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Abstract
Is peer sanctioning a sustainable solution to the problem of human cooperation? We conducted an exact multilab replication (N = 1,008; 
7 labs × 12 groups × 12 participants) of an experiment by Gürerk, Irlenbusch, and Rockenbach published in Science in 2006 (Gürerk Ö, 
Irlenbusch B, Rockenbach B. The competitive advantage of sanctioning institutions. 2006. Science. 312(5770):108–111). In GIR2006 
(N = 84; 1 lab × 7 groups × 12 participants), groups that allowed members to reward cooperators and punish defectors were found to 
outgrow and outperform groups without a peer-sanctioning institution. We find GIR2006 replicated in accordance with all 
preregistered replication criteria in five of the seven labs we sampled. There, the majority of participants joined groups with a 
sanctioning institution, and participants cooperated and profited more on average than in groups without a sanctioning institution. In 
the two other labs, results were weaker but still favored sanctioning institutions. These findings establish the competitive advantage 
of sanctioning institutions as a robust phenomenon within the European context.

Significance Statement

When individual and collective interests are in conflict, individuals face a social dilemma whereby cooperation will lead to higher col-
lective benefits but acting selfishly will produce higher individual benefits. Oftentimes, individuals facing such dilemmas may join 
and subject themselves to institutions that promote cooperation. This paper probes the sustainability of peer-sanctioning institutions 
in fostering cooperative behaviors. Under peer sanctioning, if sufficient individuals are willing to incur the costs of punishing unco-
operative behaviors, then, cooperators fare better than noncooperators. However, peer sanctioning can effectively promote cooper-
ation only if groups that practice it can thrive in competition with groups that do not. Our replication study shows that, across 
different populations, groups with peer sanctioning consistently outgrow and outperform groups without peer sanctioning.

Introduction
The problem of cooperation is encountered in countless instances 
where individuals or organizations must collaborate to achieve a 
desired goal (1, 2). Many of the world’s most existential challenges 
are cases where cooperation has failed. Present-day governments 
face the momentous task of convincing citizens and businesses to 
reduce fossil fuel use, while simultaneously finding themselves in 
a cooperation problem with other nations. Research on the evolu-
tion of cooperation has informed public policy at the highest level, 
with leading scientists serving on committees advising govern-
ments on coping with nuclear crises, pandemics, and climate 
change. It is therefore no exaggeration to claim that major advan-
ces in the field of human cooperation can have global impact.

In many circumstances, actors facing cooperation problems 
may join and subject themselves to institutional setups that pro-
mote cooperation. Buyers and sellers may elect to operate on on-
line sales platforms that implement peer-rating systems enabling 

trust in anonymous transactions (3) or collaborate on platforms 
that use symbolic awards to compel contributors to volunteer 
work (4). Countries that voluntarily join the International 
Criminal Court (ICC) or the United Nations Framework 
Convention on Climate Change subject themselves to negative 
sanctions upon the violation of agreements. Many countries’ am-
bivalent stance towards the ICC and the US government’s tempor-
ary withdrawal from the Paris Agreement show how fragile these 
institutions are and how important it is to understand the condi-
tions under which they are formed and can be maintained for the 
benefit of all.

The present paper probes the sustainability of one of the most 
prominent mechanisms put forward for providing incentives for 
cooperative behavior: peer sanctioning (5). Under peer sanction-
ing, if sufficient individuals are willing to incur the costs of re-
warding cooperators or punishing defectors, then cooperators 
fare better than defectors (6, 7). It has been shown that 
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particularly peer punishment of defectors promotes cooperation 
in social dilemmas (3, 8). However, peer sanctioning can only be 
a solution to the puzzle of human cooperation, if groups that prac-
tice it can thrive in competition with groups that do not (9–11). Are 
sanctioning institutions (SI) able to sustain an equilibrium in 
which individuals that volunteer to incur the costs of sanctioning 
profit more than individuals in sanctioning-free institutions (SFI)?

This question of sustainability of SI was first addressed in an 
experimental study by Gürerk and colleagues published in 
Science in 2006 (hereafter GIR2006) (12). GIR2006 let participants 
choose whether to interact in a public goods dilemma in an en-
vironment with or without a SI (13). They found that almost all 
participants migrated to the environment with a SI. Moreover, 
the SI was effective in maintaining cooperation and yielded high-
er payoffs than the SFI. However, GIR2006’s important findings 
were based on an experiment with 84 participants clustered in 
7 groups at a single lab.

