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T'he interactions-based approach
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Living on the edge

Nature (Special Issue) 525, 305
(17 September 2015)

To solve the grand challenges

facing society — energy, water,

INTERDISCIPLINARITY  climate, food, health —

o Why scientists must . . . . .

| work together tosave scientists and social scientists
must work together.
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Social physics

Adolphe Quetelet
(1796-1874)

Astronomer,
mathematician,
statistician,
and sociologist
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Frame: Adam Smith (1723-1790), David Ricardo (1772-1823), Thomas Malthus (1766-1834)
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Social physics

Quetelet was keenly aware of the overwhelming complexity
of social phenomena, and the many variables that needed
measurement. His goal was to understand the statistical laws
underlying such phenomena as crime rates, marriage rates
or suicide rates. He wanted to explain the values of these
variables by other social factors. These ideas were rather
controversial among other scientists at the time who held
that i1t contradicted a concept of freedom ot choice.

His most influential book was Sur ["homme et le développement de
ses facultés, ou Lissar de physique sociale, published 1n 1835. In it,
he outlines the project of a social physics and describes his
concept of the "average man" ([’iomme moyen) who 1s
characterized by the mean values of measured variables that
follow a normal distribution.


http://en.wikipedia.org/wiki/Mean_value
http://en.wikipedia.org/wiki/Normal_distribution

Physicists and interdisciplinarity

DUNCAN |. WATTS
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Physicists, 1t turns out, are almost pertectly

suited to mvading other people’s disciplines,

being not only extremely clever but a

SO

generally much less fussy than most al

bout the

problems they choose to study. Physicists tend

to see themselves as the lords of the academic

jungle, loftily regarding their own methods as

above the ken of anybody else and jealously

cuarding their own terrain. But their alter egos

are closer to scavengers, happy to borrow 1dea

and technologies from anywhere 1f th

like they might be usetul, and delighted to
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stomp all over someone else’s problem. [ RS
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Physicists and interdisciplinarity

As 1rritating as this attitude can be to everybody

else, the arrival of the physicists into a

previously non-physics area of research often

presages a period of great discovery and

excitement. Mathematicians do the same thing
DUNCAN |.WATTS  occastonally, but no one descends with such
fury and 1n so great a number as a pack of
hungry physicists, adrenalized by the scent of a

new problem.
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T'he interactions-based approach

Physicists study collective phenomena
emerging from the interactions ot
individuals as elementary units 1n

complex socio-technological systems



T'he interactions-based approach

Strategic mteractions / local optimization
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Computational Social Science

Aimed to favor and take advantage
of massive 1G] data

Bien e A |computer| model-based science
RN yielding predictive and explanatory
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Computational Social Science

Eur. Phys. J. Special Topics 214, 325-346 (2012)
(© The Author(s) 2012. This article is published THE EUROPEAN
with open access at Springerlink.com P HYSICAL JOURNAL

Regular Article

Manifesto of computational social science

R. Conte!’®, N. Gilbert?. G. Bonellil, C. Cioffi-Revilla?, G. Deffuant?®, J. Kertesz".
V. Loreto®, S. Moat”, J.-P. Nadal®, A. Sanchez®, A. Nowak!?, A. Flache!l,
M. San Miguel'?, and D. Helbing!?
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Behavioral Science

W . Systematic analysis and mvestigation of

ndividual Society ,
Frich for human behavior through controlled and
naturalistic observation, and disciphned

Culture : . : :
Anthro scientific experimentation
y q Eftects ot psychological, social,
o ¥ cognitive, and emotional factors on

economic decisions; bounds of
rationality of economic agents...

...and back!




Where disciplines meet

(@anxosan

Challenges for new experimental work
in integration with the modeling process:

o 'Test inferences from data
o 'lest simulation predictions
o Small vs large-scale

o Emergent behavior

s

u Producing Data

Blation:- . o B} Exploratory
T RaeRy SRR, Data Analysis

E_’J Probability
g Inference
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So we look for

LLLLL



So we look for

DATA



So we look for

SMALL

CONTROLLED
DATA




Data Science vs Behavioral Science

Deloitte
Review

How data science and behavioral
science can work together

BY JAMES GUSZCZA
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Data Science vs Behavioral Science

Deloitte
Review

ISSUE 16 | 2015

When the ultimate goal is behavior change predlctlveﬁ&
analytics and the science of behavioral e science of behavioral nudges can serve
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Data Science vs Behavioral Science

nce one starts thinking along these lines, other promising applications come
to mind in a variety of domains, including public sector services, behavioral

health, insurance, risk management, and fraud detection.

