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Abstract

Many experimental studies indicate that people are motivated by reciprocity. Rabin [Amer. Econ.
Rev. 83 (1993) 1281] develops techniques for incorporating such concerns into game theory and
economics. His theory is developed for normal form games, and he abstracts from information about
the sequential structure of a strategic situation. We develop a theory of reciprocity for extensive
games in which the sequential structure of a strategic situation is made explicit, and propose a new
solution concept—sequential reciprocity equilibrium—for which we prove an equilibrium existence
result. The model is applied in several examples, and it is shown that it captures very well the intuitive
meaning of reciprocity as well as certain qualitative features of experimental evidence.
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1. Introduction

Reciprocity. . . isthe key to every relationship.
(James Cromwell to Danny DeVito InA. Confidential )

Almost all of economic theory is built on the assumption that people act selfishly and
do not care about the well-being of other human beings. Lots of recent evidence, however,
contradicts pure selfishness. For example, Kahneman et al. (1986) show in a seminal paper
that consumers’ opinions about price increases depend crucially on the costs of the firm,
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but not on the market conditions—a price increase due to cost increases is regarded as
justified, while a demand shock is not a valid justification. Whereas Kahneman et al. (1986)
study deals with th&airness perceptions of consumers, experimental evidence suggest that
actual behavior is also shaped by factors inconsistent with pure selfishness. For example,
in ultimatum bargaining experiments people often reject allocations in which they receive
a much smaller monetary payoff than their partners in favor of an allocation where neither
player receives anything (see Roth (1995) for an overview). In gift exchange games, where
two persons in turn determine how large gifts to give to one another, a large gift by the first
mover is reimbursed by the second mover (see, e.g., Berg et al., 1995; Falk and Géachter,
2002; Fehr et al., 1996). If the size of the gift of the first player is determined on an auction
market, these gift exchange forces are even strong enough to prevent the market from
clearing (see, e.g., Fehr and Falk, 1999; Fehr et al., 1993, 1998).

These deviations from selfishness may have important economic consequences. As Fehr
et al. (1997) show experimentally, the set of enforceable contracts increases considerably
due to non-selfish behavior. These effects are of particular importance for understanding
labor markets. In a series of theoretical papers Akerlof (1982) and Akerlof and Yellen
(1988, 1990) show that fairness is a possible explanation why wages may be above the
market clearing level so that involuntary unemployment occurs. Fehr and Kirchsteiger
(1994) use this approach to explain why two-tier systems are rarely observed in reality.
Bewley (1999) finds strong empirical evidence for the validity of these theories. When
asked for the reason why wages remain above the market clearing level in recessions,
managers and other labor market participants say that wage declines may destroy "working
morale”—workers would decrease their working effort after a decline in wages which
therefore cannot be enforced.

All this evidence suggests that people are not motivated solely by material self-interest.
Also considerations of altruism, fairness, etc. play a role. Among the models designed
to capture some of these phenomena two prominent classes can be distinguished: models
that focus on distributional concerns, and models that focus on a concern for reciprocity.
The distributional approach permits decision makers to be motivated not only by their
own material gain, but rather by the final distribution of the material payoff. In Fehr
and Schmidt (1999), for example, it is assumed that for a given own material payoff
a person’s utility is decreasing in the difference between the own payoff and that of the
counterpart. They show that much (selected) experimental evidence can be explained by
their theory which, furthermore, has the advantage of being very close to standard models.
There is, however, a certain cost. The assumption that individuals care only about final
distributions implies that they must be indifferent concernimgv distributions come

1 Examples of the former approach are Akerlof and Yellen (1988, 1990), Bolton and Ockenfels (2000), Fehr
and Kirchsteiger (1994), Fehr et al. (1998), Fehr and Schmidt (1999), Kirchsteiger (1994), and Levine (1998),
where in addition to distributional concerns persons are also motivated by the degree of altruism of the partner.
Rabin (1993), Segal and Sobel (1999) and our paper represent the second approach. Charness and Rabin (2002),
Cox and Friedman (2002), and Falk and Fischbacher (1998) develop theories that combine elements of both
approaches. The dual classification suggested here is not comprehensive; non-selfish motivation can be neither
distributional nor related to reciprocity, like Andreoni's (1990) “warm glow of giving” or the emotions considered
by Geanakoplos et al. (1989). See Fehr and Gachter (2000) and Sobel (2000) for further discussions of the work
mentioned in this footnote.
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about. This is problematic if in fact individuals regard information about their co-players’
specific choices or intentions as important to their decision making.

Rabin (1993) convincingly argues that intentions play a crucial role when individuals
are motivated by reciprocity consideratioh#/hen a person wants to be kind to someone
who was kind to her, and unkind to unkind persons, she has to assess the kindness (or
unkindness) of her own action as well as that of others. To do this she has to consider the
intentions that accompany an action. Take as an example the Gaimé&ig. 1 (where the
given payoffs are in monetary units).

Is F an unkind action? Clearly, this depends on what player 1 believes that player 2 will
do. Suppose player 1 believes that player 2 will chabsBy choosingF player 1 then
intends to give a payoff of 2 to player 2, whereas player 2 would get a payoff of only 1 if
player 1 chose). Hence, one may conclude that player 1 acts kindly if he choBs&y
an analogous argument, however, one must conclude that 1 is unkind if he clioekéde
believing that 2 will chooseg . This example shows not only that intentions are crucial in
order to model reciprocity; it also makes clear that intentions depend detiteés of the
players. Furthermore, the kindness of a player also depends quogkigilities he has.
Change the game of Fig. 1 such that player 1's strategy set consists afity-bé has to
“choose” F. In such a game a “choice” df is of course neither kind nor unkind—it is
simply the only thing that 1 can do. Hence, in order to model the impact of intentions one
has to take into explicit account both the possibilities and the beliefs of the players.

This is what Rabin (1993) does. He assumes that the players in two-player normal form
games experience psychological payoffs in addition to the underlying material payoffs.
The former payoffs depend on the players’ kindness, which in turn depends on beliefs.
Given the belief of player about the strategy choice of the other player is kind to
the extent that he believes he givgs (relatively) high material payoff. In this sense,

i’s kindness depends on the payoff he intends to “givej ,teaompared to the payoffs he
believes it would be possible to give her—intentions and possibilities define the kindness
of action. Similarly, how kind believes; is depends on a belief éfabout a belief ofj,

2 Arelated problem discussed in social choice theory concerns whether welfare assessments can be made with
reference to final distributions only. See Sen (1979) for a critical discussion.

3 A word of caution about terminology is in order, since the meaning of the term “reciprocity” varies
considerably in the literature. Some papers define certain actions as reciprocal, without making explicit reference
to intentions. Other authors (for example Bolton and Ockenfels, 2000) distinguish between direct and indirect
reciprocity, the former being a principle like the one we describe here (and simply call “reciprocity”), whereas
the latter is a pure concern for distributive justice.
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since j’s kindness depends ofis belief. Rabin then models the psychological payoff as

a concern for reciprocity such thatvants to be kind tg if he believes;j to be kind to

him (as long as the material payoff does not become too importaii.fiotice that since

the model involves belief-dependent motivations, the utility functions have to be defined
on a richer domain than in standard game theory where payoffs depend on actions only.
The framework of psychological game theory, developed by Geanakoplos et al. (1989),
provides appropriate tools which Rabin adopts. He shows that a reformulation of his model
using standard game theory is impossible—since intentions matter, models of reciprocal
behavior have to lead to different results than an approach where beliefs are not allowed to
affect payoffs directly.

However, Rabin points out an important limitation of his model. As it is a normal form
construct it does not take into account the dynamic structure of a strategic situation, and
“[e]xtending the model to sequential games is also essential for applied research” (Rabin,
1993, p. 1296). If an equilibrium is calculated using the normal form of some extensive
game, non-optimizing behavior may be prescribed at information sets that are not reached.
The problem resembles that in usual game theory, where in Nash equilibrium players do
not necessarily optimize off the equilibrium path. However, to handle this problem turns
out to be more complicated than in usual game theory. As play unravels in a sequential
game, a player who revises his beliefs may have to also revise beliefs about how kind
other players are, since kindness depends on beliefs. Therefore, the way that the player
is affected by reciprocity concerns may differ dramatically between different parts of the
game tree. To illustrate all of this, consider the “Sequential Prisoners’ Dilemma” game of
Fig. 2, which is a stylized version of the experiments conducted by Fehr et al. (1993, 1998)
and which has been experimentally tested also by Clark and Sefton (2001).

It can be easily shown that cooperation by player 1 (the ch@icand unconditional
cooperation by player 2 (i.e., the choiceat each node controlled by 2) is one of the
equilibria admitted by Rabin’s theory (defined in the normal fornT®f, as long as the
concern for material payoffs does not overcome the concern for recipfdditgonditional
cooperation of player 2, however, is very implausible. 1's choide gliarantees that 2 gets

Fig. 2. Gamel,—the sequential prisoners’ dilemma.

4 Due to a normalization in Rabin’s theory, this means that the units in Fig. 1 must be thought of as (small
enough) fractions of some unit that measures material value.
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a lower monetary payoff than she would get following the choic€ off 2 is motivated
by reciprocity, why should she be kind after 1 chose such an unkind agtion?

The equilibrium is sustained because Rabin’s normal form concept does not insist
on optimization at 2’s second node (which in the equilibrium is not reached). However,
the problem cannot be solved merely by looking at the extensive form and mandating
optimization at all histories of play. After all, for 2 to choosat her rightmost node may
be in her interesif she believes 1 is kind. The point is, though, that such a belief would
make no sense, if 2 believes that 1's choice was deliberate and purposeful (as we will
assume). Even if 2 initially believes that 1 is kind she should not maintain this belief after
1 choseD. Rather she should then regard 1 as unkind, so reciprocity motives (in addition
to selfish motives) would motivate her to take revenge by choaaing

The general upshot is that a sensible model of reciprocity in sequential games must
handle with care how beliefs change and how this affects reciprocity considerations.
Incorporating such a "sequential reciprocity principle” is important in many potential
applications which have a non-trivial dynamic structure. For example, the game in Fig. 2 is
a very stylized version of the fair wage effort models of Akerlof and Yellen (1988, 1990):
The firm (player 1) makes a generous or greedy wage offer and the worker (player 2)
decides whether to provide a high or a low working effort. Given the sequential structure
of this game and other potential applications, it is crucial to derive a concept of sequential
reciprocity. This is the main objective of our paper.

