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Introduction 
The Examiners’ Report is written by the Examiners with the aim of helping candidates. The 
solutions given are only indicative. It is realized that there could be other points as valid 
answers and examiner have given credit for any alternative approach or interpretation which 
they consider to be reasonable.  
The report is written based on the legislative and regulatory context pertaining to the date 
that the examination was set. Candidates should take into account the possibility that 
circumstances may have changed if using these reports for revision. 



 

A. General comments on the aims of this subject and how it is marked  
 
The aim of the Actuarial Statistics subject is to provide a grounding in mathematical and 
statistical techniques that are of particular relevance to Actuarial work. Student should be 
able to demonstrate good understanding of the mathematical and statistical techniques and 
apply the same in solving practical problems. 
 
 
B. Comments on candidates’ performance in this session of the examination  
 
Students are advice to practice a lot and try to solve problems under actual exam conditions. 
Read the question thoroughly. Students should start with the most prepared questions. 
 
C. Pass Mark  
 
The Pass Mark for this exam was 50.  
216 candidates appeared and 34 passed.
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Solution 1: 
 

i) The distribution of the number of claims, N, in one year, is Poi(0.3). Hence the probability of no 
claims in one year is  

P(N=0) = 
0.30

0!
𝑒−0.3 = 0.740818                                                                                               

(1) 
ii) The probability of one or more claims in one year is  
 

 P(N>=1) = 1-P(N=0) = 1 – 0.740818 = 0.259182                                                               
 
If X is the number of years with one or more claim, then  
 
X ~ Bin( 4, 0.259182)                                                                                                          
 
So we have: 
         P(X=2) = 4C2 * 0.2591822 *(1-0.259182)2 = 0.221199                                                  

(2) 
 
iii) The waiting time , T, in years follows Exp(0.3) distribution 
       P( T >3) = 1 – F[3] = 𝑒−0.3∗3 = 0.40657      

  (2)                                                                       
    
iv)  To simulate a value from a discrete distribution, the following steps would be followed 
   

1. Calculate DF, F(n)                                                                                                            
2. For a random number r between 0 and 1, if F(n-1) <r <= F(n), then the simulated value is n 

   (1) 
 
v) The CDF is  
      

N  0 1 2 

P(N<=n) 0.74 0.96 0.99 

 
Since 0.74< 0.7521 <= 0.96, the first simulated value is 1. Since  0< 0.6521 < 0.74 the second simulated 
value is 0                                                                                                                  

(2) 
[8 Marks] 

Part (i),(iii),(iv) & (v) Most of the candidate got the correct answer. 
 
Part (ii) Few students struggled to answer this question. 

 
 
 

Solution 2: 
 

i) Sample variance = 
1

𝑛−1
(∑ 𝑥𝑖

2 − 𝑛𝑥̅2) 

Sample Sample Variance 

1 6.385 

2 22.814 

(1) 
 

ii)  

a) Test Statistic : 
𝑋̅−𝜇

√𝑆2/𝑛
 ~ tn-1 



IAI                                                                                                                                                            CS1A-0322 
 

Page 4 of 11 
 

Sample 1 
t = (19.8 -18) /sqrt(6.385/15) = 2.758 
P-value = 2*P(t14 >2.68) =  0.0153 < .02  
We reject null hypothesis and accept H1: µ ≠ 18 at 98% level of confidence     (2) 
b) Sample 2  
Confidence interval is given by 

𝑋 ̅ ∓ 𝑡.01,14 ∗ √𝑠2/𝑛   
 
19.8 ∓  2.6245 * sqrt(22.814/15) = (16.56 , 23.04) 
 
Since 18 lies between the confidence interval, we cannot reject null hypothesis at 98% level of 
confidence             (2) 
 
c) Sample 2 does not provide enough evidence to justify rejecting H0, despite having the same size 

and mean to Sample 1.  
The reason for the loss of significance is the much greater variation in the data in Sample 2  – the 

variance is three times bigger than in Sample 1 (22.814 v 6.386) 
– this greatly increases the standard error of estimation.        (2) 
 
d) With the larger sample of 100 claims the standard error of the sample mean will be smaller, 

giving a narrower confidence interval.          (2) 
 

e) The replacement of the extreme value will lead to  

- [Bonus]Sample mean, which means that the interval will be shifted to the left.       

