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Individual solutions to shared problems create a
modern tragedy of the commons
Jörg Gross1* and Carsten K.W. De Dreu1,2

INTRODUCTION

Throughout history, humans have provided for individual needs by
establishing public goods such as armies and law enforcement, public education and social security, and public transportation. Likewise,
humans can collectively fight the threats of climate change and the
decline of scarce resources such as fossil fuel and fresh water (1–5).
Yet, creating and sustaining public goods and shared solutions is challenging: They require cooperation that can quickly deteriorate in the
absence of social preferences (6, 7), reciprocity (3, 4, 8), and norm
enforcement (9–13).
Perhaps because cooperation is inherently fragile, societies often
provide individual solutions to shared problems. Privatized security
(e.g., gun ownership) competes with a publicly funded police force,
private education competes with public schooling, and transportation by car is an individual solution to the shared need for mobility.
Theoretically, the availability of individual solutions alters the cost-
benefit ratio of cooperation and the need for reciprocity, two core
mechanisms underlying human cooperation and public goods provision (3, 4, 8). Yet, standard theory on public goods provision does
not capture whether and how individual solutions influence collective action problems. As a result, we poorly understand how individual solutions to shared problems influence the human inclination for
cooperation and coordination.
Creating individual solutions for shared problems decreases the
individuals’ immediate codependence on groups (14–19) and allows individuals to avoid the possibility that their cooperation is
exploited by group members who do not contribute enough (“free
riders”) (15, 20, 21). To illustrate this situation, imagine a small village facing a flood that threatens the welfare of all group members.
Villagers can join forces and build a dam that protects the village,
including those villagers who did not contribute personal resources.
Hence, the collective solution shares the property of a public goods
dilemma; it is exploitable by free riding. However, imagine that each
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villager can also use his or her personal resources to build a dam
around his or her own home, which saves the home owner but not
the fellow villagers. Although this individual solution may be costlier
than collectively solving the problem, it protects the individual against
exploitation and the risk that the collective solution fails.
In two experiments, we confronted participants with this novel
collective action problem in groups of four (Fig. 1). We show that,
when individual solutions to shared problems are available, humans
display a strong tendency toward self-reliance that creates, in turn,
a “modern tragedy of the commons”—the inefficient allocation of
resources by solving shared problems individually. Furthermore,
we show that norm enforcement through peer punishment, which
can sustain cooperation in classic public goods provision problems
(9–13), exacerbates rather than mitigates this modern tragedy of the
commons.
In our experiments, each group member was endowed with 10
resource points (RPs) for 10 rounds (100 RPs, in total). In each
round, group members had to allocate their RPs to their individual
pool, a shared public pool, or keep any amount for themselves
(Fig. 1A). The RPs invested in the individual pool and shared public
pool accumulated over rounds. After the 10th and final investment
round, a participant would keep any resources not invested if the
participant allocated enough resources to her individual pool
to reach a predefined individual target. She would also keep her
remaining resources if the group collectively allocated enough
resources to the public pool to reach a predefined public target
(Fig. 1B). If group members did not reach either their private or the
public target in time, they lost everything. After each round, each
group member observed the allocation decisions of the other group
members and was informed about the so far accumulated RPs in
their own individual pool and the shared public pool. Hence, participants were confronted with a dynamic collective action problem in
which they had 10 rounds to invest enough resources into two conflicting solution strategies to prevent losing their remaining RPs.
Across five blocks of decision-making, we manipulated the cost-
benefit ratio of the collective versus individual solution by changing
the relative costs of the individual and public targets. The cost of the
collective solution (cc) was fixed to 160 RPs. Hence, if each group
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Alone and together, climatic changes, population growth, and economic scarcity create shared problems that
can be tackled effectively through cooperation and coordination. Perhaps because cooperation is fragile and
easily breaks down, societies also provide individual solutions to shared problems, such as privatized healthcare or retirement planning. But how does the availability of individual solutions affect free-riding and the
efficient creation of public goods? We confronted groups of individuals with a shared problem that could be
solved either individually or collectively. Across different cost-benefit ratios of individually versus collectively
solving the shared problem, individuals display a remarkable tendency toward group-independent, individual
solutions. This “individualism” leads to inefficient resource allocations and coordination failure. Introducing
peer punishment further results in wasteful punishment feuds between “individualists” and “collectivists.” In
the presence of individual solutions to shared problems, groups struggle to balance self-reliance and collective efficiency, leading to a “modern tragedy of the commons.”
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Fig. 1. (In)dependence dilemma. Group members face a shared problem that
they have to solve in a given time. (A) They can either individually or collectively
solve the problem by investing resources into an individual pool or a collective and
shared pool, respectively. (B) Individually solving the problem costs ci and saves the
individual from losing all of his or her remaining resources. Collectively solving the
problem saves all group members for a cost of cc, where cc >> ci. (C) The collective
solution is exploitable by free riding. Furthermore, the coexistence of collective
and individual strategies can lead to coordination failure and wasted resources.

