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Sometimes it pays to be unpredictable. Tennis players in our experiment, when players have all the information
know this. So does the Internal Revenue Service. If a ten- about the payoffs and actions of other players, they are
nis player always served to the same part of the court, the able to play the game's mixed-strategy equilibrium. But
player's opponent would know where to be in order to players do not do that when they do not have complete
easily return the serve. And if the IRS published set rules payoff information, even when they have enough informaabout the factors that would trigger an audit, taxpayers tion about the game to possibly learn what they need to
would know how to easily avoid one. So the best strategy know about other players' payoffs. This result suggests that
for both the tennis player and the IRS is to choose more or the players did not learn about the payoff structure of the
game using sophisticated Bayesian learning. This result
less randomly from among their alternative actions.
These kinds of strategic choices are often studied in also suggests that economists should be careful about asnoncooperative game theory. If all of the players in a game suming in their models that people can easily infer everyfind it optimal to make their play unpredictable, the game one else's payoffs.
is said to have a mixed-strategy equilibrium.
One standard assumption of noncooperative game the- Games, Equilibrium, and Learning
ory is that all the players' payoffs are common knowledge. Any
game can be described by the actions of the players,
This is a fairly strong assumption. In many games, it is not the payoffs
those players, and the information that the
true. But without this assumption, players of a game may players havetoabout
actions and payoffs. Again, nonnot be able to play an equilibrium. Recent results in game cooperative game these
theory
assumes common
theory show that players can reach equilibrium if they ob- knowledge—that anythingtypically
known
the game is
serve the actions of every player in the game and are able known by all players, that each playerabout
knows
what is
to use that information to infer the likely payoffs to other known by all players, that each player knows that
each
players, by using a particular learning process known as player knows what is known by all players, ad infinitum.
sophisticated Bayesian learning (Jordan 1991, Kalai andSo, for example, if players in a game have complete inLehrer 1993).
In this study, we use an experiment to test whether how formation about the payoffs to all the players in the game,
much information players have available to them about the
structure of a particular game affects their ability to play
the mixed-strategy equilibrium of that game. Wefind that,
*Also, Adjunct Professor of Finance, University of Minnesota.
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common knowledge implies that each player knows that A Game for the Experiment
all players have this complete payoff information.
For our test, we need to choose a game for which we can
In game theory studies, the assumption of common create an experimental treatment in which players can obknowledge is used to derive a Nash equilibrium, the prin- serve the actions of all other players without directly obcipal solution concept in noncooperative game theory. A serving their payoffs. That is, players must have the miniNash equilibrium is a set of strategies for each of the play-mum information necessary for sophisticated Bayesian
ers in the game, in which no player has an incentive to learning. Two simple games are natural for an experimentchange his or her own strategy for choosing actions in the er to consider for such a test: two-person matching pennie
game as long as the other players do not change their strat- and three-person matching pennies. Only one of thes
egies.
games works for us.
Unfortunately, game theory does not specify how players reach a Nash equilibrium or how they obtain the as- Two-Person Matching Pennies
sumed common knowledge. If players have to learn about
a game of two-person matching pennies, each player
payoffs to other players, they might not arrive at the Nash In
can
to play either heads or tails. If the chosen acequilibrium. Depending on the game, how players learn tionschoose
of
the
two players match, then player A wins player
can have a great effect on whether they can play the Nash B' s penny, while
if the actions do not match, then player
equilibrium.
B wins player A's penny.1 Table 1 shows how the actions
Theories of the learning process in noncooperative of the two players are linked to their payoffs.
games model the information players need to resolve straIn this game, predictability does not pay. If player A
tegic uncertainty in order to construct individually optimal always
heads, then player B would always choose
strategies. One learning process that has been studied ex- tails andchose
win
A's penny. But if player A knew that player
tensively is, again, sophisticated Bayesian learning.
B would always choose tails, then player A would always
Sophisticated Bayesian learning assumes that all players choose tails and win B's penny. Similarly, if player B
know their own payoff functions but not the payoff func- knew that player A would always choose tails, then player
tions of other players. Uncertainty is represented as a sub- B would always choose heads, to win player A's penny.
jective prior over other players' types, that is, as the deter- Each of the four combinations of actions gives one of the
minants of other players' payoffs. Initially, strategies are players an incentive to change actions. We thus say that
chosen as a Bayesian Nash equilibrium of the static game. this game has no equilibrium in pure strategies.
Then players observe the initial choices of all players, up- The game does have an equilibrium in another kind of
date their beliefs about the payoff functions of other play- strategy, however. Neither player in the two-person matchers, play the Bayesian Nash equilibrium given the updated ing
pennies game would be prepared to play heads or tails
beliefs, and repeat the process. As play proceeds, all play- consistently,
but each player would be willing to randomly
ers update their beliefs about what determines the payoffs play heads and tails, with equal probabilities for the two
of the other players. As they attempt to figure out what actions. If each player used this strategy independently of
characteristics of other players could be consistent with the the other player, then the other player could not expect to
optimality of those players' observed choices, players grad- earn more by changing actions.2 The game has a mixedually learn the game, including the payoff functions of the strategy equilibrium.
other players.
Games with a mixed-strategy equilibrium are not just
Sophisticated Bayesian learning will always converge a theoretical nicety. Researchers have shown that mixed
to Nash equilibrium, but it requires that players process a strategies are optimal in, for example, modeling financial
large amount of information.
and tax audits (Border and Sobel 1987 and Mookherjee
In this study, we test whether subjects in an experimen- and Png 1989) and monitoring work effort (Kanodia
tal game use sophisticated Bayesian learning to learn to 1985). Thus, the two-person matching pennies game
play the game's Nash equilibrium. We manipulate the
information available to the subjects through two experimental treatments. Then we test whether subjects' play is
'This is a zero-sum game: the sum of the payoffs of player A and player B is zero.
consistent with the predictions of sophisticated Bayesian
2For a complete treatment of equilibrium in the two-person matching pennies game,
learning.
see, for example, Gibbons 1992, pp. 33-34.
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