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a b s t r a c t 

We model how individual preferences are shaped by strategic reciprocity choices. Our 

model accounts for heterogeneous players — with intrinsic altruistic, selfish or spiteful 

preferences —who randomly engage in short-run, as well as long-run, pairwise interac- 

tions. To disentangle the strategic component of preferences we allow players to act recip- 

rocally in the long-run to conveniently adjust their preferences depending on who they in- 

teract with. How they change and what specific kind of preferences emerge in equilibrium 

crucially depend on whether the short-run strategic interaction is one of strategic comple- 

ments or substitutes. Our model also predicts that we might observe behavior-reversion : 

players might behave against their intrinsic type exclusively due to strategic considera- 

tions. With incomplete information the strategic component of preferences vanishes, equi- 

librium preferences are as selfish as possible, and thus there is no behavior-reversion. 

© 2022 Elsevier B.V. All rights reserved. 

 

 

1. Introduction 

People adjust their preferences and behavior after they see what others do. In human relations, as individuals constantly 

interact with others, many times this behavioral response is simply based on biased perceptions of intentions or how in- 

tentions are judged. As such, it is common to observe an individual behaving altruistically in some cases, while selfishly 

in others. Indeed, although cooperation and altruism lie at the heart of human lives, there are many other situations in

which we lash out and choose to do harm. Recognizing these regularities in human interactions, the economic literature has 

extensively studied preference formation and altruism, but little is known about the internal drivers that shape these altru- 

istic preferences. In this paper we aim to understand how endogenous and strategic reciprocity choices shape preferences. 

Specifically, how a person’s desire to reciprocate kindness and spitefulness with in-kind actions influences the concern they 

show for the well-being of others. 

We propose a model where players strategically adjust their preferences and behavior influenced by who they interact 

with. More specifically, we account for pairwise random meetings between heterogeneous players that inherit a fixed in- 

trinsic preference type — altruistic, selfish, or spiteful — and that engage in a simultaneous-move short-run extraction game 

( Okuno-Fujiwara and Postlewaite, 1995 ). In each meeting, players’ intrinsic types summarize underlying intentions, and as 

such might not necessarily be common knowledge. Of course, players have to be aware about their own intentions, but 

not necessarily about others. Crucially, and despite the fact that preferences are fixed in the short run, they can be mod-

ified in the long-run when players engage in strategic interaction at the preference level. The idea of individuals choosing 
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preferences can be thought as a dual-self problem, as proposed by Coleman (1990) . Long-run preferences are chosen by an

“inner” self, and later acted upon by an “outer” self in the short-run that takes them as given. We make this distinction 

between short-run and long-run to account for a person’s ability to influence or restrict their future decisions, which could 

even mean pursuing other objectives. Furthermore, our distinction between intrinsic and induced preferences is inspired by 

Levine (1998) and tries to capture reciprocity in the sense that people are willing to be more altruistic to an opponent who

is more altruistic toward them. Our key model ingredient is that the way in which preferences change is through reciprocity.

That is, in each meeting players decide the weight on each other’s intrinsic type or underlying intentions. Crucially then, 

preferences are neither given, nor evolutionarily selected before they become givens. Instead, the desire to reciprocate is 

an endogenous long-run strategic consideration and thus, the main driver that shape preferences. To account for different 

strategic contexts, we introduce a model parameter −1 ≤ k ≤ 1 , where | k | captures the degree of strategic interaction in the

short-run game. We refer to the environment as one of negative externalities and strategic substitutes when k < 0 , and one

of positive externalities and strategic complements when k > 0 . 1 As we highlight throughout the paper, the type of game

that players engage in (whether is one of complements or substitutes) plays a major role in our results. For it also has

long-run consequences and modifies the way in which players reciprocity choices relate. In particular, when the short-run 

game is one of strategic complements (substitutes), long-run reciprocity choices endogenously become strategic substitutes 

(complements). Furthermore, the fact that the type of strategic interaction endogenously reverses in the long-run fully deter- 

mines the kind of preferences that arise in equilibrium. Specifically, in games of complements reciprocity choices translate 

into reinforcing mutual concern which in equilibrium favors altruistic behavior. Instead, in games of substitutes reciprocity 

translates into non-reinforcing mutual concern favoring lower concern and spite. 

Allowing for endogenous reciprocity captures at least two key economic insights and offers several testable predictions. 

First, that people’s desire to repay kindness with kindness can be a purely cynical, strategic choice. That is, despite the fact

that intrinsic preference types are fixed, players do decide to adjust their preferences exclusively due to strategic motives. 

Indeed, we formally show how players optimally decide to reciprocate and thus how they optimally adjust their preferences 

due to strategic considerations. We deduce that in general players act differently than what their intrinsic preference type 

would have suggested, and characterize reciprocity choices as well as the kind of preference that are induced in equilibrium 

( Proposition 1 ). 

Naturally, if both players’ intrinsic preference types coincide (both are altruist or both are spiteful), despite the strategic 

component that influence their choices, players can not go against their nature. Intrinsically altruistic players behave altru- 

istically, while spiteful ones act spitefully, regardless of the type of game that is played. However, as we account for intrinsic

types we are able to show that spite and altruism emerge at its lowest intensity in games of complements and substitutes,

respectively. This insight is in stark contrast to previous theoretical work on endogenous preferences, which mainly predict 

that positive concern for others (altruism) arises only when the strategic context is one of the strategic complements; oth- 

erwise, only negative concern (spitefulness) will arise ( Bester and Güth, 1998; Bolle, 20 0 0; Possajennikov, 20 0 0; Carrasco

et al., 2018 ). Furthermore, when the intrinsic types of players differ significantly among themselves (i.e., only one is an al-

truist or only one is spiteful), then altruism can only emerge in games of strategic complements; otherwise, in games of

strategic substitutes only spiteful preferences can emerge. That is, in this case at least one player will necessarily behave 

against his intrinsic type. 

For a concrete example as to how strategic reciprocity choices offers new economic insights, consider the public good 

contribution game presented in Levine (1998) . In the two-player version of this game, players make a simultaneous and

independent costly donation to a common pool. Due to free riding, with selfish players it is a dominant strategy not to

contribute at all, but as the authors find in experiments, when players are sufficiently altruistic they do decide to contribute. 

However, this is mainly because in their model both reciprocity and the intrinsic preference of each opponent are fixed 

parameters. Instead, in our model we allow players to choose how much to reciprocate depending on with whom they 

interact; this is a key ingredient that constitutes a radical difference with respect to Levine (1998) . As we formally show

in our Appendix A.2 for this particular example, when we account for our model ingredients then no player will choose to

behave sufficiently altruistically. Hence, no one cooperates; unless, of course, the intrinsic types restrict this choice. These are 

new and different predictions with respect to the observables (i.e., how much to cooperate) that only arise as a consequence

of our strategic reciprocity choices and endogenous preference formation. 

Our second insight is that when these strategic effects are significant enough, in expectation they can offset players’ in- 

trinsic types, making them act against their nature. 2 We refer to this phenomenon as behavior reversion , and we show that it

only occurs for moderate players ; those whose intrinsic preferences are neither too altruistic nor too spiteful ( Proposition 2 ).

The rest of the extreme players (i.e., those too altruistic or spiteful), although moderate themselves, do not reverse their be-

havior. Naturally, the specific types of moderate players that reverse their behavior depends on the strategic context of the 

short run game; moderate-altruistic players reverse their behavior in games of substitutes and moderate-spiteful in games 

that exhibit complementarity. 
1 This parameter simultaneously captures several economic applications in the context of extraction games. If k = −1 then our model is reduced to a 

simple version of the well known common-pool resource game . If instead k � = −1 , then our model represents an extraction game with positive ( k > 0 ) or 

negative ( k < 0 ) externalities. In market applications, our parameter k accounts for differentiated goods. 
2 This insight is consistent with experimental work that supports the idea that selfish agents do not necessarily behave in line with pure material 

self-interest ( Güth et al., 1982; Isaac and Walker, 1988; Fehr et al., 2002; Charness and Rabin, 2002; Fehr et al., 1993 ). 
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Obviously, the strategic component that drives reciprocity and preference formation depends on the information in the 

hands of players. We show that this is indeed a crucial ingredient and that when there is incomplete information regard-

ing other player types equilibrium preferences are as selfish as possible, as any strategic consideration vanishes. In fact, 

the optimal reciprocity choice is a dominant strategy, and players reciprocate by weighting their opponent’s expected type 

( Proposition 3 ). Interestingly, and unlike the perfect information case, optimal reciprocity is independent of the short-run 

game strategic environment summarized in the parameter k . In other words, players acts as if there were almost none strate-

gic strategic interaction. To wit, in a context of incomplete information behavior-reversion is not possible ( Proposition 4 ).

Intuitively, as now the strategic component no longer drives preference formation, obviously it can no longer reverse player’s 

behavior. 

