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Q#1 (12points): Circle the correct option.
1. The variable of interest in an ANOVA procedure is called 
a. a Partition 
b. a treatment 
c. either a partition or treatment 
d. a factor
2. An experimental design in which all experimental units have equal probability of selection for the assignment of treatments is called 
a. factor block design 
b. complete randomized design
c. random factor design
d. None is correct
3. In factorial design, the response produced when the treatments of one factor interact with the treatments of another influencing the response variable is known as 
a. main effect 
b. interaction 
c. replication 
d. aliasing
4. The experimenter restricts the randomization by fixing the levels of the hard-to-change factors and then run all combinations or a fraction of all combinations of the remaining factors. The resulting design is  
a. factorial design 
b. split plot design
c. latin square
d. partially confounded design 
5. A design is of resolution R if no p-factor effect is aliased with another effect containing less than 
a. p  factors
b. R-p  factors 
c. R factors
d. None 
6. Suppose that we have seven factors and we are only interested in estimating the seven main effects and getting some insight regarding the two factor interaction. Based on the prescribed situation, an appropriate design would be of resolution   
a. III 
b. IV 
c.  V 
d. None 
7. 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
8. In an experimental setup, if each level of one factor occurs in combination with the each level of the other factor, it is known as
a. nesting 
b.  crossing 
c. Nested crossing
d. Fractional replication
9. 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
10. In an experimental situation if the same effect is confounded in all the replicates, it is known as 
a. Fractional factorial
b. Partial confounding
c. Complete confounding
d. Nested design

11. 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.

12. The effects that are automatically confounded (in addition to the actual confounded effects) ate termed 

a. Main effects 
b. Generalized interactions
c. Partial effects
d. Nested effects




Q#2 (9 points):
The C. F. Eye Care company manufactures lenses for transplantation into the eye following cataract surgery.  An engineering group has conducted an experiment involving two factors to determine their effect on the lens polishing process.  The results of this experiment are summarized in the following ANOVA display:

	Source
	DF
	SS
	MS
	F
	P-value

	Factor A
	---
	---
	0.0833
	0.05
	0.952

	Factor B
	---
	96.333
	96.3333
	57.80
	<0.001

	Interaction
	2
	122.167
	6.0833
	3.65
	

	Error
	6
	10.000
	---
	
	

	Total
	11
	118.667
	
	
	



(a) The sum of squares for factor A is --------------
(b) The number of degrees of freedom for factor A in the experiment is ---------------
(c) The number of degrees of freedom for factor B is --------------
(d) The mean square for error is -----------
(e) The engineers used ----------------- levels of factor A in this experiment.
(f) The engineers used ------------levels of factor B in this experiment.
(g) There are----------------- replicates of this experiment.
(h) Would you conclude that the effect of factor B depends on the level of factor A (Yes or No)? -----------
(i) An estimate of the standard deviation of the response variable is ---------------

Q# 3 (8 points): In a 25-2 factorial setup, the defining relation is given by  I=ABD=BCDE. Using this information answers the following questions:
a. Number of blocks = ----------------
b. Size of each block = ----------------
c. Design resolution = -----------------
d. Provide Alias Structure:


















e. Provide principal block






















Q# 4 (6 points):
For a 4X4 latin square design with four treatments A, B, C and D, provide the following"
a. Experimental layout of a 4X4 latin square design


















b.  The number of standard latin squares :-----------------------



c. The total number of latin squares :----------------------- 

d. Provide a degrees of free breakdown of different sources of variations using r replicates. 














Q# 5 (5 points) : Write the statistical model of a two factor factorial experiment using randomized complete block design and derive its least square estimates.
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Q# 1 (15 points): 
A consumer products company relies on direct mail marketing pieces as a major component of its advertising campaigns.  The company has three different designs for a new brochure and want to evaluate their effectiveness, as there are substantial differences in costs between the three designs.  The company decides to test the three designs by mailing 5,000 samples of each to potential customers in four different regions of the country.  Since there are known regional differences in the customer base, regions are considered as blocks.  The number of responses to each mailing is shown below.

