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We are living in the age of data with information being collected from a multitude of different
sources over time. Such intricate longitudinal data needs sophisticated models to be able to
fully analyse it. This has led to the remarkable increase in the use and development of joint
modelling techniques to analyse a wide range of applications, such as medical, financial, envi-
ronmental and astrostatistics research to name but a few. This project will advance current
approaches to handle the realistic situation where individuals can be distinct and outlie from
the population.

In recent years, it has become common practice to gather longitudinal data over time where
information on multiple longitudinal responses, such as several biomarkers from each patient
for example, are gathered concurrently [1]. These longitudinal responses frequently impact
time-to-event processes with the related survival data often being collected alongside the re-
peated measurements. Consequently, joint modelling techniques which simultaneously analyse
a longitudinal and survival process have recently been extended to handle multivariate longi-
tudinal responses [2, 3, 4].

However, such developments commonly assume normality for the longitudinal random terms,
an assumption which can be greatly affected by the presence of longitudinal outliers intro-
ducing bias into the analysis. Previous research has verified such negative impacts in the
interpretations and predictions from the estimated joint model in the analysis of a single lon-
gitudinal process within a joint model setting.

This research proposes the development of a more robust joint modelling approach which
down weighs the impact of longitudinal outliers within multiple longitudinal processes simul-
taneously. As such, it has a wide variety of applications, for example, in the simultaneous
analysis of a multitude of patients’ biomarkers, how they interact and change over time and
the impact this has on patient survival under the assumption that different patients commonly
react differently to treatments. This would therefore advance the establishment of precision
medicine, a more personalised approach to the treatment of patients.

This PhD would feed into a user-friendly software package, complementing other active re-
search projects currently being undertaken by the primary supervisor in conjunction with both
national and international collaborators.
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