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The Adaptive Dynamics Network at IIASA fosters the develop-
ment of new mathematical and conceptual techniques for under-
standing the evolution of complex adaptive systems.

Focusing on these long-term implications of adaptive processes
in systems of limited growth, the Adaptive Dynamics Network
brings together scientists and institutions from around the world
with IIASA acting as the central node.

ADN Scientific progress within the network is collected in the IIASA
Studies in Adaptive Dynamics series.
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Evolution of indirect reciprocity

Martin A. NowaK & Karl Sigmund

'Program for Evolutionary Dymaics, Department of Orgamisc and Evolutionary Biology,
Department of Mathematics, Hardddniversity, Cambridge, MA 02138, USA

?Faculty for Mathematics, University of Vienna, A-1090 Vienna, Austria
and [IASA, Laxenburg, Austria

Natural selection favours the strong and seh who maximize their own resources at the
expense of others. But many biological systns, and especially human societies, are
organized around altruistic, cooperative interactions. How can natural selection
promote unselfish behaviour? Various mechaisms have been proposed including kin
selection, group selection and reciprocal altruism. The latter is traditionally formulated
as direct reciprocity: | help you and you help me. More recently, a rich analysis of
indirect reciprocity has emerged: | help you and somebody else helps me. Direct
reciprocity relies on one’s own experience in past encounters, whereas indirect
reciprocity also uses the experience of others. The evolution of cooperation by indirect
reciprocity leads to reputation building, morality judgement and complex social
interactions with ever increasing cognitive demands.

Humans are the champions of reciprocity. Experiments and everyday experience alike show
that what Adam Smith called ‘our instinct to trade, barter and truck’ relies to a considerable
part on the widespread tendency to return hefpflnarmful acts in kind. We do so even if

these acts have been directed not to usdbothers. This has been analysed under the
headings of ‘third party altruisrhbr ‘indirect reciprocity?, and has led to a considerable
amount of experimental and theoreticalestigations over the last few years.

Direct reciprocity is captureid the principle: *You scratchy back, and I'liscratch yours’.
But it is harder to make sense of the princijleu scratch my backrad I'll scratch someone
else’s.?. Why should | do so? Presumably beeabsill not get scratched if it becomes
known that | scratch nobody. Indirect reciprggin this view, is based on reputation. But
why should anyone care about what | did to a third?

There are two approaches converging on this i€3oe.is rooted in social science, the other
in evolutionary biology.

The main reason why economists and social scientists are interested in indirect reciprocity is
because one-shot interactions between anonymous partners in a global market become
increasingly frequent and tend to replace thditronal long-lasting associations and long-

term interactions between réiees, neighbours, or members of the same village. A substantial
part of our life is spent in the company of strangersd many transactions are no longer
face-to-face. The growth of e-auctions and other forms of e-commerce is based, to a
considerable degree, on reputation and ¥dsThe possibility to exploit such trust raises

what economists call moral hazards. How effects/reputation, especially if information is

only partial?

Evolutionary biologists, on the other hand, arergdged in the emergence of human societies,
which constitutes the last (up to now)tbé major transitions in evolutibh In contrast to
other eusocial species, such as bees,aiegmites, humans display a large amount of
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cooperation between non-relative¥’ A considerable part ¢fuman cooperation is based on
moralistic emotions — for instance, anger directed towards cheaters, or the proverbial ‘warm
inner glow’ felt after performing an altruistaction. Neuro-economic pgriments show that

these emotions have a physiological bagis Intriguingly, humans not only feel strongly

about interactions which involve them directly, they also judge the actions between third
parties, as evidenced by the contents of g&$sipus indirect reciprocity is likely to be

connected with the origins of moral norms. Such norms are evidently to a large extent culture-
specific; but the capacity for moral norms appdarbe a human universal for which there is

little evidence in other specigs

Because the recent rapid advance of experimentastigations of indirect reciprocity was to

a large part theory-driven, we shall discuss the modelling approaches before reviewing the
experiments. But first we note, in a wider conféixat indirect reciprocity seems to require a
‘theory of mind®®. Whereas altruism directed towards kin works because similar genomes
exist in different organisms, reciprocal aldm recognises that similar minds reside in
different brains. It is easy twnceive that an organismpetiences as ‘good’ or ‘bad’

anything that affects the own reproductived#n in a positive or negative sense. The step
from there to judging, as ‘good’ or ‘bad’, actions between third parties, is not obvious. The
same terms ‘good’ and ‘bad’ win@re applied to pleasure and pain are also used for moral
judgements: this linguistic quirk reveals ancasthing degree of empathy, and reflects highly
developed faculties for cognition and abstraction.

