


Game Theory and its Applications 



INTERNATIONAL SERIES IN SOCIAL PSYCHOLOGY 

Series Editor: W Peter Robinson, University of Bristol 

Assertion and its Social Context 
Children's Social Competence in Context 
Emotion and Social Judgements 
Genius and Eminence 
Making Sense of Television 
Psychology of Gambling 
Social Dilemmas: Theoretical Issues and Research Findings 
The Theory of Reasoned Action 



Game Theory and its Applications 
in the Social and Biological 

SCiences 

Second Edition 

Andrew M. Co/man 

�i�~� �~�~�~�:�1�~�n�~�s�~�~�u�p� 
LONDON AND NEW YORK 



First published 1982 as Game Theory and Experimental Games 

Published 1995 by Butterworth-Heinemann Ltd 

Published 1999 and 2003 
by Routledge 

27 Church Road, Hove, East Sussex BN3 2FA 

Simultaneously published in the USA and Canada 
by Routledge 

270 Madison Avenue, New York NY 10016 

Transferred to Digital Printing 2008 

Routledge is an imprint of the Taylor & Francis group, an Informa business 

© 1982, 1995, 1999 Andrew M. Colman 

The right of Andrew M. Colman to be identified as the author of this work 
has been asserted by him in accordance with the Copyright, Designs and 

Patents Act 1988 

All rights reserved. No part of this book may be reprinted or 
reproduced or utilized in any form or by any electronic, 

mechanical, or other means, now known or hereafter 
invented, including photocopying and recording, or in any 

information storage or retrieval system, without permission in 
writing from the publishers. 

British Library Cataloguing in Publication Data 
A catalogue record for this book is available from the British Library 

LibralY of Congress Cataloging in Publication Data 
A catalogue record for this book is available from the Library of Congress 

ISBN 978-0-7506-2369-8 

Printed and bound in the UK by TJI Digital, Padstow, Cornwall 
This publication has been produced with paper manufactured to strict environmental 

standards and with pulp derived from sustainable forests. 



Contents 

Preface to the First Edition 

Preface to the Second Edition 

Part I Background 

1 Introduction 
1.1 Intuitive background 

1.1.1 Head On 
1.1.2 Price War 
1.1.3 Angelo and Isabella 

1.2 Abstract models: basic terminology 
1.3 Skill, chance, and strategy 
1.4 Historical background 
1.5 Summary 

2 One-person games 
2.1 Games against Nature 
2.2 Certainty 
2.3 Risk 
2.4 Expected utility theory 
2.5 Uncertainty 

2.5.1 Insufficient reason 
2.5.2 Maximax 
2.5.3 Maximin 
2.5.4 Minimax regret 

2.6 Summary 

3 Coordination games and the minimal social situation 
3.1 Strategic collaboration 
3.2 Coordination games 
3.3 The minimal social situation 
3.4 The multi-person minimal social situation 
3.5 Summary 

ix 

xi 

3 
3 
4 
5 
5 
6 

10 
12 
14 

15 
15 
15 
17 
19 
23 
25 
26 
26 
28 
32 

33 
33 
33 
40 
48 
50 

v 



vi Contents 

Part II Theory and empirical evidence 

4 Two-person zero-sum games 53 
4.1 Strictly competitive games 53 
4.2 Extensive and normal forms 54 
4.3 Games with saddle points: Nash equilibria 57 
4.4 Games without saddle points 62 
4.5 Dominance and admissibility 69 
4.6 Methods for finding solutions 71 
4.7 Ordinal payoffs and incomplete information 78 
4.8 Summary 83 

5 Experiments with strictly competitive games 85 
5.1 Ideas behind experimental games 85 
5.2 Empirical research on non-saddle-point games 87 
5.3 Empirical research on saddle-point games 91 
5.4 Framing effects 94 
5.5 Critique of experimental gaming 97 
5.6 Summary 99 

6 Two-person mixed-motive games: informal game theory 100 
6.1 Mixed-motive games 100 
6.2 Subgame perfect and trembling-hand equilibria 101 
6.3 Classification of 2 X 2 mixed-motive games 107 
6.4 Leader 108 
6.5 Battle of the Sexes 110 
6.6 Chicken 111 
6.7 Prisoner's Dilemma 115 
6.8 Comparison of archetypal 2 x 2 games 118 
6.9 Theory of meta games 121 
6.10 Two-person cooperative games: bargaining solutions 126 

