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Biost 517: Applied Biostatistics I

Emerson, Fall 2010
Homework #6
Wednesday November 10, 2010
Written problems: To be handed in at the beginning of class on Wednesday, November 17, 2010. 
On this (as all homeworks) unedited Stata output is TOTALLY unacceptable. Instead, prepare a table of statistics gleaned from the Stata output. The table should be appropriate for inclusion in a scientific report, with all statistics rounded to a reasonable number of significant digits. (I am interested in how statistics are used to answer the scientific question.)

Questions for Biost 514 and Biost 517:

The written problems all refer to the laboratory data for the clinical trial of methotrexate in PBC as stored on the class web pages.  In this homework we will consider the serum bilirubin value five years post randomization (week 260) for those patients for whom data is available. These measurements will be compared to patient’s baseline (week 1) measurement.
1. Perform an analysis to assess whether the placebo group had a change in mean bilirubin level five years post randomization. Use both the difference between measurements and the ratio between measurements as a measure of comparison. Provide relevant point estimates, 95% confidence intervals, and P values. Do the same for the methotrexate group. Make clear the interpretation of your confidence interval and P values, including the scientific relevance of your results.
2. Perform an analysis to assess the proportion of the placebo group that had lower bilirubin levels 5 years post randomization (week 260) than they did at the time of randomization (week 1). Provide relevant point estimates, 95% confidence intervals, and P values for the test of a relevant hypothesis. Do the same for the methotrexate group. Make clear the interpretation of your confidence interval and P values, including the scientific relevance of your results.

3. Perform an analysis to assess whether the placebo group had a change in geometric mean bilirubin level 5 years post randomization (week 260). Use the ratio of geometric means as a measure of comparison. (Note: Inference on the geometric mean is easily obtained by taking the log transform of your data, and then comparing means using differences. When you exponentiate the resulting estimates, you will have inference based on the geometric means and the ratios of geometric means. There is a handout on the class web pages which deals with the interpretation of log transformed data.) Provide relevant point estimates, 95% confidence intervals, and P values. Do the same for the methotrexate group. Make clear the interpretation of your confidence interval and P values, including the scientific relevance of your results.
4. Perform an analysis to assess whether the treatment groups (placebo and methotrexate) differ with respect to their mean bilirubin levels 5 years post randomization. Provide relevant point estimates, 95% confidence intervals, and P values. Make clear the interpretation of your confidence interval and P values, including the scientific relevance of your results.
5. Perform an analysis to assess whether the treatment groups (placebo and methotrexate) differ with respect to their change in mean bilirubin levels 5 years post randomization. Provide relevant point estimates, 95% confidence intervals, and P values. Make clear the interpretation of your confidence interval and P values, including the scientific relevance of your results.
6. Perform an analysis to assess whether the treatment groups (placebo and methotrexate) differ with respect to their geometric mean bilirubin levels 5 years post randomization. Provide relevant point estimates, 95% confidence intervals, and P values. Make clear the interpretation of your confidence interval and P values, including the scientific relevance of your results.

Questions for Biost 514 only:

7. Given a sample of independent, identically distributed continuous random variables Xi ~ F, i = 1,…, n, and a sample of independent, identically distributed continuous random variables Yj ~ G, j = 1,…, m, the Mann-Whitney form of the Wilcoxon rank sum test is given by
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a. Under the “strong” null hypothesis H0: F = G, derive E[U | H0]. 
b. Under the “strong” null hypothesis H0: F = G, derive Var[U | H0].
c. What justification can you give for guessing that the null sampling distribution of U might be well approximated by a normal distribution as both n and m become large?

d. Using the normal approximation to the null sampling distribution of U, how would you form a level α test of the “strong” null hypothesis?

e. Show that the test you described in part d is not a consistent test of the “strong” null hypothesis. That is, find some F ≠ G such that as both n and m become large, the probability of rejecting the null hypothesis does not go to 1.

f. Find a function of U that is an unbiased estimator of θ = Pr( X > Y). Derive its null asymptotic distribution under the “strong” null hypothesis. In particular, what is the value θ0 of θ when the “strong” null hypothesis is true?

g. Consider the “weak” null hypothesis H0: θ = θ0.  Show that a test derived from the null sampling distribution you derived in part f does not have the correct type I error. That is, find some F, G such that Pr( X > Y ) =  θ0, but that the test derived in part d has a type I error greater than α.

(Hint: For parts e and g, you might consider the case in which G is a uniform distribution between 0 and 1, and which, for some choice of 0 < p < 1, F has density f(x) = 1 – p  when -1 < x < 0, and f(x) = p when 1 < x < 2, and f(x) = 0 otherwise. Derive the asymptotic distribution for U in this setting.)
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