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ABSTRACT

We model the evolution of the division of a resource between two individuals, according to a bargaining
mechanism akin to the ultimatum game, in which a dominant proposer makes an offer that his partner can
only accept or refuse. Individuals are randomly drawn from an infinite population and paired two-by-two.
In each pair, a proposer is chosen. The proposer offers a division of resources to his partner. If the offer is
accepted it is implemented; otherwise both partners pay a cost and move on to the next social opportunity.
When the role that individuals play in each interaction is chosen at random, our analysis shows that each
individual receives a fraction corresponding to at least 1/2—c of the resource at evolutionary equilibrium,
where c represents the cost of postponing the interaction. A quasi-fair division thus evolves as long as c is
low. We show that fairness, in this model, is a consequence of the existence of an outside option for
dominated individuals: namely the possibility of playing on terms more favorable to them in the future if
they reject the current interaction. We discuss the interpretation and empirical implications of this result
for the case of human behavior.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Cooperative interactions generate surplus benefits and, beyond
understanding qualitatively how natural selection has made their
existence among non-kin possible, it is also essential to try and
understand quantitatively how it has shaped the way these benefits
are divided. In particular, although the surplus generated by a
cooperative interaction can in principle be distributed in infinitely
many ways, human beings systematically express a preference for
fair divisions. We tend to offer specific quantitative shares to our
partners, and expect them to do the same. In symmetric interac-
tions, for instance, we expect equal divisions, and we avoid inter-
acting with people who act unfairly by keeping more. Here, we aim
to understand how natural selection shapes the division of benefits
in social interactions, and in particular how the preference for
divisions of a specific kind, which we call fair, may have evolved.

More precisely, we aim to understand the evolutionary ratio-
nale for the simplest version of fairness: the division of a common
resource into two equal halves. In this aim, and taking a step
further relative to most models on cooperation, we assume the
occurrence of a cooperative interaction between two players,
generating a surplus of constant size, and we seek to understand
how the partners distribute this surplus. To do so, we need to
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specify a bargaining mechanism for the division. If the two
partners have the same bargaining power, it is understandable
that fairness evolves, as no one can be forced to accept an
unfavorable outcome (Rubinstein, 1982). However, the distribu-
tion of resources among humans is typically not the outcome of a
mere power struggle. Human beings do favor fair outcomes, even
in asymmetric interactions in which one dominant player could in
principle take all, or a disproportionate share, of the benefits. This
is what we aim to understand.

To this end, we consider a particularly simple and maximally
asymmetric negotiation mechanism: the ultimatum game (UG; Giith
et al, 1982; Camerer, 2003). In the UG, two individuals share a
common resource, but one of them (the so-called proposer) benefits
from a strategic advantage: he has the power to definitely commit to
a certain allocation of the resource with no option to change his
mind afterward. The other (called the responder) has no option but to
either accept the proposed offer or reject it and receive nothing (in
which case the proposer also receives nothing). In such a situation,
both rationality and natural selection (in simple cases) lead to a
maximally unfair outcome: the proposer keeps virtually all of the
resource. Independently of the amount of time and energy each
individual may have contributed to the initial production of the
resource, the proposer keeps all, because the negotiating power is on
his side.

Our aim is to understand how natural selection can lead to
fairness in this interaction. In particular, we want to consider the
fact that individuals always have outside options on a market of
social partners. In the ultimatum game stricto sensu, each time an
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individual rejects an offer she definitively compromises an oppor-
tunity for social interaction, i.e. individuals have to choose between
accepting the very offer they are made, or receive nothing. Yet, in
reality, social life is made up of a rich diversity of social opportu-
nities which one can choose to take up, or not (see e.g. Aktipis,
2004). Hence, we believe that it is a mistake to consider any given
pairwise interaction as isolated from the relevant outside options. It
tends to place an exaggerated importance on purely local power
asymmetries.

Recently, inspired in part by the theory of biological markets
(Noé et al.,, 1991; Noé and Hammerstein, 1994, 1995) we have
built a model in which proposers make their offer in public and
responders can choose the proposer with whom they want to
interact before the interaction, thus giving rise to a “social
market” (André and Baumard, 2011). Our analysis shows that a
fair division of the resource can evolve, provided individuals have
the option of choosing (i) their partner, and (ii) the role they wish
to play (proposer or responder). One way to understand this
result is to realize that the local dominance status of an indivi-
dual, in a given pairwise interaction, has little influence on the
outcome of the interaction if this individual can choose instead to
enter into another interaction in which she has a different status.

However, because we initially developed our model to under-
stand the effect of partner choice per se, the fact that fairness is
fundamentally a consequence of outside options was not easily
visible in André and Baumard (2011). Besides, for the sake of
simplicity we had to make a number of assumptions. In particular,
we assumed that partner choice was perfect and costless. Our aim in
the present paper is to develop a further model in which (i) these
assumptions are relaxed and (ii) fairness is more clearly shown to be
a consequence of outside options in a social market.

