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1. The table below gives information about the final positions of 10 football teams in
the English Premier League and their average match day attendance for one season. s

The table also shows some of the average match day attendance ranks. : 8

. .o Average match | Average match day e

Team Final position day attendance attendance rank S

S

Arsenal 5 59776 2 oo

Brighton and Hove Albion 9 30988 E‘ o

&

Chelsea 3 36424 ;

&

Leicester City 8 32440 5355
Liverpool 2 53027

Manchester City 1 53739 55

Manchester United 6 72992 1 /Q

o

Tottenham Hotspur 4 56523 //%

West Ham United 7 57915 et

ek

Wolverhampton Wanderers 10 30725 s S

(Source from: www.statista.com)

By completing the ranks for average match day attendance,

(a) calculate the value of the Spearman’s rank correlation coefficient for these data.
Show your working clearly.

I
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(C))

(b) Stating your hypotheses clearly, test at the 1% level of significance, whether or not
there is evidence of a positive correlation between the final position of a football
team in the English Premier League and its average match day attendance.

(C))
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2. The manager of a shop investigates the number of customers served by staff that work
in the shop.

The manager records the number of customers being served in 100 consecutive o
five-minute time intervals. g
(@)

The results are shown in the table below. g

2
=]
Number of 0 1 2 3 4 5 6 or more E
customers =
T
Frequency 5 38 32 17 7 1 0 &
>
)
=
The manager plans to test whether or not a Poisson model is suitable for these data.
(a) Show that the sample mean number of customers served is 1.86
(1)

The manager uses the sample mean to calculate the following expected frequencies,

correct to 3 decimal places.

)

o

=

Number of 0 1 2 3 4 5 6 or more O
customers -
Expected ’EC’
p 15.567 | 28.955 | 26.928 | 16.696 | 7.763 | 2.888 r =5
frequency m
2

=

(b) Explain why the value of r is 1.203 é

1) >
)
The manager combines cells 4, 5 and ‘6 or more’, before continuing the test. E
(c) Explain why it is necessary for the manager to do this.
1)
. (0-EY

After combining these cells, the manager calculates that Z =12.2

correct to 3 significant figures.

(d) Carry out the manager’s test at the 1% significance level. 8
You should clearly state the hypotheses, the degrees of freedom and the critical %
value used. —
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3. A biologist is investigating the weights of rabbits in two different regions, region 4 and
region B

The biologist collects random samples of 50 rabbits from region 4 and 40 rabbits from o
region B and records the weight, xkg, of each rabbit. g
(@)
The table shows a summary of the biologist’s data. g
2
Unbiased Unbiased .
. 2 . .
Sample size Zx Zx estimate of | estimate of >
the mean the variance E'
Region 4 50 132.5 354.555 2.65 0.07 ‘;2
)
m
Region B 40 118 350.05 p q o
(a) Calculate the value of p and the value of ¢
3)
The biologist believes that the mean weight of rabbits in region 4 is smaller than the
mean weight of rabbits in region B 8
(b) Stating your hypotheses clearly, carry out a suitable test to assess the biologist’s g
belief. Use a 5% level of significance and state your critical value. ;
(7 3
=
(c) Explain how you have used the fact that the sample sizes are large in your answer to 3
part (b) 5
() =
n
B
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m
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r

4. The random variable X is normally distributed with unknown mean ¢ and known
variance o’
A random sample of n observations of X produced a 99% confidence interval for x of
(0.900, 0.964)

(a) Show that the standard error used to find this confidence interval is 0.0124 to
3 significant figures.

3)
Using the same random sample,
(b) find a 95% confidence interval for u

Give your answers to 3 decimal places.

“)
The » % confidence interval using the same random sample has a width of 0.04

(c) Calculate the value of

)

§ J &
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5. A research company takes a sample of 120 students living in London and a sample of
80 students living in Birmingham. The company asks the students to state their favourite

science subject from Biology, Chemistry and Physics. 8
The research company uses quota sampling rather than simple random sampling. (23
—'
(a) () Give one advantage of using quota sampling. s
o
(i) Give one disadvantage of using quota sampling. .
(2) 2
—'
The results of the survey are shown in the table. é
>
m
Biology Chemistry Physics Total 3
London 66 37 17 120
Birmingham 40 19 21 80
The data are to be used to determine whether or not a student’s favourite science subject o
is independent of the place where they live. CZJ
)
(b) Calculate ;
(1) the expected frequency for the class Biology and London, g
I
(i1) the expected frequency for the class Biology and Birmingham. 2
3) =
. . (O - E) «n
Before the two classes for Biology are included ZT = 4.549 ;
m
to 3 decimal places. >
(c) Test at the 10% level of significance, whether or not a student’s favourite science
subject is independent of the place where they live.
Show your working clearly, stating your hypotheses, the degrees of freedom, the test
statistic and the critical value used.
(7)
O
o
2
()]
-
=
=
o
m
2
-
£
7
>
o
m
>

— NN 0 RO
|l
p 7 6 3 9 5 A 06 1 8 2 8



Mathematics - 2025 - Jan - S3 - QP

o%

05
55
%ﬁﬂ’.

