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“Do not be anxious about anything, but in everything, by prayer and petition, within thanksgiving, present your requests to God.”

-- Philippians 4:6

· Please show all your work!  No partial credit will be given for incorrect answers with no work shown.  Please draw a box around your final answer.

· Calculators are required.  No notes, text, laptops, PDAs, or electronic dictionaries.

· One 3x5” notecard, handwritten double-sided, is allowed.

· Cell phones should be muted and left in your pocket or bag.

· Tables 3, 4, 6 (partial), 7, 9, 10 (partial) are stapled to the back of this exam.

Total marks: 100

(1) In a study of balloon angioplasty, patients with coronary artery disease were randomly assigned to one of four treatment groups: placebo, probucol, multivitamins, or probucol together with multivitamins.  Balloon angioplasty was performed on each of the patients.  Later, “minimal luminal diameter” (a measurement of how well the angioplasty did in dilating the artery) was recorded for each of the patients.  

(a) Complete the following ANOVA table.
[5]


df
SS
MS

Between
3
12.71
4.237

Within
142
197.59
1.39

Total
145
210.3
(N/A)

(b) State the null and alternative hypotheses in both symbols and words.
[3]

H0: μ1 = μ2 = μ3 = μ4 : 
the average minimal luminal diameter is the same for all four groups
HA: μ not all equal :
the average minimal luminal diameters for the four groups are not all the same

(c) Perform an appropriate statistical test and bracket a p-value.
[5]

F = MS​b/MSw = 4.237/1.39 ≈ 3.045
top df = 3, bottom df = 140:
0.02 < p < 0.05





(d) Draw a conclusion using alpha=0.05, and interpret your conclusion in the context of the study.
[2]

Reject H0: The average minimal luminal diameters
for the four treatment groups are not all the same

(2) Researchers gave androstenedione (andro) to one group of men and a placebo to a control group of men, and measured the increase in “lat pulldown” strength (in pounds) of each subject after 4 weeks.  We wish to determine whether andro increases strength.  The raw data are as follows:


Andro:  6, 7, 17, 17, 20, 24, 26, 30, 33
(n=9, mean=20, SD=9.38)
Control:  10, 12, 14, 17, 18, 19, 20, 20
(n=8, mean=16.25, SD=3.81)



(a) Draw two boxplots on the same axis (number line) to visualize the data.
[4]


[image: image1]
(b) State the null and alternative hypotheses both in symbols and in words.
[3]

H0: μA ≤ μC: andro does not increase strength
HA: μA > μC: andro does increase strength


(c) Calculate the standard error of the difference in sample means.
[2]

SE = √( 9.382/9 + 3.812/8 ) ≈ 3.404



(d) Estimate (bracket) a p-value for this hypothesis test, using a t-test.  Use df=9.
[3]

t = (20-16.25)/3.404 ≈ 1.1014
Table 4 (df=9, one-tailed): 0.10 < p < 0.20



(e) State the conclusion of the t-test at a level of significance of α=0.10, and interpret this conclusion in the context of the andro experiment.
[3]

Fail to reject H0:
Insufficient evidence to show andro is correlated with
increased lat-pulldown strength in this study.

(f) Discuss whether the t-test is appropriate for this experiment.
[2]

The sample size is rather small, but there is no apparent evidence to
doubt the normality of the populations.  T-test is probably appropriate.

(g) Now, use the Wilcoxon-Mann-Whitney test to bracket (estimate) a p-value for the same hypothesis test.
[4]

KA = 46, KC = 26
Table 6 (n=9, n’=8, one-tailed): p > 0.10



(h) State the conclusion of the Wilcoxon-Mann-Whitney test at a level of significance of α=0.10, and interpret this conclusion in the context of the experiment.
[3]

Fail to reject H0::
At α=0.10, there is insufficient evidence to show that andro
is correlated with increased lat-pulldown strength.

(i) Discuss whether the Wilcoxon-Mann-Whitney test is appropriate for this experiment.
[2]

Both t-test and W-M-W are probably reasonable tests for this data;
at the same level of significance, both fail to reject H0.