To this end, we consider a social interaction based on the
ultimatum game. Whereas André and Baumard (2011) considered
an idealized paradigm of partner choice, in which responders
choose the best among all available offers, in this paper we consider
a more parsimonious mechanism based on sequential pairing
(see also McNamara et al., 2008). Individuals are randomly drawn
from an infinite population and paired two-by-two. In each pair, a
proposer is chosen. The proposer offers a resource division to his
partner. If the offer is accepted it is implemented. If the offer is
rejected, rather than receive a nil payoff, both partners pay a cost
(for having postponed their interaction) and move on to the
next social opportunity (their “outside option”): they are paired
randomly with another partner, and so on.

Importantly, as in Nowak et al. (2000), we assume that the role
an individual happens to play in a given interaction is chosen
at random, i.e. there is no intrinsic property of individuals that is
correlated to their probability of being chosen as a proposer/
responder. This assumption is meant to represent “social fluidity,”
i.e. the diversity of social interactions that an individual faces in the
course of social life. For the sake of comparison, variations within
the same basic model will be considered. In particular, we consider
(i) a model in which individuals are stably characterized by a role
they play throughout their social life, and (ii) a model in which
individuals always remain with the same partner but can change
role from one interaction opportunity to the next.

2. General presentation of the model

We consider a simple social interaction based on the ultima-
tum game (UG). Individuals from an infinitely large population
are randomly paired. Each pair of individuals is offered a resource
of a given constant size R=1 and the opportunity to divide it. One
individual in the pair (called the proposer) is strategically domi-
nant, i.e. he is able to propose and commit to a division of the

resource, whereas the other (called the responder) has only two
options: accept the offer, or reject it (in which case both players
receive nothing) and hope for a better social opportunity in the
future. Depending on the version of the model, each individual’s
role is chosen either at random or as a function of intrinsic
individual properties. Individuals are genetically characterized by
(i) the offer p they make when they play the role of proposer, and
(ii) the minimum share of the resource g that they accept when
they play the role of responder, called their “acceptance thresh-
old.” In a given interaction, the offered split is implemented iff
p = q, otherwise the interaction is canceled (and what occurs next
depends on the version of the model).

In the ultimatum game stricto sensu, each time an individual
rejects an offer she definitively compromises an opportunity for
social interaction. This favors undemanding responders, as there is
no benefit in rejecting offers. Here, we aim to explore the opposite
situation, in which individuals have the option of refusing a social
interaction without definitively compromising their chance of
interacting later. In other words, we wish to explore the conse-
quences of the existence of a competition between various opportu-
nities: rejecting a current opportunity opens up the possibility of
accepting another, a form of competition that is absent from the UG.
Accordingly, in all versions of the analytical model (but not in
individual-based simulations), we assume that the total number of
effective social interactions each individual undergoes per unit of
time is constant (by “effective” we mean an interaction in which the
proposer’s offer is accepted): it does not depend on the time taken to
complete each interaction (e.g. the time it takes to find a compatible
partner). Therefore, individuals pay a cost for postponing an inter-
action in terms of energy consumed and/or in terms of time
available for other activities (non-social activities, or other social
activities), but not in terms of time available for the very social
activity under scrutiny.

In all versions of the analytical model (but not in simulations),
we assume that (i) individuals in need of a social interaction enter
the population at a constant rate, and that (ii) evolution is slow at
the scale of individual lifespan. As a result, the composition of the
population of potential partners is considered to be constant
across the entire life of an individual.

All analyses assume that mutations are rare, and that recom-
bination is absent (between offer p and acceptance threshold q).
As a result, in any evolutionary equilibrium, all the strategies
present in the population must reach the same payoff.

The cost of postponing the interaction is measured by a factor
0 < 1. Consider a social payoff of value 1 obtained immediately. If
an offer is rejected and the actual interaction is postponed until
the next offer (with the same or a different partner, depending on
the version of the model), the very same social payoff will then be
worth &, and &2 if the interaction is postponed again, and then &°,
etc. When 6 =1, postponing the interaction is free. When 6 =0,
postponing the interaction is not an actual option and the game
becomes in practice an ultimatum game (refusing an offer is like
forgoing any payoff). In practice, our analyses will neglect the
situation in which postponing the interaction is completely free
(0=1), as it leads to artifactual neutralities.

