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Reciprocity theory holds a hallowed status in evolutionary social sciences
because it provides a way to explain cooperation among unrelated individuals.
Theorists have developed a large body of mathematical work based on the iter-
ated prisoner’s dilemma game that explores which strategies are evolutionarily
stable in a range of conditions, including scenarios involving behavioral errors.
However, there is a mismatch between the vigorous pace of theoretical research
and the trickle of empirical studies that have tested predictions generated by
the theoretical work. Furthermore, findings from the empirical work on dyadic
cooperation in humans diverge from theoretical predictions in significant ways.
This discrepancy indicates that the standard theoretical framework is poorly
equipped to account for key aspects of real-world cooperation. To better align
with real-world observations, theoretical explorations of reciprocity need to
shift their focus toward understanding how actors choose partners and maintain
relationships.

Reciprocity: Theory and fact

Ever since it was first proposed by Trivers [1], the theory of reciprocity has dominated
research on the evolution of cooperation among unrelated individuals because it explains
how individuals who help others can recoup the costs of helping. Three conditions must be
satisfied: the act benefits the recipient more than it costs the actor; the partners have a high
chance of interacting again; and individuals track partners’ past behavior, cooperating only
with those who reciprocate. Because these conditions are often satisfied in stable
social groups, the theory was embraced as a fundamental mechanism for the evolution of
cooperation. Building on this idea, Axelrod and Hamilton [2] created a mathematical theory
of reciprocity based on the iterated prisoner’s dilemma (IPD). This ‘standard model’ generates
predictions about how reciprocal strategies fare under different benefit—cost ratios and
probabilities of future interaction. It has spawned a vigorous theoretical enterprise that
continues today.

Here, we review the progress of the theoretical enterprise, which is built on the standard model
introduced by Axelrod and Hamilton [2] and extended by many others, and compare its
predictions to observed patterns of pairwise cooperation in humans. We conclude that while
some predictions fit behavioral data, many features of real-world pairwise cooperation are
inconsistent with the standard model. We then identify theoretical developments that move
beyond the standard model, highlighting how these approaches have—and have not—clarified
empirical patterns of pairwise cooperation in human societies. The patterns of disconnect
between theory and empirical data suggest new directions for theoretical developments. In
particular, we identify the need for more theoretical work on how actors choose partners and
what other actions, aside from conferring benefits, an individual needs to perform in order to
maintain relationships. This may require a shift from the prevailing theoretical paradigm,
which is best suited to examining whether individuals should cooperate or defect within an
existing partnership (Figure 1).
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Figure 1. Discrepancy between standard reciprocity models and long-term cooperative relationships. Standard
reciprocity models are based on the iterated prisoner’s dilemma, in which individuals are paired randomly, cannot choose or
abandon partners, and face the same costs and benefits of helping in every interaction. These assumptions imply that
individuals must be sensitive to the benefit-cost ratio, should closely monitor partners’ behavior, and respond quickly to
defection, yielding relationships that are balanced in terms of aid given and received. In contrast, in real-world pairwise
relationships people can choose and abandon partners and the benefits and costs of helping may change in each
interaction opportunity and be opaque to partners. Individuals are concerned about balance in maintenance behaviors that
show sustained commitment to the relationship and are less sensitive to imbalance in the benefits given and received.

Several reviews of reciprocity exist [3-8], so rather than discussing the topic broadly, we focus
more narrowly on the standard mathematical model and highlight key extensions. By illustrating
which cooperation strategies are evolutionarily plausible, this family of models has substantively
influenced our understanding of the proximate mechanisms and psychology underpinning
pairwise cooperation. Likewise, our treatment of the empirical work mainly addresses the extent
to which the standard model captures the nature of reciprocal cooperation in humans and iden-
tifies particular patterns of deviation.
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The standard model

Beginning with Axelrod and Hamilton [2], the evolution of reciprocity has been modeled using the IPD.
Much of this work uses evolutionary game theory: pairs of individuals are drawn from a population
and interact repeatedly, choosing to cooperate (C) or defect (D) without knowing their partner’s
choice. Payoffs follow the prisoner’s dilemma. We focus on a simplified version with payoffs:

C D
C b-c¢c,b-c -c,b
D b, —¢c 0,0

When an actor cooperates, they provide a benefit b to their partner at a cost ¢ to themselves. This
payoff structure is called the ‘donation game’. The more general prisoner’s dilemma payoffs add
complexity but provide little additional insight. The partnership continues with probability w each
round, giving an average of 1/(1 - w) interactions.

Behavior is governed by inherited strategies, which may be unconditional or contingent on past
play. Always Defect (ALLD) defects every round; Tit-for-Tat (TFT) cooperates first, then copies
the partner’s last move; Grim cooperates until the partner defects, then defects forever. Some
important strategies are described in Table 1 and illustrated in Figure 2.

The standard model predicts that reciprocal cooperation should be common. When individuals
are paired randomly, a cooperating strategy such as TFT resists invasion by defectors when
wb > c. A population of unconditional defectors can also resist invasion by reciprocal strategies
because strategies that cooperate on the first move pay -c, while ALLD pays nothing. Thus,
both cooperative and noncooperative strategies can be evolutionarily stable. However, when
pairing is assortative, so that individuals with the same strategy are more likely to interact than
by chance, reciprocal strategies can invade a population of defectors. When interactions continue
for a long time, only very low levels of assortment are necessary, and such low levels of assort-
ment may be very common due to population structure.

Table 1. Some important strategies in the iterated prisoner’s dilemma game

Strategy name Behavioral rule

Always Defect (ALLD) Defect during every period.

Always Cooperate (ALLC) Cooperate during every period.

Tit-for-Tat (TFT) Cooperate during the first period, then do whatever your partner did on the previous period.
Tit-for-two-Tats (TF2T) Cooperate during the first period, then cooperate unless your partner defects twice in

a row. Then defect twice and resume cooperating.

Generous Tit-for-Tat (GTFT) Cooperate during the first period, then cooperate if your partner cooperated or with a
fixed probability after a partners defection. Otherwise defect.

Grim Cooperate during the first period, then cooperate until your partner defects. Then
defect forever.

Win-Stay-Lose-Shift (WSLS) Cooperate during the first period, then cooperate if both cooperated or both defected
during the previous period. Otherwise defect.

Suspicious Tit-for-Tat (STFT) Defect during the first period, then do whatever your partner did on the previous period.

Contrite Tit-for-Tat (CTFT) Individuals begin in good standing. They remain in good standing when their behavior
conforms to the rule, cooperate if your partner is in good standing or you are not in
good standing. Otherwise defect.

Arbitration Tit-for-Tat (ATFT) Individuals begin in good standing. They remain in good standing when their behavior
conforms to the rule, cooperate if your partner is in good standing or you are not in good
standing. Otherwise defect. Standing for both individuals is based on an arbitrators decision.
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Figure 2. Behavioral sequences of
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This means that for social organisms in long-lived groups in which individuals interact many
times, reciprocal cooperation should usually evolve when wb > ¢. Compare this to Hamilton’s
rule, rb > ¢. With w = 0.5 (two expected interactions), reciprocity can resist invasion at the
benefit—cost ratio that allows for cooperation among full siblings. In species where individuals
interact hundreds or thousands of times, reciprocity should persist whenever b is even a little
bit bigger than c. Because higher levels of relatedness allow reciprocating strategies to succeed
with lower b/c ratios, the standard model also predicts that reciprocity should be more common
among kin than nonkin and occur when wb < ¢ (8].

