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Applied Statistics Qualifier Examination 
(Part II of the STAT AREA EXAM) 

May 27, 2015; 11:00AM-1:00PM 
 
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 4 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 2-hour exam due by 1:00 PM.   
 

 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, please. 
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1. The following data were obtained for a single response variable  , and a single 

covariate  , with levels 1, 2, 3. 

Covariate ( ) Responses (   

1 43 47 49 

2 29 36 30 

3 2 4 7 

Two statistical analysts, Mr. O and Ms. A, analyzed this data separately. Mr. O treats the 

independent variable as interval scale, and assumes that the relationship between   and   

is linear. Ms. A treats the   as nominal scale (no distinct ordering among the levels). 

Both of them believe that error terms are independent and normally distributed with 

constant variance. 

a) Write out Mr. O’s and Ms. A’s statistical models. 

b) Test whether there is an association between treatment ( ) and response ( ) at 

      , under both models. (Clearly state the null and alternative hypotheses in 

both). 

c) Perform the Analyses of Variance for both models. 

d) With       , determine whose model is more appropriate, Mr. O’s (  ) or Ms. A’s 

(  )? 
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2. Let    be the unobserved true response for subject   with   
          satisfying the 

linear logistic model:         
       . Suppose that the observed response is subject to 

mis-classification as follows:                                .  

(a) Show that if the mis-classification errors satisfy  
  

  
 

  
 

    
 , then the observed 

response probability            satisfies               . 

(b) Is the assumption concerning the mis-classification probabilities plausible? Discuss 

your answer. 
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3. A manufacturer of blood filters is investigating the performance of a newly designed 
filter and seeks to minimize the number of white cells in the filtrate.  The new filter 
is compared to the original filter with respect to its ability to remove white blood 
cells using a randomized experiment.  The second factor in the experiment is the 
flow-through setting of the filter (high, medium, or low). The third factor is the 
infection status of the individual: not infected (i.e., a control patient), infected with 
disease A, or infected with disease B. The response variable is the number of white 
blood cells in a fixed volume drawn from the filtered blood (lower is better).  The 
means and standard deviations are shown in Table 1 below. They measured 5 filters 
at each of the settings. Complete the analysis of variance table. What conclusions do 
you reach about the importance of the factors and the interactions? Use the 0.01 
level of significance.   

Table 1 

Mean and standard deviation of number of white cells  

(5 filters per experimental setting) 

Filter Subject 

infected 

Flow 

through rate  

Mean Standard 

Deviation 

Old No Low 313.5 23.1 

New No Low 294.4 26.8 

Old Disease A Low 404.9 31.2 

New Disease A Low 396.2 20.9 

Old Disease B Low 447.4 35.3 

New Disease B  Low 438.9 27.4 

Old No Medium 342.6 36.7 

New No Medium 331.9 33.2 

Old Disease A Medium 453.3 29.7 

New Disease A Medium 447.9 22.4 

Old Disease B Medium 472.4 34.7 

New Disease B Medium  451.9 33.9 

Old No High 378.5 40.3 

New No High 371.0 38.6 

Old Disease A High 488.3 35.2 

New Disease A High 468.7 38.1 

Old Disease B High 499.3 33.9 

New Disease B  High 473.6 28.7 
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4. A research team will take J  observations at the eight settings of x:
8and,7,6,5,4,3,2,1x  At each setting x, the dependent variable Y is given by the 

model: ,2

210 ZxxY   where Z is N(0,1). Each error term is independent 

of any other error term. Find the expected value of the sum of squares of the 
quadratic term (i.e., 2 ), given that the linear term (i.e., 1  and of course 0 ) has 

been included.  

 