Following GIR2006, several studies have investigated the choice 
between SI and SFI in public goods games (PGG). For instance, 
Sutter et al. (14) and Markussen et al. (15) explored how voting af-
fects institutional choices among different sanctioning environ-
ments, showing that self-organization may yield a positive 
impact on cooperation levels. Such valuable contributions, how-
ever, tend to deviate considerably from GIR2006 (e.g., in terms of 
institutional environments available, group size, or number of pe-
riods). Gürerk et al. (16) and Gürdal et al. (17) conducted experi-
ments with designs closer to GIR2006, corroborating the main 
findings of the original study in Germany and Turkey albeit with 
some variations in parameter settings and the participation of au-
thors of the original study.

In light of the current replication crisis in the social sciences 
(18–20), we provide a comprehensive assessment of GIR2006’s 
findings by reporting results from replications of the original 
study in seven different lab locations (see Materials and methods). 
We chose these labs based on their suitability to (i) recreate the 
conditions of the original study and (ii) test the robustness of the 
original findings across participant pools different from the one 
of the original study. Because of the COVID-19 pandemic, we 
were forced to cancel experiments in three labs, but managed to 
conduct experiments in two new, unplanned labs (see Materials 
and methods). Each replication had 144 participants clustered in 
12 groups (N = 1,008 participants in total), achieving greater stat-
istical power than GIR2006 at each lab. Multilab replications like 
ours offer a more definitive assessment of replicability of effects, 
showing whether the study’s results can be generalized across dif-
ferent participant pools (21–23), and are slowly becoming more 
standard in several disciplines (e.g. psychology; 24).

To accurately evaluate whether effects reported in GIR2006 
replicate, we conducted an exact replication; changing the 

experimental design or testing new hypotheses was therefore pre-
cluded. Our replication follows Brandt et al.’s criteria for replicat-
ing an experimental study (25). The effects intended for 
replication were carefully defined before data collection, preregis-
tered, and critically compared to the results of the original study. 
We obtained all materials to conduct the experiments and analyze 
the data from the authors of the original article (i.e. z-Tree code, in-
structions and protocol, stimuli, measures, procedures, and ana-
lyses; see Materials and methods and Supplementary Material, 
Section A, Table S1, Section C, and Figs. S1–S8). All details of the 
replication were verified by the corresponding author of GIR2006. 
The complete details about the replication are available on the 
Open Science Framework (OSF) website, where we preregistered 
the replication, the analysis plan, stored the data, and the statistic-
al analysis code (https://osf.io/tyxfm/?view_only=5f560d5d570241 
eaa460b094aed074b4).

In GIR2006, participants interacted anonymously in groups of 
12 for 30 rounds. Each round, each participant had to make two 
or three choices. First, participants decided whether they wanted 
a SFI or a SI. Second, participants decided how much of their indi-
vidual endowments [i.e. 20 monetary units (MUs)] they wanted to 
contribute to a public good (i.e. a standard linear PGG; see 
Materials and methods). Third, all participants received 20 add-
itional MUs, but only those in the SI could decide to reward or pun-
ish their fellow group members at a cost to themselves after 
receiving feedback about these group members’ contributions. 
Finally, at the end of a round, participants were informed on all 
group members’ contributions, sanctions and rewards received, 
and earnings.

We predefined three replication criteria that must be jointly 
met in order to consider GIR2006 replicated in a given lab (see pre-
registration on OSF): (1A) in significantly more than 50% of groups, 
a majority chooses SI in the final round, and at least 75% of partic-
ipants choose SI in the final round; (1B) the average contributions 
and (1C) average profit are significantly higher in SI than in SFI in 
the final round. As GIR2006, we used the Wilcoxon signed-rank 
matched pairs test with groups as observations and a significance 
threshold of α = 0.05 for two-sided tests. To increase statistical 
power, we increased the number of groups at each lab from 7 (ori-
ginal study) to 12, maintaining a total of 12 participants in each 
group (see Materials and methods).

Materials and methods
Experimental design
As in GIR2006, in our replications, participants interact anonym-
ously in groups of 12 over 30 rounds. At the beginning of the ex-
periment, participants are assigned an endowment of 1,000 

Fig. 1. Overview of GIR2006 experimental design.
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tokens to minimize the risk of bankruptcy. Each round consists of 
two stages (Fig. 1).

