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1. Introduction

In his classic account of social dilemma situations, Hardin (1968) develops his

pessimistic view of the 'tragedy of the commons'. Given the incentive structure

of social dilemmas he predicts inefficient excess appropriation of common pool

resources (CPR). Hardin's view has been challenged by the insights of numerous

field studies reported in the seminal book by Ostrom (1990). In this book the

metaphor of a tragedy is replaced by the emphasis that people are able to govern

the commons. It is shown that in many situations people are able to cooperate and

improve their joint outcomes. Moreover, the reported field studies point towards

the importance of behavioral factors, institutions and motivations. However, while

it has been shown that these factors collectively influence behavior, it is of course,

almost impossible to isolate the impact of individual factors.

This is why we need controlled laboratory experiments: Only in an experiment

it is possible to study the role of each factor in isolation. In carefully varying the

institutional environment the experimenter is able to disentangle the importance

of different institutions and motivations. The regularities discovered in the lab

can then be used to better understand the behavior in the field. In this paper

we concentrate on three such empirical regularities which are reported in Walker,

Gardner and Ostrom (1990), Ostrom, Walker and Gardner (1992)1. They first

study a baseline situation which captures the central feature of all CPR problems:

Due to negative externalities, individually rational decisions and socially optimal

outcomes do not coincide. In a next step, the baseline treatment is enriched with
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two institutional features, the possibility of informal sanctions and the possibil-

ity to communicate. The empirical findings can be summarized as follows. In

the baseline CPR experiment aggregate behavior is best described by the Nash-

Equilibrium of selfish money maximizers. People excessively appropriate the CPR

and thereby give rise to the 'tragedy' predicted by Hardin (1968). Giving subjects

the possibility to sanction each other, however, strongly improves the prospects

for cooperative behavior. The reason is that many people sanction defectors. This

is surprising because sanctioning is costly and therefore not consistent with the

assumptions that provide the basis for Hardin's pessimistic view, i.e., that sub-

jects are selfish and rational. A similar observation holds for the communication

environment. Allowing for communication also increases cooperative behavior.

The resulting efficiency improvement is again inconsistent with the behavioral

assumptions underlying Hardin's analysis because communication does not alter

the material incentives.

Taken together we have therefore the following puzzle: In a sparse institutional

environment people tend to overharvest common pool resources. In this sense the

pessimistic predictions by Gordon (1954) and Hardin (1968) which are based on

the assumptions of selfish preferences are supported. At the same time, however,

we find the efficiency enhancing effect of informal sanctions and communication.

This is in clear contradiction to the standard rational choice view because, why

should a rational and selfish individual sacrifice money in order to sanction the

behavior of another subject? And why should a money maximizing subject reduce

his or her appropriation level following some cheap talk? The question is more

general: Why is the rational choice conception correct in one setting and wrong

in another?

In this paper we suggest an integrated theoretical framework that is capable to

explain this puzzle. We argue that the reported regularities are compatible with a

model of human behavior that extends the standard rational choice approach and

incorporates preferences for reciprocity and equity. The basic behavioral principle

which is formalized in our model is that a substantial fraction of the subjects acts

conditionally on what other subjects do. If others are nice or cooperative they act

cooperatively as well, while if others are hostile they retaliate2. Our model also

accounts for the fact that there are selfish subjects who behave in the way pre-

dicted by standard rational choice theory. We formally show that the interaction

of these two diverse motivations (reciprocity and selfishness) and the institutional

set-up is responsible for the observed experimental outcomes. In the absence of

an institution which externally enforces efficient appropriation levels the selfish

players are pivotal for the aggregate outcome. However, if there is an institutional

set-up that enables people to impose informal sanctions or allows for communica-

tion, the reciprocal subjects discipline selfish players and thus shape the aggregate

outcome. Moreover, our model shows that when the members of a group have

a preference for reciprocity or equity, the CPR problem is transformed into a

coordination game with efficient and inefficient equilibria. If subjects are given

the opportunity to communicate they can, therefore, ensure that the equilibrium
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with the efficient appropriation level is reached. In the presence of a preference

for reciprocity and equity, communication is a coordination device that helps sub-

jects to coordinate their behavior on the low-appropriation equilibrium. Thus,if

the institutional set-up allows for sanctions or for communication, there is less ap-

propriation in CPR problems and higher voluntary contributions in public goods

situations. Even though it is our main purpose in this paper to show that the

approach is able to account for the seemingly contradictory evidence of CPR ex-

periments, we think that the developed arguments are very general and likely to

extend beyond the lab.

In the next section we briefly outline the basic structure of our approach

and recently developed fairness models. In section 3 we apply our model to the

standard CPR game and discuss the theoretical predictions in the light of the

empirical findings. It also contains propositions for a CPR game with sanctioning

opportunities as well as a discussion on the role of communication in the presence

of reciprocal preferences. Section 4 contains a comparison of CPR results to those

arrived in public goods games. Section 5 concludes.