- Reduction of variance of the sample will also be smaller with replacement of outlier value,  
- which will again give a narrower interval. 

(2) 
[11 Marks] 

Part (i), (ii) (a,b,c) Generally well answered. 
 
Part (ii) (d & e) Some students struggled to answer this questions. 

 
 
 

Solution 3: 
 
i)  Option C                           (1) 
 

X ~ Gamma(5,1/8)  

From Tables,  MX(t) = (1-
𝑡

𝜆
 )^(-𝛼) = (1-8t)^(-5)   

 

ii) Y = 
1

4
𝑋 , MY(t) = E[ etY] = E[e(1/4)*(t*X)] = MX(t/4) = (1- 8(t/4))^(-5) = (1-2t)^(-5)                                

 
So the moment generating function of Y is (1-2t)^(-5) 
 
By comparing this with the MGF of the Gamma distribution in the tables, we see that this is the same 
as the MGF of Gamma(5, ½) distribution. Looking at the definition of the chi-square distribution, we 
see that Gamma(5,1/2) is equivalent to chi-square distribution with 10 degrees of freedom                                                                                                                
 

By the uniqueness property of moment generating function , therefore we have shown that 
1

4
𝑋 ~𝜒10

2      

(2)                                                                                                                             
 
iii)  X ~ Gamma(5,1/8) where X is the claim amount in units of 1000 INR 
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2𝜆X  ~ 𝜒2𝛼
2  i.e (1/4)X ~ 𝜒10

2                                                                                                     
 
P(X> 40) = (X/4 > 10) = P(𝜒10

2  >10) = 1 – 0.5595 = 0.4405                                                       (2) 
 
 
(iv)  Since X and Y are independent. The MGF of X + Y is given by the product of MGFs.       

   MX+Y(t) = E[etX] E[etY] = (1-8t)^(-5) * (1-4t)^(-3)                                                                 

   MZ(t) = (1-8t/3)^(-8) 

  MZ(t) ≠ MX+Y(t), and therefore X + Y does not have a Gamma( 8,3/8)  distribution      (2)                                                                                                             

[7 Marks] 

Part (i), (iii) & (iv) Generally well answered. 
 
Part (ii) Many students did not explain the comparison of chi square distribution with the gamma df 
in words. 

 

 

 
Solution 4: 

i) Mean and Variances of policies 
 

Policy Number (i) 𝑥̅𝑖 𝑠𝑖
2 

1 4,061 6,252 

2 4,366 6,359 

3 4,274 6,216 

4 4,484 6,121 

  
E[m(θ)] = Overall mean = 4296.25 
E[s2(θ)] = Mean of the variances = 6237 

 
 

Var[m(θ)]  = 
1

3
∑ (𝑥̅𝑖 − 𝑥̅)2 −

1

3
4
𝑖=1 [

1

4
∑

1

2
∑ (𝑥𝑖𝑗 − 𝑥̅𝑖)3

𝑗=1
4
𝑖=1 ] 

= 
1

3
 [(4061 − 4296.25)2 + (4366 − 4296.25)2 + (4274 − 4296.25)2 +

(4484 − 4296.25)2] −  
1

3
 × 6237 

   
         = 29,905 
 

The estimated credibility factor is Z =
3

3+
6237

29905

   = 0.935 

 
Thus, the credibility premium for Policy Number 4 is 
 = 0.935 x 4,484 + 0.065 x 4296.25 = 4,471.8  

(4) 
 
ii) EBCT Model 2 can be used with risk volumes P(i,j) for each policy number for each year. 
P(i,1) = 1 , P(i,2)=1/1.2 and P(i,3)=1/1.2^2 
 
(Alternate solution: Adjust year-wise figures to bring it year 3 level. Multiply 1.2^2 to year 1 and 1.2 
to year 2. And then apply the EBCT Model 1 to adjusted on-level figures.) 
 
