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1 Anenvironmental group is monitoring the number of Scots pine seedlingson alarge region of Scottish
moorland. The moorland is divided into plots of equal area. The numbers of Scots pine seedlingsin
the plots are modelled using a Poisson distribution.
(i) Write down the conditions for a Poisson model to apply. [2]

Records for similar regions suggest the mean number of seedlings per plot is 8.

(i) Find the probability that in a randomly chosen plot there will be

(A) exactly 7 seedlings, [2]

(B) morethan 7 seedlings. [2]

(iii) Find the probability that, out of arandom sample of 5 plots, at least one plot contains more than

7 seedlings. [3]

The heights, in cm, of seedlings are modelled using a Normal distribution with mean 56 and standard
deviation 20.

(iv) Show that the probability that the height of a seedling exceeds 70cm is0.242. [2]

(v) Find the height exceeded by 95% of seedlings. [3]

2 A coffee company isinvestigating the cholesterol-lowering effects of removing a particular oil in the
production of a new coffee product. Over a period of several weeks, a group of 12 volunteers drink
this new coffee product. For each volunteer, the decrease in cholesterol level is measured. Theresults,
in suitable units, are asfollows.

182 194 202 209 187 165 168 171 178 201 190 173

(i) Usethese datato estimate the mean and variance of the underlying population. [2]

The coffee company will promote the new coffee product if it believes that the population mean
decrease in cholesterol level ismore than 175.

(ii) Use at test at the 5% level of significance to examine whether this sample provides evidence
that the mean decrease in cholesterol level is more than 175. State your null and aternative
hypotheses clearly. [9]

(iii) What assumptions about the underlying population and the sample are necessary for the above
test to be valid? [2]
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3 A medical research team is investigating whether there is an association between coronary artery
disease and gum disease. They collect data from a random sample of 250 patients who have been
tested for possible heart conditions. The results are as follows.

Patients with Patients without
gum disease gum disease
Patients with
coronary artery disease 40 S
Patients without
coronary artery disease 103 62

(i) Carry out atest, at the 5% level of significance, to examine whether these data provide evidence
of an association between these classification factors. State clearly the null and aternative
hypotheses. [10]

Inafurther investigation, patientswith gum disease are classified by age and by occurrence of coronary
artery disease. For arandom sample of 160 such patients, the results are as follows.

Age< 45 45 < Age< 60 Age> 60
Patients with ' 4 12 17
coronary artery disease
Patients without
coronary artery disease 49 32 46

(i) Theseresults are used to carry out atest for association between age and occurrence of coronary
artery disease among people with gum disease. The calculated statistic for the xz test is 8.2808.
Given that no cells needed to be merged, what isthe conclusion of the test when a 5% significance
level isused? Justify your answer with an appropriate critical value. [4]

(iii) Inthelight of the conclusions obtained in parts (i) and (ii), discuss briefly what the results suggest
about links between gum disease and coronary artery disease. [2]

4  Itissuspected that, dueto global warming, the population of a certain species of ant isdecreasing. As
part of an ongoing field survey regarding the distribution of this species of ant, a number of traps are
located at different sites over alarge area. One hour after each trap is set, the number of trapped ants
is counted. The results for a sample of 12 traps this year are as follows.

23 43 16 15 22 33 27 11 18 24 10 20

(i) Recordsfor this species of ant taken over a number of years show the median number of trapped
ants to be 26. Use a Wilcoxon test to examine, at the 5% significance level, whether there has
been adecreasein the median number of antsthisyear. State your null and alternative hypotheses
clearly. [12]

(il) What assumptions about the variable being tested and the sample used are necessary when
carrying out this Wilcoxon test? [2]

[Question 5is printed overleaf.]
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A pet products researcher is investigating the bedding material preferences of hamsters. He wishes

to find out if hamsters prefer to sleep on a new man-made bedding material rather than the more
traditional bedding materials. He has eight hamsters on which to carry out his research. Each hamster
is given a choice of three bedding compartments, only one of which contains the new man-made
material. The researcher records the numbers of hamsters, X, that choose the new material over a
period of 150 days. The results are asfollows.

Number of hamsters choosing new material, x

>6

Frequency, f

10

31

42

34

19

(i) Explain why, assuming the hamsters choose independently and randomly, the researcher should

model the data using a binomial distribution with p = £.

[1]

(i) Use the cumulative binomial probability table with n = 8 and p = % to find the probabilities
corresponding to thevaluesof xinthetable. Hence obtai nthe expected frequencies corresponding

to the observed frequencies.

[5]

(iii) Carry out atest of the goodness of fit of the above binomial model. Use a 5% significance level.

State your null and alternative hypotheses clearly.

[9]
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