Partially Dominant Choice

Georgios Gerasimou*!

February 19, 2015

Abstract
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1 Introduction

People are often faced with decision problems in which every feasible option has something
superior to all others. Consumer products may have conflicting values across different, equally
relevant attributes. Election candidates may have agendas or characteristics that are considered
to be better in some important respects and worse in others relative to those of the competing
candidates. Policy makers may be confronted with a set of feasible plans such that any two
of them generate severe trade-offs. When a decision maker has no clear way of resolving such
trade-offs and is unable to find a most preferred option, she could be referred to as being in
decision conflict.!

Decision conflict over two alternatives can be modeled by letting the agent’s preferences be
incomplete, in which case the alternatives can be declared incomparable. When preferences are
incomplete and a most preferred option does not exist in a given menu of feasible alternatives,
it is not immediately clear how the agent does or should decide what to choose from that menu.
A natural rule to consider in this case is the one whereby she chooses something feasible that is
preference-undominated. This procedure has been extensively analyzed in the literature, and as
shown in Sen (1971), Schwartz (1976), Moulin (1985) and Bandyopadhyay and Sengupta (1993),
among others, it could result in considerably consistent behavior under the circumstances.

Despite its normative appeal, however, this benchmark model makes predictions that are often
descriptively inaccurate. A case in point is the well-known attraction effect (Huber, Payne, and
Puto, 1982) discussed below. The present paper’s main contribution is the modification of the
benchmark model in a minimal way that allows for a simple explanation of the above robust
phenomenon. Specifically, the proposed model predicts that a decision maker chooses one of the
undominated feasible options that are also preferred to at least one other feasible alternative.
The addition of this partial dominance requirement acts as an intuitive tie breaker that helps the
decision maker choose from the set of mutually incomparable undominated options. In menus
where it is not satisfied, the proposed model’s predictions coincide with those of the benchmark
model in that any feasible option may be chosen. The consistency axioms that characterize the
choice procedure are three intuitive weakenings of WARP.

A feature of the proposed model of partial dominance that is shared by the benchmark model
of simple undomination is that in decision problems where the agent’s preferences happen to
be complete, it prescribes choice of the (single) most preferred feasible alternative. As such,
it includes rational choice as a special case. The precise ways in which the model’s axiomatic
system must be strengthened for it to deliver the utility-maximizing choice rule are pinned down
with two novel characterizations of such behavior, one that is permissive of indifference and one
that is not.

The paper also attempts to answer the question of how one can recover an agent’s true pref-
erences by observing her choices when it is assumed to be known a priori that she employs
the partial dominance choice procedure to make decisions. A set of conditions are given under

I This term is widely used by psychologists and consumer /marketing researchers to describe such situations; see, for instance, Shafir,
Simonson, and Tversky (1993). In the philosophy of choice literature, the term “unresolved conflict” has been used synonymously
by Levi (1986).



which if an alternative is never chosen in the presence of some other alternative, then this fact
correctly reveals a preference for the latter over the former. This revelation criterion coincides
with the one proposed by Bernheim and Rangel (2009) for inferring the preferences of possibly
bounded-rational decision makers from their choices in a model-free environment. The consis-
tency properties of the proposed choice procedure are analyzed next, with reference to a large
number of normative axioms that are implied by WARP. While it turns out that the procedure
generally violates many of these axioms due to its context-dependent nature, some intuitive ones
are shown to be consistent with it.

The paper, finally, concludes with a discussion of the related choice-theoretic literature of the
attraction effect. In particular, the out-of-sample predictions of the proposed model are compared
with those of other recently introduced models in four hypothetical decision problems, and some
important differences between them are uncovered. Such hypothetical decision problems may
be useful in future experimental work that would attempt to assess the more general empirical
relevance of the various existing models of context-dependent choice.

2 Preliminaries

The grand set of all alternatives that the agent may be presented with is denoted X and is
assumed finite and with at least three elements. The collection of all nonempty subsets of X is
denoted M. Each element A of M is a menu. For two menus A and B, A C B means that A
is a proper submenu of B.

The binary relation > captures the agent’s preferences on X. When it is understood that x
is not preferred to y, x # y is written. The relation > is asymmetric if, for all x,y € X, x > y
implies y # x; total or complete, if, for all x,y € X, either x = y or y > x; transitive, if, for
all z,y,2 € X, x > y and y > z implies x > 2. If all three conditions are satisfied, then > is
a strict linear order. If for all xq,xs,...,z, € X such that 1 = x5 > x3...2,_1 > x, it holds
that x,, % x1, then > is acyclic. Since X is finite, if > is acyclic and complete it is also transitive
and hence a strict linear order.

Two alternatives x and y are said to be =-incomparable if x % y and y % x. Unless the -
incomparability relation coincides with the symmetric part of a (possibly incomplete) reflexive?
and transitive relation, two alternatives that are »>-incomparable are not generally regarded as
indifferent. A more suitable interpretation in such a case would be that the agent is indecisive
between these alternatives. Eliaz and Ok (2006), Mandler (2009) and Gerasimou (2012b) have
suggested three ways in which indifference and incomparability /indecisiveness might be distin-
guished based on observable choice (and in the case of the latter paper, also choice avoidance)
data.

The agent’s behavior is described by a choice correspondence C' : M — X, which is a mapping
satisfying C'(A) C A for all A € M. It will be assumed throughout this paper that the agent is
able to find a choosable option in every menu she is presented with, and therefore C'is restricted
to be nonempty-valued.

2A binary relation R on a set X is reflexive if Rz holds for all z € X.



Before moving on it will be useful to recall the classical principles of choice consistency which
are relaxed by the axioms on C' that are introduced below. First, C' satisfies the Weak Aziom
of Revealed Preference (WARP) when, for any two alternatives x and y and menus A and B,
if v € C(A), y € A\ C(A) and = € B, then y ¢ C(B). Moreover, C satisfies Property a if
whenever € C(A) and x € B C A, then z € C(B). On the other hand, C satisfies Property 3
if whenever z,y € C(A), B D A and z € C(B), then y € C(B). Finally, C satisfies Property v if
whenever some option x is such that x € C(A;) for all i = 1,.. .,k for some collection of menus
Ay, ..., Ay, then z € C(|J A;) too (Sen, 1971).

