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Abstract

Consistent evidence across important domains shows that people’s decisions
can depend on the order or emphasis with which the attributes of the available
options are presented to them. We introduce the first model of such framing ef-
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which are often used in practice. We explain how it can be embedded into the stan-
dard rational-inattention framework to link our attribute framing with previously
studied list-order effects.

KEYWORDS: Attribute, Framing, Order, Multi-Attribute Choice, Primacy, Re-
cency, Emphasis.
JEL CLASSIFICATION: D01, D11, D90

*We thank for comments and suggestions Jose Apesteguia, Yeon-Koo Che, Drew Fudenberg, Botond
Koszegi, Bart Lipman, Fabio Maccheroni, Mark Machina, Pietro Ortoleva, Sandro Shelegia, Charles
Sprenger, Steve Tadelis, and all seminar participants at BRIC 2019, Barcelona GSE Summer Forum
on Stochastic Choice 2019, and ESSET 2019 and D-TEA 2020. Francesco Cerigioni is grateful to the
Ministerio de Ciencia y Innovacion for the grant PGC2018-098949-B-100 and financial support through
the Severo Ochoa Programme for Centres of Excellence in R&D (CEX2019-000915-S). All remaining
€rTors are ours.

tDepartment of Economics and Business, Universitat Pompeu Fabra, Ramon Trias Fargas 25-27,
08005, Barcelona, Spain and Barcelona School of Economics. E-mail: francesco.cerigioni@Qupf.edu.

Department of Economics, University of California, San Diego, 9500 Gilman Dr., La Jolla, CA,
92093. E-mail: sgalperti@ucsd.edu.



In order to construct rich economic models one often needs a model of choice
with frames. (Salant and Rubinstein (2008))

1 Introduction

Can the order in which information is presented to people affect their behavior? Con-
sistent evidence shows that such framing effects exist: Decisions can depend on the or-
der in which the attributes of available alternatives are presented, often in important
domains. People’s willingness to pay for a medical treatment can depend on the presen-
tation position of its price (Kjeer et al. (2006)). Choices of health plans can depend on
how attributes like copay, deductibles, and premium are presented (Ericson and Starc
(2016)). Doctors’ diagnoses can depend on the order in which pieces of information are
encountered (e.g., Bergus et al. (1995), Cunnington et al. (1997), Chapman and Elstein
(2000)). Police investigations and jury decisions can depend on the presentation order
of alibi and eyewitness evidence (Dahl et al. (2009)). Consumers’ evaluation of prod-
ucts can depend on the presentation order of their attributes (Kumar and Gaeth (1991),
Levav et al. (2010) and references therein). Blake et al. (2018) show that the “purchase
funnel”—the order of steps to buy a product—can affect consumers’ decisions. Other
papers in marketing and psychology report related evidence.!

Despite such consistent evidence across fields, current economic theory cannot capture
this kind of framing phenomena. Existing choice models essentially assume that the
order in which attributes are presented has no effect on decisions. This calls for a new
framework that allows the ordering of attributes to affect choice behavior, can be easily
applied across different settings, and can be falsified.

We introduce the first explicit, decision-theoretic, model of framing of choice items’
attributes and its effects on decisions. That is, we take the physical attributes of an
item as the given information to be framed; different presentation orders correspond to
different frames. We interpret the presentation position as the observable emphasis given
to the attribute. As such, our model can be used in other settings where emphasis is given
by some graphical means, such as font size or color. To showcase the applicability of the

model, we study how competing firms may strategically frame their products to influence

1See, e.g., Cornelissen and Werner (2014) and Auspurg and Jickle (2017) for recent reviews
as well as Chrzan (1994), Day and Prades (2010) and Day et al. (2012)). Even voters’ sup-
port for political candidates may depend on the presentation order of their “attributes.” For in-
stance, in the 2016 U.S. Presidential race Hillary Clinton presented herself moving her maiden
name (Rodham) to her middle name so as to emphasize her independence from her husband
(Shafer (2017) and https://www.theguardian.com/media/mind-your-language,/2016/nov/11/winning-
words-the-language-that-got-donald-trumfp-elected).



their competitive landscape and how negotiators may frame their offers to strike a deal.
Furthermore, we show that the model can be identified and falsified by characterizing it
axiomatically. We do not assume nor explicitly describe any psychological processes that
may generate our framing effects. Understanding which mechanisms are behind these
effects is important for future research.? However, those mechanisms may be multiple
and complex, and they are ultimately not essential for our analysis. In line with modern
decision theory, our goal is to develop a model which is consistent with choice data
that exhibits those framing effects and that can be immediately used for any economic
application.?

To fix ideas, consider an example. Health plans are often presented in tables where each
row is an attribute (copay, deductibles, premium, etc.) and each column is a plan. Let N
be the number of attributes (hence, rows) and let f(i) be the attribute in row 7. The
assignment f of attributes to rows is our frame. A plan is then a vector z; = (z f(i))i]il,
where x4 is the level of attribute f(i). Mainstream choice theory assumes that f is
irrelevant. We allow f to affect which plan a customer chooses (hence, each plan’s market
share). For instance, this may change if the premium is moved from the first to the last
TOW.

As a first pass at studying these framing effects, we introduce and characterize a
baseline model called the attribute-framing model. If all available items have the same

frame f, the decision-maker chooses the x; that maximizes

Oz(i)Uf(i) (If(i)). (1)

i=1

Each wy(; is a utility function that captures the decision-maker’s (stable) underlying
tastes for each attribute. The weight function o depends on the attribute’s presentation
position and is the heart of our model. Depending on its shape, we can capture several
empirical regularities in how attribute orders influence choice by changing the marginal
rate of substitution between attributes. We characterize which « give rise to recency
(primacy) effects, whereby attributes presented later influence more (less) the evaluation
of items than do earlier attributes.* One interpretation is that « reveals whether the
decision-maker perceives the attributes presented later or earlier as being emphasized.

Primacy effects are consistent with the old adage “first impressions matter” and with

2See, e.g., Schrift et al. (2018) for experimental evidence on possible channels.

3For recent prominent examples of this approach in economics, see Rubinstein and Salant (2006),
Salant and Rubinstein (2008), Masatlioglu et al. (2012), Manzini and Mariotti (2014), Masatlioglu and
Ok (2014), Ok et al. (2015), and Cattaneo et al. (2020).

4For evidence on the primacy and recency effects, see Kardes and Herr (1990), Haugtvedt and
Wegener (1994), Payne et al. (2000), Bond et al. (2007), Ge et al. (2011).
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the “leader-driven” effect: An item that starts ahead in terms of the first attribute is
more likely to be chosen (Carlson et al. (2006)). We also characterize what it means to
be more susceptible to these effects. Other forms of o are possible, depending on which
presentation position carries relatively more weight for the decision-maker.

Of the many possible applications of our model, we present two. The first analyzes
how firms can frame products to influence the competition they face. We show that
by ordering their attributes—and thus giving each different emphasis—a firm can create
fictitious product differentiation that results in higher market prices and profits both
for itself and for its competitors.> Sometimes incumbents can also use framing to deter
entry in a market, even though this involves trade-offs. In a nutshell, the incumbent
has to make its product “look good, but not too much,” which results in lower profits
than in uncontested markets. A basic insight is that the incumbent is more likely to use
framing to deter entry when its product is more similar to that of a potential entrant or
the consumers’ tastes are less heterogeneous. We relate our findings to the industrial-
organization literature on obfuscation strategies.

Our second application analyzes framing in negotiations. Framing is often regarded
as an important negotiation technique, which can help break an impasse and reach an
agreement. Despite this, modeling framing in negotiations and how it is used has been
challenging. We study negotiations that involve multiple attributes whose ideal levels
differ between parties. We show how the proposing party chooses an offer and frames it
so as to strike the best deal based on the attributes’ importance and conflict with the
receiving party. Emphasizing important attributes may allow the proposer to highlight
the benefits of reaching a deal for the receiver. But if such attributes also involve greater
conflict, emphasizing them also highlight the concessions that the receiver has to make.
Our model allows us to bring out and study this trade-off. A basic insight is that de-
emphasizing conflict is the main force that drives the proposer’s framing strategy. In
fact, it can happen that the proposer strategically de-emphasizes some attribute, despite
its being very important, so as to weaken the impact of the strong disagreement with the
receiver on that attribute. Moreover, we show that framing can emerge as a tool to break
an impasse and that more susceptibility to framing not always benefits the proposer.

The axiomatic characterization of our attribute-framing model rests on the assumption

that we can observe which items a decision-maker chooses as well as how their attributes

5The contract-theory literature has examined strategic framing in buyer-seller relationships, where
framing is assumed to influence the buyer’s willingness to pay (see, e.g., Ostrizek and Shishkin (2018),
Salant and Siegel (2018)). Our model can provide a foundation for how this influence works. In a related
paper, Piccione and Spiegler (2012) study how firms can influence market competition and profits by
limiting consumers’ ability to compare their prices. Our work adds insights about how firms frame their
overall products to dampen competition, with a specific focus on entry of competitors.



are framed. We rely exclusively on choices from menus whose items are all framed in
the same way. We consider the rich domain of lotteries over items to identify the weight
function a. Our main axiom delivers this identification by considering appropriately
constructed swaps of attribute positions.

Section 4 generalizes our theory in several ways. We consider a non-separable model
where how much the decision-maker weighs attributes presented later depends on how
good earlier attributes are. For example, she may overlook later attributes if the first
ones already give her high utility. We axiomatize this model in the domain of stochastic
choice, as this offers more structure for this task. It also allows us to showcase how to
introduce framing effects in this domain, which is often used in practice. We discuss this
in the context of a Luce framework, the perturbed-utility framework of Fudenberg et al.
(2015), and the rational-inattention framework of Matéjka and McKay (2015). The latter
can accommodate both list-order and attribute-order effects, where the latter may drive
the former.

The flexibility and tractability of our model allows one to formalize and investigate
many other questions regarding attribute framing. For reasons of space, we leave these for
future research, but briefly discuss some of them in an Online Appendix. These include
how to study choice from menus whose items are presented with different frames, how
to understand self-serving motivated framing (which can be related to the endowment

effect), and how to conduct welfare analysis in the presence of attribute-framing effects.

Related Literature. The importance of framing for decision making has been recog-
nized at least since the seminal work of Kahneman and Tversky (1979) and Tversky and
Kahneman (1981). The literature has then evolved in two directions. Some papers devel-
oped general frameworks to think about framing (Salant and Rubinstein (2008), Bern-
heim and Rangel (2009), Salant (2011)). Others have focused on modeling specific ways
in which frames can influence choice, especially for applications. Our paper belongs to
this second strand.

This literature considers several forms of framing. Following Kahneman and Tversky
(1979), many papers have studied presenting choices as gains or losses. Another form is
‘mental accounting’ in relation to saving and investment decisions (Thaler (1985), Thaler
(1990)). Several papers have modeled salience, where the weights the decision-maker
gives to attributes can depend on how each stands out from the others in a menu (e.g.,
Készegi and Szeidl (2012), and Bordalo et al. (2013)). To the best of our knowledge,
our paper is the first to study theoretically framing as the presentation order of items’
attributes. As such, it can be interpreted as a complementary theory of salience: While

in those papers salience depends on how much an attribute varies across items and in



relation to other attributes, in our paper it depends on the presentation position of an
attribute. This can be a useful addition: For instance, in their study of health-insurance
decisions, Ericson and Starc (2016) argue that their evidence “suggests that theories of
salience that only rely on the attributes of choice (rather than how they are presented)
miss important elements of salience.” Rubinstein and Salant (2006) considered the effects
of items’ position on a list. In some settings, attribute-order effects can be a driver of
list-order effects (see Section 4 and the Online Appendix).

The cognitive-science literature has studied how people seem to form their preferences
at the moment of elicitation (Lichtenstein and Slovic (2006)). One interpretation of our
model is that the decision-maker has well-defined tastes for each attribute. However,
when it comes to combining them to evaluate an item, she lets the attributes’ framing
influence her evaluation. In this way, elicitation methods can influence her choices right
when she makes them. Although this may seem to undermine the discovery of decision-

makers’ true tastes, we show how observing choices across frames can overcome this issue.

2 The Model

The choice objects are called items. Each is described by the attributes in a set A. For
example, cars are described by make, model, year, color, style, size, power train, etc..
We assume that |A| = N is finite and N > 2. Each attribute a € A can take multiple
levels, denoted by the set L,. An item consists of a list of the level of all its attributes
and is denoted by = = (x4, ..., xe) € X = XyeaLg.

We want to allow for the possibility that the order in which attributes are presented
affects choice. To this end, we introduce the notion of attribute-frame, which we define
as follows. Let F' be the set of all bijections from {1,..., N} to A. For every frame
f € F, f(i) is the attribute presented in the ith position of the item description. We
later discuss other interpretations of f, for instance in terms of observable emphasis. We

denote an item x under frame f as
vy = (T)ic,
where ;) € Ly for all o. The set of all items under frame f is

Xy = XienLyg).-

Subsets of items are called menus. If all items in a menu are described according to f,

we call it an f-menu and denote it by M; C X;.

Example 1 Suppose items are health plans described by copay, deductibles, and pre-
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mium: A = {c,d,p}. Each attribute can be high or low: L, = {h,l}. A frame is the
order in which a plan description presents its attributes. This may be {d,c,p} for frame
f and {p,c,d} for f'. Thus, the same plan with a high premium, a high copay, and low
deductibles may be presented as x¢ = (lg, he, hy) or xpr = (hy, he,lg). We allow this or-
der affect choice. Health plans are often presented in a table where, say, the rows are the
attributes and the columns the plans. Viewed as menus, such tables always present all

items using the same frame.

We will consider only menus whose items are all presented using the same f. Such
menus are interesting in themselves and widespread in practice. In online stores, items
are often organized in tables—whether they are health plans, investment products like
ETFs, or electronic devices. Also, f-menus allow us to focus on the effects of the presen-
tation order of attributes, removing other phenomena that may arise for general menus.
Nevertheless, notice that our framework makes possible the analsyis of general menu as
explained in the Online Appendix E.

Our baseline model of frame-dependent choice is as follows. Section 4 provides its
axiomatization. Let c(My) be the set of choices from menu M;. We assume that c¢(My)

is well-defined and nonempty for every Mjy.

Definition 1 An attribute-framing (AF) choice model is defined by a pair (o, ), where
u = (Ug)aca, eachu, : Ly — R is an attribute utility function, and o : {1,... N} — R,
is a weight function that together satisfy, for all f € F' and My,

N
c(My) = arg max Za(i)uf(i)(xf(i)).
zreEMy i=1

The interpretation is that the decision-maker derives utility from each attribute, which he
has to aggregate somehow. In the model, he does so linearly in a way that depends on the
presentation order of the attributes through the weights a. Thus, attributes presented
early can receive higher or lower weight than later attributes. This means that marginal
rates of substitution between attributes can depend on their presentation position. For
simplicity, hereafter we will always normalize a so that 3. a(i) = 1.5 The additive
structure of our AF model is intuitive and tractable. It is also widely used in studies of

multi-attribute decision making.” We will relax it in Section 4.

