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The cognitive science of  
collective behavior



The commons  
as a framework  

for collective behavior  
and intelligence



The internet  
as a lab for  

institution design

https://ried.studio/



Intentional  
community  

for social  
transformation



RUN A TEAM 
HOLD SPACE 

MANAGE T IME 
PLAN AN EVENT  

LEAD A MEETING  
START A PROJECT 

FULFILL YOUR DUTY 
TO BUILD A COMMUNITY
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L E A R N  T O  T I E  Y O U R  S H O E S  
L E A R N  T O  R E A D  A N D  W R I T E  
L E A R N  T O



Arc
— Empirics (data science) 
— Simulation 
— Design



Multiple methods for strong claims

Formal modeling
Simulation

Cognitive modeling

Lab experiment

Field/Web experiment
Big data

Daily experience

Tractability

Relevance



Multiple complementary methods

Models 
(Theories)

Lab Experiments

Web/Field Experiments

Observational datasets
(Surveys, "big data")

Daily experiences

"But how do 
you explain it?"

"Did you control for 
these things?"

"But correlation isn't 
causation."

"That's just 
speculation."

"Its totally artificial."
"Its too general."
"Your assumptions are 
unrealistic."

"But the lab is so artificial."
"Have you tried ... ?"

"Does it scale?"
"What's the real-world 
relevance?"

"But how will this help 
me?"



Deforestation

Overfishing Global  
warming

Antibiotic  
resistance



Participatory  
media

Collective  
action

Bad behaviorAlso  
— CPU/RAM 
— hacking 
— moderation 
— attention 
— network congestion

Artificial  
intelligence  

abuses





Frey S, Sumner RW (2019) 
Emergence of integrated 

institutions in a large population 
of self-governing communities. 

PLoS ONE 14(7): e0216335. 
http://doi.org/c76k




WITH ONLINE COMMUNITIES 
COMPUTATIONAL SOCIAL 

SCIENTISTS CAN TEST 
GENERAL PRINCIPLES OF 
INSTITUTION DESIGN AND 

PERFORMANCE



The model organism

— "Online behavior isn't real" 
— "Lessons from online don't 

transfer" 
— "Structure of online communities 

is specific to the Internet"



The model organism

— Drosophila melanogaster for 
gene expression 

— Mus musculus for medicine 
— Online communities for 

institutional and 
organizational processes



The core unit

— Cell biologists study many 
cells.  

— Psychologists study many 
individuals 

— Why doesn't a social 
scientist primarily study 

many societies?  



Why  
online communities?

(or other "engineered social systems") 

— "Societal" Unit of Analysis 
— "Real" "people" 
— Simplified environment 
— Multi-level data (Individual-, Social-, Pop-) 
— General enough 
— High Motivation 
— Clear Goals 
— Selection on Performance

General enough



The Wikipedias









https://www.kronos-wow.com/



Apache Software 
Foundation

Yin, L., Chakraborti, 
M., Schweik, C., 
Frey, S. Filkov, V. 

(2022), Open 
Source Software 

Sustainability: 
Combining 
Institutional 

Analysis and Socio-
Technical Networks, 
ACM CSCW https://

arxiv.org/abs/
2203.03144

https://arxiv.org/abs/2203.03144
https://arxiv.org/abs/2203.03144
https://arxiv.org/abs/2203.03144


Yan, Y., Frey, S., 
Zhang A., Filkov, V., 

Yin, L. (2023) 
GitHub OSS 

Governance File 
Dataset MSR2023 

Data & Tool 
Showcase 

MSR23data-98 
https://doi.org/

kvm4



What do all these  
have in common? 

Commons





Projects
— What governance systems do communities design for 

themselves and what works with Bob Sumner 
— Is governance change due to selection or drift? with 

Qiankun Zhong and Martin Hilbert 
— "Do we run how we say we run" with Mahasweta Chakraborti 
— What are the varieties of polycentricity? with Shagun Jhaver 

and Amy Zhang  
— Institutional preferences with Ofer, Nori, Dalton, and Qiankun 

Zhong 
— The psychological mechanisms of the tragedy of the 

commons with Christopher Frantz 
— Composing games into complex institutions with Hedges, 

Tan, Zahn 
— NLP4GOV with Mahasweta Chakraborti



Projects
Minecraft 

Minecraft 

Apache Software Foundation 

12 platforms 

Model and experiments 

ABM 

Formal framework 

Toolkit 
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Projects
Minecraft 

Minecraft 

Apache Software Foundation 

12 platforms 

Model and experiments 

ABM 

Formal framework 

Toolkit 

— What governance systems do communities design 
for themselves and what works with Bob Sumner 

— Is governance change due to selection or drift? with 
Qiankun Zhong and Martin Hilbert 

— "Do we run how we say we run" with Mahasweta Chakraborti 
— What are the varieties of polycentricity? with Shagun Jhaver 

and Amy Zhang  
— Institutional preferences with Ofer, Nori, Dalton, and Qiankun 

Zhong 
— The psychological mechanisms of the tragedy of the 

commons with Christopher Frantz 
— Composing games into complex institutions with 

