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Abstract

Problems of cooperation have often been simplified as the choice between defection and

cooperation, although in many empirical situations it is also possible to walk away from

the interaction. When opting out of is a feasible alternative, it is questionable whether

known solutions to the problem of cooperation, such as punishment could still work,

given the limited sanctioning potential it imposes on free riders. We present the results

of two experiments with non-student subjects who play optional and compulsory public

goods games both with and without a punishment stage. We find that the possibility of

opting-out motivates cooperation. Instead, when punishment is introduced, higher

cooperation emerges in the compulsory game. This key result indicates that informal

solutions to public good problems might rule each other out and punishment is a robust

solution only if players are not allowed to opt out of the interaction.
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Introduction 1

The studies of mechanisms and conditions that support cooperation among unrelated 2

individuals are foundational for both social scientists and students of animal behaviour 3

[1, 5]. Social dilemma games, in which individuals face a choice between a cooperative 4

and a non-cooperative action, are among the most important theoretical and 5

experimental tools through which cooperation is studied [6]. However, many real life 6

situations cannot be simplified to a mere choice between cooperating and not 7

cooperating. Individuals often can opt-out from the interaction giving up both potential 8

benefits of cooperation and potential gains from free-riding. For example, a person can 9

decide to join a business alliance [7], to quit a job if he does not like the work 10

environment, to abstain from attending a difficult game of his sports team or the 11

premiere performance of the orchestra. Participation in an international political 12

alliance is also a possible example of cooperation with opt-out. Being a participating 13

member who contributes to the joint budget corresponds to the role of the cooperator, 14

while a free-rider country is the one who reaps the benefits of the alliance, without 15

contributing to the balance. Finally, a loner country (the one who decised to stay out of 16

the alliance) is one that instead decides to stay out of it completely, or exit, giving up 17

both the benefits from the alliance and the costs of contributing to the common budget. 18

Not taking part in a social dilemma interaction has been conceptualized in multiple 19

ways: as exit after play [4, 8, 9]; as walking away [10]; as opting-out [11, 12, 13, 14]; and 20

in a different perspective, when opting out is not voluntary as exclusion [15, 16]. In all 21

these models, cooperation is enhanced by the possibility of non-participating through 22

various mechanisms such as: the possibility to exit the game after defection of the 23

interaction partner and the threat it imposes on play [8], the roundrobin elimination of 24

opportunistic counterparts due to their lower overall performance in repeated games [9], 25

and the positive assortment of cooperation strategies favoured by the exit and exclusion 26

mechanisms [10, 15, 16]. Relatedly, when the population of loners is large enough 27

cooperating survives evolutionary pressure [12], leading some authors to suggest that a 28

plausible scenario to start cooperation is a world dominated by loners, not by defectors 29

[17]. Further, opting-out in a public goods game solves the problem of cooperation by 30

undermining the free-riding strategy of defectors that cannot exploit loners [13, 14]. In 31
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any case, the relevant parameter for the outcome is the pay-off for refusing to play [18]. 32

Despite the many theoretical arguments proposing that voluntary participation may 33

stimulate cooperation, only a few empirical studies have so far examined the effects of 34

voluntary participation on cooperation [11, 19, 20, 21, 22]. These studies compare the 35

effects of entry and exit options on cooperation, using public goods game experiment 36

and showing that the exit option is capable of sustaining cooperation through the value 37

of the threat (while the entry strategy is not effective [19]). These results highlight that 38

exit and opting-out are efficient institutions for enhancing cooperation when they can 39

be considered as credible threats, i.e. there are other interactions or benefits outside the 40

current interactions. There is no convincing evidence of how could opting-out enhance 41

cooperation in the absence of outside options. 42

In this study, we highlight that the availability of another institution, punishment, 43

sheds light on the motivations behind the choice to opt-out. This differentiates our 44

contribution from experimental exercises in which there is a voluntary choice in the 45

selection of a contribution out of different options [23] and from endogenous group 46

formation [24, 41]. In fact, none of the previous contributions has explored the 47

interaction between opting-out and punishment behaviour, which is what we do. 48

The consideration of this interaction is not only important for finding out the true 49

motivational background behind the choice to opt-out, but also to gain a deeper 50

understanding of the conditions under which punishment and opt-out could be efficient 51

institutions for solving social dilemmas. Post-interaction punishment alone has been 52

demonstrated to provide a powerful solution, both by theoretical [27, 28, 29] and 53

experimental work [30, 31]. It remains an open question, however, if opting-out could 54

further improve the efficiency of the punishment institution. When punishment is 55

interacted with opting-out, first one needs to consider that the set of possible 56

punishment strategies is increased. Predictions might differ if only certain punishment 57

strategies are allowed, for instance, when players can punish defectors but not 58

cooperators [32]. The success of cooperators who also take the cost of punishing 59

defectors depends on the presence of the opt-out strategy that provides larger payoffs 60

than the the payoff of defectors who are punished [33]). If models are extended to the 61

possibility allowing the punishment of all strategies, the dynamics leads to cyclic 62

behaviours that do not allow any prediction concerning the sustainment of cooperation 63
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[25, 34]. This cyclic behaviour has been confirmed also in the laboratory [35]. 64

