
Exercises for Statistics 2 for Chemical Engineering

Week 4

1.  a) Create a design in Statgraphics with 3 independent factors, each at 5 levels (use the option Multilevel factorial  in the Create Design module). 
b) Obtain a D- optimal design for a model that includes all main effects and second-order interactions, except for the interaction between the second and third factor. How many terms do we minimally need? Make a plot of the obtained design. Is the design symmetric? Compare your design with the optimal design for the model with  all main effects and second-order interactions.
 
2.
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This exercise is based on experiments described in P.F. Aguiar et al. , D-optimal designs (tutorial), Chem. Intell. Lab. Syst. 30 (1995), 199-210.

a) Open the design file and choose the option Special -> Experimental Design ->Optimize Design. Right-click in the new window and choose the option Analysis Options. The authors wish to fit a full quadratic model of the factors pH and modifier, with an extra cubic pH term. We therefore change the option Maximum Order Effect to 3. Change the number of runs temporarily to 258 and then go to Exclude to enter this model by excluding unnecessary factors. N.B. The C-factor was added to overrule Statgraphics and make it possible to add third order terms. Hence, in any case all terms with C must be excluded.
b) Explain why we need 7 runs at least. 
c) Choose 7 as number of runs. Which 7 runs are chosen from the 258 candidate points given in the design file? Make a plot of those points and check whether the design is asymmetric.
d) Redo exercise 7 for a fully quadratic model (so without a third order term for pH). Make a plot and compare the design with the design in b). Are there many changes? Does the design change when we require 6 runs only?
e) Put back the third order term for pH. The authors computed for designs with 7 to 14 runs optimal designs for the D, A and G-criterion. Compute optimal designs for these design sizes. Experiment with the options Forward / Backward / Exchange at End in order to see the influence (this changes the execution of the algorithm). Make a list of the efficiencies as follows:

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	Number of runs
	D-efficiency
	A-efficiency
	G-efficiency
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f) Compare your results with the results on p. 208 of the paper. 

g) The authors claim that designs with 9 or 10 runs are preferable. Does this agree with your results?


3.
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A mixture experiment was performed in which three components – polyethylerene (x1), polystyrene (x2), and polypropylene (x3), were blended to form a fiber that will be spun into yarn. The goal of the experiment was to find an optimal blend for thread elongation of the yarn (measured in kilograms). A high elongation is preferred.

a) Fit a model with all main effects and second-order interactions. Is the model adequate?
b) Interpret the signs of the coefficients of the fitted model. Which pairs of components seem to be synergistic?
c) Make a contour plot and determine optimal setting of the components.

4.
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Three different motor fuels can be blended to form a gasoline. The response variable is miles per gallon. A mixture experiment was performed.

a) Fit a first-order linear mixture model.
b) Fit a  quadratic mixture model. Is this an improvement over the linear model?
c) What model would you use to predict optimal performance of the mixtures?

d) Make contour plots and determine the optimal blend. State and explain clearly whether you chose optimal to be minimal or maximal.
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