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Instructions: 
 

Please answer all questions. 
 

Record answers on the pages provided. 
 

Points are as noted. 
 

You may use books, notes, and a calculator for this exam. 
 

You have three hours. 
 
 

  



1. (20 points) We wish to study and compare two dichotomous populations, A and B. 
Assume that each population is large. For simplicity let’s regard the characteristic under 
study as the answer to a Yes/No question. Denote the proportion saying “Yes” in 
population A by pA and similarly for population B. This question explores a few sample 
size issues for this study. In this question, please derive your sample size answers from 
basic principles. Do NOT just plug the numbers given into a formula. 
 
a. Say that we need to know the sample size required to estimate pA to within a margin 

of error M = .05 with 90% confidence. What sample size is required? 
 

b. Say that preliminary work has given us guesses for these parameters of pA0 =.70 and 
pB0 =.60. Using this information, how many fewer observations would be required to 
complete the task in part a? 

 
c. Using the preliminary information, if we choose equal sample sizes for each group, 

what is the sample size required for each group to have a margin of error for 
estimating the difference pA – pB with 95% confidence equal to M = 0.05? 

 
 
 
2. (20 points) Do twins have the same IQ between older and younger (one was born first)?  To 
study this issue, a random sample of 7 pairs of twins was taken and their full scale IQ were 
recorded. Below, the results are summarized in a table: 
 

Older twin  96  89  102  104  129  98  91 
Younger twin  89  87  103  96  125  101  96 
 
a. Use Wilcoxon signed rank test (see two different tables at the end) at level α = 0.10 to 

decide whether there is a significant difference between twins IQ. Find the exact p-value 
and use it to make your decision. 
 

b. Graph the pertinent data so that you can make an argument as to whether or not it is 
reasonable to answer this question using parametric methods and the appropriate t-test. 

 
c. No matter what your answer to part b, do the appropriate t-test (see t-table at the end). 

Again use α = 0.10. You should i) find an approximate p-value OR ii) find the critical 
value to make your decision. 
 

 
 
 
 
 
 
 
 



 
 

3. (20 points) Following are some statistics from data from a normal population. In this 
problem, we will use this data to test H0: σ2 = 16  versus Ha: σ2 > 16 with level of 
significance α = .05. 
 
Variable  N  Mean  StDev  Minimum  Q1  Median  Q3  Maximum 
Data   30  6.227  5.167    -3.002  3.256    5.059  8.695    22.666 
 
Do this two ways: 
 

a. the usual way using the exact chi-square distribution. Give your test statistic, the critical 
value, your decision, and bounds on the P-value provided by the attached chi-square 
table. 
 

b.  using the appropriate normal approximation to the chi-square (see standard normal table 
at the end). Give your test statistic, the critical value, your decision, and the P-value 
provided by the attached normal table. To use the normal approximation, recall these 
facts regarding the chi-square distribution: 

 
i) If W is chi-square with degrees of freedom ν, then E(W) = ν and Var(W) = 2 ν and 
ii) If ν is large, then W is approximately normal. 
 

c. Comment on the similarities and differences between your answers in parts a and b. In 
particular, discuss whether or not the normal approximation is justified and the impact of 
this on your answer to part b. 
 
  



4. (40 points) In 1965, data on the connection between radioactive waste exposure and cancer 
mortality was published. The data was collected from 9 counties that were located near an 
Atomic Energy Commission facility in Hanford, Washington.  
 
The data given the index of exposure and the cancer mortality rate during 1959-1964 for the nine 
counties affected. Higher index of exposure values represent higher levels of contamination.  
 

 
Here is the numerical summary of Exposure and Mortality: 



 
 

 
a. (3 points) What is the expected mortality rate for a county with an exposure index of 3?  
b. (3 points) For part (a), R reports the following two intervals: (130.1, 154.7) and (107.1, 177.7). 

Which one is the 95% confidence interval for the mean, and which is the 95% prediction 
interval for a new observation? How could you tell?  

c. (3 points) Interpret the estimated slope of the fitted model. 
d. (3 points) What is the correlation between Mortality and Exposure?  
e. (3 points) Is there a significant linear relationship between Mortality and Exposure? Provide a 

null hypothesis, a test statistic, p-value, and conclusion. 



f. (3 points) What is the estimated variance of the observations at a conditional mean?  
g. (4 points) What is the Total Sums of Squares for this data?  
h. (4 points) What is the F-value in the ANOVA output?  
i. (4 points)What is the relationship between the t-value of Exposure and F-value in ANOVA? 

Why is that?   
j. (10 points) Derive the formula for intercept and slope using least square technique.  
 
  



 
Chisq table: 

 
 


