
BACKGROUND ON PUBLIC GOODS

• A good is called non-rival of consumption of it by one individual does not diminish
the amount available for consumption by other individuals.

– Example: satellite TV broadcast.

• A good is called non-excludable if no individual can be prevented from consuming it
(or can only be prevented at an unreasonably high cost).

– Example: national defense.

• Private goods are both rival and excludable.

– Example: food.

• Pure public goods are both non-rival and non-excludable.

– Example: outcomes of basic scientific research.

• Common-pool resources are rival but non-excludable.

– Example: public park.

• Club goods are non-rival but excludable.

– Example: coded satellite TV broadcast.

• Table classification:

Rivalry/Excludability Non-excludable Excludable
Non-rival Pure public good Club good

Rival Common-pool resource Private good

• Private sector is efficient, via markets, in producing and delivering private goods. But
not public goods. Non-excludability implies that anyone, even the ones who did not
pay for it, can consume a public good. Because of that, everyone has an incentive to
do exactly that, i.e., to free-ride.

• As a result, if the provision public goods is left up to the private sector, there will
generally be underprovision: anyone willing to pay for a bit of the public good ignores
the positive consumption externality such act infers on other people and hence too
little of the good is purchased.

• In fact, this has been documented experimentally via means of Voluntary Contri-
bution Mechanism (VCM).

• In reality, public goods are typically provided by various levels of government that also
levy (often distortive) taxes to finance these goods.

• The follow-up literature on VCM tries to identify institutional designs that would lead
to private provision of public goods. We will in turn consider two of those:

– VCM with Punishments for Non-Cooperation

– Provision-Point Mechanism
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VOLUNTARY CONTRIBUTIONSMECHANISM (VCM)

• Consider the following game of n players: each player is endowed with a budget of
y > 0. Each player i needs to split this budget between a contribution to the public
account gi and his private good consumption y − gi. The sum

∑
i gi is a metaphor for

the amount of the produced public good. Each player then receives this sum multiplied
by a factor of a ∈ (1/n, 1). This factor, also called a marginal per capita return
(MPCR), is a metaphor for the marginal utility (in terms of private consumption) of
the public good. Hence the ultimate payoff of player i is given by

xi(g1, ..., gn) = y − gi + a
n∑

j=1

gj.

Because a < 1, the marginal cost of contributions to public account (in terms of private
consumption), in this game it is a dominant strategy to contribute nothing, and this
is the unique prediction of game theory. On the other hand, since na > 1, it is socially
optimal if everyone contributes everything. Given this tension between private and
social interest, this game is an n-player Prisoner’s Dilemma.

Marwell and Ames (1981)

• This is an early study of this kind. The authors consider various variations on this
game and this is what they find:

• We observe that:

G. Marwell and R.E. Ames, Free rider hypothesis 307 

groups of subjects. The differences between them and the subjects in 
experiment 1 is significant at the 0.05 level, (F-test). The previous results do 
not replicate. One could argue that for this group the strong free rider 
hypothesis receives some support. 

14. Summary and conclusions 

For ease of reference, table 2 presents the mean investment behavior of 
subjects in all twelve experiments. 

Table 2 

Summary of results: Experiments l-1 1. 

Experiment 
Mean % of 
resources invested 

1. 
2. 

3. 
4. 

5. 
6. 

7. 
8. 
9. 

10. 

11. 

12. 
- 

Basic experiment 
Skewed resources and/or interest 
Experiments 1 and 2, combined 
Provision point 
Small groups with provision point 
(except those with sufficient interest to provide the 
good themselves) 
Experienced subjects 
High stakes 

Experienced interviewers 
All interviews 

Feedback, no changing initial investment 
Feedback, could change investment in individual account 
Feedback, could change investment in individual account - 
college students 
Manipulated feedback 

Low 
Medium 
High 

Non-divisibility 
Divisible (control) 
Non-divisible 

Economics graduate students 

42 PO 
53 “,, 
51 7; 
5 1 l:;, 
60 “zO 

41 “j, 

_ 

Summarizing most of the results seems ridiculously easy: over and over 
again, in replication after replication, regardless of changes in a score of 
situational variables or subject characteristics, the strong version of the free 
rider hypothesis is contradicted by the evidence. People voluntarily 
contribute substantial portions of their resources - usually an average of 
between 40 and 60 percent - to the provision of a public good. This despite 
the fact that the conditions of the experiment are expressly designed to 
maximize the probability of individualized, self-interested behavior. Free 
riding does exist - subjects do not provide the optimum amount of the 

1. The contribution rate is around 40% to 50% of available resources, contradicting
the game-theoretic prediction.

2. The only exception is when the experiment is done with a group of doctoral
students in economics, who contribute only around 20% of available resources.
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• Note that the paper is titled “Economists Free Ride, Does Anyone Else?”

Isaac and Walker (1988a)

• The authors are motivated by the conjecture that larger groups have a harder time
contributing toward the public good. They argue that this comparative static may be
based on thinking of a fixed factor na that multiplies the pot of public good contri-
butions. As a result, if n increases, a, or MPCR must fall, which may lead to lower
contributions. However, from the real world point of view, a more relevant exercise is
to see what happens when a is kept constant while n increases.

• In particular, the authors experimentally study comparative statics of the VCM game
with respect to both n and a, ceteris paribus. They use a within-subject design, running
two series of 10 periods with a = 0.3 and a = 0.75 (with changing the order in half of
sessions to control for order effects).

• Here are the details of the design (note that the multiplier in the third column is
equal to na and represents a factor by which the pot of public good contributions is
multiplied before being equally split among all the players):

• The authors focus on identifying strong free-riders, i.e., subjects who contribute less
than one third of their endowment. They also claim that their qualitative conclusions
are insensitive to the particular threshold (if lower) that defines the category of strong
free-riders.

• Results for all 10 periods:

• We observe that:

1. Holding group size constant, lowering the MPCR from 0.75 to 0.3 significantly
increases the incidence of free-riding behavior.

2. Holding MPCR constant, there are weak, if any, effects of group size (4 vs. 10
players) on free-riding behavior.

3. Similar conclusions obtain for the last-period effects of group size and MPCR:

4. The level of free-riding tends to increase over time, which is consistent with results
on Prisoner’s Dilemma games we talked about earlier.
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Isaac, Walker and Williams (1994)

• These authors extend Isaac and Walker (1988) but considering four different group
sizes: 4, 10, 40 and 100.

• Experimental design (MS = multiple session; SS = single session; XC = extra credit)

• Results:

R.M. lsaac et al., Group size and the provision of goods 13 
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Fig. 5. 90% confidence bands: group size = 100. 

positive correlation between the percentage of tokens allocated to the group 
account and MPCR does not exist. 

OLS and Tobit regressions of MPCR dummy variables on the percentage 
of tokens allocated to the group account support this observation. This is in 
stark contrast to groups of size 4 and 10, where a positive MPCR effect is 
consistently present over the range 0.30.75. The next subsection focuses in 
more depth on why the MPCR effect appears to vanish in large groups for 
the {0.30,0.75} MPCR domain. 

Fig. 6 presents the sequence of mean percentage of tokens allocated to the 
group account for each of the VCM-MS-XC initializations using a 0.30 or 
0.75 MPCR. The data summarized in this figure lead us to the following two 
observations. 

Observation 3. For the case of MPCR=0.30, groups of size 40 and 100 
allocate more tokens to the group account on average than do groups of size 
4 and 10. 

Observation 4. For the case of MPCR=0.75, there is no discernible 
difference in allocations to the group account on average across group sizes. 

These results (supported by OLS and Tobit regressions) are particularly 

• We observe that:

1. For group size of 40 and 100, variation in MPCR seems not to affect the results.

2. For MPCR=0.30, large groups (40,100) contribute more that small groups (4,10).
For MPCR=0.75, there are no significant differences in the contribution rate
across groups of different sizes.
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Fig. 6. Group size comparison for high (0.75) and low (0.30) MPCR cells. 

striking, since they do not support the existence of the traditionally assumed 
pure group size effect. In fact, the MPCR =0.30 data supporting Observation 
3 exhibit an increase in efficiency when moving -from smaller groups to larger 

groups. 
The possibility that large-group behaviour is an artifact of the VCM-MS- 

XC procedures seems unlikely given the data from the smaller groups, but 
nonetheless required some empirical confirmation. Reported next are the 
results of three 40-person VCM-SS-$ (single-session, cash reward) experi- 
ments using MPCR =0.30. As discussed previously, in single-session experi- 
ments the ten decision-making rounds occur during a single experimental 
session lasting one to two hours. Given the limited seating capacity of our 
laboratories, these 40-person experiments had to be conducted ‘multi-site’ 
with subjects participating simultaneously at Indiana University and the 
University of Arizona through NovaNET. These cash payment experiments 
were quite expensive. In spite of the fact that we utilized an ‘experiment 
dollar’ to U.S. dollar exchange rate of i, each experiment cost over $900.7 

Fig. 7 compares allocations to the group account for these three N=40, 
MPCR =0.30, VCM-SS-$ experiments (SSl, SS2, SS3x) with the means of the 
six corresponding VCM-MS-XC experiments. SSl and SS2 used subjects 

‘Subjects earned, on average, about $20 in the experiment plus $3 for keeping their 
appointment to participate. 

