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1. Introduction

Economics is built on the basis of a model of
individual behaviour. Virtually every economic
model is grounded on a theory of how individ-
uals make decisions. From the foundations of in-
dividual behaviour, economics deals with topics
as diverse as household behaviour, organization-
al behaviour, production, social choice, savings,
monetary policy, central banking, trade, financial
markets, taxation, education, etc. This individ-
ualistic approach represents, in fact, one of the
main distinctions between economics and other
social sciences like sociology or political science.
It comes, therefore, as no surprise that research
on individual decision-making has always been a
lively field of inquiry in economics. Today, with
the interplay of economics, psychology, and the
neurosciences, the study of individual behaviour
represents one of the most exciting and vibrant
areas of economic research.

This Opuscle is on the economic model of indi-
vidual behaviour. In Section 2, I give a short histor-



ical account of the notion of individual economic
rationality, and then I lay down the key ingredients
of the current, standard view on the subject mat-
ter. In a nutshell, the standard view of individual
behaviour understands individual decision-making
as the outcome of the constrained maximization of
a given ranking over all alternatives. It is difficult
to conceive of a simpler and more powerful and
operational model of behaviour. Undoubtedly, the
standard model of individual decision-making has
facilitated a tremendous advancement in the un-
derstanding of society, and the treatment of difficult
economic problems. At the same time, the classical
model relies on a number of assumptions about
individuals that abstract from important psycho-
logical factors that may affect economic decisions
in important and systematic ways. As Mullainathan
and Thaler (2001) point out, the classical econom-
ic model of human behaviour assumes economic
agents with unlimited cognitive abilities, unlimited
self-control and, in many instances, unlikely self-
ish behaviour. In Section 3, I review a selection of
the behavioural economics literature providing ev-
idence of actual human behaviour deviating from
the predictions of the classical model of choice.
This is a growing literature that is triggering the
development of new models of individual behav-
iour that incorporate in various ways psychological
considerations, and yet are sufficiently tractable to
be incorporated in applied economic models.

The evidence reviewed in Section 3 showing
that the behaviour of individuals can be systemat-
ically at odds with the standard model in econom-
ics raises two important questions:

Q.1: How severe are the deviations from the
standard model of choice?

Q.2: What is the best way to extract relevant
information from the choices of the individual for
the purposes of welfare analysis?

These are two fundamental questions and the
remainder of this Opuscle is devoted to address
both of them.

Having a tool to measure the deviations of ac-
tual choices from the predictions of the standard
model would make it possible to evaluate wheth-
er the standard model of individual behaviour is
a reasonable way to describe behaviour. That is,
the validity of the theory should not be based on
whether or not individuals violate the model in a
given situation, but on how close their behaviour
is with respect to this benchmark. Intuitively, large
and systematic deviations would naturally call
for the adoption of alternative models of choice.
Moreover, the availability of a reliable tool to as-
sess the distance between actual behaviour and
behaviour consistent with the standard model will
enable interpersonal comparisons. This, in turn,
may improve our understanding of individual be-
haviour and may also prove crucial in the devel-
opment of future choice models. Furthermore, the
possibility of performing meaningful comparisons
of rationality will allow evaluation of deviations
between various alternative models of choice and,
hence, provide a tool to give some structure to the
rapidly growing literature on alternative individu-
al decision-making models that are expanding the
classical notion of rationality. Section 4 reviews
the measures that the literature has offered to eval-
uate the consistency of individual behaviour with
the standard model. There, I also introduce a short
review of the main empirical findings obtained by
using such measures.

By dealing with Q.2, it would be possible to
identify, from an external perspective, the good
or bad alternatives for the individual even when
the behaviour of the individual is not fully com-
patible with the classical model of individual de-
cision-making. This is of prime relevance since
welfare analysis is at the core of economics. It



would permit, for example, to predict individu-
al behaviour when introducing a change in some
economic policy (e.g., a reform in the tax system,
changes in health coverage, or a new regulation in
the labour market), and evaluate ex-ante what are
the policies that may be expected to be optimal
from a welfare perspective. In Section 5, I deline-
ate the main contributions in the literature to the
question of how to do welfare analysis with indi-
viduals that are inconsistent with respect to the
standard model.

In Section 6, I present the novel proposal of
Miguel A. Ballester and myself on how to measure
deviations from rationality and to perform welfare
analysis. There, I argue that we offer an integrated
approach of the two questions, and explain the
advantages of it with respect to the proposals that
the literature offers.

Section 7 concludes by suggesting future lines
of research.

2. The classical economic model of
individual behaviour

The organising principle for the economic view
of individual behaviour is the notion of rationali-
ty.! Rationality is a very difficult concept to deline-
ate. The term rationality means different things to
different people, and some argue that it is in fact
an unfortunate, narrow label to refer to an eco-
nomic model of individual behaviour. In the most
standard view in economics, rational behaviour
means that the individual seeks the best interests
that she can attain, given her own view on them.
This line of thought belongs to the origins of eco-
nomic science, and can be found in the writings
of Adam Smith, David Hume, and later of Jere-
my Bentham and John Stuart Mill. Bentham and

Mill advocated the measurement of “happiness”
by means of a “felicific calculus”, that would be
summarised in an utility function, and understood
individual behaviour as the result of utility max-
imization. Bentham and Mill discussed at length
the intricate and elusive notion of measuring util-
ity, making interpersonal comparisons of utility,
and the like. What is important to remark here is
that we have introduced the three key ingredients
of the classical model of choice: (1) the individual
seeks to maximize (2) her utility function, (3) sub-
ject to constraints.

The next significant step in the development of
the model came with generation of marginalists,
most notably from William Stanley Jevons, Carl
Menger and Leon Walras. Jevons, Menger and Wal-
ras incorporated the utility maximization approach
as a formal theory into a variety of economic mod-
els, without paying much attention neither to the
measurement of happiness or utility, nor to the
establishment of interpersonal comparisons.

Subsequent key developments from Vilfre-
do Pareto, Irving Fisher, Alfred Marshall, Francis
Edgeworth, Eugen Slutsky, and others, laid down
the basis for an ordinal view of utility, one that
would only care about the ranking of objects, not
about the utility intensities attached to the objects.
This leads us to the work of Paul Samuelson, who
pioneered the next grand step in the evolution of
the rational model of choice: the revealed prefer-
ence approach. It is my view that it is safe to say
that the revealed preference approach to individu-
al decision-making represents one of the pillars of
modern economics, that has had a profound im-
pact on how economics is done, and, at the same
time, it establishes the foundations of economics
as an individualistic scientific approach.

The key insight of Samuelson was to note that
the results of consumer theory obtained under the



utility maximization assumption can be derived
without ever specifying a utility function. Instead
of utility, we can treat the choice among a menu of
feasible alternatives as a primitive: if we see a con-
sumer choosing an object when there is a second
one that he can afford, it must be the case that this
consumer prefers the first object over the second.
That is, the consumer, by way of her choice be-
haviour, is revealing a preference for the chosen
object over the unchosen, but available ones. Re-
markably, Samuelson showed that as long as these
revealed preferences display some consistency,
the classical results of consumer theory obtained
under the utility maximization assumption hold.
What are these consistency restrictions on choice?
In what follows, I illustrate the type of exercise in
the study of consistent, or rational, behaviour in a
simple revealed preference framework.? Consider
the following axiom of choice:

Independence of Irrelevant Alternatives
(ITA): Suppose that an individual chooses an al-
ternative x from a set of alternatives B. If S is a
subset of B that contains x, then the individual
must choose x when confronted with S.

ITA imposes an appealing restriction on indi-
vidual behaviour, when judged from the perspec-
tive of rationality. Namely, if we observe that the
decision-maker out of big set B selects alternative
x, we can expect that the individual has evaluated
all the available alternatives in B, and has come to
the conclusion that x is the most preferred alter-
native in B. If we were now to observe the same
decision-maker confronting a smaller set S that
only contains some of the alternatives of B, and in
particular it contains the chosen alternative from
B, alternative x, it makes sense to expect her to
choose x, that was shown to be superior to all the
alternatives that conform .

It turns out that, under some technical restric-
tions, one can show that IIA is all that it is needed
to lay down the foundations of the classical indi-
vidual rationality model. In order to present the
result, let me introduce the notion of a preference
relation. In the present context a preference rela-
tion, or in short a preference, can be understood
as a linear ranking over all the possible alterna-
tives, where “linear' here means that there are not
two alternatives ranked equally. Preference rela-
tions and utility functions are two ways of repre-
senting the tastes of an individual. When the only
relevant information is the ranking of alternatives,
both ways give exactly the same information. We
are now in a position to present the following key
result in the revealed preference literature:

Theorem 1: Individual choice behaviour sat-
isfies ITA if and only if there exists a preference
relation which maximization explains individual
choice behaviour.

Let me try to convey the significance of this re-
sult. First, it equates the rational model of individ-
ual decision-making with the satisfaction of a sim-
ple property, IIA, on choice behaviour. This gives
testability to the theory, in the Popperian sense.
That is, a choice dataset violating ITA cannot be
explained by the rationality model, and, on the
other hand, whenever a dataset is consistent with
IIA, it means that behaviour can be explained as
if it were the result of maximizing a preference re-
lation. Moreover, IIA is an easy property to check
in practice, facilitating the actual testability of the
rational model. Finally, note that the rational mod-
el is grounded purely on observed data. There
are no assumptions on (unobserved) intensities of
preferences, and the like.

I now illustrate the basics of Theorem 1 with
a simple example. The example sharply shows
what types of behaviour are compatible with the



Table 1. Hypothetical choices

Choice Available drinks Customer Customer Customer

1 2 3
1 Beer, Wine, Water Beer Beer Beer
2 Beer, Wine Beer Beer Beer
3 Beer, Water Beer Water Water
4 Wine, Water Wine Wine Water

theory, and which are at odds. Suppose that you
are the owner of a bar that offers three different
drinks: Beer, Wine, and Water. On occasions, due
to restrictions on supply, only two of these drinks
are available for sale. Table 1 shows the choices
made by three different clients, under the different
availability situations.

Let us start with the first customer. Note that
this customer seems to have a clear preference
for Beer over all other alternatives. It is chosen
whenever it is available, and only when Beer is
not available, as in choice situation 4, Customer
1 chooses something different, in this case Wine.
This is exactly the kind of behaviour prescribed
by IIA, and hence Theorem 1 implies that the be-
haviour of this individual can be explained by the
maximization of a preference relation. In this case,
by the preference relation ranking Beer on top of
Wine, and Water and Wine on top of Water.

Let us now contemplate Customer 2. It is ap-
parent that we cannot reconcile the behaviour of
Customer 2 with the model of rationality. Note
that while this client is choosing Beer when all
the possibilities are available, he switches to Wa-
ter, when only Water and Beer are available. This
is a direct violation of IIA, and hence Theorem 1
implies that there is no preference relation which
maximization can explain the behaviour of Cus-
tomer 2.

Finally, Customer 3, although chooses Beer
over Wine and over Water in the grand set of al-
ternatives, she always chooses Water, whenever
this is available in the binary sets of alternatives.
Again, this behaviour, although of a different na-
ture to that of Customer 2, cannot be reconciled
with the rational model of choice.

I would like to close this brief introduction to
the rational model of choice by commenting that
economists often attribute to the model both a
normative and a positive interpretation. That is,
it is taken to represent what an individual should
ideally do, and at the same time, it is regarded as
a good description of what individuals actually do.
For the rational model of choice to be regarded as
a good description of what decision-makers actu-
ally do, one would wish that there is strong em-
pirical support for the model. This is the question
we address in the next section.

3. Behavioural economics

The rational model of individual behaviour in-
troduced in the previous section is based on the
maximization principle, in which the alternative
chosen by the individual is the one that maximizes
a preference relation over the menu of available
alternatives. Over the last decades the research has
produced increasing amounts of evidence docu-
menting systematic and predictable deviations
from this notion of rationality. This literature is the
result of the fructiferous interdisciplinary collabo-
ration between economics, psychology and, more
recently neurosciences. This body of research con-
stitutes now a sub-field of economics on its own,
known as behavioural economics. The insights
from behavioural economics are now ubiquitous
and permeate other fields of economics, includ-
ing finance, industrial organization, labour, pub-



lic finance and, more recently, macroeconomics.
Behavioural economics aims to develop versatile
choice models with more realistic psychological
foundations of human behaviour. In this section,
I discuss some phenomena that have attracted a
great deal of empirical and theoretical attention
and prove difficult, if not impossible, to accommo-
date within the classical model of choice.* What
follows is a biased selection of behavioural find-
ings. There is, however, no scarcity of very good
and readable introductory books; see, e.g., Thaler
(2015), Kahneman (2011), or Ariely (2008).°

3.1. Cyclical behaviour

Acyclicity is a crucial assumption underlying
the classic rational choice. Assume an individual
that chooses alternative x over alternative y and y
over alternative z. Acyclicity implies that it cannot
be the case that z is chosen over x. Otherwise note
that from the menu composed of alternatives x, y
and z, there is no best alternative since every al-
ternative is dominated by another alternative, and
hence there is no obvious candidate for choice,
posing a serious challenge to the classical rational
choice model. Clearly, whatever the choice from
x, y and z an IIA violation will follow. Acyclicity
forbids this kind of binary cycles involving any
number of alternatives.

