
 1 

 

Applied Statistics Qualifier Examination 
                                                      May, 2014 
 
Instructions:  
 
(1)      The examination contains 4 Questions.  You are to answer 3 out 

of 4 of them. *** Please only turn in solutions to 3 questions *** 
 
(2)       You may use up to 5 books and 4 class notes, plus your calculator 

and the statistical tables. 
 
(3)       NO computer, internet, or cell phone is allowed in the exam. 
  
(4)       This is a 3-hour exam due by 12:00 NOON.   
 

 Please be sure to fill in the appropriate information below: 
 
I am submitting solutions to QUESTIONS ______,  ______, and ______ of the 

applied statistics qualifier examination.   Please put your name on 

every page of your exam solutions, and add page number for 

solutions to each question individually. 
 

There are _____________ pages of written solutions. 

 
Please read the following statement and sign below: 
This is to certify that I have taken the applied statistics qualifier and 
have used no other person as a resource nor have I seen any other 
student violating this rule. 

 
                                                                 _______________________________ 
                                                                 (Signature) 
  
 
                                                                _______________________________ 
                                                                 Print your name here. 
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1. Let     be the observation in a two-way table with   independent rows such that 

                          on   ordered categories. Consider the proportional-odds 
model  

                     

where             
 
   , and   and   are both scalars. Denote         the fitted 

parameters and probabilities under the hypothesis that    . Show that the 
derivative of the log likelihood with respect to   at             is given by 

           
  

 

where               is the residual under independence and             .  
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2. A research team is planning to run a dose response experiment to observe the 
response Y to one of six settings of dosage, x : 5,4,3,2,1,0x units. The response 

Y is normally distributed with 2

210)( xxYE    and 2)var( Y . The 

research team will take J observations at each setting of dosage. Find the 

expected value of the extra sum of squares when 2x is added to a model with 
intercept and x included.  
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3. A research team has four factors A, B, C, and D that it believes may affect the 
value of a dependent variable Y. They seek to maximize )(YE . Each factor has 

two settings: high (+) and low (-).  They used a 142 

IV
design setting D=ABC and 

obtained the results in the table below. What should the research team conclude? 
Be sure to discuss the optimal setting of the independent variables. Use the 0.01 
level of significance.  

Experimental Results for 142 

IV
Design 

A B C D=ABC Y  
- - - - 947 
+ - - + 772 
- + - + 634 
+ + - - 811 
- - + + 778 
+ - + - 938 
- + + - 799 
+ + + + 636 
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4. Suppose we have two new treatments: Drug A and Drug B. They will be 
compared to the current gold standard: Drug C. The response measure for 
patients receiving each drug is continuous and follows normal distribution. In 
addition, although the variance of the responses from patients receiving each 
treatment is unknown, the three variances (for responses from the three drugs) 
are assumed to be equal. A cohort of N patients will be randomized to these 
three drugs. Our primary research objective is to compare the average mean 
responses from Drug A and Drug B, to the mean response from Drug C. Please 
answer the following two questions and provide detailed steps and proofs for 
full credit. 
a) Suppose we wish to allocate equal number of patients to Drug A and Drug 

B, and assign the remainder to Drug C, what is the optimal sample size 
allocation scheme?  

b) Now suppose Dr. Allison has indeed allocated equal number of patients to 
each of the three drugs, please derive the best statistical test to test our 
primary research objective.   