When the ultimate goal is behavior change predlctlveﬁ&
analytics and the science of behaworal nudges can serve
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By way ot llustration: Gase studies

> Networks, cooperation and reputation
> Cooperation 1n hierarchical systems
> Behawvioral phenotype classification

> Climate change mitigation
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Work with

José A. Cuesta Carlos Gracia-L.azaro ~ Yamir Moreno Alfredo Ferrer

Cuesta et al. Sci. Rep. 5, 7843 (2015)

| .incoln

Katherine A. Cronin Daniel J. Acheson Penélope Hernandez

Cronin et al, Sci. Rep. 5, 18 634 (2015) LI N-EE X
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Work with

Mario Gutierrez-Roig Julia Poncela-Casasnovas Julian Vicens Jestus Gomez-Gardenes

Josep Perelld Jordi Duch Nereida Bueno
Poncela-Casasnovas et al., submaitted (2016)

Gutiérrez-Roig et al., in preparation (2016)

Alberto Antonion1 Marco Tomassini

s Antonioni et al., submitted (2016)
t‘?g UNIVERSITAT

@ Universitat 2% ROVIRA | VIRGILI M/
de Barcelona

UNIL | Université de Lausanne
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Case study 1. Networks

Nowak & May, Nature 359, 826 (1992)
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Prisoner’s dilemma

A game theoretical paradigm of social dilemma

C D

D T 0

o 2 players T > 1 : temptation to defect

® 2 actions: Cooperate or Defect S <0 : risk in cooperation



Cooperation on networks: setup

1229 players (625, lattice; 604, heterogeneous)
Last year high school students

44%6 male, 56%0 female

42 high schools in Aragon

From 10 AM till noon

10 000 €, on December 20, 2011; largest size ever

QD ) 2aragoz:

iberCai == GOBIERNO
. ;,,e,' — EDE ARAGON

C. Graaia-Lazaro, A. Ferrer, G. Ruiz, A. Tarancon, J. A. Cuesta, A. S., Y. Moreno,

Proc. Natl. Acad. Sct USA 109, 12922-12926 (2012)
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Cooperation on networks: setup

@ KS SIERRA DE GUARA

@ NS PIRAMIDE

@ COLEGID ALTO ARAGON

© KES BIELLO ARAGON - SABINANIGO

® [ES GOYA ® IS MIGUEL SERVET

® [ES PEDRD DE LUNA ® COLEGID 00 SANTO DOMINGO DE SILOS
® IES MIRALBUEND @ COLEGID SAGRADD CORAZON

® [ES RAMON PIGNATELLI ® IS JERONIMO ZURITA

® COLEGIO LICED EURDPA ® COLEGID ESCUELAS PIAS

© COLEGIO TERESIAND DEL PILAR ® [ES MIGUEL CATALAN

® COLEGIO SANSUENA @ [ES JOSE MANUEL BLECUA

® ES LIS BURUEL ® COLEGID EL PILAR MARISTAS

® [ES RAMON ¥ CAML ® COLEGID LA SALLE

® [ES ANDALAN
® S PABLO GARGALLO

® COLEGID BRITANICO DE ARAGON
® COLEGID SAN ALBERTD MAGND
® [ES AVEMPACE

® [ES FRANCISCO GRANDE COVIAN
® FUNDACION SAN VALERD

© [ES PABLO SERRAND

® [ES AZUCARERA

" © ES SALVADOR VICTORIA MONREAL DELCAMPD |1
| © KES MATARRARA - VALDERROBRES ;
. © KESVALLE DEL MLOCA - CALAMOCHA ;

® [ES CONDE DE ARANDA ALAGON - ALAGON
® IS BAIO CINCA - FRAGA

@ [ES ZAURIN - ATECA

@ [ES GALLICUM . ZUERA

@ [ESRID ARBA - TAUSTE

® [ES RODANAS - EPILA

@ [ES ANGEL SANZ BRIZ - CASETAS

@ [ES BENIAMIN JARNES - FUENTES DE EBRD

C. Gracia-Lazaro, A. Ferrer, G. Ruiz, A. Tarancon, J. A. Cuesta, A. S., Y. Moreno,

Proc. Natl. Acad. Sct USA 109, 12922-12926 (2012)



