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Abstract 

To explore damage rules’ deterrent effect, we use a public good experiment to tailor allowable 

punishment to rules used in actual civil litigation.  The experimental treatments are analogous to: 

(1) damages limited to harm to an individual litigant, (2) damages limited to harm to a group 

available in aggregate litigation, such as class actions, and (3) damages allowed beyond actual 

harm to victims, such as punitive damages.  The treatment with damages limited to harm to an 

individual does not prevent the deterioration in cooperation over time commonly found in public 

good experiments without punishment or with too low punishment.  In the class action damages 

treatment, cooperation is stable over time.  In the damages-beyond-harm treatment, cooperation 

approaches the optimal level, but concerns of socially unjust punishment arise.  In all treatments, 

a money maximising agent would be expected to completely freeride and make no contribution 

to the public good. Our results can thus not be explained by an incentive effect. Rather we find 

that social preferences interact with the severity of sanctions, even if imposing the sanction is not 

altruistic, but instead financially benefits the sanctioning authority. The results persist in a varia-

tion of the three treatments in which the player imposing damages has the option to not retain 

them for herself but to have them forfeited with no benefit to her. We can therefore rule out that 

the beneficial effect of sanctions hinges on the participants knowing that the player imposing 

sanctions cannot intend to enrich herself.   The methodology we develop could be used to assess 

the social welfare benefit of many damages rules, such as treble damages in antitrust cases and 

caps on damages common in medical malpractice cases and punitive damages cases. 

JEL: C73, K0, K4, K13 
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1. Introduction 

Does damages liability promote socially desirable behavior?  Reviews of tort law’s effects reach 

mixed conclusions, with one finding tort law “somewhat successful” in deterring (Schwartz 

1994: 443), but a recent experiment finding subjects’ willingness to engage in risky behavior 

unaffected by the threat of potential tort liability (Cardi, Penfield et al. 2012).  Empirical studies 

assess deterrence by comparing liability with non-liability, such as comparing alcohol-related 

motor vehicle fatalities across states that do or do not impose liability on commercial servers of 

alcoholic beverages (Sloan, Stout et al. 2000).  Other studies compare the degree of available 

damages by assessing whether tort reforms such as noneconomic damage caps or higher eviden-

tiary standards for punitive damages are associated with aggregated behavioral changes (for 

example Rubin and Shepherd 2006).  

An attractive feature of such studies is that they investigate tort law in action. External validity is 

not an issue. Yet however carefully they are done, specifying models of outcomes, such as fatali-

ty rates or damages awards, is challenging. The analyst may be unsure about omitted variables 

and reverse causality is often a concern. She is at the mercy of naturally occurring variation, and 

cannot fine tune dependent and independent variables. Panel data usually are not available so one 

cannot address whether the same subjects continuously observed over time change their behavior 

in response to liability experience. For all of these reasons, experimental data are a useful com-

plement. They are of course less “real” than observational data, but random assignment of exper-

imental subjects makes modeling outcomes straightforward, removes identification problems, 

and observations over time enable evaluating the process leading to observed outcomes.  

Public good experiments are particularly well suited to overcoming observational studies’ limita-

tions (for example Fehr and Gächter 2000). The experiments provide a continuous measure of 

one type of behavior society would want to deter, freeriding on others’ efforts to provide public 

goods. Environmental damage can illustrate troublesome freeriding directly relating to tort (for 

example Hardin 1968). Clean water, clean air, or the proper disposal of waste, may all be mod-

eled as public goods. Everyone benefits (there is no rivalry in consumption) and no one can be 

excluded (there is no property right). If others switch to a more costly alternative, those reckless-

ly discharging pollutants free ride on their efforts.  

In addition to assessing public good behavior, public good experiments’ subjects repeatedly in-

teract over time. This enables observing the dynamic individual-level process of behavior, fol-

lowed by sanction, followed by possibly modified behavior, further possible sanction, and so on.  

Public good experiments therefore allow assessing whether participants change behavior in re-

sponse to previous damages decisions. More generally, the experiments address whether subjects 

learn to adjust their behavior to the presence of the experimental institution, or risk that the insti-

tution becomes unsustainable. In a repeated game, one can also simultaneously investigate out-

comes (how effective is the tort-like institution at deterring socially undesirable behavior?) and 

process (why does [does not] tort serve its stated purpose?).   
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Studying deterrence via a public good experiment is also appealing because of such experiments 

often having implications for legal issues.  Fehr and Gächter (2000), building on the Nobel Prize-

winning work by Ostrom, Walker et al. (1992), demonstrated that people are willing to punish 

even when it is personally costly to them.  Their findings may help explain both criminal and 

civil characteristics of legal systems.  For example, this willingness may help explain acceptance 

of the death penalty despite “mixed and uncertain” empirical results about the penalty’s deterrent 

effect (Frakes and Harding 2009: 452). The findings may also help explain the persistence of 

some countries‘ punitive damages practices, which allow civil wrongdoers to be punished be-

yond the harm caused to the individual suing. Use of public good experiments to explore the ef-

fects of legal rules is growing (Grechenig, Nicklisch et al. 2010; Engel and Kurschilgen 2011). 

Studying tort deterrence in public good experiments is especially appropriate.  Tort is frequently 

an alternative to other governance tools relating to public goods.  A major advantage of tort gov-

ernance over agency regulation is that private litigants have the power to initiate and directly 

benefit from deterrent activity.  If litigants prevail, they are compensated for the damage they 

have suffered. This gives them a financial incentive to seek redress.  If they are willing to pay 

part of the compensation to lawyers, they can afford professional advice, and thereby presumably 

increase both their chances of recovery and of achieving deterrence.  Society need not pay for a 

regulatory agency or for an attorney general to achieve deterrence (Shavell 1984: 364) because 

deterrence is a side-benefit for society of self-interested action. And those suffering harm often 

have an informational advantage over public agencies (Shavell 1984: 359). Victims are unlikely 

to overlook socially disruptive behavior and often are best equipped to produce inculpating evi-

dence. To the extent that victims are individuals, psychological effects give deterrence by tort 

additional clout. Many people strongly dislike being the sucker, and are willing to invest consid-

erable effort to punish the wrongdoer (for example Fehr and Gächter 2000). 

This paper is the first to use a public good experiment to study the deterrence and cooperation-

producing effects of different civil damage regimes.  To explore damage rules’  influence on be-

havior, we tailor allowable sanctions, referred to herein as damages, to rules analogous to actual 

civil litigation rules.  In each period of the multi-period experiment, a specified participant, the 

active player, may obtain damages from a targeted participant, subject to a different limitation in 

each treatment.  The experiment’s three treatments are analogous to: (1) damages to an individu-

al litigant in the classical bipolar lawsuit, (2) damages to a group available in aggregate litigation 

such as class actions, and (3) damages beyond actual harm to victims, such as punitive damages.  

We are interested in which treatment yields the greatest contributions to the public good.  In a 

full factorial design, we cross these three damages rule treatments with the presence or absence 

of the active player’s additional option to destroy via forfeiture some or all of the targeted partic-

ipant’s period income, with no benefit to the active player, as in the case of societally imposed 

punishment. The maximum amount that the active player can cause to be forfeited equals the 

maximum damage amount that can be claimed in the respective treatments. This forfeit option is 

analogous to reporting misbehavior to the authorities, with the expectation of society-level pun-
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ishment being imposed, rather than suing in tort in the hope of obtaining individual-level eco-

nomic benefit via damages for the plaintiff.  

We find that substantial differences in contributions to the public good over time exist between 

the treatment with damages limited to harm to an individual, compared to damages expanded to 

harm to the group.  In the individual damages (compensatory) treatment, cooperation deteriorates 

over time as subjects learn that damages are incomplete.  In the group-harm (class action) dam-

ages treatment, cooperation is stable over time.  In the damages-beyond-harm (punitive) treat-

ment, contributions approach the optimal level, but concerns of socially unjust punishment arise. 

We also find that adding the forfeit option does not make a difference. Not only is the option 

rarely chosen. Its presence also does not change the respective damage rules’ effects on public 

good behavior. At least in our experimental setting,  contributions to the public good are thus 

unaffected by knowledge that punishment rather than damages may be the sanction for socially 

undesirable behavior.  Participants are deterred by the risk, or by the experience, of losing in-

come. They are indifferent to their ability to infer a selfish motive from a player’s choice to en-

rich herself rather than to merely punish the participants. 

2. Background and Related Literature 

Our main intention is to contribute to the legal discourse about deterrence. Yet designing an ex-

periment reasonably analogous to civil law institutions required design innovations that also con-

tribute to the vast literature on public good experiments (Ledyard 1995; Zelmer 2003; Croson 

2008; Chaudhuri 2011).  We therefore briefly review relevant strands from the literature on both. 

2.1. Deterrence Literature 

A substantial literature concerning deterrence through civil actions exists.  Gary Schwartz’s 

thorough review of the tort deterrence literature concluded that, “between the economists' strong 

claim that tort law systematically deter and the critics' response that tort law rarely if ever deters 

lies an intermediate position: tort law, while not as effective as economic models suggest, may 

still be somewhat successful in achieving its stated deterrence goals” (Schwartz 1994: 443).  A 

recent summary of the literature concluded that, “To date, no study has found that tort law serves 

as a comprehensive deterrent,” some studies “have found limited evidence that tort acts as a 

weak deterrent with respect to certain behaviors” and that other studies, “have found no evidence 

of deterrence or even, in a few cases, a negative association—that certain tort rules are associated 

with an increase in related injuries” (Cardi, Penfield et al. 2012). Ours is the first incentivized 

test of deterrence using damages rules analogous to those in tort and class actions, under com-

pletely controlled, decontextualized conditions. 
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2.2.  Public Good Experiment Background and Literature 

In the typical public good experimental design, subjects are given an endowment, usually 20 

units of currency or tokens, and asked to contribute all or part of their endowment to the public 

good.  The experiment’s payoff structure is designed so that the group obtains a maximum re-

turn, in real currency, if all players contribute 100 percent of their endowment to the public good.  

Individually, however, each participant is best off not contributing at all. The contributions rep-

resent the degree of cooperation obtained.  The pattern of contributions from the endowment is 

repeated over many periods to observe whether contributions change in response to earlier period 

experience. As summarized by Croson: 

The results from this wide variety of experiments are quite robust. First, on average, 
contributions to the public good begin at about half the endowment of tokens. Se-
cond, there is considerable variation in the decisions of individuals.  Third, those 
contributions reduce over time until the contributions in the final round are 10–20 per 
cent of the endowment.  

This common pattern of deteriorating contributions to the public good over time is replicated in 

the baseline and compensatory treatment in this study, as shown in Figure 1 below.   

The literature shows that the socially disruptive pattern ceases if participants are automatically 

punished or rewarded, depending on whether they have contributed more or less than the average 

of their group. Then contributions are stabilized at a high level (Falkinger, Fehr et al. 2000; 

Bracht, Figuieres et al. 2008) and the deterioration in cooperation over time can be avoided.1 If 

participants interpret the obligation to pay damages as a sanction, i.e., if the deterrence interpre-

tation of torts gets it right, we should see a similar effect. We only do so in the class action and in 

the punitive treatments.  

The main difference between our design and previous public good experiments is the redistribu-

tion mechanism that is analogous to that in civil actions. In our design, when a participant loses 

money, the participant entitled to impose that loss, the active player, gains money. If there is de-

terrence, it is inextricably tied to redistribution. This is not the case in the standard design where 

each group member is informed about all other group members’ contributions, and is allowed to 

punish them, at a cost (Fehr and Gächter 2000; Fehr and Gächter 2002), not a benefit, to the pun-

ishing group member. In these experiments, each group member would be best off if other group 

members bear the cost of punishment, while she freerides on their enforcement efforts 

(Yamagishi 1986; Heckathorn 1989).  Many experimental participants disregard this logic and 

                                       
1  A provision point mechanism is also effective in increasing contributions. Under this scheme contributions 

are refunded, provided total contributions do not meet a predetermined schedule (Rondeau, Schulze et al. 
1999). The mechanism outperforms a scheme where participants are just asked to make contributions 
(Rondeau, Poe et al. 2005). If each participant is able to subsidize other participants’ contributions by ex ante 
pledging to reimburse a defined fraction of the contribution cost (which the authors call “compensation”), 
this also helps raise contributions, but less than the tax subsidy scheme of the former mechanism (Bracht, 
Figuieres et al. 2008). If participants are given the opportunity to ex post reward other participants, this has 
about the same effect as a punishment opportunity. If both options are combined, contributions are even 
higher (Sefton, Shupp et al. 2007). 
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punish freeriders (Fehr and Gächter 2000; Fehr and Gächter 2002; Fehr and Fischbacher 2004) 

even though the participants must pay to punish. The design of the those experimental games 

assures that money maximizing agents would not punish, even if they foresee that taming 

freeriding in the long run is good for everybody.   