As is well-known since Arrow (1959), WARP and nonempty-valuedness together characterize
utility-maximizing behavior in the present abstract context (although the important role of the
latter assumption in this result is seldom stressed). Because the aim of the paper is to present
a model that is more descriptive than normative, WARP, as well as Sen’s Properties o and
mentioned above, will be relaxed in various ways in what follows. The first is by means of the
following axiom:

a-WARP
If C({z,y}) = x and x € B, then y ¢ C(B).

Although a-WARP places fewer restrictions than WARP, one could think of the two axioms as
conveying the same normative message, namely that “if x is revealed preferred to y, then y is not
choosable in the presence of x”. The difference lies in the fact that the former does so using a
narrower definition of revealed preference than the latter. According to this reasoning one would
think of WARP as taking = to be revealed preferred to y if there is an arbitrary menu where x
is chosen over y, and of a-WARP as doing the same only when x is chosen over y in the binary
menu {x,y}. Attempts at a choice-based inference concerning a preference comparison between
x and y are not affected by the presence of alternatives other than x and y in the latter situation,
but they are (potentially) in the former. On these grounds, one could argue that a more robust
criterion on whether an agent prefers x to y would come from knowing that C'({x,y}) = « rather
than knowing that there is some menu A where x is choosable and y is not.

b-WARP
If v € C(A) andy € A\ C(A), theny & C({x,y}).

While a-WARP requires that choice of one alternative over another in a binary menu will not
be weakly reversed in a larger menu, b-WARP does the opposite. Yet, although the restrictions
of a-WARP are both normatively appealing and at the same time permissive of descriptively
intuitive WARP violations (see section 3.2 below), those imposed by b-WARP seem to retain
primarily the normative component of WARP. Specifically, if one accepts that x chosen over y
in a non-binary menu is not necessarily indicative of a clear preference for x over y because of
the presence of other alternatives that may influence choice at that menu, then the prediction
that y is not choosable in {x,y} once such a choice has been made is presumably too strong.



Observation 1

Property o implies a-WARP. The converse is not true.

Property 8 and b-WARP are logically distinct.

There are WARP violations that are neither a-WARP nor b-WARP violations.

The first part of the first statement is obvious. In fact, under the assumption that C' is
nonempty-valued, a-WARP is equivalent to Sen’s (1977) Property a2. The latter states that
if z € C(A) and y € A, then x € C({z,y}) and it is obvious from its name and statement
that it was introduced as a weakening of Property o. However, this property is logically distinct
from both WARP and a-WARP if C is allowed to be empty-valued.?> By contrast, a-WARP is
weaker than WARP and more directly comparable to it than a2 whether nonempty-valuedness
is assumed or not. As such, it admits an interpretation that is generally distinct from that of
a2. For the second part, note that C({w,z,y,2}) = y and C({w,x,y}) = = are compatible
with a-WARP but not with Property . The validity of the second statement is established by
observing that C({w, z,y}) = v and C({z,y}) = y are compatible with Property  but violate
b-WARP, while C({w, z,y}) = {x,y} and C({w,z,y, z}) = = are compatible with --WARP but
not with Property . For the last statement, note that C'({z,y,2}) = v and C({w,z,z}) =y
are permissible by both axioms but not by WARP.

Proposition 1
The following are equivalent for a nonempty-valued choice correspondence C': M — X:

(a) C satisfies WARP.
(b) C satisfies Properties o and 3.
(c) C satisfies a-WARP and b-WARP.

(d) C is rationalized by a weak order. That is, there is a unique reflexive, complete and transitive
relation 7~ on X such that, for all A € M,

CA)={z € A: zyforallye A}.

All proofs appear in Appendix A. Statement (c) of Proposition 1 provides a novel characteriza-
tion of utility maximization (generally with indifference) by decomposing WARP into two distinct
components in a way analogous to Sen’s (1971) decomposition of WARP into Properties o and
S in (b). In view of the last statement of Observation 1, the decomposition is non-tautological.
Both these characterizations are valid under the assumption that C' is nonempty-valued and
defined on the full domain M of X. Compared to Sen’s where the axioms place restrictions
in arbitrary menus, the one above identifies a specific complementary relationship between the
requirements for consistency from binary to large menus and vice versa that is both necessary
and sufficient for general choice consistency to come about.

The new characterization can also be thought of as providing a novel set of normative criteria
relative to which the predictions of various behavioral models of choice can be evaluated. Specif-

3See Gerasimou (2012a) for such an application of the axiom.



ically, if a choice model leads to violations of both Properties o and S one might be inclined to
think of it as a model of severely irrational behavior. Such a model could, however, still con-
form with the normatively appealing a-WARP axiom and hence retain a substantial rationality
element that might have been suppressed had Sen’s characterization been the only one available.

The last axiom considered in this section imposes a behavioral restriction of a different kind:

Choice Implies Rejection (CIR)
If A € M is such that |A| > 1, then C(A) C A.

CIR is weaker than the frequently-used “single-valuedness” assumption that renders C' a choice
function. Like that assumption, however, it adheres to a strict interpretation of the concept
of choice, according to which “choosing something” coincides with “choosing something over
something else”. When the agent adopts it, then she chooses an alternative and rejects at least
another in all menus with more than one element. Yet, it is only in binary menus where this
axiom restricts choices to be single-valued.

Proposition 2
The following are equivalent for a nonempty-valued choice correspondence C': M — X:

(a) C satisfies CIR and WARP.
(b) C satisfies CIR and Property o.
(c) C satisties CIR and a-WARP.