Direct versus indirect reciprocity

In the terminology based on Hamilton, Trivers, and Witédh an act is said to be altruistic if

it is costly to perform, but confers a benefitatwther individual. In evolutionary biology,
costs and benefits are measured in Darwinian fitness, which means reproductive success. In
other contexts other utility scales such as monetary rewards may be more appropriate.
Reciprocal altruism in its original, ‘direct’ semngs defined as an exchange of altruistic acts
between the same two individuals, sattim total, both obtain a net ben&fin the simplest
model, the altruistic act coisss in conferring a benefitto the recipient at a costo the

donor. We shall always assume that the cost &lsnthan the benefit, so that if the act is
returned, both individuals experience a gain. This yields the payoff structure of the familiar
Prisoner’s Dilemma game If both players cooperate, each receiv&s which is better than
what they would obtain by defecting, ndyn@. But a unilateral defector would edsywhich

is the highest payoff, and the exploited co-operator would pay the watktout receiving

any benefit. The payoff-maximising moeensists in defecting (Fig 1).

This changes if the game is repeated for dveunds. For simplicity, we shall assume that
in each round both players decide simultaneouslyciéd also assume that they alternate,
which leads to a slightly different gafié* The so-called folk theorem on repeated games
states that if the probability for future roundsusficiently high, cooperation can be sustained
by so-called trigger strategies, which switchidtentless defection as soon as the co-player
defects onc@. A rational player would have to weige benefit of exploiting the co-player

in one round against the cost of forfeiting chtlaation in all future rounds, and thus would
abstain from defection.

In the context of indirect reciprocity, anydvplayers are supposed to interact at most once

with each other. Thus it is not possible that eatér is taken to account by the victim. Each
player can experience many rounds, but nevér thie same partner twice. Clearly, trigger
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strategies can still ensure a cooperative Nashilegum, such that if all players use them, no
player would have an incentive to deviatestirategic thinking, only the payoffs matter, not
by whom they are provided. In this sense, gskep from direct todirect reciprocity
corresponds simply to the step from pers@mdorcement to community enforcem@rt,

But a trigger strategy prescribing each par& cooperate until the first defection is
personally experienced, and thenceforth to aefeurts the original wrong-doer only after
many rounds. A strategy triggered by thetfdefection in the population leaves cooperation
at the mercy of the first wrong move. In batises a lot of innocents would be punished, and
errors cause havoc. Obviously, retaliation shouldibected towards the cheater, rather than
towards the whole community. This requiresrendetailed information. Game theory shows
that even if information is transmitted only locally and errors occur occasionally, cooperation
can be sustained: there exist strategies suththrational player has an interest to deviate
unilaterally’.

In evolutionary game theory, it is not asgd that players are rational, but only that
successful strategies spread -- by being itdarfor instance, or copied through imitation or
learning®. For direct reciprocity, game theoretieaialysis and indidual-based simulations
have shown that a population of defectors lmarnvaded by a smatluster of retaliators or

even by a single retaliatSr Typically, one considers a well-mixed population where
individuals meet randomly and play a series of Prisoner’'s Dilemma games with each other.
What counts is the total payoff. Retaliatomnpensate the loss of being exploited by a
defector in the first round with long sequences of altruistic exchange with other retaliators.
Once cooperation is established, a complex evolution takes place, which depends on the size
of the population, the cost-to-benefit ratiog tverage number of rounds and the probability
of errorg*3334

A similar model of indirect reciprocitysaumes that within a well-mixed population,
individuals meet randomly, one in the roliethe potential donor, the other as potential
recipient (Fig 2). Each individual experiencesgesal rounds of this interaction in both roles,
but never with the same partner twice. Agalhtheat counts is the total payoff. A player can
follow either an unconditional strategy, suchabsays cooperate or always defect, or else a
conditional strategy, which discriminates among the potential recipients according to past
interactions. In a simple example, a discrinimgplayer can help the co-player if that co-
player’s score exceeds a certain threshold. A player’s score is 0 at birth, increases whenever
that player helps and decreases whenthe=player withhold&elp. Individual-based
simulations show that if the cost-to-beneditio is sufficiently low, and the amount of
information about the co-player’s past suffidig high, cooperatiobased on discrimination
can emerge. In the resulting populatioriptie channelled towards those who R&ffs.

