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1. Introduction

The practice of excluding members of communities, groups and teams to enforce norm conformity and cooperation has
been evidenced in almost all civilizations and known cultures (Gruter and Masters, 1986; Williams, 2001). Ostracism,! the
act of excluding, has been widely documented and analyzed in many disciplines. Indeed, regulating and sanctioning behavior
by ostracizing non-contributing members can be found in animals (Goodall, 1986; Lancaster, 1986), and humans (Wiessner,
2005; Kurzban and Leary, 2001; Williams et al., 2000; Boehm, 1999; Mahdi, 1986) alike. Ostracism has, however, not only
been observed in animal groups, primitive cultures and ancient civilizations, but has also been observed in modern societies
- for instance, with respect to strike-breakers or whistle-blowers, as well as to low performers in team production settings
(see Durkheim, 1933; Gordon, 1975; Francis, 1985; Williams, 2001). There exist many economic contexts, such as team
production or other social dilemma problems, where it is feasible to ostracize individuals for the lifetime of the project
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when monitoring and punishment are decentralized. Moreover, Gaspart and Seki (2003) provide an empirical example of
a local fishery demonstrating elements of ostracism. In general, ostracism is the consequence of breaking an established
rule or a social norm. In the former case, ostracism is normally enforced exogenously, while in the latter case ostracism is
imposed endogenously according to self-established criteria.

The objective of this paper is to analyze the effects of ostracism using a controlled laboratory experiment. Our exper-
imental design models situations, such as team work involving peers, when the latter have some influence upon team
membership, a constellation that arises in particular in project teams within public administrative bodies, firms or in small-
scale entrepreneurial activities, but also in local fisheries. More specifically, we investigate the effects of ostracism on
contribution levels to a public good as well as on the overall welfare by applying a multi-period public good game with
a partner matching design. Our experimental design provides the members of six-person groups with information on the
contribution levels of the other five and with the possibility of casting a vote in order to exclude one member. A member is
ostracized from the group if she obtains at least 50% of the votes. Excluded members no longer share any of the benefits of the
public good and are also excluded from voting. In other words, ostracized members are fully excluded from all future group
activities.2 Although even a zero-contributing member does not directly reduce the other group members’ payoffs, and in
that respect is harmless to the group, we find that participants frequently ostracize the lowest contributor, thereby reducing
the potential group productivity. A large fraction of voting activity and actual ostracism takes place during the first periods
of the experiment. Remarkably, most of the remaining members usually converge towards full or almost full contribution,
a situation that is sustained in most periods, although cooperation breaks down towards the end of the experiment.

Many different forms of punishment exist, and previous experiments have demonstrated how sanctions among peers
work quite effectively in fostering cooperation in groups. Exclusion is a powerful instrument when other, direct forms
of punishment (from pay cut to imprisonment), usually enforced by formally established institutions, are not available.
Especially in contexts where group interaction acquires a social meaning, exclusion or the threat thereof can constitute
a powerful deterrent against behavior that does not correspond to the social norm. The possibility of ostracism can take
different forms: people can be excluded from ongoing or future projects, from the team or from other relationships that
form a natural complement to work (such as lunch or social events). An example, often cited in the economics literature
on punishment, is Francis (1985), where ostracism for “scabs” breaking strikes is discussed.? Again, the existence of social
relationships outside work reinforce the motivational effectiveness of exclusion mechanisms, and this is possibly one of the
reasons for fostering social activities outside the workplace such as excursions, parties or sports tournaments.

In the following section we discuss the related literature. In Section 3 we present the experimental design and procedures
and in Section 4 we derive predictions, first based on standard game-theoretic assumptions and second considering “social
preferences”. In Section 5 the results and in Section 6 the concluding remarks are presented.

2. Related literature

Theoretical research on the voluntary provision of public goods indicates that individuals have incentives to free-ride,
leading to an inefficient provision under voluntary contribution.# In contrast to this, people do contribute to public goods
both in experimental laboratories (e.g. Ledyard, 1995; Zelmer, 2003) and in the field (Ostrom, 1990; Gaspart and Seki, 2003;
Wiessner, 2005). Experimental results have, however, consistently shown that it is difficult to sustain high contribution
levels over time (e.g. Isaac and Walker, 1988; Andreoni, 1988; Croson, 1996).