(d) C is rationalized by a strict linear order. That is, there is a unique asymmetric, complete
and transitive relation = on X such that, for all A € M,

CA)={zx € A: y# xforallye A}

This special case of Proposition 1 shows that both WARP and Property a are equivalent to
a-WARP for a nonempty-valued choice correspondence that satisfies CIR. In addition, it demon-
strates that, in this context, either of these axiomatic systems characterizes utility-maximizing
choices where no indifference ties are present. Although Propositions 1 and 2 are of some inde-
pendent interest, their primary usefulness in this paper lies with their establishing the precise
connections between the two benchmark models of rational choice and the behavioral model
that is developed below. This is also the only result where use of the CIR axiom is made in this
paper.

As already noted, the natural starting point in choice with incomplete preferences is the
model where the agent is portrayed as choosing one of the preference-undominated (or maximal)
elements. (An alternative z € A is undominated in this menu if there is no y € A such that

y > z). In the most general version of this model the agent’s preferences are acyclic. It was
shown in Sen (1971), Schwartz (1976) and Moulin (1985) that, with a full domain, this version



is characterized by Properties o and ~v.* A characterization of this model in the case of acyclic
preferences that makes it more directly comparable to this paper’s main result is provided next.

Proposition 3
The following are equivalent for a nonempty-valued choice correspondence C': M — X:

(a) C satisfies a-WARP and Property ~.
(b) There is a unique acyclic relation > on X such that, for all A € M,

CA)={x € Ayt aforalye A} (1)

This choice procedure obviously generalizes the models of rational choice in Propositions 1
and 2 by imposing a weaker structure on the agent’s preference relation. In light of Proposition
3 and the above bibliographic remarks, it follows that if nonempty-valuedness and Property ~
hold, a-WARP and Property a are equivalent.

3 Partially Dominant Choice

3.1 The Model

To modify the baseline model of Proposition 3 along the lines described in the introduction,
a-WARP is borrowed from the previous section and two new axioms that relax b-WARP and
Property ~ are introduced.

Partial b-WARP
If x € C(A), theny & C({x,y}) for somey € A\ C(A).

Weak Property v
Ifz € C(A) fori=1,... k and x = C(A;) for some A; with |A;| > 1, then = € C(F_, A)).

It is obvious that Partial b-WARP relaxes b-WARP by requiring each choosable alternative
to dominate some rather than every rejected one in the relevant binary menu. A justification on
descriptive grounds for weakening b-WARP in this way is that when the agent chooses x from
A it is more likely that this choice reflects a preference for x over some rather than over every
alternative rejected in A. While Partial 5-WARP implies that every A-choosable alternative
must be chosen over some A-rejected one in the relevant binary menu, the axiom is compatible
with some alternative being rejected in A even if no A-feasible alternative is chosen over it in the
binary menu (this is not the case under --WARP). It is worth noting that the general version of
the benchmark model in (1) does not generally satisfy Partial b-WARP. For example, suppose
Cz.y}) = {o.u}, Cw,y}) = {w,y}, Cw,a}) = 2 and C({w,z,y}) = {z.y}. These

4Bossert, Sprumont, and Suzumura (2005) and Eliaz and Ok (2006) study aspects of this model when a weaker structure on the
domain and a richer structure on preferences are assumed, respectively.




choices are compatible with that model when > is acyclic. However, although y € C({w, x,y})
and w € C({w, z,y}), one has w € C({w,y}).

Regarding Weak Property ~y, it clearly relaxes Property v by imposing fewer restrictions in
the hypothesis part of the axiom. It states that it is no longer sufficient for the agent to consider
some alternative to be simply choosable in each menu within a given collection for it to also be
choosable in the union of the menus in this collection. Rather, such an alternative must also be
uniquely choosable from one of these menus for the latter to come about.

It is noted that although Property v can be equivalently stated in terms of two menus (i.e.
“r € C(A) and x € C(B) implies © € C(AUB)” is equivalent to “x € C(4;) for all i < k implies
z e C(Ur, A)"), this is not true for Weak Property ~. In particular, the statement “z = C/(A)
and z € C(B) implies z € C(AU B)” does not generally imply the statement “z = C(A;) and
x € C(A;), i # 1, implies z € C(UF_, A))".

Proposition 4
The following are equivalent for a nonempty-valued choice correspondence C': M — X:

(a) C satisfies a-WARP, Partial b-WARP, and Weak Property ~.5
(b) There is a unique acyclic relation > on X such that, for all A € M,

CA)=A — r¥yandy f xforalz,yecA (2a)

z ¥t forall z€ A
C(A)C A — C(CA)=1q z€A: and (2b)
T =y for some y € A

A choice correspondence C' that is defined by (2) will be referred to as partially dominant
(PD). Moreover, if C'is a PD choice correspondence and > is the preference relation that is
associated with it in the sense of (2), it will be said that > generates C.

Under one interpretation of the PD model the agent chooses by following a decision rule that
depends on whether the menu that she is presented with contains alternatives that are preference-
ranked or not. If not, then all alternatives in the menu are mutually incomparable. Since she
has been assumed to have to choose something from each menu, her decision rule in this case is
to choose any feasible option, as captured in (2a). If, however, a preference comparison between
some alternatives does exist, then a different decision rule is activated, following which the agent
may be thought of as proceeding in two steps, and as using the same preference relation in both.
In the first step, she elicits those feasible options that are undominated. (If she were to stop
there, the model would coincide with the benchmark one described in (1).) In view of preference
acyclicity, this set is nonempty. She then searches within this smaller set for alternatives that
also dominate some other option(s) in the menu. Since at least one preference comparison is
possible there by assumption, this set is also nonempty. The agent’s final choice is an element
of this smaller set, as captured in (2b). It is worth noting that although the agent’s choices as

5The logical independence of these axioms is proved in Appendix B.



well as the choice rule itself are context-dependent here, her preference relation is stable across
menus.

Another, simpler interpretation of the proposed choice rule is that the agent proceeds by
looking at each alternative and simultaneously checking it against the two criteria required in
(2b). Specifically, the agent may be thought of as rejecting all feasible options that fail to satisfy
both these criteria. If at least one option exists that does satisfy them, then the agent chooses
one of the options that do so. If she finds no such alternative, then everything is incomparable
to everything in the menu, in which case she chooses anything.

