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Abstract

This paper presents a formal theory of reciprocity. Reciprocity means that people
reward kind actions and punish unkind ones. The theory takes into account that
people evaluate the kindness of an action not only by its consequences but also by
the intention underlying this action. The theory explains the relevant stylized facts of
a wide range of experimental games. Among them are the ultimatum game, the gift-
exchange game, a reduced best-shot game, the dictator game, the prisoner’s dilemma,
public goods games, and the investment game. Further, the theory explains why
subjects behave differently in treatments where they experience the actions of real
persons compared to treatments where they face ‘actions’ caused by a random device.
Finally, the theory explains why in bilateral interactions outcomes tend to be ‘fair’

whereas in competitive markets even extremely unfair distributions may arise.
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Kindness is the parent of kindness.

(Adam Smith)

1 Introduction

A large body of evidence indicates that reciprocity is a powerful determinant of hu-
man behavior. Experiments and questionnaire studies performed by psychologists and
economists as well as an impressive literature in sociology, ethnology and anthropol-
ogy emphasize the omnipresence of reciprocal behavior. The sociologist GOULDNER
(1960), for example, notes that the norm of reciprocity is “no less universal and
important an element of culture than the incest taboo...” (p. 171).

The importance of reciprocity for economics has been pointed out by many schol-
ars. KAHNEMAN, KNETSCH, AND THALER (1986), e.g., show that fairness norms
prevail in a variety of business contexts. In the field of labor economics, questionnaire
studies with owners and managers of firms suggest that a possible source for rigid
wages is that the employers are unwilling to cut wages (BLINDER AND CHOI (1990),
BEWLEY (1995), AGELL AND LUNDBORG (1995), CAMPBELL AND KAMLANI (1997)
and AGELL (1999). According to these studies a major reason for firms’ refusal to
cut wages is the fear that pay cuts will adversely affect work morale. Thus, concerns
for reciprocity may play a key role in the explanation of downwardly rigid wages. Eco-
nomic consequences of reciprocity have also been shown in many other areas, such as
tax compliance (SMITH (1992)), organization theory (STEERS AND PORTER (1991),
MowDAY (1991)), contributions to public goods (SUGDEN (1984)), contract enforce-
ment (FEHR AND FALK (1999)), gift-giving (RUFFLE (1995)), and strike breaking
(FrRANCIS (1985)).

The essence of reciprocity is very nicely captured in a quote from The Edda, a me-
dieval collection of Icelandic epic poems: “A man ought to be friend to his friend and
repay gift with gift. People should meet smiles with smiles and lies with treachery.”
The quote includes positive reciprocity which is the reward of a kind treatment and
negative reciprocity which means the punishment of an unkind treatment. Impor-
tantly, reciprocity means a behavior that cannot be justified in terms of selfish and
purely outcome oriented preferences. To avoid terminological confusion let us, there-
fore, clarify that reciprocity sharply distinguishes from ‘reciprocal altruism’ (TRIVERS
(1971)). A reciprocal altruist is only willing to reciprocate if there are future rewards
arising from reciprocal actions.!

Experimentalists have found evidence for both negative as well as positive reci-

'In the parlance of game theory this kind of reciprocal action may be supported as an equilibrium
strategy in infinitely repeated games (folk theorems) or in finitely repeated games with incomplete

information (see KREPS, MILGROM, ROBERTS, AND WILSON (1982)).



procity: Negative reciprocity is a very robust observation, e.g., in the so-called ulti-
matum game.? Starting with the work of GUTH, SCHMITTBERGER, AND SCHWARZE
(1982) numerous studies have shown that people - contrary to their material self-
interest - reject low offers in order to punish the unkindness of proposers. Positive
reciprocity has been found, e.g., in the investment game studied by BERG, DICKHAUT
AND MCCABE (1995) and in the gift-exchange game by FEHR, KIRCHSTEIGER, AND
RIEDL (1993). In the latter, the authors analyze the impact of reciprocity in an ex-
perimental labor market. They report a significantly positive relationship between
wages paid by firms and the effort level provided by workers. Besides this obvious
evidence for reciprocity, there is also evidence which seems to be incompatible with
reciprocal preferences: Many market experiments, e.g., impressively support the out-
come predicted by the standard economic theory which assumes completely selfish
preferences. In this paper we present a theory of reciprocity which explains the rele-
vant stylized facts of a wide variety of experimental games. This includes both, “fair”
outcomes in bargaining games as well as “unfair” outcomes in markets.

According to our theory, a reciprocal action is modeled as the behavioral response
to an action that is perceived as either kind or unkind. The more an action is con-
sidered as kind or unkind, the more it will be rewarded or punished, respectively.
The crucial question to ask is: How do people evaluate whether an experienced ac-
tion is kind or unkind? Two aspects are essential here, namely (i) the outcome or
the consequences of an action and (ii) the underlying motivation, i.e., the intentions
involved. It is not only the consequence that determines the kindness of an action.
Rather, “people determine their dispositions toward others according to motives at-
tributed to these others, not solely according to actions taken” (RABIN (1998), p.
22). As an example take the criminal law which distinguishes quite carefully be-
tween criminal activities that were intended and those that were not. A particular
crime is considered less criminal and will be punished less if it was committed neg-
ligently and not with criminal intent (compare, e.g., the concepts of manslaughter
and second-degree manslaughter). As another example take again pay cuts of a firm:
As BEWLEY (1995) shows in his questionnaire study, workers interpret pay cuts as
an insult which adversely affect work morale. This, however, may hold to a much
lesser degree if workers know that their firm is “forced” to lower wages, e.g., to avoid
bankruptcy.

Several other attempts to model other-regarding preferences have been made.
Most recently, BOLTON AND OCKENFELS (2000) and FEHR AND SCcHMIDT (1999)
have suggested theories which emphasize inequity aversion as a motivational determi-

nant. These models are purely outcome-oriented in the sense that they do not account

2 All games mentioned in this section are explicitly described in the applications section.



for the role of intentions. Consequently, they ignore an important aspect of the psy-
chology of reciprocity. Moreover, the models fail to predict important experimental
results (see our discussion in Section 2).

A different fairness model has been developed by RABIN (1993).% His model ex-
plicitly accounts for the role of intentions. However, Rabin’s strategic form theory
is not meant to predict the data of sequential games.* In the sequential prisoner’s
dilemma, e.g., Rabin’s theory predicts unconditional cooperation and rules out condi-
tional cooperation. In the ultimatum game his model is compatible with offers above
50 percent of the total pie. Both predictions are refuted by the data.

In our theory, we implement an equity based reference standard for the evaluation
of an outcome’s kindness. However, we also take into consideration that in judging
the kindness of an action, people care for fair intentions. The theory yields testable
predictions. We show that it explains the stylized facts of a wide variety of experimen-
tal games. We derive all predictions with a single utility function. Furthermore, we
use the same parameter constellation in all games. This is remarkable since we do not
only explain outcomes of games where people behave in a “fair” and other-regarding
way. Rather, we also show and explain why the same subjects act as if they were
solely driven by self-interest. In particular, our theory predicts the stylized facts of
the following games, the ultimatum game, the dictator game, the gift-exchange game,
the prisoner’s dilemma, a reduced best-shot game, the investment game, public good
games and competitive market games.

The remainder of this paper is organized as follows: In Section 2 we contrast
the two distinct concepts of reciprocity and inequity aversion. Section 3 introduces
the formal theory. Section 4 provides applications of the theory in the light of the

experimental evidence. Section 5 summarizes.

2 Why inequity aversion reaches too short

Recently two models of other-regarding preferences have reached considerable atten-
tion: the inequity aversion models by BOLTON AND OCKENFELS (2000) and FEHR
AND SCHMIDT (1999). In their models it is the dislike of inequitable distributions
which triggers behavioral responses. Inequity aversion sharply contrasts from reci-
procity for at least two reasons. First, inequity aversion is a purely consequentialistic
concept, i.e., intentions or motives play no role. Reciprocity on the other hand em-

phasizes the importance of intentions. Second, an inequity averse person punishes or

3Other models that take account of fairness preferences are LEVINE (1998) and DUFWENBERG

AND KIRCHSTEIGER (1998).
*Commenting on his own model Rabin notes that ” [e]xtending the model to sequential move

games is also essential for applied research.” (RABIN (1993), p. 1296).
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Figure 1: Two games that show the importance of intentions.

rewards another person if and only if this reduces the inequity between the person and
his opponent(s). Reciprocity on the other hand means the rewarding or punishment
of kindness or unkindness. Therefore reciprocity predicts punishments or rewards
even in situations where inequity cannot be reduced. Ultimately it is an empirical
question whether inequity aversion or reciprocity is the more powerful concept. In
this section we therefore sketch some of the experimental evidence which aims at

answering this question.

2.1 Intentions matter

...the intention, not the matter makes the benefit.
(Seneca)

There is an ongoing debate whether intentions are behaviorally relevant. The
consequentialistic perspective taken by the inequity aversion approach claims that
fairness driven punishment or reward can fully be accounted for without taking in-
tentions into consideration. According to BOLTON AND OCKENFELS (2000) and
FEHR AND ScHMIDT (1999) the distributive consequences of an action are sufficient
to trigger behavior and no consideration of intentions is needed. Our reciprocity
model on the other hand incorporates people’s concerns for intentions. To illustrate
the role of intentions consider the following two games:

Both games in Figure 1 are reduced ultimatum games. In game (a) the first
mover is asked to divide 10 dollars between himself and a responder. He has only
two choices, either to offer 2 dollars to the responder and to keep 8 dollars (8/2-offer)
or to offer an equal split. The responder can either accept or reject the offer. A

rejection leads to zero incomes for both players. Consider now game (b). Again, the



proposer’s task is to divide 10 dollars. The two possible offers he can choose from
are the 8/2-offer, just as in game (a) and a 10/0-offer which leaves nothing to the
responder.

In our discussion we concentrate on the rejection behavior of the 8/2 offer. The
consequentialistic perspective advocated by BOLTON AND OCKENFELS (2000) and
FEHR AND SCHMIDT (1999) implies that the rejection rates of the 8/2-offer is the
same in both games. The reason is that these models disregard that identical offers
may be perceived as more or less fair, depending on the intentions involved. This
view is clearly rejected by the experimental evidence. Even though the consequences
are exactly the same, responders reject the 8/2-offer significantly more often in game
(a) than in game (b) (compare FALK, FEHR, AND FISCHBACHER (1999)). While the
8/2-offer in game (a) is rejected in 44.4 percent of the cases, the same offer is rejected
in only 8.9 percent of the cases in game (b). The reason for the different rejection
pattern is that responders care about why the proposer chose the 8/2-offer, i.e., they
care about the proposer’s intentions. In game (a) it is obvious that the proposer did
not want to reach a fair allocation between himself and the responder. He could have
chosen an equal split but he did not. Offering the 8/2-offer in game (b), however,
does not signal bad intentions. After all it is the most ‘fair’ offer the proposer could
offer at all.

