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The rise of collaborative science
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The age of communities



“Designed serendipity”

2011

“once the collaboration gets large 
enough participants cannot 
p o s s i b l y p a y a t t e n t i o n t o 
everything that’s going on. […] 

Idea l ly, the archi tecture of 
attention will direct  participants 
to places where their particular 
talents are best suited to take the 
next step.”
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Designing serendipity
Create a recommendation system 
based on the underlying network to 
create connections beneficial to a 
project

 



Studying collaborative learning 
and solving
From studying to enhancing collaborative Science





Leo Blondel
Harvard

Megan Palmer
Stanford

Laszlo Barabasi
Northeastern

Rathin Jeyaram
Research assistant





challenge-based 
“coopetition”

synthetic biology
6 month projects

14 years
3,000+ teams

medals, prizes…





‣Synchronized temporal dynamics 
(simulates an experimental condition)





MediaWiki structure is easily parseable



WIKI DATA

b c

6 6

Team size Team effort

Stability across competitions



T

PERFORMANCE DATA

• 6 judges per team, grade 60 
criteria from 1 to 5 

• Medals: fulfill requirements 
• Prizes: special award 
• Winner: best team



Success Measures

Re-used by other 
BioBricks

Biobricks Network

Interactions 
traced from wiki

Team Interaction 
Network

BioBricks made

Medals

Teams Collaboration 
Network

A TESTBED TO UNDERSTAND COLLABORATIONS



What underlies team organisation, performance, and 
improvement?

…
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THE TEAM SPACE

…
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t − T*

P
(t

)

T*

shared properties of team work in iGEM

TEAM WORK

Deadline effect Workload inequality

Collaborative coreInter-team collaborations
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P (t ) ∼ (T * −t )−1.05

as observed for conference registrations

preferential attachment
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“universals” of team work in iGEM

TEAM WORK

Deadline effect Workload inequality

Collaborative coreInter-team collaborations
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no difference in workload 
distribution, just more total effort
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Forst 50 sections constitute 
a “collaborative core”

COLLABORATION STRUCTURE

Work distribution Collaboration structure



“nested” collaboration structure 
(editor to section)

COLLABORATION STRUCTURE

S. Allesina, Nature 2012
“some researchers have suggested that 

ecological systems structured in a nested way 

are […] more likely to persist over time”



PERPSECTIVE: MODELS

ecological models can 
reproduce degree 
distributions, nestedness and 
modularity of bipartite 
mutualistic networks 

usually combine specialisation 
(trait value dictates number of 
connections) and 
complementarity (connect 
species with similar trait)

2008

2000

2007



THE TEAM SPACE

…

Feature 1

Feature 2

Feature 3

Team features space
1. Universal aspects of team work
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2. Features underlying team performance

3. Team improvement through 
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PERFORMANCE AND TEAM SIZE

Team size



PERFORMANCE AND TEAM SIZE

Team size

Small
teams

Large
teams



PERFORMANCE PREDICTION
(6

,8
]
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• Small teams vs 
large teams 

• Correlation with 
performance



PERFORMANCE PREDICTION

More important 

for small teams

More important 

for large teams

“Team-wide” association study
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Associations with performance

• in both cases:

• productivity / effort

• prior success

• supervision structure

• small teams only:

• team size

• prior participation

• collaboration with other teams

• Large teams only:

• internal collaboration



COLLABORATION SCORE
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THE TEAM SPACE

…

Feature 1

Feature 2

Feature 3

Team features space
1. Universal aspects of team work
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2. Features underlying team performance

3. Team improvement through 
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LONGITUDINAL DATA

●

●

●

●

●
●

●

●
●

2 4 6 8

−
0

.2
0

.0
0

.2
0

.4
0

.6

Number of participations

O
u

tc
o

m
e

ticipations

Teams reparticipate and improve over years  
(~20% overlap of team members from one year to the next)
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LOCK-IN EFFECT

However, there is a lock-in effect depending on initial 
performance

(see also artist careers in Fraiberger et al, Science 2018)
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However, there is a lock-in effect depending on initial 
performance

(see also artist careers in Fraiberger et al, Science 2018)
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LOCK-IN EFFECT

However, there is a lock-in effect depending on initial 
performance

(see also artist careers in Fraiberger et al, Science 2018)
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LOCK-IN EFFECT

How to get out of the lock-in effect?
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Team learninge
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can we reconstruct the “real” in situ project dynamics?



