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Preface

w e wrote this textbook to make possible the teaching of game theory to 
first- or second-year college students at an introductory or “principles” 
level without requiring any prior knowledge of the fields where game 
theory is used—economics, political science, evolutionary biology, and 

so forth—and requiring only minimal high school mathematics. Our aim has 
succeeded beyond our expectations. Many such courses now exist where none 
did 20 years ago; indeed, some of these courses have been inspired by our text-
book. An even better sign of success is that competitors and imitators are ap-
pearing on the market.

However, success does not justify complacency. We have continued to im-
prove the material in each new edition in response to feedback from teachers 
and students in these courses and from our own experiences of using the book.  

For the fourth edition, the main new innovation concerns mixed strategies. 
In the third edition, we treated this in two chapters on the basis of a distinction 
between simple and complex topics. Simple topics included the solution and 
interpretation of mixed-strategy equilibria in two-by-two games; the main com-
plex topic was the general theory of mixing in games with more than two pure 
strategies, when some of them may go unused in equilibrium. But we found 
that few teachers used the second of these two chapters. We have now chosen to 
gather the simple topics and some basic concepts from the more complex top-
ics into just one chapter on mixed strategies (Chapter 7). Some of the omitted 
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material will be available as online appendices for those readers who want to 
know more about the advanced topics.

We have improved and simplified our treatment of information in games 
(Chapter 8). We give an expanded exposition and example of cheap talk that 
clarifies the relationship between the alignment of interest and the possibility of 
truthful communication. We have moved the treatment of examples of signaling 
and screening to an earlier section of the chapter than that of the third edition, 
better to impress upon students the importance of this topic and prepare the 
ground for the more formal theory to follow. 

The games in some applications in later chapters were sufficiently simple 
that they could be discussed without drawing an explicit game tree or showing a 
payoff table. But that weakened the connection between earlier methodological 
chapters and the applications. We have now shown more of the tools of reason-
ing about the applications explicitly.

We have continued and improved the collection of exercises. As in the third 
edition, the exercises in each chapter are split into two sets—solved and un-
solved. In most cases, these sets run in parallel: for each solved exercise, there 
is a corresponding unsolved one that presents variation and gives students fur-
ther practice. The solutions to the solved set for each chapter are available to 
all readers at wwnorton.com/studyspace/disciplines/economics.asp. The solu-
tions to the unsolved set for each chapter will be reserved for instructors who 
have adopted the textbook. Instructors should contact the publisher about get-
ting access to the instructors’ Web site. In each of the solved and unsolved sets, 
there are two kinds of exercises. Some provide repetition and drill in the tech-
niques developed in the chapter. In others—and in our view those with the most 
educational value—we take the student step by step through the process of con-
struction of a game-theoretic model to analyze an issue or problem. Such expe-
rience, gained in some solved exercises and repeated in corresponding unsolved 
ones, will best develop the students’ skills in strategic thinking.

Most other chapters were updated, improved, reorganized, and stream-
lined. The biggest changes occur in the chapters on the prisoners’ dilemma 
(Chapter 10), collective action (Chapter 11), evolutionary games (Chapter 12),  
and voting (Chapter 15). We omitted the final chapter of the third edition  
(Markets and Competition) because in our experience almost no one used it. 
Teachers who want it can find it in the third edition. 

We thank numerous readers of previous editions who provided comments 
and suggestions; they are thanked by name in the prefaces of those editions. 
The substance and writing in the book have been improved by the percep-
tive and constructive pieces of advice offered by faculty who have used the  
text in their courses and others who have read all or parts of the book in other 
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contexts. For the fourth edition, we have also had the added benefit of exten-
sive comments from Christopher Maxwell (Boston College), Alex Brown (Texas 
A&M University), Jonathan Woon (University of Pittsburgh), Klaus Becker  
(Texas Tech University), Huanxing Yang (Ohio State University), Matthew Roelofs 
(Western Washington University), and Debashis Pal (University of Cincinnati).  
Thank you all.