The standard model cannot predict which reciprocating strategies dominate because many
different strategies can be stable (or aimost stable) once common [9]. Strategies that never defect

first are ‘nice’ and earn the maximum payoff (b - ¢)/(1 - w) when common. If wb > ¢, defectors
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such as ALLD do worse. Nice strategies come in many stripes and can have qualitatively different
behavior. For instance, although both are ‘nice’, Grim defects forever after a single defection,
while TFT can restore cooperation if its partner behaves appropriately. Both of these, and
many more, can resist invasion by defecting strategies. Behavioral errors, wherein a player inad-
vertently defects when they intended to cooperate or misperceives their partner’s cooperative act
as a defection, can play an important role in determining which strategies are stable [10]. Without
errors, two TFT players cooperate indefinitely. With errors, TFT players soon fall into a costly
series of reprisals. Other strategies, such as Win-Stay-Lose-Shift (WSLS) and Contrite Tit-for-
Tat (CTFT), are able to restore cooperation after an error.

In this section, we ignore the effects of ‘indirect invasion’. In repeated interactions, there are many
different pairs of strategies that behave the same way against each other but differently when
interacting with other strategies. For example, TFT and Always Cooperate (ALLC) always coop-
erate with each other and, as a result, have the same payoff—selection will have no effect on
their relative frequency. However, a reciprocating strategy such as TFT can be gradually replaced
by ALLC due to nonselective processes such as drift and mutation. But ALLC does not punish
defectors, and eventually, some defecting strategy will invade. Indirect invasion can fundamen-
tally change the dynamics of cooperation. Recent theoretical work [9-12] suggests that indirect
invasion reduces cooperation at steady state, but predictions are extremely sensitive to the
presence of behavioral errors and the rate of mutation. This work has had little impact on how
most empirical researchers use the standard model to understand cooperative behavior. Indirect
invasion is discussed in more detail in Box 1.

The standard model has clarified how individuals can potentially solve the strategic problem inher-
ent in cooperation. It has also helped generate predictions about the behaviors and cognitive
traits that evolution might favor. Because cooperative strategies can be socially learned, it can
also predict which behaviors will emerge from cultural evolution.

Box 1. Indirect invasion can destabilize cooperative strategies

In finite populations, reciprocal strategies such as TFT and Grim are vulnerable to ‘indirect invasion’ by defectors. This
phenomenon leads to different conclusions than the original Axelrod-Hamilton model. Without errors, all nice strategies
earn the same payoff when interacting with each other, so their frequencies will be determined by drift or interactions with
rare defectors; eventually, a tolerant strategy such as ALLC reaches high frequency, enabling ALLD to invade and domi-
nate [9,11,183,14]. When mutation rates are low, the level of cooperation fluctuates over time: there are long periods in
which one strategy is common and then rapid transitions to another strategy, perhaps with much lower rates of cooper-
ation. In error-free settings, all strategies are prone to such invasion including noncooperative strategies [9,13,15].

When actors make errors, cooperative strategies such as CTFT can avoid indirect invasion [10,16,17]. Suppose two CTFT
players, Charles and Emma, interact. They both cooperate until one player, say Charles, makes a mistake and defects.
Emma then defects. Charles cooperates in the following round thus compensating Emma for his erroneous defection.
ALLC individuals do not defect in response to their partner’s defection, so they forgo this compensation and thus receive
a lower payoff when interacting with CTFT. Several forgiving strategies can be stabilized [10]. However, the difference in
fitness between these strategies and ALLC is proportional to the error rate and so is small compared with differences
between cooperative and noncooperative strategies. These results assume actors recognize their own errors. It is unclear
whether perception errors, where players disagree about what transpired, play the same stabilizing role. If such errors are
common, maintaining reciprocal cooperation requires third-party intervention [18].

Analyses of indirect invasion suggest the standard model is overly optimistic about the evolution of reciprocity-based
cooperation. The standard model suggests that cooperation should be commonplace because reciprocal strategies
can increase when rare and are stable when common. However, indirect invasion weakens this prediction because, even
when there are errors, cooperative strategies are only weakly stable. At low mutation rates, simulation studies indicate
populations switch between more and less cooperative equilibria. At high mutation rates, they settle into a fluctuating
mixture with both cooperative and noncooperative strategies present. In both cases, the result is moderate rather than
high levels of cooperation [10,12]. Cooperation is more frequent when partners are related, even weakly, because indirect
invasion occurs but cooperative strategies persist at intermediate frequencies [11,19].
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A second large body of literature, mainly in economics, uses a nonevolutionary approach in which
individuals choose strategies by evaluating payoffs. Its relationship to evolutionary models is
complex, and we do not review it here. For reviews, see [20,21]. We also do not discuss indirect
reciprocity because it is a fundamentally different evolutionary phenomenon.

The fit between theory and behavior
We now turn to the empirical literature on pairwise cooperation in humans. Our aim is to evaluate
when the data align with the standard model and where important inconsistencies arise.

Some human sharing is consistent with reciprocity

Studies of cooperation in foragers and other small-scale populations provide a crucial test of reci-
procity theory. In these settings, there are repeated interactions among known partners, and
resource transfers are consequential and sometimes life-sustaining. Patterns of sharing in
these communities are consistent with an important role for reciprocity in motivating cooperation.

Reciprocity, or contingent sharing, is typically assessed by whether transfers from A to B predict
transfers from B to A, where A and B may be individuals or households. Although positive corre-
lations between giving and receiving can occur for multiple reasons and do not necessarily imply
contingency, these studies typically control for other explanations such as kinship and physical
proximity. Among reservation-dwelling Ache hunter-gatherers in Paraguay, household-to-
household food transfers were more strongly predicted by reciprocal giving than by relatedness
[22], and Yanomam® households shared with a limited set of partners, and giving and receiving
food were weakly but significantly correlated, consistent with reciprocity rather than purely gener-
alized or need-based sharing [23].

Reciprocity often involves multiple currencies. In Ecuador’s Conambo community, meat was
exchanged for coalitionary support, which was critical in a context of frequent feuding [24].
Tsimane horticulturalists in Bolivia exchanged food, produce, labor, and childcare, with
contingent giving being the strongest predictor of overall exchange [25]. A long-term study of
Sama marine foragers in the Philippines tracked transfers of all material goods (food, tools,
medicines/drugs, adornments, clothing, fuel, bait, other production supplies, and cash).
Reciprocal flows between households best predicted exchange, both daily and across years,
even after controlling for kinship, proximity, and economic differences [26]. Patterns in industrial-
ized settings are broadly similar. A study of the flow of emotional support, minor services, major
services, and financial aid in support networks in Canadian East York found that receiving aid was
a better predictor of giving aid across multiple currencies than kinship, friendship, or contact
frequency [27].