In our model, just as in Rabin’s, kindness and perceived kindness range from negative
to positive. Reciprocation entails responding to positive perceived kindness with positive
kindness, and to negative perceived kindness with negative kindness; by virtue of this
“sign-matching” reciprocation adds to utility. The main novelty of our approach is that we
take account of how strategic choices and reciprocity motivation change as new subgames
are entered, and that we impose that strategic choices prescribe best responses in all stages.

In order to highlight and isolate the consequences of sequential reciprocity, and in
order to facilitate a comparison with Rabin’s (1993) model, we focus exclusively on
incorporating a concern for reciprocity (in addition to selfish motivation). We disregard
distributional concerns. This is not to say that such concerns are unimportant. In reality
both motives seem to play a rdi¢dowever, in this paper our objective is not to explain as
many experimental findings as possible. Rather, we concentrate on reciprocal motivation
and develop a model which is useful for analyzing its impact in sequential games. We

5 In the experiments by Fehr et al. (1993, 1998) and Clark and Sefton (2001) such behavior was nearly never
observed.

6 The experimental evidence on the importance of reciprocity vis-a-vis the importance of distributional
concerns is somewhat mixed. Whereas Bolton et al. (1996) find that only the final distribution matters, results
of Blount (1995), Bolle and Kritikos (1999), Charness (1996), Charness and Rabin (2002), Gneezy et al.
(2000) suggest that reciprocity (especiafisgative reciprocity: being unkind to someone who was unkind) as
well as distributional concerns play a role. Rabin (1998) discusses empirical findings about the importance of
reciprocity. Outside economics social psychologists have found strong experimental evidence of the importance
of reciprocity, stressing the important role played by intentions (see e.g. Goranson and Berkowitz, 1966;
Greenberg and Frisch, 1972, or Tesser et al., 1968). Also anthropologists and sociologists regard reciprocity as a
main factor of human behavior, crucial for the functioning of human societies. For an overview of this literature,
see Komter (1996).
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regard our approach as complementary to work that aims at modeling other motivational
forces.

In the next section we present our model and define the conceptseduential
reciprocity equilibrium (SRE). In Section 3 we state an existence theorem for this concept.
In Section 4 we apply the SRE concept to some well-known games, and discuss how
reciprocity shapes the analysis. In Section 5 our approach is compared to Rabin’s (1993)
approach. Section 6 contains concluding comments. The theorem of Section 3, as well as
some observations of Section 4, are proved in an Appendix A.

2. Themode€

In the introduction we argued that whether a person’s action is kind or unkind depends
not only on what he does but also on whatletieves will be the consequence of his
decision, as compared to what he believes would be the consequences of other decisions.
Said differently, a person’s kindness depends on his intentions. When another person wants
to reciprocate kindness with kindness, she must hence form beliefs about the first person’s
intentions. Since intentions depend on beliefs, it follows that reciprocal motivation depends
on beliefs about beliefs.

To come to grips with such issues we work within the framewonsspéhol ogical game
theory (Geanakoplos et al., 1989). Psychological games differ from standard games in that
a player’s payoff depends not only on what strategy profile is played, but possibly also on
what are the player’s beliefs about other players’ strategic choices or beliefs. The approach
we use is directly inspired by Rabin (1993). We start off with a standard game, which is
viewed as a description of a strategic situation which specifies only the material payoffs.
We then derive @sychological game in which the payoff functions are redefined so as to
reflect also reciprocity considerations. The main difference between our model and Rabin’s
is that he works with normal form representations of strategic situations, while we work
with extensive forms and impose a requirement of sequential rationality.

When this is done, a subtle issue arises: If a subgame is reached, perhaps unexpectedly,
this may sometimes force a player to change his beliefs about the strategy profile being
played. Since kindness relates to beliefs, assessments about kindness may therefore change
and affect the ways in which a player is motivated by reciprocity concerns. It becomes
necessary to somehow distinguish between a player’s initial and subsequent beliefs. We
handle this by keeping track of how the players’ beliefs change as new subgames are
reached, and by assuming that whenever a player makes a choice he is motivated according
to the beliefs he holds at that stage. These assumptions are central to our model. We already
argued (in connection td?) in the introduction that if reciprocity is important, one may
get unreasonable conclusions unless players are assumed to update their assessments of
how kind their co-players are as play unravels, and then reciprocate accordingly. However,
this also means that the psychological games we consider do not belong to the class
of psychological games that receives most attention in Geanakoplos et al. (1989), as
they confine attention to psychological games where amilyal beliefs may influence
players’ valuations of different strategy profiles (although they suggest (p. 78) that other
assumptions may be important).
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We restrict attention to finite multi-stage games with observed actions and without
nature; see Fudenberg and Tirole (1991, Chapter 3). Play proceeds in “stages” in which
each player, along any path reaching that stage

(i) knows all preceding choices,

(i) moves exactly once (a player may then hawngleton choice set; this trick is used to
formally model games with alternating moves, although we do not depict such choices
when we draw game trees), and

(iii) obtains no information about other players’ choices in that stage.

Thus all instances of imperfect information arise from simultaneous moves. The restriction
to multi-stage games with observed actions facilitates the description of strategies and
beliefs that follows, without essentially compromising the scope of the model since most
applied and experimental work is concerned with such games.

Formally, letN = {1, ..., n} be the set of players where> 2. Let H be the set of
choice profiles, ohistories, that lead to subgamess(belongs toH and “leads to” the
root). Let A; be the set of behavior strategiesiof N; each strategy assigns for each
historyh € H a probability distribution on the set of possible choicesatf:. Note thatA;
allows for randomization. Our favored interpretation of the concept to be developed entails
that players make pure choices only. Nevertheless, the concept allows for randomization,
which is to be interpreted in terms of the frequencies with which pure choices may be made
in a “population”. More comments on this follow later in this section.

Define A = [];.y Ai. Using the assignment of payoffs to endnodes, we can derive
a payoff function for each player which depends on what profilliis played. Let
7 : A — R denote this function. We shall refer #¢ as playeti’s material payoff function.

The material payoffs represent money, or some other objectively measurable quantity.

The material payoff is not the only payoff which we shall assume motivateshis
decision making. To gets utility, which is the function that wants to maximize, we
shall add areciprocity payoff to i's material payoff. The reciprocity payoff depends on
i’s beliefs about other players’ strategies and beliefs. We represent beliefs as behavior
strategies. However, in order to avoid confusion, we introduce separate notation for beliefs.
Let B;; = A; be the set of possible beliefs of playieabout the strategy of playgr Let
Cijx = Bji = Ay be the set of possible beliefs of playebout the belief of playej about
the strategy of playet.

As exemplified by the discussion concerning the sequential prisoners’ dilemma in the
introduction, a player’s kindness and perception of another player’s kindness may differ
after different histories. In order to capture this it is important to keep track of how
each player’s behavior, beliefs, kindness, and perception of others’ kindness differ across
histories. We do this as follows: Lét be a finite multi-stage games with observed actions
and without nature. With; € A;, h € H, leta; (h) be the (updated) strategy that prescribes
the same choices ag, except for the choices that define histarywhich are made
with probability 1. For example, it is the node where 2 moves ifi, thenD(h) = F,

F(h) = F,d(h) =d, and f (h) = f. Note thata; (k) is uniquely defined for any history.
For beliefsh;; € B;; or ¢;jx € Cijk, define updated beliefs; (2) andc;;« (k) in a fashion
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completely analogous to that of updated strategies. For examplés the node where 2
moves inly, and ifbz1 = D, thenbo1(h) = F.

Suppose playerplays the strategy; € A;, initially believing the others to plag; ;) ;-
and to believe(c;jx)k;. After history h, we modeli as playing strategy:; (h) € A;,
believing the others to playb;; (h));+ and to believe(c;jx (h))i-;. This specification
entails that players give up beliefs that involve randomization in favor of beliefs with
pure choices as choices are realized. For example, conBj¢éet 2 be the node where
2 moves after 1 chooseB, and consideb21 = (1 — w)C + uD (the notation refers
to the randomized choice which assigns probabilities & and n to the choicesC
and D, respectively). For any value qf, we getby1(h) = D. The interpretation is
that whatever 2 believes about 1 at the root of the sequential prisoners’ dilemma, when
she is asked to play after observiigy she judges that 1 chosP with probability
one. If u > 0, this form of updating is “Bayesian,” given our favored interpretation of
strategies involving randomization in terms of frequencies of pure strategies rather than
as consciously randomized choices (cf. our comment about the interpretation of strategies
involving randomization above, and the further discussion after Definition 4 below). If
w = 0 the updating is still Bayesian, but of a particular form, reflecting an assumption that
players treat the choices of others as purposeful and deliberate. In a gamg ke has
the upshot that when 2 is asked to play after 1 chbseshe treats 1 as if he choge
on purpose rather than as if he tried to cho@sbut made a mistake. This is crucial to
guarantee that our theory induces a retaliatory motive in géme

This way of updating beliefs handles the problem of how the preferences change when
unexpected moves occur. Our solution is not, however, intended to tackle the general
problem of what to conclude from moves that in equilibrium should not occur. Of course,
in such cases the question arises why a “surprised” player should stick to his initial beliefs
concerning later play, facing thait accompli that the initial beliefs were incorrect for
earlier play. This problem arises also in standard game theory for any concept of sequential
rationality (e.g. subgame perfection), and it goes beyond the scope of this paper to address
the matter. For a discussion of the problem in the context of standard games, see Reny
(1992).