Literature Review : Our framework is related to the literature on interdependent preferences and to the endogenous 

formation of preferences. Unlike our work, the interdependent preferences approach typically considers exogenously spec- 

ified contexts or fixed preferences that are not influenced by others’ behavior ( Sobel, 2005; Fehr and Schmidt, 1999; Güth

and Napel, 2006; Charness and Rabin, 2002; Koçkesen et al., 2000; Alger and Weibull, 2013; Isoni and Sugden, 2019 ). More

recently, Carrasco et al. (2018) explore the evolutionary stability of interdependent preferences in a context with perfect 

information and a strategic environment that shows negative externalities and strategic substitutes. We depart from these 

previous works because our framework is not evolutionary or cultural transmission based, and it considers players’ optimiz- 

ing behavior and strategic interaction under a rich set of different contexts. 

The fundamental experimental work provided by Levine (1998) suggests that individuals behave as if they have recip- 

rocal preferences, a more specific type of interdependent preference. Agents with these preferences adjust the concerns 

they express for others based on their perceptions of how they are being treated by their opponents. Naturally, behav- 

ior might change as players may perceive intentions differently as they interact. We use the linear approach proposed by 

Levine (1998) to distinguish between intrinsic preferences from equilibrium ones. In an alternative indirect evolutionary 

approach to explain preferences, Dekel et al. (2007) puts focus instead on the stability and efficiency of outcomes. 3 Unlike

them, our focus is the strategic component of reciprocity that shapes preferences. They show that when preferences are 

observable only efficient outcomes are also stable. Instead, when they are not, all strict equilibria are stable. 

There are of course many other different ways to account for interdependent preferences. For instance, and in con- 

trast to our paper, Alger and Weibull (2013) study interdependent preferences when different types of players have a con- 

cern for efficiency. Instead, Rabin (1993) develops a model where players have a concern for fairness that is exclusively 

driven, in contrast to our model, by the underlying belief about intentions derived from observable actions. In Falk and

Fischbacher (2006) they consider that people evaluate the kindness of an action not only by its intention but also by its

consequences. 4 Ours is an intention-based model that exploit Levine (1998) functional form for preferences and assume 

that players linearly care about their own as well as their opponents. 

Sethi and Somanathan (2001) provide an evolutionary explanation of the emergence and stability of reciprocal prefer- 

ences. Similar to us, they employ a variation of Levine (1998) preference specification to model preferences. However, they 

consider only two types of players, spiteful-materialists and altruistic-reciprocators, and provide sufficient conditions for sta- 

ble preferences. In contrast to them, we model reciprocal preferences more generally as we do not require players to have

the same intrinsic preferences. In fact, this heterogeneity is one of our key model ingredients. From a theoretical viewpoint, 

a recent work by Fershtman and Segal (2018) is another attempt to connect preferences and social influence. Their work 

also considers a social interaction set up where individual behavior not only depends on one’s own preferences but also 

on the behavior of other agents. They assume the existence of a social influence function that converts the private utility

functions of all players into an individual observable utility function. By doing so, they study properties of social influence 

functions and their equilibrium implications, but without proposing an explicit behavioral model. Unlike us, they do not ac- 

count for strategic behavior at the preference level. Even if players are aware that they influence others, they do not behave

strategically, which is a distinct property of our model. 

Finally, there may be similarities in our results with Bester and Güth (1998) , as well as with Heifetz et al. (2007a) and

Heifetz et al. (2007b) . While the results may be reminiscent, our methods, approaches, and assumptions are not identical to

those of the aforementioned authors. Bester and Güth (1998) follows an evolutionary game theoretic approach and propose a 

symmetric model with a measure of altruism more restricted than ours. In Heifetz et al. (2007a) an exogenously given share

of matches interact under complete information, while the remaining share interact under incomplete information. Our 

analysis is of complete and incomplete information separately, meaning we do not have different shares of matches playing 

different games simultaneously. Additionally, Heifetz et al. (2007b) propose an evolutionary model in which matched indi- 

viduals might receive noisy signals of the opponents preference; in contrast to them, our focus is the endogenous formation 

of preferences through strategic choices of reciprocity. 
3 Alternatively, Ok and Vega-Redondo (2001) lay out an evolutionary foundation for individualistic preferences. The literature on preference evolution in 

social interactions is vast, but Alger and Weibull (2019) provide a comprehensive recent survey on it. 
4 The work of Dufwenberg and Kirchsteiger (2004) and McCabe and Smith (20 0 0) , propose additional models in which reciprocity is purely intention- 

based. Instead, Fehr and Schmidt (1999) , Levine (1998) and also Bolton and Ockenfels (20 0 0) are all models where reciprocity is outcome-based. 
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2. The model 

We consider a continuum of players that are randomly matched in pairs. Matched players are indexed with i, j ∈ { 1 , 2 }
where i � = j. When matched, each player i independently chooses x i ∈ R + and derives material payoffs πi (x i , x j ) = x i (1 −
x i + kx j ) ; the parameter | k | ≤ 1 captures the degree of strategic interaction between players choices. This payoff function

captures the idea that individuals face a social dilemma where the pursuit of individual interest comes at the expense of

the collective goals. 5 However, preferences are assumed to be interdependent and so each player i chooses x i to maximize his

perceived utility u i (x i , x j ) = πi (x i , x j ) + βi j π j (x j , x i ) , where βi j summarizes his concern over player j material payoff. We say

that player i ’s preferences are altruistic if βi j > 0 , spiteful if βi j < 0 , and selfish if βi j = 0 . This pairwise interaction defines

a short-run extraction game whose Nash equilibrium is described by action profile (x ∗
i 
, x ∗

j 
) . 

As we aim to understand how equilibrium preferences are shaped, our model accounts for two key ingredients. First, for 

reciprocity and long-run strategic interaction at the preference level. More specifically, we endogenize the desire to recipro- 

cate kindness and spitefulness with in-kind actions as a long-run strategic consideration. Second, for player heterogeneity: 

we let players vary by their intrinsic preferences type θi ∈ [ −1 , 1] and we refer to them as intrinsically altruistic, selfish or

spiteful if θi > 0 , θi = 0 or θi < 0 , respectively. We let θ ∼ F with continuous densities f ≡ F ′ on [ −1 , 1] and E θ [ θ ] = μ. 

We combine the aforementioned ingredients adopting Levine (1998) functional form for preferences letting βi j ≡ θi + 

λi (θ j − θi ) , where 0 ≤ λi ≤ 1 is a reciprocity strategy that puts weight on the known intrinsic types. Equilibrium reciprocity 

arise as players exclusively pursue their long-run material payoffs �i = πi (x ∗
i 
, x ∗

j 
) , which defines a new long-run game . We

compute the subgame perfect equilibria to deduce how much preferences differ from their intrinsic values. 

We explore equilibrium reciprocity when types are common knowledge in Section 3 , and the alternative case when they

are not in Section 4 . In the former case we compute the Nash equilibria, while in the latter we compute the sequential

equilibria . 

3. Reciprocity and equilibrium preferences 

We first solve for equilibrium reciprocity when matched player types are common knowledge. That is, in each interaction 

both players not only know their own intrinsic types, but also their opponent’s. Following Rotemberg (1994) , we proceed in

two stages; first solving the short run game in which preferences are fixed and given, and then the long-run game, where

reciprocity is optimally chosen. Ultimately, we compute the set of subgame perfect equilibrium that is described by (x ∗
i 
, λ∗

i 
)

for each player that guarantees sequential rationality. 

short-run game: In this game, individuals care not only about their own material payoffs but also about the material 

payoffs of others; their preferences are assumed to be interdependent. 6 In an encounter they choose x i to maximize utility

u i (x i , x j ) , so we deduce best responses x i (x j ) = (1 + kx j (1 + βi j )) / 2 . Depending on the value of preferences (fixed at this

stage) and the value of the degree of strategic interaction, summarized by k , two extreme cases arise. First, if βi j = β ji =
1 and k = −1 , then x ∗

i 
+ x ∗

j 
= 1 / 2 , as best responses perfectly overlap. Second, if βi j = β ji = k = 1 then both players’ best

responses grow linearly without intersecting; there is no equilibrium in this case. Otherwise, if −1 < k < 1 or min (βi j , β ji ) <

1 , then the unique equilibrium is: 

x ∗i = 

2 + k (1 + βi j ) 

4 − k 2 (1 + βi j )(1 + β ji ) 
(1) 

Easily, this solution obeys x ∗
i 
, x ∗

j 
≥ 0 and allows for both negative externalities and strategic substitutes ( k < 0 ), or positive

externalities and strategic complements ( k > 0 ) in the short-run game. This type of game distinction will show to be critical

later in our results, and thus, we will highlight it when necessary. We also deduce that x ∗
i 

rises in β ji , so the way in

which player j expresses both his altruism and concern towards player i is by allowing him to choose a greater value

of x ∗
i 
. However, we also deduce that x ∗

i 
− x ∗

j 
is proportional to k (βi j − β ji ) , and thus, this is the first time in which the type

of strategic interaction is important. Specifically, if the short run game is a game of strategic complements (substitutes), 

whoever exerts more concern towards his opponent will choose a higher (lower) value of the action x . In equilibrium,

material payoffs are: 7 

�i ≡ πi (x ∗i , x 
∗
j ) = 

(2 + k (1 + βi j ))(2 + k (1 − βi j (1 + k (1 + β ji )))) 