Goeree, Holt and Laury (2002)

• This paper looks at the comparative statics of VCM with respect to MPCR. It argues,
though, that a higher MPCR both increases the value of own contribution to the others
and reduces the private marginal cost of contribution. The authors distinguish between
these two effects and identify the impact of each of them separately.

• Analytically, using the same setup as before, the ultimate payoff of player i is given by

xi(g1, ..., gn) = y − gi + aigi + a−i
∑
j 6=i

gj.

Here, ai is the MPCR, or internal return, to own contribution, whereas a−i is the
external return to the contribution of others.

• Procedure: 10 rounds, strategy method, random rematching, no feedback until the end
of the experiment n = 2 or n = 4, y = 25 tokens, a token kept in a private account
yields 5 cents. Internal and external rates of return:J.K. Goeree et al. / Journal of Public Economics 83 (2002) 255 –276 259

Table 1
Summary of treatments

Treatment

1 2 3 4 5 6 7 8 9 10

Group size 4 2 4 4 2 4 2 2 4 2
Internal return 4 4 4 2 4 4 2 4 2 4
External return 2 4 6 2 6 4 6 2 6 12

Mean contribution 10.7 12.4 14.3 4.9 11.7 10.6 7.7 6.7 10.5 14.5
Median contribution 10 14 17 5 14 11 7 5 10 16.5

order in which the decisions were listed on the decision sheets follows Table 1,
and was such that at least two treatment variables changed between adjacent
decisions. All ten decisions were distributed in the same handout, so the order of
treatments in Table 1 is not necessarily the order in which the subjects made their
choices. In fact, the majority of subjects changed one or more of their decisions
before submitting them; overall, 18% of the choices were changed (57 of 320 total

8choices).
Notice that the value of a token kept (5 cents) is greater than the individual’s

internal return from a token contributed in all treatments. Thus, the single-round
dominant strategy for a selfish participant is to contribute no tokens. However, it is
also the case that the total return to participants from a token contributed is greater
than the value of a token kept. Thus, full contribution by all would maximize
group earnings. Even though the setup decomposes internal and external returns,

9the basic social dilemma structure of the standard public goods game is preserved.
The participants were recruited from undergraduate classes at the Universities of

South Carolina and Virginia, and none had participated in a previous public goods
experiment. The 32 subjects each made ten decisions with no feedback, so there
are 32 individual sets of ten decisions. Groups of eight subjects were in the same
room, but were visually isolated from other participants by the use of ‘blinders.’
The instructions in Appendix A were distributed and read aloud by the experiment
monitor. After participants made contribution decisions for all ten scenarios, the
record sheets were collected and the relevant treatment was selected by the throw
of a ten-sided die. Matchings (in groups of size two or four) were done with draws
of marked ping-pong balls, and the contribution decisions were used to calculate
earnings, which were recorded and subsequently returned to participants. Subjects
were told in advance that the experiment would be followed by a different decision
making experiment, which helped augment their earnings. They were told that
their earnings from this experiment would be computed during the second, but

8We determined this by looking at the decision sheets for cases in which decisions were clearly
erased or crossed out.

9For example, the change from treatment 4 to treatment 6 corresponds to an increase in the marginal
per capita return (MPCR) from 0.4 to 0.8 in a standard public goods game.

• Note that the internal rate of return always falls short of 5, so it is always a dominant
strategy to contribute 0. On the other hand, the social rate of return is always more
than 5, so it is always Pareto efficient to contribute everything.
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• Results:

260 J.K. Goeree et al. / Journal of Public Economics 83 (2002) 255 –276

were not given any information about the nature of the second experiment.
Participants were paid their earnings from the treatment selected, along with a $6
participation payment and earnings for the subsequent experiment. Earnings
ranged from about $14 to $26 in sessions that lasted no more than 90 minutes,
including subject payment.

3. Data patterns

In this section, we examine the primary treatment effects using non-parametric
tests. Econometric estimates of a structural model are presented in the next section.
The final two rows of Table 1 present summary statistics for the data in terms of
number of tokens contributed out of 25. It is immediately apparent that the highest
contributions are for treatments 3 and 10 with high external returns, and the lowest
contributions are for treatment 4 with low internal and external returns. Fig. 1
shows average contributions ordered by treatment. Treatments with an internal
return of 2 cents are shown on the left of this graph, while treatments with an
internal return of 4 cents are shown on the right. For each internal return, bars
from left to right reflect contributions in treatments ordered from low to high
external return. The bars in the front row correspond to treatments with a group
size of two, and bars in the back row are treatments with a group size of four.

The cost of making a contribution has the strongest effect on contribution
decisions. When the internal return increases from 2 to 4 cents (reflecting a
decrease in the net cost of contributing from 3 cents to 1 cent), contributions
increase, both for groups of size of two and four. To see this in the figure, compare
the three bars on the left side with the corresponding three bars on the right side

Fig. 1. Average contributions by treatment (number of tokens contributed).

• We observe that:

1. Ceteris paribus, an increase in the internal rate of return from 2 (40%) to 4 (80%)
has a strong positive impact on contributions.

2. Ceteris paribus, contributions increase with increases in the external rate of return.

3. Ceteris paribus, contributions increase with increases in the group size from n = 2
to n = 4.

• Implication: contributions do respond to the aggregate benefit generated by the con-
tribution even though the action is always privately costly. This is consistent with
subjects being altruistic, but not consistent with altruism being of the “warm-glove”
type (utility purely from the act of giving rather than from what the others receive).
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PROVISION-POINT MECHANISM

• This mechanism is suitable for provision of discrete public goods, but can also be used
in a continuous public good environment.

• The idea of the provision-point mechanism is to modify the VCM by ex ante estab-
lishing a target level of contributions and then only providing the public good if this
aggregate level of contributions is reached. If not, the contributions are simply refunded
and no public good is provided. If more than the threshold amount is collected, several
different things may be done:

1. more public good may be provided,

2. money may be refunded to contributors in equal amounts.

• Many fundraising campaigns rely on this kind of mechanism.

• Within the environment of the VCM, suppose that the target level is set at τ ∈ (0, ny].
Then there can be several types on Nash equilibria on the modified contributions game:

1. Any set of contributions that sum up to exactly τ .

2. Any set of contributions that sum up to less than τ with the property that

τ −
∑
j

gj > y − gi

for all players i. That is, nobody can afford to top the existing contributions so
as to push the total over the threshold.

• Note that if τ = ny, then it is a weakly dominant strategy for all players to contribute
y.

Dawes, Orbell, Simmons, Van de Kragt (1986)

• The authors consider a scenario with a discrete public good, all or nothing contributions
and a flat bonus if the public good is provided. Although the paper is framed differently,
the interesting aspect is that it compares the standard provision point mechanism
(with money-back guarantee if the public good is not provided) with an augmented
mechanism that forces contributions by non-contributors in case the public good is
provided (referred to as enforced contributions). Note: the authors also consider a
“standard dilemma” scenario in which the contribution money is burned in case the
threshold is not reached.

• In this implementation, y = 5, n = 7, the contribution choice is discrete (all or nothing)
and each subject is paid a bonus of 10 if the public good is provided.

• Payoff table of the “standard dilemma”:

Threshold reached Threshold not reached
Contribute 10 0

Do not contribute 15 5
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• With the money-back guarantee, it is

Threshold reached Threshold not reached
Contribute 10 5

Do not contribute 15 5

Hence the part of strict domination of “Do not contribute” is removed if the threshold
is not reached.

• With enforced contributions, it is

Threshold reached Threshold not reached
Contribute 10 0

Do not contribute 10 5

Hence the part of strict domination of “Do not contribute” is removed if the threshold
is reached.

• Results for the threshold of 3 contributions:

• We observe that enforced contributions lead to a significant improvement in contribu-
tions in comparison to money-back guarantee.

• Results for the threshold of 5 contributions:

• We observe that enforced contributions lead to a significant improvement in contribu-
tions in comparison to money-back guarantee.

Bagnoli and McKee (1991)

• This is an experimental implementation of Bagnoli and Lipman (1989). In this model,
the public good is discrete and each subject has a private valuation for it. Contributions
are continuous.
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• Setup 1: n = 5, the cost of the public good is 12.5 and the sum of individual valuations
is 25 (7 sessions, groups 11-17).

• Setup 2: n = 10, the cost of the public good is 25 and the sum of individual valuations
is 50 (2 sessions, groups 20 and 21).

• 14 rounds, fixed groups.

• Results:

Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

• We observe that:

1. With n = 5, over all rounds, public good is provided in 85 out of 98 cases and it
is provided without any wasteful contributions in 53 out of 98 cases. In the last
5 rounds, public good is provided in 33 out of 35 cases and it is provided without
any wasteful contributions in 26 out of 35 cases.

2. With n = 10, over all rounds, public good is provided in 19 out of 28 cases and
it is provided without any wasteful contributions in 8 out of 28 cases. In the last
5 rounds, public good is provided in 9 out of 10 cases and it is provided without
any wasteful contributions in 6 out of 10 cases.

3. Over all rounds, welfare levels are statistically significantly higher with n = 5
than with n = 10. However, this difference disappears in the last 5 rounds.

