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INST RUCTIONS: Answer Question 1 and attenpt any other two Quan‘ons.
Que%non 1 (30 marks) b

a. An article describes a cancer testing scenario: 1% of women have breast cancer,
80% of mammograms detect breast cancer when it is there and 9.6% of
mammograms detect breast canver when it's not there. What are the chances of a
woman ha\-’ing cancer? (i.e. probability of positive test result).

o ¥ (3 marks)

b. Let X,,...X. be iid Poisson(A), and let A have a gamma(a ) prior distribution. Find
the posterior distribution of A. Show that the posterior mean approaches the
maximum likelihood estimate asn ~ oo, (8 marks)
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c Bneﬂv describe Gibbs sampler for parameters 8,,6;,and 8. ) with joint
dlstnbutlon p(¥16,,6,,65) p(qlv ; ; (4 marks

Ea I -X W S

d. Enc and Alex each suspect that a particular coin is bmsed and that the
probablht} 6 of “heads” is actpally greater than 0.5. They Jpropose two different
q;penments to test this belief statistically. Eric will toss ghe coin 10 times and

re(.ord as his test statistic the number of heads obtained i the 10 trials. Alex will
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tOll the coln repeatedly until 2 tuilu have been obtained in total. A! this point Alex
will use us his test stutlstic then number of heads he has obtamed in his series of
tomse | = o .a,

1t turnq out that of Fric’s 10 tosscn 8 were heads and at the pomt that Alex gets
I8 second tail, he hus aocumulaud 8 heads. Bayesian Betty dest to assume 8
(mmulnf ormative) prior for 6 of
P(O)'lv 0s6s 1. [‘
Show that Baycsian inference babed on the posterior distribution for 8 will be
exactly the same whether, as her gbserved data, she uses the results of Eric’s
experiment or uscs the results of Alex's experiment, Discuss how this relates to

the Likelihood Principle, : | ‘(9 marks)

e. A drug company has developed n new drugs. Based on m‘tmr studies, the
Posterfor probability that drug j is effective is 6, € (0,1), independent over j. The
company must now decide which drugs are promising enough to conduct a large-
scale trial to conclusively demonstrate their effectiveness. The pompany has
unlimited money to initiate these trials. If drug j is really effective but they decide
not to pursuc a trial, it costs the company L, shillings in lost profits. If the
company pursucs a trial for drug j and it turns out not to be effective, it costs the
company K, ghillings. Va ¥

What is the Bayes decision rule in this case? That is, a vectord = (d‘, dy, o, dy)
where d; = 1if o trial is initiated foryugj and d; = 0 otherwise. ~ (6 marks
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Question 2 (20 mn rks) ) y
i f

a. Assume that you want to investigate the proportion (8#) of defective items
manufactured at & production line. Your colleague takes at random slamp]e of 30
items. Three were defective in the sample. Assuming a uniform prior for 8 determine
the posterior distribution. (1o marks)

b. A insurance company is faced with taking one of the following 3 actions: ’:a,: increase

sales force by 10%; u,: maintain present sales force; a,: decrease sales fcrce by 10%.

Depending on whether or not the economy is good ( 8,), mediocre (4, ), pr bad (8,),

would expect to lose the following amounts of money in each case:

the company !
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The - company believes that @ has the probabilitgé distribution
x(ﬁﬂ)u()l,x({),)-03‘;;(93).0_5 i | -

L

() Order the action according to their Bayesian expected loss (equivalent to Bayes risk,
here), and state the Bayes action, * (7 marks)

%

(1) Orderthe actions according to the minimax principle and find the minimax action,

. ¢ (3 Marks)
Question 3 (20 marks) ;’ |

a. Lei x be a single observation from N(y, 1), and let u have a prior distribution

ML OL YT :

On the whole real line.
() Find the posterior distribution of u given x. . (6 marks)
() What is the Bayes estimator for # under squared error loss. - (6 marks)

- Consider the maternal condition placenta previa, an unusual condition of
pregnancy in which the placenta is implanted very low in the uterus, obstructing

the fetus from a normal vaginal delivery.

An early study concerning the sex of placenta previa births found that of a total
of 980 births, 437 were female. Assume a uniform prior distribution for the
probability of a female birth, '

()  Construct the posterior distribution for the probability of a female birth
: {

; given data. { i (6 marks)
() Evaluate the posterior mean and posterior variance of the posterior -
! distribution obtained in'(i). ; (4 marks)
. i . ;
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sition of individusls
Sociologists have long been interested in socnl mobility - the tmmj::::}nn'der a society

between social classes ddined on the basis of income of pomipetion class (state 1), the
With three social classes. Each individual may belong to the Jower ote mmﬁ:ma!
middle clags (state 2), or the upper class (state 3). suppose R, FEEE
mobility is described by the transition matrix P
4§
05 ‘03 0.2
(0.2 07 01
01 03 06

.. Determme the transition diagram from this transition matrix (smarks)
b. What will be the proportions of lower, middie and upper class after 5 years.
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