
ECON3430 Managerial Economics
Lecture 9, Semester 2, 2015 
Cameron Murray

Topic 8: Game Theory and Strategy
Readings:  Baye and Prince textbook, Chapter 10

Additional materials:
Online repeated prisoner’s dilemma simulations
Price signalling versus just pricing

The nature of strategic choices 
A warning
Game theory is a tool that doesn’t have a good instruction manual on how to apply it in real life 
situations where the nature of that game is poorly defined or unknown. Don’t simply believe that 
the results of a particular game theory model hold in reality in every (or most) situations. This 
lecture, along the additional notes and materials supplied, is designed to provide you with a better 
and broader approach to using game theory. In some ways I hope to arm you with the knowledge 
to look through much of the nonsense written by economists to understand how real life problems 
may differ substantially from the models in the minds of economists.

Assumptions of game theory
• Knowledge of being in a game
• Knowledge of who your opponents are
• Knowledge of all payoffs
• Knowledge of opponent’s strategy (common knowledge of rationality, or CKR)
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http://www.christopherxjjensen.com/research/projects/online-cooperative-resource/easy-iterated-prisoners-dilemma/
http://economics.com.au/?p=6421


The basic element of game theory is to put yourself in the shoes of others, but to do that requires a 
great deal of information about your opponent. 

A strategy is simply the set of rules by which you or your opponent(s) make decisions. It might be 
that your strategy is to maximise payoffs under the belief they believe that you believe that is your 
strategy. This particular conflation of perfect beliefs is known a common knowledge of rationality  
(CKR). In fact CKR is an infinite regress of mutual knowledge that allows us hook on which to hang 
our game theory solution (see text excerpt on previous page from Hargreaves Heap and 
Varoufakis, Game Theory: A critical text).

But it could equally be a strategy to maximising joint payoffs and cooperating, or it could be a 
minimax problem, which is a type of secure strategy that seeks to minimise losses in the worst-
case scenario. Players who are lose averse, where a given monetary loss is proportionally worse 
than that same mentally gain, might play such a strategy. 

A solution concept describes the process of reasoning that helps you arrive at the chosen strategy. 
There is no absolute correct and right solution to any game as different information conditions 
(which players know what about the payoffs, the game structure, their opponents and their 
opponents strategies etc.) will lead to different solutions. 

Nash equilibrium
Below is a normal form representation of a one-shot Prisoner’s Dilemma. 

A dominant strategy merely means one that is better than others regardless of the choice of the 
opponent. In the above dilemma if Player A (first payoff, left), cooperates, than Player B (second 
payoff, top) should defect to earn 20 instead of 10. If Player A defects, Player B should defect to 
get 5 instead of 0. Thus regardless of what Player A does, Player B should defect, and hence 
defecting is a dominant strategy in the Prisoner’s dilemma under the many assumptions previously 
discussed. 

What makes this a dilemma is that the dominant strategy is the same for both players and results 
in lower payoffs for both players compared to mutual cooperation. If only they could communicate 
to each other a credible promise to cooperate… (more on this later, and in Week 10). 

There are many games which are simply a problem of coordination, where payoffs rely on others 
choosing a particular outcome. In the table below players A and B need to cooperate on Pink or 
Blue to get a payoff. Here there are two Nash equilibria - one with both firms on Pink and one with 
both on Blue. Pure Nash reasoning would suggest that each play choose randomly (i.e. flip a coin 
to choose one of two options with a 50% chance).  

A / B Cooperate Defect

Cooperate 15 , 15 0 , 20

Defect 20 , 0 5, 5

A / B Pink Blue

Pink 10 , 5 0 , 0

Blue 0 , 0 5 , 10
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http://yanisvaroufakis.eu/books/game-theory-a-critical-text/
https://en.wikipedia.org/wiki/Minimax
https://en.wikipedia.org/wiki/Solution_concept


Backwards induction
One-shot games are extremely rare in reality. It is very hard to isolate a single game from your life 
as a whole. For example, even though you might be playing a game of chess with your brother, 
you might throw the game to let him win as part of a strategy in a bigger game to earn trust and 
gain their help in other situations. Each game can’t always be considered in isolation. Even in 
economics experiments you can’t sure if the participants are playing the game as it is set, or 
gaming the experimenter. 

Backwards induction is a solution concept that starts at the end of a problem and works backwards 
to a strategy that provides the desired outcome. What this means is that in the Prisoner’s dilemma 
and its variations, even it you play the game dozens of times, the Nash equilibrium is to defect from 
the first round. The logic is that because it is best to defect in the last round, and your partner 
knows this, then they will also defect, making the second last round the new ‘last chance to 
cooperate’. Since you want to defect in this second last round, and you partner knows it, you 
defect, making the third last round the new ‘last chance to cooperate’. This logic continues up to 
the first round, where it become logical to defect. 

In any finitely repeated game the result of the single shot game under CKR resolves by backwards 
induction to apply in finitely repeated games.

