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PART ONE
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7 95% C.I. 300 206
5

26
± ×.       i.e. 297.98 − 302.02        So B

There was a small typo on the paper.  The question gave “sample variance of
£25”.  The units should have been £2.  This was taken into account in the marking.
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PART TWO

8 [As follows or suitable variation]

REGION B REGION A
75 8

8
7
7 04 05 05 16

50 6 [60] 60 64 82 82 (96)
00 00 00 6 (00) 27 37 45 49

50 5 50 60 95
40 20 [00] 00 5

95 75 70 60 50 50 4 50
35 4

The Core Reading has the following definition

G1 = n th+ 2
4

observation, G2 = n th+ 1
2

observation, G3 = 3 2
4

n th+ observation for a set of n

observations.

Using these the results below are obtained.

median inter quartile range
region A 6.60 (10th obs) 14¾th − 5¼th    6.93 −  6.08 =  0.85
region B 5.00 (9th obs) 13¼th − 4¾th    6.00 −  4.68 =  1.32

It was recognised that other literature defines these measures slightly
differently and due credit was given for such different calculations.

median inter quartile range
region A 6.60 6.96 −  6.00 =  0.96
region B 5.00 6.00 −  4.65 =  1.35

Comments:

(i) costs in region A generally higher than region B with roughly same 
degree of variation

(ii) however there is one clear (expensive) outlier in region B
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Some candidates wasted time integrating to show µ = 0, instead of using the
clear symmetry.  Some failed to demonstrate or state that µ = 0.

10 µ = − − + =2 01 1 01 1 0 3 0. . .b g b g b g
∴ = ′ = + + =µ µ2 2 4 01 1 01 1 03 0 8. . . .b g b g b g
µ µ3 3 8 01 1 01 1 0 3 06= ′ = − − + = −. . . .b g b g b g

∴ =
−

= −γ1
06

08
0 843

2

.

.
.

11 P Y y H P Z y<  ≈ = < − =−
0

10
3 1645 095e j e j. .

determines the critical region, which is y < − =10 4 935 5 065. .
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1 5065 1
5065 4

4 96
1 05431− <  = − <

−
×

F
HG

I
KJ = −P Y H P Z.

.
.

.e j b gΦ

= − =1 071 0 29. .

* OR  In practice, we reject for Y ≤ 5 , so we want

1 5 1
55 4
4 0 96

1 07651− ≤  = − <
−

×
F
HG

I
KJ = −P Y H P Ze j b g.

.
.Φ

= − =1 078 022. .

Most candidates ignored this question; presumably because they could not
interpret it practically in terms of the stated Type I and II errors.
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12 (i)  (a)

hence name “triangular”.

(b) M t e f x dxX
txb g b g= z
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2 1
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t
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(ii)  (a) M tY b g =  E e E e E e
X X t t X t X1

2 2 21 2 1 2+F
HG

I
KJ =

F
HG

I
KJ

F
HG

I
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b g
.

= M t
t

e
t

2
4

1
2

2
2

2FH IK = −
F
HG

I
KJ

  =  4
2 12

2

t
e et

t

− +
F
HG

I
KJ   same as (i)(b)

(b) X X X= +1
2 1 2b g        is the mean of a r.s. of size 2 from U 01,b g .

Hence X has the triangular distribution as specified in (i)(a).

Many candidates did not recognise the link between (i)b and (ii)b.



Subject C (Statistics) —Examiners’ Report September 1998 Paper 1

Page 6

13 (i)

oij eij

  99   45 26 170   91.6 48.3 30.1

123   72 47 242 130.4 68.7 42.9

222 117 73 412

o e

e
ij ij

ij

−d h2

0.598 0.225 0.558 → χ2 = 2.352 on 2 df

0.420 0.159 0.392

5% pt = 5.991.  So clearly accept independence i.e. no evidence of any 
association.

(ii) Yes “99” is greater than the expected frequency of 91.6 but this
difference could easily have occurred by chance.

