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4. Does Economic Theory Fail?

Economic theory works some of the time. But perhapis
always? There is an experimental literature thgues there are
gross violations of economic theory. Since theskiress are not
with the theory of Nash equilibrium, I will explaian important
variation — the notion of subgame perfect equilibri How well
does the theory of subgame perfection do in ther&bry? In three
games — a public goods game called best-shot, gaibarg game
called ultimatum and the game of grab-a-dollar shmaple theory
with selfish players fails.

Subgame Perfection

Our notion of a game is a matrix game in which ptay
simultaneously choose actions one time and one tongy.
Situations like this are rare outside the labosatdhe “real” theory
of games has long-since incorporated both the peesef time —
and that ubiquitous phenomenon known as uncerta®itgn when
| am teaching a course and | get to this poindyl“®ow we start the
real theory of games.” So let us begin.

A “real” game involves players taking moves. Someyre
simultaneous, in other cases we get to make chaitesobserving
what other people have done. For example, we ginebay
groceries after the store has posted the priceke€p things easy,
focus on sequential move games — although the @impheory
allows both simultaneous and sequential moves. Weaden
sequential moves by game tree, a diagram of circles and arrows,
with the circles indicating that a player is makiagnove, and the
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arrows the options available to that player. Hexeaisimple and

famous example, thgelten Game.

(1,-1)
Caye

Fight (2,-2)

Enter

Q Exit
1 ~ (0,0)

In this simple game player 1 moves first. Hiscision node is

represented by the circle labeled with his name ‘She has two
choices represented by arrows:Bater the game oExit the game.
If sheexits, the game ends and everyone gets a payoff of Kesloe
enters, player 2 gets to move, as represented by théedmbeled
with “2”. player 2 has two possible responses ttryereither to
Fight, or to Cave. If he fights, everyone loses, as indicated by the
numbers -2, -2 representing the payoff to playeantl player 2
respectively. If he Caves, player 1 wins and geta/Hile player 2
loses and gets -1. Notice that for player 2 it estdr tocave and
avoid thefight.

There are two ways to play this game. One is ty plas
described. The other is to make advance plansiddseof advance
plans, orstrategies is the heart of game theory. A strategy is a et o

instructions that you can give to a friend — orggean on a computer
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— explaining how to play the game on your behalfs la complete
set of instructions: it must explain how to playewery circumstance
that can arise in the game. As you can imaginentag not be very
practical: think of trying to write down instructie for a friend to
play a chess game on your behalf. Chess has adngfipossible
configurations — and you have to tell your frierato play in each
possible situation. Of course the IBM Corporatiad @rovide a
very effective set of instructions to the compuierep Blue — so
effective that Deep Blue beat the human world clossnpion in
1997. For the rest of us implementing complex afigctve
strategies may not be so practical, but regardigss,idea of a
strategy is very useful conceptually.

In the Selten Game, each player has two strategiager 1
can eitherexit or enter, and player 2 can eith&ght or cave. Notice
that player 2's strategy is different than playés. Iplayer 1's
strategy is a definite decision to do somethingy@t 2’s strategy is
hypothetical: “if | get to play the game, here isaw| will do.”

Strategies are chosen in advance — and each phageto
choose a strategy without knowing what the othayei has chosen.
So when the game is described by means of stratégea matrix
game: each player chooses a strategy, and deperadinghe
strategies chosen, they get payoffs. The matrix goas with the

Selten Game is.

2,2 1*-1* (SGP)
0*,0%(Nash) 0,0*
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Notice how when player 1 chooses to exit it doesmtter what
player 2 does — in that case the game isn't played.

We can analyze this game using our usual toolsest-b
response and Nash equilibrium. As marked in theirat player 2
is going tofight, it is best for player 1 texit; if player 2 is going to
cave it is best for player 1 tenter. If player 1 is going t@nter, it is
best for player 2 teave. If player 1 is going texit, the game isn'’t
going to be played, so it doesn’t really matter ivplayer 2 does:
she isindifferent.

The game has two Nash equilibriaxt/fight labeled “Nash”
and enter/cave labeled “SGP” for reasons to be explained
momentarily. Here is the thingxit/fight while a Nash equilibrium
is not completely plausible. Player 1 may reasomdcself — if |
were toenter rather tharexit, it would not be in player 2’s interest to
fight. So | believe that if enter he will cave. So | should go ahead
andenter.

