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1. [bookmark: _Toc364865731]Introduction
Imagine that you have to work on a group essay with three other students. When everyone puts the maximum of effort in this essay, you will get the optimum result. But one of your teammates decided to work less hard or does not work on it at all. In this case you can decide to report his behaviour to your teacher, who will consequently decide to give this student a lower mark. This kind of punishment might encourage more co-operation in the next group essay.
The situation described above is an example of the public good game where punishment is applied. In many real life situations people have to cooperate in order to increase efficiency and successfully reach a target. Other examples are sport teams, firms where people have to work together and even daily family situations. 
Several research on the VCM, which we will discuss in this paper, shows that, in contradiction to the classical theory, that players in the public goods game are willing to cooperate . For example, Henrich (2001) in a study over  15 societies, shows that public good game offers were strictly positive and often substantially in excess of the expected income maximizing offer of zero contribution. Prior research also showed that the introduction of a punishment option in the public goods game leads to more cooperative behaviour of subjects.
This leaves us with the following main question to answer: What are the effects of punishment in the public goods game?
First we will explain some central concepts that need to be clear and straight in order to understand the rest of this paper.
In the second part of this paper we will look at the factors that might cause cooperation in the public goods game when punishment is not introduced yet. We will look at altruistic behaviour and make a distinguishing between reciprocity and conformity.
In the third part we will concentrate more on the positive results of punishment on cooperation published in prior literature. 
In the last part, we will mention some negative effects of punishment in the public goods game. 







2. [bookmark: _Toc364865732]Central concepts
Before we will look at the working of the public goods game itself, it is first necessary to elucidate some central concepts that will often emerge in this paper. 
[bookmark: _Toc364865733]2.1	Public goods
The social dilemma of sharing and contributing to a public good has been subjected to several studies that tested this phenomenal in a laboratory setting. In these experiments, players can share in a pure public good. Pure public goods are goods that are both non-rival and non-excludable. According to Croson T. A. Rachel. (2007), this means that multiple agents can consume the good at the same time (non-rival) and it’s not possible to exclude agents who did not pay for the good from consuming it (non-excludable).
[bookmark: _Toc364865734]2.2	Public goods game
This experimental public goods game, in literature often called voluntary contribution mechanism (VCM), works as follows: In the game in its simplest form is played with two or more players. The players all have the same amount of money to spend. They then can choose to keep the money themselves or put (part of) it in a public pot. The amount of money in the public pot gets multiplied by a factor (marginal per capita return (MPCR)) and this public good payoff is evenly divided among the players. The most optimal outcome is realized when all subjects choose to contribute all the money to the public good. This is because when all the players contribute all their money to the public pot, all private money turns into public money, which will be multiplied and then redistributed evenly among the players. This leaves them with more money than they started with. 
[bookmark: _Toc364865735]2.3	Free riding
Most of the time this cooperation does not occur naturally and many of this kind of situations face the problem of free riding.  The free riding problem occurs when someone in one of the former examples does not cooperate but still benefits as much as the others from the final outcome. The free rider actually rides the public good for free. This problem is often solved by the presence of possibilities to punish free riding in forms of exclusion, fines, dismissal and so on.
[bookmark: _Toc364865736]2.4	Nash equilibrium
The theoretical Nash equilibrium is that nobody contributes to the public good (Saijo (1999)). Robert H. Frank defines a  Nash equilibrium as follows:  A Nash equilibrium refers to the combination of strategies in a game such that neither player has any incentive to change strategies given the strategy of his opponent. In case of the public goods game this means that in their self interest every players best strategy is to keep the money for themselves and invest zero in the public good.  The classical assumption consequently is, like Olson (1965) expresses, that ‘... rational, self-interested individuals will not act to achieve their common or group interest’. Only a separate and selective incentive will stimulate an individual to cooperate with the creation of a public good.


3. [bookmark: _Toc327889044][bookmark: _Toc364865737]Primary sources of cooperation
In contradiction to the classical theories, several studies, which we will discuss hereafter, show that people often do not act like machines and do not match the behaviour that is predicted by classical theories that assume rational behaviour. Classical theories predict a Nash equilibrium of zero contribution in the public good, like I described in the former paragraph. Apparently people do naturally have social incentives that make them cooperative. Cooperation in the meaning of the public goods game is that players contribute to the public good. Full cooperation is archived when all players invest they full capital in the public good.
