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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, 9, and parts of 7 and 10 are stapled to the back of this exam.

Total marks: 100

(1) The pH of a sample of stomach lining from 16 individuals was measured to have mean pH 2.55, with a standard deviation of 0.5.  (pH values are scaled on a range from 0 to 14.)  The first quartile pH is 2.21, the median pH is 2.6, and the third quartile pH is 4.  From what we know, is the population of stomach lining pH likely to be normally distributed?  Why or why not?
[2]

No, the very high third quartile indicates that the data
are likely skewed.



(2) The content of cyclic adenosine monophosphate (cAMP) in a sample of 15 frog oocytes was measured to have a mean of 3.02, with a standard deviation of 2.01.

(a) In using this sample of 15 oocytes to estimate the mean of a population of oocytes, there is a standard error in our estimate.  Calculate this standard error.
[2]

SE = 2.01/sqrt(15) =~ 0.519


(b) Assume we had a sample size of 1500 instead of 15.  Estimate the standard error of the mean.
[2]

SE = 2.01/sqrt(1500) =~ 0.0519

(c) Assume we had a sample size of 1500 instead of 15.  Estimate the standard deviation of the 1500 measurements.
[2]

About same as before: ~2.01

(3) The birth weight of a sample of 25 premature babies is measured to have mean weight 4.8 lbs, with a standard deviation of 1.2 lbs.  The first quartile weight is 4 lbs, and the third quartile weight is 5.6 lbs.  The objective is to estimate the mean birth weight of all premature babies.

(a) Calculate the standard error of the mean.
[2]

SE = 1.2/sqrt(25) = 0.24



(b) Construct a 90% confidence interval on the population mean.
[3]

Table 4 (90%, df=24): t = 1.711
Confidence interval is 4.8 +/- 1.711(0.24)
or (4.39, 5.21)






(c) True or False (circle one): We are only 90% sure that the mean birth weight of all premature babies is within the interval found in (b).
True [1]

(d) True or False (circle one): If we take another sample of 25 premature babies, there is a 90% probability that the mean birth weight of that sample lies within the interval found in (b).
 False [1]

(e) True or False (circle one): 90% of all premature babies will have a birth weight within the interval found in (b).
False [1]

(f) True or False (circle one): We are only 90% sure that the mean birth weight of these 25 babies is within the interval found in (b).
False [1]

(g) There is a hypothesis (HA) that the mean birth weight of premature babies is less than 5.3 lbs.  Do these data support that hypothesis?  Use α=0.025.
[6]

T = (5.3-4.8)/0.24 =~ 2.083
Table 4 (df=24, one-tailed): 0.02 < p < 0.025
Reject H0: yes, the mean birth weight is less than 5.3 lbs.







(4) Androstenedione (andro) is a steroid that is thought by some athletes to increase strength.  Researchers investigated this claim by giving andro to one group of men and a placebo to a control group of men.  One of the variables measured in the experiment was the increase in “lat pulldown” strength (in pounds) of each subject after 4 weeks.  (A lat pulldown is a type of weight lifting exercise.)  We wish to determine whether andro increases strength.  The raw data are as follows:

Andro:  30, 10, 10, 30, 40, 20, 30, 20, 10, 0 (n=10, mean=20.0, SD=12.5)
Control:  0, 10, 0, 10, 10, 40, 20, 10, 30 (n=9, mean=14.4, SD=13.3)

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


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(12.52 / 10 + 13.32 / 9) =~ 5.94




(c) Bracket (estimate) a p-value for this hypothesis test, using a t-test.  Use df=10.
[3]

t = (20-14.4)/5.94 =~ 0.943
Table 4 (df=10, one-tailed): 0.10 < p < 0.20
(p =~ 0.186)



(d) State the conclusion of the t-test at a level of significance of α=0.10.
[1]


Fail to reject H0

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

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


(f) 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 control group
appears to be skewed towards zero.  The t-test is not very
good with such a low sample size.

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

(h) KA = 57, KC = 33
Table 6 (n=10, n’=9, one-tailed): p > 0.10


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

Fail to reject H0

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

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


(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.



(5) Captopril is a drug designed to lower stystolic blood pressure.  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 below.

	Subject
	Before
	After
	Diff

	1
	200
	191
	9

	2
	174
	170
	4

	3
	198
	177
	21

	4
	170
	167
	3

	5
	179
	159
	20

	6
	182
	151
	31

	7
	193
	176
	17

	8
	209
	183
	26

	9
	185
	159
	26

	10
	155
	145
	10

	11
	169
	146
	23

	12
	210
	177
	33

	
Mean
	185.333
	166.750
	18.583

	SD
	17.068
	14.864
	10.104


(6) We wish to test the claim that captopril is effective in lowering systolic blood pressure.  State the null and alternative hypotheses in terms of μ1, μ2, and/or μd.
[2]

H0: μd ≤ 0
HA: μd > 0


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

SEd = 10.104/sqrt(12) =~ 2.92
 t-score = 18.583/2.92 =~ 6.37
Table4(df=11, one-tailed): p < 0.001
(p =~ 2.64 * 10-5)


(b) State the conclusion to the t-test, using α=0.10.
[1]

Reject H0


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

Captopril is effective in lowering blood pressure



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

N+ = 12, N- = 0
Table7(n=12, one-tailed): p < .0005



(e) State the conclusion to the t-test, using α=0.10.
[1]

Reject H0


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

Captopril is effective in lowering blood pressure

(7) In a study to determine whether certain lab animals were right-handed or left-handed, 320 animals were tested for paw preference by observing which forepaw (right or left) each used to retrieve food from a narrow tube.  Each animal was tested 50 times, for a total of 16,000 observations.  The observations are summarized as follows: Right=7871, Left=8129.

