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RA TIONALITY AND WELL - BEINGt 

The Traveler's Dilemma: 
Paradoxes of Rationality in Game Theory 

By KAUSHIK BASU * 

This paper presents a parable which high- 
lights the conflict between intuition and 
game-theoretic reasoning. One of the basic 
ingredients of analysis in game theory is 
"backward induction"; but backward induc- 
tion is also the source of some deep para- 
doxes (see e.g., Ken Binmore, 1987; Philip 
Pettit and Robert Sugden, 1989). Well- 
known games such as the finitely repeated 
"prisoner's dilemma," Reinhart Selten's 
(1978) "chain store," Robert Rosenthal's 
(1981) "centipede," and Phil Reny's (1993) 
"take-it-or-leave-it" highlight this conflict 
between backward-induction reasoning and 
other kinds of reasoning. 

Much effort has gone into trying to solve 
the problem. Virtually all of these efforts 
exploit the extensive-form structure of the 
above games or the fact that they are 
played over time. Thus Binmore and Adam 
Brandenberger (1990) observe that these 
paradoxes arise because players in the above 
games can "throw surprises" on one an- 
other by deviating from the path suggested 
by backward induction. If all moves by all 
players were occuring at a point of time, 
"throwing surprises" would be inconse- 
quential because it would influence no one's 
behavior. Reny (1993) also locates the para- 
dox in the sequential character of these 
games, arguing that the problem arises be- 
cause "during the course" of some plays, 

Bayesian rationality cannot be common 
knowledge. 

This paper demonstrates that the above 
problem is deeper, because it can arise in a 
single-shot game. This is done by construct- 
ing a paradoxical game-the "traveler's 
dilemma." The backward induction in the 
traveler's dilemma occurs at an introspec- 
tive level. The standard suggestions for bat- 
tling the backward-induction paradox in, for 
instance, the repeated prisoner's dilemma 
(e.g., Cristina Bicchieri, 1989) do not seem 
to be possible here. Hence this problem 
cannot be solved by attributing unusual 
knowledge structures at unreached nodes. 

All intuition seems to militate against all 
formal reasoning in the traveler's dilemma. 
Hence the traveler's dilemma seems to be 
one of the purest embodiments of the para- 
dox of rationality in game theory because it 
eschews all unnecessary features, like play 
over time or the nonstrictness of the equi- 
librium. 

I. The Parable 

Two travelers returning home from a re- 
mote island, where they bought identical 
antiques (or, rather, what the local tribal 
chief, while choking on suppressed laughter, 
described as "antiques"), discover that the 
airline has managed to smash these, as air- 
lines generally do. The airline manager who 
is described by his juniors as a "corporate 
whiz," by which they mean a "man of low 
cunning," assures the passengers of ade- 
quate compensation. But since he does not 
know the cost of the antique, he offers the 
following scheme. 

Each of the two travelers has to write 
down on a niece of naner the cost of the 

tDiscussant: Thomas Schelling, University of Mary- 
land; Hamish Stewart, University of Toronto; Robin 
Pope, University of New South Wales. 
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antique. This can be any value between 2 
units of money and 100 units. Denote the 
number chosen by traveller i by ni. If both 
write the same number, that is, n1= n2= 
then it is reasonable to assume that they are 
telling the truth (so argues the manager) 
and so each of these travelers will be paid 
n1 (or n2) units of money. 

If traveler i writes a larger number than 
the other (i.e., ni > nj), then it is reasonable 
to assume (so it seems to the manager) that 
j is being honest and i is lying. In that case 
the manager will treat the lower number, 
that is, nj, as the real cost and will pay 
traveler i the sum of n -2 and pay j the 
sum of nj +2. Traveler i is paid 2 units less 
as penalty for lying and j is paid 2 units 
more as reward for being so honest in rela- 
tion to the other traveler. 

Given that each traveler or player wants 
to maximize his payoff (or compensation) 
what outcome should one expect to see in 
the above game? In other words, which pair 
of strategies, (n1, n2), will be chosen by the 
players?' 

In order to answer this question it is 
useful first to express this game as a payoff 
matrix. Observe that the above game could 
be thought of as having at least two ver- 
sions, depending on whether the players can 
choose any real number or can choose only 
an integer. For most of the time I shall 
assume the latter, since that is where the 
main problem arises. When I assume the 
former, I shall refer to the game as the 
"continuum version of the traveler's 
dilemma." 

II. The Paradox 

At first sight, both players feel pleased 
that they can get 100 units each. To get this, 
each player simply has to write 100. But 
each player soon realizes that if the other 
player adheres to this plan then he can get 

101 units of money by writing 99. But, of 
course, both players will do this, which 
means, that each player will in fact get 99 
units. But if both were planning to write 99, 
then each player will reason that he can do 
better by writing 98; and so on. The logic is 
inexorable, and there is no stopping until 
they get to the strategy pair (2,2), that is, 
each player writes 2. Hence, they will end 
up getting two units of money each. This 
illustrates how backward-induction, at the 
level of introspection, works even in a one- 
shot game. 

