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Time : 3 Hours Marks : 80

Instruction :
1. All Questions are Compulsory.
2. Each Sub-question carry 5 marks.
3. Each Sub-question should be answered between 75 to 100 words. Write every questions

answer on separate page.
4. Question paper of 80 Marks, it will be converted in to your programme structure marks.

1. Solve any four sub-questions.

a) Studies of the lifetimes of a certain type of electric light bulb have shown that the
probability of failure, q0, during the first day of use is 0.05 and after the first day of
use the “Force of failure”, μx, is constant at 0.01.

i) Calculate the probability that a light bulb will fail within the first 20 days. 2

ii) Calculate the complete expectation of life (in days) of a one-day old light bulb. 3

b) A tiny insect in Nanoland has a probability of death of 0.15 in the 1st year of its life
and a constant force of mortality of 0.02 thereafter.

i) Calculate the probability of the insect dying in the first 15 years. 2

ii) Would the expected life time of the insect at birth be higher or lower than that at
the beginning of the second year? Give adequate reasoning for your answer. You
need not calculate the latter life expectation. 3

c) Tx is the future life time of a life aged x who has survived to age x. Notations in the
question carry usual meaning.

A survival function is defined as Sx(t) = (K – x – t)/(K – x)

i) Derive an expression of μx+t. 2

ii) μx = 1/(100 – x) For 30 < x <  60 3

     = 0.025, otherwise

Find the probability that a life aged 20 exact will die between exact age 40 and 45.

d) State two advantages of using central exposed to risk in actuarial investigations as
opposed to initial exposed to risk.
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i) An investigation is carried out in respect of mortality of married women over
the period 1 October 2008 to 1 October 2012. The following data has been
collected for two specific lives: 2

Date of birth Wedding date Notes
Nita 1 December 1979 1 February 2010 Nita got divorced on

1 November 2010
Gita 1 April 1980 1 June 2011

ii) Calculate the contribution of each of the above two lives to the central and
initial exposed to risk at age 30 last birthday. 3

e) Data are often subdivided when investigating mortality statistics.
i) Explain why this is done. 2
ii) Discuss one potential problem with sub-dividing mortality data. 2
iii) List two factors which are commonly used to sub-divide mortality data. 1

2. Solve any four sub-questions.
a) Define and give one example of each. 5

i) Type I censoring
ii) Right censoring
iii) Random censoring

b) A certain profession admits new members to the status of student. Students may qualify
as fellows of the profession by virtue of passing a series of examinations. Normally
student members sit the examinations whilst working for an employer. There are two
sessions of the examinations each year.
An employer provides study support to student members of the profession. It wishes
to assess the cost of providing this study support and therefore wishes to know the
average time it can expect to take for its students to qualify.
The employer has maintained records for 23 of its students who all sat their first
examination in the first session of 2003. The students, progress has been recorded up
to and including the last session of 2009.
The following data records the number of sessions which had been held before the
specified event occurred for a student in this cohort:
Qualified 6 8 8 9 9 9 11 11 13 13 13
Stopped studying 4 5 8 11 14
The remaining seven students were still studying for the examinations at the end of
2009.
Calculate the Kaplan-Meier estimate of the survival function, S(t), for the “hazard” of
qualifying, where t is the number of sessions of examinations since 1 January 2003. 5
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c) For the data given in Q. 2 (b) above, obtain Nelson-Aalen’s estimate for survival
function. 5

d) An investigation into the mortality of patients following a specific type of major
operation was undertaken. A sample of 10 patients was followed from the date of the
operation until either they died, or they left the hospital where the operation was
carried out, or a period of 30 days had elapsed (whichever of these events occurred
first). The data on the 10 patients are given in the table below.

Patient number Duration of Reason for

observation (days) observation ceasing

1 2 Died

2 6 Died

3 12 Died

4 20 Left hospital

5 24 Left hospital

6 27 Died

7 30 Study ended

8 30 Study ended

9 30 Study ended

10 30 Study ended

Calculate the value of the Kaplan-Meier estimate of the survival function at duration
28 days. 5

e) A toy manufacturer is testing the lifetime of its new electric children’s toy. 500 are
set going at 9 a.m. one morning on test rigs plugged into the electricity supply and are
run until 5 p.m. the next day or until they fail whichever comes first. Unfortunately
the cleaner unplugged a test rig on which 17 toys were still working at 7 p.m. on the
first evening in order to plug his floor polisher in. Then, as he left work three hours
later, he took three of the still working toys for his children to play with. Of the other
480 toys it was found that 12 failed after four hours, 25 failed after 11 hours and a
further 8 failed after 31 hours.