Two features of this model were immediately appdréfit® One is the paradoxical nature of
the discriminating strategy. berms of rational game theory, why should players care about
the scores of others rather than just alloeir own payoff, and why should they decrease
their own score (and thus their likelihood of nea®y help on later occasions) by withholding
help from low-scorers? The second issue eamcthe lack of stability of the cooperative
outcome. The simulations display occasidnaists of defectionyhich are based on a
previous build-up of undiscninating altruists. In a popation of discriminators,

unconditional cooperators can increase by randaftnashd eventually invite the invasion of
defectors.

The two issues are closely related. Intuitively &p@g the intentions of players who selfishly
care about their own income only, and who diedp, accordingly, just to keep their own
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score high, are vastly different from the intens of altruists who have only the interests of
their co-players in mind and help them on gweccasion. But the effect is the same in both
cases: support will be given regardlesshe co-players’ contributions.

Binary assessment, or the world in black and white

In order to analyse these questions, an ewapler model was proped, based on a binary
score, taking only the values ‘good’ or ‘badépending on what the co-player did when last
observed*:. This can be viewed as a basic systemmofal assessment. In its simplest form
(first order), the assessment depends only erathion of the observed player, which means
on whether that player gave help or nodiscriminating donor using this assessment rule
refuses help to a ‘bad’ recipient, and therefore becomes ‘bad’, which reduces the chance of
being helped in turn. Effectively, discringiting players pay a cost for punishing bad co-
players. Such a form of altruistic punishmengood for the community, but costly for the
punisher, and thus can be viewed as a social dilémifige fact that costly punishment plays
an undisputed role in other contexts, sucpwsic goods games|timatum games and trust
game&®*® shows that this form of discrimination is highly plausible.

A more sophisticated assessment rule shdisiihguish between giified and unjustified
defection, and thus take int@count the score of the receiver: someone withholding help
from a ‘bad’ player should not pay with a reduced s€dfe®*’ There are many assessment
rules of second order, which also depend on the score ofcigee and of third order,
which depend additionally on the score of theato®nly eight of them lead to cooperation
and, at the same time eagvolutionarily stable: a homageous population of players using
such a strategy cannot be invadigtblayers using other stratediesAll eight of these
strategies distinguish justified from unjustdidefections. This property must hold for any
strategy which maintainsooperation, eliminates cheatemd can overcome err8tsThe
problem with the concept ofgtified defection, however, isdhit requires information, not
only about the past of the co-player, but alsophst of the co-player’s co-players, and their
co-players et®*

Again the stability of cooperation is threatermdunconditional altruistwho merely wish to
keep their own good score. In a populatomsisting entirely of discriminators,
undiscriminating co-operators fare just as well and thus spread by neutral drift. If their
frequency exceeds a certain threshold, defectorsnvade and take over. The situation is
altered in a significant way if players occamsadly fail to cooperate although their strategy
prescribes %2 This can be due to errors in implementation or lack of resources. It is
plausible that when regients need help, donors are also short of méansthis scenario, a
population consisting only of coitinal and unconditional altruists is not subject to random
drift, but selection leads toveell defined, stable mix of the twtypes. This mixture can be
vulnerable to the invasion of defecttrd

There are several ways out of this impas&ious assumptions on the distribution of the
number of rounds lead to a$tiable system, where depemglion the initial state, the

population converges either to tieation of defectors, or to stable mix of altruists which
cannot be invaded by defectrs® In this case, the very fatttat individuals are not perfect
and sometimes defect involuntarilyopnotes the stability of cooperatfn