Experimental evidence shows that acyclicity is
frequently violated in individual choice. Already
in 1954 May conducted a class experiment where
he asked his students to choose hypothetical mar-
riage partners that differed in three dimensions:
wealth, beauty and intelligence. Partner 1 was the
wealthiest, had intermediate beauty, and showed
the lowest ranked in intelligence. Partner 2 was
the most beautiful, intermediate intelligence, and
the lowest wealth. Finally, partner 3 was the most
intelligent, had intermediate wealth, and was the
last in terms of beauty. He documented that the
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preferences of about a third of his students result-
ed in cycles. That is, they would exhibit behav-
ioural patterns of the sort of preferring Partner 1
over 2, 2 over 3, and yet 3 over 1. The key lesson
to note here is that when the comparison of alter-
natives involves taking into consideration different
dimensions and there are no clear dominations,
the choice task may be a complex one, which fa-
cilitates the violation of acyclicity. Other papers
showing violations of acyclicity involving mul-
ti-dimensional objects are Tversky (1969), using
lotteries (with dimensions involving probabilities
and prizes), and Roelofsma and Read (2000) using
inter temporal choices (monetary prizes and time).

Another related phenomenon that has at-
tracted a good deal of attention is the so-called
preference reversals (see, among many papers,
the works of Lichtenstein and Slovic (1971); Gret
and Plott (1979); Tversky (1990); Loomes, Starm-
er and Sugden (1991)). A typical experiment in-
volves pairs of lotteries with probabilities over two
monetary outcomes, a positive one and zero. In
each of these pairs, one lottery (the P-bet) offers
a relatively large chance of a modest prize, while
the other (the $-bet) offers a smaller chance of a
larger prize. In the first stage, subjects are asked
to choose between the P-bet and the $-bet. In a
second stage, a monetary valuation for each of
the lotteries is elicited. It has been systematically
shown that people often choose the P-bet in the
first stage while attach a higher monetary value
on the $-bet. Obviously, this behaviour is very dif-
ficult to reconcile with the model outlined in the
previous section.

3.2. Framing

The framing of a decision problem encompass-
es the details of the description or presentation of
the objects of choice, and all the features around

the decision process. Often one can change the
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framing of the decision problem in an inconse-
quential way, in the sense that the alternatives are
identical under the different frames. For the clas-
sical rational choice model, these changes in the
frames should not affect behaviour, since at the
end of the day the alternatives are exactly the same,
and so are the consequences of choice. Yet, there
is ample evidence establishing framing effects, that
is the dependence of individual behaviour to the
particular framing of the decision problem.®

I illustrate the framing effects with a classical
experiment by Tversky and Kahneman (1981). A
group of individuals was presented with the fol-
lowing hypothetical decision problem: “Imagine
that the U.S.A. is preparing for the outbreak of an
unusual Asian disease, which is expected to kill
600 people. Two alternative programmes to com-
bat the disease have been proposed. Assume that
the exact scientific estimate of the consequences
of the programmes is as follows:

- If Programme A is adopted, 200 people will
be saved.

- If Programme B is adopted, there is 1/3 prob-
ability that 600 people will be saved, and 2/3
probability that no people will be saved.”

A second group of individuals was presented
with exactly the same cover story of the previous
problem, but with a different presentation of the
alternative programmes:

- “If Programme C is adopted, 400 people will
die.

- If Programme D is adopted, there is 1/3 prob-
ability that nobody will die, and 2/3 probability
that 600 people will die.”

It is immediately apparent that programmes A
and C are identical in terms of the consequences,
and so are programmes B and D. They only dif-
fer in the details of the presentations. Accordingly,
we should expect a comparable number of people
choosing A over B in the first presentation of the
problem, to that choosing C over D in the second
presentation. Yet, a large majority of participants
chooses programme A over B (72% versus 28%),
and a large majority selects programme D over C
(78% versus 22%). This is an astonishing result that
has been replicated many times, with very differ-
ent subject pools, involving students, managers,
medical doctors, policy-makers, etc. It shows that
a subtle change in the wording of the decision
problem may have a large impact on behaviour.
In this particular case, the first presentation em-
phasises the gains dimension, that is the saving of
people, while the second presentation emphasises
the losses dimension, the dying of people. There
is ample evidence that human beings behave very
differently when confronting gains versus losses;
while gains trigger risk aversion, losses are associ-
ated with risk loving behaviour. This behavioural
pattern is consistent with the above results; in the
first presentation a majority of people prefer the
safe option A, while in the second presentation,
people seem to prefer the risky lottery over the
safe option, probably motivated by the possibility
of avoiding all deaths.” There are many other in-
stances of framing in the literature, involving a di-
verse array of choice situations and subject pools.
The interested reader can consult Tversky and
Kahneman (1981) and Thaler (1999).

3.3. Menu effects

Property IIA, discussed in the Introduction, im-
plies that if one chooses x over y, when only x and
y are available, one should not switch to y when
a third alternative z is added to the menu. This
would imply a direct violation of the property, and
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hence, of the classic rational choice. However, re-
search has identified a variety of violations of IIA
of this sort that have been named as menu effects.
Here I shall present three such cases.

In the attraction effect (Huber, Payne and Puto
(1982); Simonson (1989)) the alternatives have
different values on two desirable attributes (e.g.,
speed and safety of a car). Participants in the ex-
periment first confront two alternatives, x and y,
where x dominates y in terms of one of the attrib-
utes and is dominated by y with respect to the oth-
er attribute. Hence, no option dominates the other
on both dimensions. Some individuals choose x
over y and some the reverse. Then, the experi-
mentalists add a third alternative z that is dominat-
ed by y in the two attributes, but dominates x in
one attribute and is dominated by x by the other
attribute. The results are that the introduction of z
in the menu makes a significant fraction of people
to switch to option y. It seems that the fact that y
dominates z, but x does not, makes y to appear
more attractive.

The compromise effect (Simonson 1989) shows
that people have the tendency to select intermedi-
ate options. As an illustration, taking the x and y
options above and adding a third alternative b that
is in between x and y in the two attributes, makes
individuals to turn to the choice of b. Interestingly,
if to the menu composed of x and y another third
alternative g is added now makes y fall in between
x and g in the two attributes, the tendency is that
people turn to the choice of y.

A third menu effect to which T want to refer
here is the so called choice overload effect (Iyeng-
ar and Lepper 2000). In a typical experiment, a
group of individuals is offered a small number of
options (e.g., 6 different flavours of jam) and an-
other group is offered a large number (e.g., 24
different flavours). The results are that individuals
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are more likely to choose an option (to buy a jam)
in the first case, than in the second. The stand-
ard interpretation is that too many options in the
menu may be demotivating, making individuals to
abstain from making a decision.

These effects show that choice behaviour can
be malleable by manipulating the composition
of the menu of options in specific ways. Clearly,
these findings are at odds with the predictions of
the rational model of choice.