Hedges, Tan, Zahn 
— NLP4GOV with Mahasweta Chakraborti

Each a different 
framework



Emergence of 
Integrated Institutions 
in a Large Population 

of Self-Governing 
Communities  

Seth Frey 
Communication, University of California, Davis 

Frey S, Sumner RW (2019) 
Emergence of integrated institutions 

in a large population of self-
governing communities. PLoS ONE 
14(7): e0216335. http://doi.org/c76k








Admin





— Communication 
— Vault, Dynmap, Skype, 

AutoMessage, 
SimpleBroadcast 

— Enforcement 
— Bounties, autobans 

— Monitoring 
— LogBlock, LWC 

— Private property creation 
— Lockette, Townies, 

ProtectionStones 
— Common property creation 

— Whitelists, factions 
— Public goods provisioning 

— BuyCraft, Enjin, 
GAListener, EchoPet

A few Minecraft 
governance plugins

— Grief prevention 
— WorldGuard, 

PermissionsEx, LWC, 
GriefPrevention 

— Grief remediation 
— WorldEdit, CoreProtect  

— Entropy management 
— Essentials, 

Server.properties, 
WorldBorder 

— Hierarchy 
— GroupManager, Nations 

— Economies 
— iConomy, ChestShop, 

SignShop, GUIShop 



Results
— Scanned the Internet for two 

years 
— ~hourly 
— found 300,000 servers 

— visited 50,000,000 times 
— by 10,000,000 playersFrey S, Sumner RW (2019) 

Emergence of integrated institutions 
in a large population of self-

governing communities. PLoS ONE 
14(7): e0216335. http://doi.org/c76k




Most communities are  
small or unsuccessful



Solution type

Problem type



Rule  
count



Institutional diversity
Variety in problems addressed 
and ways of addressing them



Institutional diversity
Variety in problems addressed 
and ways of addressing them

ORFrey S, Sumner RW (2019) 
Emergence of integrated institutions 

in a large population of self-
governing communities. PLoS ONE 
14(7): e0216335. http://doi.org/c76k




Communities use rules 
more to set expectations,  

less to engineer incentives 

Frey, S., Zhong, Q. Q., Bulat, B., 
Weisman, W. D., Liu, C. M., 

Fujimoto, S., Wang, H. (2021) 
Governing online goods: Maturity 

and formalization in Minecraft, 
Reddit, and World of Warcraft 

communities. Proc. ACM Hum.-
Comput. Interact. CSCW.




Selection versus drift 
in institutional 

evolution?
Price equation over communities to show 
strong selection among Minecraft servers

Zhong, Q., Frey, S., & Hilbert, M. 
(2022). Quantifying the Selective, 
Stochastic, and Complementary 

Drivers of Institutional Evolution in 
Online Communities. Entropy, 24(9), 

1185. https://www.mdpi.com/
1099-4300/24/9/1185




Institutional similarity 
drives cultural similarity

— Communities that govern themselves 
with similar types of rules are more likely 
to subsequently attract similar users.

Zhong, Q., Frey, S. (2022) 
Institutional similarity drives cultural 

similarity among online 
communities. Nature Scientific 

Reports 12, 18982. https://doi.org/
jq56



Do We Run How We Say We 
Run? Formalisation and 

Practice of Governance in 
OSS Communities.

Mahasweta Chakraborti, Communication, UC Davis 
Curtis Atkisson, eScience Institute, University of Washington 
Stefan Stanciulescu, Computer Science, UC Davis 
Vladimir Filkov, Computer Science, UC Davis 
Seth Frey, Communication, UC Davis

Chakraborti, M., Atkisson, C., 
Stanciulescu, S., Filkov, V., and 

Frey, S. (in press). Do We Run How 
We Say We Run? Formalisation and 

Practice of Governance in OSS 
Communities. Proceedings of the 

ACM on Human-Computer 
Interaction. https://doi.org/
10.48550/arXiv.2309.14245
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— Open source matters 
— It depends on behavior 
— It has a structure (policy) 
— We have theory about 

those things 
— But we still don't know if 

it's good 
— Does behavior in an org 

reflect structure 
— Is that a good thing?



Apache Software 
Foundation

Chakraborti, M., Zhong, 
Q., Bulat, B., Frey, S. 

(2021). Deconstructing 
written rules and hierarchy 
in peer produced software 

communities. https://
arxiv.org/abs/2206.07992


Yin, L., Chakraborti, M., 
Schweik, C., Frey, S. 

Filkov, V. (2022), Open 
Source Software 

Sustainability: Combining 
Institutional Analysis and 

Socio-Technical 
Networks, ACM CSCW 

https://arxiv.org/abs/
2203.03144


Chakraborti, M., Atkisson, 
C., Stanciulescu, S., 

Filkov, V., and Frey, S. (in 
press). Do We Run How 

We Say We Run? 
Formalisation and 

Practice of Governance in 
OSS Communities. 