Similar to (1), a PD choice correspondence reduces to one that is generated by utility maxi-
mization in the special case where > is complete. Indeed, the situation of universal incompara-
bility described in (2a) is ruled out from the outset in such a case, while for every menu A, an
alternative x in A satisfies (2b) if and only if it is in fact preferred to all other alternatives in A.
As is known from Proposition 2, the axiomatic system of Proposition 4 must be strengthened
with the addition of CIR for it to deliver this model of rational choice. In that case, both Par-
tial --WARP and Weak Property v are implied by CIR and a-WARP. Despite this similarity
between the acyclic-preference version of the maximal-element choice rule featured in (1) and
the PD model, and despite the fact that, at any menu, the choosable options corresponding to
the latter model form a subset of the set of choosable options that are derived from the former,
the two models are logically distinct. Indeed, as is evident by comparing Propositions 3 and 4,
both satisfy a-WARP but the former also satisfies Property 7 whereas the latter does not, and
the latter satisfies Partial --WARP which the former does not.

It has been shown in Mariotti (2008) that in the present general choice setting WARP-
consistent choice can equivalently be thought of as choice that is “justified” by an asymmetric
preference relation J in the sense that, for every menu A, no two choosable alternatives in
A are J-comparable and at the same time every choosable option in that menu J-dominates
every rejected option. The PD model retains the former but relaxes the latter “justification”
requirement by merely asking for every element of C'(A) to J-dominate some element of A\C'(A).
These weaker conditions that are associated with the PD model are, however, distinct to those
corresponding to the notion of a wvon Neumann-Morgenstern stable set in coalitional games.
Indeed, the latter retains the first requirement but, unlike the PD model, also asks that every
rejected alternative in A is J-dominated by some choosable alternative in that menu.

3.2 The Attraction Effect

The attraction/asymmetric dominance/decoy effect is a robust empirical observation originating
in the literatures of marketing research and consumer psychology, dating back to Huber, Payne,
and Puto (1982). The effect challenges the descriptive accuracy of any theory of rational choice
and is typically summarized as follows: When two attribute-conflicting alternatives x and y (e.g.
alternatives that generate a price-quality trade off) are the only ones feasible, both are equally
likely to be chosen. Yet, when a third option z is added to the original menu, and z is worse
in all attributes than y but also dominates x and is dominated by it in some attribute, then y
tends to be the unique choosable option.



Figure 1:
The attraction effect

Attribute 1 Attribute 1
C{=,y}) ={=,y} C({z,y,2}) =y

°z

Attribute 2 Attribute 2

A deterministic interpretation of this pattern would have both options be choosable in the first
menu, i.e. C({z,y}) = {x,y}, and only y be choosable in the expanded menu, i.e. C({z,y,z}) =
y (Fig. 1).° Since these choices clearly violate WARP (specifically, they violate b-WARP and
Property (3 directly, and they implicitly also violate Property ~ if C({x, z}) = {z, z}), it readily
follows that the effect lies outside the reach of any model of utility-maximizing behavior. At
the same time, the choice procedure that is based on simple preference undomination is also
descriptively inadequate in this regard, as it would pick both maximal elements  and y in menu
{z,y, z}. This is not the case for the PD procedure.

Observation 2
A PD choice correspondence C' predicts the attraction effect when the preference relation that
generates C' is the usual (Pareto) partial ordering on attribute space.

In addition to being able to explain the classic attraction effect, the PD model is also general
enough to explain potential “idiosyncratic” attraction effects that are based on more subjective
dominance relations. For instance, if the agent’s incomplete preferences differ from those cap-
tured by the usual partial ordering and there are alternatives x, y and z where x and y and also
x and z are incomparable while y is preferred to z, an idiosyncratic attraction effect would occur
if both x and y were choosable from the menu {x,y} and y was the unique choosable option in
the menu {z,y, z}. This would also be predicted by the PD model.

In summary, the explanation of the attraction effect that is hereby suggested is that the agent
has stable but incomplete preferences over attribute-conflicting alternatives and chooses among
them according to the partial dominance criterion which helps her break the incomparability tie.
In the absence of such a tie breaker, the agent may choose any of the feasible options. Thus,
according to this model, the attraction effect cannot occur with decision makers who have a
most preferred option in the pure conflict binary menu, as this option would be choosable by

6Some choice theorists (e.g. Masatlioglu, Nakajima, and Ozbay (2012) and Ok, Ortoleva, and Riella (2015)) interpret this
pattern as one instance of the attraction effect, and argue that another instance is manifested in the pattern C'({z,y}) = = and
C({=,y,z}) = y (which obviously leads to a violation of a-WARP and hence of Property «). If one accepts that C({z,y}) =  means
that the agent always (or almost always) chooses z and rejects y at this menu, and that this agent (almost) always chooses y and
rejects x, z at {x,y, 2z}, then this interpretation of the attraction effect, while possibly true for some decision makers, does not seem
to be immediately supported by existing experimental data that is primarily based on between-subject designs and one-shot choices
from only one of these menus for each subject. Careful experimental work that would shed light on this issue is certainly desirable.



them also in the expanded trinary menu.

3.3 Preference Revelation

If an outside observer somehow knows that the agent’s decision rule coincides with the one put
forward in the PD model, is it possible for the observer to elicit the agent’s (unique) preference
relation by looking at her choices in various menus? Being able to answer questions of this kind
is of interest, for example because the answers may provide guidance for assessing the effect that
different choices of a social planner might have on a given agent’s welfare.”

