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a b s t r a c t

Sanctioning increases cooperation in public goods games, but not indiscriminately under all conditions
and in all societies, and the mechanisms by which sanctioning exercises its impact on behavior are yet
to be studied in detail. We show experimentally that in the presence of sanctioning, our experimental
subjects adjust their behavior in order to avoid being a free rider. They do this not only in the STANDARD
sanctions treatment, where they directly experience any sanctions assigned to them, but also in our main
treatment, the SECRET sanctions treatment, where no information on sanctions received is available until
the end of the experiment. We observe no such free riding avoidance in the treatment without sanctioning.
The mere knowledge that sanctions might be assigned increases cooperation among the members of our
eywords:
on-strategic sanctions
nobserved sanctions
ocial norm of sanctioning
ublic goods

subject pool; subjects expect that non-strategic sanctioning occurs against the free riders. Moreover, these
expectations are correct as we observe a similar pattern and extent of sanctioning in both treatments.
We propose that sanctioning in itself is a social norm and may be culturally dependent, as suggested in
the literature.

© 2011 Elsevier Inc. All rights reserved.
conomic experiment

. Introduction

Free riding in social dilemmas can be prevented if players are
ble to assign costly sanctions to their co-players. This is the case
n cultures that sanction free riders.1 In this study, we assert that
anctioning is a social norm. It is a rule that prescribes which sit-
ations merit sanctions, and it is accompanied by a set of beliefs
hat correctly predict punishable situations. In our experiments,
e find that subjects avoid the free rider position in a public goods

ame and that their beliefs about the punishable behavior are cor-
ect since the actual sanctioning is targeted towards the free riders.
his happens even in cases where the sanctions are not observed,

.e., when no evidence about the actual sanctions assigned is avail-
ble to the subjects during the experiment. Moreover, there seems
o be little attrition in the sanctioning expectations over time. In

∗ Corresponding author at: Nijmegen University, Department of Economics, Post-
us 9108, 6500 HK Nijmegen, The Netherlands. Tel.: +31 24 36 11588;
ax: +31 24 36 12379.

E-mail address: J.Vyrastekova@fm.ru.nl (J. Vyrastekova).
1 These are usually Western societies, where the majority of experimental studies
as been performed (see for example Ostrom et al., 1992; Fehr and Gächter, 2000;
asclet et al., 2003; Egas and Riedl, 2008; Anderson and Putterman, 2006; van Soest

nd Vyrastekova, 2006; and Carpenter, 2007).

053-5357/$ – see front matter © 2011 Elsevier Inc. All rights reserved.
oi:10.1016/j.socec.2011.08.020
our experiments with unobserved sanctions, subjects contributing
less than others on an average increase contributions in the next
period. This prevents the unravelling of cooperation; and instead,
gives rise to group-specific norms. These group-specific coopera-
tion levels are driven by initial contributions, and by contribution
strategies that seek to avoid being seen as a free rider.

Several pieces of evidence in the literature have emphasized
the role of the subjects’ home-grown beliefs about sanctioning.
For example, in experiments in which free riders are sanctioned,
subjects respond to the introduction of sanctioning options into
the experiment in a way that is consistent with the actual sanc-
tioning behavior. Consequently, contributions to the public goods
increase immediately after the announcement of the opportu-
nity for costly sanctions (e.g. Fehr and Gächter, 2002). Fehr and
Fischbacher (2004) find that stated beliefs reveal that subjects
expect a third-party punishment to be imposed on unfair dicta-
tors. Moreover, one-shot dictators become more generous under
the “threat” of receiving verbal commentary on their distributional
decisions (Ellingsen and Johannesson, 2008). An interesting find-
ing on sanctioning is the existence of a multiplicity of sanctioning

norms across societies. Gächter and Herrmann (2007, 2009) study
societies in which cooperators are sanctioned along with free rid-
ers. They find that this type of sanctioning is paired with a decrease
in cooperation rates when the sanctioning opportunities are added

dx.doi.org/10.1016/j.socec.2011.08.020
http://www.sciencedirect.com/science/journal/10535357
http://www.elsevier.com/locate/soceco
mailto:J.Vyrastekova@fm.ru.nl
dx.doi.org/10.1016/j.socec.2011.08.020
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o the experiment, as opposed to the increase in contributions that
s normally observed in studies with sanctioning of free riders. In
uch a society, subjects do not increase their cooperation, as they
orrectly anticipate that such behavior will be punished. This piece
f evidence motivates our assertion that sanctioning behavior in
society is accompanied by a corresponding set of local beliefs

onsistent with the behavior.
Recent evolutionary approaches suggest that beliefs about sanc-

ioning play a central role in explaining the survival of cooperation
hrough sanctioning. For some time, sanctioning of free riders
tands as a strong candidate for resolving the puzzle of human
ooperation (Fehr and Gächter, 2000). Negative emotions held
oward free riders are hypothesized as the proximate mechanism
upporting outwardly costly sanctions (Fehr and Gächter, 2002). At
he same time, the ultimate evolutionary mechanisms of sanction-
ng are less obvious. In a society, punishers receive lower payoffs
han non-punishing cooperators as soon as free riders invade the
opulation, which creates pressure against the survival of the pun-

shing cooperators. Group-selection models which focus on the
nteractions among members of small isolated groups, would allow
or the survival of cooperation by sanctioning of free riders, but
hese models require unrealistic assumptions (such as small group
nteractions, and no migration) which are unlikely to have prevailed
uring the course of human evolution.

Models that respond to this criticism employ a range of
pproaches, most of which emphasize the importance of social
orms — systems of rules and shared beliefs that have been adopted
y a significant part of the population. Gardner and West (2004)
how that even at the level of individual gene evolution, altruistic
or non-strategic) sanctioning can survive if individuals adjust their
ooperation levels to the threat of punishment that is present.2

society in which sanctioning and a cooperative response to the
hreat of sanctioning co-evolve ends up with high levels of cooper-
tion that do not require kin- or group-selection arguments.

Such a relationship between the threat of sanctioning and coop-
ration might be created if beliefs in sanctioning get transmitted
n the population parallel to the sanctioning traits themselves. In

similar vein, Henrich and Boyd (2001) sustain cooperation by
sing altruistic sanctioning in a model with cultural group selec-
ion in which norms evolve within groups and are transmitted from

ore successful groups to groups with lower fitness. Finally, Gintis
2003) presents a gene-cultural evolution model, in which the indi-
idual genetic evolution process of traits for norm internalization is
oupled with norm transmission between groups. In this way, the
orm of sanctioning of free riders can arise as one of the possible
table states of the evolutionary process.

An important common element in these evolutionary
pproaches is the relationship between sanctioning, as an
nternalized norm or as an individual trait, and a system of beliefs
hat coevolves with it and that leads to the expectations consistent
ith the actual sanctioning behavior. One implication of these
odels is that individuals in societies where sanctioning supports

ooperation through the sanctioning of free riders are expected to
elieve that sanctioning will be used to sanction free riders, and to

elieve this without empirical evidence on the use of sanctions. A
econd, perhaps more important implication, is that sanctions can
ffect behavior even when not being used. As a direct consequence,

2 In the literature, sanctions are referred to as altruistic if they are costly to the
ender, but yield no benefits to him/her (Fehr and Gächter, 2002). The sanctioning
tudied in this paper is most precisely referred to as non-strategic, meaning that
he sanction providers engage in sanctioning without planning to benefit from it,
espite the fact that they might end up better off with than without the sanctioning
ption available. However, both altruistic and non-strategic sanctions are used non-
trategically, without their choice being based on the expected benefit from the
anctioning decision.
o-Economics 40 (2011) 919–928

when sanctioning of free riders is internalized by a society as a
social norm, the overall costs incurred in sanctioning might be
much lower than usually assumed.

The experimental findings presented in this paper provide evi-
dence that the impact of sanctions assigned to the free riders is
driven by expectations rather than by any direct impact of sanc-
tions. Subjects correctly predict that free riding will be sanctioned
and hence adjust their behavior accordingly. Sanctioning thus is
a form of a social norm—a behavioral rule that is adhered to and
that is expected to be adhered to by a significant fraction of the
population.

We obtain data on the role of the subjects’ expectations regard-
ing sanctioning behavior by varying the timing of the feedback
given to the subjects about the sanctions they receive in a repeated
public goods game. We implement two information treatments. In
both of them, subjects first play several rounds of the linear public
goods game without any sanctioning, and experience the conver-
gence of their contributions to full free riding. After re-grouping
subjects for the second part of the experiment, we allow them to
assign costly sanctions to other group members in each round of
the game. In the STANDARD treatment, subjects receive feedback
on the sanctions assigned to them in the same round in which they
made their contribution to the public good, while in the SECRET
treatment, sanctions can be assigned in each round, but they are
revealed to their receivers only at the end of the experiment. All
strategic (forward-looking) motivations for sanctioning are thus
removed in the SECRET treatment. Moreover, if behavior in the
public goods game is affected by the presence of the sanctioning
option in the SECRET treatment, then we ascribe this effect to the
beliefs subjects hold about sanctioning behavior of others. Note
that we do not explicitly elicit subjects’ beliefs about sanctioning
but infer them from the subject’s behavior, and from comparison
of our experimental treatments.

Our paper contributes to the existing literature on the origins
of sanctioning, and the way sanctions affect behavior. Most closely,
it links to the study by Fudenberg and Pathak (2010). Using a ran-
dom matching design, they compare one-shot public goods games
with immediately observed sanctioning to games with unobserved
sanctions, in order to differentiate between repeated-game the-
ory motivations for sanctioning, and altruistic (backwards-looking)
sanctioning. The authors report that subjects are more likely to
punish, and they punish harsher when sanctions are not observed,
but no explanation is offered for this effect. The wide-spread use
of unobserved sanctioning has been documented in other stud-
ies as well. Abbink et al. (2004), for example, compare immediate
and delayed feedback on ultimatum offer rejections in a random
matching design, and report a considerable rejection rate in the cov-
ered response design, going beyond the effect of creating a group
reputation for toughness in order to eliminate unfair offers. Non-
strategic sanctioning in a one-shot public goods game is observed
by Walker and Halloran (2004). In their true one-shot experiment,
sanctions do not disappear, although it seems that subjects are not
able to anticipate correctly the level of contribution they will be
sanctioned for. Note that so far, no conclusion can be made about
the impact the unobserved sanctions would have on behavior over
time, and whether unobserved sanctioning is a temporary or lasting
phenomenon. In our experiments, we therefore study a repeated
public goods game, which allows us not only to analyze the origins
of sanctioning, but also the way subjects incorporate the threat of
the (unobserved) sanctioning into their contributions in a public
goods game.

In brief, we find that expectations of sanctioning enforce coop-

eration. Our data corroborates the widespread use of non-strategic
(backward-looking) sanctions in public goods games. Sanctioning
occurs in both of our experimental treatments, and similar levels
of free riding in the public goods game are punished to a similar
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xtent, no matter whether the sanctions are announced immedi-
tely to the sanctioned individuals or whether no such information
s provided. Strikingly, cooperation in groups with unobserved
anctions does not unravel, but these groups develop group-level
pecific contribution over time, when responding to the contribu-
ions of others, increasing contributions if others contribute more,
nd decreasing them otherwise. Sanctioning thus proves to have a
asting effect on the levels of cooperation in a public goods game
ven without having an immediate effect on the welfare of the
anctioned individuals. We conclude that sanctioning system oper-
tes as a social norm, and comes accompanied by beliefs of what
ituations merit punishment.

The remainder of this paper is organized as follows. In Section
, we describe the game and the experimental design. The data are
nalyzed in Section 3, and Section 4 concludes.

. The game and experimental design

.1. The game

We implement a four-player repeated public goods game in
hich the payoff function for the ith player, i = 1, . . , 4, is given by:

i = 10 − xi + 0.4(xi + X−i) (1)

ere, the contribution xi that an individual i makes to the public
ood comes from a set of integers xi ∈ {0, 1, . . . , 10}, and X−i is the
um of the contributions of all players other than i.

This public goods game is extended by including a sanctioning
tage. After each round, players observe the contribution vector
x1, . . . , x4}, receive an additional endowment of S = 10, and can
ssign any integer number from that endowment to any of the other
layers. Let us denote by sij the amount of points player i assigns to
layer j, j /= i, where sij ∈ {0, 1, . . . , 10} and

∑
j /= isij ≤ 10 . Player i′s

ayoff from sanctioning in one round is given by:

i = 10 −
∑

j /= i

sij − 3
∑

j /= i

sji (2)

layer i’s total payoff in one round of the game with sanctioning is
hus given by

i = �i + fi. (3)

he personal benefits from contributing to the public good are
ower than the benefits of not contributing; therefore, according
o the backwards induction argument, all players will choose zero
ontributions to the public good in all rounds. However, this solu-
ion is inefficient because in this linear public goods game, the total
ayoff is maximized if each group member chooses the maximal
ontribution of 10. The same prediction can be made for the case
hen sanctioning is present, since sanctions are costly to the sender
hile yielding no direct material benefit. Consequently, rational

nd payoff-maximizing players will not use any sanctions, and the
ontributions to the public good when sanctioning is possible will
e equal to the contributions in a public goods game without sanc-
ioning.

This prediction, however, is likely to be behaviorally irrelevant
n societies where non-strategic sanctioning of free riders occurs.
on-strategic sanctioning is driven by different motivations than

imply by evaluating the expected material outcomes. Instead, the
oots of non-strategic sanctioning may be found in the emotional
rocesses of humans, e.g., in the pleasure of taking revenge or
he desire to uphold norms such as those of fairness. Hopfensitz

nd Reuben (2009) found that self-reported anger was related to
anctioning decisions (see also Fehr and Gächter, 2000), and Falk
t al. (2005) provided evidence of frequent norm-driven sanction-
ng. Quervain et al. (2004) offered direct neurological evidence on
o-Economics 40 (2011) 919–928 921

the processes underlying sanctioning; that is, they measured brain
activation patterns and related sanctioning to an anticipated grati-
fication. The fact that sanctioning is related to pleasurable emotions
may explain why (some) subjects are willing to incur the material
costs of sanctioning. Generally speaking, non-strategic sanctioning
has been observed frequently in such experiments, and it has been
found to play a bigger role than the strategic sanctions assigned
under the expectation of a direct material benefit (Falk et al., 2005;
Casari and Luini, 2009; Walker and Halloran, 2004; Fudenberg and
Pathak, 2010).

In our experiments, we use two different types of sanction-
ing treatments. In the STANDARD sanctions treatment, subjects
contribute to the public goods game, observe the individual con-
tributions of others in their group, and are allowed to decrease
the payoffs of other players by assigning deduction points. Each
deduction point decreases the payoff of the person receiving the
deduction point by three points. All subjects learn how many
deduction points they received and are informed of the final pay-
offs.

In our main treatment, the SECRET sanctions treatment, we
capture the effect of beliefs in non-strategic sanctioning. It differs
from the STANDARD sanctions treatment only in that it delays the
feedback on the sanctions received (if any) until the end of the
experiment. This arrangement removes the strategic (repeated-
game theoretic, forward-looking) motivations of sanctioning. In
this treatment, contributions to the public good can be affected
only by the subjects’ beliefs in non-strategic sanctioning and in its
specific form that is expected to be operational in the population.

Our predictions can be summarized by the following two
hypotheses. The first hypothesis relates to the type of non-strategic
sanctioning expected to be used by our sample population, i.e.,
the sanctioning of free riders. The second, main hypothesis con-
cerns the subjects’ expectations on what constitutes behavior that
exposes a person to the possibility of receiving a sanction, as
revealed through the changes in the individual contributions to the
public good. In a population where free riders are sanctioned, this
dynamic is expected to be driven by the avoidance of being seen as
a free rider. The fact that this type of sanctioning is a norm implies
that the same type of behavior will be observed with and with-
out direct evidence on sanctioning. We thus state the following
hypotheses:

Sanctioning hypothesis: Sanctioning is non-strategic: thus, the
probability and the size of the sanctions assigned is the
same for both the SECRET and the STANDARD sanctions
treatment. The form of the sanctioning is the sanctioning
of free riders.

Expectations of sanctioning hypothesis: Subjects believe that
sanctioning will be targeted toward free riders in the
group. Consequently, subjects adjust their contributions
in repeated interactions over time so as to avoid being a
free rider in the group. This is the case both for the SECRET
sanctions treatment and the STANDARD sanctions treat-
ment.

2.2. Experiment design

In the fall of 2006, we conducted four experimental sessions at
Tilburg University in the Netherlands. A total of 64 subjects par-
ticipated in either the STANDARD or the SECRET treatment, with
each subject randomly assigned to only one treatment (see sum-
mary in Table 1). The participants were bachelor’s and master’s

degree students of economics, law, and business. The language of
the experiment was English. Upon arrival, participants were ran-
domly assigned to a computer terminal, and were informed that the
experiment consisted of two tasks; the instructions for each task
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Fig. 1. Average group contributions to the public good per treatment and period.

Table 1
Summary of all sessions.

Session Treatment Periods 1–10 Periods 11–20 Number of subjects
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Compared to previous studies, our STANDARD sanctions treatment
seems rather standard in the sense that (i) contributions are well
above half of the endowment, on average, and (ii) they increase
rather than decrease over time.4
2 SECRET Without sanctions
3 STANDARD Without sanctions
4 STANDARD Without sanctions

ere read aloud just before the relevant task started. The experi-
ent was fully computerized and the software was programmed

sing z-Tree (Fischbacher, 2007).
In Task 1 of the experiment, after being arranged into groups of

our, the subjects participated in 10 rounds of the repeated public
oods game without any sanctioning. The subjects received both
he payoff function and the payoff table. They were informed that
hey would stay in the same group for all 10 rounds and that in each
ound the subjects would be assigned a new integer label ranging
rom 1 to 4. This matching protocol allowed the subjects to share
nowledge about the behavior of others in the group across rounds,
hile severing the relationship between decisions made in the cur-

ent round and the behavior of a specific individual in the past.
n each round, each subject received 10 tokens and was asked to
ivide them between option I (public good) and option II (private
ood). All formulations were neutral. After each round, each sub-
ect observed the contributions of all other subjects in his or her
roup.

After round 10, at the beginning of Task 2, we regrouped the
ubjects into new groups and informed them that they would stay
n the new group for all 10 rounds of Task 2. The subjects’ labels

ere changed after each round, as in Task 1. Each round of Task 2
ad two stages. In Stage 1, the subjects chose their contributions to
he public good, they observed the contributions of other individu-
ls, and they received 10 tokens for the second-stage endowment.
n Stage 2, each subject was given the chance to assign any of his or
er Stage 2 endowment to any of the other subjects in the group.
ach assigned point decreased the payoff of the receiver by three
oints.

In the STANDARD sanctions treatment, we informed the subjects
ow many sanctioning points they received during the same round

n which these points were assigned to them. In the SECRET sanc-

ions treatment, by contrast, all information on sanctions received
as delayed until the end of the experiment. After all 10 rounds of

ask 2, each subject learned how many Stage 2 sanctioning points
e or she received in each round.
With unobservable sanctions 16
With observable sanctions 12
With observable sanctions 16

The experiment lasted about 1.5 h, and participants earned an
average of 10,70 euros (including a 3-euro participation fee).

3. Data analysis

We start by summarizing contributions to the public good in
both treatments. We then explain contribution behavior by study-
ing evidence on sanctioning under observable and unobservable
sanctions, and by retrieving beliefs about sanctioning from the
dynamics of the contributions.

3.1. Contribution behavior

Previous research has convincingly shown that observable sanc-
tions, where one sanction unit is three times as costly to the receiver
as to the sender, serves as an effective tool for supporting cooper-
ation. This is also the case in our experiments with the STANDARD
sanctions treatment (see Fig. 1). Average group contributions are
clearly higher when subjects are able to sanction (Task 2, rounds
11–20) than when sanctions are not possible (Task 1, rounds 1–10)
(Mann–Whitney test with a unit of observation being the aver-
age group contribution in Task 1 and in Task 2, N = 14, p = 0.026).3

Subjects achieve more than 25% of the maximum group contribu-
tions (equal to 40) in the SECRET sanctions treatment, and more
than 50% of the maximum in the STANDARD sanctions treatment.
3 Recall that we re-grouped subjects between Task 1 and Task 2.
4 Using the same 1:3 sanctioning technology as we do, Gächter et al. (2008) report

contributions close to ours in their 10-round repeated game. These authors show
that the longer the time horizon, the more likely the contributions increase towards
full efficiency with this technology. Note that in their seminal paper, Fehr and
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At first sight, the impact of unobserved sanctions on behavior is
ess obvious. Average group contributions in the SECRET sanctions
reatment do not differ between Task 1 and Task 2 (Mann–Whitney
est with a unit of observation being the average group contribution
n Task 1 and in Task 2, N = 18, p = 0.730). This might suggest that
ubjects in the SECRET sanctions treatment do not take into account
he fact that free riders will be sanctioned.

However, there is also no significant difference in the average
roup contributions in Task 2 between the two treatments, STAN-
ARD and SECRET sanctions treatment (Mann–Whitney U test with
unit of observation being the average group contribution in Task 2
f the STANDARD treatment and in Task 2 of the SECRET sanctions
reatment, N = 16, p = 0.210), nor is there a difference between the
ayoffs that individuals earned in the Task 2 in the two treatments
Mann–Whitney U test with a unit of observation being the aver-
ge individual payoff in Task 2 of the STANDARD and in Task 2 of
he SECRET sanctions treatment, N = 16, p = 0.133). We need to look
eyond treatment averages to understand these observations and
he effect that unobserved sanctions might have.

To this end, the evolution of group contributions over time in
he two sanctioning treatments is revealing (see Fig. 2). This evo-
ution explains why, on average, there is no difference in group
evel cooperation between the STANDARD and SECRET sanctions
reatments. We observe a strong bifurcation of cooperation lev-
ls in the STANDARD sanctions treatment (see panel (c) in Fig. 2),
ith groups converging either to full cooperation (4/7) or to full

ree riding (3/7). On the other hand, in the SECRET sanctions treat-
ent, the evolution of contributions shows a different dynamic

see panel (d) in Fig. 2), with half of the groups converging to full
efection (4/9) and the other half (5/9) preserving or increasing the

nitial contribution levels over time. The absence of an end-game
ffect or of a negative time trend in these groups is remarkable and
ffers evidence that unobservable sanctions can have a long-term
mpact on cooperation. Focusing on individual groups reveals that
he contribution dynamics differs fundamentally when sanctions
re observable and when sanctions are not immediately observable.
oreover, the presence of sanctions, though unobservable, results

n higher contributions, as can be seen from comparing panel (b)
nd panel (d) of Fig. 2.

In summary,

bservation 1: Contributions to the public good are higher in the
presence of sanctions than in the absence of sanctions,
both in SECRET and STANDARD sanctions treatment.

.2. Sanctioning behavior

Above, we established that unobserved sanctions affect contri-
utions in at least half of the groups in our experiments, and their

mpact extends over all periods of interaction. Before studying the
echanisms by which the unobserved sanctions affect behavior,
e now first ask in what way – and if at all – do subjects use them,

n particular in comparison to the use of sanctions in the STANDARD
anctions treatment.

In the STANDARD sanctions treatment, subjects receive infor-
ation on the total number of sanctioning points assigned to
hem by their co-players in every round. In this case, the early
ounds investments into sanctioning in a repeated public goods
ame could be compensated by future benefits if the sanctioned

ächter (2000) use a different sanctioning technology, where each unit of sanction
ssigned decreases the payoff of the receiver by 10%. This implies that sanctioning
f free riders is mostly more effective than when using a 1:3 sanctioning as in our
aper; and is accordingly more effective at achieving full cooperation in a public
oods game.
Fig. 2. Group contributions per treatment.

individuals increase their contributions to the public good after
receiving sanctions. Subjects, disregarding their preference for
sanctioning itself, therefore might have incentives to sanction
free riders in the STANDARD sanctions treatment in order to
establish reputation as free rider intolerant individuals. This is
not the case in the SECRET sanctions treatment, which allows
assigning of sanctions in every round but does not provide sub-
jects with any feedback on the sanctions they received until the
end of the experiment. Thus, in the SECRET sanctions treatment,
strategic (forward-looking) incentives for sanctioning aimed as

deterring free rider’s behavior are absent. The only sanctioning
incentives in the SECRET sanctions treatment are thus non-strategic
(backwards-looking).
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(see column 3 in Table 2), but it does depend on the extent of free
riding. Sanctioning is not only statistically but also economically
relevant in the sense that every point of a difference between the
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ig. 3. (a) Probability of sanction and (b) size of a sanction (assuming sanction is assig

Nevertheless, we find that both the probability of assigning a
anction and the extent of the sanctioning in a given situation do
ot differ in our two treatments, which is a strong evidence that the
otivations behind the sanctioning in our experiment are mostly

on-strategic. Fig. 3 summarizes the evidence, with panel (a) illus-
rating the probability that an individual assigns any sanctioning
oints and panel (b) showing the average number of sanctioning
oints conditional on assigning a sanction. The independent vari-
ble in these figures is the difference between the sender’s and the
eceiver’s contributions to the public good. To interpret the figure,
ote that in the second half of the experiment, about 90% of all indi-
idual observations fall into the categories where the difference
etween the contributions of the sanctioning and the sanctioned

ndividual is between −5 and 5.
In our study, we find that cooperators sanction free riders: the

anctions are mostly targeted toward receivers who contribute less
han the sender. Some spiteful sanctioning, targeted at receivers
ho contribute more than the senders, is found as well (see also

alk et al., 2005). Conditional upon choosing to sanction another
ubject, the sanctioning subject assigns on average equivalent sanc-
ions for equivalent degrees of free riding in the two treatments,
s defined by the difference between the sender’s and receiver’s
ontribution to the public good. Furthermore, consistent with non-
trategic explanations of sanctioning, the subjects assign sanctions
ver all periods of the SECRET sanctions treatment, including the
ast period of the STANDARD sanctions treatment (see Fig. 4).

The seemingly prevailing differences in the average sanctioning
cross treatments over time, see Fig. 4, can be understood by notic-
ng that the contributions differ over time in the two treatments. In
rder to address properly whether the sanctioning likelihood and

attern do not differ across treatments, we need to apply a regres-
ion analysis controlling for the contribution behavior in a group.

e do that by estimating a hurdle model, allowing for the sanction-
ng decision to be guided by a process different from the decision on
as a function of the difference between the sender’s and the receiver’s contributions.

how much to sanction. Sender i’s decision to sanction receiver j is
explained by a logit model (see column 2 in Table 2). The size of the
sanction assigned by i to j is estimated by a truncated Tobit model
(see column 3 in Table 2). Individual random effects are taken into
account in both parts of the model. The treatment dummy variable
secret was set to 1 in the SECRET sanctions treatment and to 0 in
the STANDARD sanctions treatment.

The regression results confirm that free riders are punished
by cooperators, and that the decision to sanction is equally likely
in both treatments (see significant coefficient of the variable
max(xi − xj, 0) in column 2 in Table 2, and an insignificant inter-
action term with the treatment variable). When a subject assigns a
sanction, its size does not depend on the treatment, as supported
by the economically very small and insignificant interaction terms
0

10987654321

Period

Fig. 4. Average sanction points sent per period.
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Table 2
Regression analysis of subject i’s decision to sanction or not sanction subject j (in
column 2), and of the size of sanction assigned by subject i to subject j, assum-
ing a decision to sanction was made (in column 3). Column 2 contains the average
marginal effects of the independent variables of a logit model with individual ran-
dom effects. Column 3 contains the coefficients of a truncated Tobit model with
individual random effects. Standard errors in parentheses.

Decision to sanction Size of sanction

Secret −0.016 −0.781
(0.086) (0.880)

max(xj − xi , 0) −0.008 −0.205**

(0.006) (0.97)
max(xj − xi , 0) ∗ secret 0.006 0.038

(0.009) (0.139)
max(xi − xj , 0) 0.042** 0.363***

(0.008) (0.076)
max(xi − xj , 0) ∗ secret 0.0005 0.046

(0.008) (0.113)
Period −0.027*** −0.021

(0.007) (0.094)
Period ∗ secret 0.012* 0.194*

(0.007) (0.114)
Constant 0.219

(0.737)

N 1920 488
Log likelihood −905.62028
Wald �2 174.64 56.98
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respectively. We interact these variables with a dummy variable.
In column 2, the dummy variable captures the comparison of Task
1 with Task 2 in the SECRET sanctions treatment (dummy = 1 in

5 Until now, the decline in contributions in the public goods experiments has been
mostly interpreted in terms of a rational best response by conditional cooperators
towards the population containing free riders (Burlando and Guala, 2005). Our indi-
* p < 0.1.
** p < 0.05.

*** p < 0.001.

ontributions of the sanctioning sender and the sanctioned receiver
s accompanied by an implied payoff decrease of more than one
oint (equal to 0.363 * 3). Effectively, senders assign sanctions in a
ay that eliminates the payoff advantage of a free rider in the con-

ribution stage of the game. These payoff losses experienced by free
iders are independent of the treatment. The regression analysis
hus reveals that sanctioning is triggered by motivations present in
oth treatments, i.e., motivations not linked to the subject receiving
feedback on being sanctioned. Finally, note that there is some neg-
tive time trend in sanctioning. The period coefficient is negative
hen estimating the probability of assigning a sanction (amounting

o about 10% decrease in sanctioning probability per four periods).
his decrease is present in both treatments, though. We do not find
ny significant time trend when estimating the size of the sanctions.

In view of these results, we offer the following observation:

bservation 2: Sanctions are mainly non-strategic. When the dif-
ferences in the sender’s and receiver’s contributions to
the public good are taken into account, subjects sanction
free riders with equal probability and equal strength in
both the STANDARD and SECRET treatments.