4@%% S
RRXK
OeSotetotetetotetotet

<L

53
S

XRRRARKARARAARARK

d‘
0%6%%
o2e%%

5

2
o
<%
%!
Sotess

-

(‘

XXX
%2’

~

¢
%
5
25
5

K
290IILLIIIIKL oo

RO IBEKKBLKKBLLKK,
et otetetetetetatototesetetet
‘%spQé%bgﬁk
OSREISISROSIISKOsHsos

QKA
o
k¢

XS

000,00,
S8tetetets
NOT
Dol

00020200,
QKR

XX
LKL

0

x
<

o8

O
35
'0‘1‘
2,
000

$9%6%%
%ﬂﬁg
XX

o
XX
e

o7

KK

£599%
55
9959,
X
XXX

55
KL
K
RRRL

oS
5%
%
09t

o
2K
SRR
oSotetetoteds
RRRRK

2

350
000
o%!

%
%

X
QL

ZRLRK

SRS
S Sototetete!
SRRRERRS
o2e%s S

XX
XX
s

o96%%

QR

GradeMax

~ \
Question 5 continued
\, J
19
o 0 1R OO0 10 .
P76 39 5A @19 2 8 Turn over



Mathematics - 2025 - Jan - S3 - QP
I

7

Question 5 continued

20

P 7 6 3 9 5 A 0 2 0 2 8

|l

-eales
o
KL
AR
SIS
KPR
c=

KO

%
S
SRS
[96%7071%
RS
oSS
DosereTLiet
Sme
poovetatetet

B
kS
R
%
5%
X5

(>
o5

RN
e

5L

<)
< XY
%
5

25
%
K5
boses
Doses
Posess
Botees
2%
3K
SRR
3
35
SRR
255
00
355
%
35

dedotetetotetote?

Nave 9
)
SR RIEX
R
7%

SRXXXS
550508




Mathematics - 2025 - Jan - S3 - QP

R
X2
QR

OO
'/<<‘<
SRR
QLRI
LRI
25IRRLRILS
Sosssosogesetetetet

o

%0202
35
i

19:9.0.0.0.9.90.9.9.
2900
2505
Toadetetete!
*‘0\\\‘
Q§%0

XX

Lo

9%
0% %%
XX

Y

0:&0
e
K

%

000

ARE
X

35

9%
dels
55
3%
)
XX
%!

s
R
%

%
oS0 %
»

KX

OO
26202020220 %!
Vot & ) )
0
NOSTSS
RS
KKK

OO
KRS
<IN
el ) !
LR
sgtes

X

2 o
Poge %% o)

s
0‘0"‘?0#0‘0

%
9%
<

<]

%

x>

0%}
e
25

%
%%
D

%

2

Yo%

XX
o300
% %
S
20593
2%

SRS
0<ﬁﬂ?§%
(0.0, 0. 00009,
SRR

B,

XX

S
R

28
XXX

XS
o20%%

3
5
%!

\
%

5
55

0%6%%6% %%

S
X X KKKKX
SIS

XX

ol
3
e
RORKS
8

LRLRRLRKRS

5
0%
5%

SRR
SO

338
55

2R
Polelotelel

GradeMax

~ ™~
Question 5 continued
(Total for Question 5 is 12 marks)
\_ y

EmCE

21
N 00 0
P76 3965 A2 1 2 8 Turn over >



GradeMax

Mathematics - 2025 - Jan - S3 - QP
I

é ) &2

6. The random variable X has a continuous uniform distribution over the interval ;
[2a + 3, 4a + 9] where a is a constant and a > -3 B e
The mean of a random sample of size n, taken from this distribution, is denoted by X

=2
=i
Z\
o5
.;ZV‘}-\
ol
”
It
> %654

(a) Show that X is a biased estimator of a

2

0%

o

(b) Hence find the bias, in terms of @, when X is used as an estimator of a

St

(1)

Given that Y= cX + d is an unbiased estimator of @ where ¢ and d are constants.

&

(c) find the value of ¢ and the value of d

XS

(&)

A random sample of 10 values of X is taken and the results are as follows

4.4 4.7 5.6 6.3 6.7 7.5 8.4 94 9.8 10.4

(d) Use the sample mean to estimate the maximum value that X can take.
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7. A company sells two types of board, short or long.

The weight of a short board, Skg, has distribution N(7.7, 0.01%)

The weight of a long board, Lkg, has distribution N(20, 0.02%)
A random sample of 3 short boards and 4 long boards is taken.

(a) Find the probability that the total weight of the 3 short boards and the 4 long

boards is more than 103.15kg
“4)

A random sample of 2 long boards is taken.

(b) Find the probability that the weights of these 2 long boards differ by more than 0.01kg
3)

VIHY SIHLNI 1LIM LON

A random sample of (n + 1) short boards is taken, with weights S, S,, S, ..., S

ntl

The random variable T is defined as

n+l1

T=nS -8,
r=2

Given that, to 4 decimal places, P(7> 2) = 0.0233

(¢) calculate the value of n

(6)
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Question 7 continued
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