In keeping with the standard model, reciprocity also structures cooperation among kin. Among
the Ache, households favored kin who had previously given more rather than kin in greater
need [22]. Sama households showed similar reciprocal sharing regardless of kinship, suggesting
that close and distant relatives also shared reciprocally [26]. Hadza children reciprocated giving in
both related and unrelated dyads [28]. Lamalera whale-hunting households are more likely to
share with related and nearby households, but the amount given was best predicted by the
amount received [29].

While contingent sharing often predicts resource transfers, sometimes matching or exceeding
the effect of kinship, reciprocity still explains only part of overall sharing [30], with substantial vari-
ation across societies. For example, Meriam turtle hunters and Hadza foragers widely share
hunted meat with little evidence of contingency [31,32]. Even the comprehensive Sama dataset
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found reciprocity explained only about 12% of variance [26]. These results reinforce the finding
that reciprocity is only one among multiple mechanisms underlying pairwise cooperation and
social exchange when interactions are repeated.

While naturalistic studies provide an essential reality check for reciprocity theory, they cannot
easily measure the benefit—cost ratios that the standard model deems crucial, since costs and
benefits occur in different currencies and depend on context. For instance, the value of meat
given or childcare provided depends on household surplus, storage options, alternative activities,
and childcare demands. Moreover, these studies rarely identify which contingent strategies
individuals follow, limiting fine-grained assessments of the cognitive mechanisms that support
reciprocity.

Some behavior in laboratory experiments is consistent with the theory

Laboratory experiments fill a critical gap in our ability to test reciprocity theory because benefits
and costs are in the same currency, making it possible to manipulate the benefit-cost ratio and
the number of interactions. Because the theoretically relevant parameters are under the experi-
menter’s control, we can determine whether the strategies people use correspond to strategies
that perform well in theoretical models. In typical designs, anonymous participants play an IPD in
which interactions last around 4—-10 periods. Each round, they choose to cooperate or defect and
receive monetary payoffs. While some of the predictions of the standard model find support in the
experiments, there are also noteworthy inconsistencies.

A reanalysis of results from seven experiments indicates that in games where behavioral errors
(players defect when they intend to cooperate) are precluded, there is significant variation in
cooperation rates [21]. This variation has been partly explained using conventional (not evolution-
ary) game theory. When there are multiple equilibria, conventional theory portrays actors as trying
to coordinate on one of the equilibria. Both evolutionary and conventional game theory predict
that actors should only cooperate when wb > ¢. While rates of cooperation in the first period
are higher when the parameters support a cooperative equilibrium, there is substantial coopera-
tion even when wb < ¢. Assuming that a cooperative equilibrium exists, conventional game theory
predicts that risk will play a significant role in strategy choice. If there is a high probability that an
actor’s partner will choose a cooperative strategy, then the risk of choosing a cooperative
strategy is lower than if this probability is low. The theoretically derived frequency of ALLD at
which Grim outperforms ALLD can be used as a measure of this risk [33]. For example, if this
value is 0.8, the actor needs to believe that the chance their partner chooses Grim is greater
than 80%. This risk index predicted first-round cooperation across experiments, though many
still cooperated even when the risk was high. (For an alternative based on heterogeneous
preferences, see [34].)

The experimental data suggest that most participants use ALLD, ALLC, Grim, TFT, or Suspicious
Tit-for-Tat (STFT). Across ten studies in which researchers specified a finite set of possible strat-
egies and then determined which strategies best fit the behavioral data, these five strategies
accounted for about 82% of behavior [21]. Strategy elicitation experiments, in which participants
first play an IPD and then specify a plan of action via a menu-based interface, show that the major-
ity again choose ALLD, Grim, or TFT [35,36].

Experiments that introduce behavioral errors show reduced cooperation and the use of more
tolerant strategies. Errors have been implemented in different ways [21], but here we focus on
the approach used by [37]. In this study, there was a probability of 1/16 or 1/8 that a chosen
action was flipped. Players were informed when their own choice had been reversed but not

¢? CellPress

Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx 7




¢ CellPress Trends in Cognitive Sciences

when their partner’s choice had been switched. Error rates had little effect on first-round cooper-
ation but modestly reduced cooperation later. Participants also shifted toward more tolerant
strategies, such as Tit-for-two-Tats (TF2T) [37]. The mixture model used to identify strategies
did not include CTFT, but a reanalysis of their data [38] indicates that a significant number of
participants used this strategy, and a follow-up study reached the same conclusion [39].
Although theory suggests WSLS is effective when there are errors [40-42], it is rarely observed
in experiments [35].

Friendship dynamics are often inconsistent with reciprocity theory. Friendships are an important
context for pairwise cooperation in humans and are closely tied to social support [30,43]. If reci-
procity is central to cooperation, friendships should provide a key setting to observe how it
operates. While some findings align with reciprocity theory, friendships also show multiple
features that are incongruent with the standard model.

Friends often don’t keep score. The standard model predicts that partners should carefully track
each other’s past behavior. Yet in practice, especially in high-quality friendships, keeping score is
discouraged and may harm relationship quality. Experiments among university students in China,
Japan, and the United States compared behavior when paired with strangers versus friends [44].
Proposers repeatedly decided whether to keep or split their allocation; responders could accept
the proposer’s choice or take half the endowment. The experiment allowed responders to moni-
tor how often the allocator faced decision-making opportunities. Accurate tracking would allow
responders to make payoff-maximizing choices. Across cultures, responders tracked friends
less than strangers; proposers were more generous with friends; and responders tolerated
more imbalance with friends. These results support the intuition that friendships are marked by
reduced vigilance, greater generosity, and tolerance of short-term inequities.

Norms play a role in friendships. Cultural norms, which are common behaviors maintained by
third-party sanctions [45-49], also shape pairwise cooperation, yet most reciprocity models
ignore their role. ‘Osotua’ relationships [50] among Maasai pastoralists are a good example of
how cultural norms shape friendships. An osotua relationship starts when one person asks
another for and receives a gift according to specific need, following strict asking and giving
norms. Unlike debt, osotua gifts need not be repaid. The bond is lifelong and inherited by children.
Some aspects of osotua overlap with reciprocal cooperation—individuals can count on receiving
help from partners at times of need, and while osotua relationships rarely dissolve, lying about
need or ability may end the relationship. Other aspects are inconsistent with reciprocity. Balance
and turn-taking are not required in osotua relationships. If only one partner repeatedly needs help,
giving can be heavily one-sided, and the resulting imbalance does not damage the relationship. In
a trust game experiment conducted with Maasai participants, framing the task as an ‘osotua
game’ lowered the amounts transferred by and returned to player 1 by their partner. The reduced
reciprocation aligned with the cultural meaning of an osotua relationship—giving and receiving
based exclusively on need requests, where reciprocation opportunities may occur only in the
distant future or never arise.

