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Game Theory

The essence of Game theory is that there is interdependence
when making strategic decisions, i.e. what one player does
affects and may have been affected by other players.

Games can be simple (eg. tic-tac-toe) or complex (e.g. life).
Games are sometimes zero-sum games if what one player
wins the other loses, but most games involve non-zero sums.
Games can involve simultaneous decision-making or
sequential decision-making.  They can be 'one-shot', be
'multiple-shot' but have a finite length or a 'game' can be
played infinitely.

Components of a Game

In a game we need to know

� Who the players are.

There may be possibilities for bargaining.  It may also be that
‘coalitions’ form.

� The historic, social, cultural and legal conventions of the
game.

Some players may try and ‘bend’ these.  However, Schelling
(1960) showed that many situations have ‘focal points’,this is
where players reach solutions based upon social convention.

Thus, knowing how these beliefs and assumptions are formed
is an important element of understanding what a ‘best
strategy’ is.

� The type of game being played

If interaction between players arises
� only once or
� frequently but the environment is so dynamic that each

interaction constitutes a different game, or
� infinitely

then a game may be reduced to a matrix or’normal’ form.

Alternatively, if the game has finite length then the game may
be analysed using a game tree (called an’extensive form’
game).  Here the solution is derived by ‘looking forward and
reasoning back’ (‘backward induction’).

� The feasible set of Strategies
 
 The instruments used to obtain the pay offs and the way final

decisions are made.
 

 In a one-shot game players make choices.  In
‘supergames’ players have a series of choices,
usually one at each stage and then make choices.
In essence the supergame player is working with a
series of ‘if then’ statements, possibly using
backward induction.  Such a method of reason and
action is called a strategy in game theory.
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� The Pay offs

These are measured in (cardinal) units of satisfaction (utility),
eg. profit, market share, votes, amount of investment, some
qualitative measure.

� Instrumental Rationality

An important assumption often made in game theory is that
players are instrumentally rational., that is, given their
objectives they choose the most efficient way of achieving
them.  Game theorists are actively assessing the outcomes
based on other behaviour assumptions.

� Common Knowledge

Most games involve Common Knowledge.  This is a situation
where information or knowledge is known by all players and
all players know not only that all the other players know this
information but also all the players know that all the other
players know this information and so on ad infinitum.

Thus, the timing, feasible moves and payoffs of the game are
all common knowledge (Gibbons (1997) J. of Econ.
Perspectives).

� Information structures.

In a game with complete information all players know their
own pay offs, the pay offs of their rivals and their rivals
choices (strategies).  However, complete information need not
be perfect.  In simultaneous decision games players cannot
know their rival’s move beforehand.  There can also be
uncertainty in games of complete information, as longas
everyone is aware of the probability distributions attached to
various states of nature (e.g., how each country might assess
the chances of a missile being launched by chance).

Anything less than complete information is incomplete
information.  Thus, in a two player game one player may
possess private information about (e.g., about their own work
effort or payoffs) while others can only imperfectly estimate
that information based upon their own payoffs (eg., company
profits) or the informed group’s actions (eg., a strike).

Behavioural Rules

“Game theory looks for behavioural rules which can solve
games by embodying the weakest notion of rationality
consistent with finding a solution.” (B. Lyons in Hargreaves-
Heap et al, 1992, p.98).  Consider the following:
 
1. Dominant strategy: the strategy which yields the optimal

pay off irrespective of what its rival(s) is (are) doing.
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 In Figures 1a and 1b, dominant strategies show optimal
so tions for the game.  (Note that in all the figures the left
ha d side figure in the parentheses is the pay off for the
pl er noted at the side of the matrix whilst the right hand
si  figure is the pay off for the player on the top).

 
 One Dixit and Nalebuff’s rules for game theory is
 

 “If you have a dominant strategy
use it” (1991, p.66).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Alliance

No

Alliance No AllianceFIRM 2

FIRM 1

( 3, 4 ) ( 1, 2 )

( 2, 3 ) ( 4, 2 )
Alliance

 

Left RightFIRM 2

Ti
Ch

IDS

Newsweek’s choices
AIDS Budget

(35, 35) (70, 30)

Figure 1b: An Alliance Game
lu
n

ay
de

of 

A

 Hinde. Game Theory 2

 

Up

FIRM 1

( 7, 2 ) ( 5, 2 )

( 7, 4 ) ( 2, 0 )
Down

me’s
oices

Budget
(30, 70) (15, 15)

Figure 1a: Market Share Game; payoffs in rce:
Dixit & Nalebuff, 1991) Figure 1c. Weak Dominance
% (Sou



Kevin Hinde. Game Theory 3

Note that it is possible to distinguish between strong and weak
dominance.  Figures 1a and b are examples of strong
dominance. Consider Figure 1c.  In this example, player 1 will
never play down whilst player 2 will never play right.  This is
suboptimal.  They will play left, up thought they would be
better playing down, left.  The reason for this inefficient
outcome is the possibility of defection by one of the players.