2. Theoretical models of reciprocity and fairness

A large body of evidence indicates that fairness and reciprocity are powerful deter-

minants of human behavior (for an overview see, e.g., Fehr and Gachter, 2000b).

As a response to this evidence, various theories of reciprocity and fairness have

been developed (Rabin (1993), Levine (1998), Bolton and Ockenfels (2000), Fehr

and Schmidt (1999), Falk and Fischbacher (1999), Dufwenberg and Kirchsteiger

(1999) and Charness and Rabin (2000)). These models assume that - in addition

to their material self-interest - people also have a concern for fair outcomes or

fair treatments. The impressive feature of severed of these models is that they

are capable of correctly predicting experimental outcomes in a wide variety of

experimental games. Common to all of these models is the premise that the play-

ers' utility does not only depend on their own payoff but also on the payoff(s)

of the other player(s). This assumption stands in sharp contrast to the standard

economic model according to which subjects' utility is based solely on their own

absolute payoff. Some of the above mentioned models are based on the notion

that people care for fair outcomes (Bolton and Ockenfels (2000) and Fehr and

Schmidt (1999)). Other models are based on the assumption that people evalu-

ate the fairness of others' action in terms of the kindness of the intentions that

triggered the action ((Rabin (1993) and Dufwenberg and Kirchsteiger (1999)).

Intention-based fairness models capture an important aspect of what has been

called procedural fairness by some authors (e.g., Lind and Tyler 1998). A third

class of models combines outcome- based and intention-based notions of fairness

(Falk and Fischbacher (1999) and Charness and Rabin (2000)). The experimen-

tal evidence (see, e.g., Blount 1995, Falk, Fehr and Fischbacher (2000a)) indicates

that subjects do not only sanction because they want to achieve fair outcomes but

that the motive to punish unfair intentions is also a major determinant of sanc-

tioning behavior. Therefore, approaches which rely on distributional concerns
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and on rewarding and sanctioning of intentions (as, e.g., in Falk and Fischbacher

(1999) best capture the experimental regularities.

All mentioned fairness theories are rational choice theories in the sense that

they allow for interdependent preferences but assume rational individuals. This

assumption may be criticized because often people are not fully rational but only

boundedly rational (e.g., Selten (1998) and Dietz and Stern (1995)). While we

are in general sympathetic with this view, we would like to point out that so

far there is no formal model of bounded rationality which is able to predict the

experimental results presented in this paper in a rigorous way.

In the games analyzed in this paper the Falk and Fischbacher model and the

Fehr and Schmidt model yield similar predictions. We therefore restrict our atten-

tion to the latter model because it is relatively easy to apply in our context. The

Bolton and Ockenfels model also yields similar predictions in the baseline CPR

environment but predicts a wrong punishment pattern in the CPR with punish-

ment opportunities. The reason for this is that in their model each player does

not evaluate fairness towards each other player (as in the Falk and Fischbacher

and the Fehr and Schmidt model) but towards the group average. This basically

means that people are indifferent between punishing defectors or punishing coop-

erators, a prediction which is at odds with the experimental data. Finally, the

Dufwenberg and Kirchsteiger model as well as the Charness and Rabin model are

extremely complicated and often they do not generate precise predictions. Both

models often predict many equilibria. Finally, we do not apply altruism models

(see e.g., Palfrey and Prisbey 1997) because these models are not compatible with

sanctions, nor with the fact that people cooperate conditionally.

In the Fehr and Schmidt model, fairness is modeled as 'inequity aversion'.

An individual is inequity averse if he dislikes outcomes that are perceived as in-

equitable. This definition raises, of course, the difficult question how individuals

measure or perceive the fairness of outcomes. Fairness judgments are inevitably

based on a kind of neutral reference outcome. The reference outcome that is

used to evaluate a given situation is itself the product of complicated social com-

parison processes. In social psychology (Festinger, 1954; Homans, 1961; Adams,

1963) and sociology (Davis, 1959; Pollis, 1968; Runciman, 1966) the relevance of

social comparison processes has been emphasized for a long time. One key insight

of this literature is that relative material payoffs affect people's well being and

behavior. As we will see below, without the assumption that at least for some

people relative payoffs matter, it is difficult, if not impossible, to make sense of the

empirical regularities observed in CPR experiments. There is, moreover, direct

empirical evidence suggesting the importance of relative payoffs. The results in

Agell and Lundborg (1995) and Bewley (1998), for example, indicate that rela-

tive payoff considerations constitute an important constraint for the internal wage

structure of firms. In addition, Clark and Oswald (1996) show that comparison

incomes have a significant impact on overall job satisfaction. Strong evidence for

the importance of relative payoffs is also provided by Loewenstein et al. (1989).

