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“Designed serendipity”

“‘once the collaboration gets large
enough participants cannot

possibly pay attention to REINVENTING
everything that’s going on. [...] DISC OVE RY
Ideally, the architecture of The New Era of Networked Science

attention will direct participants
to places where their particular
talents are best suited to take the
next step.”

S — —

MICHAEL NIELSEN

2011



Designing serendipity

Create a recommendation system
based on the underlying network to
create connections beneficial to a

project
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learning & solving together
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Studying collaborative learning
and solving

From studying to enhancing collaborative Science



Research on innovation, learning, and collaborations

Collaborative solving Science innovation Open-source communities Collaborative learning
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team performance? emergence of new fields? organized? collaborative learning in

rural Madagascar.
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Northeastern

Rathin Jeyaram
Researgh assistant

Leo Blondel Megan Palmer
Harvard Stanford
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Research on innovation, learning, and collaborations

- Collaborative solving Science innovation Open-source communities Collaborative learning
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» Whattypes of team
collaborations underlie
team performance?

» Can we quantify innovation
in science and predict the
emergence of new fields?

How are large-scale open
source communities
organized?

» How do we learn together?
An analysis of
collaborative learning in
rural Madagascar.
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14 years
3,000+ teams
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~ Attend the Start a Team and
Giant Jamboree Begin Fundraising

Submit New
DNA Samples ,
Brainstorm
Project
October Ideas
Prepare
Poster
Prepare and Determine
Practice Oral Team Goals
Presentation and Tasks
Process and May, June, Start Wet Lab
Plot Results July; August, Work on Project

and September

Run Functional
Experiments

» Synchronized temporal dynamics
(simulates an experimental condition)

R — B




A blotINK

/) rethinK
tissue printing

Team ~

Project ~

Notebook «

Parts ~

Hardware

Modekng

Safety

Human Practices .

Enlrepreneurship «

Attributions

Abstract: bio(t)INK - rethIiNK tissue printing

We are living in an aging society that is facing a decreasing supply of donor organs for medical
transplantation. To confront this pressing issue, we developed a game-changing apprcach to
bioprint tissues for biomedical applications. Our interdisciplinary work aims to create a unique ink,
named bio(UINK, to revolutionize bicprinting. The printing process uses a hijacked 3D printer®
and two components of biotINK to induce an instantanecus pelymerization reaction ™, creating
three-dimensional multi-cellular structures in a user-definable manner. The principle of this two-
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WIKI DATA

Team effort

Team size
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Aachen

PERFORMANCE DATA

Best Manufacturing Project, Overgrad

Region: Europe | Section: Overgrad | Official Team Profile

View this team’s Wiki | Poster | Presentation Slides | Presentation Video

© Aachen
© Aalto-Helsinki
(+) AHUT_China
(+) Aix-Marseille
(+) Amoy
© Amsterdam
© ANU-Canberra
(+) ATOMS-Turkiye
© AUC_TURKEY

Nominated for Best Software Tool, Overgrad

(4]

o Nominated for Best New Composite Part, Undergrad

Nominated for Best New Composite Part, High School

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

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




A TESTBED TO UNDERSTAND COLLABORATIONS
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‘What underlies team organisation,

improvement?
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THE TEAM SPACE

Team features space

1. Universal aspects of team work

3. Team improvement through Feature 1 3
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TEAM WORK

shared properties of team work in IGEM

Deadline effect

as observed for conference registrations
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TEAM WORK

“universals” of team work in IGEM  /
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TEAM BIPARTITE NETWORK

. ] Team members
Wiki sections

acids) (BBa_K301031, RFC25, pSBIC3) l

biotiINK
"""""""" " Miniprep of pTUM100 with pGAL, pTEF1,
—— pTEF2, pADH and RFC2S compatible RES
generator
Project ~
Notebook «
e Sequencing of RFP-Genera
pSB1C3)
Haroware
Modeling
Picking of of E. coli XL1 blue with
Safety Phytochrome 8 (2-908 N-termin
Human Practices « ‘c‘d" (88‘_“'01031. L e ”..

