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a b s t r a c t

Punishment of shirkers is often an effective means of attenuating incentive problems and
sustaining coordination in work teams. Explanations of the motivation to punish generally
rely either on small group size or on a Folk theorem that requires coordinated punishment
and, hence, highly accurate information concerning the behavior of each player. We pro-
vide a model of team production in which the punishment of shirkers depends on strong
reciprocity: the willingness of some team members to contribute altruistically to a joint
project and also to bear costs in order to discipline fellow members who do not con-
tribute. This alternative does not require small group size, complex coordinated punishing
activities, or implausible informational assumptions. An experimental public goods game
provides evidence for the behavioral relevance of strong reciprocity and how it differs from
unconditional altruism.

© 2009 Elsevier B.V. All rights reserved.

. Introduction

The punishment of shirkers by peers in work teams, credit associations, partnerships and local commons situations is
ften an effective means of attenuating incentive problems that arise where individual actions affecting the well being
f others are not subject to enforceable contracts. Explanations of the incentives to punish (Varian, 1990; Stiglitz, 1993)
enerally rely either on the small size of the interacting group or on repeated interactions and low discount rates, motivating
he application of a Folk theorem (Fudenberg et al., 1994). Neither of these is completely satisfactory since work teams are not
Please cite this article in press as: Carpenter, J., et al., Strong reciprocity and team production: Theory and evidence. J.
Econ. Behav. Organ. (2009), doi:10.1016/j.jebo.2009.03.011

lways small and the Folk theorem depends on repeated interactions, coordinated punishment, and hence highly accurate
nformation concerning the behavior of each player (Gintis, 2009, Chapter 10). Other treatments do not address the incentive
o confer benefits on other team members by contributing to production and punishing shirkers (Arnott, 1991; Weissing and
strom, 1991).1

∗ Corresponding author. Tel.: +1 802 443 3241; fax: +1 802 443 2084.
E-mail address: jpc@middlebury.edu (J. Carpenter).

1 Dong and Dow (1993a) and Legros and Newman (1996) assume the team can impose collective sanctions on shirkers. This assumption is reasonable
f shirking is easily detected and team members have more effective or lower cost forms of punishment than are available to a traditional firm. We do not

ake this assumption. Dong and Dow (1993a,b) assume shirking can be controlled by the threat of non-shirkers to exit the team. However the threat of
xiting is credible only if team members have very high fallback positions; in Dong and Dow’s model, this takes the form of independent production, which
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We provide a model of team production in which the motivation to punish is strong reciprocity: the willingness of some
altruistic team members to engage in the costly punishment of shirkers. The key conditions supporting altruistic punishment
are (a) contributing to production becomes a norm and (b) there are members who punish violators of norms even when
this is costly. We call this altruistic punishment (Fehr and Gächter, 2002) and those practicing it, who also contribute to
production, strong reciprocators (Gintis, 2000; Boyd et al., 2003). We call the incentive structure in which cooperation in a
team is maintained through altruistic punishing by strong reciprocator members, self-policing.

An experimental public goods game provides evidence for the behavioral relevance of strong reciprocity in teams. In a
treatment approximating a one-shot interaction, and even on the terminal round of the game, shirkers are punished. We
also find that shirkers respond to punishment by increasing their level of cooperation. This experiment replicates the results
of Fehr and Gächter (2000) in that there is a positive level of punishment in all periods, and the level of cooperation does not
decay when costly punishment is allowed. We also test new hypotheses derived from the comparative statics of our model
of strong reciprocity and team production. With respect to sanctions, we show that the level of punishment directed towards
team members increases with the rate at which they shirk, that punishment is increasing in the cost imposed on the team
by the shirker, but that punishment decreases as team size grows. In addition, we estimate novel measures of altruism and
reciprocity and show that altruists tend to punish less and reciprocators punish more. Considering contributions, we provide
evidence that contributions increase with the productivity of the public good but may decrease with increasing team size.

2. Strong reciprocity and altruistic punishment in teams

The problem of free riding in teams has been addressed by two standard models. The first, due to Alchian and Demsetz
(1972), holds that residual claimancy should be assigned to an individual designated to monitor team members’ inputs,
thus ensuring the incentive compatibility for the (non-contractible) activity of policing itself while addressing the members’
incentive to free ride by the threat of dismissal by the residual claimant monitor. They contrast this view of the ‘classical
firm,’ as they call it, with an alternative in which team members are residual claimants and policing is performed, if at all,
by salaried personnel. Alchian and Demsetz correctly observe that group residual claimancy would dilute incentives, but
simply posit the allocational superiority of the classical firm: “we assume that if profit sharing had to be relied on for all team
members, losses from the resulting increase in central monitor shirking would exceed the output gains from the increased
incentives of other team members not to shirk” (786). As we will see, their invocation of the so-called “1/n problem” to
justify this assumption is not entirely adequate.

The second approach, pioneered by Holmström (1982), demonstrates that in principal multi-agent models one can achieve
efficiency or near-efficiency through contracts that make individual team members residual claimants on the effects of their
actions without conferring ownership rights on them. Contracts of this type typically impose large penalties for shirking and
require large lump-sum up-front payments on the part of agents, or they pay each team member the entire team output
minus a large constant and thus, in the presence of stochastic influences on output, entail negative payments in some periods
or at best a substantial variance of income for team members. These arrangements are infeasible if team members have
insufficient wealth. Moreover, where contributions (e.g., work effort) are continuously variable these incentive mechanisms
support large numbers of Nash equilibria, thus rendering breakdown of cooperation likely.

Alchian and Demsetz (1972), Holmström (1982), and related models explain why self-policing in teams is unnecessary, but
the limited applicability of the owner-monitor and optimal contracting approaches provides one motivation for exploring
the relationship between residual claimancy and self-policing in teams. Another motivation is empirical. There is some
evidence that group residual claimancy is effective in comparison with payments unrelated to group output, even in quite
large teams (Ghemawat, 1995; Hansen, 1997; Knez and Simester, 2001). Self-policing based on residual claimancy appears
to be effective in the regulation of common pool resources such as fisheries, irrigation, and grazing lands (Ostrom, 1990), in
the regulation of work effort in producer cooperatives (Greenberg, 1986; Craig and Pencavel, 1995), and in the enforcement
of non-collateralized credit contracts (Banerjee et al., 1994). Experimental studies (Frohlich et al., 1998) provide additional
support for the effects of residual claimancy in inducing lower supervision costs and higher productivity in (small) work
teams. Further, the fact that residual claimancy may provide incentives for self-policing even in quite complex settings and
large groups is suggested by evidence that in the United States home ownership is a significant predictor of participation in
community organizations (Glaeser and DiPasquale, 1999) and local politics but, significantly, not national politics (Verba et
al., 1995), as well as a willingness to sanction coresidents who transgress social norms (Sampson et al., 1997).

Making team members residual claimants can have positive incentive effects since team members may have privileged
access to information concerning the activities of other team members and may have the means of disciplining shirkers
and rewarding hard work that are not available to third parties. As residual claimants, moreover, team members may have
the incentive to use this information and exercise their sanctioning power, even if the team is large. Thus while Alchian
Please cite this article in press as: Carpenter, J., et al., Strong reciprocity and team production: Theory and evidence. J.
Econ. Behav. Organ. (2009), doi:10.1016/j.jebo.2009.03.011

and Demsetz are surely correct in saying that residual claimancy in large teams does not substantially reduce the direct
incentive to free ride, it may support superior means of sanctioning and hence discouraging free riding through altruistic
punishing. Our experiments suggest the motive to punish team members includes a positive utility attached to punishing
wrong-doers independently of any expectation of material gain that might accrue to the punisher as a result of modification

generally is not the case.

dx.doi.org/10.1016/j.jebo.2009.03.011
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f the subsequent behavior of the punished shirkers. Punishing is costly, however, and if the desire to punish is not sufficiently
idespread, we shall see, self-policing will fail.

The willingness to engage in costly punishment provides a basis for linking residual claimancy with altruistic punishment,
ven in large teams. An individual who shirks inflicts harm on the other members of the team if (and only if) they are residual
laimants. Members may then see this violation of reciprocity as reason to punish the shirker. Our model requires only that a
onsiderable fraction of team members be reciprocators. This is in line with the evidence from experimental economics that
ndicates that in virtually every experimental setting a certain fraction of the subjects do not act reciprocally, either because
hey are self-interested or they are purely altruistic.2

A key element in our approach, one shared by recent contributions of Kandel and Lazear (1992), Rotemberg (1994),
anerjee et al. (1994), and Besley and Coate (1995) is that our model is based on ‘social preferences’ which, while unconven-
ional, are well supported by recent experimental and other research.

We assume that though team members observe one another in their productive activity, they cannot design enforceable
ontracts on actions because this information is not verifiable (cannot be used in courts). In this situation we show that the
ssignment of residual claimancy to team members can attenuate incentive problems because it gives strong reciprocators
n incentive to punish shirking team members even in large teams.

Two common characteristics of successful self-policing are uncontroversial: the superior information concerning non-
erifiable actions of team members available to other team members and the role of residual claimancy in motivating
embers to acquire and use this information in ways that enhance productivity. Less clear is whether residual claimancy
otivates costly punishing in large groups.3

An answer consistent with the suite of behaviors we call strong reciprocity is suggested by findings in n-player public
oods experiments. These provide a motivational foundation for self-policing in teams whose members are residual claimants
ince these experiments show that agents are willing to incur a cost to punish those whom they perceive to have treated them
r members of a group to which they belong badly.4 In these experiments, which allow subjects to punish non-cooperators
t a cost to themselves, the moderate levels of contribution typically observed in early play often rise in subsequent rounds
o near the maximal level rather than declining to insubstantial levels, as in the case where no punishment is permitted.
t is also significant that in the experiments of Fehr and Gächter (2000), punishment levels are undiminished in the final
ounds, suggesting that disciplining norm violators is an end in itself (deQuervain et al., 2004) and hence will be exhibited
ven when there is no prospect of modifying the subsequent behavior of the shirker or potential future shirkers (Walker and
alloran, 2004; Carpenter and Matthews, 2005).

Consider a team of size n > 2, where member i supplies an amount of effort 1 − �i ∈ [0, 1]. We call �i the level of shirking
f member i, and write �̄ = ∑n

j=1�j/n for the average level of shirking. We assume shirking at level �i adds q(1 − �i) dollars

o team output, where q > 1, while the cost of working is a quadratic function (1 − �)2/2. We call q the productivity of
ooperation. We assume the members of the team share their output equally, so member i’s payoff is given by

�i = q(1 − �̄) − (1 − �i)
2

2
. (1)

he payoff loss to each member of the team from one member shirking is ˇ = q/n. We assume 1/n < ˇ < 1.
We assume member i can impose a cost on j /= i with monetary equivalent sij at cost ci(sij) to himself. The cost sij results

rom public criticism, shunning, ostracism, physical violence, exclusion from desirable side-deals, or another form of harm.
e assume that acts of punishment, like work effort, are non-verifiable and hence not subject to contract. We also assume

i(0) = c′
i
(0) = c

′′
i
(0) and ci(sij) is increasing, strictly convex, and with c

′′′
i

(sij) ≥ 0 for all i, j when sij > 0.
Member j’s standing as a cooperative member of the group, bj , depends on j’s level of shirking and the harm that j inflicts

n the group, which we assume is public knowledge. Specifically, we assume

bj = ˇ(1 − 2�j), (2)

o bj = −ˇ if j completely shirks and bj = ˇ if j does not shirk at all. This means that �j = 1/2 is the point at which i evaluates
’s cooperative behavior as neither good nor bad. This point could be shifted to another value between 0 and 1 by treating bj

s a quadratic in �j , but the added generality is not illuminating.
To model cooperative behavior with both altruistic and reciprocal preferences, we say that individual i’s utility depends

n his own material payoff �i and the payoff �j to other individuals j /= i according to
Please cite this article in press as: Carpenter, J., et al., Strong reciprocity and team production: Theory and evidence. J.
Econ. Behav. Organ. (2009), doi:10.1016/j.jebo.2009.03.011

ui = �i +
∑
j /= i

[(ai + �ibj)(�j − sij) − ci(sij)] − si(�i) (3)

2 For an especially clear example, see Fischbacher et al. (2001) or Burks et al. (in press). Fehr and Schmidt (1999) provides a survey.
3 The problem of motivating the punishment of shirkers would not arise, of course, if team members were sufficiently altruistic towards teammates. In

his case members would simply internalize the benefits conferred on others by their monitoring. Rotemberg (1994) develops a model of this type. However
ere team members sufficiently altruistic to motivate mutual monitoring in this way, there would be no initial free rider problem either.
4 See Ostrom et al. (1992) on common pool resources, Fehr et al. (1997) on public goods.

dx.doi.org/10.1016/j.jebo.2009.03.011
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where bj is j’s standing as a cooperative member of the group (which may be either positive or negative), si(�i) =
∑

j /= isji(�i)
is the punishment inflicted upon i by other group members, and �i ≥ 0. The parameter ai is i’s level of unconditional altruism if
ai > 0 and unconditional spite if ai < 0, and �i is i’s strength of reciprocity motive, valuing j’s payoffs more highly if j conforms
to i’s concept of good behavior, and conversely (Rabin, 1993; Levine, 1998). If �i and ai are both positive, the individual
is termed a strong reciprocator, motivated to behave generously towards individuals about whom he knows nothing, but
willing to reduce the payoffs of an individual who reveals a bad type even at a cost to himself when his reciprocal preferences
outweigh his unconditional altruism.

We assume that individuals maximize (3). Because bj can be negative, utility maximization may lead i to reduce his own
contribution to punish j. Note that this motivation for punishing a shirker values the punishment per se rather than the
benefits likely to accrue to the punisher if the shirker responds positively to the punishment. Moreover, members derive
utility from punishing the shirker, not simply from observing that the shirker was punished. This means that punishing is
warm glow rather than instrumental towards affecting j’s behavior.5

In support of this analytical model, we report below an experiment carried out by the authors involving a public goods
game with costly punishment. This experiment replicates the results of Fehr and Gächter (2000) in that there is a positive
level of punishment in all periods and the level of cooperation does not decay when costly punishment is allowed. We also
test new hypotheses derived from the comparative statics of our model of strong reciprocity and team production. With
respect to sanctions, we show that the level of punishment directed towards team members increases with the rate at which
they shirk, that punishment is increasing in the cost imposed on the team by the shirker, but that punishment decreases
as team size grows. In addition, we demonstrate that novel measures of altruism and reciprocity correlate to some degree
with punishment: Altruists tend to punish less and reciprocators punish more. Considering contributions, we confirm levels
of unconditional altruism and conditional cooperation and provide evidence that suggests that contributions increase with
the productivity of the public good but may decrease in team size.

Member i will choose s∗
ij
(�j) to maximize utility in (3), giving rise to the first order condition (assuming an interior

solution),

c′
i(s

∗
ij) = �iˇ(2�j − 1) − ai, (4)

or the marginal cost of punishing is equal to the marginal benefit of reducing j’s payoffs given i’s assessment of j’s type. When
�i = 0 and ai < 0, i punishes j, but independent of j’s shirking level. If �i > 0 and

�j ≤ �0
i = 1

2

[
ai

�iˇ
+ 1

]
, (5)

the maximization problem has a corner solution in which i does not punish. We assume (ai/�iˇ + 1)/2 > 0. For �i > 0 and
�j > �0

i
, denoting the right hand side of (4) by � and differentiating (4) totally with respect to any parameter x, we get

ds∗
ij

dx
= ∂�

∂x

1
c

′′
i
(sij)

. (6)

In particular, setting x = ai, x = �i, x = �j , x = ˇ and x = n in turn in (6), we see that

Theorem 1. For �i > 0 and �j > max{1/2, �0
i
}, the level of punishment by i imposed on j, s∗

ij
, is (a) decreasing in i’s unconditional

altruism ai; (b) increasing in i’s reciprocity motive, �i; (c) increasing in the level �j of j’s shirking; (d) increasing in the harm ˇ that
j inflicts on i by shirking; and (e) decreasing in group size.