The difference between damages, in which a participant retains the amounts taken from other 

players, and punishment, in which the player does not, may have two opposing effects. On the 

one hand, the active player now has an incentive to punish, even if we only consider the stage 

game, and even if we assume that she does not hold social preferences. This reduces the behav-

ioral uncertainty. Those contributing little have more reason to expect a sanction. This should 

improve contributions. A socially beneficial effect might also result from the money participants 

must pay not being lost, but benefitting the active player. This may give the mechanism addi-

tional legitimacy since the act of sanctioning may be perceived to be more fair. Since the money 

is not lost, participants who care about efficiency (cf. Engelmann and Strobel 2004; Page, 

Putterman et al. 2005) may be more inclined to adjust their behavior to the group norm in the 

future. On the other hand, sanctioning now is selfish. If participants care about motives, this 

might lead to deterioration of contributions. 

3. Predictions 

As noted, our focus is on public good contributions as influenced by varying damages rules.  We 

explore whether varying damages rules, meant to be analogous to damages principles applicable 

in cases, reduce the externalities that a noncooperator inflicts on the group and avoids the deteri-

orating contribution pattern that is common in public good experiments.  In particular, do dam-

ages rules that promote recovering the full harm caused by a noncooperator affect contributions 

over time?  

In a standard symmetric linear public good without punishment, all group members contributing 

nothing in all periods prescribes the unique Nash equilibrium.  Agents holding standard prefer-

ences never use the punishment option, which is correctly anticipated by other such agents. 

Therefore adding punishment does not change the prediction. In the Appendix we show that the 

right to obtain damages does not change this prediction, provided that all agents hold standard 

preferences and this is common knowledge. This leads to 

Prediction 1: In all treatments all participants will contribute nothing to the public good. 

Despite the game theoretic prediction, previous experimental results lead us not to expect this 

outcome. It is well established that, in a standard public good experiment without sanctions, 

mean contributions to the public good start near the middle of a subject’s endowment and decay 

over time. Yet this changes if freeriders have reason to fear punishment. We have no reason to 

expect that the right to claim damages rather than to impose costly punishment leads to even 

lower contributions. Yet, depending on driving forces, contributions in our treatments should 

differ from a baseline with no right to claim damages in different but unidirectional ways.  A 
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first possibility is a vigilance effect that is expected to reduce extensive freeriding. In all treat-

ments, freeriders come under public scrutiny, and they run some risk of being sanctioned. This 

leads to 

Prediction 2: In all treatments, contributions will be higher than in the baseline. There are 

no significant differences between treatments, either with respect to the level of contribu-

tions or with respect to their development over time. 

The absence of differences is of course not what the deterrence explanation of tort would predict.  

It is axiomatic in law and economics that some level of damages will induce potential injurers to 

adjust their level of care, but that underdeterrence should result from insufficient levels of dam-

ages (Shavell 2007: 144).  Similarly, damages for breach of contract are predicted to affect in-

centives to perform contracts (Hermalin, Katz et al. 2007: 102). But recall that, in our experi-

ment, theoretically no freerider should be deterred, not even in the treatments where her entire 

period income is in peril. A money maximizing participant is always best off keeping her entire 

endowment for herself. Yet the experimental literature on public goods with punishment shows 

that contributions are sensitive to the severity of punishment. The more income one punishment 

point destroys, the higher average contributions, and the more positive the trend over time 

(Nikiforakis and Normann 2008).  One possibility for our participants is to translate the three 

damage rules into an expected value of receiving a sanction, and to be sensitive to the size of the 

risk of losing money. We then would expect a marginal reaction. This yields 

Prediction 3: Contributions will be lowest in the baseline, somewhat higher if the active 

player may claim her own damages, yet higher if she may claim everybody’s damage, and 

highest if damages are only limited by period income. The higher the amount a passive 

player must possibly pay, the more positive the development of mean contributions over 

time. Adding the forfeit option to punish without the active player collecting damages is 

immaterial. 

In contrast, participants might consider unlimited sanctions outrageous, and exhibit reactance 

(Brehm 1966; Brehm and Brehm 1981).  They might be unwilling to change behavior in re-

sponse to sanctions that are patently unjust.  Earlier studies have demonstrated that some, but not 

all people exhibit reactance. That leads to  

Prediction 4: Contributions if the active player may claim everybody’s damage, and con-

tributions if damages are only limited by period income will not be distinguishable. 

Finally earlier experiments have shown that the willingness to cooperate despite the fact that par-

ticipants face a dilemma can at least partly be explained by a reaction to perceived or hypothe-

sized intentions (Charness and Rabin 2002; Falk, Fehr et al. 2008). Adding the option to merely 

punish players makes it possible for active players to signal the intention of not wanting to enrich 

themselves. If they forego the option, participants know that redistribution has at least been a 

concomitant, if not the only, motive.  
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Prediction 5: If given the opportunity to punish, rather than claim damages, active partici-

pants will frequently use the option. If they do, more cooperation will emerge than in the 

parallel treatment without this option.  If they do not, less cooperation will result.   

4. Design and Conduct of the Experiment 

The experiment used Experimental Currency Units (ECUs). Participants were informed that the 

total ECUs earned would be converted to Euros at the rate of 1 ECU = 0.01 €, and that they 

would be immediately paid in cash at the end of the experiment.  At the beginning of the experi-

ment the participants were randomly divided into groups of four. As is common in public good 

experiments, the composition of each group remained the same throughout the experiment (part-

ner design) and the experiment lasted 30 periods. 

Each period was divided into two stages.  In the first stage, at the beginning of each of the 30 

periods, each participant received 20 ECUs, commonly referred to in public good experiments as 

the “endowment.”  Participants decided how to use their endowments. They had to decide how 

many of the 20 ECUs to contribute to a project (from 0 to 20) and how many of them to keep.  

Once all the members of a group had decided on their contributions to the project, they were in-

formed about each participant’s contribution.  Each participant’s payoff in a period used the fol-

lowing formula, common to public good experiments:  

 
Income to  
participant 
 

= 
Endowment of 20 
ECUs  
 

– 
Participant  
contribution to the pro-
ject 

+ 
0.4*Total  
contributions to the 
project 

Thus, participant first stage income consisted of (1) the ECUs that participant kept by not con-

tributing (endowment – contribution), plus (2) the income from the project, which equaled 40 

percent of the four-person group’s total contribution. 

Each group member’s income from the project was calculated the same way and thus each group 

member received the same income from the project. For example, if the sum of the contributions 

of all group members was 60 ECUs, each member of the group received an income from the pro-

ject for that period of: 0.4*60=24 ECUs. If the total contribution to the project was 9 ECUs, then 

each member of the group received an income of: 0.4*9=3.6 ECUs from the project.  From a 

social welfare perspective, total profit of participants is maximized if all group members contrib-

ute their entire endowment.  In that case, retained noncontributed ECUs equal zero, total contri-

butions to the project equal 80, and each member’s income equals 0.4*80=32 for total social 

welfare of 128.  If one member retained her ECUs and all others contributed 20, that noncontrib-

uting member would have first stage income of 20 plus 0.4*60, or 44.  But the other members 

would only have first stage income of zero plus 0.4*60, or 24.  Total social welfare would equal 

44 plus 3*24 or 112.   

As is required for there to be a public good problem in a linear game, the return from the public 

good (making a contribution) to the individual is lower than the return from the private good (re-
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taining the endowment) because 0.4<1.  Individuals do not have an individual incentive to con-

tribute and the dominant individual strategy equilibrium in the stage game is thus to contribute 

zero.  But the social benefit from contributing to the public good is greater than the social cost 

because four players benefit from each contribution and only one suffers the cost of paying part 

of the player’s endowment (0.4*4=1.6>1). Thus contributing toward the public good is socially 

efficient (Croson 2008).   

In the second stage, participants were informed how much each group member contributed indi-

vidually to the project at the first stage.  In each period, one group member was randomly select-

ed to act in the second stage and is referred to as “the active player.”  Only the active player was 

allowed to react to the information regarding the contributions of the other three group members. 

This feature of the design is meant to reflect that, in the field, frequently victims do not take the 

tort feasor to court, a result found in actual practice  (for example Hensler, Marquis et al. 

1991)and in a public good experiment (Eisenberg 2007; Güth, Kliemt et al. 2007). This is partic-

ularly frequent in the case we are specifically interested in, where harm is diffuse. The active 

player could react by choosing from which other group member(s) to take ECUs.  The second 

stage varied depending on which of three treatments was used, which we now describe.   

4.1.  Compensatory Damages Treatment: Damages Limited to Harm to the Active 

Player 

The first treatment allowed the active player to impose damages that are analogous to damages in 

a standard bipolar lawsuit. Such lawsuits involve a single plaintiff suing a single defendant.  The 

limit on damages in such suits is the amount of harm the defendant caused the plaintiff.  Our first 

treatment is analogous to this civil damages scenario because the treatment limited the amount of 

damages that the active player could impose on other players to the harm that the punished play-

er caused to the person imposing damages. 

Thus, in the first treatment, the active player could take at most an amount to equalize the differ-

ence between what the active player received and what she would have received in the period if 

the punished players had contributed as much to the project as the active player did.  For exam-

ple, assume that the active player in the second stage had contributed 15 ECUs and that another 

member of the active player’s group had contributed 5 ECUs. The remaining two members each 

contributed 10. Therefore the payoff to the active player for this period is computed as: 20 [en-

dowment] – 15 [contribution from endowment] + .4*(15+10+10+5) [income from project] = 21. 

Had all other group members also contributed 15, total contributions to the project in the period 

would have been 4*15 = 60, and the active player would have earned 29 ECUs.  The active play-

er would thus have earned 8 more ECUs. She is free to choose from whom she wants to take 

money, but may not take more from any other player than that player has contributed to the 8 

ECU difference. Had the fourth player contributed 15 instead of 5 ECUs, the active player would 

have earned 4 more ECUs, which is the maximum she can take from that player. Similar calcula-
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tions show that she can at most take 2 ECUs from the remaining two passive players. In the ex-

periment, these limits appear on the decision screen of the active player. 

In the extreme case, the active player contributed 20 and the punished players all contributed 0. 

Then the harm to the active player caused by each player is 0.4*20=8.  If all three non-active 

players in the group contributed zero, she may take 8 from the other  players. Her total income, 

including compensation for the noncooperative behavior of the players, is 32.  If the randomly 

selected active player contributed less of her endowment than the other players, no damages 

could be imposed in that period of the experiment for that group.   

4.2.  Class Action Treatment: Damages Limited to Harm to the Group 

Defendants often damage more than one person, as in the case of unsafe drugs, oil spills, nuclear 

accidents, questionable financial practices, and other misbehaviors.  In some legal orders, legis-

lators react by providing some form of aggregate litigation such as a class action, consolidation 

of lawsuits, or, in the United States, a multi-district forum.  In a class action, a procedural device 

prominent in at least the United States, the Netherlands, Australia, and Israel (Plato-Shanar 

2007), one or a few plaintiffs sue as representatives on behalf of all those harmed by a defend-

ant’s behavior.   

Such aggregate litigation addresses a weakness in relying on tort to adequately deter.  The harm 

from socially undesirable behavior relating to a public good can be diffuse.  Many may suffer if 

a single individual misbehaves and total social harm may be pronounced. But individual harm 

frequently is minuscule, leading to the frequently observed decision not to seek redress. The 

more victims the lower the probability that all victims will find it worthwhile to sue the tortfea-

sor. To the extent this is correctly anticipated, or experienced, by the tortfeasor, tort deterrence is 

suboptimal.  In countries with the American rule on the assignment of litigation costs, the prob-

lem may be exacerbated. If an individual victim’s expected damages are too small, she will be 

unable to obtain professional advice, which gives the tortfeasor an advantage and underdeter-

rence is even more likely.  In practice, in the U.S., the victim often does not seek a lawyer; in-

stead the lawyer seeks the victim and offers representation on a contingency fee basis.  In princi-

ple, this promotes deterrence.  But if the expected damage is too small, too little deterrence is 

very likely. 