In order to understand why some people do voluntary cooperate in the public good game we should first look at the human psychological system. In the literature, non-selfish behaviour is often called altruism. Altruistic behaviour is defined by Trivers (1971) as behaviour that benefits another organism, not closely related, while being apparently unfavourable to the organism performing the behaviour. 
[bookmark: _Toc327889045][bookmark: _Toc364865738]3.1	Reciprocity
The principle of reciprocity (also referred to as conditional cooperation) means that the contribution of participants to the public good is positively correlated with their beliefs of how much the other participants would contribute. The principle of reciprocity was introduced by Robert Sugden (1984). He formulated the principle of reciprocity as follows: “Let G be any group of people of which i is a member. Suppose that every member of G except i is making an effort of at least  in the production of some public good. Then let i choose the level of effort that he would most prefer that every member of G should make. If this most preferred level of effort is not less than , then i is under an obligation to the members of G to make an effort of at least . I shall call this the principle of reciprocity.”
I can clear this explanation with a simple example out of daily life. Suppose that a few students have to work together in order to write a paper. When one of the students observe that all his co-workers put a high amount of effort in writing this paper, he will as a result put the same amount of effort in the writing of his part of the paper. The same applies for the reverse situation where al the other students produce low effort.
In a study investigating which factors motivate individuals to make voluntary contributions to a public good, Croson (2007) finds evidence that support reciprocity theories over commitment theories, altruistic theories and traditional free riding theories. In her study she compared the players contribution to the public good with his belief about the contribution of others. Almost 92 percent of the participants showed a positive correlation between their contribution to the public good and their belief about contribution of the others. So believing that others will contribute, makes the most participants willing to reciprocate this behaviour by contributing as well. 
[bookmark: _Toc327889046][bookmark: _Toc364865739]3.2	Conformity
However, the former example can also be explained by the principle of conformity. Carpenter (2004) defines conformity as ‘the tendency to copy the most prevalent behaviour in a population’. Conformity is a broader concept than reciprocity, because reciprocity is only applicable onsituations where the actions of participants affect each other’s welfare. The distinction between reciprocity and conformity is described by Bardsley and Sausgruber (2005). In their paper they made two separate groups that had to contribute to two different but similar public goods (public good A and public good B). 
In the first stage the agents of group A choose their contributions to the group A public good. This stage can be considered as the baseline treatment. The agents don’t have any focus point of how much they should contribute.
In the second stage the agents first sees a vector of the contributions in stage 1 and then choose the amount of contribution. This treatment is meant to show what the effects of reciprocity are. The agents can now see what the other agents contribute to the same public good. The change in their behaviour on the basis of this information can be seen as the effect of reciprocity.
In the third stage agents of group B first see a vector of the contributions of group A to the group A public good and then choose the amount of contribution to the group B public good. This treatment is meant to show what the effects of conformity are. The agents can now see what the other agents contribute to a similar public good. The change in their behaviour on the basis of this information can be seen as the effect of conformity.
In the last stage agents of group B have to make a second contribution to the B public good. Before deciding what contribution they make, the subject first sees both contributions of stage 3 and all the contributions of group A. The difference in contribution in this stage with respect to the contributions in the first stage can be accounted for the sum of the reciprocity effect and the conformity effect. These two effect together is known as the crowding-in effect.
Conclusions on this experiment were that there are strong effects of crowding-in. The contributions of the agents did correlate positively with contributions of others. Also the contributions to the public good correlate positively with contributions to the other public good, which was irrelevant concerning the agents payoff. This result indicates that conformity does exist. Assuming that reciprocity and conformity are additive, reciprocity accounts for roughly 2/3 and conformity for 1/3 of crowding-in.
Crowding-in, however can also occur in the reversed way. This crowding-out effect is suggested by Andreoni (1998). In this case the effect occurred when the government contributes such an amount of money to a charity fund that private contributions did not seem to be necessary anymore. As a result, private contributions to the charity fund decreased because of an increase of public grant.
In another study that find some evidence effects of conformity, Carpenter (2004) finds that whenever  the number of free riders increases, conformity provides an additional incentive (or excuse) to free ride. This also implies that when conformity is present, trying to get more cooperation in a population of free riders will be even harder than first thought.