Punishing a player with a badose creates another player with a bad score; but this ‘passing
the buck along’ can stop in two ways, byeuantering either a dcriminator who is

uninformed, or an undiscriminatiradtruist. Therefore, both the lack of information and the
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prevalence of unconditional altruists may, sigipgly, stabilise cooperation. A stable mix of
discriminating and undisitninating altruists whicltannot be invaded by defectors, is also
obtained by assuming that as players grow oltheir social network grows, and with it their
information about their co-players’ past> Alternatively, if the discriminating strategy
distinguishes between jusétl and unjustified dection, the population can converge to
discriminators only, which cannot be invaded by unconditional stratégies

Can discrimination based on the concept of ‘justified defection’ be destabilised by errors in
perception? Not if players hatlee same reputation in the eyes of all members of their
population. If such a consensual assessmerbbeachieved, the corresponding strategy is
robust®*** But if players have different views abdhe reputation of others, then errors in
perception can undermine cooperatfoSuch private lists of the scores of co-players are very
plausible if individual interactions are grbbserved by a fraction of the populatidrGossip
might be a way of achieving consensus, butaiaa be used for spreading false rumours and
manipulating co-players. The co-evolution of lnmianguage and cooperation by indirect
reciprocity is a fascinatgnand yet unexplored topic.

Another debated issue concerns timderlying population structifeAnalytical models are
often based on the idealisatioha very large, well nxed population. Individual-based
simulations typically assunmopulation sizes of 50 to 100 imitiuals, based on estimates for
the group size of hunter-gatherers. In such small populations, random drift can strongly affect
evolution. Populations consisting of manpagate groups with a modicum of exchange
between them have also been modéftéti Such a population strucejrhowever, facilitates

the evolution of altruism via group selectiénit could be that co-operators fare less well than
defectors within each group, but that groups@perators fare better than groups of
defectord’. In extreme cases, this leads to cooperation even in the absence of indirect
reciprocity. While it is most interesting to study the interaction between group selection and
indirect reciprocity, it is equally imptant not to confuse the two effects.

Costly experiments

The basic experimental setup for testingiiadi reciprocity studies a group of players
equipped with an initial momay endowment. Each playesrrepeatedly given the
opportunity of donating money to a specific co-player, thus increasing the account of this
person by an amoubt Players know that if they choose to do so, an amowiilt be

deducted from their own account — the costpimviding the gift. In order to eliminate
confounding effects, players usually do notiatt face-to-face, but they are given some
information about the past actiooktheir potential recipients. Ely know that their recipients
will never be their donors on future occasiars] thus that there i scope for direct
reciprocity. The interactions both with the caygers and with the experimenters are kept as
anonymous as possible, usually under doubredlronditions. Many parameters can be
varied within this basic setup, for instance tlst-to-benefit ratio, the size of the starting
account, the number of interactions, the size of the group, the degree of information about the
co-players’ behaviour, the length of the gamne¢he social background of the players.

From the first experiments onwards, it was clbat a substantial part of the players
frequently decide to donate. The propensityifidirect reciprocation is apparently
widespread. As expected, donati@esur more frequently if the sbto-benefit ratio is lower,
or the starting account higher. Reputation daasnsiderable influence on the decisions. In
particular, the image score of potential recipients correlates well with their expectation to
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actually receive moné; Players who donatess often display a higher degree of
discrimination. Players who@more open-handed care less about the recipient’s score.
Conversely, if players know that their owroee is passed on, they are much more likely to
donate than otherwise®

The hypothesis that more information ledémsnore cooperation Babeen confirmed in
experiments which compare three information conditforis one condition, players have no
information about their co-play® in the second condition, thaye told about what their co-
players have decided when last in the rola dbnor; and in the tldrcondition, additionally,
they know about the score of the recipient ef tb-player. We note that this is not always
enough to decide whether aepious defection was justifileor not. But the additional
knowledge did enhance cooperafibn

In this series of experiments, there is a significant positive correlation between the number of
gifts given and received, but a slightly negatoorrelation between the number of gifts given
and the total payoff obtained. In another experififehbwever, those who give often end up
with the highest payoff, so that there israt&gic advantage to generosity. The discrepancy
could be due to the larger number of rounttee-advantage showed up only after a dozen of
rounds - or to the fact that players were infedmot only about the recipients’ last move but
their whole history of giving.

