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Introduction

The Examiners’ Report is written by the Chief Examiner with the aim of helping candidates,
both those who are sitting the examination for the first time and using past papers as a revision
aid and also those who have previously failed the subject.

The Examiners are charged by Council with examining the published syllabus. The Examiners
have access to the Core Reading, which is designed to interpret the syllabus, and will generally
base questions around it but are not required to examine the content of Core Reading
specifically or exclusively.

For numerical questions the Examiners’ preferred approach to the solution is reproduced in this
report; other valid approaches are given appropriate credit. For essay-style questions,
particularly the open-ended questions in the later subjects, the report may contain more points
than the Examiners will expect from a solution that scores full marks.

For some candidates, this may be their first attempt at a professional

qualification examination. The Examiners expect all candidates to have a good level of
knowledge and understanding of the topics and therefore candidates should revise thoroughly to
prepare for closed-book and in-person examinations. In our experience, candidates that are
insufficiently prepared are not successful because of lack of knowledge, time management issues
and/or because they do not properly answer the questions.

Many candidates rely on past exam papers and examiner reports in preparing for exams. Great
caution must be exercised in doing so because each exam question is unique. As with all
professional examinations, it is insufficient to repeat points of principle, formula or other
textbook works. The examinations are designed to test “higher order” thinking including
candidates’ ability to apply their knowledge to the facts presented in detail, synthesise and
analyse their findings, and present conclusions or advice. Successful candidates concentrate on
answering the questions asked rather than repeating their knowledge without application.

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.

Sarah Hutchinson
Chair of the Board of Examiners
June 2025
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A. General comments on the aims of this subject and how it is marked

CM1 provides a grounding in the principles of modelling as applied to actuarial work focusing
particularly on deterministic models which can be used to model and value known cashflows as
well as those which are dependent on death, survival, or other uncertain risks.

Please note that different answers may be obtained to those shown in these solutions depending
on whether figures obtained from tables or from calculators are used in the calculations, but
candidates are not penalised for this. However, candidates may not be awarded full marks
where excessive rounding has been used or where insufficient working is shown.

Although the solutions show full actuarial notation, candidates were generally expected to use
standard keystrokes in their solutions.

Candidates should pay attention to any instructions included in the questions. Failure to do so
can lead to fewer marks being awarded. In particular, where the instruction, “showing all
working” is included and the candidate shows little or no working, then the candidate will be
awarded very few marks even if the final answer is correct.

Where a question specifies a method to use (e.g. determine the present value of income using
annuity functions) then, if a candidate uses a different method, the candidate will not be
awarded full marks, indeed, the candidate might even be awarded no marks.

Candidates are advised to familiarise themselves with the meaning of the command verbs (e.g.
state, determine, calculate). These identify what needs to be included in answers in order to be
awarded full marks.

B. Comments on candidate performance in this diet of the examination

The comments that follow the questions concentrate on areas where candidates could have
improved their performance. Where no comment is made, the question was generally
answered well. The examiners look most closely at the performance of the candidates close to
the pass mark and the comments therefore often relate to those candidates.

As in previous exam diets, there appeared to be a large number of insufficiently prepared
candidates who had underestimated the quantity of study required for the subject.

Where candidates made numerical errors, the examiners awarded marks for the correct method
used and also for the parts of the calculation that were correct. However, many candidates often
did not show enough of their working to fully benefit from this.

C. Pass Mark

The Pass Mark for this exam was 59.
1376 presented themselves and 548 passed.
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Solutions for Subject CM1A — April 2025

Q1

A{7o]:ﬂ = q[7o] XV + p[7o] x q[70]+1 x V2 + 2p[70] X5, X V3 + 3]9[70] X v3

or
A[7o]:ﬂ =y XV + Ppo) * 010 < v+ 2 Pp7op * v’
or
L d[70] XV + d[7o]+1 x V' +d, xV’ + 1[70] XV’
(7013l — I
[70]
or

g xvdpg,, % v+, xv

A[70]:ﬂ - i
Gy = 0.016582
G = 0024441

g., =0.030718

[70] (4]

D = d _ 7,637.6208 0.959382275
[ 7,960.9776

[70]
L, =7,403.0084

_ly _7,403.0084 050011975

3Pj70) = =
P Ly 7,960.9776
Lookups [1]
Therefore, A[m]:ﬂ =0.01579238 + 0.02180111 + 0.8287505 = 0.8663440 (4]
[Total 3]
Commentary:

An acceptable alternative was to calculate an annuity for the term and use a premium
conversion formula to derive the endowment assurance factor.

