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Philosophical Intuition
Investigation of the phenomenon of cooperation has a long history. Perhaps the
most eloquent expression of this phenomenon was given by the Stoic, Marcus Aurelius
(121-180 C.E.), Roman Emperor during the years 161-180 C.E. Aurelius followed the
principles of the Stoic moral philosophy which emphasized the well-being of the
community and the naturalistic basis of human behavior:
Men exist for the sake of one another.
We ought to do good to others as simply as a horse runs, or a bee makes
honey, or a vine bears grapes season after season without thinking of the
grapes it has borne.1
Aurelius wrote his Meditations during his campaign between 170-180 for his own
guidance for he was a priest at the temple in Rome. His book was first published in print
in 1558 in Zurich from a manuscript that is lost today. However, there exists another
manuscript that survived to our times now located in the Vatican library. His book was
read throughout the centuries for moral and spiritual edification by rulers, politicians,
philosophers and writers.
Another Stoic philosopher, Cicero (106-43 B.C.E.), claimed that the pattern of
human behavior changes from purely animal-like and instinctive to fully rational and
involves five stages. They represent the development of human nature, but only a few
people will reach the highest stages, because the process is not independent of a man’s
own effort. The “function” or goal of man in this process is attainment of the perfection
of his nature. The term used by Cicero is officium (corresponding to the English office,
duty or task, as the office of an official charged with certain duties) and the Greek term is
kathekon. One could not talk about the “duty” of an animal or of an infant, but rather of
their natural function. The term duty becomes appropriate in stages three-through-five in
human development as the changes in behavior become the functions of a rational being.2
Thus the Stoics recognized a natural biological basis for human behavior from which
reason draws conclusions, develops rules and constructs a moral philosophy.3 Even
Immanuel Kant (1724-1804) wondered about the origin of the moral principle that
humans display and which he called “goodwill”:
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Duty! Thou sublime and mighty name that dost embrace nothing
charming or insinuating but requirest submission and yet seekest not to
move the will by threatening aught that would arouse natural aversion or
terror, but only holdest forth a law which of itself finds entrance into the
mind and yet gains reluctant reverence (though not always obedience) –
a law before which all inclinations are mute even though secretly work
against it: what origin is worthy of thee, and where is the root of thy
noble descent which proudly rejects all kinship with the inclinations and
from which to be descended is the indispensable condition of the only
worth which men alone can give themselves?4
This classification of the behavioral levels derives from the Stoic intuitive
philosophical doctrine5 and corresponds to the stages of moral development of man
through which community life and virtue are recognized as pre-eminently “things
belonging to man” in their terminology and are related to the autonomous behavioral
level (categorical imperative of Kant). In modern times such a Stoic view of the moral
development of man in the Kantian modification was wholly confirmed by modern
psychology and philosophy. Lawrence Kohlberg (1927-1987) suggested six stages of the
moral development of children through three levels – the pre-conventional, conventional,
and post-conventional, each subdivided into two stages. The first two levels correspond
to the heteronomous behavioral level of Kant.6

Evolutionary Biology and Cooperation
Looking at the principles of evolutionary theory it seems at first that the
existence of cooperation should be contradictory to the evolutionary process. This
difficulty was noticed already by Darwin when he discussed the origin of social moral
faculties in “the primeval man.” Darwin admitted that such traits as courage and fidelity
could increase in competition between tribes: “A tribe rich in the above qualities would
spread and be victorious over other tribes.”7 But asking how within the same tribe could a
large number of members become endowed with these social and moral qualities, Darwin
answered himself:
He who was ready to sacrifice his life, as many a savage has been, rather
than betray his comrades, would often leave no offspring to inherit his
noble nature. … Therefore it hardly seem probable, that the number of
men gifted with such virtues, or that the standard of their excellence
could be increased through natural selection, that is by the survival of the
fittest; for we are not speaking here of one tribe being victorious over
another.8
Then Darwin postulated that though the high standard of morality may give a
slight advantage to each individual in a tribe, yet an increase in the number of wellendowed men and an advancement in the standard of morality will certainly give an
immense advantage to one tribe over another. A tribe including many members who,
from possessing in a high degree the spirit of patriotism, fidelity obedience, courage, and
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sympathy, were always ready to aid one another, and to sacrifice themselves for the
common good, would be victorious over most tribes, and this would be natural
selection.”9 Evolutionary scientists classify such a selection as a “between-group
selection.” Moreover, cooperative and altruistic behavior, understood not in the everyday
sense of conscious act, but as a behavior which benefits other organism at a cost to the
donor, is widely common throughout the animal kingdom. It seems from the studies of
many biologists that entire organisms like multicellular organisms with specialized cells
could also be considered as organisms made of cooperating cells and entire colonies of
social organisms depend on cooperation and often altruistic sacrifice of some individuals
for the sake of the group.10 Thus Martin A. Nowak building mathematical models for
evolution considers cooperation the third fundamental process for evolution after
mutations and natural selection.11 The problem puzzled many biologists, economists
and mathematicians. Darwin suggested that natural selection favored families whose
members were cooperative and answered Kant’s question about the origin of moral
rule:12
The following proposition seems to me in a high degree probable –
namely, that any animal whatever endowed with well-marked social
instincts, the parental and filial affection being here included, would
inevitably acquire a moral sense or conscience as soon as its intellectual
powers have become as weal, or nearly as well developed in man.
Such prediction by Darwin is confirmed today by scientific investigations
postulating the existence of the “moral faculty.”13 This concept of the “moral faculty”
goes back to antiquity when the ancients had a premonition of innate moral principles
(moral sentiment, sense of justice, common moral thought) which were working
subconsciously. It is the basis for the moral rules which like rules of logic or of natural
sciences are objective truths, outcomes of rational choice. These rules were developed
and formulated in various cultures with varying degree of success and today they are at
the foundation of humanistic ethics. John Rawls (1921-2002) in his well known treatise A
Theory of Justice (1971) suggested that these innate moral principles can be analogized to
the “sense of grammaticality” (a “faculty of grammar”) described by Noam Chomsky.14

