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Page 2 – Project Description 

Scientific Excellence 
(500 words) 

Understanding and influencing behavioural change are key 
challenges for a range of disciplines such as Medicine, 
Psychology, and Social Policy. The dominant approach focuses 
on developing complex interventions designed to influence or 
nudge populations to adopt healthier and safer habits. Yet, 
people may spontaneously modify their behaviours in response 
to exogenous or endogenous events even in the absence of 
topdown interventions or external incentives. 
 
Unfortunately, our understanding of such self-initiated 
behavioural changes is extremely limited and anecdotal. This is 
a major conceptual and practical limiting factor that is slowing 
down both academic and non-academic progress. In this 
context, the recent availability of high-resolution human 
dynamics data is providing unprecedented opportunities to 
model and predict fundamental socio-economic phenomena. 
However, existing models are overwhelmingly based on data 
describing normal human dynamics which exclude perturbed 
scenarios where social behaviours change. Consequently, their 
potential for supporting policy makers is fundamentally limited. 
 
To advance our understanding of human dynamics in perturbed 
scenarios, the project aims to study self-initiated behavioural 
changes, focusing on one major class of exogenous events that 
might affect social systems: the spread of infectious diseases. 
In fact, infectious diseases, such as the seasonal flu, induce 
behavioural changes in the population: sick people might 
reduce their mobility (e.g. stay home) and healthy individuals 
might decide to avoid public transportation and social 
gatherings to reduce their chances of infection. Due to the lack 
of empirical data capturing such dynamics, our understanding 
of how people change behaviour is limited and consequently 
ignored even in the most advanced epidemic models. This 
limitation may affect predictions and consequently the 
allocation of resources to control/mitigate an epidemic. 
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The project will study a unique dataset describing the mobility 
as well as other physiological and demographic indicators 
(heart beats, sleeping patterns, age, gender) of 150K people in 
20 cities of 12 countries for three years collected via wearable 
trackers (e.g. fitbit). By adopting the latest data science 
methods, the project will first estimate and model the impact of 
the seasonal flu on mobility patterns and physiological 
indicators. From this standpoint, the project will develop and 
empirically validate a range of epidemic models to establish a 
causal link between changes in mobility and physiological 
indicators and the unfolding of the flu. Thus, the project will 
provide a unique and novel empirical characterisation of 
behavioural changes. 
 
The project will allow to explore, in more general terms, 
wellbeing and healthy ageing. In fact, by fusing physiological 
and demographic indicators from the trackers it will study the 
relationship between mobility, hearth rates, sleeping patterns 
with age as function of time (i.e. their change in time) and 
location (city and country) thus inferring signs of well-being and 
healthy aging. 
 
The proposal is likely to have strong academic and societal 
impact. It will be the first to model changes in mobility and 
physiological indicators of a large group of individuals with 
activity trackers, and to use such data to infer the variations in 
contact rates, predict the seasonal flu and to capture well-being 
and healthy ageing. These results have the potential to pave 
the way for a new generation of epidemic models and digital 
indicators of well-being improving their predictive power and 
enhancing their capabilities to inform and shape effective 
health policies. 

Aim (400 words) 
 
 

Aim and hypothesis 
The project aims to characterise behavioural changes induced 
by seasonal influenza on mobility patterns and physiological 
indicators. The project will also study well-being and healthy 
aging from digital indicators. 
 



 

 

 
DTA3/COFUND Programme Research Project Proforma 

 
 

 

 
This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska-Curie grant agreement No 801604. 

 

We will use a unique anonymous dataset collected by Nokia 
from the activity trackers (e.g. fitbit) of 150K people in 20 cities 
of 12 countries over 3 years. The high-quality data provide, the 
number of steps, heart beats and sleeping patterns at daily 
resolution for each individual. Furthermore, the data provides 
demographic information such as age and gender. 
 
Hypotheses: 
H1: Seasonal influenza affects mobility patterns and 
physiological indicators at individual and population levels. 
 
H2: Activity trackers can be used to infer behavioural changes 
and improve models of seasonal influenza. 
 
H3: Well-being and healthy ageing can be inferred and 
monitored from the activity trackers. 
 
Methodology and innovations 
We will use machine learning methods to identify periods of 
significant changes in the mobility behaviours of individuals via 
trackers data. The large temporal and geographical coverage of 
the dataset will allow us to study the extent to which such 
changes can be linked to the flu progression. We will consider 
physiological indicators to infer the level of stress and immune 
responses against infections. Furthermore, demographic 
information will be used to further characterise the changes in 
behaviours. 
 
While local variations might take place throughout the year for a 
variety of reasons, major events such as the annual epidemic 
season of influenza likely trigger correlated dynamics visible at 
the population level. The project will first identify and 
characterise such dynamics. 
 
The project will leverage these outcomes and develop 
innovative data-driven compartmental epidemic models to 
account for behavioural changes. We will propose different 
mechanisms (models) to connect variations in mobility and in 
physiological indicators with epidemiologically-relevant 
dynamics, i.e. changes in contact rates. 
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Each model will be empirically parameterised using tracker and 
flu data. Model selection methods will identify the best 
model/mechanism(s) which will be adopted to forecast the 
progression of the influenza season and to establish a causal 
link between behavioural change and epidemic spreading. 
 
