Department of Mathematics and Statistics KFUPM
MATH 560 Mid Term  							            Time: 1 hour                                                

PART I

Name:  -------------------------------------------------ID: --------------------------------------   

Q1: Fill in the following table using the right option from the following list:  
Randomization, Friedman, Factorial Experiments, Tukey's method, Replication, Blocking, Analysis of Covariance, Fisher's LSD method, Treatment, Kruskal Wallis 

	Characteristics 
	Correct Description

	Unknown, uncontrollable
	

	Known, uncontrollable, measurable
	

	Known, moderately controllable (by choosing rather than adjusting)
	

	Securing more accurate estimate of experimental error
	

	consider the family error rate when making multiple comparisons 
	

	 controls the individual error rate to a significance level we specify
	

	Experiments with two or more factors whose experimental units take on all possible combinations
	

	Combinations of factor levels
	

	 One-way ANOVA on ranks 
	

	 Two-way ANOVA on ranks 
	



Q2: a). Provide the traditional assumptions to perform ANOVA under classical parametric setup. 




b). Are there any additional assumptions to perform ANCOVA? If yes, list these additional assumptions. 


c). In case the above mentioned assumptions are not fulfilled what solution do you suggest to carry out a valid analysis.
Q3: Consider a 5x5 Latin Square Design for a single factor and do the following:
a) Provide an experimental layout for the treatments A, B, C, D and E. 















b) Provide ANOVA table showing the partitioning of degrees of freedom













Q4: a) For a two factor factorial experiment executed under RCBD, write down ANCOVA model using one covariates.









b) For a single factor experiment executed under CRD, write down ANCOVA model using two covariate.










Q5: For a single factor experiment under completely randomized design, show partitioning of total sum of square into different components. Assume no covariate. 
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Note: Use MINITAB to solve these questions. Provide your hypotheses, ANOVA tables and report your conclusions using p-value approach. Use 5% level of significance for all questions.
Q1: 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 the ANOVA display. 

a) Complete the missing places in the ANOVA table.

	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
	12.167
	6.0833
	3.65
	---

	Error
	6
	10.000
	---
	
	

	Total
	11
	118.667
	
	
	



b) Formulate possible hypotheses and test them using the information from your completed table in part (a).




Q2. Four different formulations of an industrial glue are being tested. The tensile strength of the glue when it is applied to join parts is also related to the application thickness. Five observations on strength (y) in pounds and thickness (x) in 0.01 inches are obtained for each formulation. The data are shown in the following table.
[image: ]
a) Considering both Y and X and assuming that all the required assumptions of parametric analysis are true, analyze these data and draw appropriate conclusions.























 






b) Considering only Y (Ignore X from the experiment) and assuming that all the required assumptions of parametric analysis are not fulfilled, analyze the data and draw appropriate conclusions.









































 
c) Do we need multiple comparisons for part (a)? If No, give reason why no? If yes, provide your results for pairwise comparisons.


Q3: A mechanical engineer is studying the thrust force developed by a drill press. He suspects that the drilling speed and the feed rate of the material are the most important factors. He selects four feed rates and uses a high and low drill speed chosen to represent the extreme operating conditions. He obtains the following results. Analyze the data and draw conclusions. 
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