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Abstract: Experiments using the public goods game have repeatedly shown that in cooperative
social environments, punishment makes cooperation flourish, and withholding punishment makes
cooperation collapse. In less cooperative social environments, where antisocial punishment has been
detected, punishment was detrimental to cooperation. The success of punishment in enhancing
cooperation was explained as deterrence of free riders by cooperative strong reciprocators, who
were willing to pay the cost of punishing them, whereas in environments in which punishment
diminished cooperation, antisocial punishment was explained as revenge by low cooperators against
high cooperators suspected of punishing them in previous rounds. The present paper reconsiders
the generality of both explanations. Using data from a public goods experiment with punishment,
conducted by the authors on Israeli subjects (Study 1), and from a study published in Science
using sixteen participant pools from cities around the world (Study 2), we found that: 1. The
effect of punishment on the emergence of cooperation was mainly due to contributors increasing
their cooperation, rather than from free riders being deterred. 2. Participants adhered to different
contribution and punishment strategies. Some cooperated and did not punish (‘cooperators’); others
cooperated and punished free riders (‘strong reciprocators’); a third subgroup punished upward
and downward relative to their own contribution (‘norm-keepers’); and a small sub-group punished
only cooperators (‘antisocial punishers’). 3. Clear societal differences emerged in the mix of the four
participant types, with high-contributing pools characterized by higher ratios of ‘strong reciprocators’,
and ‘cooperators’, and low-contributing pools characterized by a higher ratio of ‘norm keepers’.
4. The fraction of ‘strong reciprocators’ out of the total punishers emerged as a strong predictor of the
groups’ level of cooperation and success in providing the public goods.

Keywords: cooperation; punishment; antisocial punishment; public goods; strong reciprocity

1. Introduction

Previous research shows that altruistic punishment is fundamental for maintaining
cooperation between strangers when reciprocity and reputation effects are absent. Several
experiments using the public goods game as a workhorse have demonstrated that many
individuals punish free riders altruistically when punishment is costly to them and yields
no personal material gain (see, e.g., [1–6]. In all experiments, when punishment was an
option, group members punished harshly and cooperation increased dramatically, whereas,
when it was absent, cooperation decreased at similar rates [1]. Remarkably, research has
also shown that in some countries, individuals playing public goods games in groups with
fixed composition (hereby “partners”) punish cooperators and defectors similarly [7,8].
The widespread phenomenon of punishing cooperators, termed “antisocial punishment”,
was interpreted as costly revenge by low contributors against high contributors suspected
of punishing them in previous rounds [7–9].

In the present paper, we reconsidered the generality of both explanations. We also
tested the hypothesis concerning the pivotal role of ‘strong reciprocators’ on the emergence
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and sustenance of cooperation [10,11]. ‘Strong reciprocity’ describes a set of behavioral
patterns, which includes a tendency to engage in cooperation with strangers, to reward
others for cooperation, and to sanction others for violating a cooperative norm, even when
these behaviors are costly and provide neither present nor future material benefits [2,12,13].
Research on evolutionary and experimental economics have stressed the role of strong
reciprocation in the emergence and sustenance of cooperation (e.g., [10,11,13–15].

The reminder of the article is organized as follows: in Section 2 we reconsider the
revenge explanation. We show, based on the data reported by Hermann et al. [7] of
the separate participant pools, that the revenge explanation might be valid only for two
cities (Samara and Seoul). We further examined the revenge explanation by conducting a
study on a public goods experiment with punishment with two experimental conditions:
‘partners’ and ‘strangers’. The results of this study, to be detailed hereafter, raise serious
doubts concerning the ‘revenge’ explanation for the punishment of high contributors,
while suggesting an exhaustive fourfold typology of the participants depending on their
contribution level and punishment behavior. Section 3 details a second study in which
we reanalyzed the Hermann et al. 16-participant pool data using the above-mentioned
typology. The main objectives of this study were to look for societal differences in the mix
of participant types in each participant pool, and to correlate the frequency of each type
with the level of cooperation and earnings in each participant pool. In particular, we were
interested in further testing of the pivotal role played by strong reciprocators in enhancing
and sustaining group cooperation. In Section 4, we discuss the two studies’ main findings
and conclude with general remarks.

2. Study 1—Questioning the Revenge Hypothesis

Hermann et al. [7] base their revenge explanation on a significant relationship, across
all participant pools of their study, between the punishment points assigned in time t
and the punishment points received in period t − 1. However, a closer look at the re-
gression coefficients of the separate participants pools reveals that in the eight participant
pools that demonstrated low to moderate contribution levels and high ‘antisocial’ punish-
ment (Muscat, Athens, Riyadh, Samara, Minsk, Istanbul, Seoul, and Dnipropetrovs’k), a
significance level, at p < 0.05, was reached only for Samara and Seoul (see Table S3B in
Hermann et al.’s [7] supporting material). On top of this, the regressions for five participant
pools that demonstrated high contribution levels and low ‘antisocial’ punishment (Boston,
Nottingham, Bonn, Zurich, and St. Gallen) were significant (at p < 0.05). Thus, while
the ‘revenge’ explanation is supported by the aggregate data, its validity as a general
explanation for the data is highly questionable.

To re-examine the revenge explanation, we ran a public goods experiment with pun-
ishment on 192 Israeli participants, all students at the University of Haifa. The experiment
included a ‘partners’ treatment and a ‘strangers’ treatment. In the ‘partners’ treatment, the
composition of the group was fixed for all rounds of the game, whereas in the ‘strangers’
treatment, the groups’ composition was changed, such that no subject ever met another
subject more than once in all the rounds. We hypothesized that if punishment of high
contributors is indeed an act of revenge by low contributors who suspected the former of
punishing them in previous rounds, then we should expect to find a significantly lower
antisocial punishment in the ‘strangers’ treatment, compared to the ‘partners’ treatment.

