2 Utility Maximization

21 Example

[Ann is sitting by a table. Barbara, her sister, enters.]
Barbara: Hey, what’s up?

Amn: Nothing.

Barbara: But you're depressed.

Ann: No, I'm not.

Barbara: C'mon, I know you better than that. You are obviously, posi-
tively, definitely depressed.

Ani: I'm not depressed, it's just that....
Barbara: ...yes?
Amir: - Well, you won't tell anyone, will you?

Barbara: Of course not, you can trust me; this is what you have big
sisters for.

Ann:  The same way I could trust you then with the chocolate?
Barbara: Oh, don’t be silly, we were kids then. [Botl smile.]

Amr: - Well, the thing is that I have three guys who want to date me,
and I can’t make up my mind.

Barbara: 1 see. Well, I have some experience in this matter. Do you
like them?

Ann:  Uh-huh.
Barbara: All three of them?
Ann:  Uh-huh.

Barbara: You're not very selective, are you?
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Ami: Thank you very much. Why not say, my little sister is so won-
derful that she attracts the best guys around?

Barbara: Sure, sure, that’s exactly what I meant. Anyway, you like all
three?

Ann: Yes, sort of, you know, there are pluses and minuses, no one is
perfect.

Barbara: Do you love any of them?

Ann: I don’t know, I think so, I mean 1 sort of love each of them in
some way.

Barbara: That means you're not in love with any of them.

Ann:  Maybe. But I still don’t want to be all alone. What happens if
I'm never in love?

Barbara: Okay, here’s my idea: you sit down, and attach to each one
of them a number. The better the guy is, the higher the number. Then
you select the one with the highest number.

Ann:  That sounds crazy. Did you learn that at school?
Barbara: Yes, we called it utility maximization.

Ami: Sounds just like the kind of thing that you would study in a
business school. How to maximize your utility. Great. Was the course
titled “How to use and abuse your boyfriend”?

Barbara:  Why abuse? What are you working yourself up about?

Ann:  Just listen to your words: utility, maximization—this sounds so
cold, so heartless! Do they also teach you to choose the boy who's rich-
est or whose father is best connected?

Barbara: No....

Ann: This is love we're talking about, not money! This is about peo-
ple, and relationships, and emotions, not about stocks and, and....
[She begins crying.)

Barbara: Wait a minute, cool down, okay? First, they do not teach us
how to choose boyfriends there; it’s a business school, not a summer
camp. | was just thinking about this idea because of how we make
decisions. Second, I think you're carried away with rhetoric.

Ann: Yes, sure, if I don’t think you're the greatest genius on earth, I'm
carried away with rhetoric.

Barbara:  No, I mean it, could you give me a chance to explain?
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[Ann is silent, but it's clear she's willing to listen.]

Barbara:  And please, without getting overexcited and without attach-
ing meaning to the particular words—that’s what I meant by rhetoric:
forget about the terms, think about their contents.

Amn: - OK, I'm listening. But do me a favor, and don’t make it as long
as last time with the derivatives. I understood nothing.

Barbara: Don’t worry, this is purely about concepts. And it's short.
Ann: Okay, go ahead!

Barbara: Think of your choice between any pair of these candidates.
Amn:  “Candidate”! This isn't politics!

Barbara:  You see, you get all hung up on the words. What do you
care if I call them candidates or choices or guys or alternatives?

Ann:  It's important how you refer to people. Language has an impact
on the way we think. You think of them as alternatives, and immedi-
ately I start thinking that each of them is dispensable.

Barbara: 1 see your point. In fact, I may even agree with you, for a
change. Seriously, I think that what you just said is quite deep. I won-
der if economists don’t get a lot of unnecessary criticism because of a
poor choice of words.

Ann; It's not unnecessary. You just agreed that language has its
power.

Barbara: 1 meant, unnecessary in the sense that what these economists
have to say is actually quite sensible, but because they often choose
words that turn people off, people don't listen to what they have to
say.

Ann:  Okay, but I'm mature and open-minded and I'm listening.
Barbara:  So: consider your choice between any pair of guys.

Amn:  Any pair?

Barbara:  With three guys you have exactly three pairs. With four guys
you would have six pairs, with five, ten pairs, and so on.

Ann:  You promised no derivatives.

Barbara: Derivatives? Derivatives have to do with calculus. This is
combinatorics.

Ann:  You know what [ mean.
Barbara: Okay, so take these three pairs—think of a-b, b-c, a-c.
Ann: I'm thinking of them.
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Barbara:  Would you like to be able to choose between any two?

Ann:  Yes, of course, that’s what I'm trying to do.