It is easy to check that all standard solu- 
tion concepts predict outcome (2,2). This is 
the unique strict equilibrium of the game, 
the only Nash equilibrium, and in fact, the 
only rationalizable equilibrium. Yet it seems 
very unlikely that any two individuals, no 
matter how rational they are and how cer- 
tain they are about each other's rationality, 
each other's knowledge of each other's ra- 
tionality, and so on, will play (2,2). It is 
likely that each will play a large number in 
the belief that so will the other, and thereby 
they will both get large payoffs. At one level 
the traveler's dilemma shares some similari- 
ties with the Bertrand duopoly, especially 
one in which firms choose prices from a 
grid; for instance, the set of integers start- 
ing from an integer above the marginal cost 
and up to the monopoly price. The best- 
response structure of such a duopoly is simi- 
lar to the best-response structure of the 
traveler's dilemma. However, that is where 
the analogy ends. In the Bertrand duopoly, 
if one firm chooses a price even slightly 
above the other's price, it earns zero profit. 
The penalty is nowhere nearly as severe for 
choosing a higher number in the traveler's 
dilemma. This is exactly what makes it plau- 
sible that players will choose large numbers 
in the traveler's dilemma. It may be possi- 
ble, however, to construct a model of 
differentiated-products duopoly which is ex- 
actly analogous to the traveler's dilemma. 

In the finitely repeated prisoner's dilem- 
ma, it has been shown that cooperation in 
the early games is possible if one uses the 
(single-shot) rationalizability criterion. In 
this game (2,2) is the unique rationalizable 
outcome. Observe also that, unlike in this 

'This game is a generalization of the prisoner's 
dilemma, since, if the travelers had to confine their 
choice to 2 or 3, we would have exactly the prisoner's 
dilemma. (A different generalization of the prisoner's 
dilemma occurs in Basu [1994]). 
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game, in the centipede or the take-it-or- 
leave-it game the "unwanted" equilibrium 
is not strict.2 Hence, in terms of formal 
analysis there seems to be no escape from 
(2, 2). 

But even knowing all this, there is some- 
thing very rational about rejecting (2,2) and 
expecting your opponent to do the same. 
This is the essence of the traveler's dilemma. 
This is also the reason why escape routes 
which are made possible by allowing for 
irrationality or the expectation of irrational- 
ity (see e.g., David Kreps et al., 1982) are 
not of relevance here even though they may 
be important empirically.3 It is not an em- 
pirical point that is being made here. The 
aim is to explain why, despite rationality 
being common knowledge, players would 
reject (2,2), as intuitively seems to be the 
case. 

III. The Possibilities 

While I am unable to resolve the para- 
dox, what follows are some possible lines of 
attack. Possibility 1 suggests a rigorous reso- 
lution of the problem for a special case, to 
wit, the continuum version; possibilities 2 
and 3 should be treated as speculative rather 
than formal. 

Possibility 1.-The continuum version of 
the traveler's dilemma has an interesting 
way out by using an adaptation of the con- 
cept of curb sets, developed in Basu and 
Jorgen Weibull (1991)-curb being an 

acronym for "closed under rational behav- 
ior." 

In the continuum version, each player i's 
set of strategies is given by Si = [2,100]. Let 
Ti be a subset of Si, i = 1, 2. The pair (Tl, T2) 
is defined as curb (actually "tight curb" in 
Basu and Weibull [1991]) if Ti is the set of 
all best responses of player i to j's strate- 
gies in T., i = 1, 2. In other words, the strat- 
egy s, belongs to T, if and only if there 
exists a strategy 52 in T2 such that player 1 
cannot do better by unilaterally deviating 
from (sl S2).4 

A direct application of curb to the contin- 
uum version of the traveler's dilemma is not 
possible because there are no best re- 
sponses in this game. However, here is a 
modified version of curb-I shall call it 
M-curb-which uses the idea of curb. Let 
(T, T2) be called *-curb if T, and T2 are 
nonempty and, for all 52 in T2 and all s1, in 
Si, there exists r1 in T, such that player 1 
does at least as well by responding to 52 

with r1 instead of sl, and likewise with 
players 1 and 2 interchanged. 

(T, T2) is M-curb if it is * -curb and 
individually minimal, that is, there does not 
exist M1 which is a proper subset of T, or 
M2 which is a proper subset of T2 such that 
(M,JT2) is *-curb or (Tl, M2) is *-curb. 

It is easy to see that if (T, T2) is M-curb 
then max[T1] is either 2 or does not exist, 
for j = 1 or 2. Here is an example of an 
M-curb set: [(90,100), (90,100)]. Hence, if 
each player commits to play in the open 
interval (90,100), then no player has the 
incentive to deviate. While this is a resolu- 
tion of the continuum version, this cannot 
be taken as a resolution of the paradox, 
because the heart of the paradox does not 
lie in the technical matter of whether play- 
ers are allowed to use all real numbers or 
not; I will now turn to the integers version. 