Data Required: Year wise data will be required since only totals are given.     (3) 
 
iii) Policy number 1 has a lowest mean. Removing it will reduce the variance of means, var[m(θ)]. 
The variance of policy number is similar to other policies and close to overall mean of variance.  
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Thus, 𝐸(𝑠2(𝜃)]  will remain similar and won’t change much. 
Hence, proportionately smaller var[m(θ)] will lead to reduction of credibility factor. 

(2) 
[9 Marks] 

Part (i),  (ii) & (iii) Despite this being a ECBT Model based question, students performed poorly may 
be due to lack of preparation. 

 
 
 

Solution 5: 
 

i) The integral over the domain 
 

∬ 𝑓(𝑥, 𝑦)𝑑𝑥𝑑𝑦
∞

0
  = 1 

  

∬ 𝑓(𝑥, 𝑦)𝑑𝑥𝑑𝑦
∞

0
  = 𝑘 ∬ 𝑒

−(3𝑥+
𝑦

5
)
𝑑𝑥𝑑𝑦

∞

0
  = k∫ 𝑒−3𝑥𝑑𝑥

∞

0 ∫ 𝑒−
𝑦

5
∞

0
dy  

∫ 𝑒−3𝑥𝑑𝑥
∞

0
  =- 

𝑒−3𝑥

3
|

∞

0
 = 

1

3
                                                                                                                      

                                                                                                                                                

∫ 𝑒−
𝑦

5
∞

0
dy = -5 𝑒−

𝑦

5|
∞

0
 = 5                                                                                                                       

                                                                                                                                                

Hence k*
1

3
*5 = 1 Hence k = 3/5                                                                                                             

                                                                                                                                                (3) 
 
ii) Answer B             (2) 
 
The marginal distribution of X is 

fX(x) = 3/5 ∫ 𝑒
−(3𝑥+

𝑦

5
)
𝑑𝑦

∞

0
 = 3/5 * 𝑒−3𝑥*∫ 𝑒−

𝑦

5
∞

0
 dy = 3𝑒−3𝑥                                                                                                                                                                                                      

 
The marginal distribution of Y is  

fY(y) =  3/5 ∫ 𝑒
−(3𝑥+

𝑦

5
)
𝑑𝑥

∞

0
 = 3/5 *𝑒−

𝑦

5* ∫ 𝑒−3𝑥𝑑𝑥
∞

0
= 1/5*𝑒−

𝑦

5                                                            

 
 
iii)  From the results of point (ii), it is found that  
  𝑓(𝑥, 𝑦) = fX(x) * fY(y) 
  
Hence joint probability function is the product of two marginal probability functions for all (x,y) in the 
range of the variables hence X and Y are independent                                                                                      

                                                                                                                                        (1) 
 
iv) The conditional probability P(X<=x|X>5) is 
 

P(X<=x|X>5) = 
𝑃(𝑋≤𝑥,𝑋>5)

𝑃(𝑋>5)
 = 

𝑃(5<𝑋≤𝑥)

𝑃(𝑋>5)
 = 

FX(x)−FX(5)

𝑃(𝑋>5)
 , x>5                                                                        

                                                                                                                                                  
Therefore, 

 f(x|x>5) = 
fX(x)

𝑃(𝑋>5)
 = 

3𝑒−3𝑥

𝑒−15  = 3𝑒15−3𝑥 , x>5                                                                                               

                                                                                                                                                  

Since P(X>5) = ∫ 3𝑒−3𝑥𝑑𝑥
∞

5
 = -𝑒−3𝑥|

∞

5
 = 𝑒−15                                                                                      

 (3) 
 
v) Option D                                                                                                                                (1) 
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The conditional expectation  

E[X| X>5] = ∫ 𝑥
∞

5
 f(x|x>5)dx  = ∫ 𝑥

∞

5
 3𝑒15−3𝑥dx 

 
By taking t = x – 5 
 

E[X| X>5] = ∫ (𝑡 + 5)
∞

0
 3𝑒−3𝑡dt = ∫ 3𝑡

∞

0
𝑒−3𝑡dt + ∫ 15

∞

0
𝑒−3𝑡dt 

 
[10 Marks] 

Part (i), (ii), (iii) & (v) Generally well answered 
 
Part (iv) Many students struggled while answering this question. 