2.1. Method

In both treatments, groups of four members played a phase of six rounds of a public
goods game with punishment, followed by another phase of six rounds of a similar
game without punishment. In each round, each participant received an endowment of
20 monetary units (MUs), from which he or she could contribute any amount between
0 and 20 MUs to a group project. Each MU kept by a group member yielded one MU, and
each MU contributed yielded 0.4 MUs for each group member. As the cost of contributing
one MU to the project was exactly one MU, whereas the return on that MU was only
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0.4 MUs, keeping all of one’s MUs was always in the participant’s material self-interest,
irrespective of how much the other three group members contributed. Yet, if each group
member retained all of his or her MUs, there were no earnings to be shared. On the other
hand, if all group members invested their entire 20 MU endowment in the project, then
each member would earn 0.4 × 80 = 32 MUs.

In the second stage of each period (the punishment stage), after all group members
were informed about their investments, each group member could punish each of the other
group members. A punishment decision was implemented by assigning the punished
member between zero and 10 deduction points. Each deduction point assigned reduced
the punished member’s earnings by three Mus and cost the punishing member one MU.
All punishment decisions were made simultaneously, and participants were not informed
who had punished them.

We ran eight experimental sessions of 24 subjects each, three in the ‘partners’ treat-
ment and five in the ‘strangers’ treatment. All the experimental sessions were computer-
mediated. In running the sessions, we used the “Zurich toolbox for ready-made economic
experiments” (z-Tree) software [16]. In the ‘partners’ treatment, participants interacted
only within their groups; thus, the unit of analysis for this treatment is the group (18 ob-
servations). On the other hand, in the ‘strangers’ treatment, all members of a session
interacted with each other; thus, the unit of analysis for this treatment is the entire session
(five observations). For a detailed description of the experiment, see Appendix A. In the
experiment, the exchange rate between MUs and Israeli Shekel was 100 MUs = 1 Shekel
(≈ $0.25).

2.2. Results
2.2.1. Cooperation

Before turning to the main question of testing the revenge explanation, we briefly
summarize the contribution results. The mean contributions in each trial under the two
treatments are depicted in Figure 1a,b. The efficacy of punishment in enhancing coop-
eration in the two treatments is quite moderate compared to the rates detected in cities
from Western countries, such as Boston, Copenhagen, and Zurich, and is closest to the
cooperation levels observed in non-Western cities, such as Samara and Minsk. On average,
in the ‘partners’ treatment, punishment increased the contribution level from 10.63 MUs in
the first two periods to 12.40 MUs in the last two periods (the difference is significant at
p = 0.0203 using the signed-rank test, two-tailed). In the ‘strangers’ treatment, punishment
increased the mean contribution from 8.33 MUs in the first two periods to 9.67 MUs in
the last two periods (the difference is not significant, p = 0.625 using the signed-rank test,
two-tailed). Interestingly, while the removal of punishment in the ‘partners’ treatment was
associated with only a slight drop of 0.94 MUs in the mean contribution (from 11.67 to
10.73 MUs, the difference is not significant at p = 0.5226 using the signed-rank test, two-
tailed), the removal of punishment in the ‘strangers’ treatment was associated with a drop
of 2.99 MUs in the mean contribution (from 9.27 to 6.29 MUs, difference is significant at
p = 0.0625 using the signed-rank test, two-tailed).

2.2.2. Punishment

The punishment expenditures in the two treatments are shown in Figure 2, which
depicts the expenditures on punishment as functions of the deviation of the contribution
of the punished group member from the contribution of the punishing member. The bars
corresponding to negative deviations in the histogram indicate mean expenditures on
punishing free riders, and the bars corresponding to non-negative deviations indicate
mean expenditures on punishing cooperators. The figure above each bar indicates the
number of observations in the respective interval. As the figure shows, the patterns of
punishment in the two treatments are similar. In both treatments, the higher the absolute
difference between the contributions of the punished player and the punishing player, the
more punishment points were assigned.
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Figure 2. Mean expenditures on punishment (in points/round) as functions of the deviation of the contribution of the
punished group member from the contribution of the punishing member. The bars corresponding to negative deviations
depict mean points allocated to punish free riders, and the bars corresponding to non-negative deviations depict mean
points allocated to antisocial punishment.

Figure 3 depicts the overall mean expenditures on punishing free riders and on punish-
ing cooperators in the two treatments. As the figure shows, the expenditure on punishing
free riders was significantly higher in the ‘complete strangers’ than in the ‘partners’ treat-
ment (1.29 and 0.72 MUs per punishment opportunity, respectively, p = 0.0193, two-sided
Wilcoxon exact test). On the other hand, the figure reveals that the mean expenditures on
punishing cooperators in the strangers treatment were almost equal to the expenditure of
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punishing cooperators in the partners treatment (the difference is insignificant, p = 0.1076,
two-sided Wilcoxon exact test).
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We also tested the revenge explanation directly. For this purpose, we conducted
a series of Tobit regression analyses on the points assigned to punishment in period t
as a function of the punishment points received in period t − 1, the contribution of the
punished group member at time t, the contribution of the punishing group member at
time t, and the average contribution of the other two group members at time t. We
used a Tobit estimation procedure to account for the fact that the dependent variable is
censored at 0 and 10 punishment points [17,18]. Table 1 depicts the results of the Tobit
analyses. Inspection of the table reveals that, contrary to the revenge explanation, in the two
treatments, punishment of cooperators in period t was not correlated with the punishment
received in period t − 1.