The difference in rejection rates between games (a) and (b) clearly demonstrates
the importance of intentions.” However, the fact that the rejection rate of the 8/2-
offer is greater than zero even if this offer is actually a ‘fair’, indicates that intentions
alone cannot be the whole story either.® This view is supported by the experiments
by BLOUNT (1995) and CHARNESS (1996) who report that reciprocity is (i) much
weaker but (ii) not zero in a condition where intentions are absent compared to a
condition where intentions are present. In our model we therefore incorporate both,

the concern for the outcome per se and for the underlying motivation, i.e., intentions.

2.2 People punish even if they cannot reduce inequity

According to the inequity approach, a person will punish another person if and only
if this reduces the inequity between the person and his opponent(s). Reciprocity on

the other hand dictates to punish in order to reciprocate an unkind act. The aim of

?Experimental evidence for the importance of intentions is found in BOLLE AND KRITIKOS (1998),
FALK, FEHR, AND FISCHBACHER (1999), CHARNESS (1996), BLOUNT (1995), GREENSBERG AND
FriscH (1972), and GORANSON AND BERKOWITZ (1966). In the latter study, e.g., the authors
report an experiment where people could reciprocate earlier help. Reciprocation was significantly

higher when the prior help was provided voluntarily compared to involuntary help.
This questions the approach taken by DUFWENBERG AND KIRCHSTEIGER (1999) or RABIN (1993)

which claims that reciprocity is exclusively intentions driven.



the reciprocating subject is not to reduce inequity but to lower the opponent’s pay-
off. Reciprocity driven punishments are therefore not restricted to situations where
inequity can be reduced. Instead it occurs whenever a person is treated unkindly and
is given a chance to pay back.

Experimental evidence suggests that many subjects in fact punish others even
if punishment does not reduce inequity. FALK, FEHR AND FISCHBACHER (2000)
present three experiments which address this question in great detail. As it turns
out, a substantial amount of punishment occurs even in situations where inequity
cannot be reduced. One of these games is a three person prisoner’s dilemma with a
subsequent punishment opportunity. In the punishment stage, subjects could — at a
cost — deduct points from each of the other two players. In a situation where pun-
ishing even increased inequity, 46.8 percent of the subjects who had cooperated in
the prisoner’s dilemma nevertheless punished. The conclusion from the three experi-
ments is that much of the observed punishments are actually triggered as a response
to unkindness, not as an attempt to reduce inequity.

The reported evidence suggests that reciprocity is a more powerful concept than
inequity aversion. This is so because it better captures the psychological motivations.

As a consequence it also yields better predictions.

3 A theory of reciprocity

Our theory formalizes the basic structure of reciprocity which consists of a kind (or
unkind) treatment by another person (represented by the kindness term ¢) and a
behavioral reaction to that treatment (represented by the reciprocation term o). Our
procedure is to transform a standard game into a psychological game, the so-called
“reciprocity game”. In this new game the players’ utility depends not only on the
payoffs of the original standard game but also on the kindness and the reciprocation
term. In the following, we derive both terms.

Consider a two-player extensive form game with a finite number of stages and with
complete and perfect information. (For notational simplicity we develop the theory
for the two-player case. The extension to n-person games is given in Appendix 2.)
Let ¢ be a player in the game. N; denotes the set of nodes where player ¢ has the
move with n being a node of this player. Let A, be the set of actions in node n. Let
F be the set of end nodes of the game. The payoff function for player i is given by
i F— R

Let P(A,,) be the set of probability distributions over the set of actions in node
n. Then S; = [[,en, P(A,) is player ¢’s behavior strategy space. Thus, a player’s

behavior strategy puts a probability distribution on each of the player’s decision



nodes. Let player j be the other player with behavior strategy space Sj.7 For s; €
S; and s; € S; we define m;(s;,5;) and 7;(si,s;) as the players’ expected payoffs,
given strategies s; and s;. Furthermore, we define 7;(n, s;, s;) as the expected payoff
conditional on node n: It is the expected payoff of player ¢ in the subgame starting
from node n, given that the strategies s; and s; are played and given it is known that
player i is at node n.®

Let s, denote the first order belief of player i. It captures i’s belief about the
behavior strategy s; € S; which player j will choose. Similarly, the second order
belief s of player i is defined as player i’s belief about player j’s belief about which
behavior strategy player ¢ will choose. In other words, s; is i’s belief about s}. Like
RABIN (1993), we assume that s/ is an element of S; and s is an element of S;. A
set of beliefs is said to be consistent, if s; = s’ = s holds for i # j.

3.1 The kindness term ¢

The kindness term ¢ is the central element of our theory. It measures how kind a
person perceives the action by another player. As outlined in the previous section
the perceived kindness depends on the outcome and the intention. The outcome
is measured with the outcome term A where A > 0 expresses an advantageous
outcome and A < 0 expresses a disadvantageous outcome. In order to determine
the overall kindness, A is multiplied with the intention factor 1. This factor is a
number between zero and one, where 9 = 1 captures a situation where A is induced
fully intentionally and ¥ < 1 expresses a situation where less or no intentions are
involved. The kindness term ¢ is simply the product of A and 9. All terms are
derived in the following.

First, we define the outcome term:
A(”) = ﬂ-i(nasglasfz‘) —ﬂj(n,s;',s;) (1)

To interpret this expression, let us fix the intention factor . For a given 9, the
outcome term A captures the kindness of player j: The kindness of player j in node
n is, ceteris paribus, higher, the more she offers to player i¢. This is expressed in

/)
the term m;(n, s, s,

). From player j’s perspective, player j is offering 7;(n, s, s;) to
player ¢. This is the payoff player i is expected to get, if player j chooses to play s;
and expects player ¢ to choose s;-. Put differently, this is - from the perspective of
player j - what player j offers to player i, given her expectation about s;. Player i’s

belief about this offer is m;(n, s/, s;).

"Throughout the paper we will use the male form for player 4 (and for first movers). For player j

(and second movers) we will use the female form.
®Because we are working with behavior strategies, the strategies s; and s; induce a strategy in

the subgame.



Since ¥ is positive, the sign of the kindness term, i.e., whether an action is con-
sidered as kind or unkind, is determined by the sign of A. In order to determine the

1/

sign of A, player ¢ needs to compare the offer m;(n, s, s

,s7,sk) with a reference standard.

In principle, there are many possible reference standards against which subjects can
compare a particular outcome. From many experiments we know, however, that an
equitable share of payoffs is a salient and commonly held standard.  The expression

mj(n,s!,s;) serves that purpose. It is player i’s belief about what payoff player j

»93 9%
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wants to keep for herself. Taken together, if m;(n,s/,s) > mj(n, s/, s;) holds, player
1 thinks that player j wants him to get more out of the exchange than player j wants
for herself, i.e., player i believes that player j is acting kindly. If, on the other hand,
mi(n, s, s;) < mj(n,s!,s;) holds, player i believes that player j claims more for herself
than she is willing to leave for player i. In this case, player i perceives player j as
being unkind.

Note that we talk a bit loosely about the kindness of an action. The way we
model kindness comprises both the kindness of actually occurred actions as well as
anticipated future actions. The actions which already occurred are represented in
node n because being in node n results from player j’s actually chosen actions. The
anticipated actions of player j are simply captured by /.

The outcome term A(n) captures the kindness or unkindness of player j towards
player 7 for a given . In judging player j’s kindness, however, player ¢ is well aware of
the fact that player j might not have caused a particular outcome intentionally. The
A-term does not differentiate between situations where player j had a reasonable
alternative and those where he had none. In order to account for this difference,
A(n) is multiplied with ¥ which depends on player j’s set of alternatives. Let us
state precisely what we mean by alternative payoff combinations. Let SJP be the set
of pure strategies of player j. For given strategies and beliefs we define:

I o= { (st o), my (s, 0)) | 7 € ST} (2)
I; is a set of payoff combinations 7; and 7;. These are payoffs player j can induce by
choosing a pure strategy s? given her expectation about player ¢’s strategy. Since II;
is determined from player i’s perspective, player ¢ takes into account his belief about
which strategy player j believes he will choose, namely s/. In short, II; is player i’s
belief about all payoff combinations player j considers as her opportunity set, i.e.,

given s7 it contains all options available to player j.

9The idea that equity considerations are important in the context of judging kindness was first
developed in the so-called equity theory. Beginning in the late sixties social psychologists developed
equity theory as a special form of social exchange theory. Compare, e.g., ADAMS (1965) and WALSTER
AND WALSTER (1978). See also LOEWENSTEIN, THOMPSON AND BAZERMAN (1989) and SELTEN
(1978).



Whether player ¢ experiences a particular outcome as chosen intentionally depends
on the options available to player j. The question to ask is: How intentional is
a particular payoff distribution (71'?,71’2-) induced by player j - given that player j
had an alternative payoff distribution (m;,7;) he could have chosen? The answer
to this question is given in function 2. In this function, the value of ) expresses
how intentional player j’s choice of (71'?,7‘('9) was, given his alternatives (m;,7;). If
the choice was fully intentional ) equals 1, if the choice is considered as not fully

intentional, however, €2 is smaller than one. The Q-function is defined as follows:

1 ifﬂ?Zﬂ? and m; < 77
€ if 70 Zﬂ? and m; > ¥
0 0. 1 ifn0 < 7Y m >aYand m; <75
Qi w5, 7, T5) = i gr i i i =" (3)
max | 1 — S=2L & if 0 < 7Y 1 >7Yand 7w > 75
ﬂ-Q_,n-ZQ7 (3 '3 7 K3 1 (3 7
J
& if 7r? <7r2- and 7; SW?

where ¢; is an individual parameter with 0 < &; < 1.19

The first two rows capture situations where player j has treated player ¢ in a kind
way (70 > W?). In these situations the value of €2 depends on whether player j could
reduce player i’s payoff (m; compared to 7¥) or not. Assume, as shown in the first
row, player j has the alternative to lower player i’s payoff (i.e., m; < 7¥). Then player
1 considers the kind action as fully intentional. After all, player j could have treated
player ¢ worse but chose not to do so. If, however, player j’s only alternative is to
increase player i’s payoff (i.e., m; > 79) then player j has no alternative to be less
kind. Consequently, his kindness is considered as less intentional. After all, it is not
player j’s merit that he was ‘kind’. In this situation 2 equals &;.

The other three rows represent instances where player j puts player ¢ in a disad-
vantageous situation, i.e., where 7T? < 7T9 holds. Whether player 7 in fact perceives
this as an intentionally unkind action depends again on player j’s available alterna-
tives. If player j has the alternative to improve player ¢’s payoff without putting
himself in a disadvantageous situation (m; > 7T? and 7; < 7;), his unkindness is fully
intentional. Therefore, €) is equal to 1. Now suppose that there is an alternative to
improve player i’s payoff which at the same time leads to a disadvantageous situation
for player j. The more this alternative is disadvantageous for player j, the less rea-
sonable it is considered. After all it would imply an unreasonable sacrifice by player

j. As a consequence, the choice of ¥ is not considered as fully intentionally unkind

. T;—T5 . T, T4
and €2 is equal to max [ 1 — ﬂé’—ﬂ%,si < 1. The expression 1 — —— Ineasures ‘how

far’ player j must switch to the disadvantageous side if she wants to improve player ¢’s

19This parameter is called the pure outcome concern parameter. It is interpreted below.
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payoff - related to the reference situation (W?,’]T?). If, e.g., player j must only switch
a little bit to the disadvantageous side (the numerator is small) the alternative action
will ceteris paribus be considered as rather reasonable. If, however, the numerator is
large (in particular, if the numerator is larger than the denominator) €2 is equal to
;. Finally, if player j’s only alternative is to choose an even lower payoff for player
i, i.e., m; < @, player i cannot infer that player j wanted to treat him in an unkind
fashion. Consequently, the action was unintentionally ‘unkind’ yielding 2 = ;.
0 -0

As the reference distribution (7}, 7Tj) we use the payoffs that determine the out-

come term A(n), namely m;(n, s/, s;) and m;(n, s}, s;). Thus, we define the intention

factor:

Y¥(n) = max {Q(m,wj,m(n sy, st),mi(n, sy, sh)) | (mi,m;) € Hi} (4)

992992 21 %1

The maximum-operator guarantees that a particular action is considered as inten-
tional if there is any ‘true’ alternative. We now come to the definition of the kindness
term.