Evidence for strategic reputation building@ihd in many experiments. Donations are more
frequent in earlier rounds, when the own repatahas a higher impact on the future income.
But several experiments show that eveaypls who know that their score will not be
communicated show generous behaibiit Such donors cannot be motivated by selfish
interests. For many players, however, the pnsjtg to donate more than doubles, if they

know that their action will be communicated, ahdg affect their own score. The influence of
the recipient’s score decreases accordingly. Often there is evidence for a dual motivation —
players give donations if the recipient'se s high or their own score is 18w

Experiments investigating whether a player'sijiesl defections lowers his or her chance to
receive subsequent donations indicage tognitive problems challenge the ddfioPlayers

faced with a full history of all previous roundake in general a longer time to reach their
decision, suggesting that they attempt to iake account, not only their recipient’s last

move, but also that of their rg@eent’s recipient. Nonetheless, the statistics of such games with
full information look surprisingly similar tchbse obtained when players know only the score
of the recipient. Moreover, players who justifiabéfuse to donate to a defector display in the
following round an increased temd®y to provide donations, astd make up for that refusal.
This indicates that they expect their refusal to lower their score in the co-players’ eyes, and
that they do not rely on the community’s understanding.

Many experiments haw&hown that players who have just received a donation are more likely

to give a donation in turn. There is evidence for ‘upstream’ indirect reciprocity in cyclical
networks: as expected, short loops andyh bienefit-to-cost ratio favour cooperafforA

variant of the Trust Game has two donor-responder pairs, but such that the transfers are criss-
cross: the responder of one donor can ortiyrremoney to the other donor (and does not

know the amount transferred by that donor). Therrerates turn out to be no lower than if

they were addressed to the own d6h8t In experimental situaths which are not based on

rigid networks, the decisions of donors alend to mirror their own recent experietfc&

People are nicer to others ifrith parties were nicer to them. More generally, it seems that



decisions often depend on both the donor’s payoff and the recipient’s score, but such
strategies have not been analysed so far.

Public goods

Indirect reciprocity is situated somewheréween direct reciprocity and public goods. On
one hand, it is a game between two players dh&/donor and the recipient, but on the other
hand it has to be played within a larger group.

Richard Alexander claimed that indirect reciprocity originates from direct reciprocity in the
presence of interested audierfcésgood strategy for the latter is Observer Tit FOPSI’Q@.%
Players using this strategy for the repeated Prisoner’s Dilemma are following Tit For Tat,
except that in the first round, they defect gytknow that their co-player, in a previous
repeated game against another player, hastief. Observer Tit For Tat relies on reputation
in the first round and on personal experiencallifurther rounds against the same co-player.
Conversely, experiments shovathf several rounds of aiBoner's Dilemma are appended to
an indirect reciprocity game, the display o fbrevious score increases a player’s probability
to cooperate with generopfayers in the first few rounds. After a couple of rounds the
personal experience obtained with the given co-player becomes more §écisive

The widespread tendency to judge actiortsvben third parties, and the readiness for
cooperation combined witHteuistic punishment (also knawas strong reciprocity) has

been neatly captured in an expgent involving three playef$’ First, players A and B
engage in one round of a Prisoner’s Dilemma game. Then, [@dyas the possibility to mete
out costly punishment on A and B. Defectors aften punished although this reduces the
endowment of the punisher. lowld be interesting to see whether observers of a repeated
Prisoner’s Dilemma game are using a similaelef punishment, or whether they reduce it
because wronged players have the opportunity of avenging themselves.

Indirect reciprocity and public goods ganae also closely connected. For example, donors
are more generous if they learn that the reciphas recently made a donation to a charitable
institution’>. An even more remarkable effect wiasnd in an experimerlternating rounds

of the public goods game with rounasthe indirect reciprocity game It is known that

many players show an initialillingness to contribute to épublic goods a substantial
amount of their endowment, but this willingnedten vanishes within a few rounds. This is
not the case if indirect reciprocity games saadwiched between the rounds of the public
goods game. If players are informed aboutrthegtipient’s action in the public goods game,
they tend to be more generous towards recipients who contributed much. Conversely, players
are more willing to contribute to the public goatithey know that this will be communicated
before the start of the indirect reciproaggme. The contributions to the public good do not
deteriorate from one round to the next. The domatin the indirect reciprocity game, which
are channelled towards those who contributedmta the public goods, can be viewed as
rewards.