Hamilton Model of Inclusive Fitness: “Kin Selection”
The process of group selection postulated by Darwin was first in early days of
neo-Darwinism discredited as a weak evolutionary force.15 Still the phenomenon of
natural cooperative, altruistic behavior needed an explanation.
The advent of modern genetic science could attempt to explain and expand the
intuitive speculations of philosophers and explain the observations of Darwin by
providing insight into how biological mechanisms operate. Thus our focus is now on the
genetic conditioning for cooperation. William Hamilton developed a model based on
genetic studies of socials insects. It is based on the observation that the offspring of
relatives count toward one’s individual fitness by helping to spread shared genes. Such a
situation exists in colonies of social insects composed of related individuals. The closer
the degree of relatedness, the stronger the cooperation one may expect among
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individuals. This theory seems to be an explanation of Darwin’s dilemma and was
already vaguely suggested by John Burdon Haldane (1892-1964) in the 1930s.16 The
Hamilton model can be illustrated by behavior as when a parent or a close relative jumps
into the water to save one’s own or closely related child. Such behavior contributes to the
survival of one’s own genes. The degree of relationship is an important parameter in
predicting how selection will operate and the behavior which appears to be altruistic may,
knowing the genetic relatedness of the organisms involved, be explained in terms of
natural selection. The genes which are selected for this behavior contribute to their own
perpetuation regardless of the individual in which the genes appear.17

