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Abstract 
Can formal institutions shape prosocial behavior and lead to the spillover ef-
fect of cooperation? To explore this question, we experimentally test the spil-
lover-based theory in a novel context. We measured the spillover effect on 
cooperation in the same domain measured by the repeated anonymous public 
goods game. We found strong evidence of altruism. Our results are inconsis-
tent with prediction of the spillover-based theory. Our finding suggests that 
exposure to strong formal institutions that provide top-down motivation for 
cooperation substantially improves cooperation in their presence, but do not 
seem to lead to more prosociality after their absence. 
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1. Introduction 

In economic literature, the “tragedy of the commons” is probably the best-known 
example of when collective welfare is jeopardized by individual self-interest (Har-
din, 1968). The “free rider problem”, arising from the fact that an individual may 
be able to obtain the benefits of a good without contributing to its cost, is dis-
cussed in a number of different contexts. Provision of public goods is vulnerable 
to free riding; one can receive a benefit without contributing towards the cost of 
its production. Thus, there exists a tension between individual and collective in-
terest, which is typical for many cooperation problems in economics.  

Society has responded to the “free rider problem” by developing formal insti-
tutions precisely to prevent this type of opportunistic behavior. Public agencies, 
courts, and police are all examples of formal institutions put in place by society 
in order to provide protection against free riding behavior. Indeed, Hobbes ar-
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gued that people benefit if there is a powerful state in place to regulate behavior, 
thereby enabling people to invest effort in achieving collective welfare (Hobbes, 
1996 [1651]). Moreover, when cooperation and prosocial behavior prevail in so-
ciety, provision of public goods is more cost-efficient for the state (Gintis et al., 
2005).  

Our aim is to understand the impact and consequences of formal institutions 
chosen by society to protect against opportunistic behavior. A useful tool to ana-
lyze this social dilemma is the linear public goods game (Ledyard, 1995). In par-
ticular, with the public goods game (PGG), we experimentally test a prediction 
of the spillover-based theory that implies that strong formal institutions that in-
centivize cooperation not only restrain free riding, but boost cooperation via spil-
lovers (Rand et al., 2014; Stagnaro et al., 2017). Thus, people exposed to strong 
formal institutions that provide top-down motivation for cooperation will de-
velop more cooperative and prosocial behavior. In other words, people tend to 
become more prosocial and cooperative even in the absence of strong formal in-
stitutions. Formal institutions are strong when they are not corrupt, efficiently 
discipline free riders, and provide public goods (Stagnaro et al., 2017).  

Empirical support for the spillover-based theory comes from evidence that 
experimentally manipulated institutional strength in the PGG, with a centralized 
punishment mechanism, led to significantly more prosociality in a subsequent 
one-shot dictator game, compared to a no-punishment control treatment (Stag-
naro et al., 2017). In the study, the emphasis was on the finding that strong for-
mal institutions that incentivized prosociality positively affected prosociality in a 
novel context. Namely, the motivation to cooperate in the PGG domain increased 
subsequent giving in the dictator game domain.  

We build our study on the experimental study of Stagnaro et al., 2017, who 
experimentally induced institutional strength by introducing different levels of 
probabilities of centralized punishment mechanisms. The higher was the proba-
bility of sanctioning a free rider, the stronger was the formal institution. There-
fore, in order to induce strong formal institutions, we set the centralized pu-
nishment probability at 90%. Unlike Stagnaro et al., 2017, we measure spillover 
of prosociality in one domain, namely by the PGG. Our experiment consists of 
two treatments. In treatment (CP), experimental subjects play a two-stage re-
peated PGG. In the first stage, subjects play the PGG with the centralized pu-
nishment probability mechanism (CPPM). In the second stage, the CPPM is re-
moved and subjects play the same standard linear PGG. As a control treatment, 
we conducted a standard linear PGG of ten periods (Ledyard, 1995).  

We find that a strong formal institution substantially improves cooperation. 
On average, in stage 1, contribution rates amount to 92% of the endowment. 
However, as soon as the CPPM is removed, cooperation decays. In the last pe-
riod, 50% of the subjects took a free ride and only 28% cooperated fully. More 
importantly, in our control treatment, cooperation was significantly higher than 
in stage 2 of treatment (CP) (two-tailed t-test, t = −7.98, p = 0.000). We also 
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classify individuals according to a simple typology: in the control treatment, 17.5% 
were altruists and none were free riders; while in stage 2 of treatment (CP) 
without centralized punishment, altruist decreased to 7.8% and free riders in-
creased to 6.3%. 

Our experimental evidence does not provide support of the spillover-based 
theory. In our novel context, turning from different domain settings to one do-
main setting, we find no evidence of spillover effects. Our results suggest that a 
strong formal institution does not seem to foster prosociality via spillovers in the 
same domain (as measured by the repeated anonymous PGG). On the other 
hand, the lack of a positive spillover effect could be due to insufficient duration 
of exposure to strong formal institutions that provide top-down motivation for 
cooperation. It could also be that we did not observe a spillover effect for coop-
eration might be due to the mechanism underlying centralized punishment prob-
ability. Further investigation of the spillover effect on cooperation in different 
experimental design settings is an important direction for future work.  