The table also shows that in both treatments, the contribution of the punished group
member best explains the points assigned to punishment. In the ‘partners’ treatment,
the regression coefficient between the assigned punishment points and the punished
contribution is b = 0.203 (p < 0.0001), and in the ‘strangers’ treatment, the regression
coefficient is b = 0.366 (p < 0.0001). The negative coefficients indicate that the less a group
member contributes, the more punishment points he or she receives. Interestingly, in
the ‘partners’ treatment, the punishment of free riders is significantly correlated with the
mean contribution of the other group members (regression coefficient of 0.121, p < 0.0001)
but not with the punisher’s contribution (p = 0.673), whereas in the ‘strangers’ treatment,
the punishment of free riders is significantly correlated with the punisher’s contribution
(regression coefficient of 0.101, p = 0.005) but not with the mean contribution of the other
group members (p = 0.570). These findings suggest that for situations in which the groups’
composition is kept fixed, a collective benchmark partly explains the punishment of free
riders. Conversely, when the group composition is varied from period to period, an
individualistic benchmark partly explains the punishment of free riders.



Games 2021, 12, 63 6 of 23

Table 1. Results of Tobit regression analyses coefficients (& Std. Err) on the points assigned to punishment as the
dependent variable.

Punishment of Free Riders Punishment of Cooperators

Explanatory Variable

Partners Strangers Partners Strangers

Received punishment in t − 1 −0.124 0.126 ** −0.057 0.084
(0.069) (0.044) (0.068) (0.052)

Punished contribution −0.203 **** −0.366 **** 0.087 * 0.017
(0.033) (0.046) (0.038) (0.037)

Punisher Contribution −0.015 0.101 ** −0.344 **** −0.0802 †

(0.034) (0.036) (0.034) (0.042)
Mean contribution of others 0.121 **** 0.021 0.307 **** −0.031

(0.031) (0.037) (0.037) (0.041)
Constant 0.194 0.015 −2.634 **** −1.458 *

(0.526) (0.631) (0.616) (0.612)
p 0.000 0.000 0.000 0.002
n 152 342 145 252

† p = 0.054, * p < 0.05, ** p < 0.01, **** p < 0.0001.

2.2.3. Other Punishment Strategies

In search of alternative explanations to the observed punishment of cooperators,
we looked at participants who consistently used the same punishment strategy in all
rounds of the punishment phase. This classification yields four types: group members
who cooperated but never punished (‘non-punishers’); group members who cooperated
and punished low contributors (‘strong reciprocators’); group members who punished
upward and downward relative to their own contribution (‘norm-keepers’), and group
members who punished only cooperators (antisocial punishers). Table 2 depicts the relative
frequencies of each type, together with the means (and SDs) of the punishment points, and
the contribution of each type.

Table 2. Relative frequencies, punishment investments, and contributions by punisher’s type.

Punisher Types

Variable Non-Punishers Punishers of Free Riders Punishers of Cooperators Punishers of Free Riders
& Cooperators

Partners Strangers Partners Strangers Partners Strangers Partners Strangers
n = 21 n = 27 n = 20 n = 38 n = 2 n = 6 n = 22 n = 42

Relative
Frequency 32.3% 23.9% 30.8% 33.6% 3.1% 5.3% 33.8% 37.2%
Punishment 1.60 2.46 3.92 1.75 2.92 (*) 5.91 (**)
(MU/period) - - (1.66) (2.62) (1.77) (1.26) (1.96) (5.31)
Contribution 14.56 7.64 12.94 12.88 12.5 8.72 9.96 8.14

(MU) (5.96) (5.38) (5.96) (3.92) (4.01) (5.01) (5.34) (3.41)

(*) The 2.92 MUs/period consists of 1.34 MUs/period for punishing free riders plus 1.58 MUs/period for punishing cooperators. (**) The
5.91 MUs/period consists of 2.81 MUs/period for punishing free riders plus 3.10 MUs/period for punishing cooperators. Seven observations
in each treatment, corresponding to cases in which a group member had no opportunity to use either type of punishment, were deleted.

The table shows that, with the exception of a slightly lower ratio of ‘strangers’ who
never punished, participants in each treatment are distributed almost evenly between non-
punishers, strong reciprocators, and participants, who punished free riders and cooperators
alike. In both treatments, the ratio of participants who punished only cooperators was
negligible (3.1% and 5.3% for partners and strangers, respectively). Thus, what was
previously interpreted as antisocial punishment appears to be predominantly part of
an upward–downward punishment strategy that some participants have used against
deviants from their own contributions.
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We also compared the mean contributions of non-punishers, strong reciprocators,
and upward–downward punishers. For the ‘partners’ treatment, a generalized estimating
equations (GEE) analysis [19,20] revealed that cooperators who did not punish and strong
reciprocators contributed more than upward–downward punishers (χ2

(1) = 8.22, p = 0.0041
and χ2

(1) = 4.27, p = 0.039, respectively). A similar analysis for the ‘strangers’ treatment
revealed that strong reciprocators contributed more than cooperators who did not punish
(χ2

(1) = 8.32, p = 0.0039) and more than the upward–downward punishers (χ2
(1) = 89.43,

p < 0.0001).

3. Study 2. Punishment Strategies across Societies

In this study we reanalyzed the Hermann et al. data using the above detailed typology
of punishment strategies. Table 3 depicts the results for two participant pools with the
highest mean contribution (Boston and Nottingham) and two participant pools with the
lowest mean contribution (Athens and Riyadh). The complete table for the 16 investi-
gated participant pools is depicted in Table A1, Appendix C. The top figure in each cell
in Table 3 indicates the percentage of participants who used the respective strategy. The
figure below indicates the participants’ numbers, and the bottom figure indicates the mean
contribution of participants using the respective strategy. Table 3 and the complete table
(see Appendix C) reveal stark differences between high- and low-contributing pools. For
example, out of the participants in Boston (who contributed, on average, 18 MUs out of
20), 41% contributed 18.37 MUs and never punished, 45% contributed 18.37 MUs and
punished free riders, 10% contributed 16.35 MUs and punished low and high contributors,
and 4% contributed 12.55 and punished only high contributors. By contrast, the results for
Athens show that the percentages of non-punishers and punishers of free riders were con-
siderably low (11% and 10%, respectively), with a majority of participants (55%) punishing
both low and high contributors.

