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Objectives

After this lecture you will be able to:
• Define key terms of Game Theory
• Represent narratives in normal and extended form
• Discuss methods to deal with real life Prisoners’ Dilemmas

2For more resources see https://anthonyjevans.com/game-theory/
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• Introduction
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• Nash Equilibrium
• Examples
• Discussion
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Introduction

• “Game Theory” is a branch of social science that 
investigates strategic decision making

• Behavioural assumption: the rational pursuit of self-
interest
– Rationality: complete knowledge and flawless 

calculation
– Self interest: people pursue their highest payoff
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Prisoners’ Dilemma – the narrative

• Two suspects are arrested and 
charged with a crime that carries a 
sentence of 10 years

• However, the police lack the 
evidence required to convict them

• They are put into separate cells and 
each offered a deal

• If they confess and the police can 
use their evidence against the other 
prisoner than the one who confesses 
will get a reduced sentence of 1 
year, and the one who doesn’t 
confess will get 25 years 

• If neither confesses then they can 
only be charged with the minor 
crime, which carries a sentence of 3 
years 

6
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Prisoners’ Dilemma – in normal form

• The solution is [Confess, Confess] with payoffs (-10, -10)
• When both players act in their own self-interest it leads to 

an outcome that they both deem to be suboptimal

Examples
• Arms race (USA vs. USSR)
• Marketing budget (Coca Cola vs. Pepsi)

Prisoner 2

Hold Out Confess

Prisoner 1
Hold Out -3,-3 -25,-1

Confess -1,-25 -10,-10

7

Four essential elements

8

Boeing

Low output High output

Airbus
Low output $36m, $36m $30m, $40m

High output $40m, $30m $32m, $32m

See Rasmusen 2001, p.12

Players

Actions Payoffs

Information

PAPI
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The Centipede game – the narrative and in extensive form

• A pot of money with £5 in it is offered to player I. They can 
decide to cash it in (with payoff 4,1) or pass it to player II.

• Each time that it is passed between players the contents 
are doubled until a maximum of £320.

• Solution: Player I stops the game leaving payoffs (4,1)
– Backwards induction shows that player II will defect 

on the final round
– The whole game unravels back to the beginning!

Drug deals – avoid an endgame 10

Payoffs
Player I
Player II
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Normal vs. Extensive Form

• We can convert a normal form game to extensive form and 
vice versa

Warning! The way a game is presented can influence how people play it. See Schotter (2009) p.241. 11

Normal form
(table)

Simultaneous game

Player 2

Left Right

Player 1
Up 2,2 2,2

Down 3,1 0,0

Extensive form
(tree)

Sequential game

1

Up

Down

2

2

(2,2)

(2,2)

Left

Right

(3,1)

(0,0)

Left

Right

Outline
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Dominant strategies in sequential games – the narrative

• A company is deciding whether to enter a new industry. 
Currently a monopolist makes profits of £300,000. If it does 
enter it will share £200,000 profits equally with the 
incumbent. However the existing firm could decide to 
launch a price war, in which case the new entrant would 
lose £100,000 and the incumbent would lose £200,000

• What is the likely outcome?

13

Dominant strategies in sequential games – in extensive form

Incumbent

Entrant        

Enter

Keep Out

Accommodate

Price War

(100,000, 100,000)

(-100,000, -200,000)

(0, 300,000)

The Entrant will enter and the 
incumbent will accommodate,
with payoffs (100,000, 100,000)

14
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Dominant strategies in simultaneous games – Ex. 1

• A game is dominance solvable if the elimination of strictly 
dominated strategies produces a single equilibrium

• Solution: [Down, Left] with payoffs (5,5)

16
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Dominant strategies in simultaneous games – Ex. 2

• Solution: [Medium, Medium] with payoffs (50,50)

17

Dominant strategies in simultaneous games – Ex. 3

• This is weak dominance, therefore the order of 
elimination can alter the results – we need a better 
concept of equilibrium

18
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Pure Strategy Nash Equilibrium (PSNE)

• Backwards induction only works for finite games with 
complete and perfect information. Nash equilibrium 
is more useful

• Def: Nash equilibrium
– Each player’s strategy is a best response to the 

other’s

• PSNE applies iff no player could do strictly better by 
changing strategies, holding all other players’ 
strategies fixed

• It means that no one has anything to gain by 
unilaterally changing their strategy

20
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Pure Strategy Nash Equilibrium – Ex. 1

• Solution: [Up, Right] with payoffs (8,15)

21

Pure Strategy Nash Equilibrium - Ex. 2

• Solution: [Up, Right] with payoffs (0,15)
• Solution: [Down, Left] with payoffs (15,0)
• i.e. multiple PSNE

22
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Pure Strategy Nash Equilibrium – Ex. 3 

• No PSNE!

23A Mixed Strategy Nash Equilibrium applies when you assign a probability to each of the Pure Strategies
Even if an opponent has a weakness, you may want to remain unpredictable (e.g. don’t always hit Federer’s backhand). See 
https://www.nytimes.com/2018/11/09/sports/tennis/who-has-the-best-shots-in-mens-tennis.html

Outline
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– Ultimatum games
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Coordination game

• This underpins the literature on technological lock in 
and path dependence
– VHS vs. Sony Betamax 
– Qwerty vs. Dvorak

 
Hardware producer 

VHS Betamax 

Film distributor 
VHS 3,3 0,0 

Betamax 0,0 5,5 

 

Battle of the Sexes = [Up, Left] is (5,3) and [Down, Right] is (3,5). 
Both players have a preferred activity but agree that the other person’s favourite is better than nothing.