Trivers Model of “Reciprocal Altruism”
The model of kinship cooperation, i.e., the kin selection model of Hamilton,
however, cannot explain all cooperation. Humans, for example, belong to a species that
developed a high degree of cooperation among genetically unrelated individuals. Such
cooperation between genetically unrelated individuals is defined as altruistic behavior or
as reciprocally altruistic. It can be selected even when the recipient is so distantly related
to the organism performing the altruistic act that kin selection can be ruled out. Such
cooperation will represent behavior between members of different species. It is a
behavior that benefits another organism not closely related while being apparently
detrimental to the organism performing the behavior. Here benefit and detriment are
defined in terms of contribution to inclusive fitness. Natural selection favors these
altruistic behaviors because, in the long run, they benefit the organism performing them.
Robert Trivers in the 1970s developed this idea of “reciprocal altruism” as a
model for explaining cooperation between genetically unrelated strangers based on
naturalistic observations.18 One of them involves symbiosis. There are innumerable
examples of fish of one species hosting of another to the host. It seems that this symbiosis
evolved many times being favored by natural selection. In this symbiosis the hosts of the
cleaning organisms, in turn perform several kinds of altruistic behavior such as not eating
their cleaners and warning them about approaching predators. The host benefits from
quickly and repeatedly returning to the same cleaner. Another example of this behavior is
that of some birds which emit special calls warning other birds when spotting an
approaching predator.
Human reciprocal altruism takes place in a number of situations and in all known
cultures and is represented by such kinds of behavior as: helping in time of danger;
sharing food; helping the sick, the wounded, or the very young and old; sharing tools and
knowledge. This altruistic behavior meets the criterion of small cost to the giver and great
benefit to the receiver. It seems that human altruistic behavior comes directly from
reciprocity and not indirectly through nonaltruistic group benefits. Some social scientists
and philosophers tended to explain human altruistic behavior in terms of benefits of
living in a group without differentiating between nonaltruistic benefits and reciprocal
benefits.19
Trivers’ model explains the psychological mechanisms of emotions such as
friendship, dislike, moralistic oppression, gratitude, sympathy, trust, suspicion,
trustworthiness, aspects of guilt, forms of dishonesty, hypocrisy and moralistic
aggression as adaptations to regulate the altruistic reactions. Anthropologists analyzed
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these human behaviors in terms of group survival, but Trivers model is more basic.
Nietzsche is an example of a philosopher who, from an early age, was interested in the
provenance of morals and ethics.20 The question of evil in the world to him was of
primary importance and Nietzsche resolved it by separating it from theological inquiry
with the question, “Under what conditions did man construct value judgments good and
evil”? Nietzsche proposed that “All sciences are now under an obligation to prepare the
ground for the future task of the philosopher, which is to solve the problem of value, to
determine the true hierarchy of values.”
In Trivers model each individual human is seen as possessing altruistic and
cheating tendencies, the expression of which is sensitive to developmental variables that
were selected to set the tendencies at a balance appropriate to the local social and
ecological environments. Trivers postulated that emotions of friendship and intelligence
are prerequisites for the appearance of altruism that transcends the limit of family
relationships. The underlying emotional dispositions affecting altruistic behavior have a
genetic thus instinctive and unconscious component, and display a certain set of universal
characteristics:
1. dispositions are sensitive to nuances in behavior; often in such behavior it will
pay to cheat and detection of subtle cheating may be difficult;
2. friendship and emotions of liking and disliking will be selected towards those
who themselves are altruistic. Moreover, friendship and intelligence are
prerequisites for the appearance of such altruism that transcends the limits of
family relationship;
3. once emotional dispositions for altruistic behavior have developed the altruist is
in a vulnerable position because cheaters will be selected to take advantage of
the altruist’s emotions. Such a situation produces a selection pressure for the
development of a protective mechanism in the form of “indignation” and
“moralistic aggression.” These dispositions were selected in order to
a. counteract the altruistic tendencies in the absence of reciprocity to
continuing the altruistic acts;
b. educate the unreciprocating individual by frightening him with
immediate or future harm of not receiving moral aid;
c. and, in extreme cases perhaps, select against the unreciprocating
individual by injuring, killing or exiling him.
Thus much of human aggression has moral overtones motivated by injustice,
unfairness and lack of reciprocity.
4. dispositional emotions of gratitude, sympathy, and cost/benefit evaluations:
Emotion of gratitude has been selected to regulate human response to
altruistic acts and is sensitive to the cost/benefit evaluation of such
acts.
Emotion of sympathy has been selected to motivate altruistic behavior
as a function of the plight of the recipient of such behavior and
increases with the increase of the potential of the benefit even to
strangers or disliked individuals.
5. guilt and reparative altruism: Catching a cheater and making him pay dearly
will produce a selection for a reparative gesture. This creates an emotion
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of guilt which is selected to motivate the cheater to compensate for his
misdeed and to behave reciprocally in the future and in this way to
prevent the rupture of the reciprocal relationship.
6. mimicking the behavior: Once the emotions favoring altruistic or cooperative
behavior develop, they select behavior for mimicking these traits in order
to influence the behavior of others to one’s own advantage.
7. detection of subtle cheaters: trustworthiness, trust, and suspicion. These
dispositions are selected for in order to detect and discriminate against
subtle cheaters. In classical philosophical and sociological considerations
this issue was presented in terms of a problem how to define altruism,
whether in terms of motives – a “real altruism” or “calculated altruism”
or in terms of behavior, regardless of the motivation.
8. setting up altruistic relationships: natural selection will favor for establishing
reciprocal relationships.
9. multiparty interactions: selection will favor more complex interactions than
two-party interactions. This involves:
a. learning from others indirectly by observation and language;
b. helping to deal with cheaters;
c. generalizing altruism;
d. developing rules of exchange – language facilities formulating and
codifying multiparty interactions. Anthropology and cultural history
provide abundant evidence for these interactions.
10. developmental plasticity: Human evolution set up a selection pressure for
psychological and cognitive powers which contributed to an increase in
human brain size during the Pleistocene period (from 2.5 million to
12,000 years ago).
Trivers’ model of reciprocal altruism constitutes a biological foundation for the
naturalistic social theory. Already Nietzsche had an inkling into it when he attempted to
describe the origin of “guilt” or “bad conscience” in the human psyche of emotions and
the evolution of punishment and its purpose as an expression of moral rule. Nietzsche
explains that the feeling of guilt is a product of the oldest relationship between humans,
that of “buyer and seller, creditor and debtor.” With this origin is linked the concept of
punishment as compensation for the contractual relation between debtor and creditor.
Damage produced by not keeping a contract results in rage and for every damage some
equivalent for compensation may be found, even in inflicting pain. In older civilizations
drastic pledges were made by the debtor in order to guarantee fulfillment of the promise.
These compensations were in the form of inflicting bodily harm through which the
creditor, in place of material compensation such as land or money, was receiving
pleasure. Later this punitive authority was passed on to the legal authority and the
creditor then enjoyed seeing the debtor despised and mistreated. Thus through such a
process of contracts and legal obligations these moral concepts were developed: guilt,
conscience, duty.21
Axelrod and Hamilton22 inspired by the Trivers studies developed computer
simulations of his model and created game programs such as Prisoner’s Dilemma in
which two players have the option to cooperate. It was found that such computer game
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models evolve and can be maintained between two people if they follow the rule of
reciprocity and learning in subsequent encounters. Prisoner’s Dilemma games increased
in complexity in further studies by allowing a gradation of responses mimicking more
closely the complexity that evolved in the behavior of species like ourselves and our
close relatives.23 Also, the studies of reciprocal altruism were extended to many animal
species.24