One explanation for these results is that a large fraction of the observed behavior can be characterized either as that of
a free-rider or as that of a conditional cooperator, willing to cooperate only as long as she expects others to do so as well.
The actual speed of the decline of contribution levels over time depends on the proportion of free-riders and conditional
cooperators in the group (e.g. Keser and van Winden, 2000; Fischbacher et al., 2001). In that respect, Gunnthorsdottir et al.
(2001) and Gachter and Thoni (2005) show that re-matching of participants according to previous contribution levels results
in high and sustainable contributions in groups of highly cooperative participants, while contributions are low in groups of
non-cooperative participants.

Several mechanisms conjectured to sustain cooperation have been explored experimentally. Two importantissues related
to these mechanisms concern the questions of what constitutes an unacceptably low contribution to the public good and
which punishment device(s) is then to be used.® The trigger for punishment can either be introduced exogenously by
using a predetermined rule or endogenously, where each group member decides when punishment should take place.
For instance, Galbiati and Vertova (2008) show that an exogenously imposed sanctioning rule, together with a minimum
required contribution level, results in a positive effect on contribution levels. Guillén et al. (2007) design a step-level public
good experiment with and without a centralized punishment institution, finding that even after punishment is removed, the

2 Although it would be interesting to study cooperation in a more complex setting where ostracized members are re-integrated into the group, our
design focuses on complete exclusion, a situation that resembles more closely project based team work, where exclusion will last at least for the lifetime
of a particular project.

3 Indeed, the workers that agreed to work during the mine strikes in the UK in the 1980s are still sanctioned today for their behaviour.

4 See Hirshleifer and Rasmusen (1989) for a theoretical discussion of ostracism as an effective tool for promoting cooperation in repeated finite and
infinite prisoner’s dilemma games.

5 In addition to punishment, reward mechanisms have also been explored in a public good context, for instance by Sefton et al. (2007).
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contribution levels are maintained at a higher level than those observed in groups without any experience of institutionalized
punishment. Croson et al. (2007) find that using an exogenous rule, which excluded the lowest contributor from the benefits
of the public good, enhances cooperation in a variety of team production settings. Similarly, Swope (2002) finds an increase
in contribution levels in most of his treatments when introducing an exogenous rule imposing a minimum contribution
level.

However, there also exists a debate in the literature related to the possibility that exogenous mechanisms may hamper
cooperation as they crowd out the intrinsic motivation to cooperate. For instance, Frey and Oberholzer-Gee (1997) and
Fehr et al. (2002) show that positive incentives may undermine voluntary cooperation. Tyran and Feld (2006) compare the
effect of introducing a law (either mild or severe) either exogenously or endogenously, where the latter is established by
voting among group members to punish non-cooperators. The interesting finding is that the mild law, which left free-riding
profitable, resulted in significantly higher contribution levels in the groups that endogenously voted for the mild law when
compared to groups where the law was introduced exogenously.6

A frequently studied punishment device in laboratory public good experiments is direct monetary punishment of mem-
bers, while other less commonly tested devices include, for example, disapproval and exclusion.” A common feature of
these types of sanctions is that the level of punishment and the decision on whether to punish are endogenously deter-
mined. Costly monetary punishment mechanisms have proven to increase contribution levels even if sanctions were costly
also to the punisher (see for instance Bochet et al., 2006; Fehr and Gachter, 2000; Ostrom et al., 1992). Interestingly, once
the cost of punishment is considered, the effect on overall welfare tends to be ambiguous.? Non-monetary punishment,
communicated through “disapproval points”, was also found to increase cooperation, albeit to a lower and less persistent
extent.?

Kerr (1999) shows that the threat of ostracism can stimulate cooperation in social dilemmas. Similarly, Kerr et al. (2006)
analyze the threat of exclusion on the relationship between cooperators and defectors based on previous findings indicating
that defectors have a negative impact on the behavior of other group members, i.e. the phenomenon that defectors act as
bad apples spoiling the whole barrel.!% The paper that is probably most closely related to ours is Cinyabuguma et al. (2005).
They investigate exclusion based on majority voting in an innovative public good experiment, in which a lump sum cost
is imposed on those members voting for ostracism if the member voted for is excluded during that period. The excluded
members are then assigned to another public good experiment in which their endowment is halved. Their results show an
almost maximal level of contribution to the public good among non-excluded members. Masclet (2003) designed a multi-
period public good experiment, where each period consisted of two successive public good experiments, the first relating to
production and the second to some social activity. After the first experiment, each participant could ostracize members for
one period (only one vote was required for ostracism) from the second experiment, i.e. the social activity, either at no cost
or at some cost depending on the treatment. In both cases he finds that contribution levels in the first experiment increase.

