SEARCH ARTICLE | SOCIAL SCIENCES f X%in2®

Punishment diminishes the benefits of
network reciprocity in social dilemma
experiments

Xuelong Li, Marko Jusup 8, Zhen Wang ™, +5 , and Stefano Boccaletti Authors Info & Affiliations

Contributed by H. Eugene Stanley, November 14, 2017 (sent for review May 8, 2017; reviewed by Alison P. Galvani and Vito Latora)

December 19, 2017 115(1)30-35 https://doi.org/10.1073/pnas.1707505115

O ~ O @ <

Significance

The evolution of cooperation has a formative role in human societies—civilized life on Earth would
be impossible without cooperation. However, it is unclear why cooperation would evolve in the first
place because Darwinian selection favors selfish individuals. After struggling with this problem for
>150y, recent scientific breakthroughs have uncovered multiple cooperation-promoting
mechanisms. We build on these breakthroughs by examining whether two widely known
cooperation-promoting mechanisms—network reciprocity and costly punishment—create synergies
in a social dilemma experiment. While network reciprocity fulfilled its expected role, costly
punishment proved to be surprisingly ineffective in promoting cooperation. This ineffectiveness
suggests that the rational response to punishment assumed in theoretical studies is overly stylized

and needs reexamining.

Abstract

Network reciprocity has been widely advertised in theoretical studies as one of the basic
cooperation-promoting mechanisms, but experimental evidence favoring this type of reciprocity was
published only recently. When organized in an unchanging network of social contacts, human
subjects cooperate provided the following strict condition is satisfied: The benefit of cooperation
must outweigh the total cost of cooperating with all neighbors. In an attempt to relax this condition,
we perform social dilemma experiments wherein network reciprocity is aided with another
theoretically hypothesized cooperation-promoting mechanism—costly punishment. The results
reveal how networks promote and stabilize cooperation. This stabilizing effect is stronger in a
smaller-size neighborhood, as expected from theory and experiments. Contrary to expectations,
punishment diminishes the benefits of network reciprocity by lowering assortment, payoff per
round, and award for cooperative behavior. This diminishing effect is stronger in a larger-size
neighborhood. An immediate implication is that the psychological effects of enduring punishment

override the rational response anticipated in quantitative models of cooperation in networks.

Continue Reading

_view por [[ETIRENE

pNAS NOW READING:

Punishment diminishes the benefits of network reciprocity in social dilemma...



https://www.pnas.org/doi/reader/10.1073/pnas.1707505115
https://www.pnas.org/doi/full/10.1073/pnas.1707505115
https://www.pnas.org/#facebook
https://www.pnas.org/#x
https://www.pnas.org/#bluesky
https://www.pnas.org/#linkedin
https://www.pnas.org/#email
https://orcid.org/0000-0002-0777-0425
mailto:zhenwang0@gmail.com?cc=hes@bu.edu&cc=mjusup@gmail.com&cc=lshi@ynufe.edu.cn
mailto:zhenwang0@gmail.com?cc=hes@bu.edu&cc=mjusup@gmail.com&cc=lshi@ynufe.edu.cn
https://www.pnas.org/action/addCitationAlert?doi=10.1073%2Fpnas.1707505115
https://www.pnas.org/personalize/addFavoritePublication?doi=10.1073%2Fpnas.1707505115
https://www.pnas.org/doi/epdf/10.1073/pnas.1707505115
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/topic/soc-science
https://doi.org/10.1073/pnas.1707505115
https://www.pnas.org/help/cookie-policy
https://www.pnas.org/help/cookie-policy
https://www.pnas.org/
https://www.pnas.org/action/addCitationAlert?doi=10.1073%2Fpnas.1707505115
https://www.pnas.org/personalize/addFavoritePublication?doi=10.1073%2Fpnas.1707505115
https://www.pnas.org/doi/epdf/10.1073/pnas.1707505115

Acknowledgments

We thank J. H. Lee for useful discussions. M.). and Z.W. were, respectively, supported by the Research Grant
Program of Inamori Foundation and the Chinese Young 1000 Talents Plan. B.P. received support from the
Slovenian Research Agency (ARRS) and the Croatian Science Foundation through Projects J5-8236 and 5349,
respectively. S.H. thanks the Israel-Italian collaborative project Network Cyber Security (NECST), Israel
Science Foundation, Office of Naval Research (ONR), Japan Science Foundation, and the US-Israel Binational
Science Foundation and the US National Science Foundation (BSF-NSF) for financial support. The Boston
University Center for Polymer Studies is supported by NSF Grants PHY-1505000, CMMI-1125290, and CHE-
1213217, by Defense Threat Reduction Agency (DTRA) Grant HDTRA1-14-1-0017, and by Department of
Energy (DOE) Contract DE-AC07-051d14517.

