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Longitudinal and Correlated Data (LCD)  
Semester 1, 2026 
  
Instructor contact details   
  
Dr Megha Rajasekhar  Dr Sophie Zaloumis 
  
School of PopulaHon & Global Health, 
University of Melbourne  

 
School of PopulaHon & Global Health, 
University of Melbourne  

   
Email:  
megha.rajasekhar@unimelb.edu.au 
  

Email:  
sophiez@unimelb.edu.au 

  
  
If you have any general BCA queries, please contact the BCA CoordinaHng Office on 02 
9562 5076/54 or email bca@sydney.edu.au  

  
  
Background  
Longitudinal and correlated data arise in many sefngs in health and medical research.  
Common examples include studies involving repeated measurements of individuals over 
Hme, in clinical trials and cohort studies, and cluster-randomised trials where 
parHcipants are clustered within natural units such as schools or medical pracHces.  The 
common characterisHc of these data structures is that of correlated measurements 
either within an individual or within a cluster of individuals.  Standard methods of 
staHsHcal analysis assume independent observaHons and therefore do not 
accommodate this correlaHon, and more sophisHcated methods need to be considered.  
There have been significant developments in these methods and their availability in 
staHsHcal so]ware packages in recent decades.  
  
Context within the program  
This unit builds on the knowledge and skills that students gained in the unit Regression 
Modelling for BiostaHsHcs 1 (RM1), parHcularly linear regression for conHnuously 
valued outcomes and logisHc regression for binary outcomes. To accommodate the 
correlated data structures that typically result from longitudinal and cluster studies 
requires extending both the staHsHcal models (that provide an idealised generaHve 
process for the data) and the esHmaHon methods (that are applied to data to esHmate 
the model parameters).   
  

mailto:megha.rajasekhar@unimelb.edu.au
mailto:sophiez@unimelb.edu.au
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Prerequisites  
  
Epidemiology (EPI), MathemaHcal FoundaHons for BiostaHsHcs (MFB), Principles of 
StaHsHcal Inference (PSI), Regression Modelling for BiostaHsHcs 1 (RM1).  
  
Co-requisites: Nil  
  
Unit summary  
This unit covers staHsHcal models for longitudinal and correlated data in medical 
research.  The concept of hierarchical data structures is developed, together with simple 
numerical and analyHcal demonstraHons of the inadequacy of standard staHsHcal 
methods.  Beginning with models based on normal distribuHons, appropriate staHsHcal 
methods involving generalised esHmaHng equaHons and mixed linear models are 
developed and explored using the R and Stata staHsHcal so]ware packages. The 
limitaHons of tradiHonal repeated measures analysis of variance are briefly discussed. 
Extensions to non-normal outcomes are developed and using a set of case studies, 
approaches based on generalised esHmaHng equaHons (GEE) and generalised linear 
mixed models (GLMM) are developed and contrasted. Throughout, emphasis is placed 
on interpretaHon issues focussing on the underlying clinical or public health research 
quesHon.  
  
Workload requirements  
The expected workload for this unit is 10-12 hours per week on average, consisHng of 
guided readings, discussion posts, independent study, and compleHon of assessment 
tasks.  
  
Learning Outcomes  
At the compleHon of this unit students should be able to:  

1. Recognise the existence of correlated or hierarchical data structures, and describe 
the limitaHons of standard methods in these sefngs  

2. Develop and analyHcally describe appropriate models for longitudinal and 
correlated data based on subject majer consideraHons   

3. Be proficient at using staHsHcal so]ware packages (Stata and R) to fit models and 
perform computaHons for longitudinal data analyses, and to correctly interpret 
results  

4. Express the results of staHsHcal analyses of longitudinal data in language suitable 
for communicaHon to medical invesHgators or publicaHon in biomedical or 
epidemiological journal arHcles  
  

Unit content  
The unit is divided into 6 modules, summarised in more detail below. Each module will 
involve approximately 2 or 3 weeks of study and includes the following material:  
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1. Module notes describing concepts and methods, and including some exercises of a 
more “theoreHcal” nature;  

2. Selected readings from published arHcles or textbooks; and  

3. One or more extended examples illustraHng the concepts/methods introduced in 
the notes and including more pracHcally oriented exercises.  

  
Study materials for all Modules are accessed from the eLearning unit site. Assignments 
and supplementary material such as datasets will be available within each Assignment 
item. Please note that we are not able to post copies of copyright material (journal 
arHcles and book extracts)—for these you will have to rely on your home university’s 
library.  
  
