C: Fast, instrumental and vocal 
D: medium, instrumental only 
E: fast, instrumental only 
 
The data from the experiment are shown below ( the treatment in each cell is 
shown in parenthesis) 
 

Day Week 
M T W Th F 

1 18 (D) 17 (C) 14 (A) 21 (B) 17 (E) 
2 13 (C ) 34 (B) 21 (E) 16 (A) 15 (D) 
3 7 (A) 29 (D) 32 (B) 27 (B) 13 (C ) 
4 17 (E ) 13 (A) 24 (C ) 31 (D) 25 (B) 
5 21 (B) 26 (E) 26 (D) 31 (C ) 7 (A) 
 

 
- Model y i jijk k ijkµ α β γ ε+= + + +  

 
- A noise reducing design 
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Results for: Latinsq_eg_p1186Neter.MTW 
  
Two-way ANOVA: Productivity versus Week, Day  
 
Source  DF      SS     MS     F      P 
Week     4    82.0   20.5  0.38  0.816 
Day      4   477.2  119.3  2.24  0.111 
Error   16   852.8   53.3 
Total   24  1412.0 
 
S = 7.301   R-Sq = 39.60%   R-Sq(adj) = 9.41% 
 
  
One-way ANOVA: Productivity versus Treatment  
 
Source     DF      SS     MS     F      P 
Treatment   4   664.4  166.1  4.44  0.010 
Error      20   747.6   37.4 
Total      24  1412.0 
 
 
(The anova table below is not from MINITAB) 
 
Source   DF      SS     MS     F      P 
Treatment  4   664.4  166.1 10.57 
Week       4    82.0   20.5  1.31 
Day        4   477.2  119.3  7.60 
Error 12   188.4   15.7   
Total    24  1412.0 
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	Three factor Anova
	Results for: POTATO.MTW
	
	Example 4 p161 CN

	Rows: Block   Columns: Method
	Row  Block  Method  Score
	
	8  B2     M4          4
	9  B3     M1          4
	12  B3     M4          3
	- Use Tukey’s method if you want all pairwise CIs


	Rows: Block   Columns: Method
	
	
	B1     7   5   3   3
	Day







