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Abstract

The prospect of receiving a monetary sanction for free riding has been shown to increas
tributions to public goods. We ask whether the impulse to punish is unresponsive to the cos
punisher, or whether, like other preferences, it interacts with prices to generate a conventio
mand curve. In a series of experiments, we randomly vary the cost of reducing the earnings
group members following voluntary contribution decisions. In our design, new groups are f
after each interaction and no subject faces any other more than once, so there is no strateg
to punish. We nonetheless find significant levels of punishment, and we learn that both price
extent to which the recipient’s contribution is below the group mean are significant determina
the quantity of punishment demanded. Moreover, punishment is mainly directed at free ride
when it costs nothing to the punisher.
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1. Introduction

The voluntary contribution mechanism is a linearn-person dilemma game that e
perimentalists use to study, in the laboratory, problems of collective action such
voluntary provision of a public good. Subjects are put in groups and asked to divid
dowments between group and personal accounts. Although the socially efficient ou
is attained when all contribute their full endowment to the group account, individuals
imize their payoff by retaining their endowments, regardless of what others do. In
subjects typically contribute an average of over 50% of their endowments in one-sho
or in the initial round of repeated play. In repeated play, contributions then tend to
toward zero (Ledyard, 1995; Davis and Holt, 1993).

Recently, a number of experiments have been inspired by Fehr and Gächter’s (
demonstration that this decay in contributions can be attenuated by allowing subje
direct costly monetary punishments at other group members after learning of their
butions. The qualitative findings that many subjects engage in costly punishment, th
aimed mainly at low contributors, and that contributions accordingly stabilize or rise
repetition, has been confirmed by a number of studies including Bochet et al. (in p
Carpenter and Matthews (2002), Falk et al. (2001), Fehr and Gächter (2002), Mascle
(2003), Page et al. (in press), and Sefton et al. (2002). Fehr and Gächter (2000b
pret the evidence as suggesting that substantial numbers of individuals have a pro
to punish free riding, perhaps because it violates a norm of, or a predisposition to
reciprocity.

Most of these experimental designs make it possible for subjects to interact mor
once, so punishment could be motivated by the desire to induce higher contribution
others in later periods. However, there is evidence that at least some costly punis
is nonstrategic. For example, many subjects pay to punish free riders in the last
of finitely repeated interactions. And there is a considerable amount of punishment
perfect stranger treatment of Fehr and Gächter (2000a) in which no subject enco
another more than once.1

Such punishment without apparent strategic justification poses a challenge for r
models. WhenA contributes more to the public good than doesB, A earns less thanB
in the contribution stage of their interaction. Why wouldA further lower her earnings b
incurring a cost to punishB? One possibility is that punishment could result from an
or another emotion. Fehr and Gächter (2002) refer to anger when they conclude tha
ative emotions towards defectors are the proximate mechanism toward. . . punishment.”
Although the presence of anger need not rule out systematic behavioral rules—Fe
Gächter’s negative reciprocity or altruistic punishment concept is in fact amenable to
description, as we discuss later—if taken to its limit, the emotion approach might su
behavior which is simply not amenable to rational analysis.

An alternative explanation for non-strategic punishment is that the punisher may
other-regarding preferences, in the presence of which punishment is utility max

1 Falk et al. (2001) analyze experiments designed to determine the share of punishment that is motiv
own payoff maximizing strategic considerations, and conclude that it constitutes a very small part of that o
even in treatments permitting repeat interaction.
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ing. One model of other-regarding preferences which has received particular att
in the punishment context is Fehr and Schmidt’s (1999) formulation of biased ineq
aversion. In their model, an individual’s utility may be raised by reducing inequal
especially those disadvantageous to her, even if her own income falls in the proce
model predicts that high contributors will punish low ones if the former are sufficie
inequality averse and the cost to the person punished exceeds that to the punish
sufficient amount.2

A key difference between social preference models and the extreme form of the
tional reaction model is the extent to which punishers will adjust their demand in res
to varying punishment prices. In a social preference model, imposing a loss onB may
give A satisfaction, and as with other tastes, the degree of satisfaction anticipated
reasonably weighed against the cost of acquiring it to determine the amount that
be purchased to maximize self-assessed well-being. Inequality aversion models,
Fehr–Schmidt, predict a downward sloping demand curve for punishing free rider
the ratio of costs to punisher and punished falls, punishing becomes utility maxim
over a broader range of inequality aversion levels—just as there is a downward s
demand curve for consuming boysenberry jam or hot fudge sundaes. The desire to
free riding can then be thought of as a conventional preference.3 If the irrational anger view
is pushed to its extreme, however, economic calculation might not be possible at a
the observer would have no reason to expect any systematic relationship between
of punishment and the amount that is meted out.

We report the results of an experiment to test whether the demand for punishme
plays the usual downward slope with respect to price, and thus to test indirectly w
a rational choice-with-social-tastes characterization, or an irrational anger descrip
more accurate. To study the demand for punishment, we asked subjects to make
bution and punishment decisions at several prices.4 To rule out a strategic incentive
punish, we used a perfect stranger design. Our experiment provides further eviden
non-strategic punishment of free riding is common, and it demonstrates that the d
for punishment does obey the Law of Demand—i.e., the quantity purchased is a de
ing function of the price. This result is robust to controlling for the degree of the tar
free riding, and to latent heterogeneity in the propensity to punish free riders. Our
varying design also sheds light on some related issues. Based on our results, we
to the case of zero-cost punishment the finding that individuals use punishment ma
reduce the earnings of free riders. Although our results run counter to a depiction o
ishment as irrational, we demonstrate partial violations of the Fehr and Schmidt (
inequality-aversion explanation of punishment by showing that punishment occurs e

2 Other models which incorporate other-regarding preferences include Bolton and Ockenfels (2000), C
and Rabin (2002), Cox and Friedman (2002), Falk and Fischbacher (1998); for a critical survey, see F
Schmidt, 2002. We focus on Fehr–Schmidt because they have received the most attention in the pu
literature.

3 This would parallel the conclusion of Andreoni and Miller (2002) that altruistic behavior is consisten
rationality.

4 Preferences for fairness and altruism have also been studied by varying prices in other kinds of expe
see for instance Eckel and Grossman (1996) and Andreoni and Miller (2002).
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higher cost to the punisher than to the target, and also that a surprisingly large sh
punishment events involve low contributors punishing high ones.

Concurrent with our research, similar research was independently undertaken b
penter (2002). Carpenter also finds that the demand for punishment is decreasin
price. His experimental design differs from ours in various ways, including

(a) use of a stranger, but not a perfect stranger, protocol,
(b) all subjects in a treatment faced the same set of prices in the same preannounce

which could thus affect contribution levels,
(c) price-penalty ratios which range from 0.25 to four, with much less emphasis on

less than one, and
(d) no zero price.

Carpenter’s analysis complements ours by isolating income and wealth effects at th
higher prices designed to generate income effects.

2. Experimental design

To test the extent to which monetary factors are considered in determining the
tity of punishment demanded, our experimental design places subjects in a series
one-shot voluntary contribution games with two stages. In the first stage, subjec
anonymously grouped and choose their level of contribution to the public good. I
second stage, each subject learns the contribution levels of other members of he
and her price for each dollar she chooses to reduce the earnings of other group me
Based on this information, the subject chooses the amount she wishes to reduce ea
group member’s earnings. Her own earnings are reduced by the cost of the reductio
purchases, and by the total amount of reductions purchased for her by the other
members. After each learns her payoff, the subject is assigned to a completely new
containing no subject she faced in any previous round.

After extra subjects were dismissed (and paid their $5 appearance fee), 18 s
were seated in the laboratory, each at a private computer. The experiment modera
the instructions (in Appendix A) out loud as subjects read along. The instructions
divided into two parts, one for each stage of the game. After each part, subjects calc
the payoffs given hypothetical practice problems to ensure they understood how de
mapped to payoffs.

The first stage of the game is a standard voluntary contribution mechanism. Su
were endowed ten experimental dollars at the beginning of each period. In the first
each makes an allocation,xi , to her group’s account, and(10 − xi) to her own per-
sonal account. For each member of the three member group, the group account
0.6

∑3
i=1 xi , or 0.6 times the total assigned to the group account. Subjects earned th

tion of the group account allocation regardless of how much they themselves contr
to the group account. Therefore, each subject’s earnings from the first stage of the
is πi = (10− xi) + 0.6

∑3
i=1 xi . Given this payoff function, it is dominant strategy to s

xi = 0 since the private return on a dollar in the personal account is one dollar, bu
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sixty cents in the group account. Subjects indicated their decisions by typing an i
allocation to the group account,xi into an input box in the experimental software interfa
Once all group members made their first stage allocation, the second stage of th
began with each subject being shown how much each other member of the group al
to the group account. Each was also shown, her (but not other members’) private p
punishment cost,pi . In each period,pi could take on one of five possible values. The fi
values were 0, 30, 60, 90 and 120 (experimental) cents in treatment 1; 0, 5, 10, 20
cents in treatment 2; and 30, 40, 50, 60 and 70 cents in treatment 3. Each subject fac
of the five values in a random order throughout the five periods, and subjects’ ord
were determined independently, so subjects could infer nothing about the prices of
in their group based onpi . Subjects were told only that theirpi was chosen randoml
from among the five values, and that other subjects’ prices were equally likely to be
of the five values in any given period. We assigned punishment costs in this way s
those costs could affect the choice of punishment only directly, and not also by infl
ing the choice of contribution in a given period.5 Three different sets of punishment co
were used to see whether the same or different qualitative results would hold over di
ranges of values.

With the contribution and price information presented, subjects made two deci
one level of punishment (possibly zero) for each of the other two members of their g
Each subjecti indicated her choice by typing an integer number of units of punishm
rij , into a box for each other subject,j , in the group. Subjects could choose any numbe
punishment units so long as

(a) the punishment given to any one subject was not greater than that subject’s e
for the period, and

(b) the total cost of the units purchased did not exceedπi , the amount earned by the pu
isher in the first stage of the game in the same period.6

Once all group members made their second stage punishment decisions, each
learned the aggregate amount he or she was punished by other members of the gro
his or her final earnings for the period. Subjecti ’s earnings for the period are

Earningsi = (10− xi) + 0.6
3∑

j=1

xj − pi

∑
j �=i

rij −
∑
j �=i

rj i .

The first two terms representi ’s earnings in the voluntary contribution mechanism stag
the game. The third term is the amounti spent punishing other members of her group. T
is where the price of punishment, in experimental dollars cost to punisher per experi

5 By having group members’ costs be uncorrelated with each other, we eliminated incentives to try to coo
on punishment, for example a high-cost subject could not assume that the group would have a low cost
who would be better placed to carry the burden of punishing a free rider. Subjects were also not told th
were certain to face each cost some time during the experiment; hence they could not be sure what
would face next, even in the last period.

6 We imposed these budget conditions in each period, rather than over the experiment as a whole, to
periods as independent of one another, and thus as much one-shot in character, as possible.
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dollar cost to person punished, appears:pi . We say that the Law of Demand holds f
punishment ifrij is a negative function ofpi , all else being equal. The fourth term is t
amounti was punished by the other members of her group. Money that is “punished a
is returned to the research fund.7 If this equation yields a negative number,i ’s earnings for
the period are set to zero.

Subjects participated in this two-stage game five times. After each game, subject
reassigned to completely new groups, such that they never faced the same subjec
This matching protocol ensures there is no strategic benefit to punishment: alterin
ers’ behavior will not benefit a subject, for she will never encounter that opponent a
with certainty.8 Thus, as in Fehr and Gächter (2000a), there is a straightforward p
tion from standard economic theory assuming payoff-maximizing individuals: no one
pay to punish another subject, and for this reason the standard prediction that no o
contribute to the group account still holds for the first stage.9

After the five rounds, subjects answered a debriefing questionnaire with basic
graphic information and a narrative description of their strategy in the game. Sub
earnings were converted from experimental dollars to US dollars at a rate of 1 expe
tal dollar= $0.25, $5 was added as a flat fee for participation, and subjects were
privately. Earnings averaged $20.61, with a standard deviation of $3.58, for sessions
lasted about 75 minutes.

