
Department of Statistics, University of Leeds,

2009/10

Math3752: Project in Statistics,

Semester 1, 15 credits

Math3753: Project in Statistics

Semester 2, 15 credits

Math5812: Assignment in Statistics,

semesters 1 and 2, 35 credits

Topics for study

The following staff have offered to supervise projects and assignents in Statistics for

2009/10:

Dr. A.J. Backzkowski, Dr. S. Barber,Dr. C.A. Gill, Dr. A. Gusnanto, Prof. J. T.

Kent, Prof. W. R. Gilks (not available Semester 1), Prof. C. C. Taylor, Prof. A. Yu.

Veretennikov (not available Semester 1), Dr. J. Voss

Some suggestions for topics are given in the following pages. (This list was last updated

16 September 2009.)

It is also possible to propose your own topic. Please contact me (Professor Kent, j.t.kent@leeds.ac.uk)

as soon as possible if you wish to take this module in order to discuss a possible topic and

supervisor. In particular, there may be limits on the number of students allowed to take

these modules, and it may be necessary to re-allocate some projects between supervisors

in order to balance workloads.

In general I shall try to accommodate students’ interests on a first-come first-served basis.
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Supervisor - Dr S. Barber
Topics:

Bootstrapping, generalized linear models, survival analysis are only available
as 15 credit projects. Multivariate analysis, sequential clinical trials, and wavelet
methods are available as either 15 credit projects or 35 credit assignments.

Bootstrapping

Supervisor - Dr S. Barber

We often get to see a sample drawn from some population. From a sample
we can calculate a summary statistic, (call it θ, say). Examples are the mean,
median, and standard deviation. But in order to make use of these summary
statistics, we need some idea of their variability. If we know the type of distri-
bution that the data came from (such as normal), we might be able to work out
the sampling distribution of θ. This enables us to carry out hypothesis tests or
find confidence intervals.

Sometimes we do not know the distribution that the data came from, or it
is too complicated to work with. In this case, we need alternative methods for
testing or constructing confidence intervals. One option is to use the bootstrap
method invented by Efron. The basic idea is very simple: to get an idea of
the distribution of θ, we create a new sample by drawing at random from the
original data set. From this, we can compute a new value of θ. Once we have
done this many times, we have a whole sample of θ values which we can use to
get some idea about the sampling distribution of θ.

The bootstrap has been used in many different areas of statistics and this
project could look at some or all of (a) the different types of bootstrap method,
(b) the areas in which the bootstrap has been used, and (c) the theoretical
justification behind the bootstrap.
References

Davison, A.C. & Hinkley, D.V. (1997). Bootstrap Methods and their Application.
Cambridge University Press.
Efron, B. & Tibshirani, R.J. (1993). An Introduction to the Bootstrap. Chap-
man & Hall.
Wood, M. (2004). Statistical inference using bootstrap confidence intervals.
Significance 1 180-182.

Generalized linear models

This topic CANNOT be chosen if MATH3715 or MATH5715 are taken
Supervisor - Dr S. Barber

You have already met examples of what is called the normal linear model:
linear regression (LR) and analysis of variance (ANOVA) both model a response
variable Y in terms of one or model explanatory variables X1, . . . , Xp. Specifi-
cally, LR and ANOVA both assume that the response variable Y has a normal
distribution and relate the mean of Y to the observed values of X1, . . . , Xp.

1



These are special cases of the generalized linear model (GLIM), which ex-
pands the normal linear model in a number of ways. Most importantly, GLIMs
are not restricted to a normal response. This allows binomial and Poisson data
to be modelled using the same tools as the normal linear model.

This project would involve looking at the properties of GLIMs, describing
how GLIMs are built up from key components, and analysing several data sets
to illustrate the range of data types that can be modelled using GLIMs.
References

Agresti, A. (1996) An Introduction to Categorical Data Analysis. Wiley.
Dobson, A.J. (2002). An Introduction to Generalized Linear Models, second
edition. Chapman & Hall / CRC.
McCullagh, P. & Nelder, J. A. (1989). Generalized Linear Models, second edi-
tion. Chapman and Hall.

Survival analysis

Supervisor - Dr S. Barber

A group of patients suffering from a disease receive a drug and their survival
times T are monitored. The observations are the times of death of each patient.
How can we estimate the proportion of patients who will survive beyond a time
t, the survival function S(t) = P (T > t)? A key feature of survival analysis is
that some observations are censored; for some patients we only know that they
survived longer than a certain time, not their exact time of death.

Several methods exist to estimate S(t) which do not require the data tome
come from any specified distribution. The Kaplan-Meier estimator (Kaplan &
Meier, 1958) is but one of these non-parametric estimators. How is it con-
structed, and what are its properties? Can modelling lifetimes using parametric
distributions, such as the exponential, gamma, or Weibull, give further insights
into the problem?

