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Abstract

We develop a theory of imperfect competition with loss-aeetonsumers. All con-
sumers are fully informed about match value and price atithe they make their
purchasing decision. However, a share of consumers iallgitincertain about their
tastes and forms a reference point consisting of an expecstch value and an ex-
pected price distribution, while the other consumers aréeptly informed all the
time. Loss aversion in the match value dimension leads sodespetitive outcome,
while loss aversion in the price dimension leads to a morepatitive outcome. Thus
a market with uninformed consumers may be more or less catimpahan a market
with informed consumers. We explore the interplay betwéese two &ects. We,
also, derive implications for firm strategy and public pplmoncerning the firms’
incentives to “educate” consumers about their own tastegaiticular, we show that
private incentives to disclose information early on may daaly insuficient.
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1 Introduction

Consumer information about price and match value of pradisca key determinant of
market outcomes. Previous work has emphasized the rolensuceer information at
the moment of purchaself consumers are loss-averse, information prior to the mime
of purchase matters: Product information plays an imporiale at the stage at which
loss-averse consumers form expectations about futursactions.

In this paper, we develop a theory of imperfect competitmimvestigate the competitive
effects of consumer loss aversion. Our theory applies to ingpegoods with the feature
that consumers readily observe prices in the market but teawespect products before
knowing the match value between product characteristidscamsumer tastes. As we
show by examples, this applies to a large humber of produdtstiaus is important to

understand market interaction and is relevant to formuatesumer protection policies,
for instance, in the form of information disclosure rules.

Loss-aversion in consumer choice has been widely documhenta variety of labora-
tory and field settings starting with Kahneman and Tversi87@). Loss-averse con-
sumers have to form expectations about product performailegostulate that, to make
their consumption choices, loss-averse consumers forimptababilistic reference point
based on expected future transactions which are confirmeduiibrium. Here, a con-
sumer’s reference point is her probabilistic belief abdwt televant consumption out-
come held between the time she first focused on the decistenndi@ing the consump-
tion plan—i.e., when she heard about the products, wasnmédrabout the prices for the
products on fier, and formed her expectations—and the moment she actonakgs the
purchase.

We distinguish between “informed” and “uninformed” consmat the moment con-
sumers form their reference point. Informed consumers kihaiv taste ex ante and will
perfectly foresee their equilibrium utility from produdharacteristics. Therefore, they
will not face a loss or gain in product satisfaction beyoreitintrinsic valuation.

Uninformed consumers, by contrast, are uncertain abouttitleal product characteristic:
they form expectations about theffidgrence between ideal and actual product character-
istic which will serve as a reference point when evaluatiqg@duct along its taste or

1See e.g. Varian (1980), Janssen and Moraga-Gonzalez)(20@#Armstrong and Chen (2008).

2For evidence that expectation-based counterfactualsfauot the individual’s reaction to outcomes, see
Blinder, Canetti, Lebow, and Rudd (1998), Medvec, Madey, @ilovich (1995), and Mellers, Schwartz,
and Ritov (1999). The general theory of expectation-baséstence points and the notion of personal
equilibrium have been developed by Koszegi and Rabin (2806)Xoszegi and Rabin (2007).
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match value dimension. They will also face a gain or a lostike to their expected dis-
tributions of price after learning the taste realizatiomc® all consumers become fully
informed before they have to make their purchasing decisverisolate the fect of con-
sumer loss aversion on consumption choices and abstrawttfre éfects of diferential
information at the moment of purchase.

Consumers are loss-averse with respect to prices and maliod &nd have rational ex-
pectations about equilibrium outcomes to form their refeegpoint, as in Heidhues and
Koszegi (2008). Firms are possibly asymmetric due to detestic cost diterences—
this is common knowledge among the firms when the game $tafisey compete in
prices for diferentiated products. Consumers observe equilibrium gpbeéore forming
their reference point. Note that if prices ar&eéient between the firms, uninformed con-
sumers will face either a loss or a gain in the price dimendepending on whether they
buy the more or the less expensive product. Hence, an (ex@mtgdormed consumer’s
realized net utility depends not only on the price of the pidhe buys but also on the
price of the product she does not buy.

A key modeling assumption is that a share of consumers draliynuninformed and form
expectations before knowing the match value a particuladyet dfers but after learning
the prices of the fiered products. This timing on information release and egfeg point
formation appears appropriate for a number of industries uks provide some examples.
First, prices of clothing and electronic devices are easilyessible (and are often adver-
tised) in advance while, for inexperienced consumers, tateinquality between product
and personal tastes is impossible dfidult to evaluate before actually seeing or touching
the product. A related example is high-end hifi-equipment, &m particular, loudspeak-
ers. Price tags are immediately observed but it may takeaexisits to the retailers (on
appointment) or even trials at home to figure out the matahevaf the diferent products
under consideration—for example, because peofferdivith respect to the sound they
like. In these markets potential costfdrences may arise from sizef@rences of pro-
ducers and product-specific costs (or, as we allow in ounsite, from diferent ex ante
observable quality dlierences). Second, the housing market has the feature ¢hatitie

is listed (and, in some countries, not negotiable) whereasrtatch value is only found
out after visiting the flat. Third, price information on prards sold over the internet—
for example, CDs of a particular classical concert—is imiadly available, while the
match value is often determined only after listening to sainlhe material that is pro-

30ur model can alternatively be interpreted as one in whigtsamers know their ideal taste ex ante
but are exposed to uncertainty about product characteristaien they form their reference point.

“4In the extension section we show that our analysis also@pfmiproducts of dierent qualities.
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vided online. Fourth, competing services such as longrdcst bus rides and flights are
differentiated by departure times. Here consumers are pgréaedre of the product char-
acteristics ex ante—i.e.,price and departure time—buhl&zeir preference concerning
their ideal point of departure only at some later stage I(dftaning their probabilistic
reference point but before purchase).

Our first main results is that, in markets with consumers iilesd by a gain-loss utility
and, more specifically, loss aversion, the competitiffeat of such a behavioral bias
depends on the importance of the price dimension relatilegonatch value dimension.
In other words, whether the behavioral bias makes the manke¢ or less competitive
depends on the detail how gains and losses in the two dimensiater the consumers’
utility function. We show that a gain-loss utility with resgt to prices leads to lower
prices and, thus, is pro-competitive, whereas a gain-ltiisy with respect to match
value is anti-competitive. This even holds if gains and éssenter symmetrically into
the utility function. Our model features a unique pureisyg equilibrium and allows for
clear-cut comparative statics results.

Our second main result is that, in asymmetric markets (arld @jual weights assigned
to the price and the match value dimension), price varidaoyer compared to a market
without loss-averse consumers. This contrasts with thel faice result by Heidhues and
Koszegi (2008}.

Our third main result is that loss aversion—or, more prégighe presence of more ex
ante uninformed, loss averse consumers—may lead to lowegsprin particular if the
market is asymmetric (fixing the weights consumers put onggand losses in the price
relative to the match value dimension). Hence, the standemsdlt that more informed
consumers (or more consumers without a behavioral biad)teéower prices is chal-
lenged in our model when firms are strongly asymmetric, ef/@rholds in symmetric
markets. The driving force also behind this result is thas laversion in the price dimen-
sion has a pro-competitivéfect while the éect of loss aversion in the taste dimension is
anti-competitive. The pro-competitivéfect dominates the anti-competitivfect if the
size of loss aversion in the price dimension becom@scgently large. This occurs if the
price diference is large, which is caused by strong cost asymmetnigfiose markets

SIn arelated setting to ours, Heidhues and Koszegi (2008y shat consumer loss aversion can explain
the empirical observation that firms often charge the sarnoe jor differentiated product markets even if
they have dierent costs. One of the distinguishing features of our misdslat realized costs are public
information and consumers observe prices before formieg thference point. For a detailed comparison,
see below.
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uninformed consumers are very reluctant to buy the expemsivduct and rather accept
a large reduction in match value when buying the low-priaapct.

This paper contributes to the understanding of tiiect of consumer loss aversion in
market environments and is complementary to Heidhues arste¢p (2008f. More
broadly, it contributes to the analysis of behavioral bsasemarket settings, as in Eliaz
and Spiegler (2006), Gabaix and Laibson (2006), and Grusthfoming). An important
issue in our paper, as also in Eliaz and Spiegler (2006)eisdmparative staticsfects in
the composition of the population. However, whereas irrtmeidels this composition ef-
fect is behavioral in the sense that the share of consum#érsavaiehavioral bias changes,
we do not need to resort to this interpretation, althoughamadysis is compatible with
it: We stress the compositiorffect to be informational in the sense that the arrival of
information in the consumer population is changed (whi&wimole population is subject
to the same behavioral bias).