Three sessions of each treatment were run in the Policy Simulation Laboratory
University of Rhode Island, and one session of each treatment was run in a com
classroom at Brown University. Subjects were recruited from e-mail lists of students
had expressed interest in participating in experiments, from courses, and from on-c
advertisements. Subjects did not necessarily have any training in economics, and, w
exception of a few subjects at Brown, none had experience with similar experiments10

7 The structure of the contribution and punishment stages is identical to that used by Bochet et al. (in
and Page et al. (in press) except that in their experiments, groups consist of four subjects, the MPCR is s
rather than 0.6, and the punishment cost is uniformly 0.25. Having a fixed cost of taking one monetary un
the person targeted differs from Fehr and Gächter’s (2000a), who use a rising marginal cost of deducti
fractions of the targeted person’s earnings. A fixed cost per monetary unit deducted is used by Fehr and
(2002) and Sefton et al. (2002).

8 During periods 1 through 4, one cannot rule out altruistic motivation to help other participants in later p
However, total punishment in round 5 is not apparently different from that in rounds 1 through 4, and th
ficient on a round 5 indicator variable in a random effects tobit regression, like that in Table 1, is insign
indicating that last-round punishment is indistinct from the first four rounds, controlling for punishment pric
target contributions.

9 The matter is only slightly more complicated for those treatments that include a zero price of punis
As will be discussed in Result 5 (Section 3.3), at a zero price theory predicts no correlation between the
of punishment one would receive and the amount one has contributed to the group account. For this re
possibility of receiving punishment should also not influence decisions in the contribution stage, and the s
prediction of no contributions continues to hold.
10 The few exceptions, at Brown, had participated in 10- or 20-period partner-group experiments with a
fixed cost of punishment.
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3. Results

Our discussion of experimental results is organized as follows. We begin by disc
two findings that replicate earlier results in the VCM-with-punishment literature. We
turn to our core findings on the sensitivity of punishment to its price. Third, we presen
results that extend our knowledge of why people punish and of who punishes who
nally, we look at the effects of the price of punishment on the levels of efficiency (earn
achieved.

3.1. Contributions and punishment: replication of previous results

Each of our 216 subjects made five contribution decisions, for a total of 1080 ob
tions. The average contribution in each round is shown in Fig. 1, broken down by trea
Initial contributions average about 70% in all treatments, and, consistent with previo
periments of VCM with punishment, decrease only slightly with repetition, in qualita
contrast to voluntary contribution mechanisms without punishment.11

Result 1. Subjects made use of the punishment opportunity, even when it was costly

Fig. 1. Average contributions to the group account in each round, by treatment.

11 To study the slopes of the contribution trends over time, we estimated the modelCi = ∑3
j=1{aj Tji +

bj TjiPeriodi }, whereCi is i ’s contribution,Tji is an indicator variable which equals one if observationi is
from treatmentj and zero otherwise, Periodi is the period number from which observationi was observed, an
aj andbj are model parameters. A random effects regression indicates that allaj andbj are significantly differ-
ent from zero. This is consistent with patterns observed in the VCM with punishment by Page et al. (in pre
different from those observed by Fehr and Gächter (2000a,2002) who find contributions to rise with repe
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In each period, each subject made two punishment purchase decisions, one f
other member of the group, for a total of 2160 observations. Of these observation
(31.1%) represented a positive amount of punishment by 161 different subjects, 74
the subject pool as a whole. In the 1872 observations in which punishment was cost
different subjects (68.1% of the pool) paid from their own earnings to reduce others’
ings 510 times (27.2% of overall opportunities). Average punishment per period sh
no tendency to change over time. Therefore, despite a design which ensures that the
strategic benefit to punishment, positive levels of punishment are still observed at p
prices, replicating previous experimental results.

Result 2. The demand for punishment is increasing in the recipient’s level of free ridi

Figure 2 shows the average level of punishment associated with each level of ne
and positive deviation of own contribution from the average by others in one’s group
figure suggests that punishment increases as contribution falls further below the a
contributed by others in one’s group.

The tobit result in Table 1 provides statistical support for this result.12 The dependen
variable is the amount of punishment subjecti purchased for other group membersj , and
absolute negative mean deviation measures the difference betweenj ’s contribution and the

Fig. 2. Average units of punishment given by deviations from the mean of other group members and trea

12 The tobit specification is used because the dependent variable, the amount of punishment, is censore
Random effects are included in the model because our data includes ten observations on each of 216
within subject, these observations are not independent.
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Table 1
Determinants of punishment

Independent variables Units of punishment
Random effects tobit

Average constanta −3.242
NA

Absolute negative mean deviation 0.532***

(0.059)

Absolute positive mean deviation 0.078
(0.072)

Price of punishment −0.027***

(0.005)

Price= 0 dummy 2.547***

(0.414)

Price= 0× Abs. neg. mean dev. 0.435***

(0.125)

σε 3.749
LL −2456.79
Wald (DOF) 422.00 (16)***

Random effects tobit model of the determinants of purchasing punishment. Standard er-
rors are in parentheses.

a A separate constant is estimated for each session. The reported average constant is the
average of these constants; all are negative.

* Significance levels noted atp < 0.10.
** Idem.,p < 0.05.
*** Idem.,p < 0.01.

average contribution ofj ’s fellow team members (and is set to zero ifj ’s contribution is
above that average), and conversely for absolute positive mean deviation.13 As in Fehr and
Gächter (2000a), the coefficient on absolute negative deviation is highly positive, indi
that lower than average contributors receive more punishment. An increase in free
from an absolute negative deviation of two to four dollars increases expected punis
from each other group member from 0.45 units to 0.73 units at a price of 30 cen
a price of 10 cents, one unit of punishment is expected at an absolute negative de
of 5.50 dollars, but this decreases to half a unit of punishment at an undercontribu
2.70 dollars. Carpenter (2002), Falk et al. (2001), Fehr and Gächter (2002), Sefto
(2002), and Bochet et al. (in press) also report punishment significantly increasing w
deviation of contribution below the average. As in Fehr and Gächter (2000a), the coe
on absolute positive deviation is insignificant, indicating that once one’s contributi
above the average, further increases in contribution do not significantly reduce ex
punishment.

13 Proper estimation of the relationship between contribution level and punishment requires simulta
controlling for other variables, especially price. We delay discussion of additional findings to Results 3 an



10 C.M. Anderson, L. Putterman / Games and Economic Behavior 54 (2006) 1–24

revious
of the

r the

een in
on pur-

cross
es. At
h other
t five

nt pur-
of cost

t on a
30, 60,

ent de-
by gray
tity de-

.

3.2. The effect of price on the demand for punishment

Results 1 and 2 establish that our experimental design replicates key results of p
experiments. The next two results establish the previously uncharacterized nature
relationship between punishment and its price.

Result 3. The level of punishment is decreasing in price, even after controlling fo
significant effect of the level of free riding.

The effect of punishment price and treatment on the level of punishment can be s
Fig. 3, in which each bar indicates the average amount of punishment each pers
chased for each other member of the group in each price treatment condition. A
treatments, there is a trend toward smaller quantities of punishment at higher pric
a price of zero, an average of over three units of punishment are purchased for eac
group member. For low, positive prices this demand is just under two units (1.95 a
cents, 1.62 at ten cents). As the price rises to 60% of the value of the punishme
chased, demand falls to 0.49 units per period. At the highest price, $1.20 or 120%
to the subject targeted, demand is only 0.38 units for each other group member.

The decrease in punishment across the full range of prices is also apparen
treatment-by-treatment basis. Treatment 1, represented by black bars at prices 0,
90 and 120 cents shows a strong decreasing trend, with the quantity of punishm
manded at each price lower than at the next highest price. Treatment 2, represented
bars at prices 0, 5, 10, 20 and 30 cents, shows a similar pattern of decreasing quan

Fig. 3. Average number of units of punishment demanded at each punishment price, by treatment



C.M. Anderson, L. Putterman / Games and Economic Behavior 54 (2006) 1–24 11

, 60 and
etween

ficance

oeffi-
d.
so its
t. For
hment
tributed
unit
to half
serva-
n this
ice but
ro price
zero,

ution is

ositive
to the

rice of
rnings.

posi-
nd for
ests that

in the

d 4 is
shows
levels

econd
. 4b.
ishment

unished
rting the
e person
e. A tobit

eviation
manded at each price. Treatment 3, represented by white bars at prices 30, 40, 50
70 cents, does not exhibit the same strong monotonicity as there is no decrease b
prices of 50 and 60 cents, but there is still an overall trend of reduction.

The random effects tobit regression in Table 1 also establishes the statistical signi
of the relationship between punishment and price. The price to punisheri of reducing group
memberj ’s earnings by one experimental dollar has a highly significantly negative c
cient, indicating thatrij is a negative function ofpi , consistent with the Law of Deman
However, the coefficient on the price variable is not only statistically significant, but al
magnitude indicates that the impact of price on punishment is economically significan
example, an increase in price from forty cents to ninety cents will decrease the punis
that can be expected from each other group member by a target who has undercon
by two dollars from 0.40 units to 0.20 units. At an undercontribution of $5.20, one
of punishment is expected at a price of 5 cents, but the expected punishment drops
that at a price of 60 cents. The regression also includes an indicator variable for ob
tions at a price of zero. The estimate shows a highly significant positive coefficient o
term, consistent with the general inverse relationship between punishment and pr
suggesting that punishment increases between the lowest positive price and the ze
by more than would be suggested by a linear extrapolation. When the price falls to
the expected punishment increases by about 0.78 units when the recipient’s contrib
the same as the average; increases are larger at higher levels of free riding.

Even though there is less punishment at higher prices, Fig. 3 shows that a p
amount of punishment is observed even when it costs more to the punisher than
recipient of the punishment. In treatment 1, each subject had one period with a p
$1.20 to punish another group member by subtracting one dollar from his or her ea
The average amount of punishment in this condition is 0.38 units, representing a
tive amount of punishment in 23 of 144 decisions by 14 of 72 subjects. The dema
punishment even when it costs the punisher more than the person punished sugg
the desire to punish can be quite strong, although no obvious pattern is discernible
punishments at this price.14

The significant interdependence of price and free riding shown in Results 3 an
summarized graphically in Fig. 4. The experimental data, represented in Fig. 4a,
that the most punishment, indicated by the tallest bars, occurs at low prices and high
of free riding. The expected level of punishment predicted by the tobit model in the s
column of Table 1, as a function of price and relative contribution, is shown in Fig
In general, punishment increases as free riding increases at each price, and pun
decreases as prices increase at all levels of free riding.

14 In particular, there is no clear tendency to single out free riders: in 7 of the 23 cases, the person p
contributed less than the punisher, in another 10, the same amount, and in the remaining 6, more. So
results by comparison to the average of others’ contributions, instead, we find that in 6 of the 23 cases, th
punished had contributed less than the others’ average; in another 7, the same as the others’ averag
regression with the same specification as in the second column of Table 1 but using only the 144p = $1.20 cases
and dropping the price terms generates significant coefficients on neither the positive nor the negative d
terms.
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Fig. 4a. Average amount of punishment demanded as a function of the target’s deviation from the mean c
tion of the other two group members and punishment price.

While the population as a whole is responsive to price and negative deviation o
tribution, post-experiment debriefing questionnaires suggest that there was consi
heterogeneity in subjects’ punishment strategies. Articulated strategies ranged fro
ple who punished whenever someone contributed below a certain amount or who pu
only when the price was zero to people who provided a straightforward argument tha
ishment did not benefit them, and therefore was irrational. Given this systematic var
inference based on aggregate data may not fully capture the effect of price variat
punishment.

To investigate subject heterogeneity with regard to punishment, we apply El-G
and Grether’s (1995, 2000) estimation-classification algorithm to estimate model pa
ters for different groups of subjects. The estimation-classification algorithm assum
choices of each person in the sample are described by a functionF(θ), whereθ is a vector
of unknown model parameters. Heterogeneity is introduced by allowing that the po
tion containsK segments, or “types” of person, with each type described by oneK
differentθs. Theθks which describe each type and which subjects are which type a
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Fig. 4b. Predicted punishment as a function of absolute deviation from the mean contribution of the ot
group members and punishment price based on the model of Table 1.

timated simultaneously. In estimation, personi ’s contribution to the likelihood function
given Θ = (θ1, . . . , θK), is the maximum of the joint likelihood of alli ’s observations
across theK types.15 Conventional maximization algorithms can be used to identify thΘ

which maximizes the likelihood of the observed data, with care taken to ensure the
maximum is identified in a likelihood function which often has many local maxima.

Result 4. Sensitivity to punishment price and free riding varies considerably within
sample, but price is significantly negative for all identified groups.

15 The log-likelihood function is

ln L(Y ;X | Θ,K) =
∑
i

arg max
k

{∑
t

∑
j

ln L(Yij t ;Xijt | θk)

}

whereY are the observed punishment choices,X the independent variables, andΘ = (θ1, . . . , θK), the paramete
vectors for each of theK types. The log-likelihood function is the sum over all individuals of the best
likelihood of the joint probability of their observed choices, levels of punishment for each other group memj

and periodt , across thek possible types.
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Support comes from Table 2, which reports the two- and three-segment estim
classification tobit models (single-segment results are in Table 1).16 Each column of the
table reports the estimated coefficients, the proportion of the sample best described b
coefficients, the proportion of punishment decisions which resulted in punishment, a
average amount of punishment that those in each segment assign to each other me
their group. The session-specific constants shared among all segments are suppres

The two-segment model divides the population into high punishers and low puni
Both groups respond significantly to the price of punishment, but their demand curve
different slopes. Low punishers, 69.0% of the sample, mete out 0.46 units of punis
at a price of 30 cents in response to a deviation of 2 dollars; high punishers purchas
units under the same circumstances.

Table 2
Heterogeneous tobit estimates of determinants of punishment

Two-segment Three-segment

I II I II III

Proportion of subjects 69.0% 31.0% 30.6% 47.2% 22.2%
Punishment frequency 18% 60% 4% 32% 67%
Average punishment 0.76 1.79 0.24 1.19 2.00
Average contribution 6.62 6.16 5.92 7.06 5.97
Average constant −6.237 1.226 −9.764 −2.955 1.904

NA NA NA NA NA

Abs. neg. deviation 0.983*** 0.118* 0.565 0.859*** 0.012
(0.114) (0.062) (0.578) (0.083) (0.066)

Abs. pos. deviation 0.063 −0.058 −1.659** 0.261** −0.046
(0.146) (0.070) (0.812) (0.109) (0.068)

Price of punishment −0.076*** −0.016*** −0.483*** −0.054*** −0.016***

(0.011) (0.005) (0.158) (0.008) (0.004)

Price= 0 indicator 3.587*** 1.490*** 6.110* 2.652*** 1.042**

(0.662) (0.424) (3.707) (0.578) (0.333)

Price= 0× Abs. neg. dev. −0.108 0.523*** −188.433 0.677*** 0.588***

(0.193) (0.112) NA (0.185) (0.140)

σε 6.166 2.560 11.134 4.349 2.396
LL −2310.12 −2186.63

Two- and three-segment tobit models of the determinants of purchasing punishment when the price
Standard errors are in parentheses. Session-specific constants common to all segments are adjusted b
specific constants and reported as average constants for each segment to reflect differences in the pro
punish among segments.

* Significance levels noted atp < 0.10.
** Idem.,p < 0.05.
*** Idem.,p < 0.01.

16 Maximization was carried out using Gauss. To maximize the chance we identified the global maximum
many local maxima, we repeated the maximization from one thousand starting points randomly drawn
large neighborhood around a starting vector based on the single-segment parameters, modified to reflec
which emerged from debriefing questionnaires.
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Adding the third segment to the model allows a clearer division between subject
need significant provocation to punish and those who virtually never punish. Price re
significantly negative, withp < 0.01, in all three segments, though different segments
differently responsive to price. Segment I, 30.6% of the sample, represents only 26
sions to punish, by 11 of the 66 subjects in that segment. Six of the 11 only punish at
of zero or 5 cents, and only three choose to punish in more than one round.17

With non-punishers and near-nonpunishers estimated to be in their own segme
punishers are divided into two segments. Segment II characterizes 47.2% of subjec
are responsive both to free riding and to the price of punishing, meting out 1.23 un
punishment for a two dollar undercontribution when the price is 30 cents. Segment I
remaining 22.2% of subjects, are relatively aggressive and, from a normative stan
indiscriminant punishers. A deviation of two units is met with 2.83 units of punishm
when the price is 30 cents, but given the small magnitude, and statistical insignifican
the coefficient on negative deviation, the level of punishment varies little with the ta
contribution behavior.

Taken together, these three segments indicate that a significant portion of the
does not routinely punish, and almost never does so at positive prices. However,
maining 70% of the sample do punish. About two-thirds of these subjects are prim
responsive to free riding at all prices, and the others punish aggressively at all levels
riding. Importantly, both punishing groups are responsive to price.

3.3. Why subjects punish one another

In Results 3 and 4, we established that the demand for punishment obeys the Law
mand. This conclusion is paradoxical, from the standpoint of the strongly rational m
because it implies there is a fundamentally rational element, price responsivenes
seemingly non-rational decision, that to incur cost without strategic benefit. Noneth
Result 2 confirms earlier findings that punishment is increasing in the targeted su
negative deviation from other group members’ average contribution. This subsecti
tends Result 2 by shedding further light on the nature of the underlying preference o
for punishment.

While standard economic theory predicts that no one should punish at positive
it makes no prediction when punishment is free. If individuals care only about their
earnings—that is, they have neither altruistic nor envious or spiteful preferences t
others, nor are they reciprocators or adherents to norms such as “each doing
share”—then they would be strictly indifferent about punishing at zero price. Sinc
extra effort is required to punish (all subjects being required in any case to enter
number, possibly 0, in the relevant space), we might expect to see at zero price a s
data covering all possible punishment values, zero included, with no particular patter
next result shows that consumption of free punishment is not random, but rather rel
the level of free riding relative to the group mean.

17 All punishment observations from Segment I occur when the zero price–absolute negative interaction
leading to the enormous magnitude and undefined standard error on the zero price–absolute negative
interaction.
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Result 5. Cost-free punishment is also an increasing function of the recipient’s free ri

This result is initially demonstrated by the highly significant positive coefficien
the interaction between the zero-price indicator and the absolute negative deviation
random effects tobit regression of Table 1, which is also reflected in Figs. 4a and 4
further illustrated by the regression of Table 3, which considers only the 288 observat
zero price. As in the whole sample, the coefficient on absolute negative deviation is p
and significant, indicating a preference for punishing free-riders. In this model, at
price, an increase in free riding from two units to four units leads to an increase in exp
punishment from 3.26 units to 4.58 units. Taken together, these results suggest th
when punishment is free, people have specific motives for choosing to punish: they
free riding, or have a sense of fairness, or similar other-regarding or normative prefer
and they will generally not punish if the target has not ‘earned’ the punishment,
though it costs them nothing.

While free riding is a significant motivation for punishment, the next result shows t
is not the only one, as a significant portion of observed punishment is of high contrib
from low contributors.

Result 6. High contributors are more likely to punish low contributors than other h
contributors. However, there are also many cases of low contributors punishing hig
tributors.

Figure 5 is a scatterplot of the combinations of punisher and target deviation fro
group mean that led to positive punishment demands.18 In the lower right quadrant ar

Table 3
Determinants of punishment when price= 0

Independent variables Units of punishment
Tobit

Average constant −0.809
NA

Absolute negative deviation 1.033***

(0.223)
Absolute positive deviation 0.245

(0.241)

σε 6.478
LL = −620.74
Wald(9) = 35.59***

Tobit model of the determinants of purchasing punishment when the price is zero. Stan-
dard errors are in parentheses. Session-specific constants are omitted.

* Significance levels noted atp < 0.10.
** Idem.,p < 0.05.
*** Idem.,p < 0.01.

18 In this plot, the group mean is the average contribution of all three group members, without exclud
target or punisher. This is done so the differences represented on both axes are with respect to the sam
Excluding the punisher from the punisher’s mean deviation and the target from the target’s mean deviati
to qualitatively similar results.
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240 cases of normal punishment, where someone contributing above the mean p
someone contributing below the mean (there were 45 additional instances of people
the mean punishing people contributing at the mean). This represents a 37.2% puni
rate of low contributors by high contributors. In contrast, the upper right quadrant s
76 cases of punishment of high contributors by other high contributors, a rate of 2
A χ2 test rejects the hypothesis that high contributors were equally likely to punish
and low contributors withp < 10−7.

While this pattern of high contributors punishing free riders was expected and is
sistent with other published results, we also observed low contributors punishing
often punishing high contributors.19 In the lower left quadrant of Fig. 5 are 96 instanc

Fig. 5. Noisy scatterplot of combinations of the punisher’s and target’s deviation from the group mean cont
which resulted in positive amounts of punishment. A “noisy” scatterplot adds random noise to the actua
observed. Because there are a limited number of possible deviations from average in a three person VCM
cases are observed at many combinations. The noise, in this case a random number on[−0.5,0.5], serves to sprea
out these cases so the distribution of cases is visually apparent.

19 Any effect of price and punishment quantities on these results can be controlled by adding, to the m
the second column of Table 1, (a) an interaction of the absolute negative deviation variable with an indic
whether the punisher contributed more than the target, and (b) an interaction of the absolute positive d
term with an indicator for whether the punisher contributed less than the target. A random effects tobit e
results in coefficients on both of these interaction terms which are significantly positive (p = 0.019 for absolute
negative deviation andp = 0.063 for absolute positive deviation), suggesting differential rates of punishme
high and low contributors depending on whether the punisher is a high or low contributor herself, consiste
the impression conveyed by the scatterplot. Even with these terms, model results are qualitatively similar
in Table 1.
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of low contributors punishing other low contributors, for a punishment rate of 36
a rate statistically indistinguishable from the rate at which high contributors punish
contributors (p = 0.991). However, the upper left quadrant shows 194 cases of per
punishment (a punishment rate of 30.0%), where someone contributing below the
mean punishes someone contributing above the group mean.20 This rate is significantly
higher (p = 0.004) than the rate at which high contributors punish other high contribu
This regularity in our data poses a significant challenge to models representing the
vation for punishing, as we observe people consistently paying to increase the ineq
albeit favorable, in earnings.

That high and low contributors punish low contributors at the same rate sugges
subjects who free ride in the contribution stage of the game do not also systema
free ride in the punishment stage, leaving others to incur the cost of punishing free
Although the average contributions in Table 2 for the two-segment model suggest th
punishers are also more likely to be high contributors, the three-segment model r
there is little systematic relationship: subjects in Segment I, who rarely punish, and
in Segment III, who punish the most, have almost identical average contribution l
while somewhat higher contributions are shown for those in between, in Segment II

3.4. Punishment and efficiency

Although the availability of punishment has been found to stave off the sharp de
in contributions that typically occurs with repetition in VCM experiments, the impac
efficiency has been found to be more ambiguous, since higher contributions are ind
the expense of costs both to punishers and targets of punishment (Bochet et al., in
It is thus of interest to see how differences in the costs of punishment affect efficie
our experiment.

Result 7. Contributions tend to be higher but earnings lower in treatments in which
average available cost of punishment is lower, reflecting the trade-off between the inc
effect of the threat of punishment, and the toll on efficiency from punishments carrie

Consider again Fig. 1, which shows the time path of average contributions in ea
the three price treatments. Recall that subjects in a given treatment knew only the d
ution of punishment costs, not the particular costs faced by other group members in
periods, so price realizations could not affect current contributions. With the set of po
costs varying among the three treatments, however, the price set could influence th
age contribution in a treatment as a whole. Our results suggest that expected and

20 Bochet et al. (in press) describe the punishment of high contributors as “perverse” because it tends to
age contributions, thus working against efficiency. Calculations by Cinyabuguma et al. (2004) find that p
punishment accounts for about 20% of all instances of punishment in the partner-group treatments of F
Gächter (2000a), Bochet et al. (in press) and Page et al. (in press), but is less in Fehr and Gächter’s
and perfect stranger treatments. The higher incidence of perverse punishment in our own data than in t
Gächter’s perfect stranger treatment may be partly attributed to the fact that groups have only three me
the present experiment versus four in theirs and the others cited.
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punishments, which vary based on price levels within treatment, had small but in
cases statistically significant effects on contributions and earnings.

Table 4 summarizes the components of contributions and earnings in each trea
The highest average contributions were in the low punishment price treatment, a
lowest were in the high variance punishment price treatment, with the mid-price pu
ment treatment in the middle. Contributions in the VCM stage of the game are signifi
higher in the 0–30 treatment than in the other two treatments, which are not statis
distinct from each other. Pairwise Wilcoxon signed-rank tests comparing the level o
tributions in each treatment show the 0–30 treatment has weakly higher contribution
either the 0–120 or 30–70 treatment (withp = 0.048 andp = 0.047, respectively). Th
distribution of contributions in the 0–120 treatment is statistically indistinct from th
the 30–70 treatment, with Wilcoxon testp = 0.98.

Unlike with contributions, efficiency and earnings differ considerably across treatm
A Wilcoxon signed-rank test of earnings in each period rejects the hypothesis th
riod earnings in the 30–70 treatment have the same distribution as those in the 0–1
0–30 treatments (p < 10−7 andp < 10−11, respectively); the 0–120 treatment has sligh
higher earnings than the 0–30(p = 0.04). The treatment with the highest contributions a
has the lowest total earnings because gains from higher contributions are punishe
illustrating the dilemma of punishment. Punishment is most frequent in the 0–30 trea
where it is cheapest. It is least frequent in the 30–70 treatment, where there is no lo
punishment available. In the 0–120 treatment, low cost punishment is available som
not all, of the time. Even controlling for price, Fig. 2 shows there is less punishment
30–70 treatment than at comparable prices in the other treatments. However, a W
signed-rank test of the data from the 0–120 and 30–70 treatments at the shared p
and 60 does not reject the hypothesis of identical punishment distributions (p = 0.28).

4. Discussion and conclusion

This experiment gave subjects in small groups the opportunity to reduce one
er’s earnings after learning of one anothers’ contributions to a public good. The
was played five times, each time in a completely new group and with a different
encountered in a randomly selected and not preannounced order. Consistent wit

Table 4
Average earnings, punishment and efficiency

Treatment

0–120 0–30 30–70

Average contribution 6.31 6.76 6.34
Contribution stage earnings 15.06 15.41 15.
Average punishment 0.99 1.88 0.38
Average punishment expenditure 0.32 0.14 0.1
Average total earningsa 12.44 11.36 13.97
Efficiency 69% 63% 78%

a Although subjects’ period earnings were given a lower bound of zero, the reported average earning s
assume negative earnings were allowed. This fully captures the effect of punishment and punishment exp
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experiments, subjects engaged in costly punishment even though no strategic gain w
sible. Also consistent with those experiments, contributions to the public good remai
relatively high levels despite repetition. The amount of punishment demanded was
to be significantly negatively related to its cost to the punisher, and significantly posi
related to the amount of free riding by the person targeted. Punishment was purchas
when it cost the punisher more than the person punished, with the amount being less
lower prices but showing no special break with the ordinary downward trend. Punish
was mainly used to punish free riding even when it cost nothing to the punisher.

Although we found that most punishment was aimed at low contributors by high
we noted that a surprising amount of punishment was also aimed at high contributo
that this “perverse” punishment was mainly demanded by low ones. Prior to punishm
higher contributor always earns more than a lower one, and, so long as punishment
to the punisher is less than its cost to the person punished, it always reduces (inc
inequality disadvantageous to the punisher when a higher (lower) contributor puni
lower (higher) one. 51% of the punishment observations in our data at prices les
100 were “inequality-redressing” cases of a higher contributor punishing a lower on
40% were “inequality-exacerbating” cases of a lower contributor punishing a highe
and another 9% involved an individual punishing someone who had contributed an
earned (prior to punishment) the same amount. The Fehr–Schmidt theory of ineq
aversion, which much of the VCM-with-punishment literature has focused on as a po
explanation for the data, is consistent with the fact that our subjects punish less at
prices and with a slight majority of our punishment observations, but there is clearly
in our data that it does not explain.21

Apart from reconfirming that subjects will punish free riders at cost to themselves
out strategic gain and that the anticipation and experience of such punishment can
sustain contributions to a public good, our experiment sheds light on the nature of th
erences that underlie such punishment. Most importantly, despite the fact that em
may be the proximate cause of punishment, as argued by Fehr and Gächter and su
by punishments at price:cost ratios of 1:1 or more,22 the responsiveness of punishment
price suggests that the phenomenon still behaves like a taste for a good being tra
against its money cost, which represents other foregone satisfactions. The most e

21 Notice that punishment of low contributors by high ones at a price of 120 is also not predicted by the
Schmidt theory, since it increases the inequality between the punisher and the person punished, altho
consistent with Fehr and Gächter’s idea of punishment as negative reciprocity. With regard to the pun
of high contributors by low ones, a referee suggested that punishment of higher contributors by low
might be consistent with inequality aversion if the low contributors were themselves anticipating being pu
by the higher ones. Although this possibility cannot entirely be ruled out, punishment of low contribut
high ones left the low contributors with less earnings than the high in only 26% of such punishment c
our data, so the belief that (simultaneous) retaliation would be needed to redress a disadvantageous i
would usually have been mistaken. Of course, some subjects anticipating being punished may have w
punish as an anticipatory retaliation even knowing that punishing would not have been inequality reducin
low contributors might have punished high ones to show disdain for “goody goodies,” to increase theirrelative
earnings, or simply to amuse themselves.
22 Falk et al. (2001) find a fairly high incidence of cases in which a subject punishes free riding when the
equal to the punisher and the person punished.
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emotive view, in which punishment is in no sense a rational decision, is decisively re
by our data. Our subjects appear to obtain definite amounts of satisfaction from p
ment, similar to that from other goods, rendering the utility gains amenable to ra
comparison with cost to reach decisions on the number of units to purchase. In th
dard terminology of economics, the desire to punish free riders is a taste, not ratio
itself, but an input to the rational decision calculus that differs from a taste for good
marily in its more obviously social character. While we have not established defini
why punishment brings utility, we confirmed that it is directed mainly, though by no m
entirely, at free riders. In addition, like tastes for other goods, the taste for punish
varies considerably in the population.
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Appendix A. Experimental instructions

The instructions were read aloud by an experimenter as the students followed along on their com-
puter screens.