The 'Kung Bushmen (Ju/’hoansi) provide another example. Their ‘hxaro’ exchange network
involves delayed, roughly balanced transfers of nonfood gifts such as beads, arrows, tools, and
clothing, which signal the status of a relationship [51]. Hxaro partnerships follow rigid cultural
rules: they can be established only among consanguineous (blood) kin; they may begin in
childhood or be inherited from parents; upon marriage, spouses exchange gifts with their kin to
link their hxaro networks. More generally, sharing norms vary widely among foragers; for instance,
cultural rules governing the distribution of surplus meat strongly influence patterns of sharing [51].
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Friends engage in maintenance behaviors that provide little material benefit to their partners.
Friends not only provide costly aid when it is their turn, as suggested by the standard model,
but also engage in frequent interactions that offer little to no material benefit to their partner.
These behaviors are nonetheless emotionally consequential and influence whether friendships
persist. In fact, such relationship maintenance behaviors constitute the majority of friends’
interactions and are crucial for sustaining closeness. They include behaviors that make the
friendship enjoyable, emotional support, assurances that you want the relationship to persist,
self-disclosure such as sharing private thoughts, and doing things together [52]. Pairs that said
they were ‘best friends’ had a higher frequency of maintenance behaviors than pairs that charac-
terized themselves as casual friends. Costly helping, such as being a reliable ally and providing
instrumental aid, is higher among core friends compared to noncore friends, but so too is a
suite of maintenance behaviors, such as emotional support, intimate disclosure, reassurance of
worth, guidance and advice, affection, and companionship [53].

Studies on the dissolution of friendships also highlight the importance of maintenance behaviors.
A study of friendships among 6th-8th grade students [54] found that 86% experienced the end of
at least one friendship, often due to failures in cooperation (conflict, betrayal, and lack of support)
or insufficient maintenance behaviors (lack of companionship and asymmetry in friendship
perceptions). Dissimilarity and outside interference also contributed to the dissolution of friend-
ships. A study examining 1157 turning points (positive or negative changes in relationship
strength) among friendships that eventually dissolved used a sample of 162 US college students.
The most frequently reported reasons for positive turning points involved maintenance behaviors
and compatibility: engaging in activities together, taking trips, co-residing, spending time with
mutual friends, and sharing common interests. The most commonly reported reasons for nega-
tive turning points included circumstantial factors such as increased physical distance and the
end of co-residence, as well as conflicts, romantic partners, and one friend undergoing significant
changes.

The importance of maintenance behaviors suggests that reciprocal strategies need to address
more than just the history of cooperation and defection. The standard model does not account
for maintenance behaviors, making it poorly suited to provide insights into the more-complex
behavioral strategies that appear to be integral to pairwise cooperation in close relationships in
the real world.

In summary, although friendships are long-term relationships characterized by mutual aid—
typifying the conditions for reciprocity—they diverge in important ways from the predictions
of standard reciprocity theory. First, while friendships provide dependable aid, they are not
governed by precise score keeping, a key feature of winning strategies in reciprocity models.
Second, cultural norms, such as those underlying osotua or hxaro, structure expectations,
obligations, and tolerance for imbalance, but the standard model implies that norms are
superfluous for maintaining reciprocity. Lastly, actions that confer little material benefit are as
important as providing valuable resources or services in friendships. Yet, standard reciprocity
models do not warrant these maintenance behaviors for sustaining pairwise cooperation.

Promising directions for theory

Over the last couple of decades, there have been many developments in the theory of reciprocity,
but much of this theoretical work has been driven by previous theoretical work and is seldom tied
to specific empirical patterns. Researchers have relaxed a number of simplifying assumptions in
the standard model and have extended it to account for a wider range of conditions (described in
Boxes 1-3). Most of this work leaves the main predictions unchanged, and so, despite the
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Box 2. Extensions of the standard model—larger strategy sets, longer memory, and extortionate strategies

Researchers have relaxed several of the standard model’s simplifying assumptions. Here, we review three extensions that
do not change its qualitative conclusions.

Large set of competing strategies

Earlier work on the IPD analyzed competition between hand-picked strategies. More recently, investigators specify a
universe of strategies, and then try to determine which strategy does best. Much of this work has focused on reactive
strategies that condition actor’s behavior only on their partner’s behavior during the previous interaction and memory-
one strategies that also consider their own behavior during the previous interaction. The older approach of hand-picking
strategies has the advantage that it focuses attention on ones that are likely to do well. The downside is that hand-picking
strategies can strongly bias results. The problem with the newer approach is that the set of possible strategies is still a only
tiny subset of all possible strategies. Models which base strategies on finite state automata [10,11] allow a vast range of
strategies in theory, but in practice are limited by the initial state and the length of time allowed for selection to search
the set of possibilities. This points to the importance of basing the set of possible strategies on the developmental mech-
anisms of the organisms of interest.

Longer memory

Most theoretical work on the repeated prisoner’s dilemma restrict attention to strategies that condition behavior on what
happened in the most recent interaction. There has been some analysis of the effects of more memory, but no consistent
evidence that strategies that have longer memories are more successful. A large simulation study [91] shows that a
memory-three strategy named CAPRI does well when there are errors. A bookkeeping strategy that cooperates if the
number of cooperative acts in all past interactions is greater than a threshold number competes well with GTFT and WSLS
when b/c is small, but for larger b/c values WSLS predominates [92].

Zero-determinant strategies

There has also been much interest in ‘zero-determinant’ strategies [93] that allow one player to coerce their partner so that
they earn less than the first player. Such extortionate strategies do poorly in evolutionary competition and so do not change
what the IPD predicts about the evolution of reciprocity [94].

proliferation of theoretical models, the gaps between theory and observed behavior remain.
Indirect invasion (Box 1) is the big exception to this generalization, as it can lead to very different
predictions.

Box 3. Extensions of the standard model—continuously varying strategies

In the standard model actors have only two options, cooperate or defect. In many real-world situations, actors have a
continuous range of options, for example, how much food to transfer, what risks to take, and how long to help. Some stud-
ies extend the standard model to allow for continuously varying strategies.

One study analyzed a model in which the decision to help was presented as a continuous choice between zero and one
[55,56]. An individual who donates x experiences a cost of -cx and provides a benefit to their partner of bx. Competition
occurs between all possible ‘linear reactive strategies’, which are determined by three parameters: how much a player
contributes on the first interaction denoted by xo; how much the player contributes on subsequent interactions, denoted
by d + kx where x is the contribution of the partner on the previous interaction and d represents the player’s default contri-
bution independent of the partner’s previous behavior; and how the focal responds to the contribution of the partner,
denoted by k (when k > 1, actors escalate and when k < 1, they deescalate contributions). It seems intuitive that cooper-
ation should evolve more easily in this model because cooperators can initiate cooperation at low cost by first making a
small contribution and then increasing contributions if partners reciprocated [57]. However, the [55] model indicates that
selection favors full contribution on the first interaction. Without errors, a range of strategies are Nash equilibria. These have
Xo = 1 s0 are ‘optimistic’. They are generous (k > 1) and so return more to their partner than the partner sent to them, but
are ‘uncompromising’ (d small) so that they only cooperate fully when their partner does the same. However, when errors
are added such strategies can be invaded by more cooperative strategies, and these are subsequently invaded by
defecting strategies.

