Math 312B - Roback


Name ___________________________

Math 312B – Final Exam

May 22nd, 2004

PLEDGE:  I pledge that on this examination I have neither given nor received assistance, and that I have seen no dishonest work. 
 






_____________________________________

  
____  I have intentionally not signed the pledge. 


___________________________________________________________________________________

Instructions:  Please complete EXACTLY 4 out of the 5 problems below.  CLEARLY indicate which problem you would NOT like me to grade.  Each of the 4 problems you complete will be worth 25 points.  

1. [S-Plus output included in supplement.]  The relationship between stress and the severity of a chronic illness was the focus of a study published in Psychosomatic Medicine.  17 conditions were compared on a Seriousness of Illness Rating Scale (SIRS), and patients with each of those conditions were asked to fill out a Schedule of Recent Experience (SRE) questionnaire.  Higher scores on the SRE presumably reflect greater levels of stress.  We’d like to use this data to determine how much a person’s stress level can be attributed to the severity of their chronic illness.

a) Report a regression line which describes the relationship between stress level (Y) and severity of chronic illness (X).

b) Calculate a 95% confidence interval for the slope, and interpret your CI in the context of the problem.

c) Discuss any necessary assumptions, whether or not they were met, and what you based your decision on (hint: use residual plots).

d) Based on these results, can we claim that greater severity of a chronic illness causes greater stress levels?  Why or why not?

2. In a regression problem, under the linear model assumptions, 
[image: image1.wmf]n

Y

Y

,

,

1

K

 is a random sample from the conditional normal pdf, 
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.  That is, given 
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 is fixed and that the line goes through the origin, so that
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a) Show that 
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is a sufficient statistic for 
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 using the Factorization Theorem or by expressing 
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 in exponential form.

b) Use your result in (a) to deduce an estimator for 
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 that is minimum variance among all unbiased estimators.

c) Find the maximum likelihood estimator of 
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3. A sociologist is studying various aspects of the personal lives of preeminent eighteenth-century scholars.  A total of 120 subjects in her sample had families consisting of 3 children.  The distribution of the number of girls in those families is summarized in the following table.  



Number of girls:
0
1
2
3



Number of families:
12
47
51
10

a) Can it be concluded that the number of girls in 3-child families is binomially distributed with p=1/2?  Use a goodness-of-fit test with 
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b) [S-Plus code and output included in supplement.]  Carefully explain what the S-Plus code does.  In addition, state the main point of the plot.

4. This question is aimed to focus on the correct interpretations of some key concepts from Math 312.  Consider a study which compares the average heart rates of two groups, one which has been jogging (J) for 2 minutes and one which has been marching (M) for 2 minutes (sound familiar?).  The study produces a p-value of .014 for the test 
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, with a 95% confidence interval for 
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 of (8.9 bpm, 19.3 bpm).

a) According to Joe Bayesian, the p-value says that the probability that the null hypothesis is true is .014.  Give a proper interpretation of the p-value from the Frequentist perspective (the one we’ve used throughout Math 312), and explain why, from the Frequentist perspective, Joe is wrong.

b) According to Jo Bayesian, the confidence interval says that there’s a probability of .95 that the true difference in mean heart rates between joggers and marchers is between 8.9 and 19.3 beats per minute.  Give a proper interpretation of the confidence interval from the Frequentist perspective, and explain why, from the Frequentist perspective, Jo is wrong.

c) The p-value and confidence interval are both based on the sampling distribution of 
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, where 
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 is the average heart rate of all joggers sampled, and 
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 is the average heart rate of all marchers sampled.  Explain what a sampling distribution is in the context of this problem.

5. [S-Plus output included in supplement.]  We hear that listening to Mozart improves students’ performance on tests.  Perhaps pleasant odors have a similar effect.  To test this idea, 21 subjects worked a pencil-and-paper maze while wearing a mask.  The mask was either unscented or carried a floral scent.  The response variable is their average time in seconds on three trials to complete the maze.  Each subject worked the mazes with both masks, in random order.  One suggestion for analyzing this data is to subtract the scented time from the unscented time for each student, and then analyze the differences in time for all students.  In this way, we will draw inference about 
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, the true difference between scented and unscented times for the population of students.  

a) Explain why the two-sample t-test would be inappropriate for analyzing this data.

b) Test the hypotheses 
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.  Show how you calculate your test statistic, and state a conclusion in the context of the problem.

c) Find a 95% confidence interval for 
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.  Show how you calculate this CI and interpret it in the context of the problem.

d) One important assumption behind the hypothesis test and confidence interval above is that the data comes from a normally distributed population.  Why is normality so important when our hypothesis test and confidence interval are based on a t-distribution
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