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1 @ X= 150 _ 1.5
100

(b)  Medianis (101/2)" observation i.e. the mean of the 50" and 51% observations
so median=1

(c) Mean is higher than the median as the data are positively skewed (skewed to
the right).

2 Let X denote the number in the sample who support party A.

X~ Binomial (275, 0.45)
o E[X] =275 % 0.45 =123.75
V[X] = 275 x 0.45 x 0.55 = 68.0625

The normal approximation to the binomial gives, using a continuity correction,

115.5-123.75

1/68.0625

P(X >116) = P(X >115.5) ~ 1—@[ J =1-®(-1) = (1) =0.841

3 Gamma(120, 1.2) has mean % =100 and variance % =83.333

. X ~ N(100,9.129?) by the Central Limit theorem (since the gammavariable is the
sum of 120 independent gamma(1,1.2) variables)

120-100

P(X >120)= P(Z >
9.129

= 2.191} =1-0.98578 =0.0142
4 Sample proportion = 0.83

99% ClI for the population proportion is 0.83 + [2.5758 x (0.83x0.17/100)"]
i.e. 0.83+0.0968 i.e. (0.733, 0.927)

99% ClI for percentage is thus (73.3% , 92.7%)
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5

n =500 isvery large, so the Central Limit Theorem justifies normality.

95% Cl is X+1.96——

in

= 237il.96£ = 237+12.0 or (£225.0,£249.0)

\/500

Source of variation d.f. SS MSS

Between groups 3 840 280
Residual 60 660 11
Total 63 1500

F = 280/11 which equals 25.45.

Therefore there is overwhelming evidence to suggest that the four population
means are not equal (F3 go(5%) = 2.758, F3 50(1%) = 4.126).

1
X =—(3256) =162.8
@ 25 (32%6)

32562

1 5 }=17711.7 -.8=1331

s? = —1866600—
19

(b Distribution must have strong positive skewness
since the s.d. islarge relative to the mean and the amounts must be positive.

@) Using C for aclaim, N for no claim, then
P(premium = 400) = P(C in year 3, regardless of thefirst 2 years) = p

P(premium = 400k) = P(CN in years 2/3, regardless of the first year) = p(1-p)

P(premium = 400k2) = P(NN in years 2/3, regardless of thefirst year) = (1-p)2

[These probabilities may be derived in other ways, such as via atree diagram]
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(i)  E(premium) = 400.p + 400k.p(1 — p) + 400k2.(1 —p)?
= 400{p + kp(1 - p) + k(1 - p)?}

(iii)  For E(premium) =300 whenp=0.1
then 0.1+ 0.09k + 0.81k2=0.75 .. 0.81k?+ 0.09k — 0.65=0

—0.09+1/0.09? + 4(0.81)(0.65) —0.09+1.454

k= for O<k<1
1.62 1.62
. k=0.84
9 Pooled estimate of common population variance = 10~ 530+1i4x 42 =49.0833
+

t,4 (0.025) = 2.064

95% ClI for pq — p, isgiven by

1/2
(124-105) + 2.064><[49.0833(1—11+1—15j] ie 194574 ie (133, 24.7)

10 X ~U(0,1000) , Y = min(X,800)

P(X <x and X <800)
P(X <800)

()  P(X<x|X <800)=

_PX <X tor0<x<800
800/1000

_ X000 _ X o< x<800
800/1000 800

so the conditional distribution is U(0,800)

[other reasonable arguments were given credit, e.g. “the conditional
distribution is simply a scaled version of the original uniform distribution on a
restricted range”.]

(i)  E[Y] = E[X|X < 800] P(X < 800) + 800 P(X > 800)

= 400(—800 j+ 800(—200 j
1000 1000

=480
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11

12

(iii)
(iv)

(@

(b)

(i)

Y is approximately normal with expectation 480 by Central Limit Theorem

E[X | X < 800] = 400 whereas E[Y] = 480.

The higher value for E[Y] results from 20% of the Y values being 800 (and
80% being between 0 and 800).

For 0<r<0.55 =n=0

055<r<08 =n=1
08<r<095 —=>n=2
095<r<1 =n=3

[OR any equivalent allocation which reflects the probabilities of the 4 values

of N.]

06221=n=1
0.1472=n=0
0.9862=n=3

(@

The x;’s are known to be such that x > 5, therefore have density which

isascaled form of Le™ for 5 < x < oo.