Zhou (2008) provides another paper with consumer loss iavetfsat, in contrast to Heid-
hues and Koszegi (2008), predicts a pro-competitikexeof consumers being loss averse.
In his model this is a clear-cut result. By contrast, we pieva taxonomy of dierent
market environments and find that the impact of consumerdesssion on competition
depends on the particular specification of the gain-losgyuéind on the degree of mar-
ket asymmetry: If consumers experience a gain-loss utilitye price dimension only,
the behavioral bias in pro-competitive; if they experieaggain-loss utility in the match
value dimension only, the behavioral bias is anticompetitilf both dimensions enter
the utility function symmetrically, the result depends be presence of consumer loss
aversion: If gains and losses receive the same weightan@.¢oss aversion), the bias is
competitively neutral; otherwise, with consumer loss ai@r the anti-competitive in the
taste dimension dominates. In this last setting, we inttecasymmetries between firms
and show that loss aversion increases competition compausstting with fully rational
consumers in strongly asymmetric markets and relaxes wtimer symmetric markets.
Interestingly, in Zhou’s models and in ours firms can marapikconsumers’ reference
point by choosing product prices. The mairtfeiience between the two models is that
consumers in his model do not use an expectation-base@metepoint. Instead, con-
sumers consider the product visited last as their referpog@. Finally, our model has
the additional feature that firms can influence the amounbsg-averse consumers by
advertising, i.e. by disclosing information about prodcitaracteristics at an early stage.

The informational interpretation lends itself naturallyaddress questions about the ef-

6See also Heidhues and Koszegi (2005) for a related monopadehwith a diferent timing.
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fect of early information disclosure to additional consusaeWe analyze information
disclosure policies by firms and public authorities in thateat of a behavioral industrial
organization framework. We thus demonstrate the poss##eofl behavioral models to
address policy questions in industrial organization. Asest above, our model has the
feature that, absent behavioral bias, information disc®policies are meaningless. Thus
the behavioral bias is essential in our model to address thssges. In particular, we show
that private and social incentives to disclose informa#iban early stage are not aligned.
We also show that the moréieient (and, thus, larger) firm discloses information if firms
have conflicting interests.

Our analysis also contributes to the literature on the ecoc®of advertising (see Bag-
well (2007) for an excellent survey). It uncovers the roleadivertising as consumer
expectation management. Note that at the point of purclasimers are fully informed
so that there is no role for informative advertising. Howewince consumers are loss-
averse, educating consumers about their preferencesesnatively, about product char-
acteristics, makes these consumers informed in our tetoggo Advertising thus can
remove the uncertainty consumers face when forming th&reace point. This form
of advertising can be seen as a hybrid form of informative@erguasive advertising be-
cause it changes preferences at the point of purchase—etfnesponds to the persuasive
view of advertising—, albeit due to information that is rizegl ex ante—this corresponds
to the informative view of advertising. It also points to theportance of the timing of
advertising: for expectation management it is importamttorm consumers early on.

Other marketing activities can also be understood as malangumers informed at the
stage when consumers form their reference point. For instaest drives for cars or
lending out furniture, stereo equipment, and the like makesamers informed early
on. Arguably, in reality uncertainty would otherwise not fodly resolved even at the
purchasing stage. However, to focus our minds, we only denghe role of marketing
activities on expectation formation before purchase. brtsin our model firms may use
marketing to manage expectations of loss-averse consanansearly stagé.

Our paper can be seen as complementary to the work on conseareh in product mar-
kets (see e.g. Varian (1980), Anderson and Renault (20803s&n and Moraga-Gonzalez
(2004), Armstrong and Chen (2008)). Whereas that liteedimcuses on thefiect of dif-
ferential information (and consumer search) at the purinobastage, our paper abstracts
from this issue and focuses on thifeet of diferential information at the expectation

’For a complementary view see Bar-Isaac, Caruana, and Clonticoming).



PriciNG AND INFORMATION D1SCLOSURE IN M ARKETS WITH L0Ss-AvERSE CONSUMERS 6

formation stage which is relevant if consumers are losssawer Finally, our paper com-
plements the large literature on spatiallyfeientiated product markets by analyzing the
competitive &ects of consumer loss aversion.

We will discuss the connections to a number of the above ciatributions in more detail
in the main text. The plan of the paper is as follows. In SecBpwe present the model.
Here, we have to spend somi@ogt to determine the demand of uninformed consumers.
In Section 3, we characterize the duopoly equilibrium. le #tcompanying Appendix
B, we establish equilibrium uniqueness and equilibriunse&xice. Our existence proof
requires to bound the parameters of our model, in partictilartwo firms cannot be too
asymmetric for equilibrium existence to hold. In Sectiom#, analyze properties of the
symmetric duopoly. Here, we also compare our findings to thepdly model with a
different timing of events that is inspired by Heidhues and Kgig2©08) and provide an
n-firm oligopoly analysis. In section 5, we analyze competitin asymmetric duopoly
in more detail and derive our second and third main resulteHge analyze the impact
of the degree of asymmetry on equilibrium outcomes. We astabéish comparative
statics results with respect to the share of ex ante inforomesumers. In Section 6
we provide extensions to models withfférent weights in the gain-loss utility and with
different product qualities. Section 7 concludes. Some of thefprare relegated to
Appendix A. Results on equilibrium existence are providedppendix B. Some of the
tables are contained in Appendix C.

2 The Model

2.1 Setup

Consider a market with two, possibly asymmetric firdigndB, and a continuum of loss-
averse consumers of mass 1. The firms’ asymmetry consistsfefehces in marginal
costs. Here, the mordtient firm is labeled to be firmh—i.e., ca < cg. Firms are
located on a circle of length 2 with maximum distange~= 0, yg = 1. Firms announce
pricespa andpg and product locations to all consumers.

Consumers of mass one are uniformly distributed on theecotlength 2. A consumer’s
locationx, x € [0, 2), represents her taste parameter. Her taste is initiall;-before she
forms her reference point— known only to herself if she bgkto the set of informed
consumers.
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In our model, consumers’ flerential information applies to the date at which consumers
determine their reference point and not to the date of pgecha fraction (1- B) of
loss-averse consumers<(s < 1, is initially uninformed about their taste. As will be de-
tailed below, they endogenously determine their refergroeet and then, before making
their purchasing decision, observe their taste parametacky is private information of
each consumer). At the moment of purchase all consumerseaiecly informed about
product characteristics, prices, and tastes.

All consumers have the same reservation valdier an ideal variety and have unit de-
mand. Their utility from not buying is-c so that the market is fully covered.

Two remarks about our modeling choice are in order: Firstcaugd alternatively work
with the Hotelling line. Our model (in terms of market outoesh is equivalent to the
Hotelling model in which consumers are uniformly distriditon the [01]-interval and
firms are located at the extreme points of the interval. Sécive circle model allows for
an alternative and equivalent interpretation about the tfpnformation some consumers
initially lack: at the point in time consumers form theireeénce point distribution, they
all know their taste parameters but only a fractior g) does not know the location of the
high- and the low-cost firm. These uninformed consumers bnbw that the two firms
are located at maximal distance and that one is a high- weéheaother is a low-cost
firm.

To determine the market demand faced by the two firms, letrtftoerned consumer type
in [0, 1], who is indiferent between buying goddand good, be denoted byi,(pa, Ps)-
Correspondingly, the inflierent uninformed consumer is denoted>yy(pPa, ps). Since
market shares on [Q] and [1, 2] are symmetric, the firms’ profits are:

7a(Pas Pe) = (Pa — CA)[B - Xin(Pa, Ps) + (1 = B) - Xun(Pa. Ps)]
7e(Pa> Ps) = (Pe — Ca)[B - (1 — Xin(Pa P8)) + (L =) - (1 = Xun(Pa. P&))]-

The timing of events is as follows:

Stage 0.) Marginal costs/, cg) realize (and become common knowledge among fftms)
Stage 1.) Price setting stage: Firms simultaneously sepfda, Ps)

Stage 2.) Reference point formation stage: All consumessme prices and

8As mentioned above, without loss of generality, we considalizationsca < cg.
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a) informed consumers observe their tas{éor them uncertainty is resolved)

b) uninformed consumers form reference point distribigiover purchase price
and match value, as detailed below

Stage 3.) Inspection stage: Uninformed consumers obskeuetastex—i.e., uncertainty is
resolved forall consumers.

Stage 4.) Purchase stage: Consumers decide which produgy:to

a) informed consumers make rational purchase decisions;

b) (ex ante) uninformed consumers make rational purchassides, based on
their utility that includes realized gains and losses netato their reference
point distribution.

At stage 1 we solve for subgame perfect Nash equilibrium revfiens foresee that un-
informed consumers play a personal equilibrium at stagé2bsonal equilibrium in our
context simply means that consumers hold rational expeatabout their final purchas-
ing decision; for the general formalization see KoszegiRadin (2006).