The notion that player 1 should enter is capturgdthe
notion of subgame perfect equilibrium. This insists that not only
should the strategies form an equilibrium, but,csir{or if!) we
believe the theory of Nash equilibrium, in everybgame the
strategies in that subgame should also form a MKagsiilibrium. In
the Selten Game, there is one subgame: the gamRkich player 1
had chosen tenter — the subgame is very simply, it just consists of
player 2 choosing whether fagght or to cave. It can be represented
in matrix form as
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Fight Cave

-2,-2 1,-1
As there is only one player in this subgame, thehNequilibrium is
obvious -1 is better than —2 so player 2 shcale.

This analysis is fine as far as it goes. But ifdrev player 2
and was discussing the game with player 1 beforplayed | would
say “Don’t you dare enter — if you do | will fight. would say this
because if | could convince player 1 of my williegs to fight he
wouldn’t enter, and | would get O instead of —1ghme theory this
is called commitment or precommitment, and is of enormous
importance.

A practical example of the Selten game is the gafaged
by the United States and Soviet Union during th&dG@ar — with
nuclear weapons. We may imagine that player lesSibviet Union,
and entry corresponds to “invade Western Europe,” whilght
means that the United States will respond withtetjia nuclear
weapons — effectively destroying the entire woNGturally if the
Soviet Union were to take over Western Europe itlddardly be
rational for the United States to destroy the woflh the other
hand, by persuading the Soviet Union of our irraiowillingness to
do this, we prevented them (perhaps) from invadigstern
Europe. As Richard Nixon instructed Henry Kissingessay to the
Russians “I am sorry, Mr. Ambassador, but [the ipiesg] is out of
control....you know Nixon is obsessed about Communisfa can't
restrain him when he is angry — and he has his banthe nuclear
button.”

From a game-theoretic point of view, the game with
commitment is a different game than the game withdu the



4. Does Economic Theory Fail? Is Behavioral Ecormsniloomed?

Sackelberg Game illustrated below player 2 moves first and
chooses whether tplay or commit. If he chooses tplay then the
original game is played. If he chooses to comnhignta different
game is played with the same structure and in waiah payoff has
been changed: the payoff tave which is now -3 rather than —1.
That is, the role of the commitment is to make drenexpensive to

cave.
(1,-1) (1,-3)
Cave Caye
Fight | 2.2 Cz)—m—v (-2,-2)
Enter Enter

Exit .
. Exit
0,0) @ o)
Pia W

The red arrows in the diagram show how to analyzlegame
perfection. We start at the end of the game andk vbackwards
towards the beginning. This is callbdckwards induction, dynamic
programming, or recursive analysis, and is a method widely used by
economists to analyze complex problems involving plassage of
time. We already used this method when we examihedinitely
repeated Prisoner’'s Dilemma: there we noticed thatfinal time
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the game was played it was optimal danfess. Here in theplay
subgame if player 2 gets the move, it is best shasvn by the red
arrow — tocave. Working backwards in time knowing player 2 will
cave it is best for player 1 to enter. In toenmit subgame if player
2 gets the move it is best faght sincecaving is now expensive.
That means that in tmmit subgame player 1 shouddit. Should
player 2 commit? If he chooses pay we see that player 1 will
enter, he will cave and get —1. If he choosesotomit player 1 will
exit and he will get 0. So it is better¢ommit.

The Stackelberg Game illustrates the two essential
components of effective commitment. First, it mb& credible.
There is no point in my threatening to blow up axdhgrenade
because | don't like the service at a restaurambody will believe
me. In the Stackelberg Game the commitment is blediecause it
changes the payoff tcaving from —1 to —3. This could be because
of simple pride — having said | am committedighting | may feel
humiliated by caving. Or it could be due to a real physical
commitment.