Barbara:  We call this completeness. It means that you can always make
a choice, that your preferences are complete.

Ann: And if I find two of them just as good?

Barbara: Ties are allowed. You can say that you are indifferent be-
tween the two; each is as good as the other. Then you may choose the
first that comes to mind, but you won’t need to change your choice
later on. By the way, it's good for your guys, too.

Ann: Huh?

Barbara:  Otherwise you'd drive them nuts. You'd say yes and no, first
you and then him, and then maybe. Do you know, for instance, that
Franz Kafka was twice engaged to marry the same woman, and he
canceled the marriage both times?

Ann: Really?

Barbara:  Yes, it didn’t really make her happy.

Ann: Why did he do that?

Barbara:  Well, he was just incapable of making a decision. The point
is there’s nothing very romantic about this.

Anmn:  Okay, I get if.

Barbara:  Good. Now: would your like your choices between pairs to
be transitive?

Amn: What's that?

Barbara: Transitive. This means that if you think that a is at least as
good as b, and b is at least as good as ¢, you also think that « is at least
as good as c.

Amn: 1 guess so.

Barbara: Sure, you want to make such decisions!

Ann:  Here we go again. Big wise sister telling Ann what she wants.
Barbara: No, no, no, not because I'm your big sister, and not because
I'm wise, though both are true.

[Ann rolls her eyes.]

Barbara:  You want to be transitive because otherwise you'll be dating
¢ and leaving him for b, then dating b and leaving him for a, and then
you'll send a away and go back to ¢, and so on, until they're all fed up
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with you. If you are not transitive, you will be cruel to all the guys
involved, and if they have any backbone, you’ll be cruel to yourself,
too.

Amn: Oh, I thought that being faithful to one means being cruel to all
the others.

Barbara: Did I ever say that?

Ann:  Da Ponte did, giving this line to Don Giovanni.

Barbara: Oh, good. I was afraid I might have been too honest.

Amn: Very funny.

Barbara: But you get the point—if you want to be neither as indeci-
sive as Kafka nor as fickle as Don Giovanni, you have to be complete
and transitive.

Ann:  Okay, suppose I am. What wouldn’t one do for one’s sister!

Barbara: The point is that if you are complete and transitive in your
preferences, then it is as if you are maximizing a utility function.

Ann [suspiciously]: Function? This is something with a derivative,
isn’t it?

Barbara [smiling]: It might have a derivative in calculus. But all I mean
is a rule, a way to assign numbers to alternatives.

Amn: What's a way? What is not a way?

Barbara:  Just think of a table, where in one column you have the name
of the alternative, and in another, the numerical value you attach to it.

Ann: If you mean a table, why do you call it a function? Sometimes [
feel you really don’t want me to understand what you're saying.
Barbara: T'm sorry. Don’t give me this look, I really mean it. The rea-
son it's called a function is that sometimes it will not be given by a
table but by a formula. You know, like writing 2v instead of listing the
value for each and every value of x.

Ann: Okay. But I can think of a function as a table?

Barbara: Yes, you can think of it as a table of values that is sometimes
more succinctly described by a formula.

Ann:  Great. But what did you want a function for?
Barbara: You're so argumentative, I nearly forgot why I mentioned a
function in the first place. But I think it's coming back to me. I said

that if your preferences are complete and transitive, then I can think of
you as if you were maximizing a utility function.
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Anmn:  As if? But I'm not.

Barbara:  Well, this is up to you. But let's start by agreeing that this is
now only a matter of representation. One can say, “Ann is choosing
among her alternatives by maximizing a utility function” and one can
also say, “Ann is choosing whom to date in a complete and transitive
way, or a decisive and faithful way,” and these two statements mean
exactly the same thing. It’s a mathematical theorem.

Ann:  What is?

Barbara:  That if you have a preference—a way to compare pairs of
alternatives—that is complete and transitive, then it can be represented
by a utility function, so that between any two alternatives the one with
the higher utility is chosen.

Amn: Always?

Barbara: Well, at least if you have finitely many alternatives. And,
pretty as you are, I think that even you don’t have infinitely many
suitors.

Ann: You're so clever.

Barbara:  More than you’'d believe. There’s even more: not only can I
look at you and say, “Ann is maximizing a utility function,” without
thinking anything bad about you, I can even tell you that finding a
utility function and maximizing it is the only method I know that
can guarantee that you will indeed be complete and transitive in your
preferences.

Ann:  So you seriously suggest that [ assign a number—call it utility if
this makes you happy—to each guy and choose the one with the high-
est number.

Barbara:  Yes, that is precisely what I suggest.

