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ABSTRACT 13 

Why does human cooperation often unravel in economic experiments despite a promising 14 

start? Previous studies have interpreted the decline as the reaction of disappointed 15 

cooperators retaliating in response to lesser cooperators (conditional cooperation). This 16 

interpretation has been considered evidence of a uniquely human form of cooperation, 17 

motivated by altruistic concerns for fairness and requiring special evolutionary 18 

explanations. However, experiments have typically shown individuals information about 19 

both their personal payoff and information about the decisions of their groupmates 20 

(social information). Showing both confounds explanations based on conditional 21 

cooperation with explanations based on individuals learning how to better play the game. 22 

Here we experimentally decouple these two forms of information, and thus these two 23 

learning processes, in public goods games involving 616 Swiss university participants. We 24 

find that payoff information leads to a greater decline, supporting a payoff-based learning 25 

hypothesis. In contrast, social information has small or negligible effect, contradicting the 26 

conditional cooperation hypothesis. We also find widespread evidence of both confusion 27 

and selfish motives, suggesting that human cooperation is maybe not so unique after all. 28 

 29 
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Highlights 40 

• Human cooperation often unravels in experiments despite a promising start 41 

• We tested if this decline was due to people learning about people, or payoffs 42 

• We find solid support for the role of payoffs, less for learning about people 43 

• We also confirm that many participants are selfish but confused about payoffs 44 

• Our results contradict many interpretations of economic experiments 45 
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INTRODUCTION 54 

 “Sound knowledge about the specific motives behind altruistic acts predominantly 55 

stems from laboratory experiments” - (Fehr & Fischbacher, 2003) 56 

 57 

Economic experiments using the public-goods game have shown that many people initially 58 

pay costs that benefit their group (cooperate) but that this cooperation is fragile and 59 

typically declines over time (Burton-Chellew & West, 2021; Chaudhuri, 2011; Jouxtel, 2019; 60 

Ledyard, 1995; Neugebauer, Perote, Schmidt, & Loos, 2009; Thielmann, Böhm, Ott, & Hilbig, 61 

2021; Zelmer, 2003). There are two major competing explanations for this decline that are 62 

both based on different forms of learning (Andreoni, 1995; Burton-Chellew & West, 2021; 63 

Cooper & Stockman, 2002; Houser & Kurzban, 2002). One hypothesis is that cooperation 64 

unravels due to disappointment among cooperative individuals as they learn that people are 65 

not as cooperative as they anticipated. This ‘conditional cooperators’ hypothesis posits that 66 

people are mostly motivated by an altruistic concern for fairness, and that human 67 

cooperation requires a unique evolutionary explanation (Fehr & Fischbacher, 2003; Fehr & 68 

Schurtenberger, 2018; Henrich & Muthukrishna, 2021). The competing hypothesis is that 69 

cooperation decreases as confused individuals learn from their payoffs that contributing is 70 

not as profitable as they thought. This ‘confused learners’ hypothesis posits that people are 71 

mostly motivated by self-interest but are not well adapted to laboratory games (Burton-72 

Chellew, El Mouden, & West, 2016; Burton-Chellew, Nax, & West, 2015; Burton-Chellew & 73 

West, 2013; Burton-Chellew & West, 2021).  74 

 75 

Despite decades of study there is still much debate and controversy over these competing 76 

explanations, that are not fully mutually exclusive (Burton-Chellew & West, 2021; Camerer, 77 

2013; Fehr & Schurtenberger, 2018). One reason for this is because the standard 78 

experimental design typically confounds these two explanations, by coupling together 79 

information on a focal player’s earnings from the game (payoff information) with 80 

information on the decisions of their groupmates (social information). If individuals can 81 

observe both payoff and social information, it is unclear which information is more 82 

psychologically salient and driving behavior. This is a problem because the two forms of 83 

information are often highly correlated: more cooperative groupmates lead to higher 84 

payoffs and vice versa. Consequently, both the conditional cooperators and the confused 85 
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learners hypotheses can predict an increase/decrease in cooperation in response to 86 

more/less cooperation by others (M. N. Burton-Chellew, C. El Mouden, & S. A. West, 2017b; 87 

Burton-Chellew, et al., 2015; Nax, Burton-Chellew, West, & Young, 2016).  88 

 89 

One solution to the problem of confounding is to use modified versions of the public goods 90 

game that test for either Conditional Cooperators or Confused Learners (Andreoni, 1995; 91 

Andreozzi, Ploner, & Saral, 2020; Angelovski, Di Cagno, Güth, Marazzi, & Panaccione, 2018; 92 

Bayer, Renner, & Sausgruber, 2013; Burton-Chellew, et al., 2016; Burton-Chellew & West, 93 

2013; Croson, Fatas, & Neugebauer, 2005; Di Cagno, Galliera, Güth, & Panaccione, 2016; 94 

Ferraro & Vossler, 2010; U. Fischbacher & Gachter, 2010; U. Fischbacher, Gachter, & Fehr, 95 

2001; Gunnthorsdottir, Houser, & McCabe, 2007; Houser & Kurzban, 2002; Kocher, 96 

Martinsson, Persson, & Wang, 2016; Kuemmerli, Burton-Chellew, Ross-Gillespie, & West, 97 

2010; Kurzban & Houser, 2005; Shapiro, 2009; Thoni & Volk, 2018). However, while these 98 

experiments are informative, it could be argued these modified public goods games are 99 

problematic because they are either not the same game or not the same decision 100 

mechanism, and thus behavior may change in unknown ways (Camerer, 2013; Urs 101 

Fischbacher, Gächter, & Quercia, 2012). 102 

 103 

We decoupled payoff information from social information in the standard public goods 104 

game and with standard instructions (Figure 1). Our primary method was to provide 105 

individuals with either just their personal payoff information (Payoff treatment), or just 106 

social information on the decisions of their groupmates (Social treatment, individual 107 

decisions were shown in either full, or just the group average decision). This decoupling 108 

allowed us to evaluate the relative importance of payoff-based learning and conditional 109 

cooperation for causing the decline in contributions. It also had the advantage that we did 110 

not have to change the underlying game or basic decision process. If the decline is only due 111 

to payoff-based learning, then the decline will not occur unless payoff information is shown 112 

i.e., when participants are only shown social information. In contrast, if the decline is only 113 

due to conditional cooperation, then adding payoff information will not increase the rate of 114 

decline.  115 

 116 
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As the decline in contributions over time may occur for other reasons, such as increased 117 

time for reflection, we included a control treatment to measure how behavior may change 118 

over time (Figure 1). This provided a baseline rate of decline for comparison when 119 

individuals have neither payoff nor social information (No-info treatment). We also included 120 

a fourth treatment that presented the usual, combined, information, replicating the typical 121 

design in the literature (Combined treatment). This combined treatment allowed us to 122 

evaluate the effect of adding payoff information to social information, which is technically 123 

redundant if individuals fully understand the game (a key assumption of the conditional 124 

cooperation interpretation). This redundancy is a strength of our design, because if 125 

individuals perfectly understand the game and are fair-minded conditional cooperators then 126 

behavior should not differ between the two treatments. If, on the other hand, individuals 127 

are confused learners, their behavior should differ across treatments, as payoff-based 128 

learning will only be possible when payoffs are shown. We also included a range of 129 

alternative decision tasks both before and after the main game to test for confusion and 130 

motivations more directly (Supplementary Figure 1). 131 

 132 

 133 

 134 
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 135 
Figure 1. Experimental design. We varied how much information participants saw after 136 

each round of the game. We decoupled two typical forms of information, either about the 137 

focal individual’s own earnings (yellow/top individual, payoff information), or the 138 

contribution decisions of the focal player’s groupmates (blue individuals, social information). 139 

This made four general treatments: one treatment with neither form of information (‘No-140 

info’, N = 21 groups); one with just payoff information (‘Payoff’, N = 40 groups); one with just 141 

social information (‘Social’, N = 53 groups; 33 groups received only limited information, the 142 

group average); and one with both forms of information (‘Combined’, N = 40 groups; 20 with 143 

only limited social information, the group average). All individuals within the same group 144 

received the same treatment. We never showed the earnings (payoff) of groupmates.  145 

 146 

 147 
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METHODS 148 

Data collection 149 

We conducted two studies, a year apart, identical in design except that degree of social 150 

information showed either all individual contributions (full social information), or just the 151 

group average contribution (limited social information). In both cases adding payoff 152 

information is technically redundant because both forms can be used to calculate personal 153 

payoffs, but only the limited social information can be calculated from personal payoffs.  154 

