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Answer all questions.

Answer each question in the space provided for that question.

1 During 2012, a tabloid newspaper invited its readers to take part in a telephone poll

regarding whether the bank holiday at the beginning of May should be moved to

October. Of the 2450 who phoned in, 1029 thought that the bank holiday should be

moved.

(a) Calculate an approximate 99% confidence interval for the proportion in the

corresponding population who are in favour of the move. (5 marks)

(b) Give two reasons in context why it could be misleading to use the confidence

interval in part (a) to draw conclusions about general public opinion on this issue.

(2 marks)
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2 Imran, a health service administrator, is monitoring the place of birth of babies in his

local area. He finds that during the summer months of June, July and August, the

number of babies born at home can be modelled by a Poisson distribution with a

mean of 27 per week. However, Imran finds that during one week in January, 35

babies were born at home in his local area. He suspects that the mean number of

births at home per week during January is different from that during the summer

months.

(a) Assuming that a Poisson distribution is still appropriate, use a distributional

approximation to investigate Imran’s suspicion. Use the 10% level of significance.

(7 marks)

(b) Which type of error, Type I or Type II, might have occurred in carrying out the test

in part (a)? Explain your answer. (2 marks)
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3 Teleza, a psychologist, conducted a series of experiments to investigate the effects of

two potential distractors, flashing lights and loud noises, on the time taken by

students to perform a simple task. In an initial experiment, a large number of

students performed the task without distraction and the mean time was found to be

92 seconds.

Assume that all the task times in this question have normal distributions.

(a) In the next experiment, a random sample of 8 students was subjected to flashing

lights, and the times taken to perform the task were recorded by Teleza. These

times, in seconds, were as follows.

85 100 105 92 92 89 112 90

(i) Construct a 95% confidence interval for the mean time taken by students to perform

the task when subjected to flashing lights, giving the limits to one decimal place.

(6 marks)

(ii) Use this confidence interval to decide whether there is significant evidence that the

mean task time has changed from 92 seconds when students are subjected to flashing

lights. Justify your decision. (2 marks)

(b) In a further experiment, the times taken, x seconds, by the same group of 8 students

to perform the task when subjected to loud noises were found by Teleza to have

mean x ¼ 94:5 seconds and standard deviation s ¼ 4:2 seconds.

(i) Investigate, at the 5% level of significance, whether the population mean time has

changed from 92 seconds when students are subjected to loud noises. (7 marks)

(ii) If previous research had shown that the population standard deviation of task times

when students are subjected to loud noises is 4 seconds, what type of test should you

have carried out in part (b)(i)? You are not required to carry out the test. (1 mark)

(c) Identify, with a reason, the most notable difference between the task times for the

two different types of distraction. (2 marks)
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4 Eighteen-year-old Hannah frequently uses a social-networking website to chat to her

friends in the evening. On this site, she has a total of 120 friends. This total

includes all 8 of her college classmates. If she logs on to the site at around 10 pm,

then, on average, 45 per cent of her friends will also be logged on to the site.

The numbers of friends and classmates logged on to the site at 10 pm are random

variables F and C respectively. Binomial distributions with p ¼ 0:45 are used to

model F and C.

(a) Hannah logs on to the site at 10 pm on a particular day.

(i) Find the probability that more than half of her 8 classmates will already be logged on

to the site. (3 marks)

(ii) Use an approximate distribution to find the probability that fewer than 50 of her 120

friends will be logged on to the site. (5 marks)

(b) (i) State, in the context of the question, two assumptions that had to be made in order to

model F with a binomial distribution. (2 marks)

(ii) Give a reason why either one of these two assumptions may not be valid in this

context. (1 mark)
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5 Conrad, a popular author, is signing copies of his latest book in a high street

bookshop.

(a) The number of people joining the queue for his signature during a one-minute

interval can be modelled by a Poisson distribution with mean 2.5 .

(i) Find the probability that, during a three-minute interval, at most 6 people join the

queue. (2 marks)

(ii) Use an approximate distribution to find the probability that, during a fifteen-minute

interval, at most 42 people join the queue. (4 marks)

(b) For each person in the queue, Conrad will either just sign a copy of his book or write

a personal dedication. The time he takes to sign a copy of his book can be modelled

by a normal distribution with mean 40 seconds and standard deviation 10 seconds.

The time he takes to write a personal dedication can be modelled by a normal

distribution with mean 100 seconds and standard deviation 15 seconds. All these

times are independent from person to person.

The random variable T represents the total time taken to sign 4 copies of his book.

(i) Find the mean and the standard deviation of T . (3 marks)

(ii) Evaluate the probability that T is between 2 minutes and 3 minutes. (3 marks)

(iii) Evaluate the probability that Conrad can write 2 personal dedications in less time

than he can sign 4 copies of his book. (5 marks)

(c) Give a reason, in context, why a Poisson distribution would probably not be a valid

model for the number of people joining an airport check-in queue during a time

interval of several hours. (2 marks)
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6 James is a guitarist in a rock band which is about to start a 14-night tour. James

usually uses Britepick guitar strings, which he changes before each performance.

The thinnest string on a guitar, the top-E string, is the one most likely to break and,

for James, the probability that this happens during a 1-hour performance is 0.02 .

(a) James is thinking of using Pluckwell strings rather than Britepick strings in the future

and has bought some Pluckwell top-E strings to use each night of the 14-night tour.

He finds that he breaks a top-E string during the band’s 1-hour performance on 2 of

these 14 nights.

(i) Use a binomial distribution to investigate, at the 5% level of significance, whether

Pluckwell top-E strings are more likely to break than Britepick top-E strings.

(5 marks)

(ii) Name one other factor besides reliability that James should consider when deciding

whether to change his brand of strings. (1 mark)

(iii) Irrespective of the data collected during the tour, explain why it would not have been

possible to investigate, at the 5% level of significance, whether Pluckwell top-E

strings are less likely to break than Britepick top-E strings. You should support your

explanation with an appropriate binomial probability. (2 marks)

(b) James plays a standard six-string electric guitar. The other five strings are thicker

than the top-E string and are less likely to break. James wishes to estimate the

probability that he will complete a 1-hour performance without breaking any of the

six strings.

Assuming that the six strings break independently of each other, show that, if he uses

Britepick strings, this probability will be greater than 0.88 . (3 marks)
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