Our model assumes that individuals have the option of leaving
an interaction without entirely losing the investment they have
made in this interaction, once they know (i) which role they play
(proposer or responder) and (ii) what fraction of the resource the
proposer offers. This is a crucial assumption. It can be interpreted
in two different ways. First, the proposer has the ability to
commit definitely to a given partition of the resource before the
interaction takes place, and the responder then accepts or refuses.
Second, the responder has some information on the proposer’s
usual behavior, either because they actually interact repeatedly
(the UG is played several times in a row) or because the proposer
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has built up a reputation through past interactions with other
individuals. This second interpretation is biologically more realis-
tic. Under this interpretation, we must note that, for the sake of
simplicity, our model does not explicitly follow the dynamics of
reputation formation. We simply assume that, when an individual
is genetically characterized by an offer p, he also has the public
“reputation” of offering p.

To confirm analytical results and test their robustness to
assumptions, we also developed individual-based simulations in C.
The simulation procedure is explained in detail in Section 5 of
Supporting Information (SI).

3. The ultimatum game

Before analyzing the model itself, for the sake of comparison, it
is worth recalling the evolutionary outcome of the ultimatum
game proper (UG), in which individuals have no opportunity to
interact further once a given resource division has been rejected.

In the UG, whatever the proposer offers, a responder gains more
resources if she accepts it than if she rejects it. Therefore, assuming
that natural selection is able to optimize individuals’ acceptance
threshold (see below), it favors indiscriminate responders, taking
whatever resources are made available to them (i.e. g=0). Corre-
spondingly, selection favors stingy proposers offering the minimal
possible amount, as there is no reason to give more than ¢~ 0 if
responders accept it. The evolutionarily stable resource division in
the UG is thus be maximally unfair: the proposer keeps all.

Note that, even though the above reasoning is sound, the
outcome of evolution in the UG might in fact be slightly less
straightforward as there is, in reality, no general reason for
responders’ acceptance threshold to be optimized by selection
(see Gale et al., 1995). This issue is briefly explained in Section 1 of
SI. Here we need only note two things.

1. In the UG, there is no evolutionary force pushing the division
of the resource toward fairness in particular (p=0.5). Depend-
ing on the effects of mutations, and on the initial conditions,
the evolutionary process can lead to virtually any division of

the resource, and there is no particular reason for fairness to
be the result.

2. We performed stochastic individual-based simulations with
equal mutation rate on offers and acceptance thresholds (see
Section 5 of the SI for details on the simulation procedures).
For any initial conditions, the average offer and acceptance
threshold always evolved toward, and remained very close to
0, in these simulations (Fig. 1).

In the remainder of the paper, these results will be used as a
benchmark to which the outcome of the model under different
assumptions is compared. We will show that a specific biological
mechanism absent from the UG (namely, the option of postponing
an interaction in hopes of a better situation in the future) creates
a systematic and robust selection force favoring fair or quasi-fair
distributions of resources. This will be shown both with analytical
arguments and stochastic simulations.

4. Partner switching and social mobility

In the first and primary analysis of this paper, we will consider
the general model described in Section 2, in the specific case where
(i) individuals systematically leave their current partner when an
offer is rejected, and (ii) individuals’ role in each social interaction is
chosen purely at random. In other words, partner switching and
“social mobility” (the option of changing roles) coincide.

In practice, the model works as follows. Pairs of individuals are
formed at random. One individual in the pair is randomly chosen
as the proposer (as in Nowak et al., 2000). He makes an offer p,
that the responder either accepts or refuses (depending on her
acceptance threshold q,). If the offer is accepted it is implemen-
ted, otherwise the two partners are separated and move back into
the pool of unpaired individuals.

The model aims to consider the evolution of an individual’s
strategy (p,q), i.e. the joint evolution of individual’s offer when playing
the role of proposer and acceptance threshold when playing the role
of responder. Consider a polymorphic population with a variety of
individual strategies, and a focal individual i playing strategy (p;,q;).

1

Average offer

1

0.8
B
06 S
o
o
1]
g
0.4 a>3
<
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0

1 2.10* 4.10*

6.10* 8.10* 108

Generation

Fig. 1. Ultimatum game. We numerically simulate the evolution of a population of individuals playing the UG (see Section 5 of the SI for details). Each curve is an average
over 10 simulation runs. The simulations are initiated in two different ways: (i) with fixed offer and acceptance threshold p = q = 0.1 (black lines), (ii) with fixed offer and
acceptance threshold p = q = 0.9 (grey lines). The average offer is indicated by thick lines and the average acceptance threshold by thin lines. The other parameters are the
following. The non-social payoff given automatically to each individual is 10~5. The population size is N=10>. The probability of mutation per generation is y = 103 on
offers and acceptance thresholds. A fraction 0.1 of mutations have a strong effect (the mutated trait is sampled from a uniform distribution between 0 and 1), whereas
others have a weak effect (the mutation has a normally distributed effect with standard deviation 0.01).
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Call the focal’s expected payoff from each effective social interaction
G;. The focal individual is attributed a first partner, and a first role, at
random. If this first opportunity is rejected, the focal’s effective social
interaction is postponed. He ends up exactly in the same situation as
before, except that his expected payoff in the next effective social
interaction is now only 6G;. As a result, considering every possibility,
the expected payoff of the focal individual can be written G;=
3 XA —pi) +(A=x(P))OG]+ 5 [¥(q)Pe(qi) +(1-y(q))dG)],  where
X(p;) is the fraction of individuals who accept the offer p; among
available partners, y(q;) is the fraction of individuals who offer at least
g; among available partners, and p,(q;) is the average offer among
them. This gives us the average payoff of individuals playing the
strategy (pi,q;):