3.4. Inattention

The rational economic model of human be-
haviour assumes economic agents with unlimited
cognitive abilities. This is obviously an idealiza-
tion of human behaviour. It comes as no surprise
that research has documented that the attention
we pay to certain objects, or attributes of objects,
can be easily manipulated, with behavioural con-
sequences that are at odds with the predictions of
the standard model.®

There is overwhelming evidence that people
tend to pay more attention to the objects that are
presented first in a list. For example, Itzkowitz,
Itzkowitz and Rothbort (2016) show that early
alphabet stocks are traded more frequently than
later alphabet stocks. Einav and Yariv (2006) find
that in economics, where the order of authors in
the academic papers typically respect alphabetical
order, authors with earlier surname initials do bet-
ter in terms of promotions and competitive prizes.

Another effect that is attributed to inattention
is the left-digit bias, by which individuals focus on
the number's leftmost digits. There is plenty of an-
ecdotal evidence for this in the pricing strategies of
firms. An interesting illustration of the bias is due
to Lacetera, Pope and Sydnor (2012) that study the
second-hand car market. They show prices, by the
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tendency of buyers on focusing on the left dig-
its on the odometer, present discontinuous falls at
10,000-mile thresholds, along with smaller drops
at 1,000-mile thresholds. This shows that an in-
crease in a few miles keeping the left digit in the
odometer unchanged has a much smaller effect on
prices than when the increase in miles makes the
first digit in the odometer to increase.

In the U.S.A., product tags at the supermarket
show pre-tax prices, and local sales taxes are add-
ed at the counter. In a fully attentive scenario, this
procedure would be inconsequential since con-
sumers anticipate the final price to be paid. Chetty,
Looney and Kroft (2009) show that this is not the
case. When they included the final price in the
product tags, consumption dropped by about 8%.

3.5. Reference dependence

Human beings often take reference points in
order to judge the different alternatives.® This is
manifested in a variety of settings. In the status
quo bias, the alternative that is set as default is
typically valued more highly than the others. Kah-
neman, Knetsch and Thaler (1990) show that the
monetary evaluation of an object (in the experi-
ment, a coffee mug with the logo of the university)
depends crucially on whether the object has been
given to the individual or not. In the first case, the
object is valued almost double than in the second
case.

Reference dependent behaviour can have very
important welfare implications. Madrian and Shea
(2001) study the impact of automatic enrolment on
401(k) savings behaviour, one of the most impor-
tant sources for retirement savings in the U.S.A. In
a typical 401(k) plan, a worker determines her re-
tirement savings contributions, and often the em-
ployer proportionately matches employee's contri-
butions. The authors find that 401(k) participation
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increased significantly under automatic enrolment,
as opposed to the case where workers have to
make an active choice of the 401(k) they want
to get involved in. The experiment consisted in
letting a group of workers choose their preferred
plan, and, as usual, if there is no active choice of
a plan, the worker does not enrol in any. Another
group of workers were automatically enrolled in
one plan, and had the option of opting out when-
ever they wanted. As mentioned, automatic enrol-
ment markedly increased participation in 401(k)
plans, which may have large welfare consequenc-
es at the retirement age.

Further cases of reference-dependent behav-
iour can be found in other economic and social
settings. The housing market is one interesting
case. Using data from downtown Boston in the
90s, Genesove and Mayer (2001) find that the sell-
ers whose selling price falls below their original
purchase price (in nominal terms) set an asking
price that exceeds the asking price of other sellers
by between 25 and 35 percent of the percentage
difference between the two. Moreover, they ex-
hibit a much lower sale hazard than other sellers.
This is clearly another instance where reference
dependent behaviour may have large economic
consequences.

4. Measures of rationality

The preceding section suggests that the evi-
dence against the classical model of rationality is
overwhelming. As a matter of fact, the type of be-
havioural empirical findings reviewed above have
triggered the development of a wealth of alterna-
tive theoretical models of decision-making, incor-
porating in various ways some of the behavioural
phenomena.’ However, for our purposes in this
Opuscle, it is crucial to note the difference between
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establishing inconsistencies with the classical ra-
tional model and evaluating the extent of these
inconsistencies. The idea here is to discriminate
between violations that fall somehow ‘close’ to the
model, from those that signify a “sizeable” depar-
ture. Of course, to make such judgements, we need
a proper tool to measure the distance between ac-
tual behaviour, and the behaviour predicted by the
rational model. I devote this section to review the
different ways that the theoretical literature has sug-
gested to deal with this challenge, and the empiri-
cal findings that we have gained with them.

The main theoretical proposals in the litera-
ture are due to Afriat (1973), Houtman and Maks
(1985), and Swofford and Whitney (1986). These
papers suggest measurement techniques that ap-
proach the problem from very different angles.
Let me now explain the basic ingredients of these
measures, starting with the first and most promi-
nent measure of inconsistency, the Afriat's index,
after Afriat (1973). In the setting of Afriat, the
menus of alternatives are defined by the prices
of the goods and by the wealth of the consumer.
These two components determine the goods the
consumer can buy. In the presence of inconsistent
behaviours across menus, the suggestion of Afriat
is to compute the percentage of wealth reduction
that would make all the inconsistencies to disap-
pear. The idea is that by hypothetically reducing
wealth, the menus of available alternatives shrink
(i.e., there are less goods that the consumer can
afford), and with them some of the inconsistencies
disappear. Then, Afriat's measure of inconsistency
corresponds to the minimum proportion of wealth
reduction such that all the inconsistencies in the
data vanish. One of the main advantages of Afriat's
index is that it is easy to compute, even in large
datasets. The main disadvantage of the index is
that by focusing on the maximum inconsistency
present in the data it is not sensitive to the number
of inconsistencies.!
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A second influential proposal is due to Hout-
man and Maks (1985). The suggestion here is to
measure the inconsistency of a dataset by the
minimum number of violations that are needed to
be discarded for the remaining dataset to be con-
sistent with the classical model of rationality. The
positive aspect of this proposal is that it responds
to the number of inconsistencies present in the
data. The disadvantage is that it does not evaluate
the severity of each inconsistency; all inconsist-
encies count the same in the final judgement of
rationality, independent of their severity.'

Yet, a third approach, due to Swofford and
Whitney (1986), entails counting the number of
violations of a rationality axiom, say IIA. This is
another natural way of measuring the rationality
of individuals. The disadvantage is that, like in
the former case, by counting the number of viola-
tions of an axiom, its judgement is not necessarily
aligned with the severity of the inconsistencies."

We now turn to the empirical findings obtained
in the measurement of rationality. In order to facil-
itate comparisons between the different findings,
here we will focus on two particular measures: (i)
the average Afriat's index, and (ii) the percentage
of individuals in the different studies whose be-
haviour cannot be explained by the rational mod-
el. Table 2 summarizes the results from a variety
of recent studies, involving different subject-pools,
different types of goods, different data sources,
and different experimental methodologies.