Definition 1 Let strategies and beliefs be given. We define the kindness term
©(n) in a node n € N; as:

o(n) = 9(n) A(n) (5)

Interpretation: According to Definition 1 and equations (3) to (5), the kindness
term is equal to A(n) with the exceptions mentioned in our discussion of €2. In these
exceptions the kindness or unkindness, respectively, is not fully intentional in the
sense that player j had no (reasonable) alternative(s). Therefore, in these cases, the
kindness term is reduced by a factor between ¢; and 1. Let us illustrate the logic
of the kindness term with an example: Imagine player j has three alternative payoff
shares (m;,m;) he can cause namely (8,2), (7,3) and (6,4). In all these situations
player i is favored, i.e., the outcome term A is positive. Suppose player j chooses
either (8,2) or (7,3). From player i’s perspective both choices are fully intentional
(with Q = ¢ = 1) for player j could have chosen a worse alternative, namely (6,4).
Of course, the A-term (and therefore the kindness) is higher if j chooses (8,2) instead
of (7,3). Now suppose player j chooses the alternative (6,4). Still player i is favored.
However, the kindness term is smaller than in the situation where (8,2) or (7,3) is
chosen. Moreover, player ¢ knows that player j had no alternative to treat him worse.
Thus he cannot infer any positive intentions, i.e., = ¥ = ¢;, resulting in an even
lower kindness term. Note that in the special case where player j has no alternative
at all (ie., [II;] = 1), ¥(n) equals &;. In most games, however, the players have a
rather unlimited strategy implying a ¥(n) of 1.

The individual parameter ¢; is called the pure outcome concern parameter.

It measures a player’s pure concern for an equitable outcome: If, e.g., €; is equal to

11



zero, player ¢ considers a particular outcome only as kind or unkind if it was caused
intentionally, i.e., if the other player had an alternative to act differently. If, on the
other hand, ¢; = 1, player ¢ cares only about an equitable outcome, i.e., he does not
pay any attention to the other player’s alternatives and intentions, respectively. In
this case € (and therefore 1) is always equal to 1. Thus, saying that a person’s ¢;
is equal to 1 is equivalent to saying that this person is purely outcome oriented as
it is suggested by the models of BOLTON AND OCKENFELS (2000) and FEHR AND

SCHMIDT (1999). Insofar, their models can be viewed as a special case of our theory.

3.2 The reciprocation term o

The second ingredient of our theory concerns the formalization of reciprocation. Let
us fix an end node f that follows node n. Then we denote by v(n, f) the unique node
that directly follows node n on the path that leads from n to f.

Definition 2 Let strategies and beliefs be given as above. Let ¢ and j be the two
players and n and f be defined as above. Then we define

U(”vf) = ﬂj(V(n,f),Sgl,S;) _Wj(nasglasg) (6)

as the reciprocation term of player ¢ in node n.

The reciprocation term expresses the response to the experienced kindness, i.e.,
it measures how much player ¢ alters the payoff of player ;7 with his move in node n.
Given player i’s belief about player j’s expectations about her payoff in node n (i.e.,
given m;(n, s, s%)), player ¢ can - in node n - choose an action. The reciprocal impact

of this action is represented as the alteration of player j’s payoff from 7;(n, s/, s}) to

7i(v(n, f),s?,s;) (always from player i’s perspective). For a given 7;(n, s/, s}), player
1 can, thus, choose to either reward or to punish player j. A rewarding action implies
a positive, whereas a punishment implies a negative reciprocation term.

Notation: Let n; and ng be nodes. If node ny follows node ny (directly or

indirectly), we denote this by n; — no.

3.3 The utility function

Having defined the kindness and reciprocation term we can now derive the players’
utility of the transformed “reciprocity game”:
Definition 3 Let player ¢ and j be the two players of the game. Let f be an end

node of the game. We define the utility in the transformed reciprocity game as:

Ui(f) = mi(f) + p; Z p(n)o(n, f) (7)
n—f
neN;
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According to Definition 3 player ¢’s utility in the reciprocity game is the sum of
the following two terms: The first summand is simply player i’s material payoff

7i(f). The second summand - which we call reciprocity utility - is composed of:

e The positive constant p,, the reciprocity parameter. This constant is an
individual parameter which captures the strength of player i’s reciprocal pref-
erences. It takes account of the fact that individuals differ in their reciprocal
inclination. The higher p;, the more important is the reciprocity utility as com-
pared to the utility arising from the material payoff. Note that if p; equals zero,
player ¢’s utility is equal to his material payoff, i.e., identical to the standard
game. If, in addition, p; also equals zero, the reciprocity game collapses into

the standard game.

e The kindness term ¢(n) which measures the kindness player ¢ experiences
from j’s (expected) actions. As noted above it is positive if player j is considered
as kind and negative if player j is considered as unkind. The kindness term

comprises outcomes and intentions.

e The reciprocation term o(n, f). It measures the effect of the reciprocal

action.

e The product of the kindness and the reciprocation term measures the reciprocity
utility in a particular node. If the kindness term in a particular node n is
greater than zero, player ¢ can ceteris paribus increase his utility if he chooses
an action in that node which increases player j’s payoff. The opposite holds if
the kindness term is negative. In this case, player ¢ has an incentive to reduce

player j’s payoff.

e Since kindness is measured in each node where player ¢ has the move, the overall
reciprocity utility is the sum of the reciprocity utility in all nodes (before the

considered end node), weighted with the reciprocity parameter.

3.4 The Reciprocity Equilibrium

The introduced preferences form a psychological game (GEANAKOPLOS, PEARCE AND
STACCHETTI (1989)). In psychological games, the utility of a player ¢ does not only
depend on the selected strategies of the players but also on the beliefs player i has
(compare Definition 3). Note, however, that beliefs are not part of the action space.
Put differently, beliefs cannot be formed strategically, i.e., they are taken as given.
Given the beliefs, player ¢ chooses his optimal strategy. The additional requirement

in a psychological Nash equilibrium as compared to a Nash equilibrium is that all
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beliefs match actual behavior. This means, that an optimal strategy is only part of
an equilibrium if the beliefs are also consistent with the actual behavior.'!

GEANAKOPLOS, PEARCE AND STACCHETTI (1989) show that the refinement con-
cept of subgame perfectness can also be applied to psychological Nash equilibria. In
our reciprocity game we will call a subgame perfect psychological Nash equilibrium a
reciprocity equilibrium. If p; = p; = 0, the definition of a reciprocity equilibrium
is equivalent to the definition of a subgame perfect Nash equilibrium.'?

The concept of psychological game theory allows us to formalize the concept of
intentions in a straightforward way. As we have seen in Section 2 and as we will
show in the next section, the formalization of intentions is important since purely

consequentialistic models fail to explain relevant aspects of the data.

4 Applications

Many scholars have presented compelling evidence on the relevance of reciprocity in a
variety of economically important situations. The most clear-cut evidence on positive
and negative reciprocity stems from controlled laboratory experiments. In this section
we, therefore, discuss the predictions of our theory in different experimental games.
The games we study are the ultimatum game, the gift-exchange game, a reduced
best-shot game, market games with proposer or responder competition, the dictator
game, the prisoner’s dilemma, public goods games, and the investment game. Notice
that in all figures which illustrate our propositions we use the same set of parameters
(0<p;<4dorp =2¢=0.2).

4.1 Negative reciprocity: The ultimatum game

Let us start our applications section with an example of negative reciprocity. The
most known game in which negative reciprocity applies is the ultimatum game. In

this two person sequential move game, the first mover (“proposer”) is allocated an

1 Assuming rationality of players guarantees that the optimal strategy is chosen. The coincidence
of actual behavior and beliefs, on the other hand, cannot simply be justified on the basis of rationality.
It is very plausible, however, to assume that possible inconsistencies between actual behavior and
first order beliefs will die out with some experience. Let us therefore assume that the first order belief
of player j (eventually) matches actual behavior of player . Now, if player ¢ forms his second order
belief in the same way as player j forms his first order belief (e.g., by observing actual behavior or
introspection) then player ¢ will be able to match his second order beliefs with the first order beliefs
of player j.

12 A remark on the existence of reciprocity equilibria: In the presented form, a reciprocity equilib-
rium does not always exist because the function €2 is discontinuous at m; = 7r?. A minor technical
modification of €2, however, guarantees the existence of a reciprocity equilibrium. For the ease of

exposition we delegate the existence proof for the modified © to Appendix 1.
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amount of money (which we normalize to 1). The proposer has to divide this amount
between himself and a second mover (“responder”). He may offer any feasible amount
¢ to the responder, i.e., 0 < ¢ < 1. After the offer is revealed to the responder, the
latter can either accept or reject it. If she accepts, the resulting payoffs are 1 — ¢ for
the proposer and c¢ for the responder. If the responder rejects the offer, payoffs are
zero for both parties. Given the standard assumptions, the outcome according to the
subgame perfect Nash equilibrium is (¢ = 0; accept).

The ultimatum game has intensively been studied. Overviews of experimental
results are presented, e.g., in GUTH, SCHMITTBERGER AND SCHWARZE (1982),
THALER (1988), GUTH (1995), CAMERER AND THALER (1995) and RoTH (1995).13
The reported behavioral regularities are quite robust and can be summarized as fol-
lows: There are (i) practically no offers that exceed 0.5, (ii) the modal offers lie in a
range between 0.4 and 0.5, (iii) offers below 0.2 are extremely rare, and (iv) whereas
offers close to 0.5 are practically never rejected, the rejection rate for offers below 0.2
is rather high. Thus, the standard subgame perfect prediction is strongly refuted by
the stylized facts.

We now state our predictions. Upon acceptance, material payoffs are 1 — ¢ for the
proposer and c for the responder, respectively. Let p denote the probability that the

responder accepts the offer.

Notation: For the following applications it is useful to introduce the notations

b := min(b,c). The expression

[c}[l;] := min(b, max(a, c)), [c]; := max(a,c), and [c]
[c}[ﬂ is simply c if ¢ lies within the interval [a,b] and is the nearest end point of [a, b]

otherwise.

Proposition 1 If p; and py are positive there is a unique reciprocity equilibrium

(c*,p*) in the ultimatum game as follows:

c 1] . 1
pF = [—pz-u—%xl—c)} if e<s (8)
1 ifc>4
14+3py—+/1+6 21 1
¢ = max |V DR 0
4py 2 P1

If either p; or py is zero p* and c* are the limits of the above formulas where p; and
po approach zero from above.

