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Abstract

It is well documented that the possibility of punishing free-riders
increases contributions in one-shot public good games. I demonstrate
theoretically that minimal punishment commitments (perhaps pro-
vided by anger) may lead to high contribution levels. Thus, almost
selfish players may behave as strong reciprocators.

Je dobfe zdokumentovano, ze moznost trestat piizivniky zvySuje
piispévky v jednorazové hie s obecnim majetkem. Ukazuji teoreticky,
ze nepatrny zévazek trestat prizivniky (snad zpusoben hnévem) muze
vést k vysokym prispévkium. Témeér sobecti hraci se tak mohou chovat
jako silni reciprokatofi.

JEL classification: D64, H41, Z13.

Keywords: Reciprocity, Emotions, Commitment, Punishment, Pub-
lic Good.

*I benefited from the comments of James Andreoni, Jeffrey Carpenter, and Simon
Géchter. Dirk Engelmann, Andreas Ortmann, and Avner Shaked inspired me in numerous
discussions. The work was supported by a CERGE-EI / World Bank fellowship.

fCenter for Economic Research and Graduate Education, Charles University, and Eco-
nomics Institute, Academy of Sciences of the Czech Republic (CERGE-EI); Address:
Politickych Veznu 7, 111 21 Prague, Czech Republic, Tel: +420-605-286-947; E-mail:
jakub.steiner@cerge-ei.cz.



1 Introduction

Experimental evidence suggests that people substantially increase their
contributions to the public good when the possibility of punishing free-
riders is introduced (e.g. Fehr and Géchter, 2000a, 2002; Yamagishi,
1986). Since costly punishment is not subgame perfect, this evidence
has been interpreted as another blow to the concept of homo oeconomi-
cus and as evidence supporting strong reciprocity theory (e.g. Gintis,
2000). Indeed, some deviation from the homo oeconomicus assump-
tions is needed to explain the (strong) consequences of the possibility
to punish. This deviation is typically interpreted as emotions, par-
ticularly anger, in the reciprocity literature (e.g. Fehr and Géchter,
2002). Below, I theoretically demonstrate that only traces of anger
are needed to explain the well-documented high contribution levels;
the deviation from homo oeconomicus thus needs to be rather small.
Consequently public good game a with punishment option is an effi-
cient institution even if pecuniary stakes are quite high and emotional
payoffs are thus relatively small.

The model described below under study reflects the standard ex-
perimental design of public good games a with punishment option: N
players have the possibility to contribute to a linear public good. All
players are thereafter given the opportunity to allocate punishment
points to other players. Punishment is costly for both sides.

I assume that the punishment activity is motivated by emotions
such as anger. People may punish a bit because of, for example,
warm glow (e.g. Andreoni, 1990), altruism (e.g. Andreoni and Miller,

2002), inequality aversion (e.g. Bolton and Ockenfels, 2000; Fehr and



Schmidt, 1999), or reciprocity (e.g. Levine, 1998). The role of emo-
tions as a commitment device was stressed by Frank (1988). There is
indeed neuroscientific evidence suggesting that emotions such as anger
are triggered by unfair behavior and that people weigh the satisfaction
from punishing norm violators with the cost of such action (de Quer-
vain et al., 2004; Sanfey et al., 2003). It is, however, not the purpose of
this paper to explain where emotions come from. The focus is on the
intensity of emotion that it takes to enable the players to cooperate,
where the intensity is measured by the amount of money the players
spend on punishment. I choose a black box approach, and I model
punishment as an automatic reaction fully governed by a punishment
rule, which is a function of the realized contributions.

Below I construct a punishment rule which induces a game with
unique equilibrium in which all players make high contributions. The
rule requires every player to punish only the player with the lowest
contribution which in turn motivates her to escape the lowest position.
The game with such a punishment rule can be solved by iterated
elimination of dominated strategies because the lowest non-eliminated
contribution level is always dominated by the level just above it. At
the same time, it is possible to implement such a punishment rule
at minimal cost because resources from a large group of players are
focused on one free-rider. This rule resembles the rule experimentally
implemented by Yamagishi (1986). I do not argue that this exact
punishment rule is necessarily used in reality; I simply show that a

rule inducing high contributions exists.



2 The Model

Each player i € {1,...,N} chooses a contribution level ¢! from the
common strategy set S = {%E, %E, el %E}, where L represents the
number of levels approximating the continuous interval [0,¢], and L
is assumed to be large. The maximal possible contribution is ¢. Af-
ter the contributions ¢ = (c!,... N ) of all players are realized and
observed by everyone, the players automatically assign punishment
points to each other. I abstract from the individual punishment ac-
tions and analyze only the sum of punishments from all players, which
is denoted as the aggregate punishment p‘(c) > 0 of player i. The un-
specified punishment rules of individual players may differ in reality
(e.g. Fehr and Géchter, 2000b). Then the aggregate punishment rule
p*(.) can be interpreted as the expected punishment of player i given
the population the players are drawn from.

