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ABSTRACT

THREE APPLICATIONS OF GAME THEORY
KIMBERLY F. KATZ
AKIHIKO MATSUI

The methods of game theory are used to discuss three features pertinent to numerous
economic interactions. Explicitly recognizing these features offers new insights into many
issues previously studied in economics. In Chapter 1, I study the behavior of agents con-
fronted with a variety of different games, but who cannot fully analyze each of these games
individually. This requires first defining similarity of games. Because of the fundamental
relationship between similarity and decision making, the only acceptable way to do this is
to use definitions generated endogenously, much in the way beliefs are held and updated by
decision makers. [ show that taking explicit account of similarity in this way and imposing a
mild bounded rationality constraint on agents rules out certain equilibria which a repeated
game framework admits. In Chapter 2, it is established that interaction requires coordination
on certain behavioral standards. Typically, this coordination comes at a cost. This cost is
incurred by both the individual attempting to achieve coordination and other members of
society. A random matching model in which agents exchange endowments is used. Agents
choose a standard of behavior, knowing that the gains from trade are higher if two trading
agents have chosen the same standard. Agents preferring a particular standard are considered
to be a community. It is shown that in some cases, total welfare of a minority community
decreases when a trade barrier is lifted between it and the majority community. An example
is also offered of a case in which, where no dominant culture exists, members of both com-
munities may be worse off when trade barriers are lifted. In Chapter 3, I study the problem
of modeling collective negotiations as two-player bargaining games, when the players in the
negotiating groups have differing preferences over the outcome of the negotiation. [ show that
it is generally necessary to represent the group by a player with preferences significantly more
extreme than those of a player with median preferences, even if the group makes decisions
using majority rule voting. How much more extreme this representative should be depends

upon the parameters of the game.
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Chapter 1

Similar Games

In reality, all arguments from experience are founded on the similarity
which we discover among natural objects, and by which we are induced
to expect effects similar to those which we have found to follow from such
objects. ...From causes which appear similar we expect similar effects.
This is the sum of all our experimental conclusions.

Hume, An Enquiry Concerning Human Understanding. 1748

1.1 Introduction

When people are faced with a problem which is new to them. they usually rely on ex-
perience with problems they think are similar for help in finding a solution. Moreover.
the basic process of human reasoning involves the use of analogy. And vet. econom-
ists have barely begun to explore the impact which this use of analogy has on the
economic decisions people make. In this chapter, [ begin to explicitly study the effects
of reasoning by analogy on strategic economic behavior, emphasizing the fact that the
analogies one player draws may differ from those another draws.

As an example, [ focus in the early sections of this chapter on the learning literature
in game theory. Typically, authors studying learning begin by assuming that some

group of players are engaged in a repeated game. From here. various issues such as
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whether or not convergence to an equilibrium strategy or outcome is possible and
which equilibria are most likely to be played are investigated. But we know that
people rarely find themselves engaged in such a repeated situation or game. Rather.
they are faced with a variety of different situations through time. And vet. people
still learn from their past experience. Thus, this example offers a framework which is
both important and straightforward for studying such analogy, or “similarity.”

It has been claimed that the repeated game scenario can be considered as an
approximation for the behavior of agents across ‘similar’ games. In this chapter. [ show
that taking explicit account of similarity can rule out equilibria that the repeated game
analysis admits. Moreover, one class of equilibria ruled out are those necessary to
allow the purification interpretation of mixed strategy equilibria. Thus, [ propose that
the problem of analyzing behavior across different games. even if they are “similar.’ is
distinct from that of analyzing behavior in repeated games.

A key point that [ argue in this chapter is that for us to be able to consider behavior
of agents across similar games, we must first think about why similarity is important.
The primary reason that similarity is important is that it is integrally related to the
process of decision making.! Only after we better understand this relationship between
similarity and decision making, can we begin to define similarity.

First, let me point out that the seemingly simple task of determining whether or
not some group of objects or situations are ‘similar’ is, in fact. a rather daunting one.
This is because two objects can be assessed to be similar in one situation whereas
they may be seen as strikingly different in another. In addition, two people may have
different views as to whether or not two objects or situations are similar. based perhaps
on their having had different experiences or having perceived the same experiences
differently. To see this, consider the following two examples.