• Conclusion: subjects are capable of achieving the efficient provision of the public good
via the provision-point mechanism. The only difference with respect to the group size
is that larger groups take longer to learn and to coordinate on an efficient equilibrium.
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COOPERATION-ENFORCING INSTITUTIONS: PUN-

ISHMENTS FOR NON-COOPERATION

• The free-riding problem that obtains in experimental implementations of the linear
public goods game with VCM stands in contrast to the casual observation that soci-
eties are often quite successful in achieving a high level of cooperation in various social
dilemma situations, provision of public goods being probably the most important ex-
ample. A crucial observation here, though, is that contributions are often enforced by
a threat of and, sometimes, delivery of punishments for non-contribution. Just think
of the tax collection system.

• To study whether punishments can enforce cooperation, consider the VCM with one
modification. There is a second stage of the game in which players can mete out
punishments by reducing other players’ payoffs at a marginal cost of c ∈ (0, 1). In
particular, the ultimate payoff of player i is given by

xi(g1, ..., gn, p1, ..., pn) = y − gi + a
n∑

j=1

gj −
n∑

j=1

pij − c
n∑

j=1

pji ,

where pji is the punishment imposed by player i on player j. Under self-regarding
preferences, nobody will punish in the second stage (pji = 0 for all i and j), because
punishments are privately costly. Hence the unique subgame-perfect equilibrium is for
all the players not to punish at all and to contribute nothing (gi = 0 for all i).

Fehr and Gachter (2000)

• The authors implement VCM with punishments in the lab. The main objective is to
investigate the impact of the punishment institution on contributions and free-riding
in VCM.

• Experimental design:
VOL. 90 NO. 4 FEHR AND GACHTER: COOPERATION AND PUNISHMENT 981 

TABLE 1-TREATMENT CONDITIONS 

Stranger-treatment Partner-treatment 
Random group Group composition 

composition in each period constant across periods 
(Sessions 1-3) (Sessions 4 and 5) 

Without punishment 
(ten periods) 18 groups of size n 10 groups of size n 

With punishment 
(ten periods) 18 groups of size n 10 groups of size n 

by Elinor Ostrom et al. (1992). These authors 
allowed for costly punishment in a repeated 
common pool resource game. However, in 
their experiments the same group of subjects 
interacted for an ex ante unknown number of 
periods, and subjects could develop an indi- 
vidual reputation. Hence, there were material 
incentives for cooperation and for punish- 
ment. To rule out such material incentives we 
eliminated all possibilities for individual rep- 
utation formation and implemented treatment 
conditions with an ex ante known finite hori- 
zon. In addition, we also had treatments in 
which the group composition changed ran- 
domly from period to period, and treatments 
in which subjects met only once. 

Our work is also related to the interesting 
study of David Hirshleifer and Eric Rasmusen 
(1989) who show that, if there are opportunities 
for ostracizing noncooperators, rational egoists 
can maintain cooperation for T - 1 periods in 
a T-period prisoner's dilemma. In this model 
ostracizing noncooperators is part of a 
subgame-perfect equilibrium and thus rational 
for selfish group members. This feature distin- 
guishes the preceding model from our experi- 
mental setup. In our experiments cooperation or 
punishment can never be part of a subgame- 
perfect equilibrium if rationality and selfishness 
are common knowledge. We deliberately de- 
signed our experiments in this way to examine 
whether people punish free-riders even if it is 
against their material self-interest. 

I. The Experimental Design 

A. Basic Design 

Our overall design consists of a public good 
experiment with four treatment conditions (see 

Table 1).2 There is a "Stranger"-treatment with 
and without punishment opportunities and a 
"Partner"-treatment with and without punish- 
ment opportunities. In the Partner-treatment the 
same group of n 4 subjects plays a finitely 
repeated public good game for ten periods, that 
is, the group composition does not change 
across periods. Ten groups of size n = 4 par- 
ticipated in the Partner-treatment. In contrast, in 
the Stranger-treatment the total number of par- 
ticipants in an experimental session, N = 24, is 
randomly partitioned into smaller groups of size 
n = 4 in each of the ten periods. Thus, the 
group composition in the Stranger-treatment is 
randomly changed from period to period.3 The 
treatment without punishment opportunities 
serves as a control for the treatment with pun- 
ishment opportunities. In a given session of the 
Stranger-treatment the same N subjects play ten 
periods in the punishment and ten periods in the 
no-punishment condition. Similarly, in a ses- 
sion of the Partner-treatment all groups of size n 
play the punishment and the no-punishment 
condition. This has the advantage that, in addi- 
tion to across-subject comparisons, we can make 

2 Instructions are included in the long version of this 
paper which can be downloaded from our website (http:// 
www.unizh.ch/iew/grp/fehr/index.html). The whole experi- 
ment was framed in neutral terms. 

3Note that in the Partner-treatment the probability of 
being rematched with the same three people in the next 
period is 100 percent, whereas in the Stranger-treatment it is 
less than 0.05 percent. We also conducted experiments in 
which the probability of meeting the same subjects in future 
periods was exactly zero. Because of space constraints we 
do not present the results of these experiments. Contribu- 
tions as well as punishment behavior in these perfect one- 
shot experiments are not significantly different from 
contributions and behavior in our Stranger-treatment. 
Hence, the Stranger-treatment represents a good approxi- 
mation to perfect one-shot experiments. 

• In each stranger treatment, there are 24 participants randomly rematched into groups
of 4 in each of 10 rounds. In each partner treatment, 20 participants are split into
six groups of 4 participants that stay fixed for the entire duration of 10 rounds. The
design is within-subject in that all subjects participate both in the no-punishment and
in the punishment condition. Ordering of treatments is balanced across sessions to
control for order effects. Therefore in all treatments n = 4. Also, in all treatments
a = MPCR = 0.4 and y = 20.
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• The particular payoff structure for player i is given by

πi = π1
i

[
1− 0.1 min

{∑
j 6=i

pij, 10

}]
−
∑
j 6=i

c(pji ),

where π1
i is the first-period payoff of player i given by

π1
i = y − gi + a

n∑
j=1

gj.

That is, each unit of punishment reduces the first-period payoff of the punished by
10%, up to the floor of 0. The cost of punishment is given by

VOL 90 NO. 4 FEHR AND GACHTER: COOPERATION AND PUNISHMENT 983 

TABLE 2-PUNISHMENT LEVELS AND ASSOCIATED COSTS FOR THE PUNISHING SUBJECT 

Punishment points pl, 0 1 2 3 4 5 6 7 8 9 10 

Costs of punishment 
c(p',) 0 1 2 4 6 9 12 16 20 25 30 

that this experiment will again last exactly 
for ten periods. They are also informed that 
the experiment will then be definitely 
finished. 

In the no-punishment conditions the payoff 
function (1) and the parameter values of y, n, 
N, and a are common knowledge. At the end of 
each period subjects in each group are informed 
about the total contribution E gj to the project in 
their group. 

In the punishment conditions the payoff 
function (2) and Table 2, in addition to y, n, 
N, and a, are common knowledge. Further- 
more, after the contribution stage subjects are 
also informed about the whole vector of indi- 
vidual contributions in their group. To pre- 
vent the possibility of individual reputation 
formation across periods in the Partner-treat- 
ment each subject's own contribution is al- 
ways listed in the first column of his or her 
computer screen and the remaining three sub- 
jects' contributions are randomly listed in the 
second, third, or fourth column, respectively. 
Thus, subject i does not have the information 
to construct a link between individual contri- 
butions of subjectj across periods. Therefore, 
subject j cannot develop a reputation for a 
particular individual contribution behavior. 
This design feature also rules out that i pun- 
ishes j in period t for contribution decisions 
taken in period t' < t. Subjects are neither 
informed about the individual punishment ac- 
tivities of the other group members, nor do 
they know the aggregate punishment imposed 
on other group members. They know only 
their own punishment activities and the ag- 
gregate punishments imposed on them by the 
other group members. 

II. Predictions 

To have an unambiguous reference predic- 
tion it is useful to shortly state the implica- 
tions of the standard approach to the public 
good games of Table 1. If the rationality and 

the selfishness of all subjects is common 
knowledge, and if subjects apply the back- 
ward induction logic, the equilibrium predic- 
tion with regard to gi for each of the four cells 
in Table 1 is identical-in all four treatment 
conditions all subjects will contribute nothing 
to the public good in all periods. This is most 
transparent in the Stranger-treatment without 
punishment. This condition consists of a se- 
quence of ten (almost pure) one-shot games. 
In each one-shot game the players' dominant 
strategy is to free ride fully. Applying the 
familiar backward induction argument to the 
Partner-treatment without punishment gives 
us the same prediction. 

In the Stranger-treatment with punishment 
the situation is slightly more complicated be- 
cause each one-shot game now consists of 
two stages. It is clear that a rational money 
maximizer will never punish at the second 
stage because this is costly for the player. 
Since rational players will recognize that 
nobody will punish at the second stage, the 
existence of the punishment stage does not 
change the behavioral incentives at the first 
stage relative to the Stranger-treatment with- 
out punishment. As a consequence, every- 
body will choose gi - 0 at stage one. For 
the same reasons as in the Stranger-treatment 
rational subjects in the Partner-treat;ment with 
punishment will choose gi = 0 and pJ = 0 
for all j in the final period. By applying the 
familiar backward induction argument we thus 
arrive at the prediction that gi = 0 and pi J 0 
for all] will be chosen by all subjects in all periods 
of the Partner-treatment with punishment. 