Entreprencurship -

Attributions Analytical digestion and gelelectrophoresis
of RFP-generator (RFC25, pS81C3, P4 &
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Number of sections edited

COLLABORATION STRUCTURE

Work distribution
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COLLABORATION STRUCTURE

a b . 3 :
A

wie

e | |

wis

e |

S. Allesina, Nature 2012

“some researchers have suggested that
ecological systems structured in a nested way
are [...] more likely to persist over time”

37 ==
e © | rﬁ—_,_'_J—“
2 & | = '
?g i =
" E |
‘nested’” collaboration structure % = 1 .
(editor to section) go | ™
o N :
" g |
=
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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)

SN INAR/ a0 7517 nacare

FTTERS

A simple model of bipartite cooperation for ecological
and organizational networks

Serguei Saavedra™*’, Felix Reed Tsochas™ & Brian Uzzi™* 2008

Simple rules yield complex food webhs
Richard J. Williams & Neo D. Martinez

Romberg Tiburon Center, Department of Biology, San Francisce State University,
PO Box 855, Tiburon, California 94920, USA

e T

OPEN aACC(SS Freely availeble online PLOS CICLOGY

Linkage Rules for Plant-Pollinator Networks:
Trait Complementarity or Exploitation Barriers?

Luis Santamaria’’, Miguel A, Rodvlguoz-ﬁironés’

1 Meditemaeean hititute for Acvanced Studes, Universty of the Balearic LilsadsSpenish Coundl fou Sdent fc Research, Espades, Vallorca Spein, 2 Letacion Caperimertsl
de Zonas Andis Sperish Councd 1or SCGeniC Keseaich. A mena Soan

2007



THE TEAM SPACE

Team features space
1. Universal aspects of team work
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PERFORMANCE AND TEAM SIZE
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PERFORMANCE AND TEAM SIZE
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PERFORMANCE PREDICTION

m No medal Gold
B Bronze B Prize
Silver m \\Vinner
8 .
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PERFORMANCE PREDICTION

“Team-wide” association study

o
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More important
for small teams
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More important
for large teams




collaboration.score

Outcome

COLLABORATION SCORE
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THE TEAM SPACE

Team features space
1. Universal aspects of team work

:} 3. Team improvement through Feature 1 3
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LONGITUDINAL DATA

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

© _
o

e o _
o O
o
-
@)
o |
o
AN
g
|
| | | |
/ score relative to 2 4 6 8

other teams for

each year Number of participations



TEAM IMPROVEMENT
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Outcome
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2

1

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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~N

— Winner
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Outcome

4
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1

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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Outcome

4

3
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1

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?

Init low, stay low
= |nit low, got prize

Outcome

1 2 3 4 5 6 7 8

Number of participations



Teams that fail the first year (gray anad
red) with approx. same feature levels
have different fates based on their
behavior on second participation

perspective: model evolution of team
performance

@ Team learning
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can we reconstruct the “real” in situ project dynamics?
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IGEM TIES

(TEAM INTERACTION STUDY)

= questionnaires on social interactions
= proximity data (for Android now...)

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

Raphael Tackx  Radhika Beaumé Robbie Ward

; Visiting PhD
Postdoc Game design, Ul - ’
o 9 GeorgiaTech

. O

o
O
O
o O O
® 0

Team network from 2019 questionnaire

Rathin Jeyaram Savandara Besse Lionel Deveaux
Research assistant Communication Digital Manager
manager
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Skip Intro

Create your sience logbook

SONAR is a daily journaling app that
helps you log your tasks during your
iGEM adventure. Tell us more about
what you did and who you worked
with by logging your daily

achievements.

o000 0

* Daily diary to collect data on collaborations on tasks

* Notification system

* Personalized surveys

- ongoing pilot study!

Voo .. - -\

Turn on your bluetooth

Turn on Bluetooth to allow

Sonar to connect to your device.

More info

X

r‘“‘:°9 —-u = ﬁ

Today, 09 April p 3
No activities
Apr
Mon Tue Wed Thu Fri Sat Sun

06 07 08 09 10 n 12

Hello, good to see you :)
You didn't record any activities for today.
Tap the "+" icon to complete your logbook!