2. Experimental Design 
2.1. Participants 

The experiment was conducted in Georgia via the LIONESS software platform 
for interactive online experiments (Arechar et al., 2018). A total of 121 subjects 
participated, mostly from Tbilisi State University. We prevented repeated par-
ticipation by excluding duplicate IDs and IP addresses. Participants were not in-
formed about the identity of their group members. We kept group members 
constant during all periods in both treatments. In total, nine experiment sessions 
were conducted. The control treatment with the standard public goods game 
(PGG) of ten periods the experiment lasted between 10 and 20 minutes and par-
ticipants earned, on average, 13.7 GEL (4.2 USD at that time). In treatment (CP), 
since it was composed of two stages and subjects played twenty rounds in total, 
the experiment lasted 30 to 40 minutes and participants earned, on average, 20.7 
GEL (6.3 USD).  

2.2. Method 

Our work is closely related to the study of (Stagnaro et al., 2017) (henceforth 
SAR). We modified the experimental design of SAR in several ways. Unlike SAR, 
we kept the PGG in both stages in order to measure cooperation in the same 
domain and to avoid potential cultural context-specific variations caused by in-
troduction of different games (Henrich and Henrich, 2007). Next, we adjusted 
the experimental parameter of the endowment to 20 tokens as the established 
amount level in most PGG experiment literature. Next, in SAR, the centralized 
punishment probability mechanism (CPPM) is presented as the “inspection” of 
contributions, and if a player did not contribute fully to the public good, when 
inspected with a certain probability, a deduction of points followed.  
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In our design, inspection was an act representing that the player’s contribu-
tion was just observed. The penalty was levied to free riders only if they were in-
spected. Thus, in our setting, the penalty probability is conditioned by the in-
spection probability. We set both probabilities of inspection and penalty at the 
same high level of 90%. The reason we introduced inspection and penalty sepa-
rately is to bring more accurate framing to the notion of strong formal institu-
tions. The logic is as follows: if one is assigned to protect provision of public 
goods and does not discipline free riders simply because the opportunistic act 
was not observed, it is qualitatively different from the case where the opportu-
nistic act is detected, but not disciplined. In other words, one’s trustfulness is 
questioned at a different level if they are aware of a violation and do not act ra-
ther than if they do not act, because they are not aware of it. An example could 
be a police officer that observes a violation, but does not take measures to stop it.  

2.3. Payoff Mechanism 

In treatment (CP), subjects play two-stage PGG with ten periods each. In stage 1, 
subjects in groups of four play a standard linear PGG with the centralized pu-
nishment mechanism. Subjects simultaneously decide how much of 20 endow-
ment points to keep or invest into the public good in each period. Payoff is de-
termined by ( ) ( )1 2 20 |i ig P A Bπ π= − ∗ − ∗  where 1

120 0.375 i
n

i i ig gπ
=

= − + ∑ , 

ig  is subject i’s contribution to the public good, and 0.375 is the marginal per- 
capita return of contributing to the public good. P(A) is the probability that pe-
nalty will be imposed, given the probability P(B) that contribution will be in-
spected, where P(A) and P(B) both equal to 0.9. In stage 2, the centralized pu-
nishment mechanism is abolished, and participants play a standard PGG. In 
stage 2 and in the control treatment experiment, the payoff is determined by  

1
120 0.375 i

n
i i ig gπ

=
= − + ∑ . 

2.4. Information Conditions 

In treatment (CP), in stage 1, in each round there was a 90% probability that 
each of the participants’ contributions would be inspected and penalized. If in-
spected, participants were penalized with 90% probability if they had not con-
tributed the maximum amount of points endowed (they lost points twice the 
number of points below the maximum contribution of 20 points). In both treat-
ments, players made their contribution decisions simultaneously; once the deci-
sions were made, they were informed about their group members’ contributions. 
However, in treatment (CP), subjects were not informed about the inspection 
and penalty activities of their group members. They knew of only their own in-
spection and penalty activities in each period. 

To ensure that participants did not have varying expectations of the length of 
the game, the total number of rounds was made public knowledge in both treat-
ments. Importantly, for treatment (CP), in stage 2 the removal of the inspection 
and penalty mechanisms was not disclosed to the participants in advance, but 
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introduced just before the start of stage 2.  
To maximize data quality, we required game comprehension prior to playing 

the PGG: after reading the instructions, participants could not advance to the 
game until they correctly answered all control questions (they were allowed an 
unlimited number of attempts). 

3. Predictions 

In the control treatment, the spillover-based theory predicts that contributions 
will converge to zero and the cooperation level should be lower than in stage 2 of 
treatment (CP). In stage 1 of treatment (CP), we should observe a high level of 
cooperation under the incentive of high inspection and penalty probability. 
Next, in stage 2 of treatment (CP), the cooperation level should be higher than in 
the control treatment, as a result of the spillover effect of strong state institutions 
that incentivize cooperation.  