Forwards induction
Where a player does not know what type of reasoning the other player(s) is using (i.e. there is no 
CKR), players may form belief about a player’s strategy by observing their past actions; a solution 
concept know as forward induction. Such induction requires that observed deviations from CKR 
provide meaning about the payer’s true strategy. For example, observing a player cooperate 
previously may imply a player is an unconditional cooperator, whose strategy is cooperate 
regardless. Experience over repeated games might also reveal that the opponent is a condition 
cooperator, who will cooperate if you last cooperated, but defect if you last defected. 

In oligopolistic markets there is a common view that most firms act in a conditionally cooperative 
manner. If their competitors reduce prices, they reduce prices to avoid losing market share and 
turnover, resulting in lower profit for each firm. But then when one increases prices again, so does 
their competitor, to shift back towards the mutual cooperation outcome.   

Prisoner’s dilemma - how do prisoner’s play?
Prisoner’s actually cooperate more than students in one-shot prisoner’s dilemmas, with over 50% 
cooperating (in this all female experiment), though the cooperate less in the sequential game.
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http://www.sciencedirect.com/science/article/pii/S0167268113001522#


Games with no Nash equilibria
Many games have no unique Nash equilibria and the optimal strategy is simply a probabilistic draw 
from possible solutions. As an example, a worker and boss might face a coordination problem with 
work effort and monitoring as shown below (and in the textbook p375).

Here there is no Nash equilibrium. If the boys monitors the best response by the worker is to work. 
But if the worker actually works the best response of the boss is not to monitor, because monitoring 
is costly. The best choice for either participant in the game is a mixed (randomised) strategy, which 
basically says to pick from the choices at random.*

In many games there are no clear solutions and the best that Nash reasoning and give us under 
CKR is a mixed strategy response of randomly choosing (or with a weighted probability depending 
on the payoff structure) between some of the alternatives.

*In real life of course there is the power to change the nature of the game. What conditions are 
making your staff want to shirk when they are not being monitored?

Simultaneous versus sequential games
In sequential games one player makes a choice that the other play can observe prior to the next 
player making a choice. In the extensive form diagram at the tope of the page, Player 1 chooses A 
or B prior to Player 2 making a decision. Thus Player 1 has to infer what Player 2’s strategy will be 
conditional on their own choice.
 
The Nash equilibrium to this problem arise by backwards induction as well. Here, Player 2’s profit-
maximising strategy is “If Play 1 chooses B, choose Z. If Player 1 chooses A, choose W”. Knowing 
this Player 1 will choose B and Player 2 will choose Z, which is the Nash equilibrium. 
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Work Shirk

Monitor -1 , 1 1 , -1

Don’t monitor 1 , -1 -1 , 1



Indefinitely repeated games 
When a game is repeated indefinitely amongst the same players, or the same population of 
players, the process of backwards induction of the Nash equilibria unravels because there is no 
final period on to which to anchor the logic. 

In these settings (and in truth, in games of just one or a few rounds as well), the strategy space 
opens up immensely. There is no longer a hook of common knowledge o rationality in the final 
round on which to hang the total logic of playing the whole game through backwards induction.

Our knowledge of this type of game comes from real people playing in experimental conditions, 
and from computer simulations of populations of agents. The success of any strategy in these 
environments depends on the mix of strategies of others playing the game. 

The first major research work into these type of games was from Robert Axelrod’s 1980 
tournament of strategies in a repeated prisoner’s dilemma. His conclusion is that “there is no best 
rule independent of the environment”, meaning that you cannot ‘set and forget’ a strategy without 
monitoring the evolving strategies of opponents. 

Folk Theorems
A class of not-quite-proven theories that suggest that ANY cooperative outcome is attainable in a 
repeated setting if players are sufficiently patient. This is basically a restatement of Axelrod’s idea 
that there is no best strategy and that successful strategies depend on their environment and that 
through interactions over time any cooperative outcome can be attained. 

Grim trigger strategies
A grim trigger strategy is a strategy that cooperates until the opponent defects. It may then defect 
indefinitely, defect for a short period as ‘punishment’, or defect until the opponent again cooperates 
(tit-for-tat). 

Tit-for-tat
This is a simple strategy that encourages mutual cooperation in repeated settings. It says 
cooperate in the first round the simply copy the opponents choice in future rounds. 

Tit-for-two-tats (has a little punishment and forgiveness)
This is a simple strategy that encourages mutual cooperation in repeated settings. It says 
cooperate in the first round and only switch to defect after two defections by the opponent. Then 
copy the opponents choice in future rounds (if they choose to cooperate again, then cooperate). 

Naïve strategies ignore other players
So far the main idea in game theory has been that strategic logic requires putting oneself in the 
shoes of others. But notice that in the environment of indefinitely repeated games that the 
successful strategies mostly simply ignore what their ‘opponents’ are doing, other than some basic 
notion of ‘do what they did last period’. There is no backwards induction, no elaborate reasoning of 
Nash equilibrium requiring common knowledge of rationality. They are a kind of learning strategy 
that reasons based only on the past success of one’s own actions.

