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• In Decision Theory we study individual choices
• To make predictions
• To understand why people do what they do

• The frame that you should always keep in mind:

Model
(Utility)

Attitude
(Preferences)

Data
(Choices)

Mechanism
(Preference formation)

Experiment

Prediction

Theory
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• Preferences are unobservable attitudes towards alternatives
• Preferences of an individual can be intuitively thought as

answers to a questionnaire
• This questionnaire contains all questions of the form:

“how do you compare x and y"
• The possible answers are:

1 I prefer x , in which case I write x � y
2 I prefer y , in which case I write y � x
3 I am indifferent, in which case I write x ∼ y

• We are not saying that the individual necessarily is thinking
consciously about this questionnaire: this might simply be a
reflection of how he unconsciously feels about alternatives.



Example
The alternatives are X = {apple (a), banana (b), carrot (c)}:

1 How do you compare Apple and Banana? Answer: I prefer a
2 How do you compare Apple and Carrot? Answer: Indifferent
3 How do you compare Banana and Carrot? Answer: I prefer c
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c
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Ind

The preferences is the entire questionnaire, i.e., the whole table



• Preferences are mathematically encoded with binary relations
• Weak preference (�) :

x � y ≡ “x is at least as good as y"
≡ “he prefers x to y" or “he is indifferent"

• Strict preference (�) :

x � y ≡ “he prefers x to y"



• Encoding the questionnaire with weak preference relation:
x � y ⇔ “he prefers x to y" or “he is indifferent"

• The two are completely equivalent:
We could have instead asked “is x at least as good as y"?
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• Encoding the questionnaire with strict preference relation:
x � y ⇔ “he prefers x to y"

• The two are completely equivalent:
We could have instead asked “is x at better than y"?
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• We want to put some basic logical structure on the preferences
• We do this by imposing some reasonable assumptions, which

we call axioms
• Without the axioms pretty much anything goes.



• Completeness: for any two x , y :
x � y or y � x .

• Any two alternatives can be compared with one another.
• What is the difference between incompleteness and

indifference?
• Violation of completeness:
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• Transitivity: for any three x , y , z :
if x � y and y � z , then x � z .

• It says that we cannot have a cycle of strict preferences.
• This is the main rationality axiom. Why?
• Violation of transitivity:
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• Antisymmetry: for any two distinct x , y :
if x � y , then y � x .

• It says that we cannot have indifference between any two
distinct alternatives.
• Example of antisymmetry:
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• Preference formation describes a mechanism that generates
the preferences.

Model
(Utility)

Attitude
(Preferences)

Data
(Choices)

Mechanism
(Preference formation)

Experiment

Prediction

Theory



• Some reasonable ways of forming preferences that satisfy
completeness and transitivity:
• Value function: The individual assigns a subjective value v(x)

to each alternative x and prefers alternatives with higher value.
• Distance function: The individual has in mind an ideal

alternative. Then the value of each alternative x is equal to
the distance d(x) of x from the ideal.



• There are also ways of forming preferences that will not satisfy
completeness and/or transitivity:
• Unanimity rule: The alternatives have n dimensions.

Alternative x is preferred over y if it is preferred across every
single dimension. Completeness violated.
• Majority rule: The alternatives have 3 dimensions.

Alternative x is preferred over y if it is preferred across more
dimensions than y is preferred. Transitivity violated.
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• We will build a model that represents the preferences.
• The model is called utility function.

Model
(Utility)

Attitude
(Preferences)

Data
(Choices)

Mechanism
(Preference formation)

Experiment

Prediction

Theory



• The terminology that we use is that
the preferences have a utility representation.

• Formally, this boils down to the following equivalence:
x � y if and only if u(x) ≥ u(y)

• The idea is that the model (utility function) is an exact
translation of actual attitudes (preferences)
• What is the difference between a utility function and a value

function that we described above?



Proposition
If the set of alternatives is finite and the preference relation � is
complete and transitive, then there is a utility representation.

• Important result for two reasons:
1 Every utility function corresponds to preferences
2 We can always find a good model of reality

• The proof is based on the following intermediate result. How?

Lemma (Intermediate step)
If the set of alternatives is finite and the preference relation � is
complete and transitive, then there is a most preferred alternative.

• Any idea how to prove the lemma above?



Proposition
Suppose that u represents the preferences �. Then, for any strictly
increasing function f : R→ R, the function w(x) := f (u(x)) also
represents �.
• This result says that there are infinitely many utility

representations.
• The proof is quite simple, and follows from the definition of

strictly increasing functions (which we all learned in high
school).
• Any idea how the proof works?
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• At home you need to read Chapter 1 of the textbook, except
the part on lexicographic preferences.
• Diagonal reading is not enough.
• You need to read carefully until you understand the line of

thinking.
• You will receive a sheet with questions that you need to

prepare before the tutorial.
• Avoid using ChatGPT before the tutorial (in any case you are

not graded). If you decide to use it, you are asked to report it.
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