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(applet)

(animations, top and bottom)

(YouTube video)

http://www.youtube.com/watch?v=jx4bP0DYfK0
http://mattbierbaum.github.io/ising.js/








Main experimental observations

1. Lattices or networks do not support cooperation.
2. People display Moody Conditional Cooperation (MCC), i.e., when 

deciding to cooperate individuals are responsive to the behavior of 
others, but only if they have cooperated themselves.

3. People do not take into account the earnings of their neighbors. 
4. Cooperation can be sustained in dynamic networks.

Human and Social Dilemmas

García-Lázaro et al PNAS 2012;  Sanchez JSTAT 2018 
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Some experimental results with 625 human subjects

García-Lázaro et al PNAS 2012 

G
lo

ba
l f

ea
tu

re
: 

av
er

ag
e 

co
op

er
at

io
n

Lo
ca

l f
ea

tu
re

: 
m

oo
dy

 c
on

di
tio

na
l 

co
op

er
at

io
n



Bounded rationality: agents make "mistakes".
Probability to cooperate given by

Agents have decaying memory of performance.
Drive to cooperate given by:

Towards a more realistic modeling of human behavior

Agents weight "utility" of selfish and prosocial behavior
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Experimental values for (weak) Prisoner's Dilemma 
Payoffs

     

Individual drive (   )

Normative drive

Towards a more realistic modeling of human behavior
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Towards a more realistic modeling of human behavior
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Absence of network reciprocity (mean field approximation)

Slow adaptation (adiabatic approximation)

Further empirically motivated simplifying assumptions



Diagram of model assumptions
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Single-representative agent model and long-term dynamics

Final deterministic (adiabatic approx.) single representative agent (mean 
field approx.) dynamical equation given by:

where effective utility function in terms of effective parameters is given by:

Long-term dynamics can be characterized by fixed points of the equation

which yields

with
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Fixed points, phase transitions, and criticality 
Fixed-point equation for magnetic systems Phase diagram (T = 1 / β)

Phase transition from mono- to bi-modal
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Fixed points, phase transitions, and criticality 

If wI = 0, magnetic-like system

with

Susceptibility, responsiveness

with

EWAN model's fixed points
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Phase diagram and location of experimental human groups

Parameter A (curvature) constant

Color map for different values of A

Global cooperation Vs. x0 (minimum)



Moody conditional cooperation and EWAN model

Dynamical equation can be interpreted as:

If there is only one fixed point x1, there is no dependency on the history, 
i.e. on x, and at the stationary state (fixed point) we have

where

When rationality parameter β is small, we can do a linear expansion:

Where slopes and intercepts are given by

Realpe-Gómez et al. arXiv:1608.01291, to appear in Physical Review E



Bayesian parameter inference from experimental data

Joint distribution of "true" deterministic trajectory and noisy observed one:

=  δ[x(t) - x(t - 1)]    (Dirac delta function)
where

Parameter inference: Compute posterior

Prior was chosen from values allowed by experimental error, i.e.

where

= Uniform in

ζ = 1.28 yields 90% credible interval. ζ = 1.96 yields 97.5% credible interval.



Experiments with 625 humans

Reproducing experimental results with EWAN model



Impact of EWAN model parameters

We can also describe the MCC linear trend in terms of mean intercept r 
and gap G  between intercepts

as well as the difference and ratio between slopes

So, 

- If "mood parameter" wC = 0, then gap vanishes, G = 0. Not observed.
- If "MCC parameter" wI = 0, so a = 0, then slopes equal, mC = mD. Not 

observed. Moreover, wI generates non-equilibrium phenomena. 
- If "peer pressure" parameter wO = 0, slope mD always negative. 

Observed empirically, yet wO  was required for good fit.
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