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Attention and Reference Dependence
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We present a model of reference dependence for riskless choice, in which we assume
that reference points affect choice by directing the decision maker’s attention toward
the particular attributes associated with the reference object. This model makes no
assumptions about the curvature of utility and does not assume a built-in asymmetry in
gains and losses. Nonetheless it is able to generate a type of loss aversion and can
explain behavioral anomalies related to reference dependence. In addition, the model
makes a number of novel predictions that differentiate it from existing accounts of
reference dependence and can easily be extended to predict instances of choice set
dependence and anchoring effects. Sensibly, for decisions about economic goods, the
model implies acyclic sequential choices and any sequence of short-sighted referencedependent decisions is guaranteed to converge to a stable personal equilibrium.
Keywords: attention, reference dependence, endowment effect, loss aversion, behavioral economics

Choice behavior is influenced by salient objects, such as reference points. These objects
affect the decision maker’s valuations, leading
to choice reversals and other deviations from
rationality. Reference points, for example, are
often preferred over competing objects, generating the endowment effect and the status quo
bias. In addition, objects that are clear improvements over the reference point and objects that
involve only small tradeoffs from the reference
point, are often chosen over objects involving
large tradeoffs from the reference point (Kahneman, Knetsch, & Thaler, 1991; Tversky &
Kahneman, 1991).
Standard economic models of reference dependence involve some deviations from traditional consumer theory. Prospect theory (Tversky & Kahneman, 1991) and related models

(e.g., Köszegi & Rabin, 2006) assume nonconvex preferences and explicit asymmetries in
gains and losses. In addition to being relatively
intractable (e.g., not guaranteeing continuous
demand functions), such preferences can lead a
decision maker into cyclic choices when making sequential decisions among economic
goods. These decision makers could be vulnerable to money pumps, and, more distressingly
for economists wishing to apply these models in
the field, a stable choice function (under Tversky and Kahneman’s model) or a personal equilibrium consistent with one’s expectations (under Köszegi and Rabin’s model) does not
always exist (see Gul & Pesendorfer, 2006).
Recent work on the cognitive processes underlying choice suggests an alternate approach
to studying reference dependence. A number of
researchers (Ashby, Dickert, & Glöckner, 2012;
Ashby, Walasek, & Glöckner, 2015; Bhatia,
2013, 2017b; Carmon & Ariely, 2000; Johnson,
Häubl, & Keinan, 2007; Nayakankuppam &
Mishra, 2005; Pachur & Scheibehenne, 2012;
Willemsen, Backenholt, & Johnson, 2011) find
that endowments direct the decision maker’s
attention toward their most prominent attributes. This is subsequently shown to generate
an increased weight on these attributes, altering
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preferences in favor of the endowment and producing the endowment effect.
These findings suggest that referencedependent behaviors are driven by attentional
processes. Reference points do not act as
frames, altering perceptions of gains and losses.
Rather they act as primes, directing attention
toward information that they are strongly associated with. As choice objects are most strongly
associated with their most prominent attributes,
it is these attributes that receive a higher weight
in the decision task. Changing reference points
can thus affect the weights on these attributes
and, consequently, the choice between competing objects.
This article presents a model of reference
dependence motivated by this intuition. The attention-biased utility of an object is a linear
combination of valuations for each attribute of
the object. Although attribute valuation is stable
and reference independent, the weight on each
attribute in attention-biased utility depends on
the attention devoted to that attribute, which in
turn depends on the amount of that attribute in
the reference object. Changing the reference
point alters the attentional weights in the attention-biased utility function. This affects the decision maker’s choice and can generate preference reversals.
This model requires minimal deviations from
standard consumer theory. It does not make any
assumptions about the curvature of valuation
functions: If valuation functions are strictly
concave then so is attention-biased utility. In
addition, the model does not assume a built-in
asymmetry in gains and losses. As a result,
desirable theoretical properties, such the existence of continuous demand functions (given a
reference point), are guaranteed with standard
assumptions. Nonetheless, reductions in consumption have a stronger impact on attentionbiased utility than corresponding gains, generating the well-known phenomenon of loss
aversion. Indeed, the proposed attention-biased
utility model can explain many of the observed
anomalies in the domain of reference-dependent
riskless choice.
Although attention-biased utility can parsimoniously capture many of the empirical phenomena explained by prospect theory and other
behavioral economic models, it also generates
novel predictions that distinguish it from these
earlier theories. For example, attention-biased

utility predicts reversals of reference-dependent
effects for choices involving attributes with
negative and strictly decreasing valuations.
Brenner, Rottenstreich, Sood, and Bilgin (2007)
have documented reversals of the endowment
effect for undesirable objects, suggesting that
reference points do indeed operate differently in
the negative domain.
Sequential choice is of particular interest in a
reference-dependent context because of the possibility of preference reversals. This article
shows that maximization of attention-biased
utility for sequential decisions between economic goods generates long-term choice behavior that satisfies basic consistency requirements.
Decision makers do not cycle through available
goods indefinitely (and are not vulnerable to
money pumps); rather, choices are guaranteed
to stabilize, and a long-run choice function, or
an expectations-consistent personal equilibrium, is guaranteed to exist.
In a related vein, this article also considers the
choice of reference points that maximize utility.
We establish that the impact of a reference point
on utility from a particular object is nonmonotonic, and high reference points are often optimal.
This result helps us understand the common preference for attainable but nontrivial outcomes as
aspirational reference points, or goals (Diener,
Suh, Lucas, & Smith, 1999; Locke, Shaw, Saari,
& Latham, 1981). With a more general conception
of reference points, the model also accommodates
other behavioral anomalies, such as choice set
effects (Huber, Payne, & Puto, 1982; Simonson,
1989) and anchoring effects (Ariely, Loewenstein,
& Prelec, 2003; Johnson & Schkade, 1989),
which have recently been attributed to attentional
biases.
The next section reviews research in economics, psychology and neuroscience on the role of
attention in choice. The Model of AttentionBiased Utility section provides a formal theory
of attention-biased utility. The Implications section explores the implications of attentionbiased utility for loss aversion and reference
dependent choice. The Novel Predictions section offers predictions regarding undesirable
choice objects along with other novel predictions. The Endogenous Reference Points section
analyzes sequential choices as well as optimal
reference points with attention-biased utility.
The Multiple Reference Points section extends
our theory to explain observed instances of an-
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choring and choice set dependence and is followed by the conclusion.
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Attention and Choice
Attention is one of the most important psychological variables in behaviorally motivated
economic theories of choice. Herbert Simon’s
early approach to understanding deviations
from rationality was entirely driven by attention-based constraints on the decision maker’s
ability to process information and explore the
choice set (Simon, 1955). Sims (2003), recognizing costs associated with information processing, proposed that people rationally direct
their attention to valuable information sources.
Gabaix, Laibson, Moloche, and Weinberg
(2006) have proposed a model that captures
boundedly rational attentional allocation in
costly information acquisition tasks. This model
outperforms fully rational attention allocation
and makes a number of powerful predictions
regarding information acquisition in markets
and societies. Caplin, Dean, and Martin (2011)
have further explored attentional allocation in
large and complex choice sets and have found
that decision makers frequently use Simon’s
(1955) satisficing heuristic to make choices. In
the same vein, Masatlioglu, Nakajima, and Ozbay (2012) have provided a theoretical framework for inferring attentional allocation from
choice behavior, and Matejka and McKay
(2014) have studied the implications of rational
attention allocation for probabilistic choice.
Although people can often choose to voluntarily direct their attention as they see fit, attention
can also be drawn spontaneously and involuntarily
to salient or surprising stimuli. In some cases,
choices may be motivated in part by the desire to
exert some control over the stimuli that spontaneously attract attention (Golman & Loewenstein,
2016). In other cases, biased attention, or accessibility, plays a key role in shaping choice at a
subconscious level (Kahneman, 2003). Fehr and
Rangel (2011) argued that attention can affect
how attributes are weighted in a decision value
computation.
Using this approach, behavioral economists
have proposed various attentional biases to explain a range of observed behavioral anomalies.
Bordalo, Gennaioli, and Shleifer (2012a), for example, provided an attentional explanation for
many of the classical experimental findings on
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risky choice, including violations of the independence assumption and risk seeking behavior in
losses. Bordalo, Gennaioli, and Shleifer (2012b)
use a similar approach to explain the endowment
effect as well as its reversal, and Bordalo, Gennaioli, & Shleifer, (2015) do so for biases in consumer choice. Köszegi and Szeidl (2013) studied
intertemporal choice using an attentional model of
attribute weighting. Their model generates present-biased behavior and, in addition, provides a
range of predictions about the settings in which
this behavior is most pronounced. Golman, Loewenstein, Molnar, and Saccardo (2017) proposed
that attention to the presence or absence of information leads to demand for good news and avoidance of bad news, and Golman, Loewenstein, and
Gurney (2017) used the same attentional model to
account for source preference under risk and ambiguity.
Understandably, attention is also of considerable interest to scholars of decision making
outside of economics. As a well understood and
easily observable cognitive variable, attention
may naturally play a role in many of the key
mechanisms underlying choice. Recently, psychologists and neuroscientists interested in
these mechanisms have started to explore the
various determinants and consequences of attention in decision making. Carmon and Ariely
(2000), for example, find that decision makers
direct their attention toward the attribute of the
objects they possess: Owners focus on attributes
of the traded object, whereas nonowners are
more likely to focus on the expenditure involved in the trade. Because increased attention
to a particular attribute increases that attribute’s
weight in the decision, this attentional bias leads
to a discrepancy in buying and selling prices,
generating the endowment effect.
Similar results are noted by Nayakankuppam
and Mishra (2005), who found that owners are
more likely to attend to the attributes that the
endowed object is strongest on, and less likely
to attend to the attributes that the endowed
object is weakest on, relative to nonowners.
Johnson et al. (2007) replicated these findings
and, in addition, discovered differences in the
order that owners and nonowners attend to the
various attributes, in the decision task. Decision
makers generally attend to the strongest attributes of the object that they possess before
focusing on the weakest attributes of their possessed object, or attributes of objects that they
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do not own. Willemsen et al. (2011) extended
these findings beyond the endowment effect.
Ashby et al. (2012, 2015) used eye-tracking and
response time restrictions, and Bhatia (2017b)
used quantitative model fits, to further demonstrate the role of biased attention in reference
dependence. Finally, Pachur and Scheibehenne
(2012) demonstrated the existence of these attentional biases for risky choice. These articles
note that the attentional biases displayed by the
decision makers can predict buying and selling
prices, and choice probabilities. In addition, altering where these decision makers focus their
attention can eliminate the endowment effect.
The endowment effect can also be generated
without explicit endowments. Dhar and Simonson (1992) and Dhar, Nowlis, and Sherman
(1999) found that increasing the salience of a
desirable item increases its share in the choice
set, relative to its competitors. In contrast, increasing the salience of an undesirable item
decreases its share relative to its competitors.
Importantly, this behavior stems from biased
attention toward the focal item’s attributes. Reducing this attentional bias can eliminate differences in choice shares.
Bushong, King, Camerer, and Rangel (2010)
presented related findings. They noted that the
physical presence of a good increases that
good’s desirability and subsequently increases
the decision maker’s willingness-to-pay for the
good. Other research by Krajbich, Armel, and
Rangel (2010) and Reutskaja, Camerer, and
Rangel (2011) suggested that visual attention
toward an item has a direct relationship with the
decision maker’s preference toward that item.
This has been documented for both actual
choice and the neural mechanisms that determine choice (Lim, O’Doherty, & Rangel,
2011).
These results suggest that endowments may
not act as frames, as assumed in prospect theory
and related models of reference dependence.
Rather they act primes, directing the decision
maker’s attention toward relevant attributes. Although this intuition is sufficient to explain
some of the above-mentioned results, a formal
model is necessary to explore its implications
for other reference-dependent anomalies, as
well as for anomalies in other domains. A formal model can also highlight similarities and
differences between an attention-based model

