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Numerous studies show that humans tend to be more cooperative than expected given the assumption
that they are rational maximizers of personal gain. As a result, theoreticians have proposed elaborated
formal representations of human decision-making, in which utility functions including “altruistic” or
“moral” preferences replace the purely self-oriented “Homo economicus” function. Here we review
mathematical approaches that provide insights into the mathematical stability of alternative utility
functions. Candidate utility functions may be evaluated with help of game theory, classical modeling of
social evolution that focuses on behavioral strategies, and modeling of social evolution that focuses
directly on utility functions. We present the advantages of the latter form of investigation and discuss
one surprisingly precise result: “Homo economicus” as well as “altruistic” utility functions are less stable
than a function containing a preference for the common welfare that is only expressed in social contexts
composed of individuals with similar preferences. We discuss the contribution of mathematical models
to our understanding of human other-oriented behavior, with a focus on the classical debate over psy-
chological altruism. We conclude that human can be psychologically altruistic, but that psychological
altruism evolved because it was generally expressed towards individuals that contributed to the actor’s
fitness, such as own children, romantic partners and long term reciprocators.
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1. Introduction consumer—producer interactions, private social interactions

(Kirchgdssner, 2008).

Neo-classical economics is often criticized for formalizing
human decision-making as a purely self-oriented process, ac-
cording to which humans act only upon preferences for their
own welfare maximization—humans may choose actions that
benefit others or the public welfare, but only when these actions
also benefit them. Yet, there is room within the neo-classical
theoretical framework for alternative and more other-oriented
descriptions of human motivation. Which formal account of
decision-making is the most fitting description or the best pre-
dictive tool will depend very much on the area of human activity
that is investigated—e.g. stock market dynamic interactions,
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An important difficulty faced by theoreticians is to find a reliable
method for assessing alternatives formalizations of decision-
making, and decide which one is the most fitting for the area of
human activity that is investigated. Here we discuss the formal-
ization of private social interactions with utility functions, we
investigate various ways to assess the mathematical stability of
these utility functions, and we discuss the impact of this area of
research for understanding human other-oriented psychological
mechanisms.

The paper is organized as follows. Section 2 provides some
introductory notions of neo-classical economic theory and an
overview of the sort of utility functions that can be elaborated to
represent private social interactions. We then describe the main
features of game theory (Section 3), classic models of social evo-
lution (Section 4), and models of social evolution that take utility
functions as evolving traits (Section 5). Along the way, we present
important results obtained with these methods and explain why
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the latter method is the most promising mathematical tool to
assess utility functions. In Section 5 we also present a fascinating
result: Ingela Alger and Jorgen Weibull (2013) have found that
“Homo economicus”—i.e. the purely self-oriented utility func-
tion—and all the “altruistic” functions—i.e. those that contain a
preference for social partners welfare—are evolutionary unstable
in the presence of a utility function containing a preference for the
common welfare that is conditionally expressed in social contexts
where other individuals have similar preferences. In Section 6 we
provide psychological interpretations of utility functions and
investigate the extent to which mathematical models inform us
about human other-regarding and altruistic motivation. This
investigation reveals the conditions under which humans are likely
to care for collaborative interactions and to evolve psychological
altruism.

2. A taxonomy of utility functions

An important goal in neo-classical economics is to find the best
way to formalize human’s choices of action. The aim is to under-
stand and predict individual behavior in socio-economic contexts,
such as situations of conflicting interests. Neo-classical economics
assumes that, whenever humans have the choice between alter-
native actions—e.g. investing or not, collaborating or not, helping
or not—, they choose to maximize their personal utility
(Kirchgdssner, 2008). Individual utility can be described mathe-
matically as a function of hierarchically ranked preferences for
objects of choice—e.g. goods, states of the world. Utility functions
can take an infinite variety of forms (see Fig. 1) but their relevance
depends on whether they capture real features of human decision-
making in the particular area of activity that is investigated. Let us
consider some utility function that may characterize private social
interactions.

The simplest function, usually labeled “Homo economicus”, re-
duces human preferences to individuals’ own welfare—or
payoff—maximization, where welfare is defined as an objective
and measurable currency such as material or economic profit, or
number of offspring. Mathematically, for a two person interaction,
it can be formalized with the following equation (Weibull, 1995):
“Homo economicus” upg i(Xi,Xj) = wi(Xi,%;) , i#j
where ui(x;,X;) describes the actor’s utility, that is, how much she
values—gives weight to—the outcome of the interaction (x;x;)

Each family contains
an infinity of utility
functions, with the
following variables:
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Fig. 1. Examples of utility functions families.

where the actor plays x; and her social partner plays x;, and wj(x;x;)
is the actor’s objective welfare if interaction (x;x;) is performed. The
formula can be simplified to: u; = w;.

“Homo economicus” is a purely self-oriented utility function
because it induces individuals to ignore other individuals’ welfare,
as well as the common good. Other utility functions combine self-
directed and social or other-oriented preferences. Gary Becker
(1976) for example defines a utility function for an actor who
cares as much about her social partner’s welfare as about her own
welfare. We refer to this as:

“Egalitarian altruism” pgs ; = w; + o
where p; describes the actor’s utility, w; the actor’s welfare, and w;
the welfare for the social partner.

This model fails to capture the fact that humans usually care
more for their own welfare than for others’ welfare. To account for
this phenomenon, several theoreticians have proposed a family of
utility functions that integrate the sum of the actor’s welfare and
the welfare of the social partner weighted by an altruistic factor
(e.g. Mayr, Harbaugh, & Tankersley, 2009). We label this specific
form of altruism:

“Degree altruism” ups ; = w; + aw;

where « (—1 < a < 1) describes how much the actor cares for the
welfare of her social partner. When a = 0, she cares only for her
own welfare; when « = 1, she values her partner’s welfare as much
as her own. This formula captures the idea that some individuals in
a population may be more altruistic than others. It can also
represent spiteful preferences, since negative values of « mean that
the actor is motivated to reduce the other’s welfare. Note that
“Homo economicus” and “Egalitarian altruism” are special cases of
“Degree altruism”, where « = 0 and 1 respectively.

An alternative utility function has been proposed by Akcay, Van
Cleve, Feldman, & Roughgarden (2009). They represent how much
an individual ‘likes’ a given outcome as the product of her own
payoff and her partner’s payoff weighted by an altruistic factor. We
refer to this as:

“Conditional degree altruism” pcpa; = Wi}

Here, « also describes how much the actor cares for the welfare
of her social partner but its weight depends on the welfare state of
the actor. This model captures the fact that humans may be less
likely to care for others when they are in a state of need—and
reversely.

Another interesting family of utility functions has been devel-
oped by David Levine (1998). Here, the actor maximizes the addi-
tion of her personal welfare, and her social partners’ welfare
weighted by two factors: the extent to which the actor cares for her
social partner (altruistic factor) and the extent to which her social
partner cares for others (reciprocal factor). More precisely, the actor
cares more for the welfare of social partners that are believed to be
more altruistic. Levine defines this family of function as:

« . . o + /1051
Reciprocal altruism” pgs ; = w; +ﬁwj
where « represents the individual’s coefficient of altruism (or
spitefulness) and 4 (0 < A < 1) represents how much the actor is
sensitive to her partner’s coefficients of altruism: A = 0 means that
she is not influenced by the other’s character (in this case, “Recip-
rocal altruism” boils down to “Degree altruism”), and positive values
imply that she cares for her partner welfare proportionally to the
partner coefficient of altruism.
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