New Survey available

Voo .- -\

Today, 09 April

No activities

What great work did you do?

Select one or multiple activities from the list.

[s/ Brainstorming j [s/ Planning tasks}

(\/ Project administration ]

Meetings Developing protocols
Reading papers Education event
Meetups Collaborating with teams
Lab maintenance Running assays
Preparing samples Analysing results
Interpering results

Preparing docs to share outside

Public outreach event

Writing / preparing presentations

Software development

Hardware development e

. -

4

C0S0: A COLLABORATIVE SONAR APP

Voo .. - -\

Today, 09 April

No activities

Who did you worked with on

v Brainstorming

Select people you worked with.

Your team Other team
PI Instructors Leaders Members

Alexander Heisterkamp +&
Stefan Kalies +&

Fiene Daniel +&

David Theidel +&

Celine Beckhausen +&
Soeren Donath +&

Lara Gentemann +&

Pia Peppermueller +&

Jonas Scholz +&

Timm Landes +&
A — A
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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
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1,200 contributors
60 projects
open peer review

microgrants
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skills are linked if they
appear together in
projects
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microbiology

TEST THE PROTOCOLS IN A LAB

Project: The OpenCovid19 Initiative

We are looking for folks who have access to a biolab and can run the protocols
we will be designing ...

Molecular biology Genetics

7 Posts / 11

Comments

‘ Show more

OPEN METHODS FOR TESTING THE PRESENCE OF SARS-COV-2

Project: The OpenCovid19 Initiative

We are looking for someone who can help me find all existing methodologies to
detect SARS-CoV-2 viru ...
Medicine +2

Molecular biology Bioinformatics

/ Posts / 3

Comments

‘ Show more

wation/education



Recommender system

» Collective Intelligence grant from NESTA
o Experimental test of how matchmaking of needs to
users fosters community self-organisation el

o Uses “metapaths™ in Heterogeneous Information
Network oo
HINPy

HINPY: Heterogenaous Information Networks for Python

N skills
e projects
_users Measuring Diversity in Heterogeneous Information Networks
interests
o Pedro Rameciotti Moralcs
Stiences Po. mdddivlaw, Pariz, Frauce & Socbowree Univercaé, CNRS LIPG Fuvis, Fravcr
Robin Lamarche-Perrin

CNRS, INC-PIR LIFS, Fars, Froree
Raphaél Fournier-S'nichotta
CEDRIC, CNAM. Mans. Fronce
Rémy Poulain, Lionel Tabourier

Sordorwe Univws 0f CNRS, LIPS, Faric, Fravce

Feben Terissan
Uraversits Pans.Saclas, CNRS, ISF, ENS Amwrs-Saclay, Cockan, France



'Experimental setup

 Send recommended (3) & featured
(2) needs by email every week

« Measure which need was clicked
on (1.e which user clicked), and
keep track of what was done after
on the platform

!

I'M INTERESTED

I'M INTERESTED

I'M INTERESTED

nesta §

Need 1

Localisation

Description. Lorem ipgsum dclor sit amet, consectetur
adipiscing elit. Pellentesque vitae interdum.@Lorem
pgsum dolor sit amet, consectetur adipiscing elit.
2zllentesque vitae,

Ressources
Skllls - Skills - S«llls - Skilis

Need 2

Lacalisation

Description. Lorem Ipgsum delor sht amet, conscetetur
zdipiscing =lit. Pellentesque vitae interdum.@Lorem
pysum dolor sil amel, consecleluw adipiscing ehit,
Pollentesque vitae

Ressources
Sxills - Skills - 3xills - Skills

Need 3

Localisalion

Description. Lorem ipgsum dclor sit amet, consectetur
adipiscing clit. Pellentesque vitae Interdum.@Lorem
'pgsum dolor sit amet, consectetur adipiscing elit
Pallentesyue vilae,

Ressources
Skills - Skills - S«ills - Skills
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do email notifications trigger higher community engagement?
what are the most important features?