 
 

 
Solution 6: 
 

Credibility factor Z = n / (n + s2/ σ2 ) 
No requirement to specify credibility factor. 
 
μ0 : No relationship  
1 Mark 
 
σ2 : Z will be an increasing function of σ2 . Higher variability in prior means less relevance and high 
spread making the prior less credible for estimation and hence, more credit to sample.    
 
s2 : Z will be an decreasing function of s2 . High sample variance indicates high spread of sample values 
over a wide range and hence, less reliable for estimation. Thus, with increase in sample variance less 
credibility given to sample value.                        [5 Marks] 

Most got relationships correct. Many candidates couldn’t provide proper explanation for all the 
factors. 

 
 

 

Solution 7: 
 
i) Option C                                                                                                                               (3) 
 
The distribution of sample means are 
 
𝑋̅ ~ N(500, 10)   𝑌̅ ~ N(510, 5)                                                                                                             
                                                                                                                                                  
 
𝑌̅ - 𝑋̅  ~ N( 510-500, 5+10) ~ N(10,15)                                                                                               
                                                                                                                                                  
 

P(𝑋̅ > 𝑌̅) = P(𝑌̅ - 𝑋̅ <0) = P(Z < 
0−10

√15
) = P(Z <-2.58) = 1 – P(Z<= 2.58) =1 – 0.99506 = 0.00494 

                                                                                                                                                
 

ii) P(𝑆𝑋
2 > 100) =  1 - P(𝑆𝑋

2 <= 100)   

                   = 1 – P(
9𝑆𝑋

2

100
 <=9) 

                   = 1 – P(𝜒9
2 <= 9)                                                                                                  

                  = 1- 0.5627 = 0.4373                                                                                               (2) 
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iii) Option B                                                                                                                                  (3) 
 

𝑆𝑋
2  and 𝑆𝑌

2 are independent and therefore 
𝑆𝑋

2   /100

𝑆𝑌
2 /25

  ~ F9,4 

     P[ 𝑆𝑋
2   < 𝑆𝑌

2 ] = P[
𝑆𝑋

2

𝑆𝑌
2  < 1] = P[

𝑆𝑋
2   /100

𝑆𝑌
2 /25

 <  
25

100
] = P[F9,4 < .25]                                                    

                                                                                                                                                 
 
 P[F9,4 < .25] = P[ F4,9 >1/.25] = P[F4,9 >4]                                                                                                 
                                                                                                                                                 
 
The value is between 2.5% and 5%, and interpolating, we find the probability is approximately 4.2%           
                                                                                                      
 

iv) P(SX >4SY) = P(SX/ SY > 4) = P( 𝑆𝑋
2 / 𝑆𝑌

2>16)  
 

P( 𝑆𝑋
2 / 𝑆𝑌

2>16)  = P(
𝑆𝑋

2  / 𝑆𝑌
2

4
 > 4) = P( F9,4 > 4)                                                                                    

 
From Table the required approximate probability is 10%                                                                         (2)       

                                                                                                                                  [10 Marks]  

Part (i), (ii), (iii) & (iv) Most students scored well on this question. 

 
 
 
Solution 8: 

i) If, taking a sample from the distribution parameterised by λ, the posterior distribution of λ 

belongs to the same family as the prior distribution then the prior is called a conjugate prior. 

 (2) 

ii) Assume Prior distribution of λ is Gamma(α, 𝛽).  

 X is the sample taken from exponential distribution then posterior density satisfies: 

f(λ|X) ∝ f(X|λ)f(λ)  

= [∏ 𝜆𝑒−𝜆𝑥𝑖𝑛
𝑖=1 ] ×

𝛽𝛼𝜆𝛼−1𝑒−𝛽𝜆

𝛤(𝛼)
 

 

 ∝ 𝜆𝛼+𝑛−1𝑒−𝜆(𝛽+∑ 𝑥𝑖
𝑛
𝑖=1 ) 

∝ pdf of Γ (α+n, β + ∑ 𝑥𝑖
𝑛
𝑖 ) 

 
This means that the posterior distribution of   also follows a Gamma distribution and therefore 
the Gamma distribution satisfies the definition of a conjugate prior. 