Recommended approaches to study  
Students should work through each module systemaHcally, following the module notes 
and any readings referred to, and working through the accompanying exercises. You 
will learn a lot more efficiently if you tackle the exercises systema6cally as you work 
through the notes. You should also work through all the computaHonal examples in the 
notes for yourself on your own computer.  

Outline soluHons to the exercises in each module (except those to be submijed for 
assessment, as described below) will be posted online at the midway point of the 
allocated Hme for the module.  This is intended to encourage you to ajack the 
exercises independently (or via the eLearning site), and yet not make you wait too long 
to see the sketch soluHons.   

Make the most of this unit by engaging with coordinators and fellow students on the 
Discussion Board and in Tutorials. These are safe spaces to discuss the course material 
and related ideas and students are encouraged to make the most of them by engaging 
in respecoul discussion.  

QuesHons about Assignments should be directed to the coordinator in the first 
instance to avoid any Academic Honestly issues.  
  
Method of communicaGon with coordinator(s)  
QuesHons about administraHve aspects or course content can be emailed to the 
coordinator. Please use “LCD:” in the Subject line of your email to assist in keeping 
track of our email messages.  Coordinator/s will be available to answer quesHons 
related to the module notes and pracHcal exercises, and to address any other issues 
that require clarificaHon.    
Please note that instructors are not necessarily available every day of the week and 
you should expect that it may take a day or so to respond to quesHons (possibly longer 
over weekends and during breaks).  

We strongly recommend that you post content-related quesHons to the Discussion 
Board in the unit site.  
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Relying on Canvas for content-related communicaHon and problem-solving will enable 
other students to benefit from responses and indeed to respond themselves, and we try 
to encourage as much interacHon as possible within the class through this medium.    
  
We will also use Canvas for posHng all course materials although some of the core 
material (parHcularly selected readings, whose reproducHon is subject to copyright 
consideraHons) is also sent out in paper form.  
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Module descripGons  
Below is an outline of the study modules, followed by a Hmetable and assessment 
descripHon table  

  
Module 1:  Introduc@on to correlated data using paired data and simple clustered 
data.  
    

• Paired data: the simplest correlated data structure;   
• Advantage of modelling approach e.g. with missing data, to enable use of both 

within- and between-subject informaHon where possible, leading to simple 
random effects model;  

• Extension to exchangeable clustered data with varying numbers of individuals 
per cluster, and consideraHon of between-cluster effects; and  

• IntroducHon to generalised esHmaHng equaHons (GEE).  
  
Module 2: Overview of different correlated and longitudinal data structures and  
 related research ques@ons   
    

• Examples of two major types of problem: cluster-randomised trials and 
repeated-measures longitudinal studies;  

• Simple approaches to analysis: graphical display (trajectory plots, pairwise 
correlaHons), and summary measures approach to analysis; and   

• Cluster-randomised trials: design effect and simple approaches to analysis.  
  
Module 3:  Methods for con@nuous outcome measures based on generalised 
es@ma@ng equa@ons (GEE)  
    

• The marginal model approach to handling correlaHon within clusters or 
individuals (by generalising the standard regression model to allow correlated 
error terms);  

• Robust (informaHon-sandwich) standard errors;  
• Random effects specificaHons, i.e. condiHonal/ mulHlevel/ hierarchical 

structure and relaHonship to marginally specified models.  
    
Module 4:  Methods for con@nuous outcome measures based on normal mixed 
models, with likelihood-based es@ma@on.  
    

• AlternaHve approaches to esHmaHon: weighted/generalised least squares, 
maximum likelihood and REML;   

• SeparaHng between- and within-individual (or group) effects;  
• Classical repeated measures ANOVA and relaHonship to modern modelling 

approaches; and  
• Missing data: importance of assumpHons about mechanism for missingness, 

and implicaHons for GEE and likelihood-based esHmaHon.  
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Module 5: Methods for discrete data: GEE and generalized linear mixed models 
(GLMM)    
      

• Binary outcomes and logisHc regression models: generalising to correlated 
data. Methods focussing on the marginal mean structure: esHmaHng equaHons 
in general and GEE. Linear marginal model no longer corresponds to a linear 
condiHonal model;   

• Methods using a full (mulHlevel) model specificaHon; and  
• Advantages and disadvantages of each approach, parHcularly in the 

interpretaHon of “subject-specific” and “populaHon-average” parameters.  
  
Module 6: Methods for count data; transi@on models  
    

• Poisson regression model, using GEE and GLMM approaches;   
• NegaHve-binomial model; and  
• TransiHonal or Markov models: applicaHon to modelling change or incidence.  

