Module 3 - Background

Game theory is a branch of mathematics concerned with finding optimal strategies for games and related problems. Some games have a single best solution; for example tic-tac-toe and checkers1,2 have been "solved"; that is, the single best strategy has been identified. Chess is solvable in theory, but the solution is far too complicated to calculate. For other types of games, such as rock-paper-scissors and poker, optimal strategies can only be described in terms of probabilities. Game theory has applications in international relations, economics, computer science, and evolutionary biology, especially in questions related to the evolution of cooperation. This module uses a very useful game, the prisoner's dilemma3,4, to illustrate principles involved in the evolution of cooperation. 


The prisoner's dilemma can be described in several different ways, but the most popular involves two people arrested for the same crime. The prisoners are interrogated separately, and they cannot communicate with each other. The police offer each of the prisoners a deal: confess and implicate your partner, and you will receive a reduced sentence. If you confess and he doesn't, you will go free (T = 0 years, the temptation to defect) and he will serve ten (S = 10, sucker's payoff). If you both confess, you each serve five years (P = 5, the punishment for mutual defection). If neither confesses, each will serve two years (R = 2, the reward for cooperation). The specific numbers are not important as long as T < R < P < S. The key point is that no matter what the other player ("prisoner") does, you are better off to defect ("confess"): if your partner confesses, you get 5 years for confessing and 10 years for keeping quiet; if he keeps quiet, you go free for confessing or serve 2 years for keeping quiet. But since your partner is faced with the same choice, two rational players will end up with five year sentences when they could have had two year sentences (if both kept quiet).


What does this have to do with the evolution of cooperation? As with the prisoners, there are lots of situations in biology in which two individuals would benefit from cooperating, but each would do better still by defecting while the other cooperates. This is the difficulty of the evolution of cooperation: even when everyone would be better off if everyone cooperated, there is always a temptation to cheat. This module explores some of the ways cooperation can evolve in spite of the dilemma. 
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