member would invest 40% of their points to the public pool, then the
group would be saved. The cost of the individual solution (ci) was
either 80, 70, 60, 50, or 40, leading to varying cost-benefit ratios of
individualism i = ci/(cc/n) = {2.0, 1.75, 1.5, 1.25, 1.0}.
If the cost-benefit ratio is high, then participants are relatively dependent on group efforts and collective action, similar to societies that
heavily depend on direct reciprocity (such as hunter-gatherer groups).
Under the highest codependence level (ci = 80; cc = 160; i = 2), efficiently
coordinating on the public solution would save two times as much resources compared to individually solving the problem. With a
decrease in i, participants become relatively more independent from
their group by gaining access to affordable individual solutions to
shared problems, similar to modern societies. Note that, under ci = 40
(i = 1), there is no efficiency gain from coordinating on the public solution for the group, since the individual solution is as affordable as the
public solution (assuming that group members contribute equally).
RESULTS

Transitioning from group dependence to independence, individuals switched from collectivism to self-reliance (random-effects regression,
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P < 0.001; Fig. 2A). Under high codependence (i = 2), 80% of the
group members collectively solved the problem, without the need of
any formal institutions or norm enforcement. Under low codependence (i = 1), on the other hand, 99% of the group members solved
the problem individually.
Across codependence levels, groups frequently failed to coordinate on the more efficient collective solution. Instead, participants
opted for individual problem solving and were willing to pay a high
premium for self-reliance (Fig. 2B). On average, groups switched
from the individual to the collective solution when i > 1.7. In other
words, only when efficient coordination would save more than 70%
of the resources groups started to collectively solve the problem.
Wasted resources and decline in group welfare followed an inverted
U-shape relation across codependence levels (random-effects regression, P < 0.01; Fig. 2C). Hence, especially in situations of intermediary codependence, a new type of the tragedy of the commons
emerges: When group members are relatively independent but
would still benefit from collective action, a conflict between individualistic and collective strategies led to inefficient solutions to shared
problems.
Coordinating on the public solution is far from trivial. Because
of the large strategy space, there are many theoretical Nash equilibria
in which rational agents find a collective solution (see the Supplementary Materials for details). Choosing individual solutions to
shared problems may, hence, be driven by the risk of coordination
failure that is inherently part of the collective solution in our setting
(working in groups is risky and success is uncertain, while working
alone is safe). Furthermore, while free riding on public contributions can lead to the highest potential payoff, it can also result in
losing all remaining RPs if other group members are not compensating the missing resources to reach a public solution. Consequently,
we observe rather low levels of free riding across the independence
levels (Fig. 3A). Choosing the individual solution could also be driven
by the fear of exploitation and free riding. Under the highest codependence (i = 2), 40% of the participants contributed more than the
fair share to the public pool (“altruists”), while 26% contributed less
than their fair share to the public pool and did not attempt to reach
their individual threshold either (“free riders”). In the transition to
group independence, the collective action problem transformed from
a public goods dilemma, in which some group members are forced
to offset the costs of free riding, to a purely individual problem-solving
task (Fig. 3A).
Individuals who contributed less than their fair share to the public solution under high interdependence were not systematically
more or less likely to switch to an individualistic strategy compared
to individuals who contributed their fair share or more when the
cost-benefit ratio of individualism decreased (Markov chain transition
estimates, P = 0.43; Fig. 3B). In other words, knowing the behavior
of an individual under high codependence did not allow us to
predict when the individual would switch to an individualistic
strategy under decreasing codependence. This suggests that individualism cannot simply be equated to selfishness, as suggested
previously (6, 7), but rather emerges as a distinct strategy when
the need for reciprocity declines. Furthermore, an independent
measure of participants’ social preferences that was obtained after
the experiment (estimating the degree of nonstrategic prosociality
of individuals through a series of allocation decision) was correlated with public and withheld contributions but not with investments to the individual pool. The more the participant was
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Fig. 2. From collective action to individualism. (A) When transitioning from high (i = 2) to low codependence (i = 1), groups increasingly switch from collectively (blue)
to individually (yellow) solving the problem. (B) Many participants are willing to pay for individually solving the problem, even when it exceeds the costs of an efficient
collective solution by 25 to 100%. (C) The coexistence of individual and public solutions leads to an inverted U-shaped waste of resources across dependence levels. In
particular, in intermediary dependence situations, groups overinvest resources compared to the efficient group coordination benchmark of 160 RPs.