A good example of commitment is in the wonderfuinga
theoretic movieDr. Srangelove. Here it is the Soviet Union
attempting to make a commitment to keep the Un8éates from
attacking. To makdight credible they build a doomsday device.
This is an automated collection of gigantic atorb@mbs buried
underground in the Soviet Union and proof agaiasagering. If
their computers detect an attack on the Soviet Jthe doomsday
device will automatically detonate and destroy Wuald. Because
the device is proof against tampering the threatreslible: if the

United States attacks, nobody, American or Sowiat, prevent the
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doomsday device from detonating. Devices like tinse seriously
discussed during the Cold War — and similar devikeswn as
deadman switches have been used in practical wartim
circumstances. A deadman switch is a switch thas gdf if you die

— for example, you remove the pin from a hand giendut keep
your finger on a spring-loaded trigger. If your emekills you, your
hand releases the trigger and blows you both tgdam come. The
advantage of such a device is that your enemytismdempted to
kill you.

One essential element of commitment is that it musst
credible. The other is that your opponent must kngowu are
committed. A deadman switch is useless if your gnelnesn’t
know you have one. A secret doomsday device islgguseless —
and that is the heart of the moude. Srangelove. The Soviets —
apparently not being very bright — activate th@ouhsday device on
Friday with the intention of revealing it to the scb on Monday.
Unfortunately a mad U.S. general decides to attiaekSoviet Union
over the weekend...go watch the movie — Peter Sqgtlangs half a
dozen characters and is great as all of them.

And as long as | am on the subject of Peter Selletane
mention another fine example of commitment — thisnt his
excellent Pink Panther movies in which Sellers plthe bumbling
Inspector Clouseau. Clouseau has an assistant ndatedwho is
even more bungling than Clouseau himself. In orgermprovide
himself incentive to stay alert against attack@iguseau instructs
Kato to attack him without warning whenever he a$ @xpecting it.
Kato does so — always at especially inopportune emisnsuch as

the middle of a phone call or during a particulaglggant dinner
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date. Naturally — as with all good commitment —eafthe fact
Clouseau has no interest in fighting with Kato aingariably

instructs Kato to go away. Kato, obedient servaat te is, stops
fighting — at which point Clouseau sneakily restafie fight and
gives Kato a long lecture about remaining aleratldame-theoretic
point is that with a commitment there is alway&iston since there
is always a temptation not to carry out the threat.

In the end it doesn't matter whether commitmente ar
completely credible — with a truly awful threatgassmall chance it
will be carried out is enough to serve as an effectleterrent.
Thankfully we will never know if the threat of neer holocaust
which prevented the Cold War from becoming hot eraslible.

Best-Shot

In 1989 Glenn Harrison and Jack Hirshleifer examine
subgame perfection in a public goods contributiamg calledBest
Shot. There are two players — player 1 moves first @émabses how
much to contribute to the common good. After segiayer 1's
contribution player 2 decides also how much to Gbuate. The
public benefit is determined by the largest counttitn between the
two players — that greatest contribution brings emdjit to both
players as shown in the table:



4. Does Economic Theory Fail? Is Behavioral Ecormsniloomed?

Contribution Public Benefit

$0.00 $0.00

$1.64 $1.95

$3.28 $3.70
$4.10 $4.50

$6.50 $6.60

We can analyze this using the tool of best respotifseour
opponent contributes nothing then selfish you dkés difference
between your benefit and your contribution as shde&low — the
best amount to contribute is $3.28 giving you apmatate benefit of
$0.42.

Contribution Net Private Benefit

$0.00 $0.00

$1.64 $0.31

$3.28 $0.42

$4.10 $0.40

$0.10

On the other hand, if your opponent contributes esbimg, your
contribution only matters if you contribute moreathher, and it is
easy to check that it is never worth contributingything. For
example, if your opponent contributes $1.64 you $05; if you
contribute $1.64 you still get $1.95; if you cohtrie more than that

your additional benefit is given by

10
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Contribution Additional Benefit
$3.28 $1.75

$4.10 $2.55

$6.50 $4.65

so that the additional benefit of contribution I&/ays less than the
amount you have to put in.

What does subgame perfection say about this gamé? |
contribute nothing, then it is best for my oppontmput in $3.28
giving me $3.70. If | contribute anything it is béer my opponent
to put in nothing, so | should put in $3.28 givimg a net of $0.42.
So it is in fact best for me not to contribute darcte my opponent
to make the contribution. Moreover, when Harrrigor Hirshleifer
carried out this experiment in the laboratory thimore or less what
they found.

In 1992 Prasnikar and Roth carried out a variabonthe
Harrison and Hirshleifer experiment. They noticduatt while
Harrison and Hirshleifer had not told participantsat the payoffs
of their opponent were, they allowed them to ah&nbetween
being moving first and second, so implicitly allavihem to realize
that their opponent had the same payoffs that thely To
understand more clearly what was going on Prasrékat Roth
forced players to remain in one player role for émtire ten times
they got to play the game — that is they either edofirst in all
matches, or they moved second in all matches. Thayed out the
experiment under two different information conditso In the full
information condition players were informed of theiwn payoffs

and that their opponent faced the same payoffsthin partial

11
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information condition players were informed only tifeir own
payoffs and were not told that their opponent fatkd same
payoffs.

In the full information treatment in the final eiglounds as
the theory predicts the first mover never maderdrdmition. In the
partial information treatment the bulk of matchdsoaresulted in
one player contributing $3.28 and the other $0.®utin over half
of those matches the player who contributed th28@:as the first
player rather than — as predicted by subgame penfiee the second
player.

One the one hand this is a rather dramatic faibfrehe
notion of subgame perfection. On the other hantiplayers don’t
know the payoffs of their opponent, they can handigson what
their opponent will do in a subgame, so subgamiepgon does not
seem terribly relevant to a situation like this.rN@an we expect
players necessarily to learn their way to equilibri— if | move first
and kick in $3.28 my opponent will contribute noidpi— and | will
never learn that had | not bothered to contribuyeopponent would
have put the $3.28 in for me. We will return to gbelearning
theoretic considerations later.

If we view subgame perfection as a theory of whregigens
when players are fully informed of the structuretoé game we
should not expect the predictions to hold up whay tare only half
informed.

Information and Subgame Perfection

It is silly to expect subgame perfection when pitaygave no
idea what the motivations of their opponents migat We might,
however, hope that the predictions hold up whemethe only a

12
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small departure from the assumption of perfectrmition about
the game. Unfortunately the theory itself tellsthiat this is not the
case.

In 1988 — before the Harrison and Hirshleifer papeas
published — Drew Fudenberg, David Kreps and | coteth a
theoretical study of the robustness of subgamespeeiquilibrium to
informational conditions. The main point can beustrated in a
simple variation of the Selten Game, tBkaborated Selten Game

shown below.

(11-1) (1a-1)
Caye Caye
Fight Fight
= (-2,-2) - (1,0)
Enter e Enter
Exit
= (0,0)

This diagram augments the earlier portraits ofegiensive form
game — that is, a game played over time — in two wdyisst, it
introduces an artificial player callédhture labeledN. Nature is not
strategic but simply moves randomly. The moves aftuke are

13
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labeled with probabilities: in this game with proibay 0.99 Nature
chooses the Selten game. With probability 0.01 Matlhooses an
alternative game. Player 1, who moves first, leavhgch game is
being played. Player 2 who moves second does rotepresent
player 2’'s ignorance we draw a dotted line — anfdrmation set —
connecting the two different nodes at which he miglove. This
means that while player 2 knows the probabilitiéh which Nature
chooses the game that is played, he is uncertaiat athich one is
actually being played. Notice how a game theongireaches the
issue of “not knowing what game we are playing” éxplicitly
introducing the possibility that there might be mdhan one game
that can be played.

In this game particular strategies for the two playare
shown by the red arrows. If Nature chooses their@iggame,
player lexits — exactly what subgame perfection convinces us tha
player 1 should not do. If Nature chooses the rdiiere game
player lenters. If player 2 gets the move Hights. Notice that the
information set for player 2 means that player 26t knowing
which eventuality holds, musdight regardless of which game is
played.

The alternative game has payoffs similar to theeBajame,
except that the payoffs tiight have been changed from (-2,-2) to
(1,0). Moreover, given the strategy of player Bypr 2 expects to
play sometimes. What does player 2 think when Hs ge play?
Knowing player 1's strategy, he knows that he i#tigg to play
because Nature chose the alternative game. Henkedves that it
is better tofight than tocave. But player 1 in the alternative game
understands that if she enters player 2 will figl@nd she will get 1

14
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rather than O byexiting so entering is in fact the right thing for
player 2 to do. On the other hand in the originaing she also
knows if she enters player 2 wiilght, so nowexiting is the right
move.

