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“The fear of the LORD is the beginning of wisdom;
a good understanding have all those who do
His commandments.”
-- Psalm 111:10

· 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: 125

(1) A new test for diagnosing diabetes has 80% sensitivity (i.e., if the patient has diabetes, the test will find it 80% of the time) and 95% specificity (i.e., 5% chance of saying the patient has diabetes when they really don’t).
(a) Describe the null and alternate hypotheses for the diagnostic test. 
[2]
H0: patient does not have diabetes
HA: patient has diabetes


(b) In light of your answer to part (a), interpret what it means for the diagnostic test to commit Type I and Type II errors. 
[2]
Type I: says patient has diabetes when they don’t
Type II: fails to catch diabetes


(c) What is the chance of Type I error?  What is the chance of Type II error? 
[1]
Type I: 5%.  Type II: 20%.
(d) Clinical trials apply the diagnostic test to a group of 3500 participants, of which 800 have diabetes.  How many people in this group will test positive for diabetes using this diagnostic test? 
[2]
(800/3500)(.80) + (2700/3500)(.05) ≈ 22.14%


(2) We wish to estimate the mean lung vital capacity (VC) of swimmers to a precision of 0.05L, with 95% confidence.  Assume the VC is normally distributed with a standard deviation of 0.25L.
(a) How many swimmers do we need to measure in order to attain this precision? 
[3]
((1.96)(0.25/0.05))^2 = 96.04, so 97 swimmers



(b) Now assume that the mean VC is 4.6L.  Find the first and third quartiles of VC. 
[2]
0.2500, 0.7500 => z = ±0.67 => 4.6 ± 0.67(0.25) = 4.43L, 4.78L
(c) What is the probability that a given swimmer has VC between 4.45L and 4.65L? 
[2]
z = ±0.05/0.25 = ±0.2 => 0.5793 – 0.4207 = 15.86%



(d) If we measure another group of the same number of swimmers as we measured in part (a), what is the probability that their mean VC will be between 4.45L and 4.65L? 
[2]
95% (this is the meaning of the 95% confidence interval)
(3) 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]
Independent: P(A)P(B) = P(A ∩ B)


(4) Let A represent those participants in a study who exercise at least twice a week.  Let B represent those who are clinically obese.  Translate the following statements into probability notation using A and B.

(a) For every three people in the study who are clinically obese, there are two people who are not. 
[2]
P(B) = 60%

(b) 20% of those in the study exercise at least twice a week and are not clinically obese. 
[2]
P(A ∩ BC) = 20%

(c) One tenth of those who exercise twice a week are clinically obese. 
[2]
P(B|A) = 10%

(d) What is the chance that someone in this study exercises twice a week? 
[3]
P(A) – P(A∩B) = 20%, P(A∩B)/P(A) = 1/10
so (9/10) P(A) = 20%, so P(A) = 2/9 ≈ 22.2%

(e) “Just because someone in this study exercises twice a week doesn’t mean they can’t also be obese.”  Is this statement about mutual exclusivity or independence (circle one)? 
[1]
(f) Is exercising independent of obesity in this study?  Why or why not? 
[2]
Not independent: P(B|A) = 10% ≠ 60% = P(B)
(5) Human beta-endorphin (HBE) is a hormone secreted by the pituitary gland under conditions of stress (like exams!).  An exercise physiologist measured the resting (unstressed) blood concentration of HBE in two groups of men: 6 regular joggers and 5 new entrants to a physical fitness program.  We wish to compare the two groups.  The raw data are:

Joggers: 39, 20, 32, 50, 19, 52
New entrants: 55, 47, 24, 9, 27


(a) Draw two boxplots on the same axis (number line) to visualize the data.
[4]
Joggers: med=(39+50)/2 = 44.5, Q1=med(19,20,32) = 20, Q3 = 50
New entrants: med=27, Q1=med(9,24) = 16.5, Q3=med(47,55) = 51


(b) State the null and alternative hypotheses both in symbols and in words.
[2]
H0: μJ = μN: no difference in HBE
HA: μJ ≠ μN: two groups differ in HBE


(c) Calculate the mean HBE of each group.
[2]
Joggers: 35.33.  New entrants: 32.4
(d) Calculate the standard deviation of HBE of each group.
[3]
Joggers: 14.278.  New entrants: 18.515



(e) Calculate the standard error of the difference in sample means.
[2]
SE =  sqrt(14.2782/6 + 18.5152/5) ≈ 12



(f) Estimate (bracket) a p-value for this hypothesis test, using a t-test.  Use df=6.
[3]
t = (35.33 – 32.4)/12 ≈ 0.244
Table 4 (df=6, two-tailed): p > 0.40
(the means are very close together)


(g) State the conclusion of the t-test at a level of significance of α=0.05, and interpret this conclusion in the context of the HBE experiment.
[3]
Fail to reject H0:
Insufficient evidence to show a difference in HBE between joggers and new entrants in this study.

(h) Now, use a non-parametric test that (one that does not assume normality) to bracket (estimate) a p-value for the same hypothesis test.
[4]

Wilcoxon-Mann-Whitney: KJ = 16, KN = 14
Table 6 (n=6, n’=5, two-tailed): p > 0.20



(i) State the conclusion of the non-parametric 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::
Insufficient evidence to show a difference in HBE between joggers and new entrants in this study.