We wish to capture that each playewants to some extent to be kind in return to any
playerj who is kind toi. What does it mean farto be kind toj? Suppose thatchooses
a; € A; and that he believes that all other players make choices according to the profile
(bij)j+i € ]'[j#,. B;;. Following Rabin (1993), we note that playethen believes that he
chooses in such a way thas material payoff will bex; (a;, (b;;) j=). He also believes
that the feasible set of material payoffs fois {7 (a., (b;;) j2)la; € A;}. How kindi is to
Jj can now be measured in terms of the relative size;o#;, (b;;) j+) within this set.

While this measurement may be done in several ways, there is one particular aspect
that must be handled carefully. Consider the gdrgewhich is related ta», as shown in
Fig. 3.

Suppose 1 plays the stratefjy and that he believes with probability one that player 2
is playing the strategyd (meaning the strategy that assigns the choite the leftmost
node and/ to the rightmost node). (Any other belief will in fact also do to make our point.)
One sees that 1 believes he chooses the material pay@if, cd) = 0 for player 2, from
the feasible set of material payoffs fpmvhich is[—100Q 1]. Within this set, O is a rather
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Fig. 3. Gamel 3.

large number. Should one therefore conclude that player 1 is rather kind by ch@yging
We would find this unreasonable. The fact that the internecine ch#iée possible for
1 seems to be irrelevant for drawing conclusions regarding the kindness of the afioices
and D. The choice ofW guarantees an inefficient outcome that hurts both players. By
contrast, each of the actiodsand D may lead to outcomes that are efficient in terms of
material payoff allocations.

We propose that 1's kindness if he chooges I3 should be the same as if 1 chooses
D in I, if 1 has the same beliefs in the two cases. That is, 1's kindness should be
assessed with reference to the relative positioniD, cd) = 0 for player 2 in the set
{ro(w-C+ A —p-D,cd) | uel0,1]} = [m2AD, cd), m2(C, cd)] = [0, 1]. Since 0 is the
lowest number in this set, player 1 should be considered unkind if he chfoses

In general, we proceed as follows. Define playsefficient strategies by

there exists na; € A; suchthatforalk € H, (a;);% €[ | 4;.
J#i
andk € N it holds thatnk(alf(h), (a; (h))j#,’) > TL’k(a,’ (h), (a; (h))j#,’),

E; = {a,' € A;

with strict inequality for somé#, (a;) j+i. k)}

Intuitively, a strategy is inefficient if there exists another strategy which conditional on any
history of play and subsequent choices by the others provides no lower material payoff
for any player, and a higher material payoff for some player for some history of play and
subsequent choices by the others. For examplg; iand I all strategies are efficient for
both players. In3 all strategies are efficient, except those strategies of player 1 that assign
positive probability to the choic# .

If a; is an inefficient strategy, it involves “wasteful play” following some histéry
Reachingh may be inconsistent with early choices accordingitoHowever, the equi-
librium notion we develop (see Definition 4) requires optimal choices also after histories
not played in equilibrium, with the player using strategyh) instead ofs;. It seems nat-
ural to us that inefficiency concerns then relate to wasteful play fram. Our efficiency
definition picks this up.

The definition of E; differs from the corresponding definition in Rabin (1993). In
Section 5 we discuss this in detail and motivate our modeling choice further. Here we
move on to our definition of kindness, which is based on an idea of Rabsldndness to
Jj is zero if he believes thats material payoff will be the average between the lowest and
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the highest material payoff of that is compatible with choosing an efficient stratedy.
It is convenient to have a special notation which describes this number as a funati®n of
beliefs about the profile being played. We call this funcbk;h, defined by

ej 1
i (i) ji) = 5 - [maxX{m; (ai, (bij) ji) | ai € Ai)
+ min{n.,' (a,', (b,'j)j;,g,') | a; € E,}]
Think of rr;’ ((bij) j+i) as anorm for describing the “equitable” payoffs for playgwhen
i's beliefs about other players’ behavior are summarizetbly ;. We user,‘.”' ((bij) j2i)
as a reference point for measuring how kinid to j. If i chooses a strategy such that
wi(ai, (bij)j£i) = n}‘f"((b,»j)j#), then his kindness tg is zero. Otherwisé’s kindness to

J is proportional to how much more or less material payoff th?t‘rq(b,'j)j#) thati thinks
will be the consequence fgr. More specifically:

Definition 1. The kindness of playerto another playey # i at historyz € H is given by
the functiork;; : A; x ]'[j#i B;; — R defined by

kij (ai(h). (bij () ;) = 7y @i (h), (bij () ;) = 75 ((bij () ;s;)-

Intuitively, Definition 1 reflects the idea thak kindness to;j is proportional to “the
size of his gift.” The definition differs from Rabin’s analogous one which includes a
normalization; see Section 5 for further discussion of this.

Having defined kindness, we now turn to reciprocity—the idea thatstkind (unkind)
to i, theni wants to be kind in return (take revenge). Siné¢ekindness depends ofis
beliefs,i cannot observg’s kindness directly. Howevet,can consult his beliefs aboys
actions and beliefs and draw inferences concerriiagindness. We introduce a function
Aiji to keep track of how kind believes thayj is toi:

Definition 2. Playeri’s beliefs about how kind playetr=£ i is toi at historys € H is given
by the functiom;;; : B;; x ]—[k# Cijx — R defined by

i (b (). (cije(m)) p ;) = i (bij (), (cije ), p) = 707 (cij(®)) )

SinceB;; = A; andC;jx = Bjy, the functionk;;; is mathematically equivalent to;;,
althoughi;;; captures a psychological component that pertains to playet player;.
It is now time to specify the utilities which the players are assumed to maximize:

Definition 3. Playeri’s utility at historyh € H is a function
Ui A x l_[ <B,’j X l_[C,'jk> — R
J#i k#j
defined by

7 We see no deep justification for picking the average (rather than some other intermediate value), except that
the choice is simple and does not affect the qualitative performance of the theory.
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Us(ai ). (biy (). (cije®),2;) 1)
= (a,- (h), (bij (h))j;éi)
N Z (Y,, i) (ai (h), (bij (h))j;ti) - Aiji (bij (h), (C,'jk(h))k?gj)),

JEN\{)

whereY;; is an exogenously given non-negative number for gagh'.

Playeri’s utility is the sum ofn terms. The first term is his material payoff, the remain-
ing terms express higciprocity payoff with respect to each player j # i. The constant;;
measures how sensitiveis to reciprocity concerns regarding playgrOur formulation
admits that a player’s reciprocity sensitivity varies depending on which other player is tar-
geted. In application this may be useful; perhaps, for example and as assumed in Dufwen-
berg and Kirchsteiger (2000), a worker is reciprocally motivated towards his employer but
not towards an unemployed outsiderYJf > O the following is true: Ifi believes thay is
kind to him (i.e.,A;;; (-) > 0), theni’s reciprocity payoff with respect tg is increasing in
i's kindness tgj. Furthermore, the higher is;; (-), the more material payoffis willing to
give up in order to dg a favor. Ifi believes thafj is unkind to him (i.e.A;;; (-) < 0), then
i’s reciprocity payoff with respect tg is decreasing in’s kindness tgj. This is the way in
which U; reflects the idea that ifthinks that; is kind (unkind) to him, ther wants to be
kind in return (take revenge). Of course, whiemptimizes he may have to make tradeoffs
between various reciprocity payoffs with respect to different players as well as his material
payoff.

We can now append any ganiéwith a vector of utilities(U;);cy defined as above
and get the tupld™* = (I', (U;);en). We refer to anyl™* constructed in this fashion as
a psychological game with reciprocity incentives. Note that such d&™* is not a “game”
in the traditional sense, since the utility functiotisare defined on domains that include
subjective beliefs, and not only strategic choices.

We propose a solution concept that is applicable to any psychological game with
reciprocity incentives. We look for equilibria in which each player in each history chooses
optimally given his beliefs. The players’ initial first and second order beliefs are required
to be correct, and following each history of play the beliefs are updated as explained above.

The definition of the equilibrium requires the following additional piece of notation: For
anya = (a;)ien € A and historyh € H, let A;(h, a) C A; denote the set of strategies that
prescribe, for each playér the same choices as the strateggh) for all histories other
thanhi. Thatis,A; (h, a) is the set of strategigsmay use if he behaves according4eh)
at other histories thah, but is free to make any choice &t A; (h, a) is nonempty, since
ai(h)ye A;(h,a).

Definition 4. The profilea™ = (a});cn is asequential reciprocity equilibrium (SRE) if for
alli € N and for each historj € H it holds that

(1) af(h) € argr?ax Ui(ai, (bij(h), (cije(M)ks)) ji)
a,-EA,-( ,a*)
(2) bij :a;’.‘ forall j #1i,

(3) cijk =ai forall j #i, k+#j.
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By condition (1) of Definition 4, a SRE is a strategy profile such that at history
each player makes choices which maximizes his utility given his beliefs and given that he
follows his equilibrium strategy at other histories. At the initial stage, conditions (2) and
(3) guarantee that the initial beliefs are correct. At any subsequent history, condition (1)
requires that beliefs assign probability one to the sequence of choices that define that
history, but are otherwise as the initial beliefs.

Because of (1), an SRE rules out profitable “local” deviations at any particular stage.
The definition does not exclude the possibility that a “joint” deviation at several successive
stages might increase a player’s utildg evaluated at the first of the stages where the
player deviates. However, we do not regard this as a drawback. Note that a player’s
preference between two different strategies, because of the updating of strategies and
beliefs with respect to histories (as stated in Definition 3), can change during the play of the
game. Hence, our framework allows for dynamically inconsistent preferénsesayer
might have a multi-stage deviation, which is profitable according to the evaluation of an
early deviation stage, even if his strategy is part of an SRE. But whenever this is the case,
that player will no longer have an incentive to carry out the involved deviation at some later
deviation stage (as seen by the fact that condition (1) must be applied to the history where
the later deviation is supposed to occur). In order to realize such a multi-stage deviation,
the player must be able to bind himself at the first deviation stage to follow the deviation
strategy also at the other deviation stages. If such self-commitment were feasible, it should
be modeled explicitly and thus should have led to a different game tree in the first place.