As it happens this Elaborated Selten Game is netulig
analyzed by subgame perfection — it has no subda@ese
theorists have introduced a variety of methodsrofging subgame
perfection like arguments to bear on such gamesuessial
equilibrium, divine equilibrium, intuitive criterio equilibrium,
proper equilibrium and hyperstable equilibrium among the
“refinements” of Nash equilibrium that game thetwrishave
considered. However: the equilibrium we have déscrihas the
property that it is atrict Nash equilibrium meaning that no player is
indifferent between their equilibrium strategy aay alternative. A
strict Nash equilibrium is “all of the above:” & subgame perfect,
sequentially rational, divine, proper, hyperstatdad satisfies the
intuitive criterion. In this sense the predictidnsabgame perfection
is not robust to the introduction of a small amoohtuncertainty
about the game being played. This major deficiesfcthe theory of
subgame perfection explains why it does not do albiw practice.

Ultimatum Bargaining

One of the famous “failures” of economic theoryinsthe
ultimatum bargaining game. Here one player propdisesdivision
of an amount of money — often $10, and usuallyngréments of 5
cents — and the second player may accept, in wdask the money
is divided as agreed on, or reject, in which casi¢thar player gets
anything. If the second player is selfish, he mastept any offer
that gives him more than zero. Given this, the ptayer should ask

15
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for — and get — at least $9.95. That is the reagpoif subgame
perfect equilibrium. Notice, incidentally, that this game players
are fully informed about each others payoffs.

Not surprisingly this prediction — that the firgaper asks for
and gets $9.95 — is strongly rejected in the laboya The table
below shows the experimental results of Roth, RkasnOkuno-
Fujiwara and Zamir [1991]. The first column showsshmuch of
the $10 is offered to the second player. (The @ataunded off.)
The number of offers of each type is recorded engkacond column,

and the fraction of second players who reject ihethird column.

Amount of Offer  Number of Offers  Rejection Probability

$3.00 or less 3
$4.75 to $4.00 11
$5.00 13

U.S. $10.00 stake games, round 10

Notice that the results cannot easily be attributeadonfusion or

inexperience, as players have already engaged nmatg@hes with

other players. It is far from the case that thstfolayer asks for and
gets $9.95. Most ask for and get $5.00, and thetlietvask for more
than $6.00 are likely to have their offer rejected.

Looking at the data a simple hypothesis preserssifit
players are not strategic at all they are “behaViand fair-minded
and just like to split the $10.00 equally. Asidenfr the fact that this
“theory” ignores slightly more than half the obsagns in which
the two players do not split 50-50, it might be evi® understand
whether the “economic theory” of rational strateglay has really
failed here — and if so how.

16
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The place to start is by looking at the rejecticdBsonomic
theory does not demand that players be selfishoadth that may be
a convenient approximation in certain circumstancgsch as
competitive markets. Yet it is clear from the réj@as that players
are not selfish. A selfish player would never rejg@ositive offer,
yet ungenerous offers are likely to be rejecteathiiecally this form
of social preference is calleglite: the willingness to accept a loss in
order to deprive the opponent of a gain. Once e &count of the
spite of the second player, the unwillingness &f finst player to
make large demands becomes understandable.

There is a failure of the theory here, but it i$ the fact that
the players moving first demand so little. Indeddom the
perspective of Nash equilibrium rather than subggradection,
practically anything can be an equilibrium: I mighgk for only
$4.00 thinking you will reject any less favorabléeo — and you not
expecting to ever be offered less than $6.00 capdthetically”
reject all less favorable offers at no cost atHtiis highlights a key
fact about Nash equilibrium — the main problem wiiash
equilibrium isn’t that it is so often wrong — it ifeat many times it
has little to say. A theory that says “player 1ldooffer $5.00...0r
$2.00...or $8.00" isn't of that much use. Unfortumatthe theory
does say that all the player 1's must make exdb#dysame offer as
each other. Clearly that is not the case as aladfitie players offer
$5.00 and about half offer less than that.