The second treatment explored the effect of aggregate remedial devices such as class actions.  It 

is analogous to a class action in that the active player was allowed to claim redress for the total 

harm the punished player caused to the group, rather than limiting damages to the harm caused to 

the active player herself.  Specifically, the active player could take at most the difference be-

tween the actual income of all group members and the income they would have had, had all con-

tributed as much as the active player did.  The active player’s capacity to impose damages on a 

lower contributing player is also limited by the amount the punished player earned in the period.  
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We have allowed the active player to retain all damages in the class action treatment for a sub-

stantive and for an experimental reason.  In actual class actions the plaintiff represents the class 

and damages are distributed to other class members at the end of the law suit. In our design the 

active player keeps the entire amount.  Yet the dependent variable of interest is not what active 

players claim, but how passive players (and the entire group, for that matter) react.  Pragmatical-

ly, our solution makes it possible to have only one of four group members be given the right to 

become active. If damages had to be distributed to other group members, we would have had 

more than one change between the compensatory and the class action treatments, and would 

have lost the opportunity to identify the cause of changes in contribution behavior. Substantively, 

it reflects a situation that is frequent in the U.S.  Whether a case is brought chiefly depends on 

whether an attorney selects the case and brings it on a contingent fee basis.  If class action status 

is obtained, the attorney hopes to collect a substantially higher fee. The attorney incentive is to 

obtain a substantial fraction of the class recovery as a fee, which they regularly succeed in doing 

(for example Eisenberg and Miller 2010). 

To illustrate the second treatment, consider the same example as before. The active player con-

tributed 15 ECUs in the first stage.  Another member of the active player’s group contributed 5. 

The remaining two members each contributed 10.  Therefore the active player’s payoff is 20 

[endowment] – 15 [contribution from endowment] + .4*(15+10+10+5) [income from project] = 

21.  By analogous calculations, the payoff to the remaining group members is 26, 26, and 31.  

Therefore the total payoff to the group is 104. Had all group members contributed 15, total con-

tributions to the project would have been 4*15 = 60, and each would have earned 29. The total 

payoff of the group would then have been 116.  Hence the limit on what the active player may 

take from the punished players is 116 – 104 = 12.  The active player is free how to distribute the 

damages among the passive players, provided the amount taken does not exceed a player’s peri-

od income. 

4.3.  Punitive Damages Treatment: Damages Limited by Punishee’s Income 

The third treatment did not limit damages to the harm the noncooperator caused to an individual 

or to the group.  The only limit on damages was the punished player‘s income received in the 

period, irrespective of the level of harm the player caused.  This treatment does not correspond 

as precisely to a category of damages as do the damages in the first two treatments.  It corre-

sponds in some respects to punitive damages (and we refer to it as the punitive treatment), which 

are not limited to the harm caused, in legal systems allowing them.  Such damages are associated 

with the United States, but other countries, such as England and Ireland, allow them in limited 

circumstances (Rookes v. Barnard 1964; AB v. South West Water Services 1993; Bradford Met-

ropolitan City Council v. Arora 1991; Conway v. Irish National Teachers Organisation 1991).  

The severance of damages levels from actual harm caused is also analogous to damages allowed 

in many countries, including Germany, as “aggravated damages” (Law Reform Commission of 

Ireland 1998), based on the mental distress or suffering of the plaintiff  or the defendant’s excep-

tional misconduct  (Alexander v. Home Office 1988).   
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Our punitive treatment differs from standard notions of punitive damages in that it requires no 

misbehavior by the punishee.  The active player is free to take all of the punishee’s income re-

gardless of whether the punishee caused harm. We have chosen this design to put to the most 

radical test the claim that punitive damages serve no deterrent function.  Professor Viscusi 

claimed, for example, that “there is no deterrent benefit that justifies the chaos and economic 

disruption inflicted by punitive damages” (Viscusi 1998).2  We wanted to see whether unlimited 

damages serve a deterrent function, despite the obvious injustice of not tying the punishment to 

misbehavior.  

4.4.  The Forfeiture Variation 

For each of the three treatments, we introduced another variation.  We thus have a 3x2 factorial 

design. As we have described, in the first set of three treatments, the active player retains the 

damages that the player assesses.  In the second set of three treatments, the active player may 

choose not to retain the damages imposed; they are simply forfeited.  This helps explore the ex-

tent to which the pattern of damages imposed over time is attributable to the active player’s ben-

efit of retaining damages or to the desire to express disapproval of low contributors‘ behavior, 

regardless of benefit to the active player.  Through the additional option, active members can 

signal their intention to discipline the group, rather than enriching themselves. We can investi-

gate whether the beneficial effect of imposing harm on free riders hinges on the active player’s 

intentions. 

4.5.  Procedures 

Regardless of the treatment or the forfeiture variation, in each period, each group member was 

randomly assigned a number between one and four.  Group members were thus not identified 

across periods.  They therefore did not know which group members had been entitled to impose 

damages in earlier periods.  A participant only learned whether income had been shifted, and 

how much, if the active player had taken some of the participant’s period income.   

The six treatments were conducted in July of 2011 in Bonn, Germany using z-Tree software de-

veloped by Fischbacher (2007). The data for the one comparison with a baseline without a pun-

ishment / damage option is taken from a different experiment run with exactly the same protocol, 

exactly the same program, in exactly the same lab in February 2010.  Participants were invited 

using the software ORSEE (Greiner 2004). A total of 300 students of different majors participat-

ed in the experiment, mean age 23.83 years, 56.90% female.  The data were analyzed using Stata 

version 12. Table 1 shows the design and participation levels for the experiment. 

 

                                       
2  For concerns about the empirical basis for Professor Viscusi’s claim, see (Eisenberg 1998). 
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Table 1. Experimental Design and Participation Levels 

 
Treatment=varying limits on 
damages in the second stage 

Active player option Number of 
participants 

Number of 4 
person groups 

Number of 
observations 

Baseline: no damages N/A 20 5 600 
Compensation of active player Retain damages 48 12 1440 
Class action damages Retain damages 48 12 1440 
Punitive damages Retain damages 48 12 1440 
Compensation of active player Retain or forfeit damages 44 11 1320 
Class action damages Retain or forfeit damages 48 12 1440 
Punitive damages Retain or forfeit damages 44 11 1300 

 
Note: In two treatments, one group of 4 could not be filled since not enough invited participants showed up. 
N/A=not applicable. 

5. Results 

Table 2 reports summary statistics.  The first column shows the six treatments plus a baseline 

condition in which no damages could be assessed.  Note that in the compensation and class ac-

tion treatments, the mean assessed damages were only about one ECU per player.  This is com-

mon in such experiments (for example Nikiforakis, Normann et al. 2010: 638).  It is in part be-

cause the active player could only take damages from those who contributed less of their en-

dowment than did the active player and those damages were capped by the treatment rule. The 

active player otherwise eligible to impose damages could also choose not to do so.  In the com-

pensatory and class action treatments in which the active player was entitled to impose damages, 

nonzero damages were imposed on 31 percent and 20 percent of the nonactive player partici-

pants, respectively.  The modal damages amount in these treatments was thus zero.  In the puni-

tive treatment, nonzero damages were imposed on 89 percent of the nonactive player partici-

pants.  Similar percentages were punished in the treatments with a forfeit-damages option.   

 
Table 2. Descriptive Statistics for the Six Treatments 

 
Treatment=varying limits on 
damages in the second stage 

Active player 
option 

Contribution 
by all play-

ers 

Damages 
assessed by 
active player 

Project 
income, 

all periods 

Project in-
come, last 
10 periods 

Baseline: no damages N/A 8.1 N/A 24.8 23.5 
Compensation of active player Retain damages 10.9 1.1 43.5 34.6 
Class action damages Retain damages 10.6 1.0 42.4 40.4 
Punitive damages Retain damages 13.9 22.6 55.5 57.2 
Compensation of active player Retain or forfeit 

damages 
10.5 1.1 42.1 38.0 

Class action damages Retain or forfeit 
damages 

11.1 1.1 44.4 38.3 

Punitive damages Retain or forfeit 
damages 

13.1 21.8 52.4 62.4 

 
Note. All numerical entries are average ECUs at the individual participant level. Each treatment was run for 30 peri-
ods.  The damages assessed column computes average damages without including the active player, who is immune 
from damages liability.  N/A=not applicable. 
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5.1. Compensatory Damages Treatment 

As shown above, from a social welfare perspective, each member contributing her entire en-

dowment maximizes group profit.  If a group member contributes little or nothing, the remaining 

group members earn less than the potential maximum. If enough group members contribute 

small amounts, the more selfless group members earn less than their endowment. The compensa-

tory treatment seeks to compensate a higher-contributing group member at the expense of lower-

contributing members.  The line labeled “compensatory treatment” in Figure 1 shows mean con-

tributions for the first treatment.  The pattern exhibits the classic public good experiment decay 

in cooperation over time with no leveling off by the end of the experiment in the thirtieth period.  

Over time, the tension between private gain and public good tends towards resolution in favor of 

private gain. Unsurprisingly, we reject Prediction 1, which forecast zero contributions through-

out.   

We attribute the deterioration in cooperation to the first treatment’s incomplete compensation 

mechanism.  Since in each period only one participant may claim damages, redress is only com-

plete if the active participant had contributed more ECUs than all other participants.  This is be-

cause the active player can only take as damages amounts determined by what the active player 

contributed.  The punished player may have inflicted greater harm on the group if higher con-

tributors were not randomly selected as the active player. The compensation rule also creates an 

asymmetry: only the participant with the right to claim damages is compensated, while the re-

maining group members are not, irrespective of the size of their contributions. Due to this limita-

tion, the low contributors who paid compensation may have caused harm to other members of 

the group that is not internalized to the low contributors. In a forward looking perspective, this 

causes deterrence to be incomplete.  

We first compare contributions in the compensatory treatment with contributions in the baseline 

(labelled “VCM”, or voluntary contribution mechanism, in Figure 1), in which no claim for 

damages is allowed. Participants are simply asked to contribute over time without the effects of 

second stage punishment.  The theoretical equilibrium is zero contributions, for reasons similar 

to those discussed above. The baseline reasonably reproduces the common public good experi-

ment outcome of deteriorating contributions over time (Croson 2008: Figure 1). 

As Figure 1 shows, despite the limitations on damages in our compensatory treatment, contribu-

tions are higher in the compensatory treatment than in the baseline from period three on. A de-

clining level of contributions over time exists for both the compensatory treatment and the base-

line. But the decay is less steep in the compensatory treatment than in the baseline. In a non-

parametric test, the difference in levels is insignificant (Mann-Whitney, N = 17, p = .3428),3 

while slopes are significantly different (Mann-Whitney over means of first differences, N = 17,  

p = .0131).   

                                       
3  All statistical tests reported in this paper are two-sided. 
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Figure 1. Treatment effect: baseline vs. compensatory treatment 

 
To more fully assess the patterns in Figure 1, we employ regression models.  The data raise 

methodological issues.  First, in both treatments, a substantial fraction of participants contributes 

zero from their endowment, and another sizeable fraction contributes their entire endowments of 

20 ECUs.  The distribution of contributions in all treatments is in the Appendix.  The data cluster 

at contributions of both zero and 20, for which we adjust using Tobit models4 that often are used 

as a primary or secondary regression methodology in analyzing public good experimental data 

(for example Fehr and Gächter 2000: 991; Gächter and Renner 2010: 374 f.). Second, assump-

tions of independence of observations that underlie standard error computations are not satisfied.  

Participants make choices in 30 consecutive periods, leading to non-independence of observa-

tions over time. And, as described above, participants remain in the same group of four for the 

entire duration of the experiment, further violating the standard independence assumption.  

Ideally we therefore would want to estimate a mixed effects model, with an error term for the 

group, another error term for the individuals nested in a group, and residual error. Unfortunately, 

for Tobit models no such estimator is available.  We address the problem of non-independence in 

two ways.  First, we exploit the fact that one of us has shown experimentally elsewhere (in an 

experiment that had the same parameters as this experiment) that in linear public goods experi-

ments a group’s average contributions in the first period are a useful measure of group idiosyn-

crasy.5  The mean contribution in this period is a good predictor of contributions in later periods 

                                       
4  For concern about using Tobit models in the presence of actual (not truly censored) zero values, see (Choi 

and Eisenberg 2010: 532 n. 524).  This concern, and the dependent variable’s failure to satisfy the Tobit 
model’s assumed truncated normal distribution, led us to employ as checks the other models we refer to. 