Whereas most experiments,imlirect reciprocity, were motivated by models, this last
experiment led to a modé(> A discriminating strategy, wHicdefects in all rounds of the
indirect reciprocity game if the recipient is knowo have defected in the public goods game,
can guarantee stable cooperation. Sincedibigiminating strategy distinguishes between
justified and unjustifiedlefection, it is effectively a non-cdgform of punishing free riders

in the public goods game.



Cerebral expansion

Indirect reciprocity based on reputation seraes link between diverse forms of cooperative
interaction. The moralistiassessment of the other memberthepopulation, even if they are
only observed at a distance, provides a powerful tool for channelling support toward those
who collaborate, and thus an incentive to join group efforts.

In human evolution, there was a tendency fthesimple cooperation promoted by kin or
group selection to the strategic subtleties of diaect indirect reciprogjt Direct reciprocity
requires precise recognition oidividual people, a memory tfie various interactions one

had with them in the past, and enoulghin to conduct multiple repeated games
simultaneously. Indirect reciprocity, in atidn, has to monitor interactions among other
people, possibly judge the intentions that occiguch interactions, and keep up with the ever
changing social network of the group. The repatabf players may not only be determined
by their own actions, but also byeih associations with others.

Finally, indirect reciprocity he.coevolved with human languagen one hand, it is helpful to
have names for other peopledato receive information abohbw a person is perceived by
others, on the other hand a complex languageedeatkeespecially if there are intricate social
interactions. The possibilitider games of manipulationpoperation and defection are
limitless. It is very likely that games of indist reciprocity provided the selective scenario
that led to cerebral expansion in human evolution.

Acknowledgments: The Program for Evolutionary Dynamics at Harvard University is
sponsored by Jeffrey Epstein.

Box 1: The good, the badnd the discriminating

Similarities and differences between direct and indirect reciprocity become apparent when
studying the replicator dynamics of three strategies: always cooperate, always defect and the
simplest discriminating strategy. In the case oédireciprocity, this is Tit For Tat , which

helps in the first round and then does whatéveropponent did in the previous round. In the

case of indirect reciprocity, this is the $&gy, which prescribes to help, except if the

recipient is known to have refused to help in the previous round. In each case, there are many
other discriminating strategies, which are likely to take over eventually. This analysis is just a
first step.

In the absence of discrimirmas, defectors win againsb@perators. In the absence of
cooperators, defectors and disgnators form a bi-stable stem: depending on the initial
condition, either one or the othgrategy wins. In the absencedsdfectors, discriminators and
cooperators are in equilibrium. Random fluctuations, however, makdrdmgiencies drift up
and down. The equilibria can be invaded by defectors if the frequency of discriminators is
below a certain threshold. With all three strategies present, the dynamics lead either to
defectors only or to a mixture tfe two kinds of altruists.

If errors occur, or if an intended donation canp@implemented through lack of resources,
discriminating and undisicninating altruists reach, in the abse of defectors, a stable co-
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existence with a well-defined frequency of disgnators. If all three types are present in the
population, the system displays two types of beha. If the frequency is too low, defectors

win. If the discriminators are sufficiently frequent, all three strategies coexist. However, in the
case of direct reciprocity, the frequencies odeill@eriodically, whereas in the case of indirect
reciprocity, they converge to an equilibrium each case, a long series of random

fluctuations may eventually destroy the coexisteaf the three strategies. In the deterministic
model, only the emergence of other conditistedtegies can save cooperation in the long

run’®. For stochastic population dynamics, the time average of the evolutionary oscillations
can be centred on discriminators.