PART THREE

14 (i) (a) Noting that it is a gamma (α, λ) distribution,

set x  = α
λ

 and S2  = α
λ2

∴ S2  = 
1
λ

α
λ

F
HG

I
KJ  = x

λ

∴ ~λ  = x
S2

 and ~α  = ~λx  = 
x
S

2

2

(b) By M.L.    L
x ei

a x

i

n i

=
− −

=
∏ λ

α

α λ1

1 Γb g

∴ log L = n x x ni i
i

n
α λ α λ αlog log log+ − ∑ − ∑ −

=
1

1
b g b gΓ

Equations need the evaluation of Γ( )α  and d
d
Γ( )α

α
.
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∴ No easy solution for $α  and $λ .

(c) Now X Yi
i

m

=
=

∑
1

 ,   where Yi ~exp( )λ

By mgf M t
t

M t
tY X

m

b g b g=
−

∴ =
−

F
HG

I
KJ

λ
λ

λ
λ

i.e. X m~ ,gamma λb g  with m known = α

∴ =In ib g ( ) $a
m
x

λ

In (i)(b) ∂
∂λ

α
λ

λ
α αlog $L n

x
n

x x
m
xi

i

n

= − ∴ = = =
∑∑

=1

∂
∂λ λ

2

2 2 0
log

max.
L mn

=
−

< ∴

Many candidates used the sample variance as well as the sample mean to
estimate λ.  This is wrong since α = m was known.

(ii) (a) n x x m= = ∴ = = =∑12 63 2 5 267 4, . . and α

∴ = =$
.

.λ 4
5 267

0759

(b) E
L

E
L

∂
∂λ λ ∂

∂λ

λ2

2 2 2

2

2 248 1
48

0759
48

log

log

.F
HG

I
KJ = − ∴ −

F
HG

I
KJ

= ≈

∴ = =V $ . $ .λ λe j e j012 1096s.e.

∴ 95% CL.  .759 + 1.645 ×  .1096 = .939

∴ 95% sure λ ≤ 0 939.

(c) n =12 is a bit dubious for CRLB result - should be bigger.
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15 (i) Minimise q y x xi i
i
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∑
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(iii) (a) see separate plot ([3])

(b) Sxx = − =3425
125
10

18625
2

.

Sxy = − = −338 5
125 322

10
64 0.

.
.

b gb g

Syy = − =10654
32 2

10
2 856

2

.
.

.

∴ = − = −$ .
.

.β 64 0
18625

00344

$ .
.
.

.σ2
2

1
8

2856
64 0

18625
0 0821= −

−RS|
T|

UV|
W|

=
b g

∴ = =s.e. $ .
.

.βe j 0 0821
1862 5

0 0066

(c) Estimate expected difference is −30$β

= 1.03 kg.

Plot for (iii) (a)

Comment: decreasing relationship
could be linear or possibly curved.
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16 (i)

No reason to doubt normality.

PR spread a bit greater than SW but probably insignificant.

Calculations:

PR(x): n = 10,   x  = 282.8,   sx
2  = 10426.84

SW(y): n = 10,   y  = 338.6,   sy
2  = 3388.49

(ii) H 0 : σx
2  = σ y

2      v.    H x y1
2 2: σ σ≠

observed F = 3.077.

F9 9 5%), (  = 3.179     ∴ not significant at 10% level.

(iii) (a) Pooled var. is 
( ) ( )x x y yi i− + −∑ ∑2 2

18

= 9 10426 84 9 338849
18

× + ×. .  = 12433797
18

.  = 6907.665

Now note 
( )x xi −∑ 2

2σ
 is χ9

2  and 
( )y yi −∑ 2

2σ
 is χ9

2

∴ sum is χ18
2

∴ To obtain 95% CI divide ( ) ( )x x y yi i− + −∑∑ 2 2  by the 2½%

and 97½% critical points with 18 df

i.e. 12433797
3153

.
.

 and 12433797
8 231

.
.

For s.d. take square root to give (62.8, 122.9)

PR
SW

450430410390370330 350310290270250230210190170150130



Subject C (Statistics) —Examiners’ Report for September 1998 Paper 1

Page 11

(b) y x−  = 338.6 − 282.8 = 55.8

s.e. = 6907665
1

10
1

10
. +F

HG
I
KJ  = 37.169

∴ CI is 55.8 ± 2.101 × 37.169, i.e. (−22.29, 133.89)

(iv) H 0:  µ = 310     v.     H1:  µ > 310

observed t = 338 6 310
3388 49

10

.
.

−  = 1.55

t9 5%)(  = 1.833

∴ insufficient evidence to show an increase