In the present paper, we study how the introduction of punishment impacts on the 65

ability of opting-out to induce cooperation. We run two experiments, where we study 66

the introduction of punishment in a public goods game with and without the option to 67

participate and we run them with a sample of the general population. A similar design 68

to ours is the one devised by Rand and Nowak [25], where they test punishment 69

behaviour in an optional public goods game in a between-subject design, in order to 70

study whether loners engage in anti-social punishment when forced to participate [26]. 71

Similarly to us, [19] test the implications of the introduction of institutional variations 72

of participation on cooperation. In this regard, our contribution is to explore the role of 73

punishment on the ability of the opting-out mechanism to generate cooperation. 74

Given the presence of voluntary punishment opportunities in empirical social 75

dilemma situations characterized by the no-play or opt-out option, the interaction 76

between these two elements is an important path to follow. It is important to study the 77

two institutions together, because whether punishment is effective in sustaining 78

cooperation, depends on whether the social dilemma is characterized by optional or 79

compulsory participation. With our design, we are also capable to pin down the reasons 80

why the two institutions may be more effective together or separately. In fact, we can 81

track down the behaviour of those who always participate in games and those who 82

opt-out whenever possible (loners), both with and without the presence of punishment, 83

and see who increases or decreases his/her contributions in the different institutional 84

settings. 85

We design our experiments to test the following hypotheses: 86

Hypothesis 1 Optional play induces higher cooperation in a public goods game without 87

punishment. 88

Hypothesis 2 Compulsory play induces higher cooperation in a public goods game with 89

punishment. 90

Hypothesis 3 Loners are low contributors when forced to participate in a public goods 91

game (HP1 in [25]). 92

Hypothesis 4 Loners are anti-social punishers when forced to participate in a public 93

goods game (HP2 in [25]). 94
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To test our hypotheses, we run a within-subject design with the objective of 95

comparing the behaviour of the same participant in different institutional conditions, i.e. 96

with and without the option to participate, with and without punishment. This design, 97

similar to [25], allows to identify those who decide to not participate and compares their 98

behavior in the optional game to one in the mandatory game, both without and with 99

punishment. As we propose different institutions to the same pool of subjects, clearly 100

there is a between-game effect, because the same participants play all the games one 101

after the other. This between-game learning, is functional to the objectives of the 102

research: once participants have expressed their preference about the participation in 103

the optional game and then are forced to participate in the compulsory game, we can 104

study their behavior in the latter, knowing that they would rather be out of the game if 105

given the opportunity. Similarly, when punishment is introduced, we can track down the 106

optional vs compulsory game effect interacted with the presence of the punishment 107

institution, knowing that participants have experienced the same choice situation 108

without punishment, and verifying how they accept or reject punishment as a tool to 109

induce cooperation. The final contribution of our work is the ability to explore also 110

punishment behaviour of participants and loners, and provides a test of [25] hypothesis 111

on the behaviour of loners, with a sample taken from the general population. 112

Materials and methods 113

Experimental design 114

In order to test our hypotheses, we conduct two experiments, E1 and E2, on different 115

subjects (Total N = 236). The exact composition of the sample is reported in Table S18 116

of Supplementary Information (SI). As the problem of cooperation is intrinsically linked 117

with the problem of social norms [2, 36] and involve society as a whole, we select a 118

sample from the general national population at the time of the experiment (recruitment 119

procedures are described in the Methods section). However due to limitations in the 120

pool of available potential participants, the actual sample overrepresents females, 121

students and younger individuals and under-represents males, retired, inactive, and 122

older people, with respect to the Italian population as photographed by the 2011 census. 123
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Table 1 reports the sample composition discrepancy with respect to the underlying 124

population. Despite these limitations, a broad spectrum of the population is covered by 125

the sample, unlike in typical lab experiments with university students. 126

Italy Sample Italy Sample

Age Class Gender
18-25 10% 37% Male 49% 38%
26-35 15% 21% Female 51% 63%
36-45 19% 12% Occupational Status
46-55 18% 14% Employed 57% 49%
56-65 15% 10% Retired/Inactive 31% 17%
65+ 25% 6% Students 12% 34%

Table 1. Sample composition discrepancy with
respect to national average

The public goods game We use a discrete form of PGG game in both experiments.

All group members receive an endowment of e = 40 experimental points and have to

decide simultaneously how much of their endowment to invest in a common project,

choosing a contribution level among the following possible values, (ci ∈ 0, 10, 20, 30, 40),

knowing that the residual (e− ci) would remain in their private account. Every point

invested in the common project is then doubled and shared equally among group

members. Hence, individual earnings are determined as follows:

πi = e− ci + α

N∑
j=0

cj ,

where α is the marginal per capita return (MPCR) of the public good. Free-riding is the 127

dominant strategy, for rational self-interested individuals, when MPCR is above 1/N 128

and below 1. Social welfare is instead maximised when everyone contributes the whole 129

endowment. Differently from the case of a standard PGG, here participants can also 130

stay out of the game: by staying out, their reward is their initial endowment ci = 40, 131

while earnings from the public good are divided, in equal parts, only among 132

participants. Consequently, the MPCR decreases as a function of the number of 133

participants, given that the multiplication factor remains at 2 also when some opt-out. 134