2.2 Demand of informed consumers

Informed consumers ex ante observe prices and their tasdenpter and therefore do
not face any uncertainty when forming their reference poildéence, their behavior is
the same as in the standard Hotelling-Salop model. Forgpgend pg an informed
consumer located atobtains the following indirect utility from buying produict

ui(x, pi) = v—tlyi— X - pi,

wheret scales the disutility from distance between ideal and &taste on the circle. The
expressiory — tly, — x| then captures the match value of produfiir consumer of type
X. Denote the indferent (informed) consumer between buying from fikandB on the
first half of the circle byx;, € [0, 1] and solve for her location given prices. The informed
indifferent consumer is given by

(t+ pe— pa)

o (1)

Xin(Pas PB) =

Symmetrically, a second inllerent (informed) consumer type is located-ak2(pa, ps) €
[1,2]. Without loss of generality we focus on demand of conssnietween 0 and 1
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and multiply by 2. Cost dierences influence the location of ifigrent consumers via
prices: If asymmetric costs lead to asymmetric prices inlggwm, then the indiferent
informed consumer will also be located apart frof2 {resp. 32), the middle betweeA
andB.®

2.3 Demand of uninformed consumers

Uninformed consumers do not know their ideal tasex ante. Since they cannot judge
which product they will buy before they inspect products &win their ideal taste,
they ex ante face uncertainty about their match value anchpse price (although they
know firms’ prices already). With regard to this uncertaintynformed consumers form
reference point distributions over match value and purelige. Following Heidhues
and Koszegi (2008) they will experience gains or losses ulibgum depending on
their realized taste and their purchase decision. Theses gaid losses occur in two
dimensions, in a taste dimension (as determined by the fitdsat idiosyncratic taste and
product characteristics) and in a price dimension. In batledsions losses are evaluated
at aratel and gains at a rate 1 with> 1. This reflects widespread experimental evidence
that losses are evaluated more negatively than gains—wigzarthe consequence of this
assumption on market outcomes in Section 4. Three propeatithis specification are
worthwhile pointing out. First, consumers have gains oséssnot about net utilities but
about each product “characteristic”, where price is theattd as a product characteristic.
This is in line with much of the experimental evidence on thd@vment &ect; for a
discussion see e.g. Koszegi and Rabin (2006). Second, mensievaluate gains and
lossesacrossproductst® This appears to be a natural property for consumers facing a
discrete choice problem: they have to compare the meriteetwo products to each
other. In other words, consumers view the purchasing detisith respect to these two
problems as a single decision problem. Third, to reduce timeber of parameters, we
assume that the galoss parameters are the same across dimensions. This qjpear
be the natural benchmark—again we refer to Section 4 for atysis under alternative
assumptions.

While our setting is related to Heidhues and Koszegi (20@8)noodel has three distin-
guishing features. First, firms’ deterministic costs arevkn by their competitor. This

9E.g. if there are only informed consumexs, = 1/2 + (cg — ca)/(6t) in equilibrium . This is closer to
B for cg > ca. Thus, the low-cost firm serves a larger market share.

10Gains and losses also matter in the price dimension becawsethough prices are deterministic, they
are diferent across firms. Hence, a consumer who initially does motvkher taste parameter is uncertain
at this point in time about the price at which she will buy.
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property is in line with a large part of the industrial orgeation literature on imperfect
competition and is approximately satisfied in markets incHirms are well-informed
not only about their own costs but also about their relatiosion in the market. Sec-
ond, prices are already set before consumers form theirerefe point! This property
applies to markets in which consumers are from the startwilimed about the actual
price distribution they face in the market. This holds in keds in which firms inform
consumers about prices (but consumers are initially uaiceatbout the match value and
thus their eventual purchasing decision) or in which primespublicly posted? Third,
there is a fraction of (& B) of uninformed consumers who face uncertainty about their
ideal tastex and a fraction of3 informed consumers who know their ideal taste ex ante.
As motivated in the introduction, various justifications thfferential information at the
ex ante stage can be given. Consumefiedby their experience concerning the relevant
product feature. Alternatively, a share of consumers krizat they will be subject to

a taste shock between forming their reference point and mgakieir purchasing deci-
sion. These consumers then do not condition their referpoo® on the ex ante taste
parameter, whereas those belonging to the remaining sbare d

Consider an uninformed consumer who will learn that shedatkd atx after her ideal
taste is realized. Suppose firms set pripggand pg in equilibrium. Then the uninformed
consumer will buy from firmA if she is located close enough to firk i.e. if X €
[0, Xun(Pas PB)] U [2 — Xun(Pa, PB), 2], WhereX;n(pa, pg) is the location of the indierent
(uninformed) consumer we want to characterize. Hence, tindarmed consumer at
will pay pa in equilibrium with Prob[ x < X,n(pa, Ps) V X > 2 — Xun(Pa, Pe)] and pg with
Prob Xun(pa, Pe) < X < 2 — Xun(Pa, Pe)]- Sincex is uniformly distributed on [02] we
obtain thatProb[x < Xun(Pa, Pe) V X > 2— Xun(Pa, Pe)] = Xun(Pa, PB), i.€., from an ex ante
perspectivg, is the relevant price with probability PrabfE pa] = Xun. Correspondingly,
the purchase at pricpg occurs with probability Prolf = pg] = 1 — Xun. Thus, the
reference point distribution with respect to the purchaseep is discrete and can be
expressed by

Xon if p € [pa, Ps)
Fp={
1 if p= pPs.

UThis is particularly appropriate in market environmentsvimich price information has been provided
from the outset, while uninformed (or inexperienced) cansts observe the match value only when phys-
ically or virtually inspecting the product.

2Note that in an asymmetric market firms sefelient prices. Hence, although prices are deterministic, a
consumer who does not know her taste parameter is uncebirt ehe price she will pay for her preferred
product.
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The reference point with respect to the match value is thervaton valuev minus the
expected distance between ideal and actual product tass the taste parametefThe

distribution of the expected distance is denoted3yy) = Prob(|x — y,.| < s), where the
taste distance € [0, 1], the location of the firny,, € {0, 1}, and the consumers purchase
strategy in equilibrium for given prices € arg maxag) Uj(x, pj, p-j)-*3

Sincecy < cg, We restrict attention to the casg, > 1/2, i.e., firmA has a weakly larger
market share than firrB also for uninformed consumers. Given that some uninformed
consumers will not buy from their nearest fir@(s) will be kinked. This kink is deter-
mined by the maximum distan¢e— yg| that consumers are willing to accept buying the
more expensive produ@, s = 1 — X,, becauses < 1 — X, holds for consumers close to
eitherA or B, while s > 1 — X, only holds for the more distant consumersfofHence,

the distribution ofsis

2s if se[0,1- Xy
G(9) = 1s+(1—%un) if s€(L—Kyn, Kunl
1 otherwise

Note that if the indiferent uninformed consumer is located in the middle betweand
B, Xun = 1/2, the expected distance between ideal and actual proditetgs], is mini-
mized and equal to/4.

Following Koszegi and Rabin (2006), after uncertainty soteed consumers experience
a gain-loss utility: the reference distribution is splitf@p each dimension at the value of
realization in a loss part with weight> 1 and a gain part with weight 1. In the loss part
the realized value is compared to the lower tail of the refeeedistribution; in the gain
part it is compared to the upper tail of the reference digtram.

Consider the gain-loss utility of an uninformed consumeated atx, at the moment
she decides whether to purchase the product. Recall thaisapoint she knows her
taste parametet. The initially uninformed consumer now decides which prcido buy

taking into account her intrinsic utility from a product aher gain-loss utility when she

134 is a function of prices and consumer’s locatiooonditional on consumer’s expectation about equi-
librium outcomes which are incorporated in their two-dirsienal reference point distributiom: states a
consumer’s personal equilibrium. This equilibrium cortosps introduced by Koszegi and Rabin (2006)
and requires that behavior-generating expectations nauspbimal given expectations, i.e. must be self-
fulfilling in equilibrium.
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compares the price-taste combination of a product with Wwerdimensional reference
point distribution.

First, consider the indirect utility of an uninformed conser from a purchase of product
A when this consumer is locatedyat (1 — Xy, 1].14

Ua(X, Pa, P8) =(V—tX = pa) — 4 - Prob[p = pa](pa — pa) + Probfp = pg](Ps — Pa)
X 1
—/l-tfo (X = 9)dG(s) +tfX (s—x)dG(s), (2)

where the first term is the consumer’s intrinsic utility fregmoductA. The second term is
the loss in the price dimension from not facing a lower priwtp,. This term is equal to
zero becausp, is the lowest price fbered in the market place. The third term is the gain
from not facing higher price thapa, which is positive. The last two terms correspond
to the loss (gain) from not facing a smaller (larger) distamcthe taste dimension than
X. An uninformed consumer’s indirect utility from a purchasfeproductB is derived
analogously,

Us(X, Pa, Ps) =V—1t(1-X) — pg—4-Prob[p = pa](ps — pa)

Intrinsic utility Loss from facing a highep than pa

1-x 1
-1 tf (1-=x)—9dG(s)+ t (s— (1 - x)dG(s)
0

1-x

Loss from facing larger distance than 0  Gain from facing smaller distance than 1

3)

This allows us to solve consumer’s personal equilibrium btednining the location of
the indiferent uninformed consume;,”

Lemma 1. Suppose thak,, € [1/2, 1). ThenX,, is given by

A 0 s [ D aer
Xun(AP) - (1-1) 4t \/16t2 B 2t(1 - :I.)A " 41 -1y )
=S(Ap)

whereAp = pg — pa.®

The indiferent uninformed consumer will be locatedxat X,n, therefore (1- X,n, 1] is the relevant
interval for determiningn.