These authors asked subjects to ordinally rank outcomes that differ in the dis-
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does not mean, however, that the absolute payoff should be viewed as a quantite

negliable. Moreover, we do not claim that all people share a (similar) concern

for an equitable share. In fact, many experiments have demonstrated the hetero-

geneity of subjects and the importance of absolute payoffs. A discussion on the

heterogeneity of individual preferences is given, e.g., in Parks (1994), Van Lange

et al. (1997) and Kopelman, Weber and Messick (this volume). In this literature

different types are discussed, e.g., cooperators, individualists and competitors. In

a similar vein, we assume that there are selfish people who care only for their ma-

terial payoff and fair-minded people who reward fair and punish unfair behavior.

As we will see below the interaction between these two types explains much of the

observed data.





ities of costly sanctioning and communication respectively. For all games we first

derive the standard economic prediction, i.e., the Nash equilibrium assuming that

everybody is selfish and rational. We contrast this prediction with experimental

results and the prediction derived by our fairness model. In presenting the ex-

perimental results we restrict our attention to behavior of subjects in the final

period since in the final period non-selfish behavior cannot be rationalized by the

expectation of rewards in future periods. Furthermore, in the final period we have

more confidence that the players fully understand the game that is being played.

The reason why we do not analyze one-shot data (as e.g., Rutte and Wilke 1985)

is simple. To our knowledge there are no one-shot experiments where the same

CPR game has been studied in various environments. Only the repeated game

data by Walker, Gardner and Ostrom allows this type of analysis because they

studied the same game in various institutional set-ups. Of course it might be that

the final period of a repeated interaction is somehow different to a pure one-shot

game. It has been argued, e.g., that people might not sanction if they interact

only once. This conjecture, however, is clearly refuted by recent experimental

evidence which shows that even in a pure one-shot game many people engage in

costly sanctions and punish defectors (Falk, Fehr and Fischbacher 2000b).

3.1. The Standard CPR Game

In a standard CPR game each player is endowed with an endowment e. All n

players in the group decide independently and simultaneously how much they
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it to that of a selfish subject. The thin line represents the optimal appropria-

tion of a selfish subject given the average appropriation level of the other group

members.6 As can be seen in Figure 2, a selfish player appropriates less, the more

the other group members appropriate. At the point where the best response func-

tion intersects the diagonal, the selfish Nash equilibrium (SNE) prevails. At this

point the average appropriation level of the other n — 1 players is 8 from the

viewpoint of each individual player. Moreover, it is in the self-interest of each

player to respond to this average appropriation of the n — 1 other players with

an own appropriation level of 8. Now look at the bold line in Figure 2. This line

shows the best response behavior of an inequity averse subject. Four aspects of

this function are important to emphasize.

First, in the area above the diagonal, i.e., where the other players appropriate

less than in the SNE, the best response curve of an inequity averse player lies
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below that of a selfish player. This means that if the other players are 'nice' in

the sense that they appropriate less than what is in their material self interest,

an inequity averse subject also appropriates less. Since inequity averse players

dislike being in a too favorable position they do not exploit the kindness of the

other players but instead voluntarily sacrifice some of their resources in favor of

the other players.

Second, there is an area below the diagonal. In this area the other group

members appropriate more than in the SNE. The best response behavior of

an inequity averse subject dictates to appropriate more than is compatible with

pure self-interest in this case. Here, the intuition is, that since the other players

appropriate more than in the SNE, the inequity averse player takes revenge by

imposing negative externalities on the other players. The desire to take revenge

results from the fact that the large appropriation levels of the others causes dis-

advantageous inequality for the inequity averse subject. Since appropriating in

this area reduces the payoff of the others more than the own payoff, an inequity

averse player can reduce the payoff differences. The selfish player on the other

hand does not care about payoff differences and therefore appropriates less in this

situation.

Third, a part of the inequity averse player's best response lies right on the

diagonal. This is the area in which symmetric equilibria may exist. There may be

equilibria in which subjects appropriate less than in the SNE as well as equilibria

in which they appropriate more. Of particular interest are the equilibria to the
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doubts that this type of preference is sufficiently frequent. As we have pointed

out above we expect that the aversion with respect to disadvantageous inequality

is usually much stronger than that arising from advantageous inequality (see also

Loewenstein et al., 1989).

Our conclusion is therefore that, even in the presence of many inequity averse

and reciprocal subjects, the prospects for achieving a more efficient equilibrium

than the SNE are rather weak in the standard CPR-game. This is consistent with

much of the reported data according to which - on average - the SNE describes

aggregate behavior quite well. In their repeated CPR game Ostrom, Gardner and

Walker (1994) report that on average final period appropriation levels in three

different groups were 63, 64 and 78 (in case the endowment was 25 tokens) and

60, 63 and 70 (in case the endowment was 10 tokens).9 These numbers are very

close to the standard prediction of 64.