Often we wish to compare the lifetimes of two groups of patients receiv-
ing different treatments. Here a regression procedure is often used, with the
dependent variable Y being the survival time and the independent variable X

representing the treatment groups. Other covariates such as age and sex can also
be included and one method of analysis is Cox’s proportional hazards model.

This project will involve studying a selection of these issues and methods in
detail and using the methods to analyse some survival data using R.
References:

Cox, D.R. & Oakes, D. (1984). Analysis of Survival Data. Chapman & Hall.
Kaplan, E.L. & Meier, P. (1958). Non-parametric estimation from incomplete
observations. Journal of the American Statistical Association, 53, 457-481.
Collett, D. (1994). Modelling survival data in medical research. Chapman &
Hall.

Multivariate analysis

This topic CANNOT be chosen if MATH3772 or MATH5772 are taken
Supervisor - Dr S. Barber

2



You have met the idea of bivariate distributions such as the bivariate nor-
mal, but these are just special cases of multivariate distributions which are used
in multivariate analysis. Multivariate data arise when several different observa-
tions are made at once — examples might include several measurements on an
individual, or times to run several different races. Here, each observation is a
vector rather than being a single value.

Multivariate analysis can be divided into two areas. On the one hand, stan-
dard techniques such as t-tests have multivariate analogues to test whether the
mean of two multivariate normal samples are significantly different. On the
other hand, there are many techniques which are distinctly multivariate in na-
ture such as principal components analysis (which looks for “interesting” combi-
nations of the variables) and cluster analysis (which looks for natural groups in
the data). This project will involve selecting some of these topics and discussing
them in depth before applying them to real data.
References:

Chatfield, C. & Collins, A.J. (1980). Introduction to Multivariate Analysis.
Chapman & Hall.
Manly, B.F.J. (2004). Multivariate Statistical Methods: A Primer, Chapman &
Hall / CRC.
Mardia, K.V., Kent, J.T., & Bibby, J.M. (1979). Multivariate Analysis. Aca-
demic Press.

Sequential clinical trials

Supervisor - Dr S. Barber

Medical regulatory authorities insist extensive clinical trials be carried out
before any new drug or treatment is licensed for use. Most large clinical trials
are now carried out in a sequential manner: the data are regularly analysed as
results become available. In order to do this, special methods are required and
this project will look at these “group sequential designs”.

Questions to be addressed could include: What modifications to standard
methods are needed to cope with this situation and why are they necessary?
What are the practical and ethical benefits of group sequential designs, and what
are the drawbacks? Why are “error spending” designs so popular in practice?

The books below are specialised text covering this area in great detail, but
many medical statistics books contain some information on designing group
sequential clinical trials.
References:

Jennison, C. & Turnbull, B.W. (1990). Statistical approaches to interim moni-
toring of medical trials: A review and commentary, Statistical Science, 5, 299-
317.
Jennison, C. & Turnbull, B.W. (1990). Group Sequential Methods with Appli-

cations to Clinical Trials. Chapman & Hall.
Whitehead, J. (1997). The Design and Analysis of Sequential Clinical Trials.

Wiley.

3



Wavelet methods in statistics

Supervisor - Dr S. Barber

Wavelets are a special type of basis function that can be used to analyse
other functions. They have been used in many areas of statistics including non-
parametric regression, density estimation, survival analysis, time series analysis,
image analysis (the FBI use wavelets to store their fingerprint data), and pat-
tern recognition (recognising people by their iris patterns). Wavelets were also
used in the animation process that produced the film “A Bug’s Life”.

Wavelets are useful in all these areas as they are “localised” – unlike sine
waves or polynomials, they are only non-zero in a short interval. This means
that they can be used to describe localised behaviour, so they are good for
explaining jumps in functions or edges in images.

This assignment would involve looking into just what is required for a func-
tion to be a wavelet and the wide variety of wavelet functions that exist. The
assignment would also look at some of the range of wavelet applications and
illustrate the potential of wavelets through real and artificial examples.
References

Abramovich, F., Bailey, T.C., & Sapatinas, T. (2000). Wavelet analysis and its
statistical applications, Statistician 49, 1-29.
Horgan, G.W. (1999). Wavelets for data smoothing: A review and some simu-
lation results, Journal of Applied Statistics, 26, 923-932.
Mackenzie, D. (2001). Wavelets: Seeing the forest - and the trees, National

Academy of Sciences “Beyond Discovery” series, http://www.beyonddiscovery.org.
Vidakovic, B. (1999). Statistical Modeling by Wavelets. Wiley.
Walden, A.T. & Percival, D. (2000). Wavelet Methods for Time Series Analysis.
Cambridge University Press.