willing to sacrifice her own resources to help another unknown
person in this measure (degree of prosociality), the more RPs the
participant contributed to the public solution (r = 0.17, P = 0.03)
and the less the participant kept for herself (r = −0.18, P = 0.02).
Yet, the degree of prosociality was uncorrelated with investments
in the individual pool (r = 0.00, P = 0.99). Knowing the participant’s
other-regarding concerns did not allow us to predict her likelihood
to opt for the individual solution.
Even when the collective solution could save two times as much
resources, 15% of participants still followed an individualistic strategy,
and across all dependence levels, groups could have saved 45 RPs
on average if they would have coordinated on the public solution. In
classic public goods dilemmas, peer punishment has been shown to
foster group contributions by enforcing norms of cooperation (9–13).
In a second experiment, we therefore investigated whether peer
punishment could also help to solve coordination conflicts between individualism and collectivism. Groups engaged in the same
(in)dependence dilemma but, after each round, could assign up to
Gross and De Dreu, Sci. Adv. 2019; 5 : eaau7296
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five punishment points (PPs) to each other group member. Each
assigned PP reduced final earnings of the punisher by one unit but
reduced the final earnings of the punished by three units.
Across codependence levels, peer punishment indeed increased
the propensity to collectively rather than individually solve the
problem (random-effects logistic regression, P = 0.04; Fig. 4A).
However, punishment did not reduce free riding (random-effects
logistic regression, P = 0.72; Fig. 4B). Instead, punishment was
mainly aimed at “individualists” (random-effects regression, P < 0.001)
who, in turn, punished altruists (random-effects regression, P = 0.01).
Note that free riders, while contributing less than the fair share and
less than cooperators and altruists to the collective solution, still
contributed more to the public solution than individualists who focussed on their individual target instead. In this regard, it makes
sense that altruists focus their punishment mainly on individualists
who, from their perspective, follow an incompatible strategy to the
shared problem. However, this punishment pattern, resulting
from the conflict between self-reliance and collective efficiency, led
3 of 7
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Fig. 3. Strategy shifts. (A) Under high codependence (i = 2), some group members are willing to pay more than their fair share to the public solution (altruistic strategy,
green) to offset the cost of free riders who contribute less than their fair share and, at the same time, do not attempt to solve the problem individually (free riding strategy, red). Others either contribute their fair share (cooperating strategy, blue) or avoid the free rider problem by opting for individually solving the problem (individualistic
strategy, yellow). With decreased codependence, the share of participants who individually solve the problem increases. (B) People who followed a cooperative/altruistic
strategy are as likely to switch to individualism, as people who followed a free riding strategy. Numbers indicate the average transition probability based on Markov
chain estimations when individualism becomes more affordable.