With Y;; = 0 for all i, j € N the optimality check involves material payoffs only. In
this case Definition 4 requires that is a subgame perfect equilibrium i (this follows
from the “one-shot-deviation property” of subgame perfect equilibrium; cf. Hendon et al.,
1996). In the next section we prove that at least one SRE exists in every psychological
game with reciprocity incentives.

Definition 4 refers to behavior strategies, which may involve randomization. However,
as commented on in two places earlier in this section, our preferred interpretation of our
equilibrium notion does not incorporate conscious randomization by individual players;
we envisage players as choosing pure strategies only. The probabilities specified by
some randomized choice rather reflect frequencies with which pure choices are made,
in some society where people from time to time play a given game. Our interpretation
thus parallels John Nash’s (1950) “mass-action” interpretation of the Nash equilibrium
concept Of course, the problem arises of what to conclude from observing a move that is

8 Dynamically inconsistent preferences were first analyzed in Strotz (1956). Contrary to our approach, Strotz
(1956) as well as more recent work inspired by Strotz (e.g. Harris and Laibson, 2001) investigate single-agent
decision problems. In these papers the inconsistencies occur because decision makers are more impatient when
they make short run trade-offs than when they make long run trade-offs, whereas in our strategic setting the
preferences might be inconsistent due to the change of beliefs as play proceeds.

9 Nash writes: “[T1he participants are supposed to accumulate empirical information on the relative advantages
of the various pure strategies at their disposal. To be more detailed, there is a population (in the sense of statistics)
of participants for each position of the game. Let us also assume that the "average playing’ of the game involves
n participants selected at random from the populations, and that there is a stable frequency with which each pure
strategy is employed by the ‘average member’ of the appropriate population. Thus the assumption we made in
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inconsistent with the initial beliefs, but this issue is not idiosyncratic to our approach and
it goes beyond the scope of our paper to sort it out.

3. Existence

In this section we provide an existence theorem for our concept sdqaential
reciprocity equilibrium. The proof is in Appendix A. Here we provide intuition for the
techniques used, and explain why these differ from techniques commonly used in standard
game theory. We also explain why the existence theorems in Geanakoplos et al. (1989) are
not applicable.

The difficulty of proving existence arises from the fact that kindness as well as believed
kindness at some histoiydepend on the beliefs and second order beliefs about the actions
following all histories. In particular, the belief about the behavior in histories that do not
follow £ is also important for the evaluation of kindness and expected kindness at
Since in equilibrium beliefs have to be consistent with the equilibrium strategy profile,
it follows that in games with reciprocity incentives it is in general impossible to determine
equilibrium choices by looking at isolated subgames. Therefore, the backward inductive
techniques that are usually used for proofs in standard game theory cannot be applied.

It may be illuminating to illustrate this impossibility with an example. Consiieand
the history where 2 moves after 1 has cho€erffo determine an equilibrium choice for 2
it is necessary to know her equilibrium belief of how kind is 1. Since 1's kindness depends
on his belief of 2's behavior followinthe other history where she moves, it is impossible
to determine 2’s equilibrium behavior at the leftmost history without specifying what goes
on also at the rightmost history.

The difficulty can be overcome by consideriald histories simultaneously. Recall that
Definition 4 requires robustness only against “local” deviations, at any particular history.
Although a player at any history has his utility calculated with reference to strategies and
beliefs that relate to choices at all histories, his actual optimization task locally refers to
choices at that history only. There is sufficient structure to apply Kakutani’s fixed point
theorem to a best-reply correspondence that distinguish not only between players but also
between the different histories at which they move. This technique allows us to show

Theorem. There exists a SRE in every psychological game with reciprocity incentives.

See proof in Appendix A.

This result is not covered by the existence theorems for solutions of psychological
games presented in Geanakoplos et al. (1989). As mentioned in Section 2, Geanakoplos
et al. focus on psychological games where only initial beliefs may influence players’
valuations of different strategy profiles, while in the psychological games with reciprocity
incentives subsequent beliefs also have bearing on these evaluations.

this ‘mass-action’ interpretation lead to the conclusion that the mixed strategies representing the average behavior
in each of the populations form an equilibrium point.” See Weibull (1994) for a discussion of this interpretation.
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4. Applications

In this section we apply the concept of SRE to some well known games. This serves
the purpose of showing how reciprocity motives affect the analysis. In each application we
start with an extensive game that has perfect information and generic material payoffs, so
the subgame perfect equilibrium for selfish players is unique and in pure strategies. We then
calculate the SRE in the corresponding psychological games with reciprocity incentives.
It turns out that even for generic material payoffs (and generic reciprocity parameters) the
SRE need not be unique, as the first example (the Sequential Prisoners’ Dilemma) shows.
One might conjecture that the number of equilibria increases with the number of stages
in games. However, that is not necessarily the case. Our second example (the Centipede
game) shows that the SRE can be a unique in games with many stages. These examples
also show that there need not exist an equilibrium in pure strategies.

The third example concerns a three-player game (“So Long, Sucker”), and indicates
the usefulness of our approach for games with more than two players. Furthermore, this
example shows that in some games all players who make choices are unkind to each other
along the equilibrium path. This result can be contrasted with the outcome in the second
example, in which for large enough reciprocity parameters there is no SRE in which the
players are unkind to one another. In fact, in the second example only positive emotions
are predicted, in the sense that the players are kind to one another in the unique SRE.

In all applications we restrict our attention to equilibria for non-negative reciprocity
parameters that are generic in the sense that the conditions on these parameters used for
the characterization of equilibria (see below) are never fulfilled with equality. We allow for
the case with vanishing reciprocity parametefs & O for all i, j), which coincides with
the standard approach without reciprocity. For each game, we first give a brief summary
of how the subgame perfect equilibrium and the sequential reciprocity equilibria look,
and then provide a detailed calculation of these equilibria. The more lengthy proofs are
relegated to Appendix A.

4.1. The sequential prisoners dilemma

The first game we analyze is the sequential prisoners’ diledrdf Fig. 2, discussed
in the introduction. We will see that if player 2's sensitivity towards reciprd€ity strong
enough, she cooperates if player 1 cooperates and defects if 1 defects. This prediction
matches the experimental evidence mentioned in the Introduction. For intermediate values
of Y player 2 makes a randomized choice in all SRE—an SRE in pure strategies does
not exist for this range of values af. For low enough values of, player 2 always
defects. The possible patterns of equilibrium behavior of player 1 are more complex. In
particular, when both players’ reciprocity sensitivities are high enough, both cooperation
and defection are compatible with equilibrium play for player 1. In the first case, the
“reciprocal” behavior of player 2 induces player 1 to cooperate for material as well as

10 since this and the next example are two-player games, we simplify notation bylisamyl Y» instead of
Y17 andYoq.
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reciprocity reasons. The second case is characterized by ‘self-fulfilling expectations.”
Along the equilibrium path each player believes that the other one is unkind, and hence
is unkind in return. In each case the equilibrium is “strict” in the sense that no player has
an “unused best response” at any history.

We now move to the detailed calculations. We first analyze player 2’s behavior, which
is summarized by two observations:

Observation 1. If player 1 defects (choosd3), player 2 also defects in every SRE.

To see this, note that for any possible strategy of 2, player 2 gets less when 1 chooses
than when he choos&s It follows that whatever 1 believes about 2’s strategy, 1's choice
of D is unkind, and hence 2 must believe that 1 is unkind. Hence, the reciprocity payoff as
well as the material payoff makes player 2 chodse

Observation 2. If player 1 cooperates, the following holds in all SRE:

(1) if Y2 > 1, player 2 cooperates;
(2) if Y2 < 0.5, player 2 defects;
(3) if 0.5 < Y2 < 1, player 2 cooperates with a probability pt= (2- Y — 1)/ Y>.

See proof in Appendix A.

Observations 1 and 2 are intuitively very plausible. They show that as long as player 2
is sufficiently motivated by reciprocity, 2's choice depends on the behavior of 1. On
the other hand, a relatively selfish player 2 defects irrespectively of 1's action. For any
intermediate case (Observation 2(3)), player 2 will randomize with given probabilities.
Hence, Observations 1 and 2 together imply that for a given parariigtplayer 2’s
equilibrium behavior is unique. This is, however, in general not true for 1's behavior which
can be characterized by three observations:

Observation 3. If Y2 < 0.5, defection is 1's unique equilibrium behavior.

To see this, notice that fo¥> < 0.5 player 2 always defects (see Observations 1
and 2). Hence, only the reciprocity part of the utility function can make 1 chédsince
the material payoff alone would dictate the choig However, 2's strategy of always
defecting is unkind. Hence, the reciprocity payoff as well as the material payoff makes
player 1 choos®.

Observation 3 considers only equilibria for a player 2 who does not behave reciprocally,
so player 1 has no incentive to cooperate and therefore defects.

Observation 4.1f Y> > 1, 1's equilibrium behavior is characterized by one of the following
three possibilities:

(1) player 1 cooperates (regardlesgy;
(2) Y1 > 1 and player 1 defects;
(3) Y1 > 1 and player 1 cooperates with probabiljty- (Y1 — 1)/2- 1.
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See proof in Appendix A.

Observation 4 considers only equilibria for a player 2 who behaves reciprocally.
Observation 4(1) corresponds to the intuitively most plausible equilibrium—since 2 is
using strategyed, 1's material payoff as well as his reciprocity payoff leads him to
cooperate. If, however, reciprocity is important enough, there also exists other equilibria
that are characterized by “self-fulfilling expectations”. If 1 believes that 2 initially believes
that 1 choose®, and that 2 defects in that case, then 1 believes that 2 is unkind. This
in turn leads 1 to be unkind, i.e. to pldy(or to randomize). Of course, this only works
when 1 is sufficiently motivated by reciprocity—if this is not the case, 1's material payoff
together with the reciprocal behavior of 2 would make him cooperate.

