Design of Experiments Final May, 2005 Name______________

An experiment involves studying two treatment factors thought to affect the rate at which Coleus plants lose their leaves.  A chemical, Auxin, is required in order to keep leaves on the plant.  As a plant’s supply of Auxin is depleted, the leaves fall off.  If we add Auxin to the plant we should be able to slow the rate of leaf loss.  One idea is that the Auxin flows from the stem to the leaf through the leaf blade; another suggests each leaf gets a certain amount of Auxin when it is formed.  When it is used up the leaf falls off.  If the first theory is correct, removing the blade (deblading) should make the blade fall off sooner.  Of course, even if the Auxin is passes from the stem through the blade to the leaf it must be available in the stem.  Twelve pots are filled with soil from a common source.  Four are controls,  Auxin is added to 8 of the pots.  Four get a low level of Auxin and four get a higher level of Auxin.  Plants are placed in the pots.  Two leaf buds are identified.  One is debladed and one is not.  The measured response is the time until the leaf falls off.

1. Identify the two treatment factors in the experiment and write down the statistical model.

2. Are the two treatment factors crossed or nested?

3. Pots (which we could also call plants) is factor (not a treatment factor though).  

a) Is it crossed with or nested within the factor whose levels are control, low and high)?

b) Is it crossed or nested with the factor whose levels are debladed and not debalded?

4. An ANOVA table contains, among other things, a column for   “sources of variation” and a column for “degrees of freedom”.  Write that out for this problem.

5. In coded units a three factor 2k design has “design points” at eight positions (x, y, z) where x, y and z are all +1.  Suppose we were going to augment that design with some new design points to form a central composite design.  Six of those new design points would be called axial points.  

a) Write down the values of x, y and z, in coded units, for any one of those axial points if the design is to “spherical”.

b) Repeat part a) if the design is to be “face centered”.

6. Tables 12-9 through 12-12 are used to find expected mean squares for various designs.  In the area below create a similar table for the three factor design (factor A has 2 fixed levels, factor B has 3 random levels, factor C has 4 fixed levels).  Do not try to find the Expected Mean Squares.

7. Tables 12-9 through 12-12 are used to find expected mean squares for various designs.  Part of such a table is given below.  Based on what is given find the expected mean square for factor A 
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8. Equation 10-61 in your text gives the formula used to calculate the “lack of fit” statistic, F0.  For the JMP output below identify the four values need to calculate F0.  B sure to specify which number in the output corresponds to which number in the formula.

Lack Of Fit

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio

	Lack Of Fit
	1
	0.04083333
	0.040833
	

	Pure Error
	3
	0.04500000
	0.015000
	Prob > F

	Total Error
	4
	0.08583333


9. The ternary plot below is used for mixture designs.  X1 is on the lower (horizontal) axis.  X2 is on the left and X3 is on the right.  Identify, use an “X” the position of the point where x1=0.4, X2=0.1 and x3=0.5
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