SM239 Practice Questions
G.O. Fowler November 26, 2006
This began as a practice final exam but evolved into practice and review questions. The length is too long. Think of these questions as things you should know or be able to derive from what you know. They fall into four categories: 

· Knowledge: Do you know the facts, vocabulary and computational methods?) 

· Comprehension: Can you put the knowledge into your own words?
· Application: Can you use the knowledge in specific scenarios?
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Analysis: Can you derive reasoned conclusions from the application of your knowledge?
1. The figure to the right is similar to the one you are encouraged to draw in the construction of a confidence interval for a mean. The density is centered at the sample mean and each of the shaded areas is 0.05. Use this figure to estimate a confidence interval for the mean. Include in your answer the interval’s approximate end points and the approximate confidence.
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2. The figure to the right contains plots of three normal densities. Which has the largest mean? The smallest mean? The largest standard deviation? The smallest standard deviation? Explain. 
3. Assume the probability that Navy beats Notre Dame in football is 2/45. 
a. What is the probability that Navy will beat Notre Dame fewer than three times in the years 2008-2020?
b. With 90% probability estimate the number of times Navy beats Notre Dame in the next century (100 games). 
c. What is the probability that Navy’s next victory will occur in 2020 or later?
d. If Navy beats Notre Dame twice in the next fifteen years, then based on these fifteen years estimate with at least 90% confidence the probability of a Navy victory? 

e. If Navy beats Notre Dame twice in the next fifteen years has Navy’s probability of a victory improved (compare to 2/45)? Use a test of hypotheses to answer this question.
f. What assumptions are needed for your calculations?
4. Suppose the sensitivity, specificity and prevalence for a diagnostic test are 0.95, 0.90, and 0.70, respectively. Calculate each of the following.

a. The probability that the test is positive.

b. The probability that a positive test is correct.

c. The probability that a test is both positive and correct.

d. The probability that the test is positive and the condition is not present.

e. The probability that the test is positive or the condition is present. 

f. The probability that the test is correct.
g. The positive predictive value.

h. The negative predictive value.

i. Is the presence of the condition independent of a positive test? Explain.

j. If you are given the choice of one of two improved tests which would you choose? Test A improves sensitivity to 0.98 and leaves specificity at 0.90 while test B improves specificity to 0.93 and leaves sensitivity at 0.95. Explain the reasons for your choice.

k. Describe the effect on positive predictive value of changing prevalence.

5. Suppose that at the Port of Long Beach, California, containers are screened for undeclared hazardous material on a 24/7 basis. The first screening detects possible violations at a rate of three per hour. 
a. In a ten hour work shift how many possible violation are expected?

b. What is the probability of more than thirty possible violations in a ten hour shift?

c. What is the expected time between possible violations?

d. What the probability that more that ½ hour will pass between violations?

e. What is the probability that more than two hours will be required for eight possible violations?

6. Suppose that the time to failure of your car’s engine after the check engine light becomes illuminated is exponentially distributed with expected value 2.3 operating-hours. 

a. If the repair shop is a two-hour drive away, what is the probability that you can get to the shop before your engine fails. 

b. What is the expected value and standard deviation of this exponential distribution?

c. Do you think this exponential distribution is approximately normal?

d. What is the probability that the average time to failure for two-hundred cars is less than two hours?

e. Justify your choice of distributions for part d.

7. Use the data set VALID.xls from your textbook. There is a description of these data on p. 40.

a. Produce a side-by-side boxpot of Sfat_dr and Sfat_ffq. 

b. Calculate the five-number summary for the difference Sfat_dr-Sfat_ffq.

c. Calculate a 90% confidence interval for the mean of the difference 
Sfat_dr-Sfat_ffq.

d. Test the hypothesis that these nurses are expected to under report their intake of saturated fat on the FFQ instrument compare to the DR instrument. 

e. Calculate at 90% confidence interval for the mean of the difference 
Sfat_dr-Sfat_ffq for those nurses whose total fat reported on the DR instrument exceeds the median.

8. Assume that the widths of male blue crabs in the Severn River are normally distributed with mean 4.8 inches and standard deviation 0.7 inches. Further, assume that the widths of female blue crabs in the Severn River are normally distributed with mean 4.3 inches and standard deviation 0.4 inches. Captured female blue crabs must be returned to the River. Consequently, there are more female than male crabs. Assume 70% of the crabs are female. 
a. Calculate the probability that a male crab is between 5.0 and 6.0 inches.

b. Calculate the probability that a male crab is legal (at least 5.0 inches). 

c. Calculate the probability that a male crab is less than 4.9 inches. 

d. Eighty percent of all male crabs are at least how large?

e. Calculate the expected average width of ten randomly captured male crabs. 

f. Calculate the standard deviation of the average width of ten randomly captured male crabs. 

g. Calculate the probability that the average width of ten randomly captured male crabs is less than 4.9 inches. 

h. What is the probability that a randomly captured male crab is 10% larger than a randomly captured female crab?

i. What is the probability that the width of a randomly captured blue crab is less that 4.7inches?

j. What is the expected width of a randomly captured blue crab?

9. A research biologist has collected data on the effectiveness of a proposed new medication intended to reduce serum cholesterol. Her data consists of reductions in serum cholesterol (mg/dL) from a baseline for ten subjects of approximately the same demographics: 29, 23, 30, 12, 15, 4, 17, 33, 22, 11. Assume the underlying distribution for the reduction is normal.
a. Calculate a 95% confidence interval for the expected reduction.

b. The pharmaceutical company making the medication has published a report claiming an expected reduction of 23.4 mg/dL based on a sample of 20 subjects. The researcher made a request to the company for its data so that a potentially a more precise estimate, based on a total sample of 30, can be reported. The company declines to release its proprietary data, but does disclose that their standard deviation was 12.3 mg/dL along with the claim that this would be sufficient for the desired calculation. Calculate a 95% confidence interval based on all thirty subjects.
10. Consider a test of hypotheses in which the null states that the expected value equals 0. 

a. If the p-value is 0. 0032, what is the correct conclusion? Explain.

b. If the p-value is 0.32, what is the correct conclusion? Explain.

c. If the sample mean is 1.2 and the null hypothesis is not rejected, then is it valid to conclude that the population mean is positive? Explain.

d. If the null hypo thesis is rejected, then is 0 inside or outside the confidence interval? Explain.

e. If it is important that the test have good power, then which of 0.1, 0.05 or 0.01 is the best choice for the significance level? Explain.