to an overall decrease in group welfare (random-effects regression,
P = 0.014). Together, these results question the effectiveness of unregulated peer punishment in modern tragedies of the commons,
in which individual solutions to collective problems are available.

show a remarkable degree of cooperation and egalitarianism (17, 22–25).
This mimics our finding that, when individual solutions are too
costly to pursue, groups endogenously manage to coordinate and solve
the problem as a collective without much need for formal institutions.
The marked changes that came about with technical innovation
and market economies (26, 27) made reciprocal cooperation a posDISCUSSION
sibility rather than a necessity. Studies have shown that individualism
For most of human history, cooperation has been a necessity. Hunter- and valuing independence are worldwide on the rise and correlated
gatherer societies facing harsh environments from the Inuit at the with economic changes (28–30). We show that, in collective action
Polar Circle to the Mbendjele in the Congo are highly codependent and problems, reduced codependence on others can lead to inefficient
Gross and De Dreu, Sci. Adv. 2019; 5 : eaau7296
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Fig. 4. Peer punishment enforces collective action. (A) Across codependence levels, peer punishment (solid bars) increases the propensity to solve the problem together,
compared to baseline (open bars). (B) Peer punishment changes the average composition of strategies (open bars, baseline; solid bars, punishment). Cooperative strategies (blue) increase, while individualism (yellow) decreases. The frequency of free riding (red) and altruism (green) is, however, unaffected by peer punishment. (C) Peer
punishment is mainly dealt by altruists (green) punishing individualists (yellow). Individualists are willing to sacrifice resources to punish altruists in turn. Free riders (red)
and cooperators (blue) are mainly left alone and refrain from punishing others. Numbers indicate the average assigned PPs in one block.

allocation of resources and coordination failures due to (some) group
members opting for independency rather than group cooperation.
Traditional measures such as peer punishments, which can attenuate the classic tragedy of the commons (9–13), appear to amplify
rather than mitigate this coordination failure. Providing an unregulated peer punishment option as a mean to enforce cooperation
norms rather led to punishment feuds between individualists and
collectivists. Outside of the laboratory, societies that provide attainable individual solutions to shared needs may therefore have
found other solutions to foster cooperation and coordination, such
as centralized punishment institutions or establishment of stronger
norms of cooperation and generalized reciprocity (31, 32).
Choosing individual solutions over collective action might be driven
by a fear of exploitation and pessimistic beliefs about the cooperativeness of others or by the risk that the collective solution is not reached.
Arguably, conditional cooperators (with pessimistic beliefs in the cooperativeness of others) should favor individualistic solutions when they
are affordable. Another interpretation is that people differ in their
desire for being independent of social groups, regardless of their
other-regarding concerns. The dynamic nature of our experimental
design and the fact that the individual solution was safe while the collective solution required coordination and was risky do not allow us to
cleanly disentangle individual motives. Yet, the results on strategy
shifts across the interdependence levels and the results of individual’s
social preferences point to the possibility that a preference for self-
reliance may be distinct from preferences for selfishness versus cooperativeness, opening up interesting avenues for future studies.
Gross and De Dreu, Sci. Adv. 2019; 5 : eaau7296
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Contemporary societies face pressing shared problems such as
underfunded public education and law enforcement and resource
scarcity due to climate change and population growth. Here, we
documented that a modern tragedy of the commons emerges
when and because individual solutions to these shared problems
are introduced. Whereas individual solutions allow individuals
to inoculate themselves against exploitation, they can lead to a
costly failure to coordinate collective action for the benefit of all
and a wasteful punishment feud between those that favor self-reliance
and those that favor collective efficiency. Whenever individual
solutions to collective problems exist or are introduced, groups
and societies need not only to contain the free rider problem but
also to strike a balance between the ability of its members to abstain from collective action on the one hand and efficient public
goods provision on the other.
MATERIALS AND METHODS

We tested a total of 160 participants in a computerized experiment at the
University of Leiden. We obtained informed consent from all participants
before taking part in the experiment. Participants were free to withdraw
from participation at any time. Experiments were approved by the Psychology Research Ethics Board of the University of Leiden (file CEP171008/332). Participants were randomly allocated to groups of four
(40 groups in total) and to the two experiments. After instructions and
comprehension questions (see the Supplementary Materials), groups
were confronted with the (in)dependence dilemma. Each group member
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Downloaded from http://advances.sciencemag.org/ on May 27, 2019

20

3

1.