Study 1, with detailed social information used 280 participants (70 groups of four) in the 155 

Autumn semester of 2018, from 21st to 30th November, and Study 2, with just the group 156 

average, used 336 participants (84 groups of four) in the Autumn semester of 2019, from 7th 157 

to 11th October. All data were anonymous and collected electronically. Our experimental, 158 

data and analysis files are available online: 159 

[https://osf.io/t4smj/?view_only=a7e682a10a7d45dda6d463d6cd65c402] 160 

 161 

Participants and Location 162 

In total we ran 40 sessions with 616 participants. Each session involved 12-20 participants 163 

(3-5 groups). All sessions were conducted at the Faculty of Business and Economics (HEC), 164 

University of Lausanne (UNIL), Switzerland, in the HEC-LABEX facility. LABEX forbids 165 

deceiving participants and requires that all experimental designs obtain prior ethical 166 

approval from the LABEX ethics committee. We recruited our participants from the HEC-167 

LABEX participant pool using ORSEE and excluded all participants from previous experiments 168 

by the same authors (Greiner, 2015). Participants were mostly students enrolled at either 169 

UNIL or the Swiss Federal Polytechnic School (EPFL), and they can be from diverse ethnic, 170 

socio-economic, and cultural backgrounds (these variables were not recorded). According to 171 

the questionnaires we had a near equal gender ratio (306 Female, 304 Male, 2 Other, and 4 172 

declined to answer) and most of our participants were under 26 years of age (277 aged 173 

under 20, 309 aged 20-25, 25 aged 26-30, 2 aged 30-35, 2 x Over 35, and 1 declined to 174 

answer, responses to the age question were categorical to increase anonymity). In study 1 175 

we excluded HEC students. In study 2 we allowed first year students from HEC. 176 

 177 

Financial incentives 178 
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We paid all participants a show up fee of 10 CHF.  For each of the 11 incentivized decisions, 179 

we endowed participants with 20 Monetary Units (MU) and each MU was worth 0.025 CHF, 180 

so 20 MU was worth 0.5 CHF. 181 

 182 

Experimental procedure 183 

The experiment had several stages (Supplementary Figure 1). We provide a full copy of the 184 

English instructions in our Supplementary Methods. For each stage participants had to 185 

answer questions regarding their understanding of the instructions (‘control questions’). For 186 

all questions, participants were allowed unlimited time and two attempts before we showed 187 

them the correct answers. The initial instructions often took a very long time (more than 20 188 

minutes) (Bigoni & Dragone, 2012).  189 

 190 

Participants were randomly assigned to a partitioned computer terminal. We announced 191 

that communication was forbidden, and that the HEC-LABEX forbids deception. Participants 192 

then progressed, at their own pace, through on-screen instructions and control questions 193 

based on hypothetical scenarios detailing the general public-goods game decision and 194 

payoffs. We used publicly available instructions, control questions, and structural 195 

parameters and translated them into French (U. Fischbacher & Gachter, 2010). The specific 196 

parameters were group sizes of four participants, an endowment of 20 Monetary Units, and 197 

a Multiplier/Efficiency Factor of 1.6, which meant all contributions were multiplied by 1.6 198 

before being shared out equally, to give a marginal per capita return (MPCR) of 0.4. As this is 199 

less than 1, the rational selfish income maximizing decision in a single round is to contribute 200 

0 MU. At this stage the instructions have only described the general decision task and the 201 

payoffs involved. The instructions so far have not mentioned game length, type of 202 

groupmates or information feedback. 203 

 204 

We then used an asocial control treatment to test if individuals maximized their income 205 

when there were no social concerns (pre-game ‘Income Maximization Test’). We informed 206 

participants that they would face the same decision but in ‘a special case’ with 207 

computerized groupmates programmed to play randomly. We assured them that this 208 

decision would not be seen by other participants, would have no future consequences, and 209 

no financial consequences for other participants but did have financial consequences for 210 
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them. We made them answer five true or false statements about the situation they faced 211 

and provided them with the correct answers afterwards (Supplementary Methods). After 212 

their decision, we did not provide them with any immediate feedback about their earnings 213 

or the computer decisions, to prevent learning about the game before the information 214 

treatments. This income maximization test allowed us to estimate how much individuals still 215 

contribute even when they can have no rational concern for fairness or helping others. 216 

 217 

Next, participants learned that they would now face the same decision but with real people, 218 

as outlined in the original instructions. We informed them that they had been randomly 219 

grouped with three other participants for nine rounds of decision making. Although 220 

repeated games can favor some strategic cooperation, backwards induction would mean 221 

that the selfish income maximizing decision in a finite game of known length among rational 222 

individuals is still to contribute 0 MU (Ambrus & Pathak, 2011; M. N. Burton-Chellew, C. El 223 

Mouden, & S A. West, 2017a; Dijkstra & van Assen, 2017; Kreps, Milgrom, Roberts, & 224 

Wilson, 1982; Krockow, Colman, & Pulford, 2016).  We then explained to each group, 225 

according to its randomly assigned treatment, what type of information they would all be 226 

shown after each round. We assured them that all groupmembers would receive the same 227 

type of information. Again, we also made them answer five true or false statements about 228 

the situation they faced.  229 

 230 

Specifically, we told participants, in the: 231 

 No-info treatment, “You and everyone else in the group will not receive any 232 

information after each round. No participants will be able to know your investments at any 233 

time. Your earnings will not be shown to you each round, but you will receive the money at 234 

the end of the experiment.”.  235 

 Social treatment, “The information that each person will receive will only be the 236 

decision of each group member / average decision of the group [study 1 / study 2]. Your 237 

earnings will not be shown to you each round, but you will receive the money at the end of 238 

the experiment.” 239 

 Payoff treatment, “The information that each person will receive will only be their 240 

own earnings in each round. No participants will be able to know your investments at any 241 

time.” 242 



 10 

 Combined treatment, “The information that each person will receive will only be 243 

their own earnings, and the decision of each group member / and the average decision of 244 

the group [study 1/ study 2].”  245 

 246 

After the repeated public goods game with information treatments the participants were 247 

then told that they would face the same decision again but again in the special case with 248 

computers for just one round (post-game Income Maximization Test). We again assured 249 

them that this decision would have no future consequences but did have financial 250 

consequences for them and no other participants. The post-game Income Maximization Test 251 

allowed us to measure how the different information treatments affected learning about 252 

how to maximize income. 253 

 254 

At the end of the experiment, we asked participants two unincentivized questions regarding 255 

their understanding of the game’s payoffs, and their motivation when grouped with 256 

humans. Specifically, to test understanding of the game’s payoffs, we asked them, “In the 257 

basic decision situation, played for one round only, if a player wants to maximize his or her 258 

earnings, should they decide their contribution depending on what the other people in their 259 

group contribute?”. Participants had a choice of four answers: the correct answer, “No”; or 260 

two incorrect answers; “Yes”, “Sometimes”, or they could respond “Do not know” (Burton-261 

Chellew, et al., 2016). Asking participants about a strictly one-shot game allowed us to more 262 

cleanly measure their understanding of the game’s payoffs and the social dilemma involved 263 

than if we had asked them about a repeated game. If a participant does not know the 264 

correct answer to this question, then they do not understand the game’s payoffs. 265 

 266 

To measure motivations we asked, “Which of these descriptions best describes your 267 

motivation during the rounds with humans?” and offered participants four possible 268 

responses, that corresponded to selfishness (“Making myself as much money as possible.”); 269 

or competitiveness ( “Making myself more money than other people.”); or a desire for 270 

fairness (“Avoiding unequal outcomes so that I make neither more, nor less, than other 271 

people.”); or a desire to help the group (“Making the group as much money as possible even 272 

if it meant making myself less money.”). For both questions we reversed the on-screen 273 

order of responses for half of the participants (2 within each group). 274 
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 275 

Statistical analyses 276 

We analyzed the data using R-Studio version 1.3.1093 (Team, 2020). All statistical tests were 277 

two-tailed. Significance values in linear mixed models were estimated by the lmerTest 278 

package, which uses the Satterthwaite approximation for estimating degrees of freedom 279 

(Kuznetsova, Brockhoff, & Christensen, 2017). Data figures were made with the ggplot2 280 

package (Wickham, 2009).  281 

 282 

 283 

RESULTS 284 

Payoff information led to a greater decline than social information. In support of the 285 

Confused Learners hypothesis, contributions declined faster when we showed individuals 286 

their payoff information instead of social information (Figure 2). Pooling all the data 287 

together, we find that the rate of decline was significantly faster among those shown only 288 

their payoff compared to those shown just social information (Full model controlling for 289 