There is already a lot of evidence for public 
good games like our no-punishment condition. 
For these games it is well known that coopera- 
tion strongly deteriorates over time and reaches 
rather low levels in the final period (John 0. 
Ledyard, 1995). In a recent meta-study Fehr and 
Klaus M. Schmidt (1999) surveyed 12 different 
public good experiments without punishment 
where full free-riding is a dominant strategy in 

• Results for the stranger treatment:
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TABLE 3-MEAN CONTRIBUTIONS IN THE STRANGER-TREATMENT 

Mean contribution in the final 
Mean contribution in all periods periods 

Without With Without With 
punishment punishment punishment punishment 

Sessions opportunity opportunity opportunity opportunity 

1 2.7 10.9 1.3 9.8 
(5.2) (6.1) (4.3) (6.8) 

2 4.0 12.9 2.3 14.3 
(5.7) (6.4) (4.3) (5.0) 

3 4.5 10.7 2.0 13.1 
(6.0) (4.9) (3.8) (4.0) 

Mean 3.7 11.5 1.9 12.3 
(5.7) (5.9) (4.1) (5.6) 

Notes: Numbers in parentheses are standard deviations. Participants of Sessions 1 and 2 first 
played the treatment with punishment opportunities and then the one without such opportu- 
nities. Participants of Session 3 played in the reverse order. 

contrast, in the punishment condition average 
contributions do not decrease or even increase 
over time. 

Support for Result 2 comes from Table 3 and 
Figures 1A and 1B. Columns 4 and 5 of Table 
3 show that, in each session, in the final period 
of the no-punishment condition average contri- 
butions vary between 1.3 and 2.3 tokens.6 In 
contrast, in the punishment condition average 
contributions vary between 9.8 and 14.3 tokens 
in period ten. Thus, in the final period of the 
punishment condition the average contribution 
is between 6 and 7.5 times higher than in the 
no-punishment condition. Moreover, a compar- 
ison of column 3 with column 5 of Table 3 re- 
veals that in the punishment condition the 
average contribution in period ten is higher or 
roughly the same as in all periods. 

Figures 1A and 1B depict the evolution of 
average contributions over time in both condi- 
tions. Figure IA shows the results of Sessions 1 
and 2, in which subjects had to play the pun- 
ishment condition first. Whereas the average 
contribution is stabilized around 12 tokens in 
the punishment condition, there is immediately 

a significant drop in contributions in period 11.7 

This decrease in the no-punishment condition 
continues until period 18 in which the average 
contribution stabilizes slightly below 2 tokens. 
Figure 1B shows the results of Session 3, in 
which subjects played the no-punishment con- 
dition first. In our view Figure 1B reveals an 
even more remarkable fact. Whereas average 
contributions in the no-punishment condition 
converge again toward 2 tokens they immedi- 
ately jump upward in period 11 and continue to 
rise until they reach 13 tokens in period 20. This 
indicates that the existence of punishment op- 
portunities triggers the effectiveness of forces 
that completely remove the drawing power of 
the equilibrium with complete free-riding. In 
view of this evidence it is difficult to escape the 
conclusion that any model which predicts full 
free riding is unambiguously rejected. 

Results 1 and 2 deal only with average con- 
tributions. We are also interested, however, in 
the behavioral regularities at the individual 
level and how they are affected by the punish- 
ment opportunity. Result 3 summarizes the be- 
havioral regularities in this regard. 

RESULT 3: In the Stranger-treatment with 
punishment no stable behavioral regularity 

6 Note that in the following the term "final period" is 
always used to indicate the last period in a given treatment 
condition and not only period 20 in a given session. Thus, 
for example, in Figure 1A the tenth period is the final period 
of the punishment condition. 

7 The null hypothesis that average contributions are the 
same in period 10 and 11 can be rejected on the basis of a 
Wilcoxon signed-ranks test (p = 0.0012). 
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FIGURE 1B. AVERAGE CONTRIBUTIONS OVER TIME IN THE STRANGER-TREATMENT (SESSION 3) 

regarding individual contributions emerges, 
whereas in the no-punishment condition full 
free-riding emerges as the focal individual 
action. 

A first indication for the absence of a behav- 
ioral standard in the punishment condition is 
provided in Table 3. The table shows that the 
standard deviation of individual contributions is 
quite large in each session. Moreover, the stan- 
dard deviation in the final period is roughly the 
same as in all periods together. This indicates 

that the variability of contributions does not de- 
crease over time. The decisive evidence for Result 
3, however, comes from Figure 2, which provides 
information about the relative frequency of indi- 
vidual choices in the final periods of both 
Stranger-treatments. In the no-punishment con- 
dition the overwhelming majority (75 percent) 
of subjects chose gi 0 in the final period. 
Thus, full free-riding clearly emerges as the 
behavioral regularity in this condition. In con- 
trast, in the punishment condition individual 
choices are scattered over the whole strategy 
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0.1, 

FIGURE 2. DISTRIBU1ION OF CONTRIBuTIONS IN THE FINA PERIODS OF THE STRANGER-TREATMENT 
WITH AND WITHOUT PUNISHMENT 

space in the final period. Although the relative 
frequency of 12, 15, and 20 tokens is higher 
than that of other contribution levels, even the 
most frequent choice (gi = 15) reaches a fre- 
quency of only 14 percent. Thus, subjects in the 
punishment condition were not able to coordi- 
nate on a specific contribution level different 
from gi = 0. 

B. The Impact of Punishment Opportunities in 
the Partner-Treatment 

As in the Stranger-treatments our first result 
in the Partner-treatments relates to average con- 
tributions over all periods. 

RESULT 4: The existence of punishment op- 
portunities also causes a large rise in the aver- 
age contribution level in the Partner-treatment. 

Table 4 provides the relevant support for 
Result 4. A comparison of column 2 and col- 
umn 3 shows that all ten groups have substan- 
tially higher average contributions in the 
punishment condition. Therefore, the difference 
is highly significant (p = 0.0026) according to 
a nonparametric Wilcoxon matched-pairs test 
with group averages as observations. 

On average, subjects contribute between 1.5 
times (group 2) and 4.3 times (group 9) more in 
the punishment condition. Thus, punishment 
opportunities are again highly effective in rais- 

ing average contributions. With regard to the 
evolution of average contributions over time the 
data support the following result. 

RESULT 5: In the no-punishment condition of 
the Partner-treatment average contributions 
converge towardfullfree-riding, whereas in the 
punishment condition they increase and con- 
verge toward full cooperation. 

Again Table 4 provides a first indication. It 
shows that in the no-punishment condition the 
average contribution is only slightly above 3 
tokens in the final period. In sharp contrast, the 
average contribution is above 18 tokens in the 
punishment condition. In five of the ten groups 
all subjects chose the maximum cooperation of 
20 in the final period of the punishment condi- 
tion. Further three groups exhibit average con- 
tributions of 19.3 or 19.5 tokens, respectively. A 
particularly remarkable fact represents the final 
period experience of group 9. Whereas all sub- 
jects chose full defection (gi = 0) in the no- 
punishment condition all subjects chose full 
cooperation (gi = 20) in the punishment 
condition. 

Figures 3A and 3B show the evolution of 
average contributions over time. Irrespective of 
whether subjects play the punishment condition 
at the beginning or after the no-punishment 
condition, their average contributions in the fi- 
nal period are considerably higher than in the 
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• We observe that:

1. The existence of punishment opportunities causes a large rise in the average con-
tribution level in the Stranger-treatment. On average, contribution rates amount
to 58 percent of the endowment.

2. In the no-punishment condition of the Stranger-treatment, average contributions
converge close to full free-riding over time. In contrast, in the punishment condi-
tion average contributions do not decrease or even increase over time.

3. In the Stranger-treatment with punishment no stable behavioral regularity regard-
ing individual contributions emerges, whereas in the no-punishment condition full
free-riding emerges as the focal individual action.

• Results for the partner treatment:
988 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 2000 

TABLE 4-MEAN CONTRIBUTIONS IN THE PARTNER-TREATMENTS 

Mean contributions in all Mean contributions in the final 
periods periods 

Without With Without With 
punishment punishment punishment punishment 

Groups opportunity opportunity opportunity opportunity 

1 7.0 17.5 5.8 19.5 
(6.3) (4.3) (5.1) (1.0) 

2 10.6 16.4 1.0 19.3 
(8.5) (5.2) (1.4) (1.5) 

3 6.7 18.4 6.3 20.0 
(7.8) (3.6) (9.5) (0.0) 

4 5.1 12.1 1.3 13.5 
(6.3) (7.1) (2.5) (8.5) 

5 6.4 14.3 1.8 10.5 
(7.2) (7.0) (2.9) (1 1.0) 

6 7.9 19.0 3.5 20.0 
(5.7) (2.8) (5.7) (0.0) 

7 7.4 19.0 2.5 20.0 
(7.1) (3.4) (2.9) (0.0) 

8 10.0 17.2 5.0 20.0 
(6.6) (4.3) (6.0) (0.0) 

9 3.9 17.0 0.0 20.0 
(5.9) (5.0) (0.0) (0.0) 

10 10.0 19.0 5.0 19.5 
(6.6) (2.1) (8.0) (1.0) 

Mean 7.5 17.0 3.2 18.2 
(6.8) (4.5) (4.4) (2.3) 

Notes: Numbers in parentheses are standard deviations. Groups 1-4 (Session 4) first played 
the punishment condition and then the no-punishment condition. Groups 5-10 (Session 5) 
played in the reverse order. 

first period of the punishment condition. The 
opposite is true in the no-punishment treatment. 
Moreover, at the switch points between the 
treatments there is a large gap in contributions 
in favor of the punishment condition. This in- 
dicates that the removal or the introduction of 
punishment opportunities immediately affects 
contribution behavior.8 Thus, Table 4 and Fig- 
ures 3A and 3B show that-in the Partner- 
treatment-punishment opportunities not only 
overturn the downward trend observed in doz- 
ens of no-punishment treatments; they also 

show that punishment opportunities render 
eight of ten groups capable of achieving almost 
full cooperation, although-according to the 
standard approach-full defection is the unique 
subgame perfect equilibrium. 