.3. Contribution dynamics

How do subjects react to the observed and unobserved sanctions
n the repeated public goods game? Without evidence on sanc-
ioning in the SECRET sanctions treatment, subjects have to rely
n their experience with sanctioning norms, and hence on their
ome-grown beliefs they bring into the laboratory. To address these
eliefs, we first comment on the individual’s contribution strategies
nd then present a regression analysis of the contribution dynam-
cs. It is our goal to demonstrate that subjects can assess correctly

hat kind of behavior elicits sanctions, by observing how subjects
hange contributions based on the feedback received.
The evidence on the sanctioning behavior in our experiments
hows that free riders, by contributing less than others, are exposed
o receiving sanctions, both observable and unobservable. Thus, an
ndividual who correctly understands sanctioning behavior should
o-Economics 40 (2011) 919–928 925

be aware of this and avoid the free rider position in the group. Do
subjects really behave this way? To address the type of contribution
adjustment strategies individuals use, we identify for each individ-
ual, how he or she changes own contribution in the next round
depending on how his or her contribution compares to the aver-
age contribution of others in the group in the current round. In
particular, we obtain information for each individual on how he
or she updates own contributions in cases (i) when contributing
less than others on average in the group, and in cases (ii) when
contributing more than others on average in the group in the cur-
rent round. In general, subject can either increase, not change,
or decrease own contribution in the upcoming round. Note that
we are only able to describe an individual’s strategy if he or she
ends up to be the below-average contributor in some rounds, and
the above-average contributor in other rounds. Therefore, in this
analysis we focus on subjects for who we do have information on
behavior in both cases, (i) and (ii). Only a few subjects’ strategies
cannot be fully described (either because they always contributed
less than others, or always contributed more than others on aver-
age), and we present here data on the remaining 61 subjects in
Task 1 (rounds 1–10, without sanctioning) and 55 subjects in Task
2 (rounds 11–20, with sanctioning). Several strategy types are used
frequently by our subjects: (1) a static strategy (no change of con-
tribution over time), (2) a two-sided reciprocal strategy (increasing
the contribution if below average and decreasing the contribu-
tion if above average), and (3) a positive-only reciprocal strategy
(increasing the contribution if below average but no change if
above average). Fig. 5 shows the population distribution of these
strategies.

When sanctioning is not possible (in Task 1), the subjects most
frequently apply the static strategy and the two-sided reciprocal
strategy. When explicit sanctions are available (in Task 2), subjects
do not anymore use covert sanctioning via decreasing their own
contributions (as they often do when sanctions are not available, in
Task 1) but they can chose an overt negative reciprocal action and
do not decrease their contributions as cooperators.5 This is the case
in both sanctioning treatments, although more so in the STANDARD
sanctions treatment. In the SECRET sanctions treatment, the static
strategy is more popular than the positive reciprocal strategy, but
also in this treatment, subjects use negative reciprocation via con-
tributions less frequently when sanctioning is available than when
sanctions are not available. Interestingly, the positive reciprocal
strategy becomes more popular in both sanctioning treatments in
comparison to the Task 1 without sanctioning. These changes in the
strategies used in both treatments demonstrate the impact of the
subjects’ beliefs in sanctioning.

To explain the contributions adjustments in a detail, we run
a Tobit regression analyzing the decision of subject i to change
his or her contribution to the public good across two periods,
xi,t − xi,t−1, see Table 3.6 The explanatory variables are the dis-
tance of i′s contribution from the average contribution of others
if contributing more than average in the previous period, or if
contributing less than average in the previous period; these are
the variables max(xi,t−1 − x−i,t−1, 0) and max(x−i,t−1 − xi,t−1, 0),
vidual analysis view suggests that a part of the unravelling in public good provision
may also be attributed to a covert sanctioning behavior.

6 The changes in subject i′s contributions are truncated at 0 and at the endowment
constraint, but these bounds are never binding. Including individual random effects
has no impact on the results.
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(a) Task 1 (without sanctioning, period 1-10)
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(b) Task 2 (with sanctioning, period 11-20)
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Fig. 5. Individual strategies (a) wit

eriods 1-10, and dummy = 0 in periods 11–20). In column 3, the
ummy captures the comparison of Task 2 in the SECRET sanc-

ions treatment with Task 2 in the STANDARD sanctions treatment
dummy = 1 in the periods 11–20 in the SECRET sanctions treatment,
nd dummy = 0 in the periods 11–20 in the STANDARD sanctions
reatment).

able 3
xplaining the change in an individual i′s contribution between period t − 1 and period
arentheses.

Treatment/data Secret/rounds 1–10 vs.11–
(i) Dummy = rounds 1–10

Dummy 0.247
(0.446)

max(xi,t−1 − x−i,t−1, 0) −0.203***

(0.064)
max(xi,t−1 − x−i,t−1, 0) ∗ dummy −0.339***

(0.082)
max(x−i,t−1 − xi,t−1, 0) 0.360***

(0.008)
max(x−i,t−1 − xi,t−1, 0) ∗ dummy −0.219**

(0.107)
Period 0.025

(0.041)
Period ∗ dummy 0.016

(0.059)
Constant −0.290

(0.300)

N 640
Log likelihood −1319.9805

* p < 0.1.
** p < 0.05.