In the case of the PD model, if observations are available from all binary menus, then the task
is trivial.® If such observations are missing, however, it is not obvious if the above can be done.
Consider two alternatives z,y € X. For an outside observer to be able to conclude that the agent
prefers x to y it is clearly necessary that, for all menus B, if y € C'(B) holds, then = ¢ B also
holds. It was argued in Bernheim and Rangel (2009) (BR) that this condition is a reasonable
definition of revealed preference (of x over y) in a model-free context, and it was also shown that
the associated binary relation is generally acyclic under the full-domain assumption. Yet, in the
case of the PD model this condition is not generally sufficient for accurate preference elicitation.
For instance, if X = {w,z,y,2}, © > w, > z and incomparability prevails in all other pairs,
then the agent’s PD choices are C({w, z,y}) = C({w,z, 2}) = C({z,y, 2}) = C{w,z,y,z}) =«
and C({w,y, z}) = {w,y, z}. Although y is never chosen in the presence of x in this example, it
is not true that this reveals preference for x over y.

A natural question then is whether conditions exist under which the statement “y is never
chosen in the presence of x” is true if and only if the statement “x is preferred to y” is true. The
next result identifies some such conditions.

Proposition 5
Let |X| =m >n > 2 and let N be a collection of menus that includes those with n elements.

Let C': N = X be a PD choice correspondence and = the acyclic relation that generates it.
If there is a set S of n — 2 distinct alternatives in X that are =—-incomparable to all alternatives
in X, then the following are equivalent for all x,y € X \ S:

(a) x = y.

(b) If A€ N and x € A, then y & C(A).

The simplest special case of the conditions provided in Proposition 5 for the BR criterion
to accurately reveal the preferences of an agent who employs the PD rule is when n = 3. In
this case, the domain N is required to include all three-element subsets of X on the one hand,
while on the other hand one alternative that is incomparable to all others must also exist in

"Bernheim and Rangel (2009), Rubinstein and Salant (2012), Manzini and Mariotti (2012), Cherepanov, Feddersen, and Sandroni
(2013) and Fleurbaey and Schokkaert (2013) are recent studies that are concerned with the problem of eliciting welfare preferences in
models of bounded-rational or non-standard behavior. Galichon and Quah (2013) outline some recent trends in revealed preference
theory more generally.

8Indeed, in this case C({z,y}) = = would reveal = > y, C({z,y}) = y would reveal y > = and C({z,y}) = {z,y} would reveal
z # yand y i x.
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X. More generally, the stated conditions feature a domain and a preference restriction, and
a complementary relationship between them. Specifically, observations from all menus of size
n, for some fixed n > 2, must be available, and the agent’s preferences must allow for n — 2
universally incomparable alternatives to exist (this number n — 2 can be very small relative to
the number m of all alternatives in X'). The latter implicitly assumes that the observer is not
completely agnostic about the agent’s preferences. Rather, (s)he knows beforehand that such
alternatives exist, and also which particular alternatives they are.

The preference restrictions are particularly demanding and limit the generality of this result.
There are cases, however, where even these restrictions might be satisfied. For instance, when an
experimenter is interested in knowing a subject’s preferences over the main varieties of “apples”
and somehow knows that the agent’s choices are PD, (s)he can let the grand choice set X consist
of one “apple” from each main variety and also include in X something that stands a good
chance of being considered incomparable to all “apples”, like an “orange”.

3.4 Choice (In)Consistency

To assess the consistency properties of the PD model with regard to the agent’s choice behavior
across different menus, a number of intuitive axioms that are distinct from Properties o, § and
are now recalled. First, a choice correspondence C' satisfies the Aizerman axiom (Moulin, 1985)
if, for all A, B € M, C(A) C B C A implies C(B) C C(A). It satisfies Manzini and Mariotti’s
(2007) Weak WARP if {z,y} C B C A, x = C({z,y}) and x = C(A) implies z = C(B). It is
consistent with Ehlers and Sprumont’s (2008) Weakened WARP if, for all A, B € M, x € C(A),
ye€ A\ C(A) and y € C(B) implies x ¢ B\ C(B). Finally, it satisfies the “A3” axiom proposed
by Eliaz, Richter, and Rubinstein (2011) (henceforth the ERR axiom) if, for all A € M such that
|A| > 2 and x,y € A, w € C(AU{z,y}) holds whenever w € C(AU{z}) and w € C(AU {y}).

The next two concepts were introduced in Ok, Ortoleva, and Riella (2015) (OOR). A menu
A € M is called C-awkward if there is a doubleton subset B of A such that C(A) N B # ()
and C(A)NT # C(T). A collection of menus 7 in M are said to form a C-cover of some
menu A if the elements of 7 cover A and C(A)NT # (0 for all T € T. Now, C satisfies OOR’s
Reference Consistency if for any C-awkward A € M and any C-cover T of A, it holds that
C(T)=C(A)NT for some T € T. Finally, C satisfies OOR’s Rationality of Indifference if for
any z,y € X, if {z,y} C C(A) for some A € M, then C({x,y}) = {z,y}.

Observation 3
A PD choice correspondence may violate Properties «, (3, v, Aizerman, Weak WARP, Weakened
WARP and Reference Consistency, but satisfies Rationality of Indifference and ERR.

The validity of this observation is established in Appendix A. This wealth of violations of
normative axioms that is associated with the PD model may come as a surprise given that in this
model the agent is actually portrayed as seeking more reasons before considering an alternative
to be choosable than she does in the baseline model of (1). This search for more reasons,
however, is precisely what makes the PD rule context-dependent and leads to all the above
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kinds of inconsistencies, even though it preserves rationality within each menu by ensuring that
an undominated option is always chosen. The fact that a PD choice correspondence generally
violates Weak WARP, in particular, shows that it cannot be formulated as a rational shortlist
model & la Manzini and Mariotti (2007)°. In addition, the fact that Reference Consistency is not
satisfied in general further shows that the PD model is not a special case of the one developed
in Ok, Ortoleva, and Riella (2015) either. At the same time, both these models feature choices
that generally violate a-WARP. Therefore, both are logically distinct from the PD model.