Study, Payoff versus Social treatment comparisons, lmer: estimated difference = -1.7 290 

percentage points per round, 95% CI = [-0.60, -2.73], t1,154.0 = -3.1, P = 0.002, Table 1). 291 

Specifically, when individuals saw payoffs, contributions declined by -3.6 percentage points 292 

per round, decreasing from 49% to 18% over 9 rounds, whereas among those shown social 293 

info, contributions only declined at a rate of -1.9 percentage points per round, from 47% to 294 

29% (Table 1). 295 

 296 

Social information had a negligible effect. In contrast, the effect of showing individuals 297 

social information had a negligible effect upon the rate of decline.  Compared to those 298 

individuals who saw no information (No-info treatment), the rate of decline was not 299 

significantly faster when individuals saw only information on the decisions of their 300 

groupmates (Social treatment) (lmer, Contribution ~ Game Round * Information treatment  301 

+ Study:  estimated difference in decline between No-info and Social treatments = -0.9 302 

percentage points per round, 95% CI = [ 2.17, -0.45], t1,154.0 = -1.3, P = 0.197, Figure 2, Table 303 

1). Repeating the above analyses separately for each study, which had different levels of 304 

social information, did not qualitatively change the conclusions (Supplementary Results, 305 

Supplementary Figure 2, Supplementary Tables 1 & 2), and there was no overall significant 306 
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three-way interaction between study and game round and information treatment (linear 307 

mixed model, Study * Game round * Information treatment, F3,154 = 0.7, P = 0.575). 308 

 309 

 310 
Figure 2. Declining cooperation. Depending on randomly assigned treatment, groups of 311 

individuals were shown either no information (grey, 21 groups); or social information 312 

(magenta, 53 groups); or payoff information (green, 40 groups) or both social and payoff 313 

information combined (blue, 40 groups). Payoff information led to a greater decline than 314 

social information. The data were collected across two studies that varied in the level of 315 

social information shown, including either all individual decisions or just the group average 316 

(Supplementary Figure 2). This figure is for illustration purposes and does not evaluate 317 

random effects. 318 
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 320 

 321 

We confirmed our main result, that the rate of decline was faster when payoff information 322 

was available, with two alternative analyses. First, we found, in support of the Confused 323 

Learners hypothesis, that the rate of decline was faster among those shown both social and 324 

payoff information (Combined information treatment), than among those shown just social 325 

information (Social treatment, pooling both studies, the rate of decline = -1.5 percentage 326 

points faster per round in the Combined treatment, 95% CI = [-0.41, -2.54], t1,154.0 = -2.7, P = 327 

0.007). This means that the addition of payoff information to social information led to a 328 

faster decline, despite this information being technically redundant if individuals perfectly 329 

understand the game. In contrast, the addition of social information to payoff information 330 

did not lead to a significantly faster decline in the Combined information treatment (pooling 331 

both studies, the rate of decline = 0.2 percentage points slower per round in the Combined 332 

treatment than in the Payoff treatment, 95% CI = [1.33, -0.95], t1,154.0 = 0.3, P = 0.744). In 333 

summary, adding payoff information accelerates the decline, but adding social information 334 

does not. 335 

Table 1. Declining cooperation. Results from a linear mixed model fit by maximum likelihood on 

the percent contribution by each group per round depending on information treatment (reference 

treatment: No-info). 

Parameter Coefficient Std.Error t1 df p-value Sig. 

(Intercept) [No-info] 47.73 4.372 10.918 159.2 <0.001 *** 

Game round [No-info] -1.07 0.563 -1.9 154.0 0.059 
 

Year of study [2019] -9.57 2.803 -3.415 154.0 <0.001 *** 

Treatment [Social] 4.20 4.874 0.861 154.0 0.391 
 

Treatment [Payoff] 6.40 5.086 1.259 153.8 0.210 
 

Treatment [Combined] 8.85 5.086 1.74 153.8 0.084 
 

Game round*Treatment [Social] -0.86 0.665 -1.295 154.0 0.197 
 

Game round*Treatment [Payoff] -2.53 0.665 -3.635 154.0 <0.001 *** 

Game round*Treatment [Combined] -2.34 0.665 -3.363 154.0 <0.001 *** 
Number of observations = 1,386 

Number of independent groups = 154 
1t-tests use Satterthwaite's method for estimating degrees of freedom. 
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 336 

Second, we analyzed all the groups separately, and found that groups which saw payoff 337 

information were almost twice as likely to develop a negative correlation between their 338 

contributions and round of the game (percentage of groups with a significant negative 339 

Pearson correlation, Payoff treatment = 70%; Combined treatment = 65%; Social treatment 340 

= 36%, No-info treatment = 24%; Number of groups = 40/40/53/21 respectively, Table 2).  341 

Among those groups in the Social treatment, 17% even finished at a higher level than their 342 

starting level (N = 9/53). In contrast, only 2% of groups in the Payoff treatment finished at a 343 

higher level (N = 1/40) (Table 3, Supplementary Figures 3-6 show the time profiles for each 344 

group). These comparisons would suggest that the Social treatment, even though it 345 

implicitly contains payoff information (personal payoffs can be calculated from the social 346 

information), was behaviorally more akin to the No-info treatment than to the two 347 

treatments showing explicit payoff information (Payoff and Combined treatments). 348 

 349 

  350 



 15 

 351 

Table 2: Pearson correlations. Summary of the correlations between contributions and the nine rounds of the game 

depending on the information treatment. Pearson correlations calculated for each individual and for each group. 

 Individuals Groups 

Treatment Mean Median Sig. neg. Sig. pos. Ni Mean Median Sig. neg. Sig. pos. Ng 

No-info -0.12 0.00 10% (8) 1% (1) 84 -0.26 -0.16 24% (5) 0% (0) 21 

Social -0.22 -0.29 14% (30) 5% (11) 212 -0.37 -0.55 36% (19) 4% (2) 53 

Payoff -0.40 -0.45 28% (45) 1% (1) 160 -0.70 -0.77 70% (28) 0% (0) 40 

Combined -0.37 -0.44 30% (48) 3% (5) 160 -0.62 -0.77 65% (26) 5% (2) 40 

 352 

  353 
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 354 

Table 3: Comparing start and finish. Summary of the differences in contributions between the beginning (Round 1) and end (Round 9) of 

the game by information treatment. Differences calculated for each individual and for each group. 

 
Individuals Groups 

Information Mean (MU) Median (MU) N decrease N increase N same Ni N decrease N increase N same Ng 

No-info -1.9 0 43% (36) 19% (16) 38% (32) 84 76% (16) 24% (5) 0% (0) 21 

Social -3.7 -3 62% (131) 25% (52) 14% (29) 212 83% (44) 17% (9) 0% (0) 53 

Payoff -6.1 -5 68% (109) 11% (17) 21% (34) 160 98% (39) 2% (1) 0% (0) 40 

Combined -5.2 -5 64% (103) 16% (25) 20% (32) 160 90% (10) 10% (4) 0% (0) 40 

 
 355 

 356 

  357 
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A range of alternative decision tasks confirmed most participants are confused and self-358 

interested. We also supplemented our above approach with a range of three alternative 359 

decision/survey tasks (Methods, Supplementary Figure 1). 360 

 361 

Alternative task 1: most participants failed to maximize income in the asocial control.  In 362 

support of the Confused Learners hypothesis we found (1) that in the pre-game income 363 

maximization test (IMT1), which was one round of the same public-goods game but played 364 

knowingly with computerized groupmates, most participants behaved irrationally (82% 365 

contributed more than 0 MU, N = 504/616; mean average contribution = 8.2/20 MU, 366 

median = 8 MU);  and (2) that the greatest performance in the post-game test (IMT2) 367 

occurred among those who had experienced the treatments containing payoff information 368 

(Payoff and Combined treatments versus Social and No-info treatments, generalized linear 369 

quasibinomial model controlling for individual’s contribution in the pre-game test: t1,612 = -370 

2.6, P = 0.009, Figure 3, Supplementary Figure 7, Supplementary Table 3).  371 

 372 
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Figure 3. Income Maximization Tests. Most individuals failed to maximize their income even 374 

when grouped with computers. We tested all individuals twice, one before and once after 375 

the repeated public goods game. The least improvement was among individuals shown only 376 

social information (pink). Number of individuals: No-info = 84; Social = 212; Payoff =160; 377 

