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Chapter 5 

 

THE TWO-FACTOR FACTORIAL DESIGN   

 

(a) Fill in the blanks in the ANOVA table. You can use bounds on the P-values. 
 
-  Given that     𝑎 − 1 = 1  ⇒ 𝑎 = 2 

And    𝑎𝑏𝑛 − 1 = 17 ⇒  𝑎𝑏𝑛 = 18 

  And    𝑎𝑏(𝑛 − 1) = 12   ⇒ 𝑎𝑏𝑛 − 𝑎𝑏 = 12 ⇒ 18 − 2𝑏 = 12 ⇒ 𝑏 = 3 

      Then (𝟏) = 𝑏 − 1 = 2 

 

-   And (𝟐) =  (𝒂 − 𝟏)(𝒃 − 𝟏) = 𝟐 

 

-  (𝟑)  SSAB = SST − SSE − SSA − SSB = 45.348 

 

 -  (𝟒)MSA =
SSA

𝑎−1
 =0.322 

 

 -   (𝟓)MSAB =
SSAB

(𝒂−𝟏)(𝒃−𝟏)
 =

45.348

2
=22.674 

(3) 

(1) 

(2) 

(4) 

(5) 

(6) 

(7) (10) 

(9) 

(8) 

The Critical values: 

A:  𝑭𝜶,(𝒂−𝟏),𝒂𝒃(𝒏−𝟏) 

= 𝑭𝟎.𝟎𝟓,𝟏,𝟏𝟐 = 𝟒. 𝟕𝟓 

B:   𝑭𝜶,(𝒃−𝟏),𝒂𝒃(𝒏−𝟏) 

= 𝑭𝟎.𝟎𝟓,𝟐,𝟏𝟐 = 𝟑. 𝟖𝟔 

AB:   𝑭𝜶,(𝒂−𝟏)(𝒃−𝟏),𝒂𝒃(𝒏−𝟏) 

= 𝑭𝟎.𝟎𝟓,𝟐,𝟏𝟐 = 𝟑. 𝟖𝟔 
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- (𝟔) = F0 = MSA
MSE

=
0.322

0.8773
= 0.0367 

- (𝟕) = F0 = MSAB
MSE

=
22.674

0.8773
= 25.8452 

 

- (𝟖) = 𝒑 − 𝒗𝒂𝒍𝒖𝒆 = 𝟎. 𝟖𝟓𝟏𝟑 

 
- (𝟗) = 𝒑 − 𝒗𝒂𝒍𝒖𝒆 = 0.0331 

 

 

-  (𝟏𝟎) = 𝒑 − 𝒗𝒂𝒍𝒖𝒆 = 𝟎. 𝟏𝟏𝟔𝟕 

 

 
(b) How many levels were used for factor 𝐵?  
      b= 3 levels.  
 
(c) How many replicates of the experiment were performed? 
     ⇒  𝑎𝑏𝑛 = 18 ⇒ (2)(3)𝑛 = 18 ⇒ 𝑛 = 3    replicates.  
 
(d) What conclusions would you draw about this experiment?  
 
       Only factor B is significant; factor A and the two-factor interaction are not  
significant. 

 
 

 

 
 

(2) 
(1) 

(4) 

(3) 

(5) 

(6) 

(7) 

(8) 

The Critical values: 

A:  𝑭𝜶,(𝒂−𝟏),𝒂𝒃(𝒏−𝟏) =

𝑭𝟎.𝟎𝟓,𝟏,𝟖 = 5.31766 

 

B:   𝑭𝜶,(𝒃−𝟏),𝒂𝒃(𝒏−𝟏) =

𝑭𝟎.𝟎𝟓,𝟑,𝟖 = 4.06618 

 

AB:
   𝑭𝜶,(𝒂−𝟏)(𝒃−𝟏),𝒂𝒃(𝒏−𝟏) =

𝑭𝟎.𝟎𝟓,𝟑,𝟖 = 4.06618 
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(a) Fill in the blanks in the ANOVA table. You can use bounds on the P-values. 
 

-  Given that     𝑎 − 1 = 1   

And    (𝑎 − 1)(𝑏 − 1) = 3 ⇒ (𝑏 − 1) = 3     

      Then (𝟏) = 𝑏 − 1 = 3 

- Given  MSA =
SSA

𝑎−1
⇒0.0002=

SSA

1
 

               ⇒ (𝟐) = SSA = 0.0002 

- (𝟑)MSB =
SSB

𝑏−1
 =

180.378

3
=60.126 

 

- (𝟒)MSAB =
SSAB

(𝒂−𝟏)(𝒃−𝟏)
 =

8.479

3
=2.286 

 

- (𝟓)MSE =
SSE

𝑎𝑏(𝑛−1)
 =

158.797

8
=19.85 

 

- (𝟔) = F0 = MSA
MSE

=
0.0002

19.85
= 0.00001 

 

- (𝟕) = F0 = MSB
MSE

=
60.126

19.85
= 3.029 

 

- (𝟖) = F0 = MSAB
MSE

=
2.286

19.85
= 0.115 

 
-     (𝟗) = 𝒑 − 𝒗𝒂𝒍𝒖𝒆 = 0.998  

 

 

-   (𝟏𝟎) = 𝒑 − 𝒗𝒂𝒍𝒖𝒆 =0.093  

 

(b) How many levels were used for factor B?  