  
    
Unit schedule   
Semester 1, 2026 starts on Monday 2 March    

Week  Week 
commencing  

Module  Topic  Assessment  

1  02 March  1  IntroducHon: paired data and simple 
clustering 

  

2  09 March  1      

3  16 March 2  Exploratory analysis and simple 
methods using summary measures 

  

4  23 March 2    Module 1-2 short 
assessment due March 
30 (20%) 

5  30 March 3  Modelling longitudinal conHnuous 
outcomes: esHmaHng equaHons 
(marginal model) approach 
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 06 April   Mid-semester break   
 

6 13 April  3      

7 20 April 3   

8  27 April 4  Modelling longitudinal continuous 
outcomes: mixed models approach  

Module 1-3 assignment 
due April 27 (30%)  
 

9  04 May  4      

10  11 May  5  Methods for discrete data: GEE and  
generalized linear mixed models 
(GLMM) 

Module 4 short 
assessment due 
May 18 (20%)  

11  18 May  5      

12  25 May  6  Methods for longitudinal & 
correlated count data 

  

13 01 June  -  QuesHons about Assignment No. 2 
(no new material this week)  

Module 4-6 assignment 
due June 9 (30%) 

  
 
Assessment  
  

• Two short assessments worth 20% each, to be made available a]er Module 
2 and Module 4, and to be completed within approximately two weeks; and    

• Two wrijen reports worth 30% each, to be made available a]er Module 3 
and Module 6, and to be completed within approximately three weeks.    
 

Assessments are due by 11:59pm on the stated day.  
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Assessment name  Assessment type  Coverage  Learning objecDves  Weight  

Module 1-2  short 
assessment  

Short-answer 
ques2ons  

Module 1-2  1-2  20%  

Module 1-3 
assignment  

Report  Module 1-3  1-3  30%  

Module 4  short 
assessment  

Short-answer 
ques2ons + 

Module 4  2-4  20%  

Module 4-6 
assignment  

Report  Module 4-6  1-4  30%  

  
In general, you are required to submit your work as a document prepared in Microso] 
Word or something similar. We strongly recommend you become familiar with 
equaHon typesefng so]ware such as Microso]'s EquaHon Editor (or use LaTeX) for 
algebraic work. You may submit neatly handwrijen work, however, please note that 
marks will potenHally be lost if the soluHon cannot be understood by the markers due 
to unclear or illegible wriHng.  Handwrijen work should be scanned and collated into a 
single pdf file and submijed via the eLearning site. See the BCA Assessment Guide for 
guidelines on acceptable standards for assessable work.  

Students are encouraged to discuss relevant topics in the Discussion Board. Please 
avoid posHng quesHons relaHng directly to assessable material.  These should be 
emailed to the Unit Coordinator in the first instance.  

Explicit solu6ons to assessable exercises should not be posted for others to use. Each 
student's submijed work must be clearly their own, with anything derived from other 
students' discussion contribuHons clearly ajributed to the source.  

  
Submission and academic honesty policy  

All assessment material should be submijed via the relevant Assessment module in 
Canvas unless otherwise advised. TurniHn plagiarism detecHon is applied to all 
submissions. For detailed informaHon, please see the BCA Assessment Guide, which 
includes links to the Academic Honesty policies at member universiHes.  Please 
familiarise yourself with the procedures and policies at your home university.  You will 
need to indicate your compliance with the plagiarism guidelines and policy at your 
home university.  

A special note regarding “contract chea6ng” sites: Unfortunately, there have been 
instances in the past of students using such websites to post assignment quesHons and 
receive soluHons (usually for a fee).  We have arrangements with these sites to idenHfy 
the student posHng quesHons or accessing the soluHons, and such students will be 
referred to and face disciplinary processes at their home university.   

https://canvas.sydney.edu.au/courses/29609/pages/bca-assessment-guide
https://canvas.sydney.edu.au/courses/29609/pages/bca-assessment-guide
https://canvas.sydney.edu.au/courses/29609/pages/bca-assessment-guide
https://canvas.sydney.edu.au/courses/29609/pages/bca-assessment-guide
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Use of ChatGPT or other genera@ve AI tools  

The assessment tasks in this Unit have been designed to be challenging, authenHc and 
complex.  Although individual assessment components may provide specific guidance 
regarding the use of generaHve arHficial intelligence (AI) tools (e.g., ChatGPT), 
successful compleHon of these components will require students to criHcally engage in 
specific contexts and tasks for which AI will provide only limited support and guidance.  
In all cases, a failure to reference the use of generaHve AI may consHtute student 
misconduct under the Student Code of Conduct of your University of enrolment. To 
successfully complete assessment tasks, students will be required to demonstrate 
detailed comprehension of their wrijen submission independent of AI tools.   
  