Reputation and Reciprocal Altruism Model
But these new models could not explain how large cooperative groups could
evolve. In such groups the possibility of reencountering a person who is helping or who
has been helped is quite small. Also one has to consider the situation when some people
are cheating and become freeloaders, others may follow the cheaters and the stability of
the group could be jeopardized.
To overcome these problems Martin Nowak and Karl Sigmund25 developed a
mathematical model in which people decide what to do based not only on whether others
have helped them but also whether others have helped others. Thus a person with a
reputation of a helper can get help even from someone who has not benefited directly
from such a person in the past. Such a model was confirmed by Robert Boyd and Peter J.
Richerson in 2004 who showed that those who did not help or had a reputation of being
freeloaders were shunned.26

Punishment and Reciprocal Altruism Model
The reputation model for reciprocal altruism still could not explain fully the
cooperative nature of human interactions. Ernst Fehr and others observed in their labor
market studies that people tend to be more cooperative than the economic theory would
predict. Fairly paid employees worked harder than predicted solely from their selfinterest. To explain such behavior he suggested, by using game-playing experiments, that
punishment was a factor in cooperative behavior. In a game model, participants could
decide whether to keep money they were given or to contribute some or all of it to a
group project and, at the same time they had the option to punish non-contributing
participants. In this game participants were chose to punish the non-contributors and the
majority of those who punished were those whose contributions were above-average. In a
situation when punishment was not an option, average contributions dropped. Also, it
was demonstrated that a mere threat of punishment was enough to prevent cheating.27
It is thought that altruistic learning may be instinctive because, in small groups of
evolving humans, reputation always counted. Moreover, punishment had less importance
since in human encounters rewards work better than punishment.28

Group Selection Model
The other model was developed on the premise that competition among groups
can foster cooperation within them. Natural forces may work in different directions, e.g.,
natural selection may make individuals less cooperative, but competition between groups
may push them to cooperate within the group enhancing thus the survivability of the
group. This was observed by Darwin and is still observed for modern warring groups and
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from military history. Archaeological studies, on evidence about 50,000 years ago, and
historical reports demonstrated that death from warfare averaged about 14 %,
significantly higher than in 20th century Europe with two world wars.29 This result was
confirmed by using game theory simulation. Thus it seems that cooperation between
groups increased significantly with time in human evolution.

Cooperation among Viruses and Microbes
It is interesting that cooperation was also observed among such low level
organisms as bacteriophages, viruses that live in bacterial cells. Two researchers Joel
Sachs and James Bull30 injected into a bacterial strain two different types of viruses at the
same time. After many generations, the two viruses packaged their genomes within a
single coating protein thus ensuring the transmission of both of their genomes to the next
bacterial host. Other researchers expanded such studies on cooperation between bacterial
strains showing that, when they sense the accumulation of other bacteria nearby, socalled quorum sensing, they increase secretion of certain biochemicals which are of
benefit to all bacteria present.31 The best known among social microbes is the slime mold
Dictyostelium. It was shown that these single-cell amoeba organisms often merge to form
stalks with fruiting bodies on top, thus allowing some cells to produce spores which may
disperse to more food-rich places. But among these amoeba cells are also cheaters, cells
that mutated, and which infiltrate the fruiting body, thus avoiding becoming the
nonreproductive stalk. A large number of genes were discovered that confer the ability to
cheat. At the same time studies showed that amoebas can keep cheating in check because
mutations that make cheating possible prevent cheaters from getting into the aggregation
at all. One of the genes, called the green-beard gene, enables an amoeba to recognize
others with the same gene and help perpetuate copies of the gene in others regardless of
relatedness.32
The existence of such type of genes for cooperation was postulated a long time
ago by Hamilton. Many other organisms from termites to meerkats provide examples of
cooperation. “The origin of sociality is unlikely to be encompassed by a single
explanation. Sociality like multicellularity, has happened numerous times, in diverse taxa,
and reached many different levels of integration.”33
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