5  This correlation raises a question of serial correlation in the data, which could render standard errors inaccu-
rate.  To assess this, we also used (1) Prais-Winsten models with standard errors clustered on individual and 
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(Beckenkamp, Engel et al. 2009).  We therefore can account for group characteristics using a 

factor we are able to observe.  For parametric estimation we therefore use a random effects Tobit 

model, with period and individual accounted for, and add the mean contribution, in each group, 

in the first period, as a control variable.  We only model contributions from the second period on, 

to avoid endogeneity.  Second, we use multilevel models that account for the non-independence 

of observations of the same individuals and groups by using random intercepts.  Such regression 

models also are frequently used in analyzing public good experiment data (for example Gächter 

and Renner 2010: 374f.; Nikiforakis, Normann et al. 2010: 648; Janssen, Anderies et al. 2011: 

562) and they do not require omitting first period results.  We report both the Tobit and multi-

level model results.6   

In each model in Table 3, the dependent variable is a participant’s contribution to the public pro-

ject.  Compensation is a dummy explanatory variable to distinguish between the compensatory 

treatment and the baseline.  Average contribution, 1st period, is each group’s average contribu-

tion in the first period of the experiment.  Period is a variable to track periods 2 to 30 in models 

(1)-(3) and periods 1 to 30 in models (4)-(6).   

The first two models in Table 3 show a significant treatment effect. Contributions are substan-

tially higher if participants may claim compensation than if no sanctions exist for low contribu-

tions.  But Figure 1 suggests a difference in slope as well as in intercept for compensatory treat-

ment vs. baseline.  Model 3 adds an interaction term equal to the product of the compensation 

dummy variable and period.  It is highly significant and positive, suggesting that, compared to 

the baseline, the compensatory treatment leads to slower deterioration in cooperation. The bene-

ficial effect of giving one participant the right to claim damages becomes more pronounced the 

more participants have experience with this institution.  In model (3) and in the multilevel mod-

els, the compensatory treatment variable is insignificant, but the interaction term remains highly 

significant.  The results in models (4) to (6) are consistent with the nonparametric results noted 

above.  So a robust finding is that the decline in cooperation in the compensatory treatment is 

less pronounced than in the baseline, but that the trend over time is nevertheless towards com-

plete noncooperation. We thus have weak, provisional support for either Prediction 2 (all treat-

ments outperform the baseline) or Prediction 3 (the more severe the threat of sanctions, the high-

er mean contributions, and the less contributions decay over time).   

 

                                                                                                                           
then group to address concerns about serial correlation in the dependent variable, and (2) panel data models 
that account for serial correlation (xtregar in Stata version 12).  All key results emerged again in those mod-
els.   

6  As a check on the results in Table 3, we used a similar random effects interval regression panel data model 
since the dependent variable tends to cluster at values of 0, 5, 10, 15, and 20, as shown by the distributions in 
the Appendix.  The core result of Table 3, that cooperation decays but does so less quickly for the compensa-
tory treatment, remained significant. 
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Table 3. Treatment Difference: Baseline (no damages) and Compensation Damages 

 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
 Tobit models Multilevel models 
 Dependent variable=amount contributed to the public good 
Compensation dummy 10.520** 10.341** 3.432 2.812 2.812 -0.433 
Ave. contrib., 1st period 0.808* 0.793* 0.781*    
Period  -0.589*** -0.911***  -0.291*** -0.439*** 
Compensation * period    0.446***   0.209*** 
Constant -7.946 1.637 6.683 8.062*** 12.576*** 14.866 
Number of observations 1972 1972 1972 2040 2040 2040 
Number of periods 29 29 29 30 30 30 
Number of individuals 68 68 68 68 68 68 
Number of groups 17 17 17 17 17 17 
left censored 544 544 544    
right censored 523 523 523    
σ (individual)    2.787*** 2.826*** 2.830*** 
σ (group)    3.580*** 3.580*** 3.580*** 
p model 0.0033 <0.001 <0.001 <0.001 <0.001 <0.001 

 
Note. Models (1)-(3) report random effects Tobit models of the amount contributed to the public good by each par-
ticipant in each period, with censoring at 0 and 20 ECUs.  Models (4)-(6) are multilevel models that include random 
intercepts for group and individual.  The models include data only from the baseline and compensatory treatment.  
The marginal effects of compensation are identical with coefficients.  *** p <.001, ** p < .01, * p < .05. 
 
To explain the compensatory treatment’s effect, we analyze the factors associated with changing 

contributions over time.7 The change over time is represented by the difference between the con-

tribution in the current period and the contribution in the prior period and we model these first 

differences.  The characteristics used as explanatory variables are a dummy variable for whether 

the participant was required to pay damages in the prior period, the participant’s profit in the pri-

or period, and the participant’s accumulated profit in all prior periods.   

In the compensatory treatment, contributions increased by an average of 2.8 ECUs when the par-

ticipant had been required to pay damages in the prior period (N=292) and decreased by an aver-

age of 1.0 ECU when the participant did not pay damages (N=1100).  The difference is highly 

statistically significant (p<0.001) using either a t-test or a Mann-Whitney test or a multilevel 

model that accounts for the nonindependence of observations across groups and individuals.  No 

punishment occurred in the baseline so this relationship cannot be assessed.  Figure 2 shows the 

relation between the change in contributions and prior period profit for the compensatory treat-

ment (2A and 2B) and for the baseline (2C and 2D).  Each subfigure displays a scatterplot and 

the kernel smoothed line that best fits the data.  The association between accumulated profit and 

change in contribution is barely positive, whereas the association between prior period profit and 

change in contribution is substantial and positive. 

                                       
7  As is standard in the experimental literature, strictly speaking our investigation of explanatory factors is ex-

ploratory. 
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Figure 2. Change in contribution and prior profit 

 

Table 4 combines the influences on contribution dynamics in regression models.  The differ-

enced dependent variable is more continuous than the contributions themselves so we estimate a 

linear random effects model with prior period profits and sanctions as the explanatory variables.8  

Model 1 of Table 4 compares the baseline and the compensatory treatment.  The treatment main 

effect shows that contribution dynamics are more positive when a participant can claim compen-

sation. Note, however, that the sum of the constant and the treatment main effect is still pro-

nouncedly negative, implying that even with the compensation scheme contributions decay over 

time.  The beneficial effect of having earned a high profit in the previous period is less pro-

nounced in the compensatory treatment than in the baseline. This suggests that the beneficial 

effect of the treatment results from the availability of the institution in the abstract, not from the 

individual experiences of participants with the institution in action. Total past profit not only has 

no beneficial effect; conditional on profit from the past period, it even has a significant negative 

effect. This suggests that participants do not adopt a longterm perspective but rather react to im-

mediate experiences. Since no sanction is available in the baseline, model 2 examines the com-

pensatory treatment in isolation. This model shows that the effect of sanctions rests in significant 

part on individual experiences. Those who were obliged to pay compensation increase their con-

tributions in the subsequent period by more than one point for each point they had to pay to the 

active group member. 

 

                                       
8  Multilevel models with random intercepts for groups and individuals yield substantially the same results. 
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Table 4. Explaining Contribution Dynamics with and without Compensation 

 
 Model 1 

Data from baseline and compen-
satory treatments pooled 

Model 2 
Compensatory treatment 

data only 
 Dependent variable=difference between contribution in 

current period and prior period 
Compensation dummy 6.916**  
Lagged profit 0.525*** 0.299*** 
Compensation dummy*lagged profit -0.221**  
Period 0.469*** 0.406*** 
Lagged total profit -0.013*** -0.015*** 
Compensation dummy*lagged total profit -0.0037***  
Lagged received sanction  1.045*** 
Ave. contrib., 1st period -0.034+ -0.068* 
Constant -15.401*** -8.618*** 
N 1972 1392 
p model <0.001 <0.001 
R2 within 0.1035 0.1615 
R2 between 0.1411 0.0290 
R2 overall 0.0965 0.1522 

 
Note. Random effects models. *** p <.001, ** p < .01, * p < .05, + p < .1 

 
Overall the compensatory treatment somewhat improves the public good compared to the base-

line but the effect is not strong enough to avoid the common deterioration in cooperation over 

time.  This can be interpreted as a limitation on damages regimes, such as our compensatory 

treatment, that systematically preclude relative non-contributors from having to pay the full cost 

to the public good of their non-optimal contribution.  Can other damages rules improve the out-

look? 

5.2.  Class Action Damages Treatment 

Our second treatment explores a difference between traditional compensatory damages in bipolar 

litigation and possible damages in aggregate litigation, such as class actions.  In each period, as 

before, only the active player is entitled to receive damages. This active member is, however, no 

longer constrained to claiming only the personal damage caused her by the low contributors.  In 

the spirit of aggregate litigation, the low contributors’ behavior now exposes them to greater 

damages, those suffered by the four person group rather than those suffered by an individual.   

In this treatment, low contributors are less able to externalize the costs they impose on the group.  

They may have to pay up to the full amount of harm done and, in any event, can usually be re-

quired to pay more than if damages were limited to harm to a single victim.  In this treatment, 

therefore, from low contributors’ perspectives, the risk of loss is more like that in aggregate liti-

gation.  The active player may however only claim damages from those other group members 

who have contributed less than her. This limitation parallels the requirement that, even in a class 

action, showing personal harm is a precondition to recovery. 
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Figure 3 shows that the availability of aggregated damages induces a different contribution dy-

namic over time. Contributions in the aggregate treatment start at a slightly lower level than in 

the compensatory treatment, but they are almost stable over time and particularly stable in the 

last 10 periods.  In contrast, as shown in Figure 1 and reproduced in Figure 3, the decay in con-

tributions is pronounced if the active player may only claim compensation for her individual 

damage.  

 
Figure 3. Compensation vs. class action treatments 

 
Tests of the central tendency of the contributions in compensation compared to class action do 

not yield significant results.  Figure 3 suggests why.  In early periods in the class action treat-

ment, contributions are significantly below the compensatory treatment.  In later periods, contri-

butions in the class action treatment exceed the contributions in the compensatory treatment. The 

central tendency measures, mean and median of contributions, do not account for the changing 

dynamic over time.  But Figure 3 nevertheless shows a noticeably different pattern for the class 

action and compensatory treatments.  Unlike the pattern for compensatory treatment, the deterio-

ration in cooperation over time flattens out as participants gain experience. Both the slope and 

intercept of the contribution patterns over time may differ.  

To explore this, Table 5 reports regression models in which the dependent variable is a partici-

pant’s contribution to the public project.  As in Table 3, we report both random effects Tobit 

models and multilevel models.  Compensation is a dummy explanatory variable to distinguish 

between the compensatory treatment and the class action treatment.  Average contribution, 1st 

period, is each group’s average contribution in the first period of the experiment, which is used, 

as in Table 3, to account for group effects in the Tobit models.  In the multilevel models, random 

6
8

10
12

14
C

on
tr

ib
ut

io
n

0 10 20 30
Period

Compensation Class action



21 
 

intercepts account for group and individual effects.  Period is a variable to track periods 2 to 30 

in model 1, periods 1 to 30 in model 2, periods 11 to 30 in models 2 and 5, and periods 21 to 30 

in models 3 and 6.   

The interaction term, equal to the product of the compensation dummy variable and period, is 

significant and negative in all models, suggesting that, compared to the compensatory treatment, 

the class action treatment leads to slower deterioration in cooperation.  The model conforms well 

to the pattern in Figure 3. The intercept for the compensatory treatment is positive and signifi-

cant, corresponding to the higher level of contributions in the early periods for the compensatory 

treatment.  The interaction term is negative and highly significant, confirming that contributions 

in the compensatory treatment decline over time significantly faster than contributions in the 

class action treatment.  The figure suggests that for the last ten periods in the class action treat-

ment there is no noticeable decline in contributions.  The period variable is small and insignifi-

cant over the last 10 periods.  The increased damages available in the class action treatment stem 

the classic public goods experiment trend of deteriorating cooperation over time.  Holding the 

low-contributors liable for a greater share of the harm they impose leads to improved behavior 

from the perspective of social welfare. Note that this is not an effect of selfishness. Selfish play-

ers contribute nothing throughout the game. Yet those players who are at all sensitive to social 

disapproval react more safely if they run a risk of more serious sanctions. 