[bookmark: _Toc364865740]3.3	Kinship
Another reason for cooperation often called in literature is kinship.  When individuals  interact with relatives, the “inclusive fitness” they obtain from cooperation can be a reason to not defect (Hamilton, 1964). Peoples affection towards family makes them far more willing to sacrifice and cooperate. Even though kinship, as investigated within animal societies, concerns only genetically connection, it can also be applied to strong friendships. In the standard public goods game, where people play under full anonymity, the effect of kinship in the public goods game can be neglected.  But one can imagine, playing a public good game with your own family, makes a big difference in attitude compared to playing with full strangers. 
























4. [bookmark: _Toc364865741]Positive effects of punishment
To test the effect of punishment in a voluntary contribution mechanism, the single shot game as explained in the introduction has to be adapted. In many experiments multiple rounds are necessary to show the long term effect of punishment in the VCM.  Instead of one single round, the game has to be repeated so that people can take lessons out of punishment and might change their behaviour in the following rounds. Whenever punishment is introduced in an public goods game and the experiment is repeated a few rounds people might start to behave more cooperative. When they do not cooperate, or contribute less than average, in the first round, they might get punished by other players which might give them a incentive to be more cooperative in the following rounds. 
In order to understand why human behaviour in the public goods game is relevant we might first look at a similar study in the field of biology. In many situations human behaviour is comparable to animal behaviour (McCall and Singer, 2012). Especially when animals live together in groups they very often – just like human – have to cooperate in order to survive. That is why  Clutton-Brock and Parker (1995) took a close look at the influence of punishment on cooperation in different animal societies. Punishment in animal societies are often in the form of physical attacks of dominant animals on subordinates. Although this article does not use the public goods game to test this hypothesis, it is useful research that shows how punishment is often used to establish and maintain dominance relationships and discourage cheats within social groups. Punishment in animal societies, which is likely to be a good indication of human societies,  advances cooperation.
[bookmark: _Toc364865742]4.1	VCM with punishment
A couple of experimental economists have tested the possibility to solve the free riding problem by introducing opportunities to punish other agents in the VCM. This mechanism is called decentralized punishment, which means, punishments carried out by the participating agents in the VCM without the intervention of a central authority. This kind of punishment is also called ‘peer-to-peer’ or ‘peer’ punishment in literature. Ostrom et al (1992) tested this tool and found several evidence that this decentralized punishment leads to higher cooperation.
The experiment of Ostrom basically consisted of four kinds of treatments. The first treatment, which is considered the baseline game, neither had a option of communication or punishment. In the second treatment participating individuals are allowed to communicate with each other after ten rounds of playing. The third treatment gives agents the possibility to punish other agents but no communication is allowed. In the last treatment both communication and sanctioning are possible.
Every treatment had groups of 8 participants who had either 10 (low-endowment) or 25 (high-endowment) tokens to invest. The VCM is repeated for 20 times. In the treatment with communication, after round 10, subjects got a 10 minutes discussion period. The costs of imposing a sanction on another subject was either 25 or 50 percent of the sanction itself. 
This experiment led to the following findings about the effect of punishment in the provision of public goods. Firstly, agents were far more willing to place a fine on another agent than expected. These fines led to a higher average contribution, when no communication was allowed. Due to the high cost of punishment, however, the average payoff decreased. Real progression is made when punishment is available in combination with communication. This treatment led, after subtraction of fining-costs, to a average payoff of 67% of the maximum payoff[footnoteRef:1]. To compare, the basic treatment only led to a 21% of the maximum payoff. [1:  This maximum payoff is archived when all the agents invest all their money in the public pot.] 

[bookmark: _Toc364865743]4.2	Second order cooperation
Boyd and Richardson (1992) focussed in their article on the so called problem of ‘second order cooperation’.  This problem occurs when administering punishment is too costly, making individuals decide to cooperate but not to punish the defectors. Second order cooperation, thus, is punishing them who did contribute below average to the public good. The problem of second order cooperation is that some players do want to contribute average or above average to the public good, but are not willing to impose costly punishment on those who did contribute below average.