In stage 1, participants can choose which institutional condi-
tion they want to join: a SFI, where participants cannot exercise 
influence on the earnings of other group members, or a SI, where 
participants can exercise influence on the earnings of other group 
members by assigning positive or negative tokens. After choosing 
the institutional condition, participants play a standard linear 
PGG. Participants are assigned an endowment of 20 tokens and de-
cide whether they want to invest their tokens in a collective pro-
ject or keep the tokens for themselves (i.e. their contribution). 
The sum of all tokens invested in the collective project by all group 
members within their institutional condition (i.e. either SFI or SI) 
is multiplied by 1.6 and redistributed evenly among group mem-
bers. A participant i’s payoff pi,1 from stage 1 is calculated as fol-
lows:

pi,1 = 20 − ci +
1.6
ne

ne

j=1

cj, 

where ci is participant i’s contribution, e is the institutional condi-
tion chosen by participant i, and ne is the number of participants 
in the institutional condition e.

In stage 2, participants can see other group members’ contribu-
tions to the collective project in their institutional condition (i.e. 
either SFI or SI). As the order of presentation is randomized, it is 
not possible to identify other players by their position on the list 
across rounds. In this stage, each participant is assigned an en-
dowment of 20 tokens. Participants in SI need to decide whether 
they want to assign tokens to increase or reduce the payoff of oth-
er group members in their institutional condition or to keep it un-
changed by not assigning tokens. Positive tokens increase the 
payoff of other participants at a ratio of 1:1 (i.e. one positive token 
increases the payoff of another participant by one token), while 
negative tokens decrease the payoff of other participants at a ratio 
of 1:3 (i.e. one negative token decreases the payoff of another par-
ticipant by three tokens). Participants themselves lose the tokens 
they assigned to increase or decrease the payoff of another partici-
pant. Participant i’s payoff pi,2 from stage 2 is calculated as fol-
lows:

pi,2 = 20 − si + r+
i −3r−

i , if e = SI,
20, if e = SFI,



where si is the number of (positive and negative) tokens partici-
pant i assigned to other group members, r+

i is the number of posi-

tive tokens participant i received, and r−
i is the number of negative 

tokens participant i received.
At the end of the round, the total round payoff for each partici-

pant is computed and shown to the participant. The total round 
payoff is the sum of the participant’s payoff from stages 1 and 2, 
pi,tot = pi,1 + pi,2. Note that if a participant is the only group mem-
ber in an institutional condition, he/she will earn 20 tokens from 
stage 1 and 20 tokens from stage 2 but he/she will not be able to 
make any decision. Finally, each participant receives an overview 
of the results in both SI and SFI. For every group member, partic-
ipants are informed about contribution to the collective project, 
payoff from stage 1, assigned tokens (if applicable), received to-
kens (if applicable), and total round payoff. Once again, as the or-
der in which information about the other players is presented is 
randomized in each round, it is not possible to identify other play-
ers by their position on the list across rounds. Starting with round 
2, in stage 1, before deciding which institutional condition they 
want to join, participants receive an overview of the average 

results of all previous rounds at the bottom of the screen. They 
can see the following information: average contribution of mem-
bers of SFI and SI, average payoff for members of SFI and SI, aver-
age positive tokens received for members of SI, and average 
negative tokens received for members of SI.

Data collection
Data were collected between 2019 October 10 and 2021 July 16 in 
seven labs, all located in different countries: Italy (Bologna), 
Germany (Nuremberg), the United Kingdom (Oxford), The 
Netherlands (Utrecht), Spain (Valencia), Poland (Warsaw), and 
Switzerland (Zurich)—see Table 1. We obtained all materials to 
conduct the experiment from the authors of the original article. 
This allowed us to use the very same z-Tree code, instructions, 
and protocol as employed by GIR2006. However, we translated 
the material from German to English, Spanish, Italian, and 
Polish, following as closely as possible the original study. All trans-
lated materials were double-checked by two independent re-
searchers that were proficient in the respective language and 
made available on OSF.

In line with GIR2006, we recruited participants at each location 
using a standard sample of the lab population. Participants at 
each location were paid in compliance with the average hourly 
pay rate and show-up fees employed at the lab. Replications 
were closely supervised across all labs by the same researcher 
who instructed lab assistants on the experiment’s protocol to 
minimize as much as possible deviations from the original study. 
We recruited 144 participants at each location, reaching a total 
sample size of 1,008 participants.

Our original plan for data collection included labs from the 
United States (New York), Chile (Santiago de Chile), the United 
Arab Emirates (Abu Dhabi), the United Kingdom (Oxford), The 
Netherlands (Utrecht), Spain (Valencia), Poland (Warsaw), and 
Switzerland (Zurich). However, we had to change our data collec-
tion plans because of the COVID-19 pandemic outbreak. We 
therefore focused on labs that were allowed to stay open while 
complying with applicable COVID-19 norms, ensuring the safety 
of lab participants. This led us to drop the labs in New York, 
Santiago de Chile, and Abu Dhabi, and include the labs in 
Bologna and Nuremberg instead.

Data collection in Bologna occurred in-lab and complied with 
the GIR2006 protocol within the limits imposed by the applicable 
COVID-19 norms (e.g. wearing face masks and 1.5-m distance 
rules). In Nuremberg, we had to deviate more substantially from 
the GIR2006 protocol as we collected data online via z-Tree un-
leashed using the lab sample pool. To mimic as much as possible 
in-lab conditions, each session in Nuremberg was supervised via 
chat by a lab assistant who could support participants in case 
they had a question or needed help. Once the minimum number 
of participants were connected to the online session and con-
firmed their identity, the lab assistant started the experiment. 
According to our protocol, a participant was considered as 
dropped out in the online sessions if (i) his/her timeout occurred 
for more than 3 min, (ii) he/she did not respond to chat messages 
for 3 times after the timeout occurred, and (iii) he/she did not 
move forward with the experiment. If a participant dropped out 
during a session (either online or in-lab), the session was consid-
ered failed, and observations were discarded accordingly. No par-
ticipant dropped out during any of our sessions (either online or 
in-lab). If not enough participants showed up for a session, the ex-
periment did not take place and participants were paid their 
show-up fee and invited to participate in another session. 
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Across all replications, only two sessions failed after the start of 
the experiment because of technical issues (one in Zurich and 
one in Nuremberg).

Sample size considerations
GIR2006 tested their hypotheses using the Wilcoxon signed- 
rank matched pairs test with groups as observations. However, 
the power of this test is rather low with seven groups (in the ori-
ginal study); the null hypothesis fails to be rejected if the sum of 
negative ranks equals three or more. GIR2006 found higher 
scores in SI than in SFI in all groups, yielding a sum of negative 
ranks of 0, leading them to reject the null hypothesis despite the 
low power of the test. But if SFI had scored higher than SI in just 
one of GIR2006’s seven groups, and the absolute difference in 
scores in that one deviating group had been greater than the 
margins by which SI outperformed SFI in at least two of the 

other groups, then they would have failed to reject the null 
hypothesis.

For this reason, we decided to increase statistical power by in-
creasing the number of groups for each replication from 7 to 12, 
keeping 12 subjects in each group. For 12 groups, the null hypoth-
eses for results 1A–1C are rejected if the sum of signed ranks is 13 
or less, which means the null hypotheses may still be rejected if 4 
out of 12 groups have a majority (1A) or higher scores (1B and 1C) 
in SFI than in SI. In this manner, we are much more likely to cor-
roborate 1A–1C if the effects observed by GIR2006 do exist (see 
Supplementary Material, Section A, for further considerations 
on power analysis). Note that replication criterion 1A consists of 
two parts, the second part being that at least 75% of the partici-
pants choose SI. This second part was added to prevent that 1A 
is corroborated with the Wilcoxon test without a large majority 
of individuals in SI averaged across all groups. We selected the 
75% threshold in respect to the proportion of respondents who 

Table 2. Behaviors in the last round for each lab.