SForx € [0, 1] consumer’s personal equilibrium is described by

A if xe [0, Xun(AP)],

o(x Ap) = {B if x € (Xun(Ap), 1].
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We relegate the proof of this lemma to Appendix A.1.

The square rooS(Ap), is defined forAp € [0, Ap] with

2t
(1-1)

Ap =

(2(4 +2)- RO+ 2P -1+ 1)2), (5)

which is strictly positive for alll > 1. It can be shown that fot > 3 + 25 ~ 7.47,
Xun(Ap) € [1/2,1] for all Ap € [0,Ap]. If the degree of loss aversion is smalldr,<
3+ 25, X..(Ap) rises above one. Therefore, we have to define another uppedkon
the price diference AP, with Ap < Ap by the solution tox;,(Ap) = 1. We can solve
explicitly,

(1+3)

AP= oDy

(6)

The upper bound for the priceftrence (which depends on the parametensd ) for
which X, is defined as in equation ((4)) is given by:

AP, ifl<a<ab
ApmaXz{ s 7)

Ap, if 1> AC.
with 2= 3+ 25 ~ 7.4716

It can be shown that the derivative &f,(Ap) with respect toAp, X,,(Ap), is strictly
positive for allAp € [0, Ap™®¥:

¥ (AD) == _ L (AP _ M)
Xn(AP) = =2 = 575 ap) (8t2 21— 1)
Evaluated at\p = 0, this becomes
1 1+2)

Xn(0) = T 20+ 1)

X ,(0) is approaching /A2t) from below fora — 1 and J(4t) from above fori — oo.
This implies that, evaluated afp = 0, demand of ex ante uninformed consumers reacts
less sensitive to price changes than demand of ex ante iatboonsumers—we return
to this property in the following section. Moreoveq,,(Ap) is strictly convex for all

16Note thatAp € [t- (V5—-1)/2,1) ~ [0.618&,t) for 1 < 1 < A°andAp e (t-2(V3-2),t-(V5-1)/2) ~
(0.53@, 0.618) for A > A°.
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Ap € [0, Ap™] (see Figure 1).

_B+)(B+31)

Xn(Ap) = 647 (S(AD))?

We note that the degree of convexityxaf(Ap) is strictly increasing inl.

2.4 Properties of the demand of uninformed consumers

In this subsection, we establish a number of properties efdmand of uninformed
consumers and comparison it to the demand of informed coeis#+.e., we compare
Xun(Ap) and X, (Ap) with one another.

The first property is a continuity property. Far— 1, the indirect utility function of
uninformed consumers fiiers from the one of informed consumers only by a constant
(this can be called a levelfect)!’ Equation (24) collapses to a linear equation and we
obtain X;n(Ap) = Xn(Ap) as a solution in this case. This means that if consumers put
equal weights on gains and losses, tifiea of comparing expectations with realized
values exactly cancels out when a choice between two prediotade.

The next properties refer to the sensitivity of demand wébpect to price. The first
derivative ofxX,(Ap) with respect taAp is equal to J(2t) for all Ap. Therefore x’ (0) is
strictly larger thanx(,(0). This implies that the demand of uninformed consumesal-e
uated at equal prices, reacts less sensitive to price chdhge the demand of informed
consumers.

Evaluated at large price fiierences, this relationship is possibly reversed:Afpr— Ap
the square rootS(Ap), turns to zero and((Ap) turns to infinity. ThusXx],(Ap) >

X' (Ap) = 1/(2t). Demand of uninformed consumers, evaluated at a large gifierence,
reacts more sensitive to an increase in the priéiedince than the demand of informed
consumers. (This property is satisfied if the tiielient consumer at this pricefiirence is
strictly interior; otherwise some more care is needed, dsme in the following section.

Sincex (Ap) is constant and;,,(Ap) continuous and monotone (with the require bound-
ary properties), applying the mean value theorem, themgseaiunique intermediate price

"This continuity property holds in our specification where tiain-loss utility in the price and in the
match value dimension enter with equal weights. This doésold more generally, see the next section.
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Xin(Ap) : dashed X,n(Ap) : solid
1.01
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Location of the indfiferent informed and uninformed consumerdemand of firmA)

as a function ofAp for parameter values af= 1 andA = 3; Ap = 0.8348,Ap = 3/4
andAp = 0.2789.

Figure 1: Demand of informed and uninformed consumers

differenceAp < [0, Ap] such thatx,(Ap) = X (AP) = 1/(2t). This critical price difer-
ence can be explicitly calculated as

t(z V2. (20 +2)-3 V2R + 2F -1+ 1)2)
Ab= V2(1-1) ’

which is strictly positive for all > 1 sinceAp(1 = 1) = 0 andAf’(2) > 0.

Hence, we find thathe demand of uninformed (or loss-averse) consumers iplass
sensitive than the demand of informed consumers if the gifis@ence is smallAp < Ap.
The underlying intuition is that, for a small pricefidirence, loss-averse consumers are
harder to attract by price cuts because their gain from arqsiee is outweighed by
their loss in the taste dimension if they buy the other prodddus, demand of loss-
averse consumers reacts less sensitive to price in thie rdfay large price dierences,
however, their gain from lower prices starts to dominat& ibss in the taste dimension if
consumers switch to the cheaper producer. Therefloeejemand of uninformed (or loss-
averse) consumers is more price sensitive than the demantbained consumers if the
price difference is largeAp > Ap. More details on the competitivéfects of the diterent
dimensions of the gain-loss utility are provided in Secdomn Section 5, we will see that
this property is a driving force for our comparative staésults in asymmetric markets.
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3 Market Equilibrium

In this section, we characterize equilibrium candidatesresging first-order conditions.
In Appendix B, we provide conditions under which an intergguilibrium exists and
under which it is unique. We start by establishing some ptagseof market demand
which will be needed below.

3.1 Properties of market demand

Using results from Section 2.4, we define the upper bound of Ais demand of unin-
formed consumers &5
. Xun(AP) =1, ifl<a<2AS,
Rn(apm) = | XDV =L ®)
Kun(Ap) <1, if 2> A%
Combining (1) and (4), we obtain the market demand of #kras the weighted sum of
the demand by informed and uninformed consumers,

Xun(Ap), IfO < Ap < Ap™

Ap; = %n(A 1-8)-
Ga(ApiB) =B Xn(AP) +(1-5) {1, if t> Ap > Apm

[ 5-5-33)Ap+ Q-B)EE, - A-P)S(Ap), 0 <Ap< AP
B- 5+ (1-B). if t>Ap> Apma

Ap; B). if0 < Ap < Apmax
E{cﬁ( p; 8) if0<Ap<Ap )

B-E22+ (1-p), ift>Ap>Ap™™

The demand of firnA is a function in the price dierenceAp, which is kinked atA p™*
and, forAp™ = Ap, discontinuous ahp™® It approaches one fakp = t.*° Firm B'’s
demand is determined analogouslyd@Ap; 8) = 1 — ga(Ap; B). In the following we are
interested in interior equilibria in which both products aurchased by a strictly positive
share of uninformed consumers—i.&p is lower thanA p™@*2° We next state properties

lS)A(un(AF_J) _ ﬁ _ 2(+2)- VA@+2)P—(A+17 . (\/5/2’ 1) for i > A°,

2(-1)
i.e. Xun(Ap) is lower than one for > A°. This leads to a jump in demand of uninformed consumenspat
from Xun(Ap) to one (see the definition of(Ap; B)), asX(Ap) — ).

9At Ap = t firm A serves also all distant informed consumers which are haedattract than distant
uninformed consumers because the former do not face a Itfss price dimension if buying from the more
expensive firmB. For Ap > t demand of firmA shows a second kink. We ignore this region since we are
interested in cases in which both firms face strictly positiemand.

20This corresponds to industries in which firms are not too asegitric.
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of ¢(Ap; B), the demand of firnA in this case’!

Lemma 2. For 0 < Ap < Ap™ the demand of firm A,JAp; B) = ¢(Ap; B) is strictly
increasing and convex iAp.

The proof is relegated to the appendix.

The derivative of the demand @f with respect t@3 is the diference of the demand of
informed and uninformed consumers:

AB(AD: ’ X : =
BB _ g, — %n(SP) — Sl D) = aP -

with ¢5 = 0 atAp = 0 andAp = t/2. This derivative can be of positive or negative sign.
We note that also the third derivativg,’, is greater than zero. We also note that cross
derivative of the demand & w.r.t. Ap andg,

o’
B

= ¢,

Ko(AD) ~ KnlAP) = o + s (50 - KAL)

4t 2S(Ap) \8t2  2t(1-1)

is of ambiguous sign. This derivative has the boundary biehdvat¢, = 0 atAp. and
¢j, — oo for Ap = Ap; the latter holds becaus{Ap) = 0.