Table 3. Relative frequencies of punisher types in participant pools from representative cities with high and low cooperation
(data source: Hermann et al., Science, 2008).

City

Punisher Types

Total
Non-Punishers Punishers of Free

Riders
Punishers of
Cooperators

Upward/Downward
Punishers

Boston 41% 45% 4% 10% 100%
(high cooperation) (23) (25) (2) (6) (56)

18.46 18.37 12.55 16.35 18
Copenhagen 32.35% 47.06% 7.35% 13.24% 100%

(high cooperation) (22) (32) (5) (9) (68)
19.06 17.99 18.22 13.42 17.7

Riyadh 20.83% 18.75% 8.33% 52.08% 100%
(low cooperation) (10) (9) (4) (25) (48)

6.82 8.79 2.86 6.93 6.9
Athens 11.36% 22.73% 11.36% 54.55% 100%

(low cooperation) (5) (10) (5) (24) (44)
7.00 8.03 0 5.65 5.7

Overall, Tables 3 and A1 clearly show that participant pools in which punishment
was effective in enhancing cooperation are characterized by high percentages of strong
reciprocators, and of cooperators who did not punish, along with low percentages of pun-
ishers of cooperators. Conversely, participant pools in which punishment was ineffective
in enhancing cooperation are characterized by low percentages of strong reciprocators and
cooperators who did not punish, along with high percentages of ‘norm-keeper’ participants
who punished both cooperators and non-cooperators. Additionally, the percentage of ‘anti-
social punishers’, who punished only cooperators, was relatively low in most participant
pools, regardless of their mean contribution levels.
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3.1. Punishment as Deterrence

The common view holds that the importance of punishment in promoting cooperation
lies in the fact that it deters free riders from exploiting the cooperation of others [1,3]. We
tested this argument by looking at the effect of punishment on participants who used
different types of punishment strategies. For this purpose, we reanalyzed the raw data
collected by Hermann et al. [7] and compared the mean contributions of the four punisher
types across all 16 participant pools. Figure 4 depicts the mean contributions of the four
punisher types in the no-punishment and punishment rounds of the game (corresponding
figures for representative pools from cities with high, moderate, and low contributions are
included in Appendix D).
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Figure 4. Mean contributions of punisher types in the no-punishment and punishment phases.

Strikingly, the figure reveals that more than being instrumental in increasing the
contribution of upward–downward punishers and of antisocial punishers, the possibility
of sanctions was instrumental in increasing the contributions of strong reciprocators and
cooperators who did not punish. The figure also shows that for strong reciprocators and
non-punishing cooperators, the increase in cooperation in the first round of the punishment
phase is more than the total increase in cooperation in all the subsequent rounds. As in the
experiment the contribution decisions were made prior to the punishment decisions, the
significant increase in cooperation in the first round of the punishment phase is due to an
anticipatory effect of punishment, rather than to the punishment itself, implying that the
possibility of being punished was more effective than the actual punishment.

We also looked at the effect of participants being punished in a given round on their
investment in punishing others in the subsequent round. Rather than looking at types of
punishers, we looked at the sample space of all punishment strategies played at each round
of the game. For a given round t, each player could have played one of four strategies:
do not punish, punish only low contributors, punish only high contributors, or punish
both high and low contributors. Figure 5a,b depicts the relative frequencies of the four
punishment strategies in Haifa’s participant pool (from Study 1), in which the effect of
punishment on contribution was moderate (Figure 5a), and the corresponding frequencies
in Zurich (From Study 2), in which the effect of punishment on contribution was significant
(Figure 5b). The light shaded bars in each figure correspond to the relative frequencies of
the various punishment strategies in cases in which the focal player was not punished in
the previous round, and the dark shaded bars correspond to the frequencies of the same
strategy when the focal player was punished in the previous round. The figures show
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that in the two participant pools, the frequencies of the “cooperated, but did not punish”
strategy was significantly lower when participants were punished in the previous round,
compared to when they were not. In Haifa’s pool, the relative frequency of “cooperated,
but did not punish” was 20% lower (48% compared to 68%). In Zurich’s pool, the frequency
of the same strategy was 26% lower following punishment than following no-punishment
(47% compared to 73%). Concurrently, the percentage of strong reciprocation (punish only
free riders) increased by 7% in Haifa and by 10% in Zurich. Additionally, in Haifa, the
frequency of “norm keeping” (punish high and low contributors) increased by 8%, and
in Zurich, the antisocial punishment increased by 14%. In the total analysis, punishment
seems to have caused a sizable minority of contributors who did not punish in a given
round (about 30% in Haifa and 36% in Zurich) to switch to strong reciprocation in the
subsequent round. Others seem to have responded to being punished either by punishing
antisocially (in Zurich) or punishing high and low contributors alike (in Haifa).
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3.2. Strong Reciprocators and Cooperation

Our typology of participants into various punisher types enabled a direct test of the
role of strong reciprocators is promoting cooperation in public goods games. For each
participant pool investigated in Hermann et al. [7], we calculated the fraction of strong
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reciprocators, out of the total number of punishers in the respective pool, along with
fraction of the contributions (and net earnings) in the punishment phase, out of the total
contributions (and net earnings) in the no-punishment and punishment phase. The results
are depicted in Figure 6a,b, respectively. The resulting Pearson correlation coefficients
between the fraction of strong reciprocators and the fraction of contributions was r = 0.858,
p < 0.0001, and the correlation between the fraction of strong reciprocators and the fraction
of net earnings was r = 0.962, p < 0.0001.
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4. Summary and Concluding Remarks

In the present paper, we reconsidered two widespread conventions concerning the
functionality of punishment in public goods games. One is the claim that punishment
works as a deterrent to potential free riders, and the second is that antisocial punishment
is revenge by low cooperators directed against high cooperators suspected of punishing
them in previous rounds.