6.10.1 Maximin bargaining solution 129 
6.10.2 Nash bargaining solution 130 
6.10.3 Raiffa-Kalai-Smorodinsky bargaining solution 131 

6.11 Summary 132 

7 Experiments with Prisoner's Dilemma and related games 134 
7.1 The experimental gaming literature 134 
7.2 Strategic structure 135 
7.3 Payoffs and incentives 139 
7.4 Communication effects 141 
7.5 Programmed strategies 142 
7.6 Axelrod's computer tournaments 144 
7.7 Sex differences and cross-cultural studies 149 



Contents vii 

7.8 Attribution effects 152 
7.9 Framing effects 154 
7.10 Summary 160 

8 Multi-person cooperative games: coalition formation 161 
8.1 N-person cooperative games 161 
8.2 Characteristic function and imputation 163 
8.3 Core and stable set 167 
8.4 Harold Pinter's The Caretaker 169 
8.5 Shapley value 172 
8.6 Kernel, nucleolus, and least core 174 
8.7 Coalition-predicting theories 177 

8.7.1 Equal excess theory 177 
8.7.2 Caplow's theory 179 
8.7.3 Minimal winning coalition theory 179 
8.7.4 Minimum resource theory 180 

8.8 Experiments on coalition formation 180 
8.9 Summary 185 

9 Multi-person non-cooperative games and social dilemmas 186 
9.1 N-person non-cooperative games: Nash equilibria 186 
9.2 The Chain-store paradox and backward induction 187 
9.3 Auction games and psychological traps 191 
9.4 Social dilemmas: intuitive background 201 

9.4.1 The "invisible hand" and voluntary wage restraint 202 
9.4.2 Conservation of natural resources 203 
9.4.3 The tragedy of the commons 204 

9.5 Formalization of social dilemmas 205 
9.6 Theory of compound games 209 
9.7 Empirical research on social dilemmas 212 

9.7.1 Group size effects 215 
9.7.2 Communication effects 218 
9.7.3 Individual differences and attribution effects 221 
9.7.4 Payoff and incentive effects 223 
9.7.5 Framing effects 224 

9.8 Summary 226 

Part III Applications 

10 Social choice and strategic voting 
10.1 Background 
10.2 Alternatives, voters, preferences 
10.3 Voting procedures 

229 
229 
230 
233 



viii Contents 

lOA Voting paradoxes 
10.5 Arrow's impossibility theorem 
10.6 Proportional representation: single transferable vote 
10.7 Strategic (tactical) voting 
10.8 Sophisticated voting 
10.9 Empirical evidence of strategic voting 
10.10 Summary 

11 Theory of evolution: strategic aspects 
11.1 Historical background 
11.2 Strategic evolution and behavioural ecology 
11.3 Animal conflicts and evolutionarily stable strategies 
11.4 An improved multi-person game model 
11.5 Empirical evidence 
11.6 Summary 

12 Game theory and philosophy 
12.1 Relevance of game theory to practical problems 
12.2 Rationality in games 

12.2.1 Coordination games 
12.2.2 Prisoner's Dilemma games 

12.3 Newcomb's problem 
1204 Kant's categorical imperative 
12.5 Plato, Hobbes, Rousseau: social contract theories 
12.6 Evolution and stability of moral principles 
12.7 Summary 

Appendix A simple proof of the minimax theorem 
A.l Introductory remarks 
A.2 Preliminary formalization 
A.3 The minimax theorem 
AA Proof . 
A.5 Remark 

References 

Index 

237 
244 
246 
250 
258 
267 
270 

272 
272 
272 
276 
281 
288 
293 

294 
294 
297 
297 
300 
304 
308 
310 
314 
316 

317 
317 
317 
318 
319 
324 

325 

363 















- Part/­
Background 





























�U�h�i�h�u�h�q�f�h�v

�F�r�q�w�h�q�w�v

�L�q�g�h�{�#�5�6�:�#�5�7�7�#�5�7�9�#�5�8�3�#�5�8�;�#�5�9�:�#�5�:�3�#�5�:�5�#�5�:�5�#�5�:�5
�5�:�9�#�5�;�4�#�5�;�;�#�5�<�6�#�5�<�7�#�5�<�7�#�5�<�:�#�5�<�:�#�6�3�3�#�6�3�7�#�6�3�;�#�6�4�3
�6�4�7�#�6�4�9�#�6�4�:�#�6�4�:�#�6�4�:�#�6�4�;�#�6�4�<�#�6�5�7�#�6�5�8�#�6�9�6














































































	Cover
	Title