In the model Boyd and Richardson created, co-operators that do not punish defectors can be punished for that after the second stage. In the stages that follow , individuals that do not punish non-punishers can also be deferred to punishment. ‘In this way, selection may favour punishment, even though the cooperation that results is not sufficient to compensate individual punishers for its costs’.
The outcome of this model is that  cooperation enforced by punishment can lead to two different kind of evolution of cooperation. 
If benefits of cooperation to an individual are greater than the costs of to a single individual of coercing the other participating individuals to cooperate, by using punishment, then tree different strategies might occur in the long run. First, the strategy where individuals cooperate and punish non-cooperators. Second, the strategy where participants cooperate only if they are punished. The last strategy which might sometimes occur is where individuals cooperate but do not punish. 
 Also, if being punished causes enough damage, individuals will in the long run choose moralistic strategies that  cooperate, punish non-cooperators, and punish non-punishers. The worse side of the moralistic strategies, however, is that on the long run individuals can produce costly behaviour even if that does not lead to public benefit. We will discuss this costly punishment behaviour in section 5.
[bookmark: _Toc364865744]4.3	Threatening
A different form of interaction is the possibility to impose treats on other participants about the amount of punishment. In their experiment Bochet and Putterman (2009) introduced a first stage where participants could  make non-binding numerical announcements about their possible contributions and punishments. Contribution announcements led to higher real contribution which can be seen as evidence of reciprocity. Threats of punishment, till some extent, crowded out the need of real costly punishment. These two thing together led to greater efficiency. 

These findings are confirmed by Masclet et al. (2013). In their experiment they find proof that when using threat of punishment, average contribution can increase without the use of actual punishment. But whenever threats are not believed, the effectiveness of threats completely vanishes. This raises the question whether threats are useful in societies where trust is not an obvious concept. The authors also note that the beneficial effect of punishment threat only occurs in the last couple of interaction periods. This suggests that the use of threats is only useful in long-term relationships.
[bookmark: _Toc364865745]4.4	Reputation
The phenomenon of reputation gets relevant when player of a repeated public goods game step out of anonymity. Players get to know each other and can adjust their punishment strategies on the reputation of the other players. The effect of punishment, especially the effect of interaction and reputation,  on cooperation in the provision of public goods is worked out further by Fehr an Gächter (2000), in a fourfold experiment. Where Ostrom used communication rounds in his experiment, Fehr and Gächter distinguish between Partner and Stranger-treatments.
In a very clear experimental design there is a Stranger-treatment with and without punishment opportunities and a Partner-treatment with and without punishment opportunities. In the Partner-treatments the same group of  four subjects plays a finitely repeated public good game for ten periods. In the Stranger-treatment the total number of participants in an experimental session, is randomly partitioned into smaller groups of size four in each of the ten periods.
The payoffs in the treatments without punishment is just the private invested tokens plus the total invested tokens in the public good multiplied by the MPCR. In all treatment conditions the endowment is given by 20 tokens, groups exist out of 4 players and the MPCR of the public good is fixed at 0.4.
For the treatments with punishment the formula for the payoffs gets slightly changed:
The individual group member now can punish other group members by assigning punishment points. These punishment points get multiplied by the cost of punishment.  Each received punishment point that the individual receives leads to a ten percent decrease of the original payoff.
For every treatment the game is played in ten rounds. The results of the different treatments were compared and led to the following conclusions:
In the Stranger-treatment with punishment opportunities, the average contribution level was significantly higher than in the Stranger-treatment without punishment. Moreover, in the Stranger-treatment without punishment average contributions converge close to full free riding over time. In the Stranger-treatment with punishment no stable behavioural regularity regarding individual contributions emerges.
The existence of punishment opportunities also causes a large rise in the average contribution level in the Partner-treatment. When repeating the game, in the no-punishment condition of the Partner-treatment average contributions converge towards full free riding, which is same result as in the Stranger-treatment. But in the Partner-treatment with punishment average contribution converge towards full cooperation.
In both the Stranger and the Partner-treatment the punishment opportunity initially causes a relative payoff loss, due to the cost of punishment. However, after repeating the game for ten periods,  there is a relative payoff gain in both treatments.
Brand et al. (2003) ascertain that in the public goods game in its simplest form, players of the game act under full anonymity. In daily practice however, people often personally interact with each other and therefore build some reputation. Brandt calls this phenomena reputation and found out that whenever individuals are exposed to (face to face) interaction with other players, defectors are sufficiently intimidated and more often choose to cooperate.