The punishment sj(�j) inflicted upon j by the group is given by

sj(�j) =
∑
i /= j

s∗
ij(�j), (7)

which is then non-decreasing in �j and is differentiable where it is strictly positive. From (5) and the assumption (ai/�iˇ +
1)/2 > 0, we see that si(0) = s′

i
(0) = 0 for all i.

The first order condition on �i from (3) is given by

1 − �i − ˇ − ˇ
∑
j /= i

(ai + �ibj) − s′
i(�i) = 0, (8)
Please cite this article in press as: Carpenter, J., et al., Strong reciprocity and team production: Theory and evidence. J.
Econ. Behav. Organ. (2009), doi:10.1016/j.jebo.2009.03.011

so i shirks up to such point as the net benefits of shirking equal i’s valuation of the cost imposed on others by his shirking
plus the marginal cost of shirking entailed by the increased level of punishment that i may expect. This defines i’s optimal
shirking level �∗

i
for all i, and hence closes the model. We assume s

′′
i
(�i) > −1, so the second order condition for a maximum

is satisfied.

5 Of course these other motives for punishment may be important, but the evidence for the existence of ‘warm glow’ punishment is convincing (Casari
and Luini, 2007).

dx.doi.org/10.1016/j.jebo.2009.03.011
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We say that i’s partners shirk on balance if �j > 1/2 for all j /= i and they work on balance if the opposite inequalities hold.
e then have the following theorem, whose proof is in the Appendix.

heorem 2. Suppose there is an stable interior equilibrium under a best response dynamic. Then (a) an increase in i’s unconditional
ltruism ai leads i to shirk less, and (b) an increase in i’s reciprocity motive �i leads i to work more when i’s partners work on
alance.

. Experimental evidence

Our model embodies an essential behavioral assumption, namely that under some conditions strong reciprocity will
nduce sufficient punishment of free riding to sustain high levels of team output. To test the plausibility of this assumption,

e conducted an experimental public goods game, extending the standard protocol by making each player’s contribution to
he public good known to all team members at the end of each round and allowing players to punish other players based
n this information, at a cost to themselves. Fehr and Gächter (2000) used a similar experimental setting to show that
here is indeed a propensity to punish and that allowing costly punishment in a multi-period setting prevented the decay of
ooperation usually found in public goods experiments (see Ledyard, 1995).6 In addition to replicating Fehr and Gächter, we
nvestigate the comparative statics developed in Theorems 1 and 2 above.7

We deliberately created an experimental environment in which contributions would be difficult to sustain by implement-
ng the so-called strangers treatment, in which subjects are randomly reassigned to a new group at the beginning of each
ound of play.8 We also make punishing shirkers costly; the cost of inflicting a penalty of two experimental monetary units,
MUs, is one EMU for the punisher.

Suppose there are n players, each player receives an endowment of w EMUs at the beginning of each round, and player i
ontributes w(1 − �i) to the public good. These contributions are revealed to the players, who then can punish the others.9

et sij be the expenditure on sanctions assigned by player i to player j (we force sii = 0). Then the payoff to player i is

�i = w [�i + q(1 − �̄)] −
n∑

j=1

sij − 2
n∑

j=1

sji, (9)

here �̄ = ∑n
j=1�j/n is the average shirking rate,

∑
jsij is player i’s expenditure on sanctions, and 2

∑
jsji is the reduction

n i’s payoffs due to the total sanctions received from the rest of the team. Note that the familiar MPCR (marginal per capita
eturn on the public good) is just q/n. Also, the unit endowment in the model developed in the previous two sections is

= 25 EMUs in our experiment.
To examine how subjects’ contributions and punishment allocations are affected by team size, the productivity of the

ublic good, and the degree of harm caused by shirking, we used the design of Carpenter (2007) with two group sizes, four
nd eight, and two values of q/n, 0.3 and 0.7. This design allows us to compare across treatments for similarities in behavior
ased on the cost that shirkers inflict on their teammates.10 While Carpenter (2007) focused on the effect of the monitoring
roup size (the fraction of the other team members that each person can monitor and punish), we focus on differences in
ctual group size and productivity of the public good. In addition, while our design is similar, Carpenter (2007) used the
unishment technology pioneered in Fehr and Gächter (2000) in which punishers removed shares of a target’s income in
0% increments and we used the more straightforward institution by which punishment expenditures are multiplied by
ome constant factor to determine the harm inflicted on each target.

A total of twelve sessions were conducted (three per treatment) with 172 participants. Fig. 1 summarizes our experimental
esign. The number of participants, and therefore teams, per treatment vary due to no-shows. All subjects were recruited
y email from the general student population at the University of Massachusetts (enrollment of approximately 20,000), and
one had ever participated in a public goods experiment before. Each subject was given a five dollar show-up fee upon
rrival and then was seated at a partially isolated computer terminal so that decisions were made in privacy. Each session
Please cite this article in press as: Carpenter, J., et al., Strong reciprocity and team production: Theory and evidence. J.
Econ. Behav. Organ. (2009), doi:10.1016/j.jebo.2009.03.011

ook approximately 45 min from sign-in to payments, and subjects earned $20.58 on average, including the show-up fee.
Each session lasted ten periods. In each period (a) subjects were randomly reassigned to a group, given an endowment of

= 25 EMUs, and allowed to contribute, anonymously, any fraction of the endowment to a public account, the remainder
oing to the subject’s private account; (b) the total group contribution, the subject’s gross earnings, and the contributions

6 Other contributions to the literature on the ability of sanctions to control free riding in social dilemma settings include Barr (2001), Cinyabuguma et al.
2006), Masclet et al. (2003), and Walker and Halloran (2004).

7 The instructions for a typical session appear in Appendix 2.
8 The more common partners treatment, in which groups remain together throughout the experiment, tends to foster more cooperation than the stranger

reatment (Croson, 1996; Fehr and Gächter, 2000; Keser and van Winden, 2000). Each session had either 12 or 16 participants. This means that the realized
robability of being rematched in the same group from one round to the next was higher than we would have liked. However, none of our results depend
n the strangers design; we implemented it to provide a more stringent test of the theory.
9 The instructions to participants refer neutrally to “reductions” with no interpretation supplied.

10 On their own, the effects of group size (Isaac and Walker, 1988; Isaac et al., 1994) and q/n (Isaac et al., 1984) have been studied extensively, but not in
he context of monitoring and punishment.

dx.doi.org/10.1016/j.jebo.2009.03.011


ARTICLE IN PRESSG Model
JEBO-2349; No. of Pages 12

6 J. Carpenter et al. / Journal of Economic Behavior & Organization xxx (2009) xxx–xxx

Fig. 1. Experimental treatments.
Fig. 2. Mean contribution by treatment and round (Note: low or high refers to the team’s q/n and small or large refers to the team size).

of other team members (presented in random order) were revealed to each subject, who was then permitted to assign
sanctions to others; (c) payoffs were calculated according to (9), and subjects were informed of their net payoffs for the
period.

If we assume standard self-regarding preferences for participants (i.e., each player cares only about his or her personal
payoff), then punishing is not a best response because it is costly and any benefits will be diffuse. Hence, the unique
subgame perfect Nash equilibrium of the game is that no one punishes and therefore no one contributes to the public
good.

The results of our experiments conform to all of the comparative static predictions in Theorems 1 and 2. We proceed with
our analysis of the evidence as follows. First, we provide an overview of the experimental data. We then describe how we
used the contribution data to generate individual estimates of altruism and reciprocity. Finally, we present tests of Theorems
1 and 2.11

Fig. 2 addresses the pattern of contributions over time. Clearly, the aggregated contributions in the current experiment
do not exhibit the decline seen in the standard public goods game (Ledyard, 1995). In this sense our results look similar to
other studies of the public goods game with punishment (e.g., Fehr and Gächter, 2000; Masclet et al., 2003; Carpenter and
Matthews, 2005). Average contributions pooled across treatments start at 45% of the endowment in period one, rise slightly,
level off, and end at 54% in period ten. The reason behind sustained levels of cooperation in our experiment is punishment.
Overall, 89% of the participants punished another participant at least once.12.

In Fig. 3 we illustrate the mean amount of punishment incurred by participants in the four treatments over the ten rounds
of the experiment. The figure indicates that punishment is used widely in each treatment, and although the levels fall in
two of the treatments over time, punishment is also used extensively in the last periods of the experiment.13Fig. 4 shows
the probability that a player was punished and the mean reduction the player received from one of the other team members
based on the target’s contribution. The pattern is clear (except for a few anomalies due to small samples; e.g., there were only
Please cite this article in press as: Carpenter, J., et al., Strong reciprocity and team production: Theory and evidence. J.
Econ. Behav. Organ. (2009), doi:10.1016/j.jebo.2009.03.011

17 out of 1720 observations of someone contributing 2 units); those players who shirk more are more likely to be punished,
and they are punished more severely. In addition, the level of punishment seems to dwindle faster than the likelihood of
punishment as targets contribute more.

11 In each case we report the results of Tobit regressions (because both punishment and contributions can be censored) that include individual random
effects (to control for cross-sectional heterogeneity) and time period fixed effects.

12 The frequency of punishers is higher than Carpenter (2007) who found that 68% of people punished. Our high frequency applies to all treatments: 98%
punished in the Low q/n, Small n treatment; 88% punished in the Low q/n, Large n treatment; 81% punished in the High q/n, Small n treatment; and 90%
punished in the High q/n, Large n treatment.

13 A number of studies have found that punishment is used even in the last round when it can have no affect on future behavior (Fehr and Gächter, 2000;
Masclet et al., 2003; Walker and Halloran, 2004).
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Fig. 3. Mean reductions received by treatment and round (Note: large refers to the team size and high refers to the value of m).
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Fig. 4. Who is punished? The probability of being punished and the mean reduction subtracted due to a single punisher by contribution choice.