(8) Perform a chi-squared goodness-of-fit test and draw a conclusion (alpha=0.10).

Chi-sq = (7871-8000)2/8000 + (8129-8000)2/8000 =~ 4.16, 
df=1: 0.02 < p < 0.05 (p =~ 0.041)
(9) There is a fatal flaw in the analytical approach above.  What is it?

Observations not independent!  50 observations per animal.

(10) When fleeing a predator, a certain minnow species will often head for shore and jump onto the bank.  In a study of spatial orientation in this fish, individual fish were caught at various locations and later tested in an artificial pool to see which direction they would choose when released:  would they swim in a direction which, at their place of capture, would have led toward shore?  Following are the directional choices of 50 such fish tested under cloudy skies.
Toward shore: 18
Away from shore: 12
Along shore to right: 13
Along shore to left: 7

(11) Using the four categories listed, perform a chi-square test at alpha = 0.05 to test the hypothesis that directional choice under cloudy skies is random.

Chi-sq = 4.88, 0.10 < p < 0.20 (p =~ 0.181).
Fail to reject H0.
(12) Collapse the number of categories to two, namely “toward shore” and “away from or along shore” and perform the chi-square test again using alpha = 0.05 (use a directional alternate hypothesis).

Chi-sq = 3.92, one-tailed: 0.02 < p < 0.05 (p =~ 0.0477).
Reject H0
(13) 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.  Summary statistics are given in the table.

	
	Placebo
	Probucol
	Multivitamins
	Probucol+ multivitamins

	n
	62
	58
	54
	56

	Mean
	 1.43
	 1.79
	 1.40
	 1.54

	SD
	   .58
	   .45
	  .55
	  .61


(14) Complete the following ANOVA table and bracket the P value for the F test.


	
	Df
	SS
	MS

	Between
	3
	5.4336
	1.8112

	Within
	226
	68.5609
	0.3034

	Total
	229
	73.9945
	


(15) State the null and alternative hypotheses in both symbols and words.

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
(16) Draw a conclusion using alpha=0.01.

F = 5.97, top df = 3, bottom df = inf: 0.0001 < p < 0.001
Reject H0.
(17) Interpret your conclusion in the context of the study.

The average minimal luminal diameters for the four treatment groups
are not all the same
(18) 1.Biologists studied the relationship between embryonic heart rate and egg mass for 20 species of birds.  They found that heart rate, Y, has a linear relationship with the logarithm of egg mass, X.  The data are given in the following table.

	Species
	Egg Mass

(g)
	Log (Egg Mass)   X
	Heart Rate Y

(beats/min)

	Zebra finch
	  .96
	-.018
	335

	Bengalese finch
	 1.10
	 .041
	404

	Marsh tit
	 1.39
	 .143
	363

	Bank swallow
	 1.42
	 .152
	298

	Great tit
	 1.59
	 .201
	348

	Varied tit
	 1.69
	 .228
	356

	Tree sparrow
	 2.09
	 .320
	335

	Budgerigar
	 2.19
	 .340
	314

	House martin
	 2.25
	 .352
	357

	Japanese bunting
	 2.56
	 .408
	370

	Red-cheeked starling
	 4.14
	 .617
	358

	Cockatiel
	 5.08
	 .706
	300

	Brown-eared bulbul
	 6.4
	 .806
	333

	Domestic pigeon
	17.1
	1.233
	247

	Fantail pigeon
	19.7
	1.294
	267

	Homing pigeon
	19.8
	1.297
	230

	Barn owl
	20.1
	1.303
	219

	Crow
	20.5
	1.312
	297

	Cattle egret
	27.5
	1.439
	251

	Lanner falcon
	41.2
	1.615
	242

	Mean
	 9.94
	 .690
	311


(19) Find the best-fit regression line.

Y = 368.06 – 82.452 X

(20) Interpret the value of the Y-intercept of the regression line in the context of this study.  What unit is it in (grams, metres, bpm, etc.)?

The y-intercept of the line is the embryonic heart rate in bpm
for an egg of mass 1g (log mass = 0).
(21) Calculate SS(resid), the residual sum-of-squares.

15750.3
(22) Calculate sY|X and specify its units.

29.58 bpm
(23) Interpret the value of  sY|X in the context of this study.

For any given egg mass, the standard deviation of embryonic heart rate is 29.58 bpm.
(24) Calculate the correlation coefficient r.

-0.842
(25) Interpret the value of r2 in the context of this study.

r2 = 0.7089 means that about 70.89% of the variability in embryonic heart rate is explained by the linear regression model.
Summary:








