Punishment, Inequality, and Welfare: A Public G&ogberiment

Abstract

This paper reports the results of an experiment thnestigates the two-sided relationship
between punishment and welfare. First, it contebuto the literature on the behavioral
determinants of punishment by examining the rolestdtive income and income comparisons as
a determinant of punishment in a two-stage publamdg game when inequality arises
endogenously from the subjects’ behavior. Secohi$, paper investigates the impact of
punishment on both absolute and relative incomeasc@npare three treatments of our game. The
Unequal Cost treatment replicates Fehr and Gaq2e00)'s experiment under a stranger
matching protocol. The Equal Cost treatment istidahto the previous one except that the ratio
between the cost of one punishment point to théspenand its cost to the target equals one. The
third treatment is similar to the second one extegta partner matching protocol is implemented
in order to isolate strategic motives for punishin@ur results indicate that subjects pureskn
when they cannot alter the current distributionpafoffs. We also find that in all treatments, the
intensity of punishment increases in the levelréi-individual inequality. Finally, despite its
cost, punishment progressively improves welfarassociation with a decrease in the aggregate
level of inequality over time.

JEL-CodesAl13, C92, D63

Keywords: Public Good Experiment, Punishment, Inequality &, Free-Riding,
Welfare.

Acknowledgementd his paper has benefited from useful comments fparticipants at the 2005 World
Conference of the Society of Labor Economists antbfean Association of Labour Economists in San
Francisco, the ESA Meeting in Montreal, and the 2ntkrnational Meeting on Experimental and
Behavioral Economics in Valencia, in particularnfrce. Fatas and L. Putterman. We thank L. Levy-
Garboua for his remarks. We also thank two anonymeterees for their helpful comments. We are also
grateful to R. Zeiliger for programming the expegimh presented in this paper. This research has bee
supported by a grant from the MiRe — DREES (Frenbhinistry of Social Affairs).



1. INTRODUCTION

Social comparisons and their consequences on dedighavior and satisfaction have inspired a
huge literature (Clark and Oswald 1996; Neumark &wodtlewaite 1998; Brown, Gardner,
Oswald and Qian 2005; Ferrer-i-Carbonell 2005). particular, the observation of
disadvantageous inequality has been shown to geneegative reactions. We can find several
examples across many social science disciplineghef consequences of disadvantageous
inequality on inter-group conflicts, including ta®volt (Lowery and Siegelman, 1981), riots,
civil unrest or even revolutions (Wright, Taylor cartMoghaddam, 1990; Besancon, 2005;
MacCulloch and Pezzini, 2004, 2007). Inequalityyraéso trigger a willingness to hurt through
sanctions and punishment, especially in within-grosituations such as work teams or
partnerships. However, the relationship betweesguality and the individual decision to

sanction is often evoked as a hypothesis but Bttidied in the literature.

Several experiments inspired by Fehr and GAcH&8®0) have shown that punishment is
a powerful device for promoting cooperation amomglividuals in a public good game
(Anderson and Putterman (2003), Carpenter (200apehter, Matthews and Ong'ong'a (2004),
Egas and Riedl, (2005), Fehr and Gachter (2002¥cMg Noussair, Tucker and Villeval (2003),
Nikiforakis and Normann (2005), Nikiforakis, Nornraand Wallace (2005), Bochet, Page, and
Putterman (2007)). Sanctions appear as an eféegteans of alleviating the free-rider problem.
In contrast, Fehr and Rockenbach (2003) identifydedrimental effect of sanctions on
cooperation and a crowding-out of norm-based mbiéxa by punishment is also observed by

Houser, Xiao, McCabe, and Smith (2006). Therefatethese studies find that subjects are



willing to engage in costly punishment but theraasconsensus on the overall effect of sanctions

on welfare and payoff distribution.

Our paper contributes to the literature on altrcigtunishment by examining the two-sided
relationship between punishment and welfare incthr@ext of a public good experiment. First,
we investigate to what extent relative income exglapunishment when inequality arises
endogenously from the subject's behavior. Secomdstwdy how sanctions affect welfare and

payoff distribution over time.

The first aim of the paper is to contribute to therature on the behavioral determinants of
punishment by examining the implication of incomemparisons as an explanation of
punishment in the framework of a two-stage pubtiodyexperiment. Indeed, the role of income
comparisons and inequality among the determinahtostly punishment remains unclear, in
particular in the absence of strategic motivationBwo non-strategic motives are generally
evoked in the literature to explain why subjectsyrha willing to punish. A first non-strategic

motive is related to negative emotions, such agraagd disapproval. It relies on the idea that
people react to unfair intentions by sacrificingaxt of their payoffs in order to punish others,
even when there are no reputation gains from demgRabin (1993), Falk and Fischbacher
(2006)). A bunch of recent papers use various austlio measure the intensity of emotions
associated with the decision to punish (see fomgka Quervain et al., 2004; Hopfensitz and
Reuben, 2005). A second non-strategic reasonnipgroup members relies on distributional
concerns such as inequality aversion (Fehr and Bith{h999), Falk, Fehr and Fischbacher

(2005), Bolton and Ockenfels (1999)).



In this paper, we conjecture that income compassoay affect the decision to punish in two
ways. First, consistent with equity models, sulsjiecay be willing to sanction in order to reduce
income differences. In this case, individuals witistributional concerns who suffer from
disadvantageous inequality would be willing to paypunish defectors in order to reduce
earnings inequalitypnly if the cost they bear is smaller than the impdcsanctions on the
target's payoff. Second, it might also be the das¢, even if sanctions cannot change the
distribution of earnings, the individuals' decisitm punish may be driven by interpersonal
income comparisons. Indeed, individuals may bdingilto punish those whose decisions
generated unfair payoff differences because sutanparsonal comparisons raise emotions that
trigger sanctions. In this case, one should oles#rat individuals also punish, even when the

cost of one punishment point to the punisher isattjuthe cost of this point to the target.

The second aim of this paper is to study the oppsgle of the relationship between punishment
and income by investigating the impact of sanctiemshe evolution of both absolute and relative
incomes over time. Indeed, even if sanctions atenotivated by a willingness to reduce current
payoff differences, they can affect both welfared grayoff distribution. In particular, we
investigate two potential opposite effects of pbment on both welfare and inequality.
Sanctions may improve welfare and reduce inequbljtynciting free riders to contribute more
over time. However this effect may be counterbadanby the fact that punishment destroys
resources by imposing a direct cost on both thgetaand the punisher, which may also increase

payoff dispersion between those who incurred tlosés and the others in the group.

Our experiment consists of three treatments of@dtage public good game. In the first stage,

subjects contribute voluntarily to the funding opablic good; in the second stage, after being



informed on the contribution of each group membery may attribute costly punishment points.
The three treatments only differ in the second estafjthe game. Our first treatment, called
Unequal Cost treatment, replicates the experiméifebr and Géchter (200Qnder a stranger
matching protocof. In this treatment, punishment can directly affeayoff inequality between
the punisher and the target since the ratio betwbencost of one punishment point to the
punisher and the cost of this point to the targesmaller than oné. In the second treatment,
called Equal Cost treatment, the ratio betweencts of one punishment point to the punisher
and the cost of this point to the target is fixedl &quals one. Therefore, punishment cannot
affect the current inequality level between theiplier and the target. The third treatment is
equivalent to the Equal Cost treatment exceptuleatise a partner matching protocol instead of a

stranger matching protocol in order to isolatetsty& motives for punishment.

Our paper is related to Falk, Fehr and Fischba(@8)5) that analyzes the importance of fairness
and spite in punishment in several games, includirtigree-player one-shot Prisoner's Dilemma
game? In their experiment, spiteful punishment is azdrbut by subjects who value the target's
payoff negatively, irrespective of the distributimi pre-punishment payoffs. The authors
conclude that punishment is not primarily driventbg willingness to change payoff shares, but
by the desire to retaliate and harm those who behavairly. In a public good environment,

other papers compare the effectiveness of sancbgngarying the ratio between the cost of
punishment to the punisher and its cost to theetarg particular, Anderson and Putterman
(2006) show that the decision to punish obeys #ve ¢f demand; a secondary result is that
individuals punish even when punishment is mordlgds them than to the punished group

members. Egas and Riedl (2005) vary both theamsthe impact of punishment. They observe



that cooperation is sustained only in case punishrigecheap and has a high impact on the
target. Finally, the authors confirm that the decisto punish is based on both cost-benefit
analysis and emotional reactions. Nikiforakis &lmtmann (2005) find that the contributions to
the public good increase monotonically in the dff@emess of punishment, captured by the factor
by which the punishers reduce the punished plagarsings; punishment increases welfare only
when the factor is higher than two. Finally, Ndiikis, Normann and Wallace (2005)
investigate the role of the asymmetry in the disttion of punishing abilities within a group and

they find no effect of such an asymmetry in the pote punish.

Our investigation allows us to consider severalassthat earlier studies leave unaddressed. In
particular the main contribution of this paper & ddd more details for understanding the
relationship between welfare and punishment. A fgsue is whether relative income and inter-
individual income comparisons matter in the decisto punish even if sanctioning cannot
influence inequalities. Indeed most of the presistudies conclude that theories of inequality
aversion cannot explain why subjects punish wherrdtio of punishment (i.e the ratio between
the cost of punishing and the cost of receivingigftument) equals one. In this paper we qualify
these conclusions by stating that incomes compasisan be at the origin of punishment even if
punishment cannot reduce inequalities directly. sé&cond issue examines the impact of
punishment on welfare over time. If sanctions caraffect the current distribution of earnings,
they may have an impact on welfare and on the temuof inequality over time, notably by
inciting free riders to increase their future cdmitions. We therefore provide a dynamic

analysis of the relationship between punishmeegjuality and welfare.



We first find that punishment is not mainly drivby the willingness to reduce the current level
of inequality between the punisher and the tardetleed, individuals punisévenin the Equal
Cost treatment. Second, our results support arectceffect of inter-individual comparisons on
punishment since in all treatments, the intensitgamctions is strongly correlated with the first-
stage contribution and earning differences betw&enpunisher and the target. This result is
consistent with the fact that income differencesyntagger emotions that would raise
punishment even when individuals cannot reduceualdy. Last, punishment reduces inequality
over time, by inciting free riders to increase theffort in future periods. Decreasing inequality
is also observed when punishment is not possibtettia is associated with a decrease in
earnings; in contrast, when punishment is availahle reduction in the level of inequality goes

along with an increase in welfare.

The remainder of the paper is organized as follo8gction 2 details our experimental design
and presents the theoretical predictions of theahatith either purely selfish agents or in the
presence of agents with distributional concernke flesults of the study are presented in section

3, and section 4 gives our concluding remarks.

2. EXPERIMENTAL DESIGN AND THEORETICAL PREDICTIONS

Design. The experiment is based on a public good ganwe)vimg groups of four subjects. It
consists of 30 periods, divided into three segmerits the first ten periods and the last ten
periods, subjects play a standard public good gaifiités no-punishment condition serves as a

benchmark for the condition with punishment oppuoitias that occurs from periods 11 to 20. At



the beginning of each period, each group membendowed with 20 units. Each member
simultaneously selects a fraction of her endowntentontribute to a group account, while
keeping the remainder in her private account. fAfids in the group account pay a positive
return to each member. The parameters are chosenatsfull free riding is a dominant strategy

whereas full contribution to the public good cop@sds to the social optimum.

Consider first the condition without punishmentn periods 1-10 and 21-30, each subject
chooses a fractiog; of her endowment as a contribution to the publicdydAll group members’
decisions regardingy are made simultaneously. The marginal per capmtarm from a

contribution to the group account is 0.4. Subjéstpayoff is given by:

4
m=20-g+.8 g (1)
=1

The group members are informed of both the amodinthe group contribution and their

individual payoff.

Now consider the condition with punishment. Eaehiqul 11-20 of both treatments consists of a
two-stage game. The first stage is identical & th the previous condition: each group member
receives an endowment and has to decide how muaokést in the group account. In the second
stage, each subject, after being informed abouth @dlcer group member's contribution, can

assign 0 to 10 punishment points to any of therdifwee group members. Assigning points is

costly. The main difference between the Unequadt@eatment conducted under a stranger
matching protocol (UCS) and the Equal Cost treatraéso conducted under the same matching
protocol (ECS) lies precisely in the monetary copssces of punishment points. The schedule

of costs in these two treatments is given in Tdble



[Table 1 about here]

In the Unequal Cost treatment (UCS), each punishrpeimt received from any other subject
reduces first-stage earnings by 10%, up to a maxinofi 100%. This treatment intends to
replicate that in Fehr and Gachter (2000) in otdebe able to compare behavior in the base
treatment. As usual, contributions are listedandom order and with a different identification
number on the screen each period so that it isssiple to target another subject for punishment
for more than one period. This rules out motivagicuch as revenge. Subjéstearnings per

period are now given by:

22y

10 k#i (2)

J max{ 0, 10- Y P,
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(20—9i +0.40> g,

k=1
wherePj is the number of points assignedibtp k, and CPy) is the cost ta of assigning the
points tok. The design of punishment is such that if a subjpdut plays the Nash equilibrium is
punished, the payoff inequality is necessarily oedubetween the punisher and the target. In
most circumstances it guarantees a reduction affpmequality.” Losses are possible if the cost
of punishing others exceeds the individual's ne&bme but they are extremely unlikely (this
situation never occurred in our experiment).

In the Equal Cost treatment, each point given Ipuaisher has the same monetary cost for
himself and the target: the cost of being punishiggys equals the cost of punishing. Suppose
that subject assigns say 3 punishment points to suljjetie first-stage earnings of both subject
and subjec} are reduced by 4 units, as described in Table ubjeBti’s earnings per period in

this treatment are given by:



[20—gi+0.4ﬂgg<j—ZC(Fk’i)—ZC(lfg) 3)

k#i k#i
The Equal Cost treatment is tested both underamgdr matching protocol (ECS) and under a

partner matching protocol (ECP).

Theoretical predictions. If players are selfish, the unique subgame-peggilibrium of both

the Unequal and Equal Cost Treatments is to car&ilmothing in each period and never to
punish. Punishment is not credible in either tremit. Therefore, complete free-riding is a
dominant strategy in all periods and all treatmeielaxing the selfishness assumption, consider
now the predictions of Fehr and Schmidt (1999)&gumlity-aversion theory. Here individual
utility depends not only on one’s own payoff buigabn the equality of the income distribution.
Individuals are inequality averse if they incurudikty both from being worse off in material
terms than others (disadvantageous inequality) &odh being better off than others
(advantageous inequality). Subjects are assumebetanore sensitive to disadvantageous

inequality, as shown by the inequality-aversiomter;, a; >0, than advantageous inequality,

given byB; with 0< B; <1 such thatx; >B;. The utility function of player 0{1,...,r} is:

1 ) ! B
U(x)=x ai—n_lémaX(xj >.<,0)ﬁ?—n_1; max(x - x ,0) (4)

The first term of equation (4) represents the pesyrpayoff of subject. The second and the
third terms measure the utility loss from disadegebus and advantageous inequality

respectively.

If subjects are sufficiently averse to disadvantageinequality, and if advantageous inequality

aversion is sufficiently low relative to marginaraings (i.e. if 1a > [3;), then not contributing is



a Nash equilibrium. Now consider punishment in theequal Cost treatment. In the second
stage, punishment strategies are credible sineganfaycer gains by not punishing. Anticipating
credible punishment in the second stage, no-omerides in the first stage. Anyone deviating by
free riding in stage 1 will be punished by the otlggoup members in stage 2. Do these
predictions hold when the cost of punishment issémae for the punisher and the targstjn the
Equal Cost treatment? Inequality aversion predictgpunishment and no cooperation in this
treatment. If a cooperator punishes a defectoereds the other subjects play the equilibrium in
the second stage, she incurs the cost of the pueishbut does not change the earnings gap
between herself and the target. In addition, sfifers from disadvantageous inequality relative

to the cooperators who do not punish.

Procedures. The experiment was computerized using the REGAGtEwvare (Zeiliger, 2000).
We ran eight sessions in total under the stranggching protocol, split 50:50 between the Equal
and Unequal Cost Treatmeritn total 72 subjects participated in each treatméfe also ran
two sessions of the Equal Cost treatment undertagyamatching protocol with 12 participants
each. Six sessions were conducted in the expetanaboratory of the Groupe d’Analyse et de
Theorie Economique (GATE) at the University of Lyamd four sessions were organized in the
LABoratory of EXperimental Economics at the Univgrsof Rennes, France. In total, 168
subjects were recruited from undergraduate classbasiness and engineering schools in Lyon
and in various departments in Rennes. We did emuit any economics students, and none of

the subjects had any experience of this partidyfze of experiment.

Upon arrival, the subjects drew a label from a hadicating the name of their computer. The

instructions (see Appendix) were distributed anddreloud. The subjects then filled out a

10



questionnaire that allowed us to check their urtdadsng of the rules of the game. Questions
were answered in private. The program then matchdglects randomly and anonymously.

Under the stranger matching protocol, groups weshuffled after each period, whereas under
the partner matching protocol, the compositionrolugs remained unchanged over time. During
each ten-period segment, subjects did not knowhef éxperiment would extend beyond the
current segment. On average sessions lasted fari®@@es, including reading instructions and

payment. Each unit was convertible to Euro at fids = 2 Euros. Each participant received

€16.40 on average, including a show-up fee of €3.

3. EXPERIMENTAL RESULTS

We first examine the relationship between relainemme and the level of punishment. We then
investigate the effects of punishment on the elmhubf welfare and inequality over time.

3.1. Relativeincome and punishment behavior

3.1.1. Decision to punish and theintensity of punishment

In this section, we examine the distribution of ighment points by subjects to other group

members and its evolution over time. Table 2 iattis the average number of punishment points
distributed by treatment and their relative frequeacross all periods. Figure 1 displays the

evolution of the average number of punishment ganer time.

[Table 2 and Figure 1: about here]
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Both Table 2 and Figure 1 indicate that subjectsagstly punishment in all treatments, even in
the ECS treatment. We find that on average 36.48%tilgects distribute at least one punishment
point in the UCS treatment, 32.2% in the ECS treatnand 37.1% in the ECP treatment. Table
2 also indicates that the distribution of pointsthg subjects is similar in the three treatments.
Finally Figure 1 shows that in all treatments, thea exhibit the same pattern: punishment

declines over time. This is stated more preciseResult 1.

Result 1: The impossibility to reduce payoff differences does prevent individuals from

punishing in the Equal Cost treatments.

Support for result 1 In the stranger condition, a Mann-Whitney rank gest accepts the null
hypothesis that there is no difference in the gunmnt levels between the UCS and the ECS
treatments =0.248). The same conclusion arises from the cosgabetween the ECS and
ECP treatmentspg0.199). A more formal proof of Result 1 is givenTable 3. We have
estimated various random-effects Tobit models, actog for left and right censured
observations. The dependent variable is the gqyasftpunishment points that playeassigns to
playerj in the second stage of pericdThe "Equal Cost" variable is a dummy to contral f
possible differences between treatments in thetigamtg behavior. We also include a dummy
variable to control for the matching protocol. Tdteer independent variables include player
contribution in period and the average group contribution in periodThe estimations also
control for negative and positive deviations frdm punisher’s contribution and for negative and
positive deviations from the average contributievel of the group in period In addition, we

include a time trend and dummy variable for thstfgeriod.

[Table 3 about here]
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Table 3 indicates that the propensity to punismoissignificantly different between the ECS and
the UCS treatments and between matching protocbiee absence of any significant difference
in the sanctioning behavior between the ECS and E€Rments indicates that non strategic
motives are more important than strategic motivesich is consistent with previous studies.
This result also provides strong evidence that tgame are not primarily driven by the
willingness to reduce directly the current leveliméquality. This result is consistent with what
has been observed in prisoner’'s dilemma games ,(Falkr and Fischbacher 2005) in which
people punish mostly to harm targets in retaliafmmthe negative emotions they have aroused.

Lastly, Table 3 confirms the fact that punishmegh#icantly declines over time.

To summarize, Result 1 concludes to the absenchffefences in the punishment level across
treatments. A more detailed analysis is howeveauired to investigate some potential differences
across treatments both in the dynamic and thesitteof the punishment behavior. This is stated

more precisely in Results 2 and 3.

Result 2: The punishment level in the first period is siguaifitly higher in the partner treatment

than in the stranger treatment but it is signifidgiiower in most of the remaining periods.

Support for result 2A Mann-Whitney rank sum test for the first periodlicates that the level of

punishment is higher in ECP than in ECS (signifi@tr6%). On the contrary, except for periods
16 and 17, the punishment level is significantlwdo in the ECP treatment in the remaining
periods (significant at 5%). Table 3 also indisatigat punishment in the first period is stronger
in the partner treatment than in the stranger mmreats. An interpretation of this result is that
punishment is more successful to lift cooperationlar a partner matching protocol. For this

reason, the individuals sanction more in the fpstiod of the partner treatment, trying to
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establish the credibility of sanctions from the ineghg of the game. After period 1, punishment
becomes credible and the threat of punishmentamgtenough to maintain cooperation in the

group®

Turning next to the comparison between the ECSW@& treatments, we check whether the
absence of any difference between the UCS and E@8rents pointed in Result 1 might derive
from the action of two forces that work in oppositeections. On the one hand, inequality averse
individuals might refrain from punishing when saont cannot modify the distribution of
earnings. On the other hand, those who are wittngunish might distribute more points in ECS
than in UCS to express their emotions, by impo#iegsame absolute earnings reduction than in
the UCS treatment since the cost for each unitivedeby the target is lower in the ECS than in
the UCS treatment. Indeed as shown by Falk e(28l05) who compared a low sanction
treatment with a ratio of punishment equal to ond a high sanction treatment with a ratio
higher than one, “individuals increase their expeemds for punishment if the impact of given
investment in punishment causes a lower payoffaeolu for the punished individual.” Indeed,
they showed that the cooperators who punish inaesanction treatment spent 2.5 times more
on the punishment of the defectors than in the sahction conditiod.Result 3 confirms the
existence of differences between the ECS and U&Bments.

Result 3: subjects are significantly less likely to punishthe Equal than in the Unequal Cost
Treatment. However, conditional on the willingnesgunish, subjects who punish defectors do

so more intensely in the Equal than in the Une@i@dt Treatment.

Support for Result 3: we find that, irrespectiele level of punishmentnost individuals are

reluctant to punish in the ECS treatment compavdatie UCS treatment. Punishment is inflicted
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in 12% of the cases in ECS compared to 16% in UQ&reover, the threshold of deviation in
contribution above which participants start to ghniree riders is also higher in ECS (3.70) than
in UCS (1.33). This difference is statistically miiicant (<0.05). In addition, we ran additional
estimations to dissociate the decision to punismfthe intensity of punishment. We consider
two separable decisions using a two-step estimgirocedure : first the decision to sanction
someone and second, conditional on the decisiosatwtion, the choice of the intensity of
punishment? We first estimate the punishment probability usingandom-effects Probit model;
we then explain the number of points distributemhditional on the decision to punish, by means
of a Generalized Least Squares model corrected faytential selection bias via the inverse of
the Mills ratio (the "IMR" variable). Each regress allows us to measure the influence of the
Equal Cost relative to the Unequal Cost Treatmenthie stranger matching protocol. The
exogenous variables in the selection equation declthe positive and negative deviations
between the target's contribution and both the ghemis and average group contributfonas
well as a time trend. The GLS regression inclutiessame variables except for the time trend,
which allows us to identify the model. The estiimatesults are shown in Table 4. Column (1)
presents the results from the selection equatiah aolumn (2) the marginal effect of each
explanatory variable. Column (3) displays the Itssof the GLS estimation for the whole
population. The last two columns give the resaftthe GLS estimations for the sub-samples of
observations in which the subject punishes a gmember who contributes less than himself
(column (4)) or more than himself (column (5)).

[Table 4: about here]
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Controlling for potential selection bias and folateve contribution levels, the regressions show
that, first, subjects are significantly less likéty punish in the Equal than in the Unequal Cost
Treatment and, second, that those who decide tsipwio so more intensely in the Equal Cost
treatment. This shows that inequality aversion duag some role, since some subjects do not
punish when payoff shares cannot be altered (seelnib)). However, the marginal effect of the
treatment is small: the Equal Cost Treatment resltice probability of punishment by 4% (see

model (2)), which suggests a rather low numbenefuality-averse subjects.

The model (3) shows that, conditional on the wghess to punish, subjects who were not
inequality-averse are willing to pay more to in@e#he harm imposed on targets in the ECS than
in the UCS treatment. This is because the monetamgequence of each punishment point on
the target is lower in the ECS treatment. Inde@daverage the monetary consequence of one
punishment point is 2.5 times lower in the Equahtin the Unequal Cost Treatment. Therefore,
while Anderson and Putterman (2006) have shown ghatshment behavior obeys the law of
demand, individuals take into account not only ¢bet to themselves but also the cost imposed
on the target. They are willing to pay a higheic@rin the ECS treatment to increase the
monetary consequences of their sanction on thetslfg This result opposes to Egas and Ried|
(2005) who find that there is more punishment ifighment has higher impact. In contrast, our
result are consistent with Falk, Fehr and Fischbad®005) who observe that cooperators

increase their punishment expenditures if the impapunishment on the targets is reduced.

To sum, beyond some differences between treatmemtsesults show that people punish even

in the Equal Cost treatment and that most of punésit behavior seems to be explained by
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emotions. Next, we examine the relationship betwéendistribution of punishment points and

the level of inequality within a period.

3.1.2. Punishment behavior and the current level of inequality

We test here the hypothesis that the observationnigr-individual differences in
contributions and earnings triggers sanctionsspeetive of the ability to reduce inequality.
Indeed if people allocate punishment points eveemnwthese points cannot affect the earnings
gap with the punished, this does not necessarilgnnibat they do not care about the level of
inequality. Figure 2 displays the distribution afnishment points in the second stage (on the
vertical axis) as a function of the inequality @ntribution and earnings between the punisher
and the target at the end of the first stage (erhtirizontal axis), by treatment and prototol.

[Figure 2 about here]

Figure 2 clearly shows that punishers strongly treac inter-individual differences in all
treatments. Indeed, in all treatments, the intgredipunishment increases in the inequality level
between the punisher and the target. For exaraabpject who earns between 14 and 20 units
more than the punisher receives on average 2 poingsunishment in the ECS and ECP
treatments and 2.5 points in the UCS treatment,redseshe receives nearly no point in all

treatments if she earns the same amount as thehunResult 4 summarizes these findings.
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Result 4: In all treatments, the intensity of punishmensti®ngly correlated with the level of

inequality between the punisher and her target.

Support for Result 4Table 3 indicates that, after controlling for thevitions from the average,
in all treatments subjects are highly and signrftbainfluenced by the observation of inter-
individual differences. Indeed, in almost all esitions, the coefficients associated with both
positive and negative deviations from the punishedntribution are highly significant. As in
Fehr and Gaechter. (2000), playesanctions playej more (less) the greater the negative
(positive) deviation of’'s contribution and earnings are frors. In the ECS treatment, the
coefficient associated with a negative deviatiotwieen the target and the punisher cannot reflect
a willingness to reduce inequality. This resultc@nsistent with our conjecture that income

comparisons raise negative emotions that triggectgms.

3.2. The effects of Punishment on Welfare and I nequality

So far, we have considered the impact of relatimeome on individual punishment

behaviour, we next examine the impact of punishrarioth absolute and relative income.
3.2.1 Punishment and Welfare

In this section we investigate the social consegegif punishment on welfare over time.
Our findings are summarized in results 5 and 6.
Result 5: Punishment affects welfare in two opposite waysn tie one hand, punishment
destroys resources by imposing a direct cost oh pahishers and targets. On the other hand,
in all treatments except ECS, this cost is progvedg offset by an improvement of welfare

resulting from an increase of the free riders’ gdmitions over time.
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Support for Result :5Table 5 provides information regarding the avergmyoff in each

treatment.
[Table 5 about here]

The comparison of columns 1 and 3 of Table 5 irtds¢hat the average final earnings are higher
when punishment is available in both the UCS and EB€atments. Indeed, the average final
earnings with sanction in UCS (22.5) are largenttiee average earnings without sanction (21.8)
(significant afp<0.1). The respective values in the ECP treatmen®a.7 and 22.2 (significant at
p<0.05). Average earnings are not significantlyeetéd by punishment in the ECS treatment
(p>0.10). Table 5 also provides information regagdime evolution of the average final earnings
over time. Disaggregated data by sets of periedsal that welfare decreases over time when no
sanction can be exerted. In contrast, it increésesemains stable in the ECS treatment) when
punishment is possible. For example, in the U@&tinent, the average final payoff decreases
from 22.5 to 20.8 in the periods without punishm@olumns 4 and 7), whereas it increases from

20.7 to 23.1 in the periods with punishment (colarGrand 9).

Finally, Table 5 provides evidence of the existentéwo opposite effects of punishment on
welfare. As mentioned in Result 5, punishment gedua direct reduction on welfare by
destroying resources of both the punisher andatget. This direct cost can be easily observed
in Table 5 (columns 2 and 3) by comparing final éingt-stage payoffs in periods 11-20, when
sanctions are available. The average cost of pom@shamounts respectively to 2.9 units in the
UCS treatment, 2.2 in the ECS treatment and 2therECP treatmenif. This result confirms the
detrimental effect of punishment that has been robsein other studies (see notably Houser,

Xiao, McCabe and Smith (2005)). Table 5 howevelidates that this cost is decreasing over
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time. Indeed, Table 5 shows that the averaged=xseases from 4.8 in the first three periods to
2 in the last three periods in the UCS treatm@rite corresponding values are 3.6 and 2.2 in the

ECS and 3.3 and 1.5 in the ECP treatment. FueWidence of this is also provided by Figure 1.

The direct cost induced by punishment is progresgioffset by a positive effect of sanctions on
welfare, through an improvement of cooperation dirae. The evidence of this positive effect
is given in Table 5 by comparing first stage paygdff periods 11-20 (with punishment) and
payoffs without punishment over periods 1-10 aneB@1 This comparison indicates to what
extent punishment induces a positive effect onave|fby inciting individuals to contribute more.
The first-stage payoffs in periods 11-20 with samctare higher than in the pooled data from
periods 1-10 and 21-30 in UCS (significanp&0.1) and in ECP (significant p&0.05). Finally,

in the ECS treatment, punishment also improvesamel{significant ap<0.1). However, this

increase is less important compared with the previceatment.

Table 6 and Figures 3 also provide further evideoicéhe incentive effect of punishment on
welfare through its positive influence on contribaut Table 6 gives the average individual
contribution to the public good in the various treants in each set of periods. Figure 3 displays
the evolution of the average contribution by pefimdeach treatment.

[Table 6 and Figures 3: about here]

In all treatments, the data exhibit the same pattier periods 1-10, subjects initially contribute
more than the Nash equilibrium level, but prognesgireduce their contributions; in periods 11-
20 the introduction of the punishment opportunitjya@ls an increase in average contributions;
last, in periods 21-30, average contributions dffgsharply when punishment opportunities are

withdrawn. This is stated more precisely in Re6ult
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Result 6: In all treatments, the opportunity to punish causas increase in average
contributions. The positive effect of punishmentcontribution is lower in the ECS. On the
contrary, this effect is higher under a partner ofahg protocol (ECP treatment), confirming

that punishment is more successful to lift coopenatinder a partner matching protocol.

Support for Result:@n the ECP treatment, Table 6 shows that theageecontribution is 4 when
no punishment is available and rises to 13.6 in ghaods with punishment. A Wilcoxon
matched pair test rejects the null hypothesis ¢batributions are identical between periods 11-
20 and the pooled data from periods 1-10 and 21¢38).03)!° In the UCS treatment, the
average contribution is 3.65 in the periods withpuhishment and rises to 9.59 in the periods
with punishment. The Wilcoxon matched pair tesbakjects the null hypothesig=0.07). In
the ECS treatment, the average contribution is #h@Be periods without punishment and 7.73 in
the periods with punishment. The same test alsgats a significant difference between periods
11-20 and the pooled data from periods 1-10 an8@®<0.1). Nevertheless, the increase in

contribution is lower in ECS compared to the presgitreatments.

Table 7 provides a more formal evidence of theselt® It reports the estimates of random-
effects GLS models analyzing the determinants efdhmange in contribution between peridds

andt+1. These are estimated separately for those whilocoted less than average and more
than average (on the left and right sides of thdeteespectively). Columns 1 and 4 correspond
to the pooled data from the UCS and ECS treatmentsmns 2 and 5 correspond to the pooled
data from the ECS and ECP treatment; columns 3gmubl all data together. The explanatory

variables include the punishment received in petioand the deviation from the average
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contribution of other group membéfs.We also interact the punishment points receivitd the
treatment and with the protocol. These interastishow whether punishment is more or less

effective under the Equal Cost treatment, and utidepartner matching protocol.
[Table 7 about here]

Table 7 provides interesting comparative resultsheneffectiveness of punishment. Indeed, it
indicates that the effect of sanctions on the tasgengly differs between treatments. The
regressions in Table 7 show that subjects reace rmmmpunishment under a partner matching
protocol, underlining the importance of strategiatives for contributing in repeated interactions.
Moreover, the positive effect of punishment is gigantly higher in the UCS than in the ECS
treatment. This is due to the fact that, by desaye punishment point costs on average less to
the target in the ECS than in the UCS treatménfs a consequence, the incentive effect of
punishment on further contribution is lower undee ECS treatment. This explains that the

impact of punishment on the evolution of welfareotime is lower in ECS than in UCS.

3.2.2 Punishment and inequality

How do previous results translate into the dynanotsnequality both at the individual and

aggregate levels? Our findings are summarized suR&.

Result 7: In all treatments, sanctions impact inequality otiare in two ways. On the one hand,
sanctions reduce inequality by inciting free riddis contribute more. On the other hand,
sanctions impact inequality by the cost of punigitmat the individual level, this cost reduces

(or at least remains unchanged in the Equal Cosatiments) inequality between the punisher
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and the target whereas it generates higher paysfietsion in all treatments between those who

incurred those costs either as punishers or asdts@t the aggregate level.
Support for Result.7

Table 5 provides interesting information about urdy of income distribution both at
individual and aggregate levels. As it was the dasavelfare, Table 5 reflects the existence of
two opposite effects of punishment on inequalityhaf distribution of payoffs. On the one hand,
punishment impacts the dispersion of earnimgshe cost of punishment. At the individual level
Table 5 shows that the inter-individual inequabigtween the punisher and the target decreases
between first stage and final stage with sanctiorthe UCS treatment whereas it remains
unchanged in the other treatmentii contrast, at the aggregate level, Table 5 mtd that
sanctions increase inequality of the distributiérpayoff between those who punish or/and are
punished and those who neither punish nor are pedisWe consider here two different
measures of inequality at the aggregate levelth@)Gini coefficient as a measure of relative
inequality, (b) the standard deviation as a measfiedsolute inequality® Table 5 confirms this

by showing that the comparison of the Gini coedints between the final payoffs and the first-
stage payoffs when sanctions are available indscia@ the costs associated with sanctions tend
to increase the dispersion of earnings. The @effecient for final payoff with punishment is
0.11 in UCS and ECS and 0.10 in ECP. A Wilcoxonamad pair test rejects, for all treatments,
the null hypothesis that the Gini coefficient isnBar between the first-stage and final payoffs
(significant at p<0.1). Similar results are fourging standard deviation as an absolute inequality
measure. A Wilcoxon matched pair test also rejéloes null hypothesis that the standard

