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This exercise sheet does not count towards your final mark, the questions are for self-study only.

Exercise 20. Consider the following data set. Our aim is to predict y from the variables x1, x2
and x3.

i x1,i x2,i x3,i yi
1 -2.17 -2.08 -2.16 4.47
2 -1.35 -0.50 -0.74 5.60
3 -1.22 -1.00 -1.78 4.16
4 -1.04 -0.32 -0.40 5.52
5 -0.87 -0.39 -0.67 5.27
6 -0.41 0.07 -0.66 4.70
7 0.07 0.74 0.37 5.50
8 0.25 0.35 0.02 4.84
9 0.87 1.28 0.52 4.92

10 1.53 2.30 1.35 5.35
11 2.46 2.55 1.77 4.86
12 5.00 5.04 4.05 5.09

These data are also available in machine-readable form at

http://www1.maths.leeds.ac.uk/~voss/2017/MATH3714/ex05-q20.csv

a) Fit a linear model of the form yi = β0 + x1,iβ1 + x2,iβ2 + x3,iβ3 + εi to the data.

b) Determine a 95% confidence interval for the coefficient β2.

c) Perform a hypothesis test, at the 95%-level, for the hypothesis H0 : β2 = 0 with alternative
H1 : β2 6= 0.

Exercise 21. Once we have fitted a linear model y = Xβ + ε, we can predict the y-value

corresponding to a new x-value x∗ ∈ Rp using the estimate ŷ∗ = β̂0 +x
∗
1β̂1 + · · ·+x

∗
pβ̂p. Assuming

ε ∼ N (0, σ2In), determine the distribution of ŷ∗.

Exercise 22. Let x1, . . . , xn, y1, . . . , yn ∈ R be given. Assume that it is know that the y-values
satisfy y = 1− x+ cx2 − dx3, where c and d are unknown constants.

a) Explain how linear regression can be used to estimate the parameters c and d from the given
data.

b) What is the design matrix in this situation?

c) Why can linear regression be used, despite the presence of the non-linear terms x2 and x3?

Exercise 23. Consider the data set pressure, built into R, which describes the vapour pressure P
of mercury as a function of temperature T .

a) For given T0, explain how a model of the form P = β0 + Tβ1 + max(0, T − T0)β2 + ε can be
fitted to the data.

b) Why does a model of this form make sense for the given data?

c) What is a good value of T0 for this data set?
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