3.2 Equilibrium characterization

We next turn to the equilibrium characterization. At thetfstage, firms foresee con-
sumers’ purchase decisions and set prices simultaneausigitimize profits. This yields
the first-order conditions:

o, P .
a—p:= g+(p-c)E=0 ,i=AB

If the solution has the feature that demand of each group w$wwners, informed and
uninformed, is positive, first-order conditions can be tentas

0

_87;)//: = ¢—(pa—ca)p' =0 (FOCa)

i (1-9) - (s - )9’ = 0. (FOCy)
Pe

We refer to a solution characterized by these first-ordeditimms as an interior solution.

2lwe will useg as a short-hand notation fe(Ap; B).
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We will discuss the issue of fliciency of first-order conditions as well as the issue of non-
interior solutions and non-existence in Appendix B. Thegbiaf equilibrium existence is
non-standard since the profit function of the low-cost firmasg quasi-concave. We now
turn to the characterization of interior solutions and deren equilibrium with prices
(pa. Pg) that is determined by an interior solution as an interiarikdgyium.

Lemma 3. In an interior equilibrium with equilibrium pricep;, pg), the price dfference
Ap* = pg — P, satisfies

Ap* = Ac+ f(Ap";B) VB €]O0,1],Ap feasible (10)
with Ac = cg — ca and f(Ap; B) = (1 — 2¢)/¢’.

Proof. Combining FOC,) and FOCg) yields the required equilibrium condition as a
function of price diferences. O

Thus, (10) implicitly defines the equilibrium priceffiirenceAp* as a function of the
parameterdc, B, 4, andt, where the latter two parametei$ext the functional form of
via ¢.2?

4 Competition in Symmetric Markets

In this section, we first characterize the equilibrium in syetric duopoly and disentan-
gle pro- and anti-competitivefiects of the presence of ex ante uninformed loss-averse
consumers. We relate our findings on the competitfiects of consumer loss aversion to

a setting in which consumers form reference point befordithes have set their prices,

as is also the case in Heidhues and Koszegi (2008). We al$graran extension to an
n-firm oligopoly.

22Anderson and Renault (2009) face a similar fixed point probées in (10). They consider a general
differentiated product Bertrand duopoly with covered marketshich asymmetries arise due to quality
differences between firms. The authors show uniqueness anehedsif a pure-strategy price equilibrium
under the assumption of strict log-concavity of firms’ dehai\lthough strict log-concavity allows for
some convexity of demand, in our setup this assumption isyedtsince for large price fierences the
convexity of the low-price firm's demand rises above any lihue. ¢”” — oo for Ap — Ap.
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f(Ap;B) + Ac: solid, Ap:dashed

7/\ T T T T T S O R SO S S| \Ap

Equilibrium condition (10) atAc = Ap for parameter values ¢f = 0,t = 1, and
A=3:Ap=0.75Ap=0.8348.

Figure 2: Two potential interior equilibria

4.1 Pro- and anti-competitive dfects of consumer loss aversion

In contrast to Heidhues and Koszegi (2008), our framewddwal us to explicitly solve
for equilibrium markup in symmetric duopoly. The followingsult characterizes the
symmetric equilibrium.

Lemma 4. For Ac = 0, any equilibrium is unique and symmetric. Equilibrium mscare
given by

P =C + = A B. (11)

_—
(1-p) (1-1)°
1- 2 (A+1)

Proof. For Ac = 0, using equations (10) and (30), and the fact fi{@t3) = 0, we obtain
that Ap*(8) = 0 is the unique equilibriun¥ € [0, 1] (provided it exists}3 Rearranging
the first-order conditiondHOGC;) that are reported in Appendix B and using théd, 8) =
1/2 for all 8, we obtain

1

s . _ 2 i
pi-c= 25 YiclAB., (12)

Z3We show in Appendix B that equilibrium existence impliesquéness.
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where

5P =~ (1-30) - P (o 42 )

250\~ 2t(1-1)

1 L-B)( (1+2)
=y 2,25 (Zt(/l . 1))

(1-p)(1+2)

1
=z

1
- 0 E(2a+ D-a-pa-D)

Substituting into equation (12) yields (11). |

For Ap*(8) = 0, on the equilibrium path, consumers do not experiencesgaia losses
in the price dimension. In this situation uninformed constsrexclusively experience
gains and losses in the taste dimension. Due to the potéwg®in the taste dimension
uninformed consumers are more willing to buy next door timormed consumers—i.e.,
they are harder to attract by low prices than their informednterparts and, thus, the
demand of uninformed consumers shows a lower price elgstitdemand. While this
suggests consumer loss aversion has an anti-competfitaat,ea correct understanding is
more nuanced.

To this end, we have to disentangle variotigets at play; we consider it useful to an-
alyze the more general model in which consumers experieatelgss utilities in the
two dimensions, the price and the match value dimensiom different weight$* As
one polar case we consider markets in which all consumerarafermed ex ante and
experience loss-aversion in the price dimension only. Asther polar case we consider
markets in which all consumers are uninformed ex ante andreqre loss-aversion in
the match-value dimension only.

24\We introduce weights ,, am > 0 for the price and match value dimension of loss aversiois ieans
that the indirect gaifhoss utility of buying producA in (2) adjusts to

UA(X, Pa, PB; @p, &m) =(V—tx— pa)

+ap- ( — A - Prob[p = pa](pa — pa) + Prob[p = pg](ps - pA))

T am- ( —a-t fox(x — 9dG(9) + t fxl(s— x)dG(s)).
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First consider the case that consumers experience a gasnstoity in the price dimen-
sion only. Since gains relative to the expected price distion enter positively and
losses negatively the utility function, consumers find loyweced products relatively
more attractive than higher-priced products. Consequetité price elasticity of de-
mand is larger and the equilibrium mBore competitive than in the standard Hotelling-
Salop model. Formally, the unique symmetric equilibriuhit @xists) is characterized by
Py = C+2t/(3+ 1).2° This proves that a gain-loss utility in the price dimensias lan
anti-competitive fect?® To obtain a better understanding, we take a closer look attex a
uninformed consumers. Consider a small price decreaserhyAfirConsumers observe
the corresponding prices. They expect with some probglilito end up buying the low-
price firm. Hence, they have an expected gaixgpg — pa) when consuming product
A and an expected loss a1 — X,)(ps — pa) when consuming produd. This means
that a price decrease yields a stronger utilifetence in favor of the low-price product.
This increases the price elasticity of demand and, evergthlse given, makes a price
cut more attractive. The presence of ex ante uninformeduroess leads to a downward
shift of best-response functions. Consequently (for besponse functions being upward
sloping), the equilibrium is more competitive than in thergtard Hotelling-Salop model.

Second consider the case that consumers experience agaiutility in the match value
dimension only. Comparing a market with ex ante uninforneed market with ex ante
uninformed consumers reveals that competition is lessiga@téf consumers are ex ante
uninformed. Straightforward computations show tpat= ¢ + t(1 + 1) which leads to a
less competitive outcome than in the standard HotellingiSaodel?’” A price decrease
for firm A implies that consumers are more likely to buy from fignthan firmB. This
implies that the marginal consumer more often encountersraevmatch from firmA.
Since relatively bad matches enter negatively the gais-libiity, the price elasticity of
demand is lower and best-response function are shifted nap\k&ectively, competition
is less intense compared to the model with ex ante informaduwuers.

The following remark summarizes the insights obtained abov

25In general, as an extension of equation (11), the symmagtidilerium prices are given by

t

1 (1-B8) amd—ap(1+1))°
T2 @D

i=AB,

P =G+

provided an equilibrium exists.

26Note that this result does not rely on losses entering thigyutinction with a diferent weight than
gains.

27Again we note that this result does not rely on losses ergéhia utility function with a diferent weight
than gains.
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Remark 1. If consumers experience a gain-loss utility in the priceatision only, mar-
kets with ex ante uninformed consumer are more competfiase markets with ex ante
informed consumers. By contrast, if consumers experiegegaloss utility in the match-
value dimension only, markets with ex ante uninformed aoess are less competitive
than markets with ex ante informed consumers.

This insight holds more generally; in particular, it does redy on the assumption that
taste parameters are uniformly distributed and that ytigpends linearly on match value,
defined as the distance between consumer and product. Témsm@ions are mainly
made for computational reasons.

1.0+

0.8; 1=3 “A=1 ]
7 pro-competitive 7
0.6

Tp

anti-competitive

0.2

0.0

0
0.0 0.2 0.4 0.6 0.8 1c

Figure 3: Pro- and anti-competitivéfects of loss aversion

Let us now consider intermediate cases between the two paéas. In our model, both
dimensions entered with equal weights. For this case warotitat the taste dimension
dominates the price dimension (as follows from equation)(iflconsumers are loss-
averse.

Remark 2. Suppose that losses have a larger weight than gains and hleagain-loss

utility enter with the same weights in the price and the matalue dimension. Mar-
kets with ex ante uninformed consumers are less compédtitaremarkets with ex ante
informed consumers.