If py and py are both zero, p* =1 and c¢* = 0.

13 An interesting extension of the ultimatum game to more than two players is presented in GUTH,
Huck AND OCKENFELS (1996).
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The proof of Proposition 1 is given in Appendix 3.

Discussion: Let us first look at the responder’s behavior. Equation (8) reveals
the conditions that determine the acceptance probability p* of an offer ¢ in the reci-
procity equilibrium: First, if the proposer’s offer is equal or higher than half of the
pie, i.e., ¢ > %, the responder will always accept the offer. This holds indepen-
dent on the responder’s concern for reciprocity (compare the second row of Equation
(8)). Second, for offers smaller than half of the pie the willingness to accept an offer
is increasing in the level of the offer and decreasing in the responder’s concern for
reciprocity, py (see the first row of Equation (8)). Figure 2 depicts the acceptance
probability as a function of the level of the offer for a given reciprocal inclination of
the responder. The figure neatly captures the essence of negative reciprocity: The
lower the offer, the higher is the willingness of a reciprocally motivated responder to
punish the proposer by rejecting the offer. Note that as py gets higher (lower) the

acceptance-curve shifts to the right (left).

1 4

o < I
& (o) o)
I I I

acceptance probability

o
o
|

Co

0 4

0 0.25 0.5 0.75 1
offer ¢

Figure 2: Acceptance probability in the ultimatum game dependent on the offer of

the proposer for a given reciprocity parameter of the responder of py = 2.

We now turn to the proposer. Equation (9) shows that his equilibrium choice of ¢
depends on two expressions. Whereas the first expression depends on the responder’s
reciprocal inclination, i.e., on p,, the second expression depends on the proposer’s
concern for reciprocity, i.e., on p;. The second expression the proposer’s intrinsic
concern for an equitable outcome. If he is an egoistic player the expression is zero. If
pq is large, however, he will offer a positive c. The first expression can be interpreted
as an extrinsic constraint to offer a positive ¢: This expression exactly defines the

smallest offer that just guarantees an acceptance probability of 1. (We call this
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4py
concern for reciprocity is crucial for the value of ¢y. For example, if the responder is

offer ¢y, i.e., ¢g := , compare Figure 2). Obviously, the responder’s
a selfish player (with p, = 0) the value of ¢j is equal to zero. The higher player 2’s
concern for reciprocity, the higher the value of ¢y. As p, gets very large, ¢y approaches
%. The dependence of ¢y on py is shown in Figure 3. It is remarkable that even for
small values of p, the proposer is ‘forced’ to make a rather generous offer in order to
avoid a rejection.

The equilibrium offer ¢* is the maximum of the first and the second expression
of Equation (9): This means, e.g., that in case a selfish proposer plays against a
reciprocal responder he will offer the more, the higher p,. In this case the extrinsic
constraint is binding. If, however, the responder has a very low p,, i.e., he accepts
practically any offer, the equilibrium offer is determined by the proposer’s concern
for an equitable outcome: If he is rather selfish too, his offer will be (close to) zero.
If, on the other hand, p; is rather high, the offer will be high as well.'*

0.5 7
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reciprocity parameter of the responder

Figure 3: Offers in the ultimatum game that guarantee an acceptance with probability

1, dependent on the the reciprocity parameter of the responder (ps).

4.1.1 The role of intentions

Before we turn to the next game we will briefly discuss the predictions of our theory
for the non-intentional treatment reported by BLOUNT (1995). In her treatment the
proposers’ offers were not chosen by human subjects but instead randomly selected.

Consequently, a low offer did not signal any (bad) intentions. As the data of Blount’s

" The range of p;- and p,- combinations where the equilibrium offer ¢* equals co is given by
Py > 31’5_?+1—1_1). This holds in particular if p, > p;.
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experiment reveals, the acceptance rate for a given offer is much higher than in the
‘regular’ treatment. However, even in the absence of intentions some subjects reject
extremely disadvantageous offers. Our theory predicts exactly these two stylized facts.
In the non-intentional treatment the equilibrium acceptance rate for p* is given by:
1]

pr={ |Emrmemg] e

1 if ¢ >

[T N

Figure 4 depicts the predicted acceptance probabilities in the ‘regular’ ultimatum
game and in Blount’s treatment for a given p,. The upper graph corresponds to
the Blount-experiment whereas the lower graph shows the acceptance behavior in the
‘regular’ treatment. As can be seen in the figure, a responder’s acceptance probability
for low offers is higher if intentions are absent.

The lower the outcome concern parameter €9, the more the upper graph shifts to
the left. Put differently, the more a responder is concerned with intentions relative to
outcomes, the more likely she will accept very low offers in Blount’s non-intentional
treatment. On the other hand, if a responder is purely outcome oriented, i.e., if e = 1
holds, she exhibits the same behavioral pattern as in the ‘regular’ treatment. As the

data reveals, however, people care about intentions (i.e., g; < 1).

1 e
z 08
= .
S 'l
o 0.6
a :
“é !
g_ 0.4 7 , ) e random offer
< .
é 021 . — _intentional offer
!
0
0 0.25 0.5 0.75 1

offer ¢

Figure 4: Acceptance probabilities in the ultimatum game with intentions (lower
graph) and without intentions (upper graph) dependent on the offer. The parameters

po =2 and €2 = 0.2 are given.
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4.2 Positive reciprocity: The gift-exchange game

Many experiments have demonstrated the importance of positive reciprocity. One well
known experiment is the gift-exchange game. In this two-person sequential game,
the first mover (called an employer) offers a wage w to a second mover (called a
worker). The worker can either take it or leave it (see e.g., FEHR, GACHTER AND
KIRCHSTEIGER (1997)). If the worker rejects, both earn nothing. If the worker
takes the wage offer, she has to make an effort decision e. Providing effort above the
minimum effort level is costly with ¢(e) being a convex effort cost function. Payoff
functions are given by m; = ve — w for employers and 72 = w — ¢(e) for workers,
respectively. A rational and selfish worker will - irrespective of the wage paid -
choose the minimum effort level. With backward induction, the employer will offer
only the lowest possible wage. Contrary to this prediction the main experimental
findings are (i) that wages clearly exceed the lowest possible wage and (ii) that there
is a positive wage-effort relation. Both findings are remarkably robust. They hold in
bilateral institutions as well as in competitive market institutions (see, e.g., FEHR,
KIRCHSTEIGER AND RIEDL (1993), FEHR AND FALK (1999) and GACHTER AND
FALK (1997)).

In our analysis we restrict w € [0,1], e € [0,1], we normalize v to 1 and write
the convex effort cost function as c(e) = ae? with a < A—i. To ease the proposition of
the equilibria in the gift-exchange game, we use the following definitions. First, let
w(a, py, py) be the wage that would be chosen by the employer if w and e would not
be restricted to be smaller than 1. The exact formula for w(a, p;, py) is given in the
proof of the proposition. We further define w(a, py) = %’—a + i which is the minimal
wage that guarantees an effort choice of one. The following proposition now shows

that the stylized facts of the gift-exchange game are replicated by our theory:

Proposition 2 In the gift-exchange game there are the following reciprocity equilibria
(w*,e*):

(i) If py = 0, then there exists a unique equilibrium:

w*=e*=0 (10)
(i) If py > 0, then
1
o =20 — py + /(20 + po)2 + Bapdw 1)
a 2apy

There is always an equilibrium given by:

*

w* = [min (@(a, pa), (v, p1, p2))] g (12)
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If e1pq < % and W(a, py) < 1, then there is a second equilibrium
which is given by:

w* =w(a, pa)

The proof of Proposition 2 is given in Appendix 3.

Discussion: We illustrate Proposition 2 with the help of Figures 5 to 7. In
Figure 5 we depict how - in equilibrium - a worker’s effort choice depends on the
wage paid by the employer given her reciprocal motivation, p, (compare equation
(11) of Proposition 2). This figure neatly captures the essence of positive reciprocity
as reported in the gift-exchange experiments. Reciprocal workers provide higher
effort levels the higher the wage paid by ‘their’ employers. Moreover, workers will -
for a given wage - choose higher effort levels, the stronger their reciprocal inclination
(compare equation 11). This relationship is depicted in Figure 6. The upper graph
shows the equilibrium effort choice for a wage w = 0.5, whereas the lower depicts the
optimal effort for a lower wage (w = 0.3). Note that the effort level is zero if and

only if py =0 or w = 0.

effort

wage

Figure 5: Effort choice dependent on the wage paid for a given py and a given «
(py =2 and a =0.2).

How can we characterize an employer’s optimal choice, given a worker’s effort
behavior? In Figure 7 we show how the equilibrium wage depends on p, (for a given
p1)- In equilibrium, an employer will - for a small p, - offer a wage equal to zero which
also implies an effort choice of zero. If, however, the worker is sufficiently reciprocal
5

the wage offer increases in p,.'> Notice in Figure 7 that this increase stops as py

% As can be seen in Figure 7 there is an intermediate range of p, where two equilibria exist. The

equilibrium corresponding to the upper branch is described below.
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Figure 6: Equilibrium effort choice dependent on the worker’s reciprocity parameter

po a given a and two wage levels (a = .2, w = .3 and w = .5).

reaches a particular level. At this level the employer gets the maximal effort level.
Thus, it makes no sense to pay a higher wage, neither for a reciprocal nor for a selfish
employer. To the contrary, as p, gets higher the lowest wage that guarantees the
maximal effort level actually decreases.

How does the employer’s concern for reciprocity p; influence its decision? To
answer this question notice first that the worker can always ensure at least an equal
share for herself, i.e., the employer is always in a disadvantageous situation. Whereas
a sufficiently selfish employer does not bother about this, a reciprocal employer does.
Consequently, for small p; an employer pays the profit maximizing wage. As p; gets
higher, however, the employer actually pays a lower wage - due to the impact of
negative reciprocity.

Figure 7 reveals another interesting feature of Proposition 2: For sufficiently high
p; there is an intermediate range of p, where two equilibrium wages exist. In the
equilibrium corresponding to the upper branch the employer pays a wage that guar-
antees an effort of 1. This equilibrium can be described as follows: The employer
expects to get an effort of 1, i.e., the mazximum effort level. This means that the
worker could not have chosen a higher effort level. Thus, even though the employer
is in a disadvantageous situation he cannot infer that the worker wanted to treat the
employer unkindly. As a consequence the employer does not have the desire to punish
the worker and therefore chooses the payoff maximizing wage, i.e., a rather high wage
that guarantees an effort level of 1. In the equilibrium corresponding to the lower
branch in Figure 7, the employer expects that the worker provides an effort strictly

below 1. This equilibrium may coexist with the former for the following reason: The
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fact that the worker chooses an effort smaller than 1 is considered as very unkind
since she could have chosen a (slightly) higher effort level. Therefore, the (reciprocal)
employer has an incentive to punish the worker, i.e., to pay a low wage. This low
wage now induces the worker to provide the low effort level the employer expected.
In a certain sense the employer’s equilibrium behavior can be understood as a kind of
“self fulfilling prophecy”: If the employer believes that the worker is nice, the worker
will indeed be nice. If, on the other hand, the employer believes that the worker is

mean, the worker will in fact behave accordingly.
14
0.8 1

0.6

0.4 -

equilibrium wages

0.2

0 1 2 3 4
reciprocity parameter of player 2 (worker)

Figure 7: Equilibrium wage offer dependent on p, for a given p; and « (p; = 2 and
a = 0.2). The lower branch corresponds to equilibria with e* < 1 whereas in the

upper branch e* =1 holds.