3.2. A CPR Game with Sanctioning Opportunities

In this section we discuss a variant of the standard CPR-game. Again, we follow

the experimental setup of Ostrom, Walker and Gardner (1992).10 Their sanction-

ing institution is built on the standard CPR-game discussed above. Subjects now

first play the standard game and after each round of play all subjects receive

data on all individual appropriation decisions. Each subject can then decide to

sanction any other group member at a certain cost. Technically, any player i can

deduct pij points from player j ' s payoff at cost cpij where c is a positive constant
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smaller than 1. In the reported experiments, different parameter constellations

were used where pij varied from 10 to 80 cents and cpij varied from 5 to 20 cents.

Since in this type of experiments sanctioning is costly, the standard game the-

oretic prediction (assuming selfish preferences) is exactly as stated in Proposition

3.1. The rationale for this prediction is straightforward. Why should a rational

and selfish person spend resources to sanction another person in the final stage?

Since sanctioning is costly and utility depends only on the own material payoff,

sanctioning is equivalent to throwing away money. Rational subjects are able to

perform the necessary backward induction and everybody therefore knows that

nobody will sanction, no matter how egoistical the appropriation behavior on the

first stage actually is. Thus appropriation is totally unaffected by the presence of

a sanctioning stage.

Contrary to this prediction Ostrom et al. (1994, p. 176) report the following

stylized facts.11

• Significantly more sanctioning occurs than according to the standard pre-

diction.

• Sanctioning is inversely related to the cost of sanctioning (c).

• Sanctioning is primarily focused on subjects who appropriate the most from

the CPR.

• Sanctioning has a modest efficiency enhancing impact on appropriation be-

havior (i.e., there is less appropriation than in the SNE).
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ing is ruled out. Put differently, for a given distribution of inequity averse and

selfish players it may be impossible to reach an equilibrium with a cooperative

outcome when sanctioning is impossible while there are equilibria with a cooper-

ative outcome when sanctioning is possible. Thus, the model does explain why

appropriation is more efficient with a sanctioning device than without. It also cor-

rectly predicts that those subjects will be punished who deviate from the 'agreed'

appropriation level x. This is a very important point. Since it is exactly the

defectors who get punished, the group can discipline the selfish players. As long

as there are enough 'norm enforcers', cooperation will be high and stable because

the potential deviators face the credible threat of being punished if they behave

selfishly. This pattern of punishment behavior can therefore be understood as a

norm enforcement device (see Fehr and Gachter 2000a). We would like to add that

the Fehr and Schmidt model as well as the Falk and Fischbacher (1999) model
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share this feature.13 Finally, the model does explain why sanctioning activities

are inversely related to the cost of sanctioning. This follows immediately from

Proposition 3.4. For a given set of preferences, the equilibria with cooperative

outcomes will be the more likely the lower the cost of punishment.

In the experiments analyzed so far, the possibility to sanction clearly improves

the prospects of cooperation. It has been argued, however, that the implemen-

tation of explicit incentive devices such as incentive contracts (which also punish

non-compliance) may be counterproductive. In the presence of fairness preferences

incentive devices may 'crowd out' voluntary cooperation if they are perceived as

unfair (see, e.g., Andreoni and Varian 1999).

In our view, it depends very much on the precise nature of explicit incentives

whether they are counterproductive or not. While reciprocity based punishments

(as observed in the experiment discussed above) and repeated game incentives

seem to be compatible with a cooperative atmosphere (Gachter and Falk 2000),

explicit incentive contracts may not always be. If a cooperative atmosphere is

important for managing the commons, it is therefore important to balance the

potential advantages and disadvantages of explicit incentives.

3.3. The Impact of Communication

In all games discussed so far, subjects interact anonymously and without commu-

nication. In reality, however, people often communicate. They discuss problems

like 'overfishing', make (non-)binding agreements on how to behave and they
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express approval or disapproval through (face-to-face-)communication. Unless

agreements are binding in a strict sense, however, the standard prediction with

respect to behavior remains unchanged. When all people are completely selfish

there is no hope that after the promise not to appropriate excessively, a subject

will actually stick to his promise. When it comes down to give up money just in

order to keep one's promise, standard theory predicts that subjects won't hesitate

to pursue their material self-interest. In this sense, the opportunity to communi-

cate is irrelevant for the predicted outcomes just as it was in the case with the

sanctioning opportunity.