Replication criteria 1A 
% choosing SI or SFI

1B 
Contribution (MUs)

1C 
Profit (MUs)

Mean (SI) Mean (SFI) Mean (SI) Mean (SFI) Mean (SI) Mean (SFI)
Wilcoxon z  

value
Wilcoxon z value Wilcoxon z value

GIR2006 
Ng = 7; Ni = 84

92.86% 7.14% 19.29 3.21 51.39 41.93
2.40* 2.39* 2.37*

Bolognaa 

Ng = 12; Ni = 144
81.25% 18.75% 16.12 2.99 48.03 41.79

2.72** 3.06** 3.06**
Nuremberga,b 

Ng = 12; Ni = 144
88.19% 11.81% 18.86 3.40 50.58 42.04

3.10** 3.06** 3.06**
Oxford 
Ng = 12; Ni = 144

63.89% 36.11% 14.36 2.18 42.59 41.31
1.73 3.06** 0.71

Utrecht 
Ng = 12; Ni = 144

91.67% 8.33% 18.19 2.14 49.06 41.28
3.12** 3.06** 2.83**

Valencia 
Ng = 12; Ni = 144

91.67% 8.33% 10.67 1.29 45.29 40.78
3.09** 2.98** 2.59**

Warsaw 
Ng = 12; Ni = 144

83.33% 16.67% 18.02 2.37 45.79 41.42
2.88** 3.06** 1.26

Zurich 
Ng = 12; Ni = 144

96.53% 3.47% 19.76 1.96 50.07 41.17
3.17** 3.07** 3.06**

Ng and Ni indicate the sample size for each lab at the group and individual levels, respectively. Replication criteria: in the final round, (1A) in significantly more than 50% 
of groups, a majority chooses SI and at least 75% of participants choose SI; (1B) the average contributions are significantly higher in SI than in SFI in the final round; 
and (1C) the average profit is significantly higher in SI than in SFI in the final round. Behaviors in the last round replicate GIR2006’s results in Bologna, Nuremberg, 
Utrecht, Valencia, and Zurich but not in Oxford and Warsaw. 
aData collection occurred after the beginning of the COVID-19 pandemic. 
bOnline data collection via z-Tree unleashed (26). 
MUs, monetary units; SI, sanctioning institution; SFI, sanctioning-free institution. 
*P ≤ 0.05, **P ≤ 0.01, and ***P ≤ 0.001 (for two-sided tests).

Table 1. Overview of data collection.

Lab Location Fieldwork dates Data collection Language Before/after beginning  
of COVID-19

z-Tree version

BLESS Bologna (IT) 2020 November 12–2020  
November 18

In-lab Italian After 4.1.9

LEARN Nuremberg (DE) 2021 June 22–2021 July 16 Onlinea German After 5.1.3
CESS Oxford (United Kingdom) 2019 November 12–2019  

November 14
In-lab English Before 3.6.6

ELSE Utrecht (NL) 2019 October 10–2020 January 21 In-lab English Before 4.1.9
LINEEX Valencia (ES) 2020 March 3–2020 March 5 In-lab Spanish Before 4.1.9
LEE Warsaw (PL) 2019 December 10–2020 January 17 In-lab Polish Before 4.1.9
ETH DeSciL Zurich (CH) 2019 November 5–2019  

November 28
In-lab German Before 4.1.9

aOnline data collection via z-Tree unleashed (26).
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choose SI because it represents an overwhelming majority while 
at the same time is lenient with regard to the original finding of 
92.9%.

Results
Replication results for 1A–1C are shown in Table 2. In five labs, rep-
lication criteria 1A, 1B, and 1C were jointly satisfied, thereby replicating 
GIR2006’s findings (Bologna, Nuremberg, Utrecht, Valencia, and 
Zurich): in the final round in more than 50% of groups, a majority 
chose SI and at least 75% of participants chose SI; average contri-
butions and profits were higher in SI than in SFI. GIR2006’s find-
ings were not replicated in Oxford and Warsaw; only 63.9% of 
participants chose SI in Oxford in the last round, and in both 
Oxford and Warsaw, the average earnings were not statistically 
significantly higher than those in SFI.

Findings for 1A–1C are the product of a dynamic process trig-
gered by participants’ behavior across rounds. To put these re-
sults in context, we examined participants’ behaviors in the first 
round and across rounds in the same way GIR2006 did (Table 3
and Figs. 2 and 3; see also Table S2). In doing so, we critically 
evaluate how key findings from GIR2006 other than the ones pre-
registered as replication criteria compare with results from each 
of the labs.