With regard to the claim that punishment enhances cooperation by deterring free
riders, our findings show that this explanation does not tell the whole story. Using data from
a new experiment on participants from the city of Haifa, Israel, and from 16 participant
pools from cities around the world [7], we found that the effect of punishment on the
emergence of cooperation is mainly due to contributors increasing their cooperation, rather
than from free riders being deterred.

Another unexpected phenomenon that our results suggest is that a sizable minority
of contributors who are punished in a given round behave in the next round as strong
reciprocators, and thus contribute their part in punishing free riders and in enhancing the
overall group cooperation.

Our findings also contradict the conventional claim that punishment of high coop-
erators is an act of revenge by low cooperators. First, the data of Study 1 reveal that the
punishment of cooperators was of the same magnitude in the ‘strangers’ treatment as in
the ‘partners’ treatment. Second, in the two treatments in Study 1, the punishment points
allocated in period t were not correlated with the punishment received in period t − 1.
Third, in our participant pool and in all participant pools reported in Hermann et al. [7],
the rates of punishers of only cooperators were quite low (see Tables 2 and 3, Table A1 in
Appendix C). Fourth, in all participant pools, the majority of punishers of high contribu-
tors punished both high and low contributors. They also contributed about half of their
endowments, and thus they are not low contributors who might have acted vengefully
against high contributors. In fact, they invested as much in punishing free riders as in
punishing cooperators (see Table 2). We note that although we used the term ‘norm-keepers’
to characterize the behavior of participants who punished both low and high contributors,
other explanations for such a behavior are possible. One possible explanation could be
provided by ‘inequality aversion’ theory [21].

Other main conclusions derived from the previous analysis are the following:
1. Contrary to the common wisdom that punishment affects free riders, causing

them to increase their contributions, which in turn enhances groups’ cooperation, we
found that the punishment condition enhances cooperation, mainly by increasing the
contributions of strong reciprocators and cooperators who do not punish (Figure 4), and
that inflicted punishment causes a fraction of cooperators who do not punish to act as
strong reciprocators (see Figure 5a,b).

2. Interestingly, we found that the anticipation of being punished or of inflicting
punishment was more effective than the actual inflicted punishment, particularly with
regard to high contributors. Worth noting is that the ‘anticipation effect’ of punishment
was as strong in all previous public goods games in which rounds with no punishment
preceded the punishment phase. In all reported results, a dramatic overshoot in cooperation
occurred in the first round of the punishment phase, before any punishment had been
applied, but this effect was somehow obscured from investigators’ eyes. From a policy-
making perspective, the differential effect of an anticipated punishment on participants
playing different punishment strategies (see Figure 4) suggests that institutions that plan
to impose sanctions on rule violators (e.g., driving above a speed limit) might fare better
by not appealing primarily to frequent rule breakers.

3. An important result of the present study is that in all participant pools, subjects
could be classified according to their punishment strategies into four groups: cooperators
(who cooperate but do not punish), strong reciprocators (who cooperate and punish
free-riders), antisocial punishers (who punish only cooperators), and norm-keepers (who
punish low and high cooperators). This finding lend strong support to the view that



Games 2021, 12, 63 12 of 23

individuals and social groups vary in their use of sanctions against others to achieve
different objectives [5,22–24]. Bruhin et al. [23], utilizing the data of the Hermann et al.
study, delineated two mutually exclusive types of punishers: norm-keepers who punished
both cooperators and free riders, and strong reciprocators who punished only free riders.
Our exhaustive classification added two other types: contributors who did not punish
and antisocial punishers. We found that participant pools which exhibited high levels of
cooperation had relatively high percentages of strong reciprocators and cooperators who
did not punish, and low percentages of antisocial punishers.

Similar to the Bruhin et al. analysis, norm-keepers emerged in our analysis as a
sizable group. This finding adds to ample evidence showing that social norms play an
important role in determining the contribution and punishment behaviors in collective
action situations [23–27]. For example, Parks and Stone [25] found that high contributors
were perceived by group members as norm breakers, who should be excluded from the
group, and that participants in a reward treatment primarily rewarded group members
whose contributions were equal to theirs. More recently, Kawamura and Kusum [26] found
that unfavorable evaluations of altruism depended on how much it deviated from social
norms, particularly in societies with low tolerance for deviation from accepted norms.

4. Many studies on the role of punishment in the evolution of cooperation have
emphasized the crucial role of strong reciprocity in promoting and sustaining cooperation
(e.g., [8–10,28–30]). Gintis et al. ([9], p. 154) argued that “the evolutionary success of our
species and the moral sentiments that have led people to value freedom, equality, and
representative government, are predicated upon strong reciprocity and related motiva-
tions”. Our results lend strong empirical support to this view by showing that the fraction
of strong reciprocators out of the total punishers in a group, is a potent predictor of the
group’s level of cooperation and its success in providing public goods.