of reference dependence and prospect theory, as
well as standard theories of rational choice.
Model of Attention-Biased Utility
Consider an N-attribute choice space consisting
N
. The decision maker is assumed
of objects x 僆 ⺢⫹
N
, given a
to choose from a choice set X 傺 ⺢⫹
N
reference point r 僆 ⺢⫹. We assume that there
exist N strictly monotonic valuation functions
Vi ⫽ Vi(xi) corresponding to the decision maker’s
reference-independent valuation of attribute i in x.
For simplicity, we will set Vi(0) ⫽ 0 for all i.
Under the assumption that attributes can be
valued independently, rational choice of x 僆 X is
consistent with maximization of utility U * 共x兲 ⫽
N
i⫽1 Vi共xi兲. We assume, however, that the decision maker is subject to reference-dependent attentional biases, according to which her weight on
each attribute depends on the reference object’s
amount of that attribute. Specifically, we assume
that there exist N non-negative and strictly increasing attention functions ␣i ⫽ ␣i(ri) representing the decision maker’s attentional weight on
attribute i given a reference point r. The decision
N
maker chooses according to Ũ共x ⱍ r兲 ⫽
i⫽1 ␣i
共ri兲 · Vi共xi兲. Note that we can add a constant to
overall utility without changing the underlying
preferences. Thus, we can normalize Ũ (x | r) so
that the overall choice utility of the reference point
is zero. We obtain the utility function U(x | r) with:

兺

兺

U(x | r) ⫽

N

兺 ␣i(ri) · Vi(xi) ⫺ ␣i(ri) · Vi(ri).
i⫽1

(1)

We will refer to any function of the above
form1 as an attention-biased utility function. If
1
In general, preferences may not always permit an additively separable representation based on attributes that can
be valued independently. In these settings we might assume
that there exists a function f : ⺢N ¡ ⺢M, mapping physical
(nonseparable) attributes, to separable mental attributes. Thus,
for any x and r we would obtain f(x) ⫽ y and f(r) ⫽ s.
Attention and valuation functions could subsequently be
defined on mental attributes instead of physical attributes,
M
and Equation 1 would become U共x ⱍ r兲 ⫽
j⫽1 ␣ j共s j
共r兲兲 · V j共y j共x兲兲 ⫺ ␣ j共s j共r兲兲 · V j共s j共r兲兲. Of course, the freedom
to define an unobservable set of mental attributes would
make the model so flexible as to be practically unfalsifiable.
To make testable predictions, we should specify the function mapping physical attributes into mental attributes. Taking this function to be the identity mapping, as we do, is a
convenient simplification when appropriate.

兺
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␣i(ri) ⫽ c for a constant c, for all i, then the
decision maker does not display any referencedependent attentional bias and simply maximizes total value, Uⴱ.
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ence language processing or salient images influence object perception and recognition: They
increase the activation of their associated attributes, making these attributes more important
for the task at hand.

Attribute Priming and Attention-Biased
Utility

Constraints on Attention-Biased Utility

In this article we apply attention-biased utility to study choices between multiattribute objects that are offered to the decision maker
without delay or uncertainty (as in e.g., Keeney
& Raiffa, 1993). Our use of attention-biased
utility in this domain is motivated primarily by
the experimental results of Carmon and Ariely
(2000), Johnson et al. (2007), and others. This
work has consistently found that the attributes
present in the reference object are more salient
and thus have higher weights in the decision.
This is reflected in the strictly increasing attention functions ␣i(ri). Although this experimental
finding is fairly robust and conclusive, it may be
useful to briefly outline a theoretical justification for why reference points should have such
an effect on attention.
People are sensitive to their context, so that
salient but irrelevant items in their immediate
environment can nonetheless be attended to and
processed, and subsequently influence cognition
and behavior. For example, presenting individuals with a word such as dog, activates the
mental representation of a dog, which then activates the various attributes associated with
dogs. Individuals who have been presented with
this word are more likely to think about dogrelated attributes and use the concept dog in
subsequent (unrelated) cognitive tasks. These
individuals are also more sensitive to dogrelated attributes in other items, and are thus
more likely to process concepts like cat, which
share a lot of their salient attributes with dogs.
These effects, known as priming effects, are a
well-documented feature of human cognition
across multiple domains, including perception,
language, memory, and categorization (see
Neely, 1991 or Wiggs & Martin, 1998, for
reviews). The findings documented by Carmon
and Ariely (2000) and Johnson et al. (2007), and
others can be seen as an example of priming
effects in the domain of preferential choice.
Salient (but possibly irrelevant) choice objects,
such as reference points, influence choice in
roughly the same way that salient words influ-

Strictly speaking, our attention-biased utility
model in Equation 1 is a class of referencedependent utility functions with freedom to
choose appropriate attention functions for each
attribute. In principle, the attention functions
could be specified by collecting data about attentional capture during the choice process. In
practice, the attention-biased utility model is
useful for making qualitative predictions that do
not depend on the specific functional form of
the attention functions. In the sections below,
we describe behavioral predictions that hold
generally for any specification of the attentionbiased utility model. The simple assumption
that attention to an attribute is increasing in the
amount of that attribute in the reference point
suffices to explain the full set of referencedependent behavioral patterns observed in prior
experimental work. Still, if we were to augment
our model with additional assumptions about
the determinants of attention, we would be able
to derive more specific predictions.
Additional constraints on the attention functions limit the flexibility of the model, permitting formal model testing. When attributes are
symmetric, we might make the simplifying assumption that the attention functions should
take on the same functional form for all attributes. Of course, attention toward attributes
could be different, reflecting, for example, attentional biases independent of the reference
point. However, it is likely that the relationship
between reference points and attribute attention
is similar across attributes, and that a common
functional form suffices across different attributes. For additional parsimony, the attention
functions could simply be specified as a linear
function of the attributes in the reference point,
as in Bhatia’s (2017b) recent model fitting
work. Different attributes may still have differences in their baseline activation but all attributes would then described by the same linear
functional form.
This constraint is incorporated by an existing
cognitive model of dynamic attention in multi-

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

6

BHATIA AND GOLMAN

attribute choice (Bhatia, 2013). Bhatia shows
that a simple class of associative networks embedded in a sequential sampling framework
generates the reference-dependent attentional
biases discussed here. Static attention functions
for the attention-biased utility model could be
derived from this dynamic model of attention
following the approach laid out by Johnson and
Busemeyer (2016). Thus, Bhatia (2013) allows
␣
us to interpret the ratio ␣ij as the odds of attending to attribute i relative to attribute j at any
point in time during the decision process (a
property of the model drawn from prior dynamic theories of multiattribute choice—see
Roe, Busemeyer, & Townsend, 2001, as well as
Bhatia, 2014; Busemeyer & Townsend, 1993;
Johnson & Busemeyer, 2016 for related work
for risky choice).
Bhatia’s (2013) model also allows us to specify what a reference point is in psychological
terms. According to the proposed theory, any
choice option that is more salient than the other
options in the choice set, will exert a stronger
influence on attribute attention. This will alter
the weighting of these attributes in the decision
task, and bias final preferences. In this view,
reference points are merely options that are
salient to the decision maker. This intuition will
help us extend the theory of attention-biased
utility to domains beyond reference dependence
in later sections.
There are still many other influences on attention that are not directly incorporated into the
structure of attention-biased utility. Extrapolating from research about visual attention in multiattribute choice (see Orquin & Loose, 2013,
for a review), attention may be attracted toward
attributes with high contrast between choice
objects (Duncan & Humphreys, 1989), toward
attributes with abrupt onset (Yantis & Jonides,
1984), or toward surprising attributes (Itti &
Baldi, 2009). Attention may also be drawn to
attributes on which choice objects take on extreme values within the range or distribution of
feasible attribute values. And, of course, attention can then be shaped by other forms of priming (Neely, 1991) or distraction (Lavie, 2005).
All of these influences on attention are compatible with attention-biased utility, as long as attention to an attribute remains increasing in the
amount of that attribute in the reference point.

Dimensional Reference Dependence
Attention-biased utility makes no assumptions about the shape of the valuation functions
Vi. If Vi are strictly increasing and everywhere
concave then so is U, regardless of the reference
point. There are also no asymmetries in gains
and losses; rather the impact of the reference
point is dimensional: Objects that are strongest
on the reference point’s primary attributes are
the ones that are chosen. This is in contrast to
models of reference dependence based on prospect theory (Köszegi & Rabin, 2006; Tversky &
Kahneman, 1991) in which built-in gain–loss
asymmetries generate preferences for objects
that are unambiguous gains over the reference
point, relative to objects that involve tradeoffs
from the reference point.
Our attention-biased utility model resembles
Bordalo et al.’s (2012b) recent attention-based
explanation of the endowment effect, which
also relies on dimensional attention weights
rather than an explicit asymmetry in gains and
losses. According to that theory, however, the
attention toward a particular attribute in an object depends (discontinuously) on the dispersion
of the amount of that attribute across the choice
set, and the endowment effect only arises if
people seemingly sometimes forget to consider
the entire choice set when valuing the endowed
good. Moreover, Bordalo et al.’s (2012b) model
fails to account for a reference dependent choice
anomaly documented by Herne (1998), Effect 5
in the Choices section,2 as well as a number of
other effects discussed in this article.
Dimensional reference dependence is also a
property of an earlier model proposed by Munro
and Sugden (2003). Although their constant
elasticity of substitution based utility differs
from attention-biased utility in many important
ways, both forms create a preference for objects
based on their dimensional overlap with the
reference point, rather than their position as
gains or losses relative to the reference point.
This dimensional bias allows for a particularly convenient geometric interpretation. Consider the simple case where ␣i (ri) ⫽ Vi (ri) for
all i, a setting in which attention is proportional
2
This is the finding that decision makers’ preference for
objects that dominate the reference point are stronger for
extreme valued reference points even when the reference
point is dominated on its secondary (nonextreme) attribute.