(3) 
 

iii)  

a) Given λ ~ Gamma (α, β) 

   𝐸 (
𝑛

𝜆
) =  ∫

𝑛𝑓(𝜆)

𝜆
𝑑𝜆

∞

0
 

  = ∫
𝑛𝜆𝛼−1𝑒−𝛽𝜆

𝜆𝛤(𝛼)

∞

0
𝑑𝜆 

  = 
𝑛𝛽

𝛼−1
∫

𝛽𝛼−1𝜆𝛼−2𝑒−𝛽𝜆

𝛤(𝛼−1)

∞

0
𝑑𝜆 

  = 
𝑛𝛽

𝛼−1
 ∫ 𝑝𝑑𝑓 𝑜𝑓 𝑔𝑎𝑚𝑚𝑎 (𝛼 − 1, 𝛽)

∞

0
𝑑𝜆 

  =
𝑛𝛽

𝛼−1
  𝑋  1 

  =
𝑛𝛽

𝛼−1
 

(2) 
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b) Using (ii), Posterior distribution of λ is Gamma (α+ n, β+ ∑ 𝑥𝑖

𝑛
𝑖 ) .  

Using (iii a), Posterior mean of n/λ    

=   
𝑛(𝛽+∑ 𝑥𝑖

𝑛
𝑖 )

𝛼+𝑛−1
   

  =  
𝑛𝛽

(α+ n −1)
+   

𝑛 ∑ 𝑥𝑖
𝑛
𝑖  

(α+ n −1)
 

      =  
𝛼−1

(α+ n −1)
 𝑋 

𝑛𝛽

𝛼−1
+   

𝑛

(α+ n −1)
 𝑋 ∑ 𝑥𝑖

𝑛
𝑖   

 

Consider Z = 
𝑛

(α+ n −1)
 

Using (iii a), 
𝑛𝛽

𝛼−1
 is 𝐸 (

𝑛

𝜆
)  

Thus, posterior mean of n/λ =  Z* ∑ 𝑥𝑖
𝑛
𝑖     + (1- Z ) * prior mean of n/λ  

  
(3) 

[10 Marks] 

Part (i) & (ii) were knowledge based and hence answered well. 
 
Part (iii) (a & b) is generally well attempted but some students struggled for this part. 

 
 

 

Solution 9:  
i) 
a) Correct Option is Option D                                                                                                                          (2)     
 
steps not required 
 
theta= log(mu) hence, mu = etheta 
E(Y) = b(theta) = mu = etheta 

b`(theta) = etheta = mu 
V(mu) = b``(theta) = etheta = mu 
Hence correct option is Option D 
                                                                                                  
b) Correct option is Option C                                                                                    (2)                                                                                                            
 
steps not required 
 
b(theta) = -log(-theta) 
mean = E(Y)= b`(theta) = -1/theta  
as theta=1/mu, b`(theta) = mu 
variance function is V(mu) = b``(theta) = 1/theta2 = mu2 

Hence, variance is  V(mu) / a(phi) = mu2/1 = mu2 
Hence, correct option is Option C i.e. mean=mu and variance = mu2 
 

ii)                                                                                                              
a) Interaction term means that effect of age band on accidental hospitalisation claims depends on 

the gender of the insured and significant indicates that accidental hospitalisation claims are better 
modelled with interaction term, when claims for any age group change with respect to gender of 
the insured. 

 
E.g. accidental hospitalisation claims are expected to be higher for males compared to females for 
any age group.  
This can be achieved in the model by having Beta_males > Beta_females across age groups. This 
will result in higher expected accidental hospitalisation claims for males compared to females for 
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any age group (assuming only other parameter is for age band which is same for males and females. 
             (4) 

 
b) Policy renewal is binary event for a single policy. Hence, predicted policy renewal rate (say, mu) for 

a group of policies can vary between 0 to 1. 
 

