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Turn over

1. (a) Explain what you understand by a census.
(1)

Each cooker produced at GT Engineering is stamped with a unique serial number.
GT Engineering produces cookers in batches of 2000. Before selling them, they test a 
random sample of 5 to see what electric current overload they will take before breaking 
down.

(b) Give one reason, other than to save time and cost, why a sample is taken rather than 
a census.

(1)

(c) Suggest a suitable sampling frame from which to obtain this sample.
(1)

(d) Identify the sampling units.
(1)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ Q1

(Total 4 marks)
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2. The probability of a bolt being faulty is 0.3. Find the probability that in a random sample
of 20 bolts there are

(a) exactly 2 faulty bolts,
(2)

(b) more than 3 faulty bolts.
(2)

These bolts are sold in bags of 20. John buys 10 bags. 

(c) Find the probability that exactly 6 of these bags contain more than 3 faulty bolts. 
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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3. (a) State two conditions under which a Poisson distribution is a suitable model to use in
statistical work. 

(2)

 The number of cars passing an observation point in a 10 minute interval is modelled by a 
Poisson distribution with mean 1.

(b) Find the probability that in a randomly chosen 60 minute period there will be

(i) exactly 4 cars passing the observation point, 

(ii) at least 5 cars passing the observation point. 
(5)

The number of other vehicles, other than cars, passing the observation point in a 60 minute 
interval is modelled by a Poisson distribution with mean 12. 

(c) Find the probability that exactly 1 vehicle, of any type, passes the observation point 
in a 10 minute period. 

(4)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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4. The continuous random variable Y has cumulative distribution function F(y) given by

 (a) Show that
(2)

 (b) Find P(Y > 1.5).
(2)

(c) Specify fully the probability density function f(y).
(3)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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5. Dhriti grows tomatoes. Over a period of time, she has found that there is a probability 0.3
of a ripe tomato having a diameter greater than 4 cm. She decides to try a new fertiliser. In
a random sample of 40 ripe tomatoes, 18 have a diameter greater than 4 cm. Dhriti claims
that the new fertiliser has increased the probability of a ripe tomato being greater than
4 cm in diameter.

Test Dhriti’s claim at the 5% level of significance. State your hypotheses clearly.
(7)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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6. The probability that a sunflower plant grows over 1.5 metres high is 0.25. A random
sample of 40 sunflower plants is taken and each sunflower plant is measured and its height
recorded.

(a) Find the probability that the number of sunflower plants over 1.5 m high is between
8 and 13 (inclusive) using 

  (i) a Poisson approximation,

  (ii) a Normal approximation.
(10)

(b) Write down which of the approximations used in part (a) is the most accurate estimate 
of the probability. You must give a reason for your answer.

(2)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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7. (a) Explain what you understand by

  (i) a hypothesis test,

  (ii) a critical region.
(3)

During term time, incoming calls to a school are thought to occur at a rate of 0.45 per 
minute. To test this, the number of calls during a random 20 minute interval, is recorded.

(b) Find the critical region for a two-tailed test of the hypothesis that the number of 
incoming calls occurs at a rate of 0.45 per 1 minute interval. The probability in each 
tail should be as close to 2.5% as possible.

(5)

(c) Write down the actual significance level of the above test.
 (1)

In the school holidays, 1 call occurs in a 10 minute interval.

(d) Test, at the 5% level of significance, whether or not there is evidence that the rate of 
incoming calls is less during the school holidays than in term time.

(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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8. The continuous random variable X has probability density function f(x) given by

 (a) Sketch f(x) for all values of x.
(3)

(b) Write down the mode of X.
 (1)

Find

 (c) E(X),
(3)

(d) the median of X.
(4)

(e) Comment on the skewness of this distribution. Give a reason for your answer.
(2)

f x
x

( )=
−( )⎧

⎨
⎩

2 2
0
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1 The random variable T is normally distributed with mean µ and standard deviation σ. It is given that
P(T > 80) = 0.05 and P(T > 50) = 0.75. Find the values of µ and σ. [6]

2 A village has a population of 600 people. A sample of 12 people is obtained as follows. A list of all
600 people is obtained and a three-digit number, between 001 and 600 inclusive, is allocated to each
name in alphabetical order. Twelve three-digit random numbers, between 001 and 600 inclusive, are
obtained and the people whose names correspond to those numbers are chosen.