This is an experiment, funded by a research foundation, to study decision making. You w
earning money in “experimental dollars” during the experiment. At the end of the experimen
will be paid in cash in real dollars. Each experimental dollar is worth a real $0.25 (twenty-five c
The amount you earn will depend on your and others’ decisions. The maximum possible ea
$32.50 (real dollars) and the minimum possible is $5. You are likely to earn an amount in be
Please make sure you understand the decision process.

Groups

There are eighteen participants in this experiment, and the experiment consists of five d
periods. During each decision period, you will be placed in a group with two other participants,
a group of three. After every period, you will be put in a completely new group. You will not k
the identities of the other two members of your group in any given decision period, nor will y
told their identities after the experiment is over.

Earnings

Each of the five periods in the experiment is structured as follows:
At the beginning of the period each member of your group will receive $10 (experimental do

Each of you must decide how to divide this amount between a group account and a personal a
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The money you assign to your personal account goes directly into your earnings.
An amount equal to 0.6 times the group’s total assignment to the group account goes in

earnings:

Earnings= (amount in personal account) + (0.6)(total in group account).

Every group member earns 0.6 times the total in the group account, regardless of how mu
personally put into that account.

The next four screens are designed to help you test your understanding of the experimen
Corresponding to each screen, there is a sheet of paper on your desk labeled Practice 1, P
etc. We will fill in the first paper worksheet together, then the first screen. Please note that th
practice exercises only, and do not affect your actual earnings in the experiment.

At this point, an experimenter walked subjects through computing their voluntary contribution
game payoffs when all three members of the group contribute $10 to the group account. The exercise
is first completed on paper, and then using the experimental software. Following that, subjects com-
puted, on their own using first paper and then the experimental software, their payoffs for the case
where every member assigns $0 to the group account, and for the case where the subject assigns $5
to the group account, a second member assigns $5 to the group account, and a third member assigns
$10 to the group account. Once these exercises were reviewed by an experimenter, the instructions
resumed.

Consider what would happen in Practice 3 if you increase your assignment to the group a
by $1.

Your personal account would go down by $1, reducing your earnings by $1.
Your group account would go up by $1, increasing your earnings by $0.60, for a net reduc

$0.40.
But each of the other people in your group would increase their earnings by $0.60, for

increase of $1.20 for the others in your group.

Reductions

There is another decision that affects your earnings. Once you learn the others’ assignm
the group account, you have a chance to reduce others’ earnings, and others have a chance
your earnings. Suppose, in the last example, that you decide to reduceB ’s earnings by $3, andC ’s
earnings by $5. The total amount of reductions you make on others’ earnings is therefore $8.

In most periods, it costs something to reduce another group member’s earnings. The c
vary randomly from one period to another during the experiment. There are five possible co
dollar of reductions: [0, 5cents, 10cents, 20cents, and 30 cents; varies with treatment]. Each group
member is equally likely to be faced with any of these five costs in a given period. Each perio
will be told your own cost for imposing reductions that period, but you will not know the reduc
costs facing the other two members of your group, which are likely to be different.

As an example, suppose that in this period it costs you 30 cents for each dollar by whic
reduce others’ earnings. Then in this example, it costs you (0.30)($8) = $2.40 to impose the
$8 of reductions onB andC.

Just as you can reduce others’ earnings, others can reduce yours. SupposeB reduces your earning
by $1 andC reduces your earnings by $3. The total reduction of your earnings by others is



C.M. Anderson, L. Putterman / Games and Economic Behavior 54 (2006) 1–24 23

ill not
icipated

nings,

s sheet

yed on
eset to
arnings
pendent
ero and
e of the

d, but
owing
ossible

verted

experi-
of any
puter.

stions.

rences
($1+ $3) = $4. You will learn that your earnings have been reduced by a total of $4 but you w
learn who has reduced your earnings by what amount, how many group members have part
in reducing your earnings, or what it cost them to make these reductions.

Similarly none of the others will learn whether you as an individual have reduced their ear
by how much, or at what cost, only the total reductions.

Practice sheet 4 takes you through an example of the reduction process. Let’s fill out thi
together, and then enter the information in the corresponding screen.

The experimenter then led subjects through computing their payoffs when they had chosen to
punish others, and others had chosen to punish them. The exercise was carried out first on paper,
then using the experimental software.

Your net earnings

Your net earnings for a period will be:

Amount in personal account+ (0.6)(Total in group account) −
(Your cost of reducing others’ earnings) ∗ (Total of your reductions of others) −
Total of reductions of your earnings made by others.

In this formula, your cost of reducing another person’s earnings is the one that is displa
your screen for that period. If your earnings in a given period are ever negative, they will be r
zero. Also, the maximum that you can spend on reductions in a given period is the amount of e
you have for that period before the reduction process begins. Note that each period is inde
of the others in that you begin each one with $10 to allocate, and you can earn as little as z
as much as $22 (experimental dollars) in that period, depending on your decisions and thos
others in your group.

Remember that you will be told what your reduction cost is at the beginning of each perio
you will not learn what the reduction costs that face the others in your group are. (That is, kn
your own cost tells your nothing about their costs, since for each of them, any one of the five p
costs is equally likely in any given period.)

At the end of the experiment, the net earnings for the five periods will be totaled and con
from experimental dollars to real dollars. Then $5 will be added for your participation.

Conclusion

It is important that you understand the procedures and formulas that will be used in the
ment. Once the experiment begins, there will be no further discussion, and no communication
kind among the participants is permitted, apart from the transmission of the decisions by com
So please review the experiment in your mind now and raise your hand if you have any que
Once all questions have been answered, the experiment will begin.
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