4



University of Leeds
School of Mathematics

Suggested Project titles for MATH 3752/3
Supervisor: Dr. Arief Gusnanto

1. Ridge regression for highly correlated data

The standard least-squares regression (LS) is useful for modelling if the explanatory vari-
ables X of size n×p are approximately independent and its parameters can only be estimated
if the number of variables p is greater than n. However, this ’ideal’ situation may not exist
in certain experiments. In chemometrics, calibration of near-infrared instruments produces
data with thousands of variables, but from limited number of samples. This is exacerbated
with the fact that the variables are highly correlated with correlation coefficient ranges from
0.96 to 1. With these characteristics, LS either fails due to n < p, or unstable due to high
variance of the estimates. Ridge regression (RR) is one of several methods that can be
employed to deal with the problem. RR works in such situation due to ’regularisation’ of
parameter estimation compared to that of LS. This project will explore the use of RR with
applications to chemometrics data.

References

Miller, J., and Miller, J. (2005). Statistics and Chemometrics for Analytical Chemistry,
Prentice Hall

Brereton, R. (2007). Applied chemometrics for scientists, John Wiley & Sons

Hoerl, A., and Kennard, R. (1970). Ridge Regression: Biased Estimation for Non orthog-
onal Problems, Technometrics, 12: 55–67

2. Partial Least Squares Regression

In standard least-squares linear regression (LS), we try to explain a relationship between
a vector of response y with explanatory variables in matrix X of size n × p. LS would be
estimable if n > p. However, experiments in chemometrics and microarray produces data
with a characteristic of n ≪ p. In dealing with the problem of n ≪ p, partial least squares
regression (PLS) constructs new explanatory variables, often called factors or components,
that have maximal covariance with y. We then regress y on the components. Interestingly,
if y is binary, it can be shown that PLS can be used for discrimination. This project will
explore the use of PLS with applications in chemometrics and microarray data.

References

Miller, J., and Miller, J. (2005). Statistics and Chemometrics for Analytical Chemistry,
Prentice Hall

Brereton, R. (2007). Applied chemometrics for scientists, John Wiley & Sons



Geladi, P., and Kowalski, B. (1986). Partial least-squares regression: a tutorial, Analytica

Chimica Acta, 185: 1–17

Barker, M., and Rayens, W. (2003). Partial Least Squares for discrimination, Journal of

Chemometrics, 17(3):166–173

3. Multiple testing and false discovery rate in microarray data analysis

Microarray technology enables us to obtain expressions of thousands of genes simultaneously,
although usually from a limited number of samples. The main objective of the experiments is
usually to identify genes that are differentially expressed between two conditions or groups,
such as treatment versus control. So, a test is carried out for each genes with the null
hypothesis that the gene’s expressions are the same between the two groups, i.e.they are
’equally expressed’. However, with thousands of tests done simultaneously, getting false
positives is inevitable. To deal with this, a multiple testing adjustment has beed proposed,
by controlling the probability of family-wise type-I error, or family-wise error rate (FWER).
However, using FWER control may be too restrictive for microarray data, where we generate
biological hypotheses rather than testing them. Therefore, controlling for false discovery
rate (FDR) has been seen as a reasonable method, where we control for the proportion of
false positive among significant results. This project will explore the different false positives
control methods with applications to microarray data.

References

Pawitan, Y., Michiels, S., Koscielny, S., Gusnanto, A., Ploner, A. (2005). False discovery
rate, sensitivity, and sample size for microarray studies, Bioinformatics, 21, 3017–3024

Dudoit, S., Shaffer, J.P., and Boldrick J.C. (2003). Multiple hypothesis testing in microar-
ray experiments. Statistical Science, 18(1): 71–103

Gusnanto, A., Calza, S., Pawitan, Y. (2007). Identification of differentially expressed
genes and false discovery rate in microarray studies. Current Opinion in Lipidology,
18(2):187-193 (available from the first author)
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Supervisor: Dr. Jochen Voss

For each topic there is a brief sketch of some of the ideas that could be covered.

1) Random Walks on Finite Graphs

• understand and summarise results about discrete random walks up to the result

that hitting probabilities are harmonic functions

• write computer code to simulate paths of a random walk on some simple finite graph

(e.g. a rectangle in Z
2)

• connect the two, i.e. for some hitting probability compute the result both analyti-

cally and numerically and show that both numbers ”coincide”.

2) Random Number Generation This topic cannot be chosen if MATH5835 is taken.

• summarise methods for random number generation (e.g. linear congruential genera-

tors, thermal noise in semiconductors, dice) and comment on the differences between

random and ”pseudo random” numbers.

• Implement some random number generators on a computer and do some simple

statistical tests on the output to measure quality.

• illustrate that randomly chosen generators are typically very bad by finding an

example where things go wrong

3) Ising Model

• understand and implement a method to simulate states from the Ising model

• generate simulations from the Ising model

• investigate phase transition, i.e. how the number of stationary distributions (one or

two) depends on temperature.

4) Mathematics of Juggling [no probability in here]

• understand and summarise the ”siteswap” notation for juggling patterns

( http://en.wikipedia.org/wiki/Siteswap )

• prove that the number of balls in a pattern equals the Cesaro limit of the siteswap

sequence