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

ATTENTION AND REFERENCE DEPENDENCE

to valuation (as would be the case if the decision
maker attends to attributes based on their desirability). Here, reference-dependent utility can
simply be captured as a dot product of the
vector of valuations of the reference point,
Vr ⫽ 具V1共r1兲, V2共r2兲, . . . , VN共rN兲典, with the vector of valuations of the evaluated object,
Vx ⫽ 具V1共x1兲, V2共x2兲, . . . , VN共xN兲典. The decision maker in turn chooses the object whose
vector of valuations has the highest projection
onto Vr. Changing x so as to increase Vx in the
direction of Vr will lead to the highest increase
in utility from x, whereas changing x to increase
Vx in a direction orthogonal to Vr will lead to
absolutely no increase in utility for x. One intuitive implication of this is that if the attributes
of the reference point do not overlap with those
of the object in consideration, adding more of
the reference point’s attributes to the object has
no effect on utility.
Figure 1 demonstrates indifference curves
generated by attention-biased utility in a twoattribute choice space. Ix and Iy are indifference curves for settings where x and y are
reference points, respectively. These curves
intersect indicating the possibility of preference reversals.
Figure 2 presents the same scenario in valuation space. Vx and Vy are the valuation vectors
of x and y, IVx and IVy are indifference curves for
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settings where x and y are reference points,
respectively. IVx, for example, consists of all
valuation vectors Vz such that object z is indifferent to x when x is the reference point. Valuation vectors lying above IVx correspond to
choice alternatives that are preferred over x
when x is the reference point. The opposite is
true for vectors lying below IVx. When x is the
reference point, all valuation vectors with the
same projection onto Vx will lie on the same
indifference curve. Also note that the projection
of Vy onto Vx is smaller than the projection of Vx
onto itself (i.e., its magnitude), demonstrating
that x is preferred over y when x is the reference
point. The opposite holds for the projection of
Vx and Vy onto Vy, indicating that y is preferred
to x when y is the reference point.
Although this example is valid only for the
setting where ␣i(ri) ⫽ Vi(ri) for all i, the
intuition behind it holds for more general
cases as well. For strictly increasing Vi, objects for which V projects maximally onto ␣
are the ones that are chosen. ␣ itself is a
function of r. Of course ␣i can depend on ri
differently for different i, implying that attentional biases may vary across attributes.
This intuition allows us to derive the first
result of this article. Proposition 1 describes
the general setting in which reference points

Figure 1. Indifference curves Ix and Iy when x and y, respectively, are the reference points.
These curves intersect indicating the possibility of preference reversals.
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Figure 2. Indifference curves IVx and IVy in valuation space, when x and y respectively are
the reference points. The dotted lines correspond to the projection of Vx and Vy onto
themselves and each other.

necessarily change utility in favor of a particular object relative to another, for strictly
increasing Vi. It states that the attentionbiased utility function exhibits increasing differences in the consumption object and the
reference point on each attribute, that is, a
reference point r will necessarily bias preferences in favor of x over y, relative to another
reference point s, if r is not smaller than s on
the attributes that favor x, and s is not smaller
than r on the attributes that favor y, and if r
and s differ on at least one attribute on which
x and y differ. Put simply, this means that
having an attribute in the reference object
complements consumption of that attribute.
Proposition 1. If all Vi are strictly increasing, then the
attention-biased utility function U(x | r) exhibits
strictly increasing differences in (xi, ri) for all i.

Proposition 1 holds because reference points
that are strongest on the attributes that favor x
relative to y are the ones that direct the most
attention toward these attributes. Increased attention leads to higher weighting which then
amplifies any differences in valuation on these
attributes.

Implications
This part of the article studies how reference
points affect preferences between objects. It
first shows that attention-biased utility implicitly generates loss averse preferences without
requiring any nonstandard assumptions on utility except for reference-dependent attentional
weighting. The subsequent section outlines how
attention-biased utility can be used to explain a
range of reference-dependent anomalies documented in the behavioral literature.
Loss Aversion
A number of researchers have noted that decision makers are loss averse. Moving from an
inferior consumption state y to a superior consumption state x affects the decision maker’s
utility less than the equivalent move from x to y.
Thus, changes to consumption that are perceived as losses loom larger than changes perceived as gains (Thaler, 1980; Tversky & Kahneman, 1991).
Although loss aversion has been established
indirectly through revealed preference, it is assumed to be a psychologically realistic property
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as well. As discussed in Novemsky and Kahneman (2005), most researchers accept loss aversion as both a description and an explanation of
the phenomenon being studied. This psychological fact motivates the standard account of reference dependence, incorporated in Tversky
and Kahneman’s (1991) prospect theory as well
as in Köszegi and Rabin’s (2006) more recent
expectations based framework. These models
assume that negative changes relative to the
reference point affect utility more than positive
changes relative to the reference point. Particularly, there is a kink in utility at reference point
r, such that a change in consumption from r to
N
) is less desirable than the
r ⫹ ␦ (for ␦ 僆 ⺢⫹
change from r to r – ␦ is undesirable.
Note, however, that the explicit asymmetry
assumed in these models is between a gain and
a loss that are not quite comparable. The difference between a gain and a loss is conflated with
a wealth effect. In principle, loss aversion
should be identified by comparing a gain and a
loss involving the same levels of consumption. Although prospect theory’s kink in utility at the reference point can induce loss
aversion, that is, can make the negative
change from x to y matter more than the
equivalent positive change from y to x, it is
not the only mechanism to do so. Indeed
Proposition 2 shows that loss aversion also
emerges from attention-biased utility with
strictly increasing Vi. This is an implication of
the model, rather than a built-in assumption.
Proposition 2. If Vi are strictly increasing, and x and y
are any two objects such that xi ⱖ yi for all i 僆 {1, 2,
. . . , N}, and xi ⬎ yi for some i 僆 {1, 2, . . . , N}, we
have U共x ⱍ x兲 ⫺ U共y ⱍ x兲 ⬎ U共x ⱍ y兲 ⫺ U共y ⱍ y兲.

The intuition for this result is the following: for increasing Vi, a superior reference
point directs more attention toward at least
one underlying attribute, relative to a dominated reference point. The attributes that receive a higher attentional weight are precisely
those that the superior reference point dominates on. This amplifies any difference in the
consumption utility of these attributes, leading to a greater effect on utility for negative
deviations from the reference point (moving
from a superior to inferior consumption state)
relative to equivalent positive deviations
(moving from an inferior to a superior consumption state). In other words, losses in-
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volve more attention to the attributes being
lost than gains do to attributes being gained.
This leads to a greater decrease in utility for
losses, than an increase in utility for gains,
corresponding to a type of loss aversion.3
Behavior
The mechanism responsible for the emergence of loss aversion from attention-biased
utility can also explain findings regarding endowments and other reference points. These
findings have generally been documented by
using either monetary measures of preference,
such as willingness-to-pay or willingness-toaccept, or through explicit choices between two
or more items. The next section explores the
implications of attention-biased utility with regards to monetary measures of preference. The
Choices section explores reference-dependent
choices.
Measures of preference. Let us consider
four different measures of preference, as formalized in Bateman, Munro, Rhodes, Starmer,
and Sugden (1997): willingness-to-pay (WTP),
willingness-to-accept (WTA), equivalent-loss
(EL), and equivalent-gain (EG). The endowment of a particular item can be represented by
the superior reference state, x, whereas not being endowed with the item can be represented
by the dominated reference state, y. For our
present analysis, we can limit ourselves to two
attributes, i and j, and use these measures to
study how changes to attribute i impact the
decision maker’s preferences in units of attribute j. We will hold, xi ⬎ yi and xj ⫽ yj. Because
of the independence between attributes for
consumption utility and attention, this twoattribute setting easily generalizes to more
complex cases.
Because we are only considering two attributes, we can write preferences for any choice z
given any reference point r as U (zi, zj | r), and
3

The built-in gain–loss asymmetry in prospect theory
provides one account for anomalous low-stakes risk aversion, which Rabin (2000) showed cannot be accounted for
with utility function curvature. The attention-biased utility
function presented here, while generating loss aversion,
does not by itself generate this kind of risk aversion. However, a related model of utility derived from beliefs, which
similarly relies on attention weights, can provide an alternative account for risk aversion over small gambles (Golman, Loewenstein, & Gurney, 2017).
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the four measures used to measure preference
can be defined as:
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1.
2.
3.
4.

U共xi, x j
U共yi, x j
U共xi, x j
U共yi, x j

⫺
⫹
⫺
⫹

WTP ⱍ y兲 ⫽ U共yi, x j ⱍ y兲
WTA ⱍ x兲 ⫽ U共xi, x j ⱍ x兲
EL ⱍ x兲 ⫽ U共yi, x j ⱍ x兲
EG ⱍ y兲 ⫽ U共xi, x j ⱍ y兲

Willingness-to-pay by this definition is the
largest loss on attribute j that the decision maker
is willing to incur to increase consumption from
yi to xi. Likewise, willingness-to-accept is the
lowest gain on attribute j that the decision
maker is willing to accept to reduce consumption from xi to yi. Equivalent-loss is the largest
reduction of attribute j that the decision maker is
willing to incur to avoid reducing consumption
from xi to yi. Finally, equivalent-gain is the
smallest increase in attribute j that the decision
maker is willing to accept to avoid increasing
consumption from yi to xi.
Standard Hicksian theory predicts that EL ⫽
WTP and EG ⫽ WTA (see Bateman et al.,
1997, for a discussion). However, a number of
researchers find that both EG and EL ratings
deviate from WTP and WTA respectively
(Bateman et al., 1997; Kahneman, Knetsch, &
Thaler, 1990; Knetsch, 1989; Loewenstein &
Adler, 1995). Individuals are willing to pay
more to avoid losing an item than they are
willing to pay to gain the item, generating EL ⬎
WTP. Likewise, individuals require more
money to give up an item that they own than
they do to forego acquiring an item that they do
not own, generating EG ⬍ WTA. These results
are often seen to be direct implications of the
built-in gain–loss asymmetry assumed in prospect theory and its generalizations. However,
Proposition 3 shows that these results are also
generated by attention-biased utility.
Proposition 3. For strictly increasing Vi, and for any
two objects x and y, with xi ⬎ yi and xj ⫽ yj, attentionbiased utility generates EL ⬎ WTP and EG ⬍ WTA.