These naïve strategies are far more useful in real life that the concepts of Nash equilibrium. In 
most real life problems you may not even be able to identify potential opponents, or even know the 
game payoffs for yourself or your opponents. Or that you are even playing a game! Trial-and-error 
is a good option in these settings.  Naïve strategies also undermine many of the standard game 
theory results in economics. If you head out into the big bad world of business knowing only about 
the standard results you will have little knowledge to help you decipher the different types of naïve 
strategies happening in your market. 
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https://en.wikipedia.org/wiki/The_Evolution_of_Cooperation#Axelrod.27s_tournaments


Cournot and Bertrand as repeated games 
Many firm decisions rely on a type of game-theoretical consideration of the behaviour of 
competitors, including pricing, advertising, adopting of technical platforms, etc. Two core ideas 
about how competition works in economics rest on game theoretical considerations, yet they are 
often presented incompletely and without rigour. 

We won’t be assessing these topics as they are presented in Chapter 9, but will asses the 
discussion and materials in these lecture notes.

Cournot competition
Here firms are assumed to play a game where they have CKR and participate in a one-shot (or 
finite) game knowing the exact number of competitors producing identical goods and choose their 
quantity of output. It hence relies on Nash equilibrium solution concepts.

The key thing to remember about this type of competition is that prices fall as more new firms enter 
the same market - a market with 4 instead of 3 firms will have lower prices and hence be “more” 
competitive. As more firms enter the model tends towards perfect competition, where price equals 
marginal cost. Since in real life markets with many firms appear competitive, because there is a 
great deal of choice, this model remains popular in economics. 

Betrand competition
Here firms are also assumed to play a one-shot pricing game where they have CKR, have the 
same costs a competitors, and know the number of competitors producing identical goods. 
However they compete on price, not output quantity, and consumers choose to consume from 
whoever is cheapest. If one firm drops their price by just a tiny bit, they get the whole market and 
the other firm gets zero. This means as soon as there are two firms in a market they bid down 
prices to reflect costs. The logic of this model rests on the following thought process “my costs and 
theirs are $10 and I want to charge $20, but they will know that and charge $19, so I should charge 
$18, but since they also know that they will charge $17 and I should charge $16….”

Stability to defection
The reason these models seem strange is that they rely on static one-shot backwards induction 
about opponents possession CKR. In a repeated setting they can be quite unstable. Think about 
the normal form Bertrand game below. In equilibrium neither firm makes a positive economic profit, 
but nor do they if they deviate and sell nothing (since they are equally well off selling nothing or 
getting zero profit). As soon as one firm deviates it is profitable for the other firm to deviate as well. 
Hence the equilibrium is not stable to defection. 

Win stay - lose shit
This is a simple learning strategy that says if the change you made last period increased your 
payoff, or exceeded some arbitrary benchmarks, keep doing similar things. If what you did last 
period didn’t meet your benchmark, than shift to a different choice. It is essentially general 
statement of a tit-for-tat strategy that can apply in many environments. 
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P > MC P = MC

P > MC 𝜋 , 𝜋 0 , 0

P = MC 0 , 0 0 , 0

https://en.wikipedia.org/wiki/Cournot_competition
https://en.wikipedia.org/wiki/Bertrand_competition
http://www.apple.com


When applied to economic problems we get very interesting results, particularly in the Cournot-
type of quantity-setting game amongst oligopolists. Keep this in mind as a reason that some 
industries with many firms still seem quite uncompetitive (see last week’s discussion questions). 

Imagine that 10 firms compete in a market characteristic by Cournot-style competition amongst 
quantities. Then each month the firms adjust their output based on whether their previous month’s 
output adjustment increased or decreased profits. If last month they increased output and that 
increased profits, then they increase output again this month (stay). If last month they increased 
output and profits fell, they decrease output this month (shift).

The same logic happens in Bertrand competition as well. 

What happens in ANY setup of ANY number of firms competing this way, by using this naïve 
learning strategy, is that the market output converges to the monopoly output. Profits as a whole 
rise to exactly what would be expected if a single firm had complete market power. What this 
means is that Cournot equilibria is not stable to this type of defection. 

Links to other ideas in ECON3430 
One of the big problems in game theory is that we assume that we can’t promise to cooperate with 
our opponents. There is no communication or enforcement of norms of cooperation. But what if 
you could signal to others your choices in advances, make arrangements and credible promises? 
Surely the outcomes would be very different.

In the next lecture we look at the economics of information, which ties into the idea of how 
cooperation can differ when differing degrees of information are now to different parties. A big idea 
is that there are ways to credibly signal your intentions to your opponents to improve you own, and 
a group’s joint, outcomes. In pricing this gets very confusing when posting prices is argued to be a 
signal of cooperative intentions. 

In week 11 we will look at making decisions under uncertainty, which has some links with choice in 
a sequential games where the full suite of possible outcomes is unknown from the beginning. 
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