Avinash Dixit
Susan Skeath
David Reiley

6841D CH00 UG.indd   22 12/18/14   3:08 PM



PART ONE
■

Introduction and 

General Principles

6841D CH01 UG.indd   1 12/18/14   3:10 PM



6841D CH01 UG.indd   2 12/18/14   3:10 PM



3

11
■

Basic Ideas and Examples

A ll introductory textbooks  begin by attempting to convince the stu-
dent readers that the subject is of great importance in the world and 
therefore merits their attention. The physical sciences and engineering 
claim to be the basis of modern technology and therefore of modern life; 

the social sciences discuss big issues of governance—for example, democracy 
and taxation; the humanities claim that they revive your soul after it has been 
deadened by exposure to the physical and social sciences and to engineering. 
Where does the subject games of strategy, often called game theory, ft into this 
picture, and why should you study it?

We offer a practical motivation that is much more individual and probably 
closer to your personal concerns than most other subjects. You play games of 
strategy all the time: with your parents, siblings, friends, and enemies, and even 
with your professors. You have probably acquired a lot of instinctive expertise 
in playing such games, and we hope you will be able to connect what you have 
already learned to the discussion that follows. We will build on your experience, 
systematize it, and develop it to the point where you will be able to improve 
your strategic skills and use them more methodically. Opportunities for such 
uses will appear throughout your life; you will go on playing such games with 
your employers, employees, spouses, children, and even strangers.

Not that the subject lacks wider importance. Similar games are played in 
business, politics, diplomacy, and wars—in fact, whenever people interact to 
strike mutually agreeable deals or to resolve conficts. Being able to recognize 
such games will enrich your understanding of the world around you and will 
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4   [ C h . 1 ]  b a s i C  i d e a s  a n d  e x a m p l e s

make you a better participant in all its affairs. Understanding games of strategy 
will also have a more immediate payoff in your study of many other subjects. 
Economics and business courses already use a great deal of game-theoretic 
thinking. Political science, psychology, and philosophy are also using game the-
ory to study interactions, as is biology, which has been importantly infuenced 
by the concepts of evolutionary games and has in turn exported these ideas to 
economics. Psychology and philosophy also interact with the study of games of 
strategy. Game theory provides concepts and techniques of analysis for many 
disciplines, one might say all disciplines except those dealing with completely 
inanimate objects.

1 WHAT IS A GAME OF STRATEGY?

The word game may convey an impression that the subject is frivolous or unim-
portant in the larger scheme of things—that it deals with trivial pursuits such as 
gambling and sports when the world is full of weightier matters such as war and 
business and your education, career, and relationships. Actually, games of strat-
egy are not “just a game”; all of these weighty matters are instances of games, 
and game theory helps us understand them all. But it will not hurt to start with 
game theory as applied to gambling or sports.

Most games include chance, skill, and strategy in varying proportions. Play-
ing double or nothing on the toss of a coin is a game of pure chance, unless you 
have exceptional skill in doctoring or tossing coins. A hundred-yard dash is a 
game of pure skill, although some chance elements can creep in; for example, a 
runner may simply have a slightly off day for no clear reason.

Strategy is a skill of a different kind. In the context of sports, it is a part of 
the mental skill needed to play well; it is the calculation of how best to use your 
physical skill. For example, in tennis, you develop physical skill by practicing 
your serves (frst serves hard and fat, second serves with spin or kick) and pass-
ing shots (hard, low, and accurate). The strategic skill is knowing where to put 
your serve (wide, or on the T) or passing shot (crosscourt, or down the line). In 
football, you develop such physical skills as blocking and tackling, running and 
catching, and throwing. Then the coach, knowing the physical skills of his own 
team and those of the opposing team, calls the plays that best exploit his team’s 
skills and the other team’s weaknesses. The coach’s calculation constitutes the 
strategy. The physical game of football is played on the gridiron by jocks; the 
strategic game is played in the offces and on the sidelines by coaches and by 
nerdy assistants.

A hundred-yard dash is a matter of exercising your physical skill as best  
you can; it offers no opportunities to observe and react to what other runners in 
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the race are doing and therefore no scope for strategy. Longer races do entail 
strategy—whether you should lead to set the pace, how soon before the fnish 
you should try to break away, and so on.

Strategic thinking is essentially about your interactions with others, as they 
do similar thinking at the same time and about the same situation. Your oppo-
nents in a marathon may try to frustrate or facilitate your attempts to lead, given 
what they think best suits their interests. Your opponent in tennis tries to guess 
where you will put your serve or passing shot; the opposing coach in football 
calls the play that will best counter what he thinks you will call. Of course, just 
as you must take into account what the other player is thinking, he is taking into 
account what you are thinking. Game theory is the analysis, or science, if you 
like, of such interactive decision making.

When you think carefully before you act—when you are aware of your ob-
jectives or preferences and of any limitations or constraints on your actions and 
choose your actions in a calculated way to do the best according to your own 
criteria—you are said to be behaving rationally. Game theory adds another di-
mension to rational behavior—namely, interaction with other equally rational 
decision makers. In other words, game theory is the science of rational behavior 
in interactive situations.

We do not claim that game theory will teach you the secrets of perfect play or 
ensure that you will never lose. For one thing, your opponent can read the same 
book, and both of you cannot win all the time. More importantly, many games 
are complex and subtle, and most actual situations include enough idiosyncratic 
or chance elements that game theory cannot hope to offer surefre recipes for ac-
tion. What it does is provide some general principles for thinking about strategic 
interactions. You have to supplement these ideas and some methods of calcula-
tion with many details specifc to your situation before you can devise a success-
ful strategy for it. Good strategists mix the science of game theory with their own 
experience; one might say that game playing is as much art as science. We will 
develop the general ideas of the science but will also point out its limitations and 
tell you when the art is more important.

You may think that you have already acquired the art from your experience 
or instinct, but you will fnd the study of the science useful nonetheless. The sci-
ence systematizes many general principles that are common to several contexts 
or applications. Without general principles, you would have to fgure out from 
scratch each new situation that requires strategic thinking. That would be espe-
cially diffcult to do in new areas of application—for example, if you learned your 
art by playing games against parents and siblings and must now practice strategy 
against business competitors. The general principles of game theory provide you 
with a ready reference point. With this foundation in place, you can proceed much 
more quickly and confdently to acquire and add the situation-specifc features or 
elements of the art to your thinking and action.

w h at  i s  a  g a m e  o f  s t r at e g y ?   5
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2 SOME EXAMPLES AND STORIES OF STRATEGIC GAMES

With the aims announced in Section 1, we will begin by offering you some sim-
ple examples, many of them taken from situations that you have probably en-
countered in your own lives, where strategy is of the essence. In each case we 
will point out the crucial strategic principle. Each of these principles will be 
discussed more fully in a later chapter, and after each example we will tell you 
where the details can be found. But don’t jump to them right away; for a while, 
just read all the examples to get a preliminary idea of the whole scope of strategy 
and of strategic games.

A. Which Passing Shot?

Tennis at its best consists of memorable duels between top players: John McEn-
roe versus Ivan Lendl, Pete Sampras versus Andre Agassi, and Martina Navra-
tilova versus Chris Evert. Picture the 1983 U.S. Open fnal between Evert and 
Navratilova.1 Navratilova at the net has just volleyed to Evert on the baseline. 
Evert is about to hit a passing shot. Should she go down the line or crosscourt? 
And should Navratilova expect a down-the-line shot and lean slightly that way 
or expect a crosscourt shot and lean the other way?

Conventional wisdom favors the down-the-line shot. The ball has a shorter 
distance to travel to the net, so the other player has less time to react. But this 
does not mean that Evert should use that shot all of the time. If she did, Navrati-
lova would confdently come to expect it and prepare for it, and the shot would 
not be so successful. To improve the success of the down-the-line passing shot, 
Evert has to use the crosscourt shot often enough to keep Navratilova guessing 
on any single instance.