The papers cited in Table 2 follow a revealed
preference approach, in the sense of studying
the case of a group of individuals, where every
individual selects her preferred options from dif-
ferent menus of options. The type of individuals,
options and sets of options differ from study to
study. Choi, Kariv, Miiller and Silverman (2014)
perform a large-scale experiment involving 1182
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Table 2. Summary of the empirical literature on the
measurement of rationality

Study Sample Choice Aver- Percent of
Context age Inconsistent
Afriat's  Individuals
Index
Choietal. | Representa- Choice 0.12 77%
(2014) tive sample | under risk
of 1182
individuals
from Neth-
erlands

Harbaugh | 31second- | Consump- 0.07 74% of sec-

et al (2001) grade tion bun- ond graders
students, dles (chips 38% of sixth
42 sixth and juices) graders
graders and 35% of un-
55 college dergrads
undergrads
Andreoni | 176 students | Altruism 0.01 10%
and Miller of upper-
(2002) level
economic

courses

Fisman et | 208 students | Altruism 0.05 >25% of YLS

al.(2015) of Yale Law >30% from
School (YLS) ALP
and 309
young adults
from ALP
Carvalho et 1119 U.S. Choice 0.15 80%
al. (2016) low-income | under risk
households
Echenique | 494 house- Con- 0.02 81%
etal. (2011) | holds from sumption
U.S. mid- bundles
western city (grocery
store)
Dean and 977 house- Consumption 0.01 71%
Martin (2015) | holds in Den- | bundles [gro-
ver metropoli- | cery store]

tan area

individuals, representative of the Dutch popula-
tion. In the experiment, each individual is pre-
sented with a sequence of 25 decision problems
where at each decision problem a lottery must
be selected from a menu of lotteries. Harbaugh,
Krause and Berry (2001) study rational choice in
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31 second-grade students (approximately 7 years
old), 42 sixth graders (11 years old) and 55 col-
lege students (21 years old). Participants in this
study are presented sequentially with 11 choice
sets. Each choice set consists in different bundles
of small bags of potato chips and of boxes of fruit
juice. Participants choose one bundle from each
one of the offered sets of bundles. Andreoni and
Miller (2002) and Fisman, Jakiela, Kariv and Mark-
ovits (2015) study the consistency of altruistic be-
haviour. In both studies, participants are present-
ed with a sequence of decision problems where
subjects have to distribute a monetary endowment
between themselves and another anonymous par-
ticipant, where the possibilities of distribution
vary from one decision problem to another. In
Andreoni and Miller (2002), the test is carried on
a pool of 176 volunteers of upper-level economic
course, while the subject pool of Fisman, Jakiela,
Kariv and Markovits (2015) is composed by 208
students of Yale Law School. Carvalho, Meier and
Wang (2016) study the consistency of behaviour
of 1119 low-income U.S. households with respect
to decisions involving risk and time. Participants
choose a lottery from each one of 25 different sets
of lotteries and an intertemporal money allocation
from 12 different possible allocations. Echenique,
Lee and Shum 2011 study scanner data of food
expenditures in a panel of 494 households in the
U.S.A. Finally, Dean and Martin (2015) study a
panel of supermarket data for 977 households in
Denver metropolitan area from 1993 to (1995).

The picture that arises from the results of these
studies is that the percentage of people being in-
consistent can be very large, but, importantly, it
seems that the average extent of their violations
seem to be relatively small. This is for subjects as
diverse as seven year-old children to Yale law stu-
dents, and studies that employ laboratory exper-
iments, large-scale experiments or panel data of
supermarket purchases. Note that in Choi, Kariv,
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Miller and Silverman (2014), Echenique, Lee and
Shum (2011) and Dean and Martin (2015), the per-
centage of inconsistent subjects is notable, above
70%. At the same time, it is the case that in all the
reviewed cases, the Afriat's index is relatively close
to 0, the case of perfect rationality, suggesting that
the extent of irrationality may not be large. Note,
however, the limitation of Afriat's index comment-
ed above. Afriat's index, by construction, only fo-
cuses on the maximum inconsistency of the data
and is not responsive to the number of inconsist-
encies. This implies that what these studies are
really showing is that the average individual maxi-
mum inconsistency is relatively minor. An interest-
ing exercise remains to be done; the analysis of all
these datasets using other measures than Afriat's.

In the previous paragraph, we have focused
on average effects. However, it is probably the
case that the most interesting questions regard-
ing the understanding of inconsistent behaviour
arise when accounting for heterogeneity. What ex-
plains the different degrees of rationality across
individuals? While there is no definite answer to
this question, current studies shed some light on
potential variables associated with rationality. The
consistency of choice seems correlated with soci-
oeconomic variables like income and education,
and demographic variables like age. There is some
consensus in that high-income and high-education
subjects display greater consistency than lower-in-
come and lower-education subjects. Moreover,
young subjects tend more toward utility maximi-
zation than older ones. I believe that there is still a
lot to learn from this kind of analysis. I will return
to this point in the concluding section.
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5. Behavioural welfare analysis

Welfare economics represents an important
area in economics. It is concerned with the eval-
uation of the welfare of a group of individuals,
say a society. The approach entails advocating a
particular way of judging different options from
a societal perspective that depends crucially on
the preferences of the individuals in the society.
As an illustration of a typical exercise in welfare
economics, consider the evaluation of different
distributions of resources in society that may arise,
for example, as the result of different tax systems.
Individuals in society have different preferences
over the distributions of resources, and the ques-
tion arises on how to actually distribute them. The
literature offers many approaches to this problem.
A cornerstone one is to focus on the Pareto effi-
cient outcomes. These are the distributions of re-
sources in which there is no individual that can
improve in her preference ranking, unless some
other individual is made worse off.

What is clear from the above discussion is that
at the heart of welfare economics is the assump-
tion that there is a preference relation account-
ing for individual behaviour. The challenge aris-
es when individuals are inconsistent, and hence
their behaviour cannot be explained by way of
the maximization of a preference relation. If, for
example, the individual on occasions chooses an
option x over another y, and in other occasions
chooses y over x, the ranking of x and y from an
external perspective is not immediate anymore,
and hence, the standard tools to perform welfare
analysis, both at the individual and societal level,
are not well suited. Behavioural welfare analysis
is the branch in economics that studies how to
establish welfare judgments when individuals are
inconsistent with the rational choice model. The
purpose is to come with an individual welfare
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ranking that ultimately could serve as the basis for
both, individual and societal welfare analysis.