Combined = 160.  378 

 379 

Alternative task 2: most participants appeared confused about payoffs. We also found 380 

evidence of substantial confusion when we asked participants if the income-maximizing 381 

strategy depended on the actions of their groupmates or not (Methods) (Burton-Chellew, et 382 

al., 2016)? Only 25% of participants answered correctly (‘No’) (N=153/616). In contrast, 72% 383 

of participant answered incorrectly (N=444), indicating that they had false beliefs about the 384 

game’s Payoff, with 53% responding that “Yes”, an income maximizing individual should 385 

decide their contribution depending on what others contribute (N=325) and another 19% 386 

responding “Sometimes” (N=119). The remaining participants, 3%, indicated that they did 387 

not know (“Do not know”, N = 19) (Table 2). Incorrect individuals were significantly more 388 

likely to have cooperated with computers (numbers that contributed more than 0 MU 389 

towards computers: in IMT1, N = 399 of 463 non-correct responses versus 105 of 153 390 

correct responses; Fisher’s Exact Test: P < 0.001; in IMT2, N = 358/463 versus 75/153; 391 

Fisher’s Exact Test: P < 0.001).  392 

 393 

Table 4: Confusion about Payoffs. Summary of participant responses to: “In the basic 

decision situation, played for one round only, if a player wants to maximize his or her 

earnings, should they decide their contribution depending on what the other people in their 

group contribute?”^ 

Information "Yes" "No"* "Sometimes" "Do not know" N 

No-info 54% (45) 25% (21) 20% (17) 1% (1) 84 

Social 50% (105) 26% (55) 21% (45) 3% (7) 212 

Payoff 55% (88) 26% (42) 15% (24) 4% (6) 160 

Combined 54% (87) 22% (35) 21% (33) 3% (5) 160 

Overall 53% (325) 25% (153) 19% (119) 3% (19) 616 

^We reversed the order of responses for half of the participants (2 within each group). 

* This is the correct response.  

 394 
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 395 

Alternative task 3: most participants reported selfish motives. Finally, because one 396 

important aim of laboratory experiments is to gain knowledge about the specific motives 397 

behind altruistic acts (Fehr & Fischbacher, 2003), we asked participants to identify with one 398 

of four possible motivations (Methods, Table 3). The results contradicted the idea that most 399 

people are fair-minded conditional cooperators. Instead, most participants, 54%, responded 400 

that they were best described by the selfish motivation (N = 305/568 surveyed). A further 401 

6% responded that they had a competitive motivation (N = 35), meaning that 60% of 402 

participants freely admitted to a socially undesirable response (N = 340). In contrast, only 403 

28% responded that they were best described by the fair or inequity-averse motivation (N = 404 

160) and only 12% that they were motivated by maximizing the group’s success even at 405 

personal cost (pro-group motivation) (N=68) (Table 3). These reported motivations 406 

appeared relatively reliable because they correlated with relative levels of contributions in 407 

the game (mean contribution for each motivation was: Competitive = 5.7/20 MU, 95% CI = 408 

[4.2, 7.2]; Selfish = 6.5/20 MU, 95% CI = [6.0, 7.0]; Inequity-averse = 8.1/20 MU, 95% CI = 409 

[7.4, 8.8]; Pro-group = 11.3/20 MU, 95% CI = [10.2, 12.4]; Linear model: Mean individual 410 

contribution over 9 game rounds ~ Motivation, F3,564 = 24.4, P < 0.001). 411 

 412 

Table 5: Selfish motivations. Summary of participant responses to: Which of these descriptions 

best describes your motivation during the rounds with humans?^  

Information Selfish 1 Inequity-averse 2 Pro-group 3 Competitive 4 N* 

No-info 57% (41) 24% (17) 11% (8) 8% (6) 72 

Social 51.5% (103) 29% (58) 14.5% (29) 5% (10) 200 

Payoff 59% (87) 27% (40) 9% (13) 5% (8) 148 

Combined 50% (74) 30% (45) 12% (18) 7% (11) 148 

Overall 54% (305) 28% (160) 12% (68) 6% (35) 568 

^ We reversed the order of responses for half of the participants (2 within each group). 
1 “Making myself as much money as possible.” 
2 “Avoiding unequal outcomes so that I make neither more, nor less, than other people.” 
3 “Making the group as much money as possible even if it meant making myself less money.” 
4 “Making myself more money than other people.” 

* 48 participants, 12 in each treatment, were not presented with this question. 

 413 
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 414 

DISCUSSION 415 

We tested competing explanations for behavior in public goods games by controlling 416 

whether individuals could learn from their own payoffs or not (Confused Learner’s 417 

hypothesis), and whether they could respond conditionally to their groupmates’ 418 

contributions or not (Conditional Cooperation hypothesis) (Figure 1). We found substantial 419 

support for the Confused Learner’s hypothesis across multiple results. Specifically; we found 420 

that (1) payoff information generated the greatest decline in contributions, regardless of 421 

whether social information was present or not (Figure 2, Tables 1-3) (2) most individuals 422 

demonstrated confusion about the game’s payoffs when playing with computerized 423 

groupmates (Figure 3) or when directly asked (Table 4); and (3) that most individuals 424 

admitted to being selfishly motivated to make themselves as much money as possible (Table 425 

5).  426 

 427 

Overall, our results suggest that apparent altruism in public goods games mostly arises from 428 

confused but self-interested individuals trying to learn how to play the game, and not from 429 

fair-minded altruistic individuals trying to help their group or equalize payoffs. If individuals 430 

are confused, we cannot be sure what ‘game’ they think they are playing (Chou, McConnell, 431 

Nagel, & Plott, 2009; Columbus, Munich, & Gerpott, 2020; Ferraro & Vossler, 2010; Plott & 432 

Zeiler, 2005).  For example, if individuals think the best action depends on what others do, 433 

like a ‘stag-hunt’ game or ‘threshold’ public-goods game (Croson & Marks, 2000; Rondeau, 434 

Poe, & Schulze, 2005), then it makes sense for them to act conditionally on social 435 

information. This could explain why the frequencies of different responses to our question 436 

on how to maximize incomes closely resembled the frequencies of different ‘social types’ 437 

(‘Yes’ = ‘Conditional Cooperator’, ‘No’ = ‘Free Rider’, etc.) typically reported in other 438 

experiments (Burton-Chellew, et al., 2016; U. Fischbacher & Gachter, 2010; U. Fischbacher, 439 

et al., 2001; Thoni & Volk, 2018). In this case social types would really be artefacts of 440 

variation in levels of understanding (Burton-Chellew, et al., 2016) and repeated public-goods 441 

games with payoff information would be measuring rates of learning rather than social 442 

preferences (Burton-Chellew & West, 2021). 443 

 444 
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Our study shows the value of using a range of treatments and methods. For example, our 445 

No-info treatment provided an informative baseline treatment when comparing rates of 446 

decline (Supplementary Tables 1-2). Our simple, direct, surveys of understanding and 447 

motivation complimented our use of the more traditional methods of incentivized decision 448 

making (‘behavioral economics’). The latter is less susceptible to socially desirable 449 

responses, but the former is simpler to understand and the results easier to interpret. Our 450 

income maximization tests with computerized groupmates provided quick and simple tests 451 

of ‘rational’ behavior, a commonly assumed hypothesis in economic experiments aiming to 452 

measure social behaviors.   453 

 454 

Future directions. It could be useful to expand our experiment. One could test which 455 

information is of more interest to participants by allowing them to choose (Burton-Chellew 456 

& D’Amico, 2021), or to use eye or mouse tracking software (Geran & Weixing, 2020; Jiang, 457 

Potters, & Funaki, 2016; Lahey & Oxley, 2016). One could vary how groups are formed, 458 

group size, or the length of the game, to investigate if the salience of social information 459 

depends on the probability of future social interactions (Burton-Chellew, et al., 2017a; Fiala 460 

& Suetens, 2017; Reuben & Suetens, 2012; Trivers, 2006).  One could ask participants about 461 

their expectations about their groupmates’ contributions to gain insights into their thought 462 

processes (Chaudhuri, Paichayontvijit, & Smith, 2017; U. Fischbacher & Gachter, 2010). We 463 

did not do so because asking individuals to guess the contributions of their groupmates may 464 

distort behavior by stimulating conditional cooperation in individuals that would otherwise 465 

not have thought about their groupmates. One could use a range of different instructions to 466 

test if our results generalize to different set-ups or different cultures (Li, 2017). Here we 467 

simply replicated ‘standard’ instructions and used a common participant pool, to enable 468 

comparisons with many prior key studies (Fehr & Gachter, 2002; U. Fischbacher & Gachter, 469 

