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INSTRUCTIONS:  Answer question one and any other two questions  

QUESTION ONE - (30 MARKS)  

a) The discrete random variable T has times to failure t = 0,1,2,3 ……with corresponding 
survival function sj and probability mass function   for t = j, j  𝑓𝑗 𝜖𝑤

(i) Show that the expected time to failure is given by; 
        

         (3 Marks) j
j

S
 0

 
(ii) The random variable T represents the number of complete days after the start of 

application of medication, for pimples to disappear from a sensitive teenager’s face. 

The probability mass function f(t) is given below. 

t  0 1 2 3 4 5 

f(t) 0.449 0.359 0.144 0.038 0.008 0.001 

Determine the survival function s(t), the expectation E(x) giving all answers correct 

to three decimal places.       (6 Marks) 

b) For a random variable x , the probability density function f(x) is given by; 

f(x) = sin x for 0  ≤ 𝑥 ≤ 𝜋
2

f(x) = 0 elsewhere 
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Determine expressions for the survival function and the hazard function, and show that the 

integrated hazard function is LnSecx      (6 Marks) 

c) The diagram shows the graphs of two exponential survival functions So(t) (Continuous 

curve) for the time to recovery of a control group of patients suffering from fever, but 

were given no treatment, and (t) (dotted curve) for a group of patients who were also 𝑆1

suffering from the same fever but who were given treatment for the fever. 

 

 

 

 

 

 

 

 

 

 

(i) Read from the graphs and approximate values of (0,2) and (0,4) 𝑆1 𝑆0

(1 Mark) 
(ii) Read from the graphs an approximate values of t for which  for 𝑆0(𝑡) =  0.75

which (t) = 0.75 and the median for each of these curves, giving your 𝑆1

estimates correct to two decimal places.    (2 Marks) 
(iii) Comparing your answers in (ii) describe the type of model that you suspect 

these two survival functions represent.    (1 Mark) 
(iv) Based on your earlier answers what can you conclude about the effect of the 

treatment given.       (1 Mark) 
d) The life in months, with the usual wear and tear of a library book in MUST can be 

modeled by the continuous random variable x, with survival function S(x) as given 
below. 
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 S( ) =  𝑥 { 1 ―  𝑥 100              𝑓𝑜𝑟  0 < 𝑥 ≤ 25
                        

            
𝑘

𝑥1.5              𝑓𝑜𝑟 𝑥 > 25,𝑘 𝑖𝑠 𝑎 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡    

(i) Determine the value of k.       (3 Marks) 
(ii) Determine correct to the nearest month, the life expectancy for a library book in 

MUST.         (3 Marks) 
e) A random variable T has a survival function S(t)= exp[- ]. ( ∝ 𝑡)𝛽

(i) Make a suitable transformation of the equation to obtain an equivalent 
equation in linear form. 

(ii) The diagram shows the graph of ln[- S(t)] against ln t for a set of data, which 𝑙𝑛
is thought to have a survival function of the form given in (i) above. Use athe 
graph to determine the values of A and B correct to 1 decimal place.(4 Marks) 

 

 

 

 

 

 

 

 

 

 

 

QUESTION TWO (20 MARKS) 

a) For a continuous random variable x with parameter vector  probability density function 𝜙,
f(x , ) , survival function S(x , ) and hazard function h(x, , show that the log- 𝜙 𝜙 𝜌)
likelihood function, , based on a sample ( , , . . . . , of which  ( , , . . . . , is  ℒ 𝑥1  𝑥2  𝑥𝑛) 𝑥1  𝑥2  𝑥𝑑)
uncensored, and ( , , . . . . , is censored , is given by; 𝑥𝑑11  𝑥𝑑12  𝑥𝑛)
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 +     (6 Marks)  ℒ = ],(ln[
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b) Alexander forbes has ten actuarial science student s working in their firm on attachment. 
The supervisor assigns each of them a task, which he expects them to finish within one 
hour. He reckons that the time of  x hours taken to complete the assignment can be 
modeled by the probability density function where 𝑓 (𝑥)𝜃)