1.

2

Public threshold reached

80

40

SCIENCE ADVANCES | RESEARCH ARTICLE

SUPPLEMENTARY MATERIALS

Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/5/4/eaau7296/DC1
Theoretical motivation
Experimental instructions and computer interface
Statistical methods
Extended results
Additional results
Individual group outcomes
Fig. S1. Best response function.
Fig. S2. First instruction page.
Fig. S3. Second instruction page.
Fig. S4. Third instruction page.
Fig. S5. Examples page.
Fig. S6. Examples page (continued).
Fig. S7. Payment explanation.
Fig. S8. Comprehension questions.
Fig. S9. Comprehension questions (continued).
Fig. S10. Comprehension questions (continued).
Fig. S11. Threshold announcement at the start of an experimental block.
Fig. S12. Contribution stage.
Fig. S13. Contribution feedback.
Fig. S14. Block feedback.
Fig. S15. Punishment stage.
Fig. S16. Punishment feedback.
Fig. S17. Group dynamics.
Fig. S18. Collective and individual action.

Gross and De Dreu, Sci. Adv. 2019; 5 : eaau7296

17 April 2019

3. O. P. Hauser, D. G. Rand, A. Peysakhovich, M. A. Nowak, Cooperating with the future.
Nature 511, 220–223 (2014).
4. E. Fehr, U. Fischbacher, The nature of human altruism. Nature 425, 785–791 (2003).
5. T. Dietz, E. Ostrom, P. C. Stern, The struggle to govern the commons. Science 302,
1907–1912 (2003).
6. R. O. Murphy, K. A. Ackermann, M. J. J. Handgraaf, Measuring social value orientation.
Judg. Dec. Making 6, 771–781 (2011).
7. J. L. Pletzer, D. Balliet, J. Joireman, D. M. Kuhlman, S. C. Voelpel, P. A. M. Van Lange, Social
value orientation, expectations, and cooperation in social dilemmas: A meta-analysis.
Eur. J. Pers. 32, 62–83 (2018).
8. U. Fischbacher, S. Gächter, E. Fehr, Are people conditionally cooperative? Evidence from
a public goods experiment. Econ. Lett. 71, 397–404 (2001).
9. E. Fehr, S. Gächter, Altruistic punishment in humans. Nature 415, 137–140 (2002).
10. T. Yamagishi, The provision of a sanctioning system as a public good. J. Pers. Soc. Psychol.
51, 110–116 (1986).
11. E. Fehr, U. Fischbacher, S. Gächter, Strong reciprocity, human cooperation, and the
enforcement of social norms. Hum. Nat. 13, 1–25 (2002).
12. S. Gächter, E. Fehr, Cooperation and punishment in public goods experiments. Am. Econ.
Rev. 90, 980–994 (2000).
13. J. Gross, Z. Z. Méder, S. Okamoto-Barth, A. Riedl, Building the Leviathan—Voluntary
centralisation of punishment power sustains cooperation in humans. Sci. Rep. 6,
20767 (2016).
14. C. E. Rusbult, P. A. M. van Lange, Interdependence, interaction, and relationships.
Annu. Rev. Psychol. 54, 351–375 (2003).
15. J. M. Orbell, R. M. Dawes, Social welfare, cooperators’ advantage, and the option of not
playing the game. Am. Sociol. Rev. 58, 787–800 (1993).
16. H. Brandt, C. Hauert, K. Sigmund, Punishing and abstaining for public goods. Proc. Natl.
Acad. Sci. U.S.A. 103, 495–497 (2006).
17. J. Woodburn, Egalitarian societies. Man 17, 431–451 (1982).
18. J. Henrich, R. Boyd, S. Bowles, C. Camerer, E. Fehr, H. Gintis, R. McElreath, M. Alvard,
A. Barr, J. Ensminger, N. S. Henrich, K. Hill, F. Gil-White, M. Gurven, F. W. Marlowe,