(4 − k 2 (1 + βi j )(1 + β ji )) 2 
> 0 (2) 
5 This payoff function is sufficiently general to capture this trade-off, as well as allows us to illustrate the main arguments of our analysis. We might 

think that the decisions x i and x j correspond to the amounts extracted by players from a pool of fixed resources whose size is normalized to 1. In a market 

application, actions x i and x j represent quantity choices (Cournot) or prices (Bertrand) and so the value of k determines if products sold are complements 

(k > 0) or substitutes ( k < 0 ). 
6 By Levine (1998) , the linearity of the utility in the opponents material payoff is a convenient approximation. See also Rotemberg (1994) , Bester and 

Güth (1998) , Bolle (20 0 0) , Possajennikov (20 0 0) , Carrasco et al. (2018) and Dufwenberg and Kirchsteiger (2019) . 
7 Since 2 + k (1 + βi j ) > 0 , to show that �i > 0 we do: as 4 − k 2 (1 + βi j )(1 + β ji ) > 0 then �i (βi j , β ji ) > 0 ↔ 2 + k − kβi j (1 + k (1 + β ji )) > 0 . If 0 < k ≤ 1 , 

as −k (1 + k (1 + β ji )) < 0 then 2 + k − kβi j (1 + k (1 + β ji )) > 2 − (1 + β ji ) k 
2 > 0 . If −1 < k < 0 then −1 < 1 + k (1 + β ji ) ≤ 1 and as βi j ∈ [ −1 , 1] then −1 ≤

−βi j (1 + k (1 + β ji )) ≤ 1 so −k (1 − βi j (1 + k (1 + β ji ))) ≤ −2 k < 2 . 
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Reciprocity (long-run) Game: We now endogenize preferences by allowing players to choose how much to reciprocate. 

These choices will shape preferences and capture an essential part of human behavior: each player’s desire to reciprocate 

kindness and spitefulness with in-kind actions is a long-run strategic consideration. That is, and in contrast to most models 

of reciprocal altruism, we do not take this desire as a primitive of the agent’s preferences. Instead, we leave this desire as

an individual choice. 

The idea that players are able to choose reciprocity, and thus preferences, in the long-run, can be thought as a dual-self

problem . The selfish “inner” self relinquishes control of actions to an “outer” self whose preferences are molded by this inner 

self. Therefore, an inner self can make the outer self altruistic, spiteful, or selfish, and either of these preferences are taken

as given by him in the short-run ( Coleman, 1990 ). 8 

Exploiting (2) , if we let players choose their desired altruism without accounting for their intrinsic types, the unique 

equilibrium profile β∗
i j 

= β∗
ji 

= k/ (2 − k ) arises, as in Bester and Güth (1998) evolutionary approach. 9 Crucially, at this point

we replace their evolutionary process with a strategic interaction stage in which social influences impose a match-specific 

restriction that arise from βi j ≡ θi + λi (θ j − θi ) . Then, reciprocity choices λi and λ j solve the long run strategic interaction 

game at the preference level, and intrinsic values impose that min (θi , θ j ) ≤ βi j ≤ max (θi , θ j ) , which in turn allow equilibria

beyond the aforementioned Bester and Güth (1998) symmetric case. 

Our endogenization of reciprocity captures at least two key insights. First, that the people’s desire to repay kindness with 

kindness can be a purely cynical, strategic choice. In the long run, individuals selfishly pursue material payoffs to evaluate 

how much to reciprocate by strategically putting weight on each others intrinsic values (that summarize players intentions 

and kindness), while intrinsic preferences remain unchanged. Second, that this strategic effect might be significant enough 

to offset their natural intrinsic preferences. In other words, those whose intrinsic preference is to be altruistic (spiteful) can 

behave against their nature due to strategic considerations. We highlight these insights below and throughout the paper. 

We now let each player i choose their reciprocity λi to maximize material payoffs (2) itself and solve the long-run game.

Formally, the optimization problem is: 

max λi 
�i 

s.t. 0 ≤ λi ≤ 1 

βi j = θi + λi (θ j − θi ) 

Let us highlight that after having chosen how much to reciprocate, players behave in each meeting as though their utility is

given by u i ; meaning that both their long-run as well as their short-run preferences are genuine. Let κ ≡ k/ (2 − k ) , and to

avoid trivialities, assume that θi � = θ j . Then, when players choose reciprocity their best responses are: 

λi (λ j ) = 

1 

(θ j − θi ) 

(
(1 + β ji (λ j )) κ(1 + 2 κ) 

( 1 + κ) 2 + κ(1 + β ji (λ j )) 
− θi 

)
(3) 

We now deduce how the type of strategic interaction in the short run is also critical in explaining long-run behavior. In

particular, when the short-run game is one of strategic complements, the best responses in (3) are decreasing (i.e., λi (λ j )

falls in λ j ), and so reciprocity choices are strategic substitutes, as depicted on the right panel of Fig. 1 . The opposite happens

when the short-run game is one of strategic substitutes, as shown in Fig. 2 . Intuitively, as x ∗
i 

rises in β ji , the endogenous

long-run preferences βi j and β ji will inherit the strategic complementarity or substitutability from the short-run game, 

which in turn reverses at the reciprocity level. The latter follows from the fact that whenever βi j rises in the reciprocity

choice λi then β ji falls in λ j . 
10 As we now argue, this type of strategic interaction is critical and will determine the kind of

preferences that arise in equilibrium. We first specifically compute equilibrium reciprocity. 11 

Proposition 1. If (θi − θ j )(θ j − κ) ≥ 0 then λ∗
i 

= 1 and λ∗
j 
= 0 is the unique Nash equilibrium; otherwise, equilibrium reciprocity 

is λ∗
i 

= (θi − κ) / (θi − θ j ) and λ∗
j 
= 1 − λ∗

i 
is the unique equilibrium. When κ = 1 , these equilibria only exist if max (θi , θ j ) < 1 . 

Note that in any equilibrium we always have that λ∗
i 

+ λ∗
j 
= 1 , which guarantees that at least one player chooses to

reciprocate by putting weight on his opponent’s intrinsic preferences type. Obviously, it is not necessarily implied that both 
8 Additionally, while it is not our focus, another interpretation is evolutionary. As stated by Rotemberg (1994) , if emotional reactions are guided by 

genes, natural selection could favor the reproduction of individuals whose emotions change in self-interested ways. Natural selection could favor genes 

that lead to the imitation of successful behavior. People appear successful when their material payoffs are high, thus preferences of those individuals could 

be inferred from their behavior. 
9 In Bester and Güth (1998) , an affine transformation of βi j is inherited by each agent. An evolutionary process replaces our strategic interaction stage 

at the long run level. Unlike us, each player’s β parameter applies regardless of which agent it is matched with, meaning that concern in Bester and 

Güth (1998) is not match-specific. In this case player i ’s best response is βi j = (1 + (2 + k ) kβ ji ) / (4 + (2 − k ) k (1 + β ji )) . Second order conditions for player 

i optimization is −k 2 (4 + (1 + β ji )(2 − k ) k ) 4 / 4(2 + k (1 + β̄ ji )) 
2 (2 − k 2 (1 + β ji )) ≤ 0 , and so equilibrium β∗

i j 
= β∗

ji 
= k/ (2 − k ) . 

10 To see this, assume θ j > θi . Then βi j = θi + λi (θ j − θi ) rises in λi . However, β ji = θ j + λ j (θi − θ j ) = θ j − λ j (θ j − θi ) falls in λ j . 
11 We omit the case κ = −1 / 3 , as this was explored by Carrasco et al. (2018) . 
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Fig. 1. Preferences and Reciprocity for Complements ( κ = 1 / 3 ) . Left: Players exert different levels of reciprocity; λ∗
1 > λ∗

2 in the gray regions, λ∗
2 > λ∗

1 in 

the white regions and λ∗
1 = λ∗

2 along the downward sloping thick line θ1 + θ2 = 2 / 3 . Equilibrium preferences are min (θ1 , θ2 ) in the region limited by the 

upper-dashed square, max (θ1 , θ2 ) in the one limited by the lower-dashed one, and equal to κ otherwise. Right: reciprocity choices are substitutes and the 

best responses slope downward. We use types (θ1 , θ2 ) equal to (0.5,0.17) for the solid lines, (−0 . 3 , 0 . 5) for the dashed lines, and (0.4,0) for the dotted lines. 

Equilibrium reciprocity choices always obey λ∗
1 + λ∗

2 = 1 . 

Fig. 2. Preferences and Reciprocity for Substitutes ( κ = −1 / 5 ) . Left: Players choose λ∗
1 > λ∗

2 in the gray regions, λ∗
2 > λ∗

1 in the white regions and λ∗
1 = λ∗

2 

along the downward sloping thick line θ1 + θ2 = −2 / 5 . As in the complements case, equilibrium preferences are min (θ1 , θ2 ) in the region limited by the 

upper-dashed square, max (θ1 , θ2 ) in the one limited by the lower-dashed one, and equal to κ otherwise. Right: reciprocity choices are strategic comple- 

ments and best responses slope upwards. We use types (θ1 , θ2 ) equal to (0 , −0 . 4) for the solid lines, (0 , −0 . 25) for the dashed lines, and (−0 . 15 , −0 . 4) for 

the dotted lines. Equilibrium reciprocity choices always obey λ∗
1 + λ∗

2 = 1 . 