We next examine equilibrium behavior when 2 is moderately motivated by reciprocity.
In this case 2 answers a cooperative choice of 1 with a randomized choice.

Observation 5. If 0.5 < Y2 < 1, 1's equilibrium behavior is characterized by one of the
three following possibilities:

(1) Y2 > 2/3 and player 1 cooperates;

(2) Y1 > 3-Y2— 2 and player 1 defects;

(3) Y1>3-Y2— 2, Y>> 2/3 and player 1 cooperates with probabilify=Y> - (2 —
3-Y2+Y1)/(2-Y1-(2-Y2-1)).

See proof in Appendix A.

As in Observation 4, the first of these cases is the intuitively plausible one—if 2
reciprocates with a high enough probability, 1 cooperates because of his material payoff as
well as because of reciprocity reasons. If, however, reciprocity is important enough, there
also exist other equilibria that are characterized by self-fulfilling expectations: If 1 believes
that 2 initially believes that 1 choos&s and that 2 defects in that case, 1 expects an unkind
action of 2. This in turn leads 1 to be unkind, i.e. to playor to randomize). Of course,
this only works when 1 is sufficiently motivated by reciprocity—if this is not the case, 1's
material interest together with the reciprocal behavior of 2 make him cooperate.

4.2. The centipede game

The next game we analyze is the Centipede Game, first introduced by Rosenthal (1982).
This is a two-player game witlM¥ > 2 nodes, denoted, 2, ..., M. At each odd nodé
player 1 can choose between staying in the game (ch@ic®r ending it (choicely). If 1
stays, the material payoff of 2 increases by two, whereas 1's payoff decreases by one, and
nodek + 1 is reached (as long as the final decision nbtlis not yet reached). If 1 chooses
dx, the material pay-off of both players does not change, and the game ends. Hence, the
strategy of player 1s;, determines at every odd node whether player 1 stays in or ends
the game. Similarly, player 2's strategy, determines at every even node whether she
stays in or ends the game. At the beginning of the game player 1 is endowed with one unit
and player 2 with zero units of material payoff. The case of a CentipedeMiith4 is
illustrated inly in Fig. 4.
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1 2 1 2 3
2

1 0 2 1

0 2 1 3

Fig. 4. Gamel 4—a centipede game with/ = 4.

Denote bye(s1, s2) the first node at which one of the players ends the game, when they
play according to their strategigs and sz, respectively. Then the material payoffs are
given by:

1 -1
w1(s1, 52) = (E(SL;)-F)’ ma(s1, $2) = MZZ)), for e(s1, s2) odd,
-1 1
w1(s1, 52) = el 52) — 1 ma(s1, $2) = el 52) +1 for e(sy, s2) even.

2 ’ 2 ’
Henceforth, we only consider the case whfds even. Qualitatively the same results as

those presented below are obtainetlfifis odd. If both players choose to stay at all nodes,
the material payoffs are

M M
w1(s1, 82) = > +1 (81, §2) = R

All Nash equilibria of this game imply that player 1 ends the game at the first node. If
Rabin’s model is applied to the normal form of the game, then if reciprocity is important
enough there are multiple equilibria. In some of these player 1 ends the game at the first
node, but there is also an equilibrium where the players stay at all nodes in the game. When
a version of the Centipede game was tested experimentally, most of the subjects stayed in
the game at the first nodes (see McKelvey and Palfrey, 1992).

In our model, as long as at least one of the players is sufficiently motivated by
reciprocity, the unique SRE entails that both players stay in the game till the last node
(where a selfish player chooség). By staying a non-reciprocal player ensures that the
other—reciprocal—player will regard him as kind. This finding addresses an issue raised
by Rabin (1993) who asks: “Can players force emotions? Thatis, can a player do something
which compels another player to view him favorably?” Our analysis of the centipede game
shows that answer may lyes. This finding is consonant with that of Dufwenberg (2002),
who discusses “psychological forward induction” in a psychological game where a player
is motivated to avoid feeling “guilty.”

In order to give a complete characterization of equilibrium behavior, we first turn to
choices at the last node which is controlled by player 2.

Observation 1. In all SRE it holds at the last nod¥ that:

(1) if Y2 > 2/M, player 2 stays (choosé&%y);
(2) if Y2 <2/(M + 2), player 2 choosegy,;
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3) if2/(M+2) <Y, <2/M, player 2 choosegy, with a probability ofp =1+ M/2 —
1/Y5.

See proof in Appendix A.

As to be expected, a reciprocal player will plgyeven at the very last node, whereas
players with little reciprocity motivation will not. Note that the more stages the game
possesses the less reciprocity motivation is needed to prevent the player from playing
even at the very last node. The reason is simple: The more stages the more often player 1
has already played if the very last stage is reached. Hence 1's kindness to 2 increases
with M, and therefore less reciprocity sensitivity of 2 is needed to make 2 giving up
material payoff in order to do 1 a favor.

Using Observation 1 we can now analyze the conditions under which the standard
solution is obtained.

Observation 2. If Y; < 2/(M + 2) for i = 1,2 the only SRE is given by =
(di,d3,...,dy-1),s2=(d2,da, ...,du).

To show the validity of Observation 2, take an arbitrary nédmntrolled by playe¥.
Recall that at nod#/ player 2 chooseg,,. We can show that the only equilibrium behavior
atk is dy, provided that both players end the game at all nodes ldrgEs see this, note
that the material payoff of decreases by one unit if he chooses to stay instead of ending
the game (since at+ 1 the other player will end the game anyhow). On the other hand,
the difference in kindness of playérbetweend; and f; is —2, becausei’s material
payoff decreases by 2 if choosesf; instead ofd;. Hence, the difference s utility
between choosing, and f is 1 — 2Y;2;;; (-).11 1;j; (-) cannot be larger than half of the
largest material payoff of the whole game, id/4 4+ 1/2. This implies that whenever
Y; <2/(M +2),i’'s utility of dy is larger than’s utility of fy—in all SRE playe# chooses
dy at nodek.

The next observation deals with the opposite case, where both players stay in the game
at all nodes.

Observation 3. If Y, > 2/M, in the unique SRE both players stay in the game at all nodes.

See proof in Appendix A.

Observation 3 shows that both players stay in game at all nodes as long as player 2 is
sufficiently motivated by reciprocity, independently of 1's reciprocity parameter. This is
the “psychological forward induction” result referred to above.

The next observation deals with the question whether—similarly to Observation 3—
a sufficiently reciprocal player 1 can also sustain “cooperation” independently of the type
of player 2. We know from Observation 1 that if player 2 has a low sensitivity to reciprocity,
she ends the game at node(if this node is actually reached). M = 2, this implies that
in such a case 2’s equilibrium behavior is inevitably unkind, and player 1 has never any

11 54j: () denotes’s belief about;'s kindness ta (cf. Section 2).
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incentive to stay at the first node.M is large enough? however, the situation is different.
Reaching the last but one node in that case might imply that 2’s behavior is regarded as
kind anyhow, i.e. independently of what 2 does at the very last node. This is because 2
has already stayed several times at the previous nodes controlled by her. This in turn might
motivate a sufficiently reciprocal player 1 to stay at néfle- 1 independently of his beliefs
about 2’s behavior at nod#. In that case, every type of player 2 has an incentive to stay

at all nodes preceding nodé — 1. Therefore, player 1's sensitivity to reciprocity can be
enough to prevent the game from ending before the last node. This intuition is verified by

Observation 4. If M > 6 andYy > 2/(M — 6), nodeM is reached in all SRE.

See proof in Appendix A.

Observation 4 applies even to the extreme case where 2 is not being motivated by
reciprocity at all(Y2 = 0). If 2’s reciprocity parameter is in a medium range such that
2 chooses to randomize at the last node, cooperation toModd. is sustained evenif 1's
reciprocity parameter violates the condition of Observation 4. And if player 2 stays even at
the very last node, we already know from Observation 3 that player 1 stays independently
of his sensitivity to reciprocity. Hence, Observations 3 and 4 show that it is enough that
one of the players is sufficiently motivated by reciprocity for both players stay to the last
or to the last but one node. Furthermore, the observations also show that the more stages
there are the easier it is to establish “cooperation.”

4.3. “ So Long, Sucker”

We close this section by analyzing the gaifigin Fig. 5, a modified version of a
three-player game which Nalebuff and Shubik (1988) use to discuss certain aspects of
vengefulness. It is a simple version of the game “So Long, Sucker,” once invented by John
Nash.

Fig. 5. Gamel5—"So Long, Sucker.”

12 |n the present contexiy = 6 is “high enough” (cf. Observation 4). In a more general set-up, where the
changes of the material payoffs when a player stays are not one and two, the critical veleewltl be different.
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With ¢ = 0, I's may be thought of as a model of a strategic situation in which a $4-pie
is to be divided between three players. First player 1 has to choose which one of the other
two players must get a zero payoff. Then the player who was “unfavorably” treated by
1 is called upon to decide which one of the other two will get which of the two positive
monetary payoffs. Intuition may suggest that player 1 is a priori worst off of the three.
Whoever he treats unfavorably will feel badly treated, and hence take revenge on 1 by
awarding him the lowest possible monetary payoff. Effectively, player 1 will get a payoff
of one, while players 2 and 3 look at expected payoffs of 1.5.

If each player was motivated solely by his or her own monetary income this outcome
would not be guaranteed (in subgame perfect equilibrium), as players 2 and 3 would
be indifferent between all their choices. In order to accommodate revenge, Nalebuff
and Shubik modify the usual selfishness assumption, and assume that the players have
lexicographically ordered objectives. Each player primarily maximizes his monetary
rewards, but in case some choices yieldctly the same monetary payoff ties are broken
S0 as to allow a player to take revenge/¥) this works to 1's disadvantage.