X(Pi)(1=pi) +¥(qi)P.(qi)
2-0(2—x(p)—-y(a:)

The explicit evolutionary dynamics of the system are rather
complex, in part because the direction of selection on an indivi-
dual’s offer depends upon his acceptance threshold, and vice
versa. For instance, if an individual offers p=0.99, his expected
gain is very low as a proposer, and therefore he should accept
almost any offer as a responder, whereas an individual offering
p=0.5 should be more picky. Such epistasis generates linkage
disequilibrium between the two traits (see also McNamara et al.,
2008, 2009), rendering the dynamics of adaptation fairly complex
to follow analytically.

However, in spite of this complexity, relatively simple analy-
tical arguments can be used to characterize the necessary proper-
ties of strategies that can be present in a stable outcome of
evolution. In what follows, we describe such a simple analytic
argument, and we present the outcome of stochastic individual-
based simulations. In the Supporting Information, we develop a
more comprehensive mathematical analysis of the system.

Gi= M

4.1. A simple argument

When we described the evolutionary outcome of the UG, we
began by following a simple and intuitive argument (Section 3). It
consisted in assuming a priori that responders’ strategy was
optimized by natural selection. Because the direction of selection
on responders is simple (it always pushes toward a reduction of
acceptance thresholds), this led to the conclusion that acceptance
threshold was necessarily zero at equilibrium.

As a first approach, we will follow the same simple argument
in the present model. We assume a priori that responders’
acceptance threshold is optimized by natural selection, and derive
the necessary properties of a stable end-point of evolution under
this hypothesis. The argument unfolds in four steps.

1. Every individual gains the same G per interaction: In a population
at equilibrium, all individuals must gain the same expected
payoff, irrespective of their genotype. Therefore, there exists
a payoff G that every individual expects to gain in each social
interaction. Note that this payoff is necessarily lower than or
equal to 1/2 (individuals cannot expect to receive more than half
of the total resource on average).

2. Every individual accepts exactly oG: If every individual gains G on
average per interaction, irrespective of his current partner, one’s
expected payoff with one’s next partner is always 6G. Accord-
ingly, when playing the role of responder, individuals should
always accept offers larger than 4G and reject all lower offers.
Assuming that natural selection is able to optimize responders’
acceptance threshold, the population can be at an equilibrium
only if ¢=0G is fixed. Note that this acceptance threshold is
strictly lower than 1/2 (because G<1/2 and 6 < 1).

3. Every individual offers exactly 6G: Individuals should offer
exactly the requested amount g = G, neither more nor less.
This is shown as follows.

When every individual demands a given g < 1/2, individuals
can be of three types with regard to their offer. Type O:
some individuals offer po <q and thus obtain an expected
payoff Go = 16Go+ 3 [P, +(1-y)0Go] = ¥P,/(2—(2—Y)), where
y represents the proportion of individuals who offer at
least ¢ among available partners, and p, is the average offer
among them. Type 1: some individuals offer exactly p; = q and
obtain an expected payoff Gy = 1(1-q)+ 1[yP.+(1-y)0G1] =
(1—q+yp.)/(2—5(1—y)). Type 2: finally, some individuals offer
p2 > q and obtain G; = (1-p2 +yPe)/(2—3(1-y)).

First, as long as p, > q, we have 1—-p; < 1—q, and thus G; > G,
for any y. Superfluously generous individuals (of type 2) cannot
exist at equilibrium. Hence the average offer among individuals
who offer at least gis exactly p, = q and never more. Replacing
D. by g, we can now see that G; > Gy for any y, as long as
q <1-06/2 (which is indeed the case as q < 1/2). Therefore, the
population can be in a stable state only if individuals of
type 1 are fixed, i.e. all individuals offer exactly the requested
amount p=q = 9JG.

4, Every individual plays the strategy (6/2, §/2): Because every
individual in the population offers and requests exactly JG,
rejections never actually occur, and the expected payoff of
individuals is G= 1p+ 1(1—p)=1/2. Therefore, at evolutionary
equilibrium, the fixed offer is exactly p = 0G = 6/2, and the fixed
acceptance threshold is ¢ = /2.