 

 

 

 

will choose to reciprocate. Regardless, it is always the case that in equilibrium preferences are symmetric. 12 Exploiting the 

inequality statements of Proposition 1 we now characterize equilibrium preferences: 

Corollary 1. Equilibrium preferences are: 

β∗
i j (θi , θ j ) = β∗

ji (θ j , θi ) = min ( max (κ, min (θi , θ j )) , max (θi , θ j ))) (4) 

We now exploit the economics behind our result in Proposition 1 , and thus behind the preference specification in (4) .

We summarize the implications of Corollary 1 in Tables 1 and 2 where we highlight the type of equilibrium preferences

that emerge in each encounter and for each type of game. 

Intuitively, as preferences are a weighted average of player’s intrinsic types, when both individuals are intrinsically al- 

truists then they also have to choose to behave altruistically in equilibrium; they cannot go against their nature. The analog

happens if they both were intrinsically spiteful or selfish (see the preferences in the diagonal of Tables 1 and 2 ). This is

in stark contrast to previous theoretical works on preference formation that predict that altruism and spitefulness emerge 
12 In addition, reciprocity is not monotone neither in a players own type nor in the opponents type, by Proposition 1 . In particular, it falls in θi when 

θi ≤ min (κ, θ j ) and rises when θi ≥ max (κ, θ j ) ; otherwise it equals zero, by Proposition 1 . Equivalently, it is zero when θ j < min (κ, θi ) and jumps to one 

when min (κ, θi ) ≤ θ j ≤ max (κ, θi ) ; otherwise falls in θ j . As for the monotonicity in κ , we see that reciprocity λi is a piecewise linear function. 
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Table 1 

Preferences for Complements κ > 0 . 

intrinsic type θ2 

Preferences altruistic θ2 > 0 selfish θ2 = 0 spiteful θ2 < 0 

β∗
12 = β∗

21 

intrinsic type θ1 altruistic θ1 > 0 altruistic altruistic altruistic 

selfish θ1 = 0 altruistic selfish selfish 

spiteful θ1 < 0 altruistic selfish spiteful 

Table 2 

Preferences for Substitutes κ < 0 . 

intrinsic type θ2 

Preferences altruistic θ2 > 0 selfish θ2 = 0 spiteful θ2 < 0 

β∗
12 = β∗

21 

intrinsic type θ1 altruistic θ1 > 0 altruistic selfish spiteful 

selfish θ1 = 0 selfish selfish spiteful 

spiteful θ1 < 0 spiteful spiteful spiteful 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in games of strategic complements and substitutes, respectively ( Bester and Güth, 1998; Bolle, 20 0 0; Possajennikov, 20 0 0;

Carrasco et al., 2018 ). However, exploiting (4) we also deduce that in games of complements spite emerges at its lowest

possible intensity max (θi , θ j ) . Equivalently, altruism emerges at its lowest possible intensity min (θi , θ j ) when the short-run 

game if one of substitutes. 

Otherwise, only when players’ intrinsic preferences significantly differ in their type (i.e., only one is an altruist and one is

spiteful) the type of game that the individual play in the short-run fully determines preferences. Specifically, as we highlight 

in Tables 1 and 2 , altruistic preferences only arise in equilibrium when the short-run game exhibits strategic complementary 

of actions ( Table 1 ); otherwise, in games of strategic substitutes ( Table 2 ), equilibrium preferences are spiteful (i.e., β∗
i j 

=
β∗

ji 
> 0 ↔ κ > 0 ). 13 For an intuition of how this result emerges, suppose the short-run game is one of strategic complements

( κ > 0 ). Furthermore, suppose a meeting between Ana ( i = 1 ) and Bob ( j = 2 ), and WLOG suppose θ1 > θ2 ; that is, Ana is

intrinsically more altruistic or less spiteful than Bob. If Bob decides to act more reciprocally by increasing λ2 then β21 

will rise as he puts more weight on Ana’s type θ1 that exceeds his. However, λ1 will fall since reciprocity are strategic

substitutes, by (3) . To wit, not only will Ana act less reciprocally but β12 will rise as she will put more weight on her

own type that exceeds Bob’s. Ultimately, both Ana and Bob will both increase their concern towards each other. Thus, this

mutual concern reinforces, translates into complementarity between the endogenous preferences β ’s and consequently more 

altruistic behavior. 14 The type of strategic interaction in the short-run game is also important in explaining how the known 

and commonly assumed selfish preferences arise in equilibrium (i.e., β∗
i j 

= β∗
ji 

= 0 ). As preferences in (4) can only take three

possible values ( κ or either the maximum or the minimum intrinsic type), this will require at least one selfish player, as

shown in Tables 1 and 2 . It follows then, by simply extending our previous logic, that when intrinsic types differ if the short-

run game is one of strategic complements then either altruism or selfishness emerge as equilibrium preferences. However, 

as we exploit the specifics of (4) , selfishness only prevails in meetings between intrinsically selfish and spiteful players. 

When the short-run game is one of strategic substitutes, only spitefulness or selfishness emerge as equilibrium preferences; 

in particular, selfishness will only prevail in meetings between intrinsically selfish and altruistic players. 

Deeper analysis of our results from Proposition 1 , depicted in Figs. 2 and 1 , allows us to distinguish the specific reci-

procity decisions that induce the preferences in (4) . The first thing to note is that symmetric reciprocity choices are un-

usual; in general, players will choose different reciprocity values. However, this could occur in our model in the partic- 

ular case where κ = (θi + θ j ) / 2 . In this case we have λ∗
i 

= λ∗
j 
= 1 / 2 and β∗

i j 
= β∗

ji 
= (θi + θ j ) / 2 , by Proposition 1 . The

player that decides to act reciprocally (and also which one more so) crucially depends, again, on the type of short-

run game they play. In particular, on how our model parameter κ compares to the average intrinsic type (θi + θ j ) / 2 . If

κ < (θi + θ j ) / 2 then the most altruistic (or least spiteful) is also more reciprocal (i.e., λ∗
i 

> λ∗
j 
↔ θi > θ j ). By the same to-

ken, if κ > (θi + θ j ) / 2 then the less altruistic (or more spiteful) player is more reciprocal (i.e., λ∗
i 

> λ∗
j 
↔ θ j > θi ). 

15 Re-
13 Furthermore, the extreme cases of altruism or spitefulness where β∗
i j 

= β∗
ji 

= 1 or β∗
i j 

= β∗
ji 

= −1 are never induced interdependent preferences profiles. 

As a result, concern for others yield inefficient outcomes. The efficient outcome arises when β∗
i j 

= β∗
ji 

= 1 and so x ∗
i 

= x ∗
j 
= 1 / 4(1 − k ) for k � = 1 and x ∗

i 
+ x ∗

j 
= 

1 / 2 for k = 1 . 
14 The same logic applies when the short-run game is one of strategic substitutes ( κ < 0 ), but in this case reciprocity choices are strategic complements. 

Hence, more reciprocity exerted by Bob yields more reciprocal behavior exerted by Ana. This means that as Bob increases his concern towards Ana (as 

he puts more weight on Ana’s type), she will lower her concern towards Bob (as she puts more weight on Bob’s type). Thus, the absence of a reinforcing 

effect favors lower values of concerned spiteful behavior. 
15 In extreme cases, reciprocity might even be exerted by just one player. This happens, for example, if κ ≤ min (θi , θ j ) or if κ ≥ max (θi , θ j ) . In the first 

case, only the highest type player chooses λ∗ = 1 while the other player is not reciprocal at all and λ∗ = 0 ; the opposite happens in the second case. 
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Fig. 3. Expected Preferences and its Variance . Left: we depict the expected preferences β(θi ) and our findings in Proposition 2 . For θi ≤ θ (black circles) 

we have θi ≤ β̄(θi ) ≤ 0 , and if θi ≥ θ̄ (white circles) then we have 0 ≤ β̄(θi ) ≤ θi . Otherwise, β̄(θi ) ≤ min (0 , θi ) if κ < 0 , and β̄(θi ) ≥ max (0 , θi ) if κ > 0 . 

Right: we depict the variance. When θi = κ , then β∗
i j 

= κ and thus the variance is zero. We posit uniform distribution for types. 