25

The fable of the keys

See https://www.bbc.com/ideas/videos/why-do-we-use-a-qwerty-keyboard-anyway/p06yh0r3
Also see Liebowitz, S.J., and Margolis, S.E., 1990, "The Fable of the Keys”, Journal of Law & Economics 33(1):1-25

26
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Path dependency

The width of the booster 
engine for the space shuttle 

Endeavour was 4ft 8.5in

See http://hyunchang.hubpages.com/hub/A-Space-Shuttle-Booster-Engine-That-Was-Designed-to-the-Width-of-Horse-
Buttocks and https://www.snopes.com/fact-check/railroad-gauge-chariots/. 

27

2x

According to West (2017, p.64) Brunel believed that 
standard gauge rail tracks arbitrarily originated 

from the cart horses used on the railways in mines. 

Focal points

A focal point is a “commonly understood social expectation” (see Cowen 2009, p.131) and are also known as “Schelling points”. 28

Schelling was writing in the 
1950s and 1960s. More common 
answers now are Ground Zero or 

Times Square
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The Obedient Prisoners

• Every prisoner in Littlewood Penitentiary has a coloured 
dot permanently attached to their forehead
– There are no mirrors
– Prisoners are banned from talking about the dots

• Anyone who is sure they have a red dot on their forehead is 
allowed to leave the prison at midnight

• Exactly 25 of the 40 prisoners have red dots

29See Landsburg, S.E., 2018, Can You Outsmart an Economist? Mariner Books (p.187)

The Obedient Prisoners (2)

• One morning, at breakfast, the warden says “I think it 
would be boring if your forehead dots were all the same 
colour. I’m thankful that there’s at least one blue and at 
least one read”

• What happens the next morning?
– Nothing

• What happens in 25 days?
– The red dots have all left

– Everyone with a red dot can see 24 red dots. If they are still there on day 
24 there must be 25 red dots (i.e. you). 

– Imagine if there’s 1 red dot. That person would only see blue dots, realise 
that they have the red dot, and leave on day 1. 

– If there’s 2 red dots both would wait to see if the other leaves on day 1. If 
not they’d leave on day 2.

– You should leave one day after the number of red dots you can observe.

30See Landsburg, S.E., 2018, Can You Outsmart an Economist? Mariner Books (p.187)
Shared knowledge is the things we all know. Common knowledge is the things that we all know that we all know that we all know.

The warden didn’t reveal any 
new information. But he 
converts it from shared 
knowledge to common 

knowledge
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Ultimatum game

• Dictator game
• Limitations of experimental evidence

– Social norms?
– Strong enough incentives?

Player 1

(t, 100-t)

Player 2

Accept

(t, 100-t)

Reject

(0, 0)

“Ultimatum games are common in everyday life… The supermarket places an ultimatum before you – either you buy it at the set 
price or don’t buy it” (Rubinstein, 2012, p. 108)

32
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How prevalent are Prisoners’ Dilemma’s?

• Opt out
– In the real world we choose our trading partners
– Abstention provides an additional row with payoff = 0

• Contracting
– Write and enforce contracts
– Pay an outsider to monitor

• Repeated games
– What Adam Smith referred to as “the discipline of 

continuous dealings” 

See Tullock, G., 1985, “Adam Smith and the Prisoners’ Dilemma” The Quarterly Journal of Economics, 100:1073-1081 34
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Robert Axelrod’s Tournament

• An iterated Prisoners’ Dilemma of 150 rounds
– “Iterated” means that you play multiple games in 

succession
• Experts were invited to submit strategies
• Possible strategies:

– Always defect
– Always cooperate
– Random

• The winner was “Tit for Tat”
– Means “equivalent retaliation”
– Good points: Clarity, Niceness, Provocability
– Bad points: Misperceptions, Errors echo

For more information see: http://www.classes.cs.uchicago.edu/archive/1998/fall/CS105/Project/node4.html and Dixit & 
Nalebuff (1991, p.106).

35

2

Cooperate Defect

1
Cooperate 3,3 0,5

Defect 5,0 1,1

Implications for negotiation

• You have made an offer of £10bn for a rival and they’re 
holding out for more. You want to signal that your offer is 
non-negotiable. What should you do?

• Dixit & Nalebuff’s “Eight-fold Path to Credibility”*
1. Establish and use reputation
2. Write contracts
3. Cut off communication
4. Burn bridges
5. Leave the outcome to chance
6. Use small steps
7. Social pressure
8. Mandating negotiating agents

See Dixit & Nalebuff (1991, p.144) 36
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Summary

“What advice for negotiators does Game Theory generate? The 
most important ideas we have learned… are the value of 
putting yourself in the other person’s shoes and looking 
several, moves ahead”

John McMillan (quoted in Rubinstein, 2012, p.96)

• Game Theory is an established branch of social science that 
has produced important laboratory findings

• But acting in accordance with Game Theory’s behavioural
predictions is not necessarily the best strategy*
– Are you an expert in Game Theory or a victim of Game 

Theory?
• The main question is the extent to which we can use these 

findings in a business environment

* i.e. a naïve approach to the Centipede game is likely to give you a higher payoff than following backwards induction, but only
if you have a naïve opponent. Therefore this doesn’t mean that it’s good to be naïve, it just means that having a naïve 
opponent can outweigh the handicap of being naïve yourself. 

37

Glossary

• Concepts
– Payoff: numerical scale, more is better
– Common knowledge: each player knows what the 

other players know
– Equilibrium: no incentive to change
– Nash equilibrium: each player’s strategy is a best 

response to the other’s

• Types of game
– Normal form (table) vs. Extensive form (tree)
– Simultaneous (move at the same time) vs. Sequential

(move in order)
– Conflict (zero-sum) vs. Cooperation (positive-sum)

38


