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a b s t r a c t

Human cooperation can be influenced by other human behaviors and recent years have
witnessed the flourishing of studying the coevolution of cooperation and punishment,
yet the common behavior of charity is seldom considered in game-theoretical models.
In this article, we investigate the coevolution of altruistic cooperation and egalitarian
charity in spatial public goods game, by considering charity as the behavior of reducing
inter-individual payoff differences. Our model is that, in each generation of the evolution,
individuals play games first and accumulate payoff benefits, and then each egalitarian
makes a charity donation by payoff transfer in its neighborhood. To study the individual-
level evolutionary dynamics, we adopt different strategy update rules and investigate
their effects on charity and cooperation. These rules can be classified into two global
rules: random selection rule in which individuals randomly update strategies, and
threshold selection rule where only those with payoffs below a threshold update
strategies. Simulation results show that random selection enhances the cooperation
level, while threshold selection lowers the threshold of the multiplication factor to
maintain cooperation.When charity is considered, it is incapable in promoting cooperation
under random selection, whereas it promotes cooperation under threshold selection.
Interestingly, the evolution of charity strongly depends on the dispersion of payoff
acquisitions of the population, which agrees with previous results. Our work may shed
light on understanding human egalitarianism.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Cooperation prevails in the real world, ranging from unicellular organisms to unrelated human individuals.
Understanding the emergence and persistence of cooperative behavior among selfish individuals is an important issue in
many fields of both natural and social sciences [1,2].When studying cooperative behavior in the context of evolution, people
often resort to evolutionary game theory as a common framework and strategic games as a metaphor of the interplay
between individuals [3,4]. In a simple strategic game, e.g. prisoner’s dilemma game (PDG) and public goods game (PGG),
players have the choices of cooperation and defection. A player maximizes its benefits by taking one of these two strategies.
A defector can exploit a cooperator’s benefit, so players should take the defection strategy. Therefore, the ‘rational’ strategy is
to defect and it causes the ‘free-rider’ problem or the ‘tragedy of the commons’ [5]. Several mechanisms have been proposed
for the evolution of cooperation [6]. In a seminal article, Nowak and May [7] introduced spatial structure as the framework
on which evolutionary games take place. Located on the sites of a square lattice, players are constrained to play PDG only
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with their immediate neighbors. They found out that the cooperators are now able to resist invasion of defectors. The effect
of spatial structure on cooperation is called network reciprocity. In the past few years, this field has been spurred by plenty
of discoveries on how different structures of interactions can affect and enrich the outcome of evolutionary games (see the
review [8] and references therein).
Human cooperation is more puzzling than cooperation among individuals of other creatures, because humans exhibit

complex behaviors in the evolution of cooperation [9–11]. Exploring the coevolution of cooperative and other human behav-
iors is important to understand how humans differ from animals and the origins of humanity. Humans have more advanced
cognitive capacity than animals and exhibit various kinds of prosocial behaviors. Ethnographic and experimental studies
have demonstrated that humans are strongly shaped by egalitarianism, the preference for equality [12,13]. Humans have
egalitarian motives even when there is no cooperative behavior to be reinforced [14]. Human egalitarian preference is de-
veloped during childhood [15]. A recent study on distributive justice demonstrates that a sense of fairness is rooted in emo-
tional processing [16]. Egalitarianism also helps to understand human’s engagement in punishing selfish individuals [17,18].
As we know, punishment is an effective way to sustain cooperation and the coevolution of punishment and cooperation has
drawn wide interest recently [10,11,19–23]. However, punishment is not as efficient as indirect reciprocity [24] and may
cause the problem of punishing good ones [25]. Furthermore, egalitarian behaviors are not merely punishment. Out of egal-
itarian motives, humans can transfer their welfare to their fellows who are inferior. Actually, this kind of welfare transfer
is more natural than punishment and ubiquitous in human societies. Moreover, it is costless without the sacrifice of over-
all benefits. We use the term ‘charity’ to describe this behavior. Previous studies on charity are usually experimental or
empirical ones [26–28].
We study the coevolution of charity and cooperation from a game-theoretical point of view. Individuals are located on

lattice with neighbors involved in the interactions of game playings and charity actions. An egalitarian individual donates
to the one whose payoff is less than its and the lowest in the donor’s neighborhood after the game interactions. The effects
of different strategy update rules on the coevolution are studied. Under random selection rule that individuals randomly
update their strategies by imitating, charity is incapable in promoting cooperation. Further, we adopt threshold selection
rule to mimic those situations where the worst individuals in the whole population should update their strategy. Charity
can promote cooperation under threshold selection. Another interesting result is that threshold selection rule can lower the
threshold for cooperation, whereas random selection rule can enhance the cooperation level. Further analysis shows that
the persistence of charity strongly depends on the payoff dispersion of the population.
The article is structured as follows. Section 2 describes the spatial PGG and our definition of individual charity behavior. In

Section 3, we present the individual-level evolutionary dynamics of our model and different strategy update rules. Then, we
study the coevolution under these rules. In Section 4, we discuss the sociological implications of the results and summarize
our findings.

2. Spatial public goods game with charity

2.1. Spatial public goods game

Public goods are essential elements for every society, e.g. sheltering, hunting, defense. For this reason, PGG is developed
and often taken as a metaphor for the problem of human cooperation [4]. In the experimental settings of PGG, an
experimenter asks n players to invest somemoney into a common pool. All players know that the total amount is multiplied
by a multiplication factor r (usually 1 < r ≤ n), and divided equally among the n players, irrespective of their contribution.
Each altruist (A) contributes an amount c to the public goods; Selfish individuals (S) do not contribute. Usually, c denotes the
cost of cooperation, i.e. the investedmoney. In amathematical formulation, the payoffs for altruists PA and selfish individuals
PS are then given by PS = (rnAc)/n and PA = PS − c , where nA is the number of altruists in the group and n is the size of the
group.
As we have mentioned in the previous section, interactions between different individuals may not be random, but

structured. If a player has interaction with another, an edge is formed. An interaction structure defined by a square lattice
has often been studied and the spatial version of PGG is thus developed [7,8,19,29,30]. Confined to a site on the square
lattice, each player interacts only with its four nearest neighbors (von Neumann neighborhood). Thus, the group size n = 5.
If a player hosts a game, all its linked players must take part in the game. We do not consider the situation in which players
voluntarily take part in the game. The payoffs obtained by the participants of the PGG hosted by player i are:

PS(i) = (rnA(i)c)/n (1)

PA(i) = PS − c. (2)
A player hosts game, and takes part in other games hosted by its neighbors. The payoff function for player i is:

f (i) = Px(i)+
∑
j∈Ni

Px(j) (3)

where the payoff sum for player i runs over all the games it plays.Ni is the set of neighbors of i. x ∈ {A, S} is the strategy of
player i involved in the game. As the result of spatial effect, there is a phase transition that cooperation persists when r is
big enough.
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