The scaling constant k is such that _[ kae Mdx =1
S K-e™E =1 ket =1 k=&t

[Note: this can be argued in other ways; e.g. by referring to a
conditional density and dividing by P(X > 5)]
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n
(b) L(?\,) _ H keSke_kxi _ kneSnxe—kai
i=1

log L(A) = nlogA +5nk — AZX;

d n
—IlogL(L) =—+5n-2x
T ™) x %

equate to zero for MLE = ian

D % -5n

i=1

[OR It could be noted that X —5~ exp(A) and that the MLE is
therefore the reciprocal of the mean of the data (x —5) giving the
required answer]

10

(© n=10,3x=71 = A= =0.476

i @ Le)=@-e)me™)"

log L(L) = mlog(L—e>*) + nlog(e™™")

-5\
a4 logL(L) = Sme

Y Lo -5n

equate to zero for MLE = =

_ n ~ 1 m+n
et = A
m+n

[OR Reason viathe MLE for abinomial p = P(X > 5) such that

p= and p=e "]

m+n

() m=120,n=10 = A=0513
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(iii)

(@  (1-e°*)™isthelikelihood of observing m policies with duration < 5

n

er‘“ﬂ isthe likelihood of observing the actual durations x, ..., X,
i=1

and independence leads to the product of these

log L() = mlog(1— e ")+ nlogi — AZx

d 5me >
—IlogL(}) =
3 9 ) =

n
+——2X;
.

equate to zero and the solution gives the MLE.
(b) All three are re-assuringly close.

The pooled estimate is between the first two (as expected, but it is

closer to 0.513).
13
purchase  no purchase
return 69 68 137
no return 32 51 83
101 119 220
() @ 69/101 (= 0.6832)

(i)

(b)  68/119 (= 0.5714)
()  69/137 (= 0.5036)

Ho: population proportions of those who intend to return are equal
vV Hy: not Hy

Proportion of purchasers él =69/101; proportion of non-purchasers
0, = 68/119

Under H,, estimate of common proportion who intend to return = 137/220

Observed value of D =0, -6, = 0.1117

1/2
Estimated standard error of D = Exﬁ i+i =0.06558
220 220\101 119
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P-value = 2 x P(D > 0.1117) = 2 x P(Z > 0.1117/0.06558) = 2 x P(Z > 1.70)
=2 x (1-0.95543) = 0.08914 (i.e. 8.9%)
There is not sufficient evidence (using atwo-sided test) to justify rejecting Hg
i.e. thereis not sufficient evidence to justify concluding that the intention to
return depends on whether or not a purchase was made.
(ili)  Hg: no association between attributes v H;: not H,

Expected frequencies under Hg in brackets:

purchase no purchase
return 69 (62.9) 68 (74.1) 137
no return 32(38.1) 51 (44.9) 83
101 119 220

=2.90

Teststatistic:6.12( 1 1 L ]

+ +
629 741 381 449
P-value = P(Xf > 2.90) ~1-0.9114 = 0.0886 (i.e. 8.9%)

There is not sufficient evidence to justify rejecting Hy i.e. thereis not

sufficient evidence to justify concluding that the intention to returnis
associated with purchasing status.

(iv)  Thetwo approaches complement each other:

the P-values are the same
the conclusions are the same.

[Note: thereisaformal connection: the Xlz valuein (iii) (2.90) is the square of
thezvaluein (ii) (1.70).]
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14 () (a) Points are shown on scatterplot.
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(b) The mean number of deaths increases with an increasing rate with
quarter.

The variance also appears to increase with quarter.

(i) @ q=2(n-yi??

da_ ~25i%(n —vi?)
dy

ﬂ:o:»-zziz(ni —vi%)=0
dy
- Zi%n —yzZit =0

Zizni
it

L=

2
(%:ZZi‘BO . minimum.)
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_i2)2 2
I e

dzq* .2 o
™ =2)i*>0 . minimum.)
Y

(

D' 15694 _ oo
Zi4 60710

© 7=

n.
~:Z _174 _ | oee

Ziz_eso

(i) @  E[N]=vi"

Taking logs gives
logE[N;]=log(yi®) = logy+6log(i) = logy +6x
Thuso =logy and 3 = 6.
[OR y=¢€" and 6=B]
(b) P =1.6008 se(p)=0.2525
Hpo:B=2 Vv Hi:B=2

(_B-2 16008-2_

= = -1.58
se() 0.2525

Compare with at-distribution with 10 d.f.
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Asthe 5% critical value of atwo-tailed test is 2.228, do not regject the
null hypothesis.
Therefore, the model used in (ii) with 6 = B = 2 seems appropriate.

END OF EXAMINERS REPORT
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