IGEM TIES 
(TEAM INTERACTION STUDY)

➡ questionnaires on social interactions

➡ proximity data (for Android now…) 

➡ task journaling (what task was done, with whom)

Raphael Tackx
Postdoc

Radhika Beaumé
Game design, UI

Robbie Ward
Visiting PhD, 
GeorgiaTech

Savandara Besse
Communication 

manager

Rathin Jeyaram
Research assistant

Lionel Deveaux
Digital Manager

Team network from 2019 questionnaire



COSO: A COLLABORATIVE SONAR APP

• Daily diary to collect data on collaborations on tasks 

• Notification system 

• Personalized surveys 

• ongoing pilot study!



Designing collaborative Science
From studying to enhancing collaborative Science



JUST ONE GIANT LAB (JOGL)

An open-source social network for open science, coordinated through research programs



The OpenCOVID19 program
1,200 contributors

60 projects
open peer review

microgrants



OpenCOVID19 interactions

meta/dev

cough detection

bio

misc projects

masks/ventilators

intro

coordination



project management skills

molecular biology

genetic engineering

electrical engineering

coding

3d printing

python

data analysis
computer science

excel

sql

rapid prototyping

cell biology
molecular genetics

molecular & cellular biology

open research

open science

open science hardware

science communication

diybio

business

software development

bioengineering

programming

angular

arduino

back-end programming

javascript

database

synthetic biology

cnc machining

big data

mechanical engineering

genomics

design

biology

java

openscad

3dprint

devops

linux
c#

.net

neuroscience

genetics

cad
solidworks

ansys

drafting

industrial engineering

mechanical design

web design

program management

computer engineering

machining

biomedical engineering

team management

web development

biomedical devices

biomedical applications

data science

mobile development

c++

pcb design

frontend

electronics

ux design

interaction design3d printer

machine learning
keras

django

embedded systems

3d print

testing

c

graphic design

rédaction

development

innovation

problem-solving

autocad

mechanics

english

french

raspberry pi

maker

labview

eagle

management of change

sales

open source

software architecture

software engineering

bash

xml

json

ui

ux

product design

react

développement

robotics

iot

kubernetes

aws

research

engineering

hardware development

microcontrollers

cae

android development

bioinformatics

cancer informatics

data engineering

hardware

writing

illustration

art

construction

immunology

agile project management

blockchain

security

cam

tensorflow

hadoop

microbiology

physics

ai

opencv

databases

gestion de projet

impression 3d

marketing

product owner

cnc

scrum

project management

chemistry

fusion 360

education

unity3d

typescript

product development

software

additive manufacturing

music

microscopy

electronic

prototyping

product management

3d modeling

engineer software & hardware

communication skills

3d modelling

cfd

fea

coordination

programmation

math

3dprinting

automation

open data

open access

mathematics

mathematical software

biotechnologies

fluid dynamics

medicine

app development

data analytics

industrial design

optics

leadership

computational biology

r
proteomics

cnc programming

biotech

mechatronics

artificial intelligence

biochemistry

design thinking

fabrication

matlab

data

woodworking

3d cad

writing skills

git

laser cutting

technology

diagnosis

medical

deep learning

public health

3dmodeling

cao

data visualisation

fpga

jquery

htmlcss

3d designer

designer

photoshop

digital marketing

communication

php

pytorch

fablab

azure

illustrator

management

metagenomics

phylogenetics

structural biology

modeling

web

organization

ruby

etl

firmware

angularjs

cloud

mongodb

mobile applications

react native

documentation

citizen science

node.js

docker

asp.net web api

postgresql
apache spark

numpy

instrumentation

optimization

innovation development

scala

mysql

bootstrap

innovation research

carpentry

welding

data visualization

comsol

prototypage

catia

electronics technology

analytics

manufacturing systems

wet lab

science outreach

biotechnology

manufacturing techniques

pandas

creo

advertising

bioinformatic

neuroanatomy

research and development (r&d)

autodesk inventor

embedded development

python (beginner)

flutter

pneumatics

modélisation 3d

statistics

cybersecurity

word

algorithm development

algorithm analysis

rhino
grasshopper

latex

journalism

manufacturing

microfluidics

arduino programming

network

science

bioart

rh

powerpoint

fortran

innovation ecosystems

3d

epidemiology

sas

spanish-speaking

english speaking

dataviz

computer vision

ml

big datum

conception et impression 3d

communications

agile

natural language processing

web dev

system administration

science of education

neuroimaging

flask

ros

genetic

ux research

control

programming l

anglais

node

linux system administration

french speaking

architecture development

conception mécanique

go

digital fabrication

open innovation

global health

software programming

genomic

Hardware (makers)