Depending on the degree of loss aversigrihere is a critical relationship of gains and
losses in the price dimension relative to the match valuedsion such that pro-competitive
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and anti-competitiveféects cancel out each other. This critical relationship scdbed
by

~ 241

which turns out to be simply a ratio of weights on the price aradch value dimensiodm,
anda, for given 1.8 This ratio is depicted in Figure 3. It shows the competitagsof
symmetric price equilibria (relative to the benchmark wathante informed consumers)
for different weights in the two dimensions of loss aversion. It caséen that for any
positive degree of loss aversioh ¥ 1), markets are anti-competitive if weights are iden-
tical on the price and match value dimension. If the degrdess aversion is increased,
a relatively higher weight on the price dimension is requiit@ balance the anti- and the
pro-competitive &ect. The figure reveals that even when gains and losses agbteei
equally @ = 1; so that the utility function features reference dependdrut not loss aver-
sion), markets become anti- (resp. pro-) competitive iérefce-dependent consumers,
for a certain product category, put a relatively highergrelswer) weight on the match
value dimension than on the price dimension.

4.2 Comparative statics in the symmetric duopoly model

In this subsection we focus on the case of two-dimensionawmer loss aversion. The
following comparative static result states that, as theeslod informed consumers in-
creases, the firms’ markup decreases. This result folloveitly from diferentiating
(11) with respect tg.

Proposition 1. For Ac = 0 andA > 1, equilibrium markup is decreasing in the share of
informed consumers.

In other words, informed consumers exert a positive extgéynan uninformed con-
sumers. This prediction is in line with alternative modets1i the search literature, where
a larger share of consumers who do not know some productsaregative externality
on those who do. Nevertheless our framework is substanti#fierent since all con-
sumers are fully informed at the moment of purchase. Herexaégrnality arises due

28This critical ratio can be derived by setting the symmetgaitorium price with gairloss utility and
flexible weights in the both dimension of loss aversion eqodhe symmetric equilibrium price with in-
trinsic utility only. The symmetric equilibrium price iné¢hatter case is given by" = ¢; + t, the standard
Hotelling result.
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to uncertainty at the moment consumers form their refergoaats. With respect to re-
cent work with behavioral biases, our result is of interaghe light of claims that better
informed consumers are cross-subsidized at the cost offfessned consumers. This,
for instance, holds in Gabaix and Laibson (2006) where orfilg@tion of consumers are
knowledgeable about their future demand of an “add-on sefyivhile other consumers
are “naively” unaware of this. This shows that the partictype of behavioral bias is cen-
tral to understand the competitivéfect of changes in the composition of the consumer
population.

The result implies that firms do not have an incentive to imf@onsumers at an early
stage. However, there is a potential role of public authesito inform consumers about
their match value at an early point in time so that all undetyas resolved early on. This

increases competitive pressure and thus lead to higheuowrssurplus. As we already
pointed out in the introduction, it is not required that palaluthorities aim at eliminating

the behavioral bias directly (and thus to manipulate corsymmeferences) but rather to
disclose information at an early stage. This neutralizesh&havioral bias (but does
not change the consumers’ utility function). This insighbypdes a novel rational for

information disclosure by public authorities due to bebead biases in the consumer
population.

Two additional comparative static results follow immedlgtfrom Lemma 4. First, equi-
librium markup is increasing in the degree of loss aversiofrori1 — 1 firms receive the
standard Hotelling markup of Secondly, equilibrium markup is increasing in the inverse
measure of industry competitivenessfFort — 0 firms face full Bertrand competition
and markups converge zero for all levels of loss aversiois 3tows that consumer loss
aversion does notfiect market outcomes in perfectly competitive environmeanis our
results rely on the interaction of imperfect competition d@havioral bias. The second
and third comparative statics results are rather obviotistilnoteworthy.

Table 1 shows the variation of equilibrium markups in therstad informed consumers
B and the degree of loss aversiarfor fully symmetric marketsAc = 0). We make
the following observations: (1) The highest markup is regctvhen all consumers are
uninformed and the degree of loss-aversion approachestitaktlevel for existence in
symmetric marketsl = 1 + 2V2 ~ 3.82843—compare Figure 10. (2) If the share of
informed consumers is fiiciently large (above 57.7%) symmetric equilibria exist&tir

A > 1. With such a large share of informed consumers the equitibomarkup is below
its maximum level since the demand of informed consumersaeenelastic and thus
dampens the firms’ incentives to set higher prices.
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Table 1: Symmetric Equilibrium: Equilibrium Markups

The table shows the variation of (Ac = 0,5, 1) = p/(Ac = 0,8, 1) - G;
foralli € {A, B} in g andA.

a1 2 3 3.8284 5 7 9 00

1 1 1 1 1 1 1 1 1

0.8 1 1.03448 1.05263 1.06222 1.07143 1.08108 1.08696 1.11111
0.6 1 1.07143 1.11111 1.1327 1.15385 1.17647 1.19048 1.25
0.4 1 1.11111 1.17647 1.2132 1.25 1.29032 1.31579 -

0.2 1 1.15385 1.25 1.30602 1.36364 - - -

0 1 1.2 1.33333 1.41421 - - - -

4.3 Comparison to a model in which price information is not awail-
able ex ante

In this subsection, we discuss the outcome of the modifiedetnadwvhich consumers
do not observe prices before forming their reference paiiis is the limit case of the
Heidhues-Koszegi model in which the cost uncertainty hassted. Since consumers do
not observe prices when forming their reference point, atevis from the equilibrium
thus do not allow firms to manipulate consumer referencetpoiio simplify the analysis
we set the share of ex ante informed consumer equal tozer@,

If consumers are loss-averse only in the price dimensiamnetts a continuum of equilib-
ria: any price in the intervald+ t/(1 + 1), c+t/2] for all A > 1. The unique equilibrium
price in the setting in which prices are observed ex antevigisin this interval. We
note that a market with ex ante uninformed, reference-digr@nconsumers features a
more competitive price under both informational assumm#ithan a market in which
consumers are informed ex ante. Also note thatAfef 1 the equilibrium under both
informational assumption is the same grid= ¢ + t/2.

If consumers are loss-averse only in the match-value dimenthere is a unique equi-
librium p* = ¢+ t(1 + 1). This price is the same that prevails if consumers leacepr
before the reference point is formed and thus the timing @fitice setting is immaterial
to the outcome. The reason is that a local price deviatiorohhsa second-orderfiect
that is induced by consumer loss aversion; the price eigstitdemand remains locally
undfected so that we obtain the same solution to the system cbfidstr conditions of
profit maximization.

If consumers are loss-averse in both dimensions, any pmicke interval € + t/(1 +
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1), c+ (t/2)(21+ 1)] constitutes an equilibrium. The unique equilibriumgarin the setting
in which prices are observed ex ante lies within this interva

4.4 Extension ton-firm oligopoly and comparative statics in the num-
ber of firms

In this subsection, we provide an extension torafirm oligopoly. Suppose that the
length of the circle id. = N (while the consumer mass is equal to 1); this implies that
the equilibrium markup in the model with ex ante informed ©mers (whose analysis
coincides with the standard Salop model) are independetiteimumber of firms. As
we will show in this subsection, this does not hold in the medt ex ante uninformed
consumers. The intuition for this non-neutrality resulstisaightforward. In the duopoly
model, consumers expect expect it to be likely to Heced by a price deviation and
thus adjust their reference point distribution accordinglhile, given a large number of
firms, the reference point distribution reacts very litdeatdeviation from the equilibrium
strategy.

First, consider the case that consumers are loss-avengéndahke price dimension—i.e.,
am = 0,ap = 1. The equilibrium markup is

nt

mB(n) = m,

(14)

as illustrated in Figure 4. We find that the equilibrium marksiincreasing in the number
of firms. This confirms the general insight that, given a largeanber of firms, the ref-
erence point distribution reacts less sensitive to indialgrice deviations. Famn — oo,
this markup converges tj(0) = t/2. Note that this is the upper bound on prices in
the duopoly setting in which consumers form their referepomt distribution before
observing price$?

Second, consider the case that consumers are loss-avirgetbe match-value dimension—
i.e.,am = 1, ap = 0. The equilibrium markup ist,(n) = (1 + 1)t and is independent of
n.

Third, consider the case that consumers are loss-aversgthrdbmensions—i.egnm, =

2)Note that the set of equilibrium prices is ndfexted by the number of firms if consumers do not
observe prices ex ante.
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Figure 4: Markups with loss aversion in price dimension

1, @y = 1. The equilibrium markup is

(1+ D)nt

(A-=1)+2n (15)

m'(n) =
This is plotted in Figure 5. Again, we find that the equilibririce is increasing in the
number of firms because the reference price distributioatsdass sensitive to a price
change after an increase of the number of firms. rFes oo, this markup converges to
m" = A+ 1t/2. Note that this is the upper bound on prices in the duopdtingan which
consumers form their reference point distribution befdrsesving prices.

5 Cost Asymmetries

In this section, we take a first look at comparative staticgerties of the asymmetric
duopoly. Here we focus on the degree of cost asymmetryhiedevel ofAc = cg — Ca.

Proposition 2. The equilibrium price dferenceAp*(Ac, ) is an increasing function of
the cost asymmetry between firits Moreover, the price dierence reacts more sensitive
to Ap than in a market in which all consumers are informed ex ad(&p*)/d(Ac) > 1/3.