4.2.1 The role of intentions

Concluding our discussion of the gift-exchange game we present our predictions for
the treatment reported by CHARNESS (1996). In his experiment wages are not de-
termined by the person the worker is interacting with. Rather, a third party or a
random mechanism determines the wage. Compared to the ‘regular’ treatment, this
leads to a weaker correlation between wages and effort levels. The reason is that
in Charness’ treatment a high wage does not signal any (kind) intentions. Whereas
purely outcome oriented models cannot distinguish between these two treatments,
our theory does. For a given reciprocal motivation p, we predict a weaker correlation
between wages and effort levels. This means that the same worker will supply a
lower effort for a particular received wage in the random-treatment compared to the

‘regular’ treatment. Figure 8 shows that result.
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Figure 8: Equilibrium effort dependent on the wage. In the upper graph, the wage
is chosen by a human being, in the lower graph a random wage is given. (g2 = 0.2,
a=0.2)

4.3 Identical outcomes yield different responses: A comparison between

best-shot and ultimatum games

The best-shot game was introduced by HARRISON AND HIRSHLEIFER (1989) and
PRASNIKAR AND ROTH (1992). The interesting feature of this experiment is that
second movers are willing to accept a higher degree of inequity than in the ultimatum
game results. This difference cannot be explained by the inequity aversion models by
BoLTON AND OCKENFELS (2000) and FEHR AND SCHMIDT (1999). Our explanation
for the difference between behavior in the best-shot game and the ultimatum game
rests on the importance of intention. This will become clear with the help of the
following two games.

In Figure 9 we present a reduced best-shot game which captures the key aspects
of the original game. The crucial feature of this game (and the richer original game)
is that the first mover can only offer a payoff share that is either very advantageous
or very disadvantageous to himself (8/2 or 2/8). This is different in the reduced
ultimatum game where - alternative to the very advantageous offer (8/2) - the first
mover can also choose the offer (5/5).

As the following proposition reveals, our theory predicts a higher acceptance prob-
ability for the unkind offer (8/2) in the reduced best-shot game, compared to the

reduced ultimatum game.
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Reduced ultimatum game Reduced best-shot game
X X
8 0 5 0 8 0 2 0

2 0 5 0 2 0 8 0
Figure 9: The game trees of a reduced ultimatum game and a reduced best-shot
game.

Proposition 3 In the normalized'® reduced ultimatum game there is a unique reci-

procity equilibrium. It is given by:

r*=1 (13)
. 511"
q9 = [EP_J (14)

. 1
. 0.8¢* — 0.5 ] (15)

p = k k
Lﬁmﬁ—ﬁ%)qm[o
If poeg < 1% there is a unique reciprocity equilibrium in the reduced best-shot game

which is given by:7

r*=1 (16)
5 1 11
* — I 1
i = |5 a7
__08¢*~02 71U
Pt = L+ 0.6(0.8—0.2¢%)p; (18)
1+q* 0

If py or py are zero, p* and q* are the limits of the above formulas where p; and

pa approach zero from above.

6The payoffs shown in the game tree of Figure 1 are normalized with a factor of 1—10.
'"In Appendix 2 we describe also the equilibria for pyes > 1%. This is omitted here for three

reasons. First, because this case is rather complicated. Second, in all figures where we show the
predictions of our model, we use the same parameter set (e; = 0.2 and p; € [0,4]) which we consider
as the relevant range for ¢; and p;. For pyea > 1% we are far outside of this range. Third, we are
mostly interested in the comparison of second movers’ behavior in the best-shot and the ultimatum

game and Equation 17 also holds for pyes > 1%.
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The proof of Proposition 3 is given in Appendix 3.

Discussion: In our discussion we focus on the second mover behavior. First,
note that the kind offer (2/8) is always accepted in the best-shot as well as in the
ultimatum game (r* = 1). The acceptance probability ¢* of the unkind offer (8/2)
differs, though. This difference is shown in Figure 10.
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Figure 10: The acceptance probability if the unkind offer (8,2) is higher in the reduced
best-shot game (upper graph) than in the reduced ultimatum game (lower graph).

The upper graph shows the acceptance probability of the unkind offer in the
reduced best-shot game, the lower shows that of the reduced ultimatum game. In
both games, we see that the acceptance probability of the unkind offer decreases in
player 2’s concern for reciprocity, i.e., in p,. We also see, however, that for a given p,
the acceptance probability is lower in the ultimatum game compared to the best-shot
game. Thus, in the best-shot game a reciprocal second mover is willing to accept a
higher degree of inequity.

The reason is that in the best-shot game the only alternative to offering (8/2) is
to offer a very disadvantageous offer, namely (2/8). Since such an alternative implies
that the first mover switches from an advantageous to a disadvantageous situation,
player 2 will not find it very unkind if he gets the ‘unkind’ offer, because she cannot
infer very bad intentions from this offer. Things are quite different in the reduced
ultimatum game. Here, the first mover has the alternative to choose an equitable
outcome. Consequently, it does signal bad intentions and is considered as quite unkind
if this opportunity is not chosen. Thus, dependent on the first mover’s alternatives the
same offer will be accepted with a different probability. This difference is confirmed
in the experimental study by FALK, FEHR, AND FISCHBACHER (1999): The rejection
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rate of the (8/2)-offer is 27 percent in the reduced best-shot game and 44 percent in

the reduced ultimatum game.

4.4 Competition

In the preceding games we have analyzed only bilateral interactions. In particular, we
restricted our analysis to games without any competition at all. In this section we,
therefore, apply our theory to n-person games and show how competitive pressure
interacts with reciprocal preferences.

It is a well established fact in experimental economics that in competitive institu-
tions market outcomes converge very well towards the outcome predicted by standard
economic theory (SMITH (1982), DAVIS AND Horr (1993)). This holds even in mar-
kets where the equilibrium outcome is very “unfair” in the sense that almost the
whole surplus is reaped by one side of the market. Put differently, it seems that in
a competitive environment subjects behave as if they were completely selfish. How
can a theory of reciprocity possibly account for this fact? In this section we show
that our theory can explain not only why in bilateral institutions outcomes tend to
be “fair” but also why in markets reciprocal subjects’ behavior gives rise to equilibria
that imply an extremely uneven distribution of the gains from trade.

As an illustration we analyze a market game with proposer competition which has
been studied by ROTH, PRASNIKAR, OKUNO-FUJIWARA, AND ZAMIR (1991). In this
game there are n — 1 proposers who simultaneously propose an offer ¢; € [0,1] to the
responder with ¢ € [1,n — 1]. These offers are revealed to the responder who has to
decide whether to accept or reject the highest offer ¢pq,. If more than one proposer
offers cmqz a random mechanism determines whose offer will be selected. Payoffs
are exactly as in the ultimatum game, i.e., the proposer whose offer is accepted
receives 1 — ¢mqz and the responder gets g, A proposer whose offer is not accepted
receives a payoff of zero. If the responder rejects ¢pqz, all receive nothing. Assuming
rational and purely selfish players the subgame perfect outcome is straightforward:
At least two proposers offer ¢ = 1 which is accepted by the responder. In fact,
this prediction is supported by the experimental data. ROTH, PRASNIKAR, OKUNO-
FUJIWARA, AND ZAMIR (1991) report that in their experimental sessions (with 9
proposers) this equilibrium outcome was reached after a few periods. Moreover,
these results were very robust and showed up in four different countries. Given the
experimental results of the preceding bilateral games this is remarkable since in this
equilibrium the proposers earn practically nothing while the responder gets the whole
surplus. As it turns out, the prediction of our theory coincides with the standard

prediction.
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Proposition 4 In a reciprocity equilibrium in the market game with proposer com-

petition at least 2 proposers offer ¢mae = 1 which is accepted by the responder.

The proof of Proposition 4 is given in Appendix 3. It requires an extension of our
theory to m-person games. This extension is simply notational and will be discussed

in Appendix 2.

Discussion: The striking feature of Proposition 4 is that - independent of their
reciprocal inclination - proposers will accept a very uneven distribution of the pie.
The intuition of that result is that in a competitive market a proposer has no chance
to achieve a “fair” outcome: From the ultimatum game we know that a responder will
accept any offer larger or equal to 0.5 with certainty. Since offering more decreases
a proposer’s material and reciprocity utility a proposer will - in the ultimatum game
- never offer more than that. Assume that in a market game with two proposers a
reciprocal proposer ¢ refuses to offer more than 0.5. What will the other proposer
do? By infinitesimally overbidding player i’s offer he can on the one hand increase his
material payoff by a positive amount (because he can increase the winning probability
from % to 1). On the other hand, the reciprocity disutility resulting from the unfair
relation to the responder does only change infinitesimally. This means that player ¢’s
refusal to propose more than 0.5 is not an effective tool to achieve a “fair” outcome.
As a consequence, he tries to overbid the other proposer to get at least a minimal
share of the pie. This “overbidding”, however, leads inevitably to the equilibrium
described in Proposition 4.

Another experiment which yields an “unfair” outcome is the market game with
responder competition (GUTH, MARCHAND, AND RULLIERE (1997)). In this
game one proposer faces n responders, who may “underbid” each other in accepting
low offers. Asin the market game with proposer competition, our theory is compatible
with the very “unfair” outcome predicted by standard economic theory. According to
the latter prediction and the stylized experimental facts responders accept much lower
offers than in the ultimatum game. This holds even if all responders are reciprocally
motivated. The intuition is similar to the market game with proposer competition.
We saw that in the wltimatum game a responder can “force” the proposer to make
a “fair” offer by credibly threatening to reject very low offers. This punishment
device is ineffective in the market game with responder competition if there are other
responders who accept low offers.

Thus our theory does not only predict “fair” outcomes. Rather, it correctly ex-
plains “out-of-sample-facts”, i.e., very “unfair” equilibria that occur in competitive

institutions.
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4.5 Further games

In this section we briefly discuss the intuition of our theory’s predictions in some
further games. The propositions and proofs have rigorously been developed in a

previous version.!® In this section we report only the main results.

4.5.1 The dictator game

The dictator game is a very simple two person game. The task of the first mover
(the so-called “dictator”) is to divide an amount of money between himself and a
counterpart (the “receiver”). Let 1 be the amount of money and ¢ the share for the
receiver. The dictator is free to choose any feasible division he wants to (0 < ¢ < 1).
The receiver has no choice to make, i.e., she has to accept any amount sent to her.
The payoff for the receiver is simply the amount ¢ she has been sent by the dictator.
The dictator’s payoff is given by the residual amount 1 — c.