3. Experimental design and procedures

96 Students were recruited from different departments at Bonn University, Germany, to participate in two experimental
sessions of a computerized experiment, programmed in z-Tree (Fischbacher, 2007). The experiment consists of two treat-
ments: (i) a linear public good experiment and (ii) a public good experiment with ostracism. Each one consisted of ten
periods followed by an additional ten periods of the other treatment. Before each treatment, participants received informa-
tion about the structure of that treatment only (see Appendix for instructions). We control for the order effect by running
the experiment in both orders. Each session, which in our case corresponds to a specific ordering of the two treatments,
involves eight groups with six participants each. Participants were randomly assigned to groups and stayed in the same
groups throughout the experiment.

In each period, participants simultaneously choose how much to contribute to the public good out of an endowment of
10 tokens. 1 token was equal to 0.025 Euro. Participant i's payoff is calculated according to the following function

6

7 =10-g+0.4) g, (1)
i=1

6 For a similar effect on cooperation rates, albeit in a prisoner’s dilemma context, see Apesteguia and Maier-Rigaud (2007).

7 Exclusion presupposes that participants can be excluded from the public good in the future, which is the case for example in local public good and
team production settings.

8 See for instance Gichter et al. (2008) who suggest that the detrimental effects of costly punishment on welfare may be due to experiments that are too
short to fully reveal the effects of punishment.

9 See Masclet et al. (2003). Carpenter et al. (2004a, 2004b) also find positive effects on contributions based on the display of “unhappy faces”. See Noussair
and Tucker (2005) for an analysis of the effects of combining monetary and non-monetary sanctions. See also Ostrom et al. (1992) for an early analysis
in a common-pool resource context. See Apesteguia and Maier-Rigaud (2006) for a discussion of the difference between public goods and common-pool
resources.

10 See also Ouwerkerk et al. (2005).
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where g is the contribution to the public good. With this payoff function, individuals have incentives to free-ride, as the
marginal private return from contribution (0.4) is smaller than the marginal cost (1). The choice of these parameter values
ensures that the social optimum is to invest fully in the public good, while the individuals’ payoff-maximizing choice is to
invest nothing.

In the ostracism treatment, there is a second stage in each period (the first stage remaining the standard public good
experiment). First, each member is informed about the contribution levels of the other members (see the Appendix for
a screenshot of the information provided). Each member could then decide either to cast a vote for ostracizing another
member or to refrain from voting. The contribution levels by the other members are shown in randomized order on the
screen and thus it is not possible to track the contribution by other members over time. This design feature closely follows
the approach by Fehr and Gichter (2000) in their treatment on monetary punishment in a partner design.!! This allows us to
closely compare our results with their results as well as with other papers that have used their design. After all members had
made their voting decisions, each member was informed about the total number of votes she and other members received.
The minimum number of votes required for ostracism was at least 50% of the votes from the remaining members in that
specific period, i.e. three if the group consisted of five or six members, two if the group consisted of three or four members
and one when there were only two remaining members. Ostracized members continue to receive 10 tokens for all remaining
periods, but they neither gain any income from the public good nor are they allowed to vote. The direct effect of ostracizing a
member is that the group size decreases. Since the marginal benefit from the public good is set to 0.4, and is independent of
the size of the group, the decision to ostracize a member always reduces the potential maximum contribution to the public
good.