Although the game has two time phases, it can be seen concep-
tually as a one-stage game as the players make decisions only in the

contribution phase. The punishment phase can be modeled within the

payoff function of the one-stage game.

Definition 2.1 A game of N players with strategy sets {S* = S},

and the payoff function®

Ui(c) = —ci — pl(c) 1)

is the punishment game.

IThe payoffs from the public good are the same for all players, therefore the public
good do not have to be included in the payoff function. The small cost of punishment is
also not included because punishment is modeled as an automatic action, not as a result
of payoff optimization.



I assume that the average player is able to commit to spend only
one penny to punish free-riders:?

Al: M <1.

v =

The set of equilibria of the punishment game depends on the par-
ticular punishment rule. With the assumption A1 being valid, one
might expect an unattractive equilibrium in which all players free-ride
and punishment is ineffectively spread among all the players resulting
in no player having an incentive to contribute. However, the punish-
ment rule proposed below induces a game with a unique equilibrium
in which all participants make high contributions.

Denote the lowest contribution among players by ¢; and the second
lowest by cg where ¢; = cg if there is more than one player with the

lowest contribution. Let the punishment rule be

. 0 if ¢ > ¢,
p'(c) = (2)

N_(cq+£—¢) ifc =q.

ol

This punishment rule motivates the player(s) with the lowest con-
tribution to increase her (their) contribution(s) one level above the

is chosen

second lowest contribution. The marginal punishment e
T
such that the total punishment expenditures are always at most one

unit per player.

Theorem 2.1 1. The punishment game of N players with punish-
ment rule (2), with the mazimal possible contribution satisfying 6—!—% <

N, and with a large number of contribution levels L > N has a unique

2Indeed, the average expenditure on punishment was 0.69 points out of 10 available
points in the experiment of Fehr and Géchter (2002), (Géchter, email communication,
September 12th, 2004).



equilibrium with oll players contributing the mazximal possible amount

{c' =),

2. The punishment rule (2) satisfies the low cost assumption Al.

PROOF:
1. The player with the lowest contribution always wishes to in-
crease her contribution by at least % because the marginal punishment

> 1 is higher than the marginal cost of contribu-

she experiences —

%
tion. Hence, the lowest contribution level, 0, is dominated by % After

k+2—

¢ because

22}, BHE is dominated by %+

the elimination of {0, %é, e
k‘Hc would be the lowest contribution among non-eliminated strate-
gies for k =1,..., L—2. Thus, the game can be solved by the iterated
elimination of dominated strategies; only ¢ survives this process.

2. There is either only one player with the lowest contribution,

and then she is the only one being punished. The punishment is

largest in this case if ¢ = € and ¢; = 0. Then the punishment is

I N_(c+ ¢ f —0) = N, so the cost is at most 1 unit per player.

Or there may be many players with the lowest contribution, but

then ¢, = ¢, so each punishment is Ej_v%% < 1, thus the cost per

player is smaller than one unit. Q.E.D.

3 Conclusions

The possibility to punish free-riders acts like a magnifying glass on the
players’ emotions. Although they give up only a penny voluntarily,
they are able to induce each other to contribute N pennies. Thus, the

cooperation level increases linearly with the number of players. This



insight is confirmed by Carpenter (2004) who experimentally found a
positive group size effect even if one controls for marginal group return
of contributions.

The cheapness of the punishment has implications for the evo-
lutionary explanations of strong reciprocity. Clearly the evolution-
ary forces outweighing the cost of punishment need to be relatively
weak. For example, Gintis (2000) assumes that the strong recipro-
cators must be able to punish all free-riders simultaneously, whereas
here it is demonstrated that it is enough to be able to punish only one
free-rider. Thus the reciprocator can survive even if the technology of
punishment is not very effective.

The punishment rule proposed here has a normative appeal. If
a group of subjects wants to overcome the free-riding problem but
has only a limited possibility to commit to a punishment threat, they
should choose this rule.

Sometimes the public good will be too expensive to be provided
through the punishment game discussed above. However, the game
can be extended in a straightforward manner to a second punishment
stage where those who did not participate enough on punishing free-
riders could be punished. Then the players could enforce N? contri-
bution levels. Of course, the punishment game requires quite a bit of
information: All players have to be able to monitor the actions of all
other players. This is realistically possible only in small groups, such
as workplaces.

The model proposed here demonstrates that punishment games

may be very efficient institutions even for high pecuniary stakes. It



also suggests that the experimental results on the punishment game
do not have to be interpreted as a clear refutation of the selfishness
assumption. Only minimal deviation from the assumption is needed
to explain cooperation in the punishment game. Strong reciprocity
is strong in its consequences, not in the emotional requirements of

players.
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