. Altruism, reciprocity, shame, and spite

Altruism and reciprocity play a central role in the comparative statics derived as Theorems 1 and 2. We use the method
eveloped in Carpenter and Seki (2005) to estimate individual level altruism and reciprocity measures based on the con-
ribution data gathered in our experiment. We then use these measures to evaluate the first parts of our two theorems.
owever, we begin by describing how we estimate social preference parameters for our participants.

We regress contributions in period t on the average contribution of the other team members in period t − 1, the amount
f punishment received by the decision-maker in period t − 1, and a constant. At the population level, the coefficient on the
verage contribution of the others is 0.40 (p < 0.01), and the constant is 9.77 (p < 0.01) which indicates that on average
Please cite this article in press as: Carpenter, J., et al., Strong reciprocity and team production: Theory and evidence. J.
Econ. Behav. Organ. (2009), doi:10.1016/j.jebo.2009.03.011

ur participants would contribute 9.77 EMUs even if the other group members contributed nothing in the previous period
nd their contributions are increasing in the contributions of the others. In other words, our average participant appears
ltruistic because she will contribute a positive amount even if the others contribute nothing, and she appears reciprocal
ecause she will increase or decrease her contribution in response to what the others have done. We therefore interpret the
onstant in this regression as a measure of unconditional altruism or spite (a linear transformation of ai in our model) and

dx.doi.org/10.1016/j.jebo.2009.03.011
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Fig. 5. The distribution of observed altruism and reciprocity.

the slope as a measure of conditional cooperation or reciprocity (a linear transformation of �i in the model). Note that we
included the punishment that one received in the regression so that our measures of altruism and reciprocity are not biased
by the fact that punishment also affects contributions.

While the overall regression results hint at the average behavioral attributes of our participants, to evaluate the model we
need individual measures of altruism and reciprocity. One way of generating these measures is to use the random coefficients
estimator (Swamy, 1970), which allows the estimated coefficients to vary by individual. This makes sense because few of
our participants demonstrated behavior exactly consistent with the coefficients reported above. Instead some players are
altruistic, but not very reciprocal, some are reciprocal but not altruistic and some are neither. In the random coefficients
model the parameters are assumed to be draws from a population of possible coefficients, and these possible coefficients
vary from one person to the next. These models are sensible when the data come from the repeated sampling of individual
subjects, and the model for each subject can be assumed to be a deviation from a broader population model. The output of
the model is an intercept and slope for each subject.

The altruism measures vary from −19 to 29 with a mean of 9.59. Although there is significant mass below zero in our
reciprocity estimates (indicating that about 20% of the participants react negatively to the contributions of others), the mean
estimate of the individual response is 0.41. In addition, 51% of the individual altruism estimates and 41% of the reciprocity
measures are significantly different from zero. Fig. 5 illustrates the “types” of individuals who participated in the experiment.
In general, altruism and reciprocity are negatively correlated (� = 0.6, p < 0.01), but there is considerable variation in the
joint distribution of these two characteristics.

Theorem 1 suggests that punishment should decrease in altruism, increase in reciprocity, increase in the level of the
target’s shirking, increase in the harm imposed by shirking, and decrease in group size. We use the regressions reported in
Table 1 to assess these predictions. In column (1) we regress individual punishment choices on our social preference estimates
and the other parameters referred to in Theorem 1. All the coefficients are highly significant and carry signs consistent with
Please cite this article in press as: Carpenter, J., et al., Strong reciprocity and team production: Theory and evidence. J.
Econ. Behav. Organ. (2009), doi:10.1016/j.jebo.2009.03.011

our theory. To facilitate comparisons, we report standardized regression coefficients for our measures of social preference. A
standard deviation increase in altruism and reciprocity reduces the amount spent on punishment by 0.13 standard deviations
in the first case and increases punishment by 0.31 standard deviations in the second case. For each additional EMU kept by the
target, punishment increases by a quarter EMU, as the MPCR increases from 0.3 to 0.7, punishment increases slightly less than

Table 1
The determinants of punishment. Note: all regressions are Tobits and include random effects and time period fixed effects. The dependent variable is the
punishment choice of an individual punisher, and standard errors of the estimates are in parentheses. In column (2) observations are weighted by the
precision of the altruism measures, and in column (3) the observations are weighted by the precision of the reciprocity measures.sIndicates standardized
regression coefficient. *Indicates significance at the 0.10, **0.05, ***0.01 levels.

(1) (2) (3)

Altruism (estimated) −0.13s (0.07)** −0.15s (0.04)*** −0.06s (0.04)*
Reciprocity (estimated) 0.31s (0.06)*** 0.47s (0.04)*** 0.47s (0.10)***
�jw (target’s level of shirking) 0.25 (0.01)*** 0.28 (0.01)*** 0.32 (0.01)***
q
n (harm imposed by shirking) 2.24 (0.45)*** 1.92 (0.32)*** 3.16 (0.33)***
n (team size) −0.36 (0.05)*** −0.38 (0.03)*** −0.42 (0.03)***
Constant −3.91 (0.50)*** −4.46 (0.35)*** −5.95 (0.35)***
�2 790 2091 2282
N 9000 9000 9000

dx.doi.org/10.1016/j.jebo.2009.03.011
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Table 2
Testing the determinants of contributions. Note: all regressions are Tobits and include random effects and time period fixed effects. The dependent variable
is one’s contribution in round t. Standard errors of the estimates are in parentheses. *Indicates significance at the 0.10, **0.05, ***0.01 levels.