Data science biology

Software

Project management

research/innovation/education

Skill Map
skills are linked if they 
appear together in 
projects
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skills are linked if they 
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community building

prototyping

design

science outreach

electronics

biology

biotechnology

neuroscience

python

research

chemistry

data science

data analysis open science

citizen science

citizen participation

citizen engagement

modeling skills

writing skills

computational biology

synthetic biology

matlab

open data

software development

javascript
c

communication

social media

product owner

molecular & cellular biology

writing

mathematics education

mathematics

neuroimaging

cognitive neuroscience

c++

java

management

marketing

molecular genetics

web development

microfluidics

molecular virology

bioinformatics
molecular biology

cancer informatics

metagenomics

crowdsourcing

big data

project management

statistics

artificial intelligence

r

design thinking

back-end programming

machine learning

sql

python (beginner)

agronomy

data visualisation

c#

biochemistry

microbiology

science communication

education

scrum

gestion de projet

anglais

philosophy

epistemology

entreprenurship

scientific writing

cloning

data engineering

entrepreneurial spirit

open source software

product development
product management

product design

sustainability

phylogenetics

spanish-speaking

english speaking

project management skills

node.js

english

french

bioart

html

software architecture

linux

photography

structural biology

genetics

microscopy

art

pharmacology

front-end web development

git

biotechnologies

iot

embedded systems

cad

3d printing

arduino

pandas

android

Needs: interfaces for collaborations



Recommender system

• Collective Intelligence grant from NESTA 

• Experimental test of how matchmaking of needs to 
users fosters community self-organisation 

• Uses “metapaths” in Heterogeneous Information 
Network

Pedro Morales 
(Sciences Po Medialab)

Bastian Tsovaras 
(CRI)
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• Send recommended (3) & featured 
(2) needs by email every week 

• Measure which need was clicked 
on (i.e which user clicked), and 
keep track of what was done after 
on the platform

Experimental setup



Goal

do email notifications trigger higher community engagement? 
what are the most important features?
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OPEN-SOURCE COMMUNITIES

Massive open-source 

communities 
How does community organize when scaling? 

—> 7,000 most starred projects on GitHub 

—> Look at workload inequality as repo 
grows in time 

—> Large communities on GitHub adopt a 
scale-free contribution structure

—> mechanistic insights from user - file 
bipartite network

Henry Price
Imperial College

Raphael Tackx
Postdoc
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VARIATIONS ACROSS REPOSITORIES
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SCALING PROPERTIES
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THE TRANSITION TO SELF-ORGANIZATION
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THE TRANSITION TO SELF-ORGANIZATION

each line is a 
repository

“Zipf” steady-state

Measure scale-free exponent of the tail at each step of the repo growth
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Communities on GitHub converge to a scale-free contribution structure
Perspective: mechanistic insights through the user-files bipartite structure



COMPARISON WITH IGEM

IGEM GitHub
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PERSPECTIVE 2: COMPARISON WITH “TOP-DOWN” APPROACHES

Christos Ellinas
Christos Nicolaides

• 14 activity networks from large 
scale engineering projects, with 
delay data —> link between 
network structure and project 
fragility

• How do self-organized “bottom-
up” projects compare to planned 
“top-down” projects?





PHONE CALL DATA

Ties

Phone-call network of 
a learning community 
in 4 villages of rural 
Madagascar

Orange Labs data
Peer-influence in a collaborative 

learning training

Stefania 

Rubrichi,
Orange Labs

Sasha Poquet
Univ. South Australia

Djihane 

Benzeggouta
Intern

• Temporal network:
• 6 months of phone call data 
• 450 learners 
• 60 quizzes by SMS 

• Is there a peer influence in quiz 
engagement and performance?  