  
Table 5. Difference Between Class Action and Compensation Damages Treatments 

 
 Model 1 

periods  
2-30 

Model 2 
periods 
11-30 

Model 3 
periods 
21-30 

Model 4 
periods 

1-30 

Model 5 
periods 
11-30 

Model 6 
periods 
21-30 

 Tobit models Multilevel models 
 Dependent variable=amount contributed to the public good 
Compensation dummy 5.931*** 4.665* 9.565* 3.240* 2.266 4.740 
Ave. contrib., 1st period -0.269 -0.102 0.373    
Period -0.035 -0.072 -0.124 -0.039* -0.062* -0.048 
Compensation * period  -0.364*** -0.307*** -0.508*** -0.191*** -0.149*** -0.242* 
Constant 8.913** 14.182*** 18.768*** 11.193*** 11.684*** 11.305*** 
Number of observations 2784 1920 960 2880 1920 960 
Number of periods 29 20 10 30 20 10 
Number of individuals 96 96 96 96 96 96 
Number of groups 24 24 24 24 24 24 
left censored 448 400 243    
right censored 638 432 210    
σ (individual)    2.585*** 2.274*** 2.000*** 
σ (group)    3.589*** 4.691*** 5.290*** 
p model <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

 
Note. Models (1)-(3) report random effects Tobit models of the amount contributed to the public good by each par-
ticipant in each period, with censoring at 0 and 20 ECUs.  Models (4)-(6) are multilevel models that include random 
intercepts for group and individual.  Random effects interval regression models yield results similar to those in mod-
els (4) and (5).  Model (6) failed to converge.  The models include data only from the compensation and aggregate 
treatments.  *** p <.001, ** p < .01, * p < .05. 
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One concern raised by Figure 3 is that the significant interaction term may be a consequence of 

the higher early period contributions in the compensatory treatment, as shown in periods 1 to 10 

in Figure 3.  The models in Table 5 limiting the sample to the last 20 and last 10 time periods 

show that the interaction term persists over time to be negative and statistically significant.  The 

improvement in social welfare over time is not an artefact of high early-period contributions in 

the compensatory treatment. We now reject Prediction 2: there is a pronounced difference be-

tween a rule that only allows the plaintiff to claim her own damage, and a rule allowing overall 

damage to be redressed. We do not simply find a vigilance effect. By contrast, we have further 

provisional support of Prediction 3: in comparison between these two treatments, there is a posi-

tive effect of more severe sanctions on the time trend, but not on the level of contributions. 

To explain the class action treatment’s effect, we again analyze the factors that are associated 

with a change in contributions over time.  We again seek to explain this change as a function of a 

dummy variable for whether the participant was required to pay damages in the prior period, the 

participant’s profit in the prior period, and the participant’s accumulated profit in all prior peri-

ods.   

In the class action treatment, contributions increased by an average of 2.9 ECUs when the partic-

ipant had been required to pay damages in the prior period (N=253) and decreased by an average 

of 0.9 ECUs when the participant did not pay damages (N=791). The nonpayment figure ex-

cludes the active player in the prior period because the active player in a period cannot be pun-

ished.  The difference is highly statistically significant (p<0.001) using a t-test, a Mann-Whitney 

test, or a multilevel model that accounts for the nonindependence of observations across individ-

uals and groups.  The strong association between prior period punishment and increased contri-

butions persists even in the last 10 periods, when overall contributions are level.  In the last ten 

periods, contributions increased by an average of 2.7 ECUs when the participant had been re-

quired to pay damages in the prior period (N=81) and decreased by an average of 0.9 ECUs 

when the participant did not pay damages (N=279).  The difference is highly statistically signifi-

cant (p<0.001) using a t-test, a Mann-Whitney test, or a multilevel model.   

Figure 4 shows the relation between the change in contributions and prior period profit for the 

class action treatment (4A and 4B).  Each subfigure displays a scatterplot and the kernel 

smoothed line that best fits the data.  There is no association between accumulated profit and 

change in contribution.  The association between prior period profit and change in contribution is 

substantial and positive only for prior period profits of less than about 22 ECUs.   
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Figure 4. Change in contribution and prior profit, class action treatment 

 
The class action treatment produces relatively stable contributions over time.  It does so while 

reflecting the reaction of participants to suffering prior period damages.  They increase their con-

tributions in reacting to prior damages even when contributions have stabilized in the last 10 pe-

riods.  Regression models of the change in contribution for the compensatory treatment are re-

ported in Table 7 below. 

5.3. Punitive Damages Treatment: Damages Limited by Player Income 

Our third treatment limited damages to the punished player‘s income received in the period 

without a limit based on the harm the player caused to the active player or to the four person 

group.  This treatment is analogous to damages rules that allow a claimant to seek damages be-

yond that necessary to compensate the claimant, and that can even transcend the harm suffered 

by the class of victims to which she belongs. As noted above, the treatment is analogous to puni-

tive damages or to aggravated damages in some countries.  We will refer to it as the punitive 

treatment. 

As Figure 5 shows, in this treatment contributions increase over time.  While contributions no 

longer decay if damages to the group can be recovered, they also do not improve over time.  

Once the allowed damages increase beyond harm caused to the group or the active player, partic-

ipants learn to behave well.  One question the figure raises is the large decline in contributions 

from period 20 to period 21.  This 2.1 drop in average ECU contribution is by far the largest for 

any treatment or period in the data (see, for example, Figures 1 and 3).  We explored characteris-

tics of period 20 and found no unusual pattern with respect to the rate or size of punishment, or 
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the size of contributions.9  It appears to be random fluctuation that reset the contribution levels, 

which tend to be serially correlated, which then again increased over time after this random 

shock.   

 
Figure 5.  Effect of damage limit on contributions 

 
Non-parametric tests yield a significant difference in the level of contributions between the class 

action and the punitive treatments (Mann Whitney, N = 24, p = .0496), and a weakly significant 

difference between the compensatory and the punitive treatments (Mann Whitney, N = 24, p = 

.0833). The modest significance level between these treatments is again attributable to measures 

of central tendency not accounting for the crossing of the trends over time.  Mean first differ-

ences are significantly different at conventional levels in both comparisons (compensation vs. 

punitive, Mann Whitney, N = 24, p = .0005; class action vs. punitive, N = 24, p = .0379).  Re-

gression models similar to those in Tables 3 and 5 confirm a highly statistically significant dif-

ference in the slope of contributions over time between the class action and punitive treatments. 

This is further evidence against Prediction 2. The difference between the baseline and all treat-

ments may not be attributed to a mere vigilance effect. The more severe sanctions are allowed to 

be, the more participants align their behavior with the socially efficient outcome. The severity of 

the threat is also responsible for the development of contributions over time. If maximum sanc-

tions are light, the downward trend may not be stopped. If sanctions are allowed to match overall 

harm, there is no time trend. If sanctions are draconian, contributions over time come very close 

to the social optimum. This provides support for Prediction 3. Note again that this is not a self-

                                       
9  The decline is not attributable to a single group.  And no similar jump appears in the forfeiture punitive 

treatment, shown in Figure 11 below.   
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ishness effect.  Even in the punitive treatment, selfish players make zero contributions through-

out.  Finally, and remarkably, despite the fact that the sanctioning power, and frequently also 

actual sanctions, are patently unfair, the large majority of participants nonetheless adjusts their 

contributions upwards. We see no reactance effect, and reject Prediction 4. 

Since we have already established treatment effects non-parametrically, we graphically report 

only marginal effects of the difference between the class action and the punitive treatments over 

time, from a random effects Tobit regression that controls for the time trend and its square (the 

square term accounts for the flattening of the increase in contributions in the punitive treatment 

over time), both interacted with treatment, and for the mean contribution in the respective group 

in the first period. Figure 6 shows a significant treatment effect for all but the second period. The 

treatment difference grows over time until period 25.  

 

 
Figure 6.  Marginal effects of the difference between class action and punitive treatments  

over time 
 
Note. The figure is based on a random effects Tobit model, controlling for period*punitive treatment dummy varia-
ble,  period2*punitive treatment dummy variable, and group level average contributions in the first period.  Data are 
from the class action and punitive treatments only, and from periods 2-30 only.  N = 2784, p model <0 .001. 

 
To explain the punitive treatment’s positive effect, we compare its contribution dynamics with 

that of the class action treatment over time.  Punitive treatment contributions remain responsive 

to prior period damages activity but are less strongly associated with it than in the compensatory 

treatment.  For nonactive participants in the prior period, the correlation coefficient between the 

change in contributions and the amount of prior period damages is 0.165 (p<0.0001) in the puni-

tive treatment compared to 0.355 (p<0.0001) in the class action treatment.  For nonactive partic-
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ipants, contributions increased by an average of 0.2 ECUs when the participant had been re-

quired to pay damages in the prior period (N=928) and decreased by 0.5 ECUs when the partici-

pant did not pay damages in the prior period (N=116), but that difference is not statistically sig-

nificant using a t-test, a Mann-Whitney test, or a multilevel model that accounts for the noninde-

pendence of observations across individuals and groups.  Nor is it significant in subgroups of 

time periods.   

Exploring the patterns of contributions and damages provides some understanding of the dimin-

ished role of prior period damages on contribution changes.  Table 6 describes features of contri-

butions and damages for the treatments.  The difference in contributions between the current pe-

riod and prior period, shown in the first row, is positive for the punitive treatment and small and 

negative for the class action treatment, and is consistent with Figure 5’s overview of the contri-

bution patterns.  The table’s second and third rows show the relative absence of change from the 

prior period dominates in the punitive treatment, with two-thirds of the observations having no 

change and over 50 percent contributing the maximum 20 ECUs. These figures are much lower 

for the class action treatment.  This absence of change makes it difficult to model the sources of 

increased contribution over time in the punitive treatment.  This difficulty is further compounded 

by a key potential explanatory variable being almost invariant in the punitive treatment.  The 

fourth row shows that damages were imposed on almost 90 percent of the participants in the pu-

nitive treatment compared to only about 25 percent in the class action treatment.  So this variable 

is unlikely to be very helpful in explaining punitive treatment contribution dynamics.  The last 

two rows show that, in the punitive treatment, sanctions much more severe are also much more 

frequent. 

Table 6. Characteristics of Class Action and Punitive Treatments 

 
 Class action treatment Punitive treatment 
Mean change in contribution from prior period -0.03 0.18 
No change in contribution from prior period 39% 66% 
Percent making maximum contribution (20 ECUs) 16.5% 53.5% 
Damages imposed in prior period* 24% 89% 
Mean damages amount in ECUs in prior period* 0.97 22.45 
Median damages amount in ECUs in prior period* 0 24.0 
Mean damages as % of contribution in prior period* 17.1% 223.2% 
Mean profit in prior period* 25.3 5.7 

 
Note. Damages and profit rows, indicated by a *,  exclude active player in prior period.  

 
Table 7 reports regression models of the change in contributions as the dependent variable.  Ex-

planatory variables are the lagged period profit, the lagged punishment amount, period, and av-

erage group contributions in the first period.  Models (3) and (4) exclude the active players in the 

prior period because their immunity from damages could make them less responsive to prior pe-
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riod activity.10  Multilevel models that drop the average first period contribution variable and 

include the first period results do not noticeably differ from the Table 7 models.11   

Table 7. Regressions Explaining Contribution Dynamics:  

Class Action vs. Punitive Treatments 

 
 (1) (2) (3) (4) 
 Dependent variable=difference between contribution in current 

period and prior period 
 Class action Punitive Class action Punitive 
Lagged profit 0.195*** 0.0312*** 0.283*** 0.318*** 
Lagged sanction amount 0.740*** 0.111*** 0.753*** 0.313*** 
Period 0.00891 -0.0481*** 0.00753 -0.0399** 
Ave. contrib. 1st period -0.0135 -0.00939 -0.0120 -0.162*** 
Constant -5.714*** -1.697*** -7.875*** -6.514*** 
Observations 1392 1392 1044 1044 
Number of individuals 48 48 48 48 
Number of groups 12 12 12 12 

 
Note. The table reports random effects models with random effects for groups.  *** p <.001, ** p < .01, * 
p < .05. 