(1) (2) (3)∑
j /= i,t−1

�j/n (lag average contribution of teammates) 0.48 (0.06)*** 0.44 (0.05)***

q (the productivity of the public good) 1.43 (0.36)*** 0.80 (0.26)*** 0.75 (0.25)***
n (team size) −0.60 (0.31)** −0.31 (0.20) −0.30 (0.20)
(1 − �i,t−1)w (lag contribution) 0.38 (0.04)*** 0.82 (0.06)***∑

j /= i,t−1
sji (lag punishment received) 0.13 (0.04)*** 0.02 (0.09)

Shirker’s deviation 0.28 (0.10)***
Contributor’s deviation −0.53 (0.09)***
Shirkers deviation × lag punishment 0.03 (0.01)***
Contributor deviation × lag punishment −0.05 (0.02)***
Constant 6.93 (1.72)*** 1.63 (1.14) 2.36 (1.44)
�
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2 132 284 323
1548 1548 1548

ne EMU, and for each additional team member, punishment decreases by 0.36 EMUs.14 Although our measures of altruism
nd reciprocity should be unbiased, the point estimates are measured within some confidence interval, and in columns
2) and (3) of Table 1 we account for the differences in the sharpness of these estimates by weighting our observations by
he inverse of the standard errors squared. There are two sets of weights to consider: the altruism standard errors and the
eciprocity standard errors. In column (2) we use the altruism weights, and in column (3) we use the reciprocity weights.
n each case we see that accounting for the size of the confidence interval around our preference measures does not change
ur estimates by very much, and all the coefficients remain significant at conventional levels.

Concerning shirking, Theorem 2 predicts that: altruism will cause team members to shirk less, and reciprocity will lead
embers to shirk less if their teammates work on balance. These predictions are examined in Table 2. We begin in column

1) by regressing individual contribution choices on the lagged average contribution of the other team members, q and n.15 It
ppears that the predictions in Theorem 2 find support in our data. The constant in column (1) is positive, highly significant
nd evidence of altruistic contributions: with all the other variables “turned off” participants still contribute 6.49 EMUs. We
lso see that reciprocity motivates contributions. As the average contribution of the other team members increase by an
MU, the average participant increases her own contribution by almost half an EMU.16 Lastly, we see that a unit shift in the
roductivity of the public good increases contributions by 1.43 EMUs, on average, and that contributions decrease by 0.60
MUs for each additional team member.

In column (2) of Table 2 we extend our contribution results past the implications of Theorem 2 to look at some simple
ynamics. We add the lag of one’s own contribution and the lag of the punishment that one receives to the specification in
olumn (1). These additions do not change our conclusions about the predictions of Theorem 2 with two exceptions. First,
he coefficient on team size shrinks in half and is no longer significant at the 10% level; however the p-value rises only to 0.13.
econd, the constant shrinks to 1.63, which is not too worrisome because it would be odd if the inertia now captured in the
agged dependent variables were not previously captured by the constant. In either case, the results (in this context) are at
east symptomatic of altruism. The two additional regressors in column (2) of Table 2 suggest that there is considerable inertia
n contributions and that people react pro-socially to punishment. A standard deviation increase in received punishment
4.46) increases one’s contribution by 0.58 EMUs, on average.

Does shirking pay once the costs of punishment are considered? Note that the act of shirking deprives the shirker of the
eturns from the group project, so the net benefit of shirking in the absence of punishment is just 1 − q/n, which averages
.5 EMUs in our experiment. From Table 1 recall that the estimated punishment expenditure is 0.25 for each additional EMU
ept, which imposes a 0.50 EMU (2 × 0.25) fine on the shirker. In other words, shirkers break even at the margin. What
bout punishment? Are sanctions a good investment? The punisher invests 0.5 EMUs to remove 1 EMU from the shirker. On
verage, the shirker will respond by increasing her contribution by only 0.13 EMUs. This does not seem like a lot; however,
Please cite this article in press as: Carpenter, J., et al., Strong reciprocity and team production: Theory and evidence. J.
Econ. Behav. Organ. (2009), doi:10.1016/j.jebo.2009.03.011

f this punishment happens at the end of the first period, the 0.13 increase accumulates to 0.21 EMUs by the end of round
en because of the inertial effect captured by the coefficient on the lagged dependent variable.17 Despite the cumulative
ffect, punishing does not pay materially (i.e., 0.21 < 0.50) although there is mounting evidence that it pays subjectively
deQuervain et al., 2004; Hopfensitz and Reuben, in press). Of course the summed benefits to all team members more than

14 These last two results agree with those described in Table 2 of Carpenter (2007).
15 Column (1) of Table 2 is similar to the specification used to generate the individual measures of altruism and reciprocity discussed in the context of
able 1. However, the two are not exactly the same because the results reported in Table 2 are more complicated in that they account for the effect of the
reatments and employ the Tobit estimator.
16 Fehr and Fischbacher (2003) find a similar reciprocal relationship between expectations and contributions.
17 Of course there are other dynamic forces that our analysis does not account for. For example, as one referee pointed out, people might anticipate
unishment and contribute more. In most cases, these other forces suggest that our estimate of the effectiveness of punishment is conservative.
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offset the costs to the punisher (e.g., with teams of four 0.84 > 0.50). Our results are thus consistent with the interpretation
that punishment by strong reciprocators is altruistic in the standard sense that it reduces the actor’s payoffs while benefiting
others.