A major purpose of the Partner-treatment 
with punishment is to enhance the possibilities 
for implicit coordination. We conjectured that 
this might enable subjects to converge toward a 
behavioral standard different from gi = 0. Re- 
sult 6 shows that this is indeed the case. 

RESULT 6: In the Partner-treatment with pun- 
ishment, full cooperation emerges as the domi- 
nant behavioral standard for individual 
contributions, whereas in the absence of pun- 
ishment opportunities full free-riding is the fo- 
cal action. 

Evidence for Result 6 is given by Figure 
4, which shows the relative frequency of indi- 

8 In Session 4 and in Session 5 average contributions in 
period 11 are significantly different from contributions in 
period 10 [Wilcoxon signed-ranks tests, p = 0.05 (Session 
4) and p = 0.027 (Session 5)]. It is particularly remarkable 
that in Session 5 contributions in period 11 are even higher 
than in period 1 (Wilcoxon signed-ranks test, p = 0.028). 
All six groups of Session 5 contribute more in period 11 
than in period 1. 
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FIGURE 3B. AVERAGE CONTRIBUTIONS OVER TIME IN THE PARTNER-TREATMENT (SESSION 5) 

vidual contributions in the final periods of the 
Partner-treatments. In the punishment condition 
82.5 percent of the subjects contribute the 
whole endowment, whereas 53 percent of the 
same subjects free ride fully in the final period 
of the no-punishment condition. Moreover, in 
the no-punishment condition the majority of 
contributions is rather close to gi 0 O. The 
message of Figure 4 seems so unambiguous that 
it requires little further comment. 

C. Why Do Punishment Opportunities Raise 
Contributions? 

If there are indeed subjects who are willing to 
punish free-riding and if their existence is an- 
ticipated by at least some potential free-riders, 
we should observe that punishment opportuni- 
ties have an immediate impact on contributions. 
Figures 1 and 3 show that this is indeed the 
case. After the introduction of punishment 
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opportunities in Session 3 (see Figure 1B) and 
Session 5 (see Figure 3B) there is an immediate 
increase in contributions. Moreover, after the 
removal of punishment opportunities in Ses- 
sions 1 and 2 (see Figure IA) and Session 4 (see 
Figure 3A) contributions immediately drop to 
considerably lower levels. This suggests that 
potential free-riders are indeed disciplined in 
the punishment condition. A more detailed look 
at the regularities of actual punishments pro- 
vides further support for this view. 

RESULT 7: In the Stranger- and the Partner- 
treatment a subject is more heavily punished the 
more his or her contribution falls below the 
average contribution of other group members. 
Contributions above the average are punished 
much less and do not elicit a systematic punish- 
ment response. 

Figure 5 and Table 5 provide evidence for 
Result 7. In Figure 5 we have depicted the 
average punishment levels as a function of neg- 
ative and positive deviations from the others' 
average contribution in the group. For example, 
a subject in the Partner-treatment, who contrib- 
uted between 14 and 20 tokens less than the 
average, received on average 6.8 punishment 
points from the other group members. The num- 
bers above the bars indicate the relative fre- 
quency of observations in the different 
deviation intervals. 

Figure 5 shows that in both treatments nega- 
tive deviations from the average are strongly 
punished. Moreover, in the domain of negative 
deviations (i.e., in the three intervals below 
-2), the relation between punishment and de- 
viations is clearly negatively sloped. The figure 
also indicates that there is a large drop in pun- 
ishments if an individual's contribution is close 
to the average (i.e., in the interval [-2, +2]).9 
Finally, the figure suggests that positive devia- 
tions are much less punished and that the size of 
the positive deviation has only a weak impact 
on the punishment activities by other group 
members.10 

9 Figure 5 also provides further support for the emer- 
gence of a common behavioral standard for individual con- 
tributions in the Partner- but not in the Stranger-treatment. 
Note that 57 percent of all the individual contributions in the 
Partner-treatment are in the interval [-2, +2], whereas only 
26 percent are in this interval in the Stranger-treatment. 

" One might ask why individuals with positive devia- 
tions get punished at all. According to a postexperimental 
questionnaire there are five potential reasons for this. (i) 
Random error. Since individuals can err on only one side at 
the punishment stage (i.e., rewarding others was not possi- 
ble), each error shows up as a positive punishment. (ii) 
Subjects with very high individual contributions may view 
others' contributions as too low, even if they are above the 
average. (iii) Subjects may want to eam more than others 
(i.e., they punish, even if others cooperate, to achieve a 
relative advantage). (iv) Spiteful revenge. Free-riding sub- 
jects punish the cooperators because they expect to get 
punished by them. (v) Blind revenge. Subjects who get 
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• We observe that:

1. The existence of punishment opportunities also causes a large rise in the aver- age
contribution level in the Partner-treatment.

2. In the no-punishment condition of the Partner-treatment average contributions
converge toward full free-riding, whereas in the punishment condition they in-
crease and con- verge toward full cooperation.

3. In the Partner-treatment with punishment, full cooperation emerges as the dom-
inant behavioral standard for individual contributions, whereas in the absence of
punishment opportunities full free-riding is the focal action.

• Results on the size of the punishment:
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TABLE 5-DETERMINANTS OF GETrING PUNISHED: REGRESSION RESULTS 

Dependent variable: received punishment points 

Independent variables Stranger-treatment Partner-treatment 

Constant 2.7363*** 0.9881 
(0.0485) (0.6797) 

Others' average contribution -0.0735*** -0.0108 
(0.0239) (0.0457) 

Absolute negative deviation 0.2428*** 0.4168*** 
(0.0325) (0.05 10) 

Positive deviation -0.0147 -0.0357 
(0.0264) (0.0355) 

N= 720 N= 400 
F[14, 705] = 39.0*** F[21, 378] = 41.3*** 
Adjusted R2 = 0.43 Adjusted R2 0.68 
DW 1.96 DW = 1.89 

Notes: Standard errors are in parentheses. * denotes significance at the 10-percent level, ** at 
the 5-percent level, and *** at the 1-percent level. To control for time and matching groups, 
the regression model also contains period dummies and dummies for matching groups (i.e., 
session dummies in the Stranger-treatment and dummies for each independent group in the 
Partner-treatment). Results are corrected for heteroskedasticity. Tobit estimations yield sim- 
ilar results. 

To provide formal statistical evidence for 
Result 7 we also conducted a regression anal- 
ysis of punishment behavior. Table 5 contains 
the model and the ordinary least-squares 

(OLS) regressions separately for the Stranger- 
treatment and the Partner-treatment. We also 
conducted Tobit regressions with the same 
variables. Yet, since they are similar to the 
OLS estimates we do not" report them explic- 
itly. The dependent variable is "received pun- 
ishment points" of a subject and the 
independent variables comprise "others' av- 
erage contribution" and the variables "posi- 
tive deviation" and "absolute negative 
deviation," respectively. Figure 5 suggests 

punished in t - 1 may assume that punishment was mainly 
exerted by the cooperators. By punishing cooperators in t 
they may take revenge. Note that by doing this they may 
punish the wrong target, because our design rules out the 
possibility of identifying individual contribution histories. 

• We observe that:

– In the Stranger- and the Partner- treatment, a subject is more heavily punished
the more his or her contribution falls below the average contribution of other
group members. Contributions above the average are punished much less and do
not elicit a systematic punishment response.

• Impact on payoffs:

– In both the Stranger- and the Partner-treatment the punishment opportunity
initially causes a relative payoff loss. Yet, toward the end there is a relative payoff
gain in both treatments. In particular, in the Stranger-treatment the relative
payoff gain of the punishment condition is positive in the last two periods, whereas
in the Partner- treatment it is positive from period 4 onward. In the final period
the relative payoff gain is roughly 20 percent in the Partner-treatment and 10
percent in the Stranger-treatment.
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Gureck, Irlenbusch and Rockenbach (2006)

• Once an institution such as punishment of non-cooperators is exogenously imposed on
a society, contributions increase, but it is not clear how did such an institution come
into existence in the first place. The authors therefore experimentally investigate how
such institutions come into being.

• The authors are interested in evolutionary survival of the sanctioning institution (SI)
and the sanction-free institution (SFI). They implement the linear public goods game
with 7 sessions of 12 subjects and 30 rounds. Each round progresses as follows:

1. Stage S0: each participant chooses whether he or she wants to belong to the
group that uses the SI or the SFI; the former institution allows both rewards and
punishments

2. Stage S1: linear public goods game with in which each player has the endowment
of 20 points; each contributed point benefits the group account with 1.6 points;
hence the MPCR is 1.6/n, where n is the number of subjects joining the given
institution

3. Stage S2: each member of the SI can assign between 0 and 20 points in total to
other members of his/her institutional group; a punishment point hurts the pun-
ished individual 3 points, whereas a reward point benefits the rewarded individual
1 point

4. Feedback: everyone receives a detailed anonymous feedback about all other play-
ers, their actions and payoffs

17



• Results and story:

– In period 2, there is an imitation of free-riders in SFI since they have the highest
payoffs. Over time, this leads to the reduction of contributions and payoffs in
SFI, as observed in previous experiments.

