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MATH5885 – Course Outline

Course aims

Longitudinal or panel data arise when multiple measurements of a response are collected over

time for each individual in the study resulting in large and complex data sets. The aim of this

course is to introduce the main statistical concepts, methods and models used in the analysis of

longitudinal data. The models discussed combine temporal correlation models for equally and

unequally spaced observations through time with random effects models for between individual

variations.

The focus in MATH5885 is on modelling response profiles over time, whilst accounting for the

correlation that will typically exist between measurements taken on the same individual and

the variability between individual response profiles. Therefore, MATH5885 brings together

multivariate regression modelling, time series modelling and random effects modelling for con-

tinuous and discrete valued response measurements and aims to enhance a student’s capacity

to analyse and understand large, complex data sets. The main focus will be on application to

biomedical studies such but the ideas have a wider application, for example, to panel studies

that arise in market research and social surveys.

Relation to other mathematics and statistics courses

This course is an elective course for the Master of Statistics program. The course is also re-

lated to MATH5806: Applied Regression Analysis which deals with modelling of relationships

between variables, and MATH5855: Multivariate Analysis which covers techniques for joint

modelling of multiple responses and to MATH5845: Time Series Analysis which covers tech-

niques for modelling data collected through time on one or a few series. Longitudinal data are

frequently collected as part of a clinical trial or an observational study, so the techniques learned

will have applications in the types of studies covered in MATH5906: Design and Analysis of

Clinical Trials, and MATH5826: Statistical Methods in Epidemiology.
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Information about the course

Course Authority: Dr Mark Donoghoe

Lecturer (Weeks 1–5): Dr Mark Donoghoe

Email m.donoghoe@unsw.edu.au.

Lecturer (Weeks 6–10): Dr Gordana Popovic

Email g.popovic@unsw.edu.au.

Consultation: Mondays, 4–5pm. Please make an appointment in advance.

Credit, Prerequisites, Exclusions:

This course counts for 6 Units of Credit (6UOC).

Whilst there are no formal pre-requisites for the course, it does make use of statistical theory

such as maximum likelihood estimation and hypothesis testing, and familiarity with these ideas

is assumed. Additionally, basic knowledge of linear and matrix algebra (covered in undergradu-

ate courses) is also assumed. Required concepts from linear regression and multivariate normal

distributions will be reviewed as needed at the appropriate place in the course. Generalised

linear models (covered in several other Master/Honours level courses offered by the School) will

also be reviewed as needed.

There are no exclusions for this course.

Teaching Format: There will be two 2-hour teaching sessions per week. Classes will be

a combination of formal lectures in the assigned lecture room, small-group discussions and

tutorial or problem-solving segments interspersed. Students should consider bringing their own

laptop or tablet computers (capable of running the R language) to lectures, so that they can

work on problems individually or with others during these problem-solving segments.

Tutorials: There are no separate tutorials.

Moodle: All course material (such as lecture notes, assignments, project descriptions, lab

instructions for R and SAS work, data and some other readings) will be provided via Moodle.
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Student Learning Outcomes

By the end of this course, you should be able to:

1. Explain the key features of longitudinal data, what distinguishes them from cross-sectional

data, and the different types of correlation that can occur

2. Show how linear models incorporating correlated errors can be used to analyse longitudi-

nal data, and calculate maximum likelihood estimates and residual maximum likelihood

(REML) estimates for correlated data

3. Explain the theory of linear mixed effects models for analysing continuous longitudinal

data, and show how this extends to generalised linear mixed effects models for analysing

non-normal longitudinal data

4. Explain how marginal models can be used to analyse non-normal longitudinal data via

generalised estimating equations, and the distinction between a “subject-specific” and

“population-average” interpretation of parameters

5. Classify the different types of missing data that occur in longitudinal studies and explain

the implications for analysis

6. Solve theoretical problems related to longitudinal data analysis

7. Use R to analyse longitudinal data, including visualising patterns, fitting appropriate

models and interpreting the output

Relation to graduate attributes

Computing skills developed in this course will improve information literacy (Science Graduate

Attribute 6).

Assignments, problems, and lab exercises will develop research, inquiry and analytical thinking

abilities (Science Graduate Attribute 1).

Teaching strategies underpinning the course

To support the learning outcomes, the course will use the following teaching strategies:

• Lectures, explaining the necessary statistical concepts and theory applicable to longitu-

dinal studies

• Tutorial and problem solving segments during class, providing essential practice in ap-

plying the techniques explained in lectures
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• Independent study of the course notes and readings, to reflect more deeply on ideas

introduced in lectures

• Problems and assignments, giving you an opportunity to independently solve theoretical

problems, analyse datasets using statistical software, reflect on aspects of the course, and

evaluate your understanding

• Assessment in this course will use problem-solving tasks of a similar form to those in

practice problems and computer labs, to encourage the development of the core analytical

and computing skills underpinning this course.

Rationale for learning and teaching strategies

We believe that effective learning is best supported by a climate of inquiry, in which students

are actively engaged in the learning process. Hence this course is structured with a strong

emphasis on problem-solving tasks and in assessment tasks, and students are expected to devote

a substantial portion of their class and study time to the solving of such tasks.