	
	Region

	Design
	NE
	NW
	SE
	SW

	1
	250
	350
	219
	375

	2
	400
	525
	390
	580

	3
	275
	340
	200
	310



(a)	Analyze the data from this experiment, assuming normality.

 (b)	Use the Fisher LSD method to make comparisons among the three designs to determine specifically which designs differ in mean response rate.

 (c)	Analyze the residuals from this experiment.

(d)	Analyze the data from this experiment, assuming non-normality.







Q# 2 (15 points): 
A paper in the Journal of Chemical Technology and Biotechnology (“Response Surface Optimization of the Critical Media Components for the Production of Surfactin,” 1997, Vol. 68, pp. 263-270) describes the use of a designed experiment to maximize surfactin production.  A portion of the data from this experiment is shown in the table below.  Surfactin was assayed by an indirect method, which involves measurement of surface tension of the diluted broth samples.  Relative surfactin concentrations were determined by serially diluting the broth until the critical micelle concentration (CMC) was reached.  The dilution at which the surface tension starts rising abruptly was denoted by CMC-1 and was considered proportional to the amount of surfactant present in the original sample.
	Run
	Glucose       (g dm-3)
	NH4NO3 (g dm-3)
	FeSO4                       (g dm-3 x 10-4)
	MnSO4                        (g dm-3 x 10-2)
	y                   (CMC)-1

	1
	20.00
	2.00
	6.00
	4.00
	23

	2
	60.00
	2.00
	6.00
	4.00
	15

	3
	20.00
	6.00
	6.00
	4.00
	16

	4
	60.00
	6.00
	6.00
	4.00
	18

	5
	20.00
	2.00
	30.00
	4.00
	25

	6
	60.00
	2.00
	30.00
	4.00
	16

	7
	20.00
	6.00
	30.00
	4.00
	17

	8
	60.00
	6.00
	30.00
	4.00
	26

	9
	20.00
	2.00
	6.00
	20.00
	28

	10
	60.00
	2.00
	6.00
	20.00
	16

	11
	20.00
	6.00
	6.00
	20.00
	18

	12
	60.00
	6.00
	6.00
	20.00
	21

	13
	20.00
	2.00
	30.00
	20.00
	36

	14
	60.00
	2.00
	30.00
	20.00
	24

	15
	20.00
	6.00
	30.00
	20.00
	33

	16
	60.00
	6.00
	30.00
	20.00
	34



The experiment has further included six center points.  The responses at these conditions were 35, 35, 35, 36, 36, and 34. 
(a) Analyze the data from this experiment.  Identify the significant factors and interactions.
 Is there any indication of curvature in the response function?  

 (b). Using coded variables, perform regression analysis for the above mentioned situation in part(a) using an appropriate regression model that matches with the findings of part (a). 


 (c) Using your estimated model form part (b), find the estimated y values for run 1 and 2 and compute their residual values. 
Q# 3 (15 points): 
The surface finish of metal parts made on four machines is being studied.  An experiment is conducted in which each machine is run by three different operators and two specimens from each operator are collected and tested.  Because of the location of the machines, different operators are used on each machine, and the operators are chosen at random.  The data are shown in the following table.  Analyze the data and draw conclusions.

	
	Machine 1
	
	Machine 2
	
	Machine 3
	
	Machine 4

	Operator
	1
	2
	3
	
	1
	2
	3
	
	1
	2
	3
	
	1
	2
	3

	
	79
	94
	46
	
	92
	85
	76
	
	88
	53
	46
	
	36
	40
	62

	
	62
	74
	57
	
	99
	79
	68
	
	75
	56
	57
	
	53
	56
	47























[bookmark: _GoBack]Q4 (15 points).  
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)  The design generators used were I = ACE and I = BDE.  Prepare an analysis of variance table.  Verify that the AB and AD interactions are available to use as error.


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



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