6 of 7

Downloaded from http://advances.sciencemag.org/ on May 27, 2019

received 10 RPs worth €0.80 in each round and could freely distribute Fig. S19. Strategy shifts across cost-benefit ratio.
these RPs among their individual pool and a shared public pool, keeping Fig. S20. Average received punishment.
Fig. S21. Average dealt punishment.
the remaining RPs for themselves. Across rounds, the RPs invested Fig. S22. Average change in earnings.
to their individual pool or the shared public pool accumulated. After the Fig. S23. Cumulative contributions across time.
final round, participants knew that they had to reach either the public or Fig. S24. Inequality in earnings.
their individual target to avoid losing all RPs that they kept for them- Fig. S25. First round behavior predicting group outcome.
Fig. S26. Baseline condition, c = 40.
selves. To reach the public target, the group’s public pool had to contain Fig. S27. Baseline condition, ci = 50.
i
at least cc RPs after the 10th and final round. The cost for collectively Fig. S28. Baseline condition, ci = 60.
solving the problem was fixed to cc = 160 RPs (i.e., 40% of each group Fig. S29. Baseline condition, ci = 70.
member’s endowment). To reach the individual target, the group mem- Fig. S30. Baseline condition, ci = 80.
ber’s individual pool had to contain at least ci RPs after the 10th and final Fig. S31. Punishment condition, ci = 40.
Fig. S32. Punishment condition, ci = 50.
round. The cost for individually solving the problem varied across five Fig. S33. Punishment condition, ci = 60.
blocks with ci = 40, 50, 60, 70, and 80. The block order was counterba Fig. S34. Punishment condition, ci = 70.
lanced across groups. After each round, participants saw the so far accu- Fig. S35. Punishment condition, ci = 80.
mulated RPs in the public pool, their individual pool, and how other Table S1. Individual action.
Table S2. Collective action.
group members allocated their resources in the last round. The second Table S3. Earnings.
experiment proceeded identically, except that each investment stage Table S4. Group-level transitions of strategies.
was followed by a peer punishment stage. In this stage, participants were Table S5. Within-subject transitions of strategies.
able to assign up to five PPs to each other group member. Each assigned Table S6. Collective action under peer punishment.
PP would reduce the final earnings of the punisher by one RP and the Table S7. Free riding under peer punishment.
Table S8. Received punishment.
final earnings of the punished by three RPs. After each punishment Table S9. Dealt punishment.
stage, participants received feedback on how many PPs each group Table S10. Dealt punishment by altruists and individualists.
member received in total. One block of the experiment was randomly Table S11. Earnings across baseline and punishment.
selected for payment, and participants received any remaining RPs in Table S12. Earnings inequality across baseline and punishment.
Table S13. Public pool contributions based on past round behavior.
euro (on top of a fixed lump sum payment of €6.50 and earnings from Table S14. Individual pool contributions based on past round behavior.
the slider measure) if they reached either their individual or the public References (33–48)
target in the selected block. After the experiment, participants answered
demographic questions (such as age, gender, and field of study) and
filled out the incentivized six-item social value orientation slider mea- REFERENCES AND NOTES
1. M. Milinski, R. D. Sommerfeld, H.-J. Krambeck, F. A. Reed, J. Marotzke, The collective-risk
sure (6). In this task, participants have to make six decisions on how to
social dilemma and the prevention of simulated dangerous climate change. Proc. Natl.
allocate points between themselves and an unknown other person.
Acad. Sci. U.S.A. 105, 2291–2294 (2008).
Points can be allocated self-servingly or prosocially (sacrificing points
2. M. Milinski, D. Semmann, H.-J. Krambeck, J. Marotzke, Stabilizing the Earth’s climate is not
a losing game: Supporting evidence from public goods experiments. Proc. Natl. Acad.
to benefit the other person), allowing us to estimate the degree of other-
Sci. U.S.A. 103, 3994–3998 (2006).
regarding concerns (i.e., social preferences).