There are two main approaches to the ques-
tion of how to extract the relevant information
for welfare considerations in these situations. The
first approach involves a choice model-free view,
while the second builds on a particular model of
decision-making consistent with the behaviour of
the individual. In the choice model-free approach,
the analyst is agnostic about the underlying choice
model the individual may follow and focuses ex-
clusively on the observable choice data. That is,
no particular assumption on the sources of the
choice inconsistency is made, and revealed choic-
es are taken as the unique source of information
to infer individual welfare. The main motivation
for this approach is that the analyst may feel that
she does not have enough information to be sure
about the particular model the individual is adopt-
ing. Accordingly, the analyst prefers a method-
ology that is general enough to be applicable to
whichever rationale is used in the process of deci-
sion-making. This is the main perspective adopted
by the pioneering work of Bernheim and Rangel
(2009).5 Alternatively, the analyst may assume a
particular boundedly rational choice model, con-
sistent with the revealed choices of the individu-
al, and use this model in order to infer individual
welfare. For example, one could assume that the
individual behaves according to the reference-de-
pendent model of prospect theory, and use this
particular model to infer the closest welfare rank-
ing. The underlying assumption is that the causes
of the inconsistencies may provide valuable infor-
mation about how to fix the welfare ranking. For
example, in the prospect theory case, knowing the
reference-dependent nature of behaviour may be
informative in order to build an appropriate wel-
fare ranking. This is the approach taken by Green
and Hojman (2007).1°
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Interestingly, Bernheim and Rangel (2009) and
Green and Hojman (2007), following the above dif-
ferent methodological approaches, independently
suggest the use of the same welfare notion. Let
us denote by P? the Bernheim-Rangel-Green-Ho-
jman welfare preference, defined as xP”y when-
ever there is no observation in the dataset where
y is chosen from a menu of alternatives containing
alternative x. That is, xP”y whenever there is no
piece of evidence in the choices of the individual
placing y above x. Bernheim and Rangel (2009)
show that, under certain assumptions, P is acyclic,
and hence it is consistent with the maximization
principle, in the sense that P? will always identified
one, or several, best alternatives. This represents a
conservative welfare criterion in the sense that it fo-
cuses on those pairs of alternatives for which there
is no contradictory evidence, and leaves the case
of problematic pairs of alternatives as unranked.

We now turn to the empirical studies motivat-
ed by these theoretical proposals. Bernheim, Frad-
kin and Popov (2015) apply the fundamentals of
Bernheim and Rangel (2009) to study the behav-
ioural welfare implications of the default options
in 401(k) plans. Recall the power of defaults, as
reviewed in Section 3. There, I have argued that
it has been shown that setting a 401(k) plan as
default markedly increases contributions, as com-
pared to a setting without defaults and with the
need of an active choice for one plan. Bernheim,
Fradkin and Popov aim to study the welfare conse-
quences of these interventions. Interestingly, they
show that the optimal default option from the per-
spective of behavioural welfare is at the extremes;
either at the highest contribution rate matched by
the employer, or at zero. Bernheim, Fradkin and
Popov also study the behavioural consequences of
a number of policy interventions, like establishing
penalties for not making a choice, and quantify
the welfare stakes under different versions of the
defaults.
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Bouacida and Martin (2015) provide the
first direct empirical test of the Bernheim-Ran-
gel-Green-Hojman welfare preference P”. In one
of the tests, Bouacida and Martin use a consumer
setting, where P? does not need to be acyclic, and
hence may be uninformative for the purpose of
selection of maximal alternatives. Bouacida and
Martin show that although all households are in-
consistent, the welfare criterion P? is acyclic in the
vast majority of cases (80% of households), and
hence useful in the identification of best alterna-
tives.'”

6. The swaps index

In the previous two sections, we have re-
viewed the literatures involving the measurement
of rationality and the analysis of behavioural wel-
fare. It is noteworthy the separation of the two
literatures, despite the fact that the two questions
are intimately linked; after all, it is the presence
of inconsistent behaviour with the rational model
what generates problems in the study of individ-
ual welfare. In this section, I review the approach
I have developed together with Miguel A. Ball-
ester, Apesteguia and Ballester (2015), in order to
jointly address the measurement of rationality and
welfare of individuals whose behaviour is incon-
sistent with the standard model of rationality. In a
nutshell, we offer an index that it is sensible to the
number and severity of the inconsistencies, and
that it also provides a tool for welfare analysis.
The severity of the inconsistency is measured by
the number of good alternatives the individual has
missed in her choice. In what follows, I explain
in more detail our approach, while keeping the
technicalities low.

Consider a given preference relation P, that
is a ranking over the set of alternatives, and one
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observation (4,a) in the behavioural dataset, rep-
resenting the choice of alternative a from the
menu of available alternatives A. If alternative a
is the maximal alternative in menu A according to
the preference relation P, then P rationalizes the
choice, and there is no inconsistency. The ques-
tion arises on how to ponder the case when a is
not the maximal alternative in A from the perspec-
tive of P. We would like to introduce a way of dis-
criminating cases where a is close to be maximal,
representing a relatively small inconsistency, from
cases where a is far from maximality. Furthermore,
we would like to do so without making particular
parametric assumptions on preferences. The nov-
el way we propose is to focus on the number of
alternatives in the menu A that are preferred to
alternative a according to the preference P. If there
are any, these are the alternatives that need to be
swapped with the chosen alternative a in order
for P to explain the choice of a from A. Note the
intuition behind this exercise. The number of al-
ternatives that need to be swapped represents the
extent of the inconsistency of preference P with
the observation (A4,4). This has the advantage of
evaluating the importance of the inconsistency by
discriminating between cases where a is high in
the ranking P, from those where a is low, which
has a direct welfare interpretation.

In our swaps index, we adopt the above meth-
odology and evaluate all the observations in the
behavioural dataset in order to find the preference
relation that minimizes the required number of
swaps. That is, different preference relations will
require different swaps, and we suggest to focus
on the preference relation that requires the least
number of swaps in order to rationalize choice
behaviour. The identified preference relation is the
one that best explains the choices of the individ-
ual, and the number of swaps that the identified
preference relation requires to rationalize the data
represents the actual measure of rationality.
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The advantages of our approach are the fol-
lowing:

- With respect to the measurement of rational-
ity, the swaps index is sensible to both, the num-
ber of inconsistencies and their severity. Let me
illustrate with a couple of simple examples. The
examples help to appreciate the type of exercise
involved in the assessment of rationality judge-
ments involved in the swaps index, and other key
indices.

Example. Consider the set of alternatives X={x-
),2). Suppose there are two individuals, 1 and 2,
that confront relatively often the binary sets, say
10 times each binary set. Suppose further that the
behaviour of the two individuals in the binary
menus is totally consistent with the maximization
of the preference relation P that regards x as bet-
ter than y, and y as better than z. Suppose that, in
addition, each individual confronts once the set X,
and here their choices diverge. While individual 1
chooses option y, individual 2 selects alternative z.
Clearly, the choices of both individuals are incon-
sistent with the preference P, that rationalizes the
big bulk of the respective datasets. At the light of
preference relation P, it seems logical to argue that
the inconsistent choice of individual 1, namely the
choice of y from menu {x,),2}, is less severe than
that of individual 2, that chooses z from {x,),z},
since the latter selects the worst possible alterna-
tive in P, while the former selects the intermediate
one. This is exactly the judgement of the swaps
index. Note, however, that other indices do not
accommodate these considerations. For example,
according to Houtman-Maks' index, eliminating
the observation related to menu {x,),z} from the
behavioural datasets of the two individuals makes
the remaining observations compatible with the
model of rationality, and hence the inconsistency
index associated to both individuals is equal to 1.
Hence, Houtman-Maks's index is unable to dis-
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criminate between the inconsistency revealed by
the two individuals.

