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Department of Mathematics and Statistics KFUPM

MATH 560 Final Exam                                            


Time: 2.5 hours
Name:  ------------------------------------

 ID: -----------------------------------------    

Please attempt all questions. The exam caries two parts: Part I to be tested in the exam hall; Part II to be tested in the computer lab using MINITAB software.
PART I: Answer the following questions.

Q1. (3+3+3+3=12 points) 
(a): Define the term “Design of Experiment” and list down the basic principles of an experimental design with their specific objectives very briefly.
(b): What is the limitation of basic experimental designs (like CRD, RCBD) in factorial experiments? Is there any solution to meet this limitation? If so, give brief explanation on it.
(c): Derive the expected value of mean square error for Latin Square design
(d): Why we use Kruskal Wallis and Friedman tests? What is the difference between these two tests?  Specify the Null and Alternative hypothesis tested by these two.
Q2. (4+1+1=7 points) 

: The following output was obtained from a computer program that performed a two-factor ANOVA on a factorial experiment.

	Two-way ANOVA:  y versus A, B

	Source
	DF
	SS
	MS
	F
	P

	A
	1
	?
	0.0002
	?
	?

	B
	?
	180.378
	?
	?
	?

	Interaction
	3
	8.479
	?
	?
	0.932

	Error
	8
	158.797
	?
	
	

	Total
	15
	347.653
	
	
	


(a)  Fill in the blanks in the ANOVA table.  You can use bounds on the P-values.

(b)  How many levels were used for factor B?

(c)  How many replicates of the experiment were performed?

(d)  What conclusions would you draw about this experiment?

Q3: (3+3=6 points)
 The computer output for a regression model is shown below.
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Where y is a numerical response variable, 
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 is numerical independent variable, 
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 and 
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 are dummy variables in the model


	Predictor
	Coef
	StDev
	T

	Constant
	71.65
	18.56
	3.860
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	2.07
	0.81
	2.556
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	10.16
	3.16
	3.215
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	-7.44
	2.85
	-2.611



 S = 42.6

R-Sq = 30.9%

 Analysis of Variance

	Source of Variation
	df
	SS
	MS
	F

	Regression
	3
	98008
	32669.333
	18.008

	Error
	121
	219508
	1814.116
	

	Total
	124
	317516
	
	


i. Do these results allow us to conclude at the 1% significance level that the model is useful in predicting the response variable y?

ii. Is there enough evidence at the 5% significance level to conclude that income and experience are linearly related?
PART II: Use MINITAB Software to accomplish the following tasks.
Q1 (15). An engineer is interested in the effects of cutting speed (A), tool geometry (B), and cutting angle on the life (in hours) of a machine tool.  Two levels of each factor are chosen, and three replicates of a 23 factorial design are run.  The results are as follows:

	
	
	
	Treatment
	
	Replicate
	

	A
	B
	C
	Combination
	I
	II
	III

	-
	-
	-
	(1)
	22
	31
	25

	+
	-
	-
	a
	32
	43
	29

	-
	+
	-
	b
	35
	34
	50

	+
	+
	-
	ab
	55
	47
	46

	-
	-
	+
	c
	44
	45
	38

	+
	-
	+
	ac
	40
	37
	36

	-
	+
	+
	bc
	60
	50
	54

	+
	+
	+
	abc
	39
	41
	47


(a)  Estimate the factor effects.  Which effects appear to be large?

(b)  Use the analysis of variance to confirm your conclusions for part (a).

(c)  Write down a regression model for predicting tool life (in hours) based on the results of this experiment.

(d)  Analyze the residuals.  Are there any obvious problems?  

(e)  Based on the analysis of main effects and interaction plots, what levels of A, B, and C would you recommend using?

Q2 (10).
Consider the data from the first replicate of Problem Q1, suppose that these observations could not all be run using the same bar stock.  Set up a design to run these observations in two blocks of four observations each with ABC confounded.  Analyze the data.

	Block 1
	Block 2

	(1)
	A

	ab
	B

	ac
	C

	bc
	Abc


Does this design identify the same significant factors as in Q1?
_1419079301.unknown

_1419079372.unknown

_1419079406.unknown

_1419079330.unknown

_992678162.unknown

_992678427.unknown

_992678175.unknown

_992678026.unknown