SCIENCE ADVANCES | RESEARCH ARTICLE

19.
20.
21.
22.
23.
24.

25.
26.
27.
28.
29.

31.
32.
33.
34.
35.

36.

37.
38.

Gross and De Dreu, Sci. Adv. 2019; 5 : eaau7296

17 April 2019

39. C. Hauert, S. De Monte, J. Hofbauer, K. Sigmund, Volunteering as red queen mechanism
for cooperation in public goods games. Science 296, 1129–1132 (2002).
40. D. Semmann, H.-J. Krambeck, M. Milinski, Volunteering leads to rock–paper–scissors
dynamics in a public goods game. Nature 425, 390–393 (2003).
41. E. Hauk, R. Nagel, Choice of partners in multiple two-person prisoner's dilemma games:
An experimental study. J. Confl. Resolut. 45,
770–793 (2001).
42. E. Hauk, Leaving the prison: Permitting partner choice and refusal in prisoner's dilemma
games. Comput. Econ. 18, 65–87 (2001).
43. P. Barclay, N. Raihani, Partner choice versus punishment in human prisoner’s dilemmas.
Evol. Hum. Behav. 37, 263–271 (2016).
44. C. A. Aktipis, Know when to walk away: Contingent movement and the evolution of
cooperation. J. Theor. Biol. 231, 249–260 (2004).
45. S. S. Izquierdo, L. R. Izquierdo, F. Vega-Redondo, The option to leave: Conditional
dissociation in the evolution of cooperation. J. Theor. Biol. 267, 76–84 (2010).
46. N. Jin, N. Hayashi, H. Shinotsuka, An experimental study of prisoner's dilemma network.
Jpn. J. Exp. Soc. Psychol. 35, 292–303 (1996).
47. T. Yamagishi, Exit from the group as an individualistic solution to the free rider problem
in the United States and Japan. J. Exp. Soc. Psychol. 24, 530–542 (1988).
48. M. Egas, A. Riedl, The economics of altruistic punishment and the maintenance of
cooperation. Proc. R. Soc. B 275, 871–878 (2008).

Acknowledgments: We thank L. Snijder for assistance with data collection and Z. Méder for
comments and suggestions. Funding: Financial support was provided by the Netherlands
Science Foundation VENI Award (016.Veni.195.078) and the Gratama Foundation and the
Leiden University Fund to J.G. and by the European Research Council (ERC) under the
European Union’s Horizon 2020 Research and Innovation Program (AdG agreement
no. 785635) to C.K.W.D.D. Author contributions: J.G. conceived and performed the study and
analyzed the data. All authors designed the experiments and wrote the manuscript.
Competing interests: The authors declare that they have no competing interests. Data and
materials availability: All data needed to evaluate the conclusions in the paper are present in
the paper and/or the Supplementary Materials. Data files and computing scripts are archived
at Dataverse.nl according to the Association of Universities in the Netherlands (VSNU) Code of
Conduct and may be requested from the authors.
Submitted 10 July 2018
Accepted 28 February 2019
Published 17 April 2019
10.1126/sciadv.aau7296
Citation: J. Gross, C. K.W. De Dreu, Individual solutions to shared problems create a modern
tragedy of the commons. Sci. Adv. 5, eaau7296 (2019).

7 of 7

Downloaded from http://advances.sciencemag.org/ on May 27, 2019

30.