For N = 0, nobody participates and the PGG is not put in place. Notably, the case 135

of nobody participating to the PGG and the case in which all participants contribute 136
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Label Part Decision PGG-Game

Part 1: First Part Participation Optional
C1.1 : First Part Contribution
C1.2: First Part Contribution Compulsory

Part 2: Second Part: Participation Optional
C2 : Second Part: Contribution

PUN2: Second Part: Punishment Optional

C3: Third Part: Contribution Compulsory
PUN3: Third Part: Punishment Optional

Table 2. Legend of the time line

ci = 0 are ex-post payoff equivalent for a group member. Indeed, in both cases both 137

loners and free-riders (zero contributors) obtain the same payoff, ci = 40. Before 138

knowing how many will contribute to the PGG, however, free-riders may expect a 139

positive return from the PGG, while the loners’ payoff is fixed and independent from 140

the decision of others. This consideration highlights how loners might lack trust towards 141

other group members: from an individual payoff point of view, it would be always more 142

convenient to participate to the public goods game and free ride, rather than to stay out 143

of it entirely. 144

The discrete contributions framework is chosen with the aim to facilitate calculations 145

and understanding of the game for the participants. The time line of experiments is 146

reported respectively in Fig. 1a for E1 and Fig. 1b for E2. The legend of both is in 147

Table 2. 148

Experiment 1 The first experiment (E1), involving 176 participants, is composed of 149

three parts. In the First part, an Optional Public Goods Game (O-PGG) is followed by 150

a Compulsory Public Goods Game(C-PGG), with PGG parameters as described. 151

Between the optional and the compulsory games, groups are reshuffled and participants 152

are informed that they will play with new – different – group members. Indeed, in order 153

to obtain a stranger matching protocol, every time the groups play a different PGG 154

groups are reshuffled (in Figs. 1a and 1b, the ‘new’ light-green sign indicates that there 155

is a group reshuffling). 156

In the Optional game, after explaining the rules of the PGG, subjects can decide to 157

exit the game, in exchange for a fixed amount of points, ci = 40. This payoff 158

corresponds to the loners’ payoff in [25] model, where a loner gets a payoff which is 159
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PGGs OPTIONAL COMPULSORY OPTIONAL W/PUN COMP. W/PUN

E1
First
Part

Part.1 C1.1

new

C1.2

First
Part new

Second
Part

Part.2 C2 PUN2

new
Third
Part

C3 PUN3

new

Dict.
Guess
Survey

Pay

(a) Experiment 1 (E1) timeline

PGG COMPULSORY OPTIONAL W/PUN COMP. W/PUN

E2

C1.2

First
Part new

Second
Part

Part.2 C2 PUN2

new
Third
Part

C3 PUN3

new

Dict.
Guess
Survey

Pay

(b) Experiment 2 (E2) timeline

Fig 1. Note: The eye symbol indicates the observation of the decisions of group
members

lower than the payoff of a cooperator in a group of cooperators. We use the choice to 160

opt-out in this stage to identify loners (Part 1 in Fig. 1a). Then, subjects who decided 161

to participate, decide their contribution level (labelled C1.1). After reshuffling, subjects 162

are asked to make a compulsory contributions decisions (COMPULSORY in the Figure), 163

with the same structure as in the preceding O-PGG, but without the possibility to 164

opt-out. This contribution decision in the compulsory game is labelled C1.2. 165

After re-matching, we run the second part of the experiment, consisting of the 166

Optional PGG with Punishment (O-PGG-W/P). The O-PGG-W/P, is composed of 167

three decisions: first subjects have to decide whether to participate in the game (Part 2 168

in the time line). Only those who decide to participate make a contribution decision for 169

the PGG (C2). After C2, all subjects in the group observe the decisions of other group 170

members: this is indicated with the eye symbol in the time line. This is the only part 171

where subjects receive a feedback related to the experiment, except the very end. In the 172

third decision of the second part, all subjects have a punishment stage, in which 173

everyone has to express whether and how much they want to punish each possible 174

contribution level, as well as the exit option, at a cost for themselves. This decision is 175

indicated as PUN2 in Fig. 1a. Participants can select one of three punishment levels: no 176

punishment at zero cost, reducing the payoff of another participant with 12 points at a 177

cost of 4 for the punisher, and reducing the payoff of another participant with 24 at a 178
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cost of 8 for the punisher. This punishment structure correspond to a 1:3 punishment 179

technology. 180

We stress that participants are allowed to punish also those who opt-out (loners). 181

Loners are also asked to make a punishment decision toward other group members, 182

which metans that we move beyond the [25] experimental design. The punishment 183

decision that counts for the final payment is selected randomly by the computer, which 184

means that everyone gives his potential punishment decision for each level of potential 185

contribution of other members, but then only one choice is implemented, through a 186

random matching with another group member. 187

It is important to note that in the punishment stage, each group member selects a 188

punishment level for each possible contribution level, rather than selecting a punishment 189

level for specific group members. This punishment method allows to obtain information 190

on behavioral response to all possible decisions of others and help to identify the 191

strategies participants follow. In our design, we will also be able to assess the responses 192

of loners, who are similar to third party punishers [3, 37] that observe the society and 193

judge behaviours without being directly involved in it, however differently to third party 194

punishers, the loners can be themselves be punished. It is worth noticing that, thanks 195

to this punishment structure, subjects are always allowed to decide not to punish, so the 196

punishment decision is always an optional decision. Finally, in the third part of E1 we 197

run a Compulsory PGG with Punishment (C-PGG-W/P) which is identical to the game 198

of the second part, but without the possibility to stay out of the game (C3). 199