Our model of sequential reciprocity allows a similar conclusion, also evoking a
reciprocal sensation for player 1. This is true also when 2 and 3 incur some monetary
coste > 0 if they “punish” player 1. Foany ¢ > 0, at 2's decision node 2 believes that 1 is
unkind to 2(1121(+) < 0), and that 3 is neither kind nor unkind to(2323(-) = 0). Player 2
can get a positive reciprocity payoff only by choosigsincex21(r2, -) < 0 < k21(l2, -).

For large enouglY,; player 2 will chooser; as her material cost is swamped by the
sweetness of revenge.

Analogous remarks apply at player 3's node, so in any SRE it is true thgt; if
and Y3; are high enough, then 2 and 3 chooseand r3 respectively. Yet, there are
multiple equilibria which are characterized by “self-fulfilling expectations” much like in
the first example this section. Both the pure strategy profiles,, r3) and(R, r2, r3) are
equilibria. The following calculations for player 1 confirm this fdr, 2, r3):

«12(L, (r2,r3)) = k13(R, (r2,r3)) = —1.5,
«k13(L, (r2,r3)) = k12(R, (r2,r3)) = 1.5,
M21(r2, (L,r3)) ==1;  A131(rs. (L,r2)) =0.
Hence, it holds that
ui(L, (r2,r3)) =1+ Y12+ (=15)- (=1) + Y13- (1.5)- 0
> 1+ Y12 (1.5)- (=1 + Y13- (=1.5) - 0=uy(R, (r2,73)).
which shows thaL, r», r3) is indeed a SRE. By an analogous argument, $®is>, r3).

5. Comparison with Rabin (1993)

Rabin develops a theory of reciprocity for normal form games with two players. If we
apply the concept of SRE to any two-player (single-stage) game with simultaneous moves,
we get qualitatively similar conclusions as Rabin does in most cases. This indicates that
the main difference between our model and that of Rabin is the requirement of sequential
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reciprocity we impose in games with an interesting dynamic structure. Yet the two models
are also different in some other ways. In this section we review these differences and
attempt to justify our modeling choices.

An obvious difference between Rabin’s theory and ours is that we allow for more than
two players (see, for example, the “So Long, Sucker” game in Section 4, or the wage-
setting games analyzed in Dufwenberg and Kirchsteiger, 2000). As concerns two-player
games, if we were to make the following three changes to our model, and then if we applied
it to any two-player extensive game that has no proper subgames we woelédgbt the
same solutions as Rabin does in the normal form of that game:

Change 1. Substitute(1 + Kkij(ai, (bij)j=i)) for Kkij(ai, (bij)j+i) in Definition 3.

Change 2. Modify Definitions 1 and 2 and redefing; andx;;; as follows:

i (@i, (bij) ji) — 70 (bij) ji)
maxX{(;(ai, (bij) j#i) | ai € Aj} —min{m;(a;, (bij) j#) | ai € A}’

«ij(ai, (bij) j+i) =
Aiji (bijs (Ciji)rj)

_ 7 (bij, (Cijk)kj) — ﬂ,»ej ((ciji)rs))
max{7; (bij, (ciji)ksj | bij € Bij)} — min{m; (bij, (ciji)ksj | bij € Bij)}

If the right-hand side denominators take the value of zero, it is furthermore assumed that
Kij (ai, (bij)j;éi) andkij (bij, (C,'jk)ﬁéi) take the value of zero.

Change 3. Redefine the notion of an efficient strategy (see Section 2) suclutlas;

is anefficient strategy given beliefs (b;;) ;4 if there exists na:; € A; such that for all
r € R, andk € N it holds thatm((alf(r), (b,'j (I’))j;g,’) > m(a;(r), (bij (r))j#), with strict
inequality for somer, k).

Change 1 incorporates an additional motivational element which Rabin (1993, p. 1287)
argues is realistic. However, for the sake of simplicity we avoid it. In principle Change 1
can be applied to our model without adverse consequences, and we will not discuss this any
further here. Change 2 represents a kind of normalization of the players kindness such that
the reciprocity payoff is “dimensionless,” in the sense that kindness is measured in units
of the material payoftlivided by units of the material payoff. By contrast we measure
kindness in the same unit as the material payoffs (for example dollars). Change 3 makes
the definition of an efficient strategy dependent on players’ beliefs, whereas according to
our definition efficiency is a belief-independent propéty.

Changes 2 and 3 are somewhat problematic in the context of general multi-stage games.
To see this, consider the gamgin Fig. 6.

13 There is actually another feature which creates a difference between our model and Rabin’s. We use the
Y;; parameters to scalés sensitivity to reciprocity concerns, whereas Rabin fixes the players’ sensitivity to
reciprocity and scales the importance of material payoffs (viahidUnlike Rabin, we can look at games with
Y;; = 0 where reciprocity is unimportant. However, as long as material as well as reciprocity payoffs matter, there
is no real difference.
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1 F 2 f
2
0
D d
1 0
0 2
Fig. 6. Gamel's.

Assume first that only Change 2 is made in our theory. Suppose that in equilibrium it
holds thatup = b12=p - f + (1 — p) - d with p < 1. A direct calculation involving the
relevant function outlined in Change 2 shows that 1's kindnes2 i1 — p) — (1/2) -
2-1-p)+0)/2-(A—- p)—0) =1/2 when the stage where 2 moves is reached, i.e.
after 1 playsF. If Y»1 is high enough, 2 must then choogg(so thatp = 1) which is a
contradiction. Suppose instead that= b12 = f (so thatp = 1). Player 1's kindness of
playing F is now zero, so 2 must chooge(so thatp = 0). Again this is a contradiction.

This proves that invoking Change 2 in our theory would preclude an existence theorem
like that in Section 3. Note that the culprit here is the discontinuity exhibited by player 1's
kindness function ag — 1. In fact, for all values op < 1, given Change 2, 1's kindness is
constant (= 1/2). We find this feature questionable, since the highertise more likely 1
believes it to be that 2 choosggsince in equilibriunbio = p- f +(1— p)-d), and the less
material payoff 1 then believes that he gives to 2. By contrast, in our theory 1's kindness if
he choose¢ is decreasing ip (with b12=p- f + (1 — p) - d, I'skindness is + p).

Also Change 3 could lead to existence problems. To see this, consider/againd
assume that only Change 3 is made in our theory. Suppose that in equilibrium it holds
thatas = b12 = pf + (1 — p)d with p > 1/2. Given Change 3nly F is an efficient
strategy for 114 Hence 1 is not kind when choosirfg But then 2 chooseg, which is a
contradiction. Suppose instead that=b12= pf + (1 — p)d with p <1/2. Thenall 1's
strategies are efficient. Player 1 is now kind choodii@nd sincep < 1/2 his kindness
is bounded away from zero. K21 is high enough 2 must choosg which again is a
contradiction. This proves that invoking Change 3 leads to non-existence of equilibria in
some games. In our theory this problem does not arise because efficiency of a strategy is a
belief-independent property. According to our definition, there are no inefficient strategies
in I's regardless 0bj2.

Our efficiency definition may also shed some light on the emergence of “trust.” Rabin
(1993, Fig. 3) considers a “partnership game” here reproducéd asFig. 7.

Rabin suggests thafiiust, Share) may be a reasonable outcome, but notes that the
outcome is not an equilibrium in his model. To see why, note that with Change 3 and

14 Rabin (1993) does not distinguish between the weak and the strong notion of Pareto efficiency. Our argument
here presumes a definition corresponding to Change 3, so that a strategy is efficient if no other strategy is not worse
for all players, and strictly better for some player. Alternatively a strategy may be defined as efficient if no other
strategy isstrictly better forall players. It is easy to verify that also thég can be used to illustrate non-existence
of the equilibrium.
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Share Grab
Trust | 6,6 | 0,12
Dissolve| 5,5 | 5,5

Fig. 7. GameG7—a partnership game.

beliefs corresponding to the profil@ér(st, Share) 1's strategyDissolve is inefficient, and

1 is not kind if he choose$rust. Hence, even if 2 is motivated by reciprocity she would
chooseGrab. By contrast, in our theory (applied to any extensive game corresponding
to G7) no strategy is inefficient. 1 is unambiguously kind if he chooBest, and (rust,
Share) may be a SRE®

Rabin (1993) derives many general implications of his model, and we close this section
by pointing out how our theory escapes one of the more gloomy ones. Rabin’s Proposition 6
assures the existence of an equilibrium where no player is kind. In many games there are
also happy equilibria where (both) players are kind, but in these cases there must exist
multiple equilibria and in at least one of these no player is kind. Our analysis of the
Centipede game in Section 4 shows that this result has no general counterpart in our theory.
If the players inl'’; are sufficiently motivated by reciprocity, then the SRE is unique and
both players are kind.

Itis, however, not true that our theory guarantees for all games the existence of a happy
outcome where all players are kind. This follows from the analysis of the “So Long,
Sucker” gamels in Section 4, where along the equilibrium path of any SRE player 1
and player 2 or player 3 view each other as unkind.

6. Concluding remarks

As we have seen our approach is able to capture the intuitive meaning of reciprocity
as well as the stylized facts of experimental games that show the importance of
reciprocal behavior. We propose that our model may serve as a useful tool for analyzing
the implications of reciprocal behavior in several important economic problems. In
Dufwenberg and Kirchsteiger (2000) we apply our model to investigate employer—
employee relationships. We show that reciprocity can explain why employers are reluctant
to hire workers who offer to work at less than the prevailing wage, a phenomenon

15 At this point we would like to point out (and respond to) a critique which has been raised against our
efficiency definition. Consider a modification of the gaiigin Fig. 3, where the only change is that after 1's
choice W player 2 is called upon to move. 2 must then choose between, which leads to end nodes with
the respective material payoffs-100Q —1000 and (2, —2000. In Section 2 we argued that ifs the inclusion
of the strategyW should not influence the kindness assessment of the other strategies. However, in the modified
gameW is efficient according to our definition. It may seem questionable that the addition of the masochistic
responsen for 2 changes the perception of the kindness of 1's strategies. Nevertheless, we find that 1's strategy
W is not completely unreasonable in the modified game, since it is consistent with 1 attempting to get his very
best material payoff. Arguably 1's stratedy is thus kind, since by choosind player 1 foregoes any chance
to get his highest material payoff. Therefore, although these are debatable matters, we feel that our efficiency
definition is intuitive and works well.
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frequently observed in labor markets (see Bewley, 1999). Reciprocity may moreover play
an important role in contract theory, in situations that are potentially plagued by moral
hazard. Our approach can then be used to analyze how reciprocity changes the set of
incentive-compatible contracts, the nature of an optimal contract, and to what extent
incentive problems can be overcome in such a situation.

