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Instructions:
Answer any three questions.
i.  Candidates are advised not to write on the question paper.

ii.  Candidates must hand in their answer booklets to the invigilator while in the
examination room.
iii.  Statistical software for data analysis may be used.



QUESTION ONE

A researcher is investigating whether a new drug is more effective than an existing one. Let H, be
the hypothesis that the new drug has the same effectiveness as the existing one, and H, be the
hypothesis that the new drug is more effective.

The effectiveness is measured by a parameter 6. Assume the prior distributions:

e H,:6 ~ N(0,1) (standard normal)
e H;:6 ~ N(1,1) (shifted normal)

A sample of n = 10 patients is taken, and the sample mean effectiveness is x = 0.8, with known
variance % = 1.

i.  Compute the Bayes Factor BF, in favor of H;. (20 marks)
ii.  Ifthe prior odds P(H,)/P(H,) = 1, what is the posterior probability of H;? (10 marks)

QUESTION TWO

a. Suppose X;,X,,..., X, are i.i.d. from a normal distribution N (8, a?), where a2 is known.
Consider testing:

H0:9=00VS H1:9¢90
I.  Derive the likelihood ratio test (LRT). (4 marks)
ii.  Show that the LRT statistic follows a chi-square distribution under H,. (3 marks)

iii.  Compute the critical region at a significance level a. (3 marks)
b. Consider the Bayesian hypothesis test:
Hy:0 =0vs Hi:0 #0

where 8 ~ N(0,72) a priori and data X4,...,X,, ~ N(8,5?). Compute the posterior probability of
H,. (10 marks)

QUESTION THREE
a. The following data represent the time (in hours) taken to develop a computer program by
two groups of computer scientists

Group 1:2.4,1.5,2.0,1.9,2.3,2.9,28, 26, 3.5,45,3.7,55,2.8,6.5, 5.6

Group 2: 2.6,1.5,1.3,24,29,3.0,3.1,39,29,3.9,4.8

Assuming normality of data, perform LR Test to test the significance of

Ho: M1 = M2 against Hy: li£ o (10 marks)

b. Suppose we have paired data (X;, Y;) and we wish to test:
Ho:X; =Y;vs H: X; # Y

using the Wilcoxon signed-rank test. Show how to compute the test statistic and its asymptotic
distribution. (10 marks)



QUESTION FOUR

a) To study the impact of Supracide on heart rate of a variety of slug, the slugs are kept in
supracide for a week. The heart rate of slugs before (xij, heart-beat/minute) and after (xy;,

heart-beat/minute) keeping the slugs in supracide are given below
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Test whether supracide is creating problem to the slugs

(5 marks)

b) Out of 100 students in a course 15 students got A grade and out of 75 students in another
course 8 students got A. test whether the proportion of students getting grade A in two

courses are the same.

(7 marks)

c) Inamonth there are 125 births in a hospital A, of which 55 are affected by jaundice, while
in two consecutive months the proportion of jaundice-affected babies among total of 260
babies is 0.35. Test whether there is a significant difference in the proportion of jaundice-
affected babies in two months

QUESTION FIVE

(8 marks)

a. In collecting the information, new born babies from two separate hospitals, the following

information are recorded.

HOSPITAL 1
Gestation period Xi; | 270 | 260 | 250 | 265 | 266 | 262
Birth-weight yyi(inlb) | 70 |65 | 6.2 | 7.0 | 6.1 | 5.8
HOSPITAL 2
Gestation period Xi; | 263 | 265 | 270 | 255 | 260 | 260
Birth-weight ysj(inIb) | 6.3 | 7.0 | 7.1 |55 |65 | 6.8

Test whether the influence of gestation on birth-weight of babies in the two hospitals are

similar

(10 marks)

b. Consider a Bayesian hypothesis test where the parameter 6 follows a prior 6 ~ N(5,4). A
sample of size n = 25 is collected, yielding a sample mean x = 5.5 with known variance

0% =1.

i.  Compute a 95% Bayesian credible interval for 6.

ii.  Compare this to the 95% frequentist confidence interval.

(10 marks)
(10 marks)