(i) Find the probability that all 12 of the numbers chosen are 500 or less. [3]

(ii) When the selection has been made, it is found that all of the numbers chosen are 500 or less. One
of the people in the village says, “The sampling method must have been biased.” Comment on
this statement. [2]

3 The random variable G has the distribution Po(λ). A test is carried out of the null hypothesis
H0 : λ = 4.5 against the alternative hypothesis H1 : λ ≠ 4.5, based on a single observation of G. The
critical region for the test is G ≤ 1 and G ≥ 9.

(i) Find the significance level of the test. [5]

(ii) Given that λ = 5.5, calculate the probability that the test results in a Type II error. [3]

4 The random variable Y has the distribution N(µ, σ2). The results of 40 independent observations of
Y are summarised by

Σ y = 3296.0, Σ y2 = 286 800.40.

(i) Calculate unbiased estimates of µ and σ2. [4]

(ii) Use your answers to part (i) to estimate the probability that a single random observation of Y will
be less than 60.0. [2]

(iii) Explain whether it is necessary to know that Y is normally distributed in answering part (i) of
this question. [1]

5 Over a long period the number of visitors per week to a stately home was known to have the distribution
N(500, 1002). After higher car parking charges were introduced, a sample of four randomly chosen
weeks gave a mean number of visitors per week of 435. You should assume that the number of visitors
per week is still normally distributed with variance 1002.

(i) Test, at the 10% significance level, whether there is evidence that the mean number of visitors
per week has fallen. [7]

(ii) Explain why it is necessary to assume that the distribution of the number of visitors per week
(after the introduction of higher charges) is normal in order to carry out the test. [2]
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6 The number of house sales per week handled by an estate agent is modelled by the distribution Po(3).
(i) Find the probability that, in one randomly chosen week, the number of sales handled is

(a) greater than 4, [2]

(b) exactly 4. [2]

(ii) Use a suitable approximation to the Poisson distribution to find the probability that, in a year
consisting of 50 working weeks, the estate agent handles more than 165 house sales. [5]

(iii) One of the conditions needed for the use of a Poisson model to be valid is that house sales are
independent of one another.

(a) Explain, in non-technical language, what you understand by this condition. [1]

(b) State another condition that is needed. [1]

7 A continuous random variable X1 has probability density function given by

f(x) = { kx 0 ≤ x ≤ 2,

0 otherwise,

where k is a constant.

(i) Show that k = 1
2
. [2]

(ii) Sketch the graph of y = f(x). [2]

(iii) Find E(X
1
) and Var(X

1
). [5]

(iv) Sketch the graph of y = f(x − 1). [2]

(v) The continuous random variable X
2

has probability density function f(x − 1) for all x. Write
down the values of E(X2) and Var(X2). [2]

8 Consultations are taking place as to whether a site currently in use as a car park should be developed
as a shopping mall. An agency acting on behalf of a firm of developers claims that at least 65% of the
local population are in favour of the development. In a survey of a random sample of 12 members of
the local population, 6 are in favour of the development.

(i) Carry out a test, at the 10% significance level, to determine whether the result of the survey is
consistent with the claim of the agency. [7]

(ii) A local residents’ group claims that no more than 35% of the local population are in favour of the
development. Without further calculations, state with a reason what can be said about the claim
of the local residents’ group. [2]

(iii) A test is carried out, at the 15% significance level, of the agency’s claim. The test is based on a
random sample of size 2n, and exactly n of the sample are in favour of the development. Find
the smallest possible value of n for which the outcome of the test is to reject the agency’s claim.

[4]
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Answer all questions.

1 The number of accidents, X , occurring during one week at Joanne’s place of work can be

modelled by a Poisson distribution with a mean of 0.7 .

The number of accidents, Y , occurring during one week at Pete’s place of work can be

modelled by a Poisson distribution with a mean of 1.3 .