Cooperation on networks: facts

A 1_| | I

experiment

© |attice
¢ heterogeneous

60

!
0 10 20 30 40 50
round
B T T T T T ] T T T ]
0.8— control © lattice —

¢ heterogeneous

C. Gracia-Lazaro, A. Ferrer, G. Ruiz, A. Tarancon, J. A. Cuesta, A. S., Y. Moreno,

Proc. Natl. Acad. Sct USA 109, 12922-12926 (2012)
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Cooperation on networks: mechanism

1 F— ' [ ' | : | : | " I
Plon, after C —8—
Madrid, after C —6—i
Zaragoza, after C
0.8 - Plon, after D —s—
Madrid, after D —&—i
Zaragoza, after D

04 -

probability of cooperating
B
A

0 | . | . | : | : | . |
0 0.2 0.4 0.6 0.8 1
fraction of cooperating neighbours

J- Gruji¢, CG. Gracia-Lazaro, M. Milinski, D. Semmann, A. Traulsen, J. A. Guesta, A. S., Y. Moreno, Sci. Rep. 4, 4615 (2014)
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No network reciprocity

Static networks do not support cooperation 1n a Prisoner’s Dilemma

1 ' T : | : T ] | Y I
Plon
Madrid = |
Zaragoza

08 - 9 -
c

o - .
©

“g’ 0.6 | -

'06 - A
(]
(@))

S 04 + =
c
()}
o
[}
Q.

0.2 + -

0 1 | 1 | 1 | 1 | 1 | 1
0 10 20 30 40 50 60

round

Kirchkamp & Nagel. Games Econ. Behav. 58, 269-292 (2007)
Traulsen et al. Proc. Natl. Acad. Sci. USA 107, 2962 (2010)
Gruji¢ et al. PLOS ONE 5, 13749 (2010)

Gracia-Liazaro et al. Proc. Natl. Acad. Sci. USA 109, 12922 (2012)
Grujic et al. Sci. Rep. 4, 4615 (2014)
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Dynamic networks

Dynamic networks support cooperation in a Prisoner’s Dilemma

Rand et al. Proc. Natl. Acad. Sci. USA 108, 19193 (2011)
Wang et al. Proc. Natl. Acad. Sci. USA 109, 14363 (2012)
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Dynamic networks

Wang et al. Proc. Natl. Acad. Sci. USA 109, 14363 (2012)

Link Rewiring: Phase 1
You are now in the "Propose/Delete nk(s)" phase of "Link Rewirnng”. You can delete knks unilaterally. however, proposals for new links must be agreed to by the
other players m Phase 2
The pavoff table for mteracting with one newghbor 1s shown below. In each cell, the first number represents your pavoff, and the second number represents the
pavofY to vour nesghbor,
Your Neighbor's Strategy
A B

Your S A 4.4 1,7

our Strategy B 71 L1

Your total points accrued so faris 219. You carned 71 points last round.
Thas phase goes for 45 seconds. There are 22 seconds remaining m thes phase
YOU: Player 23 [AAAAA)

The letters m square brackets represent the hustory of strategy choices for each player up to 5 rounds (the strategies for more recent rounds are on the nght). A
rewinng can be either a "Propose” or 2 "Delete”. You can make at most 3 rewinngs m thes phase (1.2 you can check at most 3 checkboxes below)

These are the players that are LINKED to vou in the network. These are the players that are NOT LINKED to vou in the network.