Participants observe the contribution levels of group members and then decide about 200

the punishment level (PUN3). This compulsory version of the game aims at studying 201

the behaviour of loners when forced to participate in a game with punishment. 202

Experiment 2 In the second experiment (E2), run with 60 subjects different from 203

the previous ones, we remove the optional game followed by a compulsory game in the 204

first part and substitute it with a simple PGG without the possibility of opt-out. The 205

remaining parts of the design are identical to E1. 206

Just as in E1, subjects were not informed about the outcome of first part of the 207

game before running the second and the third Part. They only observed the 208

contribution levels of other group members before the punishment stage (the eye symbol 209
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in the time line of Figs. 1a and 1b). 210

Results 211

Analysis of Contributions 212

We first report overall contribution rates, together with a Mann-Whitney test (M-W) 213

for the significance of differences in means between the contributions, calculated by 214

experimental stages and overall. Results of the two experiments are comparable as the 215

difference between overall average contributions is not significant (E1= 26.45 vs E2= 216

25.97, M-W, p-value(p)=0.189, one-sided ; Table 3, first line). We also compare 217

contributions in the different parts of the game between E1 and E2: the only significant 218

difference is in the one observed in the Optional Game with Punishment (C2), which is 219

significantly larger in E1 than in E2 (M-W, p=0.041). The average contributions (Table 220

3, first column) change in the different parts of the game, as a result of the change in 221

the institution presented to the experimental subjects: in the game without punishment, 222

eliminating the option to stay out of the game decreases average contributions (from 223

C1.1=25.91 to C1.2=25.23), but this difference is not statistically significant (Table 4, 224

M-W p=0.36). While the direction of the change goes in the direction as suggested by 225

hypothesis 1, the observed difference is not statistically significant. Hypothesis 2 is 226

instead supported given that in the game with punishment the elimination of the 227

opt-out option increases contributions in the compulsory game (from C2=26.41 to 228

C3=27.62; M-W p=0.097; Tables 3 column 1, final rows and 4 last column). 229

Avg. Contributions E1+E2 E1 M-W E2
N=236 N=176 E1 vs E2 N=60

Overall 26.35 26.45 p=0.18 25.97

C1.1 25.91 25.91 - -
C1.2 25.23 25.39 p=0.31 25.16
C2 26.41 27.15 p=0.041 24.44
C3 27.62 27.44 p=0.45 28.16

Table 3. Comparison of Contributions levels across
parts of the game

We can thus conclude that: 230

Evidence 1 Introducing compulsory play increases cooperation in the public goods 231
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E1+E2 C1.1(=25.91) C1.2(=25.23) C2(=26.41) C3(=27.62)

C1.1 - 0.36 0.274 0.031
C1.2 - - 0.173 0.001
C2 - - - 0.097
C3 - - - -

C2+C3 (=27.07)
C1.1 + C1.2(=25.75) 0.016

Table 4. Average contributions and Mann Whitney Test
(p-values) of the significant difference in average contributions
between stages.

game with punishment. 232

More in general, we observe in Table 4 that the average contribution (25.75) is 233

significantly higher in all the games with punishment with respect to the games without 234

punishment (27.07, M-W, p=0.016). Moreover, the highest contribution level is 235

observed when both compulsory contribution and punishment are present. Indeed, in 236

Table 4 C1.1 (=25.91) is smaller than C3 (=27.62) and this difference is significant 237

(M-W, p=0.031). In the second row, we find that C1.2(=25.23) is significantly smaller 238

than C3 (M-W; p=0.001) and in the third row that the average contribution in 239

C2(=26.41) is significantly smaller than C3 (M-W; p=0.097). Unexpectedly, we find 240

that the punishment institution enhances its effectiveness in eliciting cooperation when 241

introduced in a compulsory play setup. To sum up: 242

Evidence 2 Contributions are significantly larger in games with punishment,̀ı than in 243

games without. Contributions are highest when both punishment and compulsory 244

contributions are present. 245

Comparison between the contribution levels of participants and loners in 246

compulsory games. In this Section, we explore further the result summarized in 247

Evidence 2, where we found support for Hypothesis 2 and we showed that the highest 248

level of cooperation are found in the compulsory game with punishment. 249

To this end, we separate average contribution levels between Participants and Loners 250

(Table 5), and look at how these two groups respond to different institutional structures. 251

Loners contribute significantly less than Participants in the compulsory game both 252

without punishment (C1.2: Participants= 25.73, Loners= 20.83, M-W, p=0.09) and 253
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with punishment (C3: Participants=28.33, Loners=23.94 , M-W, p=0.02). These results 254

hold when looking at E1 and E2 separately (See Table Table 5), so that we can state 255

that: 256

Evidence 3 Loners contribute significantly less than Participants in a compulsory 257

game, showing a different willingness to cooperate. 258

This result supports our HP 3 and confirms the results of [25]. When Loners are 259

forced to participate, their contribution is larger than zero, so they cannot be 260

assimilated to free-riders. Furthermore, when punishment is introduced, loners increase 261

slightly their contribution, but in a non-significant way (C1.2=20.83→C3=24.69, 262

p=0.14). It is clear that loners are not strongly affected by the introduction of 263

punishment (Loners: C1.2=20.83 to C3=23.94, M-W p=0.16). Figure S1 confirms both 264

results visually. Given Evidence 3, we can observe that the aggregate contributions