Proceedings of the ACM 
on Human-Computer 

Interaction. https://
doi.org/10.48550/
arXiv.2309.14245


https://arxiv.org/abs/2206.07992
https://arxiv.org/abs/2206.07992
https://arxiv.org/abs/2203.03144
https://arxiv.org/abs/2203.03144


Apache Software 
Foundation



Apache Software 
Foundation Incubator 

(ASFI)
—Founded by Apache Software 

Foundation in 2002 
—Mentored over 300 projects 
—Projects are autonomous in 

development and community specifics 
—Incubator regulates administration, 

licensing, infrastructure, branding and 
production standards
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—Founded by Apache Software 

Foundation in 2002 
—Mentored over 300 projects 
—Projects are autonomous in 

development and community specifics 
—Incubator regulates administration, 

licensing, infrastructure, branding and 
production standards



Research Question

—How do foundation policies relate 
to project operations and performance?"  



Research Question



Research Question

—How do foundation policies relate 
to project operations and performance?"  
—What is the relationship of rules-in-form 

and rules-in-use? 
—Does formalization relate to extent of 

structured operations? 
—How much do members internalize formal 

regulation? 
—Do governed activities and policy 

internalization relate to project outcome?



Data
—ASF incubator policies (Sen et al, 2022).  

—About 250 sentences 
—Developer emails of 208 projects scraped 

from public ASFI mailing list archives (Yin et 
al, 2021) 
—About 2M sentences from 700,000 emails 

— Project covariates: development scale and 
membership (Stănciulescu et al, 2022) 
—Active committers 

—Number of commits 
—Lines of code contributed 

—Total time in incubation



Governance practice



Governance practice



Chakraborti, M., Zhong, Q., Bulat, 
B., Frey, S. (2021). Deconstructing 
written rules and hierarchy in peer 
produced software communities. 
https://arxiv.org/abs/2206.07992

Policy Attribute Object Deontic Aim

Each podling in incubation must 
report to the incubator pmc .

each 
podling in 
incubation

pmc must report

A mentor must be an ipmc 
member

a mentor an ipmc 
member

must be

IPMC members are free to 
volunteer to mentor a podling . 
to do so , they should mail the 
podling stating their intentions

ipmc 
members 
are free

a podling to 
do, the 
podling 
stating their

should to volunteer 
to mentor, 
mail

It 's also good to encourage 
developers by suggesting new 
related work they may like to 
volunteer to work on

— developers, 
new related 
work, like to 
volunteer to 
work

may good to 
encourage, 
suggesting

Institutional grammar



Pipeline



Chakraborti, M., Stănciulescu, S. 
Filkov, V., Frey, S. (in review) OSS 

Governance, Compliance, and 
Success: A Study of ASF Incubator 

Projects.

What are the governed 
topics?



Chakraborti, M., Stănciulescu, S. 
Filkov, V., Frey, S. (in review) OSS 

Governance, Compliance, and 
Success: A Study of ASF Incubator 

Projects.

Are more heavily governed 
topics discussed more or 

less?



Chakraborti, M., Stănciulescu, S. 
Filkov, V., Frey, S. (in review) OSS 

Governance, Compliance, and 
Success: A Study of ASF Incubator 

Projects.

Is more policy associated 
with more internalization?



Chakraborti, M., Stănciulescu, S. 
Filkov, V., Frey, S. (in review) OSS 

Governance, Compliance, and 
Success: A Study of ASF Incubator 

Projects.

Does practice or 
internalization influence 

outcomes?



Conclusion
—Communities do not run how they say they 

run 
—More policy making frame operations, but 

does not follow how extensively  
communities govern themselves.  

—Successful projects tend to govern 
themselves along less formalized domains 

—Should we run how we say we run?



Dynamics over games 
and institutional 

preferences 

Seth Frey 
Communication, University of California, Davis 

Frey, S. and Atkisson C. (2020) A 
dynamic over games drives selfish 
agents to win–win outcomes Proc. 

R. Soc. B.28720202630. https://
doi.org/fnq2 

https://doi.org/fnq2
https://doi.org/fnq2
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Tip  
15%

Tip  
20%



Philolaus' Antichthon 
Rawls' veil of ignorance  

Tiebout competition 
Hirschman's exit and voice 

Nozick's utopia

And in philosophy...



Institutional change is a 
dynamic over a space of 

systems. 

 This is a powerful general 
framework for the empirical 
study of cultural evolution.



!