Supporting Information

Appendix (PDF)

¥ DOWNLOAD 4.00 MB

References
1
R Axelrod, WD Hamilton, The evolution of cooperation. Science 211, 1390-1396 (1981).

Crossref | PubMed | Google Scholar

2
JW Weibull Evolutionary Game Theory (MIT Press, Cambridge, MA, 1997).

Google Scholar
3

RL Trivers, The evolution of reciprocal altruism. Q Rev Biol 46, 35-57 (1971).

Crossref | Google Scholar

4
E Pennisi, On the origin of cooperation. Science 325, 1196-1199 (2009).

Crossref | PubMed | Google Scholar

SHOW ALL REFERENCES

VIEW FULL TEXT = DOWNLOAD PDF

Further reading in this issue

RESEARCH ARTICLE = DECEMBER 18,2017 @ @& RESEARCH ARTICLE = DECEMBER 18, 2017 8

Structure of the chlorovirus PBCV-1 major State-space multitaper time-frequency
capsid glycoprotein determined by analysis

combining crystallographic and
carbohydrate molecular modeling
approaches

Seong-Eun Kim, Michael K. Behr, [...] Emery N. Brown

Cristina De Castro, Thomas Klose, [...] Michael G. Rossmann

RESEARCH ARTICLE | DECEMBER 18, 2017 a

Behavioral state modulates the ON visual
motion pathway of Drosophila

James A. Strother, Shiuan-Tze Wu, [...] Michael B. Reiser

PNAS NOW READING:

Punishment diminishes the benefits of network reciprocity in social dilemma...



https://www.pnas.org/doi/full/10.1073/pnas.1707505115
https://www.pnas.org/doi/pdf/10.1073/pnas.1707505115?download=true
https://www.pnas.org/doi/suppl/10.1073/pnas.1707505115/suppl_file/pnas.1707505115.sapp.pdf
https://doi.org/10.1126/science.7466396
https://pubmed.ncbi.nlm.nih.gov/7466396/
https://scholar.google.com/scholar_lookup?title=The+evolution+of+cooperation&author=R+Axelrod&author=WD+Hamilton&publication_year=1981&journal=Science&pages=1390-1396&doi=10.1126%2Fscience.7466396&pmid=7466396
https://scholar.google.com/scholar_lookup?title=Evolutionary+Game+Theory&author=JW+Weibull&publication_year=1997
https://doi.org/10.1086/406755
https://scholar.google.com/scholar_lookup?title=The+evolution+of+reciprocal+altruism&author=RL+Trivers&publication_year=1971&journal=Q+Rev+Biol&pages=35-57&doi=10.1086%2F406755
https://doi.org/10.1126/science.325_1196
https://pubmed.ncbi.nlm.nih.gov/19729633/
https://scholar.google.com/scholar_lookup?title=On+the+origin+of+cooperation&author=E+Pennisi&publication_year=2009&journal=Science&pages=1196-1199&doi=10.1126%2Fscience.325_1196&pmid=19729633
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.1613432115
https://www.pnas.org/author/de+Castro%2C+Cristina
https://www.pnas.org/author/Klose%2C+Thomas
https://www.pnas.org/author/Rossmann%2C+Michael+G
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.1702877115
https://www.pnas.org/author/Kim%2C+Seong-Eun
https://www.pnas.org/author/Behr%2C+Michael+K
https://www.pnas.org/author/Brown%2C+Emery+N
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.1703090115
https://www.pnas.org/author/Strother%2C+James+A
https://www.pnas.org/author/Wu%2C+Shiuan-Tze
https://www.pnas.org/author/Reiser%2C+Michael+B
https://www.pnas.org/
https://www.pnas.org/action/addCitationAlert?doi=10.1073%2Fpnas.1707505115
https://www.pnas.org/personalize/addFavoritePublication?doi=10.1073%2Fpnas.1707505115
https://www.pnas.org/doi/epdf/10.1073/pnas.1707505115

Proceedings of the
National Academy of Sciences

of the United States of America

][] we/[a]limn][=]]5]

Trending ©

RESEARCH ARTICLE | FEBRUARY 23, 2026 |

Humans 40,000 y ago developed a system of
conventional signs

Humans have carved visual signs into the surfaces of mobile

artifacts and cave walls since several hundred thousand years....