deviation coefficients are similar between thetfgtmge and final payoffs, (significant@t0.1).
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On the other hand, punishment tends to reduce tfperdion of earnings by inciting all
individuals to converge toward a similar stratedyca@operation. Table 5 indicates that the Gini
coefficients associated with the average payoffdqhaut sanction are higher (0.10) than the
similar coefficients for the first-stage payoffs evhpunishment is available (0.09), in the UCS
and ECS treatments (significant@0.1). A Wilcoxon matched pair test also rejetts tull
hypothesis that the Gini coefficient is similarween the first-stage payoff with punishment and
the payoff without punishment in the ECP treatm@ignificant atp<0.1). Similar results are
found using standard deviation. If we compare thawion of inter-individual inequality with
and without sanctions (columns 1 and 2), we obstraeinequality at the individual level also
decreases when sanctions are available in alintezdgs. Finally, Table 5 shows that inequality
declines over time within each set of periods iche&reatment. For example, in the UCS
treatment, the Gini coefficients decline from 0t%20.06 without punishment, and from 0.13 to
0.10 with punishment. Standard deviation coeffitsealso decline over time in all treatments.
The values for ECS are 0.11 to 0.08 without punistmmand 0.13 to 0.11 with punishment,
respectively. These results support an importarttifig: when punishment is not possible, free
riding leads to more equal payoffs but with falliegrnings; on the contrary, punishment

produces falling inequality along with an improwedifare.

4. DISCUSSION AND CONCLUSION

In this paper we have investigated the complextiogiahip between welfare and
punishment decision. In particular, we have exgoto what extent sanctions are driven by a

willingness to reduce payoff differences. Indetb@, experimental literature has established the
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importance of inequality aversion in shaping sopi&ferences and behavior. In their inequality
aversion theory, Fehr and Schmidt (1999) suggestatruistic punishment can be motivated by
the willingness to reduce earnings differential® assess the importance of this motivation, we
have considered in this paper a number of treasnehta public good game in which we
introduce punishment opportunities with differeahsequences on the distribution of payoffs. In
particular, we have compared an environment whegtlyc punishment cannot affect the
distribution of payoffs (Equal Cost treatment) wahstandard two-stage public good game in
which the monetary consequences of sanctions agerldor the target than for the punisher
(Unequal Cost treatment). In the first environmeah individual only motivated by the
willingness to reduce the current level of inegyahould not punish. We have tested this
prediction with both a stranger and a partner magcprotocols. In addition, we have analyzed
to what extent punishment affects welfare and iaétyuover time. Indeed, even if sanctions do
not aim at immediately reducing payoff differencéisey may affect both welfare and the
distribution of earnings over time. We have exaditwo opposite effects of punishment both
on welfare and inequality. On the one hand, punesit negatively affects welfare and increases
the dispersion of earnings by imposing direct castdoth the punisher and her target. On the
other hand, sanctions increase welfare and rechemuality at the aggregate level, by inciting
individuals to contribute more over time.

We have four key findings. First, individuals psimieven when punishment cannot affect
immediately the distribution of payoffs. Therefooensistent with previous studies, our results
indicate that punishers are not primantptivated by the willingness to reduce the curtenel

of inequality between themselves and the targecond, we argue that, in all treatments, inter-

individual comparisons play a decisive role in thexision to punish free riders. Indeed, we
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show that, in all treatmentthe intensity of punishment is strongly correlatath the extent of
the difference in contributions and earnings betwte punisher and his target. This result
indicates that, irrespective of the willingnessdicectly reduce payoff differences, individuals
may be willing to punish those whose decisions gige to payoff differences, and that such
payoff differences arouse emotions that triggerighunent.

The last two results are related to the dynamicichpf sanctions on both welfare and inequality.
We find that punishment affects both welfare arefjuality in two opposite ways. On the one
hand, it imposes a direct cost on both the punisimel the target, which exerts a negative
influence on welfare and tends to increase theedsspn of earnings at the aggregate level. On
the other hand, punishment exerts a positive infteeon welfare and reduces the dispersion, by
inciting individuals to converge toward cooperatiohhe aggregate effect of punishment on the
evolution of welfare reveals to be positive boththe Unequal Cost treatment and in the Equal
Cost treatment with a partner matching protocolhe Tisciplinary effect of punishment is
stronger under a partner protocol where the thwé&iture sanctions is more credible. Finally,
welfare is constant in the Equal Cost treatmenh\aitstranger matching protocol. Indeed the
incentive effect of punishment is less strong iis theatment due to the lower consequences of
one punishment point on the target’s payoff. Imtcast, in all treatments, welfare declines
sharply when punishment is not available. Finalifen we consider both the evolution of
welfare and the evolution of inequality at the a&ggte level, we show that in the absence of
punishment opportunities, free riding develops pragressively gives rise to reduced inequality
coupled with low earnings. In contrast, when dtrig punish is implemented, the disciplinary

effect of punishment brings about falling inequabt/er time associated with higher earnings.
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These results open new perspectives for furtheeareb works, related to the individual
determinants of punishment behavior and to the anpapunishment on welfare. In particular,
it would be interesting to analyze how various gbment institutions would allow for an

improvement of welfare by reducing the detrimeeféct of sanctions.
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Table 1. Levels of punishment and associated costs

Unequal Cost treatment
Punishment Points 0o 1 2 3 4 5 6 7 8 9 10

Cost to the punisher in units 0 1 2 4 6 9 12 16 2@5 30
Cost to the target in % of the target® 10 20 30 40 50 60 70 80 90 100

earnings from the®istage

Equal Cost treatment

Punishment Points 0 1 2 3 4 5 6 7 8 9 10
Cost to the punisher in units 0 1 2 4 6 9 12 16 2@5 30
Cost to the target in units 0 1 2 4 6 9 12 16 20 280

Table 2. Distribution of punishment points by treatment

Treatmer Average number Relative frequency of points (in percentage)
of  points by 0 point 1-2 points 3-4 points 5 points and Total
subject & by more
period
ucs 0.7 (1.2) 63.6 26.0 9.0 14 100
ECS 0.9 (1.7) 67.8 20.0 7.2 5.0 100
ECP 0.9 (1.6) 62.9 26.3 7.9 2.9 100

Note Standard deviations in parentheses
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Table 3. Deter minants of sanctioning behavior

Random-effects Tobit models

Variables Pooled data ucs ECS ECP
@) ) 3) 4)
Equal cost punishment -0.145
(0.281)
Partner matching protocol 0.472
(0.366)
Negative dev. From punisher8.509*** 0.412%** 0.764*** 0.418***
contribution (0.018) (0.022) (0.049) (0.043)
Positive dev. From punisher'd€).092*** -0.032 -0.110* -1.140%***
contribution (0.025) (0.027) (0.066) (0.298)
Negative deviation from theD.043 0.038 -0.017 -0.250*
average (0.029) (0.035) (0.073) (0.146)
Positive deviation from the0.321*** -0.216%*** -0.427*** -0.489***
average (0.023) (0.028) (0.053) (0.090)
Average group contribution -0.046*** -0.010 -0.012 -0.063
(0.013) (0.0212) (0.031) (0.044)
Time trend -0.144 %+ -0.099*** -0.099** -0.085*
(0.015) (0.0212) (0.043) (0.05)
Period 1 0.189 0.180 1.512%*
(0.173) (0.357) (0.484)
Constant -0.531 -0.812* -2.626*** 0.079
(0.354) (0.474) (0.822) (1.22)
Observations 5760 2160 2160 720
Left censored obs. 4845 1797 1875 613
Log Likelihood -2864.40 61029.49 61030.28 6336.50
Wald Chi2 1116.21 504.12 328.19 134.94
Prob>Chi2 0.000 0.000 0.000 0.000

