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Section A (45 marks)
Agricultural scientists are studying the relationship between the yield of a crop and the amount of

rainfall. Data from a random sample of 9 farms give the following values of y, the yield of the crop
measured in a convenient standard unit, and x, the rainfall during the growing season measured in mm.

Farm | A B C D E F G H 1

X 152 | 74 96 | 310 | 248 | 105 | 140 | 186 | 161

y 26.4 | 18.8 | 21.3 | 37.0 | 34.6 | 18.0 | 26.7 | 31.2 | 29.0
(i) Draw a scatter diagram to illustrate these data, and comment on it briefly. [5]
(ii) Calculate the value of Spearman’s rank correlation coefficient. [4]

(iii) Hence test at the 5% level of significance whether it is reasonable to assume that rainfall and
yield are associated. [3]

(iv) Give a reason, referring to your scatter diagram, why you might be unwilling to base a test on
the value of the product moment correlation coefficient for these data. If you were to carry out
such a test, what null hypothesis would you be testing? [3]

A study is being made of towns in two large areas, A and B, as part of a comparison of overall
residential attractiveness. Each area has many towns and it is not practicable to include them all in the
study. A sample of 8 towns is selected from area A and a sample of 10 from area B. Each is regarded
as a random sample from a suitably defined underlying population.

(@) (i) One of the criteria is accessibility to transport links. A transport analyst ranks the 18 towns
in order of this accessibility (rank 1 denoting the most accessible). The ranks are as follows.

Towns in area A 1 2 4 5 6 10 11 13
Towns in area B 3 7 8 9 12 14 15 16 17 18

Test at the 5% level of significance whether, on the whole, the two areas may be assumed
equivalent in this regard, stating your null and alternative hypotheses. [8]

(ii) Comment very briefly on why this part of the study was conducted as a ranking exercise,
and state one drawback of this. [2]

(b) Another criterion is air pollution. The pollution level is measured for each town in the samples.
Underlying Normality may be assumed. A statistician wishes to compare the means for the two
areas by carrying out a two-sample test.

(i) The statistician uses a test based on the Normal distribution. What further information does
he need when calculating the value of the test statistic? [2]

(ii) The value of the test statistic is 1.82. Carry out the test, using a 5% significance level and a
two-sided interpretation, giving your conclusion. [3]
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(i) Describe the circumstances when systematic sampling might sensibly be used as a method for
selecting a sample for a survey.

A Psychology Department at a university has 96 first-year students.

alphabetical order. A sample of size 12 is required for a survey.

(ii) Describe how this sample could be selected by systematic sampling.

(2]

There is a list of them in

(2]

The survey is concerned with overall academic ability and aptitude during the transition from school
to university. The 12 selected students take two tests, one on entering the university and the other after
three months. The 12 students are regarded as a random sample from the student population. The
scoring systems for the tests have been designed so that, on the whole, equivalent performances in
the two tests should result in equal scores and improved performance should result in a higher score.
Underlying Normality may be assumed, as appropriate.

(iii) The students’ scores are as follows.

Student A B C D E F G H I J K L
First test 400 | 371 | 365 | 529 | 346 | 371 | 414 | 286 | 453 | 320 | 314 | 265
Second test | 438 | 389 | 437 | 558 | 334 | 470 | 437 | 327 | 451 | 366 | 366 | 327

Use a ¢ test to examine, at the 5% level of significance, whether it appears that the mean score for
students in the second test is greater than that for the first. State carefully your null and alternative
hypotheses and your conclusion.

[Question 4 is printed overleaf.]
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Section B (27 marks)

Engineers at a chemical company are trying to improve the performance of a process for making

a particular type of plastic. The yield of the plastic is affected by the pressure and temperature in

the reaction chamber in which it is made. The engineers hope that changing the pressure or the

temperature, or both of them, will improve the average yield. However, they fear that such changes

might increase the variability of the yield.

The process currently runs at temperature 550 °C and at pressure 2.6 units.

(i) The engineers carry out an experiment with four trial runs with settings as follows.

Run A: pressure 2.2,
Run B: pressure 3.0,
Run C: pressure 2.2,
Run D: pressure 3.0,

temperature 500 °C.
temperature 500 °C.
temperature 600 °C.
temperature 600 °C.

Give a reason why the design of this experiment appears sensible for investigating whether the
average yield can be improved, assuming there is no change in variability. [2]

Give a reason why the design of this experiment is not suitable for investigating whether the
variability of yield has changed. [2]

The engineers establish that the best pressure is 2.6 and the best temperature is 625 °C. All future
experiments are carried out at this pressure and this temperature.

The company’s factory has two reaction chambers in which the process can be run, and the next task
is to establish whether or not these two chambers perform similarly in terms of the average yield of
the plastic.

(ii) The engineers carry out a further experiment. They undertake five trial runs in one chamber, one
run on each day of a working week. The next week, they similarly undertake five trial runs in the
other chamber. The yields, in kg, of the plastic are as follows.

26.8 284 27.1 219 30.6
Sample mean X = 26.96

Sample variance s? =10.243

232 225 209 28.6 294
Sample mean y = 24.92

Sample variance s% = 14.647

First chamber

Second chamber

Assuming that the underlying variances for the two chambers are the same, test the null hypothesis
M, = U,, where u, and 1, are the population mean yields for the two chambers, against the
alternative {1, # lL,, at the 5% level of significance, stating your conclusion carefully. [10]

The company statistician suggests that yields may be affected by day-to-day variability in the quality
of the raw materials supplied to the factory.

(iii) Explain why the experiment in part (ii) is unsatisfactory.
experiment could be carried out in this context and why it would be an improvement.

Explain how a paired comparison

[4]

[Question 4 continues on the next page.]
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The statistician also suggests that the assumption of underlying Normality that was needed for the test
in part (ii) may not be valid. The engineers therefore carry out a new experiment according to a paired

comparison design, and ask the statistician to analyse the data.

(iv) The data are as follows. There are 10 paired trials, labelled I, 11, ..., X.

Trial I II il v \'% VI | VII | VIII | IX X
Yield (kg) in first chamber 294 | 28.0 278 | 242|269 |300 (234|218 21.7|31.0
Yield (kg) in second chamber | 29.0 | 28.5 | 26.6 | 24.5 | 26.2 | 28.0 | 23.5 | 21.2 | 20.2 | 30.0

Use the Wilcoxon signed rank test, at the 5% level of significance, to examine whether the
underlying medians may be assumed equal. [9]
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