While our experiment has 10 periods with one of the treatments followed by 10 periods of the other treatment,
Cinyabuguma et al. (2005) have two different sessions; (i) 15 periods of a standard public good experiment followed by
15 periods of an ostracism treatment and (ii) 15 periods of an ostracism treatment followed by another 15 periods of an
ostracism treatment. In both experiments there is a constant coefficient on the returns from the public good, instead of, for
example, a coefficient that is inversely proportional to the number of group members. However, our coefficient is twice as
large, 0.4 versus 0.2. This partly compensates for the fact that we have a smaller initial group size, 6 participants instead of 15
participants. The maximal earning per participantin a period is 24 and 30 respectively. Thus, each of the remaining members
loses up to 4 units per period per ostracized member in our design while it is only 2 in Cinyabuguma et al. (2005). Another
difference relates to the treatment of the ostracized member. In our design, ostracized members are excluded from taking
part in the experiment and thus only receive the endowment during the remaining periods of the experiment, whereas in
their design members who have been ostracized are reallocated to a new group of likewise ostracized members. Our design
thus analyzes the cooperation-enhancing effects of exclusion in a simple design that mirrors real life situations (in particular
team production settings) more closely, as excluded members no longer participate in further exchanges. More importantly,
in the design by Cinyabuguma et al. (2005) the endowment is cut in half and contributions to the public good only increase
overall welfare when the group has at least 6 members, a number that is never achieved. As a consequence, the earnings
of ostracized members were only half of their original endowment, as it was never profitable to contribute to the public
good.!2 Furthermore, in our design there was no cost of voting, while in Cinyabuguma et al. (2005) the cost was 2.5% of the
initial endowment if the participant they voted for was ostracized.!> On one hand we may expect participants to contribute
less in our design since both the cost of ostracizing a member is higher in our design and the cost to a single member of
being ostracized is lower. On the other hand there is no cost per se of voting in our design. In light of these factors, we expect
lower contribution levels in our case compared to Cinyabuguma et al. (2005).

4. Predictions

Despite the possibility of exclusion, which in some contexts may lead to cooperative equilibria (see e.g. the theoretical
contribution in Hirshleifer and Rasmusen, 1989), the equilibria computed under standard payoff-maximizing assumptions
are characterized by zero contribution throughout our game. It is immediately evident that in the last period all players
remaining in the game contribute zero, so that the payoffis 10 for all players (including the ostracized ones). By backwards
induction, cooperation unravels from the end until the beginning of the game and the only subgame perfect Nash equilibrium
is zero contribution in every period. Any configuration of votes and group sizes can be part of an equilibrium, that is, there
exists a multiplicity of equilibria with different voting behaviors and corresponding different group sizes throughout the
game.

If, for whatever reason, positive contributions cannot be excluded - for instance by mistake — ostracizing group members
can be costly. If we consider the possibility of mistakes (e.g. the “trembling hand” refinement of the Nash equilibrium, Selten,

11 A more detailed description on the information provided to their participants can be found on page 7 in the working paper version of their published
paper (Fehr and Gachter, 1999).

12 In addition, participants in Cinyabuguma et al. (2005) were shown the earnings of both excluded and non-excluded members of the initial group
rendering the cost of exclusion more salient.

13 In addition, the difference regarding the subject pool, i.e. US students in the case of Cinyabuguma et al. (2005) and German students in our case, has to
be mentioned.
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Fig. 1. Average contribution levels by treatment. Average gross contribution is calculated based only on non-ostracized members, while average net
contribution is based on the original sample size.

1975) then players would choose not to vote to ostracize anyone. In fact, notice that ostracizing a member who is going
to contribute only 1 unit throughout all remaining periods will result in giving up 0.4 payoff for each of the remaining
group members. Under standard assumptions, no contributions to the public good occur. Furthermore, if there is a positive,
albeit small, probability of mistakes consisting in non-zero contributions, then there will also be no voting to exclude other
members.

Laboratory evidence of contributing and punishing behavior resulting in a subsequent increase in overall cooperation has
led to theoretical research in order to accommodate these findings. Building upon Rabin (1993), Charness and Rabin (2002)
introduce positive and negative reciprocity along with “social welfare” consideration.'* Bolton and Ockenfels (2000) and
Fehr and Schmidt (1999) emphasize inequality (or, more broadly, “inequity”) aversion, i.e. that individuals tend to prefer
equality in outcomes, so that they return cooperation in order to avoid favorable inequality in payoffs but are also willing
to punish free-riders (who would otherwise enjoy the highest payoffs).