Christian Bentz and Ewa Dutkiewicz

RESEARCH ARTICLE | FEBRUARY 18, 2026 |

Negative social ties as emerging risk factors
for accelerated aging, inflammation, and
multimorbidity

Social relationships are fundamental to human health, yet

research has focused primarily on their supportive dimensions...

Byungkyu Lee, Gabriele Ciciurkaite, [...] Brea L. Perry

RESEARCH ARTICLE | AUGUST 4,2025 | @

The entities enabling scientific fraud at scale
are large, resilient, and growing rapidly

Numerous recent scientific and journalistic investigations

demonstrate that systematic scientific fraud is a growing threa...

Reese A. K. Richardson, Spencer S. Hong, [...] Luis A. Nunes Amaral

Sign up for the
PNAS Highlights newsletter

SUBSCRIBE FOR RESEARCH UPDATES

BROWSE

CURRENT ISSUE
PNAS NEXUS
SPECIAL FEATURES

LIST OF ISSUES

TOPICS, COLLECTIONS, AND ARTICLE TYPES

PNAS IN THE NEWS
FRONT MATTER
JOURNAL CLUB
MULTIMEDIA

PODCASTS

INFORMATION

ABOUT

SUSTAINABLE DEVELOPMENT GOALS
EDITORIAL BOARD

AUTHORS

REVIEWERS

SUBSCRIBERS

LIBRARIANS

PRESS

COZZARELLI PRIZE

PNAS UPDATES

Copyright © 2026 National Academy of Sciences. All rights reserved. | Online ISSN 1091-6490
PNAS is a partner of CHORUS, CLOCKSS, COPE, Crossref, ORCID, and Research4Life.

Contact | Site Map | Terms & Privacy Policy
| Accessibility



https://www.pnas.org/pnas-highlights
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.2520385123
https://www.pnas.org/author/Bentz%2C+Christian
https://www.pnas.org/author/Dutkiewicz%2C+Ewa
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.2420092122
https://www.pnas.org/author/Richardson%2C+Reese+A+K
https://www.pnas.org/author/Hong%2C+Spencer+S
https://www.pnas.org/author/Amaral%2C+Lu%C3%ADs+A+Nunes
https://www.pnas.org/topic/type/research-article
https://www.pnas.org/doi/10.1073/pnas.2515331123
https://www.pnas.org/author/Lee%2C+Byungkyu
https://www.pnas.org/author/Ciciurkaite%2C+Gabriele
https://www.pnas.org/author/Perry%2C+Brea+L
https://www.pnas.org/
https://www.facebook.com/pages/PNAS/18262365099
https://twitter.com/PNASNews
https://bsky.app/profile/pnas.org
https://www.youtube.com/channel/UCYjvFEQMgH6ou8fSYfiOKCw
https://www.linkedin.com/showcase/pnas-news/
https://www.pnas.org/email-alerts-and-rss
https://www.pnas.org/about/rss
https://www.pnas.org/toc/pnas/current
https://academic.oup.com/pnasnexus
https://www.pnas.org/about/special-features
https://www.pnas.org/loi/pnas
https://www.pnas.org/about/topics-collections-article-types
https://www.pnas.org/about/pnas-in-the-news
https://www.pnas.org/front-matter
https://www.pnas.org/journal-club
https://www.pnas.org/multimedia
https://www.pnas.org/about/science-sessions-podcast
https://www.pnas.org/about
https://www.pnas.org/sustainable-development-goals
https://www.pnas.org/about/editorial-board
https://www.pnas.org/author-center
https://www.pnas.org/reviewer
https://www.pnas.org/subscriptions
https://www.pnas.org/librarians
https://www.pnas.org/about/press
https://www.pnas.org/about/cozzarelli-prize
https://www.pnas.org/updates
https://www.pnas.org/about/staff-directory
https://www.pnas.org/about/site-map
https://www.pnas.org/about/terms
https://www.pnas.org/about/accessibility