Please check the ones that vou want to DELETE A LINK to. Please check the ones that you want to PROPOSE A LINK to.
_IPlayer 14[AAAAA] Player 15[AAAAY] | Player 16[AAAAA) | Plaver 24 [BEBBB) _ Player 6[AAAAA) " | Player 8 [BRBBEB|
I Player 13 [AAAAA) Player 19[AAAAB] | Player 20 [ABAAA) Player 10 [AAAAA]
CIPlayer 21 [AAAAA] | Player 2 [AAAAA] | Player 1 [AAAAA]
| Player 3[AAAAA) _Player4 [AAAAA] | Player S[AAAAA]
_IPlayer 12[AAAAA] Player 1I3[AAAAA] | Player 17[AAAAA)
I Player 2[AAAAA) _Plaver 7[AAAAA] | Player 9[AAAAL)
I Player 11 [AAAAA)

Submit :
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Emergence of cooperation

Wang et al. Proc. Natl. Acad. Sci. USA 109, 14363 (2012)

Cliques

1 1 Random Regular
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A4 1)1 4 11
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What 1s the mechanism?
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Experiment on information

Stage 1: Play Prisoner’s Dilemma with current neighbors

Ronda 2 Primera fase 00:00:15
Matriz de pagos
ELECCION DE UN VECINO
S A B
SUELECCION A 7 0
| 10 | 0

Ganancia en la tltima ronda 20.0

Estos son tus vecinos en la red
jugador30 [B] jugador31t [A] jugador33 [A] jugador34 [B)

Cuesta et al. Sci. Rep. 5, 7843 (2015)
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Experiment on information

Stage 2: Modity network

Ronda 2 Segunda fase 00:00:32
Ganancia en la dltima ronda 14.0

¢ Qué enlaces quieres romper? ¢ Qué enlaces quieres proponer?

Cljugador30 [B] “ljugador31[A] [Jjugador33 [A] [Tjugador34 [B] Cjugador26 [B]  [Jjugador27 [A] [jugador28 [A] “ljugador29 [B]
[Cjugador35 [B] [Cjugador36 [A] [jugador37 [B] ljugador38 [B]
[jugador39 [B]  [Tjugador40 [A]

Ronda 2 Tercera fase 00:00:24
Ganancia en la ultimaronda 7.0

¢ Qué enlaces quieres aceptar?
Djugador32 [A]




Experiment on information

No Information
[A]

|AAB]
|ABBAA]




Results: Cooperation
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Results: Network

average fraction of links
o o O
> (@) (00)

O
N

O
=)

—
O

4 memory =0
m memory = 1

memory = 3
¢ memory =5

| I | | 1 | | | | | |

l | | 1 |

10 15
round

20

No information

A
'AAB]
'ABBAA]
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Results: Network

No information

. : o ho I o oo )
fraction of links fraction of cooperative actions
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1011

. Reputat

Results

[ABBAA]

3C|D ~1C|C

2C|D

1C|D

1

o
o

©
o

Y
o

o

sjesodoud pajdadoe Jo uonoe.)

proposer's previous actions
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Results: Reputation
r=wCas+ (1—w)C

= = o
N » (00) —
-
EREEEEEEENE AN

O
N

fraction of accepted proposals

o

O_
O
N
N

0.4 0.6 0.8
cooperative reputation

[AAB]w = 0.2380 = 0.024 [ABBAA]wW = 0.165 £ 0.015



Results: Reputation

O
&)

frequency
o
N

O
—A

o

0 1 2 3
cooperative reputation

frequency

(@anxosan

o 1 2 3 4 5
cooperative reputation
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Independent confirmation

[ABBAA]

1.04 0.9-
e B === N =—— R =—— AN e B =——N =—— R =—— AN

08+ 0.8+

Cooperation Level
Density

6 8 0 12 14 s 2 4 6 8 10 12 14
Round Round

o~
N -
H 4

Gallo & Yan. Proc. Natl. Acad. Sci. USA 112, 3647 (2015)
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But, what 1t reputation can be faked?

1.0

0.8

participants proportion

3 .
= g
§ o ;4§+++444i§++$}++++++++ +++++ E 24, mm .
E # é * ; i + E 4 o . poiﬁts purchaéed per réund
S Py, i 3
5 . BT LI
o S
o o |
0 >
© g
o —e— RR treatment (true) °
—&— FR treatment (true)
—A—  FR treatment (observable)
| | | | | | | ° | | | | | |
0 5 10 15 20 25 30 0 1 2 3 4 5
round points purchased per round

Antonioni, Tomassini, AS, submutted (2015)



Cheaters manage to disguise
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participants proportion

0.5

0.4

0.3

0.2

0.1

0.0

(a)

ikl

true cooperation index

B reliable players
B cheater players

participants proportion

0.5

0.4

0.3

0.2

0.1

0.0

(b)