If logit link function is used, then  
eta = log(mu/(1-mu)) 
mu/(1-mu) = exp(eta) 
mu = exp(eta) – mu*exp(eta) 
mu(1+exp(eta)) = exp(eta) 
mu = exp(eta)/ (1+exp(eta)) = 1/(1+exp(-eta)) = (1+exp(-eta))^-1 
 
This is expected to result in the range of 0 to 1 for mu as required - renewal rate for a group of 
policies. 
Hence, logit link function can be used for renewal rate.                                                                (4) 

 
iii)  

a)  
 

  Model 1 Model 2   

SSREG         1.380          2.380  Given 

A         1.380          2.380  as A/1 = SSREG 

B         4.000          3.000  B=5.38-A 

C         0.333          0.250  C= B/12 

F         4.140          9.520  F=SSREG/C 
 

 (4) 
 
 
b)  
H0 = Beta parameter is zero (no linear relationship) 
H1 = Beta parameter is not equal to zero (linear relationship is present) 
 
For Model 1, F = 4.14, this is between 5% critical value of 4.747 and 10% critical value of 3.177 
Hence, we have sufficient evidence to reject null hypothesis that beta parameter is zero at 10% level 
(but cannot be rejected at 5% level) indicating linear relationship between response variable and 
predictor variable at 10% level 
 
For Model 2, F=9.52 is greater than critical value at 1% level as well. 
Hence, we have sufficient evidence to reject null hypothesis even at 1% level indicating linear 
relationship between response variable and predictor variable at 1% level 

(3) 
 

c)  R2 = SSREG /SSTOT 

 

For Model 1, R2 = 1.38/5.38 = 25.7% and 
For Model 2, R2 = 2.38/5.38 = 44.2% 
 
As % of variation explained by model 1 and Model 2 is low (based on low value of R2 of Model 1 and 
Model 2), we can conclude that none of the model is good fit to the data and hence, models are not 
suitable for prediction purpose (though there is linear relationship between response and predictor 
variable for Model 1 and Model 2 as indicated in part b) 

(3) 
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iv) 
a)  
Based on Result 1 

 Model using x as predictor is significant improvement over null model   

 As reduction in deviance (by 1769) is significantly more compared to 2 times the loss in 
degrees of freedom by 1 when x is used as predictor over null model  

 Result is significant even at 0.000001 level as p value is smaller than that  
 
 

Based on Result 2 

 Model using interaction term between x and region is significant improvement over model 
using just x as predictor  

 As reduction in deviance (by 87) is significantly more compared to 2 times the loss in degrees 
of freedom by 2 when interaction between x and region is considered over model using just x 
as predictor  

 Result is significant at 0.005 level as p value is smaller than 0.005  
(4) 

 
b)  
Based on Result 3 

 Model using only main effect of x and region is not significantly different compared to model 
using interaction between x and region  

 As reduction in deviance (by 0.037) is less than 2 times the loss in degrees of freedom by 1 
when interaction between x and region is considered over model using just the main effect of 
x and region 

 As p value (0.92) is much more than 90%  and  
 
Comparing Result 2 and Result 3 

 Model using only main effects of x and region is significantly better than model using x as 
predictor  

 as reduction in deviance is significantly more compared to 2 times the loss in degrees of 
freedom by 1 when main effect of x and region are used as predictor over model using only x 

 and p value to be significant at 0.005 level  
  

 We prefer simpler model i.e. Model with only main effects of x and region over complex model 
i.e. Model having interaction between x and region as additional complexity is not justified by 
better prediction   

(4) 
[30 Marks] 

Part (i)(a & b), (ii)(a & b), (iii)(a) Students answered very well. 
 
Part (iii)(b & c), (iv)(a & b) Some students struggled for this part. 

 
 

 

Additional Comments 
In general, it appears that many students have appeared in the examination without proper 
preparation. The performance was poor for the regression-based questions.  
Students are advised to practice a lot and solve questions under actual exam condition. The 
questions should be read properly before answering. 

 
********************* 

 

 