E1+E2 All subjects N. part Participants M-W p Loners N loners

C1.1 25.91 164 25.91 - 12
(↓ p=0.56)

C1.2 25.33 - 25.73 (→p=0.090) 20.83
C2 26.41 198 26.41

(↓ p=0.16)
38

- (↓ p=0.03)
C3 27.63 - 28.33 (→p=0.02) 23.94

E1 All subjects N Part. Participants M-W p Loners N loners

C1.1 25.91 164 25.91 - - 12
(↓ p=0.56)

C1.2 25.41 25.73 (→p=0.090) 20.83 -
C2 27.15 144 27.15 -

(↓ p=0.14)
32

(↓ p=0.21)
C3 27.44 28.06 (→p=0.098) 24.69 -

E2 All subjects N Part. Participants M-W p Loners N loners

C1.2 25.16 25.74 (→p=0.08) 20 -
C2 24.44 54 24.44 - - 6

(↓ p=0.009) - -
C3 28.16 29.07 (→p=0.037) 20 -

Table 5. Average contributions of participants and
loners

265

observed are strongly influenced by contribution levels of participants. Comparing the 266

optional (C11=25.91) and compulsory games (C12=25.73) without punishment, the 267

total contribution decreases as an effect of the reduction of participants’ contributions. 268

In the game with punishment, participants increase consistently their contributions 269

when a compulsory play is introduced (C2=26.41 to C3=28.33, M-W p=0.033). We 270

speculate that the presence of punishment induces Participants’ to increase their 271

contribution as a response of higher trust in the expected cooperation of the group, 272
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induced by the punishment institution. This is reflected by survey response to a 273

question on trust (formulated as in the World Value Survey), which becomes a 274

significant in explaining contribution in compulsory play when punishment is present 275

(Tables S1 and S2 in SI). Participants contribute significantly more and show higher 276

level of trust in the game with punishment, but not in the game without punishment. 277

To study the evolution of behaviours of different types of agents, we attribute artificially 278

the value of 0 to the contribution of Loners in the optional games and calculate the 279

variation (delta) between the contribution levels in the two games as the difference 280

between compulsory game and the relative optional game (Fig.2, from data in Table S1). 281

Thus, a positive variation indicates that the subject has increased his/her contribution 282

when passing from the compulsory to the optional game. On the one side, participants 283

show more often a positive delta and a lower level of constant contribution in the game 284

with punishment than they do in the game without. On the other side, the distributions 285

of the loners’ deltas are quite similar in the two games, as suggested by the result of the 286

MW tests and confirming that they are rather unaffected by the punishment institution. 287
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Fig 2. Distributions of delta contributions in both games. A positive delta
indicates an increase of contribution from the Optional to the Compulsory
PGG. delta1 relates to the PGG without Punishment, delta2 to the PGG with
Punishment.

288
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Punishment 289

We now report the characteristics of punishment behavior in the optional and in the 290

compulsory games in more detail. We explore also the presence of anti-social 291

punishment, defined by [26] as the punishment in which the punisher contributes less 292

than, or the same amount, as the target of his/her punishment. A second analogous 293

definition [38] distinguishes between ‘normal’ and ‘perverse’ punishment, where 294

‘perverse’ punishment is the one directed at the highest contributors (or at someone who 295

has contributed more than the average): in our case the punishment toward 296

contribution levels equal to 30 and 40 is perverse and the punishment directed at 297

contribution levels equal to 0 or 10 is normal. Further, we study punishment of 298

maximal contributors, i.e. those contributing exactly 40. 299

Optional game In the optional game, the average punishment expenditure invested 300

by agents expressing each level of contribution and directed at all contribution levels 301

and at loners is reported in Fig. 3 (numerical data in Tables S4 and S5). Overall 302

punishment expenditure is decreasing with the increase in the target’s contribution level. 303

Moreover, high levels of punishment are directed at low contributors (left side of the 304

Figure) and are done by high contributors (green and light blue lines). Thus we can 305

conclude that, on average, punishment is of the ‘normal’ kind. However, we observe a 306

positive level of punishment expenditure directed at people contributing 30 and 40, 307

indicating the presence of some perverse punishment. Notably, loners are allowed to 308

stay out of the game, thus they cannot be be responsible for it. Who is then responsible 309

for perverse punishment? Looking at the punishment inflicted by low contributors (0 310

and 10 contributors), we notice that their punishment expenditure increases with the 311

contribution of the target for levels above 20. Thus, punishment of maximal 312

contributors is done mainly by low contributors. We conclude that: 313

Evidence 4 We observe perverse (anti-social) punishment in the optional public goods 314

game, where loners are not forced to participate in the contribution. Low contributors 315

engage in perverse punishment. 316

The punishment pattern is strikingly different for loners, who engage in very low 317

levels of punishment toward maximal contributors (violet line in Figure 3, precise values 318
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including loners.

