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1. The ages, in years, of a random sample of 8 parrots are shown in the table below.

Parrot A B C D E F G H
Age 10 4 13 15 2 1 8 6

A parrot breeder does not know the ages of these 8 parrots. She examines each of these 8
parrots and is asked to put them in order of decreasing age. She puts them in the order

D G H C A B F E

(a) Find, to 3 decimal places, Spearman’s rank correlation coefficient between the
breeder’s order and the actual order.

S))

(b) Use your value of Spearman’s rank correlation coefficient to test for evidence of the
breeder’s ability to order parrots correctly, by their age, after examining them. Use a
1% significance level and state your hypotheses clearly.

6 Sd? 4
G) g = "nmz-l)

Pavvoti A B ¢ D E F G H
Age rank 3 6 2 I 71 8 1 5
Breedev’s ranh S 6 4% | g8 7 2 3
d* * 0 % 0 1 ) ¥4 %
5d%:= |8
6(18)
rs = |°..:n2 \
s{o°-1)
- 108
= 0.785MY
< 0.786
b) Hg '/)=O
H,:p>0
n: 8
P . o - 3

0.786 <0.8333

', Do not tglggj Ho . There s insufficient evidence to show
that breeder can gyder the parvots conectlg bnggp._
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Question 1 continued
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2. A school uses online report cards to promote both hard work and good behaviour of its
pupils. Each card details a pupil’s recent achievement and contains exactly one of three
inspirational messages 4, B or C, chosen by the pupil’s teacher.
The headteacher believes that there is an association between the pupil’s gender and the
inspirational message chosen. He takes a random sample of 225 pupils and examines the
card for each pupil. His results are shown in Table 1.
Inspirational message
A B C Total
Pupil’s Male 25 37 45 107
gender | Female 32 50 36 118
Total 57 87 81 225
Table 1
Stating your hypotheses clearly, test, at the 10% level of significance, whether or not there
is evidence to support the headteacher’s belief. Show your working clearly.
You should state your expected frequencies correct to 2 decimal places.
(10)
Hg - § an ‘aty il’s gender inspivational
MQS‘SG&Q chosen .
H, : Thewre iS no asSociation between pupil's 3md¢f and in spimtn'onal
meSSoge chosen.
Expected owtcomes :
A 8 C
1
O‘I(‘.i’l)= 27106 0187 IO'NSI): '
_Female  18(SD)_ oo §433 N$(BT)_ ys.62¢6 LB(S81) _ y2.43
225 -~V 225 225
0-E)?
0 E e
25 27.1067 0.1637
3 41.373% 0.4623
45 38.52 1.090}
31 298133 0.1485
50 45.62¢6 0.4192
3b y2.4§ 0.4835
(0-8)* _
2 £ ° 3.7
=~ 3.2
J
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Question 2 continued
vz (2-1(3-1)
T2
At 10°% sgnificance level, CV = 4.605
3.27 ¢<4.605
Do nof reject Ho. Tneve is insufficient evidence Yo support 1he headteacher's
belief.
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Question 2 continued
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Question 2 continued
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3. The manager of a gym claimed that the mean age of its customers is 30 years. A random
sample of 75 customers is taken and their ages have a mean of 28.2 years and a standard
deviation, s, of 8.5 years.

(a) Stating your hypotheses clearly and using a 10% level of significance, test whether or
not the manager’s claim is supported by the data.

©))
(b) Explain the relevance of the Central Limit Theorem to your calculation in part (a).

1)
(c) State an additional assumption needed to carry out the test in part (a).

0y

Q) Hg: m=30
Hyt m # 30
i ~h3(18.1, %fﬁ )
. 282730 5

= %5
—?
/

L

| a e
n )

= ~1.8339
two -4ai 10° iani 1
critical region : Z 2 1.6449 oy Z<-1.6u4®
-1.8339 < -1-6449

RejeC'\ Hq. The Managgr‘s claim 18 not Smppoxjed
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Question 3 continued
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Question 3 continued
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Question 3 continued
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4. The number of emergency plumbing calls received per day by a local council was recorded R
over a period of 80 days. The results are summarised in the table below.
o
¥ © 3
Number of calls, x 0 1 2 3 4 5 6 7 8 ; cz> ;
Frequency 3 0B 14| 1510] 8 |8 |6 |3 =
2
(a) Show that the mean number of emergency plumbing calls received per day is 3.5 ; E :
) St
A council officer suggests that a Poisson distribution can be used to model the number of &
emergency plumbing calls received per day. He uses the mean from the sample above and :3;:3:
calculates the expected frequencies shown in the table below. me
8 or
x 0 1 2 3 4 5 6 7
more
Expected | ) ) | 846 | 1480 | ~ [15.101057 | 617 | 3.08 | s
frequency
(b) Calculate the value of » and the value of s, giving your answers correct to 2 decimal
places.
3
(c) Test, at the 5% level of significance, whether or not the Poisson distribution is a
suitable model for the number of emergency plumbing calls received per day. State
your hypotheses clearly.
13+ 2(14)43015)+ 4C10)+ SUE)+6(8)+T7(6)+§(3) 280 )
¢) = 80 - %0
5> 05
= 3.6
o
b) X~Pol3.5) it
rze¢ (—31 ) (80) s
= 0.215% (80) o
=17.2628 o
=17.26 2
242+ 8.46+14.80+15.10410.57+6.17+3.08+r+8 = 80
$°2.Yy
J
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3: - Question 4 continued
< c) Ho : The Poisson distribuhion IS a suitapie model.
E H, : Tne Poisson distribution 1S not a Suitable model.
I ] . ( 6:‘;"
<\ 16 10.88  2.4y094
2 L 1480 0.0432
3 1S 17.26  0.2959
Y 10 15.00 1-722S
5 8 1057 0.62%9
6 8 6.7 0.5428
71 9 5§22 2.7311
3 027: §.3759
vz 7-1-]
=5
M 5 gignificancR Jevel, CV. =11.076
$.3159 <1070
‘. Do not veject Ho. The PoisSon diStribution I8 & Suitable model,
g J
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Question 4 continued
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Question 4 continued
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5. A dance studio has 800 dancers of which

452 are beginners
251 are intermediates
97 are professionals

(a) Explain in detail how a stratified sample of size 50 could be taken.