We have from (a) 𝑏 − 1 = 3   ⇒ 𝑏 = 4 levels.  

 

(c) How many replicates of the experiment were performed?  

𝑎𝑏𝑛 − 1 = 15 ⇒  𝑎𝑏𝑛 = 16 ⇒ (2)(4)𝑛 = 16 ⇒ 𝑛 =2  replicates 
 

 (d) What conclusions would you draw about this experiment? 

 The two-factor interaction are not significant 
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F0=0.115 <  𝑭𝟎.𝟎𝟓,𝟑,𝟖 = 4.06618 

 

Factor A and is not significant 

F0 = 0.00001  <  𝑭𝟎.𝟎𝟓,𝟏,𝟖 = 5.31766 

 

Factor B and is not significant 

F0 = 3.029 < 𝑭𝟎.𝟎𝟓,𝟑,𝟖 = 4.06618 

 

 

 
(a) Analyze the data and draw conclusions. Use  𝛼 = 0.05 
 
 
a=3 , b=3 and n=2 
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 200 215 230 𝒀𝒊.. 

 

150 90.4 
90.2 
180.6 

90.7 
90.6 
181.3 

90.2 
90.4 
180.6 

 
 
542.5 

160 90.1 
90.3 
180.4 

90.5 
90.6 
181.1 

89.9 
90.1 
180 

 
 
541.5 

170 90.5 
90.7 
181.2 

90.8 
90.9 
181.7 

90.4 
90.1 
180.5 

 
 
543.5 

𝒀.𝒋. 

 

542.2 544.1 541.1 𝒀…=1627.4 

 

𝑆𝑆𝑇 = ∑ ∑ ∑ 𝑌𝑖𝑗𝑘
2 −

𝑌...
2

𝑎𝑏𝑛

𝑛

𝑘=1

𝑏

𝑗=1

𝑎

𝑖=1

 

       = 90.42 + 90.22 + 90.72 + ⋯ + 90.12 −
1627.42

18
=1.298 

𝑆𝑆𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 =
1

𝑏𝑛
∑ 𝑌𝑖..

2

𝑎

𝑖=1

−
𝑌...

2

𝑎𝑏𝑛
 

                       =
1

6
(542.52 + 541.52 + 543.32) −

1627.42

18
= 0.768 

𝑆𝑆𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 =
1

𝑎𝑛
∑ 𝑌.𝑗.

2

𝑏

𝑗=1

−
𝑌...

2

𝑎𝑏𝑛
 

              =
1

6
(542.22 + 544.12 + 541.12) −

1627.42

18
= 0.301 

𝑆𝑆𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =
1

𝑛
∑ ∑ 𝑌𝑖𝑗.

2 −
𝑌…

2

𝑎𝑏𝑛

𝑏

𝑗=1

𝑎

𝑖=1

−𝑆𝑆𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 − 𝑆𝑆𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 

                       =
1

2
(180.62 + 181.32 + ⋯ + 180.52) −

1627.42

18
− 0.768 − 0.301 = 0.069 

 

𝑆𝑆𝐸 = 𝑆𝑆𝑇 − 𝑆𝑆𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 − 𝑆𝑆𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 − 𝑆𝑆𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒=0.16 

 

pressure 

temperature 
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Test the interaction between the two factors (Pressure and Temperature) : 
(1) 𝐻0: (𝜏𝛽)𝑖𝑗 = 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖, 𝑗    VS        𝐻1: at least one of (𝜏𝛽)𝑖𝑗 ≠ 0 

(2) The test statistic 𝐹0 = 0.94 

(3) The Critical value =𝐹𝛼,(𝑎−1)(𝑏−1),𝑎𝑏(𝑛−1) = 𝐹0.05,4,9 = 3.63 

(4) since  𝐹0 = 0.94 < 3.63 = 𝐹0.05,4,9 we cannot reject  

                    𝐻0: (𝜏𝛽)𝑖𝑗 = 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖, 𝑗     

1.298 

0.069 

0.768 

0.301 

0.16 

2 

2 

4 

9 

17 

0.017 

0.384 

 

0.1505 

 

0.018 

0.768 

 

=21.33 

=0.94 

=8.42 
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  We conclude that there is no significant interaction between Temperature and 

Pressure. 