Finally, three general remarks are in order:
First, from a policy-making perspective, the revenge explanation leads to the con-

clusion that to shun revenge, the use of sanctions should be centralized in the hands of
the state. On the other hand, if a norm-enforcement mechanism could be maintained
through non-centralized “mutual coercion mutually agreed upon” [31], then the need for
punishment will be reduced to a minimum, and the benefit for each group member will be
maximized. Such a mechanism is possible if all or most group members agree on permitted
minimum and maximum levels of contribution.

Second, our results suggest that the enforcement and maintenance of cooperation in
a group with no interference of a central authority requires that a sizable number of its
members behave as strong reciprocators.

Third, an interesting question which experimental studies like ours cannot answer
satisfactorily is whether the different mixes of punishment strategies are transitory, or
relatively stable. The second possibility is intriguing because it suggests that cultural
differences in producing public goods reflect wider cultural differences in the evolution of
social contracts and norms. According to such a perspective, the evolved norm in countries
where we detected high percentages of cooperators and strong reciprocators favors high
cooperation and disfavors low cooperation, whereas the evolved norm in countries where
we detected high percentages of punishers of both high and low contributors is a mediocrity
norm that favors normative behaviors and disfavors deviations from the norm. The
possibility that different mixes of punishment styles could be in equilibrium is supported
by agent-based simulations, as well as by experiments, showing that instead of evolving
into homogeneous populations, the population dynamics often evolve into heterogeneous
populations comprising multiple strategy types that coexist at equilibrium [10,32–37].
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Appendix A. Experiment’s Instructions

In the following, we detail the complete instructions for the ‘partners’ treatment. The
instructions for the ‘strangers’ treatment were identical. The only difference was that the
participants were instructed that in each period of the experiment, they would be divided
into groups of four members each and that the composition of the group would change
from one period to another. We informed each participant that the composition of his or
her group would change and that in each period, he or she would interact with different
group members.

Appendix A.1. Instructions for the Punishment Phase in the Partners Treatment

“This is an experiment on decision-making. If you read the following instructions
carefully, you can, depending on your decisions, earn a considerable amount of money. It
is therefore very important that you read these instructions carefully.

It is prohibited to communicate with the other participants during the experiment.
If you have a question at any time raise your hand and the monitor will come to your

desk to answer it.
During the experiment you can earn “money units”. At the end of the experiment

these money units will be converted to cash at the following rate:

1 Money Unit = 12 Agura1

At the end of the experiment your entire earnings from the experiment will be paid to
you in cash. In addition to his or her earnings, each participant will receive 10 NIS for his or
her participation in the experiment. The experiment consists of two parts. The instructions
detailed below are for the first part. When this part ends, you will receive the instructions
for the second part.

This part of the experiment is divided into six periods. In each period the partici-
pants are divided into groups of four. You will therefore be in a group with three other
participants. The composition of the groups will stay the same for all six periods. You are
therefore with the same people in a group for all six periods.

Each period consists of two stages. In the first stage you will be endowed with money
units and will have to decide how many money units you would like to contribute to a
project. In the second stage you will be informed of the contributions to the project by the
three other group members. You will then decide whether or how much to reduce their
earnings from the first stage by distributing points to them. The following pages describe
the course of the experiment in detail:

Every 100 Agura equals 1 NIS (about $0.25),
Detailed Information on the Experiment,
The First Stage.
At the beginning of each period each participant receives an endowment of 20 money

units. Your task is to decide how many of the 20 money units you want to contribute to a
project and how many of them to keep for yourself. The consequences of your decision are
explained in detail below.
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At the beginning of each period the following input screen will appear:
The Input Screen:
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Figure A1. First screen.

The number of the period appears in the upper left side of the screen. In the upper left
side you can see how many seconds are left for you to make your contribution decision.
You must make your decision before this time has passed.

Your endowment in each period is 20 money units. You have to decide how many
money units you want to contribute to the project by typing a number between 0 and 20 in
the input field. This field can be reached by clicking it with the mouse. As soon as you
have decided how many money units to contribute to the project, you have also decided
how many money units you keep for yourself: this is (20 money units − your contribution).
After entering your contribution you must press the O.K. button. Once you have done this,
your decision has been made and cannot be changed.

After all members of your group have made their decisions, the following income
screen will show you the total amount of money units contributed by all four group
members to the project (including your contribution). Additionally, this screen shows you
how many money units you have earned in the period.

The Income Screen:
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As you can see, your income consists of two parts:
The money units which you have kept for yourself,
Your “income from the project”. This income is calculated as follows:
Your income from the project = 0.4 times the sum of contributions to the project.
Your total income in the period, in money units, is equal to:

(20 − your contribution to the project) + 0.4 × (total contributions to the project)

The income of each group member from the project is calculated in the same way, i.e.,
each group member receives the same income from the project. Assume, for example, that
the sum of the contributions of all group members is 60 money units. In this case each
member of the group receives an income from the project of 0.4 × 60 = 24 money units. If
the total contribution to the project is 9 money units, then you and all other group members
receive an income of 0.4 × 9 = 3.6 money units from the project.

For each money unit you keep for yourself you earn 1 money unit. Supposing
you contributed this money unit to the project instead, then the total contribution to
the project would rise by one money unit. Your income from the project would rise by
0.4 × 1 = 0.4 money unit. However, the income of each other group member would also
rise by 0.4 money units each, so that the total income of the group from the project would
rise by 1.6 money units. Your contribution to the project therefore also raises the income of
the other group members.

Similarly, you earn an income for each money unit contributed by the other members to
the project. For each money unit contributed by any member you earn 0.4 × 1 = 0.4 money
units. After you have viewed the income screen the first stage is over and the second
stage commences.