6This model is related to the so-called “expectancy value model” of framing in psychology (e.g.,
Ajzen and Fishbein (1980); Nelson et al. (1997)).

"See, e.g., Lancaster (1966), McFadden (1973), Gorman (1980), Smith and Brynjolfsson (2001), Allen
and Rehbeck (2016).



In this baseline model, a fully controls the effects of the presentation order of attributes.
By varying the form of a we can capture various effects. We will focus on the main effects
consistently found in the empirical literature: primacy and recency effects.® We define

them here and give a behavioral characterization in Section 4.

Definition 2 Given the AF model (cv,u), the decision-maker exhibits primacy (recency)

effects if o is strictly decreasing (increasing).

We may want to compare decision-makers in terms of how susceptible they are to
attribute framing. For this comparison to be meaningful, their tastes over attributes

should be the same.

Definition 3 Let (o', u') and (a?,u*) be AF models of decision-makers 1 and 2. Suppose
for all a € A, ul = yu? + ¢, for some v > 0 and {, € R. Decision-maker 1 is more
susceptible to recency (primacy) effects than decision-maker 2 is if

al(i+1) (i +1)

041—(1')2(_) a2 i=1,...,N—1.

In words, decision-maker 1 is more susceptible to recency (primacy) effects than decision-
maker 2 is if a! increases (decreases) faster than does a?.

After discussing some aspects of this model, we immediately present several applica-
tions. We will later return to the foundations and generalizations to cover non-separable

effects of attributes and frames on choice.

Discussion. It is worth highlighting a premise of our framework. When we study f-
menus it might look as if we are assuming that the decision-maker rigidly follows the order
in which attributes are presented. In fact, what we are assuming is that the exogenously
given f influences the individual’s preferences in a consistent way. In this sense, we
are not interested in why this phenomenon happens; our goal is to develop a framework
to capture it in line with the evidence, as in classical decision theory. Understanding
mechanisms as of why this phenomenon happens is interesting, but is beyond the scope
of this paper. Its purpose is to propose a model that allows standard economic analysis to
take the phenomenon into account, without having to make assumptions on the channels
through which it arises.

Finally, while our primary interpretation of frames is the order in which attributes of

an item are physically presented, other interpretations are possible. One is to view each

8See Kardes and Herr (1990), Haugtvedt and Wegener (1994), Payne et al. (2000), Bond et al. (2007),
Ge et al. (2011).



position ¢ = 1,..., N as a degree of emphasis that the presentation of an item gives to
its attributes (possibly in combination with the attributes’ ordering). For instance, em-
phasizing may involve highlighting an attribute with color and font size or by placing
it in a prominent position on an ad page. The key assumptions are that such attribute
frames should (1) create an objective observable order and (2) work in terms of relative
effects. That is, for instance, increasing all fonts proportionately does not change any-
thing because the relative emphasis stays the same.” With these assumptions in mind,
one can interpret and apply our model in a variety of settings where the emphasis given
to attributes is part of the observable data. As noted before, this kind of approach to
framing effects complements other channels of salience that have been studied in the lit-

erature, thereby enriching the standard behavioral approach to salience.

3 Framing at Work: Applications

Our model can be applied in a variety of settings to investigate the effects of framing on
concrete choices. For space reasons, we chose to focus on two applications, but to develop
them in some detail. The first analyzes how firms can frame products to influence the
competition they face, in a classic industrial-organization setting. The second application
showcases how to incorporate framing into the analysis of negotiation and some of its
implications. The goal here is not to provide the most general analysis, but to illustrate
the tractability of our approach, its ability to capture real phenomena, and its potential

to offer novel insights that extend to more general settings.

3.1 Look Good, But Not Too Much: Strategic Framing and
Market Competition

This section analyzes how firms can frame products to influence the competition they face.
We show that by ordering their attributes—and thus giving each different emphasis—
firms can create fictitious product differentiation that results in higher profits. Sometimes
incumbents can also use framing to deter entry, but doing so involves some trade-offs.
By describing how attribute orders affect choice, our model allows us to provide insights
into when and how firms achieve these outcomes.

We start from a canonical model of vertical differentiation (Tirole (1988), Ch 7.5.1).
Each of two firms, the incumbent and the entrant, manufactures a product. Their equal

marginal cost is normalized to 0. Entry costs K > 0. Each consumer demands one

9To see that salience is a relative concept, see Milosavljevic et al. (2012) and references therein.



product. The payoff of a product with intrinsic value v > 0 and price ¢ is
Qv —t.

The taste parameter 6 is uniformly distributed across consumers between ,—11 and % +1,
where A > 0. Note that the higher h is, the more heterogeneous the consumers are in
relative terms. We assume that h > 1. The payoff of buying nothing is 0.

We modify this model as follows. The products have three attributes: price (p), relia-

bility (r), and build quality (b). The payoff of a product under frame f is

Olay(r)z, + ap(b)ay] — ar(p)zy,

where af(a) = a(f(a)) for a € {b,p,r}. Thus, the products’ intrinsic value depends
on the level of r and b. The presentation order affects each attribute’s weight in the
payoff.1® We continue to assume that only @ differs across consumers, while «, u, and wu,
are the same. These assumptions allow us to focus on the interaction between framing
and vertical differentiation. We will analyze primacy effects: a(1) > «(2) > «(3). The
analysis for other forms of « is analogous. To simplify notation, denote the incumbent’s
and the entrant’s product by I = (I, I,, I,) and E = (Ey, E,, E,.)."!

Each product’s reliability and build quality are exogenous. One interpretation is that
the engineers of each firm have been able to develop its product to a certain degree and
now the marketing team has to choose how to sell it. To make this interesting, we assume
that I, > E, > 0 and E, > I, > 0. Moreover, we also assume that the differences in
reliability and build quality between products offset each other:

I, —FE, =E,—-1,=6>0.

We add this property because, although it is stark and knife-edge, it focuses attention
of the role of framing. Indeed, it implies that the products are overall equivalent for
consumers not affected by framing (i.e., if « is constant), so in this benchmark case
frames play no role and entry would lead to standard Bertrand competition.

The timing is as follows: First, the incumbent chooses f, which also applies to the en-
trant’s product. Second, the entrant decides whether to enter. If it does, the firms com-
pete in prices a la Bertrand; otherwise, the incumbent sets its monopoly price. We as-
sume that the incumbent controls how to frame both products because we are interested

in how it can use framing to influence its competitive landscape. Also, since the incum-

ONote that we can write this payoff in terms of our AF model in Definition 1 as
25’:1 a(i)upiy(Tre); ), where u (2,3 0) = 0x,, up(zp;0) = Oy, and up(xp; 0) = —xp.

"'We use this lighter notation rather than o/ = (2, z], ) and 2¥ = (zf, 27, 2F).
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bent is established in the industry, it alone may have the resources to run ads that fix f.
In Appendix A.4 we allow the entrant to choose f for its product.'?

Framing allows the incumbent to differentiate its product by emphasizing its superior
reliability and de-emphasizing its inferior build quality. This is a realistic and expected
strategy, of course. The point is that this strategy is limited by the consumers’ suscep-
tibility to framing, and our model allows us to describe and analyze this in a rigorous
manner. Let the difference in intrinsic value between the incumbent’s and the entrant’s
product under f be

O = lag(r) — ay(0)]5,
which is positive if and only if f presents attribute r before b (i.e., f~*(r) < f71(b)). As
in Tirole (1988), we assume that after entry both firms have a positive market share in
equilibrium.'® We begin by characterizing the continuation equilibrium after entry. All

proofs appear in Appendix A.

Lemma 1 (Framing-Driven Differentiation Equilibrium) Fiz f. After entry the
equilibrium prices and profits (denoted by ¢° for oligopoly) of products x and y satisfy
the following properties:

o ’(Sf’ -1 o) _ .fL'p —1
xp—3af(p)(2+h ) Pilay) =5 2+0)
_ |6f| —1 o o yp —1

If 6 >0, thenx =1 andy =FE. If 6; <0, thenx = FE andy = I.

Lemma 1 offers several insights. First, the differentiation created by framing allows
the incumbent to make higher profits, of course by presenting its product as superior
to the competitor’s. In particular, the incumbent captures the top of the market (i.e.,
the consumers with high ). Thus, by controlling the product frame, firms can not only

boost their appeal with all consumers, but also capture the most profitable ones.'*

12This raises the issue of how consumers choose if firms adopt different frames, which we discuss in
the Online Appendix E. As expected, this extension can limit the incumbent’s influence, but does not
change the insights of this simpler setup.

13 A sufficient condition is that

g 0B, + oy (DB
P =) < 3 —ar )]

which holds if the products’ intrinsic difference or the consumers’ heterogeneity is sufficiently small (i.e.,
d or h are low).

14Note that differentiation can depend on framing only if there are at least two attributes other than
the price, which is often the case for most products.
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A second insight is that de-emphasizing prices can raise profits only if products are dif-
ferentiated. Imagine that 6 = 0, that is, products are homogeneous. Even if f presents p
at the end, the equilibrium profits are zero—despite consumer heterogeneity in 6. Even
if framing nudges them to weigh prices less, Bertrand competition neutralizes this by
erasing any profit.

Several papers find consistent evidence on how changing the emphasis on prices affects
product choice. In Lynch and Ariely (2000), consumers buy higher quality wine when
prices are displayed not alongside product descriptions, but only later at checkout. Also,
price elasticities are higher for undifferentiated wines (akin to small ¢) independently of
price presentation, and when it is harder to notice product differentiation (akin to small
|0¢]). In Blake et al. (2018), postponing purchase fees for concert tickets until checkout
induces consumers to buy higher quality tickets and increases revenues from such tickets.
In Smith and Brynjolfsson (2001), perceived differences between otherwise homogeneous
goods help explain markups and price dispersion in online markets. A distinctive feature
of our model is that framing creates the very product differentiation that allows firms to
exploit these marketing strategies.

Through the lens of primacy effects, postponing prices may be interpreted as akin to
obfuscation strategies that weaken price sensitivity by creating search frictions. In Ellison
and Ellison (2009), firms endogenously create such frictions to soften price competition
and raise markups. Ellison and Ellison (2009) argue that “obfuscation could [...] involve
...] altering [the consumers’] utility functions in a way that raises equilibrium profits.”
They also find that obfuscation raises the price elasticity for low-quality products, but
lowers it for high-quality products. In our model, if 6; > 0, the price elasticities of the
entrant’s and incumbent’s demand are (see Appendix A)

Ey and Ly
I

1 1 :
p_Ep_Wf(p) (1+h)Wf(p)_]p+Ep

Note that lowering ay(p) raises the first, but lowers the second. Ellison and Ellison
(2009) note that it is hard to know what the elasticities would be absent obfuscation.
Our model could provide such counterfactuals given estimates of a.

A third insight of Lemma 1 is that the incumbent creates a positive framing externality
on the entrant. By making its product “look better,” the incumbent weakens the com-
petition from the entrant and charges higher prices. This leaves the bottom consumers
exclusively for the entrant, which can then earn a profit. Thus, an incumbent faces a
trade-off in emphasizing strengths and de-emphasizing weaknesses of its product. Doing

so maximizes its value for all consumers—hence, the monopoly profits. However, it also
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emphasizes differences from potential competitors, thereby rendering entry more attrac-
tive for them. The best framing strategy may then differ between contested (low K) and
uncontested (high K') markets.

To characterize the incumbent’s optimal framing strategy, we need to know how it

ranks frames as a monopolist. As we will see, it suffices to focus on three frames:

il L
1| r TP
21 b p r
3! p b b

Letting ¢™ denote the monopoly profits, we get (see Lemma 2 in Appendix A)

" (Ipm) > @™ (L) > @™ (I}, ).

We will focus on settings where the incumbent always prefers to remain a monopolist:
@™ (Im) > maxsep ¢°(Ir), which holds if the products’ intrinsic difference § or the con-
sumers’ heterogeneity h is sufficiently small.'®> A monopolist simply uses framing to em-
phasize what its product delivers and de-emphasize what one has to pay for it.

By contrast, under the threat of competition framing becomes a tool to emphasize
strengths and de-emphasize weaknesses relative to the entrant. Framing can be used to
make the market less attractive to entrance. Thus, the optimal strategy is more nuanced
and depends on how consumers respond to framing. Define
(VP + [a3)?

a(l) + a(3)

a(2) = and  a(2) =a(l) —a(3),

which satisfy @(2) > a(2). We first characterize the cases where framing can never help
deter entry. In these cases, either entry is not a threat and the incumbent uses f™, or

entry is inevitable and the incumbent uses f™ or f*.

Proposition 1 (Optimal Framing without Entry Deterrence)

If K > ¢°(Egm), the incumbent chooses frame f™ and remains a monopolist. If K <
min{p°(Esm), 0°(Ey, )}, the incumbent cannot deter entry; it chooses f™ if a(2) < a(2)
and f* if a(2) > a(2).

Note that ¢°(Ey,) < ¢°(Ey+), while p°(Ey,) > ¢°(Em) if and only if o(2) > @(2).

YIndeed, ™ (Ifm) > maxsep ¢°(If) is equivalent to

a()I + a(2)1 S é<2h—|—1)2m N las(r) — ap(b)]
a(3) 9\ h+1/ fer af(p)
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When deterring entry is impossible, the incumbent presents its strengths first, but may
present its price before its weaknesses. If consumers underweight the second attribute
only a little (a(2) > a(2)), the incumbent is forced to present its weakness after its price
to optimally differentiate its product from the entrant’s—which constrains its ability to
weaken price elasticity in its market segment. If instead consumers underweight a lot
the second attribute («(2) < a(2)), the incumbent can effectively de-emphasize both its
weakness and price, thus presenting the price last.

Next, we describe when the incumbent uses framing to deter entry. This always involves
frames that are suboptimal from the monopolist’s viewpoint. The incumbent shows
its strengths before its weaknesses, but may again emphasize its price by presenting it
earlier—even first. In so doing, the incumbent forgoes some of its appeal to all consumers
in exchange for saving its monopolistic position, by rendering the market less attractive
for the entrant. Thus, framing is used to weaken the power of differentiation, should

entry occur.

Proposition 2 (Optimal Framing with Entry Deterrence)

I: If @(2) > a(2) > a(2), then ¢°(Ep) > @°(Egm) > @°(Ey.). In this case, if p°(Em) >
K > @°(Ey,), the incumbent chooses f. and remains a monopolist when the products’ in-
trinsic difference 6 or the consumers’ heterogeneity h is sufficiently small.' Otherwise,

it chooses f* and the entrant enters.
IT: If o(2) < a(2), then @°(Efm) > ¢°(Ep) > ¢°(Ey,). In this case, we have that

— if °(Egm) > K > ¢°(Ey+), the incumbent chooses f* and remains a monopolist

when & or h is sufficiently small;

— if °(Ep) > K > ¢°(Ey,), the incumbent chooses f. and remains a monopolist

when & or h is sufficiently small;

— otherwise, the incumbent chooses f™ and the entrant enters.