Ann: But I really hate the word utility. It makes me think of gas, elec-
tricity, and cable TV, not of love.

Barbara:  Can we call it payoff?

Ann:  Payoff is what you get when you gamble on horses. Or when
you're killed by the mafia.

Barbara:  Call it whatever you like. 1 thought we agreed not to
attach too much importance to names. Just assign numbers to your
alternatives.

Amn: - But [ really don’t know how I would do that. How do [ know if
Bob should have a higher number than, say, Jim?
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Barbara:  Ask yourself, which one do you like better?

Ann: But that's precisely the point; I don’t know which one I like
better!

[Barbara is silent.]

Ann: 1 mean, this is what you were supposed to help me sort out in
the first place, weren't you?

Barbara: You know what? I'll think about it.
2.2 Two Poinis

The example in the previous section illustrates two main points. The
first is that terms like utility and maximization should not turn you off.
They do not preclude emotional decision making, love and hate, lofty
or base motives. To say that someone maximizes a utility function is
merely to say that she is coherent in her choices. Mother Teresa could
possibly be described as maximizing the number of healthy children in
the world. That is, she maximized a certain function. Adolf Hitler tried
to maximize the percentage of Aryan people in Germany. He also
maximized a function. Thinking of Mother Teresa and Adolf Hitler
as utility maximizers only says that each of them pursued a goal in a
coherent way. It does not mean that they are equivalent in terms of
ethical judgments, character, or anything of the sort. You are likely to
admire Mother Teresa for her utility function and to loathe Adolf
Hitler for his. The notion of utility maximization leaves room for all
these attitudes.

The second important point, made at the end of the dialogue, is that
it doesn’t always help to want to maximize a utility function. In the ab-
sence of additional structure in the problem, the mathematical equiva-
lence mentioned in the dialogue leaves us no better off than we were
when we started.

The dialogue refers to a theorem stating that comparison between
pairs is complete and transitive if and only if it can be described by
maximization of a function (a utility function). Appendix B provides
mathematical details and two formal versions of this theorem. I now
turn to the theorem’s interpretations.

2.3 Interpretations

The theorem in appendix B has three types of interpretations. One
concerns normative applications of the theory of utility maximization,
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namely, applications of the theory recommending modes of behavior
to decision makers. The second deals with descriptive applications,
that is, with situations in which the theory is interpreted as attempting
to describe reality or to predict behavior. Finally, the theorem can be
interpreted in a metascientific way, as a way of defining the theoretical
terms.

2.3.1 Normative

Normative science refers to the activity of scientists, such as decision
and game theorists, economists, and political scientists, who address
members of an audience and recommend what they should be doing.
The audience may be a single decision maker, as in the case of choos-
ing a retirement plan, or a whole country, as in the case of writing a
constitution. The main point about normative science is that it's not
about describing reality but rather about changing it. Normative
science does not try to say how things are but how they should be.

Wait a minute, one might think. How does the scientist know?
Where does she derive her authority from? Isn’t it a bit pretentious to
tell people how they should run their lives or to preach to societies
what laws they should abide by?

Indeed, a good question. Sometimes people forget what can and
what cannot be expected of a social scientist. Let us agree that social
scientists are not religious preachers, and they do not have access to
any external source of authority. All the social scientist can do is to
help decision makers think about what’s best for them. Analyzing
problems, using general rules as well as specific analogies, invoking
mathematical results alongside empirical and experimental findings,
the scientist can try to convince decision makers that they would like
to make decisions differently than they do. But it is the decision maker
who has to make the final choice—the worker who decides on a retire-
ment plan or the country that votes on a constitutional amendment.

If we take the view that the role of the normative scientist is to con-
vince decision makers that they would like to behave in a certain way,
what tools does the scientist have? How can she convince others?

In principle, one can use all strategies of debate in order to convince
others. But let us assume (perhaps unrealistically) that the scientist has
no ulterior motives and that she really wants to do the best for the de-
cision maker. She doesn’t want to convince him to buy her software
or to keep using her services. She wants the decision maker to be
convinced of her teachings and to think, even years later, that he has
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learned a lot from her. Hence, the scientist does not want to resort to
rhetorical tricks in order to win a particular debate; she only wants to
use rhetorical tools that provide robust conclusions. Note that I use the
term rletorical in a slightly different way than is customary; in this
usage rhetoric need not be negative. To be precise, we can distinguish
between negative rhetoric and positive rhetoric. Negative rhetoric refers
to tricks that may make one lose a debate but for which one has good
replies the morning after the debate. Positive rhetoric refers to the type
of arguments that make one view the issue differently. Roughly, posi-
tive rhetoric consists of devices that you can take from the debate and
later use to convince others of what you were convinced of yourself.