[bookmark: _Toc364865746]4.5	Conformist transmission
Henrich and Boyd (2001) argue that punishment leads to cooperating because of transmission. This means that people copy behaviour of others. Two kinds of transmission are distinguished: payoff-biased transmission; this is when people copy the most successful individuals in their environment. The second is conformist transmission; which refers to  the tendency to copy the most frequent behaviour in the population. This social learning does not necessary lead to the most efficient and desirable behaviour. 
In their article Henrich and Boyd show that conformist transmission, when playing a public goods game with punishment, is an important reason of stable cooperative behaviour. This cooperative behaviour settles after a finite number of punishment stages, where individuals first get the chance to punish non-co-operators . Subsequently , in the second stage punishment may also be laid upon non-punishers of the previous punishing stage. Due to the psychological bias of human to copy the majority or most successful individuals of a population, both cooperation and punishment will stabilize after a finite number of stages.
[bookmark: _Toc364865747]4.6	Severity vs. probability
Last but not least there should be a distinction in the effects of punishment probability and punishment severity. In a experiment on severity of punishment, Anderson and Stafford (2003) investigated the separate effects of severity and probability of punishment on the average group contribution. They find out that participants in a public goods game with punishment do react more on a increase in punishment severity than they do on a increase in punishment probability. 

This study, however, does not impose sanctions endogenously, like the kind of punishment we focus on in this paper.  Tyran and Feld (2002) experimentally investigate the effects of mild and severe endogenously punishment in the public goods game. Punishment in this experiment is determent by a referendum. The results show that severe punishment leads to almost full contribution to the public good. But more important, the results also show that when endogenously imposed, punishment has a larger effect on cooperation and even mild punishment has a significant effect on cooperation.





5. [bookmark: _Toc364865748]Negative effects of punishment
The previous paragraph described the positive effects of punishment in de public goods game. These positive effects, however, are partially as a result of the experimental design. In most of the VCM discussed above, participants were not fully free to choose who they wanted to punish. Participants only got to punish non-cooperators and non-punishers. However, in real life, people are not so much restricted in their actions. 
[bookmark: _Toc364865749]5.1	Perverse punishment
Oliver, P. (1980) supposes in his theoretical investigation that people will not always respond so calmly when they are imposed to punishment from other group members. In fact these negative incentives often have the potential side effects of disharmony and discord. The punished individual might experience feelings of irritation, frustration, anger or hostility. These feelings might eventually lead t o revenge. Revenge is ‘the attempt, at some cost or risk to oneself, to impose suffering upon those who have made one suffer, because they have made one suffer’ (Elster, 1990). Hence, revenge in the light of the public goods game will be punishing the person that punished you, because he punished you. This kind of punishment is called counter-punishment. Counter-punishment that is used in this undesirable way is called in literature perverse punishment. ‘Targeted reductions of others’ earnings are perverse if they tend to reduce overall efficiency by inducing declines rather than increases in contributions to the public good’ (Cinyabuguma et al., 2004).
This counter-punishment get problematic when, like in a public goods game with multiple stages, ongoing cooperation is required. Oliver sees two negative effects of punishment. First, a individual who gets punished is unlikely to become a trustworthy group member. The punished will cooperate because he fears punishment, but will always be ready to defect again, when he gets the chance.  On the other side other group member will not fully trust a former defector anymore and they will act distant towards him. These two things weakens his ties to the group.
In a study on the effects of perverse punishment Nikiforakis, N. (2008) designed a experiment where participants are given the opportunity to take revenge for punishments. This resulted in retaliation of a quarter of all punishments in the VCM. According to Nikiforakis peoples motivation to counter-punish lies the ‘... desire to hurt those who hurt them, but also use counter-punishments strategically to discourage future punishments’.
Looking at the results on welfare and cooperation Nikiforakis comes to the following conclusions: 
Cooperation suffers under the threat of punishment. Individuals that punished in the first (few) stages and got counter-punished, do not punish free riders anymore because they are afraid to be punished again. This leads to a decrease of contribution to the public good an thus to a breakdown of cooperation.  Welfare – the average income of every participant – is also disadvantaged by the presence of punishment and counter-punishment opportunities. Benefits of higher cooperation do not outweigh the costs of punishment. Both the treatment with punishment and the treatment with counter-punishment result in lower welfare than in the standard VCM.