The Second Stage.
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In the second stage you will see how much each group member contributed to the
project. Moreover, in this stage you can decide whether to decrease the income of each other
group member by assigning deduction points. The other group members can also decrease
your income if they wish to. This is apparent from the input screen at the second stage:

The Second Stage Input Screen:
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Figure A3. Third screen.

Your contribution is displayed in blue in the first column, while the contributions of
the other group members of this period are shown in the remaining three columns. Note
that the order in which others’ contributions are displayed will be determined at random
in every period. The contribution in the second column, for example, could represent a
different group member in different periods. The same holds true for the third and fourth
columns. You will have to decide how many deduction points to assign to each of the other
three group members. You must enter a number for each of them. If you do not wish to
change the income of a specific group member then you must enter 0. You can assign up to
10 points to each group member.

You will incur costs from assigning deduction points. Every deduction point you
assign costs you 1 money unit. For example, if you assign 2 deduction points to one
member, this costs you 2 money units; if, in addition, you assign 9 deduction points to
another member this costs you an additional 9 money units; if, in addition you assign
0 deduction points to the third group member this will cost you 0 money units. In total you
would have assigned 11 points and your total costs therefore amount to 11 money units.

After you have assigned points to each of the other three group members you must
click the button “calculation” (see the second stage input screen). On the screen you will
then see the total costs of your assigned points. As long as you have not yet clicked the
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O.K. button, you can still change your decision. To recalculate the costs after a change of
your assigned points, simply press the “calculation” button again.

If you assign 0 deduction points to a particular group member (i.e., enter “0”), you
will not alter his or her income. However, if you assign one deduction point to a group
member you will decrease the income of this group member by 3 money units. If you
assign a group member 2 deduction points you will decrease the group member’s income
by 6 money units, etc. Each deduction point that you assign to another group member will
reduce his or her income by 3 money units. Similarly, each deduction point assigned to
you by another group member will reduce your first stage income by three money units:

Cost, in money units, of received deduction points = 3 × sum of received deduc-
tion points.

How much the income at the second stage is decreased depends on the sum of
deduction points received. For instance, if somebody receives a total of 3 deduction points
(from all other group members in this period), his or her income would be decreased by
9 money units. If somebody receives a total of 4 deduction points, his or her income is
reduced by 12 points.

There is one exception to this rule. If the cost of received deduction points exceeds the
group member’s first stage income, his or her first stage income will be reduced to zero.

However, even in this case the group member must still incur the costs of any deduc-
tion points he or she assigned.

Your total income from the two stages is therefore calculated as follows:
If the income from the first stage is greater than or equal to the cost of received

deduction points:
Total income, in money units, at the end of the second stage = period income =
Income from the first stage
3 × (sum of received deduction points),
sum of deduction points you have assigned.
OR
If income from the first stage is less than the cost of received deduction points:
Total income, in money units, at the end of the second stage = period income 0 − sum

of deduction points you have assigned.
Please note that your income in money units at the end of the second stage can be

negative if the costs of your assigned points exceed your income from the first stage minus
the income reduction by the received deduction points. You can, however, avoid such
losses with certainty through your own decisions!

After all participants have made their decision, your income from the period will be
displayed on the following screen:
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Figure A4. Fourth screen.

After you have viewed the income screen, the period is over and the next period
commences.

Now please complete the questions on the next sheet. They serve as a test of your
understanding of payoff calculations. If you have any questions please raise your hand.
When everyone has completed the questions correctly we will begin the decision-making
part of the experiment”.

Appendix A.2. Questions

Each group member has an endowment of 20 money units. Suppose nobody (includ-
ing you) contributes any money units to the project. What is:

Your first stage income? (20 − ___) + (0.4 × ___) = ___.
The first stage income of the other group members? (20 − ___) + (0.4 × ___) = ___.
Each group member has an endowment of 20 money units. Suppose you contribute

20 money units to the project. All other group members contribute 20 money units each to
the project. What is:

Your first stage income? (20 − ___) + (0.4 × ___) = ___.
The first stage income of the other group members? (20 − ___) + (0.4 × ___) = ___.
Each group member has an endowment of 20 money units. Suppose you contribute

10 money units to the project. All other members contribute a total of 30 money units to
the project.

What is your first stage income? (20 − ___) + (0.4 × ___) = ___.
Suppose at the second stage you assign the following deduction points to your three

other group members: −9, −5, and 0.
What are the total costs of your assigned deduction points? ______.
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What are your costs if you assign a total of 0 deduction points? _______.
By how many money units will the income of another player be reduced if you assign

to him (-5) deduction points?

Appendix A.3. Instructions for the No-Punishment Phase in the ‘Partners’ Treatment

“This part of the experiment also contains six periods. It is identical in all aspects
to the previous part, except that it does not include a possibility for assigning deduction
points. Like in the previous part, in each period your total income in this part is equal to:

(20 − your contribution to the project) + 0.4 × (total contributions to the project)

The income of each group member from the project is calculated in the same way.
When the six periods of this part of the experiment are completed, the experiment

will end and you will receive the sum of your income in the two parts of the experiment.
Your total profit in the experiment will be equal to:
Your total income from the first six periods + your total income from the second six

periods + 10 NIS 2 for your participation in the experiment
When the experiment ends, please wait patiently for the experimenter, who will call

you and pay you your profits in the experiment.
When you have finished reading the instructions, please wait until the rest of the

participants in the experiment finish reading. The second part of the experiment will begin
after all the participants have finished reading the instructions”.

Appendix B. Investment in Punishment as Function of the Difference between the
Punished and the Punishing Group Members

We performed Tobit regressions with punishment points as the dependent variable and
the difference between the punished and the punishing group members as the independent
variable. In the ‘partners’ treatment, the reported robust standard errors are clustered on
groups as the independent units of observations (S1), and in the ‘strangers’ treatment, the
reported standard errors are clustered on sessions as the independent units of observations.