2. Nash strategy

This can be defined as a set of strategies where each
player does their best given what they assume the
other(s) is (are) doing. Thus, no player can improve upon
his or her payoff by adopting an alternative strategy.

Named after the mathematician, John Nash, who discovered
the concept in the late 1940s, this is a stable, self-enforcing
and generalised equilibrium concept in Game theory.  It arises
because not all games have dominant strategies.  So again
using a Dixit and Nalebuff rule

 
 “Having exhausted the simple
avenues of looking for dominant
strategies or ruling out dominated
ones, the next thing to do is to look
for an equilibrium of the game”
(1991, p.77).

 
To understand how the Nash equilibrium works consider the
following game in Figure 1d.  This is a game of best replies.

Further we must remember that in this and other games
described in this chapter

“there is complete but imperfect
information.  It is complete
because both know the strategies
and payoffs available to each
other, yet imperfect because
decisions have to be made before
the other’s choice has been
revealed.” (Lyons, ibid. p.98)

 
 Individuals are making their choices independently of one
another though they recognise that what they do will be
affected by the other’s independent choice.  Look at Figure
1d.  If X plays Top then Ys best response is to play Right and
get 5.  If X plays Bottom then Y should play should play Left.
The better of these two payoffs obtained by Y is 6 so they will
play Left.  Similar reasoning yields that Player X is better off
playing Bottom.  If Y plays Left then X’s best response is Top,
where they gain 4.  If Y plays Right then X should play then Y
should play Bottom where they would gain 6.  The Nash
Equilibrium is thus Left, Bottom.
 
The Nash equilibrium is a more powerful solution concept
than dominant strategy equilibrium (indeed, the latter are
a subset of the former).  But clearly a Nash equilibrium is
a non-trivial solution.  It requires that individuals are
game theoretic thinkers but there is a powerful logic to
the reasoning used.
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 In this game the Nash Equilibrium yields the optimal payoff for
both players (although there are unequal distributions of the
gains).  There are, however, problems for Nash equilibrium.
In the next section we examine two.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Problems for Nash Equilibrium

1. A Classic Game: The Prisoner’s Dilemma (Due to
A.W. Tucker)

In this game 2 prisoners have been brought in for questioning
by the police about a serious crime.  The police have some
information and so can make some charges hold but they

need to question the suspects if they are to get the whole
picture.  The police interview the suspects in separate rooms.
The prisoners now find themselves in a dilemma.  The game
is shown in the matrix below.  Both have two choices, to
confess or not confess.  The pay offs for prisoner 1 are shown
in the right of the bracket and those for prisoner 2 on the left.
They are negative to reflect years in prison.

Confession

No

Confession No ConfessionPRISONER 2

PRISONER 1

( -5, -5 ) (-0.5,-10 )

(-10,-0.5 ) ( -1,-1 )

Confession

Clearly, both prisoners have a dominant strategy of
confessing; it does not matter what strategy the other prisoner
chooses (we can thus say that not confessing is a dominated
strategy).  Both prisoners will get either 5 years or 6 months

(3, 6)

Player
X

Player
Y

Top

Bottom

Left Right

(4, 1) (2, 5)

(6, 2)

Figure 1d.  Determining a
Nash Equilibrium

Figure 2a: The Prisoner’s Dilemma Game
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in prison for confessing and 10 years or 1 year if they keep
quiet.  Given the possibility of a 6 month sentence both
players find themselves confessing.  (Use your Nash Strategy
reasoning to confirm the Nash equilibrium)

Note

“there is complete but imperfect
information.  it is complete
because both know the strategies
and payoffs available to each
other, yet imperfect because
decisions have to be made before
the other’s choice has been
revealed.  all of this is common
knowledge” (Lyons, ibid. p.98)

The implications of the PD are clear enough.  Both players act
sub-optimally.  However, this sits uneasily with the concept of
instrumental rationality; both players would be better off
acting ‘irrationally’ and co-operating with each other.  Both
would then enjoy a better pay off.