in Table S4). Moreover the punishment of loners by all contribution levels (Overall line), 319

is affine to the one of low contributors. The behaviour of loners is associated by the 320

group to the one of low contributors, and this effect is stronger for higher contributors. 321

The punishment of loners by loners is also low, helping to shed light on the opinion 322

that this type of agent has about its own strategy. Indeed, loners do not punish other 323

loners i.e. they support their decision by abstaining from punishing behaviours similar 324

to their own. Finally, loners punish on average less than the other participants, 325

confirming that their main objective is to avoid interactions with their group. 326

Summarizing evidence concerning loners, we can state that: 327

Evidence 5 In the optional game, loners do not punish high contributors. Loners do 328

not punish other loners. Loners are punished similarly to low contributors. 329

Studying the results of multivariate logit models on the decision to punish maximal 330

contributors and loners controlling for age, gender, and trust (Table 6), w e find that 331

high contributors do not punish their own type, while low contributors are responsible 332

for more punishment of high contributors. These results are robust when we adopt as 333

dependent variable the punishment expenditure directed at each target contribution and 334

at loners and as regressors the contribution level of the punisher; both with and without 335

controls (Tables S6-S11). Further, from Table 6, we confirm that the decision to opt-out 336

is significantly and negatively related to the punishment of maximal contributors, 337

confirming that loners are not responsible for perverse punishment (Evidence 4). 338
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Table 6. Punishment of maximal
contributors and loners: Optional game.
(Logit Models)

Dependent variable:

40 (maximal)-contributors loners

(1) (2) (3) (4)

High contributors (C2) −1.276∗∗∗

(0.452)
Low contributors (C2) 1.333∗∗∗

(0.457)
Opt-out −1.402∗ −1.530∗∗∗

(0.773) (0.483)
Age 0.020 0.017 0.015 0.005

(0.015) (0.015) (0.014) (0.010)
Gender −0.563 −0.637 −0.667∗ −0.257

(0.426) (0.426) (0.398) (0.296)
Trust −0.822∗∗ −0.781∗∗ −0.903∗∗ 0.194

(0.391) (0.397) (0.369) (0.265)
E1 0.499 0.121 0.208 −0.841∗∗

(0.505) (0.490) (0.468) (0.330)
Constant −0.199 −0.704 −0.182 0.493

(0.991) (1.015) (0.931) (0.723)

Observations 185 185 223 223
Akaike Inf. Crit. 159.848 160.217 182.852 290.658

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 7. Punishment of maximal
contributors: Compulsory game
(Logit Models).

Dependent variable:

40 (maximal)-contributors

(1) (2) (3)

High contributors (C3) −1.287∗∗∗

(0.415)
Low contributors (C3) 1.431∗∗∗

(0.448)
Optout(Part.2) −0.208

(0.541)
Age 0.027∗ 0.028∗∗ 0.023∗

(0.014) (0.014) (0.013)
Gender −0.291 −0.377 −0.428

(0.408) (0.406) (0.394)
Trust −0.476 −0.533 −0.634∗

(0.358) (0.368) (0.352)
E1 −0.215 −0.203 −0.201

(0.454) (0.448) (0.438)
Constant −0.889 −1.785∗ −0.991

(0.962) (0.995) (0.928)

Observations 223 223 223
Akaike Inf. Crit. 178.988 179.349 188.874

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Finally, the opt-out decision is significantly and negatively related to the punishment of 339

loners, which confirms the evidence that loners do not punish other loners (Evidence 5). 340

Compulsory game Analyzing the average punishment expenditure by the level of 341

contribution in the compulsory game (Figure 4), we observe a decreasing trend of 342

punishment as a function of the contribution of the target. For high and medium 343

contributors, the higher the contribution of the punisher, the lower the punishment of 344

high contributors, i.e., punishment is on average normal. However, the opposite happens 345

for low contributors, which increase their punishment level as the contribution of the 346

target increases. Just like in the optional game, low contributors are responsible for the 347

punishment of high contributors. Moreover, again loners do not punish high 348

contributors, they behave like average contributors, although contributing slightly less 349

than the average. 350

In order to confirm who is responsible of punishment of high contributors in the 351

compulsory game, we run a regression (Table 7) with as dependent variable the 352

punishment expenditure of maximal contributors. We find similar results to those 353

discussed for the optional game: low contributors punish significantly more high 354

contributors, while high contributors do not punish maximal contributors. Again, the 355

results are robust when we adopt as dependent variable the punishment expenditure 356

directed at each target contribution and at loners and as regressors the contribution level 357
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of the punisher; both with and with and without controls (Tables S11-S17). Finally, no 358

significant relationship emerge between loners and the punishment of high contributors . 359