Note that the incumbent presents its price first only when this successfully deters entry:
This strategy forces the entrant to suffer strong price competition if it enters, but does
not punish the incumbent excessively if it retains its monopolist status.

We conclude with how the incumbent’s framing strategy depends on primitives of the

market, in particular the consumers’ susceptibility to framing.

16The proof expresses this and the following conditions on § and h as precise inequalities that they
have to satisfy.
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Proposition 3 (Comparative Statics)

— The incumbent is more likely to remain a monopolist and to use framing to deter

entry when intrinsic product difference & or consumer heterogeneity h is smaller.

— A weaker susceptibility to primacy effects implies that ¢°(Em) and ¢°(Eg+) are

lower and that the incumbent is more likely to use f. to deter entry. Otherwise, it

has ambiguous effects on p°(Ey,) and the incumbent’s use of f* to deter entry.

If the differentiation allowed by framing is smaller due to lower ¢, the post-entry market
is more competitive and less profitable. Thus, entry has to cost less to be a threat. The
incumbent also has more to lose and so is more willing to deter entry, even if this requires
forgoing some monopoly profit. A lower h has similar effects, as it curbs the benefits from
splitting the market between top and bottom consumers. Note that our results shed light
not only on when incumbents use framing to defend their position, but also on how they
do so.

Optimal framing depends in more intricate ways on the consumers’ susceptibility to pri-
macy effects. Weakening it curbs the frames’ ability to create fictitious differentiation—
lowering post-entry profits—but also to deter entry. Either way, weaker primacy effects
can render entry less likely, as frames are less effective at stifling competition after entry
and doing so benefits entrants less.

Our results offer some novel insights into advertisement. These complement the view
that its function is to provide information about available products to consumers who
have fixed tastes. Here, we keep that information fixed and change how it is framed,
which is an important part of advertisement. The discussed benefits of controlling frames
suggests another reason for why firms seek to be presented in prominent positions to
consumers (like in web searches or e-commerce stores). The logic of our results is also
related to the so-called pioneering advantage: Carpenter and Nakamoto (1989) find a
gap between the market shares of pioneers and later entrants that cannot be explained
by switching costs and seems to arise from the process whereby consumers form their
preferences.

As a final note, the main insights of this section would carry over to settings with more
than two attributes (in addition to the price). Having more attributes would give the
incumbent more ways to render the market less attractive for entry, that is, to manipulate
the fictitious differentiation d;. This means that, in such settings, the incumbent may
still prefer not to present its price last if there are weaknesses that can be de-emphasized
more to deter entry, without losing as much potential profits. At the same time, the

incumbent may not have to present its price first so as to deter entry.
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3.2 Break the Impasse: Framing in Negotiations

Framing is often regarded as an important negotiation technique (see, e.g., Donohue
et al. (2011) and references therein). This is based on the fact that the way a party de-
scribes his offer strongly affects how others view it. Framing occurs in every negotiation
whether parties are aware of it or not. The party controlling the framing process can
define a negotiation to its advantage. Positioning a product advantageously at the out-
set of every negotiation is viewed as essential for consistently favorable outcomes. Some-
times re-framing problems helps break an impasse. One framing technique often used
involves actively focusing attention on some aspects of a problem and leaving others in
the background, thereby shaping the other parties’ frame of reference and what they pay
attention to. Negotiators usually emphasize what they believe are important and advan-
tageous aspects for them. They may also take others’ viewpoints into account so as to
offer solutions that reach win-win outcomes.

Despite its importance, modeling framing in negotiations and how it is used has been
challenging. We believe that our model provides a step forward in tractability and offers
some insights into how the proposing party may select which aspects are important and
advantageous in framing a negotiation.

We start from a simple specification of the problem to highlight the main mechanics
of how to deal with disagreement concerning attribute levels. We then move to the
more general case in Section 3.2.2, where attributes are allowed to have different relative

importance for the parties.

3.2.1 A Warm-up

Two agents, called the proposer P (she) and the receiver R (he), negotiate over a problem
that involves several attributes. Let L, = R for all @ € A. A specification of these

attributes under f defines an item z; in our model. Let agent j’s payoff from z; be
N
. _j 2
= Yol — Tj)*,
i=1

where i’;(i) € R is the bliss point of attribute i for agent j. That is, agents differ only
with respect to their bliss points. To avoid trivial cases, we assume that z7' # z% for all
a € A. Without loss of generality, we assume that « is strictly decreasing.

The negotiation proceeds as follows. The proposer chooses frame f € F and an item
xy to maximize her payoff. The receiver accepts x; if and only if his payoff is at least as

large as the reservation utility uf € R_. We assume that the receiver would not accept
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the proposer’s bliss item #” under any frame:

N
—R N (=P —R \2

u > —ma () (Zpn — Teey) - 3

fel;( £ (4)( 1) f(z)) (3)
For now, let the proposer’s reservation utility be u? = —o0.

Before we solve the model, a few remarks are in order. First, we assume that the
agents disagree only in their bliss points, but have otherwise the same preferences. This
is because we want to focus on how the proposer exploits differences across attributes to
frame the problem by emphasizing some attributes over others, which is the core of our
paper. This aspect would be obfuscated by differences between the agents’ preferences.
Second, we can interpret our model as the first period of a repeated bargaining with
alternating offers. In this case, u’ is the payoff the first-period receiver expects from
rejecting, calculated by backward induction as usual. Since in such bargaining models
usually an agreement is reached immediately, we do not explicitly allow for multiple
rounds to keep things simple and focus on our novel framing aspects. It is immediate
to deduce from the following analysis how our results depend on changes in w” due to
the possibility of future counteroffers or to discounting. This bargaining interpretation
also justifies assuming that preferences are symmetric between the agents (except their
bliss points): The only difference between them is that one is selected first to make an
offer. Another interpretation of why the proposer’s payoff depends on framing is that he
is a third party who acts on behalf of a client and hence internalizes how the client will
perceive the outcome based on its presentation.

We start from the proposer’s offer given any frame. By standard steps (provided in

Appendix B), the optimal level of each attribute is

“R | P
ATy + Ty

0N = — T (4)
1 N
_ N(wP =R
A= R > ald@f, — 7, — L,
=1

where )\ is the Lagrange multiplier of the receiver’s participation constraint. Note that
condition (3) ensures that A is strictly positive.
Given this, it is easy to see how the proposer will choose to frame her offer. The utilities

she gets from the optimal offer is
ul (zp(N)) = w2

R

Since u™ is negative, the proposer wants to minimize A. She can do this by choosing a
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frame that orders the attributes from the one on which the two agents agree the most—
i.e., their bliss points are closest—to the one on which they agree the least. That is,
the proposer wants to start with and thus emphasize the attributes that generate less
disagreement, while leaving the most contentious attributes for the end. This intuitive
insight holds in more general settings with richer functional forms, yet other forces also
determine optimal frames. In fact, the next section shows that once we allow attributes
to differ in relative importance, new and complex mechanics emerge, which we can study

through the lens of our framework.

3.2.2 General Case: Important Attributes versus Sensitive Attributes

The setting is the same as before, except that now agent j’s payoff from zy is

N
Z a(@)upe (@rae); q‘:}(i)), where Ua(Ta; 7)) = By — Ya(Ta — 723,
i=1

70,8, € R, and vy, > 0 for all @ € A. Again, we interpret 77 as agent j’s bliss point for a
and we assume that 77 # 7% for all @ € A. We can interpret u,(-; 72) as a second-order
Taylor approximation of a single-peaked function around the bliss point. Importantly,

B, and 7, can differ across attributes. Note that we can replace each wu, with

Ba
za’GA ﬁa’

without changing the agents’ preferences. Thus, 3, is directly related to the relative

fla(w4; 73) = |1 5 (= 2] = Aull = Ao — )7,

importance of attribute a for the agents and ~, to their sensitivity to deviations from the
bliss point. Finally, as before, we assume that « is strictly decreasing.

The negotiation proceeds as before. We assume that there are proposals other than the
bliss item Z® which the receiver would accept, but she would not accept the proposer’s
bliss item z¥ under any frame:

N N
min » a(i)Bm > u" > I]{leagz a(@)Brwy — 16 (Tjey — Tf)’l- (5)
i=1

eFr
f =1

Note that the minimum in the first inequality is without loss of generality: If some f leads
to ZZ]L (i) By < u®, it is not possible to satisfy the receiver’s participation constraint
under f, so we can simply remove it from F'. Again, for now let the proposer’s reservation
utility be u"” = —o0o. For the same reasons as before, we continue to assume that the
agents disagree only in their bliss points, but have otherwise the same preferences (in
terms of (3, or v,).

We start from the proposer’s offer given any frame. As in equation (4), the proposer
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optimally offers a compromise between bliss points for every attribute. The easier it is
to convince the receiver to accept—as captured by a lower A—the more this compromise

caters to the proposer’s bliss point. Indeed, z¢(\) also has to satisfy

Mz

a(i)[Bray — vy (@rw (N) — 2% = 1", (6)
=1

where the left-hand side increases in A. This is where the choice of f matters, as it can
help satisfy (6) and thus lower A.

To examine the proposer’s optimal framing, we proceed as follows (see Appendix B
for details). Using (4) and (6), we can substitute x¢(\) and A in the proposer’s payoff

function and derive a reduced objective that depends only on f:

0*(r) = B0) - [V - /B0 ]

where

N N
Z a(i)Ysa) xf ’?(i))g and B(f) = Z (i) By
i=1 i=1

Crucially, UP(f) increases as I'(f) decreases and as B(f) increases. Thus, the proposer
faces a trade-off between emphasizing important attributes (high 3,) and attributes that

involve little disagreement (low 7,|Z% — zF'|). We may then conclude the following.

Proposition 4 (Optimal Framing in Negotiations) If attributesa and ' satisfy B, >
Bar and V|7t — 2P| < 7|28 — 2T\, then every optimal frame f presents a before d’ (i.e.,

fHa) < f7Ha)).

The takeaway here is that the proposer should present earlier attributes which are
important and involve little disagreement and should present later attributes which are
unimportant and involve significant disagreement. Things are more subtle for important
but highly conflictual attributes, which should be presented in middle positions. The
point, however, is that it is possible that the proposer strategically de-emphasizes some
attribute of the negotiation, despite its being very important, so as to weaken the impact
of the disagreement with the receiver on that attribute. For this to be the case, the gain
through I'(f) has to dominate on the loss through B(f).

In our model, framing can also emerge as a tool to break an impasse. Consider again the
interpretation of agent P as acting on behalf of a client. Suppose the client’s reservation
utility now satisfies u” > —oo. By assumption (5), for any frame f the proposer can

always find a deal that the receiver accepts. Yet, this deal may be unacceptable for the
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proposer’s client, unless framed in the right way. Consider the generic case in which
framing matters:
UP(fF)=minU”(f) < Ur(f)=U"(f").
(f7) =minU"(f) < max U™ (f) (")
Corollary 1 (Breaking the Impasse) If the reservation utility of the proposer satis-
fies UP(iP) <af < UP(fF), then using frame iP leads to an impasse, while using f¥

leads to an agreement.

Thus, our model captures the common intuition that successful negotiators are those who
also have the skill of finding the right way to frame things. Moreover, by being explicit
about how framing works, the model can offer insights into useful strategies to break an
impasse.

Finally, one may wonder whether more susceptibility to framing effects always benefits
the proposer in negotiations. Consider two proposer-receiver pairs that differ only in

1

a, denoted by a' for the first pair and a? for the second. Suppose o' exhibits more

susceptibility to primacy effects than a? (Definition 3).

Corollary 2 Fiz u® and suppose more important attributes also involve less disagree-
ment (i.e., Ba > Bu if and only if v.|zE — 7P| < v, |28 — 25| for all a,a’ € A). Then,

more susceptibility to framing always benefits the proposer.

Without this inverse relation between importance and disagreement across attributes,

more susceptibility to framing can harm the proposer as shown next.

Example 2 There are two attributes, a and o', which satisfy B, = 0, Bar = 1, v,(ZE —
P2 =1, and (28 — 25)% = 1 + 2 where z > 0. Suppose u'* = 0 (this is just a
normalization). Slightly abusing notation, let a(l) = a € (%, 1) and a(2) = 1 —«. Thus,
more susceptibility to primacy effects here means higher .. Let f present first a and f’

present first a’. The proposer’s payoff is either

U(f)—l—a—[\/l 1—0zz—\/1—a}2

or
UP(f)=a~— [\/l—l—az—\/_}
We will show that there exist z and & such that each payoff is strictly decreasing in «
for a > a. In this case, the proposer z's worse off when she and the receiver are more

susceptible to framing. By simple Steps (f) <0 and =%+ BU ) <0 if and only if

—+Z —+Z

\/——l—z—l @/ +Z—1
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Note that the left term is decreasing in «, the right term is increasing in «, and

1
L+
. 1—
lim &

a—1 /ﬁ 4o 1
FEvaluated at o = 1, the first inequality holds if

1
—+2<V1+z,
z

= +00.

hence for sufficiently large but finite z. Given this z, there exists & such that both deriva-

tives are strictly negative for a > a.

4 Axiomatizations and Extensions

4.1 Behavioral Characterization of AF Models

To characterize our model, we enrich the choice domain by allowing for (simple) lotteries
over items. This provides enough structure for the task. The idea is that each item
involves some risk: Its attributes are presented in a specific order, but (the consequences
of) their levels can be uncertain at the time of choice. For instance, when choosing
between a new sedan or a used SUV, a buyer may not know which will better serve
his needs. We will rely only on lotteries whose support involves items all framed in
the same way. Such lotteries belong to A(Xy) and are denoted by py, qf, and ;. To
simplify notation, we denote binary lotteries that yield x; with probability p and y; with
probability 1 — p by
(@f,y5:p)

An f-menu M; is a subset of A(X;). We assume that |[A| = N > 3; one can allow for
N = 2 at the cost of stronger separability axioms.

As the primitive data, we assume that we can observe the decision-maker’s choices
from all f-menus. This choice set is denoted by ¢(My) and has the usual interpretation.
Note that the frames of each item in a menu are part of the dataset.