Note that, like in the UG, even though the above reasoning is
sound, the outcome of evolution might in fact be slightly more
complex as there is no general reason for responders’ acceptance
threshold to be optimized by selection. There thus might exist
some equilibrium states in which acceptance thresholds are not
optimal, because the variability of offers necessary to generate an
optimal acceptance threshold is absent. In the Supporting Infor-
mation (Section 2), we derive the necessary properties of any
equilibrium state of the population without the a priori assump-
tion that acceptance thresholds are optimized by selection, and
we show that our major result essentially holds. In an asymmetric
interaction with two roles, when each individual has the option of
leaving their current partner and moving on to a new interaction
in which they have a chance of playing the opposite role, natural
selection leads to an intermediate division, in which every role
obtains at least a fraction 6/2 of the resource (i.e. pe[,1-3]).

4.2. Simulations

Stochastic individual-based simulations were performed (Fig. 2,
and see Section 5 of the SI for details on the simulation procedures).
They confirm our simple analytical result. With three different values
of ¢, and two sets of initial conditions, evolution leads to offers and
acceptance thresholds that are close to /2. Note that when the cost
of postponing the interaction is high or low (6 =0.3 and 6 =0.9 in
our simulations), the average offer is slightly, but significantly,
different from what is predicted by our analysis (e.g. p ~ 0.42 instead
of 0.45), and we see no obvious explanation for this discrepancy.

5. Complementary models
5.1. Partner switching without social mobility
In the main analysis (4), individuals are randomly assigned

the role of proposers or responders. There is no such thing
as “globally” dominant or subordinate individuals: individuals are
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Fig. 2. Partner switching and social mobility. We numerically simulate the evolution of a population of individuals playing the UG when they can change partners and
change roles (see Section 5 of the SI). Each curve is an average over 10 simulation runs. The simulations are initiated in two different ways: (i) with fixed offer and
acceptance threshold p = q = 0.1 (black lines), (ii) with fixed offer and acceptance threshold p = q = 0.9 (grey lines). We considered three values of the cost of postponing
the interaction: 6 = 0.9 (thick plain lines), = 0.6 (thin plain lines), and ¢ = 0.3 (dashed lines). The straight dashed lines show the respective analytical predictions with
each value of ¢. For every parameter set, we show only the average offer. The average acceptance threshold systematically follows the same pattern (with faster stochastic
variation, see Fig. 1 of the SI). The generation length is L=10>. Individuals who have just interacted socially become “in need” of a social interaction again with a

probability p =0.01 per time step, and all other parameters are as in Fig. 1.

dominant/subordinate locally (in each given interaction) but not at
the “market” level. The market itself is symmetric and gives each
individual a fair chance of playing each role. The biological and
anthropological relevance of this assumption will be discussed later.
For now, for the sake of comparison, we want to explore the
consequences of the opposite assumption.

Assume that individuals are assigned a given role at birth (either
proposer or responder) that they will always play in every social
interaction. For instance, we might imagine that large individuals
are always proposers whereas small individuals are always respon-
ders. Assume that the frequency of each role is controlled by
extrinsic mechanisms (e.g. the occurrence of deleterious mutations)
and cannot evolve in response to the payoff obtained in each role
(in contrast with André and Baumard, 2011).

To understand the outcome of the model under this assump-
tion, we first follow the same simple argument as in Section 4.1
based on the assumption that responders’ acceptance threshold is
optimized by selection (see Section 3 of the SI). This argument
leads to the conclusion that proposers should always obtain all of
the resource at evolutionary equilibrium (i.e. p =q = 0). If
responders obtain an expected payoff of G,, they should always
request exactly dG;, i.e. a little bit less than their expected payoff,
and this leads to their payoff gradually dwindling to zero.

Note that, here as well, this simple reasoning can be mislead-
ing as there is no a priori reason that a responder’s acceptance
threshold must always be optimized by selection. Therefore, here
we simply need to note two things:

1. We performed stochastic individual-based simulations (see
Section 5 of the SI), which confirm our simple analytical result.
With two distinct sets of initial conditions, and an equal
mutation rate on offers and acceptance thresholds, we verified
that evolution leads to very low offers and very low acceptance
thresholds (Fig. 3).

2. In any case, the important point is that there is no selective force
favoring fairness or quasi-fairness when individuals cannot
change role, i.e. the option of changing partners per se does not
lead to fairness. If certain individuals play the role A in each and

every social interaction they can ever undertake, they are forced
to accept whatever the average B offers them. The emergence of
fairness thus crucially relies on the fact that all individuals have a
fair chance of playing both roles in each interaction.

Ideally, it would be interesting to consider an intermediate
situation, in which certain individuals have a larger probability of
being dominant whereas others have a larger probability of being
subordinate, but this is beyond the scope of our paper. Here we
primarily want to point out the clear-cut difference between two
opposite situations. When social role (e.g. dominance) is a global
property of individuals, individuals take whatever their average
peers also take. When social role is a local property of interactions
(but not individuals), individuals can only benefit from a local
advantage to the extent that partner switching is costly.

