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Applied Statistics Qualifier Examination 
                                                      January, 2014 

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.  Do 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 your solutions in person to  

Professor Wei Zhu (Math Tower P138 Phone: 631-632-8374) by Friday, 
January 31 at 12:00 NOON.   

 

Should you have any questions while doing this exam please feel free to 
email or phone Professor Wei Zhu (631-335-5518), weizhu2000@gmail.com 
    

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 nor have I seen any other student violating this rule. 
 
 
                                                                 _______________________________ 
                                                                 (Signature) 
  
 
                                                                _______________________________ 
                                                                 Print your name here. 

mailto:weizhu2000@gmail.com
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1. The table below gives teacher’s ratings for homework for 1019 schoolchildren, 

together with an assessment of their homework conditions. In both cases, A 
denotes the highest or best rating and subsequent letters denote lower grades. 

Homework 
conditions 

Teacher’s rating 

Total A B C 

A 141 131 36 308 

B 67 66 14 147 

C 114 143 38 295 

D 79 72 28 179 

E 39 35 16 90 

(a) Which variable is the response? 
(b) Fit the model of independence and look for patterns among the residuals. 

Compute the X2, examine how it is related to its degree of freedom, and 
interpret. 

(c) Fit the linear complementary log-log model using a quantitative integer-
valued covariate for homework conditions. Do the homework conditions 
have a significant impact on teacher’s rating? Interpret and summarize your 
findings. (Provide corresponding details, such as statistical model, SAS code 
and useful SAS output, for full credits.) 
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2. Six patients were randomized to the placebo (P) and treatment (T) groups, 
where a certain disease index was measured in four consecutive time points, 
including the baseline (time1), (see Table below). Please answer the following 
four questions.  
 
Please provide detailed analysis procedures including suitable plots and 
examination of necessary assumptions. Please report the p-values and perform 
multiple test comparisons wherever necessary/feasible. 

 
id   group  time1  time2  time3  time4 
1      P            31       29       15       26 
2      P            24       28       20       32 
3      P            14       20       28       30 
4      T            38       34       30       34 
5      T            25       29       25       29 
6      T            30       28       16       34 
 
(a) Overall, are there significant differences between time points? 
(b) Overall, are there significant changes from baseline (time1)? 
(c) Do the two groups differ at any time points? 
(d) Do the two groups differ in their responses over time? 
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3. A research team plans to submit a grant application to evaluate supplemental 
training programs for first algebra courses in high school. The measure of a 
student’s achievement in the course is denoted Y. There are I=3 supplemental 
algebra training programs. The effect of the i-th training program is fixed and 

represented by αi with the constraint that 0
3

1


i

i

research team proposes to take a random sample of 4J school districts and 
2K first algebra classes within each district that contain at least 10 students. 

They will then randomly select 5L students from each class who receive the 
supplemental mathematics training program. Specify the test of the null 
hypothesis that 0321   , the null distribution of this test, and the 

alternative distribution. Find the probability of a Type II error when 
5and,5,10 321   using level of significance set to 0.01. The contribution 

of the school districts to Y is normally distributed with mean 0 and variance 200; 
the contribution of the first algebra classes is normally distributed with mean 0 
and variance 100; the contribution of the individual student is normally 
distributed with mean 0 and variance 400. The contributions of district, class, 
and student are independent. Please provide suggestions of alternative plans 
that would make the probability of a Type II error 0.01. The research team 
expects that the cost of adding additional districts is more than the cost of 
adding additional classes or additional students.  
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4. Participants who are at risk of developing a disease have allowed blood and 
tissue drawn. The Excel data file (attached), entitled “Qualifying Examination 
Regression Data Set Spring 2014”, has (simulated) information on 1,000 
participants, numerically identified in the leftmost column. This variable should 
not be associated with any other variable. The amount of a protein in the 
subject's blood is an important precursor of the disease and is recorded as the 
variable Y, the second column in the data file.  

 
The amount of potentially toxic chemicals in the patient's tissue is measured 

and recorded as variables 521 ,,, xxx  . These variables are recorded in the third 

through seventh columns from the left. There are eleven genes that may affect 
the value of Y. If the subject has a genotype on gene i that puts the subject at risk, 
the variable ig  is scored as 1; if the subject is not at risk, ig is scored as zero.  

 
Analyze the data. In a report less than 4 pages, summarize each step in your 

data analysis and briefly discuss your findings on how the explanatory variables 
affect the dependent variable.  

 