B reliable players
@ cheater players

observable cooperation index

0 1 2 3 4 5




Inequality increases
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0!’ —e— RR treatment
i’ —=— FR treatment
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o |
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0 5 10 15 20 25 30
round

Gini coethicients: 0.27 (Finland) vs 0.37 (lanzama)
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Case study 2: Bridging experiments and reali%;xosan
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Non-non-human primate project

Cottontop tamarin (Saguinus oedipus)
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Non-non-human primate project

Chimpanzee (Pan troglodytes)
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Experimentally induced hierarchy

Cronin et al., Sci Rep. 5, 18 634 (2015)
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Collaborative task

Contribute to a pot totalling 20 points or more

Receive 40 points for both of you
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Splitting task

Higher ranked guy proposes a splitting (ultmatum-like)

S

Lower-ranked guy accepts or “hghts”
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Hierarchy decreases cooperation

-3

i~ o>

nsances ol oogperation

w

Mean number of successiul

- S

o
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Role ot the lower ranked subject

B Higher RankMLower Rank

3

A

None Eamed
Hierarchy

—
o

Mean investment in cooperation
o (=]

o

B Higher RankMLower Rank

3

B

Round

—
o

Mean investment in cooperation
o (=]

o
'
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Rank difterence predicts contributions

O

10-

Mean investment in cooperation

2 % 1 2 3 4 5 & 71 8
Rank difference

8 7 6 5 4 3
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Offers and expectations

* Proposer « Respondant ® Nash equilibrium
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Case study 3: Behavioral “phenotypes™

3r festival
del juego

Entrada libre

=" t1111D
g 1 J

R —
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Case study 3: Behavioral “phenotypes™
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Case study 3: Behavioral “phenotypes™




Social dilemmas
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Behavior across different situations

10

SH : 0.8

6 0.6

0P wn

4 0.4

PD 2 0.2
0

0
5 7 9 11 13 15
T

10
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Aggregate results

0.8
0.6
0.4

0.2

5 7 9 11 13 15 S 7 9 11 13 15
T T

Predicted Observed
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Agnostic individual classification

Envious Pessimist

Clueless Optimist Trustful

TRYING TO UNDERSTAND
N iy % THE BEHAVIOR OF SOME
S "N Y PEOPLE IS LIKE TRYING
>y, TO SMELLTHE COLOR S
|

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Cooperation

)
A




Phenotypes

Optimist

Maximizes
max-payoff

T<R

Numerical
S

5 7 9 1 13 15
T

5 7 9 11 13 15
T

Experiment

Difference

Risk-aversion

Pessimist

Maximizes
min-payoff

S>P

Envious

Defeats
opponent

S-T=0

Trustful

Cooperates
always

p(C)=1

Clueless

Decides
randomly

p(C)=0.5

Aggregation
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Too many phenotypes?

BoSoN
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Case study 4: CGlimate change mitigation
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Climate change game

El juego

Bienvenido a del clima

TUTORIAL: COMO SE JUEGA?

A
\‘ T3 En estas pantallas te enseinaremos como jugar al

| "{ ’ ju-ego del clima que nos propone Dr. Brain, t{n_juego
| diseiiado para estudiar como tomamos decisiones.

Ao

Utiliza las flechas laterales para desplazarte por el
tutorial, y cuando acabes podras empezar la partida.

Este juego esta ideado por cientificos de la Universitat de Barcelona (UB), Universitat Rovira i Virgili (URV),

Instituto de Biocomputacion y Sistemas Complejos (BIFI) - Universidad de Zaragoza (UZ)
y Universidad Carlos Ill de Madrid (UC3M), es a la vez un experimento para estudiar y

entender como los humanos tomamos las decisiones.
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Climate change game

El objetivo del juego es RECAUDAR 120 EUROS en un fondo comun para financiar
acciones contra el cambio climatico.

El juego se desarrollara a lo largo de 10 rondas. En cada ronda cada jugador debe
aportar al fondo comun entre 0 y 4 euros del capital que le quede.

9 Tiempo -
My, I -

A bb

Ronda 1 de 10

Usa estos botones para hacer tu seleccion



Climate change game

(@anxosan

Al final de cada ronda y una vez los 6 jugadores hayan decidido podras consultar :

1) La cantidad de dinero que hay en el fondo comun.
2) Cuanto ha puesto cada jugador en la ronda anterior.
3) El capital actual y el capital inicial de cada jugador.

