
Solutions to Exercises for Statistics 2 for Chemical Engineering

Week 2

1.  
a) 

	
[image: image1.wmf]Analysis of Variance for conversion

--------------------------------------------------------------------------------

Source                Sum of Squares     Df    Mean Square    F-Ratio    P-Value

--------------------------------------------------------------------------------

A:time                        2.4025      1         2.4025      68.75     0.0004

B:temperature                 0.4225      1         0.4225      12.09     0.0177

AB                            0.0025      1         0.0025       0.07     0.7998

Total error                 0.174722      5      0.0349444

--------------------------------------------------------------------------------

Total (corr.)                3.00222      8

R-squared = 94.1802 percent

R-squared (adjusted for d.f.) = 90.6884 percent

Standard Error of Est. = 0.186934

Mean absolute error = 0.103704

Durbin-Watson statistic = 2.89388 (P=0.1564)

Lag 1 residual autocorrelation = -0.517267





Since the p-values of both time and temperature are smaller than 0.05, both time and temperature significantly influence conversion rate. The interaction of time and temperature is not significant.


b) 

	
[image: image2.wmf]Analysis of Variance for conversion

--------------------------------------------------------------------------------

Source                Sum of Squares     Df    Mean Square    F-Ratio    P-Value

--------------------------------------------------------------------------------

A:time                        2.4025      1         2.4025      55.87     0.0017

B:temperature                 0.4225      1         0.4225       9.83     0.0350

AB                            0.0025      1         0.0025       0.06     0.8213

Lack-of-fit               0.00272222      1     0.00272222       0.06     0.8137

Pure error                     0.172      4          0.043

--------------------------------------------------------------------------------

Total (corr.)                3.00222      8

R-squared = 94.1802 percent

R-squared (adjusted for d.f.) = 90.6884 percent

Standard Error of Est. = 0.207364

Mean absolute error = 0.103704

Durbin-Watson statistic = 2.89388 (P=0.1564)

Lag 1 residual autocorrelation = -0.517267





The lack-of-fit test checks whether there is curvature, which would indicate that a first order model in the given process variables does not suffice. Since the p-value of the test is larger than 0.05, there seems to be no indication that the analysis omits other important process variables.

c) Since the interaction of time and temperature is not significant, there is in this case no danger of optimising the setting of time and temperature within the experimental range of this experiment.

2. a)

	
[image: image3.wmf]Analysis of Variance for colour

--------------------------------------------------------------------------------

Source                Sum of Squares     Df    Mean Square    F-Ratio    P-Value

--------------------------------------------------------------------------------

A:solvent                     8.2369      1         8.2369       4.93     0.1564

B:catalyst                    8.5849      1         8.5849       5.14     0.1515

C:temperature               0.297025      1       0.297025       0.18     0.7142

D:reactant purity            82.6281      1        82.6281      49.50     0.0196

E:reactant pH                1.97403      1        1.97403       1.18     0.3904

AB                              5.29      1           5.29       3.17     0.2170

AC                           3.33062      1        3.33062       2.00     0.2933

AD                            6.0516      1         6.0516       3.63     0.1972

AE                          0.731025      1       0.731025       0.44     0.5762

BC                          0.342225      1       0.342225       0.21     0.6951

BD                            0.0576      1         0.0576       0.03     0.8698

BE                          0.105625      1       0.105625       0.06     0.8249

DE                          0.180625      1       0.180625       0.11     0.7734

Total error                  3.33853      2        1.66926

--------------------------------------------------------------------------------

Total (corr.)                121.149     15

R-squared = 97.2443 percent

R-squared (adjusted for d.f.) = 79.3321 percent

Standard Error of Est. = 1.292

Mean absolute error = 0.41875

Durbin-Watson statistic = 2.42967 (P=0.4820)

Lag 1 residual autocorrelation = -0.277333





The p-values indicate that only reactant purity is significant. Solvent and catalyst seem to have a weak influence. It is recommended to do a small follow-up experiment with these three factors with some extra runs since in this experiment we estimate the variance based on 2 measurements only. As a rule of thumb, we minimally need 4 to 5 measurements. Another possibility is to redo the analysis by excluding extra interactions and main factors that seem to be highly non-significant.  We choose to exclude all effects that have a p-value higher than 0.50.

	
[image: image4.wmf]Analysis of Variance for colour

--------------------------------------------------------------------------------

Source                Sum of Squares     Df    Mean Square    F-Ratio    P-Value

--------------------------------------------------------------------------------

A:solvent                     8.2369      1         8.2369      13.04     0.0069

B:catalyst                    8.5849      1         8.5849      13.59     0.0062

D:reactant purity            82.6281      1        82.6281     130.83     0.0000

E:reactant pH                1.97403      1        1.97403       3.13     0.1151

AB                              5.29      1           5.29       8.38     0.0201

AC                           3.33062      1        3.33062       5.27     0.0508

AD                            6.0516      1         6.0516       9.58     0.0148

Total error                  5.05265      8       0.631581

--------------------------------------------------------------------------------

Total (corr.)                121.149     15

R-squared = 95.8294 percent

R-squared (adjusted for d.f.) = 92.1801 percent

Standard Error of Est. = 0.794721

Mean absolute error = 0.439688

Durbin-Watson statistic = 2.32638 (P=0.3329)

Lag 1 residual autocorrelation = -0.176353




b) 

	
[image: image5.wmf]Residual Plot for colour

-2.7

-0.7

1.3

3.3

5.3

7.3

predicted

-0.7

-0.4

-0.1

0.2

0.5

0.8

residual


	
[image: image6.wmf]Density Trace
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The residuals versus predictions do not seem to indicate problems, but a density trace of the (standardized!) residuals indicate that the model does not quite fit (there seem to be 3 groups of residuals).


3. a) The full aliasing pattern includes I=F, i.e. the main effect F cannot be estimated at all (in other words, closer inspection of the design matrix shows that factor F is kept constant). Hence, the design has resolution I and should not be used. The reason for this failure is that the two confounding relations imply several other relations (including the product of the two words ABCDEF and ABCDE). 
b) In order to improve the resolution of the design, it is important to keep long words while at the same time avoiding too much overlap. Overlap (i.e, letters in common) causes the product confouding relation to be too short.
c) We see from the previous parts of this exercise that finding an optimal fraction is not trivial. Fortunately, this problem has been solved already. Statgraphics finds the following generators I=BCDF and I= ABCE: 



	
[image: image7.wmf]Alias Structure

Contrast  Estimates

--------  ---------

1         A+BCE+DEF+ABCDF

2         B+ACE+CDF+ABDEF

3         C+ABE+BDF+ACDEF

4         D+AEF+BCF+ABCDE

5         E+ABC+ADF+BCDEF

6         F+ADE+BCD+ABCEF

7         AB+CE+ACDF+BDEF

8         AC+BE+ABDF+CDEF

9         AD+EF+ABCF+BCDE

10        AE+BC+DF+ABCDEF

11        AF+DE+ABCD+BCEF

12        BD+CF+ABEF+ACDE

13        BF+CD+ABDE+ACEF

14        ABD+ACF+BEF+CDE

15        ABF+ACD+BDE+CEF

16        ABCE+ADEF+BCDF
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