This is not just a parlour game, it has relevance to the world of
big business.  Figure 2b shows 2 firms competing on price.
Again, we see that if the firms acted co-operatively, i.e.
colluded, and raised price to a monopolistic level, they would
obtain higher joint profits.  However, as they are unsure about
what the other might do a perfectly competitive equilibrium is
arrived at.  This is good for society but bad for the players.

Can co-operation come about in the Prisoner’s Dilemma
Game?

Clearly, we could have one player signal to the other.  In the
original PD this might be that not confessing is an optimal
strategy if the player does not want to be seriously injured!

Firm 1

High
Price

Low
Price

Firm 2

High Price Low Price

(100, 100) (-10, 140)

(140, -10) ( 0, 0)

Figure 2d. A Bertrand Duopoly Game
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Games of infinite length

If there are no hinderances to the players then cooperative
behaviour may develop over time.  Of course, this is no
guarantee that one player does not defect.  This is why in
repeated games there is emphasis on conditional strategies.
In particular, a player might signal a willingness to act co-
operatively but punish defect strategies.  One punishment
strategy is a Trigger strategy whereby defection from the co-
operative route is punished with a low price strategy
thereafter.  This is a severe punishment mechanism but note
that there will be an incentive to defect in one period

An alternative strategy is ‘Tit-for tat’ in which the player, to use
Axelrod’s words, is ‘nice’, ‘provocable’ and ‘forgiving’.  Thus, a
player may signal co-operatively, but punish defect strategies
and later return to making co-operative signals.

TFT has an additional problem in that, given common
knowledge, it could be a ruinous strategy for a player.  TFT
offers cooperation but there is no guarantee of reciprocation.
So, it is rational to play along with a TFT player but irrational
to be one.  Given common knowledge would anyone want to
play TFT?  To overcome this Kreps et al (1982) suggested
that TFT players must create some uncertainty in their
strategies.  Only then does a seemingly ‘irrational’ strategy
appear rational.

Finite Length Games and the Paradox of Backward
Induction?

In games of finite length co-operation seems unlikely, at least
using backward induction (i.e. looking forward and
reasoning back).  For example, in a game of 25 rounds a
player will look to the last round and consider whether it is
better to co-operate or defect (cheat).  Given common
knowledge about the game players find themselves in a one-
shot PD game, not knowing what the other might do they
defect on each other in this 25th round.  Similar reasoning can
be applied to the 24th round given the likely outcome in the
25th round, and so it goes on.  The outcome is a non-
cooperative solution.  Thus, competition once again prevails.

In games of finite length it is important to consider the role of
‘irrational’ strategies such as altruism and learning.

2. Multiple equilibria in one-shot games

Figure 3 shows the Battle of the Sexes game so called
because it recognises potential difficulties between individuals
in relationships.  The matrix shows the strategies and pay offs
for two individuals sitting at work wondering what to do in the
evening.  Both want to be together, though they have slightly
different preferences as to what they want to do.  Being apart
is the worst outcome and this is given zero points.  As to the
co-ordinated activity that may take place, ‘getting your own
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way’ yields more than ‘giving in’ and is rewarded with 2 rather
than one point.
 
 There are two Nash equilibrium in pure strategies.  How might

the problem be resolved?
 
� The existence of hierarchy (one of them is dominant and

the other acquiescent)
� A commitment is made by one of the players (She buys

tickets for the Sumo)
� Convention, whether historical, legal, cultural or social may

have a role to play
� The players may arrive at some ‘focal point’ based on any

of the above.
� They play mixed strategies.  This is also a Nash

equilibrium in that a situation exists in which each agent
chooses the optimal frequency with which to play their
strategy given the frequency choices of the other agent.
Thus, the probability that each chooses the ‘getting their
own way’ strategy is 2/3, whilst there is a 1/3 chance of
‘giving in’.

 
 There is some disagreement among authors as to whether a
rational player would find this pay off acceptable.  However,
mixing strategies may be one way of resolving coordination
difficulties in ‘Battle of the Sexes ‘ type games.
 