*** p < 0.001.
(b) without sanctioning available.

We find that subjects respond differently to their relative posi-
tion in the group, in terms of the contributions made to the public

good, when the sanctioning option is not available (Task 1 of the
SECRET sanctions treatment) and when the sanctioning option is
available (Task 2 of the SECRET sanctions treatment). This is true
despite the fact that in both cases the subjects receive feedback

t by a censored Tobit model with individual random effects. Standard errors in

20 Standard vs. Secret/rounds 11–20
(ii) Dummy = secret

−1.889**

0.805
−1.267***

0.139
0.366*

0.189
0.263**

0.128
−0.020
0.180
−1.048***

0.089
0.221*

0.114
8.699***

0.638

640
−1681.5973
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nly on the public goods contributions, and not on the use of the
anctions (if any). In particular, as can be seen in Column 2 of
able 3, unobserved sanctions lead to a smaller (less than half in
ize) decrease of the above-average contributions and to a greater
more than three times as high) increase of the below-average
ontributions, as compared with the situation in which the same
ubjects adjusted their behavior in the absence of the sanctioning
ption.7 In this way, the presence of sanctions, even if their use is
ot observable, supports cooperation in Task 2.

We now study how subjects adjust their contributions based
n how these compare to the contributions of others in their
roup. In particular, we compare whether and how these contribu-
ion adjustments differ across the treatments with observable and
nobservable sanctions (see Column 3, Table 3). There are no signif-

cant interaction effects suggesting that the subjects increase their
ontributions to avoid being a free rider, independent of whether
r not the sanctions are observable. The treatment dummy is sig-
ificant, though, resulting in lower unconditional contributions in
he SECRET sanctions treatment.

We conclude that the presence of sanctions, even when not
irectly observable, generates incentives for avoiding the free rider
osition and stabilizes the contributions of cooperators. We thus
ffer the following observation:

bservation 3: Subjects respond to the presence of sanction-
ing even when sanctions are unobservable. They exhibit
stronger incentives for avoiding the free rider position
and a weaker tendency to avoid the sucker’s position
when sanctions are possible than in the absence of any
sanctioning.

. Conclusions

The sanctioning of free riders in social dilemmas might be the
nswer to the puzzle of why human cooperation occurs in large
roups of unrelated individuals. Such sanctioning is often observed
n experimental studies and has been shown to have non-strategic
rigins. Costly sanctions are imposed regardless of whether the
anctioning individual can count on benefiting from the action in
he future. Recent evolutionary models suggest that costly sanc-
ioning behavior in large populations, which would appear to
ecrease fitness, can be explained by taking into account the role of
ocial norms in the process. When behavior is affected by expecta-
ions of free riders being sanctioned, even without direct evidence
f such sanctioning, the social costs of sanctioning can be kept low.
roups sharing the norm of sanctioning free riders could obtain an
volutionary advantage over groups sharing a different sanctioning
orm.

In our study, we find evidence that in a population in which sanc-
ioning of free riders occurs, the subjects do indeed hold correct
eliefs about the type of behavior that will result in being sanc-
ioned. We make this observation based on comparing the behavior
n a treatment in which sanctions are directly observable with a
reatment in which the sanctions remain secret until the end of
he experiment. In short, we find that subjects are equally likely to

se the unobserved and observed sanctions in our experiment, and
hey punish similar instances of free riding with similar sanctions
n the two treatments.

7 To consider this, observe that one point of excess contribution above the group
verage motivates a 0.54 point decrease in contribution when sanctioning is not an
ption but only 0.20 point decrease when sanctioning is possible. Similarly, below-
verage contributors increase their contributions by 0.36 point when sanctions are
n option, but only by one third of it, 0.14 point, without the sanctioning option.
o-Economics 40 (2011) 919–928 927

When costly sanctioning is a social norm, individuals’ beliefs will
shape behavior independent of the information on the actual sanc-
tions received. This is precisely what happens in our experiments.
When subjects know that sanctions are not available in their inter-
actions, their behavior can be described as a reversion to the mean,
with the subjects increasing contributions when below the average
contribution of others, and decreasing contributions when above
the average contribution. Introducing the possibility of assigning
costly sanctions to this environment results in a lower tendency
to decrease above-average contributions and a higher tendency
to increase below-average contributions. Subjects’ expectations on
the sanctioning of free riders motivate them to avoid being a free
rider, and in this way stabilizes cooperation at a group-specific
level.

Our findings support the assumption built into the recent evo-
lutionary explanations of costly sanctioning – that beliefs in costly
sanctioning of free riders co-evolved with the individual traits for
the sanctioning of free riders. The sanctioning of free riders can
become a social norm shared by a population, although other forms
of sanctioning norms are conceivable as well. This social-norm per-
spective on sanctioning may also explain why some societies are
more cooperative than others. The level of cooperation in a society
depends on the set of beliefs coevolving with the actual strategies
supporting them. We might need to search further for the answer
to the question what aspects shape these beliefs. Some indications
can be found in the recent research (Herrmann et al., 2008), sug-
gesting that culture, the shape of formal institutions and formal law
enforcement interact with the informal enforcement rules found in
a society.
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