(a) (i) Determine PðX < 3Þ . (1 mark)

(ii) Calculate PðY ¼ 2Þ . (2 marks)

(b) Find the probability that, during a particular week, there are at least 4 accidents in total

at these two places of work. (3 marks)

2 The marks achieved by Pat in her homework assignments may be assumed to be normally

distributed with mean m .

The marks achieved by Pat in a random sample of 8 assignments were recorded as follows:

60 65 62 67 69 71 63 66

Construct a 99% confidence interval for m . (5 marks)

3 The handicap committee of a golf club has indicated that the mean score achieved by the

club’s members in the past was 85.9 .

A group of members believes that recent changes to the golf course have led to a change in

the mean score achieved by the club’s members and decides to investigate this belief.

A random sample of the scores, x, of 100 club members was taken and is summarised by

X
x ¼ 8350 and

X
ðx� xÞ2 ¼ 15 321

where x denotes the sample mean.

Test, at the 5% level of significance, the group’s belief that the mean score of 85.9 has

changed. (8 marks)
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4 The number of mistakes, X , that Holli makes as a learner driver when she drives from

Ampthill to Bedford can be modelled by the following discrete probability distribution:

x 41 2 3 4 5 6 5 7

P(X ¼¼ x) 0 0.40 0.25 0.18 0.12 k 0

(a) Find the value of k . (1 mark)

(b) Find:

(i) EðX Þ ; (1 mark)

(ii) VarðX Þ . (3 marks)

(c) When Holli makes the return journey by the same route, the number of mistakes, Y ,

that she makes can be approximated by

Y ¼ 2X � 3

Find:

(i) EðYÞ ; (1 mark)

(ii) the standard deviation of Y . (3 marks)

5 Jasmine’s French teacher states that a homework assignment should take, on average,

30 minutes to complete.

Jasmine believes that he is understating the mean time that the assignment takes to complete

and so decides to investigate. She records the times, in minutes, that it takes for a random

sample of 10 students to complete the French assignment, with the following results:

29 33 36 42 30 28 31 34 37 35

(a) Test, at the 1% level of significance, Jasmine’s belief that her French teacher has

understated the mean time that it should take to complete the homework assignment.

(7 marks)

(b) State an assumption that you must make in order for the test used in part (a) to

be valid. (1 mark)

Turn over for the next question

Turn over

s
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6 The waiting time, T minutes, before being served at a local newsagents can be modelled by a

continuous random variable with probability density function

fðtÞ ¼

3
8
t2 04 t < 1

1
16

ðt þ 5Þ 14 t4 3

0 otherwise

8>>>><
>>>>:

(a) Sketch the graph of f. (3 marks)

(b) For a customer selected at random, calculate PðT 5 1Þ . (2 marks)

(c) (i) Show that the cumulative distribution function for 14 t4 3 is given by

FðtÞ ¼ 1
32

ðt2 þ 10t � 7Þ (5 marks)

(ii) Hence find the median waiting time. (4 marks)

7 A statistics unit is required to determine whether or not there is an association between

students’ performances in mathematics at Key Stage 3 and at GCE.

A survey of the results of 500 students showed the following information:

GCE Grade

A B C Below C Total

Key
8 60 55 47 43 205

Stage 3 7 55 32 31 26 144

Level
6 40 38 35 38 151

Total 155 125 113 107 500

(a) Use a w2 test at the 10% level of significance to determine whether there is an

association between students’ performances in mathematics at Key Stage 3 and at GCE.

(9 marks)

(b) Comment on the number of students who gained a grade A at GCE having gained a

level 7 at Key Stage 3. (1 mark)

END OF QUESTIONS
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Answer all questions.

1 Alan’s journey time, in minutes, to travel home from work each day is known to be normally

distributed with mean m .

Alan records his journey time, in minutes, on a random sample of 8 days as being

36 38 39 40 50 35 36 42

Construct a 95% confidence interval for m . (5 marks)

2 The number of computers, A, bought during one day from the Amplebuy computer store can

be modelled by a Poisson distribution with a mean of 3.5 .

The number of computers, B, bought during one day from the Bestbuy computer store can be

modelled by a Poisson distribution with a mean of 5.0 .