The proof of this proposition is presented in Appendix A.

This result says that the more pronounced the cost asymuhettgrger the price dier-
ence between high-cost and low-cost firm. This result shbasdtandard comparative
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Figure 5: Markups with loss aversion in both dimensions

statics result with respect to costl@rence are qualitatively robust to consumers being
loss averse. However, in our model the margirfé@ of an increase in costfterences

on price variation is stronger if some consumers are lossave recall that a market in
which all consumers are informedis observationally edamnato the standard Hotelling
case. Our model predicts exacerbated price variation iket&mwith uninformed loss-
averse consumers.

This is different in spirit to Heidhues and Koszegi (2008) who found finette variation
is reduced in markets with loss-averse consumers.

We next take a look at the individual prices set by the two firfr comparative statics
we use markupsy = pf — G, | € {A B} instead of prices because markups are net
of individual costs and depend solely on codfatiences® Alternatively, we could use
individual prices and consider a change of the rival’s costs.

First, we observe that the low-cost firm’s markup is incnegsir decreasing depending
on the degree of market asymmetriex@st diferences) and the share of uninformed
consumers in the market.

Proposition 3. For 3 < 1 andA > 1, the equilibrium markup charged by the low-
cost firm mi(Ac) = pi(Ac,ca) — ca is either first increasing and then decreasing in the
cost dfference if the share of informed consumgrs high, or always monotonously

30This follows directly from firms’ first-order conditiondc affectsp; — ¢ = ¢(Ap)/¢’(Ap) via Ap.
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decreasing ifs is syficiently low. Forg = 1 or A — 1, m,(Ac) is always monotonously
increasing.

In the latter case—i.e., fg8 = 1 or 4 — 1—when all consumers are informed or the
behavioral bias vanishes we obtain the standard Hotelksglt that the low-cost firm
faces a larger markup in more asymmetric markets.

Note that, fors = 1, dm,/d(Ac) equals 3. This, in particular, means that in the standard
Hotelling world without behavioral biase8 € 1) the markup of the mordigcient firm is
increasing in the cost fierence. Thus, the proposition shows that a local increageeof
cost diference may have the reverdgeet under consumer loss aversigng1, 1 > 1).

This hold in strongly asymmetric markets since the pricesgigity of demand becomes
larger than in the standard Hotelling world due to the domtmgdoss in the price dimen-
sion. Under very large costftierences firmA's markup might fall even below its level in
the standard Hotelling world (compare Figure 6).

Second, we consider the markup of fiBn
Proposition 4. The equilibrium markup charged by the high-cost firg{At) = p5(Ac, cg)—

Cg is always decreasing in the cosfférence.

Proof.

dng(Ap(Ac)) — dmg  9(ApY)
d(Ac) ~d(ApY)  OAc

where by FOCg)

oMy _ 0Py _ -(#)-9¢"-(1-9) _

= = 0, 16

oap) ~ 3ap) @7 4o
which is always negative for ghi. Using (25) we obtain that
dnp(Ap (Ac) (@)’ +9¢” - (1-9)

a9~ 3eyeet-20 "0 40

O

Note that forg = 1, dmg/d(Ac) is equal to-1/3. As it turns out, the qualitative finding
that the equilibrium markup of the high-cost firm is decregsn the cost dterence is
preserved under consumer loss aversion. Due to a Iéesteof high markups we find
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that firm B’s markup is decreasing more strongly than in the standarnella world

without behavioral bias. However, the critical market asyetry for which its markup
drops below its Hotelling level has to be larger than for fidm This is illustrated in
Figure 6.

M,(AC; B) m(AC; B)
13f B=0 130
2T 1.2F
e T 11f
b7 1.0
0.9 0.9
0.8 0.8

Ac

. . . . . . . . . . . . . .
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Equilibrium markups of firmA and B for markets in which either all consumers are
uninformed B = 0) or informed Ebenchmark casgd = 1) as a function of cost
differences\c for parameter values d¢f= 1 anda = 3: Ac"(3 = 0) = 0.75963.

Figure 6: Equilibrium markup of both firms

6 The Role of Information

In this section, we focus on comparative statics resulth wespect t@3, the share of
initially informed consumers. In other words, we investegthe défects of ex ante infor-
mation disclosure on market outcomes in asymmetric marléts allows us to provide
a new perspective on information disclosure policies bylipiduthorities and firms. In
contrast to standard work on information disclosure peficin our theory consumers are
fully informed at the moment of purchase, independent oftiwreor not there is any
information disclosure. Our theory hints at the role of fighiof information disclosure.
With respect to voluntary disclosure, we provide new ingghto the firms’ advertising
and marketing activities.

6.1 The dfect of ex ante information on prices and quantities

Ouir first result concerns the equilibrium priceétdrence.

Proposition 5. The equilibrium price dferenceAp*(8) is decreasing irs.

The proofs of Section 6 are relegated to the Appendix.
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The above proposition says that prices become more equakashare of initially in-
formed consumers increases, or, in other words, as the giiguiverage becomes less
loss-averse

Put diferently, more loss-averse consumers lead to larger pritereinces. This is in
stark contrast to one of the main findings in Heidhues and &gis(2008) who show
that, in their setting, consumers loss aversion is a raliofoa focal prices compared to
a setting without behavioral biases. In the latter firms wazdndition prices on their
marginal costs. Using our terminology they compare a sgtith mass 1 of uninformed
consumers, i.ef = 0, to a setting with mass 0 of uninformed consumers, whicheeor
sponds to a world without behavioral bias. Their messadeaisdonsumer loss aversion
tends to lead to (more) equal prices; our finding, by contrsesgs that consumer loss
aversion leads to larger pricefidirences of asymmetric firms.

Let us now look at the individual prices set by the two firms. fik&t observe that the
low-cost firm’s price is monotone or inverse U-shapeg,inlepending on the parameter
constellation.

Proposition 6. The equilibrium price charged by the low-cost firry(#) may be increas-
ing or decreasing in the share of informed consungerg,(8) is monotonously increas-
ing, monotonously decreasing or first increasing and thesratesing ing. It tends to be

decreasing for small and increasing for large cogfetiences.

The critical price diference (that implies the critical costidirence) at which price locally
does not respond 18 (c.p. Ap, i.e. partial éfect) can be solved for analytically. The
critical Ap is a function ofa andt and is independent ¢

t
4(3+ 52)

APTEPA(Lf) = ((9 — (26— 151)4) + V3| - 1+ 52 \/(2(1 + 2)2 - (1 - 1)2)

For example, for parameteas= 3 andt = 1 the critical price dference, at which the
price of the low-cost firm reaches its maximum, satisfigs™?P(3,1) = 0.2534. ltis
also insightful to evaluate the derivative in the limit@aturns to 1. In this case, we can

also solve analytically for a criticahp at which the total derivative op, is zero, i.e.
dpa(Ap"(B)B) _ 0:
— e

,31(B1 + 42) - 41) V2117 -1V +3)B1+5)
2(1 -3)(MN-1)

ApcritdpA(/L t) — atp =1

For exampleAp®™dPa(3, 1) = 7/26 = 0.2692 ai3 = 1. This means that, given parameters
A = 3 andt = 1, if the equilibrium price dference satisfieap*(1) < 0.2692 a small
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decrease in the share of informed consumers leads to a tpgherof the more ficient
firm, dp,/dB8 < 0O—the numerical results reported in Tables 3 and 4 illusttiais result.
By contrast, forAp*(1) > 0.2692, the opposite holds—i.€lp,/ds > O—as illustrated in
Table 5 in the Appendix.

The previous proposition implies that consumers who enduynly from the low-cost
firm may actually be worsefbwhen additional consumers become informed ex ante.
Consider a change in policy fropto g/ with g > p—this parameterizes the market
environment. Note that the majority of consumers buy from ltw-price firm in both
market environments. For af§igiently large cost asymmetry, the equilibrium price of
the low-cost firm is locally increasing for all environmebistweers andg’. Hence, all
those consumers of the low-cost firm whose ex ante informasiconstant across the
two market environments are worsg ander information disclosure to a sharesot 3

of initially uninformed consumers.

We now turn to the high-cost firm. Here, our result is quality similar: The price tends
to be decreasing ia for small cost diferences and increasing for large cosfetences.

Proposition 7. The equilibrium price of the high-cost firn},(#) may be increasing or
decreasing in the share of informed consumgrspg(8) is monotonously increasing,
monotonously decreasing or first increasing and then destngging.

We solve for critical values at which the price change charsign:

t
20+ 1) +7)

ApTORSLY) = ((-23+ (- 1000 + I5- VR + 2P - (- 1)

For instanceAp®9Pe(3, 1) = 0.3201. At3 = 1 we can solve analytically for a criticalp
at which the total derivative qbg is zero, i.e. dpy(Ap*(6); 8))/dB = O:

t(3(A(174 + 6) - 55)— VI5-|11- 74| V(1 + 3)(31 + 5))
42(31 — 11)

Apcritdpg(/l, t) —

For instanceAp®tdPe(3,1) = 1/2 - (5V35- 29) = 0.2902 aiB = 1. Thus, forAp*(1) <
0.2902, we obtaim pg/dB < 0 atB = 1— € (compare Tables 3 and 4), while, fap*(1) >
0.2902, we obtairdpg/dB > 0 atB = 1 (compare Table 5). Thus, for these parameter
values, the overallféect of a marginal increase fpcan indeed become positive if cost
asymmetries are fliciently large.