– Comparing payoffs of two dominant behavioral patterns, high contributors in SI
(contributing 15 or more) and free-riders in SFI (contributing 5 or less), reveals
that the former do better since period 5 onwards.

The Competitive Advantage of
Sanctioning Institutions
Özgür Gürerk,1 Bernd Irlenbusch,2 Bettina Rockenbach1*

Understanding the fundamental patterns and determinants of human cooperation and the
maintenance of social order in human societies is a challenge across disciplines. The existing
empirical evidence for the higher levels of cooperation when altruistic punishment is present versus
when it is absent systematically ignores the institutional competition inherent in human societies.
Whether punishment would be deliberately adopted and would similarly enhance cooperation when
directly competing with nonpunishment institutions is highly controversial in light of recent
findings on the detrimental effects of punishment. We show experimentally that a sanctioning
institution is the undisputed winner in a competition with a sanction-free institution. Despite initial
aversion, the entire population migrates successively to the sanctioning institution and strongly
cooperates, whereas the sanction-free society becomes fully depopulated. The findings demonstrate
the competitive advantage of sanctioning institutions and exemplify the emergence and
manifestation of social order driven by institutional selection.

T
he uniqueness of human cooperation

necessitates investigations that reach

beyond the explanations of cooperative

behavior of nonhuman animals (1–5). Profound

empirical evidence shows that the possibility of

sanctioning norm violators stabilizes human co-

operation at a high level, whereas cooperation

typically collapses in the absence of sanctioning

possibilities (6–11). Would a sanctioning insti-

tution deliberately be adopted when individuals

can choose between a sanctioning and a sanction-

free institution? The considerable payoff losses

in the process toward stable cooperation—for

both the punishers and the punished individuals—

as well as natural resentments against punish-

ment caused, for example, by its detrimental

effects (12) might guide individuals_ choice

toward the sanction-free institution.

The argument that higher cooperation levels

in sanctioning institutions Bautomatically[ lead

to their prevalence—because rational individu-

als choose the institution with the higher payoff

(13)—is often brought forward as an affirma-

tive argument for the competitive advantage

of sanctioning institutions. The force of this

argument can be questioned, however, because

it displaces rather than solves the evolutionary

puzzle of human cooperation. The reason for

this is that stable cooperation requires a positive

share of individuals who carry personal costs

for cooperation and punishment to the benefit

of the entire group (14–16). These individuals

have a clear payoff disadvantage compared to

cooperators who free-ride on the punishment

acts. Recent research shows that a positive

share of strong reciprocators—cooperating indi-

viduals who are willing to reward fair behavior

and to punish unfair behavior even when they

cannot gain materially from doing so—can be

evolutionarily stable (17, 18). But what happens

if the population is perfectly mobile and is per-

manently invaded by outsiders from a nonco-

operative environment who are attracted by

high payoffs from cooperation? Is the fraction

of strong reciprocators who choose the sanc-

tioning institution sufficiently large to keep up

the cooperative culture? These arguments cast

serious doubt on the prevalence of sanctioning

institutions.

However, several affirmative arguments for

the competitive advantage of sanctioning insti-

tutions also come to mind, e.g., the large number

of institutional frameworks that facilitate the

sanctioning of norm violators in human societies

(19–21) and the recent finding that humans

derive satisfaction from punishing defectors

(22). Additionally, theories of cultural and in-

stitutional selection (23–26) that are grounded

on the exceptional human ability of social

learning support the competitive advantage of

sanctioning institutions. They suggest that

individuals preferentially migrate to groups

with higher payoffs and imitate the decisions

prevalent in these groups. Hence, group mem-

bers punish, because it is common to do so.

When cooperation is sufficiently widespread, the

payoff-disadvantage from punishing is relatively

small, and only a weak tendency for conformist

behavior suffices to stabilize the punishment of

noncooperators.

We inquire into the competitive advantage

of sanctioning institutions in a laboratory ex-

periment in whichwe implement permanent com-

petition between a sanctioning and a sanction-free

institution through endogenous choice. It allows

one to study the evolution of the different insti-

tutions over time as well as the changes in be-

havior in the same individual when participating

in different social settings.

In our experiment, 84 participants anony-

mously interact in a social dilemma situation in

30 repetitions. Each repetition consists of three

stages: An institution choice stage (S0), a vol-

untary contribution stage (S1), and a sanctioning

stage (S2). In stage S0, the participants simulta-

neously and independently choose between a

sanctioning institution (SI) and a sanction-

free institution (SFI) in which neither positive

sanctioning (rewards) nor negative sanction-

ing (punishment) is possible. In stage S1, each

participant interacts in a public goods game

with all other participants who have chosen the

same institution in S0; each player is endowed

with 20 money units (MUs) and may contribute

between 0 and 20 MUs to a public good. Each

group member equally profits from the public

good, independent of his or her own contribu-
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tion. TheMUs not contributed to the public good

are transferred to the participant_s private ac-

count. The diametrically opposed individual and

collective interests constitute the social dilemma

in public good provision: It is always in the

material self-interest of any subject to free-ride

on the contributions of others and to keep all

MUs for the private account, whereas the col-

lective interest demands full contribution of all

group members. After the players have simulta-

neously made their contribution decisions, they

are informed about the contributions of each

member in their institution. In stage S2 each

player in SI may positively or negatively

sanction other members of SI by assigning

between 0 and 20 tokens to other members.

Each token used as a negative sanction costs the

punished member 3 MUs and the punishing

member 1 MU. Each token used as a positive

sanction yields the receiving member 1 MU and

costs the member who uses it 1 MU. At the end

of the period each participant receives detailed

(but anonymous) information about each of the

other participants from both institutions (27).

The initial choice of institution provides a

clear picture: Only about one-third of the par-

ticipants (mean 0 36.9%; SE 0 4.0%) prefer SI

to SFI in the first period. The revealed institu-

tion preference correlates with different types

of behavior (28, 29). Participants who initially

join SI contribute on average 12.7 MUs (SE 0
0.79) in the first period, while on average only

7.3 MUs (SE 0 0.54) are contributed in SFI

(Wilcoxon signed rank matched pairs test, z 0
j2.366, P 0 0.016, two-tailed). Almost half the

subjects (mean 0 48.4%; SE 0 8.5%) who opt

for SI in the first period are Bhigh contributors[
in that they contribute at least 15 MUs. Almost

three-fourths (mean 0 73.3%; SE 0 17.0%) of

these high contributors exert punishment tokens

to discipline low contributors and thus try to

enforce and establish a norm of high coopera-

tion. These subjects amount to 13.1% (SE 0
4.0%) of the total subject population and can

clearly be classified as Bstrong reciprocators,[
i.e., subjects with a predisposition to make high

contributions and to punish norm violators. In

contrast, 16.1% (SE 0 5.2%) of the subjects in

SI contribute 5 MUs or less (Bfree-riders[) in the
first period. The situation is completely dif-

ferent in SFI, where in the first period almost

half of the subjects are free-riders (mean 0
43.4%; SE 0 3.4%), whereas high contributors

are rare (mean 0 11.3%; SE 0 4.3%). A subject

who chooses SFI in the first period with a con-

tribution of more than 15 MUs and uses nega-

tive sanctions immediately after having switched

to SI may also be classified as a strong recip-

rocator. We observed two subjects with this be-

havior in our subject population (2.4%), so that

15.5% (SE 0 5.6%) is a lower bound for the

proportion of strong reciprocators in the subject

population. Initially, the significantly higher

contributions in SI do not result in higher payoffs

in SI: Average payoffs in the first period of SI

(mean 0 38.1 MUs; SE 0 2.05) are significantly

lower than in SFI (mean 0 44.4; SE 0 0.32)

(Wilcoxon signed rank matched pairs test, z 0
j2.047, P 0 0.047, two-tailed). Due to frequent

punishment activities, free-riders earn significant-

ly less in SI (mean 0 30.2; SE 0 4.51) than in SFI

(mean 0 49.7 MUs; SE 0 0.86) in the first period

(Wilcoxon signed rank matched pairs test, z 0
j2.366, P 0 0.016, two-tailed).

Although subjects are initially reluctant to

join SI, it becomes predominant over time;

eventually, nearly all participants (mean 0
92.9%; SE 0 3.4%) choose SI and cooperate

fully (Fig. 1) (30). Simultaneously, contributions

in SFI decrease to zero. In period 10 the con-

tributions in SI are on average 89.9% (SE 0
10.3%) of the endowment and from there on

they steadily increase. In the last period the dif-

ference between the two institutions is almost as

extreme as it can be with average contribu-

tions of 19.4 MUs (SE 0 0.714) in SI and 0 MUs

(SE 0 0.0) in SFI. Averaged over all periods,

subjects in SI contribute 18.3 MUs (91.4% of the

endowment; SE 0 5.0%), whereas subjects in

SFI contribute only 2.9 MUs (14.4% of the

endowment; SE 0 3.0%) (Wilcoxon signed

rank matched pairs test, z 0 j2.366, P 0
0.016, two-tailed).