 

Since there is no significant interaction between the two factors, We will test the 

effectiveness of Temperature and pressure  

 
Test the effect of Tempreture factor: 

(1) 𝐻0: 𝜏1  =   𝜏2 = 𝜏3 = 0   VS        𝐻1: at least one of 𝜏𝑖 ≠ 0 

(2) The test statistic 𝐹0 = 8.42 

(3) The Critical value =𝐹𝛼,𝑎−1,𝑎𝑏(𝑛−1) = 𝐹0.05,2,9 = 4.25 

(4) since  𝐹0 = 8.42 > 4.25 = 𝐹0.05,2,9 we reject  𝐻0: 𝜏1  =   𝜏2 = 𝜏3 

  That means there is a significant effect of temperature on the study . 

 

Test the effect of Pressure factor: 

(1) 𝐻0: 𝛽1  =   𝛽2 = 𝛽3 = 0    VS        𝐻1: at least one of 𝛽𝑗 ≠ 0 

(2) The test statistic 𝐹0 = 21.33 

(3) The Critical value =𝐹𝛼,𝑏−1,𝑎𝑏(𝑛−1) = 𝐹0.05,2,9 = 4.25 

(4) since  𝐹0 = 21.33 > 4.25 = 𝐹0.05,2,9 we reject  𝐻0: 𝛽1  =   𝛽2 = 𝛽3 

  That means there is a significant effect of pressure on the study  

 

 

 

 

NOTE: 

If we reject   𝐻0  (p-value  ≤ 𝛼 ) → there is an interaction (stop) 

If we cannot reject   𝐻0 (p-value > 𝛼 ) → there is no an interaction (continue) 
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- Using Minitab to perform two factors Factorial Design 

         You can watch this useful video   

                 https://www.youtube.com/watch?v=Fu9cWxDRRuA 

 

 

• Click Stat → DOE → Factorial → Create Factorial. 

• A new window named “Create Factorial Design” pops up. 

• Enter “2” as the “Number of factors.” 

• Select the Full factorial design. 

• Click Designs. 

•  Enter “3” as the “Number of level ” of factor A and “3” “Number of level ” of factor B and . 

Enter “2” as the “Number of replicates. 

• Click OK 

• Click factors. 

• In the row for Factor A, under Name, enter Temprature. . Under level value, enter 150, 160 and 170 

• In the row for Factor B, under Name, enter Pressure. . Under level value, enter 200,215 and 230 

• Click OK 

• Click Options. 

• Uncheck randomize run 

• Click OK 

• Click OK 

 

You will get this table which is ready to enter the observations 

 

StdOrder RunOrder PtType Blocks Temperature pressure obs 

1 1 1 1 150 200 90.4 

2 2 1 1 150 215 90.7 

3 3 1 1 150 230 90.2 

4 4 1 1 160 200 90.1 

5 5 1 1 160 215 90.5 

6 6 1 1 160 230 89.9 

7 7 1 1 170 200 90.5 

8 8 1 1 170 215 90.8 

9 9 1 1 170 230 90.4 

10 10 1 1 150 200 90.2 

https://www.youtube.com/watch?v=Fu9cWxDRRuA
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11 11 1 1 150 215 90.6 

12 12 1 1 150 230 90.4 

13 13 1 1 160 200 90.3 

14 14 1 1 160 215 90.6 

15 15 1 1 160 230 90.1 

16 16 1 1 170 200 90.7 

17 17 1 1 170 215 90.9 

18 18 1 1 170 230 90.1 

 

• Choose Stat > DOE > Factorial > Analyze Factorial Design  

• In Responses, enter obs 

• Click OK 

The results: 

General Factorial Regression: obs versus Temperature; pressure  
Factor Information 

 

Factor       Levels  Values 

Temperature       3  150; 160; 170 

pressure          3  200; 215; 230 

 

Analysis of Variance 

 

Source                    DF   Adj SS   Adj MS  F-Value  P-Value 

Model                      8  1.13778  0.14222     8.00    0.003 

  Linear                   4  1.06889  0.26722    15.03    0.001 

    Temperature            2  0.30111  0.15056     8.47    0.009 

    pressure               2  0.76778  0.38389    21.59    0.000 

  2-Way Interactions       4  0.06889  0.01722     0.97    0.470 

    Temperature*pressure   4  0.06889  0.01722     0.97    0.470 

Error                      9  0.16000  0.01778 

Total                     17  1.29778 

 

 

Model Summary 

 

       S    R-sq  R-sq(adj)  R-sq(pred) 