[bookmark: _Toc364865750]5.2	Reasons for perverse punishment
Cinyabuguma, M. et al (2004) distinguishes reasons for perverse punishment into two categories: 
Firstly, there are some agents that punish defectors as well as co-operators in order to increase their own relative pay-off. This approach where ranking is more important than the absolute payoff, is called by Saijo et al. (1995) the Spite dilemma.
Second, punished agents, usually for contributing less than average, punished high contributors in an attempt at retaliation or to discourage them from future punishment. Because participants did not know the exact person that punished them, this kind of retaliation is  characterized by Ostrom et al. (1992) as blind revenge.
To find out which one of those two reason is the major, Cinyabuguma, et al. added a possibility to the VCM to vote for punishment of the perverse punishers. As a result perverse punishers were routinely sanctioned. After six punishing stages perverse punishment still existed, ‘but at a lower level, indicating that it was partly but not entirely explained by the self-interest of payoff maximizing punishers, rather than a taste for getting even’ (Cinyabuguma et al., 2006).
Denant-Boemont, L. et al. (2007) assumes that players not only receive utility from their own income, but also for reciprocation. One type of player receives utility from punishing those who punished him. Another type receives utility from administering punishment on those that do not contribute to the public good. These types of individuals would be willing to lower their monetary earnings to some extent to punish those who submit low contributions or those who fail to punish free riders, as well as to engage in counter-punishment.
[bookmark: _Toc364865751]5.3	Methods to avoid perverse punishment 
Cinyabuguma, M. et al. (2006) tried to deter perverse punishment by introducing second-order punishment. This second-order punishment consists of a second stage of the VCM where the players are told how much punishment each of the other subjects targeted at high contributors and at low contributors. After that the participants played another punishing round. This resulted in a significant reduction of first-order perverse punishment, but this reduction was offset by perverse second-order punishment of those who (first-order) punished free riders.
Ertan et al. (2005) added a option to let the participants choose institutional rules.  Groups of participants could vote about the rules in which the VCM would be played. Results of this experiment design were almost shocking clear: no group voted to allow unrestricted punishment and no group allowed punishment of high contributors. Having these rules in the VCM, both contribution and efficiency increased.
This experimental design is used again by Ertan, A. et al. (2008). This time the following results were achieved: 
In comparing VCMs with rules governing punishment, the highest frequency of free-riding was found in groups operating with no punishment, less free-riding in groups with unrestricted punishment, and least free-riding in groups allowing punishment of low-but-not-high contributors. 
Perverse punishment hence can only be avoided when punishment is somehow restricted by rules. When people are given the opportunity to vote for the rules in which the VCM is played, they tend to choose for the most efficient and cooperative rules. So eliminating perverse punishment will lead to more cooperation and efficiency in the public good game. 
Sometimes counter-punishment can last for a couple of punishment rounds. This costly behavior is called vendettas by Fehl et al. (2012). These vendettas often arise after ambiguous or unjustified punishment (i.e. punishment of above average contributors) and can last for three to five rounds. In their experiment Fehl et al. find evidence that some participants are able to avoid these vendettas by saving all their punishment to the last punishing round.

To avoid this costly vendettas Andreoni and Gee (2012) came up with the idea of the ‘Gun for Hire’. Inspired by the lawlessness of the wild west, where people had to settle scores themselves, they compared this to ‘peer-to-peer’ punishment in the public goods game. Not surprising, their solution to this costly vendettas also came from the wild west: a gun for hire. The Gun for hire is a third party that can punish the biggest cheater of the group. Punishment is just severe enough that the least contributor would rather have been the second less contributor. When this ‘gun for hire’-mechanism is implemented in the VCM, results show that participants are willing to pay for the ‘gun for hire’ and this mechanism seems to crowd out the use of endogenous peer punishment. By preventing costly counter-punishment, the ‘gun for hire’-mechanism deters free riding and improves welfare in the public goods game.
