
Statistical Models STAT2011

Lecturer: Michael Stewart (Carslaw 818)

Semester 1, 2017

Unit of Study Outline

This unit provides an introduction to univariate techniques in data analysis and the most common
statistical distributions that are used to model patterns of variability. Common discrete random
variable models, like the binomial, Poisson and geometric, and continuous models, including the
normal and exponential, will be studied. The method of moments and maximum likelihood tech-
niques for fitting statistical distributions to data will be explored. The unit will have weekly
computer classes where candidates will learn to use a statistical computing package to perform
simulations and carry out computer intensive estimation techniques like the bootstrap method.

All students are expected to attend 3 lectures, 1 tutorial and 1 computer class per week. All
room numbers are for the Carslaw building.

• Lectures: Monday, Tuesday and Wednesday in 175.

• Tutorials: Wednesday 2pm (453); Thursday 2pm (451,729/30,354) from week 2.

• Computer classes: Wednesday 3pm (705/6); Thursday 3pm (610/1,705/6,729/30) from
week 2.

For statistical computing we shall be using the RStudio graphical interface (freely available from
rstudio.com) to the R statistical computing environment (freely available from r-project.org)
for generating reports using the LATEX typesetting system (freely available from latex-project.org).
Students are encouraged to install these three pieces of free, open source and cross-platform soft-
ware on their own machines.

Electronic communication

Please send all emails to STAT2011@sydney.edu.au. Messages sent to any other address may not
be responded to. Please include your name and student number in all communication and/or send
from your official university email address.

Assessment breakdown

1. Written examination: 65%

2. Quizzes (held in tutorial classes in weeks 4, 7 and 10): 15%
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3. Computer test (held in the week 13 computer class): 10%

4. Weekly computer work (weeks 2–12): 10%

Learning Outcomes

1. Construct appropriate statistical models involving random variables for a range of modelling
scenarios. Compute (or approximate with a computer if necessary) numerical characteristics
of random variables in these models. such as probabilities, expectations and variances.

2. Fit such models in outcome 1. to data (as appropriate) by estimating any unknown param-
eters.

3. Compute appropriate (both theoretically and computationally derived) measures of uncer-
tainty for any parameter estimates.

4. Assess the goodness of fit (as appropriate) of a fitted model.

5. [D] Apply certain mathematical results (e.g. inequalities, limiting results) to problems relat-
ing to statistical estimation theory.

6. [HD] Prove certain mathematical results (e.g. inequalities, limiting results) used in the
course.

Approximately equal weight will be applied to each of these 6 outcomes in the overall assessment
breakdown. A student will need to reach a basic level of competency in all of outcomes 1 to 4 to
receive a passing grade. Certain tutorial exercises concerning material in outcomes 1 to 4 will go
beyond “basic”; these will be marked with a star?. Tutorial exercises concerning outcomes 5 and
6 will be marked with D or HD as appropriate.

Lecture schedule

There are 3 lectures in each of the 13 weeks of semester (none are lost to public holidays)
giving 39 lectures. Of these, 37 are scheduled with new material, the last two are left as re-
view lectures. A draft schedule appears below with (a), (b) and (c) corresponding to Monday,
Tuesday and Wednesday respectively. Lecture notes and other resources will be available at
sydney.edu.au/science/maths/STAT2011.

1. (a) Introduction; overview; classical probability; revision; examples.

(b) Simple/classical random variables; prob distribution; expectation; probability as expec-
tation.

(c) computational shortcut for expectation; functions of random variables; linear functions;
variance; computational shortcut for E[g(X)].

2. (a) Considering two random varibles at once; computational shortcut for E[g(X, Y )].

(b) Independence; V ar(X + Y ); covariance/correlation.

(c) Combining experiments independently; urn models; sampling with replacement; models
for each observation.
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3. (a) E(X̄), V ar(X̄), E(S2); binary case: full probability distribution of sum/mean.

(b) Convergence in probability; Chebyshev’s inequality.

(c) Proof of Chebyshev’s inequality using Markov’s inequality.

4. (a) Sampling without replacement; binary case: hypergeometric distribution including E(·)
and V ar(·); E(·) and V ar(·) in the general case.

(b) Serial No. model; order statistics.

(c) Waiting time urn model; mean, variance; St Petersburg “paradox”.

5. (a) Assessing goodness of fit; Saxony data.

(b) General binomial mixture models; two instances.

(c) Conditional distributions; conditional expectation and variance formulae.

6. (a) ESTIMATION; modelling paradigm; measures of uncertainty.

(b) Examples of unbiased estimators.

(c) Biased estimators; Jensen’s inequality; waiting times example.

7. (a) Large sample approxmation to MSE; bootstrap methods.

(b) Proof of convergence in probability of the secant gradient ratio.

(c) Comparing estimators in the B(2, p) (genetics) example.

8. (a) The Cauchy-Schwartz inequality; Cramer-Rao lower bound; minimum variance unbiased
estimators.

(b) The method of maximum likelihood. Binomial example.

(c) More maximum likelihood examples.

9. (a) Beyond classical probability; Poisson ; Geometric.

(b) Negative binomial distribution.

(c) Streams of events; Poisson counts; exponential waiting times.

10. (a) Cumulative distribution functions; probability density functions.

(b) Continuous maximum likelihood; estimating exponential rate.

(c) Gamma: integer shape; positive shape.

11. (a) Uniform distribution: limit of a single draw from Serial no. model.

(b) Uniform sample as limit of Serial number model; order statistics; beta distribution.

(c) Transforming from the uniform; large-sample approximations for general order statistics

12. (a) Graphical study of distributions of sums: (negative-)binomial, Poisson, gamma.

(b) The normal distribution. The Central Limit Theorem.

(c) Estimating a normal mean and variance.

13. (a) Assessing goodness of fit to the normal distribution; qq-plots; location/scale models.

(b) Review of important examples.

(c) Review of important examples.
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Materials and Resources

• Lecture notes, tutorial and computer exercises and other materials will be made available
via the course webpage:

sydney.edu.au/science/maths/STAT2011

• There is no formal textbook for the course, however the following references may be useful:

– Statistics by David Freedman, Robert Pisani and Roger Purves (any edition). Possibly
the best statistics textbook around, it emphasises concepts more than mathematics (it
is designed for students without calculus). It used to be used in the now dormant unit
STAT1021 General Statistical Methods (for Arts students) so several copies should be
in the library.

– An Introduction to Mathematical Statistics and Its Applications (any edition) by Richard
J. Larsen and Morris L. Marx. This used to be a text for the course, it does not cover
all of the current content, however it should be useful for basic concepts and procedures
– there should be several copies in the library.

– Mathematical Statistics and Data Analysis by John Rice. This is the text for STAT2911,
is quite advanced but does cover some topics not covered by the Larsen and Marx book.

– The Cartoon Guide to Statistics by Larry Gonick and Woollcott Smith. This ele-
mentary, fun book does a very good job of explaining tricky statistical concepts in an
effective and entertaining way; very highly recommended (and quite inexpensive).

Michael Stewart
March 2017
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