Table 3 panel A shows that GIR2006’s findings for the first 
round were only partially replicated. In all labs, in line with 
GIR2006, the average profit in the first round was higher in SFI 
than SI. However, while in GIR2006, participants in the first round 
showed a stronger preference for SFI than for SI, in our locations, 
participants either did not have a stronger preference for SFI (in 
Bologna, Nuremberg, Oxford, Utrecht, and Warsaw) or actually 

preferred SI over SFI (in Zurich and Valencia). Also, as in 
GIR2006, contribution levels were significantly higher in SI than 
SFI in Bologna, Nuremberg, Oxford, and Zurich, but not in 
Utrecht and Warsaw.

Yet, results in Table 3 panel B and Figs. 2 and 3 indicate that 
game dynamics were similar across the different labs, replicating the pat-
terns observed in GIR2006: sanctioning promotes higher contribu-
tions; about 20% of high contributors in SI punish low 
contributors; and profit is significantly higher in SI after round 
5. The only exception in this regard is Valencia, where the average 
contribution level is rather low and profit in SI becomes significant-
ly higher only after round 10 (before round 10, MeanSI = 37.30 MUs, 
MeanSFI = 41.83 MUs, Wilcoxon signed-rank test, z = −6.063, 
P ≤ 0.001; after round 10, MeanSI = 44.22 MUs, MeanSFI = 40.70 
MUs, Wilcoxon signed-rank test, z = 4.492, P ≤ 0.001).

Discussion
This exact multilab replication study shows that the emergence 
and persistence of peer-sanctioning institutions in experimental 
public goods settings is a robust phenomenon. Allowing individu-
als to join, leave, and rejoin the institutional environment of their 
choice, either with or without peer sanctioning, leads to the en-
dogenous emergence of SI that maintains cooperation, while se-
curing higher individual profits than environments without SI. 
Across different subject populations from seven labs and varying 
starting conditions in terms of migration choices and cooperation, 
groups with peer sanctioning consistently outgrew and outper-
formed groups without peer sanctioning. Our three preregistered 
replication criteria were jointly met in five of the seven locations. 

Table 3. Behaviors in the first round and across rounds for each lab.

Panel A—behaviors in the first round Panel B—behaviors across rounds

% choosing SI or 
SFI

Contribution 
(MUs)

Profit (MUs) Effect of  
punishment on PGG 

contribution

% high 
contributors 
who punish

Profit before 
round 5 (MUs)

Profit after 
round 5 (MUs)

Mean 
(SI)

Mean 
(SFI)

Mean 
(SI)

Mean 
(SFI)

Mean 
(SI)

Mean 
(SFI)

Tobit coefficient Mean (SI) Mean 
(SI)

Mean 
(SFI)

Mean 
(SI)

Mean 
(SFI)