 

In both treatments, those who were obliged to pay higher damages in the previous period re-

sponded to the sanction by increasing their contributions more.  The size of the coefficient is 

smaller in the punitive treatment, which is consistent with less variation in contributions and 

damages in that treatment, as shown in Table 6.  Participants in both treatments also contributed 

more as prior period profits increased, an effect that is somewhat larger in the punitive treatment 

than in the class action treatment.  In summary, we have a fairly simple story: the much higher 

severity of sanctions in the punitive treatment increases contributions.  Tables 4 and 7 show that 

participant contributions in a period respond to damages assessments in the prior period.   

One concern about this finding is the punitive treatment’s allowance of opportunism by the ac-

tive player.  The player can take all period income, for her own benefit, from other participants 

regardless of the level of the punished player’s contributions.  To assess the presence and degree 

of such opportunism, consider a characteristic set of contributions and profits (period income) of 

a dozen distinct participating individuals from the punitive treatment, as shown in Figure 7.  Pe-

riod income heavily fluctuates. Some participants make a large profit in some periods. Others 

make zero profit in other periods. Some participants are prepared to abuse their sanctioning pow-

er once they are selected as the active player. Nonetheless, the figure also shows that many par-

                                       
10  Our design involves an element of luck. Each period, one participant is randomly singled out to have the 

active role. This element of the design resonates with popular perception of punitive damages. In the press, 
having a claim for punitive damages against a wealthy defendant is frequently equated with landing the jack-
pot. But lagged active player status is highly correlated with lagged profit. So we cannot include both varia-
bles in a single model.    

11  The change in contribution can be a function of the size of the lagged contribution and Table 2 shows sub-
stantially different contributions between the class action and punitive treatments.  This counsels in favor of 
using the percent change as the dependent variable.  But that amount is undefined for prior period contribu-
tions of zero.  And the Appendix shows at least 100 zero contributions in each treatment.  As an alternative 
way to account for varying contribution size, we have run models that include the lagged contribution as an 
explanatory variable, where a zero value can be included.  Results did not noticeably differ though such 
models suffer from having the lagged contribution on both sides of the equation.  
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ticipants contribute their entire endowments, either throughout the game, or after a certain period 

of learning.  If we focus solely on the participants selected to be active in the prior round of puni-

tive treatment, a majority contributed their full endowment in the next period of contributions.  

The punitive treatment’s opportunity of high personal profit did not systematically discourage 

those able to profit from contributing to the public good.    

 
Figure 7. Exemplary individual data from the punitive treatment 

 
Note. The figure shows the contributions and period income for 12 individuals in the punitive treatment. 
 

The opportunism concern is sometimes explored by evaluating what is called “antisocial pun-

ishment,” in which a lower contributing participant punishes a higher contributing participant 

(for example Cinyabuguma, Page et al. 2006; Herrmann, Thöni et al. 2008).  This behavior is 

possible only in our punitive treatment.  To assess its influence on contributions, we divide the 

punitive treatment sample into observations in which the active player contributed more than the 

punished player and  those in which they did not.  Antisocial punishment was common in this 

treatment with active players punishing in 676 of 777 (87 percent) instances in which the active 

player contributed less than the punished player.  But punishment occurred at a higher rate 286 

out of 393 (94.4 percent) when the active player contributed more.  Figure 8 shows the two 

groups’ pattern of contributions over time.   
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Figure 8. Punitive treatment contributions, shown separately based on active player’s  

contribution level 
 
The figure suggests ambiguity in our punitive treatment’s results.  If one is concerned about anti-

social punishment, then the figure’s lower line better captures the social welfare benefit of the 

punitive treatment.  That trend line includes only groups in which the active player’s contribution 

exceeded that of all other players.  The line suggests at most non-deterioration in cooperation 

over time but no clear increase in cooperation over time.  Further exploration of a similar treat-

ment under conditions limiting the active player’s punishment opportunity is warranted.   

We shift the focus to the active player’s behavior by studying the association between the active 

player’s damages claims in a period and the other players’ contributions in that period.  Figure 9 

shows the damages active players extracted from non-active players as a function of the non-

active players’ contributions. It shows that damages declined with increasing contributions, 

which is consistent with the earlier results showing that non-active participants responded to be-

ing punished by increasing contributions.  Regression models confirm that this is a highly statis-

tically significant result.  This relationship of course not holds in each and every case. As Figure 

7 shows, some active players are just greedy and take whatever the other group members have 

earned, and ignore how much they have already contributed to everybody's profit by investing a 

large share of their endowment. Yet as the regression demonstrates a passive player still stands 

the highest chance to keep some or even all of her first stage profit if she had made a substantial 

contribution to the joint project. 
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Figure 9. Relation between damages and contributions, by treatment 

 
Note. The figure shows scatterplots and lowess lines that best fit the relation between damages and contribu-
tions for the three treatments. 

 

5.4. Signaling Intentions: The Forfeit Damages Treatments 

From the perspective of a participant solely motivated to maximize her profit, it does not matter 

whether a criminal court imposes a fine or whether a victim sues for damages.  All such a partic-

ipant is interested in is two parameters: what is the probability of losing money, and how much 

money does she stand to lose?  For such an actor, fines and damages are perfect substitutes.  

From a behavioural perspective, this might well be different.  On the one hand, if a culprit pays a 

fine, the money does not benefit the victim.  The victim at best benefits in psychological terms in 

that her sense of justice is assuaged. She at most gains utility in terms of retribution and revenge.  

By contrast, to the extent that the harm itself is pecuniary, if the culprit is obliged to pay damag-

es to the victim, the harm itself is redressed.  This might convey additional legitimacy to com-

pensation, which might translate into a stronger beneficial effect on cooperation.   

In addition, whenever damages exceed the harm, as they may in our punitive treatment, deter-

rence comes at the psychological cost of a windfall profit for the claimant.  While stronger deter-

rence is, as we have shown, instrumental, it arguably suffers from generating distributional im-

balance.  In the punitive treatment, the vast majority of the ECUs wind up in the active player’s 

possession.  Participants required to pay damages above harm caused might perceive the excess 

damages as a selfish act of the group member who is lucky to have the active role, and not as a 

legitimate technology for restoring incentives. 
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To test the presence of these psychological effects on deterrence and cooperation, we repeated all 

three treatments, but now gave the active group member a second option.  Instead of claiming 

money for herself, she had the option to simply forfeit some or all of the period income of the 

passive group members.  The forfeiture power was subject to the same limits as the power to 

retain damages amounts. Hence the compensatory/forfeit treatment exactly mirrors the compen-

satory treatment. If the active player chooses the forfeit option, she can cause to be forfeited at 

most the difference between her actual profit and the profit she would have had had all other 

group members contributed at least as much as she did.  Likewise the class action/forfeit treat-

ment mirrors the class action treatment. If the active member chooses the forfeit option, she can 

cause to be forfeited at most as much money as all other group members would have had, had 

they contributed the same amount as the active player to the joint project.  Finally the puni-

tive/forfeit treatment mirrors the punitive treatment.  The only limit on the forfeited amount is the 

period income of the respective passive group members.   

Active players rarely use the forfeit damages option, which is not surprising since it  gives them 

no tangible benefit.  It was used in about one percent of the available opportunities in the com-

pensatory/forfeit treatment, in about seven percent of the opportunities in the class action/forfeit 

treatment, and in about three percent of the opportunities in the punitive/forfeit treatment, a total 

of 56 times.  Figure 10 shows the distribution of forfeited amounts, by treatment.  

 
Figure 10. Use of forfeit option, by treatment 

 
Note. Inclusion of observations in the figure is conditional on the presence of a positive forfeited amount. 
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Although the forfeit option was rarely used, its availability yields important information.  For the 

passive players in each period, the fact that the active player has the forfeit option changes the 

interpretation of her claiming damages.  If passive members care about intentions, the level of 

contributions and contribution dynamics might change.  Figure 11 shows that the effect of this 

additional option on contributions is not substantial, whatever the limit for extracting damages 

from the non-active players.  Nonparametric tests over means never yield a significant effect of 

the forfeit treatments compared to their analogous treatments.  Parametrically, with some specifi-

cations we find a significant treatment effect.  But the marginal effect of adding the forfeit option 

is never significant. 

 
 

Figure11. Effect of the forfeit option 
 
This is a remarkable finding. Damages work in promoting contributions because they deter anti-

social behaviour.  We do not find that they work better if it is made salient that the harm imposed 

on the victim is redressed.  And they do not work worse if it is made salient that the claimant 

gains a windfall profit.  Active players not only forsake the possibility to remove any suspicion 

of selfishness and to signal benevolent motives.  Non-active players also do not react negatively 

to the fact that the additional forfeit option would have given active players this opportunity, but 

that they have not seized it. In the compensatory, class action, and punitive treatments, we found 

no significant interactions between the forces driving contribution changes and the forfeit option.  

For this purpose, we evaluated the same forces, lagged profit, lagged punishment amount, peri-

od, average first period earnings, as used to evaluate contribution changes in Table 7.  

Eventually, we thus fully support Prediction 3, and reject all competing predictions, including 

Prediction 5, which expected intentions to matter. Readers should appreciate that we have not 

found a simple incentive effect. To reiterate: selfish players disregard all sanctions and contrib-

ute nothing throughout. Rather, we have shown that players who are not (completely) selfish 

nonetheless are sensitive to the severity of the threat with sanctions, while they do not care about 

the intentions of the sanctioning authority. This fits the observation that typical experimental 

populations are heterogeneous, with a small fraction of unconditional altruists, a larger fraction 

of selfish players, and a substantial majority of conditional cooperators (Fischbacher, Gächter et 

al. 2001; Fischbacher and Gächter 2010). The latter participants are willing to cooperate, despite 

the fact that they forego the opportunity to exploit others, as long as they have little reason to 

fear being the sucker themselves. For such participants, sanctions matter to the extent that 
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freeriding no longer pays. Note that this is not the forward looking argument of standard eco-

nomic theory. Rather loyal contributors want to see wrongdoers punished. In this perspective, 

damages even have an advantage over punishment. Since claiming damages is profitable for the 

active player, ex ante all players may be reasonably confident that the future active player will 

exploit the opportunity. The certainty of the inflicting the sanction is not an issue. Our results 

show that these loyal group members desire higher severity. 

6. Discussion 

6.1. Consistency with Observational Data and Non-Public Good Experiments 

Our results are consistent both with some available evidence outside the laboratory and with oth-

er experimental evidence regarding the benefits of class actions (Eisenberg 2007; Güth, Kliemt 

et al. 2007),.   

The failure of the compensatory treatment to prevent deterioration in cooperation may help ex-

plain persistent troubling behavior by many actors.  For example, evidence exists that hospitals 

do not bear the full costs of the negligent harms they inflict on patients.  A study of hospitals in 

Utah and Colorado found that hospitals bore only 22 percent of the injury-related costs that they 

generated (Mello, Studdert et al. 2007). Not coincidentally, the scope and impact of medical 

malpractice is massive (Baker 2005),12 and the problem has not materially diminished over time 

(Landrigan, Parry et al. 2010).  By one measure of patient safety quality, the rate of adverse 

events declined by only one percent between 2000 and 2005 (Agency for Healthcare Research 

and Quality 2007).  

The dynamic quality of the public good experimental paradigm may help explain its deterrence-

promoting result, at sufficient punishment levels, compared to an experimental finding that the 

threat of tort liability does not deter (Cardi, Penfield et al. 2012).  Cardi et al.’s respondents were 

asked in a cross-sectional survey whether tort liability in several scenarios would deter them and 

no significant deterrent effect was found.  That result is consistent with a single-period outcome 

of no deterrent effect.  But a cross-sectional design cannot subject the respondents to the experi-

ence of having to pay for anti-social behavior, and then provide them the opportunity to revise 

their behavior based on their experience with a liability regime.  A public good experiment al-

lows that opportunity.  The dynamics over time cannot be replicated in a cross-sectional experi-

ment either.  The experimental results are not inconsistent; they merely focus on different stages 

of experience with rules intended to deter. 

                                       
12  A 1999 Institute of Medicine report found that medical error caused between 44,000 and 98,000 deaths and 

over one million injuries each year, with an associated cost of $17 to $29 billion (Kohn, Corrigan et al. 
2000). 
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6.2.  Further Thoughts on External Validity 

Our experiment lacks some features of actual litigation. In our experiment, no difference exists 

between claiming and receiving damages. The active player receives whatever she legitimately 

claims. Of course, in the field, a victim who sues the defendant is not sure to win. Frequently, the 

interpretation of the law is unclear. If damages are claimed for negligent behaviour, the norma-

tive standard frequently depends on local practice and the outcome depends in part on the judge 

or jury hearing the case. Moreover, not every person who has a viable claim may choose to sue. 