Our basic assumption is that as long as all items in a menu are framed in the same way,
the decision-maker satisfies standard rationality assumptions. That is, we can describe
her choices as the maximization of some utility function which can depend at most on
the frame. We go one step further and assume that she is an expected-utility maximizer.
We present these properties directly as an assumption because they follow from standard

axioms.
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Assumption 1 (f-EU Representation) For every f € F, there exists a function wy :
X¢ — R such that for every M;

co(My) = argmax vy(qs),  where  vg(q) = Y wylzp)gr(zy).
qreEMy T pESUpp qy

To characterize our AF model in Definition 1, we then need to find properties of ¢ that

correspond to each wy taking the form

N
wi(zp) = ali)use (@ sam)
i=1
for some o : {1,...,N} — Ry, and u, : L, — R for all @ € A. We organize these

properties in four axioms.
Axiom 1 is a simple non-triviality condition: For no attribute the decision-maker is
indifferent between all its possible levels. To state this and later properties formally, let

Zp(—s be the description of item zy excluding position ¢.!7

Axiom 1 (Non-triviality) For every a € A, there exists x,,y, € L, such that, if
f(1) = a and xy1y =Ygy, then c(zy,yr) = {xs}.

Axiom 2 is inspired by standard separability axioms as in Debreu (1960): How the
decision maker trades off the levels of any two attributes does not depend on the levels
of other attributes. We relax this in Section 4.2.

Axiom 2 (Separability) Fir f € F and any j,k € {1,...,N}. For all x5, 2, ys, v}

that satisfy T = yru) and x’f(l.) = y}(i) fori=j,k and xs; = x’f(i) and Y = y}(i) for
all v # j,k, we have
c(xy, Sb’/f) = C(yf,y})-

Axiom 3 captures the property that the decision-maker’s tastes for each attribute do

not depend on the position in which the attributes are presented.

Axiom 3 (Taste Framing Independence) For every i,j = 1,2,...,N, a € A, and
f,f" € F such that f(i) = a and f'(j) = a, the following holds: If pruy, aru) € A(Lyw),
Pyi) = Psiiys dpr) = dfGi)s Tf(—i) = Yf(=i), and Tpi—j) = Ypi(—j), then

c((Prays Tr-0): (@16 Yr-0)) = By B -)s A6y U )

Axiom 4 exploits the cardinality of expected utility to identify how the decision-maker

weights attributes based on their presentation. The idea is to consider three items that

"We write c(py,...,qz) for c({pf,...,qs}) to simplify notation.
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differ in only two attributes. One item is better in both attributes, one is worse in both
attributes, and one is in between. Consider a lottery between the best and worst item that
the decision-maker deems indifferent to the in-between item. The requirement is that this
lottery depends at most on the presentation positions of the two different attributes. To
formalize this, for every a € A we say that z, is strictly preferred to y,—written z, > y,—
if c(zy,yr) = {xs} whenever f(1) = a, 251y = Za, Yra) = Ya, and 1) = yp—1). Now fix
any 1 = 2,...,N. Given any xy, yr, and zy such that zy) = zp0) = yra), Tre) = 2r6) =
Yray, and Ty = yy(j) = 25 for all j # 1,4, define py,., as the probability that satisfies

1@, yp Payzp)s 28 = (@ g, Ygs Payzs ) 21)-

Axiom 4 (Position Dependence) Let f, f' € F satisfy f(1) = f'(1) and f(i) = f'(j).
Let pyy., and Dayzp be as in Definition 4. If xpu) = 5y, Yra) = Ypo), and Zpe) = 23,

then

pxny p:cyzf/

——— =g, j)———
1 - p:cny 1 - pazyzf/

where g(i,7) € R can depend only on i and j.

This axiom certainly imposes significant structure on ¢. However, note that a standard

model without framing effects would require g(i,j) = 1 for all 4, j.

Theorem 1 (AF Representation) Under Assumption 1, Axioms 1-4 hold if and only
if ¢ has an AF representation: There exists a : {1,...,N} — Ry, and non-constant
Ug 1 Ly = R for every a € A that satisfy, for all f € F' and My,

N
c(My) = arg max Za(i)uf(i)(xf(i)).
SCfEMf i=1

The proofs of this section appear in Appendix C.

4.1.1 Behavioral Characterization of Primacy and Recency Effects

We now characterize the attribute-framing effects and the comparison between decision-
makers in Definitions 2 and 3. To this end, we define primacy and recency effects in

terms of observable data using specific lotteries.

Definition 4 (Calibration Lottery) Fiz anyi=1,...,N — 1. Let xy, ys, and z; be

such that xya) = zja) = Yse)s Tivr) = 261 = Ypan), and Tpi) = 25G) = Yr() for
J # 1,1+ 1. Obtain x4, yp, and zp by swapping only the attributes in positions ¢ and
i+ 1. Given this, define piyzf and piyzf, as the probabilities that satisfy

{(xfuyf;piyzf>7zf} = C((ﬁf,yf;p;yzf), Zf)
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and . .
(@ yps Poyey ) 25y = (@p, Yps Poye ), 2p)-

Intuitively, zy dominates y; in an earlier attribute, while 2y dominates yy in a later
attribute. Thus, p;yzf should be higher (lower) than piyzf, if the decision-maker is affected

by primacy (recency) effects.

Definition 5 (Revealed Primacy/Recency Effects) For i = 1,...,N — 1, define

piyzf and p;yzf, as above. Then, c exhibits primacy (recency) effects if

Piyzf > (<) pfgyzf, foralli=1,...,N — 1.
Proposition 5 Let (a,u) be an AF representation of c. Then, ¢ exhibits a primacy

(recency) effect if and only if «v is strictly decreasing (increasing).

We now turn to comparing individuals’ susceptibility to attribute framing. For this
to be meaningful, we should only compare individuals who have the same tastes for

attributes.

Definition 6 (Revealed Same Tastes) Decision-maker 1 and 2 exhibit the same tastes

for attributes if ¢! and ¢ have the following property. For every a € A, f € F that sat-
isfies f(1) = a, and pray, gy € A(Lgq)),
(s 1) (4 1)) = (Pry p-0)s (@7, Vr-n)-

This explains Definition 3 because if ¢! and ¢® have this property, u! and u? represent

the same vN-M preference over A(L,), hence u! = y,u + (, for 7, > 0 and (, € R.

Definition 7 (Revealed Comparative Primacy) Suppose that decision-makers 1 and
2 exhibit the same tastes for attributes. Decision-maker 1 is more susceptible to primacy
effect than decision-maker 2 is if, for all i1 =1,..., N — 1,
(@ ysPhye,)s 20} = E(@ 05 Poye, ) 28) = 25 € (@555 Py2,)s 25)
and
{(xf'v yf’;pzcny/)v Zf/} = CQ((xf'v yf’;pzcny/)v zf/)
= (l’f/, yf’;piryzf/) < Cl((xf/’ yf';p;yzf/)’ Zf')‘

Definition 8 (Revealed Comparative Recency) Suppose that decision-makers 1 and
2 exhibit the same tastes for attributes. Decision maker 1 is more susceptible to recency
effect than decision-maker 2 is if, for all i1 =1,..., N — 1,
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{1, ys304ys, ) 20} = U5, Y53 Dy )s 27) = (T8, 953 Dye,) € (5,953 Pye,))s 25)

and

(@ ypi Prye ) 29} = @ g Y Piyey ) 20) = 20 € C(@p Ypri Pl )5 297)-

The next result maps these behavioral comparisons into properties of our AF repre-

sentation, thereby providing the foundations for Definition 3.

Proposition 6 Suppose decision-makers 1 and 2 can be represented by AF models (o, u')
and (a2, u?) and exhibit the same tastes for attributes. Decision-maker 1 is more suscep-
tible to primacy (recency) effect than decision-maker 2 is if and only if

ot (i) a? (i)

I R ot A S T S
iD= S ey b

4.2 Framing without Separability

In this section we propose a way to relax the additive structure of AF models. To this
end, it helps to transition to a random-choice framework. This also allows us to develop a
model that can be more easily applied to empirical analysis, which often examines framing
in terms of how it affects the probability of choosing an item. In the vast literature on
random choice, several papers include observable attributes of choice items (Lancaster
(1966), McFadden (1973), Gorman (1980), Allen and Rehbeck (2016)). We also include
their framing as part of the dataset to study its effects.®

Our primitive data is therefore as follows. For every finite M; C A(X), we assume to

observe the probability that the decision-maker chooses each gy € My, denoted by

m(qs, My).

This has the usual interpretation of the random-choice literature.'® The item frames are
again assumed to be part of the dataset.
We continue to assume that as long as all items in a menu are framed in the same way,

we can describe behavior using a standard model. We start from a canonical Luce repre-

18Gul et al. (2014) propose a related, but different, approach where the decision-maker subjectively
frames multi-attribute items. Their elegant analysis identifies how she treats items as more or less
substitute based on the subjective similarity of attributes. This approach is silent about the role of
objective and exogenous frames. It seems possible that exogenous and subjective frames interact, opening
an interesting connection between our and their work. For a study of how ordering of alternatives might
affect choice in the Luce model, see Tserenjigmid (2021).

19See, e.g., Luce (1959), Block and Marschak (1960), Marschak (1974), Gul and Pesendorfer (2006),
Manzini and Mariotti (2014), and Apesteguia and Ballester (2018).
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sentation and later consider more general models of random choice. We again introduce

this representation directly as an assumption, because it follows from well-known axioms.

Assumption 2 (f-EU Luce Representation) For every f € F, there exists a func-
tion wy : Xy — R such that for every finite My C A(Xy)
evf(ar)

m(qy, My) = where  vg(qr) = Y welzg)gr(zy).  (7)

S
quMf TrESUPPqs

The basic premise of this paper is that people often encounter attributes of items in
an exogenous order and this may affect their choices. One way to keep this premise
while relaxing additivity is to allow the weight a decision maker assigns to the utility of
an attribute to depend on its presentation position as well as the attributes that come
before it. That is, this decision maker—Ilet’s call her Ann—may aggregate the utilities

across attributes as follows:

N
wi(er) =Y s (@) QU gy, - p))-
i=1

On practical grounds, it is valuable to impose more structure on the dependence of () on

earlier attributes. We therefore introduce and characterize the form

Qi, s 1) -, Ty1y) = afi) exp {Z ¢k(uf(k)(xf(k)))} : (8)
k=1

where a : {1,...,N} = Ry, ¢, : U — Rforalli =1,...,N with U = Uzecau,(L,)
(i.e., the union of the ranges of all attribute-specific utility functions), and by convention
S, Or(upy (X)) = 0. We refer to this model by the triplet (o, u, ), where u =
(ta)aca and ¢ = (¢;)Y,. If each ¢; is constant, we obtain a random-choice version of our
baseline AF model.?°

The idea behind expression (8) is that the wutility from attributes presented earlier
affects the weight assigned to later attributes. The first impression left by the early
attributes matters also because it affects the responsiveness to later impressions. For
example, suppose each ¢y is decreasing. Then, the more Ann likes early attributes, the
less she weighs later attributes. Put differently, she may underweight later attributes
not just because they come later, but also because earlier attributes are already pretty
good. Other possible interpretations are that Ann pays less attention to later attributes
if earlier ones are good enough; if instead early attributes are not good, she may look

for reasons to like an item by carefully inspecting later attributes (decreasing ¢y), or she

20The model defined by (8) is related to Epstein (1983), to which we owe significant inspiration for
our characterization.
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may become suspicious and lose interest (increasing ¢). In this way, the model allows
for smooth forms of satisficing across attributes.

Our characterization involves four axioms. First, suppose items x and y differ only in
attribute @ and Ann prefers x, to y,. Then, we would expect that she also prefers x to y—

in probabilistic terms, she is more likely to choose x than y—mno matter what the frame is.

Axiom 5 (Attribute Monotonicity) Foreveryi=1,...,N—1,a€ A, and f, f' € F
such that f(N) = a and f'(i) = a, the following holds: If xpny = Tpay = Ta, Ypv) =
Yp) = Yar TH-N) = Yp(-N); and Tpi(—i) = Yypi(—i), then
1 . . 1

mailepyd) 25 = w@plEy i) 2 5
This intuitive property rules out some predictions that are possible under expression (8)
without further restrictions, but are highly unrealistic. If attribute a appears in position
k < N and ¢y is decreasing, the better x, reduces more the weight Ann assigns to later
attributes than does y,. If this effect is strong enough, Ann’s overall value of x may be
smaller than that of y, leading her to choose y more often. Such violations of simple
dominance seem implausible.

Axiom 6 considers the comparison of items whose attributes are identical up to some
position 7. It states that the levels of such attributes do not affect how Ann trades off
the attributes after position i. Given any xy, let x} = (zy@), ..., Ts@). Note that for
pr € A(XpLiy 1 Lyky), the object (2%, py) defines a lottery in A(X).

Axiom 6 (Common-Root Independence) Fiz any f € F andi=1,...,N—1. For
all (x},pf), (y}7pf>7 (xlfa(If)f and (yjﬁ(Jf) in A<Xf)7 we have

m(@, pr) (@ pp), (2%, a40)}) = (W )W pr)s (W, a5)})-

Axiom 7 considers the comparison of items whose attributes are identical after some
position. It requires that how these identical attributes are ordered does not affect Ann’s

choice.
Axiom 7 (Tail Frame Invariance) Fiz i > 2 and any f, f' € F that satisfy f(k) =
f'(k) for k <i—1. Let x5 and yy satisfy xyuwy = ypu) for k > 1. Let Ty and gy satisfy
xf(k) = jf’(k) and yf(k) = @f’(k) fO’I" k S 1 — 1 and xf/<k) = jf’(k) and yf’(k) = gf’(k) fOT’
k > 1. Then, the following holds
m(wi{ay yey) = m(@p{p, gp})-
Finally, similarly to Axiom 4 for the AF model, Axiom 8 exploits comparisons between

frames to identify their effects. It allows the effect of postponing an attribute in the

presentation order to depend on the level of the attributes that precede it.
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Axiom 8 (Lasting Impressions) For all f, f' € F that satisfy f(i) = f'(1) fori # 1,
the following holds: If xyay # 1), T56) = Y1), Tp) = Yp1)ys Ti(—i) = Ti(=i)s Ypi(-1) =
g1y, and w(yp, {yp, p}) # 7(Gp s {yp 9y }), then

m(zy, {zs, 21}) m(ysr Ays Urd)

m(&y, {zy, 2r}) (G, vy U })

This is where we relax additive separability. In fact, if we required r to depend at most

T’(Z Jff(l), e ,xf(i,l))

on i, we would obtain that each ¢; is constant and hence a random-choice version of our
AF model.

Before stating our result, we introduce the restrictions on (a,u,¢) implied by our
axioms (in particular Axiom 5). For all f € F', zy € Xy, andi=1,...,N —1, let

Ry, (2 Z () (T 1) )eXp{ > ¢k(uf(k)(fﬂf<k)))},

Jj=i+1 k=i+1
which is the residual value of z; after position i. For all a € A and z, € L,, let
e®i(ta(za)) _ odi(ta(ya))
Ua(Ta) — Ua(Ya)

UZ,¢(ma7 ya) - -

This measures the relative strength of the framing and direct effect on an item’s value
of changing x, with y, in position . The next condition ensures that this direct effect

always dominates, taking into account the residual value of an item.

Definition 9 (Regularity) The model (o, u, @) is reqular if for alli=1,... N, f € F,
and xy € Xy

a(i) > sup oy, 4(@s0) Yri) R o (5)-
Yr@ €Ly

This condition looks complex due to its generality, but is also intuitive. It exactly charac-
terizes our model as the next theorem shows. Note that it holds automatically if all ¢; are
increasing and all u, are positive, or if all ¢; are decreasing and all u, are negative. In ap-
plications, it is easy to select regular (o, u, ¢). If all u, are bounded and all ¢; are differen-

tiable, we can ensure regularity by assuming an appropriate bound on each derivative ¢/.

Theorem 2 Azioms 5-8 hold if and only if there exist reqular (o, w, ) such that for

every f € F the function wy in expression (7) satisfies

= Z wpy (@) o(i) exp {Z Pr(ws(r) (l’f(k:)))} :
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4.3 Framing in Perturbed-Utility Models

We briefly discuss how to connect our theory of attribute framing with the perturbed-
utility model of Fudenberg et al. (2015). This provides a more general way of modeling
stochastic choice influenced by such framing effects.

Fudenberg et al. (2015) describe the choice probabilities as resulting from a maximiza-
tion problem: Ann maximizes the expected utility of her choices net of some cost that is
convex in probabilities. Formally, for every M}

(g M), oy M) € arg_mave {37 wlzpm(zg) — x(n(e)
zpEM;
where y is a perturbation function that may reward Ann for randomizing.

We connect the two models building on Fudenberg et al.’s (2015) elegant analysis.
Given any continuous and strictly increasing function h : (0,1) — R, define the marginal
cost as

X' () = In(h(m)).
Fudenberg et al. (2015) show that the utility of any two items z; and y satisfies

vi(rp) —vplys) = X' (m(eel{zg, ye 1) — X (7 {og, ye})-

Our previous characterizations involved specifying properties of payoff differences of the
form vy(xy) — ve(ys) through our axioms. Thus, to specify similar properties in the
perturbed-utility framework, we only need to reformulate our axioms in terms of the

“rescaled” probabilities h(m(x|{xf,ys})).

4.4 Framing in Rational-Inattention Models

We can also connect our theory of attribute framing with the random-choice model based
on rational inattention proposed by Matéjka and McKay (2015). Recall that we can think
of M; as a table, where attributes correspond to the rows ¢ = 1,..., N and items to the
columns j =1,...,|My|. Then, choosing an item leads to the consequence of getting the
attributes (:U;(i))fil in the corresponding column j.

The rational-inattention model is based on the idea that the decision-maker is uncertain
about the consequences of his choices and spends costly attention to learn about them.
In our case, suppose Bob is uncertain about the entries of the table (i.e., My) and so
about the levels of the attributes obtained by selecting a specific item (i.e., column). Let
G be his prior about the entries of menus. As in Matéjka and McKay (2015), suppose

Bob allocates attention to the items in a menu incurring a cost in the form of entropy
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reduction. Following Matéjka and McKay (2015), the solution to Bob’s optimal attention-

allocation problem leads to the choice probabilities

(M) = ————
(f| f) Zj/ﬁj/evf(xzc)

, where T = Eg[r(z}| M;)] (9)
for every My. Thus, for every realization of the entries in table My, the probability
that Bob chooses the item in column j is similar to our Luce model (7), except for the
additional weights 7. Each 7 equals the ex-ante probability of choosing the item in
column j averaging over all realizations of M.

We can connect our theory with this model as follows. Note that expression (9) implies

that, for fixed column j,

vr(a}) = vp(y}) = In(m (@} My)) = In(m(y}| M)

This again suggests a simple way to adapt our axioms to specialize the function vy in the
present context as we did in the previous characterizations.

The flexibility of Matejka and Makay’s (2015) framework allows for several extensions
of our theory of attribute-framing effects. First, it allows to overcome some of the well-
known limitations of the Luce model (like unrealistic responses to item copies). More
interestingly for us, it allows for interactions between attribute-order and list-order ef-
fects. To illustrate the point, suppose that as Bob goes through the columns from left
to right, he gets tired and pays less attention to later columns. In this case, no mat-
ter what, he is overall less likely to choose items in later columns (i.e., 7 > 7! for all
7). This can be formalized by assuming a prior G specifying that later columns are very
likely to have sufficiently bad attribute realizations. Importantly, the average weights 7/
have to be consistent with the actual choice frequencies, which are affected by the at-
tribute frames. Therefore, those frames ultimately influence the list-order effects. We

leave studying such interactions for future research.

5 Final Remarks

We introduced a model of framing effects that explicitly takes into account how alterna-
tives are presented to people. The order or emphasis given to the attributes of available
items can influence which is chosen. This is at odds with mainstream choice theory for
which the presentation of the attributes should be irrelevant, but is in line with rich em-
pirical evidence suggesting that such effects should be taken into account when studying

choice behavior.
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The model provides a first theoretical structure to understand such attribute-framing
effects. It provides testable predictions and the possibility to compare framing effects
across individuals. It can be easily generalized to allow for richer framing effects. In par-
ticular, it may open a bridge between attribute-order effects and list-order effects. More-
over, the model has several interesting implications, which we illustrated in applications
to competition among firms and negotiation.

Furthermore, our model offers a steppingstone to formulating and addressing many
other questions about the effects of framing the attributes of choice alternatives. We
believe their analysis belongs to follow-up papers. However, we briefly discuss some of
these questions in the Online Appendix. The first is how framing affects choice when the
available alternatives are framed in different ways. Our model allows us to formulate hy-
potheses of such effects on behavior that can be tested with data and then turned into
a usable model of choice. The second question relates to a large body of evidence show-
ing that people often engage in motivated reasoning, rationalization, self-deception, self-
justification, and reduction of cognitive dissonance by strategically presenting to them-
selves situations and decisions in the most favorable perspective (Bénabou and Tirole
(2016)). We argue that our framework can provide a way to capture self-serving perspec-
tive manipulation in a disciplined manner. We connect this point with the ideas of deci-
sion utility and experienced utility (Kahneman et al. (1997); Kahneman et al. (1999)) and
with the well-known phenomenon of the endowment effect (Thaler (1980)). Finally, we
discuss how one may conduct welfare analysis in the presence of attribute-framing effects.

Many other applications of the model wait to be written. We mention a few that
we find intriguing. The first is to formally study rhetoric and its concerns with how to
arrange the points of an argument in the most persuasive manner—what the classics
called dispositio. This could offer a novel angle on persuasion that is fundamentally
different from strategic information provision, because here the what stays the same but
the how changes. The second application involves relating attribute-order effects and
present bias. We can view consumption streams as items and per-period consumption
levels as their attributes. One wonders whether presenting streams in chronological or
reversed chronological order changes the displayed present bias. If so, framing may

emerge as another way to address this bias.
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Appendix

A Strategic Framing: Proofs

A.1 Proof of Lemma 1

Fix f and suppose ¢ > 0—the other case follows similarly. Let 0; identify the type of consumer
indifferent between Iy and Ey:

Oflar(r) 1y + ap(b) ] — ap(p)lp = Of[as(r) By + ap(b)Eb] — af(p)Ep

and therefore

The firms’ profit-maximization problems are

1 I,—-F
max(l—i—f—u
I, h 5f

They result in the following best response functions:

_1[EP+W] and Epzl[fp— Ji }

Solving this system of equations leads to the claimed equilibrium prices, which we can substitute

in the profit functions to derive ¢°(I) and ¢°(E).

A.2 Lemma 2

Lemma 2 Under monopoly (i.e., K = +00), the incumbent’s optimal frame is f™ and @™ (Iym) >
" (Ip) > @™ (If, ).

Proof. Suppose K = +o0 and fix f. Given I, the type of consumers that is indifferent between
buying Iy or nothing is

P ap () + ap(b),
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Thus, the monopolist maximizes

1 ay(p)
Ip(l T oy (r) Iy + Oéf(b)Ipr)7

which leads to the optimal monopolistic price and profit

_ [ey(r)
P lamtt

ap(b) 11+h m _rag(r) ar(b) 1(1+h)?
ar(p Ib} 2h and #y) = [af(p)fr + af(p)Ib 4h?

It is easy to see that f™ maximizes ™ (I¢) and @ (Igm) > @™ (L) > ™ (If,). W

A.3 Proof of Propositions 1, 2, and 3

Recall that @°(Ey) is proportional to ¢°(If), so the incumbent and the entrant rank frames in
the same way.

If K > ¢°(Efm), then the incumbent can choose the monopoly-optimal frame f™ and deter
entry. Under condition (2), this is the best strategy for the incumbent.

If instead K < min{¢®(Em),¢°(Ey,)}, then for every choice of f we have ¢°(Ef) > K.
Thus, the incumbent cannot prevent entry. In this case, by Lemma 1 the incumbent will always
choose f such that 6y > 0: The optimal f always presents attribute  before attribute b. Given
this, to maximize ©°(I¢), f € {f™, f*, f«} has to maximize

of ag(r) af(b)] 5
ap(p)  lag(p) ap(p)!

This implies that ¢°(Ip<) > ¢°(If,), so the optimal frame is either f™ or f*. However,
@°(Iym) > @°(I4+) if and only if

This completes the proof of Proposition 1.
To prove Proposition 2, note that if a(2) > a(2), then ¢°(Ifm) > ¢°(Iy,) if and only if

[a(D)]? + [a(3)]
a(1) + a(3)

— > - & a(2) < =a(2).

Thus, if @(2) > a(2) > «(2), then ?(Ef+) > @°(Epm) > ¢°(Ey,) and the optimal frame under
oligopoly is f*. Given this, the only case where the incumbent can use framing to deter entry is
if K € (¢°(Ey,), °(Efm)], which requires to switch to frame f,—every other frame in F' yields
¢°(Ey) > ¢°(Epn) and hence cannot deter entry. The incumbent prefers deterring entry with
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f« to allow entry by choosing f* if and only if ™ (If,) > ¢°(Iy+), which is equivalent to

o)1 +a(3)1, _ [a(]) a(S)]54 <2h+1>2_ (10)

(1) “la@) a@)l 9\ h+1

This inequality holds if and only if either § or h are sufficiently small.

If instead a(2) < a(2), then @°(Esm) > @°(Ep<) > ¢°(Ey,) and the optimal frame under
oligopoly is f™. Thus, there are two cases in which the incumbent can use framing to deter
entry. The first is if K € (p°(Ep+), ¢°(Eym)], which implies that best entry-deterrent frame is
f*. Every other frame in F either yields ¢°(Ef) > ¢°(E¢m)—hence cannot deter entry—or it
yields ™ (1) < ¢™(Iy+). Given this, the incumbent prefers deterring entry with f* to allowing
entry by choosing f™ if and only if ™ (I+) > ¢°(Im), which is equivalent to

o)L +a@)l  a(2) [a(l) B 1}5% <2h + 1>2 ,
9

a(2) h+1 (11)

The second case is if K € (p?(Ey, ), ¢°(E¢+)|, which implies that best entry-deterrent frame is

f+. Again, every other frame in F' either yields p°(Ef) > ¢°(Ef+)—hence cannot deter entry—
or it yields o™ (1) < ¢™(Iy,). Given this, the incumbent prefers deterring entry with f, to

allowing entry by choosing f™ if and only if ¢™(Iy,) > ¢°(Iym), which is equivalent to

a2 +aB3), _ a(2) [a(l) B 1}5% <2h+ 1>2, (12)
= o\ n+1

Consider now Proposition 3. It is easy to see that if either J is lower or h is, then ¢?(E+),
@°(Eym), and ¢°(Ey,) are all lower. Thus, the range of entry costs where the incumbent faces
no entry threat (i.e., K > ¢°(Esm)) expands, and the range of costs where the incumbent can
never prevent entry (i.e., K < min{y?(Esm),¢°(Ey,)}) shrinks. In addition, the right-hand
side of conditions (10), (11), and (12) are all smaller if either § or h is lower. Thus, for K €
(p?(Ey, ), max{@®(Esm), ¢°(E+)}], the incumbent is more likely to use framing to deter entry.

Finally, consider o and o’ such that % > % and % > zi—g; It is easy to see that this
implies that ¢°(Efm) and ¢°(Ey«) are both lower under « than under o’. Moreover, the left-
hand side of conditions (10) and (12) is higher under «/ than under «, while the right-hand
side of conditions (10) and (12) is lower under o/ than under .. Thus, whenever K falls in the
region where deterring entry requires to use f,, if the incumbent finds this optimal under «, it
also finds it optimal under o’. Regarding ¢°(Ey,) and condition 11, their ranking under o and

o’ is ambiguous.

A.4 Extension of Strategic Framing: Both Firms Choose Frames

We extend the analysis in Section 3.1 by letting the entrant choose the frame under which to

present its product. The consumers then compare products using one of the two frames before

39



buying one. Letting f! and f¥ be the incumbent’s and entrant’s frames, we assume that each
consumer uses f! with probability x and f¥ with probability 1 — u, where % < u < 1. One
interpretation is that each consumer uses the frame of whichever of the two items he or she
encounters first (as under hypothesis Hs in Section E of the Online Appendix), and this is more

likely to be the incumbent’s product. The timing is as follows:
1. The incumbent chooses f! for its product.
2. The entrant decides whether to enter at cost K > 0.
3. If the entrant enters, it chooses f¥ for its product.

4. If the entrant enters, the firms compete in prices; otherwise, the incumbent sets its

monopoly price.
5. Consumers make their comparisons (if any) and purchase decisions.

For every f € F, recall that 6 = [of(r) — a¢(b)]0 and the consumer who is indifferent between

products under each f is characterized by

Clearly, the firms will choose f to try to get the high end of the market: d;r > 0 and 6,5 < 0.

Thus, the demand for the incumbent and the entrant will be

I, — Ep
Ofr

D' = p((t+n7") - ap(®) + (1= ) (L) - 1),

o).

Maximization of profits leads to the following best response functions:

DE — M(Ln(s_f]EpafI(p) _ h—l) +(1- H)((l i h_l) B E%

_ 1 1y _ 1 5f16fE
I =5 (0457 = (1= p)h V@B e + (= wage oy | 5|
_ 1 B 1y 1 6f16fE
Ey = 2 {((1 m(L+h77) = ph ),uozfz(p)(;fE + (1= pase(p)ism + Ip}

Hence, we obtain the following optimal prices:

Ip* 1 6f16fE

. e
_3Maf1(p)(5fE_|-(1_u)afE(p)éfI[(l"f'ﬂ)(l-f—h )— (2= p)h™Y

]. 5f15fE

=2 _ _ -1
U Bpagi(p)ope + (1 - pase(p)os (2 =)+ (1 =2p)h™]

As expected, for u = 1 we obtain the previous optimal prices.
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Given these prices, we can rewrite the resulting demands as follows:

2 — 2u—1 2 —
D! = 3“+ “3 1+hY  and DE:TM(2(1+h_1)—1)—h‘1

Thus, the profits are

0 _ 1 Op1dym 1\ (o Np—11[(0_ _ —1
1) = o (=2 2 (1)
o (Ey) = L oridre @)+ (=2 @) (20 +h~)—1)—3h7]

" 9pap(p)de + (1— p)age(p)ds
Now note that, when setting f, both firms have the same incentives and will hence choose
the same f. This implies that 6,1 = —6pr = A and ay(p) = ape(p) = ay(p). We can then

rewrite the profits as

PI) = 5 - ﬁp) (A7) = 2= wh 2w+ 2u— 1)+ 5]
(Bp) = 5= ﬁp) (2= )+ (1 =2k {2 = )20+ h™1) = 1) = 3h7]

Thus, given the results of Section 3.1, the incumbent makes higher profits when alone in

setting the framing under oligopoly if
CA+A ) =h? 2 [+ )+ = 2= wh 2 = p) + 2u— 1)L +h™)

This holds if 24+h~t > (1+p)(1+h~ ) —2—phtand 2+ A1 > (2—p)+ (2u—1)(1+h71).
Since both conditions are satisfied, the incumbent has less market power when the entrant can
also influence the frame. This leads to less margins to deter entry, but qualitatively the same

analysis of Section 3.1 applies.

B Framing in Negotiations: Proofs

B.1 Proof of Quadratic Loss Result

Given f, the problem P solves in the second period is the following;:

N
max  — Z a(i)(a;f(i) — :TZJ}CD(Z-))Q
i=1
- (13
st — Z a(i)(wfa) — :Ej?(l-))2 >u
i=1
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That leads to the following Lagrangian, with standard positivity and slack conditions:

N
max = ali)(zs) — 7 ( Z )56 = T —“> (14)

=1 =1

Thus we get the following necessary and sufficient FOC for i =1,..., N:

. =R = _
Ti)t 2ap0) |[~Magm — ) — (@) — )| =0

N s (15)
=D ali)(ag — Tfp) —a=0
i=1
and the result follows.
B.2 Proof of Proposition 4
Given f, agent P solves is
N
max > a®)Bra) — Ve (@ s6) — )]
i=1
N (16)
st Y a()Bra) — ) (@re) — ) =T
i=1
That leads to the following Lagrangian, with standard positivity and slack conditions:
N
max Za(mﬁf(i) =Yy (@) — l) D) (Z Yy (T ey — E?(i))2]> (17)
’ i=1 =1
Thus we get the following necessary and sufficient FOC for i =1,..., N:
. ; =P R _
Tpey s —2a(i) ['Vf(i) (@56 = Tpay) T VAN @) — xm)} =0
a R \2 R <18)
Ao Y al)lkge — v (Ere — ) =T
i=1
So we get
R Y I AT 19
TR0 = T a0 T T TG (19)

Substituting the optimal x; into agent P’s objective function and agent R’s participation

constraint we obtain

Mz

A\ _R P 2
i) | Bys) - (1 = A) 6 @ — o))

=1
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N 2 N
; P )2
= Saso - (15) Latrmak, - o)
=1 =1
and

1 2 N N
<1 T A) > i)y (@ — Tf)* = D ald)bre) -

i=1 i=1

\/Zz]\il a(i)7s) (fjlf(i) - f?(i))z - \/Ei\il a(i)Br) —
VI, ali)Brq) — u”

The assumption on @ implies that T'(f) > B(f) — ' for all f and hence A > 1. We can then

use this last conditions to replace A in agent P’s objective and obtain

2 N

P :N N T . Ny een (T8 — 7L )2
Ur(f) = 2 a@bro — (1o3) 22 e@re@Es — 75

i=1 i=1

= B(f) - XN (B(f) —u")

— B~ VI —\/B(f)—uRr

Since the quantity in squared brackets is always positive, U (f) is increasing in B(f) and

decreasing in I'(f). Proposition 4 follows.

B.3 Proof of Corollary 2

We can view o' and o? as probability distributions over the positions {1,..., N}. Then, the
condition of Definition 3 can be read as o> MLR dominates o', which in turn implies that o?
FOSD a!. Given the optimal framing strategy f* in Proposition 4, we have that By(i) in an
decreasing function of 7 and fyf*(i)( P~ f*(z.)) is an increasing function of 4 under both al
and o?. Standard results imply that T'2(f*) > T''(f*) and B2(f*) < B'(f*). Therefore, using
the expression of UY, we get that the proposer is better off when payoffs are defined by o' than
by o?.
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C Characterization of the AF Model

C.1 Proof of Theorem 1

We will prove sufficiency of Axioms 1-4; necessity is easy to verify and is thus omitted. Given

Assumption 1, the condition c({zf,2’}) = c({ys, y}}) implies that

vi(zy) > (=) vp(a) & vplyr) > (=) vr(h)-

Given the restrictions on xy, x}, Yy, and y} in Axiom 2, this means that how v; ranks the
attributes in positions j and k is independent of the other attributes’ levels. By Axiom 1 each
position of f can matter for choice. By standard arguments (Debreu (1960)), we can write vy

in an additive form in positions and the attribute assigned by f to each position:
N
vp(zy) = Z w,{f(i)(xf(i)), (20)
i=1

where for every f € F' there exist non-constant wzf(i) : Lyigy — R for every i € {1,...,N}.
Additive forms are unique up to positive affine transformations, which in this case can depend on
f: If we have two such representations vy and 9 of choice under f, we must have vy = 8,0, +¢;,
where 3y > 0 and {; € R.

Given this, Axiom 3 implies that for every a € A, if f(i) = f'(j) = a, then wzf(i) and wf,/f(j)
represent the same vN-M utility function over L,. Therefore, for every a € A, fix any f, € F
such that f,(1) = a. Let u, = w{f‘a. For any other f € F and i = 1,..., N such that f(i) = a,
we have that wz{a = Z-fua + Cl-f, where ’yif > 0 and Cif € R2 Letting v{* = 1 and ¢{* = 0, we

can write

N N N
vp(eg) =D wl o (@rw) = D A upw @) + D¢
=1 =1 =1

By affine uniqueness of vy, for all f € F' we can let ’y{ = 1 and (if =0foralli=1,... N.

Therefore, we obtain the representation

N

v(rp) = upy(@p) + D9 g (@ 4)-
=2

Next, we want to show that ’yif depends only on i. By definition of ¢, y¢, and zy in Axiom 4,

we have

Payey [up ) (1)) + 9 gy (@ p6)] + (1= Daye ) ep ) Wry) + 9 wry W)

2INote that 7{ cannot also depend on f(4) in addition to ¢ and f because there is no %-fb for b # ().
If any, the superscript already allows for the dependence on f(3).
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=up (1) (WUr 1)) + 7 ) (@ 40)-

This implies that
Peyzy 5 U (@pe) — ) (Yr)

U= paysy gy () = upy (Yra))”

Similarly,

Pryzp @ @r6) ~uroWra) g 4o@e) = ueWie)
V=payep 7 upy(pm) —upolpw) 7w (@) = upa) Wem)

Therefore,
Dryzy ’Yif . Payz

1- p:cyz‘f B ’y]f/ 1— pxyzf/ .

By Axiom 4, we have

!
g )
7 =9(i,7)
’YJ

f

and therefore v; =~; > 0 and 'yjfl =; > 0 for all f, f’.

We conclude that for every f € F and xy € Xy
N

vp(ar) = upay (@) + D Yits) (@ 1)-
1=2

C.2 Proof of Proposition 5

Consider primacy effect—the argument is the same for recency effect. Recall that z, >, yq if

and only if ug(24) > ue(ys). Fixanyi =1,..., N—1. Using the AF representation, we have that

{(ZEf, yf;pfsyzf)v Zf} = C((va yf;piyz]c)’ Zf)

is equivalent to

N N N

> alius)(z1() = Phye, {Z a(f)usi) (g n)} (1 = Pays,) {Zo‘(j)“f(j)(yf(j))} :
j=1 j=1

Since ;) = yy(j) = 25(;) for all j # 4,7 + 1, this condition becomes

aupiy(zpi)) +ali + Vg (2piar1)) =

Pioyz, La(@)usiiy (@ p)) + ali + Vg (@) }

+(1 - Piyzf) {a(i)usy(yrey) + ali + Dugen Yraen) ) -
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Using ;) = 2y() and yypr1) = 2f@iy1), We obtain

piy;f _ (i) [wpe) (Tray) — wray(Yra))]
L= phyz, ali+ Dugny (@) — upirn) Urern)]

By similar calculations, using z/(;41) = zp;41) and Yy = 2p/(;), we have

Pyz i+ Dug i) (@) — wprn) Yprvn)]

1= Phyz a(@)[up ) (@ priy) — wpa) (Yo

Since x/, ys, and zy are obtained from xy, y¢, and z; by swapping the attributes in positions

i and 7 + 1, we have

Playz s _ o ali Duye(@ra) = wre W)l
L= poy., (i) [wpiir1) (T 1)) — Ui (Vs
It follows that ' .
p?py?f _ |: Oé(Z) :|2 . pmy%f,
1- pg:yzjc a(l + 1) 1- plxyzf/

This implies that a(i) > a(i + 1) if and only if pf,, . ;> péyzf, as desired.

C.3 Proof of Proposition 6

We will prove the result for primacy effect—the argument is similar for recency effect.

Part 1: “only if”. As in the proof of Proposition 5,

{($f7 yf;picyzf% Zf} = 02(<xf7yf;pfr:yzjc)7 Zf)

is equivalent to

L a?(i + 1)[“?(i+1)(33f(i+1)) - Ufc(iﬂ)(yf(iﬂ))]

The condition {(z, yf’Spizyzf/)? zp} = A((zyp, yf,;pfcyzf,), zp) is equivalent to

Piyz, o (i + 1) [uf ) (@) — uh (W)

1- pfcyzf/ o? (7’) [uff(H_]) (:L‘f(z-l—l)) - uff(ﬂ_l) (yf(z—i—l))] ‘

By similar calculations, 25 € ¢! ((zy, yf;piyzf), z¢) is equivalent to

Py, o (8)[ufy (@ 50)) — whny (W)
- P?;;yzf N al(i + 1)[“}(¢+1)($f(i+1)) - u}f(prl)(yf(i—&-l))].
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The condition (z, yf/;piyzf,) € cl((:rf/,yf/;piyzf,), zr) is equivalent to

Piyz, al (i + Dujiy (@) = wpe )]
1

- pgcyzf/ B al(i) [u}(z-i—l) ('If(z-l—l)) - u}f(H_l) (yf(z—i—l))] ‘

Therefore, these conditions are equivalent to

Piyz,
[ 10 r_ T=ply-, <{ o (4) r’
2(i4+1)| P, T lad(i41)
1fpéyzf,

foralli=1,...,N — 1.

Part 2: “if”. Let pfwz ; and giéyzf/ be the indifference probabilities for decision-maker 1:

ﬁixyzjc _ al(i)[u}(i) (@) — u}r(i) Wr@)]
L= Plyz, al(i+ 1)[u}(i+1)(xf(i+1)) - u}(i+1)(yf(i+1))] ’

Pryep (i Dupgy(256)) = wh 0re))

1= ﬁ:yzf/ O‘l(i)[“}(iﬂ)(xf(iﬂ)) - “}(i+1)(yf(i+1))] '

Using ul = y,u2 + (, for all a € A and af‘(lﬁ)l) > a2( o> (i) =) foralli=1,...,N — 1, we have
Doy, _ ol (@Dvs [uFe (@) — uhe W)
1- ]jg:yzjc 0‘1(7: + I)Vf(i—kl) [u?f(i+1)(xf(z+1)) u?f(prl) (yf(z-i-l))]

& (050 [ (T piy) — i) (rei))]

a2(i + 1)7f(2+1) [ui(z—&-l) (xf(z+1)) u?f(z_;_l) (yf(l+1))]
V£G) pgﬁy%f ‘
V1) L= Py,

Similar calculations imply that

ﬁ;y?f’ < 1o péy?f’
1- péyzf/ N Yf(+1) 1- plxyzf/

There are two cases to consider. First, suppose 7 (7) > v¢(i41)- It follows that

=i 7
pwyzf/ < pxyzf/

— J— . 9
1- pévyzf/ 1- p?pyzf/

which implies that (x, yf/;pfzyzf,) € Cl((xf/,yf/;piyzf,), Zfr).
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Now suppose that z; ¢ Cl((xf,yﬁpfcyzf), zf). This means that

Py 0} (@) 1) — s ()
1 — Payz; al(i+ )[u} i+1) (xf Z+1)) }(i+1)(yf(i+1))}
B ot ()5 [Wh s (@ py) — i Wri))]
ol Dl }(Hl)(xf(iﬂ)) - u?”(iJrl)(yf(H‘l))]
C aligeedli+ Ve,
= Al D@ —piy))’

which implies that
205\ /205
i 1
Vi) al(%)/al(f+ ) <1,
Vv  or(@)/al(i+1)

This contradicts vz (i) > 741y and thus proves zy € ¢'((zy, yf;péyzf), zf).

For the second case, suppose that 7 (i) < v¢(+1). It follows that

=i 7
pxyz'f pxny
— ; )
1- pzlryzf 1- pény

which implies that z; € ¢! ((zy, yf;p?;yzf), z¢). Now suppose that
(@Y Daye,) & € (@953 D5z, ) 200).

This means that

pfvyzf/ < 051(1 + 1)[ Ut (s (xf( )) 1@') (yf(i))]
1= ply., ol (0)[uf ) (@ 1) — Wy ) (WpGir))]
(i + Dy Wi (2 56)) — v (Yr6)]
al(i )7f(z+1)[ (l+1)(fﬂf(z+1)) ?(i+1)(yf(i+1))]
al (i + )77y 0% (1)Phy-,,
al (D)vpy (i + (L= Py )

which implies that

‘ 2 2
0NN a1(§+ 1)/a1(§) > 1.
Vv o ol(i+1)/al(i)

This contradicts ¢ (i) < vf(;4+1) and thus proves (zy, yf,;p;yzf/) € cM(zyp, yf/;péyzf,), zfr).
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Supplemental Material
(For Online Publication)

D Characterization of the Non-separable AF Model:
Proof of Theorem 2

The proof proceeds in five steps. We seek to obtain a regular representation of the form

i—1
wr(as) =Y (g @pe) [ Belwrw @), (21)
i=1 k=1

where ngl By(upgy(vppy)) = 1 and By : U — Ryy for every i = 1,...,N and U =
UgeAta(Lq). The representation in Theorem 2 follows from the change of variables

Dr(wpey(@pry)) = I{Br(upy(@p)))}-

For every (q, M), let
(q, M) = In(m(q, M)).

Step 1. Axiom 6 implies that for all 2'ps, y'py, 2%y, and y'qs in A(Xy), we have that

(@ pp) (@ pp), (@, a0)Y) 7@ p) W pr)s (U ap)})

m(@ ap){ (% o), (2, 00) ) 75 ap) {Whpr), (5 ap)})

Therefore,

(@ pr) (@5 pp)s (@, ap)}) — (2%, ap) {25, p1), (0, 45)}) = vp (@, pf) — vp (@, qp)

is equal to

W) LW pr), Wrap)}) — LW ap) LW pg)s Wh ap)}) = vr(Ws.pp) — vy, ap)-

It follows that
vp(ah,pr) > vp(ah, qp) < vp(Whpr) > ve(yh, az).
This implies that vy (xzc, -) and vy (y;c, ) represent the same preference over A(xp_; 1 Ly () for
all x},y} € Xy Lyyyandalle=1,...,N — 1.
To unpack the consequences of this property, consider first ¢ = 1 and fix any level Zy(;) € Ly(y)-

By the uniqueness properties of vIN-M utility representations, there exists u}r(l) (z F(1)3 ff(l)) eR
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and Bf(l)(wf(lﬁff(l)) > 0 such that, for all zy) € Ly;) and all py € A(xéVZQLf(k)), we have

op(},05) = whoy (2503 F 1) + By (@50): Tp)op (T, p7)-
Therefore, clearly, f( )(a:f(l),:cf(l)) =0and B (1)(xf(1);ff(1)) =1.
(
)7

preference over A(x% e 3L F(k )). Fix any level Tf2) € Ly2)- By the same uniqueness argument

Now consider ¢ = 2 and focus on the elements ;Uf,pf) with the property that x ;) = Ty().

Using Axiom 6, we conclude that vy (T s () and vy (T (1), Yg(2), ") represent the same EU

as before, there exists uf(Q) (T42); 1), Tf(2)) € R and B}C(2)($f(2);ff(l),ff(2)) > 0 such that,
for all xy) € L) and all py € A(x{cvszf(k)), we have

0@ g1y 520 Pr) = Whiy) (5023 T (1) Tr2) + By (5203 T (1)s ()05 (F (1) B 2) D)

If we now replace in the expression for vy (x}, pf), we have

vp(a}, pr) =uf (@) Tr) + B}cu)(mf(l)?ff(l)){“}c(z) (T 7(2)iT7(1): T (2)
+ Bl o) (g (2); ffu),ff@))vf(ffu)»Tf(2>vpf)}
:“§(1) (xp(); Tf) + B}c(n(xf(l)? f})“}c(z) (€52 THa))
B}C(l)(iﬁfu);f})B}c(g) (@ 4(2); TF)os (T}, py)-
Iteratively repeating this argument, we obtain that for all x; € X
N k—1
vi(zs) = “}cu)(*’ff(l)?f}‘) +> “}c(k)(xf(k)?flff) II B}c(k)(xf(k)j’;”)’
k=2 j=1
which becomes after suppressing the dependence on the arbitrary Ty,
N k—1
vp(ey) = who (@) + D uwfoy (@) [T B (@rm). (22)
k=2 j=1

Step 2. Now consider Axiom 5. Note that 7(x¢|{xs,ys}) > % is equivalent to

Lxpl{zp,yr}) — Lyrl{zp yp}) = ve(zy) —vp(yy) > 0.

Using the representation in (22), we have that

1—1 i—1
vils) > vyy) < uf@a) [ By @) = vl wa) T] Bl i) < wd(xa) = 1l (va),
j=1 j=1

i—1 pf _ 171 Rf
because [ By (zriy) =12 Bf(j)(yf(j)) > 0.
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By similar reasoning, the axiom says that vy (2 s) > v (y f,) for every specification of & 43y =
Upr(k)- Also, recall that there exists Ty € X such that u (k) (Ty1(ky) = 0 for all k. Therefore,
letting &/ (xy = U1 (k) = Tpr(x) for all k # i, we have

i— i—1
vp(@p) Zop(ip) e ul (2a) [ Bl @rg) = wf wa) [T Bl @i
j=1 j=1

A u{:(xa) > Uf:, (ya)a

because H;;ll B}c,’(j)(ff/(j)) > 0. We conclude that uf and uf represent the same ranking over
L,. In particular, this means that u{:(:ca) = ug(ya) if and only if uf; (xq) = u{i (Ya)-

Towards our goal of showing that each B}{(k) depends on x s only via uﬁ(k) (Z¢(x)), consider
first the simple case where u}c(k)(xf(k)) % u}c(k)(yf(k)) for all xruy, Yy € Ly (i-e., u}c(k) is

injective). Then, we can just re-define

BJ{(k)( f(k)(xf(k))) Bf(k)(( f( ))71(U§(k)(l’f(k))))-

Thus, the desired property of the weights holds trivially.
Now consider the less immediate case where uﬁ(k) (Tpr)) = uﬁ(k) (Yfky) for some @ pay, Ypiy €
L@y, where f(k) = a € Aand k < N. Then, by the previous argument, for every frame f’

with f/(N) = a, we must have ugl(xf(k)) = ugl(yf(k)) and so

~

O (Eprays - T (N=1) k) = U (E )y T N1 Yr())-

By the axiom, we must also have

UF(Tp(1)s - s Tp(k—1)> Tf(k)s ZF (k1) - > ZF(N)) = V(T A1) - 5 Tphm1)s YU (k)s ZF(k+1)5 - - -5 ZF(N))

for every (2f(k41),- -5 2f(n)) € ><] k+1L7(j)- Therefore, after simplifying the term Hk 1Bf( )(Ef(j)) >

0 and using ui(j)(ff(j)) =0 for j < k, we have

_.f f
0 =ufn) (@) = ey Yrr))

N
; f
+ [Bf(k)(‘rf(k))_Bf(k)(yf(k))} > ulb) H B (21)

j=k+1 i=k+1
N

[t f

- [Bf(k:)(‘rf(k))_Bf(k)(yf(k))} Z ) (27)) H B ) (Zr0))s

j=k+1 i=k+1

where Hf:k—&—l B}c(i)(zf(i)) = 1. Since u;(j)(zf(j)) # 0 for some zy(;) € Ly(;) and some j > k+1,
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we must have

f _ [ f _nf
ey (Try) = wpoWrm) = By @ i) = By Wrem))-

This implies that B}c(k) cannot depend on ;) other than through uﬁ(k) (T ¢(k)), as desired.

To recap, we now have the following representation: For all f € ' and zy € Xy,

N 7j—1
vp(zy) = “§(1)($f(1)) + Z “ﬁ(j)(xf(j)) H B]J:(k) (“ﬁ(k) (@r(r)))-
j=2 k=1

We concluded earlier that uf for f (N) =a and ul for any other f’ € F—where f'(N) may

be different from a—represent the same ranking over L,. By Axiom 6, ug is also a vN-M utility

function over L,. Therefore, there exists 'yg/ > 0 and C({ " € R such that, for every f’ different

from a fixed f* with f*(N) = a, we must have
ug = Va Ug + C

where we define u, = ul”. Note that this implies that without loss of generality each B}c(k)
function depends on z () only through ws): We can simply define

A f _nf
Bl (us09) = By (Ve + Chewy)-

Therefore, (simplifying notation) we have

N i1
vi(es) = hayurm @) + oy + Do @re) + ol T Bha @rw @)
”;2 - Pl
'Yf(l)uf(l)(:cf )+€f ZV}C() (e f(j))HB}c(k)(uf(k)(xf(k)))
N j—1 =2 k=1
* ]z_; CJJ:(J') kl_[l B}C(k) () (Zp(k)))-

Step 3. We now would like to show that each B k) depends only on the position k for all
f € F. To this end, we use Axiom 8, which implies the following. First, note that

i—1

ag, fwp, r}) = Uap, s, ip}) = [ (@rm) = b @) T Bl @ @rm)
k=1

and

!/ !

g Ly 0 = L@ {ups 03) = Wy (@) = why) (@ 4)-
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Using this, we have
g g, &r}) — &g {ar,2p}) = lug (@r) = wre @) [T vhe Bl rm @ rw)
k=1

and

!

Wyp Lyg 03) = L Lyg 83) = gy (@) — wp) (@ o))

The axiom requires that

T v f(lc)(uf(k)(xf(k))) B

T Tpays -5 Tpio1))-
7f(l)

This implies that %]:21) = v for all f, f' € F and some v, > 0, ’y}c(i) = ~; for all f € F and
some y; > 0, and B]J:(k)(uf(k)(a:f(k))) = Bi(usu)(zu))) for all f € F and some real number
By (ugpry(Tpry)) > 0. Thus, we can define U = Useatia(Lq) and the function By, : U — Ry as
taking the values just defined.

These steps refine the representation of vy to the following:

7j—1
(@) = musy(@s) +Chay + Z%“f o @) T Brlws (@)
Jj—2 k=1

N j-1
+> ¢ho) T Brwry (@pa)-
=2 k=1

Step 4. By the uniqueness of vy as a Luce value up to adding constants, we can set ¢ }c(l) =0
for every f without loss. We would like to also show that ij(j) = 0 for every f and j > 1.
To this end, we exploit Axiom 7 to further refine the representation as follows. For i = 2, its

conclusion is equivalent to the equality between

Uafl{zryrt) — Lyszpyr}) = vplxy) —vr(ys)
= mlupay(@pa)) = ura)Yra)l
o) [Brusay(@s)) = Bilug (ys)]

and

f(ﬂf/\{l‘}/,y}/}) —E(y./f/Hl',f/,y;c/}) = Uf/(${f/) — Uf/(yf/)
= mlury(@ray) = vra)(Wra))l
+Cfi) [Bilusy (@ 51)) = Bailugoy (ys))] -
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This implies that
|:C]J:(2) - C]{/(Q)] [Bi(upy(zs1))) — Bilupay(ypay))] =0.

Since Bj is not constant, we must have (}C(Z) = (J]:,,(Q) = (g1 for all f and f’ that satisfy
f(1) = f'(1). Now suppose that, for all k = 2,...,j, we have C]J:( Cf’(k = Cf(1),...f(k—1) for

-----

all f and f’ that satisfy f(m) = f'(m) for m <k —1. Let i = j+ 1 in Axiom 7. Its conclusion

is equivalent to the equality between

Uxp{zyp yr}) — Lyr{zr, yr})
= vf(ﬂﬁf) —vy(yy)

J
= Z'Yk“f( (k) H m(Wp(m) (T f(m))

k—1
—Z’quf (Y )) H B (U f(m) (Y f(m)))
m=1
7 k—1 k—1
3 Gttt 3 L Bmpomy @pam) — T Bm(uf(m)(yf(m)))}
k=2 m=1

+C}C(j+1) { T Bnlugim @) = T1 Bm(uf(m)(yf(m)))}

m=1 m=1

and

g(.’lf‘lf/ ’{l’/f/ y y}/}) - E(y}/ |{x/f’7 y}’})

= wp(al) —vplyp)
j k—1

J
= Z’YW( (@ (k) H m (Wp(m) (T (m)))

k—1
—Z%“f Wrw) TT B (wgom) Wsom))
m=1
k—1 k-1
+ZCf( -1 3 TT B gy (@pemy)) = T Bm(uf(m)(yf(m)))}
k=2 m=1

J

m=1 m=1

This implies that

J J
f r
[Cf(j+1) - Cf’(j+1)} {H B (g (m) (% p(1m))) 1__[1 B (g (m) (yy m)))} 0.

m=1
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Since the quantity in brackets is again not constant, we must have ¢ JJ:(J. 4y = ¢ ]J:,/ (j+1) = Cr(1),nf ()
for all f and f’ that satisfy f(m) = f’(m) for m < j. By induction, we can extend this property
toevery j =2,...,N.

Now consider any f and any z; that satisfies x ;) = Tf(;) for all i > 2, so that yyu ) (Tf0)) +
Cr(1),.....f(i—1) = 0. In this case, we have that vf(:cf(l),ff(,l)) is a vN-M utility function over
L) and it takes the form

v (@ 1), Tp(-1)) = Nup) (@) + Gy Brlupa)(@ra)))-

Since uj(y) is also a vN-M utility function over Ly (), we must have

i), Br-1) = Vs (@) + Sra)-

This implies that

Wray — mlupay(@ray) + Cray = CrayBr(upay (@ pay))-

There are several cases to consider, which all yield () = 0. First, if 4y = 71, then the
equality can hold if and only if é 7(1) = Cr1) = 0 because By is not constant. Given this, suppose
that 971y > 71 without loss of generality. If By is not a linear function of uy(q), the equality
can only hold if and only if (y(;) = 0. Finally, suppose that Bj is indeed linear in uy(y), that is,
there exist 7; > 0 and ¢; € R such that

Bi(ugy) = Y1upa) + (1

In this case, we have

vr(T5) Tr-n) = mus)(@sw) + o) (@pa) + Gl
= [n+CayTilury (@pay) + Sy

By the uniqueness properties of any Luce value function, we can let {; = 0 without loss of
generality. Finally, by Axiom 8, v1 + (f(1)7; cannot depend on f(1) but only on the position
i = 1. Thus, without loss of generality, we can let (y1) = 0 and adjust 1 accordingly.

Now, suppose we established that (y),.. j—1) =0 for all j =1,...,4 — 1. Consider any f
and any xy that satisfies z ;) = Z(;) for all j # 1, so that 'y]uf(])(:nf )+ ¢y, fi—1) = 0.
Again, we have that vy (7., Tf—s)) is a vN-M utility function over L) and it takes the form

vF(@ (i) Tp(—i)) = vy (@ray) + Cray,....pa-1) Bilupey (@ ra)))] Bis

where B; = Z_:ll By (ugpry(Tpry)) > 0. Since uy(;) is also a vN-M utility function over Ly,
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we must have

This implies that

(ry = wiBilugiy (2 p) + oy = Sy, s-1)Bilugy (T 5a))-
Repeating the previous reasoning, we again conclude that (1) .. r—1) = 0 without loss of
generality.

Step 5. Combining all these steps, we obtain the representation

N i—1
wr(zp) =Y ali)us (@re) [] Brlurm @rm)).
=1 k=1

where the function « is defined by a(i) =~; for alli=1,..., N.

We conclude by showing that (a,u, @) must satisfy regularity. Using the representation, for
any @, and y} such that z () = yp(_n) we have that m(z/s[{z,y}}) > 3 if and only if
wp Ny (T pny) = up(ny(Yg(ay)- By Axiom 5, we must have 7(xy|{zs,ys}) > % for any f that
presents attribute f/'(N) in any position ¢ < N. This holds if usq) (2 ss) = wp@e (Yr@)), S0
hereafter assume that wyq) (@) > wp)(Yp@))- In this case, m(zp[{zs,ysr}) > % if and only if

N j—1 j—1
> s ap)a H Bi(uge) () = Zuf(J (W) H Bi(u ) (W s)))-
j=i .

J=t =

Since H;;ll B (wpy (T pr))) = Hk 1 Bre(ugy () > 0, the last condition is equivalent to

N j—1

wroy (@)@ + Y gy @pg)al) [ Belusw (@)
j=i+1 k=i
j—1

> gy (yr) @) + > wpWrg)al) [T Bl Wrm))-
j=i+1 k=i

Using now [T},_5. 1 Br(upy (@) = [isiar Br(wsay Wray) and wpg (2 46)) > wpy (ysa)), we
obtain

a(1)

Bi(usy(x50))) — Bilusny (ra) w
> B U T
> > up () || k(g (Tr)))-
ur) (@) — v W) 57 DAL

Note that this same condition is required if we started with w (7 f3;)) < up@)(y@))- Since this
has to hold for all f € F, zy € Xy, and yy(;), it is equivalent to the condition in Definition 9.
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E General Menus and Frame-Driven List Effects

Sometimes decision-makers face items whose attributes are presented with different orders—for
example, on the shelves of grocery stores or when sellers independently choose how to best frame
their products. This leads to general menus where different frames are present simultaneously.
How do frames affect choice in such cases?

The question is non-trivial, but our model can help organize the discussion and provide
some answers. The idea is to let the data speak. We can identify our model using f-menus
only (see Section 4). We can then use it to predict choices under different hypotheses on how
the decision-maker responds to general menus—we present a few shortly. We can test these
hypotheses against the data and select which we judge to be the best fit. Formally, let H be
an hypothesis and M a collection of menus. The decision-maker’s choices from these menus
form the actual dataset ¢(M). Using our model with (a,u) calibrated to this decision-maker,
we can calculate his utility from each item and his choices under H, which form the predicted
dataset ¢(M; H). We can then compare ¢(M) and ¢(M; H) in any standard way. For example,
H can be falsified if ¢(M; H) # ¢(M), or, more realistically, if d(¢(M; H),c(M)) > 7 for some
distance function d and tolerance threshold 7 > 0. Among multiple hypotheses, we may select
the one that minimizes d(é(M; H), c(M)).?2

To illustrate this approach, we consider three hypotheses.

Own-frame hypothesis (H;): Suppose that, when facing a general menu, Bob chooses as if
he evaluates each item following its own order of attributes. That is, for every M, the predicted
choice is

N
¢(M; Hy) = arg max Za(i)uf(i) (T p(s))-
wreM o

Note that for f-menus this boils down to the model in Definition 1.

Single-reframe hypothesis (H3): A second possibility is that, when facing a general menu,
Bob chooses as if he reframes all its items using the same f. Formally, let ¢ be a function that
maps every M to some f € F. Let M, be the ©(M)-menu that contains all items in the
original M presented with frame ¢(M). In this case, Bob’s choice from M should coincide with
that predicted by the AF model from My

N
¢(M;Hy) = argmax Z (i) ug(ary ) (Tp(an @)

To(a)EMp(ar)y 521

This hypothesis is very flexible. Bob may adopt different frames for different menus. Alterna-

22Standard methods can be used to define d. For example, one can use the swap indezx in Apesteguia
and Ballester (2015). Given H, the model generates a preference relation over the items in each menu.
One can measure the distance between the actual and predicted choices by the number of swaps in the
preference relation needed to make the actual choice preferred to the predicted choice. One can then
aggregate this measure across menus and choose the hypothesis that minimizes it.
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tively, he may adopt the same frame for all general menus. That is, Ho covers the possibility
that general menus cause framing effects to disappear. This may happen if the effort to organize
and make sense of the various items causes the different emphasis put on attributes to wane.
Anchor-frame hypothesis (H3): A special case of Hs is that Bob chooses as if he uses the
frame of one item in the menu as an anchor (see Krosnick and Alwin (1987) for consistent
evidence). For example, the f of the first listed item, the last listed item, or the most frequent
f could cue Bob to use f to compare all items in the menu. This anchoring may introduce
links between attribute-order framing effects and list framing effects, which we can formalize
and test with our model (see Section 4.4 for further discussion). In fact, list framing effects
are sometimes viewed as the outcome of particular ways of processing the attributes of the
listed items (see, e.g., Rubinstein and Salant (2006) and references therein). Knowing what
determines framing anchors can be valuable for sellers. For instance, if the anchor is the item
listed first, sellers have an incentive to try to put their product in that position and frame
it in the most favorable way. This mechanism may contribute to explaining why firms pay a
premium to be listed first, say, by search engines.

The role of items as cues for how to reframe other items in general menus renders choice
and preferences menu dependent. This can lead to failures of standard axioms, such as the
independence of irrelevant alternatives (ITA). This is intuitive. Consider the menus {zf», s,y }
and {zy,ysp}. Suppose for general menus Bob uses the item listed first to reframe the others.
Then, it is possible that for him x dominates y and z under frame f”, but y dominates x under
f. Thus, through the lens of our model we can understand violations of ITA as resulting from
attribute-framing effects. Of course, IIA may fail for many other reasons. The example also
illustrates that, due to the same mechanism, larger menus may increase the likelihood that
some item is chosen by cuing a frame that favors it. This violates other regularity axioms that

characterize standard choice models.

F Self-Serving Rationalization via Framing

A large body of evidence shows that people often engage in motivated reasoning, rationaliza-
tion, self-deception, self-justification, and reduction of cognitive dissonance by strategically pre-
senting to themselves situations and decisions in the most favorable perspective (Bénabou and
Tirole (2016)). One way is to emphasize some of their aspects over others. Such habits can be
conscious or automatic, affective (to feel better) or functional (to achieve goals), and depend
on emotions. For instance, rationalization can serve to avoid disappointment, guilt, or regret.
Cognitive dissonance may result in a strategy called minimization, namely, reducing the im-
portance of elements of dissonance (Lindsey-Mullikin (2003), Beasley and Joslyn (2001)). Self-
serving justification aims to make questionable behaviors appear less unethical. It can occur

ex ante—to paint violations as excusable in the eye of one’s moral self—or ex post—to lessen
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the experienced threat for one’s moral self (Shalvi et al. (2015)).

A key question is how to capture self-serving perspective manipulations in a disciplined
manner. We argue that our framework can provide a way. Our premise is that, when making
decisions, some individuals are susceptible to frames set by someone else, like salespeople or
experimenters. In a similar logic, the choosing self of such individuals may also be influenced
by frames set by their rationalizing self. This dual-self view is consistent with leading models
of motivated reasoning (Bénabou and Tirole (2016)). Imagine we can describe the choosing
self with our AF model. The rationalizing self can set f to manipulate the perspective under
which the choosing self makes decisions, emphasizing certain aspects with their presentation
order. Introspection suggests that when facing a decision—especially new and complex ones—
we first try to organize its aspects, thereby forming a specific presentation order. This order
may depend on our motivations and affect our choice.

We distinguish between two scenarios: ez-ante and ex-post self-serving framing. In the first,
f is set before the choosing self makes a decision; in the second, f is set after a decision. The
rationalizing self may want to maximize or minimize the evaluation of an item depending on
her motivation in the situation of the moment (Bénabou and Tirole (2016)). For every item
r € X, define f, and f, as

fs € argmaxz Dup) (T ray) and f, € argmlnz D)) (Treiy)-

Ex ante, Ann may adopt f, to motivate herself to do x—say, exercise—or to justify doing z—
say, violating some norm; she may adopt LE if for example she is going to bargain on the price
of z. Ex post, Bob may adopt f, if he bought  and wants to justify the expenditure to himself,
or LC if he could not get z and wants to lessen his feeling of regret or disappointment.

Importantly, our model imposes trade-offs and constraints on the rationalizing self. An indi-
vidual cannot deceive herself without limits. Emphasizing some aspects requires de-emphasizing
others: It is not possible to simply increase or decrease the weight on all attributes. Also, de-
emphasizing has bounded effects: It is not possible to ‘forget’ bad aspects since o > 0. Finally,
our model assigns a precise meaning to frames, namely, the order in which the rationalizing self
describes the aspects of an item.

The possibility that a decision-maker may frame items in a self-serving manner is consistent
with the possibility that he is influenced by frames set by others. Bob’s choosing self may buy x
under the influence of some f in the store, which can differ from the frame f, her rationalizing
self sets once at home (recall Proposition 2). This relates to and offers a formalization of the
distinction between decision utility and ezperienced utility (Kahneman et al. (1997); Kahneman
et al. (1999)). The first is the utility that drives decisions in the heat of the moment—for
instance, in the store under the f crafted by a skillful salesperson. The second is the hedonic

utility experienced in the cold state of the rationalizing moment—for instance, at home after
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calmly thinking about the bought item. For the above reasons, the experienced utility may be
determined by f,. Our model provides a tool to calculate both decision and experienced utility

knowing (a, u).

F.1 A Framing Perspective on the Endowment Effect

To illustrate the logic of self-serving framing, we apply it in the context of a well-known phe-
nomenon: the endowment effect (Thaler (1980)). This phenomenon relates the willingness to
pay (WTP) for acquiring an object and the willingness to accept (WT A) for giving up posses-
sion of the same object. Standard choice theory predicts that WT A = WTP. Yet, evidence
shows that subjects often exhibit WT'A > WTP (Kahneman et al. (1991)). Here we sketch one
angle to think about this phenomenon, which may complement the leading explanation based
on expectation-based reference dependence (Készegi and Rabin (2006)).

Imagine the following situation. The choice items of interest have multiple attributes. Ann
can be described by an AF model («, u), where « is not constant. Her value of having no item is
zero. We offer Ann the possibility of acquiring x under frame f, which determines her decision

utility for xy. Assuming quasi-linearity in money, we can define Ann’s willingness to pay for x as

WTP(z) = a(i)usq(@sa)-
i=1
If when asked to give up 2 Ann evaluates it under f, we observe WT A(xz) = WT P(x). But she
may frame z differently at this stage, which leads to WT'P(z) # WTA(x).

Even so, why should reframing of acquired items systematically lead to WT A > WTP? We
already mentioned reasons for self-serving framing suggested by cognitive science and psychol-
ogy that may lead Ann to try to avoid negative feelings ex post. In addition, according to Beg-
gan (1992) the desire to see oneself favorably may induce people to overvalue objects associated
with the self, namely, owned objects. Thus, Ann may tend to use f, when considering giving
up z. This implies

WTA(x) = aliug (@7 ;) > WTP()
i=1
for every initial f, with strict inequality for some f. The avoidance of negative feelings seems
to be a potential cause of the endowment effect (Zhang and Fishbach (2005)). Other evidence
shows that the longer an individual owns the item, the bigger is the WT A-WT' P gap (Strahile-
vitz and Loewenstein (1998)). Presumably, the longer ownership allows Ann to figure out the
best frame for z.

It is worth noting that even if sellers can select f to maximize profits, a gap between WT'P

and WT A may still arise. Section 3.1 showed that in competitive settings it may not be optimal

for sellers to select f = f,.
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One final insight of our model is that experience should eliminate the endowment effect. If
Ann remembers how she reframed z after experiencing it a few times, the WT P-WTA gap
should disappear because she cannot be manipulated again by changing the presentation of x.
Consistent with this, evidence shows that market experience seems to eliminate the endowment
effect (List (2003)) and that the effects of attribute-order framing disappear for subjects who
had experience with the choice items (Levin and Gaeth (1988), Kumar and Gaeth (1991)). This
does not reduce the importance of studying framing effects, as many and consequential choices

in life happen infrequently and with little to no feedback.

G Welfare Analysis

Our framework—Dby being explicit about what frames are and how they work—provides several
ways to approach the thorny question of running welfare analysis in the presence of framing
effects (Bernheim and Rangel (2009); Rubinstein and Salant (2011)). Each way has some merits

and flaws. Since these are often well-known, we limit ourselves to discuss what these are.

G.1 Choice-Based Welfare

One way is to apply the choice-based approach proposed by Bernheim and Rangel (2009). They
define a generalized choice situation as a constraint set paired with an ancillary condition. In our
setting, the constraint set corresponds to a set of choice items D C X; the ancillary condition
is the collection f of all frames f with which the items are presented. Following Bernheim
and Rangel (2009), we say that it is possible to strictly improve upon z € D if there exists
2’ € D such that, for all (D,f) which satisfy 2,2’ € D, the decision-maker never chooses .
We can then say that z is a weak individual welfare optimum when a strict improvement is not
possible.?? Bernheim and Rangel (2009) show that this welfare criterion is the most discerning
criterion that never overrules choice.

Bernheim and Rangel’s criterion has specific implications for our model (see also their Theo-
rem 3). Suppose that for every f Ann compares z, 2’ € D using a common frame f € f (like in
the case of f-menus or hypothesis Hy above). Then, she never chooses x when 2’ is available if

and only if for all f € F

N
ai)ug) (JU/f(i)) > Z a(i)upy (T )

i=1 i=1

23We refer the reader to Bernheim and Rangel (2009) for the definitions of weak improvement and
strict welfare optimum.
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Therefore, z is (weakly) welfare optimal if for all 2’ there exists some f such that

Mz

af )).

N
> ali)ug
i=1 i=1

In other words, z is welfare optimal if for every 2’ Ann prefers z to :U’f for some appropriately

chosen f based on z’. Note that this f need not be the one that maximizes the utility from x

(i.e., f)

G.2 Frame-Free Welfare

The last alternative we discuss uses the properties of our model to entirely remove frames from
welfare measures. It is based on the premise that frames should not matter for decision-makers’
choices and hence, a fortiori, for a planner’s welfare analysis.

The idea is to exploit our model’s identification of the tastes for each attribute. We can
define the frame-free welfare generated by an item as the sum of the utilities of its attributes.

That is, given a decision-maker described by (o, u), this measure is

= Zua(xa), r e X.

a€A

Of course, this way of removing framing effects involves some degree of paternalism. For another
interpretation of this approach, note that U? is equivalent, in terms of ranking, to taking the
average across all frames of the total utility of an item. Indeed, since each attribute can be

presented in each position, we have

> per i @@usy(Tpe) (2N al
|F| = ‘A‘ GEZAUQ CL’a

G.3 Experienced-Utility Welfare

Another typical approach of behavioral economics to welfare analysis involves the distinction
between decision utility and experienced (or true) utility, where the latter should be used to
measure well-being (Kahneman et al. (1997); Kahneman et al. (1999); Bernheim and Rangel
(2009)). As noted in Section F, our model provides a way and a rationale for defining experi-
enced utility for decision-makers affected by attribute-framing. Suppose that, for the reasons
discussed above, Ann re-frames each owned item z according to f, after acquiring it. Then,

her experienced utility is

I
2

s
I
—



This welfare measure is based on the idea that the important source of well-being for Ann is
the utility she experiences once owning z, not the utility she used to choose .

It is worth noting a couple of properties of the experienced utility U. First, it defines a ranking
over items that is frame-independent. The original dependence is removed by considering the
best frame f, for each x. Second, although the underlying AF model is additively separable
across attributes for every f, the induced U need not be separable as the whole z determines
the best frame f,. Thus, there can be interdependences between attributes that are exclusively
driven by self-serving framing considerations. This structural difference between decision utility

and experienced utility may suggest a way to test this approach to welfare analysis.
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