A model of continuous cooperation which incorporates group structure in the population has been analyzed [19]. In the
base case, the population always ends up at a noncooperative equilibrium. However, when more cooperative groups
are more successful in intergroup competition, cooperative strategies prevail. This result is reminiscent of the finding in
[11] in which kin selection eliminates cycling in the discrete game with reactive strategies.
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Box 4. A model with signaling and monitoring

Empirical work indicates that low-cost signals of commitment are important and that friends do not keep close track of
each other’s behavior. Here, we capture the idea that monitoring signals untrustworthiness [70]. In this asymmetric model,
player 1 chooses whether to cooperate, gaining a benefit of a while player 2 gains b;; if player 1 defects, player 2 receives d
< 0. With probability p, the cost of cooperation is low and player 1 faces low temptation, and with 1 - p, the cost of coop-
eration is high (c) and player 1 faces high temptation. Player 1 can investigate to learn the setting, and player 2 observes
whether they did. The equilibrium is player 1 cooperates without investigating, and player 2 terminates partnerships if
player 1 investigates. This holds when (j) a single defection under high temptation pays more than the lifetime benefits of
cooperation [c, > a/(1 - w)] and (i) defection in high temptation is very costly to player 2 [ob + (1 - p)d < O]. At equilibrium,
actors choose ignorance, and partners value this.

This result can be interpreted as explaining why friends do not track carefully [70]. First, long-run payoffs matter more than
immediate ones, unlike in the Axelrod-Hamilton framework. Second, immediate reciprocation may itself signal calculation
and undermine trust.

This is an interesting result, but there are two reasons to doubt that its logic accounts for the facts about friendship. The
model requires that a single defection sometimes outweighs the entire value of a friendship, which is unlikely to be the case
in real-world friendships. This assumption stems from the use of Grim-like strategies that end relationships after any inves-
tigation; the logic might not extend to less severe punishment. In addition, the result is entirely payoff-driven, predicting
ignorance only when betrayal yields huge gains and losses, whereas real friendships involve emotionally important but
usually low-cost exchanges.

However, some relatively new theoretical work embeds reciprocal pairs in a larger social setting
and shifts the focus from how reciprocators should behave to how reciprocators should choose
whom to cooperate with. We believe that this shift in emphasis helps close the gap between theory
and observed behavior. Here, we review several promising developments. Additional directions
likely exist that we have not identified, and we hope this review helps others uncover them.

The option to leave makes cooperation more about maintaining relationships
A common critique of the IPD model is that it assumes individuals cannot sever disadvantageous
partnerships; they can only defect. In real life, individuals can leave uncooperative partners. The

Box 5. A model of friendships

In the standard model each interaction pair is independent—an individual’s decision to cooperate with one partner does
not affect their ability to interact with others. In contrast, in this model of friendship, actors choose partners from among k
ranked individuals [66]. They first attempt to pair with the highest ranked individual. If the highest ranked partner is already
paired, they go down their ranked list and try again. If all of their list have been paired, then they are paired randomly with
another unpaired individual. One heritable binary trait determines whether they are cooperators or defectors. Cooperators
try to cooperate when paired with an individual from among their preferred partners, or if they are paired with a random
individual and have fewer than k individuals in their list of preferred partners. Otherwise, a separate parameter, x, deter-
mines the probability that they defect with the nonpreferred partner.

After all individuals have been paired, and either cooperate or defect, they update the preference weight of their current
partner. The importance of the current interaction is a heritable trait, & that evolves. Partners whose preference weight
drops below a threshold, Tare dropped from the list of preferred partners. Each generation one individual dies and is
replaced by a clone of an existing individual. Both survival and reproduction are proportional to the payoff averaged over
a number of previous interactions.

The four parameters that determine individual behavior are heritable traits that evolve over time. Evolution is simulated over
a range of exogenous parameters including population size, error rates, and cost and benefit of cooperation. The
frequency of cooperators is mainly determined by the benefit-cost ratio and the error rates.

When b/c is more than about two and the rate of behavioral errors is less than 0.1, cooperation equilibrates at high
frequency. When error rates are substantial, and population size is small, cooperation is substantially reduced. The aver-
age values at evolutionary equilibrium of the other three parameters are about the same for a wide range of exogenous
parameters. Individuals mainly cooperate with their preferred partners and not with others, relationship strength is about
equally affected by the most recent interaction and previous interactions, and relationship value must be low before
partners are abandoned. A separate set of simulations suggest that the equilibrium strategies that restrict cooperation
to preferred partners can invade a population of all defectors.
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standard model can represent this if maintaining one partnership has no effect on an actor’s
opportunities to form others [8], but not if cooperating with one partner affects cooperation
with others.

Several authors have modeled populations in which individuals can have only one partner
at a time but may leave and seek another [12,58-62]. Note that other theories such as
partner choice and biological markets [63,64] have been proposed to address the strategic
demands of shopping around for partners, but here we focus on mathematical models that
have extended the standard model to incorporate option to leave. In these models, pairs
play a prisoner’s dilemma, then decide whether to stay with or leave their current partner.
In most models, those who leave are re-paired with partners from a pool of unpartnered
individuals [65]. The papers differ in their assumptions about strategy sets, errors, and
mutation rates.

Results are very different from the standard model. Introducing the option to leave has two
opposing effects: First, in the standard model, defectors can be punished by denying them
future cooperation. With the option to leave, defectors simply move on to a new partner. This
means that a population cannot be comprised solely of cooperating strategies, because rare
mutants who defect and change partners (also known as ‘defect-and-run’) can invade.
Second, the option to leave allows individuals to escape uncooperative partners. Leaving is a
form of punishment because, as the defect-and-run types become more common, the pool
of unpaired individuals becomes enriched with them, creating endogenous assortment
(Figure 3).

If the payoff to cooperation and the continuation probability are high enough, the population
reaches a steady state with both cooperative and defecting strategies present [12,62]. The
most common strategies cooperate until their partner defects and then leave. They do not coop-
erate on the first move; instead, selection favors strategies that have a ‘trust-building phase’ in
which individuals demonstrate they are not defect-and-run types.

Two studies compare simulations with and without leaving [12,62] and find substantially more
cooperation when leaving is possible. This stems from multiple causes. When mutation rates
are not negligible, cooperative strategies that punish defectors by leaving are less subject to indi-
rect invasion than strategies that punish by defection. The option to leave also means that
defecting strategies are more subject to indirect invasion [62]. Finally when errors are possible,
the option to leave means that cooperative individuals can leave after an erroneous defection
rather than endure long strings of defections or miscoordination [12]. For example two Grim
players experience a long period of mutual defection after an error without the option leave,
while a player who punishes be leaving gets a new partner.