What these models do not suggest is which norm group members should follow in order to avoid exclusion. Of course,
full contribution can be appealing, but while the threat of ostracism may reinforce such an outcome, the actual exclusion of a
member reduces the potential maximum production in the remaining periods. While social preference models assume that
some players will have non-selfish motivations, they do not exclude the presence of purely selfish players. The interaction
between different types of participants may lead to different outcomes depending on the features of the game. Fehr and
Gdchter (2000) found that the (exerted) threat of punishment leads to high contributions until the last period. In their
design, the cost of being punished remains constant. In our experiment, however, this is not the case, as being ostracized
is more costly (assuming some cooperation) the more periods of the experiment are left. Hence, it is possible that selfish
players adjust contribution levels upwards (when escaping ostracism but observing others being ostracized) but also that
“end-game effects” (Selten and Stoecker, 1986) appear and contribution levels fall in the last periods. In summary, all models
based on “social preferences” or “other-regarding” preferences - in which non-selfish individuals exist along with selfish
ones - tend towards predicting the exclusion of low contributors and the possible positive effects on contribution levels in
subsequent periods by remaining group members until “end-game” effects emerge. The aim of this paper is not to assess the
validity of any particular functional form of such models, and it should also be noted that these models do not engage the
speed of adjustment and the contribution level deemed to be acceptable by non-selfish players. Full contribution, however,
could constitute a focal point in terms of building up a specific and easily communicated norm that can also be sustained by
coherent voting behavior.!3

5. Results

In our discussion of the results, we begin by presenting the general behavioral response of introducing ostracism, followed
by a more detailed analysis of contributions when ostracism is possible as well as of voting behavior. Fig. 1 depicts the
temporal patterns of average contributions. Each session consists of two treatments both lasting 10 periods. The treatments

14 Another line is based on learning concepts (see in particular McKelvey and Palfrey, 1995).
15 That is, voting to exclude low contributors until contributions reach a maximum level. One should take into account that field situations usually involve
less easily quantifiable contribution levels by group members, so that the enforcement of specific norms may be more difficult.
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are either run in the order of 10 periods without ostracism followed by 10 periods with ostracism or in the reverse order.
Thus, contributions shown for periods 1-10 refer to averages when the standard public game was conducted as the first
treatment in a session, while contributions for periods 11-20 indicate when the game was the last treatment. There are
three distinct lines depicted in Fig. 1. The solid line shows the pattern of average contribution levels in the standard public
good treatment, which we identify as “No ostracism” in the figure. Average contributions decrease monotonically over time
independently of whether “no ostracism” was the first or last treatment in a session. The other two lines show contributions
in the ostracism treatment. The dashed line represents average contributions by the remaining members in a group in the
ostracism treatment, which is calculated as the ratio of total contributions of the group members and the remaining members
of the group. This is labeled “Net effect — Ostracism”. The third line, which is dotted, is identified as “Gross effect - Ostracism”
and shows the average contributions based on the original group size, which is calculated as the ratio of total contributions
of the group members and the original group size of 6 members. Thus, the latter measure considers the loss in contribution
to the public good at “societal” level.

We find a sharp monotonic decline in average contributions for the standard public good experiment. Average contri-
butions are similar to those observed in most multi-period public good experiments (e.g. Zelmer, 2003; Ledyard, 1995)
and decline from slightly above 50% of the endowment in the first period of the treatment to approximately 30% in the
final period if given as the first treatment, and to approximately 10% if given as the last treatment of a session. A Wilcoxon
rank-sum test is applied to test the null hypothesis of no order effect in the standard public good experiment, i.e. the aver-
age contributions at group level for a given period within the standard public good experiment - either conducted as the
first or the last treatment in the session - are from the same distribution (see Siegel and Castellan, 1988). First, we test
whether average contributions at group level in the standard public good game in period 1 of the entire experiment (when
the standard public good game was the first treatment) and contributions in the standard public good game in period 11 of
the entire experiment (when the standard public good game was the second treatment) have the same distribution. Then
we test whether the contribution levels in the standard public good game in period 2 of the entire experiment (when the
standard public good game was the second treatment) and those in the standard public good game in period 12 of the entire
experiment (when the standard public good game was the second treatment) have the same distribution and so forth for
the remaining 8 periods. We can only reject the null hypothesis of no order effect at 5% significance level in the last period,
which indicates an end-game effect (e.g. Selten and Stoecker, 1986).