(j) Discuss whether the t-test or the non-parametric test is appropriate for this experiment.
[2]

Small sample size and not very normal distributions; WMW is probably the better choice.  But both fail to reject H0; the groups do not significantly differ.

(k) Now say we add a third group to the study, four people who have never been part of an exercise program.  The HBE levels in this group are: 38, 33, 22, 37.  State a new set of null and alternate hypotheses comparing all three groups. 
[2]
H0: all three groups’ HBE are the same
HA: at least two of the groups’ HBE differ
(l) Assuming normality, what is the appropriate test to run to compare all three groups? 
[2]
ANOVA

(m) Run this test and obtain the test statistic. 
[5]
SSw ≈ 1019 + 1371 + 161 = 2551 (reuse some calc from part (d))
SSb = 18 + 7.2 + 4.84 ≈ 30
dfw = 12 (denom);  dfb = 2 (numer)
F = 14.58/3.88 ≈ 0.27





(n) Bracket a p-value and state your result in the context of HBE ((=0.10). 
[2]
Table 10: p > .20 (omnidirectional)
Still no difference amongst the three groups.
(6) Describe an example of two events that you would expect are independent.  Describe the total sample space as well.
[3]
(7) A similar study on HBE tests patients before and after a rigorous four-week exercise program.  The results are listed to the right (units of HBE are pg/mL).
(a) .State the null and alternative hypotheses both in symbols and in words.
[2]

H0: μd = 0: no change in HBE
HA: μd ≠ 0: HBE changes with exercise




(b) Do the HBE levels change?  Use a t-test to answer the question: find (bracket) the p-value.
[4]

SEd = 6.76/sqrt(5) ≈ 3.02
 t-score = 9.8 / 3.02 ≈ 3.24
Table4 (df=4, two-tailed): 0.01 < p < 0.02






(c) State the conclusion to the t-test, using α=0.05.
[1]

Reject H0


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

HBE levels did change (in fact, they increased)
over the course of the four-week exercise program.
(e) Now use a non-parametric test to test the same claim: find (bracket) the p-value.
[4]

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



(f) State the conclusion to the test, using α=0.05.
[1]

Fail to reject H0
(g) Interpret this conclusion in the context of the experiment.
[2]

Insufficient evidence to show
HBE levels changed over the course of the four-week exercise program.
(8) Using the data from the preceding problem, consider a regression between “before” and “after” HBE levels:
(a) Draw a scatterplot of “after” versus “before” HBE levels.
[3]

(in light of part (e), we want “before” to be X (horizontal axis),
and “after” to be Y.)





(b) Calculate the best-fit regression line for “after” versus “before”.
[5]

∑(x-x_)2 ≈ 667, ∑(y-y_)2 = 971, ∑(x-x_)(y-y_) ≈ 728
Y = 1.09X + 7.14





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

For every 1 pg/mL increase in HBE before the exercise program,
there is a 1.09 pg/mL increase in HBE after the exercise program.
Units are dimensionless: (pg/mL)/(pg/mL)
(d) Describe all 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) Say a participant has “before” HBE level of 35.  The linear model predicts the participant’s HBE level after the exercise program to have a normal distribution.  What is the mean and SD of this distribution?
[5]

Mean: 1.09(35) + 7.14 ≈ 45.31 pg/mL

predicted y-hats: 61.66, 28.95, 43.13, 35.49, 26.77
residuals: 0.34, 4.05, 4.87, -11.49, 2.23
SSresid ≈ 177.33
sY|X ≈ sqrt(177.33/3) ≈ 4.21
(f) Calculate the correlation coefficient r.
[3]

r2 = (971-177) / 971 ≈ 0.82
r ≈ 0.9



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

r2 = 0.82 means that about 82% of the variability
in post-exercise HBE level is explained by the linear regression model
with the pre-exercise HBE levels.


(h) In this study, is there a linear relationship between HBE levels before and after the exercise program?  State null and alternative hypotheses in both words and symbols. 
[2]
H0: no linear relationship; ( = 0
HA: pre- and post-exercise HBE levels are linearly related, ( ≠ 0
(i) Is there a relationship?  Conduct a t-test, bracket a p-value, and state the result using (=0.05.
[4]

SE(slope) = s(y|x) / sqrt(sum(x-x_)^2) ≈ 4.21 / sqrt(667) ≈ 0.16
t = 1.09 / 0.16 ≈ 6.69
Table4 (df=3, two-tailed): 0.001 < p < 0.01
Reject H0: there is a (quite strong) linear relationship between
pre- and post-exercise HBE levels.


(9) A questionnaire asked students whether they would pull an all-nighter cramming for an exam, or get a good night’s sleep.  Out of 20 students polled, 6 said they’d cram, and 14 said they’d sleep.

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

Expected: 10 and 10
Chi-squared = (6-10)2/10 + (14-10)2/10 = 3.2
Table9 (df=1, two-tailed): .05 < p < .10


(b) The sample size was deemed too small, so the experiment asked each student again after each semester for four years, for a total of eight times per student.  Out of a total of 160 measurements, 90 said they’d cram, and 70 said they’d sleep.  Perform a chi-squared test with this larger sample size and bracket a p-value.
[3]

Expected: 80 and 80
Chi-squared: (90-80)2/80 + (70-80)2/80 = 5
Table9 (df=1, two-tailed): .02 < p < .05


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

First one:
In second experiment, observations not independent!
8 observations per student.
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