ตัวอย่างที่ 6.1  General Factorial Model กรณี 2 factors

ใช้ Design Expert ทำ กรณีที่คิด interaction ระหว่าง factor A กับ B
จาก Effect


Term
DOF
SumSqr
MeanSqr
F Value
Prob>F
% Contribtn

Require Intercept





Model A-Material
2
10683.7
5341.86
0.0020
7.91137
13.7594

Model B-Temperature
2
39118.7
19559.4
< 0.0001
28.9677
50.3802

Model AB

4
9613.78
2403.44
0.0186
3.55954
12.3814

Error Lack Of Fit
0
0



0

Error Pure Error
27
18230.8



23.479

Residuals

27
18230.7
675.213

จาก ANOVA

Use your mouse to right click on individual cells for definitions.

Response
1
Life

  Backward Elimination Regression with Alpha to Exit = 0.100


Forced Terms
  Intercept


        ANOVA for selected factorial model

Analysis of variance table [Classical sum of squares - Type II]


            Sum of

Mean           F
               p-value

Source
            Squares         df           Square       Value              Prob > F

Model                           59416.22         8
          7427.03
11.00
< 0.0001
significant


    A-Material
10683.72          2
           5341.86
7.91
0.0020

    B-Temperature
39118.72          2
         19559.36
28.97
< 0.0001

    AB
9613.78            4
           2403.44
3.56
0.0186

Pure Error                   18230.75
27
           675.21

Cor Total                    77646.97
35


The Model F-value of 11.00 implies the model is significant.  There is only

a 0.01% chance that a "Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.  

In this case A, B, AB are significant model terms.  

Values greater than 0.1000 indicate the model terms are not significant.  

If there are many insignificant model terms (not counting those required to support hierarchy),  

model reduction may improve your model.
สรุป 1) Factor A, B มี effect ต่ออายุของแบตเตอรี่อย่างมีนัยสำคัญ  2) A และ B มี  interaction สำคัญต่อกัน

Std. Dev.
25.98

R-Squared
0.7652

Mean
105.53

Adj R-Squared
0.6956

C.V. %
24.62

Pred R-Squared
0.5826


PRESS
32410.22

Adeq Precision
8.178


The "Pred R-Squared" of 0.5826 is in reasonable agreement with the "Adj R-Squared" of 0.6956.


"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  Your 

ratio of 8.178 indicates an adequate signal.  This model can be used to navigate the design space.




Coefficient

Standard
95% CI
95% CI

Term
Estimate
df
Error
Low
High

 Intercept
105.53
1
4.33
96.64
114.41


 A[1]

-22.36
1
6.12
-34.93
-9.79

 A[2]

2.81
1
6.12
-9.76
15.37

 B[1]

39.31
1
6.12
26.74
51.87

 B[2]

2.06
1
6.12
-10.51
14.62

 A[1]B[1]
12.28
1
8.66
-5.49
30.05

 A[2]B[1]
8.11
1
8.66
-9.66
25.88

 A[1]B[2]
-27.97
1
8.66
-45.74
-10.20

 A[2]B[2]
9.36
1
8.66
-8.41
27.13



 Final Equation in Terms of Coded Factors:


 Life
 =


+105.53


-22.36
  * A[1]


+2.81
  * A[2]


+39.31
  * B[1]


+2.06
  * B[2]


+12.28
  * A[1]B[1]


+8.11
  * A[2]B[1]


-27.97
  * A[1]B[2]


+9.36
  * A[2]B[2]



 Final Equation in Terms of Actual Factors:


 Material
A1


 Temperature
15


 Life
 =


+134.75000



 Material
A1


 Temperature
70


 Life
 =


+57.25000



 Material
A1


 Temperature
125


 Life
 =


+57.50000



 Material
A2


 Temperature
15


 Life
 =


+155.75000



 Material
A2


 Temperature
70


 Life
 =


+119.75000



 Material
A2


 Temperature
125


 Life
 =


+49.50000



 Material
A3


 Temperature
15


 Life
 =


+144.00000



 Material
A3


 Temperature
70


 Life
 =


+145.75000



 Material
A3


 Temperature
125


 Life
 =


+85.50000



 The Diagnostics Case Statistics Report has been moved to the Diagnostics Node.

