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INSTRUCTIONS:  Answer question one and any other two questions.  
 

QUESTION ONE (30 MARKS) 

a) Define the following terms as used in survival data analysis ; 

(i) Survival  analysis        (2 Marks) 

(ii)  Force of mortality        (2 Marks) 

(iii) Reliability  function       (2 Marks) 

b) Briefly explain what is meant by interval censoring and differentiate between type I type 

II censoring.         (4 Marks) 

c) Suppose that X is a random variable defined by the survival function: 

���� �  ��	�
�, � � 0, � � 0 

(i)  Obtain the p.d.f of x       (2 Marks) 

(ii)  Find the c.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)  The median 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  

12 23 27  30  33  45  45       (6 Marks) 

e) The details of fitting a proportional hazard regression model to response of patients to 

two types of treatment yielded the following co-efficients: 

Treatment I  (- 0.3189)  Treatment II (0.0172) 
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Express the data in a cox proportional hazard model and interpret the parameters. 

(4 Marks) 

QUESTION TWO (20 MARKS) 

a� Suppose T is a discrete lifetime that comes from a geometric distribution; 
...,.2,1,0,)1()( =−= ttf tθθ
 

Obtain; 

�i�  The survival function of T      (3 Marks) 
�ii�  The hazard function  of T      (3 Marks) 
�iii� The cumulative hazard function      (2 Marks) 

b� The survival function estimate is given by; )1()( j
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�ii�  Given that the above  formula is unstable in the tails of the distribution , write  

down an alternative formula to obtain the variance of ���t�  (3 Marks) 

QUESTION THREE (20 MARKS) 

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  a log-rank test of hypothesis to compare the two groups. Is the drug treatment 

effective?         (10 Marks) 

(Take ∝� 0.05, ��,�.��� � 3.841� 

b) A group of 15 lab rats are infected with a new 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   6 and 9   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 MARKS) 

a) Suppose that the total log likelihood of the random variable . 
T is given by ; 

 � !"#$  %& h$ ( )*$ + #$, %&)1 + h$,- 

Show that ; 
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b) Using the data obtained in 3(b) above, calculate the Var[.̂�0�1 and the confidence 
intervals for s(t)        (10 Marks) 

QUESTION FIVE (20 MARKS) 

a) Using the data in question 3(a) above, find the point estimates and the 95% confidence 
interval for 2 for both the treatment and control groups assuming the exponential 
distribution of failure times.       (8 Marks) 

b) Given a random variable X with p.d.f f(x)  determine  s(x) and E(x). 
(i) X  O  2  4  6  (2 Marks) 

F(x) ⅖  1 54   2 74   4 354  

(ii)  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) = ∑ 08�0�    (3 Marks) 

c) For a continuous random variable X with parameter vector 9,  p.d.f f(x, 9)  survival 
function S(x,9) and hazard function h(x, 9). Show that the log-likelihood function based 
on a sample ���,��,� � � � 
:)of which ���,��,� � � � 
;) is uncensored and 

��<��,�<��,� � � � 
:) is censored , is given by; 
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