 

 

 

 

 

 

 

 

 

 

 

 

 

gardless, equilibrium preferences are always symmetric and thus, since β∗
i j 

= β∗
ji 

= β∗, we obtain that material payoffs 

are �∗
i 

= (1 + κ)(1 + κ(1 − 2 β∗)) / 4(1 − κβ∗) 2 , by (2) . That is, altruism increases each player’s payoff. 16 

As we previously pointed out, one of the key insights captured by our model is that players can behave against their

nature due to strategic considerations; those whose intrinsic preference is to be altruistic (spiteful) could choose to behave 

spitefully (altruistically). We now explore this idea exploiting our deduced long-run specification for reciprocity and pref- 

erences in Proposition 1 . While it is true that we could have characterized the difference between equilibrium preferences

β∗
i j 
(θi , θ j ) and intrinsic preferences θi , this translates into a tedious case-by-case analysis. Instead, and in order to provide 

clear insights, we compare each player’s intrinsic type against their expected preferences β̄(θi ) = 

∫ 
β∗

i j 
(θi , ω ) dF (ω ) that sum-

marize each player i ’s average concern for their opponent’s payoffs. Ultimately, our goal is to understand what behavior

is to be expected when players are under social influences and coexist in strategic environments, and how it differs from

intrinsic values. 17 Rewriting (4) we have: 18 

β̄(θi ) = 

{∫ 
min (θi , max (κ, ω )) dF (ω ) for θi ≥ κ∫ 
max (θi , min (κ, ω )) dF (ω ) for θi ≤ κ

(5) 

Once again, the type of short-run game is critical. Exploiting (5) , and as depicted in Fig. 3 , we see that β̄(θi ) rises in θi and

obeys β̄(θi ) ≥ θi only if θi ≤ κ . That is, not only does the value of κ determine whether altruism or spitefulness emerge in

equilibrium, as it can be deduced from Proposition 1 . We now see that the comparison between κ and the specific player

type exactly determines whether in equilibrium a player expects to behave more altruistically or more spitefully than his 

true intrinsic value would have dictated. Altogether, when the complementarity in the short run game is sufficiently strong 

players expect tp behave more altruistically than what they really are; the analogous applies when the substitutability is 

sufficiently strong. 

Our next result formalizes the idea that there might exist cases in which due to large strategic effects players might

choose to behave against their nature. That is, that an intrinsically altruistic (spiteful) player expects to behave spitefully 

(altruistically). We call this phenomenon behavior-reversion , whose existence is now established. 

Proposition 2. There is a nonempty set of types where behavior-reversion arises in the long run game. 

This result is based on the identification of two critical values for the intrinsic types that obey −1 ≤ θ < 0 < θ̄ ≤ 1 and

define a set [ θ, θ̄ ] of moderate intrinsic types . As depicted on the left panel of Fig. 3 , it is precisely for these “moderate

players” that behavior reversion might occur. Instead, for extreme players with θi / ∈ [ θ, θ̄ ] behavior reversals no longer occur. 

We highlight three main conclusions derived from Proposition 2 , all of them depicted on the left panel of Fig. 3 . First, that

expected preferences generically differ from intrinsic types; in fact, they only coincide in the particular case when θi = κ .

This suggests that individuals adjust their own preferences due to strategic effects, and thus we should observe them acting 

differently than what their intrinsic values dictate. Second, due to strategic effects, the extreme players expect to moderate 
16 As ∂ �i /∂ β
∗ = (1 − β∗)(1 + κ) κ2 / 8(1 − κβ∗) 3 > 0 , this extends Proposition 1 in Bester and Güth (1998) . Altruism increases efficiency, whereas spite 

reduces it. 
17 When k = −1 , we restrict attention to the symmetric equilibrium, so that in all meetings preferences are symmetric and equal to β∗

i j 
(θi , θ j ) , as in (4) . 

18 Write β∗
i j 
(θi , θ j ) = min ( max (θi , min (κ, θ j )) , max (κ, θ j ))) . As θi ≥ κ ≥ min (κ, θ j ) , the first interval is obvious. Otherwise, since θi ≤ κ and min (κ, θ j ) < 

max (κ, θ j ) , then β∗
i j 
(θi , θ j ) = max (θi , min (κ, θ j )) . 
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themselves. In particular, a sufficiently altruistic player θi ≥ θ̄ > 0 expects to behave altruistically, but not as much as he

intrinsically is (i.e., 0 ≤ β̄(θi ) ≤ θi ), whereas a sufficiently spiteful player θi ≤ θ < 0 expects to behave spitefully, but not as

much as he is (i.e., θi ≤ β̄(θi ) ≤ 0 ). Third, moderate players might reverse their behavior. Furthermore, what specific types 

of moderate players reverse their behavior depends on the strategic context of the short-run game. In particular, while 

moderate-altruistic players reverse their behavior when the short-run game is one of strategic substitutes, moderate-spiteful 

players do so when the game exhibits complementarity. 

We also compute the variance of preferences v (θi ) = E θ j 
(β∗2 

i j 
) − β̄(θi ) 

2 using (4) : 

v (θi ) = 

⎧ ⎨ 

⎩ 

2 

∫ θi 

κ (θi − ω ) F (ω ) dω −
(∫ θi 

κ F (ω ) dω 

)2 

for θi ≥ κ

−2 

∫ κ
θi 
(ω − κ) F (ω) dω −

(∫ κ
θi 

F (ω ) dω 

)2 
for θi ≤ κ

(6) 

As shown on the right panel of Fig. 3 the variance is a U-shaped function of the intrinsic type value; except for when κ =
1 , in which case is decreasing. 19 That is, preferences exhibit more variation when intrinsic types are either more altruistic

or more spiteful in comparison with κ . In general, it is hard to provide more insights, as the variance depends not only on

a player specific type, but also on the specific shape of the type distribution F . 

4. Reciprocity under incomplete information 

Unlike our previous section, we now assume that, although players know their own intrinsic type, they do not know 

their opponent’s intrinsic preference. Instead, we assume that players only know the distribution of intrinsic types. 

The key economic implication of this new assumption is that now in the long-run game players cannot condition their 

behavior on who they meet. Instead, each player’s reciprocity strategy can only depend on the specific value of their own

intrinsic type. Crucially then, as we will formally show, the lack of this valuable information (i.e., their opponents type) im-

mediately eliminates the long-run strategic interaction that guided much of our results in the complete information section. 

Regardless, we use the same logic we used in Section 3 to solve for the equilibrium and proceed in two stages. 20 

Short-run game: As we have just stated, players can no longer condition their behavior on who they meet, and their

preferences will exclusively depend on their own intrinsic type. Letting b i (θi ) be player i ′ s incomplete information preference ,

then the expected utility is 

U i (x i | θi ) = x i (1 − x i + k E θ j 
[ x j (θ j )]) + b i (θi ) E θ j 

[ x j (θ j )(1 − x j (θ j ) + kx i )] (7)

This is the exact analog of the perceived utility u i (x i , x j ) in our previous section except that now the information structure

is different. As a result, each player i has to account for his opponent’s Bayesian strategy x j (θ j ) , but whose specific intrinsic

type is unknown. Solving for the Bayesian equilibrium, we let b̄ j ≡ E θ j 
[ b j (θ j )] , and obtain: 21 

x ∗i (θi ) = 

(2 + k (b i (θi ) − b̄ i ))(2 + k (1 + ̄b j )) + 2 k ( ̄b i − b̄ j ) 

2( 4 − k 2 (1 + ̄b i )(1 + ̄b j )) 
(8) 

Then, the expected material payoffs E θ j 
[�i ] = x ∗

i 
(θi )(1 − x ∗

i 
(θi ) + k E θ j 

[ x ∗
j 
(θ j )]) are: 

E θ j 
[�i ] = 

(4 + k (2 − k ̄b i (1 + ̄b j ))) 
2 − k 2 (2 + k (1 + ̄b j )) 

2 (b i (θi )) 
2 

4(4 − k 2 (1 + ̄b i )(1 + ̄b j )) 2 
(9) 

Our expressions in (8) and (9) are exactly analog to (1) and (2) from our previous section. Comparing them, it is possible

to offer some immediate conclusions. First, and most importantly, in the long-run game when players have to choose how 

much to reciprocate, there will be no strategic interaction. Indeed, inspecting (9) we see that expected material payoffs, to 

be optimized in the long-run, only depend on each player’s preferences b i (θi ) , and on other fixed objects such as b̄ j and

b̄ i . In other words, any desire to reciprocate kindness or spitefulness with in-kind will dissipate. Second, if we do not ac-

count for an endogenization of reciprocity then, as expected, we recover the equilibrium found in Bester and Güth (1998) ,

as well as b ∗
i 
(θi ) = b̄ i = k/ (2 − k ) . For an intuition, observe that in this case b̄ i and b i (θi ) are both equal and constant terms,

independent of the intrinsic type θi . Thus (9) is reduced to exactly (2) , only when βi j = b i and β ji = b j . As a result, the

unique equilibrium is obviously b ∗
i 

= b ∗
j 
= k/ (2 − k ) , by Proposition 1 . This then highlights the importance to letting reci-

procity choices to be endogenous, as in otherwise the equilibrium preferences are the same, regardless of our assumption 

about the kind of information players have at hand. 
19 For θi < κ , since F (ω) ≤ 1 and thus 
∫ κ
θi 

F (ω) dω ≤ κ − θi we have ∂ v (θi ) /∂ θi = 2 F (θ ) 
(
θi − κ + 

∫ κ
θi 

F (ω ) dω 

)
< 0 . For κ < θi < 1 , we have ∂ v (θi ) /∂ θi = 

2(1 − F (θ )) 
∫ θi 

κ F (ω) dω > 0 . At θ = κ we obtain v (κ) = 0 . 
20 In this case the primary equilibrium concept is sequential equilibrium that imposes besides sequential rationality an additional consistency requirement 

on beliefs. 
21 Best responses are x i (θi ) = (1 + k (1 + b i (θi )) E θ j 

[ x j (θ j )]) / 2 , therefore E θi 
[ x i (θi )] = (1 + k (1 + ̄b i ) E θ j 

[ x j (θ j )]) / 2 . By the same logic, we obtain E θ j 
[ x j (θ j )] 

and thus E θ j 
[ x j (θ j )] = (2 + k (1 + ̄b j )) / (4 − k 2 (1 + ̄b i )(1 + ̄b j )) . We obtain (8) by plugging E θ j 

[ x j (θ j )] in player i ’s best response. 
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Reciprocity (long-run) Game: We now solve our long-run reciprocity game when types are not known. Players still act 

reciprocally, however, unlike the complete information case, they do so by weighting their intrinsic type and the average 

opponent’s type so that preferences are now ( 
 ) b i (θi ) = θi + λi (μ − θi ) with min (θi , μ) ≤b i (θi ) ≤max (θi , μ) . 22 

To solve for the reciprocity strategy we maximize (9) in λi , accounting for ( 
 ) and taking b̄ j as given. Exploiting our

continuum of types assumption, we observe that the specific choice of λi does not modify the expected preference b̄ i . 

