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                                                                                              Qual_jan_2009   

Applied Statistics Qualifier Examination 
 

SPRING 2009 

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, 

January 30 at 1:30 PM 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. 

 Suppose we have two independent random samples from two normal populations i.e., 

 
1

2

1 2 1 1, , , ~ ,nX X X N   , and  
2

2

1 2 2 2, , , ~ ,nY Y Y N   .  

(a). At the significance level α, please construct a test of the hypothesis Ho: 2 2

1 2a b   

vs. H1: 
2

2

2

1  ba  .  Here ,a b  are known constants.  

(b). Suppose we have confirmed that 2 2

1 2a b  . At the significance level α, please 

construct a test to test whether 1 2c d e   or not using the pivotal quantity method. 

Here , ,c d e  are known constants. Please include the derivation of the pivotal quantity, 

the proof of its distribution, and the derivation of the rejection region for full credit. 

(c ) Please derive the test outlined in part (b) above using the likelihood ratio method. 

Furthermore, please show whether these two approaches are equivalent or not.  
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Question 2. 

 

There is some evidence that a new drug may be able to relieve cold symptoms more 

quickly than those already on the market. There is some doubt about whether different 

dosages have an effect on the time before relief is felt. Of many possible dosages, three 

are randomly chosen and administered to four adults with colds. The elapsed times (in 

hours)  before relief was felt are: 

 

Dosage 1 Dosage 2 Dosage 3 

2.0 2.3 3.4 

1.5 2.6 4.0 

2.5  3.0 4.6 

2.0 2.5 4.4 

 
(a). Describe an appropriate model for this experiment and compute an ANOVA table for this 

data – manually.  

(b). Show the entire code and output for computing the ANOVA table mentioned in (a) using 

SAS. 

(c). Now suppose that the above experimental design is changed from independent samples to 

repeated measures. That is, instead of choosing three independent samples of 4-adult each, we 

now examine these three dosages on the SAME 4 adults through THREE different episodes of 

cold for each. Thus the table above is revised as follows: 

 

Subject Dosage 1 Dosage 2 Dosage 3 

1 2.0 2.3 3.4 

2 1.5 2.6 4.0 

3 2.5 3.0 4.6 

4 2.0 2.5 4.4 
 

Please show the updated model/analysis and code/output as indicated in (a) and (b) above.  
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Question 3. 

 

Microsoft Corp. (msft) is a leader in the application software industry. We collected a set 

of firms whose stock returns may be strongly correlated with the stock returns of 

Microsoft Corp. ( msft).   These firms include Apple Computer (aapl), Adobe Systems 

(adbe), Automatic Data Processing (adp), Dell (dell), Gateway (gtw), Hewlett-Packard 

Company (hp), International Business Machines Corp. (ibm), Orcale Corp. (orcl), Sun 

Microsystems (sunw), and Yahoo! (yhoo).  

 

In the data set “data_question3” we give the daily returns of different stocks. 

The individual record is the record in each row, representing the stock returns in each 

day. The first column (%) is the date, the other columns are the returns of different 

stocks. The value of stock returns for Microsoft  („msft‟) is the response, and other stocks 

are predictors. Certain stocks such as Yahoo can be considered as variables independent 

of the response, while variables such as HP, SUNW etc. are correlated with the response. 

 

Analyze the data. In a short report, summarize each step in your data analysis and briefly 

discuss your findings on how the explanatory variables (stock returns on all of the other 

companies) relate to the dependent variable (stock returns for Microsoft –msft). Make 

sure that you clearly label and fully discuss your final model. 

 
(Printout of first two records follows)  

%  aapl      adbe    adp  amd       dell     gtw  hp      

ibm   msft orcl    sunw  yhoo 
20010103 0.041724334 0.093330545 -0.009286482 0.053245512 0.057991947 0.039672705 

0.051557516 0.047543467 0.043440423 0.08395751 0.113030977 0.040427972 
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Question 4.  

Highway safety data lends itself to multiple regression of categorical response because of 

the size of the data base and the qualitative responses.  Below we give data on fatalities 

from accidents with respect to the safety equipment used and whether the subject was 

ejected or not. 

____________________________________________________________                                                                                                          
Safety                          

Equipment     Whether       ____Injury(F)______     

in Use(B)     Ejected(E)   Nonfatal(F-)   Fatal(F+)              

Seat Belt     E+   Yes           1105         14              

  B+          E-   No         411,111        483                        

 
None          E+   Yes           4,624        497               

  B-          E-   No          157,342       1008               

 

 

(a)     Obtain the ln(odds) of a fatal injury occurring (F+) for each Safey Equipment in 

Use (B) and Whether Ejected (E) combination.  Make a table or plot that 

summarizes the relationship between F+ and these two predictors. Indicate how 

you think Injury is affected by use of safety equipment and ejection. Indicate 

whether these log odds and log odds ratios indicate interactions between (E) and 

(B) on (F). 

 

(b)     Indicate if you see any evidence of an association between ejection (E) and use of 

safety equipment(B).  

 

(c)     Use logistic regression to fit a model for predicting the odds of fatal injury as a 

function of safety equipment use (B) and ejection (E). Test for the presence of a 

two way interaction (B*E) of these factors on injury (F).   (i) If a significant two 

way interaction is observed between B and E then analyze the two ejection 

categories for the relationship between B and F.  (ii) If the two way interaction 

between B and E is non significant: test for main effects of (B) and (E) on injury 

(F).  

 

(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 E 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.   Which analysis, loglinear or logistic 

regression, would you say is more appropriate for these data in light of the fact 

that both Ejection and fatal injury can be seen as responses? 

 
                                                                                                               


