MERU UNIVERSITY OF SCIENCE AND TECHNOLOGY

P.0.B0ox 972-60200 - Meru-Kenya.
Tel: +254 (0)799529958, +254 (0)799529959, +254 (0)712524293
Website: www.must.ac.ke Email: info@must.ac.ke

University Examinations 2019/2020

FOURTH YEAR, SECOND SEMESTER EXAMINATION FOR THE DEGREE OF
BACHELOR OF SCIENCE IN STATISTICS
SM S 3406: SURVIVAL DATA ANALYSIS

DATE: OCTOBER, 2020 TIME: 2HOURS

INSTRUCTIONS: Answer gquestion one and any other two questions.

QUESTION ONE (30 MARKS)

a) Define the following terms as used in survival data analysis;
(i) Surviva analysis (2 Marks)
(i1) Force of mortality (2 Marks)
(i) Reliability function (2 Marks)

b) Briefly explain what is meant by interval censoring and differentiate between type | type
Il censoring. (4 Marks)

C) Suppose that X is arandom variable defined by the survival function:
S(x)=e ™ x>0,1>0

(i) Obtain the p.d.f of x (2 Marks)
(i) Findthec.d.f. of x (2 Marks)
(iii) Find the hazard function of (2 Marks)
(iv) Obtain the mean residual life function of x (2 Marks)
(v) Themedian life function of x (2 Marks)

d) Given the following data on time to remission for a group of patients under maintenance
chemotherapy. Calculate the Kaplan-Meir estimator for the survival function.5 5 8 8
122327 30 33 45 45 (6 Marks)

€) The details of fitting a proportiona hazard regression model to response of patients to
two types of treatment yielded the following co-efficients:

Treatment | (- 0.3189) Treatment |1 (0.0172)
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Express the datain a cox proportional hazard model and interpret the parameters.

(4 Marks)
QUESTION TWO (20 MARKYS)
a) Suppose T is adiscrete lifetime that comes from a geometric distribution;
ft)=6(1-6)',t=012,. ...
Obtain;
(i) Thesurvival functionof T (3 Marks)
(ii) The hazard function of T (3 Marks)
(iii) The cumulative hazard function (2 Marks)
O n ]
b) The survival function estimateis given by; s(t) =uj (1-h;)
H <t
. s G
(i) Show that Var[s(t)] =[E [s(t)]* (9 Marks)

uj<t rj (rj _dj)
(i) Given that the above formulais unstable in the tails of the distribution , write

down an aternative formulato obtain the variance of S(t) (3 Marks)

QUESTION THREE (20 MARKYS)

a) The remission time in weeks for patients on drug treatment and on control treatment is
recorded in weeks.
Treatment 15 19* 21 22" 30 35
Control 7 8 10" 11 17" 19
Conduct alog-rank test of hypothesisto compare the two groups. Is the drug treatment
effective? (10 Marks)

(Take o= 0.05, x24,05 = 3.841)

b) A group of 15 lab rats are infected with anew drug. They are observed over the next 30
days and the following events are recorded.

Day Rat ID Event

3 4 Dies from effects of the drug

4 13 Dies from effects of the drug

6 7 Escapes from the cage

11 6and9 Dies due to effects of the drug
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17 1 killed by other rats

21 10 Dies from effects of the drug

24 8 Freed by accident during feeding

25 12 Freed accidentally by intern

30 investigation closes .Remaining rats feed

Obtain the Kaplan-Meier estimate of the survival function for the rats using Efrons
algorithm. (10 Marks)

QUESTION FOUR (20 MARK S)

a)

b)

Suppose that the total log likelihood of the random variable .

Tisgivenby;
L= {d;lohy + (1 - &) (1~ hy)}
Show that ;
m]
[}
h@-h Y% @-% 9% @Y%
Var(h;) = ¢ lz/(r /=/(r il (10 Marks)

J J J
Using the data obtained in 3(b) above, calculate the Var[$(t)] and the confidence
intervals for s(t) (10 Marks)

QUESTION FIVE (20 MARK S)

a)

b)
(i)

(i)

Using the data in question 3(a) above, find the point estimates and the 95% confidence
interval for B for both the treatment and control groups assuming the exponential

distribution of failure times. (8 Marks)
Given arandom variable X with p.d.f f(x) determine s(x) and E(x).
X O 2 4 6 (2 Marks)
F(x) 7 s 2/ Y35

A doctor treated 10 patients and tested them each day until the test was negative. The
number of testing days T was the random variable.

Days (t) 1 2 3 4 5 6
Patients 10 10 8 5 2 0
Obtain E(T) using the formula E(T) = Y. tf (t) (3 Marks)

For a continuous random variable X with parameter vector ¢, p.d.f f(x, ¢) survival
function S(x,¢) and hazard function h(x, ¢). Show that the log-likelihood function based
onasample (x;,x, - - — _,)of which (x; x, __ __ ) isuncensored and

(Xq11,Xd12,~ - - - x,,) iscensored , is given by;

=2 LI @1+ Y1 [s(x, 9] (7 Mark9
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