A large proportion of candidates failed to recognise the need to work from first principles.
Where a question uses interest rates other than those listed in the Formulae and Tables for
Examinations, it is probable that the question requires candidates to derive the required

factor from first principles. For this question using tabulated assurance or annuity rates did

not result in candidates scoring any marks.

Common errors included:
o Incorrect treatment of select mortality, especially in year 3.

o Arithmetic slips.

CMI1A A2025
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o Calculating a term assurance factor rather than the required endowment assurance
factor. Candidates are reminded to read questions carefully to understand what is
required.

Q2
i® =2(1.065" —1) = 6.397674% [V4]
Carry out the capital gains test:

1—t D o.8xi= 2.3076923%
YR 104

[72]
2.3076923% < i [72]
So, there is a capital gain. [Y2]
P =0.8x3xa]’ +104v" —0.25(104 - P)»", evaluated at i=6.5% 2]
_ -8

ay - L0 6 15613557

0.06397674 [72]
_ OLITOTS8 _ 253 (047 i.e. $73.00

0.8489422 [72]
[Total 5]

Commentary:

Well answered.

In order to gain full credit, candidates must include all the specified steps in the capital gains
test.

Q3
(a)

EPV = E[ZO, oooa'K[so]HJ

= 20,000 x d

Where c'i[so] =17.454

EPV = £349,080 [172]
(b)

Var (20, 000 x dK[50]+1 ) =20, 000% x Var (dK[SO]“ )

CMI1A A2025 © Institute and Faculty of Actuaries
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_ K[50]+1
— 20,000 x Var {IVT}

I
=20,000 Xdzx( A[5o] (A[so])) [17%]

Where d =0.038462 and 2A[50] =0.13017 A[SO] =0.32868 [14]

Therefore, the variance is £ 5,986,509,335 (= £77,373%) [%]
[Total 4]

Commentary:

Part (a)

Generally, well answered.

Part (b)
Generally, poorly answered.
Common errors included:
e Using an incorrect formula, that was not in terms of assurance factors.
o  Using the sum assured and/or d, rather than the squared values of those terms.

Q4
(1)
1,500 exp( fo.osm) =1,500exp(0.05x(6-1)) =£1,926.038125
(ii)

.(12) 12x5
1,500><[1 +ll_2j =1,926.038125 = i"? = 0.050104311

i.e. 5.010% pa convertible monthly

or
a2 12

(1 + Ej =exp(0.05) = i"? =0.050104311 = 5.010% pa convertible

monthly [2]

(iii)

Accumulated value at t=6

CMI1A A2025 © Institute and Faculty of Actuaries
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6 6
[ exp(0.02¢)xexp [ 0.05dsd
2

exp(0.02¢)xexp(0.05x (6 —1) )t

Il
N ey N

exp(0.02¢)x exp(0.3) x exp (—0.05¢ ) dt

Il
N ey N

f 6
= exp(0.3) [ exp(~0.03¢)dt = exp(0.3)x {M}
’ 2

-0.03 [2]
—0.18)—exp(—0.06 !
— exp(0.3) x(eXp( )~ exp( )] — exp(0.3)x3.549810739 = £4.791743201 2]
-0.03 )
The accumulation factor from time t = 6 to time t = 10 is given by:
10 0 [1/2]
exp j 0.026+0.004d1 | = expl 0.026¢+0.002¢" |
y +[%4]
= exp[ (0.26+0.2)—(0.156+0.072) | = exp(0.232) ]
accumulated value at time t = 10 is
3.549810739 x exp(0.3) x exp(0.232) = £6,042962 [¥5]
[Total 8]

Commentary:

Approximately half of candidates performed poorly in parts (i) and (ii), showing a complete
lack of understanding of integrating even simple continuous payments.

Part (iii) covered a more complex scenario and was poorly answered. Candidates showed
poor understanding of continuous payment streams. Answers were also often difficult to

follow due to lack of explanatory text and/or missing steps.

This is a syllabus item that clearly requires more study for the majority of candidates.

Q5
It is given that i; = 4% and iélz) = 6% . Working with annual time units, we
have:

PV =30,000x [a%f) + a%l?vf}x v

) )

4 2

7
30,000 {1 Ll vf}wf
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.(12) .
11( ), i, come from:

.(12)\ 12
l
(1 +11—2> =1+i = i =["V1.04 - 1] x 12 = 0.03928487739

1
.(12)\ 12 12 .
i§ _ _ 0.06 .
1+2—) =1+i, = 1+12=<1+—) = 1.005

12 12
[2]
Therefore:
1-v§ | 1-v} 3 5
PV = 30,000 x _(1—2)+.(1—2)V1 X Vi
L Ly
PV = 30,000 1 - 1.047 L1 100577 1.0473| x 1.0475
= X ) x 1.
’ 0.03928487739 0.06
= 30,000 x (2.825607427 + 5.704420203 x 0.8889963587) x 0.82193
= £194,718.22 [2%4]
[Total 7]

Commentary:

Generally, well answered.