Economic games are 
minimal institutions

Other player

Yo
u
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Agent 
—Compares all neighbors of a 

game based on its features as 
an institution 

—Chooses preferred neighbor 
—Repeats 
—Converges on the end-product 

of institutional evolution

Simple dynamic



Feature: 
Efficiency



Feature: 
Stability



Feature: 
Predictability



Feature: 
Fairness



Agent compares all neighbors of a 
game: 

— Stability: Prefer games with 
unique Nash equilibrium 

— Predictability: Prefer pure  
Nash equilibrium 

— Efficiency: Prefer games with most 
profitable equilibrium 

— Fair: Social preferences

Simple dynamic
"Rational" 
within 
games 
and 
between 
them 



1 6 5 4 3 2 1 6 5 4 3 2

2 
3

3 
4

2 
2

3 
4

2 
1

3 
4

2 
1

3 
4

2 
2

3 
4

2 
3

3 
4

2 
4

3 
3

2 
4

3 
2

2 
4

3 
1

2 
4

3 
1

2 
4

3 
2

2 
4

3 
3

2  3

2 1 
1

4 
2

1 
1

4 
3

1 
2

4 
3

1 
3

4 
2

1 
3

4 
1

1 
2

4 
1

1 
2

4 
1

1 
3

4 
1

1 
3

4 
2

1 
2

4 
3

1 
1

4 
3

1 
1

4 
2

1  4
Hegemon Samaritansw Samaritanse Clocksw Clockse Endless Called Bluff' Bully Unfair Skewed BoS Asym BoS Chicken

3 
3

2 
4

3 
2

2 
4

3 
1

2 
4

3 
1

2 
4

3 
2

2 
4

3 
3

2 
4

3 
4

2 
3

3 
4

2 
2

3 
4

2 
1

3 
4

2 
1

3 
4

2 
2

3 
4

2 
3

3  2

3 1 
1

4 
2

1 
1

4 
3

1 
2

4 
3

1 
3

4 
2

1 
3

4 
1

1 
2

4 
1

1 
2

4 
1

1 
3

4 
1

1 
3

4 
2

1 
2

4 
3

1 
1

4 
3

1 
1

4 
2

1  4
Samson Asym Sdnw Asym Sdne Cyclenw Cyclene Inspector Self-serving'ne Protectornw Protectorne BoSnw Battle of Sexes Asym BoS'

3 
3

1 
4

3 
2

1 
4

3 
1

1 
4

3 
1

1 
4

3 
2

1 
4

3 
3

1 
4

3 
4

1 
3

3 
4

1 
2

3 
4

1 
1

3 
4

1 
1

3 
4

1 
2

3 
4

1 
3

3  1

4 2 
1

4 
2

2 
1

4 
3

2 
2

4 
3

2 
3

4 
2

2 
3

4 
1

2 
2

4 
1

2 
2

4 
1

2 
3

4 
1

2 
3

4 
2

2 
2

4 
3

2 
1

4 
3

2 
1

4 
2

2  4
Delilah Asym Sdsw Asym Sdse Pursuit Fixed Sum Missile Crisis Self-serving'se Protectorsw Protectorse Hero BoSse Skewed BoS'

2 
3

1 
4

2 
2

1 
4

2 
1

1 
4

2 
1

1 
4

2 
2

1 
4

2 
3

1 
4

2 
4

1 
3

2 
4

1 
2

2 
4

1 
1

2 
4

1 
1

2 
4

1 
2

2 
4

1 
3

2  1

5 3 
1

4 
2

3 
1

4 
3

3 
2

4 
3

3 
3

4 
2

3 
3

4 
1

3 
2

4 
1

3 
2

4 
1

3 
3

4 
1

3 
3

4 
2

3 
2

4 
3

3 
1

4 
3

3 
1

4 
2

3  4
Hostage Benevolentnw Benevolentne 2nd Bestnw 2nd Bestne Big Bully Tragedy' Delightnw AntiChicken Protector'nw Protector'ne Unfair'

1 
3

2 
4

1 
2

2 
4

1 
1

2 
4

1 
1

2 
4

1 
2

2 
4

1 
3

2 
4

1 
4

2 
3

1 
4

2 
2

1 
4

2 
1

1 
4

2 
1

1 
4

2 
2

1 
4

2 
3

1  2

6 3 
1

4 
2

3 
1

4 
3

3 
2

4 
3

3 
3

4 
2

3 
3

4 
1

3 
2

4 
1

3 
2

4 
1

3 
3

4 
1

3 
3

4 
2

3 
2

4 
3

3 
1

4 
3

3 
1

4 
2

3  4
Blackmailer Benevolentsw Benevolentse 2nd Bestsw 2nd Bestse Hamlet Total Conflict' P. Delight Delightse Protector'sw Protector'se Bully'

1 
3

3 
4

1 
2

3 
4

1 
1

3 
4

1 
1

3 
4

1 
2

3 
4

1 
3

3 
4

1 
4

3 
3

1 
4

3 
2

1 
4

3 
1

1 
4

3 
1

1 
4

3 
2

1 
4

3 
3

1  3

1 2 
1

4 
2

2 
1

4 
3

2 
2

4 
3

2 
3

4 
2

2 
3

4 
1

2 
2

4 
1

2 
2

4 
1

2 
3

4 
1

2 
3

4 
2

2 
2

4 
3

2 
1

4 
3

2 
1

4 
2

2  4
Ideo. Hegm. Samaritannw Samaritanne Revelation Alibi Asym Pd Prisoners D. Total Conflict Tragedy Self-servingnw Self-servingne Called Bluff