 
 
 

Knitting

Knitting Sumo
Her

Him

( 2, 1 ) (0, 0 )

(0, 0 ) ( 1, 2 )

Sumo

Figure 3. The Traditional Battle of the Sexes Game

This game has many applications.  That shown below is
adopted from Kay (1993)
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Buy VHS

Buy VHS Buy Betamax
Consumer 2

Customer 1

( Best, Good ) (Bad, Bad )

(Bad, Bad ) ( Good, Best )Buy
Betamax

The Battle of the Sexes: ‘Standards Game

Here there are 2 possible outcomes each buy VHS or each
buy Betamax.  However, one consumer does not optimise
their payoffs.

What is required is
1. Hierarchy - governments often attempt to establish a

particular standard.
2. Commitment.  This means

•  rapid achievement of an installed base, eg Sky won
against BSB in spite of EC sponsored technology

credibility of the supplier, e.g. JVC offered an open licensing
policy to win the VHS/Betamax

The Sequential Game: Empty Threats and Credible
Commitments

Many Games involve sequential decision making.  Chess is a
prime example but, as you will probably know, a very difficult
game to play.  It should have a solution because “for any
game with a finite number of sequential moves there exists
some best strategy” (Dixit and Nalebuff, 1991, p.42.).  Chess
experts have been very successful at characterising optimal
sequences near the end of games.  They look forward and
reason back and usually make an assumption about the
intermediate positions (in essence they are eliminating
dominated strategies).  Interestingly, a computer recently beat
the world champion, Gary Kasparov, suggesting that the
iterative procedures used in chess will be solved shortly.

I shall introduce the idea of sequential games via use of the
‘Battle of the Sexes’ paradox.
Now consider the traditional Battle of the Sexes game in
extensive form.  We will use a Game Tree.  We show a
situation in which the man makes the first choice.  He can
either stay at home, and knit (K), or he can go to the Sumo
(S).  Having made his choice the woman can choose K or S.
This is a game of complete information which makes it
different from our normal form ‘Battle of the Sexes’ game
where prior information about any choice was not
available.  Pay offs are on the right hand side in brackets; the
pay off for the man is first and the woman is second.  There
are clearly, 2 Nash equilibria in this scenario as there was in
the normal form game with imperfect information.  However,
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the sequencing brings out an interesting issue.  Clearly, the
man would like to stay at home at knit and so he should
initially choose the K route.  What can the woman do now?
Can she realistically threaten to go to the Sumo, hoping that
he would change his initial choice to S?  Choosing S once the
man has chosen K is an Empty Threat.  More formally, KK is
not a subgame perfect Nash Equilibrium (that is, a
subgame where incredible threats are ruled out).  If
instrumental rationality prevails, the woman should stay at
home with him.  She would earn one unit of satisfaction rather
than zero.  Of course, the woman may act ‘irrationally’,
reasoning that going to the sumo now may have benefits in
future games, in which case choosing S after the man has
chosen K is rational to the woman (though note that this may
have the cost of breaking up the partnership!).

So, is there anything that the woman can do to change the
situation in her favour?  Can she make a rational ‘credible
threat’ to her partner.  Well, if she makes a strategic move
and makes a commitment to her strategy of wanting to go to
the sumo then she will alter the pay offs such that it is clear to
her partner that he should change his initial choice.  For
example, in the diagram below we assume that the woman
purchases a ticket costing her 1.5 units of satisfaction if she
were to give in to her partner’s wishes and stay home knitting.
Having made such a commitment, the man must realise that it
would be in his interests to go to the sumo (He would get one
unit of satisfaction rather than zero).

M

W

W

K

S

K

S

K

S

 (2, 1)

(0, 0)

 (0, 0)

 (1, 2)
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How Useful is Game Theory?

� It allows us to study the logic of the situation in a scientific
manner

 
� it provides a model of complex strategic interactions
 
� There may be many stages in each game
 
� We may have to show credibililty, weigh risks, face players

who have information bias, recognise the time dimension.
 
� Game theory makes us recognise interdependence
 
However,

� It makes some awkward assumptions about the
instrumental rationality of players who are more interested
in ends rather than means.  Means are only of relevance in
so far as they lead to maximising ends.  Rationality may
take different forms however, depending on the
assumptions we make about human behaviour.  And,
players may come from different social and cultural
backgrounds and have different histories.  These may all
affect the outcome of games.  (Interested students should
consider the issue of Rationalizable Strategies.  For an
introduction see B. Lyons in Hargreaves-Heap et al (1990.
pps 103-104).