Similarly in football, with a yard to go on third down, a run up the middle 
is the percentage play—that is, the one used most often—but the offense must 
throw a pass occasionally in such situations “to keep the defense honest.”

Thus, the most important general principle of such situations is not what 
Evert should do but what she should not do: she should not do the same thing all 
the time or systematically. If she did, then Navratilova would learn to cover that, 
and Evert’s chances of success would fall.

Not doing any one thing systematically means more than not playing the 
same shot in every situation of this kind. Evert should not even mechanically 
switch back and forth between the two shots. Navratilova would spot and exploit 

1 Chris Evert won her frst title at the U.S. Open in 1975. Navratilova claimed her frst title in the 
1983 fnal.
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this pattern or indeed any other detectable system. Evert must make the choice 
on each particular occasion at random to prevent this guessing.

This general idea of “mixing one’s plays” is well known, even to sports com-
mentators on television. But there is more to the idea, and these further aspects 
require analysis in greater depth. Why is down-the-line the percentage shot? 
Should one play it 80% of the time or 90% or 99%? Does it make any difference if 
the occasion is particularly big; for example, does one throw that pass on third 
down in the regular season but not in the Super Bowl? In actual practice, just 
how does one mix one’s plays? What happens when a third possibility (the lob) is 
introduced? We will examine and answer such questions in Chapter 7.

The movie The Princess Bride (1987) illustrates the same idea in the “battle of 
wits” between the hero (Westley) and a villain (Vizzini). Westley is to poison one 
of two wineglasses out of Vizzini’s sight, and Vizzini is to decide who will drink 
from which glass. Vizzini goes through a number of convoluted arguments as to 
why Westley should poison one glass. But all of the arguments are innately con-
tradictory, because Westley can anticipate Vizzini’s logic and choose to put the 
poison in the other glass. Conversely, if Westley uses any specifc logic or system 
to choose one glass, Vizzini can anticipate that and drink from the other glass, 
leaving Westley to drink from the poisoned one. Thus, Westley’s strategy has to 
be random or unsystematic.

The scene illustrates something else as well. In the flm, Vizzini loses the 
game and with it his life. But it turns out that Westley had poisoned both glasses; 
over the last several years, he had built up immunity to the poison. So Vizzini 
was actually playing the game under a fatal information disadvantage. Players 
can sometimes cope with such asymmetries of information; Chapters 8 and 13 
examine when and how they can do so.

B. The GPA Rat Race

You are enrolled in a course that is graded on a curve. No matter how well you 
do in absolute terms, only 40% of the students will get As, and only 40% will get 
Bs. Therefore, you must work hard, not just in absolute terms, but relative to 
how hard your classmates (actually, “class enemies” seems a more ftting term 
in this context) work. All of you recognize this, and after the frst lecture you 
hold an impromptu meeting in which all students agree not to work too hard. 
As weeks pass by, the temptation to get an edge on the rest of the class by work-
ing just that little bit harder becomes overwhelming. After all, the others are not 
able to observe your work in any detail; nor do they have any real hold over you. 
And the benefts of an improvement in your grade point average are substantial. 
So you hit the library more often and stay up a little longer.

The trouble is, everyone else is doing the same. Therefore, your grade is 
no better than it would have been if you and everyone else had abided by the 
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agreement. The only difference is that all of you have spent more time working 
than you would have liked.

This is an example of the prisoners’ dilemma.2 In the original story, two sus-
pects are being separately interrogated and invited to confess. One of them, say 
A, is told, “If the other suspect, B, does not confess, then you can cut a very good 
deal for yourself by confessing. But if B does confess, then you would do well to 
confess, too; otherwise the court will be especially tough on you. So you should 
confess no matter what the other does.” B is told to confess, with the use of simi-
lar reasoning. Faced with this choice, both A and B confess. But it would have 
been better for both if neither had confessed, because the police had no really 
compelling evidence against them.

Your situation is similar. If the others slack off, then you can get a much bet-
ter grade by working hard; if the others work hard, then you had better do the 
same or else you will get a very bad grade. You may even think that the label 
“prisoner” is very ftting for a group of students trapped in a required course.