1 
3

4 
4

1 
2

4 
4

1 
1

4 
4

1 
1

4 
4

1 
2

4 
4

1 
3

4 
4

1 
4

4 
3

1 
4

4 
2

1 
4

4 
1

1 
4

4 
1

1 
4

4 
2

1 
4

4 
3

1  4

2 2 
1

3 
2

2 
1

3 
3

2 
2

3 
3

2 
3

3 
2

2 
3

3 
1

2 
2

3 
1

2 
2

3 
1

2 
3

3 
1

2 
3

3 
2

2 
2

3 
3

2 
1

3 
3

2 
1

3 
2

2  3
Win-win' C. Alignedsw C Alignedse C Assurancesw C Assurancese Stag Hunt Asym Pd' Hamlet' Big Bully' Missile Crisis' Inspector' Endless'

1 
3

4 
4

1 
2

4 
4

1 
1

4 
4

1 
1

4 
4

1 
2

4 
4

1 
3

4 
4

1 
4

4 
3

1 
4

4 
2

1 
4

4 
1

1 
4

4 
1

1 
4

4 
2

1 
4

4 
3

1  4

3 3 
1

2 
2

3 
1

2 
3

3 
2

2 
3

3 
3

2 
2

3 
3

2 
1

3 
2

2 
1

3 
2

2 
1

3 
3

2 
1

3 
3

2 
2

3 
2

2 
3

3 
1

2 
3

3 
1

2 
2

3 2
R Assurancene Commonsnw Commmonsne Coordinationnw Assurance RAssurancenw Alibi' 2nd Best'nw 2nd Best'ne Fixed Sum' Cycle'ne Clock'nw

2 
3

4 
4

2 
2

4 
4

2 
1

4 
4

2 
1

4 
4

2 
2

4 
4

2 
3

4 
4

2 
4

4 
3

2 
4

4 
2

2 
4

4 
1

2 
4

4 
1

2 
4

4 
2

2 
4

4 
3

2 4

4 3 
1

1 
2

3 
1

1 
3

3 
2

1 
3

3 
3

1 
2

3 
3

1 
1

3 
2

1 
1

3 
2

1 
1

3 
3

1 
1

3 
3

1 
2

3 
2

1 
3

3 
1

1 
3

3 
1

1 
2

3  1
R Assurancese Commonssw Commonsse CoordinationswCoordinationse RAssurancesw Revelation' 2nd Best'sw 2nd Best'se Pursuit' Cycle'se Clock'sw

3 
3

4 
4

3 
2

4 
4

3 
1

4 
4

3 
1

4 
4

3 
2

4 
4

3 
3

4 
4

3 
4

4 
3

3 
4

4 
2

3 
4

4 
1

3 
4

4 
1

3 
4

4 
2

3 
4

4 
3

3 4

5 2 
1

1 
2

2 
1

1 
3

2 
2

1 
3

2 
3

1 
2

2 
3

1 
1

2 
2

1 
1

2 
2

1 
1

2 
3

1 
1

2 
3

1 
2

2 
2

1 
3

2 
1

1 
3

2 
1

1 
2

2  1
RowAligned'ne Harmonynw Mixed Harmony Commons'nw Commons'ne RowAligned'nw Samaritan'ne Benevolent'nw Benevolent'ne Asym Sd'nw Asym Sd'ne Samaritan'nw

3 
3

4 
4

3 
2

4 
4

3 
1

4 
4

3 
1

4 
4

3 
2

4 
4

3 
3

4 
4

3 
4

4 
3

3 
4

4 
2

3 
4

4 
1

3 
4

4 
1

3 
4

4 
2

3 
4

4 
3

3 4

6 1 
1

2 
2

1 
1

2 
3

1 
2

2 
3

1 
3

2 
2

1 
3

2 
1

1 
2

2 
1

1 
2

2 
1

1 
3

2 
1

1 
3

2 
2

1 
2

2 
3

1 
1

2 
3

1 
1

2 
2

1  2
RowAligned'se Harmony Harmonyse Commons'sw Commons'se RowAligned'sw Samaritan'se Benevolent'sw Benevolent'se Asym Sd'sw Asym Sd'se Samaritansw

2 
3

4 
4

2 
2

4 
4

2 
1

4 
4

2 
1

4 
4

2 
2

4 
4

2 
3

4 
4

2 
4

4 
3

2 
4

4 
2

2 
4

4 
1

2 
4

4 
1

2 
4

4 
2

2 
4

4 
3

2  4

1 1 
1

3 
2

1 
1

3 
3

1 
2

3 
3

1 
3

3 
2

1 
3

3 
1

1 
2

3 
1

1 
2

3 
1

1 
3

3 
1

1 
3

3 
2

1 
2

3 
3

1 
1

3 
3

1 
1

3 
2

1  3
No Conflict C. Alignednw C. Alignedne C Assurancenw C Assurancese Win-win Ideo. Hegm.' Blackmailer' Hostage' Delilah' Samson' Hegemon'

3 4 2 4 1 4 1 4 2 4 3 4 4 3 4 2 4 1 4 1 4 2 4 3 23

"