(3) Describe an example of two events that you would expect are independent.  Describe the total sample space as well.
[3]

(4) Suppose that in a certain population of married couples 25% of the husbands smoke, 20% of the wives smoke, and in 5% of the couples both the husband and the wife smoke.  Is the smoking status of the husband independent of that of the wife?  Why or why not?
[3]

Yes, independent:
P(H)P(W) = (0.25)(0.20) = 0.05 = P(H ∩ W)


(5) Captopril is a drug designed to lower stystolic blood pressure.  We wish to test this claim.  When subjects were tested with this drug, their systolic blood pressure readings (in mm of mercury) were measured before and after the drug was taken, with the results given in the table at right.

(a) .State the null and alternative hypotheses both in symbols and in words.
[2]

H0: μd ≤ 0: no decrease in BP
HA: μd > 0: captopril lowered BP




(b) Is captopril effective?  Use a t-test to answer the question: find (bracket) the p-value.
[4]

SEd = 8.17/sqrt(5) ~= 3.655
 t-score = 6.6/3.655 ~= 1.8057
Table4 (df=4, one-tailed): 0.05 < p < 0.10




(c) State the conclusion to the t-test, using α=0.02.
[1]

Fail to reject H0


(d) Interpret this conclusion in the context of the blood pressure experiment.
[2]

Insufficient evidence to show
Captopril is effective in lowering blood pressure

(e) Now use a sign-test to test the same claim: find (bracket) the p-value.
[4]

N+ = 4, N- = 1
Table7 (n=5, one-tailed): p > .10



(f) State the conclusion to the sign test, using α=0.02.
[1]

Fail to reject H0


(g) Interpret this conclusion in the context of the blood pressure experiment.
[2]

Insufficient evidence to show
Captopril is effective in lowering blood pressure

(6) Researchers measured serum cholesterol (X) in mg/dL and serum glucose (Y) in mg/dL in 6 patients.  The data are given in the following table:


[image: image2.emf]Serum Cholesterol (X) 131 159 180 200 220

Serum Glucose (Y) 72 80 80 91 90


(a) Draw a scatterplot of Y versus X.
[3]

(b) Calculate the best-fit regression line for Y versus X.
[5]

∑(x-x_)2 ≈ 4822, ∑(y-y_)2 = 251, ∑(x-x_)(y-y_) ≈ 1038
Y = 0.2153X + 44.283





(c) Interpret the slope of the regression line in the context of this study.  What are its units?
[2]

For every 1 mg/dL increase of serum cholesterol,
there is a 0.2153 mg/dL increase of serum glucose.
Units are dimensionless (mg/dL)/(mg/dL).

(d) Describe the assumptions of this linear regression model.
[3]

X and Y are linearly related, with residual error normally distributed
with equal standard deviation that does not depend on X.



(e) According to the linear model, what is the mean and standard deviation of serum glucose levels for patients with serum cholesterol 170 mg/dL?
[5]

Mean: 80.878
SD: 3.0417 mg/dL (resid SD)





(f) Calculate the correlation coefficient r.
[3]

0.9431




(g) Calculate r2 and interpret its value in the context of this study.
[2]

r2 = 0.8894 means that about 88.94% of the variability
in serum glucose level is explained by the linear regression model.



(h) Derive a 95% confidence interval on the slope of the regression line.
[4]

SE(slope) = s(y|x) / sqrt(sum(x-x_)^2) ~= 3.01417/sqrt(4822) ~= 0.0438
95% @df=3: t-score = 3.182
Confidence interval is (0.0937, 0.3369)



(7) A driving simulation evaluated whether drivers would steer around an unexpected roadblock or stop for it.  50 drivers were tested, and 30 of those steered around the roadblock.

(a) Perform a chi-squared goodness-of-fit test and bracket a p-value.
[4]

Chi-sq = 2 
df=1: .10 < p < .20



(b) The sample size was deemed too small, so the experiment was repeated on each driver to get a total of 5 trials per driver.  Of the 250 total observations, drivers steered around the roadblock 151 times.  Perform a chi-squared test with this larger experiment and bracket a p-value.
[3]

Chi-sq = 10.816
df = 1: .001 < p < .01



(c) Discuss which of the two experiments is more valid.
[3]

First one:
In second experiment, observations not independent!
5 observations per driver.
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