The experimental evidence reported in Ostrom et al. (1994) casts serious

doubts at this prediction.14 They report that subjects "with one and only one

opportunity to communicate, obtained an average percentage of net yield above

that which was obtained in baseline experiments ... without communication (55

percent compared to 21 percent...)" (p. 198). Allowing subjects to communicate

repeatedly increases efficiency even more (73 percent).15

In a meta study by Sally (1995) on the determinants of cooperative behavior

in more than 100 public goods experiments, communication has a significant and

positive influence. In one-shot games, cooperation is raised by about 45 percent on

average, whereas in repeated games the increase is 40 percent. Communication,

however, is an elusive term. In some experiments subjects really talk to each other,

i.e., they exchange verbal and facial expressions. In other experiments, subjects

do not communicate face-to-face but via computer or written notes. In yet other
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experiments, subjects do not actually talk but simply identify each other, i.e.,

they do not exchange any verbal information. As diverse as the experiments is

the discussion on why communication has a positive impact. Kerr and Kaufman-

Gilliland (1994), e.g., discuss nine different effects communication may have. It

is not our aim to address these issues at length. The purpose of this section

is to discuss how communication affects decisions when fairness concerns play

a role. The two main effects we consider as relevant from this perspective are

coordination and the expression of approval and disapproval. Both effects were

possible in the CPR communication treatment outlined above since subjects could

not only exchange information but also did see and talk to each other.

3.3.1. Coordination

Remember that in the standard CPR game with inequity averse or reciprocal

preferences there may be multiple equilibria. The SNE is always one of these

equilibria, among others which are more (or less) efficient. To emphasize our

point let us abstract from all details and assume a two player CPR game. In

terms of material payoffs the game could look like the one expressed in Figure

3a, i.e., the CPR game is similar to a Prisoner's Dilemma. Even though it is

in their common interest to choose the low appropriation level, both players can

individually improve their material payoffs if they choose the high appropriation

strategy. This yields the unique equilibrium where both players choose the high

appropriation. If both players have purely selfish preferences, this is the end of

the story (and communication has no impact).

In the presence of reciprocal preferences, however, the CPR game is no longer

a Prisoner's Dilemma (see Figure 3b). The reason is that if both players are

sufficiently reciprocally motivated they don't like to cheat on the other player.

If, e.g., player 1 chooses the low appropriation strategy, a reciprocal player 2 is

better off choosing the low instead of the high appropriation level and vice versa.

Even though players forgo some material payoffs they have a higher utility if

they reciprocate the nice behavior of the other player. If player 1 chooses the

high appropriation level, however, player 2 has no desire to choose the low level

(neither if he is a selfish nor if he is a reciprocal player). Instead, player 2 will

in this case also play the high appropriation strategy. As a consequence, there

are two (pure) equilibria now, the efficient equilibrium with low appropriations

and the inefficient one with high appropriations. Put differently, the Prisoner's

Dilemma game in Figure 3a with a unique and inefficient equilibrium has turned

into a coordination game with one efficient and one inefficient equilibrium. Game

theory does not help much in this situation. It simply predicts that some Nash

equilibrium will be played, but not which one16.

In the presence of multiple equilibria subjects face a tremendous strategic un-

certainty. How shall a person know which strategy the other player will select? It

is obvious that communication can have a positive impact in a situation of strate-

gic uncertainty. In fact it has been shown experimentally that communication can

help players to coordinate on better equilibria17. As an example take Cooper et al.
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(1992) who study different coordination games with and without communication.

They find that depending on the precise structure of the coordination game com-

munication may improve efficiency. This holds even though all announcements

are non-binding. They also show, however, that communication does not always

improve coordination. The prospects for improved cooperation depend both on

the nature of the game and the nature of the communication process.

In the CPR experiments with communication mentioned above, players had

intensive opportunities for communication since they could actually talk to each

other and were (with some restrictions) allowed to discuss anything they wanted.

As reported in Ostrom et al. (1994) subjects usually came to the agreement to

appropriate a particular amount (e.g., 5 tokens). If this is the case, coordination

on 'good' equilibria seems possible. Given these extensive communication oppor-

tunities and given the fact that there is usually a substantial fraction of reciprocal

subjects, it seems therefore quite likely that communication raised efficiency be-

cause subjects could coordinate their choices on more efficient equilibria.

3.3.2. Communication as a Sanctioning Device

Social interactions are frequently associated with social approval or disapproval.

The anticipation of such social rewards and punishments may have important eco-

nomic consequences. For example, it may affect the efficiency of team production

and the decisions in diverse areas such tax evasion, the exploitation of the welfare

state, criminal activities, union membership, and voting behavior. The behav-
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ioral role of social rewards and punishments is stressed in social exchange theory

(Blau, 1964). In contrast to pure economic exchanges social exchanges involve not

only the exchange of economic rewards but also the exchange of social rewards.

