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Master's Comprehensive Exam 

Experimental Design and Analysis 

September 24, 2011 

Instructions: 

Do 5 problems out of the 7 problems given below. 

 

1. The raw data from a study are frequently summarized after collection with the 

consequence that data in terms of means and variances may be all that is available to an 

analyst.  Assume that there is interest in comparing different types of paints in terms of 

drying times, which three types to be compared.  Three, four and five walls in a building 

are painted with Type I, II and III paint, respectively.  The average drying times in hours 

and the variances of the drying times are given below. 

 

Paint Type Average s.d 

1 6.2 2.3 

2 8.4 2.7 

3 9.6 4.2 

 

a) Give the statistical model with assumptions.  Give the ANOVA table to compare the 

mean drying times of three different pain types. Discuss the results. 

b) Construct 95% simultaneous CI for the mean differences using the Tukey’s method. 

Discuss the CI’s. 

c) Is there any violation on the equal variance assumption? If then, give a proper 

transformation.   

 

2. Consider an experimental design below. 

 

  

Run 

 

A 

 

B 

 

C 

 

D 

 

E 

 

F 

 

observation 

1 - - - + + + 9 

2 + - - - - + 5 

3 - + - - + - 8 

4 + + - + - - 7 

5 - - + + - - 4 

6 + - + - + - 1 

7 - + + - - + 3 

8 + + + + + + 2 
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a) Identify the design. Give the generators, complete defining relations, alias structure and 

resolution. 

b) Provide an ANOVA table and draw conclusion. 

c) The experimenter decided to drop some main effects to increase the resolution. Based on 

the result in (b) recommend a new design. Repeat (a) with your recommended design. 

 

 

3. Consider a balanced One-way ANOVA design with a sample size   in treatment 

           .   

a) Under the fixed effect assumption, prove that  (   )     
 ∑   

  
   

   
 and  (   )  

  . 

b) Under the random effect assumption, prove that  (   )        
  and  (   )  

  . 

c) Find the estimators of the variance components in (b). 

 

4. Consider an experiment on seven different treatments (A, B, C, D, E, F, and G) to 

determine their effect on some side effects from a chemotherapy.  Assume that only three 

treatments are available in each day.  The response variable represents the number of side 

effects.  (Hint: The sum of squares of observations is 20611 and the sum of observations 

is 615.) 

 

1 A (14) B (26) D (41) 

2 B (20) C (37) E (45) 

3 C (17) D (29) F (20) 

4 D (49) E (50) G (36) 

5 A (20) E (43) F (18) 

6 B (19) F (23) G (30) 

7 A (17) C (34) G (27) 

 

a) Specify the design, analyze the data and draw conclusion. 

b) Conduct Tukey’s pairwise comparison between A and D and between F and G. Use 

5% significance level. 

c) Set up orthogonal contrasts to compare the mean number of side effects from 

treatment combinations of D and E to the mean number of side effects from treatment 

combinations of A and B.  Test your hypotheses. 
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5. To test effects of three different drugs, six subjects were randomly assigned one of the 

three drugs so that there are two subjects each drug. Two measurements per patient were 

collected in two different devices. Different order of devices was assigned for the two 

subjects assigned the same drug. Following table shows the data.   The measurement is 

blood cholesterol concentration.  

 

 

 

 

(a) Specify the design of this experiment and write the statistical model with all 

specifications. Interaction effects are not important. 

 

(b) Give ANOVA table and draw a conclusion. 

 

(c) Calculate Fisher’s 95% CI’s for pairwise comparisons of drug effects.  

 

6. Four different types of gasoline additives are being studied to determine the mileage 

performance. Four cars are used as blocks and an incomplete block design is used. Data 

are given below 

 

 Car 

Additive 1 2 3 4 

A  17 14 13 

B 14 14  13 

C 12  13 12 

D 13 11 11  

  

a) Write the statistical model with all specifications and argue that the design is a valid 

BIBD. 

b) Give the ANOVA table and draw a conclusion. 

c) Calculate the least squares estimates of the additive effects. 

 

 

 

 

 

 

 Drug 1 Drug 2 Drug 3 

Subject 1 2 3 4 5 6 

Device   1 

               2 

32 34 38 40 34 36 

33 34 39 38 35 37 



4 
 

7. Three different washing solutions are being compared to study their effectiveness in 

retarding bacteria growth in 5-gallon milk containers. The analysis is done in a 

laboratory, and only three trials can be run on any day. Because days could represent a 

potential source of variability, the experimenter decides to use a randomized block 

design. Observations are taken over randomly selected four days. The data are shown 

below. 

 Days 

Solution 1 2 3 4 

A 13 22 18 29 

B 16 24 17 34 

C 7 9 10 22 

 

 

a) Write the statistical model with all specifications and conduct a test to determine whether 

the solution effect is significant. 

 

b) Using the Tukey’s MSD perform pairwise comparisons among three solution means. 

 

c) Argue whether the block design is beneficial for the data or not (hint: do one-way 

ANOVA without the block and compare with the block design model). 

 

 