Models with the option to leave emphasize partner choice rather than conditional behavior
within pairs. They suggest that a key factor is deciding who to cooperate with, not what to
do next with a given partner. Allowing individuals to exit partnerships raises the average
level of cooperation because leaving generates assortment: cooperative pairs persist, while
defect-and-run types search among an increasingly defector-enriched pool [12,62]. With
the option to leave, cooperation is more about maintaining relationships than tracking
detailed partner histories. Models of relationships (discussed below) share this general struc-
ture [66,67]. Individuals can be dropped, partners are ranked by average past behavior, and
cooperation flows to higher-ranked partners, all of which are processes that generate positive
assortment among cooperators.
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Figure 3. Why the option to leave
leads to assortment. (A) A single
generation without the option to
leave. The frequency of TFT is 0.5.
Pairs are formed at random. TFT
pairs cooperate for eight periods.
Other pairs achieve low payoffs for all
eight periods. (B) The first three time
periods of cooperation with the
option to leave. The frequency of
‘Leave-for-Tat (LFT)" (cooperate if
partner cooperates, leave if partner
defects) is 0.5 and the frequency of
‘Defect-and-Leave (DL) is also 0.5.
After the first period the LFT:DL and
DL:DL pairs dissolve and enter a pool
of singletons. The frequency of DL in
this pool is higher than in the original
population. New pairings are formed
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Trends In Cognitive Sclences

A Bayesian model of cognition may improve reciprocity theory

A recent model of reciprocity endows actors with greater cognitive complexity than in standard
models [68]. In the standard IPD, strategies are rules that specify current behavior based on
previous behavior. These can be simple rules such as TFT or more complex ones based on finite
automata [10]. In contrast, this model assumes that actors choose the behavior that maximizes a
utility function: a weighted sum of their own and their partner’s payoffs. Due to errors, individuals
sometimes defect when they mean to cooperate, and vice versa.

Individuals are distinguished by their utility function: selfish types weight only their own payoff;
altruists weight self and partner equally, maximizing the payoffs of a pair; Bayesian reciprocators
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estimate, based on observed behavior, the probability that their partner is also a Bayesian
reciprocator and weight the partner’s payoff by that probability.

Bayesian reciprocators start with a prior belief that the probability their partner is also a Bayesian
reciprocator is 0.5. Then, in each time period, they update this probability using Bayesian infer-
ence, based on the likelihood that their partner behaved as they did, given the payoffs and the
previous behavior of both themselves and their partner. Such updating is cognitively more
complex than simply keeping track of past behavior and standing. The probability that your part-
ner cooperates depends on their estimate of the probability that you are a Bayesian reciprocator,
which is a private belief you must estimate based on their behavior. For example, suppose
Charles and Emma are partners, and Emma defected. This could be because Emma is a selfish
type or because Emma is a Bayesian reciprocator who believes that Charles is selfish.

Reciprocity here differs from the standard model and its extensions. Traditional strategies coop-
erate with partners who cooperated previously. Bayesian reciprocators cooperate with those
they believe are Bayesian reciprocators. When they detect altruists, they cease cooperation.
Thus, reciprocation arises only when two Bayesian reciprocators are paired. Simulations suggest
that Bayesian reciprocators reach high frequency under larger error rates and lower continuation
probabilities than conventional strategies such as TFT or WSLS.

This model suggests that increased cognitive capacity enables individuals to better detect partner
strategies and outcompete many simpler strategies based on the standard model. This model
may improve the fit between theory and observed behavior in two important ways. First, it
extends naturally to cases where payoffs vary across interactions. Bayesian reciprocators
combine information from games with different payoffs to estimate whether partners are also
reciprocators. Second, it may explain why close friends do not closely track past interactions.
At the start of a relationship, a single defection can cause a Bayesian reciprocator to greatly
reduce their probability that a partner is also a reciprocator, strongly affecting behavior. Over
time, however, each new action carries less weight, so actors effectively stop tracking, mirroring
the tolerance seen in friendships.

The Bayesian approach is innovative and points toward richer accounts of reciprocity, but
more work is needed to evaluate the robustness of these findings. First, long-run outcomes
are calculated using a rare-mutation assumption: each new mutant either disappears or
reaches fixation before another arises. This method identifies the equilibrium with the largest
basin of attraction but ignores the fluctuating dynamics revealed by more realistic simulations
[10,12] where populations rarely remain at equilibria and, in the IPD without option to leave,
cooperate less than half the time. Second, Bayesian reciprocators face a simple inference
problem with only three discrete types, two of which behave stereotypically. A more plausible
model would assume a continuum of utility weights on partner payoffs. While selection favors
strategies that direct help toward similar types, it is unclear whether such assortment would
be possible in a continuous space.

The need to signal or maintain commitment may explain behavior in friendships

Earlier, we discussed that friends do not keep close track of costs and benefits. Friendship
maintenance behaviors, such as getting together to hang out, demonstrate an actor’s interest
in continuing a friendship so that, when costly cooperation opportunities arise, you know who
is willing to make sacrifices for you. Maintenance behaviors can reliably indicate relationship
commitment because performing them with one person compromises one’s ability to do so
with another person.
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Investigating how the pressures of sustaining reciprocal cooperation interact with, or are
subsumed by, the pressures of signaling commitment to a relationship may help explain these
features. For example, an experiment showed that uncalculating cooperators—individuals who
cooperate even when the costs are high—are more trustworthy [69]. Moreover, they are less likely
to be calculating when their decision-making is observable. This suggests that being calculating in
relationships may signal that you are not trustworthy, and in close relationships, it is important to
signal your trustworthiness to convey how you will behave in high-stakes situations.

Recent theoretical work explores why actors may deliberately avoid tracking [70-72], not
because of the cognitive effort involved or the diminishing value of this information in long-term
relationships, but because of what score keeping reveals about the scorekeeper themselves.
The standard model assumes constant payoffs: each cooperative act yields benefit b and cost
c. In reality, costs and benefits vary—sharing food is less costly when abundant than when it is
scarce. Different interactions also involve different currencies, producing many possible
reciprocating strategies.

When payoffs vary, actors who do not investigate the costs and benefits in each round only know
the long-run average payoff of a partnership and thus either cooperate or defect. If they investi-
gate, they can defect selectively when costs are high and benefits to partners are low. Partners
can defend against such opportunism by refusing to cooperate with investigators, forcing them
to adopt unconditional cooperation or defection (Box 4).

Ignorance of the changing costs and benefits of cooperation shifts the focus from strategies that
choose to cooperate based on the exact sequence of previous behaviors to those that make
judgments about whom to cooperate with. In the real world, the costs and benefits vary, occur
in different currencies, and depend on many contingencies, especially the unknown states of
partners. Individuals often need to infer whether their partner has cooperated based on incom-
plete information about their partner’s beliefs and expectations. Models [70-72] indicate that
ignorance of the costs and benefits can favor strategies based on the long-term average benefits
of cooperation. This will sometimes cause individuals to cooperate even when it is not in their
short-term interest to do so, and knowing whether partners can be trusted to do the same affects
decisions about whom to cooperate with. Thus, cues of trustworthiness become important in the
maintenance of partnerships.

Another explanation that can account for the importance of maintenance behaviors, reluctance to
monitor, and insensitivity to cost-benefit considerations is that the game being played in friend-
ships and other close relationships is not an IPD but an insurance game [73]. In the insurance
game, players do not know ahead of time whether they will be lucky (get a payoff) or unlucky
(get nothing). Once you know that you are lucky, it is best not to help your unlucky partner. But
a priori, a player who is in a partnership where both have committed to helping when they are
lucky has higher expected payoffs. Therefore, individuals should try to find and keep partners
who are committed—through thick and thin—and should try to credibly signal that they too are
committed. Having sentiments that make a person genuinely care about their partner is one
way to credibly signal commitment.

