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A key role for computational models:

Directing theoretical and empirical research in 
ways that would not otherwise be obvious.
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1 MOTIVATION



Historical theories of justice (e.g., [Nozick, 1974]) 
locate justice at the level of transactions.



A challenge for this view: 
many factors can lead to unequal outcomes. 

Which factors are acceptable?



Increasing returns to scale

(Kaldor, 1974)

Differential returns to 
labor & capital

(Picketty, 2013) 

Unequal 
outcomes



Increasing returns to scale

(Kaldor, 1974)

Differential returns to 
labor & capital

(Picketty, 2013) 

Group size differences

Unequal 
outcomes



“Suppose a dominant group, say whites or ‘Aryans’, 
agreed to trade with the complementary minority only 
on very unfavorable terms. Indeed, they might not 
have to agree in any concrete sense: suppose each one 
happened for his own reasons to resolve to so act...Are 
we to say that the results are just?”

—Kenneth Arrow, Advances in experimental social 
psychology, 1978, p.272.



We explore one way that unequal outcomes can 
track social identities, like race and gender, even 
when

i. initial distributions of resources/abilities 
are identical;

ii. all interactions are uncoerced;

iii. and no discriminatory norms exist.

{



Red King Hypothesis



Bergstrom & Lachman (2003)

The Red King Effect
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A game of chicken
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Minority (Dis)advantage in 
Population Games 

O’Connor & Bruner (2017)
Dynamics and Diversity in 
Epistemic Communities 

O’Connor, et al (2018)
The Evolution of Intersectional 
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2  METHODOLOGY



THEORY

Evolutionary game theory

EXPERIMENT

Experimental economics



3  THEORY AND PREDICTIONS



Simplified Nash demand game
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<latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit>

Column Player

Row 
Player



Low Mid High

Low 4 4 4

Mid 5 5 0

High 6 0 0
<latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit>

Column Player

Row 
Player

Equitable



Low Mid High

Low 4 4 4

Mid 5 5 0

High 6 0 0
<latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit>

Column Player

Row 
Player

EquitableInequitable
(Advantaged)



Low Mid High

Low 4 4 4

Mid 5 5 0

High 6 0 0
<latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit><latexit sha1_base64="NC++MuIVjyibtaEEQ2NZLOBJfJk="></latexit>

Column Player

Row 
Player

EquitableInequitable
(Advantaged)

Inequitable
(Disadvantaged)



Demonstration of Red King effect
with replicator dynamics model

Majority Proportion of Population



Robustness

Dynamics:

§ Replicator dynamics

§ Reinforcement 
learning

§ Logit dynamics

§ BNN dynamics

§ Smith dynamics

Drivers:

§ Rate of evolution

§ Learning speed

§ Population size

§ Network structure

§ Memory length

Differential
response rates

{



GOAL

Formulate a maximally simplified setup 

that should still reproduce the effect. 



Low High

Low 4 4

High 6 0
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4  EXPERIMENTAL SETUP



i. Amazon Mechanical Turk

ii. ESS Laboratory



iii. oTree



14 trials

112 participants



{ {Minority Majority









{ {Minority Majority



{ {
Round 1

Minority Majority





{ {
Round 1

Minority Majority



{ {Minority Majority

Round 2



{ {Minority Majority

Round 2



{Minority {Majority

100 total rounds

Play 100 rounds Play 33 rounds

…



Session duration

< 30 minutes

Session payment

Show up pay : $7

Performance : $0 to 6$



5  RESULTS AND ANALYSIS



Prediction 1: Minority Disadvantage

Minority groups will end up playing ‘demand 

low’ with greater mean frequency than 

majority groups.
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Prediction 1: Minority Disadvantage

x̄d = 0.19

sx̄d = 0.05
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p = 0.04

1� � = 0.58

BF = 7.22
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Prediction 1: Minority Disadvantage



Prediction 2: Progressive Disadvantage

The difference in mean frequency of minority 

groups and majority groups playing ‘demand 

low’ will increase over the course of play.



−0.50

−0.25

0.00

0.25

0.50

20 40 60 80 100
Round Number

D
iff

er
en

ce
 in

 M
ea

n 
Fr

eq
ue

nc
y

Difference in Mean Frequency of 'Demand Low' 
 Between Minority and Majority Groups

{
ȳd
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ȳd = 0.17

sȳd = 0.02
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Prediction 2: Progressive Disadvantage



p = 0.03

1� � = 0.63

BF = 35.62
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Prediction 2: Progressive Disadvantage
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6  DISCUSSION



How to update one’s credences given our results

(via Bayes’, of course)



Group size 
differentials

Learning 
speed 

differentials

Minority 
disadvantage

Cultural Red King Hypothesis

?

{We tested

{ {

?{ {



Thank you.

Award No. 1535139 for Social Dynamics 
and Epistemic Communities

All of our data are available at: 
https://osf.io/mtc9f


