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Question 1 (15 marks) Researchers at the Australian Institute of Sport measured
the heights (in cm) of several female students who regularly took part in sport. They
entered the heights into one column of a Minitab worksheet. The second column
classifies the students according to their main sport, with ‘Netball’ coded as 1 and
‘400m running’ coded as 2. The heights are summarized below.

Descriptive Statistics: height

Variable sport N N* Mean SE Mean StDev Minimum Q1
height 1 23 0 176.07 0.864 4.14 168.60 173.30

2 11 0 169.34 1.67 5.55 162.00 163.00

Variable sport Median Q3 Maximum
height 1 176.00 179.60 183.30

2 170.80 174.10 177.00

(a) What type of data are these? [2]

(b) In general, which of these two sports has the taller women? Justify your answer
in two ways, using the summary statistics. [4]

(c) Are the heights more spread for the netball players or for the 400m runners?
Justify your answer in two ways, using the summary statistics. [6]

(d) How, if at all, would your conclusions to (b) and (c) change if the heights were
measured in inches? Briefly justify your answer. [3]

Question 2 (5 marks) Explain the difference between an observational study and
an experiment. Give an example of each. [5]

Question 3 (15 marks) Let X, Y and Z be random variables with a joint distri-
bution.

(a) Define the covariance Cov(X, Y ). [2]

(b) Prove that Cov(X + Y, Z) = Cov(X, Z) + Cov(Y, Z). [3]

(c) Suppose that X and Y are independent, with Var(X) = 9 and Var(Y ) = 10,
and that Z = X + 2Y . Find the correlation between X and Z. [5]

(d) In a Minitab project, students are asked to simulate 100 rows of data from X
and Y , where X ∼ N(2, 9) and Y ∼ N(0, 10), and X and Y are independent.
Then they should calculate Z = X + 2Y , and produce a scatterplot of Z
against X. Three scatterplots are shown on the next page: two of them are
wrong. State which is correct. For each of the others, give a brief reason why
it cannot be correct. [5]
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(i)
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Question 4 (15 marks) Let X and Y be random variables all of whose values are
non-negative integers.

(a) Define the probability generating function of X. [2]

(b) State a theorem linking the probability generating functions of X, Y and X+Y
under a suitable condition. [3]

(c) Suppose that X ∼ Bin(20, 0.4). Find the probability generating function of X. [5]

(d) Suppose that X ∼ Bin(20, 0.4), that Y ∼ Bin(30, 0.4) and that X and Y are
independent of each other. Find the distribution of X + Y . [5]

Question 5 (10 marks) (a) Let T be an estimator for a quantity θ. Define the
bias and mean squared error of T , and state a result which links them. [5]

(b) Let X1, . . . , Xn be mutually independent random variables which all have the
same distribution with expectation µ and variance σ2. Let

X̄ =
X1 + · · ·+ Xn

n
.

Find the bias and mean squared error of X̄ if it is used as an estimator for µ. [5]

Question 6 (20 marks) Let p be the proportion of adults in the USA who have
a laptop computer in their home. A survey company contacts a random sample of
3000 adults in the USA and asks them several questions about electronic gadgets.
Let X be the number who say that they have a laptop computer in their home.

(a) State the distribution of the random variable X. Hence write down the expect-
ation and variance of X. [4]

(b) Find P(X ≥ 2425) if p = 0.8. [6]

(c) Suppose that exactly 2619 respondents in the sample say that they do have a
laptop computer in their home.

(i) Find a 95% confidence interval for p. [8]

(ii) Your non-statistical friend asks what you mean by the confidence interval
you have given. How do you answer? [2]

Question 7 (5 marks) The random variables X and Y are independent of each
other, X ∼ N(0, 2) and Y ∼ N(−1, 7). Find the probability density function of
X + Y . [5]
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Question 8 (15 marks) A firm makes sprinkler systems for the prevention of fires
in buildings. It is important that each sprinkler is activated quickly when a fire starts.
The engineer in charge assumes that their activation times (in seconds) are approx-
imately normally distributed, with unknown mean µ and unknown variance σ2. He
has designed the sprinklers to have µ ≤ 25. If µ > 25 then he needs to change the
design. He takes a random sample of 50 sprinklers, starts a fire near each one, and
records their activation times xi in seconds. He finds that

50∑
i=1

xi = 1396 and
50∑
i=1

x2
i = 45165.

(a) State the engineer’s null and alternative hypotheses. [3]

(b) Find the sample mean and the sample standard deviation of the data. [4]

(c) Carry out the appropriate hypothesis test at the 10% significance level, and
report the conclusion. [8]

End of Paper
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