J. Q. Patton, D. Tracer, “Economic man” in cross-cultural perspective: Behavioral
experiments in 15 small-scale societies. Behav. Brain Sci. 28, 795–815 (2005).
A. Leibbrandt, U. Gneezy, J. A. List, Rise and fall of competitiveness in individualistic and
collectivistic societies. Proc. Natl. Acad. Sci. U.S.A. 110, 9305–9308 (2013).
G. Hardin, The tragedy of the commons. The population problem has no technical
solution; it requires a fundamental extension in morality. Science 162, 1243–1248 (1968).
D. G. Rand, M. A. Nowak, The evolution of antisocial punishment in optional public goods
games. Nat. Commun. 2, 434 (2011).
J. L. Briggs, Never in Anger (Harvard Univ. Press, Harvard, 1970).
C. Boehm, Hierarchy in the Forest (Harvard Univ. Press, Harvard, 2009).
H. M. Lewis, L. Vinicius, J. Strods, R. Mace, A. B. Migliano, High mobility explains demand
sharing and enforced cooperation in egalitarian hunter-gatherers. Nat. Commun. 5,
5789 (2014).
J. Lewis, in Congo Basin Hunter-Gatherers, B. Hewlett, Ed. (Transaction Publishers, 2014),
pp. 219–244.
A. P. Fiske, The four elementary forms of sociality: Framework for a unified theory of
social relations. Psychol. Rev. 99, 689–723 (1992).
S. Bowles, Endogenous preferences: The cultural consequences of markets and other
economic institutions. J. Econ. Lit. 36, 75–111 (1998).
H. C. Santos, M. E. W. Varnum, I. Grossmann, Global increases in individualism.
Psychol. Sci. 28, 1228–1239 (2017).
T. Talhelm, X. Zhang, S. Oishi, C. Shimin, D. Duan, X. Lan, S. Kitayama, Large-scale
psychological differences within China explained by rice versus wheat agriculture.
Science 344, 603–608 (2014).
I. Grossmann, M. E. W. Varnum, Social structure, infectious diseases, disasters, secularism,
and cultural change in America. Psychol. Sci. 26, 311–324 (2015).
S. Knack, P. Keefer, Does social capital have an economic payoff? A cross-country
investigation. Q. J. Econ. 112, 1251–1288 (1997).
B. Herrmann, C. Thöni, S. Gächter, Antisocial punishment across societies. Science 319,
1362–1367 (2008).
J. S. Hacker, Privatizing risk without privatizing the welfare state: The hidden politics of
social policy retrenchment in the United States. Am. Polit. Sci. Rev. 98, 243–260 (2004).
M. Gradstein, S. Nitzan, Binary participation and incremental provision of public goods.
Soc. Choice Welfare 7, 171–192 (1990).
W. B. G. Liebrand, C. G. McClintock, The ring measure of social values: A computerized
procedure for assessing individual differences in information processing and social value
orientation. Eur. J. Pers. 2, 217–230 (1988).
P. A. M. van Lange, W. Otten, E. M. De Bruin, J. A. Joireman, Development of prosocial,
individualistic, and competitive orientations: Theory and preliminary evidence. J. Pers.
Soc. Psychol. 73, 733–746 (1997).
E. Ok, F. Vega-Redondo, On the evolution of individualistic preferences: An incomplete
information scenario. J. Econ. Theory 97, 231–254 (2001).
N. Hayashi, T. Yamagishi, Selective play: Choosing partners in an uncertain world.
Pers. Soc. Psychol. Rev. 2, 276–289 (1998).

Individual solutions to shared problems create a modern tragedy of the commons
Jörg Gross and Carsten K.W. De Dreu

Sci Adv 5 (4), eaau7296.
DOI: 10.1126/sciadv.aau7296

http://advances.sciencemag.org/content/5/4/eaau7296

SUPPLEMENTARY
MATERIALS

http://advances.sciencemag.org/content/suppl/2019/04/12/5.4.eaau7296.DC1

REFERENCES

This article cites 45 articles, 10 of which you can access for free
http://advances.sciencemag.org/content/5/4/eaau7296#BIBL

PERMISSIONS

http://www.sciencemag.org/help/reprints-and-permissions

Use of this article is subject to the Terms of Service
Science Advances (ISSN 2375-2548) is published by the American Association for the Advancement of Science, 1200 New
York Avenue NW, Washington, DC 20005. 2017 © The Authors, some rights reserved; exclusive licensee American
Association for the Advancement of Science. No claim to original U.S. Government Works. The title Science Advances is a
registered trademark of AAAS.

Downloaded from http://advances.sciencemag.org/ on May 27, 2019

ARTICLE TOOLS