2010; U. Fischbacher, et al., 2001). We replicated the standard result, but our expanded 470 

design and varied approach allowed us to identify that most participants were in fact selfish, 471 

not altruistic, but needed to learn about the game’s payoffs. 472 

 473 

ACKNOWLEDGEMENTS 474 

We are grateful to Tiago Fernandes for assistance with translations and conducting the first 475 

study; Luis Santos-Pinto and Laurent Lehmann for helpful discussion, and the audience of 476 



 22 

the Behavioral Economics and Experimental Research group at UNIL for feedback. Funding 477 

provided by Professor Laurent Lehmann’s independent research budget. 478 

 479 

 480 

 481 

References 482 

 483 

Ambrus, A., & Pathak, P. A. (2011). Cooperation over finite horizons: A theory and 484 

experiments. Journal of Public Economics, 95, 500-512. 485 

Andreoni, J. (1995). Cooperation in public-goods experiments - kindness or confusion. 486 

American Economic Review, 85, 891-904. 487 

Andreozzi, L., Ploner, M., & Saral, A. S. (2020). The stability of conditional cooperation: 488 

beliefs alone cannot explain the decline of cooperation in social dilemmas. Scientific 489 

Reports, 10, 13610. 490 

Angelovski, A., Di Cagno, D., Güth, W., Marazzi, F., & Panaccione, L. (2018). Behavioral 491 

spillovers in local public good provision: An experimental study. Journal of Economic 492 

Psychology, 67, 116-134. 493 

Bayer, R. C., Renner, E., & Sausgruber, R. (2013). Confusion and learning in the voluntary 494 

contributions game. Experimental Economics, 16, 478-496. 495 

Bigoni, M., & Dragone, D. (2012). Effective and efficient experimental instructions. 496 

Economics Letters, 117, 460-463. 497 

Burton-Chellew, M. N., & D’Amico, V. (2021). Humans prefer to copy success rather than the 498 

social norm in a cooperative game. SocArXiv. 499 

Burton-Chellew, M. N., El Mouden, C., & West, S. A. (2016). Conditional cooperation and 500 

confusion in public-goods experiments. Proceedings of the National Academy of 501 

Sciences of the United States of America, 113, 1291-1296. 502 

Burton-Chellew, M. N., El Mouden, C., & West, S. A. (2017a). Evidence for strategic 503 

cooperation in humans. Proceedings of the Royal Society B: Biological Sciences, 284. 504 

Burton-Chellew, M. N., El Mouden, C., & West, S. A. (2017b). Social learning and the demise 505 

of costly cooperation in humans. Proceedings of the Royal Society B-Biological 506 

Sciences, 284. 507 

Burton-Chellew, M. N., Nax, H. H., & West, S. A. (2015). Payoff based learning explains the 508 

decline in cooperation in human public goods games. Proceedings of the Royal 509 

Society B-Biological Sciences, 282, 20142678. 510 

Burton-Chellew, M. N., & West, S. A. (2013). Prosocial preferences do not explain human 511 

cooperation in public-goods games. Proceedings of the National Academy of Sciences 512 

of the United States of America, 110, 216-221. 513 

Burton-Chellew, M. N., & West, S. A. (2021). Payoff-based learning best explains the rate of 514 

decline in cooperation across 237 public-goods games. Nature Human Behaviour. 515 

Camerer, C. F. (2013). Experimental, cultural, and neural evidence of deliberate prosociality. 516 

Trends in Cognitive Sciences, 17, 106-108. 517 

Chaudhuri, A. (2011). Sustaining cooperation in laboratory public goods experiments: a 518 

selective survey of the literature. Experimental Economics, 14, 47-83. 519 



 23 

Chaudhuri, A., Paichayontvijit, T., & Smith, A. (2017). Belief heterogeneity and contributions 520 

decay among conditional cooperators in public goods games. Journal of Economic 521 

Psychology, 58, 15-30. 522 

Chou, E., McConnell, M., Nagel, R., & Plott, C. R. (2009). The control of game form 523 

recognition in experiments: understanding dominant strategy failures in a simple 524 

two person "guessing" game. Experimental Economics, 12, 159-179. 525 

Columbus, S., Munich, J., & Gerpott, F. H. (2020). Playing a different game: Situation 526 

perception mediates framing effects on cooperative behaviour. Journal of 527 

Experimental Social Psychology, 90. 528 

Cooper, D. J., & Stockman, C. K. (2002). Fairness and learning: an experimental examination. 529 

Games and Economic Behavior, 41, 26-45. 530 

Croson, R., Fatas, E., & Neugebauer, T. (2005). Reciprocity, matching and conditional 531 

cooperation in two public goods games. Economics Letters, 87, 95-101. 532 

Croson, R., & Marks, M. (2000). Step Returns in Threshold Public Goods: A Meta- and 533 

Experimental Analysis. Experimental Economics, 2, 239-259. 534 

Di Cagno, D., Galliera, A., Güth, W., & Panaccione, L. (2016). A hybrid public good 535 

experiment eliciting multi-dimensional choice data. Journal of Economic Psychology, 536 

56, 20-38. 537 

Dijkstra, J., & van Assen, M. A. L. M. (2017). Explaining cooperation in the finitely repeated 538 

simultaneous and sequential prisoner's dilemma game under incomplete and 539 

complete information. Journal of Mathematical Sociology, 41, 1-25. 540 

Fehr, E., & Fischbacher, U. (2003). The nature of human altruism. Nature, 425, 785-791. 541 

Fehr, E., & Gachter, S. (2002). Altruistic punishment in humans. Nature, 415, 137-140. 542 

Fehr, E., & Schurtenberger, I. (2018). Normative foundations of human cooperation. Nature 543 

Human Behaviour, 2, 458-468. 544 

Ferraro, P. J., & Vossler, C. A. (2010). The Source and Significance of Confusion in Public 545 

Goods Experiments. B E Journal of Economic Analysis & Policy, 10. 546 

Fiala, L., & Suetens, S. (2017). Transparency and cooperation in repeated dilemma games: a 547 

meta study. Experimental Economics, 20, 755-771. 548 

Fischbacher, U., & Gachter, S. (2010). Social Preferences, Beliefs, and the Dynamics of Free 549 

Riding in Public Goods Experiments. American Economic Review, 100, 541-556. 550 

Fischbacher, U., Gachter, S., & Fehr, E. (2001). Are people conditionally cooperative? 551 

Evidence from a public goods experiment. Economics Letters, 71, 397-404. 552 

Fischbacher, U., Gächter, S., & Quercia, S. (2012). The behavioral validity of the strategy 553 

method in public good experiments. Journal of Economic Psychology, 33, 897-913. 554 

Geran, T., & Weixing, W. (2020). A Review of Mouse-Tracking Applications in Economic 555 

Studies. Journal of Economics and Behavioral Studies, 11. 556 

Greiner, B. (2015). Subject pool recruitment procedures: organizing experiments with 557 

ORSEE. Journal of the Economic Science Association, 1, 114-125. 558 

Gunnthorsdottir, A., Houser, D., & McCabe, K. (2007). Disposition, history and contributions 559 

in public goods experiments. Journal of Economic Behavior & Organization, 62, 304-560 

315. 561 

Henrich, J., & Muthukrishna, M. (2021). The Origins and Psychology of Human Cooperation. 562 

Annual Review of Psychology, Vol 72, 72, 207-240. 563 

Houser, D., & Kurzban, R. (2002). Revisiting kindness and confusion in public goods 564 

experiments. American Economic Review, 92, 1062-1069. 565 



 24 

Jiang, T., Potters, J., & Funaki, Y. (2016). Eye-tracking Social Preferences. Journal of 566 

Behavioral Decision Making, 29, 157-168. 567 

Jouxtel, J. (2019). Voluntary contributions of time: Time-based incentives in a linear public 568 

goods game. Journal of Economic Psychology, 75, 102139. 569 

Kocher, M. G., Martinsson, P., Persson, E., & Wang, X. (2016). Is there a hidden cost of 570 

imposing a minimum contribution level for public good contributions? Journal of 571 

Economic Psychology, 56, 74-84. 572 

Kreps, D. M., Milgrom, P., Roberts, J., & Wilson, R. (1982). Rational Cooperation in the 573 

Finitely Repeated Prisoners-Dilemma. Journal of Economic Theory, 27, 245-252. 574 