Using machine learning approaches we will also study the link 
between physiological and demographic indicators to identify 
signs of well-being and healthy aging across time and the 
various countries/cities we have access to. In doing so, the 
project will capture and investigate the digital bio-rhythms of 
very different populations, at scale. 
 
 

Strategic Relevance 
(300 words) 

The study of behavioural changes is a major challenge in 
epidemiology and public health. Progresses have been 
hampered by the lack of empirical data capturing human 
adaptation. The project presents unique opportunities to tackle 
such limitations by combining high-quality data and state-of-
the-art modelling techniques. 
 
The data at centre of the proposal will provide also the unique 
opportunity to explore, study and quantify at scale well-being 
and healthy aging of very different populations from 20 cities 
in12 different countries and 3 continents. 
 
Thus, the project is likely to produce high impact outputs in 
major journals and conferences in data science, epidemiology, 
public health, computational social science and medicine 
among others. Furthermore, the results have also the potential 
to make an impact even outside the academic realm. In fact, the 
data analysis and models that we will produce have the 
potential to inform and shape health policies. 
 
The project will serve to establish a research collaboration 
between the University of Greenwich and top scientists, 
institutions, and multinational companies such as Dr. Colizza 
(INSERM) and Dr. Aiello (Nokia Bell Labs). 
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The interdisciplinary nature of the project and its match with the 
call will offer the opportunity of establishing new collaboration 
with institutions and scientists from the University Alliance. 
 
Finally, the unique dataset, the topic of the project, and the 
large network of the advising team is likely to spur international 
collaborations with top scientists, institutions as well as public 
health agencies thus boosting the impact of the project well 
behind its duration. 
 

Interdisciplinarity and 
fit with DTA3 

The project is based on an interdisciplinary mix of 
methodologies/expertise from Computer Science, Data 
Science, Physics, and Epidemiology. 
 
The study of infectious diseases, their impact on populations, 
and the exploration of the well-being as well as healthy ageing 
of populations at scale fit within the “Social and Health” 
contexts of the programme. 
 
 

Industrial Relevance 
(300 words) 
 

The student will work in close collaboration with the industrial 
partner Nokia Bell Labs. As result, s/he will have opportunity to 
spend time in their offices in Cambridge, UK. Considering the 
proximity to London, s/he will visit the partner regularly (i.e. 
one/two day per month) and spend longer periods (placement) 
during the summers. 
 
The student will visit and spend time in the laboratory of the 
third advisor at Inserm (Paris, France). 
 
Considering the theme of the research and the network of close 
collaborators of the advising team the student will also have the 
possibility to visit: 

1) Karolinska Institutet, Stockholm (Sweden) 
2) ISI Foundation in Turin (Italy) 
3) Network Science Institute at Northeastern University in 

Boston (USA) 
4) Aix Marseille University (France) 
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In doing so, the student will have the unique opportunity to 
collaborate and discuss the project with the leading world 
experts in epidemic modelling and digital epidemiology. S/he 
will also have the opportunity to interact closely with public 
health professionals and industrial partners, developing 
interdisciplinary and teamwork skills. 
 

Economic and 
Societal Impact (300 
words) 

The understanding of behavioural changes induced by 
infectious diseases is limited. A recent review on the subject 
(Verelst et al, 2016) indicates that only 15% of the relevant 
papers published between 2010-15, considered empirical data 
as model input or for the validation process. 
 
In fact, even state of the art realistic epidemiological models 
currently used to inform and design public health policies, do 
not account explicitly for behavioural changes. This is a 
fundamental limitation and weakness that constrain our ability 
to accurately forecast and estimate the impact of epidemic 
outbreaks in the population. 
 
The project will tackle this limitation ahead-on. 
It will be the first study to estimate the impact of the seasonal 
flu on the mobility and physiological indicators of a large 
sample of individuals, in different cities and years, with 
individual activity trackers. In doing so, it allows developing and 
empirically testing innovative epidemic models able to explicitly 
include behavioural changes (directly measured and inferred 
from the trackers data) and to create more reliable forecasts of 
the progression of the flu season. 
 
By combining mobility, physiological and demographic data the 
project will allow also to develop novel indicators of well-being 
and healthy aging at scale across many different populations. 
The novelty of the data, methodology and outcomes will pave 
the way for a new generation of epidemic models able to 
account for self-initiated behavioural changes and for new 
digital approaches to track and monitor bio-rhythms of large 
and heterogenous samples of individuals. This is likely to have a 
clear impact. In fact, it will allow improving our abilities to 
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predict the unfolding of infectious disease and thus to inform 
more effective health interventions aimed at reducing economic 
and societal burden of outbreaks. Finally, it will provide new 
tools to monitor and explore well-being and healthy ageing of 
different populations at thus providing new data intelligence 
tools to inform and test public health policies. 
 
Verelst, F., L. Willem, and P. Beutels, Behavioural change 
models for infectious disease transmission: a systematic review 
(2010–2015). Journal of The Royal Society Interface, 2016. 
13(125): p. 20160820. 
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Page 3 – Admission Requirements 

 

Specific Admission 
Requirements 
Detail any subject 
specific degree 
qualifications or 
disciplines, relevant 
skills, experience 

Master in a quantitative discipline: Mathematics, Physics, 
Computer Science, Statistics, and Biostatistics among others. 
Excellent written and verbal communication skills in English. 
Excellent programming skills in for example python, c++, c, R, 
ruby, root, or java 

Minimum IELTS score 6.5 in all elements 

 

 