To wit, we also consider b̄ i as a constant. As a result, we now verify that conditional on their intrinsic preference type,

the reciprocity choices are dominant with players reciprocating independent of their opponent’s strategy λ j . To wit, the 

strategic ingredient of our model vanishes. We formalize this logic in the following Proposition that characterizes the unique 

sequential equilibrium. 

Proposition 3. For θi � = μ, the dominant reciprocity strategy for each player i is: (a) λ∗
i 

= θi / (θi − μ) if max (θi , μ) ≥ 0 , (b)

λ∗
i 

= 1 if θi > μ ≥ 0 or 0 ≥ μ > θi , and (c) λ∗
i 

= 0 if 0 ≥ θi > μ or μ > θi ≥ 0 . 

Inspecting (9) , as there is only a single term that depends on b i (θi ) , we can directly infer that expected material payoffs

are maximized when induced preferences b i (θ ) are as close to as zero as possible. That is, not only is each player’s optimal

reciprocity strategy dominant, but they also aim for social preferences that are as selfish as possible . 

Corollary 2. The expected preferences are: 

b ∗i (θi ) = min ( max (0 , min (θi , μ)) , max (θi , μ))) (10) 

Compared to (4) , we see that preferences in the incomplete information case are as if players were to match the aver-

age opponent’s type μ in an environment without strategic interaction (i.e., κ ≈ 0 ). Thus, players restrict their preferences 

so that they behave as selfishly as they can, given the constraints imposed by types. Furthermore, not only are reciprocity

choices and preferences independent of the opponent’s intrinsic type, as one might have expected, but they are also inde- 

pendent of the strategic context summarized in the model parameter κ . This is precisely how our model captures that there

is no longer any long-run strategic interaction between players at the preference level. 

In terms of observable behavioral predictions, now altruism, spite, and selfishness could all arise in equilibrium. This 

is in contrast to the complete information case in which the type of short-run game played had a crucial role. Now, the

specific type of preferences that emerge crucially depend only on each player’s intrinsic type, and the expected type of 

the opponent. For instance, exploiting (10) , we deduce that altruistic preferences are optimal for player i (i.e., b ∗
i 
(θi ) > 0 ) if

min (θi , μ) > 0 , that spiteful preferences (i.e., b ∗
i 
(θi ) < 0 ) are optimal if max (θi , μ) < 0 , and that otherwise selfish preferences

(i.e., b ∗
i 
(θi ) = 0 ) are optimal if μθi ≤ 0 . In words, a player chooses altruistic preferences only if he is altruistic, and if the

expected opponent’s type he faces also is. By the same logic, if a spiteful player interacts with players that are expected

to be spiteful then he will choose spiteful preferences. Selfish preferences only arise for altruistic players that interact with 

spiteful players, or vice versa. This result is at odds with the findings of Ely and Yilankaya (2001) , who for a general model

of indirect evolution shows that with incomplete information — when the preferences of the opponent are not known —

only egoistic preferences (or preferences equivalent to them) survive evolution. 

The divergence of preferences from their intrinsic values is now measured by b ∗
i 
(θi ) − θi . Exploiting the above inequalities

we deduce that, unlike our complete information model, now there is now no behavior-reversion. 

Proposition 4. There is no behavior-reversion in the long run game. 

This result is consistent with the fact that now the strategic component of our model, and thus the effects of social in-

fluence on individual’s behaviors, is diluted. Consequently, in contrast to our complete information specification, our results 

show that even under the presence of significant reciprocity exerted by players, they will never behave against their nature. 

That is, an intrinsically altruistic (spiteful) player will never adjust his preferences towards spiteful (altruistically) behavior. 

5. Conclusions 

In this paper we aim to understand endogenous reciprocity choices to disentangle how they shape preferences. In order 

to do so, we formalize the notion that people adjust their preferences and behavior influenced by who they interact with.

In our model, players engage in a simultaneous move short-run game and also in long-run strategic interaction at the 

preference level. Crucially, preferences are neither given, nor evolutionarily selected before they become given. Instead, the 

desire to reciprocate is an endogenous long-run strategic consideration that determines the formation of preferences. 

Our endogenization of reciprocity captures at least two key economic insights and offers several testable predictions. 

First, as players selfishly pursue material payoffs in the long-run, an individual’s desire to reciprocate and repay kindness 

with kindness can be a purely cynical, strategic choice. We find that the type of short-run strategic interaction (i.e., whether
22 A natural extension is to account for noisy signals. However, given the linear functional form specified in ( 
 ), our results in this section easily extend to 

the noisy case for in this case b i (θi ) = θi + λi (μ ji − θi ) where μ ji = E θ j 
(θ j | θi ) . To wit, in the special case with additive separable zero-mean noise θ j + εi , 

we obtain b i (θi ) = θi + λi (μ − θi ) . More sophisticated noise distributions (e.g., type dependent) might be worth to explore; specially with a non-linear 

preference structure. 
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is a complements or substitutes game) is critical and has long-run consequences on these players choices. Not only does 

this determine what kind of preferences emerge in equilibrium, but also how players decide to reciprocate. When intrinsic 

preferences differ in type, then altruism emerges in games of complements while spitefulness in games of substitutes; selfish 

preferences might arise in either kind of game. More generally, whenever altruism emerges in games of substitutes it does 

so at its minimum intensity. The equivalent holds for spite in games of complements. 

Second, our model also captures the idea that, due to large strategic effects, people might reverse their behavior and 

act against their true intrinsic type. In other words, intrinsically altruistic or spiteful players might behave against their 

nature exclusively due to strategic considerations. We show that only moderate players might reverse their behavior and 

that extreme players, although they moderate themselves, they do not reverse their behavior. Furthermore, we also show 

that the strategic context of the short-run game explains the specific types of moderate players that reverse their behavior. 

While moderate-altruistic players reverse their behavior when the short-run game is one of strategic substitutes, moderate- 

spiteful players do so when the game exhibits complementarity. 

Another takeaway message is that the strategic component that drives reciprocity and preference formation crucially 

depends on the information in the hands of players. We show that when there is incomplete information regarding the 

other player’s type, the strategic component of reciprocity vanishes. As a result, equilibrium preferences are as selfish as 

possible and there is no behavior-reversion. Regardless, unlike Ely and Yilankaya (2001) , altruistic and spiteful preferences 

might arise. Consequently, these results seem to suggest that the effects of social influence on individual behavior dilute 

when there is incomplete information on other player types. 

Future extensions to this work include replicating our analytical framework for more general matching technologies, 

other than pairwise random matching to examine the relationship between group size and reciprocity. Furthermore, our 

model could be extended to account for heterogeneous flexibility of players in adjusting to strategic concerns. Finally, the 

theoretical results presented here can give rise to an experimental design to verify how players reverse their behavior or 

how they reciprocate in context of complete and incomplete information on other player types (for example, showing other 

players’ previous experimental behavior Villena and Zecchetto, 2011 ). 

Appendix A 

A1. Omitted Proofs 

Proof. Proof of Proposition 1 : Consider player θi � = θ j maximization. As the Kuhn-Tucker FOC are necessary, we set up a 

Lagrangian L = πi (x ∗
i 
, x ∗

j 
) + γ0 λi + γ1 (1 − λi ) , where γ0 , γ1 ≥ 0 are the multipliers for λi ≥ 0 and λi ≤ 1 . The FOC are: 

(2 + k (1 + β ji ))((1 + β ji )(2 + k ) k − βi j (4 + k (1 + β ji )(2 − k ))) 

(4 − k 2 (1 + βi j )(1 + β ji )) 3 
= 

(γ1 − γ0 ) 

k 2 (θ j − θi ) 
(A.1) 

with γ0 λi = 0 and γ1 (1 − λi ) = 0 . When λ∗
i 

= 1 and λ∗
j 
= 0 then γ0 = γ ′ 

1 
= 0 , βi j = β ji = θ j and k 2 (θ j − θi )(k − θ j (2 −

k )) / (2 − k (1 + θ j )) 
3 (2 + k (1 + θ j )) = γ1 = γ ′ 

0 ≥ 0 , by (A.1) . As θ j ∈ [ −1 , 1] then (2 − k (1 + θ j ))(2 + k (1 + θ j )) > 0 and

so (θ j − θi )(k − θ j (2 − k )) ≥ 0 . 