Common errors included:
e Not converting the provided interest rates correctly.
o Using incorrect time periods for the annuity calculations.
e Using an incorrect interest rate when deferring a payment.

Alternative solutions based on monthly time units were accepted.

Q6

(a) The cash flows into and out of the non-unit fund over the duration of the
contract are:

Year 1 2 3
Unallocated 1800-1710

premmium =90.00 90.00 90.00
Bid-offer spread | 51.30 51.30 51.30
Expenses -200.00 -200.00 -200.00

CMI1A A2025 © Institute and Faculty of Actuaries
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CMI1A A2025

Interest 0.05 x (90+51.30-
200)
=-2.94 -2.94 -2.94
Management
charge 44.37 90.66 138.95
Additional death | (2500-1730.44) x
cost 0.004469
=-3.44 0.00 0.00
Where g55 = Since Unit fund at end of | Since Unit fund at end
0.004469 year (after MC)>2500 of year (after MC)>2500
Profit vector -20.71 +29.02 +77.31
Then, the profit signature is given by:
Year 1 2 3
Profit vector -20.71 +29.02 +77.31
In-force probability | 1.000000 | 0.995531 | 0.990528
Profit signature -£20.71 | +£28.89 | +£76.58
unallocated premium [2]
interest [1]
B/O spread, expenses and mgt charge being brought in from question correctly [2]
additional death benefit figures [172]
profit vector [2]
in force probs [1]
profit signature figures [2]
[57]
b)
Using a risk discount rate of 10% per annum, the present value of future profits is
given by:
—20.71vy99, + 28.89v2, + 76.58v5y, = £62.58 [1V5]
[Total 7]

© Institute and Faculty of Actuaries
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Commentary:

This was an easy unit-linked question, however, the majority of candidates appear to have
been surprised by the question and answered it poorly. Candidates are reminded that any

part of the syllabus can be examined in either of the A and B papers.

Some candidates who produced good attempts lost marks through confusing the profit

signature with the profit vector and vice versa.

For full credit, candidates must show their workings. It is not sufficient to provide a table of

figures without a full explanation of the calculations behind the figures.

Q7
(1)
X= initial monthly instalment

250,000 =12Xa}> +12.X xv}, xas)

5l6%

i=6%=i"" =5.8411% (table) (5.8410607%, calc)
i=7.5%=i"" =7.2539028% (calc)

0.06
0.058411

Vi, = 0.74726 (table) or 0.747258173 (calc)
a%?_s% =9.126590 (calc)

aje), = 4.326985 (calc) or ( jx 42124 =4.32699 (table)

250,000 =12X x4.326985+12X x0.74726 x9.126590
250,000 = X x133.762851
X =$1,868.979309

(i)

capital outstanding after 60th instalment has been paid

12x1,868.979309 x a%z;s% =12x1,868.979309x9.126590 = $204,688.897807

0.072539028

Interest component: 204,688.897807 XT =$1,237.327812

Capital component: 1 868.979309 —1,237.327812 = $631.651497

(iii)

12x1,868.979309 %20 —250,000 = 448,555.034268 — 250,000 = $198,555.034268

[2]

[1]

[17]

[72]

[2]

[Total 9]
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Commentary:

Part (i) was generally very well answered.

Part (ii) was generally well answered.

Common errors included:
e Using an incorrect term for calculating the capital outstanding.
e Applying an incorrect interest rate to derive the interest element.

Part (iii) was generally well answered.

Q8

Premiums:

12Pa,) - =98.28399P

/
..(12) .(12) 10 beast | =(12)
Aopsiiol = Asps) — (V X X A1
54:51

=16.285667 — 1.04’1°><9’ 696.990x9,828.163 x12.400667
9,914.580%9,947.452

=8.190333

. 11 11
aglfs)l =gy — o = 16.744—a =16.285667
aélfgl =gy — 11 =12. 859—H =12.400667

24 24 [3]

Death benefit:

EPV =20,000x A_ . =20,000x0.226436 = 4,528.713793

54:51

=(1+)" x 4. =1.04*° x0.222038 = 0.226436

5451 54:51

i 0. 04
a5451 ds, +dg, —ds,s, =17.680+19.291-16.744 = 20.227 [3]
Alternative:

EPV =20,000x A =20,000x (A, + A, — Ag,.s,)

54:51

Z54 =1- é“754
_ . 1
ds, = ds, _E

CMI1A A2025 © Institute and Faculty of Actuaries
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Survival bonus:

EPV =12Px , pi x s pl, xV"°

y 9658.285 y 9346.970
9947.452  9914.580

EPV(Benefits)=EPV(Premiums)

= 4,528.713793+6.099191P =98.28399 P
P =49.12642

P=£49.13

=12P x1.04™"° =6.099101P

[1]
[Total 9]

Commentary:

Common errors included:

[ ]
[ ]
o [Ignoring the claims acceleration factor.
[ ]

Incorrect formulae for the monthly premium adjustment.
Using a monthly premium when calculating the survival bonus.

Ignoring interest when calculating the survival bonus (i.e. ignoring the v'°> term).

There are several methods of calculating the value of death benefits. Any correct alternative

approach to that given above were given full credit.

Q9
(i)(a)

6 6 109
P= + +
1.022  1.022x1.024 1.022x1.024x1.027

=113.0197873

=$113.02
(1)(b)
100=_C C 100+C

= + +
1.022 1.022x1.024 1.022x1.024x1.027
C =2.4291266%

(D(c)

113.02 =6y +103v*, where i is the gross redemption yield.

CMI1A A2025
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i=2.0%= RHS =114.363
i=2.5%= RHS =112.782

Using interpolation,

i~ 0.025—(0.025—0.02)x A2 02 7112782 ) 4o,
114.363-112.782

[1]

(i)

The par yield is a measure of the relationship between the term of a bond and the

yield.

The par yield does not depend on the coupon rate. [2]
Therefore, the par yield would remain unchanged. [2]
The GRY is a weighted average of the forward rates, weighted by cashflow at that

duration. A higher coupon rate increases the weight applied to the earlier

cashflows. [1]
The forward rates at shorter durations are lower, so the GRY will reduce. [1]

[Total 10]
Commentary:

Part (i) was generally well answered. Although many candidates did not demonstrate
understanding of the concept of a par yield. Candidates should note that in order to gain full
credit the linear interpolation in (i)(c) needed to be shown in full.

Part (ii) was generally answered poorly.

The question is asked in the context of the term structure of interest rates (spot rates and
forward rates) and so the explanation should be given in the same context.

Most candidates referred to an increase in price. This statement, although true, did not
address the question asked and gained no credit.

Q10
(1)

t t __
p = exp{— [Cu+ G)ds} = exp{— [(0.005+ 0.002)ds} = exp(—0.007¢) = , p!™
0 0 [1]

Let P= annual premium

EPV of premiums =

30 30
—0 HH —0.06 —0.007
Pje "X, Dss dt:PJ.e "xe M dt
0 0

30 o 00671 30
-p j e 7 g — Py =P x 12.92554
! —0.067 [2]

0
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EPV of benefits =

10 30
100,000{ e x, pl¥' x & dt +150,000[ e x , plt” x & dt
2 10

10 30
=100, oooj e 0% 5 %7 0,002 dt +150,000 j o0 5 0N 0 002 df
2 10

[3]
— 200 [ o 2X0067 _ e—10x0.067:| + 300 [ o 10x0.067 _ e—30x0.067:|
0.067 0.067 [1]
=1083.228+1691.283 = 2774.511
P= 2774511 =£214.65 pa
12.92554 [1]
(i)
19 19
1/ =150,000 [ €% x e %0002 di - P[ e ds
0 0 [1]
19 19
=300[ e dt - 214.65[ " dt
0 0 [1]
— 300 _ 214.65 -0x0.067 _-19x0.067
( )X G067 ]
=£917.17 [1]
[Total 11]

Commentary:

Generally, very poorly answered.

In part (i) many candidates demonstrated their lack of understanding of continuous time
Markov models.

Part (ii)

A common error was using incorrect boundaries for the integration. For a prospective
reserve we are looking towards the future, starting from now (t=0). So, we need to integrate
from zero to the end of the term.

The question contained an ambiguity in the conditions under which premiums cease to be
paid. Candidates were not penalised where they interpreted the payment term differently
from the solution above.

CMI1A A2025 © Institute and Faculty of Actuaries
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Q11
(1)
The sum assured increases by 1.92308% (= e) so the present value of benefits is
given by:
50,000 x g N 50, 000><(1-|—e)><p55 X (s N 50, 000><(1+e)2 X, Dss X (s, N
1+1i (1+z’)2 (1+i)3
50,000 [ l+e x(1+eT . x(1+ej3+
l+eo qss 1+ Pss X6 1+ 2Pss X457 1+
_ 50,000 . AL
I+e

Premium is therefore given by:

p_ 50.000%(1.0192308) ' x A"

--6%
dss

Where dl° =13.057 A4 =0.38950

Jj% =&—1 ~ 4%
1.0192308

19,107.54659
13.057

Therefore P =
(i)

Calculate the reserve at t=6 (at the end of 2024)
V,_s =50,000%(1.0192308)" x 4% ~1,463x if;"
Where &% =11.638 4} =0.47041

Therefore, the reserve is £8,844.37

The death strain at risk is given by:
DSAR =50,000%(1.0192308)’ —V,_, = £46,151.83

The expected death strain is given by:
EDS =500xg,, x DSAR where ¢, =0.008022, hence EDS = £185,115

The actual death strain is given by:

ADS =6xDSAR , hence ADS = £276,911.00

Mortality profit is equal to EDS — ADS,
Mortality profit is thus -91,796.00 i.e. a loss of £91,796

(iii)

= £1,463.39 which is approximately equal to £1,463.

[17%]
[72]

[]

[2]

[7]
[2]

[17%]

[1%]

[7]

[72]
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On the death of a policyholder the company will release the reserve held but will
pay out the sum assured. The difference is the death strain. Here the sum assured
(the amount the company must pay out) is greater than the reserve held — so the (1]
company experiences a mortality loss on unexpected deaths.

The company expected 4.011 deaths but actually experienced 6 deaths. [2]

As there were more deaths than expected and the DSAR is positive the company
has made a loss.

or
As there were more deaths than expected and this is an assurance benefit (so (4]
benefit is payable on death) the company has made a loss. 2

[Total 12]

Commentary:

Part (i) generally well answered.

Part (ii)
Common errors included:
o Calculating the reserve for the wrong policy year.
e Using an incorrect sum assured in the reserve and/or the death strain at risk
calculations.
o Using a mortality rate that was inconsistent with the policy year of the reserve.

Part (iii) was poorly answered. Candidates generally failed to explain why a change from the
expected mortality would cause a mortality profit or loss

Q12
(1)

EPV of premium:

P=monthly premium

11
512) - 25
12Pa40:ﬁ_12P(a40:ﬁ_24(1_v X25p40)j (1

= 12P(13.288 - %(1 —0.232999 x 0.894988)J =12.9252434x12P =155.1029208 P
[2]
d, 55 =13.288
l,, =9856.2863
[, =8821.2612
lookups [1]
EPV of benefit

CMI1A A2025 © Institute and Faculty of Actuaries
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=247,5004,  +2, SOO(IA) 2053 +(312 500247 SOO)A
65,000

40:25] [3]

A, 5 =0.24787 4]

A 40:2% calculated above

(14), 5 = (14), =V xs5p | (14) +254,
=3.85435-0.208531055[15.5541] = 0.61083712 1]

(14),, =3.85435

(14),, =5.50985
A =0.40177

lookups [1]
EPV benefits = 247,500x0.24787 +2,500x0.61083712 +65,000% 0.208531055
=76,429.436364312

Alternative:

247,5004, _ +2,500(14),, - +2,5004,
(250,000-2,500) 4., - +2,500(I4), . +312,5004, 1

247,5004) - +2,500(14), - +312,5004, 1

Where
A}wj A40j V2 x 25 D 40=0.24787—-0.208531=10.039338945

(14), = (14),, —v* % ;s p B [(IA)65 +25A65—25] = 5.8241135

EPV of Expenses and Commissions

0.15x12P+0.025P (1247 ~1)+80(d, 75 1) [2%4]

= 0.15><12P+0.0ZSP(155.1029208—1)+80(13.288—1)

=5.65257302%x P +983.04
Therefore,

Px155.1029208 = 76,429.436364312 +5.65257302 x P+983.04
Px149.4503478 =77 ,412.476364312 = P =$517.981239344 [5]

(i)
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o =285,0004!  +2,500(14). . +312,5004_1

+0.025x12P (L) ) +80d, ;; —12Pd>

[3]
[Total 15]

Commentary:

In part (i), many candidates struggled to calculate correctly the expected present value of
benefits and the expected present value of expenses. Candidates’ use of actuarial notation

was often not precise enough, in particular confusion between increasing term assurance
functions and increasing endowment assurance functions.

In the EPV of benefits, the benefit payable on survival was often incorrect.
In the EPV of expenses, the renewal commission and renewal expenses were often incorrect.

Attention to detail is essential in questions such as this where a large quantity of information
is provided.

In part (ii) common errors included. -

e [Incorrectly calculating the sum assured at the required date.

e  Omitting the premium component.

[Paper Total 100]

END OF EXAMINERS’ REPORT
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