The intuition for this result is related to that
for Propositions 1 and 2. Because xi ⬎ yi, reference point x leads to increased attention toward attribute i relative to reference point y. On
the other hand, because xj ⫽ yj attention toward
attribute j is constant regardless of the reference
point. This leads to a bias in favor of attribute i
when x is the reference point relative to when y
is the reference point, generating the observed

inequalities between EL and WTP, and EG and
WTA. In other words, the higher attention to the
attributes of a possessed item make it so that
individuals are willing to pay more to avoid
losing the item than they are willing to pay to
gain the item. Likewise, individuals require
more money to give up an item that they own
than they do to forego acquiring an item that
they do not own. Of course, these inequalities
also imply that WTP ⬍ WTA, so that the willingness to pay to obtain an item is lower than
the willingness to accept to give up the item.
Choices. Reference dependence is also associated with a number of behavioral tendencies
involving explicit choices between objects. For
example, Knetsch and Sinden (1984), Samuelson and Zeckhauser (1988), and Knetsch (1989)
found that the endowment or status quo is more
likely to be chosen from the choice set, relative
to competing objects. Knetsch (1989) also
found that decision makers are more likely to
select one object over another if they are endowed with the first object, compared to the
setting in which they are endowed with neither
of the two objects (see also Morewedge & Giblin, 2015).
In addition, reference dependence can be observed when the most frequently chosen object
is not the reference point itself. For example,
Tversky and Kahneman (1991) noted that decision makers generally prefer choice objects that
are strict improvements over their reference
point, relative to objects that involve tradeoffs
with their reference point. Similar findings have
been replicated by Herne (1998), who also finds
that extreme reference points that are very weak
on some attributes and very strong on other
attributes lead to stronger biases in preference,
relative to more evenly distributed reference
points. Finally, Tversky and Kahneman (1991)
noted that decision makers tend to prefer objects
that involve small tradeoffs from the reference
point relative to objects that involve larger
tradeoffs from the reference point. These biases
can generate preference reversals as reference
points are varied.
These results have been experimentally documented with two-attribute choice sets consisting of two desirable objects x and y that do not
dominate each other and two or more reference
points, r and s, that may or may not be dominated by x or y. If we write Px,y(r) ⫽ U(x | r) ⫺
U(y | r), as the relative preference for x over y
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Figure 3.
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Reference-dependent anomalies in choice.

when r is the reference point, and consider any
x and y such that x1 ⬎ y1 and y2 ⬎ x2, then based
on the choice objects in Figure 3, the above
effects can be written as:

Kahneman, 1991): If rV and sV are such
that rV1 ⬎ x1 ⬎ y1 ⬎ sV1 and sV2 ⬎ y2 ⬎
x2 ⬎ rV2 , then Px,y(rV) ⬎ Px,y(SV).

1. Conservatism (Knetsch, 1989; Knetsch &
Sinden, 1984; Samuelson & Zeckhauser,
1988): If t is such that t1 ⫽ y1 and t2 ⫽ x2,
then Px,y(x) ⬎ Px,y(t) ⬎ Px,y(y).
2. Inner improvements versus tradeoffs
(Herne, 1998; Tversky & Kahneman,
1991): If rI and sI are such that x1 ⬎
rI1 ⬎ y1 ⫽ sI1 and y2 ⬎ sI2 ⬎ x2 ⫽ rI2, then
Px,y(rI) ⬎ Px,y(SI).
3. Outer improvements versus tradeoffs
(Herne, 1998): If rII and sII are such that
x1 ⫽ rII1 ⬎ y1 ⬎ sII1 and y2 ⫽ sII2 ⬎ x2 ⬎
rII2 , then Px,y(rII) ⬎ Px,y(SII).
4. Inner extreme versus balanced reference
points (Herne, 1998): If rI, sI, rIII and sIII
I
are such that x1 ⬎ rI1 ⬎ rIII
1 ⬎ y 1 ⫽ s1 ⫽
III
I
III
I
III
s1 and y2 ⬎ s2 ⬎ s2 ⬎ x2 ⫽ r2 ⫽ r2 , then
Px,y(rI) ⫺ Px,y(SI) ⬎ Px,y(rIII) ⫺ Px,y(SIII).
5. Outer extreme versus balanced reference
points (Herne, 1998): If rII, sII, rIV and sIV
are such that x1 ⫽ rII1 ⫽ rIV
1 ⬎ y1 ⬎
II
IV
and
y
⫽
s
⫽
s
sII1 ⬎ sIV
2
1
2
2 ⬎ x2 ⬎
II
IV
IV
r2 ⬎ r2 , then Px,y(r ) ⫺ Px,y(SIV) ⬎
Px,y(rII) ⫺ Px,y(SII).
6. Small versus large tradeoffs (Tversky &

Conservatism (Effect 1) is the finding that
decision makers tend to stay with their reference point instead of choosing competing objects. The improvements versus tradeoffs effects pertain to the finding that decision
makers prefer objects that dominate the reference point compared to objects that involve
tradeoffs from the reference point. These have
been documented both when the reference
point is dominated on its primary attribute
(Effect 2) and when it is dominated on its
secondary attribute (Effect 3). The extreme
versus balanced reference point effects pertain to the finding that these improvementsversus-tradeoffs effects are stronger for extreme valued reference points compared to
moderate valued reference points, both when
the reference point is dominated on its primary attribute (Effect 4) and when it is dominated on its secondary attribute (Effect 5).
Finally, the small versus large tradeoffs effect
(Effect 6) corresponds to the finding that objects that involve small tradeoffs from the
reference point are preferred over objects that
involve large tradeoffs from the reference
point.
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Tversky and Kahneman (1991) used Effects
1, 2, and 6 to justify the application of the
prospect theory valuation function to capture
reference dependence in riskless choice. Effects
1 and 2 are explained through the gain–loss
asymmetry, whereas Effect 6 requires both the
gain–loss asymmetry and convex utility in losses. Herne (1998) provided further evidence for
the descriptive power of the prospect theory
valuation function. Effect 3 is explained by the
gain–loss asymmetry, whereas Effects 4 and 5
are explained by both the gain–loss asymmetry
and convex utility in losses.
Effects 1– 6 were initially compiled by Munro and Sugden (2003), who also noted that one
general condition implied Effects 1– 6. This
condition is as follows:
Condition 1. For all attributes i, j, and for all objects x
and y, such that x i ⬎ y i , y j ⬎ x j , and
xk ⫽ yk for all k ⫽ i, j, and for all reference points r and
s, such that ri ⬎ si and rk ⫽ sk for k ⫽ i, we have
Px,y(r) ⬎ Px,y(s).

Munro and Sugden were reluctant to propose
Condition 1 as a fundamental property of reference-dependent choice, as they did not have any
explanation for why reference points may bias
preferences in this way. Note however that
Proposition 1 implies that any attention-biased
utility function with strictly increasing Vi satisfies Condition 1. Hence Condition 1 is a natural
implication of attentional processes underlying
reference-dependent choice. According to the
proposed model, the move from s to r favors x
relative to y because it leads to increased attention toward, and subsequently a higher weight
on attribute i. Because x is more valuable on
attribute i relative to y, this biases choice in
favor of x instead of y. The fact that attentionbiased utility satisfies Condition 1, also implies
that it can capture Effects 1– 6. This gives us
Proposition 4.
Proposition 4. Attention-biased utility with strictly
increasing Vi generates reference-dependent Effects
1– 6.

Note that Proposition 4, like Propositions
1–3, holds regardless of the choice of consumption utility functions. If Vi are assumed to be
globally concave, then a globally concave U is
able to generate effects 1– 6. Linear Vi can also
generate these effects. Built-in gain–loss asymmetries in valuation along with convex utility in
losses, as assumed in prospect theory or other

standard models of reference dependence, are
not necessary. Effects 1– 6 all follow from the
dimensional weighting mechanism at play in
attention-biased choice.
Also note that our explanation of Effects 1– 6
is not limited to reference points generated by
endowments, the status-quo, or expectations.
According to our theory, any focal object will
act as a reference point and will bias choice in
the manner predicted by Effects 1– 6. When
applied to Effect 1 (conservatism), this can explain the findings of Bushong et al. (2010), Dhar
and Simonson (1992), Dhar et al. (1999), Krajbich et al. (2010), Lim et al. (2011), and Reutskaja et al. (2011).
Novel Predictions
The previous section provides an analysis of
attention-biased utility for desirable goods with
strictly increasing Vi. These goods, like mugs,
chocolates, or pens, are by far the most commonly used stimuli in experiments on reference
dependence. Recent research has, however, begun to examine reference dependence with regards to undesirable objects. Although reference points like endowments are more likely to
be chosen relative to their competitors in
choices among desirable goods, this work finds
that endowments are less likely to be chosen in
choices among undesirable goods (Brenner et
al., 2007).
The proposed framework allows for a simple
interpretation of these findings. According to
attention-biased utility, endowments and other
reference points increase the salience of their
attributes. This generally leads to an increased
preference for desirable endowments. Undesirable reference points, however, have undesirable attributes. Increased attention toward these
attributes should reduce the desirability of the
endowment. This is formalized in the following
proposition.
Proposition 5. If Vi are strictly decreasing, and if x and
y are any two nonidentical objects, then we have U(x |
x) ⫺ U(y | x) ⬍ U(x | y) ⫺ U(y | y).

Though the attention-biased utility form for
desirable objects is identical to that for undesirable objects, many of its properties differ. Applying Equation 1 with strictly decreasing valuation functions, we find a reversal of the
endowment effect for undesirable goods. Atten-
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tion-biased utility suggests that in the domain of
undesirable goods, a decision maker continually
wants what she does not have. As conveyed by
the popular adage, the grass is always greener
on the other side.
Note that the result presented here also
holds for salient choice options that are not
endowments. Indeed, Dhar et al. (1999) have
found that directing attention to undesirable
objects, makes them less likely to be chosen.
In contrast, prospect theory and associated
models of reference dependence are unable to
capture either reversals of the endowment effect in then negative domain or the preference
for nonfocal undesirable objects. A gain–loss
asymmetry is assumed to apply regardless of
the underlying valence of the choice object.
Hence biases in favor of the reference point
are expected to emerge for both desirable and
undesirable reference points. This is not
borne out in the data.
The reversal of the endowment effect for
undesirable goods, entailed by attentionbiased utility, has significant economic consequences. Whereas the endowment effect
would lead to undertrading relative to an efficient market, its reversal would lead to overtrading in markets for undesirable goods. In
the presence of transaction costs, too much
trade would be economically inefficient. We
would observe individuals continually trying
to pass along the undesirable good rather than
allowing it to sit with whoever can best tolerate it. Indeed, in the labor market, we observe just that. Adverse workplace conditions
generate higher than average voluntary labor
turnover (Cottini, Kato, & WestergaardNielsen, 2011). Although it may seem intuitive that workers want to leave hazardous or
unpleasant jobs, standard economic theory
suggests that a wage premium should perfectly compensate for poorer working conditions (Rosen, 1974). Indeed, Herzog and
Schlottmann (1990) found a wage premium
for manufacturing jobs that expose workers to
fatal injury risk but found that workers are
nevertheless more likely to leave more hazardous jobs.
Attention-biased utility also makes a number of other unique predictions. For example,
as illustrated by Proposition 1, more valuable
goods are predicted to display a stronger endowment effect. This prediction, which is in-
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dependent of the functional forms of Vi and
␣i, finds confirmatory evidence in the neuroscience literature (Knutson et al., 2008). Although prospect theory and associated models
of reference dependence can generate this
type of behavior in certain settings, it is not
always guaranteed.
Relatedly, attention-biased utility predicts
that increasing the amount of an object in the
reference point can increase the relative preference for the object. Thus, for example, a
decision maker offered a choice between a
mug and a pen would be more likely to
choose the mug if the reference point (such as
her expectations) contained three mugs relative to if it contained only two mugs. Interestingly, models based on prospect theory
make the opposite prediction. According to
these models, increasing the amount of an
object in a reference point reduces the relative
preference for the object if the reference point
dominates the object. (This is due to the assumption of diminishing sensitivity in losses,
which leads to a larger drop in the gain–loss
utility of an object relative to a competitor, as
the amount of that object in the reference
point is increased). These theories would thus
predict that a decision maker would be less
likely to choose a mug if the reference point
contained three mugs relative to if it contained only two mugs. Indeed, Schurr and
Ritov (2013) documented the absence of an
endowment effect for partial losses of one’s
endowment, which is consistent with attention-biased utility, but not prospect theory.
Bhatia (2017b) considered a number of related predictions differentiating attentionbiased utility from the standard accounts of
reference dependence proposed by Tversky
and Kahneman (1991) and Köszegi and Rabin
(2006) and found that behavior largely conforms to the predictions of attention-biased
utility.
Endogenous Reference Points
Thus far we have explored the implications of
reference dependence, holding reference points
as being fixed and exogenous. Yet there a number of settings where the reference points are
determined, either directly or indirectly, by the
decision maker. The following sections explore
two such settings. The first relates to sequential
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choice under the assumption that current endowments serve as reference points. Because
choice determines endowment, which in turn
determines preference, reference dependence
involves particularly interesting dynamics. The
second section relates to settings where the decision maker or the policymaker are able to
exert some control over the reference point.
This section establishes a nonmonotonicity in
the impact of reference points on utility, which
has implications for theories of goals and aspirations as reference points.
Equilibrium Choice
Reference points may evolve as a person
makes choices. As a person adapts to a new
reference point, he may then change his mind
about the choices he just made. It is quite possible that moving from one object to another,
and thus changing the endowment, alters the
reference point, subsequently changing the most
desirable option in the choice set, and leading to
revised choice (see, e.g., Barkan & Busemeyer,
2003). Choice-acclimatization and, subsequently, choice-revision is especially likely for
an unsophisticated decision maker who does not
anticipate that the reference point will change or
that such a change would affect her preference.
As an example consider a two-attribute
choice set X ⫽ {x, y, z} with x ⫽ (6, 4), y ⫽ (7,
3), and z ⫽ (8, 1). The decision maker has
valuation and attention functions such that
Vi(xi) ⫽ xi and ␣i(ri) ⫽ ri, for i ⫽ 1, 2. Assume
that the decision maker’s initial endowment is x.
Because U(y | x) ⬎ U(z | x) ⫽ U(x | x), the
decision maker first selects y, After accepting y,
the decision maker’s endowment changes to y,
and she now finds herself desiring z, as U(z |
y) ⬎ U(y | y) ⫽ U(x | y). This leads to a second
choice, which moves the decision maker from y
to z. At z she is content, as U(z | z) ⬎ U(y | z) ⫽
U(x | z), and makes no more choices.
Analysis that explores only solitary choices
will ignore long-run behavior, or equilibrium
choices, like the one presented above. Studying
these equilibrium choices, as well as the ways in
which decision makers may obtain these
choices, is important to extend theories of individual decision making to more complex settings involving firms, markets, and societies.
Such an analysis will also clarify the behavior
of sophisticated decision makers who use ratio-

nal expectations of their own choices as reference points (see, e.g., Köszegi and Rabin,
2006). This section will outline the properties of
equilibrium choice under attention-biased utility. For simplicity, it will assume that the decision maker’s current endowment serves as her
reference point.
Consider the set of all objects that can constitute an equilibrium choice for the decision
maker. Once endowed with one of these options, the decision maker finds her endowment
to be at least as desirable as any other alternative available in the choice set. For an attentionbiased utility function U, and any choice set X,
this set can be defined as CE共X, U兲 ⫽ 兵x 僆
X : U共x ⱍ x兲 ⱖ U共y ⱍ x兲, ∀y 僆 X其. This set is analogous to set of personal equilibria proposed by
Köszegi and Rabin (2006).
Consider, also, the strict relation ⱭU, defined
as x ⱭU y if and only if U(x | y) ⬎ U(y | y). We
say x ⱭU y if the decision maker would
strongly prefer giving up y for x when endowed with y. CE can now be expressed as
CE共X, U兲 ⫽ 兵x 僆 X : ⬃ y Ɑ U x, ∀y 僆 X其,
making CE the set of maximal elements in X
with respect to ⱭU.
We can also define a decision maker’s sequential choice behavior. Particularly, we say
that for a choice set X, and for any x, y 僆 X, the
decision maker trades y for x if U(x | y) ⫽
max{U(z | y), @ z 僆 X} ⬎ U(y | y). Note the
presumption that if U(x | y) ⫽ {U(y | y), the
decision maker does not engage in the trade,
and instead chooses to remain with her endowment, y. Also note that multiple trades are possible for any endowment, and that trading y for
x implies x ⱭU y. In addition, for any x, y such
that x ⱭU y, there exists some choice set X such
that the decision maker trades y for x (the simplest example being X ⫽ {x, y}).
Finally, define a trading sequence as a sequence 具x(0), x(0), . . . x(t), . . .典 such that for all
t, either the decision maker trades x(t) for x(t ⫹
1) or x(t ⫹ 1) ⫽ x(t). For a finite choice set, we
say that a trading sequence terminates at time T
if no additional trades are possible once the
decision maker is endowed with x(T), that is,
x(T ⫹ 1) ⫽ x(T). If a trading sequence does not
terminate, then the decision maker would continue to exchange her endowments for other
choice options indefinitely.
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Proposition 6 and Corollary 1 describe the
equilibrium implications of attention-biased
utility. They answer two related questions. 1. Is
ⱭU acyclic? 2. Does CE capture all possible
outcomes of a choice task? That is, do all trading sequences necessarily terminate in CE? In
the domain of desirable goods, the answers are
yes and yes.
Proposition 6. For strictly increasing Vi, and for any x,
y, and z such that y ⱭU x and z ⱭU y, it cannot be that
x ⱭU z.
Corollary 1. For strictly increasing Vi, and for any
finite, nonempty choice set X, all possible trading sequences with x(0) 僆 X terminate, with x(T) 僆 CE(X, U).

Proposition 6 shows that ⱭU is acyclic, when
valuations are increasing in each attribute. This
implies the corollary that the set of equilibrium
choices is nonempty and is reached in a finite
sequence of trades for a finite choice set. When
Vi are strictly concave, we can generalize this
claim to infinite compact and convex choice sets
(as proved in Munro & Sugden, 2003). Unsophisticated decision makers who maximize only
immediate reference-dependent utility, engage
in a sequence of trades that necessarily lead
them to an equilibrium choice option.
The acyclicity established in Proposition 6
demonstrates that revealed preferences, as described by ⱭU, meet one of the main assumptions of rational choice theory. Note, however, that Proposition 6 does not establish
negative transitivity, so these revealed preferences cannot necessarily be represented
with a (reference-independent) utility function. Nevertheless, convergence of trading sequences to an equilibrium choice set implies
that it is possible to perform traditional economic analysis on the equilibrium outcomes
in markets with traders characterized by reference-dependent attention-biased utility.
Munro and Sugden (2003), for example, undertake this analysis. They lay out a set of
minimal conditions for which trading behavior with reference-dependent, but acyclic, endowment-based orderings leads to Pareto optimal outcomes in an economy. Sequential
choices are consistent, decision makers eventually stabilize, and money pumps do not
exist, even though solitary choices may display reference-dependent inconsistencies.
The consistency of long-run behavior under
attention-biased utility allows for a reconcilia-
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tion of the real world with the laboratory. The
experimental work discussed in this paper has
established quite clearly that contextual factors
such as reference points affect choices. However, experienced decision makers typically display stable preference in economically relevant
settings (List, 2004, but see also Loomes,
Starmer, & Sugden, 2010). Our framework illustrates that reference dependence in individual choices can be consistent with stable choice
behavior in settings in which people get used to
their choices.
This insight should inspire caution in trying
to make welfare judgments based on revealed
preferences, even when they appear to be stable.
Coherent sequential choices belie an arguably
irrational psychological arbitrariness (Ariely et
al., 2003). It is not necessary for optimal
choices, in terms of total value, to lie in CE:
Choice options that maximize total value Uⴱ
may be rejected in favor of objects that do not.
Recall the previous example involving choice
set X ⫽ {x, y, z} with x ⫽ (6, 4), y ⫽ (7, 3), and
z ⫽ (8, 1), and valuation and attention functions
such that Vi(xi) ⫽ xi and ␣i(ri) ⫽ ri, for i ⫽ 1, 2.
In this setting, both x and y generate more value
for the decision maker than z. However, we
have CE(X, U) ⫽ {z}. Settings like this point to
a particularly troubling disconnect between
welfare measures involving choice and welfare
measures involving the maximization of underlying valuations.
To the extent that people can anticipate their
eventual choices, their expectations may serve
as reference points. A model of rationalexpectations-based reference dependence incorporating the prospect theory valuation function
has been proposed by Köszegi and Rabin
(2006). This model provides a number of important insights regarding the referencedependent behavior of sophisticated decision
makers (see also Abeler, Falk, Goette, & Huffman, 2011; Ericson & Fuster, 2011; Gill &
Prowse, 2012; Köszegi & Rabin, 2007, 2009;
Loomes, Orr, & Sugdenm, 2009; Loomes &
Sugden, 1986; Sugden, 2003). However, as
demonstrated by Gul and Pesendorfer (2006),
Köszegi and Rabin’s model can generate cyclic
sequential choices, implying that there may be
no choice consistent with rational expectations
(and thus no rational expectations at all). Proposition 6 here guarantees that with attentionbiased utility a personal equilibrium consistent
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with expectations as reference points always
exists.
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Optimal Reference Points
Reference points determine not only choice
but also the amount of hedonic utility that the
decision maker receives by selecting a particular choice. Hence, keeping actual attained outcomes constant, it is possible to increase or
decrease the decision maker’s wellbeing by
changing the reference point that the outcome is
compared to.
To determine the properties of an optimal
reference point, we can once again appeal to
empirical research on the interplay of reference
points, goals, and utility. Considerable research
has shown that outcomes higher than the reference point are generally considered successes
and are associated with higher levels of subjective wellbeing relative to outcomes lower than
the reference point (Heath, Larrick, & Wu,
1999). Importantly, however, the relationship
between utility and the level of a reference point
is not monotonic. Adopting an extremely low
reference point does not necessarily increase
utility. Rather, the reference points that most
enhance utility from a consumption object tend
to be dominated by that object, but also nontrivial, that is, not at the minimum possible
levels (see, e.g., Diener et al., 1999, for a review).
Prospect theory predicts, counter to this eviN
dence, that the optimal reference point in ⺢⫹
(given a fixed actual consumption object) is
always 0. However, as Proposition 7 demonstrates, attention-biased utility accords with the
empirical research on goal setting. Given a particular consumption object the optimal reference point is inferior to the object on every
attribute, but, more interestingly, is often
strictly positive on each attribute.
Proposition 7. For any attention-biased utility with
strictly increasing Vi and any consumption object x, the
optimal reference object (maximizing U(x | r)) is some
rⴱ(x, U) such that ri*共x, U兲 僆 关0, xi兲 when xi ⬎ 0 and
ri*共x, U兲 ⫽ 0 when xi ⫽ 0. A sufficient, but not necessary, condition for ri*共x, U兲 ⬎ 0 when xi ⬎ 0 is ␣i(0) ⫽
0. In addition, for any ␣i and unbounded (strictly
increasing) Vi, there exists a threshold xi such that if
consumption exceeds this threshold xi ⬎ xi, we then
have ri*共x, U兲 ⬎ 0.

This result stems from the fact that reference
points that are highly valued on a object’s strongest attributes direct more attention toward
these attributes, thereby increasing the object’s
overall valuation. Reference points that are too
good, however, reduce the object’s valuation
because the utility function contrasts the actual
object against them. Determining the utility
maximizing reference point involves optimizing
these tradeoffs. For a wide range of attentionbiased utility functions, the optimal reference
point for a sufficiently desirable object necessarily has intermediate values: values that are
greater than zero, but of course smaller than
those of the object itself. Moreover, it is
straightforward to observe that more ambitious
goals (higher reference points) are more motivating because they increase marginal utility.
Multiple Reference Points
Using a utility model derived from a formal
cognitive theory of attention gives us insight
about the determination of a reference point.
There has been much debate within economics
about what can serve as a reference point. Many
economists consider reference points to be best
defined as being (internally consistent) expectations over future outcomes (Abeler et al., 2011;
Ericson & Fuster, 2011; Gill & Prowse, 2012;
Köszegi & Rabin, 2006, 2007, 2009). Although
some choice reversals are indeed driven by
changes to expectations, restricting the reference point exclusively to expectations fails to
account for a range of other related anomalies
observed in preferential choice. Past endowments (Strahilevitz & Loewenstein, 1998), the
endowments of neighbors and close others
(Clark & Oswald, 1996; McBride, 2001), goals
(Heath et al., 1999), and focal outcomes in the
choice task (Bushong et al., 2010; Dhar & Simonson, 1992; Dhar et al., 1999; Krajbich et al.,
2010) have all been shown to act as reference
points in generating similar reference-dependent choice patterns. These are all outcomes
that the decision maker does not usually expect
to obtain.
The premise borrowed from Bhatia’s (2013)
cognitive model and much psychological research generally is that any choice option that is
particularly salient will serve as a prime and
thus exert an influence on attribute attention.
This will alter the weighting of these attributes
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in the decision task and influence constructed
preferences. In this view, reference points are
merely options that are especially salient to the
decision maker. The decision maker need not
expect to receive these options, but expectations
certainly can be (and often are) more salient
than their alternatives.
This definition can be used to extend the
proposed model to study phenomena such as
anchoring and choice set dependence (Ariely et
al., 2003; Huber et al., 1982; Simonson, 1989),
effects that we show can be predicted by the
attention-biased utility model if anchors and
elements of the choice set are assumed to influence choice in a manner similar to endowments
and other (more standard) reference points. Indeed, considerable psychological evidence suggests that both choice set effects and anchoring
effects emerge from biased attribute attention
(Chapman & Johnson, 1994, 1999; Strack &
Mussweiler, 1997).
These extensions of our model require that
we specify a theory permitting multiple reference points, as every object in a choice set may
be salient and simultaneously serve as a reference point. As above, we consider an N-attriN
.
bute choice space consisting of objects x 僆 ⺢⫹
Once again, there exist N strictly monotonic
valuation functions Vi ⫽ Vi(xi), though we may
no longer be able to identify them as referenceindependent valuations of attributes as we cannot create a choice environment without any
salient options.
Now, the decision maker is assumed to
N
choose from a choice set X 傺 ⺢⫹
, given referN
ence points r1, r2, . . . , rK (with each rk 僆 ⺢⫹
)
having salience s1, s2, . . . sK respectively (with
each sk 僆 ⺢⫹). There exist N non-negative attention functions ␣i ⫽ ␣i(r1,i, . . . , rK,i; s1, . . . , sK)
representing the decision maker’s attentional
weight on attribute i due to the reference points.
Each attention function ␣i is strictly increasing
in each rK,i, exhibits strictly increasing differences in rK,i and sk, and is symmetric across all
k. The attention-biased utility function becomes
U(x | r1, . . . , rK ; s1, . . . , sK)
⫽

N

兺 ␣i(r1,i, . . . , rK,i; s1, . . . , sK)
i⫽1
共

兲

· Vi(xi) ⫺ V i ,

(2)

17

where the normalization constants V i do not
affect choice and parsimoniously may be taken
to be the weighted average valuations of the
兺sk · Vi共rk,i兲 .
reference points V i ⫽
兺sk
To connect with the simple case of a single
reference point, we assume that ␣i is independent of rk,i when sk ⫽ 0, and we recover Equation 1 with reference point rk* when sk ⫽ 1 for
k ⫽ kⴱ and sk ⫽ 0 otherwise. We may actually
believe that all of the objects in the choice set
are salient and serve as reference points, but in
some cases one particular object (say an endowment or the expected choice) is more salient and
described as the reference point. All of our
earlier results continue to hold in this more
nuanced setting as well.
Choice Set Effects
Preferences are strongly influenced by available, yet irrelevant, options. Adding, removing,
or otherwise changing these options can alter
the decision maker’s choices and lead to a range
of preference reversals. The best known of these
reversals is the asymmetric dominance effect,
according to which a dominated decoy option to
a choice set increases the choice share of the
dominating option (Huber et al., 1982; Pettibone & Wedell, 2000). A related reversal is
termed the compromise effect. This refers to the
increase in the preference for a choice option
due to the presence of an extreme decoy that
makes the option appear as a compromise (Simonson, 1989; Simonson & Tversky, 1992). If
we assume that available options are more salient than those not in the choice set, so that the
addition of dominated and extreme decoys to a
choice set alters attribute attention, then we can
consider choice set dependence to be a special
case of the theory of attention-biased utility
with multiple reference points.
We now assume that the objects that are part
of a choice set are all (equally) salient, and thus
all serve as reference points. Hence, for a choice
set X containing K elements, the decision maker
maximizes U(x | X; s1, . . . , sK), where s1 ⫽ s2 ⫽
. . . ⫽ sK. Keeping the salience sk fixed, we may
drop it from our notation and refer to the attention-biased utility in this context as U(x | X).
For any x and y 僆 X, we let Px,y(X) ⫽ U(x | X) ⫺
U(y | X) refer to the relative preference for x over y
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given the choice set X. For the case of two objects
presenting a tradeoff in a two-attribute space, consider without loss of generality any x and y such that
x1 ⬎ y1 and y2 ⬎ x2. The asymmetric dominance and
compromise effects can be written as follows:
1. Asymmetric dominance (Huber et al.,
1982): If zI and zII are such that x1 ⬎
zI1 ⬎ y1 ⬎ zII1 and y2 ⬎ zII2 ⬎ x2 ⬎ zI2, then
Px,y共x, y, zI兲 ⬎ Px,y共x, y, zII兲.
2. Compromise (Simonson, 1989): If zIII and
IV
zIV are such that zIII
1 ⬎ x1 ⬎ y1 ⬎ z1 and
IV
III
z2 ⬎ y2 ⬎ x2 ⬎ z2 , then Px, y
共x, y, zIII兲 ⬎ Px,y共x, y, zIV兲.
In the definitions above, zI and zII are decoys
that are dominated by x and y respectively,
whereas zIII and zIV are decoys that make x
appear as a compromise and make y appear as a
compromise respectively. Replacing zI with zII,
zIII with zIV, or vice versa, can bias preference.
These effects closely resemble the improvements versus tradeoffs and the small versus
large tradeoffs effects introduced earlier in the
paper. Thus, not surprisingly, our model is able
to predict the emergence of these effects if we
assume that the salience weights for zI and zII,
and for zIII and zIV, are constant. This is illustrated in Proposition 8.
Proposition 8. Attention-biased utility with strictly
increasing Vi generates the asymmetric dominance and
compromise effects.

Proposition 8 stems from the same properties
of the model as Proposition 1, as decoys in the
above formulation act as reference points. For
example, changing the decoy from zI to zII shifts
attention away from Attribute 1 and toward
Attribute 2 because zI has relatively more of
attribute 1 and zII has relatively more of attribute 2. The same shift occurs if the decoy
changes from zIII to zIV.
Unlike the traditional reference-dependent
biases or the anchoring effects discussed next,
the attentional explanation for the asymmetric
dominance and compromise effects has not
been formally tested in the domain of preferential choice. However, Trueblood, Brown,
Heathcote, and Busemeyer (2013) have found
these effects in perceptual judgments, and
Bhatia (2014) has found that asymmetrically
dominated decoys bias attention in judgment
tasks in a manner consistent with these re-

sults, leading to a type of asymmetric dominance effect for the formation of belief. Additional details about these effects, as well as
the psychological theory justifying our specification of attention-biased utility with multiple reference points can be found in Bhatia
(2013).
Anchoring Effects
Stated measures of preference (like many
other judgments) exhibit the anchoring effect.
The typical anchoring study involves the valuation of a choice item in terms of either WTP or
WTA. Prior to the valuation, however, an arbitrary high or low number (the anchor) is generated, and decision makers are asked whether
they would be willing to pay (or accept) that
amount of money to obtain (or give up) the
choice item. Typically, high anchors generate
high WTP and WTA responses, whereas low
anchors generate low WTP and WTA responses
(see, e.g., Ariely et al., 2003; Beggs & Graddy,
2009; Johnson & Schkade, 1989). Research by
Ariely et al., (2003) also found that highly desirable choice items generate a higher WTP and
WTA than less desirable items, regardless of the
anchor, suggesting that although absolute valuation may be arbitrary (in the sense that it is
manipulated by anchoring), relative preference
is nonetheless coherent.
As with the endowment effect, a number of
scholars have discovered that attention plays a
critical role in predicting the emergence of anchoring. Notably, Chapman and Johnson (1994,
1999), Strack and Mussweiler (1997), and
Mussweiler and Strack (1999) found that anchors bias attention toward information that is
consistent with the anchor. High anchors in a
willingness-to-pay task focus the decision
maker on highly desirable attributes of the item
in consideration. This leads to high valuations,
close to the anchor. The analogous finding holds
for low anchors. As with the endowment effect,
the extent of this attentional bias predicts the
strength of the anchoring effect. In addition, the
anchoring effect can be removed by refocusing
the decision maker on the other attributes in the
choice task (Mussweiler, Strack, & Pfeiffer,
2000). These results suggest that anchoring—
like the endowment effect, other referencedependent effects, and the choice set effects
already discussed— could be explained by an
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attentional mechanism. The key assumption
here would be that anchors, which are particularly salient outcomes in the choice task, serve
as secondary reference points (in addition to
endowments), with judgments of WTP and
WTA in the presence of anchors, being made
using attention-biased utility applied to these
reference points.
As in Measures of Preference section, we can
consider a two-attribute space, where i represents the attribute at hand and j represents
money or other attributes that are used to represent the decision maker’s preferences for i.
Owning the item is represented by xi, whereas
not owning the item is captured by yi ⬍ xi. The
decision maker’s wealth prior to the evaluation
task is yj. During the evaluation task the decision maker is asked to list an amount WTP such
that U共xi, y j ⫺ WTP ⱍ y, r2兲 ⫽ U共yi, y j ⱍ y, r2兲.
High anchor settings initially ask the decision
maker whether she wants to buy the item for aH,
whereas the low anchor settings initially ask the
decision maker whether she wants to buy the
item for aL. Here aH ⬎ aL. A high anchor can
thus be formalized as a object AH ⫽ (xi, yj ⫺
aH), which represents ownership of the item for
the price aH. Likewise, a low anchor can be
formalized as a object AL ⫽ (xi, yj ⫺ aL), which
represents ownership of the item for low price
of aL.
We assume that asking decision makers to
evaluate the anchor increases the salience of the
anchor. The anchor thus serves as a secondary
reference point, r2. In effect, the decision maker
is asked to select either WTPAH or WTPAL such
that U共xi, y j ⫺ WTPAH ⱍy, AH兲 ⫽ U共yi, y j ⱍ
y, AH兲 or U共xi, y j ⫺ WTPAL ⱍ y, AL兲 ⫽ U
共yi, y j ⱍ y, AL兲.
Proposition 9 shows that any attentionbiased utility function with strictly increasing
Vi will generate WTPAH ⬎ WTPAL. This is a
natural implication of the attentional mechanisms that are responsible for the referencedependent anomalies discussed in the previous sections. Anchoring with aH ⬎ aL means
that the decision maker considers the object
AH with lower final wealth than AL. Thus, AH
focuses less attention on the expenditure required to obtain the item relative to the attention on the item itself. A lower weight on
attribute j relative to attribute i implies that
the decision maker is more willing to give up
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attribute j to obtain attribute i. This leads to
WTPAH ⬎ WTPAL.
Corollary 2 establishes that this mechanism
does not eradicate the observed coherence of
anchored choice. For any zi ⬎ xi ⬎ yi, the
willingness-to-pay for zi is always greater than
the willingness-to-pay for xi, regardless of the
anchor or reference point involved in the choice
task (see Ariely et al., 2003).
Proposition 9. If Vi are strictly increasing, then for any
anchors AH and AL such that aH ⬎ aL, we have
WTPAH ⬎ WTPAL.
Corollary 2. If Vi are strictly increasing, then for any
anchor A, and any zi ⬎ xi ⬎ yi ⬎ yi with U共zi, y j ⫺
WTPz ⱍ y, A兲 ⫽ U共yi, y j ⱍ y, A兲 and U共xi, y j ⫺
WTPx ⱍ y, A兲 ⫽ U共yi, y j ⱍ y, A兲, we have WTPz ⬎ WTPx.

Anchoring effects emerge from the same assumptions that generate traditional referencedependent effects and context effects. These
anomalies arise from attention-biased utility
with strictly increasing valuation functions Vi.
Concluding Comments
Individual choice displays a systematic and
pervasive relationship with a large range of
normatively irrelevant contextual factors. A
number of these contextual factors involve salient, or otherwise exceptional, choice options,
such as reference points. Current approaches to
understanding the impact of these options on
choice are based on prospect theory, and thus
require assumptions such as asymmetries in
gains and losses and convex utility in losses.
These lead to notable deviations from standard
economic theory (e.g., unique choices with liner
budget sets are no longer guaranteed), making
many economic applications of these models
technically challenging.
Recent work in psychology and neuroscience
suggests a novel approach. Salient choice options have been shown to alter the decision
maker’s attention toward the attributes involved
in choice task (Ashby et al., 2012, 2015; Bhatia,
2013, 2017b; Carmon & Ariely, 2000; Johnson
et al., 2007; Nayakankuppam & Mishra, 2005;
Pachur & Scheibehenne, 2012; Willemsen et
al., 2011). This can affect the weighting of
attributes and subsequently influence choice.
This article presents a formal, psychologically
grounded model of this priming-based mechanism and shows that it explains a number of
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behavioral anomalies associated with reference
dependence, including findings such as the endowment effect, and related biases traditionally
assumed to support prospect theory accounts of
reference dependence (Herne, 1998; Tversky &
Kahneman, 1991). This model also features a
number of properties that make it desirable from
an economic perspective, including concave
utility and the guaranteed existence of a stable
equilibrium for sequential choices. The model
also generates predictions that distinguish it
from prospect theory, such as the reversal of the
endowment effect for undesirable choice objects as well as the strengthening of the endowment effect for more valuable goods. Many of
the model’s unique predictions are supported by
recent experimental evidence (e.g., Brenner et
al., 2007), suggesting that it may provide a
better behavioral account of reference dependence than existing approaches, in some settings. Finally, extensions to the model allow it
to capture other phenomena related to reference
dependence, such as anchoring effects and context effects (Ariely et al., 2003; Huber et al.,
1982; Simonson, 1989), which have also been
attributed to biased attention in the psychology
literature (Chapman & Johnson, 1994, 1999;
Strack & Mussweiler, 1997).
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Appendix
Proofs
Proof of Proposition 1

Subtracting Equation 5 from 4, and simplifying, gives us:
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Consider any x and y and reference points r
and s such that xi ⱖ yi if and only if ri ⱖ si with
at least one pair of inequalities strict. We can
write:
[U(x | r) ⫺ U(y | r)] ⫺ [U(x | s) ⫺ U(y | s)]
⫽

N

兺 [␣i(ri) ⫺ ␣i(si)] · [Vi(xi) ⫺ Vi(yi)].
i⫽1

(3)

Because Vi and ␣i are strictly increasing for
all i, we have 关␣i共ri兲 ⫺ ␣i共si兲兴 · 关Vi共xi兲 ⫺ Vi
共yi兲兴 ⱖ 0 with the inequality strict when xi ⫽ yiand
ri ⫽ si. Hence the sum over all i, [U(x | r) ⫺ U(y
| r)] ⫺ [U(x | s) ⫺ U(y | s)], is positive, giving us
[U(x | r) ⫺ U(y | r)] ⬎ [U(x | s) ⫺ U(y | s)]. □

␣ j(x j) · [V j(x j ⫺ WTP) ⫺ V j(x j ⫺ EL)]
⫽ [␣i(xi) ⫺ ␣i(yi)] · [Vi(xi) ⫺ Vi(yi)].

(6)

Because Vi and ␣i are both strictly increasing
in their arguments, the right-hand side of Equation 6 is positive. Then, because ␣i is always
positive, we get V j共x j ⫺ WTP兲 ⬎ V j共x j ⫺ EL兲.
Once again, since Vi is strictly increasing, this
implies WTA ⬍ EL. □
Proof of Proposition 4
Proposition 1 implies Condition 1, which is
sufficient to generate effects 1– 6.
Proof of Proposition 5

Proof of Proposition 2
Proposition 2 is easily obtained by substituting r with x and s with y, in Proposition 1.

Consider any undesirable x and y. we can
write:
[U(x | x) ⫺ U(y | x)] ⫺ [U(x | y) ⫺ U(y | y)]

Proof of Proposition 3
Let us show that WTP ⬍ EL. the same steps
can be used to show that eg ⬍ WTA.
Taking WTP and EL as defined in the paper,
and noting that xj ⫽ yj, we obtain:
␣i(yi) · Vi(xi) ⫹ ␣ j(x j) · V j(x j ⫺ WTP)
⫽ ␣i(yi) · Vi(yi) ⫹ ␣ j(x j) · V j(x j)

(4)

␣i(xi) · Vi(xi) ⫹ ␣ j(x j) · V j(x j ⫺ EL)
⫽ ␣i(xi) · Vi(yi) ⫹ ␣ j(x j) · V j(x j).

(5)

⫽

K

兺 [␣i(xi) ⫺ ␣i(yi)] · [Vi(xi) ⫺ Vi(yi)].
i⫽1

(7)

Note that Vi is nonpositive and decreasing for
all i. Hence if Vi(xi) ⱖ Vi(yi), we have xi ⱕ yi,
which implies ␣i(xi) ⱕ ␣i(yi). This means that
关␣i共xi兲 ⫺ ␣i共yi兲兴 · 关Vi共xi兲 ⫺ Vi共yi兲兴 ⱕ 0 for all i.
Because x and y are nonidentical, we have some
i such that Vi(xi) ⫽ Vi(yi), which implies that
关␣i共xi兲 ⫺ ␣i共yi兲兴 · 关Vi共xi兲 ⫺ Vi共yi兲兴 ⬍ 0 for some
i. Hence the sum over all i, [U(x | x) ⫺U(y | x)] ⫺
[U(x | y) ⫺ U(y | y)] is negative, giving us [U(x |
x) ⫺ U(y | x)] ⬍ [U(x | y) ⫺ U(y | y)]. □

(Appendix continues)
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Proof of Proposition 6
Assume, for a contradiction, that y ⱭU, x, z
ⱭU y, and x ⱭU z. By this assumption,

⫹ [U(x | x) ⫺ U(y | x)] ⬍ 0.
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which, of course, is strictly positive by the same
argument as above. We can separate out the contributions on each attribute and isolate the term we
just added in Equation 10, obtaining for any i,
[␣i(yi) ⫺ ␣i(zi)] · [Vi(zi) ⫺ Vi(xi)]

[U(z | z) ⫺ U(x | z)] ⫹ [U(y | y) ⫺ U(z | y)]
(8)

⫽ [␣i(yi) ⫺ ␣i(xi)] · [Vi(yi) ⫺ Vi(xi)]
⫺ [␣i(zi) ⫺ ␣i(xi)] · [Vi(yi) ⫺ Vi(zi)]

We can expand this sum of utility differences
(in Equation 8) as

⫺ [␣i(zi) ⫺ ␣i(xi)] · [Vi(zi) ⫺ Vi(xi)]
⫺ [␣i(yi) ⫺ ␣i(zi)] · [Vi(yi) ⫺ Vi(zi)]

N

兺 ␣i(zi) · [Vi(zi) ⫺ Vi(xi)] ⫹ ␣i(yi)

⬎ ⫺ [␣i(zi) ⫺ ␣i(xi)] · [Vi(yi) ⫺ Vi(zi)]

i⫽1

⫺ [␣i(zi) ⫺ ␣i(xi)] · [Vi(zi) ⫺ Vi(xi)]

· [Vi(yi) ⫺ Vi(zi)] ⫹ ␣i(xi) · [Vi(xi) ⫺ Vi(yi)]
⫽

⫺ [␣i(yi) ⫺ ␣i(zi)] · [Vi(yi) ⫺ Vi(zi)].

N

兺 [␣i(zi) ⫺ ␣i(xi)] · [Vi(yi) ⫺ Vi(zi)]
i⫽1

⫹ [␣i(zi) ⫺ ␣i(xi)] · [Vi(zi) ⫺ Vi(xi)]
⫹ [␣i(yi) ⫺ ␣i(zi)] · [Vi(yi) ⫺ Vi(zi)].

(9)

The last two terms must be strictly positive
for all i because both ␣i and Vi are monotonically increasing functions, so each term is either
the product of two positives (if zi ⬎ xi or yi ⬎ zi,
respectively) or the product of two negatives (if
zi ⬍ xi or yi ⬍ zi resp.).
N
Observe that if we add
i⫽1 关␣i共yi兲 ⫺ ␣i
共zi兲兴 · 关Vi共zi兲 ⫺ Vi共xi兲兴 to the sum in Equation 9,
we obtain

兺

(11)

Now observe that 关␣i共yi兲 ⫺ ␣i共zi兲兴 · 关Vi
共zi兲 ⫺ Vi共xi兲兴 has the same sign as 关␣i共zi兲 ⫺
␣i共xi兲兴 · 关Vi共yi兲 ⫺ Vi共zi兲兴. (They are both positive
if and only if yi ⬎ zi ⬎ xi or yi ⬍ zi ⬍ xi.) Thus,
we can put a lower bound on this latter term,
关␣i共zi兲 ⫺ ␣i共xi兲兴 · 关Vi共yi兲 ⫺ Vi共zi兲兴 ⬎ ⫺ 关␣i
共zi兲 ⫺ ␣i共xi兲兴 · 关Vi共zi兲 ⫺ Vi共xi兲兴 ⫺ 关␣i共yi兲 ⫺ ␣i
共zi兲兴 · 关Vi共yi兲 ⫺ Vi共zi兲兴.
We plug this lower bound into Equation 11 to
get
N

兺 ␣i(zi) · [Vi(zi) ⫺ Vi(xi)] ⫹ ␣i(yi)
i⫽1
· [Vi(yi) ⫺ Vi(zi)] ⫹ ␣i(xi) · [Vi(xi) ⫺ Vi(yi)]
⬎ 0.

N

兺 [␣i(yi) ⫺ ␣i(zi)] · [Vi(zi) ⫺ Vi(xi)]
i⫽1

This contradicts Equation 8.

⫹ [␣i(zi) ⫺ ␣i(xi)] · [Vi(yi) ⫺ Vi(zi)]

Proof of Corollary 1

⫹ [␣i(zi) ⫺ ␣i(xi)] · [Vi(zi) ⫺ Vi(xi)]
⫹ [␣i(yi) ⫺ ␣i(zi)] · [Vi(yi) ⫺ Vi(zi)]
⫽
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N

兺 [␣i(yi) ⫺ ␣i(xi)] · [Vi(yi) ⫺ Vi(xi)],
i⫽1

(10)

First let us note that if a trading sequence
terminates at T, then by the definition of a trade,
and of CE, we have x(T) 僆 CE(X, U). Conversely, for any t, if x(t) 僆 CE(X, U) then the
trading sequence has terminated at T ⱕ t.

(Appendix continues)
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Now consider any X and any U such that for
some time t we have some x(t) 僆 X, but x(t) ⰻ
CE(X, U). Because x(t) ⰻ C 僆 (X, U), there
exists some x共t ⫹ 1兲 僆 X\兵艛t⬘ⱕt x共t⬘兲其 such that
the decision maker trades x(t) for x(t ⫹ 1). (We
can rule out x(t ⫹ 1) ⫽ x(t=) for some t= ⱕ t by
the acyclicity of the preference relation ⱭU.)
Because X is finite, it is impossible that this
holds for arbitrarily large t—the premise that
x(t) ⰻ CE(X, U) must be false for some large
enough t. □

Proof of Proposition 9
Taking the definitions provided in the paper,
and writing xHj ⫽ y j ⫺ aH and xLj ⫽ y j ⫺ aL we
get
␣i(yi, xi ; s1, s2) · Vi(xi)
⫹ ␣ j(y j, xHj ; s1, s2) · V j(y j ⫺ WTPAH)
⫽ ␣i(yi, xi ; s1, s2) · Vi(yi)
⫹ ␣ j(y j, xHj ; s1, s2) · V j(y j)

Proof of Proposition 7
The contribution to attention-biased utility on
attribute i, as a function of ri, goes from positive
to negative at ri ⫽ xi. Attention-biased utility is
continuous, so it must achieve a maximum with
0 ⱕ ri ⬍ xi whenever xi ⬎ 0. If ␣i(0) ⫽ 0, then
the optimal r*i must be strictly positive whenever xi ⬎ 0 because there would be no contribution to utility with ri ⫽ 0. Moreover, the

ⱍ

⭸U共x r兲

derivative ⭸ri | ri⫽0 ⫽ ␣⬘共0兲
· 共Vi共xi兲 ⫺ Vi
i
共0兲兲 ⫺ ␣i共0兲 · V⬘共0兲
is increasing without
i
bound in xi as long as Vi is unbounded, so for
sufficiently high xi, the optimal r*i is again
strictly positive. □
Proof of Proposition 8
For simplicity we write ␣i(X; s1, . . . , sK) as
␣i(X), where X is the choice set. For the asymmetric dominance effect, Px,y共x, y, zI兲 ⫺ Px,y
共x, y, zII兲 can be simplified and written as
[␣1(x, y, zI) ⫺ ␣1(x, y, zII)] · [V1(x1) ⫺ V1(y1)]
⫹ [␣2(x, y, zI) ⫺ ␣2(x, y, zII)]
· [V2(x2) ⫺ V2(y2)].
This is guaranteed to be positive as x1 ⬎
zI1 ⬎ y1 ⬎ zII1 and y2 ⬎ zII2 ⬎ x2 ⬎ zI2 implies that
␣1共x, y, zI兲 ⬎ ␣1共x, y, zII兲, V1共x1兲 ⬎ V1共y1兲, ␣2
共x, y, zI兲 ⬍ ␣2共x, y, zII兲, and V2(x2) ⬍ V2(y2).
The same argument holds for the comproIV
mise effect, where zIII
1 ⬎ x1 ⬎ y1 ⬎ z1 and
IV
III
z2 ⬎ y2 ⬎ x2 ⬎ z2 .

(12)

and
␣i(yi, xi ; s1, s2) · Vi(xi)
⫹ ␣ j(y j, xLj ; s1, s2) · V j(y j ⫺ WTPAL)
⫽ ␣i(yi, xi ; s1, s2) · Vi(yi)
⫹ ␣ j(y j, xLj ; s1, s2) · V j(y j).

(13)

Putting together Equations 12 and 13 gives
us:
␣ j(y j, xHj ; s1, s2) · [V j(y j) ⫺ V j(y j ⫺ WTPAH)]
⫽ ␣ j(y j, xLj ; s1, s2)
· [V j(y j) ⫺ V j(y j ⫺ WTPAL)] ⬎ 0.

(14)

We know that ␣ j共y j, xLj ; s1, s2兲 ⬎ ␣ j
共y j, xHj ; s1, s2兲 ⬎ 0, as ␣j is strictly increasing in
r2 and xLj ⬎ xHj because aH ⬎ aL. This implies
that V j共y j兲 ⫺ V j共y j ⫺ WTPAH兲 ⬎ V j共y j兲 ⫺ V j
共y j ⫺ WTPAL兲 ⬎ 0. Again, because Vj is strictly
increasing, this implies that WTP A H ⬎
WTPAL.
□
Proof of Corollary 2
Because the reference points y and A are
fixed, U can be seen as a standard (reference
independent) utility function, that is strictly increasing in its arguments. For such functions we
know zi ⬎ xi guarantees that WTPz ⬎ WTPx.
Received January 29, 2017
Revision received September 28, 2017
Accepted December 12, 2017 䡲