Perspective

Voo .. - -\

Today, 09 April 3
No activities

Apr

Mon Tue  Wed RGN Fri sat sun
06 07 08 09 10 n 12

Hello, good to see you :)
You didn't record any activities for today.
Tap the "+" icon to complete your logbook!

A @ — 4

user - task

user - file

user - project / post / need






Research on innovation, learning, and collaborations

Collaborative solving Science innovation
— i //"‘\
i3 \
> 5 10 15 20
Years since first article

» Whattypes of team » Can we quantify innovation
collaborations underlie in science and predict the
team performance? emergence of new fields?

|

!

Sunoer of Conrizulong

10

10002

1000

100

v

1]pen-source communities

U | | | |
1 ? N M na 2 =N

Corinz o renssd by corlntuo s

How are large-scale open
source communities
organized?

Collaborative learning

» How do we learn together?
An analysis of
collaborative learning in
rural Madagascar.



OPEN-SOURCE COMMUNITIES

Raphael Tackx Henry Price

Postdoc Imperial College

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




Number of contributions
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WORK SHARING

You-Dont-Know-JS

“leader”

contributors tail

|
2 5 10 20 50 100

Contributor ranked by contributions




Number of contributions

Number of contributions
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VARIATIONS ACROSS REPOSITORIES
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Contributor ranked by contributions

WordPressWordPress

Y

Contributor ranked by contributions
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Reactive—ExtensionsRxJS
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Contributor ranked by contributions

JetBrainskotlin
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Contributor ranked by contributions

rust-langrust
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Contributor ranked by contributions

Number of contributions

Number of contributions

Number of contributions

500

50

10

500
1

50
1

500 5000

50

hakimelrevealjs
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Contributor ranked by contributions

MicrosoftTypeScript

T T T T T T T

2 5 10 20 50 100 500

Contributor ranked by contributions

emberjsemberijs

-

T T T T T T T T

2 5 10 20 50 200 500

Contributor ranked by contributions

leader-based

leadership group

contributor-driven



Number of contributions

1e-02

1e-04

SCALING PROPERTIES

| smallest

each lineis a
repository =

1 10 100 1000 10000
Contributor ranked by contributions



THE TRANSITION TO SELF-ORGANIZATION

Measure scale-free exponent of the tail at each step of the repo growth

< - each lineis a
repository

Scale free exponent

“Zipf”’ steady-state

I I I I I I I I

5 10 50 500 5000

Number of contributors in time



Communities on GitHub converge to a scale-free contribution structure
Perspective: mechanistic insights through the user-files bipartite structure

T ———————————




Num edits per editor
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COMPARISON WITH IGEM

IGEM
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Normalised rank of editor

local + closed

B ——

Number of contributions
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PERSPECTIVE 2: COMPARISON WITH “TOP-DOWN” APPROACHES

Christos Ellinas AL SRS
Christos Nicolaides i 0 - '

arXiv.org > ¢5 > aXivi2009.21752

Computer Science > Social and Information Networks B = o Lo =
o

Lo . et ‘ , p
A a3 . N . v 4
{Svamiteg o 34 52 20N R = w WA g &
. 24 Y
r’- R Rz

Uncovering the fragility of large-scale engineering
project networks

Marc Santolini, Christos Ellinas, Christas hicolaides ol
A ’,
@
W ; Y o
\LF (o
)‘#’% 5 el M S
\“ 5 '“ X %
v JOR: o T R
o l \“ {* » ‘:. .,

e 14 activity networks from large o E‘i"'z
scale engineering projects, with

delay data —> link between e (e fol ~ corees
network structure and project ., VP A '\{ -
fragili TR - TUNCA- B 1 LY 0

« How do self-organized “bottom- Ta ,_ | |

up” projects compare to planned St Nerwok dsiance (ou)
“top-down” projects?

e — R




Science innovation Upen-source communities
s — Gumbel //-\ g
g . 8
g, .
[~ s 2
£2 3 :
:Lé g .5 =
=3
o _’/‘"
=T 1 1 | A L A L
5 ‘n 15 ?0 1 )7 N M na 2 =N
Corinzaior rensed by coelntuno s
Years since first article
» Whattypes of team » Can we quantify innovation » How are large-scale open » How do we learn together?
collaborations underlie in science and predict the source communities | An analysis of
team performance? emergence of new fields? organized? collaborative learning in

rural Madagascar.