Possibility 2.-Though the traveler's 
dilemma is a normal-form game, it never- 
theless can be thought of as 'having the 

2For different perspectives on the standard back- 
ward-induction paradox, see, for instance, Frederic 
Schick (1983), Amartya Sen (1985), Michael Taylor 
(1987), Giacomo Bonanno (1991), Tilman Borgers and 
Larry Samuelson (1992), Martin Dufwenberg and 
Johann Linden (1993), and Martin Hollis and Sugden 
(1993). 

3Confronted by a similar problem involving the iter- 
ated deletion of dominated strategies, Jacob Glazer 
and Rosenthal (1992) argue that players play coopera- 
tively because they do not mind forgoing the small 
gains of noncooperative play. This may be so in reality, 
but my problem stems from the belief that even players 
who are scrupulous maximizers would play large num- 
bers in a game like the traveler's dilemma. 

4This is actually an imprecise definition of curb but 
it captures its essential idea. 
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"unreached-node problem." To see this, be- 
gin by (a) defining rational play in the usual 
way and then (b) assume that rationality is 
common knowledge. 

Since, (2,2) is the only rationalizable out- 
come, it follows that that is what one should 
expect since rationalizability is the conse- 
quence of (a) and (b). Now suppose player 1 
wants to decide how he would do if he 
rejected playing 2 and went instead for a 
larger number. It is not clear that this ques- 
tion is at all answerable. If it is true that (a) 
and (b) imply that player 1 will choose strat- 
egy 2, then a world where (a) and (b) are 
true and the player chooses some other 
strategy may not be conceivable, and so 
such introspective experiments may not be 
possible. 

One possible line of attack that this sug- 
gests is to argue that the implicit assump- 
tions, (a) and (b), which underlie so much of 
game theory, may by themselves be incon- 
sistent. In Basu (1990) I showed that, in the 
context of games like centipede, the prob- 
lem stemmed from assuming that rationality 
is common knowledge and that every game 
must have a solution. The method was to 
write down some properties of a solution, 
given that rationality is common knowledge, 
and to demonstrate that these properties 
cannot be together satisfied. However, there 
I made critical use of the extensive structure 
of the game. The traveler's dilemma chal- 
lenges one to construct similar theorems 
without recourse to the sequence of play. 

Possibility 3.-To end on an optimistic 
note, I shall now consider a more novel line 
of attack. Observe that in the traveler's 
dilemma there cannot exist a well-defined 
set of strategies, Ti, excepting the special 
case Ti = {2}, such that: 

(i) a rational player may play any strategy 
in Ti and will never play anything out- 
side it, and 

(ii) such a Ti can be deduced from an exam- 
ination of the game. 

To see this suppose that T1 and T2 are 
such sets. Since player 2 is perfectly ratio- 

nal, he can deduce what the game-theorist 
can deduce. Hence, by (ii), he can deduce 
T1. Let t be the largest number in T1. Since 
player 1 will never play any number above t, 
it never pays for player 2 to play t. Hence 
T1 and T2 are not identical. But since this 
game is symmetric and T1 and T2 are de- 
duced- purely from examining the game, T1 
must be the same as T2. This contradiction 
establishes that no such (T1,T2) exists. 

Note that this whole exercise was for 
well-defined (i.e., the usual kind of) sets. 
Hence, there may exist ill-defined sets that 
would work. There seems to be some 
a priori ground for believing that there may 
be an escape route here. Harking back to an 
idea that was touched on earlier, suppose 
that player 1 believes that player 2 will play 
a large number. Then, if player 1 were 
simply deciding whether he himself should 
play a large number or not, it would be in 
his interest to play a large number. Thus 
(large, large) seems to be a kind of Nash 
equilibrium in ill-defined categories. The ill- 
definedness is important here because if the 
set of large numbers was a well-defined set, 
one knows from the above paragraph that 
this argument would break down. 

I am here interpreting "large" in the sense 
of everyday language, which is different from 
the fuzzy-set-theoretic interpretation. The 
latter implies that the set of integers that 
are certainly not large is a well-defined or 
crisp set. The everyday use of the word 
"large" clearly does not conform to this. 
Once this is taken seriously, many objec- 
tions concerning the idea of Nash equilib- 
rium in ill-defined categories, which imme- 
diately come to mind, cease to be valid. 

Consider a question like this: "if the other 
player is playing a large number, should I 
ever play a number 1 less than a large 
number?" Once one starts answering ques- 
tions like this, the argument as to why (large, 
large) is a kind of Nash equilibrium will 
quickly break down. What I am arguing, 
however, is that the question like the one 
above is not permitted in this framework. 
Given the everyday use of the word "large," 
"a large number minus 1" is a meaningless 
term. All I am claiming here is that if a 
player is told that the other player will 
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choose a large number and then asked 
whether he will choose a large number or 
not, he will say yes. 

The use of imprecise categories does not 
mean forgoing rationality. What was argued 
in this subsection was that one way of hold- 
ing on to the rationality assumption in the 
face of paradoxical games such as the trav- 
eler's dilemma may be to allow players to 
use ill-defined categories in doing their rea- 
soning about how to choose in game-theo- 
retic situations.5 
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