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Repeated Prisoner’s Dilemma (in theory)
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Repeated Prisoner’s Dilemma (in practice)

Cooperate Cooperate Defect Defect

Cooperate Cooperate Cooperate Defect

Round 1 Round 2 Round 3 Round 4

see: Selten and Stoecker [1986]; Andreoni and Miller [1993]; Dal Bo [2005]; Bereby-Meyer 
and Roth [2006]; Friedman and Oprea [2012], Embrey, Fréchette, and Yuksel [2015]

(real people)



Would cooperation unravel with experience?

• “… we conjecture that convergence to Nash would require in excess of 200 
games of 10 rounds each.” [Mason et al. 2014]

• “Although … unravelling is at work in all treatments, the process is slow 
enough that … it is not plausible to observe cooperation rates to decline to 
negligible levels in an amount of time that is reasonable to spend in a 
laboratory.” [Embrey et al. 2015]

A experimental study of cooperation over time would:

• (maybe) resolve conflict between theory and empirical data

• be closer to the real world



Our experiment
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Game 3 Game 4 Game 5 Game 6

Random rematching across games

Game 2Game 1



Game 3 Game 4 Game 5 Game 6

Random rematching across games
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One experiment session – 20 games

Game 1 Game 20

50
pairs



Aug 4, 2015 – Day 1

Aug 31, 2015 – Day 20



Our experiment

• 20 days

• 20 games per day

• 10 rounds per game

• 113 players to start, 94
completed after attrition

• 375,000 decisions

Experiment Number of games

Selten and Stoecker [1985] 25

Andreoni & Miller [1993] 20

Dal Bo [2005] 10

Bereby-Meyer & Roth [2006] 20

Friedman & Oprea [2012] 8-10

Embrey et al. [2015] 20-30

This work 20 per day, 400 total





Cooperation over 20 days



First defection in games, by day



Cooperation is sustained, with high welfare

Despite:

• Individual incentives to be selfish

• Anonymity of identity

• Rematching within a large 
population

≈ 84% of 
maximum 
social welfare

Payoffs D C

D 3\3
7\1

C 1\7
5\5



What are players doing?

• Most players play threshold strategies:
• Cooperate until round n, defect thereafter
• Punish if opponent defects first

• T10: defect in last round
• T9: defect in second-to-last round
• T1: start defecting immediately
• CC: cooperate every round if opponent does 

(grim trigger)

• Strategies change slowly

T9
T9

CC
T8

CC
CC

CC
T10

T9
CC



Player strategies over time

~40% are resilient 
cooperators:

play CC for vast majority 
of the experiment

Most other 
participants start 
defecting only on 
rounds 8, 9, or 10



The significant 
cost of being 
nice…



Agent-based simulation

• Players maintain beliefs over strategies based on their observed 
opponents:

𝑩𝑖 = 𝑩𝑖−1 +𝑶𝑖

• Each player plays a smoothed best-response to strategies observed in 
the past

𝒖𝑖 = 𝑷
𝑩𝑖

𝑩𝑖
𝜋𝑖𝑗 ∝ exp( 𝑢𝑖𝑗/𝜆 )

• Some fraction of the population are resilient cooperators: always CC

Beliefs update from past observations

Expected utility for playing each strategy

Smoothed probability of playing strategy j



Simulation: with and without resilient players

No resilient players: cooperation breaks down 40% resilient players: cooperation maintained



Empirical data vs. simulation

Empirical strategies Simulated strategies



With resilient 
cooperators,
everyone 
becomes better 
off.



Summary

• Despite the social dilemma and prior predictions of unraveling, we 
find that resilient cooperators stabilize cooperation in the population

• They make everyone better off at significant cost to themselves

• Crowdsourced experiments make it possible to collect data, e.g. 
studying collective behavior, over a longer time period than before

• Long-run studies of behavior can yield different results than short lab 
experiments!



TurkServer: OSS platform + experiments

• Simpler programming for 
real-time interaction

• Web-based lab console
• Creation and 

instrumentation of groups
• Digital one-way mirror

• Sharing of experiment 
protocols based on a 
common infrastructure

• Easier to reproduce, vary, 
and iterate on existing work

https://www.github.com/TurkServer/turkserver-meteor

https://www.github.com/VirtualLab/turkserver-meteor


A virtual lab: web-based real-time view