PHONE CALL DATA
Orange Labs data

Stefania Djihane Christos

- . ) 1 ' ' Sasha Poquet  Rathin Jeyaram
Rubrichi,  Benzeggouta  Nicolaides Peer mﬂuenc.e ina _cqllaboratlve Sasha Poquet  Rathin Jeyaran
learning training
= O C(; CO Zco (0} (; e
@8 o AT\ - Temporal network:
9 Ay
QCQCSCO% . N * 6 months of phone call data
O e °o awar
. 5@ 0°6.6% o IR * 450 learners
CC%OOOOC@Q ) NV (AN SN * 60 quizzes by SMS
0 O & O O O OO o
Océ/o% OO?OOOOQ Cc O 2 - . . . .
e S ! %CG D0 i e |s there a peer influence in quiz
i 3@0 -0 o o engagement and performance?
o ¢ OOC O ¢ o o .
o e @ oo °0o % OO
O Gt G U %o 17 = 99 .
hZes o bl iy g Ogo e e Causal “contagion” analysis
C « 7 " ¢ : . . . .
KRR, SRR R using a Regression discontinuity
S * o o f O A = H H :
C . O QQQ oy design (w/ Christos Nicolaides)
P oF ) 5 O og o y o ’
0f o @ S ———————
o O URLAL
@) co o o OCO O OOCC? gc% Al
Q iy Oo@ é o
Phone-call network of ° OO Oo OOO i Occcoofo 2
a learning community O o ®) OCC 0O  °
in 4 villages of rural . 02t b L YN
Madagascar \» QC e ¢ 00 % °



QUIZZES GENERATE SOCIAL INTERACTIONS

0
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@ B Livret2
£ 2000 _ivret3
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4
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Day



QUIZZES GENERATE SOCIAL INTERACTIONS

Relative enrichment in interactions on Quiz days

c
.9 200'
g » Interactions associated with
9:3 taking a quiz
=
® 100- » Can we infer causality
5 between interactions and
-g performance”?
-
i
O- _________
10 0 10
I —1



Probability correct answer

LEARNING CONTAGION PROCESS

Regression discontinuity design
20% effect (95% Cl 15-27%)

RD Plot
0c
=]
o o oo o ° ® ® °
21 . o o % °
e I PR Ve Y =l o ~]
° LN ° o
o
a
A B Answers  Callby A A Call by A B Answers
Answears Quiz to B Answers to B Quiz
Quiz Quiz
",n“ '.',‘\'
¢ 5\
-A \ \ ‘I
N Lime Al N il tme
00

T ' ] J
- l | .L. : e | l |

Time since interaction with someone who answered correctly (h)



LEARNING CONTAGION PROCESS

Regression discontinuity design
20% effect (95% Cl 15-27%)

RD Plot

' Perspectives:

Probability correct answer

|+ long-term impact on individual performance
- emerging mentors (‘influencers’)

A

'
| 0)

Time since interaction with someone who answered correctly (h)



Research on innovation, learning, and collaborations

Collaborative solving - Science innovation Open-source communities Collaborative learning
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Corinzaior rensed by coelntuno s
Years since first article
» Whattypes of team » Can we quantify innovation » How are large-scale open » How do we learn together?
collaborations underlie in science and predict the source communities An analysis of
team performance? emergence of new fields? organized? collaborative learning in

rural Madagascar.