For uniqueness, we argue that only λ∗
i 

= 1 , λ∗
j 
= 0 solves the Kuhn-Tucker conditions, and as maximum exists in [0,1],

it is the unique maximum. We argue by contradiction, letting (θ j − θi )(k − θ j (2 − k )) ≥ 0 and λ∗
i 

< 1 or λ∗
j 
< 0 or both. By

Lemma 1 , neither λi = λ j = 1 nor λi = λ j = 0 are equilibrium profiles. 

Case 1: If λ∗
i 

< 1 and λ∗
j 
> 0 : Then γ1 = γ ′ 

0 = 0 . If θi > θ j then θ j ≥ k/ (2 − k ) and βi j , β ji > k/ (2 − k ) . If θ j > θi then θ j ≤
k/ (2 − k ) and βi j , β ji < k/ (2 − k ) . 

As 4 − k 2 (1 + βi j )(1 + β ji ) > 0 for −1 < k < 1 , both players FOC in (A.1) yield: 

(θi − θ j ) k (b 3 − βi j )(β ji − b 1 ) ≥ 0 (A.2) 

(θi − θ j ) k (b 4 − βi j )(β ji − b 2 ) ≥ 0 (A.3) 

with b 1 = 4 βi j / (k (2 + k − βi j (2 − k ))) − 1 , b 2 = (1 + βi j )(2 + k ) k/ (4 + k (1 + βi j )(2 − k )) , b 3 = (2 + k ) / (2 − k ) , b 4 = −4 /k (2 −
k ) − 1 and: 

(b 2 − b 1 )(b 3 − βi j )(b 4 − βi j ) 

(βi j (2 − k ) − k ) 
= 

4(1 + k )(2 + k (1 + βi j )) 

k 2 (2 − k ) 2 
≥ 0 (A.4) 

Observe that b 3 > k/ (2 − k ) , b 4 > b 3 ↔ k < 0 and b 4 > k/ (2 − k ) ↔ k < 0 . 

For k < 0 and θi > θ j , then b 4 > b 3 > k/ (2 − k ) and βi j , β ji > k/ (2 − k ) . If b 3 > βi j > k/ (2 − k ) then (A .2), (A .3) and

(A.4) yield β ji ≤ b 1 . But as βi j = b 1 at βi j = k/ (2 − k ) and ∂ b 1 /∂ βi j = 4(2 + k ) /k (2 + k − βi j (2 − k )) 2 < 0 , then for βi j >

k/ (2 − k ) we have β ji < k/ (2 − k ) . A contradiction. If b 4 > βi j > b 3 then (A .2), (A .3) and (A .4) yield b 1 ≤ β ji ≤ b 2 and

b 2 ≤ b 1 . A contradiction. If βi j > b 4 then (A .2), (A .3) and (A .4) yield β ji ≥ b 2 . But since βi j = b 2 at βi j = k/ (2 − k ) and

∂ b 2 /∂ βi j = 4(2 + k ) k/ (4 + k (1 + βi j )(2 − k )) 2 < 0 , then for βi j > k/ (2 − k ) we have β ji < k/ (2 − k ) . A contradiction. 
378 



J.A. Carrasco, R. Harrison and M.G. Villena Journal of Economic Behavior and Organization 203 (2022) 368–381 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If k < 0 and θ j > θi , then βi j , β ji < k/ (2 − k ) < b 3 < b 4 . To wit (A .2), (A .3) and (A .4) dictate β ji ≥ b 1 . But as βi j = b 1 at

βi j = k/ (2 − k ) and b 1 = ∂ b 1 /∂ βi j < 0 , then βi j < k/ (2 − k ) yield β ji > k/ (2 − k ) . A contradiction. 

If 0 < k < 1 then b 3 > 1 and b 4 < −1 so b 2 ≥ b 1 iff βi j ≤ k/ (2 − k ) . Now (A .2) and (A .3) dictate (θ j − θi )(β ji − b 1 ) ≤ 0

and (θ j − θi )(β ji − b 2 ) ≥ 0 . When θi > θ j this reduces to b 1 ≤ β ji ≤ b 2 , and b 1 ≥ b 2 , by (A.4) . A contradiction. Equivalently, if

θ j > θi this reduces to b 2 ≤ β ji ≤ b 1 and b 2 ≥ b 1 . A contradiction. 

Case 2: If λ∗
i 

< 1 and λ∗
j 
= 0 : Then γ1 = γ ′ 

1 
= 0 , β ji = θ j , θ j < βi j ≤ θi if θi > θ j and θi ≤ βi j < θ j if θ j > θi . In this case the

FOC yield (A.2) and the reversed inequality of (A.3) . We now use the same logic of the previous case. For k < 0 and θi > θ j ,

if b 3 > βi j > k/ (2 − k ) then (A .2), (A .3) and (A .4) yield b 2 ≤ β ji ≤ b 1 and b 1 ≤ b 2 . A contradiction. If b 4 > βi j > b 3 then (A.2),

(A.3) and (A.4) yield β ji ≥ b 1 . But ∂ b 1 /∂ βi j < 0 and b 1 > 1 at βi j = b 4 , so for b 4 > βi j > b 3 we have β ji > 1 . A contradiction.

If βi j > b 4 then (A .2), (A .3) and (A .4) yield b 1 ≤ β ji ≤ b 2 and b 2 ≥ b 1 . But since βi j = b 2 at βi j = k/ (2 − k ) and ∂ b 2 /∂ βi j < 0 ,

then βi j > k/ (2 − k ) yields β ji < k/ (2 − k ) . A contradiction. For k < 0 and θ j > θi , then βi j , β ji < k/ (2 − k ) < b 3 < b 4 . To wit

(A .2), (A .3) and (A .4) dictate b 1 ≤ β ji ≤ b 2 and b 2 ≤ b 1 . A contradiction. 

If 0 < k < 1 then (θ j − θi )(β ji − b 1 ) ≤ 0 and (θ j − θi )(β ji − b 2 ) ≤ 0 by (A.2) and (A.3) and b 2 ≤ b 1 ↔ βi j ≥ k/ (2 − k )

by (A.4) . When θi > θ j then βi j > k/ (2 − k ) , so the FOC reduce to β ji ≥ b 1 . But b 1 − βi j = −(2 + k (1 + βi j ))(k − βi j (2 −
k )) /k (2 + k − βi j (2 − k )) , then βi j ≥ b 1 ↔ βi j ≤ k/ (2 − k ) . To wit, βi j < b 1 ≤ β ji . A contradiction. Equivalently, if θ j > θi then

βi j < k/ (2 − k ) so the FOC yield β ji ≤ b 1 . To wit, β ji ≤ b 1 < βi j . A contradiction. 

Case 3: If λ∗
i 

= 1 and λ∗
j 
> 0 : Then γ0 = γ ′ 

0 = 0 , βi j = θ j , θ j < β ji ≤ θi if θi > θ j and θi ≤ β ji < θ j if θ j > θi . In this case the

FOC yield the reversed inequality of (A .2) and (A .3) . We now use the same logic of the previous case. For k < 0 and θi > θ j ,

if b 3 > βi j > k/ (2 − k ) then (A .2), (A .3) and (A .4) yield b 1 ≤ β ji ≤ b 2 and b 1 ≤ b 2 . But since b 2 = βi j at βi j = k/ (2 − k ) and

∂ b 2 /∂ βi j < 0 , then βi j > k/ (2 − k ) yields β ji < k/ (2 − k ) . A contradiction. If b 4 > βi j > b 3 then (A .2), (A .3) and (A .4) yield

b 2 ≤ β ji ≤ b 1 and b 2 ≤ b 1 . But as b 1 = βi j at βi j = k/ (2 − k ) and ∂ b 1 /∂ βi j < 0 , then for βi j > k/ (2 − k ) we have β ji < k/ (2 −
k ) . A contradiction. If βi j > b 4 then (A.2), (A.3) and (A.4) yield b 2 ≤ βi j ≤ b 1 and b 1 ≥ b 2 . A contradiction. 

If k < 0 and θ j > θi , then βi j , β ji < k/ (2 − k ) < b 3 < b 4 . To wit (A .2), (A .3) and (A .4) dictate b 2 ≤ β ji ≤ b 1 and b 2 ≤ b 1 . But

as b 1 = βi j at βi j = k/ (2 − k ) and ∂ b 2 /∂ βi j < 0 , then for βi j < k/ (2 − k ) we have β ji > k/ (2 − k ) . A contradiction. 

