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1  Coastal wildlife wardens are monitoring populations of herring gulls. Herring gulls usually lay 3 eggs
per nest and the wardens wish to model the number of eggs per nest that hatch. They assume that the
situation can be modelled by the binomial distribution B(3, p) where p is the probability that an egg
hatches. A random sample of 80 nests each containing 3 eggs has been observed with the following
results.

Number of eggs hatched 0 1 2 3
Number of nests 7 23 29 21

(i) Initially it is assumed that the value of p is % Test at the 5% level of significance whether it is
reasonable to suppose that the model applies with p = % [10]

(i) The model is refined by estimating p from the data. Find the mean of the observed data and
hence an estimate of p. [2]

(iii) Using the estimated value of p, the value of the test statistic X? turns out to be 2.3857. Is it
reasonable to suppose, at the 5% level of significance, that this refined model applies? [3]

(iv) Discuss the reasons for the different outcomes of the tests in parts (i) and (iii). [2]

2 (a) A continuous random variable, X, has probability density function

f()6)2{7—12(8x—x2) 2<x<8,
0 otherwise.
(i) Find F(x), the cumulative distribution function of X. [3]
(ii) Sketch F(x). [3]

(iii) The median of X is m. Show that m satisfies the equation m®> — 12m? + 148 = 0. Verify that
m=~4.42. [3]

(b) The random variable in part (a) is thought to model the weights, in kilograms, of lambs at birth.
The birth weights, in kilograms, of a random sample of 12 lambs, given in ascending order, are
as follows.

3.16 3.62 380 390 4.02 472 514 636 650 658 668 6.78

Test at the 5% level of significance whether a median of 4.42 is consistent with these data. [10]
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3  Cholesterol is a lipid (fat) which is manufactured by the liver from the fatty foods that we eat. It
plays a vital part in allowing the body to function normally. However, when high levels of cholesterol
are present in the blood there is a risk of arterial disease. Among the factors believed to assist with
achieving and maintaining low cholesterol levels are weight loss and exercise.

A doctor wishes to test the effectiveness of exercise in lowering cholesterol levels. For a random
sample of 12 of her patients, she measures their cholesterol levels before and after they have followed
a programme of exercise. The measurements obtained are as follows.

Patient | A B C D E F G H 1 J K L
Before | 57 | 57 | 40 | 68 | 74 | 55 | 677 | 64 | 72 | 72 | 7.1 | 44
After 58 | 40 | 52 | 57 | 60 | 50 | 58 | 42 | 73 | 52 | 64 | 4.1

(i) A rtestis to be used in order to see if, on average, the exercise programme seems to be effective
in lowering cholesterol levels. State the distributional assumption necessary for the test, and
carry out the test using a 1% significance level. [11]

(ii) A second random sample of 12 patients gives a 95% confidence interval of (—0.5380, 1.4046)
for the true mean reduction (before — after) in cholesterol level. Find the mean and standard
deviation for this sample. How might the doctor interpret this interval in relation to the exercise
programme? [7]

4  The weights of a particular variety (A) of tomato are known to be Normally distributed with mean
80 grams and standard deviation 11 grams.

(i) Find the probability that a randomly chosen tomato of variety A weighs less than 90 grams. [3]

The weights of another variety (B) of tomato are known to be Normally distributed with mean
70 grams. These tomatoes are packed in sixes using packaging that weighs 15 grams.

(i) The probability that a randomly chosen pack of 6 tomatoes of variety B, including packaging,
weighs less than 450 grams is 0.8463. Show that the standard deviation of the weight of single
tomatoes of variety B is 6 grams, to the nearest gram. [5]

(iif) Tomatoes of variety A are packed in fives using packaging that weighs 25 grams. Find the
probability that the total weight of a randomly chosen pack of variety A is greater than the total
weight of a randomly chosen pack of variety B. [5]

(iv) A new variety (C) of tomato is introduced. The weights, ¢ grams, of a random sample of 60 of
these tomatoes are measured giving the following results.

Xc =3126.0 Tc? = 164223.96

Find a 95% confidence interval for the true mean weight of these tomatoes. [5]
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