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A Protocol for Transparent Decisions

@ Imagine that, when making decisions for others, decision makers had
to document a justification using a decision theoretic model

@ Responding to "What Were You Thinking?" question which might
some day be asked

@ Maybe even by themselves:

o Am | prone to errors and biases?
e Are my beliefs paranoiac?
o Is my utility function what I'd like it to be?
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In This Paper

@ We study which decisions can be justified under specific assumptions:

e The possible outcomes and the utility are known
o The states of the world are known

e The decision maker is required to provide a certainty equivalent for
each act

o We study only two models:

e The Bayesian benchmark
e One model of ambiguity aversion: maxmin EU
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Related Literature: Revealed Preference Theory

@ The type of question we ask is mathematically the same: when can a
set of “choices” be explained/justified by a model in a given class?

@ However, the interpretation is rather different:

o Revealed Preference theory is about the work of the economist; ours —
about the decision of the decision maker herself

o Revealed Preference theory is descriptive in nature (when do datasets
refute a theory); ours — normative

@ This has implications to the data assumed

o Specifically, we set the rules of the game and allow ourselves to assume
known utilities

@ Results that are closer to ours:

o Polisson, Quah and Renou (2019) — who do not assume a given utility
o Chambers, Echenique and Saito (2016) — a given utility and the
Bayesian as well as the MMEU case, but the results differ
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The Framework

States of the world, S = {1, ..., S}, indexed by s
Acts A = {1, ..., A}, indexed by a

Act a yields utility x7 in state s

x? = (x_;")f:1 € R® has a certainty equivalent ¢? € R

Given a finite collection (x?, ¢?)”

L—1, can it be justified?
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Model | — Bayesian Justification

Let there be given acts (X‘E’):\:1 and certainty equivalents (c?)2_,. The
following are equivalent:

(1.A) There exists a probability vector p € A (S) ~ A>~! such that, for
each a € A,
p-x?=c?.
(1.B) There exists no collection of real numbers (Aa):\zl satisfying either :
A A A A
Y ATt << ) A or Y A% >> ) ATXY
a=1

a=1 a=1 a=1
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Related Literature: The Fundamental Theorem of Finance

@ We can think of an “act” with known utility values as a financial
asset, and its CE — as the price

@ We focus on the Bayesian model as a common way of justification —
and find a no-arbitrage condition as a result

@ The FTF assumes that portfolios are evaluated linearly as a fact
about the way markets work — and derives the Bayesian pricing

@ This seems more like a coincidence, and moving to the non-Bayesian
case the analogy breaks down

@ The standard formulation of the FTF deals with strictly positive
probabilities and weak domination
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Interpretation as a Debate Game

@ In the Debate Game Player | (the DM) claims that her evaluations of
the acts are fine; Player Il (the skeptic) tries to prove that this isn't
the case

@ Debate Game 1: The DM wins iff she can point to a probability that
justifies all her valuations as expected value (utility)

@ Debate Game 2: The Skeptic wins iff he can point to a “combined”
act/asset that was valued below its minimum (all linear combinations
are allowed)

@ The theorem states that these two games are identical
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Geometric Interpretation

@ The case of two states of the world is rather special:

o If there exists a probability vector that justifies the evaluations, each
non-trivial evaluation suffices to find it

e Hence, if any pair of evaluations are coherent, then so is the entire
collection

@ In the two-state case, the theorem is basically Thales’s theorem

e The no-dominated-portfolio condition is basically proportionality of
edges

e or similarity of triangles

e or act-CE segments being parallel to each other
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Relationship to de Finetti

@ de Finetti axiomatized subjective probability by acceptable and
unacceptable bets

@ This assumes a rich database, as if we had a complete binary relation
on all assets

@ In our case, only a finite collection of acts have their CE

@ Relatedly, our result isn't necessarily about what the DM's preferences
should be, but what are the constraints she faces when making
several decisions within certain rules of the game
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Model Il = Maxmin EU Justification

Let there be given acts, (x® ):‘:1 and a vector of certainty equivalents
(c? :‘:1. The following are equivalent:

(2.A) There exists a convex, closed set of probabilities on S,
P C A(S) ~ A°~! such that, for each act a € A,

minp - x? = ¢°.
peP

(2.B) There is no act a and collection of real numbers (Aa):\zl such that
A? >0 for a # 3 such that

A A
Y AT >> ) AN
a=1 a=1
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Interpretation as a Debate Game

@ Again, Player | (the DM) claims that her evaluations are fine; Player
[l (the skeptic) tries to prove that this isn't the case

@ Debate Game 1: The DM wins iff she can point to a set of
probabilities that justifies all her valuations as min-expected value
(utility)

@ Debate Game 2: The Skeptic wins iff he can point to a “combined”
act/asset that was valued above its maximum (but only non-negative
coefficients are allowed); or if he can show that the excess return on
one asset strictly dominates a non-negative combination of the excess
return of others

@ The theorem states that these two games are identical
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Geometric Interpretation

@ The case of two states of the world is even more special:

e A set of probabilities is no more than an interval [p, p]
e As in the Bayesian case, each non-trivial evaluation suffices to find the

relevant probability (p or p)
e Again, if any pair of evaluations are coherent, then so is the entire

collection
@ In the two-state case, the theorem is basically Thales's theorem

e As long as we are on the same side of the diagonal
e And it requires convexity when we cross the diagonal
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The Bigger Picture

@ Decision theory (cum OR, GT, Micro, and with math and stat) can
do wonders (cf. Waze)

@ But it can appear useless (investment, career choice,...)

@ The point: it can be useful also when it doesn't deliver the solution
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A Range of Possible Dialogs

@ On one extreme: ask, get an answer, implement

@ On the other: think, make a choice, try to justify it
@ An entire gamut in between
@ The language of the dialog is also to be negotiated
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Laplace (1812)

@ ... we can always select, with the help of this theory, the most
advantageous choice on our own. It is a refreshing supplement to the
ignorance and feebleness of the human mind. If we consider ... the
establishments of public utility that rest on this theory, ..., and if we
observe that even when dealing with things that cannot be
subjected to this calculus, the theory gives the surest insight
that can guide us in our judgment and teaches us to keep
ourselves from the illusions that often mislead us, we will then
realize that there is no other science that is more worthy of our
meditation.
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