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Open Question (Take Home): 

Take a published paper of 2013 form your major research area and reproduce its results using the techniques we have learnt in the course MATH 560.

Q1. Answer the following  







(12)
1.
In designing an experiment, blocking is used

(A) to reduce bias.

(B) to reduce variation.

(C) as a substitute for a control group.

(D) as a first step in randomization.

(E) to control the level of the experiment.

2.
A consumer product agency tests miles per gallon for a sample of automobiles using each of four different octanes of gasoline. Which of the following is true?

(A) There are four explanatory variables and one response variable.

(B) There are four levels of a single explanatory variable.
(C) Miles per gallon is the only explanatory variable, but there are four response variables

corresponding to the different octanes.

(D) There is one explanatory variable with four levels of response.
(E) Each explanatory variable has an associated level of response.

3.
In ANOVA related problrms, the term “factor” is used for

(A) Dependnet variables

(B) Independnet variables

(C) Treatment levels.

(D) experimental units

(E) Nones
4.
The number of times each experimental condition is observed in a factorial setup is known as
(A) factor
(B) replications

(C) Treatment.

(D) experimental units

(E) All
5.
The number of times each experimental condition is observed in a factorial setup is known as

(A) factor

(B) replications

(C) blocking.

(D) interaction
(E) All

6.
In a 22 factorial experiment conducted under RCBD, both the factors are  
(A) not equally important 
(B) equally important 

(C) confounded with blocks
(D) having no interaction

7.
The difference between the observed value of the dependent variable and the predicted value of the dependent variable is termed as

(A) least square
(B) residual
(C) confounding
(D) mean square error
(E) None true

8.
In a simple linear regression, the least squares regression line is
(A) the line which makes the sample correlation as close to +1 or –1 as possible 

(B) the line which minimizes the sum of the squared residuals.
	(C) the line which best splits the data in half, with half of the data points lying above the regression line and half of the data points lying below the regression line.

	


(D) the line which minimizes the number of points that do not pass through the line.
(E) All above true

9.
When the error terms have a constant variance, a plot of the residuals versus the independent variable x has a pattern that
(A) fans out
(B) forms a horizontal band pattern.
(C) funnels in
(D) fans out, but then funnels in
(E) None true

10.
In the parameter design, it is important to select the experimental range of factors

 (A) False
(B) True
(C) optional
11
The “Design factors” that are to be set at optimal levels to improve quality and reduce sensitivity to noise are termed as
(A) noise factors
(B) control factors
(C) signal factors
(D)  response
(E) None is true

12. 
In a 26 factorial experiment, if I=ABCD=ABCEF is the defining relation then resolution of the design is 

(A) IV
(B) III 

(C) V
(D) VI
(E) None 
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Q2. 
a) Write the statistical model of a two factor factorial experiment using completely randomized design.       







 (1)
b) Show the partitioning of total sum of squares into different component    

 (3)
c) Write expected values for all the components (no derivation required).    (2)
d) Write different test statistic and their respective sampling distributions to test hypothesis about different main and interaction effects.    


(2)
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Q3.  An article in Industrial and Engineering Chemistry (“More on Planning Experiments to Increase Research Efficiency,” 1970, pp. 60-65) uses a 25-2 design to investigate the effect of A = condensation, B = amount of material 1, C = solvent volume, D = condensation time, and E = amount of material 2 on yield.  The results obtained are as follows:

	e =
	23.2
	ad =
	16.9
	cd =
	23.8
	bde =
	16.8

	ab =
	15.5
	bc =
	16.2
	ace =
	23.4
	abcde =
	18.1


(a)  Verify that the design generators used were I = ACE and I = BDE.   (Hint: sign Table)

(b)  Write down the complete defining relation and the aliases for this design.

c) Prepare an analysis of variance table.  Verify that the AB and AD interactions are available to use as error.

(e)
Plot the residuals versus the fitted values.  Also construct a normal probability plot of the residuals.  Comment on the results.

(c)  Find the regression equation in terms of coded factors

(c) 
Find the regression equation in terms of actual  factors
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Q4.
A plastic manufacturing company wants to increase the strength of its plastic. The research team identifies additive percentage, agitation rate, and processing time as possible contributors to strength. The temperature at which the batches are baked also impacts plastic strength. To run a completely randomized 24 design requires each combination of the within-batch factor levels to be baked individually at one of the two temperature settings. The team realizes that this process is too time consuming. They decide to use a split-plot design ; all 8 combinations of additive percent, agitation rate and processing time are baked at the same time for each temperature setting. This is replicated so that each temperature level is used twice. This results in 32 observations, run in 4 whole plots of 8 subplots each.

The data on 32 response values is given below in the form of Table1.

a) Using this dataset  in a split plot setup, provide ANOVA table and discuss the significance of different effects based on p-values.  

[image: image1.emf]
b) If temperature in the above dataset is treated just like the other factors in the experiment (i.e. equally important and not hard to vary) and the above response table is considered as the outcome of 24   factorial experiment run using CRD. For this new scenario of CRD. Provide ANOVA table and discuss the significance of different effects based on p-values.

c) Provide comparison of the results in parts (a) and (b) 

d)  For part (b) above, if normality assumption is not available, then use an appropriate non-parametric test to analyze the sane dataset. Provide ANOVA table and discuss the significance of different effects based on p-values.  

e) Provide comparison of the results in parts (b) and (d) 
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