Mathematics is such a device. Consider the utility maximization is-
sue again. If a scientist told the decision maker to maximize a utility
function, her proposition might appear strange. But if she suggested
that decisions be made in accordance with the completeness and tran-
sitivity axioms, her recommendation would seem much less controver-
sial, perhaps even trivial. And then the theorem can be invoked to say
and prove that whoever agrees with the axioms has to agree with the
conclusion as well. It would be very embarrassing to accept the axioms
but to reject their implications.

To conclude, the first type of interpretation of the theorem is norma-
tive; it can help convince decision makers, ourselves included, that we
would actually like to behave in accordance with a particular decision
model.

2.3.2 Descriptive

Theories in the social sciences are often intended to be descriptions of
reality. They provide better understanding of phenomena, and enable
predictions, without trying to change reality. This type of interpreta-
tion is called descriptive. If this is how we conceive of the theory of
utility maximization, what does the theorem teach us? After all, it is an
equivalence result. Hence, it does not say anything new about reality;
it is just about (the equivalence between) different representations of
the same mode of behavior.

Indeed, if a theory makes specific predictions, and it is judged by
the accuracy of those predictions, then different mathematical repre-
sentations of that theory will, by definition, have the same degree of
accuracy. But even in the natural sciences, where one can find success-
ful specific theories, theories are selected based not only on their accu-
racy but also on other criteria such as simplicity and generality. These
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criteria, among others, do depend on representation. A theory may ap-
pear complex in one formulation and simple in another. Similarly,
rephrasing a theory may show that it is much more general than previ-
ously suspected because in its new formulation it encompasses theories
that were thought disparate.

Different representations of the same theory may be even more im-
portant when, as in the social sciences, theories often do not provide
specific predictions but rather ways of thought and general insights.
When we understand theories this way, as paradigms, we find that
their degrees of relevance and applicability depend on our intuitive
judgment of their plausibility. For example, I later discuss free markets
and the reason that economists tend to like them. The argument for the
optimality (or efficiency) of the market relies on the notion of utility
maximization. If T told you that I believe most people maximize a util-
ity function, you might think I was out of my mind. But if I redescribed
the same theory by saying that I believed most people satisfy com-
pleteness and transitivity, my claim might appear more reasonable.
Thus, the degree to which you believe in the accuracy of my claim
depends on how I represent it. The more inaccurate our theories are,
and the more we rely on intuition and qualitative arguments, the more
important is mathematical analysis, which allows us to view theories
in more than one way.

2.3.3 Metascientific

Finally, the theorem stated in section 2.2 can be viewed as relating the
theoretical term utility to the observable term cloice. This is in line with
the logical positivist view in the philosophy of science, which held that
the meaning of theoretical concepts is in their observable manifesta-
tions. While this view has been criticized within the philosophy of
science, it remains a useful guideline in conducting scientific work as
well as in everyday life and in political debates. Before we start argu-
ing, it is always a good idea to ask what terms mean precisely. We
may find that we are referring to the same thing by different names, or
that we use the same word for completely different notions. In our
case, the theorem says what is the meaning of utility: according to this
revealed preference paradigm, utility is that function whose maximiza-
tion is compatible with the choices of the decision maker. This means,
in particular, that two utility functions that are equivalent in terms of
the observed choices they predict should not be considered different,
and we should not waste time and energy trying to decide which one
is the correct one.
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2.4 Measurement Issues

If we think of observable choice behavior as defining the theoretical
concept of utility, we can ask, is the utility function that is compatible
with the data unique? Or, given certain choice data, can there be differ-
ent functions that deserve to be called the utility of the decision maker
because each of them can provide a description of her choice by utility
maximization?

The question of uniqueness arises whenever one attempts to mea-
sure a certain quantity. Typically, a measurement function cannot be
unique because the unit of measurement matters. For instance, one can
measure weight by grams, kilograms, or ounces. It is meaningless to
say that the weight of an object is 5 unless one specifies a unit of mea-
surement and gets a more meaningful measure, such as 5 grams or 5
ounces. If one has measurements of weight using grams, one can mui-
tiply all numbers by 0.001 and get equivalent measurements of weight
using kilograms. Any reasonable theory that can be stated in terms
of grams can be restated in terms of kilograms. The same applies to
length, which can be measured by meters, centimeters, feet, and so on.
Thus, all physical quantities are measured with at least one degree of
freedom, namely, the choice of the unit of measurement.