0.133333  87.67%     76.71%      50.68% 

 

 

Coefficients 

 

Term                     Coef  SE Coef  T-Value  P-Value   VIF 

Constant              90.4111   0.0314  2876.86    0.000 

Temperature 

  150                  0.0056   0.0444     0.13    0.903  1.33 

  160                 -0.1611   0.0444    -3.63    0.006  1.33 

pressure 

  200                 -0.0444   0.0444    -1.00    0.343  1.33 

  215                  0.2722   0.0444     6.12    0.000  1.33 

Temperature*pressure 

  150 200             -0.0722   0.0629    -1.15    0.280  1.78 

  150 215             -0.0389   0.0629    -0.62    0.551  1.78 

  160 200             -0.0056   0.0629    -0.09    0.932  1.78 
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  160 215              0.0278   0.0629     0.44    0.669  1.78 

 

 

Regression Equation 

 

obs = 90.4111 + 0.0056 Temperature_150 - 0.1611 Temperature_160 + 0.1556 Temperature_170 

      - 0.0444 pressure_200 + 0.2722 pressure_215 - 0.2278 pressure_230 

      - 0.0722 Temperature*pressure_150 200 - 0.0389 Temperature*pressure_150 215 

      + 0.1111 Temperature*pressure_150 230 - 0.0056 Temperature*pressure_160 200 

      + 0.0278 Temperature*pressure_160 215 - 0.0222 Temperature*pressure_160 230 

      + 0.0778 Temperature*pressure_170 200 + 0.0111 Temperature*pressure_170 215 

      - 0.0889 Temperature*pressure_170 230 

 
 

 
 

 a=3 , b=4 and n=3 
 

 

(a) Analyze the data and draw conclusions. Use α = 0.05.  

The results: 

General Factorial Regression: obs versus Feed Rate; Depth of cut  

 
Factor Information 

 

Factor        Levels  Values 

HW 5.4 
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Feed Rate          3  0.20; 0.25; 0.30 

Depth of cut       4  0.15; 0.18; 0.20; 0.25 

 

 

Analysis of Variance 

 

Source                      DF  Adj SS   Adj MS  F-Value  P-Value 

Model                       11  5842.7   531.15    18.49    0.000 

  Linear                     5  5285.6  1057.12    36.81    0.000 

    Feed Rate                2  3160.5  1580.25    55.02    0.000 

    Depth of cut             3  2125.1   708.37    24.66    0.000 

  2-Way Interactions         6   557.1    92.84     3.23    0.018 

    Feed Rate*Depth of cut   6   557.1    92.84     3.23    0.018 

Error                       24   689.3    28.72 

Total                       35  6532.0 

 

 

 

 

Model Summary 

 

      S    R-sq  R-sq(adj)  R-sq(pred) 

5.35931  89.45%     84.61%      76.26% 

 

 

Coefficients 

 

Term                      Coef  SE Coef  T-Value  P-Value   VIF 

Constant                94.333    0.893   105.61    0.000 

Feed Rate 

  0.20                  -12.75     1.26   -10.09    0.000  1.33 

  0.25                    3.25     1.26     2.57    0.017  1.33 

Depth of cut 

  0.15                   -9.56     1.55    -6.18    0.000  1.50 

  0.18                   -4.56     1.55    -2.94    0.007  1.50 

  0.20                    3.56     1.55     2.30    0.031  1.50 

Feed Rate*Depth of cut 

  0.20 0.15              -6.03     2.19    -2.76    0.011  2.00 

  0.20 0.18              -3.69     2.19    -1.69    0.104  2.00 

  0.20 0.20               2.19     2.19     1.00    0.326  2.00 

  0.25 0.15               0.64     2.19     0.29    0.773  2.00 

  0.25 0.18               3.64     2.19     1.66    0.109  2.00 

  0.25 0.20              -0.47     2.19    -0.22    0.831  2.00 

 

 

Regression Equation 

 

obs = 94.333 - 12.75 Feed Rate_0.20 + 3.25 Feed Rate_0.25 + 9.50 Feed Rate_0.30 

      - 9.56 Depth of cut_0.15 - 4.56 Depth of cut_0.18 + 3.56 Depth of cut_0.20 

      + 10.56 Depth of cut_0.25 - 6.03 Feed Rate*Depth of cut_0.20 0.15 

      - 3.69 Feed Rate*Depth of cut_0.20 0.18 + 2.19 Feed Rate*Depth of cut_0.20 0.20 

      + 7.53 Feed Rate*Depth of cut_0.20 0.25 + 0.64 Feed Rate*Depth of cut_0.25 0.15 

      + 3.64 Feed Rate*Depth of cut_0.25 0.18 - 0.47 Feed Rate*Depth of cut_0.25 0.20 

      - 3.81 Feed Rate*Depth of cut_0.25 0.25 + 5.39 Feed Rate*Depth of cut_0.30 0.15 

      + 0.06 Feed Rate*Depth of cut_0.30 0.18 - 1.72 Feed Rate*Depth of cut_0.30 0.20 

      - 3.72 Feed Rate*Depth of cut_0.30 0.25 

 