(a) (i) Calculate PðA ¼ 4Þ . (2 marks)

(ii) Determine PðB4 6Þ . (1 mark)

(iii) Find the probability that a total of fewer than 10 computers is bought from these

two stores on one particular day. (3 marks)

(b) Calculate the probability that a total of fewer than 10 computers is bought from these

two stores on at least 4 out of 5 consecutive days. (3 marks)

(c) The numbers of computers bought from the Choicebuy computer store over a

10-day period are recorded as

8 12 6 6 9 15 10 8 6 12

(i) Calculate the mean and variance of these data. (2 marks)

(ii) State, giving a reason based on your results in part (c)(i), whether or not a

Poisson distribution provides a suitable model for these data. (2 marks)
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3 The handicap committee of a golf club has indicated that the mean score achieved by the

club’s members in the past was 85.9 .

A group of members believes that recent changes to the golf course have led to a change in

the mean score achieved by the club’s members and decides to investigate this belief.

A random sample of the scores, x, of 100 club members was taken and is summarised by

X
x ¼ 8350 and

X
ðx� xÞ2 ¼ 15 321

where x denotes the sample mean.

Test, at the 5% level of significance, the group’s belief that the mean score of 85.9 has

changed. (8 marks)

4 The number of fish, X , caught by Pearl when she goes fishing can be modelled by the

following discrete probability distribution:

x 1 2 3 4 5 6 5 7

P(X ¼¼ x) 0.01 0.05 0.14 0.30 k 0.12 0

(a) Find the value of k . (1 mark)

(b) Find:

(i) EðX Þ ; (1 mark)

(ii) VarðX Þ . (3 marks)

(c) When Pearl sells her fish, she earns a profit, in pounds, given by

Y ¼ 5X þ 2

Find:

(i) EðYÞ ; (1 mark)

(ii) the standard deviation of Y . (3 marks)

Turn over

s

http://www.mppe.org.uk

Copyright  © mppe.org.uk and its license. All Rights Reserved



4

5 Jasmine’s French teacher states that a homework assignment should take, on average,

30 minutes to complete.

Jasmine believes that he is understating the mean time that the assignment takes to complete

and so decides to investigate. She records the times, in minutes, that it takes for a random

sample of 10 students to complete the French assignment, with the following results:

29 33 36 42 30 28 31 34 37 35

(a) Test, at the 1% level of significance, Jasmine’s belief that her French teacher has

understated the mean time that it should take to complete the homework assignment.

(7 marks)

(b) State an assumption that you must make in order for the test used in part (a) to

be valid. (1 mark)

6 The waiting time, T minutes, before being served at a local newsagents can be modelled by a

continuous random variable with probability density function

fðtÞ ¼

3
8
t2 04 t < 1

1
16

ðt þ 5Þ 14 t4 3

0 otherwise

8>>>><
>>>>:

(a) Sketch the graph of f. (3 marks)

(b) For a customer selected at random, calculate PðT 5 1Þ . (2 marks)

(c) (i) Show that the cumulative distribution function for 14 t4 3 is given by

FðtÞ ¼ 1
32

ðt2 þ 10t � 7Þ (5 marks)

(ii) Hence find the median waiting time. (4 marks)
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7 A statistics unit is required to determine whether or not there is an association between

students’ performances in mathematics at Key Stage 3 and at GCE.

A survey of the results of 500 students showed the following information:

GCE Grade

A B C Below C Total

Key
8 60 55 47 43 205

Stage 3 7 55 32 31 26 144

Level
6 40 38 35 38 151

Total 155 125 113 107 500

(a) Use a w2 test at the 10% level of significance to determine whether there is an

association between students’ performances in mathematics at Key Stage 3 and at GCE.

(9 marks)

(b) Comment on the number of students who gained a grade A at GCE having gained a

level 7 at Key Stage 3. (1 mark)

8 The continuous random variable X has the cumulative distribution function

FðxÞ ¼

0 x4�4

xþ 4

9
�44 x4 5

1 x5 5

8>>><
>>>:

(a) Determine the probability density function, fðxÞ , of X . (2 marks)

(b) Sketch the graph of f . (2 marks)

(c) Determine PðX> 2Þ . (2 marks)

(d) Evaluate the mean and variance of X . (2 marks)

END OF QUESTIONS
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