(©))

(b) State an advantage of stratified sampling rather than simple random sampling in this
situation.

0y

Independent random samples of 80 beginners and 60 intermediates are chosen. Each of
these dancers is given an assessment score, x, based on the quality of their dancing. The
results are summarised in the table below.

X 52 n
Beginners 31.7 57.3 80
Intermediates 36.9 38.1 60

The studio manager believes that the mean score of intermediates is more than 3 points
greater than the mean score of beginners.

(c) Stating your hypotheses clearly and using a 5% level of significance, test whether or
not these data support the studio manager’s belief.

%
2
o) T %50 = 2§.25
«~ 2%
251 yg0= 15.6875
800
=16
D 50 6.0625
800
=~

Number the beginners from 1 tc 452 , intermediates from I to 251

. Y
and professiorals from 1 14p 47. Nsing random aumbpers, choose

28 begmaers , 16 intermedicfes and 6 professionals .

b) The sample reflects tne popwlation Siructure

N
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Question 5 continued
€) Hg: M1 -Mp=3
H, My -Mg >3

w 369-3).1-3
l—

aes 2= ’§1§ , 38.)
z g0 N 60

2.2

AREA

.____’
] 1081
800

1.89258
-8
.89 7 1-6449
;. Reject Ho, Manager's belief is covyect.
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Question 5 continued
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Question 5 continued
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6. A company produces a certain type of mug. The masses of these mugs are normally
distributed with mean x and standard deviation 1.2 grams. A random sample of 5 mugs is
taken and the mass, in grams, of each mug is measured. The results are given below.

229.1 229.6 230.9 231.2 231.7

(a) Find a 95% confidence interval for x, giving your limits correct to 1 decimal place.

(C))

Sonia plans to take 20 random samples, each of 5 mugs. A 95% confidence interval for u
is to be determined for each sample.

(b) Find the probability that more than 3 of these intervals will not contain g.

229.1+222.6 12302 +231.2 + 2317 3)
0) n = ~—

[ od
b=J

< 1152.8

S

< 23005

230.5 +196 () = 231552

2+ 28).6

230.5 -1.96 (3= )= 229.448

S
=229.%

(229.4 , 231-6)

b) X= no. of CI which does notf contrin M

X~B (20,0.05)

P(X>3) =1-P(X<3)

= 1-0.98Y)

= 0.0159
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Question 6 continued
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7. The independent random variables X and Y are such that

X ~N(30, 4.5%) and Y ~ N(20, 3.5?)

The random variables X|, X, and X, are independent and each has the same distribution as
X. The random variables Y, and Y, are independent and each has the same distribution as Y.

Given that the random variable 4 is defined as

_X1+X2+X3+Y1+Y2
5

A

(a) find P(4 < 24)

The random variable W is such that W ~ N(u, 2.8%)
Given that P(W — X < 4) = 0.1 and that /' and X are independent,

(b) find the value of u, giving your answer to 3 significant figures.

a)E(A) = 3(30)+2(20)

(6)

(6)

S

= 26

Voar(A)= 3(4.5)%+2(3.5)?
= =

= 3.41

AnN(26,3.%H)
24-2¢

P(A<2at) =pPl2z< =— )
NS U/

P(2¢-1.083)

i

]

|-0.8599

= 0.1401

- 0.140

b) vay (W-%X):= 2.82+y4.57

= 28.09

P(w-X<4)=0.1

Plz< ‘*_MM - 0.

J2809 !

Y- (m-30)

po——

< -1-2510

nJ28.09

~
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Question 7 continued
-z -1.2816 (J23.09 ) - 3%
m= 401917
S 2 40.8
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Question 7 continued
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Question 7 continued
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8. The random variable X has a continuous uniform distribution over the interval R
[a + 3, 20 + 9] where a is a constant.
9
The mean of a random sample of size n, taken from this distribution, is denoted by X g
o
(a) Show that X is a biased estimator of g
2 o
e
(b) Hence find the bias, in terms of «, when X is used as an estimator of E
. 2X . . . U\
Given that ¥ = — + k is an unbiased estimator of a -4
(c) find the value of the constant k R
(2)
A random sample of 8 values of X is taken and the results are as follows
4.8 5.8 6.5 7.1 8.2 9.5 9.9 10.6
(d) Use the sample to estimate the maximum value that X can take.
- Ol+3+20+9 3)
o) E(X):= 2
= 3 +12
2
= 3% 44 #x
5. X 1S o binsed estimator >
S
b) 30 44 - o = HH2 o
2 2 o
3« e
0 2(&+¢) o
dlz o e
B
o
X+ Y¥+n=d i
k=-4 ¢ <..
d) X=(4.8458+6.5+7.148.244.5+9.9410.6)F
- (62.4)+
= 7.8
.2 -
o 3 (78)"‘} 1.2
Max:2 (1.2)+9= -4
\_ J
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Question 8 continued
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Question 8 continued

(Total 8 marks)

END

TOTAL FOR PAPER: 75 MARKS
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