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Section A (46 marks)

1 A television viewer who is hearing impaired uses subtitles to help him understand programmes. Many
programmes such as news programmes are ‘live subtitled’ which means that the subtitles appear on the
screen a few seconds after the words are spoken. The time taken (in seconds) between the words being
spoken and the subtitles appearing on screen is known as the ‘latency’. The viewer asks a friend to help
record the latency in samples of both national and local television news programmes. The data collected by
the friend are given below.

National news 6.5 59 5.1 5.8 4.6 53 5.5 7.1 4.4 7.8 4.1
Local news 4.3 52 34 39 3.7 4.8 4.9 54

(i) The viewer wishes to carry out a hypothesis test to investigate whether latencies in the two types of
programme are different. What property of the two samples is required in order to carry out such a
hypothesis test? 1]

(i) You are given that the distributions of the populations are not known, and that the property of the
samples in part (i) does hold. Use a suitable test to examine, at the 5% significance level, whether it
appears that, on the whole, there is any difference in latency in the two types of programme. [10]

(iii) The viewer’s friend, who is studying statistics, suggests that it would have been better to use the same
news stories for both national and local programmes, so that the data are paired.

(A) Name a test for paired data which requires no distributional assumptions. 2]

(B) Suppose that there is a difference in latency for the two types of programme, and that the
assumptions required for a paired sample ¢ test hold. Explain whether the test you have named in
part (4) would be more likely, equally likely or less likely to detect this difference than a paired
sample ¢ test. 2]

2 A medical student is investigating whether there is any difference in blood pressure when people are
standing and when they are seated. She randomly selects 9 students from her university and measures their
blood pressures, both seated and standing. The systolic blood pressures, in suitable units, are as follows.

Student A B C D E F G H I
Standing | 119 | 126 | 116 | 124 | 120 | 151 | 116 | 120 | 126
Seated 118 | 130 | 128 | 134 | 123 | 142 | 121 | 116 | 134

(i) Briefly explain why it is better to use the same students for both positions, standing and seated. 2]
(ii) State the distributional assumption necessary for the use of a paired sample ¢ test. 2]

(iii) Use a paired sample ¢ test to examine, at the 5% significance level, whether it appears that there is any
difference between mean systolic blood pressure when people are standing or seated. [11]
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3 A student wishes to know if heavier species of mammals tend to have heavier brains. He selects a random

sample of 7 species and obtains their average body weights and their average brain weights from a reputable
source, as shown in the table below.

(i) Draw a scatter diagram to illustrate these data. [3]

(i) Explain why the shape of the scatter diagram suggests that the distribution may not be bivariate
Normal, and so the assumptions required to carry out a test based on the product moment correlation
coefficient may not be satisfied. 1]

(iii) Calculate the value of Spearman’s rank correlation coefficient. [5]

(iv) Using your answer to part (iii), carry out a test at the 5% level of significance to investigate whether it
is reasonable to assume that average body weight and average brain weight are positively associated.

[7]
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Section B (26 marks)

4  Atasmall bakery company, the baker is investigating the heights of the loaves which she bakes. She wishes
to see if there is any difference in the heights when using two new bread recipes, A and B, and will use this
information to choose which recipe to use in future.

(i) Initially she considers baking 3 loaves with each recipe, all in one batch, to compare the heights. Give
2 reasons why this would not be a sensible approach. 2]

After getting advice from a statistician, the baker adopts a better approach. She bakes 5 batches, each
containing 60 loaves of each recipe. She uses the same total volume of ingredients for each loaf baked with
each recipe.

(ii) Explain how the baker can choose a stratified sample of 50 loaves of recipe A from the 300 which she
bakes. [4]

The baker decides instead to use simple random samples to select 50 loaves of each recipe. The heights
of the loaves, measured in cm, are denoted by x and y for recipes A and B respectively. You are given that
Tx = 709.5, Zx* = 10092 and the sample mean and sample standard deviation of y are 14.51 and 0.718
respectively.

(iii) Calculate the sample mean and sample standard deviation of x. 13]

(iv) Carry out a test at the 5% significance level to investigate whether there is any difference in the mean
heights of loaves produced using the two recipes. [11]

(v) Explain briefly why it is not necessary to make any assumptions about the distributions of the parent
populations in order to carry out the test. [2]

(vi) If the two samples had each been of size 10 rather than 50, a Wilcoxon rank sum test could have been

used. Name a second test which could have been used under these circumstances. State the assumptions
necessary for this second test. [4]
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