5.2. Social mobility without partner switching

We have shown that partner switching cannot lead to fairness if
individuals cannot take advantage of a change in partner to also
change roles. But we have not yet tested the effect of the mere
option of changing roles without changing partners. In many
realistic situations, individuals may have several opportunities to
interact, of various kinds, with the same partner, and they may
benefit from a local strategic advantage in one interaction but not in
another. Is this sufficient to explain the evolution of less imbalanced
resource division, or is partner switching per se necessary?

To answer this question, we consider the same model as in
Section 4 but we assume that, when an offer is rejected by a
responder, the two partners remain together and their respective
role in the interaction is simply re-attributed at random. Partners
are separated only once an actual interaction has taken place (i.e.
once an offer has been accepted), except if the interaction turns
out to be impossible (because the partners’ offers and acceptance
thresholds are incompatible), in which case the two individuals are
separated (with no payoff). This model is structurally similar
to a classic variation on what economists call the infinite-horizon
alternating-offers bargaining game (Hoel, 1987; Rubinstein, 1982);



J.-B. André, N. Baumard / Journal of Theoretical Biology 289 (2011) 128-135 133

0.8

0.6 [

Average offer

0.8

0.6

0

1 2.10° 410

6.10 8.10* 10°

Generation

Fig. 3. Complementary models. We numerically simulate the evolution of a population of individuals playing the UG when they can change partners but do not change
role (thin lines), and the evolution of a population of individuals playing the UG when they can change role but do not change partners (thick lines); see details in Section
5 of the SI. Each curve is an average over 10 simulation runs. The simulations are initiated (i) with p = q = 0.1 (black lines), or (ii) with p = q = 0.9 (grey lines). 6 =0.9 in

all cases, and all other parameters are as in Fig. 2.

it is known that the only equilibrium strategy in this game that
is also resistant to background deviations (i.e. that is “subgame
perfect”) is a division into two equal halves (when the cost of
postponing the interaction is negligible).

Evolutionarily speaking, here we develop a simple argument
showing that the only monomorphic equilibrium of the population in
this game occurs when it is fixed with an offer p and an acceptance
threshold g=p, with p € [0/2,1-5/2] (see Section 4 of SI). We do not
prove that there are no polymorphic equilibria. We also conduct
simulations (Fig. 3, and see Section 5 of the SI). They lead to the
same results as in Section 4.

The option of changing role, even with a single partner, is thus
sufficient to promote the evolution of less imbalanced resource
partitions (always within the interval [6/2, 1-4J/2]). When role is
attributed at random at the beginning of each interaction, an
individual always expects to gain ¢/2 on average in the next
interaction (even if it is with the same partner), and therefore
should always refuse a payoff of less than ¢/2 in the current
interaction.

6. Discussion
6.1. Summary of the results

When two partners have the same negotiating power in an
interaction, it is understandable that fairness evolves, as no one
can be forced to accept an unfavorable outcome (Rubinstein,
1982). However, human beings do favor fair outcomes even in
strategically asymmetric interactions in which one dominant
player could in principle take all, or a disproportionate share, of
the benefits. In this paper, we aim at understanding the evolu-
tionary rationale of these apparently paradoxical preferences.

To do so, we consider a highly asymmetric bargaining inter-
action, called the ultimatum game (UG), in which one individual
(the “proposer”) proposes a distribution that the other (the
“responder”) either accepts or refuses. In this interaction, the
proposer benefits from a strong strategic advantage because she
is the first to commit definitively to a given offer. We show that
subordinate individuals’ (responders) having the opportunity to

refuse a current interaction, in the hope of playing a different role
in a future interaction, is the key lever to overcome this difficulty.

Our model considers a mechanism of sequential pairing. Indivi-
duals are sequentially paired with a random partner. In each pair,
one individual is chosen to play the role of proposer and makes an
offer. If the offer is accepted, it is implemented. If the offer is
rejected, the two partners are separated, and paired randomly again.
Every individual is genetically characterized by two variables: an
offer when playing the role of a proposer and an acceptance
threshold (the minimum offer he is willing to accept) when playing
the role of a responder. We study the joint evolution of these two
variables under the operation of natural selection, both analytically
and using individual-based simulations.

In our first, and principal, model, we assume that every indivi-
dual may play both roles with equal probability (as in Nowak et al.,
2000). More precisely, depending on the local situation and/or the
partner one is confronted to, one can happen to play either the role
of a proposer or the role of a responder, and we assume that the
diversity of opportunities is such that, in expectation, each indivi-
dual has an equal chance of playing each role. In this case, our
analysis shows that evolution leads to a division of the resource in
which both individuals receive at least 1/2—c, where c represents
the cost paid by both partners when an offer is rejected and the
interaction postponed until the next opportunity. Therefore, when
the cost of postponing the interaction is very small (c ~0), the
resource division is quasi-fair (each partner gets almost half of the
resource).