Wilcoxon z 
value

Wilcoxon z 
value

Wilcoxon z 
value

Wilcoxon z 
value

Wilcoxon z 
value

GIR2006 
Ng = 7; Ni = 84

36.90% 63.10% 12.96 7.17 39.20 44.30 0.444 
(0.085)***

22.21% 36.70 42.57 47.14 41.37
−2.16* 2.37* −2.03* −2.92** 3.46***

Bolognaa 

Ng = 12; Ni = 144
59.03% 40.97% 8.64 6.42 35.75 43.85 0.468 

(0.046)***
29.56% 35.90 43.71 44.16 41.43

1.82 2.51* −3.06** −5.67*** 3.70***
Nuremberga,b 

Ng = 12; Ni = 144
54.86% 45.14% 11.18 7.34 36.33 44.64 0.525 

(0.097)***
19.91% 40.31 43.73 48.02 42.91

1.03 1.87 −2.49* −2.87** 9.05***
Oxford 
Ng = 12; Ni = 144

56.94% 43.06% 10.87 5.95 33.14 43.57 0.312 
(0.052)***

22.47% 36.65 43.37 44.93 41.98
1.63 2.90** −2.98** −4.63*** 5.73***

Utrecht 
Ng = 12; Ni = 144

56.25% 43.75% 9.30 6.63 35.33 43.98 0.522 
(0.105)***

18.54% 38.15 42.99 47.49 42.46
1.41 1.80 −3.06** −4.32*** 7.04***

Valencia 
Ng = 12; Ni = 144

68.75% 31.25% 7.36 5.81 34.73 43.48 0.642 
(0.085)***

29.06% 36.11 42.81 43.09 40.81
3.05** 1.69 −2.93** −5.24*** 1.35

Warsaw 
Ng = 12; Ni = 144

52.78% 47.22% 9.18 7.00 33.12 44.20 0.407 
(0.053)***

25.12% 36.10 43.44 44.72 41.64
0.68 1.02 −3.06** −4.82*** 3.83***

Zurich 
Ng = 12; Ni = 144

60.42% 39.58% 10.99 6.41 33.87 43.85 0.497 
(0.075)***

15.85% 39.28 43.75 49.62 42.46
2.09* 2.90** −3.06** −3.46*** 5.43***

Ng and Ni indicate the sample size for each lab at the group and individual levels, respectively. Behaviors in the first round mimicked irregularly the initial conditions of 
GIR2006, except for profit levels (Panel A). Yet, game dynamics are similar across labs, replicating the patterns observed in GIR2006 (Panel B). As GIR2006, we used a 
Tobit regression model to assess the effect of punishment (i.e. negative sanctions in round t) on PGG contribution (i.e. contributiont + 1 − contributiont) for subjects who 
chose SI in round t and t + 1, controlling for positive sanctions in round t and estimated robust SEs (in parentheses) accounting for clustering within each group of 12 
participants. 
aData collection occurred after the beginning of the COVID-19 pandemic. 
bOnline data collection via z-Tree unleashed (26). 
MUs, monetary units; SI, sanctioning institution; SFI, sanctioning-free institution. 
*P ≤ 0.05, **P ≤ 0.01, and ***P ≤ 0.001 (for two-sided tests).
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Fig. 2. Migration choices and contributions across rounds at each lab. SI, sanctioning institution; SFI, sanctioning-free institution.

Fig. 3. Payoffs and incidence of high contributors in SI and free riders in SFI across rounds at each lab. MUs, monetary units; SI, sanctioning institution; 
SFI, sanctioning-free institution. Participants are defined as free riders if they contributed between 0 and 5 MUs and as high contributors if they 
contributed between 15 and 20 MUs.
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In the remaining two locations, results were weaker than in the 
original study yet still favored peer sanctioning.

Our study was an exact (sometimes also called “direct” or 
“close”) replication study (25). In exact replication studies, the ori-
ginal experimental procedures are replicated as closely as pos-
sible. This necessitated the use of the same parameter settings 
in all trials across all locations. While this allows us to claim a ro-
bust experimental result, it at the same time raises the question of 
how sustainable peer sanctioning would be for other parameter 
values, as the exact values in the original experiment are rather 
arbitrary. Specifically, important questions to answer are what in-
dividual costs of sanctioning can be tolerated before the domin-
ance of peer sanctioning breaks down, and whether larger 
subject populations have an easier or harder time establishing 
sustainable cooperation through peer sanctioning.

The experiments performed in the seven labs, nevertheless, var-
ied along a range of dimensions (mostly outside our control): out-
break of the COVID-19 pandemic, data collection method (in-lab or 
online), language, time of year, and hour of the day. The corrobor-
ation of the competitive advantage of SI despite this variability sug-
gests that the results of GIR2006 are not unique to a particular 
population of subjects in a specific contextual setting. However, 
one should be reluctant to generalize our conclusions to locations 
not incorporated in our study, particularly locations with different 
cultural traditions (27, 28). Our exact replication effort required 
that the same person—the lead author—served as experimentalist 
on-site to ensure successful procedural implementation. This ren-
dered it difficult, especially under pandemic-related restrictions on 
travel and social distancing in laboratories, to repeat the experiment 
in distant locations. Recent studies found that variability in lab pro-
cedures was a better predictor of replication failure than cultural dif-
ferences (21, 22, 29), reinforcing the importance we placed on exact 
replication at the expense of geographical variability. Expanding on 
the present contribution, future replications of GIR2006 could test if 
findings hold across different cultural contexts (e.g. Western vs. 
non-Western countries) and sample pools (e.g. convenience samples 
vs. representative samples of the general population).

Finally, the effort to closely replicate the original study similarly 
led us to consider competition only between regimes with and with-
out peer sanctioning. A worthwhile line of inquiry is a broadening of 
the pool of institutional regimes that compete for dominance, in-
cluding centralized sanctioning, reputation systems, communica-
tion systems, and ostracism of defectors. This would not only 
provide a more stringent test of the robustness of peer-sanctioning 
regimes as institutional form, but also allow the identification of in-
stitutional arrangements that, once offered, would be likely to 
emerge and sustain group cooperation in real-world settings.
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