Potentially transmissible contacts from mobile phone call data records: a percolation approach
Background:
Each time a mobile phone is used to make a call, send a text message or access the Internet, the service provider retains a record of this event for billing purposes. These records contain the time, duration and destination of each event as well as the location of where it was made. In contrast to using these data for commercial gain, this project would repurpose them for public good. Call Data Records (CDR) offer a wealth of information on the social interactions of subscribers, on a massive scale.
These data are not immediately representative of potentially infectious contacts and using the CDR directly for modelling infectious disease spread between individuals would be flawed; when person A calls person B, they are unlikely to be in the same place and therefore unable to transmit disease. Nevertheless, we have shown that pairs of individuals that do call each other are found in the same location at the same time six times more frequently than random pairs. 
Objectives:
Building upon previous work on using the ‘who-calls-who’ network in combination with location data, the main aim is to uncover the social network with unprecedented detail. Some assumptions must be made about what constitutes a link over which transmission can occur. The length of the time window and the size of the local area are variables in this system and the hypothesis is that the network goes through a phase transition as a function of these. 
What the student will do:
The student will have access to CDR from a European country, from February 2009 onwards and the project will be based on using these data to infer potentially infectious contacts. 
1) Data familiarisation and call graph network analysis (3-4 weeks)
· We can start by defining nodes as individuals phones, and links as calls between nodes going both ways.  Such pairs will be identified, and this network characterised as a function of time. 
2) Relaxing the call graph constraint (3-4 weeks):
· Pairs of individuals found in the same area (say a single tower) at the same time (say within one hour) that don’t necessarily have a social link can be assumed to at least have the potential to transmit disease to each other. The differences between this graph and the call graph will be characterised. 
3) Characterising the phase transition (3-4 weeks): 
· We can vary the length of the time window and the spatial scale over which links are made. As we increase both from zero to the size of the whole system, we expect more and more links to be formed, making the network go through a phase transition.  The nature of this transition will be characterised.
Skills, techniques and follow on:
This project is ideally suited to a student with strong numerical/computational skills, basic knowledge of statistical analysis and graph theory. The student will have the opportunity to acquire the knowledge necessary to embark upon a PhD project on network inference, infectious disease modelling, percolation and collective human behaviour.
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