Results provide strong support against our HP 4, i.e. that loners punish anti-socially 360

when forced to cooperate. We fail to replicate the results of [25]. 361

Discussion 362

We explored the impact of an opt-out option on contribution and punishment in a 363

public goods game. The importance of this institutional framework has been largely 364

overlooked in the experimental literature, which has focused mainly on the normative 365

role of punishment as a tool to sustain cooperation. The role of the opt-out strategy in 366

real life relates to all those situations in which people can decide to not participate 367

rather than defect in a common project: the person that decides to stay out does not 368

have the intention to take advantage of the others, but rather to express the lack of 369

confidence in the reference community. Relatedly, we also study if and how the 370

introduction of a punishment institution, affects the contribution of the community to 371

the common project. 372

We find that the option to stay out of the game increases cooperation in the game 373

without punishment. [11] suggest an explanation for this evidence: allowing subjects to 374

opt-out of a common project enhances cooperative behaviour, because it effectively 375

selects people with the real desire to participate - and contribute - to the common 376

project, while those unwilling to participate stay out of the game. Those who 377

participate in the optional game, are induced to contribute more, expecting a higher 378

likelihood of meeting mainly peers who are really willing to participate. Moreover, we 379

replicate the result of [25], because in our data loners contribute less than other players 380

when forced to participate. 381

Concerning punishment, the most important result is that its introduction is very 382

effective to increase cooperation, also with respect to the option to participate. When 383

punishment is introduced, more cooperation is observed in the compulsory game, but 384

not in the optional game. We see high cooperation with punishment in the mandatory 385

game, because punishment influences the beliefs of participants about the success of the 386

public goods game and retaliation is a credible threat. Participants expect higher social 387
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contributions because of the presence of punishment and the compulsory nature of the 388

contribution. Participants trust the punishment institution as a tool to force potential 389

defectors to contribute, so they expect higher contributions and consequently cooperate 390

more on average. At the same time, when punishment is introduced, optional play does 391

not increase cooperation anymore. Optional play suggests that someone can escape the 392

punishment, so participants in the optional game contribute less than in the compulsory 393

game. 394

Participants show their opinion on the behaviour of loners in the punishment section, 395

punishing them with the same intensity as they punish defectors. At the same time, an 396

interesting picture emerges for loners. When forced to participate, they do not behave 397

as defectors, but their contribution is significantly lower than that of a participant in 398

the compulsory game. When we look at their punishment behaviour, we confirm the 399

willingness of loners to avoid interactions: they present the lowest possible level of 400

punishment against all possible contribution levels and, more importantly, they 401

significantly punish less other loners, indicating the consciousness of their behaviour. 402

We do not find evidence that loners are responsible of anti-social punishment when 403

forced to participate: they do not target high contributors for punishment. Hence, we 404

cannot confirm [25] result of loners’ anti-social punishment: in their model the authors 405

indicate that a form of information leakage, thanks to which loners are informed of the 406

identity of invading cooperators, is needed for their anti-social behaviour. In our 407

experimental setting, this information leakage is excluded and this could be a reason 408

why we do not observe the same results. The punishment behavior of loners is consistent 409

with their contribution decision: that is loners are just subjects who prefer to stay alone, 410

as suggested by [39]. Loners might be different people who do not trust enough their 411

society to engage in a cooperative enterprise, or they require personal knowledge for 412

cooperating (which is excluded in our experimental setup)[39]. The real challenge that 413

emerges from our results is to find the right incentive or social norm that succeeds in 414

engaging loners into the society. Indeed, by observing their punishment behavior, we can 415

exclude that they are anti-social or perverse punishers. The latter type of punishment is 416

done chiefly by low contributors. And this result is further confirmed because we 417

observe anti-social punishment also when loners are left free to be out of the game. 418

While our results highlight the importance of studying optional play and punishment 419
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together in social dilemma games, further research is needed to analyze these situations 420

in the lab and in the field and to explore the role of reputation and information in 421

optional games of cooperation. 422

Supporting information 423

Methods 424

The experiment was conducted with the use of a mobile laboratory for experimental 425

economics. Experimental sessions were run in the Italian provinces of Modena (in the 426

municipalities of Vignola and Mirandola), Reggio Emilia (in the main town of the 427

province), Macerata (in the main town province), Fiastra (Province of Macerata), 428

Petritoli (Province of Fermo) between November 2015 and May 2018. In Vignola, 429

Petritoli and Mirandola the experimental sessions were organized in the municipalities’ 430

council chambers while in Reggio Emilia, the experimental sessions were organized at 431

the university. The sessions in Macerata were run at the Department of Economics of 432

the University; the sessions in Fiastra were run on a container made available by a local 433

association. All venues used for the experiment were all accessible by car or public 434

transport. 435

The sample was recruited (for each location) from the general population, with the 436

aim of maximizing the diversity of the sample. In order to reach potential volunteers, 437

1000 letters were sent to random families selected from the lists of residents in the 438

municipalities involved. Moreover, written advertisements (flyers and posters) were 439

posted in a large number of restaurants, bars, shops. Further general diffusion was 440

obtained with advertisements through the municipality newsletter and a Facebook page. 441

Finally, about 4000 ex-students from all faculties of the University of Modena and 442

Reggio Emilia (graduated from 2009 to 2015) were contacted through email, inviting 443

them to spread the information about the experiment. Potential volunteers were invited 444

to register for the experiment either through a web–form, by email or by phone. 445

Registered individuals were then randomly assigned to one of the sessions of the 446

experiments realized in their municipality. 447

The pool of candidates registered for the experiments were selected for sessions 448
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imposing two restrictions. First, the candidate had to be 18 years or older at the time of 449

the experiment (this restriction was required for legal reasons). Second, only residents 450

of either the municipalities in which the session was run, or of the neighbouring ones, 451

could participate in an experiment run there (locations of the sessions, dates, times are 452

reported in Table S19). 453

The experimental software was developed in Python using the o-Tree platform [40]. 454