Imagine a person hiking through the desert on a hot summer afternoon. To this

'This can be thought of as an attempt to step back and think further about an agent’s decision
making process. For a strong argument in favor of making such an attempt. see, for example, Binmore
(1987, 1988).
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hiker, a cold glass of water and a cold glass of milk are likely to seem fairly similar;
both would quench the hiker’s thirst. However, now consider this hiker sitting at the
breakfast table on a cool fall morning. Quite possibly, the person will view these two
items as being very different in that they do not work equally well in a bowl of cereal.
Here, the use of the term similar is clearly related to the context in which the items
being compared will be used.

But now. consider another example. Suppose that a traveller from, say. the Middle
East is visiting the United States for the first time and has not studied American
practices. And now suppose that the traveller decides to purchase a pair of pants. He
enters a small clothing shop where he sees a variety of pants hanging on a rack and
a shopkeeper behind a counter. To him, this situation seems familiar: it is similar
to occasions when he has gone to purchase pants before. in his native country. He
chooses a pair and takes them to the shopkeeper, who tells him that the pants cost
$30. He immediately counters with an offer of $10 for the pants, since he assumes
that if the sales person suggested he pay $30, he must surely only really be hoping to
get 315 for the pants. The shopkeeper is offended. And while the shopkeeper will sell
the pants for no less than $30, the traveller feels that he will certainly be getting an
unfair price if he pays the full $30. So no sale is made.

Clearly, the past experiences of the shopkeeper and of the traveller differ. Each
views the situation as being similar to other situations, but of course. these situations
differ. Quite possibly, if the shopkeeper had seen this situation as being similar to
that in a Middle East shop, he might have first suggested a price of $60, planning
on getting 330 in the end. Similarly, if the traveller had seen the situation as similar
to that in other U.S. shops, he would have recognized U.S. pricing practices and he
might have paid the $30. Here, the behavior of these agents is clearly based on how
each views the situation as similar to other situations. And. in this case. these views
depend upon their past experiences.

From examples such as these, I conclude that models in which the determination

of similarity is exogenously and singularly made do not adequately capture the reason
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that we, as economists, are interested in studying similarity. Again, the reason we
care about similarity is that it is involved in agents’ decision making process. Further,
if we assume that similarity and decision making are fundamentally related, then we
must also recognize that the way different agents find similarity among a group of
problems or games may differ.

To handle this, I call upon a highly regarded and intuitive theory titled “analo-
gical reasoning” which has been developed extensively by psychologists and which has
received more recent attention from computer scientists working on topics in artifi-
cial intelligence. Analogical reasoning is a mechanism for exploiting past experience
and/or knowledge of others’ past experience in problem solving. The theory asserts
that a person, when faced with a problem he has not previously seen, will be reminded
of past situations that to him seem similar to the present problem. This reminding
experience then serves to retrieve behaviors that were successful in these earlier prob-
lem solving episodes and this successful past behavior is then adapted to meet the
demands of the current problem.

The model I construct is built with this theory in mind. [ take the view that
agents are only boundedly rational in the sense that they cannot fully analyze each
game they must play de novo, due perhaps to the complexity of the game. a limited
amount of time, or any other such reason. Instead, they must rely on comparisons
they can make with other games. One example is to think of agents relying on their
own past experience as a guide. An agent, when given a game to play which he has
not yet seen, will think back to games which he has played previously and which he
sees as ‘similar’ in deciding how to play the new game. Thus, the way in which the
agent finds similarity among various games governs the way he will approach games
he finds himself called upon to play.

[ maintain that the way in which an agent finds similarity among games is a part
of the agent’s beliefs. [ assume that beliefs (here, the similarity assessments) are given
by nature, but that these assessments are updated after each game plaved, much in the

way that beliefs are updated using Bayes rule in traditional models. Here. however. [



do not specify a specific updating rule, but rather assume simply that the assessments
are updated in some way so as to optimize for the player. To model this, [ let the
players in the model “choose” their similarity assessments in each period. However,
again, I stress that I do not intend this to suggest that agents can consciously choose
their beliefs, but rather that these beliefs are evolving ( unconsciously) over time.

In my model, agents are faced with a variety of different games.? Based on some
private information, which can be thought of as consisting of their past experience,
group these games into ‘categories.” Games which are in a given category for an
agent represent those games which that agent sees as similar and the agent must
play the same strategy when confronted with any of these games. I show that certain
equilibria which are possible in a repeated game model cannot be equilibria of this
type of model under some fairly mild and rather plausible assumptions.