4. Results 

Figure 1 summarizes the behavior in both treatments. In the left panel, we ob-
serve average contributions in the control treatment and in stage 1 of treatment 
(CP). In the right panel, we depict the mean contributions of stage 2 of treat-
ment (CP).  

The existence of inspection and penalty probabilities causes a significant rise 
in the average contribution level. On average, contribution rates amount to 92% 
(18.5 points, standard deviation 0.66) of the endowment in stage 1. In stage 1, 
mean contributions start relatively high and converge to socially beneficial equi-
libria, although they experience (per the endgame effect) a slight drop in the last 
period (10). This result shows that CPPM mechanism in stage 1 of treatment 
(CP) induces behavior in line with the theoretical predictions. In stage 2, as soon 
as the centralized punishment mechanism is removed, mean contributions decay 
and start to converge to Nash equilibria of zero contributions. The difference 
between the stages is highly significant (two-tailed paired t-test, t = 15.48, p = 
0.000). This indicates that the removal of a centralized punishment triggers the 
drawing power of the equilibrium with free riding. 
 

 
Figure 1. Average contributions over periods. 
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Although the mean contributions in the control treatment overall exhibit a 
surprisingly flat pattern, voluntary contributions across all rounds remain quite 
high, well above 50%. This result is not in line of theoretical prediction. Indeed, 
the mean contributions in the control treatment appeared highest among 16 dif-
ferent pool results of the cross-cultural experiment done by Herman et al., 2008 
(Mekvabishvili, forthcoming). This finding provides strong evidence of altruism.  

In the last round, typical for this kind of public goods experiment, there is a 
pronounced endgame effect with a sharp drop (two-tailed paired t-test, differ-
ences between round 1 and round 10, t = 2.06, p = 0.042). In the last period, 22% 
percent of the subjects contributed zero. However, average contributions in the 
control treatment are significantly higher than in stage 2 of treatment (CP) 
(two-tailed t-test, t = −7.98, p = 0.000). In the control treatment, the average 
contribution is 14.1 points, while it is only 8.8 points in stage 2 of treatment 
(CP). This result is in contradiction with the prediction of spillover-based 
theory. 

Next, we analyzed our data to track individual behavior of players, taking into 
account the typology of players’ behavior classified in the experimental litera-
ture. We specifically look for altruist types, those who contribute the full en-
dowment in all periods; and free riders, those who contributed zero in all pe-
riods.  

Figure 2 depicts player types observed in control treatment and in stage 2 of 
treatment (CP). On the horizontal axis, two treatments are displayed and on ver-
tical axis the percentage share of altruist and free rider player types of each 
treatment are given. Figure 2 reveals that, in the control treatment, we observe 
17.5% of altruist types and 0% of free rider types of players, while in stage 2 of 
treatment (CP), the share of altruist types is only 7.8% and the share of free rid-
ers increases to 6.3%.  

In addition, we checked the distribution of contributions in stage 2 of treat-
ment (CP) and in the control treatment. We classify the contributions into four 
categories: 1) zero, 2) full contribution, 3) contribution equal to or more than 
50% of the endowment, and 4) contribution of less than 50% of the endowment. 
Figure 3 depicts the distribution of decisions of all subjects across all periods 
over these four categories. 
 

 

Figure 2. Player types in control treatment and in stage 2 of treatment (CP). 
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Figure 3. Distribution of total contributions in control treatment and in stage 2 of treat-
ment (CP). 
 

In Figure 3, in total we observe 47.2% of full contribution decisions in the 
control treatment, while in stage 2 of treatment (CP), full contribution decisions 
were only 31.4%. Moreover, there is a dramatic increase of zero contribution de-
cisions in stage 2 of treatment (CP), in contrast to the control treatment (from 
10.9% to 40.9%).  

5. Summary and Conclusion 

This paper has shown that the centralized punishment mechanism with high pro- 
bability substantially improves provision of public goods. This finding replicates 
the experimental evidence by Stagnaro et al., 2017. Centralized punishment with 
high probability constitutes a credible threat for potential free riders and en-
forces high cooperation, whereas the same subjects converge toward full defec-
tion when the centralized punishment mechanism is removed.  

However, in our novel experimental settings, we do not observe the spillover 
effect on prosociality. After removal of the CPPM, the mean contributions are 
significantly lower than the contribution level in the control treatment. Thus, 
our results suggest that, under conditions of the same context and domain (i.e. 
PGG), exposure to strong formal institutions that provide top-down motivation 
for cooperation does not seem to lead to more prosociality after its absence.  

Arguably, the fact that cooperation spillovers only occurred in the context of 
different domains, but were not observed in the same domain, could be due to 
insufficient exposure of the subject to top-down incentives for cooperation or 
the mechanism underlying the centralized punishment.  

In our view, our novel finding contributes to the understanding of the role of 
formal institutions in protecting against opportunistic behavior and in shaping 
individuals’ prosociality. Firstly, we provide strong evidence of altruism. Secondly, 
strong formal institutions can ensure high-level of cooperation. Thirdly, and not 
lastly, our results tentatively indicate that extrinsic motivations provided by 
strong state institution might undermine one’s intrinsic motives to behave pro-
socially. 
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