What causes this dramatic change of mind?

Pure imitation of the successful behavior would

lead to an increase of free-riders in SFI because

they earn the highest average payoffs in the first

period. This is actually observed in period two.

Consequently, the payoffs of free-riders in SFI

decrease and over the periods, participants in SFI

experience the typically observed collapse of

cooperation in repeated social dilemma inter-

actions (Fig. 1). A comparison of the payoffs

of the two predominant behavioral patterns—

free-riding in SFI and high contributions in SI

(Fig. 2)—shows that from period five onward

a high contributor in SI achieves a higher payoff

than a free-rider in SFI (Wilcoxon signed rank

matched pairs test, z 0 j2.366, P 0 0.016, two-

tailed). It therefore pays for a monetary payoff

maximizing participant to switch from free-

riding in SFI to contributing in SI. This triggers

an amplifying effect; namely, the greater the

number of cooperators in SI, the higher their

payoffs. Indeed, from period 10 onward, 86.1%

(SE 0 13.1%) of all members of SI contribute

fully (20 MUs) and 86.0% (SE 0 8.6%) in SFI

contribute almost nothing (2 MUs or less). The

finding that players apparently choose institutions

according to payoffs indicates that stochastic
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Table 1. Results of a Tobit regression, indepen-
dent variable: Contribution (t þ 1) – Contribution
(t). Tobit regression for subjects who opted for SI
in period t and (t þ 1) with a robust estimation
for the standard errors using the independent
observations as clusters. The values in parenthe-
ses denote the robust standard errors.

Independent variable Coefficient z value

Negative sanctions in t 0.444 (0.085) 5.24*
Positive sanctions in t –0.148 (0.102) –1.45
Constant 0.000 (0.053) 0.00

*Denotes significance at the 1% level.
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– This causes that payoff-maximizing agents to switch from free-riding in SFI to
contributing in SI over time.

– This has an amplifying effect in SI in that the payoff of contributors grows with
the number of contributors in the group, attracting further converts.
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– At the individual level, switchers from SFI to SI typically dramatically increase
their contributions, whereas switchers in the opposite direction (very rare) dra-
matically decrease their contributions.

– Although providing punishment is a second-order public good, about two thirds
of the switchers to SI start punishing immediately.

– There is a stable proportion of high contributors and punishers (40 to 50 percent)
in the SI over time.

– In SI, the payoff difference between high contributors and non-punishers and high
contributors and punishers diminishes over time as the execution of punishment
becomes more and more rare and as the punishment duty is shared by a higher
and higher number of individuals.

forces play only a minor role in determining

switching behavior (31).

A closer look at individual behavior imme-

diately before and after migration from one

institution to the other confirms the bipolar

pattern of behavior induced by the two insti-

tutions. Indeed, 80.3% (SE 0 5.0%) of subjects

increase their contribution when migrating from

SFI to SI in two consecutive periods. Moreover,

27.1% (SE 0 5.3%) of subjects even Bconvert[
from being a complete free-rider (contributing 0

MUs) to a full cooperator (contributing 20MUs)

when switching from SFI to SI. The migration

behavior in the opposite direction, i.e., fromSI to

SFI, is similarly extreme. Roughly 70% (mean 0
70.9%; SE 0 4.9%) of subjects reduce their

contribution when switching from SI to SFI and

about 20% (mean 0 17.0%; SE 0 4.7%) switch

from full cooperation to free-riding.

Individual payoff maximization cannot ex-

plain why new members in SI follow the second

norm established by the strong reciprocators

who joined SI in early periods, i.e., the norm to

punish low contributors. The most successful

behavior would be to contribute in SI (and hence

avoid being punished), but refrain from the

costly punishment of others. Because punish-

ment of defectors constitutes a second-order

public good (in which defection cannot be

sanctioned in our setting), individual payoff

maximization would rule out punishment. How-

ever, only a minority of subjects follow this

payoff-maximizing behavior. The overwhelm-

ing majority of 62.9% (SE 0 8.5%) of the

subjects immediately conforms to and adopts the

prevailing norm of punishment in SI, i.e., they

always use punishment immediately after they

switch to SI. This results in a quite stable

proportion of È40% (mean 0 42.1%; SE 0

5.9%) of subjects who both contribute highly

and punish during the last 20 periods (Fig. 3).

Figure 3 also shows that the payoff difference

between high contributors who punish and

those who do not constantly diminishes over

time because punishment becomes ever more

unnecessary. Additionally, because the abso-

lute number of punishers increases, the

individual burden from effectively punishing

free-riders becomes smaller over time (32).

Toward the end, subjects who both contribute

highly and punish exhibit a payoff disadvantage

of less than 2%; hence, the Bselection pressure[
against strong reciprocators becomes quite weak

(33). This leads to a continuous increase in

efficiency gains in SI up to 95.8% (SE 0 4.6%)

in the final period, whereas efficiency gains in

SFI converge to zero (mean 0 0; SE 0 0.0).

Although the use of both positive and

negative sanctions per individual decreases over

time, the ratio in which they are used is rather

stable; on average, 1.66 negative sanction points

(SE 0 0.60) are allocated per positive sanction

point. A Tobit regression of the combined effect

of positive and negative sanctions exhibits a

clear positive impact of punishment on subse-

quent contributions, whereas positive sanctions

have a slightly negative but rather insignificant

effect (Table 1). It seems that positive sanctions

are not perceived as an unambiguous encour-

agement to increase the contribution; perhaps

they are taken as an indication that the contri-

bution has been higher than expected by others

and hence may be lowered. These observations

reflect the asymmetry between negative and pos-

itive sanctions. Positive sanctions are addressed to

those who already abide by the social norm and,

to preserve the approval of cooperation, a con-

tinuous application of the instrument is required.

Negative sanctioning, by contrast, is an instru-

ment for disapproving of norm-violating behavior

and need only be exerted if the norm is not

followed. If an individual abides by the norm,

punishment is not necessary. The threat of pun-

ishment alone is able to support cooperation.

Our results show that the sanctioning institu-

tion is the undisputed winner in a Bvoting-with-
one_s-feet[ competition with a sanction-free

institution. The results provide profound empir-

ical evidence for the existence and importance of

strong reciprocators, as well as a form of con-

formist behavior, as described in models of cul-

tural selection. The initial establishment of the

Bnorm to cooperate and punish free-riders[ is

mainly driven by the steadfastness of the strong

reciprocators to punish noncooperative subjects,

despite severe individual losses (34). Although

strong reciprocators are a minority, they man-

age to establish and enforce a cooperative

culture that attracts even previously noncoop-

erative individuals and thus resolves the social

dilemma. The predominant tendency to punish

norm violators after a migration from the non-

cooperative environment of the sanctioning-free

institution to the sanctioning institution pro-

vides support for the assumption that humans

adapt to the common behavior although it

deviates from the payoff-maximizing behavior.

This tendency for conformism raises sanction-

ing activities at a high level such that cooper-

ation can be stabilized.
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– In the end, close to the most efficient allocation is achieved in SI, whereas close
to the most inefficient allocation is achieved in SFI.
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Kosfeld, Okada and Riedl (2009)

• The authors observe that the previous work on institution formation (Gureck et. al,
2006, as well as other papers) do not allow for the possibility of some agents free-riding
on the punishment institution. This is an important limitation that the current paper
tries to overcome.

• The authors are interested in evolutionary survival of a centralized sanctioning institu-
tion, called “organization,” that is costly, supported by the members, and only capable
of punishing the members. Others may stay out of the organization, but everyone is
still in the same group. Hence non-participants may free-ride on organization members.

• The authors implement a linear public goods game with 4 players and partner match-
ing. Each round progresses as follows:

1. Stage 1: each subject chooses whether he or she wants to participate in the
organization or not

2. Stage 2: beliefs are elicited from each subject using quadratic scoring on how
many other subjects in the group he/she expects to be interested in participation

3. Stage 3: all subjects learn how many other subjects in the group want to form
an organization; then each subject who expressed his/her willingness to form
an organization in Stage 1 decides whether he/she indeed wants to form the
organization; the organization is formed if and only if all such participants indeed
decide to form the organization

4. Stage 4: linear public goods game in which each player has the endowment of
20 points; each contributed point benefits the group account with 1.6 points, or,
in a different treatment, 2.6 points; hence the MPCR is 0.4 (treatment IF40) or
0.65 (treatment IF65); the sanctioning mechanism confiscates any non-contributed
points of the organization participants; the cost of the organization is 2 and it is
equally shared by all the participants in the organization

• The authors also implemented two VCM control treatments with the same MPCRs.

• 164 subjects in total, 44 in each treatment, 40 and 36 in the two controls.

• A theoretical analysis reveals that there are two equilibria: a status quo equilibrium
(without SI and with free-riding by everyone) and an organizational equilibrium
(with SI formed by a threshold number of agents, contributions by these agents, and
free-riding by all the non-participants).

• The idea of a threshold is parallel to the idea of the provision point. Each participant
in the SI is pivotal and it is hence in his/her interest to keep supporting the institution
and to fully contribute, despite the presence of free-riders.

• By introducing other-regarding preferences a’la Fehr and Schmidt (1999), one could
support equilibria with universal participation in the SI, called grand organizations.
Data on player’s beliefs suggest that these are not due to miscoordination.
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• Results:

– There is almost always at least one subject in each group who wants to establish
an organization. In IF40, an organization is implemented 43% of the time, in IF65
it is 61% of the time. In IF40, 83% of these organizations are grand organizations,
in IF65 it is 68%. There are very few below-the-critical-threshold organizations.