1 6 5 4 3 2 1 6 5 4 3 2

2 
3

3 
4

2 
2

3 
4

2 
1

3 
4

2 
1

3 
4

2 
2

3 
4

2 
3

3 
4

2 
4

3 
3

2 
4

3 
2

2 
4

3 
1

2 
4

3 
1

2 
4

3 
2

2 
4

3 
3

2  3

2 1 
1

4 
2

1 
1

4 
3

1 
2

4 
3

1 
3

4 
2

1 
3

4 
1

1 
2

4 
1

1 
2

4 
1

1 
3

4 
1

1 
3

4 
2

1 
2

4 
3

1 
1

4 
3

1 
1

4 
2

1  4
Hegemon Samaritansw Samaritanse Clocksw Clockse Endless Called Bluff' Bully Unfair Skewed BoS Asym BoS Chicken

3 
3

2 
4

3 
2

2 
4

3 
1

2 
4

3 
1

2 
4

3 
2

2 
4

3 
3

2 
4

3 
4

2 
3

3 
4

2 
2

3 
4

2 
1

3 
4

2 
1

3 
4

2 
2

3 
4

2 
3

3  2

3 1 
1

4 
2

1 
1

4 
3

1 
2

4 
3

1 
3

4 
2

1 
3

4 
1

1 
2

4 
1

1 
2

4 
1

1 
3

4 
1

1 
3

4 
2

1 
2

4 
3

1 
1

4 
3

1 
1

4 
2

1  4
Samson Asym Sdnw Asym Sdne Cyclenw Cyclene Inspector Self-serving'ne Protectornw Protectorne BoSnw Battle of Sexes Asym BoS'

3 
3

1 
4

3 
2

1 
4

3 
1

1 
4

3 
1

1 
4

3 
2

1 
4

3 
3

1 
4

3 
4

1 
3

3 
4

1 
2

3 
4

1 
1

3 
4

1 
1

3 
4

1 
2

3 
4

1 
3

3  1

4 2 
1

4 
2

2 
1

4 
3

2 
2

4 
3

2 
3

4 
2

2 
3

4 
1

2 
2

4 
1

2 
2

4 
1

2 
3

4 
1

2 
3

4 
2

2 
2

4 
3

2 
1

4 
3

2 
1

4 
2

2  4
Delilah Asym Sdsw Asym Sdse Pursuit Fixed Sum Missile Crisis Self-serving'se Protectorsw Protectorse Hero BoSse Skewed BoS'

2 
3

1 
4

2 
2

1 
4

2 
1

1 
4

2 
1

1 
4

2 
2

1 
4

2 
3

1 
4

2 
4

1 
3

2 
4

1 
2

2 
4

1 
1

2 
4

1 
1

2 
4

1 
2

2 
4

1 
3

2  1

5 3 
1

4 
2

3 
1

4 
3

3 
2

4 
3

3 
3

4 
2

3 
3

4 
1

3 
2

4 
1

3 
2

4 
1

3 
3

4 
1

3 
3

4 
2

3 
2

4 
3

3 
1

4 
3

3 
1

4 
2

3  4
Hostage Benevolentnw Benevolentne 2nd Bestnw 2nd Bestne Big Bully Tragedy' Delightnw AntiChicken Protector'nw Protector'ne Unfair'

1 
3

2 
4

1 
2

2 
4

1 
1

2 
4

1 
1

2 
4

1 
2

2 
4

1 
3

2 
4

1 
4

2 
3

1 
4

2 
2

1 
4

2 
1

1 
4

2 
1

1 
4

2 
2

1 
4

2 
3

1  2

6 3 
1

4 
2

3 
1

4 
3

3 
2

4 
3

3 
3

4 
2

3 
3

4 
1

3 
2

4 
1

3 
2

4 
1

3 
3

4 
1

3 
3

4 
2

3 
2

4 
3

3 
1

4 
3

3 
1

4 
2

3  4
Blackmailer Benevolentsw Benevolentse 2nd Bestsw 2nd Bestse Hamlet Total Conflict' P. Delight Delightse Protector'sw Protector'se Bully'

1 
3

3 
4

1 
2

3 
4

1 
1

3 
4

1 
1

3 
4

1 
2

3 
4

1 
3

3 
4

1 
4

3 
3

1 
4

3 
2

1 
4

3 
1

1 
4

3 
1

1 
4

3 
2

1 
4

3 
3

1  3

1 2 
1

4 
2

2 
1

4 
3

2 
2

4 
3

2 
3

4 
2

2 
3

4 
1

2 
2

4 
1

2 
2

4 
1

2 
3

4 
1

2 
3

4 
2

2 
2

4 
3

2 
1

4 
3

2 
1

4 
2

2  4
Ideo. Hegm. Samaritannw Samaritanne Revelation Alibi Asym Pd Prisoners D. Total Conflict Tragedy Self-servingnw Self-servingne Called Bluff

