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We were blown away by the potential
Breadth



• Anthropology 
• Applied Math 
• Economics 
• Computer Science 
• Physics (Complex Systems) 
• Philosophy (Ethics) 
• Psychology (Personality) 
• Public Health (Epidemiology, Social Contagion) 
• Sociology

Actively working with scientists from: 

And interest from many more



We have too many findings to share here, but …
Results



The Strength of the Strongest Ties in
Collaborative Problem Solving
Yves-Alexandre de Montjoye1, Arkadiusz Stopczynski1,2, Erez Shmueli1, Alex Pentland1 &

Sune Lehmann2,3

1Media Lab, Massachusetts Institute of Technology, 2Department of Applied Mathematics and Computer Science, Technical
University of Denmark, 3Niels Bohr Institute, University of Copenhagen.

Complex problem solving in science, engineering, and business has become a highly collaborative endeavor.
Teams of scientists or engineers collaborate on projects using their social networks to gather new ideas and
feedback. Here we bridge the literature on team performance and information networks by studying teams’
problem solving abilities as a function of both their within-team networks and their members’ extended
networks. We show that, while an assigned team’s performance is strongly correlated with its networks of
expressive and instrumental ties, only the strongest ties in both networks have an effect on performance.
Both networks of strong ties explain more of the variance than other factors, such as measured or
self-evaluated technical competencies, or the personalities of the team members. In fact, the inclusion of the
network of strong ties renders these factors non-significant in the statistical analysis. Our results have
consequences for the organization of teams of scientists, engineers, and other knowledge workers tackling
today’s most complex problems.

C
omplex problems in science, engineering, or business are being solved by teams of people working closely
with one another, each with the help of their network. In science, modern experiments require the
collaboration and specialization of many individuals1. For example, a modern Nature paper can have

more than 100 co-authors2 and the number of co-authors of PNAS papers has more than doubled over the last 20
years, reaching an average of 8.4 co-authors per paper3. In businesses, teams of knowledge workers have become
the basic unit carrying out work4. Our ability to solve complex problems increasingly depends on teams of
scientists, engineers, or knowledge workers and their extended information networks5,6.

Qualitative and quantitative study of high-performing teams–an interdependent collection of individuals
working towards a common goal where members share individual and mutual responsibility for the out-
come7–has been an ongoing effort in the social, management, and science of science8–13. Previous studies focused
on how the personalities, technical or cognitive abilities, or the existence of previous collaborations of team
members explain team performance. Recent quantitative studies investigated the determinants of high-perform-
ing teams by studying their structure or pattern of communications14–19.

Accessing to the right piece of information is central to solving complex problems. This information, however,
often only exists in the form of advice, expertise, implicit knowledge, or experience and flows through social ties.
Consequently, the structure of social interactions has been shown to enhance or hinder access to such resources.
Building on advances in social network analysis, empirical research showed the impact of an individual’s
information or collaboration network on her performance20–26. Amongst others, the impact of an individual
position in the information network has been investigated through measures of node degree, centrality, structural
holes, closure, and social diversity27–32.

Both within-team and extended information networks are useful. Within-team networks allow for engage-
ment, collaboration, and the higher level of information sharing needed for teams to perform15. Frequent inter-
actions between team members have been shown to help them become familiar with one another and to positively
impact their teamwork33. Extended networks of informal ties of team members have been shown to be the vector
for key exchanges of information15. Information often flows through these ties despite the existence of formal
coordination and communication mechanisms. These informal extended ties have been shown to be particularly
important in competitive environments34. This work, at the intersection of information networks and team
performance, studies the problem solving abilities of teams as a function of the within-team network structure
and extended information network in a real working environment. We show that, for both within team and
extended ties networks, only the strongest ties matter.
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Result 2: Overlapping data channels