• Causal “contagion” analysis 
using a Regression discontinuity 
design (w/ Christos Nicolaides)

Rathin Jeyaram
Research engineer

Christos 

Nicolaides
Univ Cyprus



QUIZZES GENERATE SOCIAL INTERACTIONS



QUIZZES GENERATE SOCIAL INTERACTIONS

‣ Interactions associated with 
taking a quiz

‣ Can we infer causality 
between interactions and 
performance?

t − tquiz

Relative enrichment in interactions on Quiz days



LEARNING CONTAGION PROCESS

Regression discontinuity design
20% effect (95% CI 15-27%)
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LEARNING CONTAGION PROCESS

Regression discontinuity design
20% effect (95% CI 15-27%)
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Time since interaction with someone who answered correctly (h)

Perspectives: 
• long-term impact on individual performance
• emerging mentors (‘influencers’)





SCIENTIFIC INNOVATION

Chakresh Singh
Postdoc

• arXiv: 1.5M articles, 170 fields
• Modeling rise and fall of scientific fields
• Levy flights of knowledge exploration 

(exploration/exploitation) 
• Resource foraging: link to local density/

citation field

Liubov Tupikina
CRI fellow, Bell labs
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SCIENTIFIC INNOVATION

Chakresh Singh
Postdoc

Liubov Tupikina
CRI fellow, Bell labs
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cond-mat.mtrl-sci

nlin.ps

physics.atom-ph

hep-lat

nucl-th

q-fin.tr

math.sp

math.sg

physics.optics

math.ho

math.gn

q-bio.to

math.ap

astro-ph.im

q-fin.cp

q-bio.sc

q-bio.cb

physics.ins-det

astro-ph.ep

physics.hist-ph

astro-ph.ga

astro-ph.sr

nucl-ex

physics.ed-ph

physics.geo-ph

astro-ph.co

astro-ph.he

cond-mat.quant-gas

physics.space-ph

q-fin.pr

physics.plasm-ph
physics.atm-clus

stat.ot

physics.chem-ph

q-fin.rm

eess.iv

econ.th

eess.as

eess.sp

physics.acc-ph

q-fin.ec

q-fin.mf

econ.em

physics.app-ph

econ.gn

adap-org

alg-geom

chao-dyn

cmp-lg

q-bio

comp-gas

cond-mat

solv-int

dg-ga

patt-sol

funct-an

q-alg

atom-ph

chem-ph

acc-phys

bayes-an

ao-sci

plasm-ph

mtrl-th

supr-con

• early articles in a field mix cognitively distant fields

co-tag network

a.



SCIENTIFIC INNOVATION

Chakresh Singh
Postdoc

Levy flights

Liubov Tupikina
CRI fellow, Bell labs

Exploration behavior
(tSNE, but now shifting to UMAP)

• 2D embedding to quantify exploration behavior

b .

c.

a.

Field theory? 
(density, citations…)





Enhancing collective intelligence

Evidence for a Collective Intelligence
Factor in the Performance of
Human Groups
Anita Williams Woolley,1* Christopher F. Chabris,2,3 Alex Pentland,3,4

Nada Hashmi,3,5 Thomas W. Malone3,5

Science 2010

“it would seem to be much easier to raise 
the intelligence of a group than an 
individual. 

Could a group’s collective intelligence be 
increased by, for example, better electronic 
collaboration tools? ”

9
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Inter-team collaborations
nodes = teams 

links = collaborations 
color = continent

“TEAM OF TEAMS”
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Strength = number of mentions to other teams in wiki

STABILITY OF COLLABORATION STRUCTURE
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Strength = number of mentions to other teams in wiki

STABILITY OF COLLABORATION STRUCTURE

̂s =
s

⟨s⟩



Strength = number of mentions to other teams in wiki

STABILITY OF COLLABORATION STRUCTURE

‣ Inequalities of inter-team collaborations are 
conserved even when changing incentives 

̂s =
s

⟨s⟩
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TEMPORAL DYNAMICS

‣Synchronized temporal dynamics



DEADLINE EFFECT

Conference registration: how people react to a deadline
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of the remaining time to the deadline. The 
probability p(t) to register at time t is then 
p(t) = C/(t – T*), where T* is the deadline 
and the constant C will be fixed by the total 
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ONLINE FORUM DATA
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MUTUALISTIC NETWORKS

Class A (“Animals”) 
foraging traits (efficiency, morphology, behaviour)

Class P (“Plants”) 
rewards traits (quantity, quality, availability)

environmental context 
population density, geographic 

and temporal variation

affects

affects

Traits impact number of partners with which a species cooperates