Example. Suppose again two individuals, 1 and
2, repeatedly choosing from various compositions
of the menu of alternatives X={x,),z}. Let us as-
sume that both individuals have made the follow-
ing choices: they have chosen (i) 10 times x from
X, (i) 10 times x from {x,z}, (ii) 10 times y from
{y,2} and (iv) 100 times x from {x,)}. Clearly, these
choices are consistent with the maximization of
the same preference than in the previous example,
xPyPz. In addition, suppose that we also observe
one extra choice of each individual: individual
1 chooses y from X and individual 2 z from X.
Exactly the same arguments used in the previous
example show that the two individuals are incon-
sistent, and that, at the light of preference relation
P that rationalizes a big portion of the data, in-
dividual 2 is more inconsistent by committing a
larger mistake in menu X by choosing z, instead of
the optimal alternative x. Let us consider now the
index that counts the number of IIA violations (the
ITA-index a la Swofford-Whitney, as introduced
in Section 4). With respect to individual 1, note
that the 10 choices of x from X together with the
choice of y from X generate 10 violations of IIA.
Similarly, another pair of observations involved
in ITA-violations are ({x,)},x) and (X)), and since
there are 100 observations of the first type and
1 observation of the second, these observations
generate 100 IIA violations. Both types of viola-
tions give a total of 110 IIA violations for individ-
ual 1. With respect to individual 2, it is now easy
to see that the data involved in IIA violations are
the 10 observations of x from X with the obser-
vation of z from X, the 10 observations of x from
{x,z} with the observation of z from X, and the 10
observations of y from {y,z} with the observation
of z from X, leading to a total of 30 IIA violations.
Hence, according to the ITA-index, it is individual
1 who is more inconsistent. This, as we have ar-
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gued, is in sharp contrast with the conclusion of
the swaps index.

- With respect to welfare analysis, the swaps in-
dex internalizes the whole dataset in order to find
the closest preference relation to the choices of
the individual, while other approaches only con-
sider part of the data. Let me illustrate the differ-
ence in the treatment of welfare of the swaps index
with respect to the approach of Bernheim-Ran-
gel-Green-Hojman introduced in Section 5. In order
to do so, we use the following stylized example:

Example. Consider a dataset composed by the
following observations: (i) 10 choices of x from
{29}, (1D 10 choices of y from {y,z}, (i) 1 choice of
y from {x,),z}, and finally (iv) 1 choice of z from
{x,z}. Clearly, in the Bernheim-Rangel-Green-Ho-
jman approach, it is zP%x, since x is never cho-
sen in the presence of z. However, to evaluate the
ranking of alternatives x and z, the swaps index
considers the whole dataset. The 10 observations
of x from {x,)} together with the 10 observations
of y from {y,z} signify a strong argument for the
preference xPyPz. This preference implies a mis-
take in the choices of y from {x,),z} and of z from
{x,z}, but rationalizes the more frequent evidence
of the choices of x and y from {x,y} and {y,2}, re-
spectively. Preference P is in fact the optimal pref-
erence relation for the swaps index Ps. Hence, we
observe that the Bernheim-Rangel-Green-Hojman
welfare ranking, by considering a subset of the
dataset, may rank alternatives in the opposite di-
rection than the swaps index.

- An important feature of the approach here
suggested is that, for the first time, it integrates in
the same framework the measurement of rational-
ity and welfare. The analysis of the swaps index
identifies a preference relation as the closest to
the choices of the individual, and a distance of
this preference relation with respect to the men-
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tioned choices. Intuitively, a relatively small dis-
tance enhances the confidence on the identified
preference relation as a sound basis for welfare
analysis. Alternatively, a large distance represents
a call of caution regarding the proper identifica-
tion of the welfare ranking of the individual, and
in favour of the consideration of other methods. A
natural approach in the latter case is to attempt to
learn whether there are stable and predictable reg-
ularities in the choice inconsistencies that could
be incorporated in the welfare analysis. This is,
roughly speaking, the approach advocated by the
papers cited in footnote 16.

- Another advantage of the swaps index is that
in Apesteguia and Ballester (2015) we provide the
axiomatic foundations of the index. That is, we
identify a set of properties on inconsistency indi-
ces that uniquely identify the swaps index. This
represents the first axiomatic exercise in this lit-
erature, and sets the swaps index in a solid theo-
retical framework. Moreover, we also provide the
axiomatic foundations for other measures of ra-
tionality, like those of Houtman and Maks (1985)
and Varian (1990). Our analysis permits the under-
standing of the properties underlying the meas-
urement of rationality and welfare, and permits
the further theoretical development of indices, by
investigating alternative properties to the ones we
identify in our paper.

One may wonder about the possible differenc-
es in the understanding of rationality that the dif-
ferent indices bring. In order to address this ques-
tion, we take the data of Harbaugh, Krause and
Berry (2001), described in Section 4. We first note
that, using the 58 participants whose behaviour is
inconsistent with the rational model, the correla-
tion between the swaps index and Afriat's index
is rather low (.51), while with Houtman-Maks and
with the ITA-index is rather high (.97 and .83, re-
spectively). It emerges, therefore, that the conclu-
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sions reached with the swaps index and the most
used rationality index in the empirical literature,
Afriat's index, may differ substantially. In addi-
tion, by inspecting closely each individual case,
we identify a number of sizable discrepancies in
the rationality judgement between the swaps in-
dex on the one hand and Houtman-Maks and the
ITA-index on the other. In order to understand the
source of discrepancies, let me focus on the index
of Houtman-Maks. There are subjects in the ex-
periment with a relatively large number of incon-
sistencies that are regarded as very inconsistent by
the index of Houtman-Maks, but where the incon-
sistencies are relatively minor. At the same time,
the experimental dataset contains a number of
participants with fewer number of inconsistencies,
but arguably, the inconsistencies of these individu-
als are severe. These later individuals are regarded
by Houtman-Maks' index as less inconsistent than
the former ones. The swaps index, however, by
integrating both types of considerations, namely
the number and the severity of the inconsisten-
cies, provide, what we belief is, a more appro-
priate treatment of these subjects, which implies
reversing their inconsistency rankings. Note that
an analogous argument can be made with respect
to the number of IIA violations.