The dictator game has been studied, e.g., by FORSYTHE, HOROWITZ, SAVIN AND
SEFTON (1994) and by HOFFMAN, MCCABE, SHACHAT AND SMITH (1994) and
ECKEL AND GROSSMAN (1998). The stylized facts can be summarized as follows. (i)
Dictator offers larger than half of the pie, i.e., ¢ > % are practically never observed. (ii)
Roughly 80 percent of the offers are between zero and half of the pie, i.e., 0 < ¢ < %
However, compared to the ultimatum game, the distribution of offers is shifted towards
zero. (iii) About 20 percent of the dictators offer the amount predicted by standard
game theory, i.e., they offer exactly zero."

Compatible with these stylized facts our theory predicts a unique reciprocity equi-

librium. In this equilibrium the dictator offers ¢* = {% . (1 — ﬁ)} [0.20 Thus, a

dictator’s proposal depends (i) on p;, i.e., on how strong his other-regarding prefer-
ences enter his utility and (ii) on his pure outcome concern parameter 1. If e1p; > 1,
the dictator offers a positive amount of money. Even for a very high values of 1p4,
however, the dictator’s offer will never exceed %, i.e., he will never offer more than he
keeps for himself. If £1p; < 1, the dictator chooses an offer equal to zero. Comparing
the equilibrium offers in the dictator game with those of the ultimatum game, we see
that the equation that determines the equilibrium offer in the dictator game equals
the second expression in equation (9) of Proposition 1 - if we replace p; by £1p;. Since

€1 < 1, the same person will always offer at least as much in the ultimatum game as

'8 This version, including propositions and proofs is available on request.

91t should be noted that especially the results of the dictator game are not very robust with respect
to treatment variations. Increasing, e.g., the social distance among participants of an experiment
and the experimenter (double blind treatment) increases the percentage of zero proposals (compare

HOFFMAN, MCCABE AND SMITH (1996)).
*0This holds, if e1p, > 0. If e1p, equals to zero, ¢* is chosen equal to zero.
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in the dictator game.

Thus, consistent with stylized facts (i) to (iii), our theory predicts that dictators
offer between zero and half of the pie and that the distribution of offers in the dic-
tator game is shifted downwards compared to the corresponding distribution in the

ultimatum game.

4.5.2 The Prisoner’s Dilemma and Public Goods Games

The sequential prisoner’s dilemma consists of two stages. At the first stage, player 1
can either cooperate or defect. After observing player 1’s choice player 2 also chooses
either to cooperate or to defect. Assuming rational and selfish actors, both players
have a dominant strategy not to cooperate.

Contrary to this prediction, our theory predicts the following: First, player 2
always defects if player 1 has defected beforehand. This means that according to our
theory we will find no altruistic, i.e., non-conditional cooperation. Second, if player 2
is sufficiently reciprocally motivated, there is a positive probability that player 2 reacts
to cooperation with cooperation. Thus, our theory predicts conditional cooperation
if player 2’s concern for reciprocity is strong enough.

Experimental studies of sequential versions of the prisoner’ s dilemma are reported
in BOLLE AND OCKENFELS (1990) and CLARK AND SEFTON (1998). The results
of their studies are in line with our predictions. In particular, unconditional cooper-
ation is practically inexistent. In their conclusion Clark and Sefton, e.g., note that
“cooperation is better regarded as reciprocation rather than unconditional altruism:
second-movers cooperate quite frequently in response to cooperation by first-movers,
but rarely cooperate after the first-mover defects” (p. 17).

We also analyze the simultaneous prisoner’s dilemma. According to our theory, we
get less cooperation if players choose simultaneously compared to the sequential move
structure. There is strong evidence in favor of this prediction. Experimental studies
by WATABE, TERAI, HAYASHI, AND YAMAGISHI (1996) and HAYASHI, OSTROM,
WALKER, AND YAMAGISHI (1998) show that cooperation rates among first movers
in the sequential prisoner’s dilemma are much higher, compared to simultaneous move
games.

The strategic structure of the prisoner’s dilemma is very similar to that of public
goods games. The major difference is that in a public goods game players have more
strategies than just to cooperate or to defect. In a typical public goods game each
player is provided with an endowment of 20 tokens, say, that can be allocated to a
public good or that can be kept for private consumption. The marginal per capita
return of an investment into the public good is usually smaller than one, i.e., providing

zero tokens to the public good is a dominant strategy (whereas it is in the common
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interest to fully cooperate). Most public goods experiments have been conducted as
simultaneous move games. However, there is a recent experiment by FISCHBACHER,
GACHTER AND FEHR (1999) where subjects could conditionally indicate how many
tokens they wanted to invest into the group account. Despite the fact that the best
reply is to provide zero tokens independent of the other group members’ contributions,
subjects on average contributed more the higher the contributions of the other group
members. This ‘conditional cooperation strategy’ was in most cases specified such
that subjects provided less than the group average. This is exactly what our theory
predicts: In a public goods game subjects with a sufficiently high reciprocal inclination
will conditionally cooperate but always cooperate slightly less than the other player(s).
Moreover, our theory replicates another stylized fact of public goods games, namely
that the propensity to cooperate increases in the marginal per capita return of an

investment into the public good (see LEDYARD (1995)).

4.5.3 The Investment Game

In this game, first movers are endowed with an amount of money which they can keep
or transfer to the second mover. Any amount y transferred is tripled. The second
mover then decides on a countertransfer z, with 0 < z < 3y. If both players are
rational and selfish money maximizers the predicted outcome is y = z = 0.

The investment game was studied by BERG, DICKHAUT AND MCCABE (1995)
and MILLER (1997). The authors report that contrary to the standard prediction,
first movers on average transfer positive amounts of money and do receive positive
countertransfers. Our theory predicts exactly this: If second movers are sufficiently
reciprocal, they make conditional countertransfers, i.e., z increases in y. This holds
the more, the greater the second mover’s reciprocal inclination. First movers choose
positive transfers if the expected countertransfer is sufficiently high, i.e., if second

movers are sufficiently reciprocal.

5 Summary

In this paper, we present a formal theory of reciprocity where reciprocity means the
behavioral response to perceived kindness or unkindness. We argue that the perceived
kindness of an action is composed of two elements, namely the outcome that results
from the action and the action’s underlying intentions. In our theory we implement
an equity based reference standard for the evaluation of the kindness or unkindness of
the chosen outcome. This outcome, however, will be perceived differently depending
on the intentions involved. If intentions are absent, the behavioral response will be

less intense. However, even in this case, subjects still experience the outcome per se
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as either advantageous or disadvantageous and shows some reciprocal response.

Our theory predicts the stylized facts of a wide variety of experimental games:
In the wltimatum game, proposers offer between zero and half of the total pie. Re-
jections are decreasing in the level of the offer and increasing in the strength of the
responder’s concern for reciprocity. In the dictator game, the theory predicts offers
which are lower than in the ultimatum game. We analyze a reduced best-shot game
and show that - as in the experimental data - subjects are willing to bear a higher
degree of inequity than in the ultimatum game. In the gift-exchange game our the-
ory predicts a positive relationship between wages and effort levels. Moreover, firms
offer above-minimum wages - as reported in the experimental literature. In the se-
quential prisoner’s dilemma we predict conditional cooperation. Similarly, in public
goods games subjects contribute more, the more they expect others to contribute.
Moreover, contributions increase in the marginal per capita return of an investment
to the public good. In the investment game we find a positive relation between the
first mover’s transfer and the second mover’s countertransfer. In an n-person mar-
ket game with proposer competition the theory predicts that at least two proposers
offer the total pie to the responder who accepts this offer. Thus, the whole surplus
is reaped by the responder. This extremely “unfair” equilibrium is reported in the

experimental literature.
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6 Appendix 1: Existence of reciprocity equilibria

In the presented form, the existence of a reciprocity equilibrium is not always guar-
anteed. A game where a reciprocity equilibrium may not exist is shown in Figure

11.
X
L R
P P

Y 1-b
1 r b
q 1-q
1-a 1-c
a [

Figure 11: Game tree of a two person game that may not have a reciprocity equilib-
rium.

Assume that % < a < b < cholds. In this game, all possible payoff shares result
in an inequity in favor of player 2. Therefore, player 1 is always kind. In node Y
player 1’s kindness is intentional in this game if and only if ¢"a 4+ (1 — ¢")c > b. For
instance, if ¢” = 1, the kindness is not intentional. As a consequence, the reciprocal
response will be weak, i.e., the second mover chooses a low ¢. If, on the other hand,
¢" = 0, the kindness is intentional and a high ¢ will be chosen. Hence, an equilibrium
must lie somewhere in between. However, due to the discontinuity of function 2, we
can find parameters for which there is no reciprocity equilibrium, as claimed in the
following proposition.

Proposition 5 If Tl—l < py < ﬁ, there exists no reciprocity equilibrium in the
game presented in Figure 11.

The proof of Proposition 5 is given in Appendix 3.

Figure 12 shows the equilibrium choice of ¢ dependent on p,. As one can see, there
is a range (between 1% and 8%) where there is no equilibrium.

As pointed out above, the reason why the existence of an equilibrium is not
guaranteed has to do with the discontinuity of function 2. To show this, we define
for a (small) positive number A a continuous approximation Q* for Q.2 We set

?'We have Q(7ri,7rj,7r?,7r?) = lim Q’\(7ri,7rj,7r?,7r?) for any choice of 7ri,7rj,7r?,7r?.
A—0
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Figure 12: Equilibrium choice of ¢ dependent on p, for the given parameters a = 1,
b=0.8,c=0.6,e9 =0.2.
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Given the continuous variant Q* of Q, we define a modified kindness function ¢*
and a utility function U*. We call a A-reciprocity equilibrium a subgame perfect equi-
librium of the psychological game with utility U*. This modification now guarantees
the existence of an equilibrium as the following theorem shows:

Theorem 6 (Existence Theorem) Let T' be a finite two person extensive form
game with complete information. Let A > 0. Then I' has a \-reciprocity equilibrium.

Proof of the Existence Theorem: Let n € N; be a node of the game. Then
S"™ = {(Pa)aca, | Pa € [0,1],> ,Pq = 1} is the set of mixed strategies in this node.
Let S = [[,,en S™ be the set of behavior strategy combinations. It includes the
strategies of both players. Let S™" = Hm;ﬁn S™ be the strategies at all other nodes.
Let s = (s",s~ ™) be a behavior strategy combination with s” € S” and s~ € S~ ".
Let s" and s” the beliefs of first and second order. We define V(n, (s™,s™™),s',s") as
the utility U} conditional on node n. If n € N; we define V (n, (s, s™"), s, s”) as the
utility U ]’\ conditional on node n. We now define the best reply correspondence

B:S=S:s—B(s)CS
The component B™ : § = S™ is defined as

B"(s) := arg max V(n,(t",s™),s,s)
Tne mn
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We get
B(s) :={(0")nen | V" € B"(s)}

This definition of the best reply correspondence is related to the agent-strategic
form (see FUDENBERG AND TIROLE (1991)): The player behaves as if there was an
agent in every decision node. A behavior strategy that optimizes in the agent-strategic
form corresponds to a subgame perfect Nash equilibrium.

As S is the product of convex and compact sets, it is convex and compact. Since
S is compact and V is continuous in s”, B(s) is not empty. Because U A is linear in
the strategies, B(s) is convex.