It may also be of interest to confront our model with experimental data. In this
connection we wish to point to a few considerations that may be important. First, the
crucial role played by beliefs in our theory (and in Rabin’s) suggests that it may be
necessary to explicitly measure beliefs in the laboratBBecond, some tests of our theory
might restrict attention to Definitions 1-3 without connecting to the concept of SRE in
Definition 4. Suppose that in an experiment first and second order beliefs are measured
alongside the strategic choices, so that the experimenter can measure the subjects’ kindness
and perceived kindness. It is now possible to test whe#imeindividual subject is
reciprocally motivated and updates his or her beliefs in the way that Definitions 1-3
suggest. To also test whettadt the interacting subjects have coordinated on a particular
SRE may correspond to a further independent hypothesis. Third, it should be noted that
we have chosen to work with utilities as given by Definition 3 because this is the simplest
formulation we can think of that invokes a concern for reciprocity. This simplicity comes
at a cost which may have bearing on experimental testing. The utilifyspecified in
Definition 3, will not represent’s preferences in a way which is invariant with respect
to the choice of monetary units. To see this, note thasifnonetary payoff is measured
in dollars, then the reciprocity payoff will have the dimension of dollars squared. At the
cost of considerable analytic complexity, this problem can be solved by defining player
reciprocity payoff with respect to each playeasyY;; times the square root of the absolute
value ofk;; (-) - A;;; (-), adjusted so as to maintain the right sign. If one wanted to estimate
a parameter like;; based on experimental data for different games, it might be sensible to
adopt such an approaéh.

Experimentalists should take into account, however, the limits of the scope of this
paper. We deliberately focus on modeling a concern for reciprocity, and disregard other
motivations like altruism, equity, envy, let-down or guilt aversion, or concern for the
least well-off individual. As noted in the introduction, it is clear that this omission is not
innocuous. For example, in experimental Dictator games individuals often give away lots
of money (see Davis and Holt, 1993, pp. 263-269, for a discussion), something which
cannot be explained by the model we propose in this paper. In reality people seem to be
motivated in many different ways, and perhaps this all depends not only on the strategic
nature of a situation but also on other aspects of the context where the situation occurs.
For example, in the case of Dictator games the evidence reported by Hoffman et al. (1996)
suggests that “social distance” is important in that context, and Kirchsteiger et al. (2001)

16 pufwenberg and Gneezy (2000) point to ways in which beliefs can be elicited, in an experiment related to
psychological game theory. They measure beliefs of first and second order by making subjects guess one another’s
strategy choices and guesses, and offering monetary rewards for accuracy in the guesswork.

17 we should note, however, that Nelson (2001) argues (with reference to empirical observations) that for
moderate stakes reciprocity considerations lose importance as material payoffs increase, but that for very large
stakes reciprocity considerations recover their importance. Our formulation has this property.
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show that the nature of motivations may depend on “mood.” We leave for future research
the delicate task of determining in what context one or another motivational concern is
of particular importance. It seems clear that when this issue is tackled, experimental and
theoretical work should go hand in hand.
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Appendix A
A.1. Proof of the Theorem

Let X; (h) bei’s set of (possibly randomized) choices at histbry H. If x € X; (h), let
a; (h)\x be the strategy afs which specifies the choiceat i, but which is otherwise just
like a; (h). Define correspondencgsy, : A — X;(h) andf: A — I nenxu Xi(h) by

Bin(a) = argrrgg)(],- (ai(W\x, (aj(h), (ak(h))k#)j#),
xeX;

Bay=[] Bin@.

(i,h)eNxH

The sets]_[(i’h)eNxH Bi.n(a) and A are topologically equivalent, sp is equivalent to a
correspondencg : A — A which is defined in the obvious way. Fixed points ungeare
SREs. To see this, note that; caters to condition (1) of Definition 4, plugging in the
correct beliefs as mandated by the conditions (2) and (3). Bapsffectively finds the
optimalstrategies in A;(h, a), in conformance with (1), although this is here done using
the optimalchoicesin X;(h). 8 andy are combined best-response correspondences, and
sincey is a correspondence fromto A it is amenable to fixed point analysis.

It remains to show that possesses a fixed point. Berge’s maximum principle guarantees
that 8; » is non-empty, closed-valued, and upper hemi-continuous, becgusgis non-
empty and compact arld; is continuous (since;, «;;, anda;;; are all continuous);  is
furthermore convex-valued, sinég (k) is convex andJ; is quasi-concave (in fact linear)
in i’s own choice. Henceg; , is non-empty, closed-valued, upper hemi-continuous, and
convex-valued. These properties extengtandy . It follows by Kakutani’s fixed point
theorem thayy admits a fixpoint.
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A.2. Applications
A.2.1. The sequential prisoner’sdilemma

Proof of Observation 2. Note first that if 1 cooperates, 2 can give 1 a material payoff
of at least—1 and at most 1, so the “equitable” payoff is & ¢he average of-1

and 1). If 2 chooses cooperation, 1 receives 1. Therefore, 2’s kindness of cooperation
is 1. Similarly, 2’s kindness of defection isl. In order to calculate how kind 2 believes

1 is after choosingC, we have to specify 2’s belief of 1's belief about 2's choice
after C.18 Denote this byp” € [0, 1]. Then 2's belief about how much payoff 1 intends

to give to 2 by choosind is p” -1+ (1 — p”) - 2, and since 2's payoff resulting from

1's choice of D would be zerd? 2’s belief about 1's kindness from choosir is

[p/ 1+@A-p")-21—-[05(p" -1+ (1—p")-2+0)]=1-0.5- p”, with the first term

in squared brackets denoting 2's actual payoff and the second squared bracket denoting 2’s
“equitable payoff.” This implies that when 1 cooperates and the second order belief is

2’s utility of cooperationis givenby 4 Y>-1-(1—0.5p"), whereas 2's utility of defection

is 2+ Y2(=1)(1 — 0.5 p”). The former is larger than the latter¥s - (2— p”) > 1. In
equilibrium, the second order belief must be correct. Hence, if in equilibrium 2 cooperates,
the condition must hold fop” = 1. This is the case i¥> > 1. On the other hand, if in
equilibrium 2 defects, the condition must not hold jgr= 0. This implies that’» < 0.5.

For intermediate values df; (0.5 < Y2 < 1) neither cooperation nor defection can be
part of an equilibrium. In order to have an equilibrium that involves randomized choice,
the utility of cooperation must be equal to the utility of defection. This is the case when
Y2 - (2— p”) =1. Since in equilibrium the second order belief must be correct, the actual
probability of cooperationp, must be such that the condition is fulfilled. This implies that
p=2-Y2—-1)/Y>. O

Proof of Observation 4. Note first thatY> > 1 implies that 2 cooperates when 1
cooperates and defects when 1 defects (see Observations 1 and 2). Hence, 1 can give 2
a material payoff of at least 0 and at most 1. Hence, the “equitable” payoff of 1is 0.5. If 1
chooses cooperation, 2 receives 1. Therefore, 1's kindness of cooperation is 0.5. Similarly,
1's kindness of defection is-0.5. In order to calculate how kind 1 believes that 2 is we
have to specify 1's belief about what 2 believes that 1 will do. Denotg’by [0, 1] this
second order belief of 1 choosiidy Then 1 believes that 2 believes that she gives player 1

a material payoff of” - 1+ (1 — ¢”) - 0 by choosing her equilibrium strategy. If 2 always
cooperates, 1's payoff ig” - 1+ (1 — ¢”) - 2, whereas if 2 always defects, 1's payoff is

q" - (=1)+ (1—4”") - 0. Hence, 1's belief about 2's kindness from choosirafter C and

d after D is given by

18 |n principle we also need 2’s belief about 1's behavior. However, we only care about beliefs that are in
accordance with reaching the node under consideration. After 1 has already ¢haseme is only one such
belief, namely 1 choosing. To put it differently: 2 already knows what 1 has done, and 2’s belief has to be in
accordance with her knowledge.

19 Recall that in any SRE player 2 defects after a defection of 1 (see Observation 1).
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[¢"-1+(1-4¢")-0]-[05-¢"-1+(1~¢")-2+¢"- (=D +(1~¢")-0]
=2.q//_1’

with the first term in squared brackets denoting 1's actual payoff and the second term
in squared bracket denoting 1's “equitable payoff.” This implies that when 2 plays the
equilibrium strategy and the second order beliefis1’s utility of cooperation is given by
1+7Y:-05-(2-¢” — 1), whereas 1’s utility of defectionis9 Y1 - (=0.5)(2-¢” —1). The
former is larger than the latter if& Y1 - (2- ¢” — 1) > 0. In equilibrium, the second order
belief must be correct. Hence, if in equilibrium 1 cooperates, the condition must hold for
q” =1, which is always the case.

On the other hand, if in equilibrium 1 defects, the condition must not holgfes 0.
This implies thatr; > 1.

