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Applied Statistics Qualifier Examination 
 

Fall 2008 

Instructions:  

 
(1) The examination contains 4 Questions.  You are to answer 3 out of 4 of them. 
 
 (2)  You may use any books and class notes that you might find helpful in solving 

these problems. 
 
(3) You are on the double honor system to not consult with any individual about 

this examination until after the examination is over. With a double honor 
system, you are required to only consult books, journals and class notes 
for help in solving these problems and you are required to report any 
violations of this policy that you observe in any other student who is taking 
this test. 

  
(4)  Print your name and the problem number on every page you turn in.  Number 

every page and staple pages for each solution together. Then use a paper 
clip to attach all your solutions to this cover sheet. Place the entire file in 
an envelope. 

 
(5)   Please fill in the information below and submit a hard copy of your solutions 

in person to Dr. Nancy Mendell in Math Tower Room 1-111 by FRIDAY, June 

6 at 10 AM or 24 hours after you receive the exam (should you receive it 

late for some special reason).   

 

Please be sure to fill in the appropriate information below: 

 
I am submitting solutions to QUESTIONS  ____,  _____, and ______ of the applied 

statistics qualifier examination.   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.   
                                                                  ____________________________ 
                                                                 (Signature) 
  
                                                                ____________________________ 
                                                                 Print your name here. 
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Question 1. 

There are two independent random samples, both following the normal distribution. That 

is,  
1
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nX X N    and  
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nY Y N    .  

 

(1) Please derive a test, at the significance level α, for 210 32:  H  versus 

21 32:  aH   

(2) Suppose that 21 32    , please derive a test, at the significance level α, for 

210 23:  H  versus 21 23:  aH  

(3) Suppose that 21 32    , please derive the 100(1-α)% confidence interval for 

21     
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Question 2. 

 Random variables ijY are observed according to the one-way ANOVA model  

,,,1,,,1, iijiij njkiY     

where  2
...

,0~  N
dii

ij .  

 

(1) Please show that the likelihood ratio test of kH   210 :  is given by the 

usual ANOVA F test. 

(2) For the case of equal number of observations on each treatment, that is, 

kinni ,,1,  , please show that a t test of '0 : iiH   versus ': iiaH    

can be based on the statistic 
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variance of the ith sample. 

(3) For the equal variance case illustrated in (2), please show that the usual ANOVA 

F test can be considered an average t-test, that is, 
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(4) To determine diet quality, male weaning rats were fed diets with various protein 

levels. Each of 15 rats was randomly assigned to one of three diets, and their 

weight gain in grams was recorded as follows. 

 

Diet protein level 

Low Medium High 

3.89 8.54 20.39 

3.87 9.32 24.22 

3.26 8.76 30.91 

2.70 9.30 22.78 

3.82 10.45 26.33 

 

Please illustrate the relationship between the t and F statistics, given in (2) and (3) 

above, using the data set given above.  
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Question 3 

The data set contains ten columns. The leftmost column is the ID of a subject 

(ranging from 1 to 1,000). It should be uncorrelated with the dependent variable. Next are 

three continuous independent variables. There are also five indicator variables. Each 

indicator represents whether the subject has a genetic allele that could be associated with 

a change in the dependent variable. Finally, there is the dependent variable. The data is 

simulated.  

 

Prepare a four page report that focuses on whether any of the variables is 

associated with the dependent variable. Make sure that your report includes a final model 

and the analysis of variance table for this model. Include a statement of whether or not 

each of the genetic alleles appears to be associated with the dependent variable.   

  

Below are listed the values for the first 5 cases.  The entire dataset is on the files 

“qxJune08.txt” and  ”qxJune08.xls”.  

                                  
1 1043.599954 886.1856763 879.6876246 0 0 0 0 0 131.7507009 

2 1103.176293 973.4082128 1161.254504 0 0 0 1 0 146.936445 

3 1008.681717 1023.763922 1030.305153 1 0 0 1 1 146.3572589 

4 1040.678844 1178.881143 1182.590454 0 0 0 0 0 131.352255 

5 1247.928056 1005.55235 808.7797919 0 1 0 1 0 188.6998194 
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Question 4.  

A study is done to determine whether previous pregnancy complications in the mother 

are associated with behavior problems in the subsequent children. The comparison is 

between mothers of children who had been referred by their teachers as behavior 

problems and mothers of control children. Each mother’s history of infant losses (for 

example, stillbirths) prior to the birth of the child was recorded.  Since these loss rates 

might be associated with the number of previous pregnancies we include this variable as 

well. Below we give a table showing the frequencies of the responses for Child Behavior 

(B)  “Problem” vs. “Control”  for each of the Number of Previous Pregnancies (P) and 

Pregnancy Loss  categories. 

 ____________________________________________________________                                                                                                          
(P)Previous  (B)Child     (L)Pregnancy Loss     

Pregnancies  Behavior       Yes        No           Total      

1              Problem          20         82             102 

               Control          10         54              64           

 
2-3            Problem          26         41              67 

               Control          16         30              46 

 

4+             Problem          27         22              49 

                                    Control                            14                      23                             37 

 

(a)     Obtain the ln(odds) of a child with a behavior problem for each previous 

pregnancies (P) and pregnancy loss history (L) combination.  Make a table or plot 

that summarizes the relationship between Child Behavior (B) and these two 

predictors. Indicate how you think behavior is affected by previous pregnancy loss 

and the number of previous pregnancies. Indicate whether these log odds and log 

odds ratios indicate interactions between (L) and (P) on (B). 

 

(b)     Indicate if you see any evidence of an association between pregnancy number (P) 

and pregnancy loss (L).  

 

(c)     Use logistic regression to fit a model for predicting the odds of a child with 

behavior problems as a function of the number of previous pregnancies  (P) and 

pregnancy loss (L). Test for the presence of a two way interaction (L*P) of these 

factors on child behavior.   (i) If a significant two way interaction is observed 

between L and P then analyze the three previous pregnancy categories separately 

for association between (L) and (B).  (ii) If the two way interaction between L and 

B is non significant: test for main effects of (P) and (L) on Behavior (B).  

 

(d)  Obtain a final model. Report relevant odds ratio estimates.   

 

(e)   Repeat the analysis using loglinear models.  Test for a 3 way association and then 

test for two way associations.  Indicate what you learn about the associations 

between B and L from this analysis.  What would be a good path diagram to 

summarize the pairwise associations between these three variable? 

 

(f) Write a short report on your findings.   
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