 In the Diagnostics Node, Select Case Statistics from the View Menu.

Proceed to Diagnostic Plots (the next icon in progression).  Be sure to look at the:

   1) Normal probability plot of the studentized residuals to check for normality of residuals.

   2) Studentized residuals versus predicted values to check for constant error.

   3) Externally Studentized Residuals to look for outliers, i.e., influential values.

   4) Box-Cox plot for power transformations.

If all the model statistics and diagnostic plots are OK, finish up with the Model Graphs icon.
จาก Diagnotics
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จาก Model Graphs
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ตัวอย่างที่ 6.1  ใช้ Design Expert ทำ กรณีที่ไม่คิด interaction ระหว่าง factor A กับ B

Use your mouse to right click on individual cells for definitions.

Response
1
Life

        ANOVA for selected factorial model

Analysis of variance table [Classical sum of squares - Type II]


            Sum of
                     Mean               F
           p-value

Source
            Squares     df            Square        Value
           Prob > F

Model
49802.44      4
         12450.61
13.86
< 0.0001
significant


    A-Material
10683.72      2
           5341.86
5.95
0.0065

    B-Temperature
39118.72      2
         19559.36
21.78
< 0.0001

Residual
27844.53    31
             898.21

Lack of Fit
 9613.78       4
            2403.44
3.56
0.0186
significant

Pure Error
18230.75     27
              675.21

Cor Total
77646.97     35                                                                                  สังเกตว่า Lack of Fit significant

The Model F-value of 13.86 implies the model is significant.  There is only

a 0.01% chance that a "Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.  

In this case A, B are significant model terms.  

Values greater than 0.1000 indicate the model terms are not significant.  

If there are many insignificant model terms (not counting those required to support hierarchy),  

model reduction may improve your model.


The "Lack of Fit F-value" of 3.56 implies the Lack of Fit is significant.  There is only a

1.86% chance that a "Lack of Fit F-value" this large could occur due to noise.

Significant lack of fit is bad -- we want the model to fit.



Std. Dev.
29.97

R-Squared
0.6414

Mean
105.53

Adj R-Squared
0.5951

C.V. %
28.40

Pred R-Squared
0.5164


PRESS
37551.00

Adeq Precision
10.975


The "Pred R-Squared" of 0.5164 is in reasonable agreement with the "Adj R-Squared" of 0.5951.


"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  Your 

ratio of 10.975 indicates an adequate signal.  This model can be used to navigate the design space.




Coefficient

Standard
95% CI
95% CI

Term
Estimate
df
Error
Low
High

 Intercept
105.53
1
5.00
95.34
115.72


 A[1]
-22.36
1
7.06
-36.77
-7.95

 A[2]
2.81
1
7.06
-11.60
17.21

 B[1]
39.31
1
7.06
24.90
53.71

 B[2]
2.06
1
7.06
-12.35
16.46



 Final Equation in Terms of Coded Factors:



 Life
 =


+105.53


-22.36
  * A[1]


+2.81
  * A[2]


+39.31
  * B[1]


+2.06
  * B[2]



 Final Equation in Terms of Actual Factors:


 Material
A1


 Temperature
15


 Life
 =


+122.47222



 Material
A1


 Temperature
70


 Life
 =


+85.22222



 Material
A1


 Temperature
125


 Life
 =


+41.80556



 Material
A2


 Temperature
15


 Life
 =


+147.63889



 Material
A2


 Temperature
70


 Life
 =


+110.38889



 Material
A2


 Temperature
125


 Life
 =


+66.97222



 Material
A3


 Temperature
15


 Life
 =


+164.38889



 Material
A3


 Temperature
70


 Life
 =


+127.13889



 Material
A3


 Temperature
125


 Life
 =


+83.72222



 The Diagnostics Case Statistics Report has been moved to the Diagnostics Node.

 In the Diagnostics Node, Select Case Statistics from the View Menu.


Proceed to Diagnostic Plots (the next icon in progression).  Be sure to look at the:

   1) Normal probability plot of the studentized residuals to check for normality of residuals.

   2) Studentized residuals versus predicted values to check for constant error.

   3) Externally Studentized Residuals to look for outliers, i.e., influential values.

   4) Box-Cox plot for power transformations.


If all the model statistics and diagnostic plots are OK, finish up with the Model Graphs icon.