Welcome to Minitab, press F1 for help. 
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THE GENERAL FACTORIAL DESIGN 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Cycle 
time 

Temperature 

300 350  

Operators Operators  

1 2 3 1 2 3 𝒀𝒊… 

40 23 
24 
25 
72 

27 
28 
26 
81 

31 
32 
29 
92 

24 
23 
28 
75 

38 
36 
35 

109 

34 
36 
39 

109 

 
 
 

538 

50 36 
35 
36 

107 

34 
38 
39 

111 

33 
34 
35 

102 

37 
39 
35 

111 

34 
38 
36 

108 

34 
36 
31 

101 

 
 
 

640 

60 28 
24 
27 
79 

35 
35 
34 

104 

26 
27 
25 
78 

26 
29 
25 
80 

36 
37 
34 

107 

28 
26 
24 
78 

 
 
 

526 

𝒀.𝒋𝒌. 258 296 272 266 324 288 𝒀…=1704 

𝒀.𝒋.. 826 878 

 
 
 
 
 
 
 
 
 

 
 
 
 
a=3 , b=2,  c=3  and  n=3 
A: Cycle time 
B: Temperature 
C: Operators 
 
 
 
 
 

 
A 

B 

300 350 

40 245 293 

50 320 320 

60 261 265 

𝒀.𝒋.. 826 878 

 
A 

C 
1 2 3 

40 147 190 201 
50 218 219 203 
60 159 211 156 

𝒀..𝑲. 524 620 560 

𝑌𝑖𝑗.. 𝑌𝑖.𝑘. 
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𝑆𝑆𝐴 =
1

𝑏𝑐𝑛
∑ 𝑌𝑖...

2

𝑎

𝑖=1

−
𝑌....

2

𝑎𝑏𝑐𝑛
 

                       =
1

2(3)(3)
(5382 + 6402 + 5622) −

17042

3(2)(3)(3)
= 𝟒𝟑𝟔 

 

𝑆𝑆𝐵 =
1

𝑎𝑐𝑛
∑ 𝑌.𝑗..

2

𝑏

𝑗=1

−
𝑌....

2

𝑎𝑏𝑐𝑛
 

              =
1

3(3)(3)
(8622 + 8782) −

17042

3(2)(3)(3)
= 𝟓𝟎. 𝟎𝟕 

𝑆𝑆𝐶 =
1

𝑎𝑏𝑛
∑ 𝑌..𝑘.

2

𝑐

𝑘=1

−
𝑌....

2

𝑎𝑏𝑐𝑛
 

              =
1

3(2)(3)
(5242 + 6202 + 5602) −

17042

3(2)(3)(3)
= 𝟐𝟔𝟏. 𝟑𝟑 

 

𝑆𝑆𝐴𝐵 =
1

𝑐𝑛
∑ ∑ 𝑌𝑖𝑗..

2 −
𝑌....

2

𝑎𝑏𝑐𝑛

𝑏

𝑗=1

𝑎

𝑖=1

−𝑆𝑆𝐴 − 𝑆𝑆𝐵 

                       =
1

(3)(3)
(2452 + 2932 + 3202 + 3202 + 2612 + 2652) −

17042

3(2)(3)(3)
− 436 − 50.07 = 78.82 

 

𝑆𝑆𝐴𝐶 =
1

𝑏𝑛
∑ ∑ 𝑌𝑖.𝑘.

2 −
𝑌....

2

𝑎𝑏𝑐𝑛

𝑐

𝑘=1

𝑎

𝑖=1

−𝑆𝑆𝐴 − 𝑆𝑆𝐶 

          =
1

(2)(3)
(1472 + 1902 + 2012 + ⋯ + 1592 + 2112 + 1582) −

17042

3(2)(3)(3)
− 436 − 261.33 

         = 𝟑𝟓𝟓. 𝟔𝟕 

 

𝑆𝑆𝐵𝐶 =
1

𝑎𝑛
∑ ∑ 𝑌.𝑗𝑘.

2 −
𝑌....