If 0 < k < 1 then (A .2) and (A .3) dictate (θ j − θi )(β ji − b 1 ) ≥ 0 and (θ j − θi )(β ji − b 2 ) ≥ 0 . When θi > θ j this reduces

to β ji ≤ b 2 , as βi j > k/ (2 − k ) . But b 2 − βi j = (2 + k (1 + βi j ))(k − βi j (2 − k )) / (4 + k (1 + βi j )(2 − k )) , then βi j ≤ b 2 ↔ βi j ≤
k/ (2 − k ) . To wit, β ji ≤ b 2 < βi j . A contradiction. If θ j > θi then β ji ≥ b 2 . To wit, βi j < b 2 ≤ β ji . A contradiction. 

For the interior equilibrium, we intersect best responses in (3) . This yields two candidates for equilibrium: λ = (θi −
κ) / (θi − θ j ) and λ′ = (2 + θi + 1 /κ) / (θi − θ j ) . We discard λ′ as it is either negative or exceeds one. Letting λ ∈ (0 , 1)

yields 
(
θi − θ j 

)(
θ j − κ

)
< 0 . Behavior is β∗

i j 
= β∗

ji 
= κ . �

Proof. Proof of Proposition 2 : Integrating (5) by parts yields: 

β̄(θi ) = 

{
θi −

∫ θi 

κ F (ω) dω for θi ≥ κ
κ − ∫ κ

θi 
F (ω) dω for θi ≤ κ

(A.5) 

We now find the critical values θ and θ̄ such that if θi ∈ [ θ, θ̄ ] then behavior-reversion might arise. We divide the analysis

into cases. 

For κ > 0 : exploiting (A.5) , as ∂ β̄(θi ) /∂θi = 1 − F (θi ) ∈ [0 , 1) for θi ≥ κ , we obtain 0 ≤ β̄(θi ) ≤ θi ; hence, θ̄ = κ . If θi ≤ κ
then β̄(θi ) ≥ θi since ∂ β̄(θi ) /∂θi = F (θi ) ∈ [0 , 1) . If β̄(−1) = E ( min (κ,  j )) < 0 then a unique θ > −1 solves β̄( θ ) = 0 and

so θi ≤ β̄(θi ) ≤ 0 for θi ≤ θ . Easily, as β̄(0) > 0 , then θ < 0 . If β̄(−1) ≥ 0 then θ = −1 . To wit, β̄(θi ) ≥ max (0 , θi ) if θ ≤ θi ≤
θ̄ . 

For κ < 0 : if θi ≤ κ then θi ≤ β̄(θi ) ≤ 0 and so θ = κ , by (A.5) . Next, for θi ≥ κ we have ∂ β̄(θi ) /∂θi = 1 − F (θi ) ∈ [0 , 1)

and β̄(0) < 0 , by (A.5) . To wit, a unique θ̄ > 0 solves β̄( ̄θ ) = 0 and for θi ≥ θ̄ then 0 ≤ β̄(θi ) ≤ θi . We have θ̄ < 1 iff β̄(1) =
E ( max (κ,  j )) > 0 . Easily, β̄(θi ) ≤ min (0 , θi ) if θ ≤ θi ≤ θ̄ . �

Proof. Proof of Proposition 3 : We optimize (9) in λi . Observe that given our linear specification for preferences,

∂b i (θi ) /∂λi = μ j − θi . Fix b̄ j and b̄ i ; then, computing the FOC we get: 

∂E θ j 
[�i ] 

∂λi 

= 

−k 2 (2 + k (1 + ̄b j )) 
2 b ∗

i 
(θi )( ̄θ j − θi ) 

2(4 − k 2 (1 + ̄b i )(1 + ̄b j )) 2 
= 0 ↔ b ∗i (θi ) = 0 

Clearly, if θi = μ then any λi is optimal. Otherwise, the solution is λ∗
i 

= θi / (θi − μ) . To guarantee 0 ≤ λ∗
i 

≤ 1 we restrict types

to max (θi , μ) ≥ 0 ≥ min (θi , μ) . Otherwise, if θi > μ ≥ 0 or 0 ≥ μ > θi then λ∗
i 

= 1 , and λ∗
i 

= 0 if 0 ≥ θi > μ or μ > θi ≥ 0 . �

Proof. Proof of Proposition 4 : As (10) is analogous to (4) but when κ = 0 and θ j = μ we deduce that the expected prefer-

ences in this case are as in (5) . As β̄(θi ) rises in θi and obeys β̄(θi ) = θi only at θi = κ , it follows then that when κ = 0 we

have θi > 0 if and only if β̄(θi ) > 0 . That is, there is no behavior reversion. �

Lemma 1. For k � = 0 , neither λi = λ j = 1 nor λi = λ j = 0 are equilibrium profiles. 

Proof. We show that no θi , θ j ∈ [ −1 , 1] solve simultaneously the FOC in (A.1) , which are necessary for a maximum. In either

case, the FOC dictate: 

(θi − θ j )(4 θ j − k (1 + θi )(2 − k )(b 3 − θ j )) ≥ 0 (A.6) 
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(θ j − θi )(4 θi − k (1 + θ j )(2 − k )(b 3 − θi )) ≥ 0 (A.7) 

If θi > θ j then k (1 + θi )(2 − k )(b 3 − θ j ) ≤ 4 θ j < 4 θi ≤ k (1 + θ j )(2 − k )(b 3 − θi ) and so k (2 − k )(θi − θ j )(b 3 + 1) < 0 ; a con-

tradiction for k > 0 . The θ j > θi case is analogous. If k < 0 and θi > θ j then θi ∈ [0 , b 3 ] clearly does not solve (A.7) . Nei-

ther does θi ∈ (b 3 , 1] , as k (1 + θ j )(2 − k )(b 3 − θi ) rises linearly from 0 to 2 k 2 (1 + θ j ) < 4 k 2 < 4 . The only candidates are

θ j < θi < 0 . But in this case the FOC yield: 

k (1 + θi )(2 + k ) 

4 + k (1 + θi )(2 − k ) 
≤ θ j ≤

4 θi 

k (2 − k )(b 3 − θi ) 
− 1 (A.8) 

This inequality limits are equal at θi = k/ (2 − k ) . Easily, their slopes are negative, and the upper limit slope exceeds the

lower limit slope iff −2 − 2 θi k + k 2 + θi k 
2 ≥ 0 , which is iff −k (2 − k )(θi + (2 − k 2 ) /k (2 − k )) ≥ 0 . A contradiction. To wit, the

interval in (A.8) is empty. The θ j > θi case is analogous. �

A2. Public good contribution game with strategic reciprocity 

In this section, we solve the public good contribution game ( Levine, 1998 ) accounting for endogenous reciprocity. In the

short-run each player i must independently choose how much to contribute to the provision of a public good (i.e., number

of tokens x i ) to maximize perceived utilities u i (x i , x j ) = πi (x i , x j ) + βi j π j (x j , x i ) , where material payoffs are πi (x i , x j ) = −x i +
γ (x i + x j ) with 0 < γ < 1 . Due to the linearity of the perceived utility, the first order condition for cooperation is −1 + γ +
βi j γ ≥ 0 . That is, player i cooperates only if βi j ≥ (1 − γ ) /γ ≡ φ. Normalizing the total number of available tokens per player

to 1, we then obtain 

x ∗i = 

{
1 if βi j ≥ φ
0 if βi j ≤ φ

Next, given our interdependent preference structure, similar to Levine (1998) , player i cooperates only if θi + λi (θ j − θi ) ≥ φ.

To wit, 

x ∗i = 1 ↔ βi j ≥ φ ↔ θi ≥
φ − λi θ j 

1 − λi 

That is, as in Levine (1998) , only players sufficiently altruistic decide to cooperate. However, and unlike them, in the long-

run players are able to choose how much to reciprocate; that is, the specific value of λi . To solve for this optimal decision

we write player i long-run payoffs 

�i = πi (x ∗i , x 
∗
j ) = −x ∗i + γ (x ∗i + x ∗j ) = x ∗i (γ − 1) + γ x ∗j 

As 0 < γ < 1 , the long-run payoffs fall in the optimal choice x ∗
i 
. This means that player i would like to choose λi in such a

way that induces βi j ≤ φ and thus x ∗
i 

= 0 . Formally, the optimal reciprocity choice is then: 

λ∗
i ∈ 

⎧ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎩ 

[ 0 , 1 ] if min (θi , θ j ) ≥ φ[ 
0 , 

φ−θi 

θ j −θi 

] 
if θ j ≥ φ ≥ θi 

[ 0 , 1 ] if φ ≥ max (θi , θ j ) [ 
θi −φ
θi −θ j 

, 1 

] 
if θi ≥ φ ≥ θ j 

Only in the first case, when min (θi , θ j ) ≥ φ, we obtain that in equilibrium β∗
i j 

≥ φ and also β∗
ji 

≥ φ, hence x ∗
i 

= x ∗
j 
= 1 . That

is, only when players are both sufficiently altruistic we obtain that they both endogenously induce themselves to cooperate, 

which is consistent with Levine (1998) finding. However, in any other case there is no cooperation as players are able to

induce β∗
i j 

≤ φ and β∗
ji 

≤ φ by adjusting how much they reciprocate. This insight radically differs from Levine (1998) predic- 

tion. It states that if players can choose how much to reciprocate they will both try to behave sufficiently spiteful; unless,

of course, they are intrinsically restricted to do so. 
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