In some cases, we have even more freedom in the choice of the scale.
We can choose not only the unit of measurement but also the location
of zero. Consider temperature. Fahrenheit and Celsius measures differ
not only in the unit of measurement, namely, the meaning of “one de-
gree,” but also in the temperature that is called zero. Height of the sur-
face of the earth is another example. We have chosen to measure it
relative to the height of the oceans, but we could have chosen a differ-
ent zero.

When it comes to the measurement of utility, we can hardly expect
to be able to have fewer degrees of freedom than in the measurement
of physical quantities. We don’t hope to be able to say, for example,
“My utility from this movie is 6.” If we have a function that measures
utility, we can multiply it by any positive number and get another
function that also measures utility. Moreover, as in the case of temper-
ature, we can probably also determine where to set zero. In other
words, given one utility function, we can add a certain number to all
its values without changing anything of import. The two types of
transformations—changing the unit of measurement (multiplying by a
positive number) and shifting the scale (adding a number)—together
allow us to take any increasing linear transformation of the utility
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function in order to get another utility function for the same decision
maker. Indeed, it seems natural that the same degrees of freedom that
exist in the measurement of temperature will also be present in the
measurement of utility.

But with the measurement of utility we have even more freedom
than with temperature. If utility means “the function being maxi-
mized,” then any increasing transformation, even if it is not linear, will
have the same observable meaning. The utility function that is mea-
sured from choice behavior is said to be only ordinal: no meaning
should be assigned to the particular values of the function; only their
ordering matters. Thus, if a has a higher utility than b, and b has a
higher utility than ¢, we will get the same observable implications if
we set their respective values to (10, 1, 0), (10, 9, 0), or {90, 54, 2). The
fact that the first alternative can be assigned the number 10 or 90, or
that the range of the utility values can be 10 or 88, has no observable
manifestations. Similarly, there are no observable implications to the
comparison of the utility drop between a and b versus b and c. The util-
ity values mean only that the first alternative is preferred to the second,
and both are preferred to the third. Any decreasing triple of numbers
describes this relation, and therefore any decreasing triple of numbers
can be the utility function for this decision maker.

There are other sources of data to help identify a utility function
with fewer degrees of freedom. For example, if we expect the function
to be used in algebraic calculations, not only in binary comparisons,
the family of utility functions that are observationally equivalent
shrinks. In chapter 4, I discuss such a theory: the utility function will
be used for calculations of expectation, and it will be as unique as the
measure of temperature. Alternatively, if we have more data about the
probability of choice, we can also pin down the utility function with
fewer degrees of freedom. But it is important to recall that utility will
typically not be defined in a unique way, and that, in particular, multi-
plying a function by a positive number yields another function that is,
according to most models, observationally equivalent.

2.5 Utility and Disutility

It often seems more natural to think of the minimization of disutility
rather than the maximization of utility. The two are not necessarily
synonymous. Psychology distinguishes between pleasure-seeking and
pain avoidance activities. For instance, when you decide which concert
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to attend, it seems most natural to describe your behavior as utility
maximization. By contrast, when you buy a headache medication, min-
imization of disutility appears to be a more intuitive description of
your behavior. Moreover, there are certain patterns of decisions that
differ between the two types of activities. It is tempting to think of
pleasure-seeking activity as having utility values in the positive range
and of pain avoidance as dealing with negative utility values. In such
a model, utility will have a meaningful zero, and shifting the utility
function by adding a constant will not describe the same behavior.
However, it is not clear that the interaction between the two types of
motivation can be fully captured by postulating different decision rules
in the positive as compared to the negative ranges of the utility scale.

Importantly, data on choice behavior may not suffice to tell whether
a problem is one of utility maximization or disutility minimization.
When you prefer alternative a over b, it is possible that # gives you
more pleasure than does b, or that a causes less pain than does b. Fur-
ther, there are cases in which the distinction between pleasure seeking
and pain avoidance is not obvious even to the individual involved. We
eat to satisfy hunger, but we also enjoy the taste of food. We need
clothes and shelter to avoid suffering, but we also derive pleasure from
them when they are aesthetic and functional.

Thus, the distinction between the two types of motivation is not
always sharp and is hard to draw based on choice data. Luckily, in
many situations this distinction is not necessary for the description
and prediction of choices. If, confronted with the choice between 2 and
b, you consistently choose the former, I need not know what drives this
choice in order to predict it on the next occasion. For these reasons,
classical decision theory does not distinguish between utility maxi-
mization and disutility minimization. However, it is useful to bear in
mind that in certain problems we may wish to delve into the decision
maker’s motivation and perhaps treat pleasure seeking differently than
pain avoidance.