Note Standard errors in parentheses; *significant0d6;1** significant at 5%; *** significant at 1%
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Table 4. Punishment (probability and intensity) in the Stranger Matching protocol

Variables Random effects Probit model GLS models
(1) (2) 3) (4) (5)
Equal Cost - 416%** -.036*** 488*** A93*** -.099
Treatment (.140) (.121) (.134) (.199)
Negative difference .022 .002 -.021 -.023 .007
from the average (.023) (.187) (.045) (.038)
Positive difference =227 -.019%** -.037* -.040* .843***
from the average (.020) (.023) (.023) (.154)
Average group -.032** -.003** -.015 -.029** -.003
contribution (.013) (.013) (.014) (.034)
Negative difference .361%* .031*** 12k .101%**
from the punisher (.016) (.029) (.030)
Positive difference -.042** -.004** .085*** .046
from the punisher (.018) (.024) (.032)
Period - 114 -.010***
(.013)
Constant .180 1.224%** 1.519%** .205
(.276) (.310) (.327) (.897)
P 496
(.040)
IMR -.210* -.308** .322
(.127) (:132) (.415)
Nb observations 4320 668 597 59
Log Likelihood -1119.615
R? 258 261 551
Wald )(2 711.29 238.77 242.54 64.17
2 .0000 .0000 .0000 .0000

P> X

Note: standard errors in parentheses. *** statdlfycsignificant at the .01 level; ** at the .05/t&d; * at the .10 level.
Each individual appears 30 times (1 observatioreémh pair within the group over 10 periods)
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Table 5. Average payoffs and inequality by treatment

All periods First periods Final periods
(1) (2) 3) (4) (5) (6) (7) (8) 9)
sanction sanction sanction ggnction Sanction sanction sanction sanction sanction
1-stage Final 1-3and 11-13 11-13 8-10and 18-20 18-20
payoff Payoff  2q1.03 1-stage final 28-30 1l-stage final
payoff  payoff payoff  payoff
UCS treatment
Mean Pavoff 21.8 25.4 225 22.5 25.5 20.7 20.8 25.1 23.1
y 4 5.38 4.95 4.89 8.68 5.97 5.8 4.29 4.20 4.10
Interpers.Inequ. (abs. vallie)
Aggregate level Inequality
Sdt. Dev. (4.16) (4.13) (4.52) (4.76) (4.63) (4.90) (3.31) (4.20) (4.30)
Gini coef [0.10] [0.09] [0.10] [0.12] [0.10] [0.13] [0.06] [0.09] [0.10]
ECS treatment
M Pavoff 22.1 24.2 22.0 23 25.5 21.9 21.2 23.1 21
€an Fayo . . 554 5 5 657 576 576 508 463  4.63
Interpers.Inequ. (abs. valle)
Aggregate level Inequality
Sdt. Dev. (4.38) (4.10) (5.08) (4.96) (4.46) (5.90) (3.46) (3.91) (4.97)
Gini coef [0.10] [0.09] [0.10] [0.11] [0.09] [0.13] [0.08] [0.08] [0.11]
ECP treatment
M Pavoff 22.2 27.8 25.7 22.6 27.4 24.1 20.7 27.2 25.7
€an Fayo « . 5.57 5.25 5.25 6.93 6 6 551  4.64  4.64
Interpers.Inequ. (abs. valle)
Aggregate level Inequality
Sdt. Dev. (4.69) (4.09) (5.62) (5.11) (5.03) (7.06) (4.52) (5.30) (5.38)
Gini coef [0.11] [0.08] [0.10] [0.11] [0.09] [0.11] [0.06] [0.08] [0.11]

# Interpretation :

Interpersonal inequality is cédted as the difference of payoff between playend playerj. Under the

assumption of self-centered inequality, subjést final earnings in a period of the Unequal Costament is given by
n maxj 0, 10-R,
20‘9,-+0-4DZQ«J %{ )
.Subject ' s final earning is given b k=1 10
[bzo—gi +o.4DZ": gkj—c(ﬁ})
earnings in the Equal Cost treatments is given‘by : k=1

gk)—c(P”).

20-g; + O.4Dzn: gkj— C(PR
[ = (7) . Subject i's final

. Subjectj’s final earnings in the Equal Cos

o t£20—g1+0.4DZ
Treatments is given by k=1
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Table 6. Averageindividual contributions across treatments

Treatment Periods 1-10 Periods 11-20 (with Periods 21-30 Periods 1-10/21-30
(without punishment) punishment) (without punishment) (Pooled data)
ucs 5.0 9.6 2.3 3.7
(5.4) (5.9 3.7) (4.8)
ECS 6.3 7.7 1.8 4.1
(5.9 (5.2) 3.3) (5.3)
ECP 4.0 13.6 4.8 4.4
(5.3) (6.2) (5.8) (5.5)

Note Standard deviations in parentheses

Table 7. Determinants of the changein contributions between t and t+1

Dependent variableTargets who contributed less Targets who contributed more
Change in than the average than the average
contribution Stranger Equal Pooled data Stranger Equal Pooled data
betweernt andt+1 (1) (2) (3) (4) (5) (6)
Points received in0.894*** 0.506*** 0.833*** 0.653* 0.220 0.631
periodt (0.126) (0.104) (0.125) (0.388) (0.523) (0.414)
Points received *-0.0412*** -0.376*** -0.448 -0.441
ECS (0.1112) (0.116) (0.597) (0.639)
Points received 0.251* 0.238* 1.660 1.630
partner matching (0.146) (0.130) (1.823) (1.742)
Deviation from the-0.314***  -0.303***  -0.349%** -0.770**  -0.690*** -0.713***
average (0.060) (0.077) (0.055) (0.054) (0.077)  (0.054)
Constant -0.522** -0.398 -0.492** 0.277 -0.214 ()20}
(0.215) (0.317) (0.211) (0.288) (0.376) (0.280)
Observations 616 380 692 634 434 744
R? 0.308 0.276 0.322 0.207 0.150 0.166
wald x* 287.68 157.63 352.27 203.82 82.49 174.69
p>)(2 0.000 0.000 0.000 0.000 0.000 0.000

Note: Standard errors in parentheses. *** statidijcsignificant at the .01 level; ** at the .05vkd: * at the .10
level.
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Figure 1. Average number of punishment pointsdistributed over time
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Figure 2. Punishment as a function of contribution and earning inequality between
the punisher and the tar get
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Figure 3. Individual contribution level per treatment
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NOTES

! Some models sought to isolate distributional cameérom intentions (Charness and Rabin, 2002;,Fzgkr and
Fischbacher, 2002). Charness and Rabin (2002) shatvsubjects are more concerned with intentiorcs the
willingness to increase social welfare than witdugng differences in payoffs. Using an experimkdesign that
allows to test these two theories, Falk et al. @Qfbserved that intentions play an important eote that equity
models cannot fully explain all reciprocal behasidrhe fithess differential theory in evolutionary phglogy also
posits that punishment aims at reducing the pagodffantage of free-riders (Price, Cosmides and T@&8l§)2). In
evolutionary economics see also Bowles and Git899).

