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1 (a) A stratified sample of pupils at secondary schools in a particular local authority is to be chosen in order
to collect information on absenteeism. In the local authority there are 4 secondary schools, A, B, C and

D, with 1310, 1453, 843 and 1110 pupils respectively.

(i) How many pupils should be chosen from each school in a stratified sample of 500 so that each

school is represented proportionally? 13]
(ii) Suggest two possible criteria for stratification other than by school. 2]
(iii) State one advantage of choosing a stratified sample. [1]

(b) At a large secondary school, the median number of half days absent per pupil per year (based on
several years’ records) was known to be 23. Last year the school carried out a drive to lower the
number of absences. A random sample of 12 pupils had been absent for the following numbers of half
days during the year.

14 10 15 13 35 9 24 19 30 26 29 8

A Wilcoxon single sample test is to be carried out to see if the drive has been successful.

(i) Why might a Wilcoxon test be appropriate? [1]
(ii) What distributional assumption is needed for the test? 1]
(iii) Carry out the test, using a 5% level of significance. [10]

2 The distribution of the random variable X is thought to be well modelled by the following probability density

function:
k(1+x) for0<x<S5,
fx) =
elsewhere,
where £ is a positive constant.
(i) Find the value of £. 3]
(i) ShowthatP(a<X<a+1)=%(2a+3) for 0 <a<4. 2]

A random sample of 50 observations of X is summarised as follows.

X 0<x<l1 I<x<2 2<x<3 3<x<4 4<x<5
Frequency 1 5 7 20 17
(iii) Test at the 10% level of significance whether the distribution of X is well modelled by f(x). [10]
(iv) With reference to your calculations in part (iii) discuss briefly the outcome of the test. [2]
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3 Inagricultural research the oil content, as a percentage of the whole grain, of a cereal can be measured using
near infra-red spectroscopy. An investigation into the effect of a particular treatment on the oil content of a
certain cereal is being carried out. A sample of 10 plots of land is chosen and each plot is divided in half. In
one half of each plot the cereal is grown with the treatment and in the other half the cereal is grown without
the treatment. Subsequently the percentage oil content of the cereal for each half of each plot is measured
and the results are as follows.

Plot A B C D E F G H I J
With 411 | 443 | 424 | 482 | 524 | 546 | 359 | 336 | S1.1 | 47.0

treatment

Without -1 ) s | 377 | 421 | 324 | 427 | 415 | 369 | 317 | 526 | 412

treatment

A paired ¢ test with a 5% level of significance is to be used to see if the treatment appears to make any
difference to the mean percentage oil content of the cereal.

(i) Explain what is meant by a 5% level of significance in a hypothesis test. 2]
(ii) State the conditions necessary for the test to be carried out. [3]
(iii) Assuming the conditions stated in part (ii) are met, carry out the test. [10]

(iv) Find a 90% confidence interval for the population mean difference in the percentage oil content with
and without the treatment. [4]

4  Paul has been trying a new route to work in the mornings. He collects a large random sample of times,
in minutes, and calculates a 95% confidence interval for the population mean time by this route. The
confidence interval is (45.369, 47.231) and the sample variance is 20.3.

(i) Explain what is meant by a 95% confidence interval for a population mean. 1]
(i) Calculate the sample mean and the sample size. 4]
Paul reverts to his usual route and the time, in minutes, to travel to work each morning is modelled by a
random variable which is Normally distributed with mean 41.3 and variance 11.7. The time, in minutes,
for Paul to travel home each evening is modelled by a random variable which is Normally distributed with
mean 44.8 and variance 14.2. In the rest of this question all journeys are by Paul’s usual route and may be

assumed to be independent of each other.

(iii) Calculate the probability that, on a randomly chosen day, Paul’s total travelling time will be less than
90 minutes. [3]

(iv) Calculate the probability that, on a randomly chosen day, the time for Paul to travel home will be more
than 5 minutes longer than the time to travel to work. [4]

(v) Calculate the probability that, in a randomly chosen five-day week, the mean time for Paul to travel to
work on Monday and Tuesday will be more than 3 minutes longer than his mean time to travel to work
on Wednesday, Thursday and Friday. [6]

END OF QUESTION PAPER
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