Late submission and extension procedure  

The standard BCA policy for late penalHes for submijed work is a 5% deducHon from 
the available mark for each day the assessment is late, up to a maximum of 10 days 
(including weekends and public holidays).  Extensions are possible, but these need to 
be applied for (by email) as early as possible. The Unit Coordinator can approve 
extensions up to three days; for extensions beyond three days, you must apply to your 
home university, using their standard procedures.   
  
Learning resources  
There is no single prescribed text for the subject, but a few reference books are 
recommended as background material (list below). The first book in the list is the one that 
we find closest to our approach in LCD (although it appeared a]er the first dra] of the 
course was wrijen), so if you were to obtain one book this would be our recommendaHon. 
The module notes and case studies form the primary material for this subject, and 
required readings from selected texts, are provided.  
  
Fitzmaurice G, Laird N, Ware J.  Applied Longitudinal Analysis, John Wiley and Sons, 
2004.  [Note that a 2nd ediHon appeared in 2012. All readings for this semester are 
taken from the 2004 ediHon – they differ minimally from the 2012 ediHon]  

Diggle PJ, Heagerty P, Liang K-Y, Zeger SL. Analysis of Longitudinal Data, 2nd EdiHon, 
Oxford University Press, 2002.  

Singer JD, Willej JB. Applied Longitudinal Data Analysis: Modeling Change and Event 
Occurrence, Oxford University Press, 2003.  

Verbeke G, Molenberghs G. Linear Mixed Models for Longitudinal Data, Springer, 2000.  

Brown H, Prescoj R. Applied Mixed Models in Medicine, 3rd EdiHon, Wiley, 2015.  
  
SoKware requirements and assumed knowledge  
For this subject you will need to have access to, and a working familiarity with, either 
Stata or R. While some of the course was originally developed with a dependence on 
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SAS, the difficulHes some students faced in gefng access to SAS, as well as the greater 
ease of use of Stata and availability of R (and its much improved capacity for fifng mixed 
models) means that SAS is no longer used in LCD. All methods in this unit can be 
conducted using Stata alone or R alone, however, the set of examples given with Stata 
code is somewhat more complete than the set of examples with R code.  
  
Students using Stata will need at least version 13 that was released in July 2013. The 
current version is Stata 18.0 released on April 25th, 2023.   We are not aware of any major 
differences between Stata versions that affect the material, but minor issues will be 
pointed out in Canvas posHngs.  Importantly, whichever version you are using, please 
ensure that you have performed the online update to the latest update of that version.  
(Use the command update query).   
  
For R, the notes assume you are working with the latest version, although slightly earlier 
versions should not have any important differences. For help with R, please see Learning 
R in the Student Resources site.  
  
If you have not yet organised access to these packages, you should do so as soon as 
possible. This is a pracHcal course which requires regular use of the relevant so]ware; 
delays in gaining access to these packages may impact your ability to complete the 
course. InformaHon on how to download R and RStudio, and access Stata can be found 
in the BCA Textbook and So]ware Guide.  
  
Required mathema@cal background  
No addiHonal mathemaHcal background is required beyond what is covered in 
MathemaHcal FoundaHons for BiostaHsHcs (MFB), Principles of StaHsHcal Inference 
(PSI), Regression Modelling for BiostaHsHcs 1 (RM1).  
  
Feedback  
Our feedback to you  

The types of feedback you can expect to receive in this unit are:  

§ Formal individual feedback on submijed exercises assignments  
§ Feedback from non-assessed online quizzes  
§ Responses to quesHons posted on Canvas  

  
Your feedback to us   

One of the formal ways students provide feedback on teaching and their learning 
experience is through the BCA student evaluaHon survey at the end of each semester. 
The feedback is anonymous and provides the BCA with evidence of aspects that 
students are saHsfied with and areas for improvement.  
  

https://canvas.sydney.edu.au/courses/29609/pages/learning-r
https://canvas.sydney.edu.au/courses/29609/pages/learning-r
https://canvas.sydney.edu.au/courses/29609/pages/learning-r
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Unit changes, including response to recent student evaluaGon  
LCD was last delivered in Semester 2 2025.  Apart from new assessment tasks, there have 
been only minor changes since that delivery in the form of correcHng typographical 
errors and minor edits for greater clarificaHon of the text in the Modules Notes, and 
removing some material that no longer addresses any of the learning outcomes. An 
extension of coding examples done in R to complement exisHng Stata code was 
completed in 2022.   
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