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1 Technologists are studying equipment for spray-painting large metal surfaces.  Minor blemishes
called “ripples” occur. The number of ripples per square metre is given by the random variable X
having the Poisson distribution with parameter l.

(i) The equipment is used to spray-paint, independently, three experimental metal sheets, of areas
1 m2, 4 m2, 10 m2. The random variables representing the numbers of ripples are 
respectively.

Show that

is an unbiased estimator of l. Show further that [8]

(ii) The equipment is then used to spray-paint, independently, n metal sheets each of area 10 m2.
The random variable representing the sample mean number of ripples on such metal sheets is

.

Show that is an unbiased estimator of l and find its variance. [7]

(iii) Deduce that is a better estimator of l than provided .  If sheets of area 1 m2 were

used instead of sheets of area 10 m2, how large a sample would be needed so that the sample

mean number of ripples, , would be a better estimator of l than ? [5]l̂Z
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2 A company operates two call centres for telephone calls from the public. Managers are
investigating the service standards at the two centres.

(a) The times spent waiting to be answered are measured automatically by the telephone
equipment. For a random sample of 80 calls at the first centre, the mean waiting time is 
12.6 seconds and the standard deviation is 2.4 seconds. For a random sample of 90 calls at the
second centre, the mean waiting time is 13.9 seconds and the standard deviation is 
3.5 seconds. (Standard deviations are as defined using divisor )

Test at the 1% level of significance whether there is evidence that the true mean waiting times
at the two centres differ, stating carefully the null and alternative hypotheses you are testing.
Provide a two-sided 95% confidence interval for the true mean difference. [12]

(b) An experienced manager contacts 6 callers to the first centre and 7 callers to the second. Each
caller is interviewed in depth over the telephone and asked to arrive at an overall “satisfaction
score” combining several aspects of the service. These satisfaction scores are regarded as
random samples from corresponding underlying populations for the two centres, and are as
follows.

First centre 39.6 36.2 42.4 35.4 42.8 30.6

Second centre 36.0 34.6 29.4 26.7 42.2 32.3 28.8

(Note that high values indicate good service.)

Use an appropriate non-parametric test, at the 10% level of significance, to examine whether
there are, on the whole, any differences between satisfaction scores for the two centres. [8]

3 A security firm believes that good short-term visual memory is an important attribute for its
officers, and a psychologist is investigating whether this can be improved by a special coaching
programme as part of the initial training of new recruits.  Each of a random sample of 12 new
recruits takes a standard short-term visual memory test before and after the coaching programme.
The results are as follows.

(a) Use an appropriate Wilcoxon procedure to test whether short-term visual memory has been
improved, at the 5% level of significance. [7]

(b) Making an appropriate assumption about underlying Normality, which should be carefully
stated, provide an alternative analysis using an appropriate t test, again at the 5% level of
significance. [9]

By considering the data, comment briefly and informally on whether the assumption about
underlying Normality appears to hold.  (You may wish to use a simple diagram.) [4]

Recruit A B C D E F G H I J K L

Before 52 43 34 46 39 58 51 57 65 63 41 41

After 58 54 56 41 38 62 79 55 72 66 50 49

n � 1.
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4 An office experiences a lack of reliability of its email system when transmitting messages. Many
emails are successfully transmitted at the first attempt; others are eventually successfully
transmitted, but only after more than one attempt; and others are not successfully transmitted at all.
The computer manager thinks there may be an association between the success of transmission and
the type of user at the intended destination. Results for a random sample of 300 emails are as
follows.

(i) State the null and alternative hypotheses under examination in the usual c2 test applied to this
contingency table. [2]

(ii) Carry out the test, at the 10% significance level. [12]

(iii) Discuss your conclusions. [6]

Type of destination

Commercial Government Universityuser department

Successful at first 100 57 23attempt

Transmission Successful after more  21 14 13than one attempt

Not successful
at all   31 21 20
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