� Because of the possibility of multiple equilibria the ‘art’ of
strategic decision making is vitally important.
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Exercises and Problems

1 Consider the following game in which player 1 chooses
a row and player 2 chooses a column.

  3, 3 0, 5 1, 2

  4, 2 8, 7 6, 4

  5, 7 5, 8 2, 5

i. Does player 1 have a dominant strategy?
ii. Does Player 2 have a dominant strategy?
iii. What is the Nash Equilibrium for this game?  Is it ever

possible for either player to use a strategy other than
his dominant strategy?  Explain.

3. Consider the following 3-person game in which player 1
chooses the row, player 2 chooses the column and
player 3 the matrix that will be played.

L R

T    6, 3, 2     4, 8, 6

B    2, 3, 9     4, 2, 0

L R

T    8, 1, 1     0, 0 ,5

B    9, 4, 9    0, 0, 0

The first number in each cell is the payoff to player 1,
the second number is the payoff to player 2, and the
third number the payoff to player 3.  Find the Nash
Equilibrium for this game.

L C R

T

M

B
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3. Two pigs, one dominant and the other subordinate, are
put in a box.  There is a lever at one end of the box
which, when pressed, dispenses food at the other end.
Thus, the pig that presses the lever must run to the
other end; by the time it gets there, the other pig has
eaten most, but not all, of the food.  The dominant pig
is able to prevent the subordinate pig from getting any
of the food when both are at the food.  Assume that pig
survival depends upon getting the most food it possibly
can, which pig will press the lever?  Explain your
answer.

4. Consider the following scenario for a conflict between
Yugoslavia (Y) and the United Nations (UN)

� Y moves first and decides whether or not to invade
Kosovo.

� If Y does not invade Kosovo, the game is over and
Y receives a payoff of 0 and the UN receives a
payoff of 1000.

� If Y does invade Kosovo, the UN must decide
whether to send troops to neighbouring countries.

� If the UN does not send troops to these
neighbouring countries, then the game is over and
the payoff for Y is 1000 and 100 for the UN.

� If the UN sends troops to the neighbouring
countries then Y has to decide whether or not to
leave Kosovo.

� If Y leaves Kosovo, the game is over and the payoff
is –1000 for Y (which is humiliated) and 500 for the
UN.

� If Y decides to stay in Kosovo, the UN must decide
whether or not to attack Y.

� If the UN does not attack Y the game is over.  The
presence of UN troops in the neighbouring states is
viewed as a farce; and the UN suffers global
reputational problems, while Y gains Regional
strength.  Y therefore receives a payoff of 1000 and
the UN receives a payoff of –700.

� If the UN attacks Y and wins the resulting war, the
game is over.  However, because the UN suffers
losses of aircraft and personnel, the payoffs are U*
= -500 for the UN.  The losses for Y are also great;
Y* = -900.

i. Draw a game tree to represent this 2-person game.
What is the subgame perfect equilibrium.

ii. What is the subgame perfect equilibrium if U* = -900
and Y* = -500?
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iii. What is the subgame perfect equilibrium if U* = 150
and Y* = -900?

5. Consider the following ‘Chain Store Paradox’ Game.
PDQ plc owns stores in 20 towns.  In each of these
towns there is a potential competitor, so there are 21
players in this game (Assume PDQ is player 0).  At the
moment, none of the potential competitors has enough
capital to take on PDQ but with the passage of time
each player in turn finds the required finance.  Assume
player 1 in town 1 raises the capital first, then player 2
in town 2, and so on until the 20th player in town 20, so
this game is played over 20 rounds.  Assume further
that each time PDQ plays against a potential
competitor the payoffs to each are identical.

So player 1 is the first to play against the chain store,
PDQ.  Player 2 would follow then player 3, etc.  The
payoffs for each (measured in £ million profit) are as
follows.

Player 1
In Out

    Co-operative    2, 2 5, 1

PDQ plc
    Aggressive    0, 0 5, 1

Payoffs for PDQ are on the left-hand side of each cell.
The payoffs for player 1are on the right hand side.

Player 1s choices, like all other players that follow, are
to determine whether it should enter the market or stay
out.  PDQs choices are to accommodate entry,
therefore acting co-operatively and allow the competitor
to share the market, or to act aggressively towards it
and keep prices very low.

The total payoff for player 0, the chain store, is the sum
of it’s payoffs in the 20 periods.  Each potential
competitor receives a payoff only in the period when it
is in the game.
i. What is the subgame perfect equilibrium for this

game?
ii. Do you think this outcome feasible?