[bookmark: _Toc364865752]5.4	Heterogeneous population
Vendettas of counter-punishment are also mentioned in literature as feuds. A feud is a sequence of mutual retaliatory sanctions, lasting for a couple of punishment rounds in the public goods game. Nikiforakis et al. (2012) find that punishment is much more likely to trigger counter-punishment and start a feud when there is a heterogeneous population where participants have different marginal benefits from the public good.

This finding is supported by Reuben and Riedl (2009 and 2012), who experimented with groups where one person has a higher endowment than the others and groups where one person derives a higher marginal benefit from the public good. 
Those who Olson (1965) calls privileged groups, seems to be not so privileged at all. Especially after introducing a punishment stage in the VCM. In groups with unequal marginal benefits, punishment is less targeted toward strong free riders and low contributors only minimal increase their contributions after being punished.

According to Reuben and Riedl counter-punishment in the VCM with unequal marginal benefits is a result of disagreement of participants regarding the ‘rule of relative contribution’. Some players find that it is fair that who benefits more, pays more, while others find a higher marginal rather deservingness. An example is that when people with cancer benefit more from cancer research, they are not supposed to pay more for it than others.
[bookmark: _Toc364865753]5.5	Cultural differences
In order to perspective all the presented evidence of the effect of anti-social punishment, we should look at the study of Hermann et al. (2008) that proves that phenomena of anti-social punishment differs across societies. Hermann et al. proves this with a large cross-cultural experiment across 16 different countries. The results of this experiment prove that anti-social punishment is more prevalent in countries with weak norms of civic cooperation and a weak rule of law. This results indicate that anti-social punishment is actually very underestimated, because the biggest load of experimental data comes from Western civilized countries where anti-social punishment is much lower than in other societies. 






















6. [bookmark: _Toc364865754]Conclusions
In this literature overview we have seen that role of punishment in the public goods game is twofold. Punishment on the one hand leads to more cooperation, but can on the other hand be used as a tool for retaliation. 
First we saw that cooperation in the basic VCM is due to incentives like reciprocity, conformity and kinship. These factors, however, are not sufficient to stabilize cooperation in the public goods game. Thus, punishment is necessary to increase cooperation and efficiency.
 Inspired by research within animal societies, where punishment seem to be a proper tool to stabilize cooperation , different authors started to add punishment opportunities to the basic VCM. Results of these studies show that punishment significantly increases cooperation and efficiency in the public goods game. Cooperation even increases when players step out of anonymity and get the chance to interact. When participants have the opportunity to interact and build a reputation, punishment almost leads to full cooperation. 
Basic factors like conformity also seem to have influence on punishment itself. Conformist transmission makes players copy others behaviour towards punishment and often leads to stable cooperation.
The other side of punishment is that in some cases it might eventually  lead to a decrease of cooperation and efficiency. Defectors that suffer punishment, retaliate their punisher by punishing the ones that punish them. This counter-punishment causes that punishers are afraid to punish free-riders again and so cause the free-riding problem to re-evolve. Because this punishment and counter-punishment is costly it also leads to a decrease of efficiency.
Several things have been tried to solve the problem of perverse punishment. A few approaches had significant results. One of them was to let the players of the public goods game elect the rules by which the game has to be played. In this case people tend to vote for the rule that allow to punish low-contributors and forbid to punish high-contributors. Also the ‘gun for hire’-mechanism was able to prevent costly series of punishment.
Counter-punishment, thus, cannot be eliminated without exogenous punishment or rules. Nikiforakis, N. (2008) sees this as evidence of the necessary existence of central authorities: ‘As counter-punishment opportunities exist almost in every decentralized interaction where punishment opportunities exist, the results question the belief that individuals can govern themselves through punishments, and lend support to the widespread existence of central authorities’.
We also saw that people might, like in real life, have different endowments or different MPCR from the public good. When introduction this fact in the public goods game, it only leads to more perverse punishment. Perverse punishment that so far seems to be underestimated in literature. Non-western civilised countries seem to show more perverse punishment behaviour than western civilised countries where most of the empirical data of the discussed studies comes from.
To conclude, we can say that in contradiction to the classical predictions, cooperation in the public goods game is indeed possible. Adding a possibility to endogenously punish to the VCM, leads to even more cooperation. But, the more we adjust our models to reality, the more we have to conclude that full cooperation and full efficiency can never be achieved. 
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