The commitment explanation suggests that we may need to shift focus away from the IPD to
understand why people cooperate in close relationships. The IPD’s relevance for explaining
patterns of pairwise cooperation has been questioned elsewhere too, in the context of nonhuman
animals [7,74] and has prompted consideration of alternatives such as attitudinal reciprocity and
pseudo-reciprocity in lieu of calculated reciprocity that the standard model predicts [3,75].
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Standing-based strategies fit well with human psychology and experimental behavior

CTFT succeeds in evolutionary competition because it can restore cooperation after errors and
resist indirect invasion. CTFT and similar state-based strategies are omitted from most IPD anal-
yses because they cannot be represented as reactive or memory-one strategies. A follow-up to
the Axelrod tournament [2] allowed for errors and included CTFT, Generous Tit-for-Tat (GTFT),
and WSLS, and CTFT replaced all others—even at an error rate of only 1% [76]. Theoretical
analysis shows that CTFT is evolutionarily stable when there are errors, and resists indirect invasion
[16,17]. It also arises naturally when strategies are encoded as finite state automata [10].

Laboratory experiments confirm this pattern. A significant fraction of participants use CTFT when
behavioral errors are possible, and more generally, they compensate partners for undeserved
defections [39]. However, in experiments with perception errors (players are unaware that they
made an error), only a few participants used Arbitration-TFT, a standing-based strategy similar
to CTFT but which relies on a third-party adjudicator to decide whether defections were real or
misperceived [77]. Instead, most used Arbitration-Generous-TFT, a strategy that plays Generous
TFT and consults the adjudicator mainly to increase the probability that their next move reflects
the partner’s actual behavior.

Behavioral changes induced by feeling the emotion of guilt seem to reflect a standing-based
approach to cooperation. Guilt is commonly triggered in close relationships when one partner
indicates hurt or neglect and motivates a series of reconciliatory actions: expressing the desire
for reparation, self-punishment, and wilingness to accept punishment from the victim [78,79].
These reconciliatory actions provide a trustworthy signal of the intent to cooperate in the future,
which then elicits forgiveness by the victim of the transgressor [80,81]. In a longitudinal study,
victims were more likely to forgive when transgressors apologized and offered financial compen-
sation than when they did not [82]. Although verbal apologies alone can elicit forgiveness [83],
apology combined with compensation is more effective when there are cues of exploitation
risk, such as when relationship quality is low [83], and residential mobility is high [84]. In autobio-
graphical narratives from 97 subjects, those who reported feeling guilt for an action were more
likely to engage in prosocial behavior compared to those that did not and this served to alleviate
their guilt [85]. Experimentally induced guilt increases cooperation in IPD games [86] and
promotes self-punishment when victims can observe behavior [87] or when no other compensa-
tion options exist [88]. In real life, guilt seems to correspond to an appraisal of being in bad
standing: it recalibrates expectations of treatment and motivates over-cooperation or self-
punishment to restore good standing [86].

The behavior of firms in cartels also aligns with standing-based strategies [89]. A cartel can be
modeled as an iterated prisoner’s dilemma with a continuous action space. The players are
firms, and a firm’s behavior is the amount of some commodity produced. Cooperative behavior
involves maintaining production at a low enough level so that the industry earns monopoly profits.
Defection occurs when a firm increases production above this quota. Of course, errors are
possible, and sometimes a firm may inadvertently exceed its quota. A study of the behavior of
several commodity cartels showed that firms that err have to produce less the following year or
buy products from other companies in the cartel [89].

Third-party arbitration may explain the importance of norms

The standard model implies that cooperation can happen without norms, but norms seem to play
a role in facilitating cooperation, not only in transient interactions among strangers but even in
close relationships. Norms structure virtually every aspect of human social life—such as which
relatives are important, who you may marry, what is required if a friend dies, and so on. So, it is
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not surprising that norms are also involved in reciprocal partnerships. However, a recent paper
[18] suggests that reciprocal partnerships are especially likely to be regulated by social norms
because they can harmonize partners’ beliefs.

Perception errors are especially destructive to reciprocity because they cause partners to have
different beliefs about what happened in the past, and this leads to the breakdown of coopera-
tion. Standing-based strategies such as CTFT, which work well to overcome behavioral errors,
cannot handle perception errors because actors will disagree about standing. It also seems likely
that perception errors are very common. Costs and benefits vary, occur in different currencies,
and depend on many contingencies, especially the states of an individual that are not known to
others. Individuals often need to infer whether their partner has cooperated based on incomplete
information about their partner’s expectations.

The model in [18] assumes that behavior takes place in a social group in which members share
social norms and monitor each other’s behavior in a wide range of contexts, including reciprocal
partnerships. As a result, if a perception error occurs and partners fall into a dispute, their
neighbors will have opinions about what happened. Given the necessity to enforce norms,
there will often be a consensus that can be used to resolve the dispute between partners.

The model focused on a CTFT-like strategy, ‘Arbitration Tit-for-Tat (ATFT)’, in which individuals
interact in a standard IPD and sometimes make perception errors [18]. Partners cooperate until
an error occurs—one player defects but thinks they cooperated, or cooperates and their partner
thinks that they have defected. The disadvantaged player consults the social consensus and
uses that, not their own belief, to update the standings of both players. ATFT allows cooperation
to persist even when errors are common and when the social consensus is sometimes wrong. It
can also resist invasion by strategies such as GTFT and WSLS, especially when errors are
common.

Although ATFT was a successful strategy in the model, it was not used by many participants in a
laboratory experiment with perception errors [77]. However, in the real world, third parties play an
important role in helping repair frayed relationships and resolving a range of issues that threaten
cooperative relationships, from minor disagreements to major disputes [90]. These third-party
interventions follow cultural norms that specify the details of who can intervene and how the
intervener should reason about the situation, which further requires that there are common
expectations about what obligations and responsibilities a particular pairwise relationship entails.

Modeling relationships can bridge the gaps between theory and reality

A shift from the IPD to models that formalize the dynamics of close relationships may help address
the conspicuous gaps between theory and reality that remain. Standard reciprocity theory
does not predict that cooperation is context-dependent, as only benefits, costs, continuation
probability, and error rates matter. Therefore, it does not explain why casual interactions are
based on strategies that carefully monitor partners, while close relationships involve strategies
that do not monitor.

We highlight two promising models that attempt to capture the distinctive features underlying
close relationships. One of them is framed as a model of human friendship [66]. Actors have a
number of potential partners who are ranked. When they interact, actors prefer to help the
most highly ranked partner. When a partner helps, they increase in rank. This leads to an
evolutionary equilibrium at which there are cliques of individuals who tend to help each other
(Box 5). A second is a model of the sharing of blood meals among vampire bats [67]. Again,
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Box 6. Blood sharing relationships in vampire bats

This model focuses on relationships using details meant to represent reciprocal food sharing in vampire bats [67].
Nonetheless, it has a number of features that are of interest for other species. Individuals live in groups subdivided into
small subgroups. Each time period some individuals are in need and ask for help from other individuals who are not in need.
Individuals differ in phenotypic quality, so some are in need more often than others. An individual has ‘bond strength’ with
other individuals that is determined by the history of help according to Rescorla-\Wagner reinforcement learning that depends
both on help received and help given. This creates a symmetry that reinforces bonds between individuals over time.