CIENTIFIC INNOVATION

Chakresh Singh Liubov Tupikina
Postdoc CRl fellow, Bell labs

vae

e arXiv: 1.5M articles, 170 fields

¢ Modeling rise and fall of scientific fields

e Levy flights of knowledge exploration
exploration/exploitation

e Resource foraging: link to local density/
citation field

q-bio.sc
q-bio.qm
physics.class-ph
math.ct

astro-ph.sr
astro-ph.co
csce

cs:

I

fields |

hep-ex
physics.pop-ph
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math.ap
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Proportion of articles
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first Publicatien . 1 2
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Proportion of articles

Network Distance

SCIENTIFIC INNOVATION

e early articles in a field mix cognitively distant fields Chakresh Singh Liubov Tupikina
Postdoc CRI fellow, Bell labs
peak
—— Gumbel fit
early decay
8- T
o
3 ad;)pti:: late decay
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S
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o | | l | | | |
-6 -4 -2 0 2 4 6
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SCIENTIFIC INNOVATION

Chakresh Singh Liubov Tupikina
Postdoc CRl fellow, Bell labs

e 2D embedding to quantify exploration behavior

R

Exploration behavior
Levy flights (tSNE, but now shifting to UMAP)

lacal exploration

e

Returner Explorer Barabasi

LR

R ,&k’i’%ﬁ ¥
A Sl |
g "iz‘ ik
s ‘}’ Tk

T 5k,
..‘ ‘\\gi{{é;?’%'

Frequency

2000 4000 6000 8000
|

jumps

0
L

I |

0 5 10
Jump distance (normalised per author)

Field theory?
(density, citations...)






- ‘En hancin g co llective intelli gence

Science 2010

Evidence for a Collective Intelligence
Factor in the Performance of
Human Groups

Anita Williams Woolley,** Christopher F. Chabris,>3 Alex Pentland,>*
Nada Hashmi,?® Thomas W. Malone3”

M Collective Intelligence

o
o

B Average Member Intelligence

o
wn

O Maximum Member Intelligence

o
'S

o
w

o
)

o
ia

Standardized regression coefficient

o

Architectural Design

‘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? ”
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TEAM WORK

“universals’” of team work in IGEM

Team dynamics Workload inequality
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Inter-team collaborations

nodes = teams

links = collaborations

color = continent

“TEAM OF TEAMS”’
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“TEAM OF TEAMS”’

Inter-team collaborations

nodes = teams . !
links = collaborations J<tre
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Cumulative distribution

0.020 0.100 0.500

0.005

STABILITY OF COLLABORATION STRUCTURE

Strength = number of mentions to other teams in wiki

Strength



STABILITY OF COLLABORATION STRUCTURE

Strength = number of men
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Cumulative distribution

0.020 0.100 0.500

0.005

STABILITY OF COLLABORATION STRUCTURE
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Cumulative distribution
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STABILITY OF COLLABORATION STRUCTURE

2013

(&)

e

2008 = -
2009 - -
2010 = -
2011 =
2012 =

o -
SO .
= LO
2.
o
.E£2 c:) ]
OO0
0 &
e
© 4 — 2008 —
= —— 2009 — 2015
= ] — 2010 — 2016
= 8 — 2011 — 2017
O S — 2012 — 2018
. | — 2013
C:> | [ [ | | [ T
0.01 0.10 1.00 10.00

Normalised strength

> Inequalities of inter-team collaborations are
conserved even when changing incentives
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TEAM WORK

“universals’” of team work in IGEM

Workload inequality
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TEMPORAL DYNAMICS
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DEADLINE EFFECT

CORRESPONDENCE

Conference registration: how people react to a deadline
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Nature Physics 2007

of the remaining time to the deadline. The
probability p(#) to register at time ¢ is then
p(t) = C/(t - T*), where T* is the deadline
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ONLINE FORUM DATA

Reconstructing student interaction networks from forum data

Are Forum Networks Social Networks? A Methodological

Perspective
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ABSTRACT CCS CONCEPTS
The mission of learning analytics (LA) is to improve learner experi- « Networks; « Network properties; « Network structure;

ences using the insights from digitally collected learner data. While
some areas of LA are maturing, this is not consistent across all LA KEYWORDS

specialisations. For instance, LA for social learning lack validated

null models, online forums, online learning, social networks
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MUTUALISTIC NETWORKS

Class A (“Animals”)
foraging traits (efficiency, morphology, behaviour)
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Traits impact number of partners with which a species cooperates