To explore the response to punishment, we define a shirker in a given round to be a player who contributed less than the
team average in that round. We call “contributors” those players who contribute more than the average (and therefore have
negative deviations). We hypothesize that contributors and shirkers respond differently to punishment because the former
may feel spite or anger when punished while the latter may feel shame (Bowles and Gintis, 2005). Because the experimental
instructions refer to “contributions to a group project,” it is soon clear to participants why shirkers are punished, but when
it occurs, punishment is probably confusing for contributors.

To study possible differences in responses to punishment, column 3 of Table 2 separates shirkers from contributors and
interacts lagged punishment with players’ deviations from the average to test whether punishment, per se, matters or if
punishment matters only when one deviates from the norm. We see that for both free riders and contributors, movement
towards the mean is increased by punishment and the effect of punishment is greater the farther one is from the mean. In
both cases, free riders move towards the mean even if not punished, but more strongly so when they are. Consistent with
the experimental results of Hopfensitz and Reuben (in press), a reasonable interpretation is that social emotions provide the
motivation for this behavior. Contributors respond spitefully to being punished, regarding fellow members as being unkind,
valuing their payoffs negatively and as a result contributing less. Shirkers experience shame when punished and respond
positively.

5. Conclusion

Our model and experimental results suggest that under appropriate conditions, strong reciprocity can support the pun-
ishment of shirkers and the maintenance of high levels of cooperation unless the frequency of reciprocators is too low or
the group is too large. Furthermore, self-policing supports levels of member effort that are close to first best. The effec-
tiveness of altruistic punishment by peers in raising the contributions of shirkers depends on the fact that the incentives
provided by punishment do not crowd out pre-existing social preferences that might have induced contributions in the
absence of punishment, as is observed in a large number of public goods and principal agent experiments surveyed in
Bowles (2008) and Bowles and Hwang (2008). The counterproductive effects of explicit incentives in the experiments they
survey appear to arise when the punishment or fines fail to evoke shame in the shirker, but rather convey negative informa-
tion about the individual imposing the incentive, for example that he is seeking to monopolize the gains from cooperation.
The altruistic punishment by peers does not have this crowding out effect because the act of punishment reduces the
punisher’s payoffs and thereby is more likely to evoke shame in the shirker, with increased subsequent contributions the
response.

The case we have modeled is a production team in which the non-contractible action is work effort, but the model may
equally depict a range of analogous problems. The ‘team’ might be composed of family, neighbors, and friends engaged
in informal insurance to supplement market-supplied insurance as in Stiglitz (1993) and Arnott (1991), or members of an
informal borrowing group where team members borrow from a financial institution with a renewal of credit being contingent
on all members repaying at the end of the first round. Both cases conform to the assumptions of the above model, namely,
superior information held by team members, combined with interdependence of members’ welfare on other members’
actions, and low-cost opportunities to punish members who impose costs on others in the team.

Another application is to residential home owners. Here, the team consists of neighbors whose residential amenities, and
hence the value of their housing assets, are affected by the non-contractual actions of others in the neighborhood. Sampson
et al. (1997) provide empirical evidence of such self-policing in neighborhoods. In this case, monitoring and punishment may
consist of admonitions favoring anything from maintaining the appearance of one’s property to joining in collective actions
to gain safer streets or better schools for the neighborhood. Finally, we think the model may illuminate a characteristic of the
foraging bands that constituted human society during most of its history, namely, widespread hunting, foraging, and food
sharing, and punishment of those who violated the underlying reciprocity norms (Knauft, 1991; Boehm, 1993; Wiessner,
2005; Bowles and Gintis, 2004).

Given the apparently widespread nature of the problems of non-contractibility that it addresses and the welfare benefits
it may make possible, self-policing ought to be ubiquitous in modern economies. But it is not. A reason suggested by this
model is that residual claimancy by team members is essential to the underlying monitoring motivations, and for many
of the relevant production teams the fact that members are asset poor effectively precludes assignment of any but trivial
levels of residual claimancy to team members. Transferring residual claimancy over the income streams of an asset but not
ownership itself to team members creates incentives for the team to depreciate the assets, the costs of which may more than
offset any gains from self-policing. Thus prohibitive costs may arise if residual claimancy is separated from ownership, and
outright ownership may be precluded by borrowing limitations and possibly high levels of risk aversion characteristic of low
Please cite this article in press as: Carpenter, J., et al., Strong reciprocity and team production: Theory and evidence. J.
Econ. Behav. Organ. (2009), doi:10.1016/j.jebo.2009.03.011

wealth team members.
The role of residual claimancy in motivating self-policing thus provides another case in which differing distributions of

wealth may support differing equilibrium distributions of contracts and systems of governance. Other cases include forms of
agricultural and residential tenancy (Laffont and Matoussi, 1995), access to self-employment and human investment (Loury,
1981; Blanchflower and Oswald, 1998; Black et al., 1996), and the extent of cooperative forms of ownership of team assets
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Legros and Newman, 1996).18 Because efficient contracts and other incentive mechanisms may be implementable under
ome distributions of wealth but not under others, a particular distribution of wealth may preclude allocationally superior
ystems of contract and incentives.
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