We now show that B is upper-hemi continuous: First, we show that V' depends
continuously on the strategies and beliefs: The inequity A(n) is continuous and
A(n) = 0 holds for 7;(n, s/, s}) = m;(n, s/, st). Because QO is bounded (by 1), we get
the desired continuity of ¥(n)A(n) at m;(n,s,,s;) = m;(n,s],s;). By construction of
Q*, 92 (n) is continuous in strategies and beliefs if 7;(n, s7, s}) # 7j(n, s, ;). There-
fore, this also holds for ¥*(n)A(n). Hence, ¢*(n) is continuous. The reciprocation
term and the material profit are obviously continuous and therefore V' is continuous.
If any function f : X x Y — R is continuous, then the best reply correspondence
R:X Y : x — argmax, f(x,y) is upper hemi continuous. Hence, because V is
continuous, the best reply correspondence B is upper hemi-continuous.

Therefore, we can apply the fixed point theorem of Kakutani and get an s* € S
with s* € B(s*). This strategy s* with first order belief s* and second order belief s*
now forms a reciprocity equilibrium: The triple (s*,s*, s*) trivially satisfies the con-
sistency of the beliefs. By construction of B each player optimizes his utility in each
node - given the beliefs and given the strategies of the other players. This is exactly
the definition of the subgame perfect psychological equilibrium. This concludes the
proof. H

7 Appendix 2: Extension to n-person games

The idea behind the generalization to n persons consists in independently considering
the reciprocity relation towards each of the other players. We do this in this appendix
very briefly.

Let n be the number of players. Let s; € S; be player ¢’s behavior strategy and let
55] ) e S; be player 7’s first order belief about player j’s strategy. Further let 51('] k) ¢ Sk
be player ¢’s (second order) belief about what he thinks is player j’s belief about k’s
(4) (47)

;7 and s = s, Furthermore, we use the notation
(—ij) to express the set of players other than players ¢ and j. So, 31(] (=i9) i player
i’s belief about what j believes what the other players will do. In analogy to the
definitions (1) to (7) we define - for a given set of first and second order beliefs - the

following expressions:

strategy. For n = 2, we get s, = s

(39 @) DN gy (0 (0 () (19)

Aji(n) =mi(n, s, s;

HJ = { (Wi(nv Sz('ji)asp Sz('j(iij)))a Ty (na Sz(ji): Spa Sz(j(iij)))) |S§) € Sf} (20)



ﬂj—”i (n) ‘= 1max {Q(ﬂ-’iv Tj, T4 (n7 Sz('ji)7 Sz(j)7 Sz(J(iw)))a Ty (n7 Sz('ji)7 Sz(j)7 Sz(J(iw)))) | (71'1‘, 7Tj) € H’l}
(21)
@ji(n) =9j-i(n)Aji(n) (22)
Oi—j (nv e) =Ty (l/(’fl, 6)7 Sz(ji)a Sz(j)a Sz(j(iij))) — Ty (nv Sz(ji) ) Sz(j)a Sz('j(iij))) (23)

Uile) = mi(e) +p; ) D #ji(n)oimj(n,e) (24)

iLi n—e
]?él neN;

A reciprocity equilibrium is again a set of strategies and first and second order
believes such that the strategies maximize the utility in Equation (24) and such that
strategies and beliefs are consistent.

8 Appendix 3: Proofs of the propositions

Proof of Proposition 1: Let p denote the probability that the responder accepts
the offer; p’ is the proposer’s belief about p and p” the responder’s belief about p'.
Let ¥(c) be the intention factor at the node after player 1’s choice of c¢. According to
Definition 3, the responder’s utility in the reciprocity game is given by Us4 in case
she accepts the offer and by Uszp if she rejects the offer:

Usa = ¢+ pad(c)(p"(c = (1 = ¢))) - (1 =) = p"(1 = ¢))

Uar =0+ pyd(c)(p"(c = (1= ¢))) - (0= p"(1 = ¢))

The difference in the responder’s utility between accepting and rejecting amounts
to:

Uz — Uz = c+ pp9(c)p”(2¢ = 1)(1 — ¢) (25)

For ¢ > %, the expression Usg — Usp is positive. Thus, offers of at least half of
the pie are always accepted, i.e., p = 1. This proves the second part of equation (8)
of Proposition 1.

Let us now turn to the case where ¢ < % In this case, the second summand in
equation (25) is negative. We set equation (25) equal to zero, solve it for p”, and
define this solution as p” ... We get:

crit*
C

Perit = p29(c)(1 —2¢)(1 —¢)

(26)
If p" < pl.;, then Usyg > Usp. This implies that player 2 accepts, i.e., p=1. This
is an equilibrium if and only if 1 = p = p” < p{ .. If, on the other hand, p” > pZ .,
then Ussq < Uspi. This implies that player 2 rejects, i.e., p = 0. This, however, is
impossible because it would imply that 0 = p = p” > pZ ., > 0. (The last inequality

holds because ¢ < %) If, finally, p” = p{.,, then Usq = Usg. Therefore, in this case,
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player 2 is indifferent between accepting and rejecting and we get an equilibrium

p=p" = p’,,. This mixed equilibrium is possible for 0 < p? ., < 1. Taken together,
1]

P T-20(—0)

Let us now discuss the role of intentions. If ¢ < 5 then player 2 is in the disadvan-
tageous situation. Therefore, player 1’s move is cons1dered as fully intentional if and
only if there is an action of player 1 that leads to a higher payoff for player 2 without
bringing player 1 into the disadvantageous situation. A contribution of ¢ = % satisfies
this condition. Therefore, ¥(c) = 1 which completes the proof of equation (8).

Equation (8) yields the acceptance probability as a function of c¢. Let us denote

this function as p(c). Furthermore, we define ¢ = Lt3ey— VpHﬁp 278 Tt s the smallest
contribution ¢ where p equals 1. We now turn to the proposer’s behavior. His utility
according to Definition 3 amounts to:

Ur =p(c)- (1 —c)+pd-p(”) - (1 =2¢") - (p(c)e — p(c”)") (27)

In Equation (27) we applied already the consistency condition for p (p = p’ = p”)
in order to avoid confusion between p’ as belief and the derivation of p as a function
of c. We first note that Equation (27) is decreasing in ¢ for ¢ > 1. Therefore, we can
conclude that ¢ < % In this case, player 1 is in the advantageous situation and player
2’s move is fully intentional if she has any alternative action that leads to a smaller
payoff for player 1. For ¢ > 0, this is always the case because player 2 can decrease
player 1’s payoff with respect to player 1’s expectations by rejecting the offer. As
we will see below, player 1’s contribution is positive if both players have a positive
reciprocity parameter. Therefore, we can assume full intentionality, i.e., ¢ = 1.

It can be shown from equation (27) that the proposer’s utility is increasing in ¢ as
long as his offer is strictly smaller than ¢y (and therefore the acceptance probability
smaller than one). Thus, the optimal offer ¢* of the responder is at least as high as
o, i.e., ¢ > ¢p.

we have shown that p* =

We now know that the proposer will choose c* at least as high as to guarantee
an acceptance probability of one. Therefore, we consider the situation where the
proposer chooses an offer above ¢y (which is always accepted). If p = 1, we get:

Uip=r) = 1 =) +p1 - (1 =2¢") - (¢ = ")

aUl(p n_

0= — _14py - (1-2¢)

1 1
Clc,mt <1 - _>
2 P1

The utility U; is decreasing in ¢ for ¢ > ¢, U; is increasing in ¢ for ¢’ <
/7 . and U is constant in ¢ for ¢/ = ¢

it it Cons1der the case ¢, < co: Since in
equilibrium ¢ = ¢, we get ., < ¢o < ¢ = . Therefore U is decreasing in ¢
and ¢* = ¢y (= max(co,c/mt)) Consider now the case cl., > cor I " >, Uy is
decreasing in ¢ and therefore c is Chosen equal to ¢y which is incompatible with ¢ = ¢’

because ' > ¢’ .. > co=c. If ' < .., Uy is increasing in ¢ and therefore ¢ is chosen

We define

C

crit crit?
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equal to 1 which is also incompatible with ¢ = ¢’ because ¢ < ¢, < 3 <1 =c.
Therefore ¢* = " = ¢ .., (= max(co, ;)
This completes the proof of Proposition 1.

Proof of Proposition 2:

If po = 0 the worker chooses e = 0 since her material payoff is decreasing in e.
Given this, the kindness of player 2 is smaller or equal to zero. Therefore, an increase
in w reduces player 1’s material payoff and his reciprocity utility. Hence, w* =e* =0
is the unique equilibrium for p, = 0.

Let us now assume that p, > 0.

For w = 0, the worker chooses an effort of zero. If w > 0, the worker always chooses
an effort such that her payoff is strictly greater than the payoff of the employer. If the
worker chooses e* = 0, then this is obviously the case. If this would not be the case
for e* > 0, the worker could increase her utility by reducing her effort. This would
increase her own payoff and decreases the payoff of the employer, both leading to an
increase in her utility. Consequently, the employer is always kind to the worker and
the worker is always unkind to the employer.

The worker’s utility is:

Us = w — ae? + pod((w — ae’?) — (¢ —w))(e —w — (¢ —w))

We differentiate Uy with respect to e, then set e = €’ and we get

o —(2a + po) + /(2a + py9)2 + Ba(pyV)2w
N 2ap90

We see that for a positive wage, the worker provides a positive effort. Now, we
show that if the employer pays a positive wage, this is fully intentional which implies
9 = 1. This concludes the proof of formula (11): Indeed, if we take the effort function
e*(w) as given, it can be shown that if v < 2 (which is true since we assumed o < 1),
the worker’s payoff is strictly increasing in the wage w paid. (To see this, calculate
%2_) This fact is independent of the reciprocity parameter p, and the intention factor
9. Therefore, if the employer is kind and pays a wage above zero, the worker gets
more than if the employer had paid a wage equal to zero. Therefore, the employer
can always be less kind by paying a wage of zero which implies that the employer’s
kindness is fully intentional.

We now turn to the employer’s behavior. As we have seen above, the worker is
unkind if the employer pays a positive wage. This unkindness is fully intentional if
and only if the effort provided is strictly smaller than 1. (If e < 1, the worker could
- without switching into a disadvantageous situation - improve the employer’s profit
by choosing a slightly higher effort. This is impossible if e = 1.) Therefore, there are
two possible reciprocity equilibria: (i) The employer chooses the minimal wage that
guarantees an effort of 1. The worker indeed chooses an effort of 1. In this case, the
unkindness of the worker is unintentional. (ii) The employer pays a wage such that
the worker provides an effort smaller than 1. In this case the worker actually chooses
her effort fully intentionally.
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Let us first consider the case in which the employer pays the minimal wage that
guarantees an effort of 1. We have defined this wage as w. To check under which
conditions the employer chooses this strategy, we check whether a reduction of the
wage would reduce the employer’s utility. We calculate

w(a, py) = TN (2004 py + apy)
Ge _ 20
w \/(4a2 + dap, + p3 + Bapdw)
Oe 25

3_w(w:w) - 200+ pg + 20p9

and get
Uy = e(w) —w + prer(e(w”) + ae(w”) — 2w)(w — ae(w)? — (w” — ae(w”)?))

and
% = % — 1+ per(e(w”) + ae(w”) — 2w)(1 — Qae(w)ag(;u))

Now we set %(w) = 0 and get a critical

P2 (—pa + 2a 4 2ap,)
200 (=20 — py + 200p)

(p1‘51>crit =

If the actual value of p;e1 is below this critical value, w is a local optimum of the
employer’s utility. This local maximum is global since e is a concave function in w.