VOL. 99 NO. 4 1347Kosfeld et al.: Institution Formation in Public Goods Games

Result 1 shows that players overcome the second-order free-rider problem and successfully 
establish organizations. Our next result reveals which organizations are implemented.

RESULT 2: In both IF treatments, the large majority of implemented organizations are grand 
organizations, i.e., all players become members. Organizations of size s < s* are very rarely 
observed. Moreover, the observed increase of implemented organizations over time is due solely 
to an increase of grand organizations.

Table 1 (lower part) shows the distribution of implemented organizations in the two IF treat-
ments. The data speak clearly: independent of treatment, the majority of organizations that are 
implemented include all four players. In treatment IF40, 79 of 95 organizations that are imple-
mented are grand organizations (83 percent). In treatment IF65, 90 of 132 organizations are grand 
organizations (68 percent). In addition, players almost never implement organizations with fewer 
than s* players. Recall that s* = 3 in treatment IF40 and s* = 2 in treatment IF65. Overall, only 
1 (4) percent of the implemented organizations comprise fewer than s* players in treatment IF40 
(IF65). Thus, threshold s* serves as a good prediction of the minimum size of an implemented 
organization. However, it clearly fails as a prediction of the maximum size of an organization 
(cf. Proposition 2). Rather than seeing only three or two players establishing an organization, we 
observe that most of the time an organization involves all four players. On average, the size of 
an implemented organization is slightly smaller in treatment IF65 than in treatment IF40 (3.49 
versus 3.82), but the difference is not significant (Mann-Whitney test, p = 0.20).

The implementation of an organization is of course a rather complex process. It seems likely 
that players learn the benefits of establishing organizations in the course of the experiment, and 
the number of organizations implemented increases over time. Our data show that this is indeed 
the case. The Spearman rank order correlation between the number of implemented organiza-
tions and the round in the experiment is highly significant in both treatments (IF40: ρ = 0.85, 
p = 0.00; IF65: ρ = 0.64, p = 0.00). Moreover, the increase in implemented organizations 
is exclusively driven by the implementation of the grand organization. While the number of 
implemented grand organizations increases significantly over rounds (Spearman rank order 
correlation; IF40: ρ = 0.87, p = 0.00; IF65: ρ = 0.72, p = 0.00), the corresponding number of 
organizations with three or fewer members does not change significantly (Spearman rank order 
correlation; p > 0.41 in both treatments). Figure 1 illustrates the learning pattern by comparing 
the distribution of implemented organizations in early and late rounds. As can be seen, the share 
of the grand organization increases from 70 and 48 percent in rounds 1 to 5 of treatment IF40 and 

Table 1—Initiated and Implemented Organizations

Treatment

IF40 IF65

Number Percentage Number Percentage

Initiated organizations 220 100 216 98

Implemented organizations
  Total 95 43 132 61
  One member 0 0 5 4
  Two members 1 1 15 11
  Three members 15 16 22 17
  Four members 79 83 90 68

Notes: The table presents the absolute and relative number of initiated and implemented organizations over all rounds. 
Relative numbers are calculated as follows: initiated organizations relative to all rounds, implemented organizations 
relative to all initiated organizations, different size of organizations relative to all implemented organizations.

september 20091348 THE AMERICAN ECONOMIC REVIEW

IF65, respectively, to 86 and 60 percent in rounds 16 to 20. At the same time, the relative number 
of smaller organizations fall.

Why do we observe so many organizations larger than s* in the experiment? Is it that play-
ers aim to implement the s* organization but miscoordinate in the participation stage? Or, do 
participating players target at the grand organization and reject organizations that are smaller in 
the implementation stage? The following two results shed light on the driving forces of subjects’ 
behavior. We first show that players who participate in the participation stage mostly expect that 
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– Most of the subjects who display interest in participation in Stage 1 expect all
other subjects to be interested in participation as well.

– Candidate organizations with fewer than four participants in Stage 3 have a high
likelihood of being rejected. Only grand organizations have a substantial likeli-
hood of being implemented. Overall, the likelihood of implementation increases
with the MPCR.

VOL. 99 NO. 4 1349Kosfeld et al.: Institution Formation in Public Goods Games

all other players will participate as well. Second, we show that initiated organizations compris-
ing fewer than four participants are rejected with high probability in the implementation stage, 
even if no fewer than s* players participate. These results cast doubt on the explanation that high 
participation rates are due to miscoordination. They suggest, rather, that players play the grand 
organizational equilibrium.

RESULT 3: In both IF treatments, most players who participate in the organization in the par-
ticipation stage expect that all other players will participate as well.

Support for Result 3 is presented in the upper panel of Table 2, which shows participating 
players’ average probability belief about the total number of players willing to participate in 
the organization. If players’ high participation rate was mainly due to miscoordination, players 
should expect, with high probability, that s* players will participate in the organization. This is 
not what we find. In treatment IF40 and IF65, participants hold, on average, a belief of only about 
22 and 12 percent, respectively, that s* players will participate in the organization. The belief is 
slightly higher in the first round of both treatments, but it decreases to 16 percent in the final 
round of treatment IF40, and to 5 percent in the final round of treatment IF65. As can be seen, in 
both treatments, participants’ average belief peaks at “four participants.” The average belief that 
all players will participate amounts to 65 and 61 percent over all rounds in treatment IF40 and 
IF65, respectively. In fact, the belief is already quite high in the first round and increases to over 
74 and 71 percent, respectively, in the final round of the two treatments. The increase clearly mir-
rors the corresponding increase in the implementation of the grand organization. Overall, beliefs 
demonstrate that from early on players who are willing to participate rarely expect organizations 
of size s* to be formed, but mostly expect that all of the players will participate in the organiza-
tion. Thus, it seems unlikely that high participation rates are driven by miscoordination.

Further evidence is presented in the lower panel of Table 2, which shows the average likelihood 
over all rounds with which an organization is implemented, depending on the number of par-
ticipating players. Note that there are many cases in both treatments in which from one to three 
players have to decide whether to implement an organization. As the data show, most of these 
organizations are not implemented. In fact, if fewer than s* players participate, the likelihood of 

Table 2—Beliefs and Rate of Implementation

Treatment

IF40 IF65

Number of participants Number of participants

Belief Observations 1 2 3 4 Observations 1 2 3 4

First round   26 9.42 18.19 34.50 37.88   25 19.52 14.48 23.80 42.20
Final round   35 5.29 4.83 15.86 74.03   32 2.34 5.47 21.28 70.91

All rounds 726 6.48 7.03 21.67 64.81 671 5.01 11.80 21.75 61.44

Number of participants Number of participants

Implementation rate 1 2 3 4 1 2 3 4

All rounds 0.00 2.94 23.08 69.30 27.78 37.50 37.29 90.91
Observations 7 34 65 114 18 40 59 99

Notes: The upper panel of the table presents the average probability belief (in percent) of participating players in stage 
one of the game about the total number of participants in the organization. The lower panel presents the likelihood of 
implementation (in percent) of an organization depending on the number of participating players.
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– Overall, the possibility to form the organization has a positive impact on contri-
butions to the public good, their stability and overall efficiency.
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treatments (Spearman rank order correlation; PG40: ρ = − 0.93, p = 0.00; PG65: ρ = − 0.80, 
p = 0.00), this is not the case in the IF treatments. Here, the Spearman rank order correlation 
between rounds and the achieved level of efficiency is positive (IF40: ρ = 0.73, p = 0.00; IF65: 
ρ = 0.30, p = 0.19).
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Figure 2. Average Contribution to the Public Good with and without the Possibility  
of Institution Formation
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A GUIDE TO FURTHER READING

• Isaac and Walker (1988b) show that, in VCM, costless communication about con-
tributions between rounds increases contributions, and this increase sometimes persists
even after the possibility to communicate is removed.

• Andreoni (1993) presents an experimental test of the proposition that government
contributions to public goods, financed by lump-sum taxation, will completely crowd
out voluntary contributions. He finds that crowding-out is incomplete and that subjects
who are taxed are significantly more cooperative. This suggests that people experience
some benefit (warm glow) from contributing to public goods.

• Andreoni (1995) investigates why subjects cooperate in VCM. Particularly, he wants
to distinguish between two leading hypotheses: (1) kindness/altruism/warm-glow; (2)
errors/confusion. He finds that about half of all cooperation comes from subjects who
understand free-riding but choose to cooperate out of some form of kindness, whereas
the other half is due to errors/confusion.

• Bagnoli, Ben-David and McKee (1992) consider the provision point mechanism
when multiple units of the public good can be provided and players have downward-
sloping demands. They find that public good is provided at an efficient level only in
about half of the cases, the welfare level reaches only about two thirds of its potential.
These results are much weaker then the corresponding results for the discrete provision
case analyzed by Bagnoli and McKee (1991).

• Rondeau, Poe and Schulze (2005) compare the efficiency of VCM and provision-
point mechanism using meta-analysis. They find that, overall, the PPM increases total
contributions, it is more responsive to changes in induced value, and is generally more
efficient than the VCM. For public goods with a benefit–cost ratio in the interval [1,
1.4), however, the VCM captures a greater portion of available benefits than the PPM.
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