For a variety of reasons, a person in principle entitled to sue may not have the opportunity to do 

so. One well-studied reason is the cost of litigation being prohibitively high. 

Our equating of claiming and receiving damages, however, does not seriously affect the external 

validity of our findings. Our experimental design incorporates uncertainty about outcome into 

participant decisionmaking. The uncertainty in court is one of the justifications of randomly only 

allowing one of four group members to claim damages, thereby introducing stochastic uncertain-

ty into the design. A second class of uncertainty analogous to the decision not to sue, behavioural 

uncertainty, results from the active participant’s freedom to exercise or not to exercise the right 

to collect from other participants. 

That both sources of uncertainty are likely to matter is also suggested by earlier experimental 

findings.If the probability of being punished is small, contributions do not stabilize (Bernasconi, 

Corazzini et al. 2010) and cooperation decreases.  Similarly, if the punishment decisions of par-

ticipants are only executed with uncertain probability, cooperation declines (Sousa 2010). The 

same holds if would-be punishers receive an imperfect signal about other participants’ contribu-

tions (Grechenig, Nicklisch et al. 2010). With respect to the specification of the uncertainty, our 

design is most closely related to the design by (O'Gorman, Henrich et al. 2009).  In that experi-

ment, allowing only one participant per period to punish did not significantly reduce contribu-

tions, compared to a design where all were entitled to punish.13 This suggests that the treatment 

differences found in our experiment do not result from punishment being uncertain. 

The treatment differences may alternatively result from expectations about the potential loss dif-

fering across treatments. This resonates with the finding that contributions increase as the cost to 

the punisher of inflicting punishment decreases (Egas and Riedl 2008; Nikiforakis and Normann 

2008). We contribute to this strand of the literature in that our treatment analogous to punitive 

                                       
13  Our design is not the same as punishment by the experimenter (Tyran and Feld 2006; Galbiati and Vertova 

2008; Bernasconi, Corazzini et al. 2010) because our active participant suffers harm from low contributors 
and imposes damages.  Similarly, it is not the same as punishment by an additional subject who is not one of 
the group that contributes from endowments to the public good (Engel and Irlenbusch 2010). It is more close-
ly related to experiments in which all participants may punish, but the level of allowed punishment is asym-
metric in that different participants can impose different levels of punishment. This turns out to make little 
difference as asymmetric punishment institutions are as effective in fostering cooperation as symmetric insti-
tutions (Nikiforakis, Normann et al. 2010). (Carpenter, Kariv et al. 2010) manipulate the internal architecture 
of the group and vary whether all group members are monitored rather than varying punishment levels.  They 
distinguish in part between connected networks, in which all group members are monitored by other mem-
bers, and disconnected networks, in which some participants in a group are not monitored. The connected 
networks result in significantly higher contributions than the disconnected networks. 
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damages implements a draconian sanction with very high potential gains to the active player. It 

is not obvious that such extreme sanctions also have a socially beneficial effect (which turns out 

to be the case, though).  

Our experiment also provides participants with no explicit behavioural norm. We of course have 

made this choice to prevent hinting to subjects what constitutes appropriate behavior, an experi-

menter demand effect. Yet from the design it is clear that all group members contributing their 

entire endowments is the only choice that simultaneously is efficient and prevents exploiting 

other participants. Participants know that the randomly selected active participant is not only 

entitled, but also likely, to claim the maximum permissible amount, which gives them a chance 

to anticipate which behaviour will trigger which reaction. So participants cannot be certain about 

who the active player will be or what her behavior will be. But a discernable if not fully certain 

norm exists and can be acted on. 

7. Conclusion 

We present evidence that a damages rule analogous to the most common measure of damages in 

contract and tort litigation, the harm to the aggrieved party, is insufficient to deter serious deteri-

oration in cooperation over time.  This finding is of particular policy relevance if harm is diffuse, 

as notably with harm to the environment. A damages rule more closely tied to the full harm non-

cooperators cause, which is analogous to damages in class action litigation, prevented the pattern 

of deteriorating cooperation over time.  A more Draconian rule of damages, linked to income 

without requiring harm, promoted increased cooperation over time but at the cost of allowing 

socially unjust damages.  Damages rules can promote socially beneficial behavior, but not all 

damages regimes will do so and some may do so in an unfair manner.   

This experiment has tested only two damages rules reasonably analogous to civil justice com-

pensation practices, the compensatory treatment and the class action treatment.  Further infor-

mation about the social welfare implications of damages rules could be obtained by assessing 

other damages measures with real-world analogies to determine which ones generate increasing 

cooperation over time, or at least avoid the common pattern of decaying cooperation.  Simple 

multiples of the damages rules we have explored, analogous to, for example, treble damages 

rules in U.S. antitrust cases, might be usefully explored.  Caps on damages, such as those many 

states impose in medical malpractice cases and on punitive damages, should also be of interest.  

And more refined punitive damages treatments could be developed, including some with rela-

tions to compensatory harm or to experimentally manipulated simulations of egregious misbe-

havior.   
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Appendix 

Equilibrium Assuming Standard Preferences 

In a public good experiment without sanctions, zero contributions are the best response. If mon-

ey maximising behaviour is common knowledge, in the unique Nash equilibrium, all contribute 

zero. Adding costly punishment does not change this prediction. For rational actors do not pun-

ish. Therefore nobody expects to be punished. Zero punishment and zero contributions are the 

only Nash equilibrium.  

In the treatments with a forfeit option, using this option is free of charge, but claiming damages 

rather than using the forfeit option has the additional advantage of increasing the payoff of the 

active player. If there is a cap, it is the same for both options. Therefore money maximizing 

agents will not use the option to destroy target income. Compensation is not costly and increases 

the payoff of the punisher. Therefore money maximizing active players go to the limit, and do so 

for all other group members.  

If damage is limited to harm suffered by the active player herself, in the extreme case she has 

contributed 20 ECU, while all passive players have contributed 0. Then she has first stage in-

come 8. From all others she may take 8. Her total income is 32. If she contributes nothing, ex-

pecting that all others contribute nothing as well, she has 20. A player has the active role with 

25% probability. Therefore she compares 1/4*32 + 3/4*8 = 14 < 20. Hence payoff maximising 

players do not contribute a positive amount in hopes of having the active role. For the eventuality 

of having the passive role, they anticipate that no other player contributes in hopes of having the 

active role. Therefore in anticipation no active player has a higher payoff than 20, which is why 

the compensation mechanism is never applied. No active player is ever worse off than any pas-

sive player. Consequently players do also not have reason to contribute a positive amount to 

preempt being sanctioned. Hence  all players contribute 0 from the beginning.  

If damages are only limited by the target’s period income, a money maximizing active player 

takes all period incomes from all other players. This is irrespective of their contributions. With 

25%  probability each player may have the active role. In that case she keeps her period income, 

and takes all passive players’ incomes. Therefore each player is best off not contributing at all. 

Since the sanction is unrelated to the contributions the target player has made, there is also no 

reason to contribute a positive amount in the interest of preempting being sanctioned. 

If the active player may obtain damages based on harm to all players, the maximum loss in the 

second stage is in the case in which the punisher has contributed 20, while all others have con-

tributed 0. Then actual group income is 8 + 3*28 = 92, while the group would have had 128, had 

all contributed 20. Therefore the damage is 128˗92 = 36. Since each has only 28, the maximum 

compensation that can be taken from either of them is 28, leaving them with a period income of 

0. This player might instead have contributed 20. That would have raised group income to 2*16 

+ 2*36 = 104. Maximum compensation would be down to 24. Since this player's period income 
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is only 16, she would again put her entire period income at risk. Therefore making a positive 

contribution in the interest of protecting oneself against compensation claims is not rational. If a 

player has the active role, she may claim damages. This does not presuppose that she has suf-

fered harm herself. Yet since players who do not expect to have the active role make 0 contribu-

tions, the only question is this: does it pay to contribute 20, in hopes of having the active role? 

As laid out, this gives a total of 36 in damages, which is more than 20 in the case of 0 contribu-

tions. Yet this again has to be weighed with probabilities. 1/4*36 + 3/4*8 = 15 < 20. Therefore 

also in this treatment no player contributes a positive amount in hopes of having the active role 

in the second stage. Consequently, no player expects others to make positive contributions, 

which is why again the compensation mechanism in equilibrium is never applied. 0 contributions 

by all players is the unique Nash equilibrium in this treatment as well. 

None of this changes if we take into account that our game is repeated. In principle, this might 

matter. Participants might want to invest into building a profitable relationship. Yet we announce 

30 periods. In the final period, building a relationship no longer pays. In anticipation, this holds 

for all previous periods as well, leading to unravelling. 
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Distribution of Contributions 

 

 
Note. The figures show the distribution of contributions and damages, subdivided by treatment.  The 
“/forfeit” graphs show the retain-or-forfeit treatments. 
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Instructions 
 

 
Welcome to our experiment. Please remain quiet and do not talk to the other participants during the ex-
periment. Should you have any questions, please let us know by raising your hand. We will then come to 
you and answer your questions personally. 
 
At the end of the experiment, your earnings, resulting from the decisions you have made during the ex-
periment, will be paid to you in cash. In addition, you will receive 4 € for taking part in the experiment, 
regardless of the decisions that you and the other participants assigned to you make. We will explain the 
details of how your payoff is calculated for each separate part of the experiment. In the first part of the 
experiment, which is explained in the following, we mention the term Taler. At the end of the experiment, 
each Taler will be converted into 1 Eurocent (0.01 €). 
 
At the beginning of this part of the experiment, participants are randomly divided into groups of four. 
You and three other participants will therefore make up a group. The group remains unchanged during 
the entire part of this experiment. The experiment consists of 30 periods. Each period consists of 2 
stages. 
 
 
Stage 1 
 
At the beginning of each of the 30 periods, each participant receives 20 Taler. In the following, we refer 
to this sum as the "endowment". In Stage 1, your task is to decide how to use this endowment. You have 
to decide how many of the 20 Taler (any number between 0 und 20) you wish to contribute to a project, 
and how many Taler you wish to keep for yourself. We will explain the consequences of this decision 
later on. 
 
As soon as all group members have decided on their contributions to the project, we will inform you 
about each group member’s contribution, your income from the project, and your payoff for this period. 
In every period, your payoff is calculated by means of the following simple formula; if you have any dif-
ficulty understanding it, please ask us. 
 
 Payoff 

 
= Endowment of 20 

Taler  
 

– Your contribution to the 
project 

+ 0.4 * all contributions to the 
project 

 
This formula shows that your payoff for Stage 1 consists of two parts: 
  

1) the Taler that you have kept for yourself (endowment – contribution) 
2) the income from the project, which is made up of 40 per cent of the group’s entire contri-

butions. 
 

The payoff of each group member is calculated in the same way. Each group member hence receives the 
same payoff from the project. If you assume that the sum of all group members’ contributions is 60 Taler, 
in that case each member is given a payoff of 0.4*60 = 24 Taler. If the sum of all group members’ contri-
butions is 9 Taler, then each group member is paid 0.4*9 = 3.6 Taler. 
 
You always have the option of keeping Taler for yourself, or else of contributing to the project. Every 
Taler that you keep increases your income by one Taler at the end of the period. If instead you contribute 
this Taler to the project, then the contributions to the project increase by one Taler. Your income from the 
project increases by 0.4*1 = 0.4 Taler. The other group members’ income, however, also increases by 0.4 
Taler each, so that the total group income from the project is 1.6 Taler. Your contribution to the project 
hence also increases the other group members’ income. On the other hand, you also earn something from 
every Taler contributed to the project by the other members. For every Taler contributed by another group 
member, you receive 0.4 Taler. 



Stage 2 
 
In Stage 
Stage 1. 
The activ
three me
bers to h
to take.  
 