In order to have a equilibrium involving randomized choices, the utility of cooperation
must be equal to the utility of defection. This is the case whenti - (2-¢” — 1) =0.
Since in equilibrium the second order belief must be correct, the actual probability
of cooperationg, must be such that the condition is fulfilled. This implies that
Y1—-1/2-Y1. O

Proof of Observation 5. Notice that 05 < Y2 < 1 implies that 2 cooperates with
probability p = (2 - Y2 — 1)/ Y> when 1 cooperates, and 2 defects when 1 defects (see
Observations 1 and 2). Hence, 1 can give 2 a material payoff of at least O and at-moest 1
+2-(1— p). Hence, the "equitable” payoffof 1is®- (1- p+2-(1—p)) = (2—p)/2.1f1
chooses cooperation, 2 receiveg 1+2- (1— p). Therefore, 1's kindness of cooperation is
(2— p)/2. Similarly, 1's kindness of defectionis(2— p)/2. In order to calculate how kind

1 believes that 2 is we have to specify 1's belief about what 2 believes that 1 will do. Denote
by ¢” € [0, 1] this second order belief of 1 choosigg Then 1 believes that 2 believes that
she gives player 1 a material payoff@f- (p-14+ Q1 — p) - (—=1)) + (1 —¢”) - 0 by her
equilibrium strategy. If 2 always cooperates, 1's payoi#fis 1+ (1—¢q”) - 2, whereas if 2
always defects, 1's payoffig” - (—1) + (1 — ¢”) - 0. Hence, 1's belief about 2's kindness

of her equilibrium strategy is

q" - (p-1+Q-p)-(-1)+1—-4¢")-0
—0.5'[q”'l—i-(l—q”)'2+q”’(—1)+(1—q”)'0]=2'q”op—1.

This implies that when 2 plays the equilibrium strategy and the second order bejief is
1's utility of cooperationis givenby -1+ (1—p)- (1) +Y1-(2—p)-2-q"-p—-1)/2,
whereas 1's utility of defectionis9Y1-(2— p)-(2-q”- p—1)/2. The former is larger than
thelatterif2 p—1+4+Y1-(2—p)-(2-q”- p—21) > 0. In equilibrium, the second order belief
must be correct. Hence, if in equilibrium 1 cooperates, the condition must hajd ferdl,
which happens ifp > 0.5. This in turn implies tha¥, > 2/3 (usingp = (2-Y2—1)/Y>
from Observation 2(3)).

On the other hand, if in equilibrium 1 defects, the condition must not holgfet 0.
Inserting forp and rearranging terms this leadsitp> 3- Y» — 2.

In order to have a equilibrium involving randomization, the utility of cooperation must
be equal to the utility of defection. This is the case whenp2— 1+ Y, - (2 — p) -
(2-q”-p—1)=0. Since in equilibrium the second order belief must be correct, the actual
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probability of cooperatiory, must be such that the condition is fulfilled. Substituting for
p this impliesthaty = Y2 - (2—3- Y2+ Y1)/(2- Y1 - (2- Y2 — 1)). The other conditions
of Observation 5(3) are necessary to guarantee ¢hiat larger than zero and smaller
thanl. O

A.2.2. The centipede game

Proof of Observation 1. Notice first that the only consistent belief of 2 about 1's strategy

is that 1 stays in the game at all nodes he controls. Given this belief about 1's strategy, 2’s
strategy could give 1 a material payoff of at least 0 (by ending the game at node 2, i.e. the
first node she controls) and at magy2+ 1 (by staying at all nodes she controls including
nodeM). Hence, the “equitable” payoff of 1 i&f/4 + 1/2. If 2 choosesfy; at nodeM,

1 receivesM /2 + 1. Therefore, 2's kindness of staying in the game at all nodes including
M is M/4+1/2. If 2 choosesly; at nodeM, 1 receivesM /2 — 1. Hence, 2’'s kindness

of strategy(f2, fa, ..., fu—2,dy) iSM/2—-1— (M/4+4+1/2) = M/4—3/2. In order to
calculate how kind 2 believes 1 is when 1 stays in the game at all nodes he controls, we have
to specify 2's belief of 1's belief about 2's choice at the nade Consistency of beliefs
about 2's strategy implies that 2 is believed to stay in the game at all nodes that pi¢cede
Denote byp” the second order belief that 2 choog&g, i.e. 2's belief of 1's belief of the
probability that 2 stays in the game at nade Then 2’s belief about how much payoff 1
believes he gives to 2 by always staying in the gamg”i&f/2 + (1 — p")(M/2+ 1) =

M/2+ (1— p”). Clearly, this is the maximum 1 can believe he gives to 2 (with consistent
beliefs about 2’s strategy). On the other hand, 1 could have given 2 a material payoff of zero
(by ending the game at node 1). Hence, 2’s belief about 1's kindness from always staying
in the game isV/24+ (1 — p”) —05(M/2+ (1—p")+0) =M/4+1/2— p”/2. This
implies that when the second order beliefis, 2's utility of always staying in the game

is given byM /2 + Yo(M/4+ 1/2 — p”/2)(M /4 + 1/2), whereas 2’s utility of strategy

(fo, fas ..., fm—2,dpy) iSM/2+ 1+ Yo(M/4+1/2— p"/2)(M/4 — 3/2). The former

is larger than the latter if &(M/4 + 1/2 — p”/2) > 1. In equilibrium, the second order
belief must be correct. Hence, if in equilibrium 2 chooggs the condition must hold for

p” =1. This is the case if> > 2/M. On the other hand, if in equilibrium 2 choosésg,

the condition must not hold fgr” = 0. This implies that, < 2/(M + 2). For intermediate
values ofY2(2/(M + 2) < Y2 < 2/M) neither of the pure choices, anddy, can be part

of an equilibrium. In order to have a equilibrium involving randomization, the utility of
Jfur must be equal to the utility afy;. This is the case whenf2(M/4+ 1/2— p"/2) = 1.

Since in equilibrium the second order belief must be correct, the actual probabilijy,of

p, must be such that the condition is fulfilled. This impliestpat 1+ M/2—1/Y,. O

Proof of Observation 3. We will first look at equilibrium behavior at nod# — 1. Recall

from Observation 1 that in all SRE player 2 chooggsat nodeM if Yo > 2/M. Hence,

in all equilibria the only consistent belief of player 1 about 2’s strategy is that 2 always
stays, whenever nodd — 1 is reached. Therefore, 1's material payoff is strictly larger if
he stays at¥ — 1 than if he ends the game & — 1. Furthermore, by staying player 1
gives player 2 the maximal material payoff 2 can get, given 2's strategy. Hence, staying
is the kindest choice player 1 can make at nafle- 1. On the other hand, 2’s strategy of
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always staying is clearly kind. Hence, as longas- 0 the psychological part of 1's utility

is maximized if he choosegy,—1. If Y1 =0, the psychological part of the 1's utility is zero
anyhow. Hence, for any; player 1's overall utility is maximized by;,_1—in all SRE 1
choosesfy—1 at nodeM — 1. NodeM — 2 is controlled by player 2. In all equilibria the
only consistent belief of 2 about 1's strategy is that 1 always stays. By applying the same
arguments as before we can show that in this case 2’s utility is maximized by the choice of
fum—2—fum—2 is the only equilibrium choice for anys. It is easy to see that by applying

this line of reasoning backwards from notfe— 3 to node 1 staying is the only equilibrium
choice at all nodes. O

Proof of Observation 4. We will first show that at nodé/ — 1 player 1, who controls

this node, will choosefy,—1 in all SRE as long a1 > 2/(M — 6). We will then show

that if player 1 choosegy,—1, both players will stay at all previous nodes in all SRE.
When M — 1 is actually reached, all consistent beliefs of 1 about 2's strategy are such
that 2 stays in the game at all nodes except ndeDenote byp the probability that 2
choosesfy, at nodeM (in equilibrium, p depends of course orpb—cf. Observation 1).
Given the consistent beliefs about 2's strategy, 1's strategy could give 1 a material payoff
of at least 0 (by ending the game at node 1, the first node he controls) and at most
M/2 + (1 — p) (by staying at all nodes he controls, including na#e— 1). Hence,

the "equitable” payoff of 2 isM/4 4+ (1 — p)/2. If player 1 choosesy;—1 at node

M — 1, player 2 received?/2 + (1 — p). Therefore, 1's kindness of staying in the game

at all nodes including — 1 is M/4 + (1 — p)/2. If player 1 choosed,,;_1 at node

M — 1, 2 receives\f/2 — 1. Hence, 1's kindness of strate@, f3, ..., fu—3,dy—1) is
M/2—1—(M/44+ (11— p)/2)=M/4—3/2+ p/2. In order to calculate how kind 1
believes 2 is when 2 stays in the game at all nodesMuhote first that consistency of
beliefs about 1's strategy implies that 1 is believed to stay at all nodes he controls. Then 1’s
belief about how much payoff player 2 believes she gives to 1 by staying in the game at all
nodesbud is p(M/24+1)+ (11— p)(M/2—1) = M/2—1+2p. Clearly, for the consistent
beliefs about 1's strategy the maximum 2 can believe she gives ttf}dst 1 (by staying

at all nodes including). On the other hand, 2 could have given 1 a material payoff of
zero (by ending the game at node 2). Hence, 1's belief about 2’s kindness from choosing to
stay in the game at all nodes bMtis M/2—1+2p —0.5(M/2+ 1) =M/4—3/2+ 2p.

This implies that 1's utility of staying at all nodes is given pyM/2 + 1) + (1 — p) x
M/2—-1)+Yi(M/4—3/2+ 2p)(M/4+ (1 — p)/2), whereas 1's utility of strategy

(f1, fas-eos f—3,dp—1) ISM/2+Y1(M/4—3/242p)(M/4—3/2+ p/2). The former

is larger than the latter if 2+ Y1(M /4 — 3/2+ 2p)(2— p) — 1 > 0. This inequality holds

for any p as long as; > 2/(M — 6)—at the nodeM — 1 player 1 chooseg),—1 in all

SRE. Given that, the arguments of the proof of Observation 3 can be used to show that at
all previous nodes the only equilibrium choice of both players is to stay.
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