This establishes the existence of the first type of equilibria.

It now remains to consider the case where the workers behave fully intentional,
i.e., e(w*) < 0 and ¥ = 1. The calculation of this equilibrium leads to w(a, p;, p3),
with

—4a? —4ap, +3p§

804[)2 lf ,01 - 0
2
- _ 3 . 3 | 3a, 3 | p s
w(aaplap2) = Toa T 4p, + 4p3 + 4p, + 8ap, + 160p? % >0
1
_ (6apy+3p1pa+p3) /407 p3 +4ap? pat+12ap, p3+p3p3—2p1 P53 +P} P1
16003 03

If w(a, pr, pp) < W(a, py), we get w* = w(a, py,pp). I w(a, py,pp) > W(a,py) the
employer chooses w* = W(«q, py) because for wages above W(a, py) the employer’s
material payoff as well as the reciprocity utility are decreasing in w. This concludes
the proof. B

Proposition 7 (Best-shot game) In the normalized reduced best-shot game the reci-
procity equilibria are described as follows:
If pyea < % then there is a unique reciprocity equiltbrium in the reduced best-shot
game which is given by
r*=1

38



5 11"
e |l ——— 28
q [12 W)J (28)
If pyea < § ]
0.8¢*—0.2 1
o= L+ 0.6(0.8—0.2¢")p; (29)
1+q* 0
If pyea = % and p; =0 then any p* € [0,1] is part of an equilibrium.
If pyeo = % and p; > 0 then p* = %.
If pyeo > % then
r * ]
1+ 5506 5025757 , 10—40¢*
— 1t if p1 < Tot3p g2
- g
x 2+0.6(?J..887*07.20<ﬁ)p1 ] . 10—40¢* < < 5(3—11¢*—4¢*?+¢1 (—14+3¢* +4¢*?))
p = — 3t if To-t5grasgz S P1 S 3e1(A—5¢" +q°2)
L 0 ]
— . 1
8¢*—0.
1+o.e(o(.]sio.2;*§slp1 if 5(3—11¢* —4q*2+e1 (—1+3¢* +4¢*?)) <
1+g* 3e1(4—5g*+q*2) =M
L 0
(30)

Proof of Proposition 3 and 7 : Let us first consider the situation of player 2
in which she has to decide whether to accept or reject some distribution with a; for
player 1 and as for player 2. Let U4 denote the utility of player 2 if she accepts and
Ug the utility of player 2 if she rejects the offer. Let ¢ be the acceptance probability
and n the node where player 2 has to decide. We get

Ua = az + pad(n)(t"(az — a1)) (a1 — 77 (n))

Ur = 0+ pyd(n)(t"(ag — a1))(0 — 71 (n))
and
Ua—Ug = as + pyd(n)(t"(ag — a1))ar

We see immediately that if ag > a1 the offer is always accepted. Therefore, r* =1 in
both reduced games.
First, ¢*, is derived analogously to the proof of Proposition 1:

. 0.2 1 5 U
€= 0.8p219(Y)(0.8—O.2)] - [12,)219(1/)]

We now have to calculate the value of ¥(Y"), the intention factor. In the reduced
ultimatum game it is equal to 1 because the proposer has the possibility to offer
(0.5,0.5) which is less unkind than (0.8,0.2) and which is reasonable because the
proposer still receives at least as much as the responder. This proves (14).

In the reduced best-shot game the alternative strategy of the proposer (0.2,0.8)
puts himself into a disadvantageous situation. This disadvantageous inequity is at
least as large as the advantageous inequity of the reference choice of (0.8,0.2) (it is
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0.6 compared to 0.6¢"). The alternative (0.2,0.8) has therefore an intention factor of
2. Hence, in this case, ¥(Y') = ez which proves (17).

In the reduced ultimatum game the second mover is always kind and could be less
kind by rejecting the offer. Therefore, player 1’s optimal strategy can be calculated
with an intention factor of 1. We get

Usz = 0.8¢ + p1(0.8p"q + 0.5(1 — p") — (0.2p"q + 0.5(1 — p")))(0.2g — %)
Uss = 0.5+ p1(0.8p"q + 0.5(1 — p") — (0.2p"q + 0.5(1 — p")))(0.5 — 74

Ugs — Uss = (0.8(] - 0.5) + ,01(0.8 — 0.2)p"q(0.2q — 0.5)

To get (15), we set Uga — Uss = 0 and apply the same arguments as in the proof
of Proposition 1. This proves equation (15).

In the reduced best-shot game, the situation is somewhat more complicated. We
get

Usz = 0.8¢ + p19(X)(0.8p"q +0.2(1 — p") — (0.2p"q + 0.8(1 — p")))(0.2g — 75)
Usg = 0.2 + py9(X)(0.8p"q + 0.2(1 — p") — (0.2p"q + 0.8(1 — p")))(0.8 — 75)
Usz — Usg = (0.8¢ — 0.2) + py9(X)((0.8 — 0.2)(p"q — (1 — p")))(0-2¢ — 0.8)

and therefore the equilibrium acceptance probability p* is:

0.8¢*—0.2 1]
R RS =rrarieern
P 1+¢*
0

For the value of J(X), we have to consider the intention of player 2. First, we show
that in equilibrium A(X) is positive if and only if 0.8¢* — 0.2 is positive: We get
A(X) = 0.6(p*q*) — 0.6(1 — p*). If p* is strictly within the interval [0, 1], then A(X)
is positive if and only if 0 < p*¢*—(1—p*) = p*(¢*+1)—1 = %. Therefore,
in this case, A(X) is positive if and only if 0.8¢* — 0.2 is positive. If p* = 1 then
A(X) =0.6%(p*q¢* —(1—p*)) = 0.6¢*, which implies A(X) > 0. Note that p* = 1 can
only occur if 0.8¢* — 0.2 > 0. If p* = 0 then A(X) = 0.6 % (p*¢* — (1 — p*)) = —0.6,
therefore A(X) < 0. This can only be the case if 0.8¢* — 0.2 < 0.

If 0.8¢* — 0.2 > 0, i.e., ¢* > 711’ player 2 is kind and can be less kind by rejecting
any offer. Therefore, in this case, ¥(X) = 1. This proves (29).

If ¢* = ;11, then player 1 is materially indifferent between his two possible actions.
If p; = 0, he is also indifferent with respect to his reciprocity utility. If p; > 0, then
only p* = % can be part of an equilibrium: This choice leads to an equitable expected
payoff of (0.2,0.2). Any other choice of p* would lead to some inequity. Because
player 1 is materially indifferent between the two choices, he would reciprocate such
inequity and try to produce an inequity in the opposite direction. Therefore, p* = %
is the only equilibrium choice in this case.

If0.8¢* — 0.2 <0, ie., ¢* < %, player 2 is unkind but could be less unkind if she

would accept both offers, i.e., if she would choose ¢ = 1. This is reasonable if p < %
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because in this case, player 2 is still in the advantageous position. The inequality

p < 1 is satisfied if p; < %. If p > 1, the intention factor is
—0.6p" +0.6(1 —p")
HX) = 1-— 1
( ) max (51: 0.6p”q’ _ 0.6(1 _ pl/) (3 )

If the first term applies, we get

1]

*

p:

0.8¢* 0.2
L+ 0.6(0.8—0.2¢")z1p, ]

14 q*

0
—0.6p*+0.6(1—p* . . .
WM < &1 which is the case if p; >

5(3—11¢* —4q*2+e1 (—1+3g*+4q*?))
3e1(4—5g*+q*2)

5(3—11q* —4¢*2+e) (—1+3¢* +44*2))
3e1(A—5q" 02 .

then in (31), the second term applies

The first term applies if 1—

Finally, if p; <

and
o (02-8¢) 71
. 0.6(0.8—0.2¢*)p;

3+q*

[0
which concludes the proof. B

Proof of Proposition 4:

First note that the responder will accept any offer above 0.5. This holds because
accepting yields a higher material payoff than rejecting. Moreover, accepting provides
a higher reciprocity utility with respect to the proposer who offers cpax because this
proposer is kind towards the responder. Furthermore, the responder’s reciprocity
utility with respect to the other proposers is zero, independent of the responder’s
decision.

If at least two players offer ¢ = 1 then for all proposers any offer is a best response
since all payoffs are unaffected by their decisions. Therefore, the strategies described
in Proposition 4 are indeed an equilibrium. Only one proposer offering ¢ = 1 can-
not be an equilibrium since this player has an incentive to lower his offer slightly:
This increases his material payoff and the reciprocity utility towards the responder.
Changing the offer from ¢ = 1 has no effect on the reciprocity utility towards the
other responders because A = 0. If ¢pax < 1 then all proposers have an incentive
to increase their offer to cpax. If at least two proposers offer cpax < 1 then these
proposer have an incentive to increase their offer infinitesimally. This increases the
material payoff from 2= to cp,x, where k is the number of proposers offering cpax-
On the other hand, it changes the reciprocity utilities only infinitesimally. Hence
Cmax < 1 cannot be an equilibrium. W

Proof of Proposition 5:

To proof Proposition 5 we show that there is no ¢ that can be part of an equilib-
rium:

The utility of player 2 in the end nodes Ll and Lr is:

Uari = a+pa9(q"(a— (1 —a)+ (1 —q")(
Usrr = a+p9(¢"(a—(1—a)+(1—¢")(c—(1-¢)(1~¢)
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We set:

Uspi — Uspr = (C — a) + 0219((]//(261 — 20) —+ (26 — 1)(@ — C))
= (c—a)[l—py(2c—1—¢q"(2a—2¢))]

We define: )
q . = ¢35 1
T c—a pyd2(c —a)

This is the solution of the equation Usy; — Usp, = 0. Player 2 will choose g = 0 if
q¢" >q!,, and ¢ =11if ¢" < ¢! ,,. We show that this is impossible for the parameters
given in the proposition.

Case 1: If ¢"a + (1 — ¢")c > b holds, there is full intention, i.e., ¥ = 1. The

inequality ¢"a + (1 — ¢")c > b is equivalent t? q" < <L Furtl;ermmlre, o < Po
. 1 lopl
holds by assumptions. Hence, we get qepig > %—m = iié —Z= ETZ >q"'.

As we have seen above this can only be the case if ¢ = ¢ = 1 and therefore,
Gerit > 1. But by definition of a,b and ¢ the inequality E:Z < 1 holds.

Case 2: If ¢"a + (1 — ¢")c < b holds, no intentions are involved and ¥ = &5 holds.
The inequality ¢"a+(1—¢")c < bis equivalent to ¢” > <. Furthermore, ﬁ > Py

1
. cC—35 — —
holds by assumptions and we get qerit < =% — m - g_z < g_g <q". Aswe

have seen above, this can only be the case if ¢ = ¢” = 0 and therefore, .y < 0. But
by definition of a,b and ¢ the inequality % > 0 holds. &
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