On the other hand, the fact that PD choices are compatible with the minimal Rationality
of Indifference property, even though in this model the incomparability relation between two
options = and y that is defined by C({z,y}) = {z,y} is generally intransitive, is obviously
normatively appealing. The observation that the PD model is also compatible with the ERR
axiom (which, as shown in Eliaz, Richter, and Rubinstein (2011), implies Property o whenever
two alternatives are choosable in every non-singleton menu) also puts an upper bound on how
irrational the behavior that is described by this model can be. It is also of interest that theories
of maximal-element choice that build on (1) as well as others that satisfy many of the axioms
in Observation 3 do not obey Partial >-WARP, and hence deviate more fundamentally from the
normative b-WARP axiom than does the PD model. Finally, it is worth stressing that being
consistent with some of the above axioms is not sufficient for a model to be free of other types
of severe behavioral inconsistencies such as cyclic choices (Manzini and Mariotti, 2007; Ehlers
and Sprumont, 2008), against which the PD model is robust.

4 Related Choice-Theoretic Literature

Three alternative explanations of the attraction effect that have been proposed in the very
recent choice-theoretic literature are due to Lombardi (2009), de Clippel and Eliaz (2012) and
Ok, Ortoleva, and Riella (2015).1° In Lombardi’s (Lo) model the agent has acyclic preferences
and chooses a preference-undominated option with the property that its lower contour set is not
properly included to the lower contour set of some other undominated option. In the model of de
Clippel and Eliaz (dCE) the agent has two complete strict preference orderings, calculates the
pair of “scores” which reflect the number of feasible options that are inferior to a given alternative
according to each ordering, and chooses one of the feasible options with the greatest minimum
score. The revealed (p)reference model proposed in Ok, Ortoleva, and Riella (2015) predicts
that choice from a menu is determined by the presence of reference alternatives which constrain
the set of feasible options over which the agent maximizes a numerical function (interpreted as
a utility function).

The “out of sample” predictions of the PD model and those of the first two models above are
compared in four hypothetical decision problems over two-attribute alternatives that are shown
in Fig. 2 below. The revealed (p)reference model is not included in this comparison because its

9See Apesteguia and Ballester (2013) for a recent reformulation of this model.

10Tn other relevant work, Kamenica (2008) studied a market model in which alternatives convey information to the consumers
in ways that may induce changes in market shares that are consistent with the attraction effect. Bordallo, Gennaioli, and Shleifer
(2013) studied context effects in a parametric model of choice based on a menu-dependent utility function that is linear on quality
and price and is generally distorted by the relative salience of quality and price in a given menu in favour of one attribute for each
good. In this special environment, that model too can explain the attraction effect.
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predictions depend on parameters such as which alternatives act as reference points, how the
latter constrain the choosability region and the shape that the function which is to be maximized
over this region takes. For the Lo and PD models, it is assumed that the preference relation is
the usual partial ordering, while for the dCE model the two preference relations correspond to
the natural ordering on the real line for each attribute.

Figure 2:
The predictions of three models of the attraction effect in some hypothetical problems

Attribute 1 Cro() == Attribute 1 Cro(") = {w, z}
Cacr(-) = {z,y} Cacr(-) =y
Cpp(-) == Cpp(-) =A{w, 2}
x
w
JWw
Yy z
;Z/
Attribute 2 Attribute 2
Attribute 1 Cro() == Attribute 1 Cro(') ==
Cace() ={z,y} Cace() =v
Cpp () ={z,y} Cpp(-) = {z,y,v}
w T

Attribute 2

Attribute 2

The upper left example shows that certain dominated options can be choosable under the dCE
procedure. The upper right one depicts a menu where y is a “compromise” between two extreme
options w’ and 2’ that are dominated by w and z, respectively. The Lo and PD models coincide
in their predictions that the “attractive” options w and z are the choosable ones, whereas the
dCE procedure predicts that y is uniquely chosen, just as if the menu did not include w and
z. In the latter case, unique choice of y is consistent with the compromise effect (Simonson,
1989), according to which the option that provides a compromise between two extreme attribute-
conflicting alternatives tends to be uniquely chosen in such trinary menus. The dCE is the only
model in this class that accommodates this effect with precision (although the others do not
rule it out). This feature of the dCE model, however, is not sensitive to the positioning of the
intermediate option in these menus, and any such option is predicted to still be uniquely chosen
even when it cannot be thought of as a compromise one.
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In the bottom two examples, if one ignores the two dominated options w and z one has the
two menus that generate the similarity effect, originating in Debreu (1960) and Tversky (1972).
This suggests that if a binary attribute-conflicting menu is expanded with a third option such
that the latter is incomparable to both but similar to only one of the original two options, then
the other (now dissimilar) option of the original two tends to be uniquely chosen in the expanded
menu. Neither of the above models captures the similarity effect (the PD and Lo models do not
rule it out, but the dCE model does). However, these perturbed versions of the similarity-effect
menus illustrate how radically different predictions the three models can generate. Specifically,
the introduction of v that is similar to x but not to y leaves the Lo model’s predictions unchanged
at x, it leads to a dramatic change in the predictions of the dCE model from {z,y} to v, and
leaves the PD model the only one predicting that the dissimilar option y is choosable in the
expanded menu, together with  and v that were also choosable originally.

5 Concluding Remarks

This paper’s main contribution to the growing literature of behavioral choice theory consists of
a novel choice procedure that explains the attraction/decoy effect in a simple and, one hopes,
intuitive way. This procedure is based on a special kind of preference maximization that com-
bines the core rationality criterion of preference undomination with the tie-breaking criterion of
partial preference dominance. The proposed model is one of bounded-rational behavior with in-
complete but menu-independent preferences, which, however, results in menu-dependent choices.
In decision problems where the agent’s preferences happen to be complete, the model predicts
that the agent becomes a utility maximiser. The two novel characterizations of rational choice
that were provided identify the precise connections between utility-maximizing behavior and
what is prescribed by the model. In particular, the characterization that decomposes WARP
into a-WARP and b-WARP may be of independent interest as it provides a set of criteria in
addition to Sen’s (1971) Properties a and (3 relative to which the deviations from full rationality
of various behavioral models can be assessed.

Appendix A: Proofs

Proof of Proposition 1.

It is well-known that (a) = (b) and (d) = (a). It will be shown that (b) = (c) = (d).
(b) = (c). Suppose a-WARP is violated. Then C({z,y}) = z, x € A and y € C(A) for
some x,y € X and A € M. Since y & C({x,y}), this obviously violates Property «. Thus,
a-WARP is satisfied. Suppose b-WARP is not. There are A € M and z,y € A such that
xeC(A),ye A\C(A) and y € C({z,y}). Since Property o holds and =z € C(A), it follows
that © € C({z,y}) too. Thus, C({z,y}) = {z,y}. Since A D {z,y} and Property £ holds,

C({z,y}) ={x,y} and z € C(A) implies y € C(A), a contradiction. Therefore, b-WARP is also
satisfied.

(¢) = (d). Define the relation 77 on X by x 7 y if « € C({z,y}). Since all binary menus are
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included in M and C' is nonempty-valued, 7 is complete. Suppose = >~ y and y 77 z and assume
to the contrary that x 7 z. Completeness implies z > x, i.e. C({z,2}) = 2. By assumption,
A :={z,y,z} € M and C(A) # (. It follows from a-WARP that = ¢ C(A). Suppose y € C(A).
Since z € A\ C(A) and y € C(A), it follows from b-WARP that C({z,y}) = y. This contradicts
the postulate 7~ y. Similarly, z ¢ C(A). Thus, z,y,z ¢ C(A), which is impossible. This
establishes that x 7~ z and therefore that 7~ is also transitive, hence a weak order.

Now let x € C(A) and suppose there exists y € A such that y > z. Since C({z,y}) = v,
y € A and z € C(A), this contradicts a-WARP. Thus, = 7Z y for all y € A. Conversely, suppose
x 7y for all y € A and suppose = ¢ C'(A). It holds that z € C(A) for some x # z € A. Since
ze€ C(A), z € A\ C(A) and = € C({z, z}) by assumption, b-WARP is contradicted. Thus, 7
rationalizes C. Finally, since all binary menus are included in M, - is unique. [

Proof of Proposition 2.

It is straightforward that (a) = (b), (b) = (c) (cf Observation 1) and (d) = (a). It will be
shown that (c¢) = (d). Suppose C satisfies CIR and a-WARP. Define > by « > y if C({z,y}) = «.
This is asymmetric by definition. From CIR and the full-domain assumption, it is also complete.
Suppose x =y, y = z and x ¥ z. From CIR, x % z implies z > z. Since C' is nonempty-valued,
C({z,y,z}) # 0. Suppose z € C({z,y, z}). Since a-WARP holds, this contradicts the postulate
z > x. Therefore, x ¢ C({z,y,z}). Similarly, y,z ¢ C({z,y,2}). Thus, C({z,y,2}) = 0, a
contradiction. It follows then that x > z. Thus, > is also transitive, and hence a strict linear
order.

Suppose z € C(A). It follows from a-WARP that y % x for all y € A. Now suppose the
converse is true. From CIR this implies = > y for all y € A\ {z}. Suppose z ¢ C(A). From
nonempty-valuedness, w € C'(A) for some w € A. Since x = w from above, and since a-WARP
holds, this is a contradiction. Thus, C(A) = {z € A :y ¥ x for all y € A}. Finally, since all
binary menus are included in M, > is unique. [ |

Proof of Proposition 3.

It is straightforward that (b) implies (a). Conversely, define > by = > y if C({x,y}) = x. Let
A € M and z € A be such that y # = for all y € A. From nonempty-valuedness, z € C'({x,y})
for all y € A. From Property v, x € C(A). Now let x € C(A) and suppose, per contra, that
y > x for some y € A. Since this is equivalent to C({z,y}) = y and a- WARP holds by assump-
tion, this is a contradiction. Finally, since all binary menus are included in M, > is unique. W

Proof of Proposition 4.

Suppose there exists an acyclic relation > on X such that (2) holds. Assume, per contra,
that a-WARP is violated. There exist z,y € X and A € M such that C({z,y}) =z, z € A and
y € C(A). From C({z,y}) = = and (2b) it follows that z > y. Since y € C'(A) it also follows
from (2a) or (2b) (if C(A) = A or C(A) C A, respectively) that x % y. This is a contradiction.

Now let Aq,..., Ay € M be such that A; # {z}, x = C(A;) and z € C(A;), 2 < i < k.
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Define A := Ule A;. Tt is implied by (2b) and C(A;) = x that z # x for all z € A; and = >y
for some y € A;. Moreover, z € C(A;) and (2) imply z % x for all z € A;. Thus, z 3 z for all
z € A and x > y for some y € A. From (2b), this implies x € C(A). Hence, Weak Property = is
satisfied.

Finally, suppose z € C(A) and there exists z € A\ C(A). This implies C'(A) C A. Hence,
(2b) and x € C(A) implies x > y and therefore C'({z,y}) = x for some y € A. From (2b) and
x = y it also follows that y & C'(A). Thus, Partial »-WARP is also satisfied.

Conversely, assume that C' is nonempty-valued and satisfies a-WARP, Weak Property ~+ and
Partial b-WARP. Define the asymmetric relation > on X by = > y if C({z,y}) = x. Suppose >
is not acyclic. There exist xq, xo, ..., 2y € X such that x1 > z9 > ... > x; > x1. By assumption,
B :={x1,x9,...,2,} € M, while C(B) # 0 is also true by assumption. Thus, z; € C(B) for
some ¢ < k. From the >-cycle above it follows that there is z; € B such that z; > z;, i.e.
C({zi,x;}) = x;. This contradicts a-WARP.

Suppose A € M is such that z % y and y 3 = for all z,y € A. Let z € C(A) and C(A) C A.
If |A] = 2, then A = {z,y} for some y € X, and = > y obviously holds, a contradiction.
Suppose |A| > 2. From Partial 5-WARP, there exists y € A\ C(A) such that z > y, which is
a contradiction too. It follows, therefore, that C'(A) = A. In the other direction, let C(A) = A
and suppose x > y for some z,y € A. Since y € C(A) by assumption, this is a violation of
a-WARP. This establishes (2a).

To establish (2b), let C(A) C A for some A € M. Suppose x € C(A). If z > x for some
z € A, then a-WARP is violated. Moreover, z € C(A), C(A) C A and Partial b-WARP together
imply = > y for some y € A\ C(A). Thus, z € C(A) and C(A) C A implies z 3¢ x for all z € A
and z > y for some y € A. In the other direction, suppose there is € A such that z ¥ x for
all z € A and x > y for some y € A. This implies C({z,y}) = = for some y € A and, since C'is
nonempty-valued, © € C({z, z}) for all z € A. Let F' := {z,y} and label all other elements in
Aby z1,..., 2. Also, let Gy == {z, 2;}. Since z = C(F), z € (i, C(G;) and Ul G, U F = A,
it follows from Weak Property v that x € C(A). Finally, suppose C(A) consists of all z € A
with the above two properties and assume to the contrary that C'(A) = A. Since there exist
x,y € A such that C({z,y}) = x by assumption, while y € C(A) = A also holds by assumption,
a-WARP is violated. Hence, C(A) C A. As above, uniqueness is straightforward. [

Proof of Proposition 5.

It is obviously true that (a) always implies (b). To show that the converse implication holds
under the stated conditions fix an arbitrary integer n > 2 and assume that x € A implies
y & C(A) for all A € N. Then, N includes all subsets with n elements and there are n — 2
distinct alternatives that are incomparable to everything in X. Let S be the set of all these n —2
alternatives. Also, let T'= S U {z,y}. Since T has n elements, it follows that T" € N. Suppose
w € C(T) for some w € S. Since w is universally incomparable and C' is PD, the above can
happen if and only if C(T") = T'. In this case y € C(T') also holds, which contradicts (b). Thus,
w ¢ C(T) for all w € S. Moreover, since z € T, it follows from (b) that y ¢ C(7T). Hence,
C(T) = x. Since C(T) C T, it follows from (2b) that x > z for some z € T. Since x % w for all
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w € S by assumption, it follows that x > z for some z € T'\ S = {z,y}. Since > is irreflexive,
this implies x > y. [ |

Proof of Observation 3.

Suppose first that w, x,y, 2z are such that w > x, ¥y > 2z and no comparison is possible in
all other pairs. It holds that C({w,z,y,z}) = {w,y} and C({w,y,z}) = y, in violation of
Property a. If x > z is also true, then C({z,y,z}) = {z,y} and C({w, z,y,2}) = {w,y}, in
violation of Property . These preferences finally lead to the PD choices C'({w, z}) = {w, 2},
C{w,y}) = {w,y} and C({w,y, z}) = y, in violation of Property ~.

Next, let A = {x,y,z}, B = {x,z} and suppose = > y and that all other options are
incomparable. Then, C'(A) =z, {zr} C B C A and C(B) = {z, z}, but z € C(A) = z, showing
that Aizerman’s axiom is not satisfied. Now suppose A = {x,y,w,z}, B = {z,y,w}, w = v,
x >y, x> 2 2z > w and all other pairs consist of incomparable options. These preferences
imply C({z,y}) = x = C(A) but C(B) = {x,w}, in violation of Weak WARP. Next, consider
A=Aw,z,y}, B={x,y,z}, z > w,y > z and let all other alternatives in A, B be incomparable.
It holds that C'(A) = x and C(B) = y, in violation of Weakened WARP.

To verify that Reference Consistency is not satisfied in general, suppose x = z, w = vy
and that incomparability applies to all other pairs of options derived from these four. It holds
that C({w,z,y,2}) = {w,z}. Moreover, C({w,z}) = {w,z} and C({z,y}) = {z,y}, the
menu {w, x,y, z} is C-awkward, the menus {z,y} and {w, z} form a C-cover of {w, x,y, z}, and
CH{w,z,y,2}) 0 {w, 2} # C({w, 2}), C{w, z,y,2}) N{z,y} # C({z, y}).

Now suppose z,y € C(A). Since this implies z % y and y % x, it follows that C({z,y}) =
{z,y}. Therefore, a PD C satisfies Rationality of Indifference. Finally, to see that such a C
also conforms with ERR notice that w € C(AU {z}) and w € C(A U {y}) implies z 3 w for all
z € AU{z,y} and w > 2/, 2" for some 2’ € AU {z} and 2" € AU {y}. Hence, w > z for some
z € AU{x,y}, which ensures that z € C(AU {x,y}). |

Appendix B: Axiom Independence

The tightness of the axiomatic system of Proposition 4 is established here by means of coun-
terexamples. Let X = {w,z,y,2} and M ={A: A# (), AC X}. Each of the following cases
provides an example where choices satisfy all but one axiom (singletons are ignored for brevity):

Not a-WARP
C{w,z}) =w, C({w,y}) ={w,y}, C{w,z})=A{w,z},

C({z,y}) ={z.y}, CHz,2}) ==, C{y,2}) =y
CH{w,z,y}) = C{w,y,2}) ={w,y}, CHw,z,2}) ={w,z}, C{z,y,2}) = {z,y}
C(X) = {w,z,y}
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Not Weak Property v
C{w,z}) =w, C{w,y}) ={w,y}, C{w,z2}) ={w,z},
C{z,y}) ={z,y}, CHaz,2}) =2, C{y,2z}) =y
C{w,z,y}) = C{w,y,2}) = C{w, z, 2}) = w, C{z,y,2}) =y
C(X)=w
Not Partial b-WARP
C{w,z}) =w, C{w,y}) ={w,y}, C{w,z2}) ={w,z},
C{z,y}) ={z,y}, C{z,2}) =2z, C{y,2}) ={y, 2}
C{w,z,y}) = C{w,y,2}) ={w,y}, CHw,z,2}) =w, C{z,y,2}) =y
C(X) =A{w,y}
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