
 



1. A new insurance company launched certain insurance products in 2015. As this was 

a new line of business for it then, it has been using the standard mortality table rates to 

price its product and continues to do so since then. Over the years, it has gathered 

mortality claims data on its business, which can be used to set its future mortality 

assumptions. However, the products team is insisting on keeping the mortality 

assumptions unchanged (same as used since 2015) to price its new products. The Chief 

Actuary has asked to perform an analysis and validate the suitability of these standard 

rates.  

 

The table below summarizes the experience analysis numbers from the policies sold by 

the insurance company and the standard mortality rates it has been using so far   

 

 

i) Carry out Chi square test at 5% confidence interval to check whether the underlying 

mortality for the insurer is same as the standard mortality rates. 

 

ii) Based on (i) above, state your recommendation.  

 

 

2. A large life insurance company has been selling term assurance plan for number of 

years and has carried out a mortality investigation for the first time recently. Mr. 

Bimankak, the company’s Appointed Actuary is generally satisfied with the results and 

has recommended that the mortality rates obtained be used for setting mortality 

assumptions in the future. However, Mr. Bimankak has also suggested that the crude 

rates from the investigation are ‘smoothed’ before using them in actuarial calculations. 

He has sought your opinion on the appropriate method for graduation.  

 

Briefly describe three methods of graduation that can be used, stating clearly the 

advantages and disadvantages of each as relevant to the insurance company. [9] 

 

 

 

 



3. A specialist insurer sells only term assurance policies through a number of banks. It 

has collected claims data from last ten years of operations and this is provided below.  

 

The insurer wishes to use the mortality rates based on its own experience for valuation 

purposes and also for pricing any new products in the future. 

 

 

 

You have been asked to determine a set of graduated rates from the crude estimates 

provided above for use by the insurance company.  

 

A graduation has been carried out and you are provided with the following graduated 

rates: 

 

 

 

The Appointed Actuary is concerned that individual bias may have led to the rates being 

either under- or over-graduated.  

 

a) Discuss the actuary’s concern. 

Clearly state the null hypothesis and carry out the chi-square in conjunction with 

another appropriate test to determine whether or not the crude rates are under- or 

over-graduated. (10)  

 



b) Comment on your conclusions from part (ii) and the appropriateness of using the 

chi-square test in this case. (3) [19] 

 

 

4. i) List the methods of graduation. Describe how smoothness is ensured when 

mortality rates are graduated using each method? (3)  

 

ii) Explain why a mortality experience would need to be graduated. (2)  

An actuary has conducted investigations into the mortality of the following classes of 

lives:  

I. Members covered under PMJJY (Pradhan Mantri Jeevan Jyoti Bima Yojana)  

II. Female population of a large developing country  

III. Patients suffering from brain cancer in a small province.  

 

The actuary wishes to graduate the crude rates for each of the above classes of lives  

 

iii) State an appropriate method of graduation with rationale for each of the three classes 

of lives and, for each class, briefly explain your choice. (3)  

 

A large life insurance company has graduated the mortality experience of a business 

portfolio. The original data and the graduated rates are as follows 

 

 

 

iv) Test the graduation for overall goodness of fit. (4) [12] 

 

 



5. 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. 

 

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 

 

The  is the standard mortality rate. The standard mortality rates from the assurance 𝑞
𝑥
𝑠

table for the average ages are given below: 

 

 

 

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

 

(ii) Using a test of the overall fit of the graduated rates to the data, test the hypothesis 

that the observed mortality rates are in accordance with the graduated rates as per the 

formula given above. (6)  

 

(iii) Test the graduation using two other tests i.e. signs test and grouping of signs test. 

For each test:  

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

(b) Carry out the test.  

(c) State your conclusion. (6) [14] 

 

 

 

6. State the two factor Lee-Carter model. Define all the parameters and state the two 

constraints used while estimation. [5] 

 

7. i) Give four important reasons as to why the crude mortality rates needs to be 

graduated.  

ii) Graduation of mortality rates was done as per the following table. Find range of “p’ 

with appropriate explanations, such that 99% confidence interval is reached as per 

Chi-square test.  



 

iii) State four other types of tests that may be used other than Chi-square test for 

goodness of fit.  

iv) State two disadvantages of Age-period-cohort model. 

 

 

8. i) Explain what is meant by graduation and the aims of graduation (2)  

ii) Explain the three desirable features of graduation (1)  

iii) Describe what is meant by ‘over-graduation’ and ‘under-graduation’ (2)  

iv) In one of the mortality studies, the crude mortality rates have been fitted by using the 

below equation 

 

Where  is the probability of a person aged x dying before age x+1 and A, B, C, D are 𝑞
𝑥

parameters that were estimated by least squares.  

The parameters were estimated separately for males and females and are as given below 



 

For the above ages, derive the graduated rates using the formula given above (4) 

v) Perform an overall test of the graduation process and comment on the 

appropriateness of the graduation. (3) [12] 

 

9. How is mortality projected by expectation method? 

 

10. i) Define the type of graduation in the figure below: (1) 

                          

ii) How do you test smoothness while performing graduation? (3)  

iii) State the disadvantages of the Chi-Square test as a test of a mortality experience. (3)  

iv) List one test that does not require making any assumption while testing for mortality 

experience. (1) [8] 

 