2

𝑎𝑏𝑐𝑛

𝑐

𝑘=1

𝑏

𝑗=1

−𝑆𝑆𝐵 − 𝑆𝑆𝐶 

=
1

(3)(3)
(2582 + 2962 + 2722 + 2662 + 3242 + 2882) −

17042

3(2)(3)(3)
− 50.07 − 261.33 

            = 𝟏𝟏. 𝟐𝟕 
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𝑆𝑆𝐴𝐵𝐶 =
1

𝑛
∑ ∑ ∑ 𝑌𝑖𝑗𝑘.

2

𝑐

𝑘=1

−
𝑌....

2

𝑎𝑏𝑐𝑛

𝑏

𝑗=1

𝑎

𝑖=1

−𝑆𝑆𝐴 − 𝑆𝑆𝐵 − 𝑆𝑆𝐶 − 𝑆𝑆𝐴𝐵 − 𝑆𝑆𝐴𝐶 − 𝑆𝑆𝐵𝐶  

=
1

3
(722 + 812 + 922 + ⋯ + 1072 + 782) −

17042

3(2)(3)(3)
− 436 − 50.07 − 261.33 − 78.82 − 355.67 − 11.27 

  = 𝟒𝟔. 𝟏𝟕 

 

𝑆𝑆𝑠𝑢𝑏𝑡𝑜𝑡𝑎𝑙(𝐴𝐵𝐶) =
1

𝑛
∑ ∑ ∑ 𝑌𝑖𝑗𝑘.

2

𝑐

𝑘=1

−
𝑌….

2

𝑎𝑏𝑐𝑛

𝑏

𝑗=1

𝑎

𝑖=1

 

                             =
1

3
(722 + 812 + 922 + ⋯ + 1072 + 782) −

17042

3(2)(3)(3)
= 1239.33 

 

𝑆𝑆𝑇 = ∑ ∑ ∑ ∑ 𝑌𝑖𝑗𝑘𝑙
2

𝑛

𝑙=1

𝑐

𝑘=1

−
𝑌….

2

𝑎𝑏𝑐𝑛

𝑏

𝑗=1

𝑎

𝑖=1

 

= (232 + 272 + 312 + ⋯ + 252 + 342 + 242) −
17042

3(2)(3)(3)
= 1357.33 

 

𝑆𝑆𝐸 = 𝑆𝑆𝑇 − 𝑆𝑆𝑠𝑢𝑏𝑡𝑜𝑡𝑎𝑙(𝐴𝐵𝐶) 

         = 1357.33 − 1239.33 = 118 
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436 

78.82 

355.67 

11.27 

46.17 

50.07 

261.33 

118 

1357.33

3 

2 

1 

2 

4 

2 

4 

2 

53 

36 

5.635 

88.92 

39.41 

130.66

5 

50.07 

218 

11.54 

3.28 

Critical values 

𝑭𝜶,(𝒂−𝟏),𝒂𝒃𝒄(𝒏−𝟏)=𝑭𝟎.𝟎𝟓,𝟐,𝟑𝟔 =3.259 

 

 

𝑭𝜶,(𝒃−𝟏),𝒂𝒃𝒄(𝒏−𝟏)=𝑭𝟎.𝟎𝟓,𝟏,𝟑𝟔 =4.11 

 
𝑭𝜶,(𝒄−𝟏),𝒂𝒃𝒄(𝒏−𝟏)=𝑭𝟎.𝟎𝟓,𝟐,𝟑𝟔 =3.259 

 

𝑭𝜶,(𝒂−𝟏)(𝒃−𝟏),𝒂𝒃𝒄(𝒏−𝟏)=𝑭𝟎.𝟎𝟓,𝟐,𝟑𝟔 =3.259
45 

 𝑭𝜶,(𝒂−𝟏)(𝒄−𝟏),𝒂𝒃𝒄(𝒏−𝟏)=𝑭𝟎.𝟎𝟓,𝟒,𝟑𝟔 =2.63 

 

𝑭𝜶,(𝒃−𝟏)(𝒄−𝟏),𝒂𝒃𝒄(𝒏−𝟏)=𝑭𝟎.𝟎𝟓,𝟐,𝟑𝟔 =3.259
45 

 𝑭𝜶,(𝒂−𝟏)(𝒃−𝟏)(𝒄−𝟏),𝒂𝒃𝒄(𝒏−𝟏)=𝑭𝟎.𝟎𝟓,𝟒,𝟑𝟔 =2.63 

 

39.84 

15.27 

66.46 

12.01 

1.72 

27.12 

3.52 



Zahra Kaabi 

Test the interaction between the three factors (A, B and C) : 
(1) 𝐻0: (𝜏𝛽𝛾)𝑖𝑗𝑘 = 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖, 𝑗, 𝑘    VS        𝐻1: at least one of (𝜏𝛽𝛾)𝑖𝑗𝑘 ≠ 0 

(2) The test statistic 𝐹0 =3.52 

(3) The Critical value =𝐹𝛼,(𝑎−1)(𝑏−1)(𝑐−1),𝑎𝑏𝑐(𝑛−1)=𝐹0.05,4,36 =2.63 

(4) since  𝐹0 = 𝟑. 𝟓𝟐 > 2.63 = 𝐹0.05,4,36 we reject  

                    𝐻0: (𝜏𝛽𝛾)𝑖𝑗𝑘 = 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖, 𝑗, 𝑘    

  We conclude that there is significant interaction between the three factors. 