To better understand this result, we also develop two com-
plementary models. (i) A model in which individuals are stably
characterized by a role that they play throughout their social life,
and (ii) a model in which individuals always remain with the
same partner but can change role from one interaction opportu-
nity to the next. These models yield a straightforward interpreta-
tion. (i) When individuals are characterized by a role that they
must play throughout their life, evolution does not lead to
fairness, but rather tends to yield highly imbalanced splits in
favor of proposers. (ii) When individuals have a chance of playing
a different role in the next bout of interaction, even if it is with the
same parter, evolution leads to a quasi-fair resource division
(each individual obtains at least 1/2—c). Fairness (or at least less
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imbalanced splits) is thus an evolutionary consequence of indivi-
duals’ having the option of changing roles after they have rejected
an offer.

6.2. Interpretation

A simple way to understand these results is to see them as a
consequence of outside options. It is well known that the existence
of outside options constrains the range of equilibrium outcomes
in bargaining situations, as no one can be forced to accept
less than their outside option (Muthoo, 1999). However, to our
knowledge, in game-theoretic analyses, outside options are
always fixed a priori, as extrinsic parameters. Here, we consider
the fact that, in a market of social opportunities, individuals’
outside options are intrinsic to the very interaction under study,
because they consist of their payoff in the same interaction, but
with different partners, and thus potentially in a different role. In
an asymmetric interaction in which both partners have a chance
of playing the opposite role in the future, these outside options
dramatically constrain the range of equilibrium outcomes. Mod-
ulo the cost of playing the outside option (c), the two sides of the
interaction must receive the same benefit.

An alternative interpretation of the same results relies on the
concept of resource allocation. The marginal value theorem states
that, at evolutionary equilibrium, the marginal benefit of a unit of
resource allocated to each possible activity (reproduction, fora-
ging, somatic growth, etc.) must be the same (Charnov, 1976). In
the social domain this entails that an individual must benefit
identically from each resource unit invested into various social
endeavors. In particular, when individuals have the opportunity
to be on either side in a social interaction involving two distinct
roles, then the two must benefit similarly, otherwise one indivi-
dual is always better off refusing. The human sense of fairness,
we think, should thus be understood as a social expression of a
general principle that shapes all aspects of resource allocation in
living species.

Note that, in the present article, we have considered a social
interaction in which each partner invests the same amount of
time and energy (in fact, we have not even explicitly considered
the fact that individuals do invest time and energy, leaving this
implicit). In consequence, both partners receive the same benefit
at equilibrium. Yet, in further analyses, our results should be
generalized to interactions in which partners invest different
amounts of resources. In this case, each partner should not be
rewarded equally but in proportion to the opportunity costs she pays
by entering into the interaction. We think that this could help
explain the evolutionary origin of an essential feature of morality,
whose philosophical formalization dates back to Aristotle: the
principle of proportionality.

Chiang (2008) has also developed a model, based on simula-
tions, in which individuals have the option of choosing their
partner based on the knowledge of the payoff they have obtained
in the past with different partners. He shows that fairness can
emerge when the population is initiated with the full range of
possible phenotypes (but fairness does not evolve in his simula-
tions when the population is initially composed of “rational”
individuals). We believe that the same mechanism must be at
work, in a way or another in Chiang (2008)’s model, yielding an
equalization of both roles’ payoff in the UG. However, it is difficult
to arrive at a more precise understanding because Chiang (2008)’s
results are only based on simulations.

Our results are also reminiscent of results obtained in the
study of reproductive skew in animal societies. Models of skew
have long shown that the amount of reproductive opportunities
that dominant individuals must leave to subordinates so as to
incite them to stay peacefully in the group depends on the

subordinates’ outside options (Vehrencamp, 1983b; Keller and
Reeve, 1994; Nonacs and Hager, 2011). In particular, Vehrencamp
(1983a) shows that the imbalance between dominant and sub-
ordinate individuals in an animal society is largely reduced if
subordinates have a chance of becoming dominant in a future
group that they could join. Here, we propose that this very
mechanism might explain the evolution of fairness in humans.

6.3. Partner vs. role switching

Fairness emerges in an asymmetric interaction with two roles
because individuals have the chance to play the opposite role in
the future if they reject the current interaction. From this, we
conclude that the possibility of changing roles, not partners, is the
key mechanism for the evolution of fairness. But this calls for two
comments.

