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“The fear of the LORD is the beginning of wisdom,
And the knowledge of the Holy One is understanding.”

-- Proverbs 9:10
· 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.
Cell phones should be muted and left in your pocket or bag.
· Tables 3, 4, 8, and parts of 7 are stapled to the back of this exam.

Total marks: 70
(1) The concentration of sarcoplasmic calcium is measured in a sample of muscle cells from 21 patients.  The 21 measurements have mean 2.35 micromolar and standard deviation 2.5 micromolar, with a median of 2.2 micromolar.
(a) Based on the data, is the population distribution of sarcoplasmic calcium concentration likely to be normal?  Why or why not?.
[2]
No; with such a large SD relative to the mean,
if the population were normal, 17.36% of the
population would be negative, which isn’t
possible for a calcium concentration.
(b) For the rest of this problem, assume that the population is in fact normally distributed.  Calculate the standard error of the mean.
[2]
SE = 2.5/sqrt(21) =~ 0.546


(c) Construct a 95% confidence interval on the population mean.
[3]
Table 4 (95%, df=20): t = 2.086
Confidence interval is 2.35 +/- 2.086(0.546)
or (1.212, 3.488)

(d) True or False (circle one): We are only 95% sure that the mean sarcoplasmic calcium concentration in these 21 patients is within the interval found in (c).
[1]
False

(e) True or False (circle one): 95% of patients will have a sarcoplasmic calcium concentration within the interval found in (c).
[1]
False

(f) True or False (circle one): We are only 95% sure that the mean sarcoplasmic calcium concentration of all patients is within the interval found in (c).
[1]
True

(g) True or False (circle one): If we take another sample of 21 patients, there is a 95% probability that the mean sarcoplasmic calcium concentration in that sample lies within the interval found in (c).
[1]
False

(h) Assume we had a sample size of 2100 instead of 21.  Estimate the standard error of the mean.
[1]
SE = 2.5/sqrt(2100) =~ 0.0546

(i) Assume we had a sample size of 2100 instead of 21.  Estimate the standard deviation of the 2100 measurements.
[1]
Same as before: ~2.5
(2) A pharmacologist injected four test animals with amphetamine, and also injected four control animals with just saline.  She then measured the amount of water consumed by each animal in 24 hours, recording the results in ml of water per kg of body weight.
	Amphetamine
	118.4
	124.3
	172.1
	101.2

	Control
	142.9
	162.1
	184.1
	154.9


(a) To compare the two groups, let the alternative hypothesis be that amphetamine tends to depress (reduce) water consumption.  State the null and alternative hypotheses in terms of μA (mean water consumption with amphetamine) and μC (mean water consumption with control).
[2]
H0: μA ≥ μC
HA: μA < μC
(b) Calculate the difference in sample means.
[2]
Sample mean: A = 129, C = 161
(c) Calculate the standard error of the difference in sample means.
[4]
Sample stddev: A = 30.36, C = 17.32
SE = sqrt(30.36^2 / 4 + 17.32^2 / 4) =~ 17.48
(d) Bracket (estimate) a p-value for this hypothesis test, using a t-test.
Use df=5.
[3]
t = (161-129)/17.48 =~ 1.83
Table 4 (t=1.83, df=5, one-tailed): 0.05 < p < 0.10
(e) State the conclusion of the t-test at a level of significance of α=0.10.
[1]
Reject H0

(f) Interpret this conclusion in the context of the amphetamine experiment.
[2]
At α=0.10, there is sufficient evidence to show that amphetamine
is correlated with depressed water consumption in these animals.

(g) 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 amphetamine group
appears to have an outlier at 172.  The t-test is not very
good with such a low sample size.
(h) Now, use the Wilcoxon-Mann-Whitney test to bracket (estimate) a p-value for the same hypothesis test.
[3]
N+ = 3, N- = 13
Table 6 (n=4, n’=4, one-tailed): 0.05 < p < 0.10

(i) State the conclusion of the Wilcoxon-Mann-Whitney test at a level of significance of α=0.10.
[1]
Reject H0

(j) Interpret this conclusion in the context of the amphetamine experiment.
[2]
At α=0.10, there is sufficient evidence to show that amphetamine
is correlated with depressed water consumption in these animals.

(k) 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 probably about the best we can do.

(3) Another pharmacologist runs a similar experiment, but only has the funds to use four animals total.  She injects each animal with a saline solution, then waits one week, and injects each animal with the amphetamine.  The results for each animal are shown below:
	Animal
	Anim1
	Anim2
	Anim3
	Anim4

	Amphetamine
	128.4
	124.3
	135.1
	101.2

	Control
	142.9
	165.1
	174.1
	144.9


(a) Discuss whether a t-test comparing the two groups is appropriate for this experiment.
[2]
No; the observations are not all independent
(b) Discuss whether a Wilcoxon-Mann-Whitney test comparing the two groups is appropriate for this experiment.
[2]
No; the observations are not all independent





(4) A study wishes to examine systolic blood pressure both shortly before bedtime and shortly after waking up.  The results from a sample are shown below.
	Individual
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Mean
	SD

	Bedtime
	101
	120
	108
	97
	105
	88
	92
	100
	90
	100.1
	10.0

	Waking up
	137
	117
	129
	95
	130
	112
	122
	100
	119
	117.9
	13.8

	Difference
	-36
	3
	-21
	2
	-25
	-24
	-20
	0
	-29
	-16.7
	14.5


(a) Is systolic blood pressure higher after waking up than it is before bedtime?  Use a t-test to answer the question at α=0.10.
[8]
t-score = 3.44
Table4(df=8, one-tailed): p < 0.005
Reject H0: BP does increase from bedtime to waking up
(b) Is systolic blood pressure higher after waking up than it is before bedtime?  Use a sign-test to answer the question at α=0.10.
[8]
N+ = 2, N- = 6
Table7(n=8, one-tailed): p > 0.10
Fail to reject H0: insufficient evidence to show waking BP higher

















































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