 

 

 
- Using Minitab to perform general Factorial Design 

• Click Stat → DOE → Factorial → Create Factorial. 

• A new window named “Create Factorial Design” pops up. 

• Enter “3” as the “Number of factors.” 

• Select the general Full factorial design. 

• Click Designs. 

• . Enter “3” as the “Number of replicates.” And “3” as the “Number of level” 

• Click OK 

• Click factors. 

• In the row for Factor A, under Name, enter cycle time. . Under level value, enter 40, 50and 60. 

• In the row for Factor B, under Name, enter Temperature. . Under level value, enter 300 and 350  

• In the row for Factor C, under Name, enter Operator. Under level value, enter 1,2 and 3  

• Click OK 

• Click Options. 

• Uncheck randomize run 

• Click OK 

• Click OK 

 

NOTE: 

If we reject   𝐻0  (p-value  ≤ 𝛼 ) → there is an interaction (stop) 

If we cannot reject   𝐻0 (p-value > 𝛼 ) → there is no an interaction (continue) 
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• You will get this table which is ready to enter the observations 
 

StdOrder RunOrder PtType Blocks A B C obs 

1 1 1 1 40 300 1 23 

2 2 1 1 40 300 2 27 

3 3 1 1 40 300 3 31 

4 4 1 1 40 350 1 24 

5 5 1 1 40 350 2 38 

6 6 1 1 40 350 3 34 

7 7 1 1 50 300 1 36 

8 8 1 1 50 300 2 34 

9 9 1 1 50 300 3 33 

10 10 1 1 50 350 1 37 

11 11 1 1 50 350 2 34 

12 12 1 1 50 350 3 34 

13 13 1 1 60 300 1 28 

14 14 1 1 60 300 2 35 

15 15 1 1 60 300 3 26 

16 16 1 1 60 350 1 26 

17 17 1 1 60 350 2 36 

18 18 1 1 60 350 3 28 

19 19 1 1 40 300 1 24 

20 20 1 1 40 300 2 28 

21 21 1 1 40 300 3 32 

22 22 1 1 40 350 1 23 

23 23 1 1 40 350 2 36 

24 24 1 1 40 350 3 36 

25 25 1 1 50 300 1 35 

26 26 1 1 50 300 2 38 

27 27 1 1 50 300 3 34 

28 28 1 1 50 350 1 39 

29 29 1 1 50 350 2 38 

30 30 1 1 50 350 3 36 

31 31 1 1 60 300 1 24 

32 32 1 1 60 300 2 35 

33 33 1 1 60 300 3 27 

34 34 1 1 60 350 1 29 

35 35 1 1 60 350 2 37 

36 36 1 1 60 350 3 26 

37 37 1 1 40 300 1 25 

38 38 1 1 40 300 2 26 

39 39 1 1 40 300 3 29 



Zahra Kaabi 

40 40 1 1 40 350 1 28 

41 41 1 1 40 350 2 35 

42 42 1 1 40 350 3 39 

43 43 1 1 50 300 1 36 

44 44 1 1 50 300 2 39 

45 45 1 1 50 300 3 35 

46 46 1 1 50 350 1 35 

47 47 1 1 50 350 2 36 

48 48 1 1 50 350 3 31 

49 49 1 1 60 300 1 27 

50 50 1 1 60 300 2 34 

51 51 1 1 60 300 3 25 

52 52 1 1 60 350 1 25 

53 53 1 1 60 350 2 34 

54 54 1 1 60 350 3 24 
 

• Choose Stat > DOE > Factorial > Analyze Factorial Design Uncheck randomize run 

• In Responses, enter obs 

• Click OK 
 

The results: 

  

Multilevel Factorial Design  

 
Factors:       3     Replicates:     2 

Base runs:    18     Total runs:    36 

Base blocks:   1     Total blocks:   1 

 

Number of levels: 3; 2; 3 

 

 

Results for: Worksheet 2 
  

Multilevel Factorial Design  

 
Factors:       3     Replicates:     3 

Base runs:    18     Total runs:    54 

Base blocks:   1     Total blocks:   1 

 

Number of levels: 3; 2; 3 

 

  

General Factorial Regression: obs versus A; B; C  

 
Factor Information 
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Factor  Levels  Values 

A            3  40; 50; 60 

B            2  300; 350 

C            3  1; 2; 3 

 

 

Analysis of Variance 

 

Source                DF   Adj SS   Adj MS  F-Value  P-Value 

Model                 17  1239.33   72.902    22.24    0.000 

  Linear               5   747.41  149.481    45.60    0.000 

    A                  2   436.00  218.000    66.51    0.000 

    B                  1    50.07   50.074    15.28    0.000 

    C                  2   261.33  130.667    39.86    0.000 

  2-Way Interactions   8   445.74   55.718    17.00    0.000 

    A*B                2    78.81   39.407    12.02    0.000 

    A*C                4   355.67   88.917    27.13    0.000 

    B*C                2    11.26    5.630     1.72    0.194 

  3-Way Interactions   4    46.19   11.546     3.52    0.016 

    A*B*C              4    46.19   11.546     3.52    0.016 

Error                 36   118.00    3.278 

Total                 53  1357.33 

 

 

Model Summary 

 

      S    R-sq  R-sq(adj)  R-sq(pred) 

1.81046  91.31%     87.20%      80.44% 

 

 

Coefficients 

 

Term          Coef  SE Coef  T-Value  P-Value   VIF 

Constant    31.556    0.246   128.08    0.000 

A 

  40        -1.667    0.348    -4.78    0.000  1.33 

  50         4.000    0.348    11.48    0.000  1.33 

B 

  300       -0.963    0.246    -3.91    0.000  1.00 

C 

  1         -2.444    0.348    -7.02    0.000  1.33 

  2          2.889    0.348     8.29    0.000  1.33 

A*B 

  40 300    -1.704    0.348    -4.89    0.000  1.33 

  50 300     0.963    0.348     2.76    0.009  1.33 

A*C 

  40 1      -2.944    0.493    -5.98    0.000  1.78 

  40 2      -1.111    0.493    -2.25    0.030  1.78 

  50 1       3.222    0.493     6.54    0.000  1.78 

  50 2      -1.944    0.493    -3.95    0.000  1.78 

B*C 

  300 1      0.519    0.348     1.49    0.145  1.33 

  300 2     -0.593    0.348    -1.70    0.098  1.33 

A*B*C 

  40 300 1   1.648    0.493     3.34    0.002  1.78 

  40 300 2  -1.407    0.493    -2.86    0.007  1.78 

  50 300 1  -1.185    0.493    -2.41    0.021  1.78 

  50 300 2   1.093    0.493     2.22    0.033  1.78 

 

 

Regression Equation 

 

obs = 31.556 - 1.667 A_40 + 4.000 A_50 - 2.333 A_60 - 0.963 B_300 + 0.963 B_350 - 2.444 C_1 
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      + 2.889 C_2 - 0.444 C_3 - 1.704 A*B_40 300 + 1.704 A*B_40 350 + 0.963 A*B_50 300 

      - 0.963 A*B_50 350 + 0.741 A*B_60 300 - 0.741 A*B_60 350 - 2.944 A*C_40 1 

      - 1.111 A*C_40 2 + 4.056 A*C_40 3 + 3.222 A*C_50 1 - 1.944 A*C_50 2 - 1.278 A*C_50 3 

      - 0.278 A*C_60 1 + 3.056 A*C_60 2 - 2.778 A*C_60 3 + 0.519 B*C_300 1 - 0.593 B*C_300 2 

      + 0.074 B*C_300 3 - 0.519 B*C_350 1 + 0.593 B*C_350 2 - 0.074 B*C_350 3 

      + 1.648 A*B*C_40 300 1 - 1.407 A*B*C_40 300 2 - 0.241 A*B*C_40 300 3 - 1.648 A*B*C_40 

      350 1 + 1.407 A*B*C_40 350 2 + 0.241 A*B*C_40 350 3 - 1.185 A*B*C_50 300 1 

      + 1.093 A*B*C_50 300 2 + 0.093 A*B*C_50 300 3 + 1.185 A*B*C_50 350 1 - 1.093 A*B*C_50 

      350 2 - 0.093 A*B*C_50 350 3 - 0.463 A*B*C_60 300 1 + 0.315 A*B*C_60 300 2 

      + 0.148 A*B*C_60 300 3 + 0.463 A*B*C_60 350 1 - 0.315 A*B*C_60 350 2 - 0.148 A*B*C_60 

      350 3 

 

 

Fits and Diagnostics for Unusual Observations 

 

Obs    obs    Fit  Resid  Std Resid 

  8  34.00  37.00  -3.00      -2.03  R 

 40  28.00  25.00   3.00       2.03  R 

 

R  Large residual 

 

 

 

 

 
 
 

 

 

 


