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In the MATH3714 module we discussed the following topics:

Chapter 1: Multiple Linear Regression. Aims of linear regression, matrix notation, response
vector, design matrix, coefficient vector, error/residual vector, least squares estimates, residual
sum of squares, fitted values the hat matrix H, expectation of random vectors, covariance matrices,
bias and covariance of β̂, bias and covariance of ε̂.

Chapter 2: Tests and Confidence Intervals. Multivariate normal distribution, orthogonal
matrices, χ2-distribution, idempotent matrices, rank and trace of a matrix, spectral theorem,
Cochran’s theorem, estimating the residual variance σ2, t-distribution, F-distribution, confidence
regions and tests for single/some/all coefficients with known/unknown variance.

Chapter 3: Regression Diagnostics. Examples of problems with the model fit (outliers,
non-linear dependency, non-constant variance, multiplicative noise), residual plots, Q-Q plots,
R2-value, adjusted R2-value, transformations the data, adding new columns, leverage, influence,
Cook’s D, variance inflation factors.

Chapter 4: Model Selection. Trade-off between good model fit and simple models, overfitting,
choosing variables: exhaustive search, forward selection, backwards elimination.

Chapter 5: Robust Regression. Breakdown point, M-estimators, Huber’s t-function, Ham-
pel’s 17A function, convexity of ρ, scale-invariant M-estimators, least trimmed squares.

Level 3 exam information:

• time: 2.5 hours

• answer 4 questions out of 5

Advice for Your Exam Preparations

• The exam consists of different kind of questions: some questions just check whether you
have memorised the corresponding topic correctly, some questions ask you to apply re-
sults/methods in simple situations (either seen or unseen) and there are a few more chal-
lenging questions to test your understanding of the material covered.

• Memorise all the definitions, methods and results from the lectures. If something has a
name (like “Cochran’s theorem” or “M-estimator”) it is particularly important, but you are
expected to memorise everything.

• Make sure that you understand the methods and results well enough that you can apply
them to previously unseen examples.

• It may be useful to work through the exercise sheets again, and to study the solutions
provided.

• You can use last year’s exam paper for practice, but for memorising the material from the
course you should use your own notes. Where notation on the old exam is different from
this year’s notation, I expect you to use the new notation.

• You will be allowed to use a pocket calculator. If you bring a calculator, make sure you get
an approval sticker from the Taught Students Office.
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