In the ostracism treatment, the net average contributions at group level, i.e. average contributions based on non-ostracized
members, increased to around 85% of maximum contributions after the first periods when ostracism was included in the
first treatment of a session, while contributions were around 80% when given as the last treatment. In both cases we observe
an end of the treatment effect, but the effect is stronger when ostracism was given as the last treatment of a session. A
similar relationship is found when looking at gross average contributions at group level, i.e. average when considering the
original group size of 6 members, with averages around 70% and 60% when given as first and last treatment in a session,
respectively. Of course, an end treatment effect is found here and it is stronger when it is the last period of the entire session,
which again indicates an end-game effect. It is noteworthy that even when we consider average contributions based on
the original sample size, they are higher than those in the standard public good treatment. However, the contributions in
our experiment are lower than those reported in Cinyabuguma et al. (2005), where the net contribution levels oscillated
around 90%. A possible explanation for this is that the threat of ostracism is weaker in our case since it is more costly for
remaining members to ostracize a participant in terms of the potential loss of future contributions, while the cost of being
ostracized is lower compared to Cinyabuguma et al. (2005) since the endowment is not reduced in our case. Thus, the results
of Cinyabuguma et al. (2005) and ours are consistent with each other. The afore-mentioned differences in the design of the
experiment may also explain why we observe an earlier end-game effect in our experiment as well as a sharper decline in
contributions in the last periods compared to Cinyabuguma et al. (2005). We conduct a Wilcoxon rank-sum test to test the
null hypothesis of no order effect, i.e. average contributions at group level for a given period within the ostracism treatment
either conducted as the first or the last treatment in the session are from the same distribution, in the same way as we did
for the standard public good experiment. We can only reject this hypothesis at 5% significance level for the last period in an
ostracism treatment (both for gross and net contributions), i.e. when tested the last period of the treatment was given as
the first or last treatment in a session. This can again be seen as an end-effect.

In a Wilcoxon rank-sum test, we test the null hypothesis of no difference in average contributions between the non-
ostracism and ostracism treatments at a given period in the entire experiment when the average contributions in the
ostracism treatment is based on the remaining group members, i.e. the average net contributions. Thus, we begin to test the
null hypothesis of no difference in average contributions at group level between non-ostracism and ostracism treatment
at period 1 of the entire session, and then we conduct the same test for the remaining 19 periods. The null hypothesis can
be rejected for all periods at a 5% significance level except for the first two periods in each treatment, i.e. periods 1 and 2
and periods 11 and 12, as well as for the last period of the entire session, i.e. period 20. A similar test based on the original
sample size of 6 members shows similar results, but also the periods 10, 13 and 19 cannot be rejected. Since there is no cost
of ostracizing a member, the earnings are directly rescaled from the contribution levels. Thus, from a welfare perspective,
average earnings are higher in the groups where ostracism is possible.

In Fig. 2, we show the average number of ostracized members in a group at the end of each period. On average, slightly
more members were ostracized when the ostracism treatment was given as the last treatment in a session rather than the
first treatment. This difference may partly be explained by substantial ostracism in one of the groups in the last treatment,
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Fig. 2. Average number of ostracized subjects at group level at the end of a period. Periods 1-9 show ostracism in the first session, while periods 11-19
show it when it is the last session.

where all members had been ostracized by the last period of the treatment. Taking all ostracism treatments together, 9
members (4 in the first and 5 in the last treatment of a session) were ostracized out of potentially 16 members (since we
have 16 groups) in the first period of ostracism treatment, followed by 7 in the second period of the treatment. During
the next six periods, 9 members were ostracized while the number increased again and 4 members were ostracized in the
ninth period of the treatment. In each period of the ostracism treatment, we tested the null hypothesis that the number of
members ostracized in a group is independent of whether the ostracism treatment was the first or the last treatment in a
session using the Wilcoxon rank-sum test, i.e. we test for treatment order effects using the same stratagem as described
above. We cannot reject the null hypothesis at a 5% significance level in any of the periods.