Assessment

Assessment in this course will consist of two assignments (10% each), a substantial project

(20%), and a final examination (60%).

Knowledge and abilities assessed: The following table summarises the learning outcomes

that will be assessed by each assessment task.

Task Weighting Learning outcomes

Assignment 1 10% 1, 2, 6, 7

Assignment 2 10% 2, 3, 4, 6, 7

Project 20% 1, 2, 3, 4, 7

Final exam 60% 1, 2, 3, 4, 5, 6, 7

Assessment criteria: The main criteria for marking assessment tasks involving explanation

of theory and theoretical problems will be clear and logical presentation of correct solutions.

In the case of assessment tasks involving the application of techniques to the analysis of real

datasets, the main criteria will be selection and justification of appropriate analysis methods;

clear, logical, and well-documented computer code; well-organised output giving evidence of

successful implementation; correct interpretation of results; and clear, complete, and fully

justified conclusions.

UNSW assesses students under a standards based assessment policy. For how this policy is

applied in the School of Mathematics and Statistics see

http://www.maths.unsw.edu.au/currentstudents/assessment-policies
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Late assignments will NOT be accepted without good documented reasons (such as illness or

misadventure).

Assignments

Rationale: The assignments will give students an opportunity to practice solving theoretical

problems related to longitudinal data analysis, including some that will form the basis of future

lectures.

Assignments and projects must be YOUR OWN WORK.

Schedule: Assignment 1 will be made available at the end of Week 1, and will be due by 6pm

Friday, June 21 (Week 3) so that it can be returned with feedback before the census date.

Assignment 2 will be made available at the end of Week 5, and will be due by 6pm Friday,

July 19 (Week 7).

Weighting: Each assignment is worth 10% of your final mark.

Assignments must be submitted as a neatly handwritten or typeset document in PDF format

via Moodle. Marked assignments will be returned via Moodle.

Project

Rationale: The project will develop student abilities in modelling a real and substantive set

of longitudinal data and will ensure that students are fluent in applying the modelling and

software skills learnt in the course so that they can reach appropriate conclusions and write a

clear summary of their findings.

Duration: The final project will be made available at the end of Week 4, and will be due by

6pm Friday, August 2 (Week 9), so that it can be marked with feedback before the exam.

Further details of the project requirements are provided on the Moodle Course Page.

Weighting: 20% of your final mark.

Examination

Duration: 2 hours.

Rationale: The final examination will assess student mastery of the material covered in the

lectures.

Weighting: 60% of your final mark.

Further details about the final examination will be available in class closer to the time.
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Textbooks, References and other Resources

Textbooks

The recommended text for the course is: Fitzmaurice GM, Laird NM, and Ware JH. (2011).

Applied Longitudinal Analysis, 2nd Edition. John Wiley and Sons.

Available at the bookshop and electronically via the UNSW library. It has an excellent associ-

ated web site:

https://content.sph.harvard.edu/fitzmaur/ala2e/

which we will make extensive use of. Please note that we will use R for analyses but if you like

SAS or Stata you can find suitable program code at this site. Also note the extensive Errata

for the book (mostly trivial typos). There are also lecture notes prepared by Fitzmaurice. The

course notes are not the same as these although there is some overlap.

References

Students in the past have also found the following reference to be helpful:

Diggle PJ, Heagerty P, Liang K-Y, and Zeger SL. (2002). Analysis of Longitudinal Data.

Other references (usually to journal articles) will be suggested in class.

Computer laboratories

Computer laboratories (RC-M020 and RC-G012) are open 9-5 Monday-Friday on teaching days.

RC-M020 has extended teaching hours (usually 8:30-9pm Monday-Friday, and 9-5 Monday-

Friday on non-teaching weeks).

UNSW Library website:

https://www.library.unsw.edu.au/

Course Evaluation and Development

The School of Mathematics and Statistics evaluates each course each time it is run. We carefully

consider the student responses and their implications for course development.
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Administration Matters

School Rules and Regulations

Fuller details of the general rules regarding attendance, release of marks, special consideration

etc are available via the School of Mathematics and Statistics at:

http://www.maths.unsw.edu.au/currentstudents/assessment-policies

Plagiarism and academic honesty

Plagiarism is the presentation of the thoughts or work of another as one’s own. Issues you

must be aware of regarding plagiarism and the university’s policies on academic honesty and

plagiarism can be found at:

http://www.maths.unsw.edu.au/currentstudents/policy-academic-misconduct

Course schedule

An approximate schedule for the course is given below.

Week Class dates Topic Assessment

Week 1 3, 6 June Features and challenges

of longitudinal data

Assignment 1 available

Week 2 12 June* Exploratory data analysis

Week 3 17, 19 June Linear models for

correlated data

Assignment 1 due

Week 4 24, 26 June Summary statistics and

other simple approaches

Project available

Week 5 1, 3 July Modelling the mean

and covariance

Assignment 2 available

Week 6 8, 10 July Linear mixed models

Week 7 15, 17 July Extending linear models Assignment 2 due

Week 8 22, 24 July GEEs

Week 9 29, 31 July GLMMs Project due

Week 10 5, 7 August GLMMs, missing data

Week 11 12 August Review

* – Queen’s Birthday public holiday on Monday 10 June
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