The organization of the chapter is as follows. In Section 2. I focus on defining
similarity. In Section 3, the formal model is laid out. and in Section 4. the equilibrium
concept for this model, which is merely a reinterpretation of Nash equilibrium. is
introduced. In Section 5, [ impose some interesting bounded rationality constraints
on players and derive some results from this. Finally, Sections 6 and 7 contain some

alternative examples and some concluding remarks.

1.2 Defining Similarity

“Similarity” is implicitly a part of virtually every decision and transaction a person
makes. Even the construction of language is essentially a similarity assessment. For
example, consider the word “computer.” This is a word constructed to describe a

group of goods which are considered similar enough to be given a single label. Of

In my formal model, which for the purposes of this chapter is a static one, this is represented as
the possibility of seeing a variety of different games.

3Again, as the formal model is a static one, I do not assume anything about the information agents
have. However, implicitly, [ have something such as this in mind. And again. this choice is merely a
representation of the presumably unconscious. but optimizing, updating of beliefs.



course, we can discuss computers as being more or less similar to each other. such
as a laptop computer versus a desktop computer. By the same token, all computers
fit under the broader umbrella, with a more vague implicit definition of similarity,
of “machine.” Thus, some aspects of similarity are, in a certain sense, exogenously
defined for us by virtue of an established labelling system.*

However, when it comes to individuals making decisions over a variety of problems
(or choosing strategies in a variety of games), such definitions of similarity are not so
well defined. Further, similarity takes on a much more explicit role in such a case.
Thus, before we can discuss behavior of economic agents who face various similar
situations or games, we must first be able to better define the term ‘similar.’ as it is
relevant for these agents and these situations. There have thus far been few attempts
within economics to deal explicitly with this problem. and as vet. no fully satisfactory
results have been attained.’

The most prevalent definitions of this type of similarity are those in which two
games are defined to be similar if they have “approximately the same pavoffs.” Ex-
amples of this are definitions in which similarity of two games is determined based
on the distance between the games’ payoffs. More specifically, games are assumed to
be drawn from some metric space, and if the games are sufficiently close according to
some metric, they are said to be similar.® While these definitions can be appealing
in that they often have nice mathematical properties and are relatively intuitive. they
do have some drawbacks. One immediate problem, as pointed out in Kreps (1990).
is that games such as the two in Figure 1.1 will. under such a criterion, likely be
accepted as similar. However, they are likely to be played quite differently. as each
has a different focal point equilibrium.

Another thing to observe about these definitions is that, while they allow us to

40f course, at some point. this too was endogenously defined.

Some noteworthy and very interesting examples, however, include Rubinstein (1988), Gilboa and
Schmeidler (1992), and Fudenberg and Kreps (1990). Rubinstein and Gilboa and Schmeidler deal
with the issue of similarity in the context of the single agent decision problem. Fudenberg and Kreps
use a game theoretic setting.

5See Fudenberg and Kreps (1990) for examples.
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Figure 1.1: Games Which Have Approximately the Same Payvoffs. but Dissimilar
Evident Ways to Play

compare two games, they lack a transitivity property which, in certain circumstances.
would be valuable in defining similarity among larger sets of games. The reason for this
is illustrated in Figure 1.2. Suppose that the space of all games under consideration
is depicted by the box G and that a game in G is represented by a point in the box.
Now, let our definition of similarity say that all games in an :-ball around T
are similar to . So, in diagram (a). all points in B.(T') represent games which are
similar to . However, notice in diagram (b) that [ ~ [", [ ~ [, but T A T".
What this means is that we are unable to define classes of ‘similar games' within G
unless we choose some fixed, specified reference point in G with which to compare the
remaining elements of G.” Further, if part of our motivation for studying similarity of
games is that we believe agents use rules of thumb in many situations. this becomes a
concern, as we tend to assume that agents use these rules of thumb, or act ‘similarly.’
in situations which they see as similar. This is especially relevant in the case of normal

form games, where the set of actions is discrete. For example, in the previous example

"However, one related positive aspect of these definitions which should not be overlooked is that
they offer us a clear way of asking questions such as ‘how similar are the games [ and ['?7"
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Figure 1.2: These Measures Are Not “Transitive”
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