RESEARCH ARTICLE

Tracking Human Mobility Using WiFi Signals
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Abstract
We study six months of human mobility data, including WiFi and GPS traces recorded with
high temporal resolution, and find that time series of WiFi scans contain a strong latent loca-
tion signal. In fact, due to inherent stability and low entropy of human mobility, it is possible
to assign location to WiFi access points based on a very small number of GPS samples and
then use these access points as location beacons. Using just one GPS observation per day
per person allows us to estimate the location of, and subsequently use, WiFi access points
to account for 80% of mobility across a population. These results reveal a great opportunity
for using ubiquitous WiFi routers for high-resolution outdoor positioning, but also significant
privacy implications of such side-channel location tracking.

Introduction
Due to the ubiquity of mobile devices, the collection of large-scale, longitudinal data about
human mobility is now commonplace [1]. High-resolution mobility of individuals and entire
social systems can be captured through a multitude of sensors available on modern smart-
phones, including GPS and sensing of nearby WiFi APs (access points or routers) and cell tow-
ers. Similarly, mobility data may be collected from systems designed to enable communication
and connectivity, such as mobile phone networks or WiFi systems (e.g. at airports or on com-
pany campuses) [2, 3]. Additionally, large companies such as Google, Apple, Microsoft, or Sky-
hook, combine WiFi access points with GPS data to improve positioning [4], a practice known
as ‘wardriving’. While widely used, the exact utility and mechanics of wardriving are largely
unknown, with only narrow and non-systematic studies reported in the literature [5, 6]. As a
consequence, it is generally not known howWiFi networks can be used for sensing mobility on
a societal scale; this knowledge is proprietary to large companies.

In the scientific realm, the mobility patterns of entire social systems are important for
modeling spreading of epidemics on multiple scales: metropolitan networks [7–9] and global
air traffic networks [10, 11]; traffic forecasting [12]; understanding fundamental laws govern-
ing our lives, such as regularity [13], stability [14], and predictability [15]. Predictability and
stability of human mobility are also exploited by commercial applications such as intelligent
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This type of research (and its applications) must 
be developed in a sustainable way

Privacy



Data sharing: What’s in it for me?

Public sector: The law - and 
trust 

Google: email, services 

Social Fabric: A phone, 
Quantified Self info, helping 
research - and control over 
own data



Data sharing: What’s in it for me?

Public sector: The law - and 
trust 

Google: email, services 

Social Fabric: A phone, 
Quantified Self info, helping 
research - and control over 
own data

More generally:  
standard public goods 
problem 

‘Researcher protection’  / 
forskerbeskyttelsesordning  
early warning sign 

Scandals don’t help 



Who watches 
the watchmen?  

Who studies the 
data scientists?

Social Fabric: 
Embedded study of 

researchers’ use  
and handling of data 



social data science  
@ UCPH 

scraping, analyzing, visualizing  
big data  

AND ethics, privacy 

combines social and data science  
100+ students 



The Future



Sustainable  
computational governance 

(SUSTAINGOV)



SUSTAINGOV
Harness information flows from citizens 
to municipal government via 
smartphones  

Based on what citizens do 
Democratic: everyone (with a smartphone) counted  

Practical: low cost, fast response 
Comprehensive: many channels at once 



SUSTAINABLE

Explicit strategy for personal info  
   not all data needs to be at person level  
   behavioral designs for participation  
   private sector knowledge for public sector solutions 

Randomized trials 
   living labs to learn about trade-offs and trust



COMPUTATIONAL

Digital nervous system  
Aggregate personal info from citizens’ smart phones 
in real time - combine with other data sources 

service utilization, safety, health, education, … 

Available for citizens and firms



GOVERNANCE

From passive e-government to active 
e-governance and e-citizenship 

Inclusive - high internet/smartphone penetration 

Participatory government - data donations 

Improved accountability - are problems handled?  



Partners
UCPH/DTU/MIT 

SiteCore / KL.7 / You Technology  
Frederiksberg / Lyngby
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