Calculate the Nelson-Aalen estimate of the survival function. 5
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3. Solve any four sub-questions.
a) i) a) State one advantage of a semi-parametric model over a fully parametric

one. 1
b) Write down a general expression for the Cox proportional hazards model,

defining all the terms you use. 2
ii) When hazard rate is constant, derive pdf of the distribution of future life span. 2

b) A life office is trying to understand the impact of certain factors on the lapse rates of
its policies. It has studied the lapse rates on a block of business subdivided by:
• Sex of policyholder (Male or Female)
• Policy type (Term Assurance or Whole Life)
• Sales channel (Internet, Direct Sales Force or Independent Financial Adviser)
The office has fitted a Cox proportional hazards model to the data and has calculated
the following regression parameters:

Covariate Regression parameter
Female 0.2
Male 0
Term Assurance –0.1
Whole Life 0
Internet 0.4
Independent Financial Adviser –0.2
Direct Sales Force 0

i) State the sex/sales channel/ policy type combination to which the baseline hazard
relates. 1
A term assurance is sold to a female by an independent financial adviser.

ii) Calculate the probability that this term assurance is still in force after five years
given that 60% of whole life policies bought on the internet by Males have
lapsed by the end of year five. 4

c) An investigation into the risk factors associated with the mortality rate of the policy
holders of a life insurance company was undertaken.
The groups identification and respective vector of covariates are given as under:
• Z1 = 1, if lives were underwritten medically; otherwise it is 0 (i.e. for non medical

lives)
• Z2 = period from date of issuance of policy to the date of investigation in years
• Z3 = 0 if female; 1 if male
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“β” is a vector of parameters; the table given below provides the parameter values and
standard error for each covariates:

Covariates Parameter Standard error

Medical/Non medical –0.75 0.007

Duration 0.410 0.065

Gender 0.035 0.015

i) Defining all the terms you use, write down a general expression for the Cox
proportional hazards model in terms of a set of covariates, their associated
parameters and a baseline hazard function. 2

ii) Compare the probability of death for a new male policyholder who was accepted
without any medical examination to that of a same type of policyholder of the
same age who took out a policy 1.5 years ago. 3

d) i) Under Balducci assumption, prove that

( )
( )1 1

x
b a x a

x

b a q
q

b q− +
−

=
− −  for 0 1a b≤ < ≤ 3

ii) You are estimating ,0 1t xq t< < , under the assumption of UDD (Uniform
Distribution of Deaths) and CFM (Constant Force of Mortality) separately.

State with reasoning the relative size of t xq  under the two assumptions. 2

e) Given below is the distribution of the number of medical claims per policy during a
one year period for a block of 3000 insurance policies:

No of claims per policy Number of policies

0 1000

1 1200

2 600

3 200

4+ 0

i) Fit the Poisson model to the number of claims per policy using the method of
maximum likelihood. 3

ii) Construct the large-sample 90% confidence interval for the mean of the
underlying Poisson model that is symmetric around the mean and determine the
lower end-point of the confidence interval. 2
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4. Solve any four sub-questions.
a) An historian has investigated the force of mortality from tuberculosis in a particular

town in a developed country in the 1860s using a sample of records from a cemetery.
He wishes to test whether the underlying mortality from tuberculosis in the town is
the same as the national force of mortality from this cause of death, as reported in
death registration data. The data are shown in the table below:

Age-group Deaths in sample Central exposed National force
to risk in sample of mortality

5-14 13 3,685 0.0051
15-24 47 2,540 0.0199
25-34 52 1,938 0.0309
35-44 50 1,687 0.0316
45-54 33 1,386 0.0286
55-64 23 1,018 0.0230
65-74 13 663 0.0202
75-84 3 260 0.0070

Carry out an overall test of the null hypothesis that the underlying mortality from
tuberculosis in the town is the same as the national force of mortality and state your
conclusion. 5

b) You are provided with the following set of graduated rates, compared against the rates
from the standard table Indian assured Lives Mortality (2006-08).

Age Graduated rates Standard table
40 0.001504 0.001803
41 0.001674 0.001959
42 0.001874 0.002140
43 0.002106 0.002350
44 0.002378 0.002593
45 0.002696 0.002874
46 0.003066 0.003197
47 0.003494 0.003567
48 0.003985 0.003983
49 0.004539 0.004444
50 0.005154 0.004946

Carry out the Chi-square test to determine whether the graduated rates conform to
the standard mortality table rates.
You may assume that the exposure at all ages is constant at 100,000. Clearly state
your conclusion and any observation based on your test. 5
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c) As part of the exercise to price a group insurance scheme, a large life insurance
company has undertaken to investigate the mortality rate of the employees engaged
in a hazardous occupation. The following is an extract from the exercise.

Age group Average age Initial exposed observed

to risk Ex Deaths θx

20-25 23 900 2

26-30 28 1200 4

31-35 33 1300 5

36-40 38 1500 7

41-45 43 1100 8

46-50 48 800 9

51-55 53 650 9

56-60 58 350 5

It was decided to graduate results with reference to the standard mortality rate of an

assurance table published by the actuarial institute using a formula 2* s
xxq q=  the  is s

xq
the standard mortality rate.

The standard mortality rates from the assurance table for the average ages are given
below:

Age 23 28 33 38 43 48 53 58

Mortality rate 0.0011 0.0012 0.0013 0.0018 0.0027 0.0045 0.0075 0.0115

i) Explain the terms “Undergraduation” and “Overgraduation”. 2

ii) Test the graduation using grouping of signs test. 3

a) State the feature of the graduation it is designed to detect.

b) Carry out the test

c) State your conclusion

d) Discuss Graduation by Parametric formula. 5

e) Explain standardised Deviations test with reference to testing of graduated rates. 5
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