In Fig. 3, we show the proportion of group members (among those not already being ostracized) casting a vote for another
group member to be ostracized. In the figure, we again separate out whether the ostracism treatment was the first or the last
treatment of a session. Voting behavior at the start of both ostracism treatments was active with approximately two-thirds
of the members casting a vote in the first period, followed by a sharp decline to about 20% when ostracism was in the first
part of a session. The proportion of votes cast was much higher when ostracism was the last treatment of a session and this is
at least partly explained by lower contributions to the public good when ostracism is the last rather than the first treatment
of a session. Moreover, there was a sharp increase in the proportion of votes cast in the last periods when ostracism was
the last treatment of a session, which corresponds to the end-game effect as shown in Fig. 1. In each period of the ostracism
treatment we tested the null hypothesis of no order effect with respect to the fraction of participants that cast votes to
ostracize another member using the Wilcoxon rank-sum test. We cannot reject the hypothesis of no order effect at a 5%
significance level in any of the pair-wise tested periods.

Finally we conduct two regressions. In the first regression, we investigate the determinants of the number of votes received
out of total votes, which is calculated as the ratio of the number of votes cast by others in the group for a specific member of
the group and the number of remaining group members except the member for whom votes are cast (since a member cannot
cast a vote for herself) in percentage. In a tobit regression analysis, we analyze how the others’ average contribution, the
member’s absolute positive deviation from others’ average contribution and the member’s absolute negative deviation from
others’ average contribution explain the relative amount of votes cast for a specific member. Table 1 shows, as expected, that
absolute negative deviations from others’ average contribution significantly increase the proportion of votes received at 1%
level. In the second parametric analysis, we use a probit regression to analyze whether or not a member was ostracized using
the same explanatory variables as in the first regression. The results are similar to the first regression, i.e. negative deviations
from others’ average contribution have a significant positive impact at 1% level on the probability of being ostracized. In
both regressions, we include period and group dummy variables.
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Fig. 3. Average proportion of non-ostracized members voting in each period.
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Table 1
Regression analysis.

Dependent variable Number of votes as a fraction of total votes Whether the subject was ostracized (Probit)
(in percentage) (Tobit)

Marginal effects Standard error Marginal effects Standard error
Others’ average contribution -1.070* 0.554 —0.002 0.002
Absolute positive deviation 0.172 0.525 —0.000 0.002
Absolute negative deviation 4.425** 0.402 0.008* 0.004
Pseudo R2 0.09 0.51
Number of observations 709 638

Note: ** denotes significance at 1% level and * at 10% level. The last period in the ostracism treatment is not included in the analyses due to end-game effects.
Group dummies and period dummies have been included in the regressions to control for group fixed effects, but omitted in the presentation above.

6. Conclusion

In standard public good experiments, the average contribution level typically declines over time and converges to around
10-15% of the endowment in the last period. The experimental literature shows various instances in which sanctions pos-
itively affect contributions. Cooperation increases especially when sanctions are endogenous, i.e. their existence and/or
implementation depends on decisions by group members. In particular, this is also the case when peer sanctioning consists
of the possibility of exclusion.

Our paper contributes to the literature of endogenous sanctions by allowing group members to exclude others based
on strict majority voting. The effect of ostracism as a sanctioning device is that the group size is reduced, undermining the
potential efficiency of the group in all future periods. This is in contrast to various other forms of punishments tested in the
literature which entail a direct monetary effect in that period, without affecting potential maximum overall welfare from
the public good in future periods.

We find that group members do tend to vote to ostracize other members and, unsurprisingly, these votes go mainly to low
contributors. In fact, the ostracized members were always the lowest contributors. Despite the potential negative impact
on maximum overall welfare, such behavior is effective in fostering cooperation among the remaining group members.
As a result, the overall contribution level is substantially and significantly higher in the public good game with ostracism
among those not ostracized as opposed to the standard public good game. Unsurprisingly this cooperation-enhancing effect
vanishes as the game approaches the end, when the adverse consequences of being ostracized become less significant. This
suggests that mechanisms based on ostracism are effective in the presence of sufficiently large - albeit not “infinite” - time
horizons. Our experimental results corroborate the findings from experiments on sanctioning and exclusion as well as those
from field studies on the effectiveness of ostracism as a regulatory instrument to enforce norm conformity and cooperation
in groups.

There is scope for extending this research further in the direction of exploring how ostracism can foster cooperation, both
with reference to the length of time a participant is ostracized and with respect to the information feed-back of previous
contribution levels. Information on contributions and votes cast could be given throughout the whole session. This would
allow reputation to play a more prominent role and would possibly also allow more gradual “warnings” instead of direct
exclusion.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the online version, at doi:10.1016/j.jebo.2009.11.001.
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