Recall our rationale for Nash equilibrium: it wasadionale
of players learning how to expect their opponenply. Here if |
continually offer my opponent $5.00 | won't leatmat they would
have been equally likely to accept an offer of $4Hence from the

17
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point of view of learning theory Nash equilibrius problematic in
a setting where not everything about your opporergvealed after
each match. We will return to this issue subsedyemhen we

discuss learning theory.

Two sum up: the experimental evidence is dramdtie:
“theory” predicts the first mover asks for and g#8&95 or more,
while in fact nearly half the first movers ask forly $5.00. Yet on
closer examination we see that the failure is motsamatic. The
“theory” in question is that of subgame perfectwhich we know
not to be terribly robust. The assumption of skiiisss fails, but that
it not part of any theory of “rational” play. Theisea failure, but it is
a different — and more modest — failure. The moiteust theory of
Nash equilibrium is on the one hand weak and tdldittle about
what sort of offers should be made. On the othedhapredicts all
the first movers should make the same offers, ahdewd0% of
them offer in the narrow range between $5.00 an@i0$4hey do not
all make the same offer.

Grab a Dollar

In a sense the strongest test of subgame perfertion a
game lasting many rounds — can players indeed aastymany
stages of recursive reasoning from the end of sugame? One
such game is calle@rab A Dollar. In this game there are two
players and a dollar on the table between themy Take turns
either passing or grabbing. Each time a playergsais®e money on
the table is doubled. If a player grabs, she dgetsntoney and the
game ends. After a certain number of rounds sgetifi advance,

there is a final round in which the player whosmti is to move

18
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can either grab the money, or leave double the amétm her
opponent.

What does subgame perfection say about such a game?
the final round a selfish player should grab. Knugvwour opponent
will grab in the final round, the player moving md® last should
grab right away, and so on and so on. We conclhdé ih the
subgame perfect equilibrium the first player to e®wrabs the
dollar immediately. It is a little more difficultotshow — but the
same is true in Nash equilibrium as well.

In 1992 McKelvey and Palfrey tried a variant ofstigiame in
the laboratory. Rather than 100% of the money hie,player who
grabbed got only 80% while the loser got the remagir20%. They
also started with $0.50 rather than a dollar. Né¢kerless both the
subgame perfect equilibrium and indeed all Nashliega have the
first player to grabbing the $0.50 right away ratti@n waiting and
getting only $0.20 when her opponent grabs in goesd round.

In the experiment there were four rounds: the gaee is
illustrated below with the options are labeleds P1, G2, P2, G3,
P3, G4, P4 for grabbing and passing on moves 1, 2, 3 or 4
respectively. Next to each option is shown thetioacof the players
who chose that option. The failure of subgame péde — and
Nash equilibrium - is as dramatic, or perhaps m&we than in
ultimatum bargaining. According the theory 100%pebple should
chooseGl, while in fact only 8% of them do.

19
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($6.40,$1.60)

T ($0.80,$3.20)

($0.20,$0.80)

0.40,$0.10
G1[0.08] H0A00.10)

As in ultimatum bargaining, the place to begin talerstand
whether the theory has in fact “failed” — and if $ow — is in the
final round. Notice that 18% of the player 2's wimake it to the
final round choosé@4 — that is to pass rather than to grab. There is
no strategic issue that they face: the game is-evkey must decide
whether to take $3.20 leaving $0.80 to player lwbether to give
up $1.60 in order to increase the payment to pldydry $5.60.
Apparently 18% of player 2's are altruistic enoughchoose the
latter.

What may not be so obvious is that 18% of playsrging

money away at the end of the game changes thegtratature of
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play quite a lot. What should a selfish player 1 ato the third
move? If he grabs he gets $1.60. If he passes $1@aha8% chance
of getting $6.40 and an 82% chance of getting $6.8tat means on
average he can expect to earn slightly over $18@dssing. In
other words — it is better to pass than to grale Jame is true for all
the earlier moves — the best thing to do is to stags long as you
can and hope if you are player 1 you have a kiaglesl 2, and if you
are player 2 that you make it to the last roundrerty@u can grab.
The puzzle here is not that players are not drappin fast
enough — it is that they are dropping out too sotet! perhaps that
should not be such a puzzle from the perspectiteashing theory:
if  am one of the 8% of players who choose to dsapin the first
round | will not discover that 18% of player 2’ssagiving money

away in the final round.
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