 

  f(𝑥;𝜃) =  {𝜃(1 ― 𝑥)0 ― 1             𝑓𝑜𝑟  0 < 𝑥 < 1 𝑎𝑛𝑑 𝜃 > 0   
0              𝑒𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒

(i) Determine the cumulative distribution function, the survival function and hazard 
function of x.        (3 Marks) 

(ii) Show that if d  of these times are uncensored, and the rest are censored, then the log 
likelihood function  can be expressed as;  = d  + (0 -1) ℒ  ℒ ∽ 𝜃

      (3 Marks) )1ln()1ln(
10

11
j

j

d
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(iii) Show that the maximum likelihood estimator of  is given by; 𝜃

  =        (2 Marks) 𝜃
𝑑

(iv) The times to complete the assignment were recorded by the supervisor as follows: 
0.254, 0.165, 0.367, 0.089, 0.475, 0.033, 0.626, 0.005, 0.461, 0.337. Determine the 
maximum likelihood estimate of  based on this sample.  (3 Marks) 𝜃

(v) A year earlier another group of ten students, on attachment at the firm, had been 
given the same assignment, but two students left before completing their assignment, 
having had an urgent call to return home immediately to attend an uncle’s funeral. 
The times were 0.049, 0.007, 0.056, 0.439, 0.518, 0.476, 0.438, 0.199, 0.257, 0.318. 
Determine the maximum likelihood of  based on this sample.   (3 Marks) 𝜃

QUESTION THREE (20 MARKS) 

Fifteen volunteers were called to a ‘cold’ center to be infected with a common cold virus, and 
then to be given medication in order to find out how quickly the medication could cure the virus. 
The experiment was to run for 10 full days only. 

Angaine and Mutiso were both involved in an accident the day before the experiment began and 
were hospitalized, so they could not take part. 
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Dathrew drank a bad concoction of chang’aa the night before the experiment began and died the 
same night. 

By the end of day 3, Ali, Benson and Charles had completely recovered, and were sent home. 

During day 5, Oloo was advised that his best friend had died and left before being cured. At the 
end of day 6, David had completely recovered and went home. 

During day 8, Gitau got tired of the diet offered at the centre, and left that evening. 

At the end of day 10, Jack and Ken were still feeling the effect of the cold, but were sent home 
anyway. 

a) Identify from the volunteers one example of each of the following types of censoring. 
 
(i)       Left censoring       (1 Mark) 
 
(ii)     Right censoring       (1 Mark) 

(iii) Type I censoring and also explain why this experiment could have no case of 
Type II censoring.      (2 Marks) 

b) Calculate the Kaplan meier estimator of the survival function s(t) for time 0 , ≤ 𝑡 ≤ 10
keeping calculations correct to four decimal places.        (6 Marks) 

c) (i)   Calculate the 95% confidence interval for s(6). Using Greenwood’s formula for the 
variance of s(6), keeping calculations correct o four decimal places. (6 Marks) 
(ii)    Calculate the 95% confidence interval for s(t) using the formular; 

 Var [ (t)] =      (4 Marks) 𝑆 {[𝑆 (𝑡)]2[1 ―  𝑆 (𝑡) 
𝑟(𝑡) }

QUESTION FOUR (20 MARKS) 

a) Mr. Njoroge, the principal of a High School monitored over the four years of their stay , a 
cohort of students, who had been admitted to the school in the year 2007. The table below 
gives the number , enrolled at the start of the year, the number , who dropped out at the 𝑟𝑗 𝑑𝑗

end of the year for known reasons and the number , who absconded during the year, for 𝑐𝑗

each year. Using this information as a representative sample, determine the Kaplan-meir 
estimator of the survival function s(x) over each interval , and also the 95% confidence 
interval for s(x), for values of x just after the interval 1  using Greenwood’s ≤ 𝑥 ≤ 2
formula, and also for values of x just after the interval  2  using the formula  ≤ 𝑥 ≤ 3

Var [ (x)] =        (11 Marks) 𝑆 {[𝑆 (𝑥)]2[1 ―  𝑆 (𝑥) 
𝑟(𝑥) }

 
Time in school in years       𝑐𝑗 𝑐𝑗 𝑑𝑗