Individuals in need are more likely to ask for help from individuals with whom they have higher bond strength. The amount
given in response to the request depends both on the bond strength and the extent to which past exchanges between the
requester and potential donor have been balanced. Individuals choose to join groups based on their average bond
strength to members of the group, but also favor smaller groups.

Each individual is characterized by five heritable characters: the rate at which they update bond strength, the effect of
effective bond strength and group size on the choice of group, the bond strength assigned to newly born individuals,
the maximum help given, and the sensitivity of help to the current helping balance. These are all modeled as genetic traits
with a continuum of variants and a high mutation rate leading to highly variable populations. Results are reported for a
range of group, and subgroup sizes. At the resulting equilibria, there is a lot of cooperation when groups are small, but
the patterns of cooperation are not at all TFT-like: cooperation is not strictly balanced, and the time scale of cooperation
is over many interactions.

individuals have a number of partners with differing bond strength. The probability that one bat
accepts a request for a blood meal from a second depends on their bond strength which is
increased both by donating to and receiving aid from one another (Box 6).

In both models, individuals build relationships over time and then tend to cooperate with those
with whom they have a close relationship. In both models, relationships are strengthened by
cooperative behavior and weakened by defection. The main difference between these models
and the standard IPD model is that actors can have relationships with several partners, and
when they are forced to choose which partner to help, they choose the strongest or highest
ranked relationship. Actors do not keep close track of individual behaviors but average over a
longer time period. In both cases, the central question is this: who is a preferred partner? Actors
help partners and value individuals as partners who are helpful in return. In both models, this leads
to cliques whose members tend to help each other. The resulting patterns look more like real-
world cooperation than what the standard model predicts. Giving and receiving help is correlated,
but the correlations are noisy and often quite unbalanced. Nonetheless, these behaviors are
evolutionarily stable and can resist alternative strategies.

Concluding remarks

The standard reciprocity model and its various extensions have generated some broad
predictions about the nature of pairwise interactions. Our review of the empirical literature
suggests some support for these predictions, but there are also conspicuous inconsistencies
(see Outstanding questions).

What standard reciprocity models get right

A key theoretical prediction is that cooperative strategies exhibit some form of contingency,
whereby cooperation is conditional on recent past interactions. Empirical patterns of cooperation
suggest that there is evidence for contingency: in small-scale societies, people share resources
with those who have shared with them in the past; participants in laboratory experiments often
use strategies such as TFT, Grim, and CTFT to play the IPD; friends keep score, especially if
they are casual rather than close friends; and betrayals (i.e., failure to cooperate) lead to the disso-
lution of friendships. Standard reciprocity theory suggests that cooperation depends on the
benefit—cost ratio (b/c) and continuation probability (w). Laboratory experiments suggest that

18 Trendsin Cognitive Sciences, Month 2026, Vol. xx, No. xx

Trends in Cognitive Sciences

Outstanding questions

How do individuals cooperate in
naturally occurring social contexts
involving repeated interactions? Are
the social strategies they use similar or
different across contexts? Can this
variation be explained by the benefits
and costs of helping and the likelihood
of interacting again? If not, what other
factors underlie the observed variation?

What features of real-world relation-
ships should be incorporated into theo-
retical models to improve the fit
between theory and data? Can these
features be accommodated within the
iterated prisoner’s dilemma framework,
or do they require new mathematical
frameworks? Alternatively, are relation-
ships a qualitatively different type of
social phenomenon—where concerns
about exploitation are reduced—
compared to more casual, repeated
interactions?

How do social norms interact with
reciprocity? Do norms create shared
beliefs between partners about
expectations and obligations within
relationship categories? Can third-
party observers effectively intervene to
resolve disputes without a shared
understanding of what obligations the
relationship entails? Is there cultural
variation in reciprocity strategies stem-
ming from differences in social norms?

What are alternative ways to
mathematically model interpersonal
cooperation? Can recent
developments, such as the use of
Bayesian strategies, be extended to
account for more complex strategies?
Will these models produce strategies
that are qualitatively different from
strategies such as Tit-for-Tat and its
variants, which emerged from the iter-
ated prisoner’s dilemma framework?
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greater benefits, reduced costs, and higher w increase cooperation. The standard model implies
that reciprocity should be commmon and predicts reciprocity among kin. Resource sharing in
small-scale societies is consistent with these predictions.

What standard reciprocity models get wrong

While standard reciprocity models suggest that people will pay close attention to b/c when
deciding to cooperate, there is substantial cooperation even when b/c and w are unfavorable
for cooperation. People also cooperate when the b/c ratios vary each round. There is even
evidence that, in close relationships, people explicitly disregard the b/c. Standard reciprocity
models suggest some tolerance for defections based on recent events (e.g., TF2T waits for
two defections before it defects; CTFT tolerates defection when it is in bad standing). In real
life, people are substantially more tolerant than theory predicts. For example, there are large
and long-term imbalances in giving and receiving resources among households that engage in
reciprocal sharing. In laboratory experiments in which known individuals interact, participants
tolerate and do not closely monitor imbalances when playing with friends. Studies of real-world
friendships suggest that imbalance in costly giving and receiving is less consequential than imbal-
ances in maintenance behaviors such as spending time together. Lastly, under the standard
theory, pairwise cooperation does not require norms or maintenance behaviors and is unaffected
by the long history of the relationship.

Future directions

Although numerous extensions of the standard model have been published, only a small subset
of models is able to account for these inconsistencies. One way in which these models diverge
from the standard framework is by focusing on whom to cooperate with rather than how to coop-
erate once partnered. This shift reveals new pressures as being central to pairwise cooperation
that are extraneous in the standard framework. Of particular importance is cultivating relation-
ships in a world where people can leave disadvantageous partnerships, require time and effort
to develop partnerships, need partnerships to persist through thick and thin to be beneficial,
face benefits and costs that are variable and hard to discern, and encounter mistakes and
misperceptions frequently.

Generally, this shift reduces the importance of closely tracking recent events, increases the
level of imbalance possible in beneficial partnerships, raises the importance of relationship
maintenance activities, and suggests that more complex strategies than memory-one and
reactive strategies are needed for repairing relationships when errors occur. For instance,
there may be value in demonstrating that you are not scorekeeping so your partner is assured
that you will cooperate when needed, even when the costs are high. Bayesian and relationship
models clarify why failure to cooperate can produce different responses within close
versus casual relationships and why performing maintenance behaviors is essential to pairwise
relationships. Models that incorporate third-party adjudication to resolve perception errors
may explain why norms are important to regulate pairwise relationships. Models that go
beyond reactive and memory-one strategies to incorporate standing are rare, but they
align with emotions such as guilt, which play a key role in regulating behavior in close
relationships.

We conclude that, to better understand the details of pairwise cooperation, theoretical models
should be set up so that individuals can find new partners, have criteria for prioritizing among part-
ners, and consider the long history of previous interactions rather than recent events. The reality
that costs and benefits vary in each round of interaction, and that interactants may not have the
same perception of what the costs and benefits are, should be accounted for. While all models
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simplify reality, by abstracting these details away, standard reciprocity theory and a vast literature
that builds on it are missing the opportunity to explain real-world cooperation.
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