This software platform was chosen as it allows running experiments on devices with 455

touchscreens (such as tablets) and with a web-based graphical user interface. These are 456

more likely to be familiar to the wider population, which does not necessarily possesses 457

computer proficiency. Accordingly, participants to all sessions assessed positively the 458

easiness of use of both o-Tree and the tablets (see Table S18). 459

Upon arrival at the experimental session, subjects were registered and assigned a 460

seat where they were given both an informed consent as well as a privacy consent and 461

data release form to read and sign. Participants were informed they were allowed to 462

leave at any moment and obtain the show up fee, but nobody left the sessions. 463

Participants were made aware of the fact that oral communication was forbidden during 464

the experimental sessions. Moreover, mobile cubicles were used to make visual contact 465

among participants impossible. 466

All instructions were read aloud by one (the same for all sessions) experimenter. 467

Moreover, the instructions for the current game were available at the bottom of the 468

screen at any time during the associated task. 469

The experiment was conducted in accordance with regulations and relevant 470

guidelines for experiments with human subjects of the REBEL (Reggio Emilia 471

Behavioural Economics Laboratory) at the University of Modena and Reggio Emilia 472

and therefore approved by the REBEL’ ethics committee. 473

Average session time was one hour, and payoffs were expressed in experimental 474

points (tokens), with each token corresponding to 0.04 e. The average payments per 475

person was around 15 Euros. The composition of our final sample as well as general 476

characteristics of the towns selected are described respectively in Table S18 and S19 of 477

SI. The number of participants was 16 for each experimental session, with every 478

individual allowed to participate in only one session. In some cases due to last minute 479

abandonment, we run sessions of 12 subjects. All sessions were run on Saturdays in 480
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order to favour a wider and more diverse participation. 481

Sample selection For Experiment (E1), 176 subjects were recruited according to the 482

procedures explained in the previous section. We did not proceed to exclude subjects 483

that did not respond correctly to the answers, given the complex nature of the recruiting 484

procedure, but we did give feedback of the control questions to the participants. When 485

the answer was given, in the next page of the software, a calculated explanation was 486

provided in order to help the participants to fully understand the game structure. 487

Moreover, we collected the data related to the performance of the participants in the 488

game and used the variable as a control in the analysis. Subjects received a 5 Euros 489

show up fee and on average extra 15 Euros for the decisions made in the experiment. In 490

each part of the experiment, new groups were formed with a reshuffle among all 491

participants in the session. Participants were informed of the reshuffling at all stages in 492

which it occurred. First the experimenter read a set of instructions for a one shot public 493

goods game in which the general rule of functioning of a public goods game is explained. 494

Subjects were then informed that they entered the second part of the experiment, with 495

new group members. Instructions were read aloud by the experimenter that explained 496

that the game was similar to the previous part but that there would be a second phase 497

of the game where subjects should choose among a list of possible decisions to make. In 498

each part, when a new game is introduced, subjects were asked to respond to 3-4 499

control questions, which would not affect the game earnings. In order to prevent 500

between-game learning, we did not provide any feedback related to the games before the 501

end of the whole experiment. The only part where a feedback is provided, is in the 502

PGG games with punishment, where the contribution levels and participations are 503

shown before making a punishment decision. In the second experiment, E2, 60 subjects 504

were recruited. The only difference with respect to E1, is in the first part of the game. 505

All the rest is identical, as shown in Figures 1b and 1b. At the end of the sessions of 506

both experiments, we run a guessing game and a dictator game (four players) as 507

controls for strategic reasoning (cognitive ability) and individual pro-sociality (unrelated 508

to community norms of cooperation). Results of these last games are not analysed in 509

this paper. Finally, participants were asked to fill up a survey with demographics data 510

and provided feedback about all the games played together with the conversion of 511
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points in Euros. Payments were made privately and in cash at the end of the session. 512

Details on Punishment The Punishment stage of our design is the same for both 513

E1 and E2. Subjects can choose among three possible actions, A, B or C: choosing 514

option A has no effect on either player; choosing option B causes a player to lose 4 515

points while the target player loses 12 points; and choosing option C causes a player to 516

lose 8 points while the target player loses 24 points. 517

Subjects are allowed to condition their Stage 2 choice on the other player’s 518

contribution in the previous stage (the PGG contribution decision): although they can 519

observe the amount contributed by the other players in the group, they cannot not 520

directly target their punishment at the subjects with a specific level of contribution. On 521

the contrary, subject must indicate which action (A, B, C) they would take towards 522

group members choosing each possible contribution level (0, 10, 20, 30, 40) and toward 523

the choice to not participate to the game. The computer would then assign randomly 524

pairs of participants in each group, and calculate the relative punishment levels, 525

depending on the choices actually implemented by the pair. Subjects were informed of 526

this procedure and payment structure all along. The translation of the experimental 527

instructions are provided in Section S4 of SI. 528

Data availability statement 529

The dataset generated and analysed in the current study is available from the 530

corresponding author upon request. 531
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