The admiration or the contempt that is sometimes expressed by parents, teachers,

professional colleagues and spectators are prime examples of a social reward. In

general social rewards are not based on explicit contractual arrangements but are

triggered by spontaneous positive or negative emotions which can be interpreted

as approval and disapproval, respectively.

Of course approval as well as disapproval can be communicated and can have

an important impact on individual behavior in a CPR game. People who talk

to each other enter a social relationship. Within this relationship, exchange of

approval and disapproval is possible. Two assumptions must be met in order to

observe more cooperative behavior compared to SNE, however. First, there must

be subjects who actually care about approval or disapproval and who change their

behavior in the expectation of such approval or disapproval. Second, there must

be subjects who actually express approval or disapproval. The first condition is

obvious. The second condition is important since it is usually not costless to

express approval and in particular disapproval. Our point is that reciprocally

motivated subjects are willing to bear the cost and are willing to reciprocate the

cooperative or non-cooperative actions by others. Thus, preferences as assumed

in our model may explain why communication in combination with the expression

of approval and disapproval can have a positive impact on cooperative behavior.
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Taken together we have described two potential channels through which com-

munication may effect cooperative behavior in the presence of reciprocal prefer-

ences. While the first rests only on the exchange of information the second is

built on the possibility of communication face to face. We would therefore expect

that communication effects are particularly strong if face to face communication

is possible (as it is the case in the treatment discussed above). This is also the

conclusion of Rocco and Wargelein 1995 who report a study showing that it is the

communication face to face which makes the big difference (on this point see also

Ostrom (1998)).

4. Public Goods: A Comparison

So far we have analyzed CPR games. However, many of the arguments apply

also to public goods games. In fact, public goods games and CPR games are very

similar. Whereas in a CPR game, subjects' decisions impose negative externalities

on other subjects, subjects in a public goods game produce positive externalities.

In a CPR game it is nice or kind not to appropriate too much while in a public

goods game it is kind not to contribute too little to the public good. Public good

situations are very important and very frequent in reality.18 Moreover, there exists

a huge experimental literature on public goods games. As we will show, many of

the findings reported on CPR problems carry over to those of public goods. In the

following we discuss a one-stage public goods game (similar to the standard CPR

game) and a two-stage public goods game, where after the first stage, subjects have
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nately, a large number of experimental studies. In a meta study of 12 experimental

studies (with a total of 1042 subjects participating) Fehr and Schmidt (1999) re-

port that in the final period of public goods games without punishment the vast

majority of subjects plays the equilibrium strategy of complete free-riding. On

average 73 percent of all subjects choose gi = 0 in the final period. It is also

worth mentioning that in addition to those subjects who play exactly the equi-

librium strategy there is very often a non negligible fraction of subjects who play

"close" to the equilibrium.19 In view of the facts it seems fair to say that the

standard model "approximates" the choices of a big majority of subjects rather

well. However, if we turn to the public good game with punishment there emerges

a radically different picture although the standard model predicts the same out-

come as in the one-stage game. Figure 4 shows the distribution of contributions

in the final period of the two-stage game conducted by Fehr and Gachter (2000a).

Note that the same subjects generated the distribution in the game without and

in the game with punishment. Whereas in the game without punishment most

subjects play close to complete defection a strikingly large fraction of 82.5 percent

cooperates fully in the game with punishment. Fehr and Gachter report that the

vast majority of punishments is imposed by cooperators on the defectors and that

lower contribution levels are associated with higher received punishments. Thus,

defectors do not gain from free-riding because they are being punished.

Figure 4

When these results are compared with the evidence from CPR games a striking

35

similarity arises. In the standard CPR game average behavior (in final periods)

is pretty consistent with the standard prediction. However, if subjects have the

opportunity to sanction each other, behavior becomes much more cooperative -

even though the standard prediction yields the same outcome. As we have seen

in our discussion above, our fairness model can explain the evidence in both CPR

games. This holds also for the public goods games. The intuition for the one-

stage public good game is straightforward. Only if sufficiently many players have

a dislike for an advantageous inequity they can possibly reach some cooperative

outcome. As long as there are only a few players who are willing to contribute if

others contribute as well, they would suffer too much from the disadvantageous

inequality caused by the free-riders. Thus, inequity averse players prefer to defect

if they know that there are selfish players. To put it differently: The greater the

aversion against being the sucker the more difficult it is to sustain cooperation in

the one-stage game.

Consider now the public good game with punishment. To what extent is our

model capable of accounting for the very high cooperation in this treatment? The

crucial point is that free-riding generates a material payoff advantage relative to

those who cooperate. Since c < 1, cooperators can reduce this payoff disadvantage

by punishing the free-riders. Therefore, if those who cooperate are sufficiently

upset by the inequality to their disadvantage, i.e., if they have sufficiently high

a's, then they are willing to punish the defectors even though this is costly to

themselves. Thus, the threat to punish free-riders may be credible, which may
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induce potential defectors to contribute at the first stage of the game.