1 
3

4 
4

1 
2

4 
4

1 
1

4 
4

1 
1

4 
4

1 
2

4 
4

1 
3

4 
4

1 
4

4 
3

1 
4

4 
2

1 
4

4 
1

1 
4

4 
1

1 
4

4 
2

1 
4

4 
3

1  4

2 2 
1

3 
2

2 
1

3 
3

2 
2

3 
3

2 
3

3 
2

2 
3

3 
1

2 
2

3 
1

2 
2

3 
1

2 
3

3 
1

2 
3

3 
2

2 
2

3 
3

2 
1

3 
3

2 
1

3 
2

2  3
Win-win' C. Alignedsw C Alignedse C Assurancesw C Assurancese Stag Hunt Asym Pd' Hamlet' Big Bully' Missile Crisis' Inspector' Endless'

1 
3

4 
4

1 
2

4 
4

1 
1

4 
4

1 
1

4 
4

1 
2

4 
4

1 
3

4 
4

1 
4

4 
3

1 
4

4 
2

1 
4

4 
1

1 
4

4 
1

1 
4

4 
2

1 
4

4 
3

1  4

3 3 
1

2 
2

3 
1

2 
3

3 
2

2 
3

3 
3

2 
2

3 
3

2 
1

3 
2

2 
1

3 
2

2 
1

3 
3

2 
1

3 
3

2 
2

3 
2

2 
3

3 
1

2 
3

3 
1

2 
2

3 2
R Assurancene Commonsnw Commmonsne Coordinationnw Assurance RAssurancenw Alibi' 2nd Best'nw 2nd Best'ne Fixed Sum' Cycle'ne Clock'nw

2 
3

4 
4

2 
2

4 
4

2 
1

4 
4

2 
1

4 
4

2 
2

4 
4

2 
3

4 
4

2 
4

4 
3

2 
4

4 
2

2 
4

4 
1

2 
4

4 
1

2 
4

4 
2

2 
4

4 
3

2 4

4 3 
1

1 
2

3 
1

1 
3

3 
2

1 
3

3 
3

1 
2

3 
3

1 
1

3 
2

1 
1

3 
2

1 
1

3 
3

1 
1

3 
3

1 
2

3 
2

1 
3

3 
1

1 
3

3 
1

1 
2

3  1
R Assurancese Commonssw Commonsse CoordinationswCoordinationse RAssurancesw Revelation' 2nd Best'sw 2nd Best'se Pursuit' Cycle'se Clock'sw

3 
3

4 
4

3 
2

4 
4

3 
1

4 
4

3 
1

4 
4

3 
2

4 
4

3 
3

4 
4

3 
4

4 
3

3 
4

4 
2

3 
4

4 
1

3 
4

4 
1

3 
4

4 
2

3 
4

4 
3

3 4

5 2 
1

1 
2

2 
1

1 
3

2 
2

1 
3

2 
3

1 
2

2 
3

1 
1

2 
2

1 
1

2 
2

1 
1

2 
3

1 
1

2 
3

1 
2

2 
2

1 
3

2 
1

1 
3

2 
1

1 
2

2  1
RowAligned'ne Harmonynw Mixed Harmony Commons'nw Commons'ne RowAligned'nw Samaritan'ne Benevolent'nw Benevolent'ne Asym Sd'nw Asym Sd'ne Samaritan'nw

3 
3

4 
4

3 
2

4 
4

3 
1

4 
4

3 
1

4 
4

3 
2

4 
4

3 
3

4 
4

3 
4

4 
3

3 
4

4 
2

3 
4

4 
1

3 
4

4 
1

3 
4

4 
2

3 
4

4 
3

3 4

6 1 
1

2 
2

1 
1

2 
3

1 
2

2 
3

1 
3

2 
2

1 
3

2 
1

1 
2

2 
1

1 
2

2 
1

1 
3

2 
1

1 
3

2 
2

1 
2

2 
3

1 
1

2 
3

1 
1

2 
2

1  2
RowAligned'se Harmony Harmonyse Commons'sw Commons'se RowAligned'sw Samaritan'se Benevolent'sw Benevolent'se Asym Sd'sw Asym Sd'se Samaritansw

2 
3

4 
4

2 
2

4 
4

2 
1

4 
4

2 
1

4 
4

2 
2

4 
4

2 
3

4 
4

2 
4

4 
3

2 
4

4 
2

2 
4

4 
1

2 
4

4 
1

2 
4

4 
2

2 
4

4 
3

2  4

1 1 
1

3 
2

1 
1

3 
3

1 
2

3 
3

1 
3

3 
2

1 
3

3 
1

1 
2

3 
1

1 
2

3 
1

1 
3

3 
1

1 
3

3 
2

1 
2

3 
3

1 
1

3 
3

1 
1

3 
2

1  3
No Conflict C. Alignednw C. Alignedne C Assurancenw C Assurancese Win-win Ideo. Hegm.' Blackmailer' Hostage' Delilah' Samson' Hegemon'

3 4 2 4 1 4 1 4 2 4 3 4 4 3 4 2 4 1 4 1 4 2 4 3 23

"



— Half of attractors are  
win-win 

— Despite no sense of fairness 
— ... because of the nature of the 

space 
— The attractors form a 

contiguous basin

Results



How does that scale?
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— What features do 
actual human beings 
favor in selecting 
between institutions?