Krockow, E. M., Colman, A. M., & Pulford, B. D. (2016). Cooperation in repeated 575 

interactions: A systematic review of Centipede game experiments, 1992-2016. 576 

European Review of Social Psychology, 27, 231-282. 577 

Kuemmerli, R., Burton-Chellew, M. N., Ross-Gillespie, A., & West, S. A. (2010). Resistance to 578 

extreme strategies, rather than prosocial preferences, can explain human 579 

cooperation in public goods games. Proceedings of the National Academy of Sciences 580 

of the United States of America, 107, 10125-10130. 581 

Kurzban, R., & Houser, D. (2005). Experiments investigating cooperative types in humans: A 582 

complement to evolutionary theory and simulations. Proceedings of the National 583 

Academy of Sciences of the United States of America, 102, 1803-1807. 584 

Kuznetsova, A., Brockhoff, P. B., & Christensen, R. H. B. (2017). lmerTest Package: Tests in 585 

Linear Mixed Effects Models. Journal of Statistical Software, 82, 1-26. 586 

Lahey, J. N., & Oxley, D. (2016). The Power of Eye Tracking in Economics Experiments. 587 

American Economic Review, 106, 309-313. 588 

Ledyard, J. (1995). Public goods: a survey of experimental research. In J. H. Kagel & A. E. 589 

Roth (Eds.), Handbook of Experimental Economics (pp. 253-279). Princeton: 590 

Princeton University Press. 591 

Li, K. K. (2017). How does language affect decision-making in social interactions and decision 592 

biases? Journal of Economic Psychology, 61, 15-28. 593 

Nax, H. H., Burton-Chellew, M. N., West, S. A., & Young, H. P. (2016). Learning in a black box. 594 

Journal of Economic Behavior & Organization, 127, 1-15. 595 

Neugebauer, T., Perote, J., Schmidt, U., & Loos, M. (2009). Selfish-biased conditional 596 

cooperation: On the decline of contributions in repeated public goods experiments. 597 

Journal of Economic Psychology, 30, 52-60. 598 

Plott, C. R., & Zeiler, K. (2005). The willingness to pay-willingness to accept gap, the 599 

"endowment effect," subject misconceptions, and experimental procedures for 600 

eliciting valuations. American Economic Review, 95, 530-545. 601 

Reuben, E., & Suetens, S. (2012). Revisiting strategic versus non-strategic cooperation. 602 

Experimental Economics, 15, 24-43. 603 

Rondeau, D., Poe, G. L., & Schulze, W. D. (2005). VCM or PPM? A comparison of the 604 

performance of two voluntary public goods mechanisms. Journal of Public 605 

Economics, 89, 1581-1592. 606 

Shapiro, D. A. (2009). The role of utility interdependence in public good experiments. 607 

International Journal of Game Theory, 38, 81-106. 608 

Team, R. (2020). RStudio: Integrated Development Environment for R. Boston, MA: 609 

http://www.rstudio.com. 610 

Thielmann, I., Böhm, R., Ott, M., & Hilbig, B. E. (2021). Economic Games: An Introduction 611 

and Guide for Research. Collabra: Psychology, 7. 612 



 25 

Thoni, C., & Volk, S. (2018). Conditional cooperation: Review and refinement. Economic 613 

Letters, 171, 37-40. 614 

Trivers, R. L. (2006). Reciprocal altruism: 30 years later. In P. M. Kappeler & C. P. van Schaik 615 

(Eds.), Cooperation in Primates and Humans: Mechanisms and Evolution. Berlin: 616 

Springer-Verlag. 617 

Wickham, H. (2009). ggplot2: Elegant Graphics for Data Analysis. New York: Springer-Verlag. 618 

Zelmer, J. (2003). Linear public goods experiments: a meta-analysis. Experimental 619 

Economics, 6, 299-310. 620 

 621 

 622 

  623 



 26 

SUPPLEMENTARY INFORMATION 624 

 625 

Contents 626 

Supplementary Methods 627 

Supplementary Results 628 

Supplementary Figures (1-7) 629 

Supplementary Tables (1-3) 630 

 631 

 632 

SUPPLEMENTARY METHODS 633 

A full copy of the instructions translated into English are shown at the end of these 634 

Supplementary Methods. All our experimental files, data and analysis files are available 635 

online: Our experimental, data and analysis files are available online: 636 

[https://osf.io/t4smj/?view_only=a7e682a10a7d45dda6d463d6cd65c402] 637 

 638 

Copy of instructions 639 

Here is a copy of the instructions, which were translated into French for our participants. 640 

The instructions for the general game were copied as much as possible from reference (U. 641 

Fischbacher & Gachter, 2010) 642 

 643 

Stage 1 screen 1 – general instructions 644 

You are now taking part in an economic experiment, which has been financed purely for 645 

academic research purposes.  646 

If you read the following instructions carefully, you can, depending on your decisions, earn a 647 

reasonable amount of money.  648 

It is therefore very important that you read these instructions with care. 649 

 650 

The instructions, which we have distributed to you, are solely for your private information. 651 

You are not allowed to communicate during the experiment. 652 

If you have any questions, please ask us. Violation of this rule will lead to your exclusion 653 

from the experiment and all payments. 654 
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If you have questions, please raise your hand. A member of the experimenter team will 655 

come to you and answer them in private. 656 

 657 

During the experiment we shall not speak of CHF but rather of MU (Monetary Units).  658 

During the experiment your entire earnings will be calculated in MU.  659 

At the end of the experiment the total amount of MU you have earned will be converted to 660 

CHF at the following rate: 661 

1 MU = 0.05 CHF, so 20 MU = 1 CHF and 100 MU = 5 CHF. 662 

At the end of the experiment your entire earnings from the experiment will be immediately 663 

paid to you in cash. 664 

 665 

We describe the experimental process below. 666 

 667 

 668 

Stage 1 screen 2 669 

The decision situation 670 

You will learn how the experiment will be conducted later. We first introduce you to the 671 

basic decision situation. You will find control questions at the end of the instructions that 672 

help you to understand the decision situation. 673 

 674 

You will be in a group consisting of 4 people. Each group member has to decide on the 675 

allocation of 20 MU. You can put these 20 MU into your private account or you can invest 676 

them fully or partially into a project. Each point you do not invest into the project, will 677 

automatically remain in your private account. 678 

 679 

Your income from the private account: 680 

 681 

You will earn one MU for each MU that you put into your private account. 682 

For example, if you put 20 MU into your private account (and therefore do not invest into 683 

the project) your income will amount to exactly 20 MU out of your private account. 684 

If you put 6 MU into your private account, your income from this account will be 6 MU. 685 

No one except you earns something from your private account. 686 
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 687 

 688 

Stage 1 screen 3 689 

Your income from the project: 690 

 691 

Each member of the group will also benefit from the amount you invest in the project.  692 

On the other hand, you will also gain from the other group members' investments. 693 

The income for each group member will be determined as follows: 694 

 695 

Income from the project = sum of all contributions x 0.4 696 

 697 

If, for example, the sum of all contributions to the project is 60 MU, then you and the other 698 

members of your group each earn 60 x 0.4 = 24 MU out of the project. 699 

If four members of the group contribute a total of 10 MU to the project, you and the other 700 

members of your group each earn 10 x 0.4 = 4 MU. 701 

 702 

Total income: 703 

Your total income is the sum of your income from your private account and that from the 704 

project: 705 

 706 

Income from your private account (= 20 - contribution to the project) 707 

+ Income from the project (= 0.4 x sum of all contributions to the project) 708 

= Your Total Income 709 

 710 

 711 

Stage 1 screen 4 – Control Question 1/4, for all questions, participants were allowed 712 

unlimited time and two attempts before we showed them the correct answers  713 

Please answer the following four control questions. They will help you to gain an 714 

understanding of the calculation of your income, which varies with your decision about how 715 

to distribute your 20 MU. 716 

 717 

There is a calculator available.  718 
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To access the calculator, click on the image in the bottom right of your screen. 719 

Please enter your answers into the spaces provided and press Continue when done. 720 