Let me close this section by commenting on
a broad generalization of the swaps index that
we undertake in Apesteguia and Ballester (2015).
The basic idea of the swaps index is to consider
every possible inconsistency between an obser-
vation (4,a) and a preference relation P through
the number of alternatives in A that are above a
according to P. However, instead of considering
just the number of alternatives that need to be
swapped, we could condition our rationality and
welfare judgment on the nature of the menus of
alternatives or/and the nature of the chosen alter-
natives. For example, we may consider important
to condition on the size of the menu, or the car-
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dinal utility values of the alternatives that need to
be swapped.

7. Final remarks

In the same way, we measure weight and tem-
perature we may aspire to measure rationality.
Here we have discussed the approaches that the
literature has suggested to measure the consist-
ency of individual behaviour with respect to the
rational model of choice. This facilitates a deeper
understanding of individual behaviour, giving rise
to new questions.

From an empirical perspective, apart from
the questions already commented in Section 4, a
sound distance measure of rationality would per-
mit to address inquiries such as (i) which individ-
uals are more rational, (ii) when and where indi-
viduals are more rational, (iii) what external and
internal factors influence rationality, (iv) whether
rationality can be learnt, (v) the influence of illness
on rationality, etc. These are critical questions that
the literature has so far neglected, but that seem
essential for a proper understanding of human de-
cision-making. I am convinced that we will see
growing work on the subject matter in the near
future. This, seems to me, represents a fascinating
area for future research, one that lies at the in-
tersection of theoretical and empirical economics,
psychology, neurosciences and sociology.

From a theoretical perspective, rationality in-
dices allow to introduce a metric to compare the
different behavioural and bounded rationality
models of individual behaviour with respect to the
canonical model of rationality. This is important, as
it introduces discipline in the comparison of theo-
retical models of individual behaviour. Also, future
work may extend the rationality indices to consider
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other reference models than the classical model of
choice. For example, we may be interested in how
far is actual behaviour with respect to prospect
theory or with respect to hyperbolic discounting.
Also, a challenge that most of the inconsistency
indices discussed in this paper face is the diffi-
culty of applying them in settings involving many
alternatives. In the language of computer science,
most of the rationality indices are NP-complete;
that is, they become impractical as the number of
alternatives grows. Future research should explore
the connection with the algorithmic computer sci-
ence literature, for the development or adaptation
of algorithms that give reasonable approximations
to the measurement of rationality. Some steps in
this direction have been undertaken by Alcantud,
Matos and Palmero (2010), Smeulders, Spieksma,
Cherchye, and De Rock (2014), and Apesteguia
and Ballester (2010), (2015).

We have also discussed several procedures for
identifying welfare rankings, when the individual
is inconsistent. The challenge from this perspec-
tive has proved to be in the transition from the
theoretical world to the applied one, since there
is a scarcity of empirical works. This is unsatisfac-
tory, since the ultimate purpose of the theoretical
exercises studied in this Opuscle is to offer a tool
to the policy-maker or the social planner to be
used when making decisions on behalf of possibly
inconsistent decision-makers. Clearly, this repre-
sents a challenge of high scientific interest, since it
may help to take better informed decisions when
attempting to increase social welfare.
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Notes

(*) This Opuscle is based on my joint paper with Miguel

A. Ballester, “A Measure of Rationality and Welfare”. I am
deeply indebted to Miguel for our collaboration on this project
in particular, and on all the projects we bave undertaken
together over the last fifteen years. I would also like to thank
Angelo Gutierrez for superb research assistance.

(#) ICREA, Universitat Pompeu Fabra and Barcelona GSE.
E-mail: jose.apesteguia@upf.edu.

(1) In preparing parts of this section I bave used the following
sources, that I bighly recommend to the interested reader:
Samuelson (1938), Mas-Colell (1982), Mas-Colell, Whinston
and Green (1995), Blume and Easley (2008), Nasar (2011),
and Chambers and Echenique (20106).

(2) Of course, both objects could be equally desirable for the
consumer. In this document, for the sake of exposition, I will
abstain from this possibility, and assume the individual selects
one single object from a given menu of objects, and that for
every pair of objects, the individual always strictly prefers one
over another. The reader should know, though, that the issue of
indifferences is well incorporated in the formal apparatus.

(3) I assume a finite number of alternatives, and, as
commented in the previous footnote, single-valued choice
Junctions. The interested reader can find a discussion of
the required technical assumptions and proofs of different
versions of Theorem 1 below in Mas-Colell, Whinston and
Green (1995) or in Rubinstein (2012).

(4) Naturally, the first reactions of the profession to the
Jindings of bebavioural economics were of scepticism. Logically
plausible arguments were used that would make the claimed
inconsistent bebaviour, consistent with the rational model. Of
course, this belongs to the normal scientific debate, expected
when the current paradigm is challenged. Elaborating further
on this debate, albeit important and interesting, would make
us deviate from the main objective of this Opuscle. For the
interested reader, Thaler (2015) gives an excellent account

of these arguments, and the counterarguments used by
bebavioural economists.

(5) Among the important bebavioural literatures that I omit,
bere are the ones referring to social, risk, and time preferences.

(6) To see the connection of framing effects with IIA, suppose
alternative X is chosen from menu A and alternative'y is
different to x is chosen from menu A', where A'is the same
menu than A but framed differently. This bebaviour represents
a direct violation of IIA.

(7) This gains-losses bebavioural dichotomy is at the beart
of prospect theory of Kabhneman and Tversky (1979), which
is regarded as the most successful model in the bebhavioural
literature.
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(8) The connection drawn between framing effects and
1IA violations in Section 3.2 applies bere with minor
modifications.

(9) Again, the connection drawn between framing effects
and IIA violations in Section 3.2 applies bere with minor
modifications.

(10) Some of the key works are Kabneman and Tversky
(1979), Rabin (1993), Laibson (1997), Febr and Schmicdt
(1999), Masatlioglu and Ok (2005) and Koeszegi and Rabin
(2007). Miguel and I have worked on reference-dependent
bebaviour, models of sequential choice and stochastic choice
models, see, respectively, Apesteguia and Ballester (2009,
2013, 2018) and Apesteguia, Ballester and Lu (2017).

(11) Notable extensions of the work of Afriat are Varian
(1990) and Halevy, Persitz and Zrill (2014).

(12) Dean and Martin (2015) refine and extend this index.

(13) Echenique, Lee and Shum (2011) offer a powerful
revision of these ideas.

(14) In occasions, the referred papers do not directly report the
results described in Table 2. When this is the case, the results
of Table 2 are approximations computed by inspecting the
datasets used in the different papers.

(15) For other works within this approach see Chambers and
Hayashi (2012) and Nishimura (2014).

(16) Otbher proposals within this second approach are Koeszegi
and Rabin (2007), Masatlioglu, Nakajima and Ozbay (2012),
Rubinstein and Salant (2012), Caplin, Dean and Martin
(2011) and Manzini and Mariotti (2012). See Green and
Hojman (2007) for a discussion of the two approaches.

(17) Moreover, the authors suggest a natural refinement of PB
that guarantees acyclicity in consumer datasets, and bence is
always informative.
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