2 In the first stage of the game designed by Feldr @éachter (2000), subjects contribute to a pubtiody in the
second stage, after being informed about theividdal contributions, the subjects can impose ggsihishment on
their team members. Contrary to the unique sub-gaerfect Nash equilibrium of this game, subjectpdnish their
teammates whose level of contribution is lower tti@naverage. The targets increase their conimibsiin reaction
to punishment and the groups converge to the optimiufull cooperation.

% In the Unequal Cost treatment, this ratio is tleéoally greater than one in most circumstancesuimnexperiment,
the cost to the target is higher than the codteégunisher in all the cases where a subject pesiahother subject in
the Unequal Cost treatment. On average, the waf2.74.

“ In contrast with Falk, Fehr and Fischbacher (200& consider here another type of cooperationegarfour-
person public-good experiment, in which the seaaifons is larger (including a larger set of cdnition levels but
also of punishment levelsThere are several differences between our desigrnttan previous study of Falk et al.
(2006): first we used a public good experimentaasdtof a prisoner dilemma game. Our game providEsinuum
of strategies, which allows us to measure to whétre deviation from contribution are punished. c&@ea our
experiment allows us to study the dynamic of thengaince the game is repeated (instead of a ortegahte in
Falk et al.). Third, the decision of sanction cetsiof a continuous schedule of punishment (instdaa binary
decision), which allows us to measure the experlibfipunishment for each deviation.

® Our Unequal Cost treatment is built on Fehr anddBie (2000) who used a convex cost of punishmedta
percentage reduction of the income of the punigtager. We acknowledge that one property of thdysts that by
construction the punishment is stated in percestégrens in the UCS treatment and in absolute nusribethe ECS
and ECP treatments. Such difference may genenatteatial framing effect. Alternatively, we couldve imposed
a fixed cost ratio between the punisher and thgetdrigher than 1. However note that the main gegf our study
was not to compare different levels of ratio of ighment but rather compare a situation where ttie eguals one
(ECS) with a situation where the ratio of punishimisrhigher than one, irrespective of the levetto$ ratio. For
more detail on the literature on the demand forighment, see Egas and Ried| (2005), Nikoforakig, Idarmann,
(2005), Carpenter (2006), Anderson and Putterm80§R Fehr and Schmidt (1999) note that averagéshpment
effectiveness in Fehr and Gaechter (2000) is 8ulnexperiment the ratio of punishment was alwaghédr than one
in all situations. On average, this ratio was 2.7#inally the main purpose of our study was to stigate the
relationship between welfare and punishment iniqaer when the ratio of punishment equals onghis sense, the
comparison between the ECS and UCS treatmentsris ithgstrative than informative.

® By construction, the impact of receiving points, fogiven period, is on average lower in the EqLast treatment.
Consider the following examples. Suppose that plggdirst-stage payoff is 20 ECU and that playessigns her 2
points. Then, playgts first-stage payoff is reduced by 4 ECU in theegmal Cost treatment while it is reduced by 2
ECU only in the Equal Cost treatment. Consider tlo&vcase where playgs first-stage payoff is 32 units. For the
same amount of received points, plajysrfirst-stage payoff is reduced by 6.4 units ia thhequal Cost treatment
and by 2 units in the Equal Cost treatment. Finallyppose that playejj'sirst-stage payoff is 44 units. Then, player
j's first-stage payoff is reduced by 8.8 ECU inlthequal Cost treatment whereas it is only reduged bnits in the
Equal Cost treatment.

" Due to the number of repetitions, the strangerchiag protocol cannot avoid meeting a same sulsigegral times
during a session. If this does not allow ruling stnategic considerations completely, we obsdraé dur results are
quite similar to those obtained by Fehr and Gag2@00) under a perfect stranger matching protocol.

8 We also ran additional estimations with a dummyalde for each period (available upon requestiéhg that the
level punishment in later periods is weaker infiagtner treatment.

® The literature on punishment has investigated homighment differs both in the cost and impact afiphment.
While the conclusions that emerge from the majodtythese researches indicate a strong inversdéiamsaip
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between the cost of punishment and the demanduftispment there is however no clear consensuseoaftact of
the impact of punishment. Falk et al (2006) obseéhat individuals increase their expendituregpfionishment if the
impact of given investment in punishment causesveet payoff reduction for the punished individu@n the
contrary, Egas and Ried| (2005) observe that tisemgore punishment if it is cheaper but also ifritpact is higher.
10| the context of a public good game with sancti@arpenter and Peter Hans (2007) show that thatebision to
punish should be modelled separately from the @etisf how much to punish. Indeed the authors sutsiet “for
most individuals, the decisions whether or notuaigh and how much to punish were not just twossmfehe same
coin”.

' The “negative deviation from punisher” variabletii®e absolute value of the difference between stljjés
contribution and the contribution of subjecthis variable is set equal to zero if the deviati® positive. The other
deviation variables are constructed analogously.

2 |nterestingly, this is only true for the subjewtBo punish those who contribute less than themsevedel (4)).
In contrast, the subjects who punish those who e@ip more and are not inequality averse, by di&fimiare not
willing to pay more to punish in ECS than in UCSoftel (5)). An interpretation is that people feelgative
emotions when measuring their distance to othetsthmi intensity of these emotions is lower thant thiathe
cooperatoryis-a-visfree-riders.

2 1n standard linear public good games, the diffeeein contributions between two players is similarthe
difference between their first-stage payoffs.

13 No distinction is made here between the cost iecliby the punished and those incurred by the targe

1 In all non-parametric statistical tests reportethis paper, the unit of observation is the grisughe data collected
under the partner matching protocol (N=6) and thssi®n for the data collected under the strangechimg
protocol (N=8).

5 Here we consider the deviation from the averageesa punished subject is only aware of the tatahtver of
points she received from the other group membetgdars not know who punished him.

*The average cost to the target per punishment h#4 units in UCS, 1.13 units in ECS and 1.4ifstin ECP.

8 Indices of inequality are generally used to evauand compare different income distributions. Walbwn
examples are the Gini-coefficient, the standardadien, the coefficient of variation, and Theil'ssasure. In the
literature, two type of measures are consideregasures of absolute and relative inequality. Messsof relative
inequality (or "rightist" measures) are not chanbgaquiproportional variations of all incomes; wéss, measures
of absolute inequality or "leftist" measures areaithant with respect to equal additions. The mastrpnently used
relative measure of statistical dispersion is thai Goefficient. This inequality measure is a ralatinequality
measure since, if all incomes grow at the same tlagerelative measure of inequality remains comdiadicating a
constant degree of inequality). In order to ingetie whether our results hold for inequality measwther than the
Gini coefficient, we also use the standard deviatitiich is an absolute measure of inequality.
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