 721 

Question 1: Each group member has an endowment of 20 MU. Nobody (including yourself) 722 

contributes any MU to the project. 723 

 724 

What is your total income (in MU)? [answer box, correct answer is 20] 725 

 726 

What is the total income of each of the other group members? [answer box, correct answer 727 

is 20] 728 

 729 

 730 

 731 

Stage 1 screen 5 732 

Here is the second question. 733 

 734 

Question 2: Each group member has an endowment of 20 MU. You invest 20 MU in the 735 

project. Each of the other three members of the group also contributes 20 MU to the 736 

project. 737 

 738 

What is your total income (in MU)? [answer box, correct answer is 32] 739 

 740 

What is the total income of each of the other group members? [answer box, correct answer 741 

is 32] 742 

 743 

 744 

Stage 1 screen 6 745 

Here is the third question. 746 

 747 

Question 3: Each group member has an endowment of 20 MU. The other three group 748 

members contribute a total of 30 MU to the project. 749 

 750 



 30 

What is your total income (in MU), if you - in addition to the 30 MU - invest 0 MU into the 751 

project? [answer box, correct answer is 32] 752 

 753 

What is your total income (in MU), if you - in addition to the 30 MU - invest 10 MU into the 754 

project? [answer box, correct answer is 26] 755 

 756 

What is your total income (in MU), if you - in addition to the 30 MU - invest 15 MU into the 757 

project? [answer box, correct answer is 23] 758 

 759 

 760 

Stage 1 screen 7 761 

Here is the final question. 762 

 763 

Question 4: Each group member has an endowment of 20 MU. Assume that you invest 8 764 

MU to the project. 765 

 766 

What is your total income (in MU) if the other group members together - in addition to your 767 

8 MU - contribute another 7 MU in total to the project? [answer box, correct answer is 18] 768 

 769 

What is your total income (in MU) if the other group members together - in addition to your 770 

8 MU - contribute another 12 MU in total to the project? [answer box, correct answer is 20] 771 

 772 

What is your total income (in MU) if the other group members together - in addition to your 773 

8 MU - contribute another 22 MU in total to the project? [answer box, correct answer is 24] 774 

 775 

 776 

Stage 2 screen 1 – pre-game Income Maximization Test (IMT1) 777 

Before beginning, you are going to play this game in a special case. You will face the same 778 

decision but in a special case. 779 

In this special case, your income will be calculated in the same was previously described. 780 

However, in this special case, you will be in a group of just you and the COMPUTER.  781 

The situation will be the same as described in the instructions,  782 
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but instead of 3 other people, it will just be you and the computer.  783 

 784 

The computer will make the decisions of the other 3 players.  785 

The computer will choose their decisions randomly and separately (so each computer 786 

player will make its own random decision).  787 

 788 

You are the only person in the group, and only you will receive any money.  789 

Nobody but the experimenter will know your decision. 790 

 791 

You will now play this special case for only one round.  792 

You will not be told what happened but will receive the money at the end of the 793 

experiment. After playing this special case, you will go on to play in groups of 4 people as 794 

described in the instructions. 795 

 796 

Nobody but the experimenter will know your decision. Your decision will have no 797 

consequences for the rest of the experiment. 798 

 799 

 800 

Stage 2 screen 2– control questions, we allowed two attempts then showed the correct 801 

answers (TRUE/FALSE) on the next screen 802 

Please confirm your understanding of the previous instructions. Enter 1 if the statement is 803 

True, or 0 if the statement is False 804 

 805 

You are in a group with Computers [answer box, correct answer is 1/TRUE] 806 

 807 

You are in a group with Humans [answer box, correct answer is 0/FALSE] 808 

 809 

People in your group will see your decision [answer box, correct answer is 0/FALSE] 810 

 811 

You will see the decisions of people in your group [answer box, correct answer is 0/FALSE] 812 

 813 

You will see your payoffs after each round [answer box, correct answer is 0/FALSE] 814 
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 815 

 816 

Stage 2 screen 3 – pre-game IMT contribution screen 817 

 818 

Please enter your contribution (between 0 – 20) 819 

Your contribution to the project is [entry box] 820 

 821 

Help box 822 

[Contained a full copy of the instructions regarding the decision and payoff mechanism] 823 

 824 

 825 

Stage 2 screen 4 – pre-game IMT feedback 826 

 827 

You received an endowment of 20 MU 828 

You invested in the group project with computers [X] MU 829 

Your final income from this round is being calculated 830 

 831 

You will receive the information on your income at the end of the experiment.  Please press 832 

continue to move onto the next round. 833 

 834 

 835 

Stage 3 screen 1 – repeated public goods game with information treatments, certain 836 

elements of the instructions varied necessarily according to treatment. 837 

 838 

You will now play in a group of 4 people as described in the instructions. 839 

 840 

You have been put into a randomly formed group of 4 people. 841 

 842 

You will play in this new group, with the same 3 other people, for 9 rounds of decision 843 

making.  844 

 845 

[No-info treatment] 846 
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You and everyone else in the group will not receive any information after each round. 847 

No participants will be able to know your investments at any time. 848 

Your earnings will not be shown to you each round, but you will receive the money at the 849 

end of the experiment.  850 

 851 

[all other information treatments] 852 

You will receive some information after each round. 853 

You and everybody else in your group will receive the same type of information. 854 

 855 

[Social treatment, Study 1 with full social information] 856 

The information that each person will receive will only be the decision of each group 857 

member. 858 

Your earnings will not be shown to you each round, but you will receive the money at the 859 

end of the experiment. 860 

 861 

[Social treatment, Study 2 with limited social information] 862 

The information that each person will receive will only be the average decision of the group. 863 

Your earnings will not be shown to you each round, but you will receive the money at the 864 

end of the experiment. 865 

 866 

[Payoff treatment] 867 

The information that each person will receive will only be their own earnings in each round. 868 

No participants will be able to know your investments at any time. 869 

 870 

[Combined treatment, Study 2 with limited social information] 871 

The information that each person will receive will only be their own earnings and the 872 

decision of each group member. 873 

 874 

[Combined treatment, Study 2 with limited social information] 875 

The information that each person will receive will only be their own earnings and the 876 

average decision of the group. 877 

 878 
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“I understand I am now playing with real people” [annotated continue button] 879 

 880 

Stage 3 screen 2 – a repeat of the control questions from Stage 2 (IMT1); we allowed two 881 

attempts then showed the correct answers (TRUE/FALSE) on the next screen  882 

Please confirm your understanding of the previous instructions. Enter 1 if the statement is 883 

True, or 0 if the statement is False 884 

 885 

You are in a group with Computers [answer box, correct answer is 0/FALSE] 886 

 887 

You are in a group with Humans [answer box, correct answer is 1/TRUE] 888 

 889 

People in your group will see your decision [answer box, correct answer depends, shown in 890 

Study 1 only] 891 

 892 

People in your group will see the average decision [answer box, correct answer depends, 893 

shown in Study 2 only] 894 

 895 

You will see the decisions of people in your group [answer box, correct answer depends] 896 

 897 

You will see your payoffs after each round [answer box, correct answer depends] 898 

 899 

Stage 3 screen 3 – repeated public good game contribution screen 900 

Round X of 9 901 

 902 

Please enter your contribution (between 0 – 20) 903 

Your contribution to the project is [entry box] 904 

 905 

Help box 906 

[Contained a full copy of the instructions regarding the decision and payoff mechanism] 907 

 908 

 909 

Stage 3 screen 4 – feedback screens, [varied by treatment] 910 



 35 

 911 

You received an endowment of 20 MU 912 

You invested in the group project [X] MU 913 

Member B invested [X] MU [Social and Combined treatments, study 1] 914 

Member C invested [X] MU [Social and Combined treatments, study 1] 915 

Member D invested [X] MU [Social and Combined treatments, study 1] 916 

The average decision of the group was [X.Y] MU [Social and Combined treatments, study 2, 917 

average shown to 1 decimal place] 918 

 919 

You received from the group account: [X] MU [Payoff and Combined treatments] 920 

Your final earnings from this round are: [X] MU [Payoff and Combined treatments] 921 

Your gain is: [X-20] MU [Payoff and Combined treatments] 922 

Your earnings for this round are being calculated [No-info and Social treatments] 923 

 924 

 925 

Stage 4 screen 1 – post-game Income Maximization Test (IMT2) 926 

You will now make decisions again in the special case from before with the COMPUTER.  927 

The decision situation will be the same as before,  928 

but now instead of 3 other people, it will just be you and the computer again.  929 

 930 

As before, the computer will again pick the decisions of the other 3 group members.  931 

The computer will pick their decisions in the same way as before. That is, randomly and 932 

separately (so each computer 'member' will make its own random decision).  933 

 934 

You are the only person in the group, and only you will receive any money.  935 

You will now make this decision in this special case for only one round.  936 

You will not be told what happened but will receive the money at the end of the 937 

experiment. 938 

 939 

Nobody but the experimenter will know your decision. Your decision will have no 940 

consequences for the rest of the experiment. 941 

 942 
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 943 

Stage 4 screens 2-4 repeated the IMT process of control questions, contributing and 944 

feedback (Stage 2 screens 2-4) 945 

 946 

 947 

SUPPLEMENTARY RESULTS 948 

Separate analyses for each study 949 

We found that, in both studies, the rate of decline in cooperation (contributions) 950 

significantly depended on the type of information shown (Linear mixed model ran 951 

separately for each study, with random intercept and slope for each group, lmer: Group 952 

percentage contribution ~ Game round * Information treatment; Study 1, F3,70.0 = 3.1, P = 953 