Professors and schools have their own prisoners’ dilemmas. Each professor 
can make his course look good or attractive by grading it slightly more liberally, 
and each school can place its students in better jobs or attract better applicants 
by grading all of its courses a little more liberally. Of course, when all do this, 
none has any advantage over the others; the only result is rampant grade infa-
tion, which compresses the spectrum of grades and therefore makes it diffcult 
to distinguish abilities.

People often think that in every game there must be a winner and a loser. 
The prisoners’ dilemma is different—both or all players can come out losers. 
People play (and lose) such games every day, and the losses can range from 
minor inconveniences to potential disasters. Spectators at a sports event stand 
up to get a better view but, when all stand, no one has a better view than when 
they were all sitting. Superpowers acquire more weapons to get an edge over 
their  rivals but, when both do so, the balance of power is unchanged; all that has 
happened is that both have spent economic resources that they could have used 
for better purposes, and the risk of accidental war has escalated. The magnitude 
of the potential cost of such games to all players makes it important to under-
stand the ways in which mutually benefcial cooperation can be achieved and 
sustained. All of Chapter 10 deals with the study of this game.

Just as the prisoners’ dilemma is potentially a lose-lose game, there are win-
win games, too. International trade is an example; when each country produces 
more of what it can do relatively best, all share in the fruits of this international 
division of labor. But successful bargaining about the division of the pie is 

2 There is some disagreement regarding the appropriate grammatical placement of the apostrophe 
in the term prisoners’ dilemma. Our placement acknowledges the facts that there must be at least 
two prisoners in order for there to be any dilemma at all and that the (at least two) prisoners there-
fore jointly possess the dilemma.
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needed if the full potential of trade is to be realized. The same applies to many 
other bargaining situations. We will study these in Chapter 17.

C. “We Can’t Take the Exam Because We Had a Flat Tire”

Here is a story, probably apocryphal, that circulates on the undergraduate  
e-mail networks; each of us has independently received it from our students:

There were two friends taking chemistry at Duke. Both had done pretty well 
on all of the quizzes, the labs, and the midterm, so that going into the fnal 
they each had a solid A. They were so confdent the weekend before the fnal 
that they decided to go to a party at the University of Virginia. The party was 
so good that they overslept all day Sunday, and got back too late to study for 
the chemistry fnal that was scheduled for Monday morning. Rather than 
take the fnal unprepared, they went to the professor with a sob story. They 
said they each had gone up to UVA and had planned to come back in good 
time to study for the fnal but had a fat tire on the way back. Because they 
 didn’t have a spare, they had spent most of the night looking for help. Now 
they were really too tired, so could they please have a makeup fnal the next 
day? The professor thought it over and agreed.

The two studied all of Monday evening and came well prepared on Tues-
day morning. The professor placed them in separate rooms and handed the 
test to each. The frst question on the frst page, worth 10 points, was very 
easy. Each of them wrote a good answer, and greatly relieved, turned the 
page. It had just one question, worth 90 points. It was: “Which tire?”

The story has two important strategic lessons for future partygoers. The frst 
is to recognize that the professor may be an intelligent game player. He may 
suspect some trickery on the part of the students and may use some device to 
catch them. Given their excuse, the question was the likeliest such device. They 
should have foreseen it and prepared their answer in advance. This idea that one 
should look ahead to future moves in the game and then reason backward to 
calculate one’s best current action is a very general principle of strategy, which 
we will elaborate on in Chapter 3. We will also use it, most notably, in Chapter 9.

But it may not be possible to foresee all such professorial countertricks; after 
all, professors have much more experience seeing through students’ excuses 
than students have making up such excuses. If the two students in the story are 
unprepared, can they independently produce a mutually consistent lie? If each 
picks a tire at random, the chances are only 25% that the two will pick the same 
one. (Why?) Can they do better?

You may think that the front tire on the passenger side is the one most 
likely to suffer a fat, because a nail or a shard of glass is more likely to lie closer 
to that side of the road than to the middle, and the front tire on that side will  
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