[Figure Box 1]

Box 2: Let a thousand morals bloom

In a world of binary moral judgements, there &our ways of assessing donors in terms of
‘first order assessment’: always consider thergaxl, always consider them as bad, consider
them as good if they refuse to give, or coasithem as good if they give. Only this last

option makes sense. Second order assessmertegiends on the score of the receiver; for
example, it can be deemed good to refude toea bad person. There are 16 second order
rules. Third order assessmeago depends on the score of the donor; a good person refusing
to help a bad person may remain good, for exanipit a bad person refusing to help a bad
person remains bad. There are 256 third ordeessment rules. We display three of them.
With SCORING, cooperation, C, always leads good reputation, G, while defection, D,
always leads to a bad reputation, B. STANDINGke SCORING, but it is not bad if a good
donor defects against a bad recipient. With JUR&|in addition, it is bd to cooperate with

a bad recipient.

[Figure Box 23]

For another assessment rule, SHUNNING, all donors who meet a bad recipient become bad,
regardless of what action they choose. SHUNIBI strikes us as grossly unfair. Yet it

emerges as the winner in a computer tournanifesitrors in perception are included and if

there are only a few rounds in the gafme

An action rule for indirect reciprocity prescribisgive or to not to give, depending on the
scores of both donor and recipient. For examyae, may decide to help if the recipient’s
score is good or your own score is bad. Sarclaction might rise your own score and
therefore increase the chance of receiving help in the future. There are 16 action rules.

If we view a strategy as the combinatioraafaction rule and an assessment rule, we obtain
4096 strategies. In a remarkable calculation, Ohtsuki & ItA%analysed all 4096 strategies
and proved that only 8 of them are evolutiolyastable under certain conditions, the so called
‘leading eight’.

[Figure Box 2b]

The three *s in the assessment module indiadree choice between G and B. Hence, there
are 2 =8 different assessment rules. The action module is built as follows: if the column in
the assessment module is G and B then the pameléng action is C, otherwise the action is
D.



Both STANDING and JUDGING belong to the leading eight, but neither SCORING nor
SHUNNING. We expect, however, that SCORING@yd a similar role in indirect reciprocity
as Tit-for-tat in direct reciprocity. Both strgies are not evolutionary stable, but their ability
to catalyze cooperation in adverse scenariogtagid simplicity constitute their strength. In
extended versions of indirect reciprociyhere donors can sometimgsceive others about
the reputation of the recipient, SCORING is fio®l-proof’ concept of ‘I believe what | see’.
SCORING judges the action and ignores the stories.

Box 3: Bidding for trust

Trust, ‘a lubricant of social lifé?, plays an essential part in many types of economic
transactions. In the Trust Game, donors whstttheir responder will expect to gain from
transferring money. In contrast, donors in theilect Reciprocity game know that they can
expect no direct return, even if their recigientrustworthy. All they can gain from the
transfer is an increased reputatfonaltruism and trustworthiness.

Game theory shows that coopevatcan be sustained in the indirect reciprocity game if each
player carries a lab€l The strategy prescribes that eywho deviate from it have to be
punished (by not being helped) for a number T of rounds. A player’s label specifies for how
many rounds that player has to be purisiiiea donor and a receiver meet, the action
prescribed by the strategy depends only eir fabels, and thelabels will be updated
depending on the donor’s action. No player hagmeentive to deviate if all other players

adopt this strategy, and the effect of amewill be overcome after T rounds. But settling on
this strategy, for instance, on the specific number T, seems to require an institution able to
guarantee honest labelling.

Subscribers to e-Bay auctions are asked te stdtier every transaction, whether they were
satisfied with their partner or not. Their partners’ score can accordingly increase or decrease
by one point. The ratings of e-Bay membeais;umulated over twelve months, are public
knowledge. This very crude form of asssent seems to suffice for the purpose of
reputation-building, and seems to be reasgnptwof against manipulation. Social history
knows many other instances of public score-kegpBocieties have sewn scarlet letters to
people’s garments, shaved heads, cut off fingedsgiven medals to signal to strangers some
aspect of an individual’s past deeds or misde€dRéputation mechanisms have also played

an important role in the emergence of medieval ffade

Box 4. Games of direct reciprocity

Trust Game: two players, onetlme role of the donor, the other in the role of the responder.
The donor can transfer some money to thpaeder. Upon arrival, the amount is multiplied
by three. The responder, then, has the posgibilisending some of it back to the donor. A
responder with an income-maximising s&gy should send nothing back. Any donor
expecting this should therefore transfer nothingeal experiments, many donors transfer
substantial amounts, and some obtain large returns, so that both players win.