Notice that according to the present model (and the inequity aversion approach

in general), a person will punish another person if and only if this reduces the

inequity between the person and his opponent(s). Therefore, as long as c < 1 (as

it is the case in the CPR problem and the public goods game analyzed above) the

model predicts punishments for sufficiently inequity averse subjects. If, on the

other hand, c > 1 the Fehr-Schmidt model predicts no punishment at all. This

holds regardless whether we look at public goods games or at the CPR problems.

Experimental evidence suggests, however, that many subjects in fact punish others

even if punishment does not reduce inequity (as it is the case if c > 1). Falk, Fehr

and Fischbacher (2000b) present several experiments which address this question

in more detail. As it turns out, a substantial amount of punishment occurs even in

situations where inequity cannot be reduced. For example, in one of their public

goods games with punishment they implemented a punishment cost of c = 1.

Nevertheless, 46.8 percent of the subjects who cooperated in this game punished

defectors. The conclusion from Falk, Fehr and Fischbacher (2000b) is, therefore,

that the desire to reduce inequity cannot be the only motivation to punish unkind

acts. An alternative interpretation is offered in Falk and Fischbacher (1999) who

model punishment as the desire to reduce the unkind players' payoff(s). Their

model also correctly predicts punishments in those situations where punishment

is costly and cannot reduce inequity.
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5. Discussion

In the preceding sections we have demonstrated that with the help of a simple

fairness theory many stylized facts of CPR or public good experiments can be ex-

plained. In fact, the range of experiments which have successfully analyzed with

the help of our fairness theories is even much wider. Both, the model by Fehr

and Schmidt (1999) as well as that of Falk and Fischbacher (1999) are capable of

predicting correctly a wide variety of seemingly contradictory experimental facts.

They are, in particular, capable of reconciling the puzzling evidence that in com-

petitive experimental markets with complete contracts very unfair outcomes, that

are compatible with the predictions of the pure self-interest model, can emerge,

while in bilateral bargaining situations or in markets with incomplete contracts

stable deviations from the predictions of the self-interest model, in the direction

of more fair and equitable outcomes, are the rule.

The basic behavioral principle which is formalized in the models is that a sub-

stantial fraction of the subjects acts conditionally on what other subjects do. If

others are nice or cooperative they act cooperatively as well while if others are

hostile they retaliate. The models also pay attention to the fact that there are

large individual differences between subjects. In particular it is assumed that

there are selfish subjects who behave in the way predicted by standard economic

theory and reciprocal subjects who exhibit the type of conditional behavior just

mentioned. The interaction of these diverse motivations and the institutional

set-up is responsible for the observed experimental outcomes. If there is no insti-
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tutional rule which externally enforces cooperation or that allows for sanctioning

possibilities, the interaction of selfish and conditional subjects frequently leads to

non-cooperative outcomes. If on the other hand subjects dispose of sanctioning

possibilities, the reciprocal subjects are able to discipline selfish players. As a

consequence more cooperative outcomes will emerge. This approach goes beyond

the standard economic conception not least because it assigns institutions a much

more important role. In the presence of reciprocal and selfish subjects institutions

determine which type of preference is pivotal for the equilibrium outcome. In a

sense institutions select the type of player that shapes the final result.

Of course there are several important behavioral factors which we have not

addressed or which cannot be explained with the help of the presented theoretical

framework. For example, there is a long tradition in social-psychological research

that points to the importance of values and altruism as mechanisms to overcome

the free-rider incentives inherent to social dilemma situations. Some of the lit-

erature associated with concepts of 'social motives' or social value orientation' is

discussed in the Kopehnan, Weber and Messick paper (in this volume). Another

alternative explanation to the one presented in the present paper comes from the

literature on altruism rooted in theories of moral norm activation (Schwartz, 1977)

and research on the structure of human values (Schwartz, 1992). This research

has been tied to environmental resource management through studies of individ-

ual behavior in field situations, mainly measured by attitudinal and self-report

indicators in surveys. In Stern et al. (1999), it is shown, e.g., that people who
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accept a movement's values, who believe that things which are important to those

values are threatened and who belief that their actions may help to alleviate the

threat, experience a personal norm to support the movement.

