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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 permitted, but no notes, text, laptops, PDAs, or electronic dictionaries.  Cell phones should be muted and left in your pocket or bag.
· Tables 3, 4, 6, 7 are attached to the back.  You may detach them for your reference.

Total marks: 70
(1) A man suddenly has a heart attack in front of you.  You, being a fearless trained nurse, spring into action, calling 911 and performing CPR.  You have been trained in the use of an automated external defibrillator (AED) and have access to one, and now you need to make the decision whether to use it or not.

(a) State the null and alternative hypotheses for your decision.
[2]
There is some subjective choice here,
depending on which option you’d see as “default”:
H0: use AED (pausing CPR) 
HA: withhold use of AED, continue CPR

(b) Given your choice of hypotheses above, describe what a Type I error might mean in this context.
[1]
We don’t use the AED but we should have:
the patient might be unresponsive to mere CPR.

(c) Given your choice of hypotheses above, describe what a Type II error might mean in this context.
[1]
We use the AED when we shouldn’t have:
e.g., the AED might cause damage to the patient’s heart,
or the interruption of chest compressions may be harmful.

(2) Describe in your own words what it means for a test to be 1-tailed or 2-tailed. . 
[2]
1-tailed is for directional alternative: the research question we’re asking is whether one group is specifically larger (longer, heavier, older, etc.) than the other.  Generally involves ‘<’ or ‘>’.
2-tailed is for non-directional alternative: are the groups the same or not.  Generally involves ‘=’ or ‘≠’.
(3) Describe in your own words what the p-value means in a statistical test. 
[2]
Chance of Type-I error:
probability of HA being false despite us making a decision to reject H0.

(4) 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.

	Subj
	Before
	After
	Diff

	1
	165
	155
	10

	2
	124
	130
	-6

	3
	154
	142
	12

	4
	162
	148
	14

	5
	153
	144
	9

	6
	178
	172
	6

	7
	128
	117
	11

	8
	125
	125
	0

	9
	152
	145
	7

	Mean
	149
	142
	7

	SD
	19.23
	16.49
	6.34


(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: find (bracket) the p-value.
[4]
SEd = 6.34/sqrt(9) ≈ 2.11
 t-score = 7/2.11 ≈ 3.31
Table4 (df=8, one-tailed): 0.005 < p < 0.01





(c) State the conclusion to the t-test, using α=0.02.
[1]
Reject H0


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


(e) Now use a sign-test to test the same claim: find (bracket) the p-value.
[3]
N+ = 7, N- = 1
Table7 (nd=8, one-tailed): .025 < p < .05 



(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]
There is insufficient evidence to show that
captopril is effective in lowering blood pressure 

(5) 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, 12, 17, 17, 20, 26, 32, 38, 42
(n=9, mean=23.33, SD=12.07)
Control:  9, 14, 14, 14, 16, 19, 21, 27
(n=8, mean=16.75, SD=5.50)

(a) 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

(b) Calculate the standard error of the difference in sample means.
[2]
SE = sqrt(12.072 / 9 + 5.502 / 8) ≈ 4.469



(c) Estimate (bracket) a p-value for this hypothesis test, using a t-test.  Use df=9.
[3]
t = (23.33-16.75)/4.47 ≈ 1.473
Table 4 (df=9, one-tailed): 0.05 < p < 0.10
(computer finds p ≈ 0.0874)



(d) 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.
[2]
Reject H0:
Andro is correlated with increased lat-pulldown strength in this study.


(e) Discuss whether the t-test is appropriate for this experiment.
[2]
The sample size is rather small, so it’s hard to tell whether
the populations are normal, but the andro group
appears to have a long tail to the right.  The t-test is not very
good with such a low sample size.


(f) Now, use the Wilcoxon-Mann-Whitney test to bracket (estimate) a p-value for the same hypothesis test.
[4]
KA = 48, KC = 24
Table 6 (n=9, n’=8, one-tailed): p > 0.10




(g) 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.
[2]
Fail to reject H0
At α=0.10, there is insufficient evidence to show that andro
is correlated with increased lat-pulldown strength.
(h) Discuss whether the Wilcoxon-Mann-Whitney test is appropriate for this experiment.
[2]
The sample size is still small, but at least the WMW test doesn’t
rely on normality.  WMW is reasonably applicable; it is more conservative than the t-test here, so it fails to reject H0.



(6) Assume that the height of a population of kindergarten girls is normally distributed with standard deviation 5.6 cm.

(a) How many girls do we need to measure to estimate the mean height to within ±2cm with 99% confidence?
[4]
99% conf => area = 0.9950 => (T3) z ≈ 2.57
2.57 = 2 / (5.6/sqrt(n))
n = (2.57(5.6)/2)2 ≈ 51.78
Measure 52 girls.



(b) If we measure 15 girls, estimate the standard error of the estimate of the mean height of kindergarten girls.
[1]
SE = 5.6/sqrt(15) ≈ 1.446 cm


(c) If we measure 1500 girls instead, estimate the standard error of the mean.
[1]
SE = 5.6/sqrt(1500) ≈ 0.1446 cm


(d) With a sample size of 1500, estimate the standard deviation of the 1500 measurements.
[1]
About same as before: ≈ 5.6 cm


(7) The lung capacity of 14 patients was measured both before and after an exercise regimen.  The average increase in lung capacity was 58cc, with a standard deviation of 105cc.

(a) Find the standard error of the mean increase in lung capacity.
[2]
SE = 105/sqrt(14) ≈ 28.06 cc

(b) Find a 95% confidence interval on the mean increase in lung capacity.
[3]
Table 4 (95%, df=13): t = 2.160
Conf int: 58 ± 2.160(28.06)
≈ (-2.615, 118.615)


(c) With 95% confidence, does the exercise regimen increase lung capacity?  Why or why not?
[2]
No, the 95% confidence interval includes zero.
(d) True or False (circle one): About 95% of the 14 patients in our sample have an increase in lung capacity within the interval found in part (b).
False [1]
(e) True or False (circle one): About 95% of patients in the population (not the sample) have an increase in lung capacity within the interval found in part (b).
F [1]
(f) True or False (circle one): We are about 95% sure that the mean increase in lung capacity of the 14 patients is within the interval found in part (b).
False [1]
(g) True or False (circle one): If we increase the sample size to 1200,
the standard deviation will decrease.
False [1]
(h) True or False (circle one): If we increase the sample size to 1200,
the confidence interval will become narrower.
True [1]
(i) True or False (circle one): If we increase the sample size to 1200, 
the standard error will decrease.
True [1]
(j) True or False (circle one): If we raise the confidence level from 95% to 99%,
the confidence interval will become narrower.
False [1]
(k) Using the same data, conduct a t-test at (=0.025 to test if the exercise regimen increases lung capacity.  First, state the null and alternative hypotheses, both in words and in symbols. 
[2]
H​​0: exercise does not increase lung capacity: μ ≤ 0
HA: exercise does increase lung capacity: μ > 0
(l) Now, conduct the t-test and bracket a p-value.
[3]
t = 58/28.06 = 2.067
Table 4 (df=13): 0.025 < p < 0.03 (upper tail)



(m) State the conclusion of your t-test: does the exercise regimen increase lung capacity? (compare with part (c)) . 
[1]
Fail to reject H0, insufficient evidence to show
the exercise regimen increases lung capacity
(95% confidence is equivalent to (=0.025 one-tailed)























































Total marks: 65.  Max required: 60
Your score:


