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General comments on the aims of this subject and how it is marked

1. The aim of the Probability and Mathematical Statistics subject is to provide a

grounding in the aspects of statistics and in particular statistical modelling that are
of relevance to actuarial work.

Some of the questions in this paper admit alternative solutions from these
presented in this report, or different ways in which the provided answer can be
determined. All mathematically correct and valid alternative solutions or answers
received credit as appropriate.

Rounding errors were not penalised, but candidates lost marks where excessive
rounding led to significantly different answers.

In cases where the same error was carried forward to later parts of the answer,
candidates were given full credit for the later parts.

In questions where comments were required, reasonable comments that were
different from those provided in the solutions also received full credit where
appropriate.

General comments on student performance in this diet of the examination

1. Performance was generally satisfactory, with most candidates demonstrating good

understanding and application of core topics in probability and mathematical
statistics.

Topics that were not particularly well answered in this paper include likelihood
derivations (e.g. Q7) and linear regression methodology (e.g. Q9). Candidates are
advised to revise all parts of the syllabus.

It is important that rigour mathematical and statistical notation is used when
answering questions. In certain cases, e.g. Q7, poor or inaccurate notation shows
inadequate understanding and may lead to loss of marks.

Question 9, parts (i) and (ii), contained methodological elements related to the
derivation of the regression line. Performance in these parts was less satisfactory.
Candidates are advised to give appropriate weight to all elements of the syllabus
when preparing for the exam.

Pass Mark

The Pass Mark for this exam was 60.
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Solutions

Q1
For original data: Xx; = nx = 20 x 45 = 900

Corrected data:

= 900+30-130 = 40 [1]
20

Original data:

Zxt = (n—1)s? + nx? = 19 x 25.4% 4+ 20 x 45? = 52758.04 [1]

Corrected data:

Xx}? = 52758.04 + 302 — 130% = 36758.04 [1]

5= \/36758.0;}9—20*402 — 15.825 [l]

[Total 4]

The question was very well answered by most candidates. A common
mistake was using n instead of n-1 for the standard deviation.

Q2

(i) P(X =3) = 0.0256 [1]

(i) n=4 (since P(X > 4) =0) and P[X =4] = 0.0016 >0 [1]
P(X = 4) = p* = 0.0016 [1]
=p=02 [1]

Therefore X ~ Binomial(4,0.2)
Alternative solutions, e.g. P(X = 0) = (1 — p)* = 0.4096 = p = 0.2

[The coefficient for t? in the question is incorrect (the correct coefficient value is 0.1536). If
E[X] = Gx(1) = np is used then an answer of p = 0.1996 is obtained.]

[Total 4]
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Q3
(i)

(i)

Q4
(i)
(i)
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Generally well answered. In part (i), most candidates identified the
polynomial coefficients correctly. However, in part (ii) some
candidates attempted a complicated route relating to finding
derivatives, leading to errors in many cases.

In cases where the incorrect coefficient for t2 was used following the
alternative solution with E[X] = G5 (1) = np, full credit was given to
candidates providing the slightly different answer under this approach.

(a) Needs to assume that each time the athlete tries she independently has the same
probability p of passing the height, i.e. that attempts here are iid. [1]

(b) Given that the attempts are at the same event and on the same day,

it is reasonable to assume that conditions are the same (independence) and that
probability of success does not change. [2]
(@) If X is the corresponding random variable, we want:

PX>x+n|X>n) [0.5]

_ PG>x+n) _ @A-p)**™t o x
T opx>n) | (a-pn (1-p)* =P >x) [1.5]

(b) The lack of success on the first n jumps is irrelevant — under this model the
chances of success are not any better because there have been n attempts already. [1]

[Total 6]
Answers were mixed, with many candidates in part (i) failing to
describe the assumptions or give justifications for them. All reasonable
comments were given credit here. In part (ii), many candidates failed to
express the conditional probability as required.
P[X, =2]=1—-F41)=1-0.98248 = 0.01752 using tables [2]
P[X, = 1]P[A] + P[Xp = 1]P[B] + P[X. = 1]P[C] [1]
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— e—O.Z x0.2%02+ e—O.l *0.1%x0.2 + 3_0'05 * (0.05 % 0.6 =0.07938286 =0.0794 [2]

(iii)  Let X° be the number of claims submitted last year

PlAIX° = 1] = HEa A 02, g5, 02 _
P[x%=1] 0.07938286

Generally well answered. In part (i) some candidates mistakenly
divided by the probability of being in group A, effectively conditioning
on being in group A twice.

Q5
Observed
Not overweight Overweight Obese
Females 45 32 23 100
Males 33 41 26 100
78 73 49 200
Expected
Not overweight Overweight Obese
Females 39 36.5 245 100
Males 39 365 245 100
78 73 49 200

Squared Difference

Not overweight Overweight Obese
Females 36 20.25 2.25
Males 36 20.25 2.25

Test statistic:
2x [B4+ 224 28 =314
36.5 24.5

2 degrees of freedom, Chi-Squared critical value is 5.991 at a 5% significance level.

Do not reject null hypothesis that weight and gender are independent

= 0.4125479 =0.4125 [2]

[Total 7]

[1]

[1]

[1]
[1]
[1]

[Total 5]
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Q6
(i)

(i)

(iii)

Page 6

Very well answered by most candidates.

If X denotes the “no” voters, under Ho we have
X ~ Binomial(1106, 0.5), or approximately X ~ N(553, 276.5) [1]

Using a continuity correction, the z statistic is given as

_ 607.5-553 _

es - 3.28
[1.5]
Critical point for tables is zo.05 = 1.6449.
[0.5]
So we reject Hoat the 5% level in favour of Hy,
which means that we have evidence of a “no” vote. [1]
(2) 90% Cl is given by P + 1.6449 /@ [1]
608
This gives: %% + 1.6449J (20 A-08/1199) 4 o (0.525, 0.574) 2]
1106 1106

(b) A larger sample would reduce the standard error of p and would therefore give a
narrower interval. [1]

(a) The P-value is the probability, assuming Hois true, of observing a test statistic at
least as “extreme” as the value observed (or, it is the lowest significance level at
which Ho can be rejected).

[1]

607.5—-553

(b) P-value = P(X > 608) = P (Z e

) = P(Z > 3.28) = 0.00052  [2]

We have very strong evidence against Ho, which means that we have very strong
evidence of a “no” vote. [1]

(c) Using a fixed level does not provide clear detailed information on the strength of
the evidence against Ho, whereas using a P-value is more informative about the
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strength of this evidence.

Here, using the P-value approach clearly tells us about how strong the evidence
against Ho is, which means we can put our conclusion in stronger terms. [2]

[Total 14]

Generally well answered. Notice that a continuity correction is needed
in this question for full marks. In part (i) many candidates mistakenly
used the sample estimate of p in the variance.

Q7
(1
0, x<0
AXe~2 .
pi(x) = I X > 0,i # July, August [1]
X ,—Ul
%, x = 0,i = July, August
[1]
(i)
Mg ul)Xie~ud
. x! xi!
i=Jul,Aug i=Jul,Aug
[1]
Axi
— 1_[_ % (e—(10+2u)l ux]ul+xAug)
A !
L
[1]
I Auw) = Z xiInA — (10 + 2u)A + (x]ul + xAug)lnu +C
i
[1]
(i)
ol Xy + X
— =21+ ZJul T TAug =0
ou
[1]
= 2Au = (X + xAug)
[1]
SA- X w=
= Jx; — 104 = 2Au = (xjyy + Xaug)
[1]
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—i= Z x; /10

i#Jul,Aug
) [1]
- ﬁ = (x]ul + xAug)/ZA
= Cou + xwg)/@ ). x/10)
i#Jul,Aug
= G+ xag)/C ). % /5)

i#Jul,Aug
[1]
[Total 10]

There were mixed answers in parts (i) and (ii), often with poor notation
for the likelihood. Part (iii) was well answered.
Q8

. _ t60;975S
(i) C.1.= 523 fl—ﬁ [1]
= 523 £ 2.000 X = [1]
= (502.3,543.7) [1]

.. (n-1)s? (n-1)s?

I C.L= ( , ) 1
( ) 5 X;Z‘L—l;O.OZS X721—1;0.975 [ ]
__ [60x81° 60x81
h ( 4048 ’ 83.30 ) [1]
= (4726,9725) 4
(ili) Bythe CLT and as A is large N~N(4,1) = N(250,250) [2]

P(N > 270) = P(N > 270.5) continuity correction [1]
270.5-250

=pP(z> ﬁ) = P(Z > 1.297) = 1 —0.903 = 0.097 2]

(iv) Now the rate of claims is 12 x A = 3000 [1]

Mean = Aoy * Ucraims = 3000 * 523 = 1,569,000 [1]

Standard deviation = \/Agnnyua * \/(aflaims + u?)

=+/3000 =812 + 5232 =28987 [2]

(v) Want smallest n such that P(X < 503) < 0.05 under Ho [1]
. X-u 503—u

|.e.P(J/—ﬁ< J/ﬁ)so.OS [1]
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Q9
(i)

(i)

(iii)

(iv)

503-523 _  20Vn
—1.6449 > S o1
2
—n> (1.6449><81) — 44.38
20

i.e. nis at least 45 claims.

[1]

[1]
[1]

[Total 20]

Parts (i) and (ii) were very well answered. Part (iii) was generally well

answered, although many candidates failed to justify the normal

approximation and/or to apply a continuity correction. In part (iv)
many candidates performed the calculations for the monthly amounts

rather than annual.

Using quantiles of the tg,-distribution as an approximation to the required t,qo-

distribution.
2.3 2.3
[3.5 —2.0097=,3.5 + 2.009 | = [2.8465,4.1535]

Total sample size: 50+65+60+35=210

Total units: 50 X 3.5+ 65 x 4.8+ 60 x 5.1 +35 %X 4.2 =940

Overall average: % = 4.476

ANOVA:
SSp = 50 X (3.5 — 4.476)2 + 65 X (4.8 — 4.476)?
+60 X (5.1 — 4.476)2 + 35 X (4.2 — 4.476)?
= 80.48

SSp =49 x 2.3%2 + 64 X 1.82 + 59 X 1.6% + 34 x 1.1%2 = 658.75

80.48/3

——— = 8.3891
658.75/206

Test statistic: F =

This compares to a 1% quantile of a F; 544 distribution.

[2]

[1]

[1]

[1]

[3]
[2]
[1]

[1]

This quantile is between3.782 and 3.949, and we therefore have sufficient
evidence to reject the null hypothesis that the average number of units of alcohol

per week is the same for all age groups.

[1]
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(v) Overall variance in sample:
1 1 _ 1 _
~—SSp = ~—(SSp + SSp) = 5—(658.75 + 80.48) =3.54 [1]
95% C.1.: [4.476 —1.96 /% 4476 + 1.96 /%l = [4.222,4.73] [1]
[Alternative solution: 62 = SSi/(n — k). Then Cl is (4.234,4.718).]
(vi)  The results in part (iii) indicate that age has an impact on drinking habits,
and therefore, the overall average of units per week and the corresponding
confidence interval in part (iv) might not be meaningful to describe the drinking
habits of any specific individual. [2]
[Total 17]
Generally well answered. In part (ii) a few candidates calculated a
simple mean instead of a weighted average. There were mixed answers
in part (v) with many candidates failing to comment meaningfully on
their results.
Q10
. 2
(i) Xief = ?=1[3’i — (a+ Bx;) ]
[1]
(ii) Partially differentiate w.r.t. each parameter and equate to zero gives:
2¥ilyi — @+ ,éxi)] =0= Y,y =na+ ,[?Z?ﬂxi [1]
23 xilyi — @+ Bx)] = 0= Tk, x5y = A%, x + f X, %7 [1]
Eliminate @ from simultaneous equations:
n n n n 2
(le)Zyi = n&le- + ﬁ (le)
i=1 i=1 i=1 i=1
n n n
anlyl = n&le- + nﬁlez
i=1 i=1 =1
[1]
= n Yk %y — Gl x) Bl y) = B X, xF = [X1, x0%) [1]
= ﬁ = (n iy — Qi x) Qg yi))/(n2?=1xi2 - [Xi, x;]%) [1]

Page 10
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(iii) S, = 389,684 — (3,660)% /44 = 85,238.55 [1]
Sxy = 13,609,918 — (3,660 x 136,727) /44 = 2,236,718 [1]

— 3,660 —
X=-—== 83.1818,y = 136,727/44 = 3,107.43 [1]
B = Syy/Sxx = 2,236,718/85,238.55 = 26.241 [1]
@ =y — fBx =3,107.43 — 26.241 x 83.1818 = 924.68 [1]
(iv) Sy, = 500,813,951 — (136,727)%/44 = 75,944,121 [1]
T = Syy/[SexSyy = 2,236,718/,/85,238.55 x 75,944,121 = 0.879 [1]
[Total 13]

Parts (i) and (ii) were more focussed on methodology compare to other
questions and were not well answered. Parts (iii) and (iv) were very
well answered.

END OF EXAMINERS’ REPORT
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