Question
HIRING !!! 

email 
sethfrey@ucdavi
s.edu 
and 
kj338@cornell.e
du  

https://
psynet.dev   

mailto:sethfrey@ucdavis.edu
mailto:sethfrey@ucdavis.edu
mailto:kj338@cornell.edu
mailto:kj338@cornell.edu
https://psynet.dev
https://psynet.dev


— In Natural Justice (2005), Ken Binmore 
distinguishes """ 
... three levels of priority made necessary 
by an evolutionary approach to social 
contract theory. The three levels of 
priority are  

— Stability 
— Efficiency 
— Fairness  

"""(p.5)

Prediction



Design



The 
space



The 
space



The 
space



Preliminary results



—Among self-governing institutions, how 
should governance style change with 

the size? 
— How do we model the effects of 

individuals on the cultural evolution of 
institutions? 

— What do people look for when they 
browse for social systems for participate 

in?

Directions



— Institutions grow by incremental 
accretion 

— Deletions are rare 
— "Edits" are rare 
— Big changes are rare 

— This "algorithm" will find optimal rule 
configurations if rules don't interact 

— Our evidence for interactions suggests 
that layering is vulnerable to local 

minima

Example motivation: 
Institutional layering



Understanding institutional 
change as a dynamic over 
systems offers a powerful, 
general, and empirically 

testable framework for the 
study of cultural evolution.

Takeaway



Composing games into 
complex institutions

Seth Frey 
Communication, University of California, Davis 

with 
Jules Hedges, Strathclyde University 

Joshua Tan, Oxford University 
Philipp Zahn, 20SquaresFrey, S., Hedges, J., Tan, J., Zahn, 

P. (2023) "Composing games into 
complex institutions" PLOS ONE 

https://doi.org/j3vs



— We can't yet formally 
represent real-world 
institutional complexity. 

— We need it. 
— Existing options fall short, 

including game theory. 
— What does an extended game 

theory look like? 

CAD for governance







Frey, S., Hedges, J., Tan, J., Zahn, 
P. "Composing games into complex 

institutions" https://arxiv.org/abs/
2108.05318



Frey, S., Hedges, J., Tan, J., Zahn, 
P. "Composing games into complex 

institutions" https://arxiv.org/abs/
2108.05318



Projects
Minecraft 

Minecraft 

Apache Software Foundation 

12 platforms 

Model and experiments 

ABM 

Formal framework 

Toolkit 

— What governance systems do communities design 
for themselves and what works with Bob Sumner 

— Is governance change due to selection or drift? with 
Qiankun Zhong and Martin Hilbert 

— "Do we run how we say we run" with Mahasweta Chakraborti 
— What are the varieties of polycentricity? with Shagun Jhaver 

and Amy Zhang  
— Institutional preferences with Ofer, Nori, Dalton, and Qiankun 

Zhong 
— The psychological mechanisms of the tragedy of the 

commons with Christopher Frantz 
— Composing games into complex institutions with 

Hedges, Tan, Zahn 
— NLP4GOV with Mahasweta Chakraborti



WITH ONLINE COMMUNITIES 
COMPUTATIONAL SOCIAL 

SCIENTISTS CAN TEST 
GENERAL PRINCIPLES OF 
INSTITUTION DESIGN AND 

PERFORMANCE



https://institutionalgrammar.org/

https://cisl.info 

Rice D, Siddiki S, Frey S, Kwon HK, 
Sawyer A. Machine coding of policy 
texts with the Institutional Grammar. 

Public Admin. 2020;1–15.

https://doi.org/ghzpst


Chakraborti, M., Bonagiri, S. A., 
Virgüez-Ruiz, S., & Frey, S. (2024, 

May). NLP4Gov: A Comprehensive 
Library for Computational Policy 

Analysis. In Extended Abstracts of 
the CHI Conference on Human 

Factors in Computing Systems (pp. 
1-8). https://doi.org/mxqb


https://institutionalgrammar.org/
https://cisl.info
https://doi.org/ghzpst


https://metagov.org/

The Metagovernance 
ProjectSchneider, N., Tan, J., Frey, S., De 

Filippi, P., Zhang, A. X. (2021) 
Modular Politics: Toward a 

Governance Layer for Online 
Communities. CSCW


Frey, S., & Schneider, N. (2021). 
Effective voice: Beyond exit and 

affect in online communities. New 
Media & Society. https://doi.org/

gwpb

 

Jhaver, S., Frey, S., & Zhang, A. 
(2021). Decentralizing Platform 

Power: A Design Space of Multi-
level Governance in Online Social 

Platforms. https://arxiv.org/abs/
2108.12529


Frey, S., Hedges, J., Tan, J., Zahn, 
P. "Composing games into complex 

institutions" https://arxiv.org/abs/
2108.05318



Online communities as 
model systems for 

commons governance 

Seth Frey 
Communication, University of California, Davis 

Thank  
you
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