The points assigned in the ‘partners’ treatment for punishing cooperators are best
explained by the punisher’s contribution and the mean contribution of others. The lower
the punisher’s contribution, the more points he or she assigned to punishing cooperators
(regression coefficient of −0.334, p < 0.0001). Correspondingly, participants assigned more
points to punishing cooperators when the mean contribution of the two members in their
group was higher (regression coefficient of 0.307, p < 0.0001). This finding indicates that
participants punish cooperators more when high contributions are more frequent. As could
be expected, punishment of cooperators also correlated positively with the contribution
of the punished group member (regression coefficient of 0.087, p < 0.05). In the ‘strangers’
treatment, the punishment of cooperators was negatively associated with the punisher’s
contribution (regression coefficient of −0.083), but this association was only marginally
significant (p = 0.054).

For the punishment of free riders (negative deviations), the analysis revealed that for
both treatments, the relationship between the assigned punishment points and the devia-
tion between the punished and the punishing group members was positive and statistically
significant (for the ‘partners’ treatment, the regression coefficient = 0.078, z = 2.92, p = 0.003;
for the ‘strangers’ treatment, the regression coefficient = 0.180, z = 5.82, p< 0.0001). Con-
versely, we observe different patterns of punishing cooperators (non-negative deviations)
in the two treatments. As the figure shows, in the ‘partners’ treatment, the more the cooper-
ators contributed relative to the punishing group members, the higher the points assigned
to punishing them. We detected no similar relationship for the ‘strangers’ treatment. Tobit
regressions support these observations. In the ‘partners’ treatment, the detected relation-
ship between the points assigned for punishing cooperators and the deviation between
the punished and the punishing group members was positive and statistically significant
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(regression coefficient = 0.277, z = 8.15, p < 0.0001). By contrast, in the ‘strangers’ treat-
ment, the regression analysis revealed that the relationship between the above-mentioned
variables was not significant (regression coefficient = 0.029, z = 0.79, p = 0.43).

10 NIS = $2.6

Appendix C. Frequencies and Relative Frequencies of Four Punishment Strategies
across the Sixteen Participant Pools Investigated in Hermann et al. (2008)

The top figure in each cell, in first four rows of Table A1 indicates the percentage
of participants who used the corresponding strategy. The figure below indicates the
participants’ number, and the two figures below it indicate the mean contribution and net
profit of participants using the strategy correspondingly.

Table A1. Frequencies and relative frequencies of four punishment strategies across the sixteen participant pools investigated
in Hermann et al. (2008).

City
Punishment Strategy

Total
NoPun PunOnlyFR PunCoop Pun2Way

Boston (18) 23 25 2 6 56
41.07% 44.64% 3.57% 10.71%
18.46 18.37 12.55 16.35
28.85 27.72 26.27 25.81

Copenhagen (17.7) 22 32 5 9 68
32.35% 47.06% 7.35% 13.24%
19.06 17.99 18.22 13.42
29.87 27.38 27.96 23.14

St. Gallen (16.7) 20 41 7 28 96
20.83% 42.71% 7.29% 29.17%
17.12 18.00 13.24 15.48
27.76 26.54 25.84 22.28

Zurich (16.2) 16 45 6 25 92
17.39% 48.91% 6.52% 27.17%
17.35 16.68 16.42 14.36
28.70 25.27 28.08 21.86

Nottingham (15) 10 28 5 13 56
17.86% 50.00% 8.93% 23.21%
15.76 16.30 9.56 13.76
28.11 24.67 19.30 21.55

Seoul (14.7) 13 38 3 30 84
15.48% 45.24% 3.57% 35.71%
17.22 15.46 9.27 13.05
26.83 24.75 18.99 22.32

Bonn (14.5) 13 31 4 12 60
21.67% 51.67% 6.67% 20.00%
12.51 15.92 13.73 13.18
25.49 24.65 26.61 20.46
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Table A1. Cont.

City
Punishment Strategy

Total
NoPun PunOnlyFR PunCoop Pun2Way

Melbourne (14.1) 7 21 1 11 40
17.50% 52.50% 2.50% 27.50%
13.03 14.11 14.90 14.78
23.83 23.56 19.52 22.03

Chengdu (13.9) 9 56 5 26 96
9.38% 58.33% 5.21% 27.08%
16.49 15.06 11.36 10.90
28.71 24.42 24.70 20.89

Minsk (12.9) 16 19 5 28 68
23.53% 27.94% 7.35% 41.18%
15.77 14.36 6.90 11.40
26.71 18.46 16.66 17.87

Samara (11.7) 16 46 8 82 152
10.53% 30.26% 5.26% 53.95%
13.38 14.14 9.23 10.29
21.84 20.34 18.62 15.58

Dniprop. (10.9) 6 13 6 19 44
13.64% 29.55% 13.64% 43.18%
10.15 13.13 8.03 10.47
19.89 20.74 18.81 17.33

Muscat (9.9) 5 6 8 33 52
9.62% 11.54% 15.38% 63.46%
3.98 15.27 4.39 11.16
19.14 9.69 12.27 9.63

Istanbul (7.1) 7 25 8 24 64
10.94% 39.06% 12.50% 37.50%

4.97 9.62 4.74 5.995
19.41 18.99 15.24 14.79

Riyadh (6.9) 10 9 4 25 48
20.83% 18.75% 8.33% 52.08%

6.82 8.79 2.86 6.93
17.48 14.95 16.25 11.65

Athens (5.7) 5 10 5 24 44
11.36% 22.73% 11.36% 54.55%

7.00 8.03 0 5.65
19.80 17.96 0.11 12.57

Total 198 445 82 395 1120
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