0.033; Study 2, F3,84.0 = 5.2, P = 0.002).   954 

 955 

Repeating the analyses from the main Results, but separately for each study, we find that 956 

when individuals only saw their payoff and no other information (Payoff treatment), 957 

contributions declined at an estimated rate of -3.7 percentage points, 95% CI = [-2.44, -5.02] 958 

(Study 1) or -3.5 percentage points, 95% CI = [-2.48, -4.45] (Study 2), per round. This was 959 

significantly faster than those shown only detailed social information (Social treatment, 960 

Study 1) (lmer: estimated difference between Payoff and Social treatment, Study 1 = -1.7, 961 

95% CI = [-0.57, -4.22], t1,70.0 = 2.6, P = 0.011, Supplementary Table 1). However the 962 

difference was not significant in Study 2 with the limited social information, although the 963 

estimate was in the same direction (lmer: estimated difference between Payoff and Social 964 

treatment, Study 2 = -1.2, 95% CI = [0.08, -2.42], t1,84.0 = 1.9, P = 0.067, Supplementary Table 965 

2).  966 

 967 

Comparing the effect of adding different levels of social information (individual decisions 968 

versus just the group average) to no-information, we found that in both studies, the 969 

difference between the Social information treatment and the No-info treatment was non-970 

significant. In study 1, with full social information (shown individual decisions), the 971 

estimated difference in the rate of decline was near zero (lmer: estimated difference = -0.03 972 

percentage points per round, 95% CI = [2.20, -2.27], t1,70.0 = -0.03, P = 0.974, Supplementary 973 

Table 1). In Study 2, with limited social information (the group average) there was nearly a 974 
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significant increase in the decline (lmer: estimated difference = -1.4 percentage points, 95% 975 

CI = [0.11, -2.97], t1,84.0 = -1.8, P = 0.069, Supplementary Table 2). Therefore it is unclear if 976 

the limited social information had an effect (Social treatment, Study 2), because although 977 

the slope was almost significantly steeper, the mean level of contribution in the final round 978 

was indistinguishable between those that had been shown limited social information, and 979 

those that been shown no information at all (Figure 2; linear model on final round group 980 

percent contributions: mean contribution in No-info treatment = 26.6%, 95% CI = [16.2, 981 

37.0], estimated difference in Social treatment = -1.7% percentage points, 95% CI = [-13.79, 982 

10.30], t1,42 = -0.3, P = 0.772 983 

 984 

Comparing rates of decline in the Combined information treatment with the Social and 985 

Payoff treatments. The rate of decline in the Combined information treatment which 986 

contained both social and payoff information, was significantly faster than in the Social 987 

treatment in Study 2 (limited social information) but no in Study 1 (full social information. 988 

Specifically, the estimated difference in rate of decline per round between Social and 989 

Combined treatments in Study 1 with full social information = -1.7 percentage points, 95% CI 990 

= [-3.53, 0.12], t1,70.0 = 1.8, P = 0.067; and in Study 2 with limited social information = -1.5 991 

percentage points, 95% CI = [-2.73, -0.23], t1,84.0 =2.4, P = 0.021, Supplementary Tables 1-2).  992 

 993 

However, the rate of decline in the Combined treatment was not significantly faster than in 994 

the Payoff treatment in either study (estimated difference in rate of decline per round 995 

between Payoff and Combined treatments in Study 1 with full social information = 0.7 996 

percentage points per round, 95% CI = [2.51, -1.14], t1,70.0 = 0.7, P = 0.456; in Study 2 with 997 

limited social information = -0.3 percentage points per round, 95% CI = [1.09, -1.71], t1,84.0 = -998 

0.4, P = 0.661, Supplementary Tables 1-2). 999 

 1000 

  1001 
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 1002 

Supplementary Figure 1. Experiment timeline. Participants first had one round of decision 1003 

making with computerized groupmates in a public-goods game (Income Maximization Test 1004 

1). They were then randomly assigned to one of four information treatments and faced nine 1005 

rounds of the public-goods game in a constant group of four real people. They then 1006 

repeated the Income Maximization Test (IMT 2) before two survey questions regarding their 1007 

motivation and their understanding of the public-goods game’s payoffs. 1008 
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 1010 

Supplementary Figure 2. Contributions over time for all treatments. This figure is for 1011 

illustration purposes and does not take into account random effects. 1012 
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 1018 

Supplementary Figure 3. Group profiles in the No-information treatment. 1019 
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 1022 

Supplementary Figure 4. Group profiles in the Social information treatment. 1023 
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 1026 

Supplementary Figure 5. Group profiles in the Payoff information treatment. 1027 
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 1030 

Supplementary Figure 6. Group profiles in the Combined information treatment. 1031 
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 1034 

 1035 

 1036 

Supplementary Figure 7. Income Maximization Tests by information treatment and study. 1037 
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 1041 

Supplementary Table 1: Results of Study 1 with full social information.     

Fixed effects Estimate* Std. Error df** t value P value*** 

Reference intercept (No-info) 50.07 6.28 70.0 7.976 <.001 

Social intercept +0.32 7.69 70.0 0.042 0.967 

Payoff intercept +4.21 7.69 70.0 0.548 0.586 

Combined intercept +4.59 7.69 70.0 0.597 0.552 

Reference slope (No-info) -1.30 0.92 70.0 -1.415 0.162 

Social slope -0.04 1.12 70.0 -0.032 0.974 

Payoff slope -2.43 1.12 70.0 -2.162 0.034 

Combined slope -1.74 1.12 70.0 -1.550 0.126 

Number of independent groups 70 
    

Number of observations 630 
    

Random effects 
     

Intercept (by group) variance 375.4 19.375 
   

Slope (by group) variance 6.4 2.538 
   

Residual 118.6 10.889       

*Response variable is the group total contribution (0-80) converted to a natural number percentage (group contribution / 0.8) 

**Degrees of Freedom estimated with the Satterthwaite method 
  

***P value is for the comparison with the reference intercept/slope 
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 1042 

Supplementary Table 2: Results of Study 2 with limited social information.      

Fixed effect Estimate* Std. Error df** t value P value*** 

Reference intercept (No-info) 36.04 5.40 84.02 6.675 <.001 

Social intercept +7.25 6.23 84.02 1.163 0.248 

Payoff intercept +8.39 6.72 84.02 1.248 0.216 

Combined intercept +12.90 6.72 84.02 1.919 0.058 

Reference slope (No-info) -0.86 0.67 84.00 -1.283 0.203 

Social slope -1.43 0.78 84.00 -1.844 0.069 

Payoff slope -2.60 0.84 84.00 -3.113 0.003 

Combined slope -.2.91 0.84 84.00 -3.484 <.001 

Number of independent groups 84 
    

Number of observations 756 
    

Random effects 
     

Intercept (by group) variance 316.5 17.789 
   

Slope (by group) variance 3.4 1.831 
   

Residual 96.6 9.829       

*Response variable is the group total contribution (0-80) converted to a natural number percentage (group contribution / 0.8) 

**Degrees of Freedom estimated with the Satterthwaite method 
  

***P value is for the comparison with the reference intercept/slope 
  

1043 
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 1044 

Supplementary Table 3: Generalized linear model analysing the second Income Maximization Test played with 

computers (IMT2). 

Fixed effect^ Estimate [95% CI]* df t value P value 

Reference intercept (treatments with no payoff information) -1.5 [-1.78, -1.29] 612 -12.327 <0.001 

Treatments with payoff information -0.27 [-0.47, -0.07]  612 -2.621 0.009 

Study 2 intercept -0.24 [-0.45, -0.04 612 -2.361 0.019 

IMT1 0.11 [0.10, 0.13] 612 12.734 <0.001 

Number of individuals (observations) 616 (1,232)       

^Dispersion parameter for quasibinomial family taken to be 6.277245. 
  

^Null deviance: 5788.2 on 615 degrees of freedom. 
   

^Residual deviance: 4582.0 on 612 degrees of freedom. 

*Raw coefficients, non-exponentiated. 
    

 1045 

 1046 

 1047 
 1048 