The latter explanations as well as the fairness models presented in this paper

assume different pro-social motives that mitigate free-rider incentives as suggested

by the empirical findings. The theories do not, however, ask about possible evo-

lutionary roots of such pro-social behavior. This important question is addressed

in Richerson, Boyd and Paciotti (this volume).20

Yet another remark is in place. We have emphasized the importance of reci-

procity and inequity aversion but have not mentioned the impact of reputation

and repeated game effects. Many of the real life CPR- or public goods problems

are in fact 'played' repeatedly. In such repeated interaction players usually can

condition their behavior on past behavior of others. This allows players to build

up reputations and to ensure cooperative outcomes even among selfish players. In

the parlance of game theory this kind of cooperation may be supported as an equi-

librium in infinitely repeated games (folk theorems) or in finitely repeated games

with incomplete information (see Kreps, Milgrom, Roberts, and Wilson (1982)21).

Many experiments have demonstrated the efficiency enhancing effect of repeated

vs. one-shot interactions. Moreover, it has been shown that reciprocity and re-

peated game effects interact in a complementary way (Gachter and Falk 1999).

In their experimental study of a bilateral labor relation the reciprocal relation-

ship between workers and firms is significantly increased in a repeated interaction
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compared to one-shot encounters. The driving force behind this "crowding in" of

reciprocal behavior is the fact that people who behave selfishly in the one-shot

game have an incentive to imitate reciprocity in the repeated game.22 Thus, in

the presence of repeated game incentives, the prospects for cooperative outcomes

are expected to be better than according to the one-shot analysis undertaken in

this paper.
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Endnotes

1 We also refer to the book by Ostrom, Gardner and Walker (1994) which sum-

marizes and discusses the experimental findings. For an overview on experimental

results see also Kopelman, Weber and Messick (this volume).

2 The importance of reciprocity has been established in dozens if not hun-

dreds of experiments. For rewarding behavior in response to kind acts, see Fehr,

Kirchsteiger and Riedl (1993) or Berg, Dickhaut and McCabe (1995). For pun-

ishing behavior in response to hostile acts, see Gtith, Schmittberger and Schwarze

(1982). Recent overviews are provided in Ostrom 1998 and Fehr and Gachter

(2000b).

3 For a first attempt to endogenize the choice of reference agents or standards

in a formal model see Falk and Knell (2000).

4 All propositions are proved in the appendix.

5 The derivation of the social optimum is given in the appendix.

6 Note that Figure 2 shows the symmetric case, where the other players'

appropriation decisions are equal.

7 Since there is a whole range of equilibria the question of equilibrium selection

arises. This issue will be discussed in Section 3.3.1.

8 We restrict attention to the cases where in equilibrium appropriation is less

than in SNE.

9 We concentrate on the behavior of subjects in the final periods to exclude

the possible confound of repeated games effects and to make behavior comparable
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to our one-shot predictions.

10 A sanctioning institution was first studied by Yamagishi (1986).

11 Moir (1999) studies the impact of monitoring additional to sanctioning. He

points out that pure monitoring does not help to overcome excess appropriation.

Institutions with a high level of monitoring but a low level of sanctioning may

even lead to more appropriation than institutions without any monitoring. A yet

different design is suggested by Casari and Plott (1999) where monitoring and

punishment is compacted in a single decision. In their treatment efficiency is also

higher compared to a baseline treatment without monitoring/punishment.

12 Notice that according to Proposition 3.4, the reason for k to increase in k

is not because the costs of punishment can be shared between more punishers.

13 Other models predict a very different pattern of punishment. In Bolton

and Ockenfels (2000), e.g., punishment is not individually addressed but directed

towards a group average. This could imply, e.g., that those who deviate are

not punished whereas those who cooperate are punished. This is at odds with

the experimental findings. Moreover, it does not take account of the potential

of reciprocal or equity preferences to establish and enforce social norms. For a

detailed discussion of this point see Falk, Fehr and Fischbacher (2000).

14 See also Ostrom and Walker (1991).

15 On communication see also the paper by Kopelman, Weber and Messick in

this volume.

16 See, however, the literature on equilibrium selection, e.g., Harsanyi and
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Selten (1988).

17 On coordination game experiments see Ochs (1995).

18 For an overview on public goods experiments, see Ledyard 1995.

19 The results of the meta study refer to public goods games where the group

size is smaller than 10. There is also an experiment where the group size is

substantially higher (40 and 100). In this experiment contributions in the final

period(s) are higher compared to small groups (Isaac et al., 1994).

20 See also Gintis (2000), Sethi and Somananthan (2000) and Huck and

Oechssler (1999). See also de Waal (1996) who shows that conditional behav-

ior is observed among chimpanzees. Their food sharing behavior exhibits some

reciprocal pattern: A chimpanzee is ceteris paribus more willing to share food

with another chimpanzee if the latter has shared with the former in the past.

21 Notice that the latter model is built on the assumption that there exist

selfish and reciprocal (tit-for-tat) types.

22 On the complementary relationship between reputation and reciprocity see

also the paper by Ostrom (1998).
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