First, on two grounds it may seem to contradict our previous
paper, in which we showed (i) that partner choice was necessary
for the evolution of fairness, and (ii) that fairness could evolve in a
model in which individuals were stably characterized by a given
role (André and Baumard, 2011). This is certainly confusing but
the contradiction is only a matter of appearances. First, the
importance of partner choice in our previous paper was a specific
consequence of the assumption that individuals must first choose
a role, and then choose their partners. Partner choice is not
necessary when individuals simply accept an interaction, in a
given role, depending on what they get in it. Second, in our
previous paper, we actually showed that fairness required that
role frequency be able to change freely in function of the average
payoffs of the different roles, which is formally equivalent to the
general idea that individuals can preferentially allocate their
resources to the more favorable role. In either model, fairness
requires a mechanism that relates the effective frequency of a
given role to the payoff obtained in this role. The two models are
thus more complementary than opposed. However, we believe
that the present model offers a more natural way of under-
standing the principles underlying the evolution of fairness in our
day-to-day interactions.

Second, our conclusion that role switching, but not partner
switching, is the key mechanism for the evolution of fairness should
be understood as a theoretical statement, not an empirical one. In
practice, we do believe partner switching to be extremely important.
First, it is likely that one’s role in relation to a given partner remains
the same from one interaction to the next, making partner-switch-
ing actually compulsory to change roles. Second, even in scenarios
where an individual could in principle play the opposite role later
with a given partner, it might still be wiser to change partner in
order to increase the chances of a fair outcome. In real-life settings,
therefore, it is the opportunity of allocating our time and resources
to many different social endeavors, with different partners, that
allows us to overcome local power asymmetries. But it is important
to understand that fundamentally partner switching has this con-
sequence because it gives dominated individuals a chance of being
dominant elsewhere.

6.4. On the cost and option of being choosy

A necessary ingredient for the evolution of fairness in our
model is the fact that individuals have the option of rejecting
social opportunities, at a moderate cost c, before they are
definitely committed to them. At first, this may seem empirically
dubious. In natural settings, individuals cannot really make
committing offers in advance. Once an “offer” is actually made,
it is usually too late to refuse it. Our results thus entail that
individuals (here, responders) have some information on the
future play of their potential partners before they interact with
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them. In the case of human behavior, we believe that this
information comes from reputation. Others’ reputation constitutes
information on what one will get if one agrees to interact with
them in a given role—i.e., reputation plays the role of a public
offer. If someone’s reputation does not tell others that they will
receive at least the same return on their investment with her as
they would receive on average elsewhere, they will refuse to
interact with her.

Because reputation conveys information on the likely course of
an interaction before one is engaged in it, it can make the cost of
“changing” partner very small, and even probably nil in many
instances. An individual can mentally screen the reputation of
potential partners, and decide with whom to invest time and
resources. There are of course exceptions, and one can sometimes
be temporarily stuck with an unfair (or incompetent) partner, and
have no choice but to accept her offers. However, in real life, the
cost of reallocating resources to better social opportunities is
likely to vary through time. One may be temporarily stuck with an
unfair partner, but better opportunities are likely to arise some-
day. Therefore, it is important to represent the interaction as
unfair even if temporarily one cannot do anything about it, in
order to continue to actively search for better opportunities (and
it is also important for third parties to evaluate the interaction as
unfair, to avoid the bad partner).

This suggests an important distinction between behavioral
decisions and normative evaluations. Because it is useful to measure
the benefits that we should aim for, independently of the benefits
we actually end up with, our sense of fairness should not always be
in line with our behaviors. This distinction, we contend, could
explain the relative universality of normative judgements in spite
of the contingency of local situations (see e.g. Marshall et al., 1999).

6.5. Perspectives: unequal outside options

As we have highlighted in several places in the paper, the
emergence of fairness in our models depends on the assumption
that individuals can change their social role when they change
partners. Fairness evolves in spite of local power asymmetries
because changing partners creates an opportunity to play a more
favorable role, thereby lifting the effect of local asymmetry. We
believe that this assumption is realistic in humans, at least in
some instances. Human beings participate in an enormous diver-
sity of social interactions, with both a great range of social
activities and a great diversity of potential partners involved.
They can cooperate in hunting, warfare, cooking, sewing, raising
crops, caring for animals, and a great many number of other
activities, including entirely novel activities. This rich diversity of
situations leaves locally subordinate individuals a chance of
finding another social activity in which they are not subordinate.

However, there are certainly exceptions. In real life, all human
beings are not always equally totipotent, and there are instances in
which an individual’s outside opportunities are different from her
partner’s. Some individuals can be physically stronger than average,
thereby being more likely to be dominant. Some individuals may
belong to a dominant coalition able to take advantage of others by
collectively restricting their opportunities. Some talented individuals
may have the ability to produce larger benefits than the average
others, thereby having better outside options, which could explain

why we intuitively believe that they “merit” to be rewarded more
than others. All these issues will require further analyses.
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