Resultados ronda 1

Capital Contribucion Capital

inicial ronda actual
Jugador 1 20€ 1€ 19€
Jugador 2 40€ 2€* 38€
Jugador 3 60€ 3€ 57€
Jugador 4 30€ 0€ 30€
Jugador 5 40€ 4€ 36€
Jugador 6 50€ 3€ 47€

TOTAL 13€

NOTA: En las contribuciones marcadas con * el sistema ha decidido por el jugador

Objetivo

120€

Fondo comun

13€
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Climate change game

Si despues de las 10 rondas HAY 120 EUROS 0 MAS en el fondo comun:

1) Recibiras EL CAPITAL QUE HAYAS
AHORRADO en forma de un cheque regalo
para la tienda online de ABACUS.

2) Destinaremos los 120 euros a una tareas de
reforestacion en el Parque de Collserola.

Si despues de las 10 rondas HAY MENOS DE 120 EUROS en el fondo comun:

1) Tienes un 10% de probabilidad de recibir EL
CAPITAL QUE HAYAS AHORRADO en forma de un
cheque regalo para la tienda online de ABACUS.

2) No podremos destinar el dinero del fondo a
la plantacion de arboles.
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Climate change game, heterogeneous version

Antes de empezar la partida, Dr. Brain hara un sorteo para asignaros un numero
de jugador y de cuanto dinero disponéis inicialmente. Este capital inicial estara
entre 20 y 60 euros.

Ademas, jtambién sabréis lo que tienen los demas!

Vasaserel: JUGADOR 2 I)iijn
Empezaras con: 30€ -

Y el resto de jugadores:

JUGADOR 1:  20€
JUGADOR 3.  40€
JUGADOR 4.  50€
JUGADOR &6:  60€
JUGADOR 6:  40€




Cumulative Contribution
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Is collective action successtul?

Homogeneous Capital
Invest Options 0-1-2-3-4

o
o

Cumulative Contribution

()]
o
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Round

Heterogeneous Capital
Invest Options 0-1-2-3-4

Round
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How do players behave?
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How do players behave?

0-1-2-3-4

15, : 1.0 -

~-#- Homogeneous . HT 0-1-2-3-4
~-#- Heterogeneous . HM 0-1-2-3-4
—+— Heterogeneous 60

—&— Heterogeneous 50 -

Rz ssand : —e— Heterogeneous 40 0.8 -

5 Heterogeneous 30

-—e— Heterogeneous 20

1.0

Average Relative Contribution

oAt - T S
b}
0
(—50.6-

0~0l g ------------------------i-----------l
w
o
£ 04 .
c

-05. ©
w

-1.0. 0.2 -

-15:

1 2 3 4 5 6 7 8 9 10 0.0
Round 20 30 40 50 60

Initial Capital



(@anxosan

Summary: case study |

T'he mechanism for cooperation 1n
dynamic networks 1s reputation

amazon
Seller Information Reputation combines last action
firstclassbooks with average action
W Wil 88%

positive over the past 12
months. (114,120 total
ratings)

BRI Faking reputation does not atfect
Aok 96% cooperation but increases inequality
positive over the past 12

months. (806 total ratings)
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Summary: case studies 2 & 3

Hierarchy i1s detrimental
for cooperation

People seem classifiable 1n
a few recognizable phenotypes

No (self-regarding) rationality
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Summary: case study 4

Climate change 1s averted

by all groups (50% 1 2008)

People 3 times richer
contributed 1/3 less
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Outlook
Small vs large-scale: FE'T Open IBSEN (Sep 15 - Aug 18)

Bridging the gap: from Individual Behaviour
to the Socio-tEchnical maN

http://www.1bsen-h2020.eu
@IBSEN_H?2020

THE FRAMEWORK PROGRAMME FOR RESEARCH AND INNOVATION
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Outlook: example

Small vs large-scale: FE'T' Open IBSEN (Sep 15 - Aug 18)

Trading in networks
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RING 10 RING with HUBS & SPOKES
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Computational social science: interactions among people
and complex socio-technological systems

22
KEEP

AWAKE

THANKS FOR
LISTENING

Refs available from http://www.anxosanchez.eu
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