Howeve
sum that
member 
ample of
during th
your scre
 

> 
 
Now, ho
contribu
bers had
(15 + 10
15 Taler
tween pa
Stage 1 o
actual pa
which w
 

 
The max
tional to 
graphica
 

[compensato

2, you are to
In each peri
ve player, an
embers’ cont
his own accou

r, this permi
t would lead 
had contribu

f how the ma
he experimen
een: 

ow are these m
uted 15 Taler
d each contrib
0 + 10 + 5) [i
r, then your p
ayoffs is ther
on the left-ha
ayoff of the a

way the passiv

ximum sum t
the differen

al representat

ory, compen

old how muc
od, one mem

nd only this p
tributions. <T
unt. The acti

ssion has lim
to the active

uted as much
aximum limi
nt. For each o

maximum lim
. Another me
buted 10 Tal
ncome from 

payoff would
refore 8 Tale
and side.  In 
active player
ve players co

that the activ
ce between h
tion, we can 

sation only]

ch each indiv
mber is rando
player, is giv
The active pl
ive player is 

mits. The acti
e player recei
h as the activ
t is calculate
of the remain

mits calculat
ember of you
er. Hence yo
the project] 

d have consis
er. In the follo

the graph on
r and the pay
ontributed to 

ve player can
his own cont
depict the si

31 26 2

45 
 

 

vidual memb
omly chosen 
ven the possib
layer can tran
free to choo

ive player m
iving the per

ve player did
ed. You do n
ning group m

ted? In the se
ur group had
our payment 
= 21 Taler. I

sted of 20 – 1
owing graph
n the right, y
yoff he could
 this differen

n transfer mir
tribution and
ituation as fo

26 21

er of the gro
(we refer to 
bility to reac
nsfer income
se the group 

ay take from
riod income h
. In the follow
ot need to pe

members, you

econd stage, 
d contributed 

is 20 [endow
If all other g
15 + 0.4*4*1
hical represen
ou will see in

d have receive
nce. 

rrors these di
d this player’s
ollows: 

up has contr
this player a
t to the infor

e from each o
members wh

m any other gr
he would hav
wing paragra
erform these 
u will be giv

 

you are the a
5 Taler. The

wment] – 15 
roup membe

15 = 29 Taler
ntation, you w
n red the diff
ed. The turqu

 

ifferences. Th
s contributio

29

ributed to the
as the "active
rmation abou
of the other g
hose money 

roup membe
ve had if the
aph, we prov
calculations

ven a maximu

active player
e two remain
[contribution

ers had also c
r. The differ
will see the r

fference betw
uoise areas s

he upper lim
on. Continuin

e project in 
e player"). 
ut the other 
group mem-
he wishes 

er at most a 
other 

vide an ex-
s yourself 
um limit on 

r. You had 
ning mem-
n] + 0.4 * 
contributed 
ence be-
result of 

ween the 
show in 

mit is propor-
ng the last 



 
Please n
have bee
ther, not
uted less
 
Please n
From on
which gr
whether 
part of y
 
 
[compen
replace 
 
The activ
bers to h
no longe
 
Howeve
sum that
member 
ample of
during th
your scre
 

 
 
Stage 2 
 
In Stage 
Stage 1. 
The activ
three me

ote that the a
en lower or th
te that he is o
s to the proje

ote also that,
ne period to t
roup membe
income has 

your period in

nsatory with f
text in < > w

ve player has
himself, or el
er be used. Th

r, this permi
t would lead 
had contribu

f how the ma
he experimen
een: 

[class action

2, you are to
In each peri
ve player, an
embers’ cont

active player
he same, had

only allowed 
ect than he ha

, in each peri
the next, the 
rs had the op
been transfe
ncome. 

forfeit optio
with] 

s two possib
lse he can wi
he active pla

ssion has lim
to the active

uted as much
aximum limi
nt. For each o

n, compensa

old how muc
od, one mem

nd only this p
tributions. < 

r may not kee
d all other gr
to keep mon

as.  

iod, each gro
group memb

pportunity in
rred, and how

on 

ilities: either
ithdraw incom
ayer is free to

mits. The acti
e player recei
h as the activ
t is calculate
of the remain

tion only] 

ch each indiv
mber is rando
player, is giv
The active p

10 5

4 2 2

46 
 

ep money be
roup member
ney belongin

oup member 
bers are henc
n the past to k
w much has 

r he can trans
me, the cons
o choose the 

ive player m
iving the per

ve player did
ed. You do n
ning group m

vidual memb
omly chosen 
ven the possib
player can tra

U
/ d

O

5

elonging to o
rs contributed
ng to other gr

receives a ra
ce not identif
keep money 
been transfe

sfer income f
sequence of t
group memb

ay take from
riod income h
. In the follow
ot need to pe

members, you

er of the gro
(we refer to 
bility to reac
ansfer incom

nterschied de
der Auszahlun

bergrenze

 

ther players 
d the same a
roup member

andom numb
fied. You wil
for themselv
rred, if the a

from any of t
that action be
bers whose m

m any other gr
he would hav
wing paragra
erform these 
u will be giv

up has contr
this player a
t to the infor
e from each 

er Beiträge
ng

if his own pa
amount as he
rs if they hav

ber between 
ll therefore n
ves. You will
active player 

the other gro
eing that the 
money he wi

roup membe
ve had if the
aph, we prov
calculations

ven a maximu

 

ributed to the
as the "active
rmation abou
of the other 

ayoff would 
did; fur-

ve contrib-

1 and 4. 
not know 
l only know 
has kept a 

oup mem-
money can 
shes to take. 

er at most a 
other 

vide an ex-
s yourself 
um limit on 

e project in 
e player"). 
ut the other 
group 

 



members
take. 
 
Howeve
differenc
had if ev
vide an e
yourself 
limit on 
 

  > 
 
Now, ho
tributed 
had each
10 + 10 
payment
bers had
Taler, ea
Hence th
the resul
between 
is subtra
 

 
Please n
have bee
ther, not
uted less
single gr
most wh

s to himself. 

r, this permi
ce between th
veryone had c
example of h
f during the e
your screen:

ow is this ma
15 Taler. An

h contributed
+ 5) [income
ts of 26, 26, a

d also contrib
ach group me
he maximum
lt of Stage 1 
 29 and the a

acted from th

ote that the a
en lower or th
te that he is o
s to the proje
roup member
hat that playe

The active p

ssion has lim
he actual inc
contributed a

how the maxi
experiment. F
: 

aximum limit
nother memb
d 10 Taler. H
e from the pr
and 31 Taler

buted 15 Tale
ember earnin

m limit is 116
on the left-h
actual incom

hat, in other w

active player
he same, had

only allowed 
ect than he ha
r or from sev

er has actuall

31

player is free

mits. The acti
come of all g
as much as h
imum limit i
For each of th

t calculated? 
ber of your gr

Hence your pa
roject] = 21 T
r. The entire 
er, then the e
ng 29 Taler. T
 – 104 = 12 T

hand side. On
me of all group
words the am

r may not kee
d all other gr
to keep mon

as. As a rule,
veral others a
y earned in t

1 26 26

47 
 

e to choose th

ive player m
group membe
he himself co
is calculated.
he remaining

 In the secon
roup had con
ayment is 20
Taler. Simila
group payof

entire contrib
The entire gr
Taler. In the

n the right, yo
up members w
mount by whi

 

ep money be
roup member
ney belongin
, the active p
as he sees fit
this period. 

21

he group mem

ay only take 
ers and the in
ontributed. In
. You do not 
g group mem

nd stage, you
ntributed 5 T
0 [endowmen
arly, the othe
ff is therefore
bution to the p
roup payoff w
 following g
ou will see, i
who have ear
ich the earnin

elonging to o
rs contributed
ng to other gr
player is free 
t. However, h

mbers whose

from any oth
ncome as suc
n the followin

need to perf
mbers, you w

u are the activ
Taler. The tw
nt] – 15 [cont
er group mem
e 104 Taler. I
project woul
would then h
raphical repr
in red, the su
rned less than
ngs of player

 

ther players 
d the same a
roup member
to take the m

he may take f

29

e money he w

ther group m
ch that they w
ng paragraph
form these ca

will be given a

 

ve player. Yo
wo remaining 

tribution] + 0
mbers have re
If all other g
ld have been
have been 11
resentation, y
um of the diff
an 29. The tur
r 1 have exce

if his own pa
amount as he
rs if they hav
maximum su
from each pl

wishes to 

ember the 
would have 
h, we pro-
alculations 
a maximum 

ou had con-
members 

0.4 * (15 + 
eceived 

group mem-
n 4*15 = 60 
16 Taler. 
you will see 

fferences 
rquoise area 
eeded 29. 

ayoff would 
did; fur-

ve contrib-
um from a 
layer at 



 
Please n
From on
which gr
whether 
part of y
 
 
[class ac
replace 
 
The activ
bers to h
no longe
 
Howeve
differenc
had if ev
vide an e
yourself 
limit on 
 

 
 
stage 2 [
 
In Stage 
Stage 1. 
The activ
three me
members
wishes to
 
Howeve
the amou
be given
 

ote also that,
ne period to t
roup membe
income has 

your period in

ction with fo
text in < > w

ve player has
himself, or el
er be used. Th

r, this permi
ce between th
veryone had c
example of h
f during the e
your screen:

[punitive, co

2, you are to
In each peri
ve player, an
embers’ cont
s to his own 
o take.  

r, this permi
unt that this p

n a maximum

, in each peri
the next, the 
rs had the op
been transfe
ncome. 

orfeit option 
with] 

s two possib
lse he can wi
he active pla

ssion has lim
he actual inc
contributed a

how the maxi
experiment. F
: 

ompensation 

old how muc
od, one mem

nd only this p
tributions. < 
account. The

ssion has lim
player has ea

m limit on you

iod, each gro
group memb

pportunity in
rred, and how

ilities: either
ithdraw incom
ayer is free to

mits. The acti
come of all g
as much as h
imum limit i
For each of th

only] 

ch each indiv
mber is rando
player, is giv
The active p
e active play

mits. The acti
arned in this 
ur screen: 

48 
 

oup member 
bers are henc
n the past to k
w much has 

r he can trans
me, the cons
o choose the 

ive player m
group membe
he himself co
is calculated.
he remaining

vidual memb
omly chosen 
ven the possib
player can tra
yer is free to 

ive player m
period. For 

receives a ra
ce not identif
keep money 
been transfe

sfer income f
sequence of t
group memb

ay only take 
ers and the in
ontributed. In
. You do not 
g group mem

er of the gro
(we refer to 
bility to reac
ansfer incom
choose the g

ay take from
each of the r

andom numb
fied. You wil
for themselv
rred, if the a

from any of t
that action be
bers whose m

from any oth
ncome as suc
n the followin

need to perf
mbers, you w

up has contr
this player a
t to the infor
e from each 

group membe

m any other gr
remaining gro

ber between 
ll therefore n
ves. You will
active player 

the other gro
eing that the 
money he wi

ther group m
ch that they w
ng paragraph
form these ca

will be given a

 

ributed to the
as the "active
rmation abou
of the other 
ers whose mo

roup membe
oup member

1 and 4. 
not know 
l only know 
has kept a 

oup mem-
money can 
shes to take. 

ember the 
would have 
h, we pro-
alculations 
a maximum 

e project in 
e player"). 
ut the other 
group 
oney he 

er at most 
rs, you will 

 



> 
 
Please n
From on
which gr
whether 
part of y
 
 
[punitive
replace 
 
 
The activ
bers to h
no longe
 
Howeve
the amou
be given
 

 
 
 

 

ote also that,
ne period to t
roup membe
income has 

your period in

e with forfei
text in < > w

ve player has
himself, or el
er be used. Th

r, this permi
unt that this p

n a maximum

, in each peri
the next, the 
rs had the op
been transfe
ncome. 

it option 
with] 

s two possib
lse he can wi
he active pla

ssion has lim
player has ea

m limit on you

iod, each gro
group memb

pportunity in
rred, and how

ilities: either
ithdraw incom
ayer is free to

mits. The acti
arned in this 
ur screen: 

49 
 

oup member 
bers are henc
n the past to k
w much has 

r he can trans
me, the cons
o choose the 

ive player m
period. For 

receives a ra
ce not identif
keep money 
been transfe

sfer income f
sequence of t
group memb

ay take from
each of the r

andom numb
fied. You wil
for themselv
rred, if the a

from any of t
that action be
bers whose m

m any other gr
remaining gro

 

ber between 
ll therefore n
ves. You will
active player 

the other gro
eing that the 
money he wi

roup membe
oup member

 

1 and 4. 
not know 
l only know 
has kept a 

oup mem-
money can 
shes to take.

er at most 
rs, you will 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