Public Goods: each & players can independently decide to transfer some money to a
common pool, where it is multiplied by some faat¢smaller tharN) and then divided

equally among all players irrespective of whether they have contributed or not. Since each
player receives, in return for the own contribution, only the fractidnthe income-

maximising strategy is to contribute nothiig real experiments, however, many players
contribute. If all do, they multiply their endowment by the factor r.
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The Public Goods game fbi=2 players has the structwéa Prisoner’s Dilemma. Two

players who cooperate earn more than tveyg@is who defect; but a defector cheating on a
cooperator earns the highest payoff, and thpogbed cooperator earns the lowest. If two
players, in a trust game, are simultaneously in the role of the donor, and then simultaneously
in the role of the responder, theypltwo rounds of risoner’s Dilemma.

Experimental economists, andpeximental psychologists, aintensively studied these
games, and diverse variatioh®’

Box 5. Upstream and downstream

An entirely different approado indirect reciprocity is based, not on the reputation of the
recipient, but on the experience of the donorimvidual who has been at the receiving end
of a donation may feel motivated to doniatéurn. This has been called ‘upstream’
reciprocity, in contrast to the ‘downstrearatiprocity that we have considered Kehe both
cases, the decision to give help can be integdras a misdirected act of gratitude. In one
case, recipients are thanked for what anatlieerin the other case, they are thanked by
someone who did not profit by what they dithstream reciprocity seems more liable to
exploitation, since the support is not directedaads those who gave support. If players are
arranged in closed loops, fimstance: A gives B, who gives C, who gives D, who gives A
again, cooperation can be stable, provideddbpd are very short and the number of rounds
sufficiently higf®2 If the players meet randomly, however the social network is fluid,
then upstream reciprocity is too diffuseprevent defectors from taking of&t

[Figure Box 5].

Box 6: Social viscosity

Altruism toward genetic relatives can evolve by kin selection provided Hamiltons rule
holds: the coefficient of relatednessbetween the donor and the recipient has to exceed the
cost to benefit ratio of the altruistic act,

r>c/b.

As Haldane has said, ‘I will jump into the river to save two brothers or eight cousins.” The
probability that brothers share a ‘selfish gene’ is %2; the same probability for cousins is 1/8.
Kin selection works in ‘viscous’ populatiomgere chances are high that neighbours are
genetic relatives.

For indirect reciprocity a similar rule hoffisthe probabilityg, to know the social score of
another person must exceed the cost to benefit ratio

g>c/b.

The role of genetic tatedness that is crucial for kin selection is replaced by social
acquaintanceship. In a fluid population, wherestnoteractions are anonymous and people

have no possibility of monitoring the social score of others, indirect reciprocity has no chance.
In a socially viscous population, where peokhow each others reputation, cooperation by
indirect reciprocity can thrive.
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Figure legends

Figure 1: Direct reciprocity means that A helpsaBd later B helps A. Indirect reciprocity
means that A helps B and later C helps A. Helping represents &,dosthe donor and a
benefit,b, for the recipient. Direct reciprocity is captured in the framework of the repeated
Prisoner’s Dilemma. Indirect rgmiocity, in contrast, is bl on reputation. Helping another
individual is costly but buys the reputationbsing helpful. Computer simulations and
mathematical investigations ofdirect reciprocity show #t natural selection can favour
strategies that help othdrased on their reputation.

Figure 2: In a natural extension of the basic model of indirect reciprocity, an action between a
donor, A, and a recipient, B, is observed by a subset of the poptialibe observers, the

donor and the recipient can inform othab®ut what has happened. There are many

possibilities of error: the actiaor the intention of the donor camterpreted differently by

different people, some individuals may receive conflicting information from different sources,
some individuals may not receive any information at all. Therefore, the reputation of a person
is not simply a label that is visible to all others, but instead each person has a private list of the
reputation of others. While language might help to compare and synchronize th&se lists
ultimately reputation is in the eyes of the beholder.
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