Let us distinguish consumer groups by the product they aoesuWe observe that
ApStdps(2 t) > Apitdea(a t) VA,t. Hence, for a larger range of cost parameters the
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price of the high-cost firm is locally decreasing (comparedhte low-cost firm). This
implies that, focusing on the consumers whose ex ante irghom remains unchanged,
there exists an intermediate range of valueg ahder which consumers of the low-cost
product are worseffy whereas consumers of the high-cost product are bettafter an
increase irB. This means that in such cases additional information iptpilation ben-
efits those consumers who purchase the high-cost produate $ie high-cost product
only serves a niche market we call these consumers nicheicans. Then, informed
niche consumers are more likely to benefit from an increagefan the other informed
consumerst?

The above observation helps us to shed some light on infasmatquisition by con-
sumers. A particular application are consumer clubs thatige early information on
match value to its members. Whether existing club membess &a incentive to attract
additional members depends on the market environment. liwezobservation also in-
dicates, that consumer clubs may be more likely to be fornyedidhe consumers. We
also note that a forward-looking club may be willing to copgéhwncreasing prices for
a while with the understanding that, as the club furtheraases in size (reflected by an
increase irB) prices will eventually fall.

With respect to equilibrium demand our model generatesah@ding predictions.

daa(Ap"(B):B) _ ﬁdfqn(Ap*) d(Ap) dXin(Ap7) d(ApY)
ds dap)  dB dap)  dB
_09a(APY) d(AP) o aeny o (AR S
—_— — — —

52 @

+ Kin(APY) + (1= ) — Xun(AP")

which is positive for small cost (resp. pricetdrences and negative for large cost (resp.
price) diferences (see also Figure 7). Hence, in rather symmetricatsaitke demand of
the more éicient firm rises, as the share of informed consumers incsgasdlustrated in
Table 3 in the Appendix. This implies that in a market with semer loss aversion (and a
positive share of uninformed consumers) fitkm equilibrium demand is lower than in the
standard Hotelling cas®.Our result is reversed in strongly asymmetric markets irctvhi
the demand of the mordteient firm is decreasing in the share of informed consumers
(compare Table 5 in the appendix).

31The dfect on uninformed consumers is ambiguous from an ex ant@egetige since they buy the
low-cost and the high-cost product with positive probaaili

32This is qualitatively in line with Heidhues and Koszegi (8)@vho predict equal splits of demand
between firms in asymmetric markets.



PriciNG AND INFORMATION D1SCLOSURE IN M ARKETS WITH L0Ss-AvERSE CONSUMERS 34

gx(Ac; 5 = 0.2) :solid, q,(Ac; 8 = 1) : dashed

0.65
0.60- -7

0.551 -

I I I I | I I I | I I I | I I I | AC
0.2 0.4 0.6 0.8 1.0

Equilibrium demand of firmA for markets with either many uninformed consumers
(8 = 0.2) or only informed consumers-penchmark cas@, = 1) as a function of cost
differenceg\c for parameter values d¢f= 1 anda = 3: Ac"¥(8 = 0.2) = 1.00993.

Figure 7: Equilibrium demand of firmA

6.2 Incentives for information disclosure

In this subsection, we analyze private incentives to dselaformation. To address this
issue, we have to investigate theet of3 on profits. Here private information disclosure
can be seen as the firms’ management of consumer expectétenseference points).
Note that in our simple setting information disclosure by éinm fully discloses the in-
formation of both firms since consumers make the correctenfges from observing the
match value for one of the two produdts.

dra(Ap*(8), PA(B); dpa(Ap’;
TA(AP"(B). PAB):B)  _ dPA(AP '8).qA(Ap*;ﬁ)+(p;:(Ap*;ﬁ)—cA)-

da:Ap'B) _,,
dg dg -

ds

dre(Ap*(B). P5(B); B) dpg(Ap*; B) ..
dBB = BdB -(1—qA(Ap,,8))

33This is due to our assumption that firms necessarily locatistance 1 from each other. It applies to
either the setting in which uninformed consumers do not kitwsir type before forming their reference
point or they do not know the locations of firms in the prodyace.
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~(Pe(Ap ) - o) —dq’*(sp*;ﬁ) <0

5
It is of interest to compare the size of the pridéeet to the size of the quantityffect
for different degrees of market asymmetry. Numerical simulatioggest that the price
effect dominates the quantityffect for allA > 1. Thus, profits closely follow prices.
Here, we confine attention to a single numerical example. cFitieal value ofAp such
thatdra(.)/dB = 0 atB = 1 andd = 3andt = 1,cy = 0.25, andcg = 1 isAp = 0.2581.
The critical values ofAp s.t. drg(.)/dB = 0 at the same values as abovajs= 0.28703*
For comparison, we take a look at table 4 in the appendix: Titiead value aiB = 1 is
Ap*(1) = 0.25. Hence, the critical values aip atp < 1 are larger thanp*(1). Moreover,
Apit > Apgt,
Our numerical example suggests that increasing the istiate of ex ante informed con-
sumers first none, then one and then both firms gain from irdbom disclosure. In case
of conflicting interests it is the morefteient firm which locally gains from information
disclosure as an expectation management tool.

Our numerical finding has direct implication for the obselraglvertising strategy of the
firm. Our model predicts that it is rather morgieent firms that advertise product fea-
tures and price and run promotions that allow consumersgitasts etc. This means that
one should observe a positive correlation betweciency level and advertising and
marketing activities of the above mentioned form. We woilktd to stress that although
all consumers will be fully informed at the moment of purahaasdvertising content and
price matters for firms if consumers are loss-averse. Wittiosibehavioral bias it would
be irrelevant whether or not a firm advertises price and chariatics.

6.3 The dfect of ex ante information on consumer surplus

In this subsection, we analyze thffext of 3 on consumer surplus. More precisely, we
answer the question: How is the surplus of thiedlent consumer group#facted by an
increase of the share of informed consumers?

First, consider the change in surplus of informed consum&he aggregate consumer
surplus for informed consumers is given by

1

Lin(AP(B))
CSu(Pa(B). Ps(B)) = f Un(X, Pa(B)dx + f Us (X, pa(B))dx
0 X

in(AP(B))

34Note that we have problems to obtain an analytical solutga function oft andt or cg even for the
special casg = 1.
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The marginal &ect of increasing the share of informed consumers on thdusugb the
already informed consumers is

dCSn _ f%”@p@) A% PaB)) dPa . fl dus(x pe(B) dps o
0 %

g opa(B) ds ~ope)  9Ps(B) ds
=1 =1
— _%. % — — d_pB >

Consumer surplus of informed consumers may increase oeaelin the share of in-
formed consumers. The sign of the derivative is determinethb weighted marginal
price changesip/dg of the two products. It is positive in markets with small cdgt
ferences because both prices decrease in the share of eda@omsumergi(p /ds < 0).

It is in markets with large cost fierences in which the reverse is true. In markets with
intermediate cost ffierences, the two prices move irfférent directions. Thus, some in-
formed consumers are bettef ahereas others are worsé& m response to an increase
in the share of informed consumers.

Second, consider uninformed consumers. Evaluating thenexefect on uninformed
consumers is more involved because gains and losses eetatitheir reference point
have to be taken into account.

1-%un(AP(B))
csupa)pel) = ([ T, PA(B). P(B). Run(AP(B))0IX

Kun(Ap(B))
+ f Ua(X, Pa(B), Pa(B), Xun(A p(ﬁ)))dx)
1

—Run(Ap(B))
1
# U a8, ) RPN

Xun(Ap(B))

whereua(X,.) andug(x,.) represent uninformed consumers’ géiss utility for distant
consumers of and nearby consumers Bfderived in (22) and (23), and

Ua(X Pa(B), P(B), Xun(Ap(B)))  =(V—tx—pa) + (1 = Xun)(Pe — Pa)
108 4 5((1= R - 21 )X+ o)

which demonstrates the gdiss utility for nearby uninformed consumersAf Ga(X, .)
differs fromup(x, .) only in the taste dimension of the gdwoss utility.

In contrast to intrinsic utility, the gajtoss utility also depends on reference point distribu-
tions which require knowledge of all prices and the locatdthe indifferent uninformed
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consumer. Taking derivatives with respecBtae obtain

dCSin _ Fun(AP(E)) (5UA(X, ) dpa N Oua(x,.) de) - dx
B o Opa ds Ops ds
s ( fl-*un(w” (aaA(x, ) dRn(Ap) dA p) - dx
0 a)A(un dAp dﬁ
. fﬁunmpw» (auA(x, ) dXin(Ap) dAp)' dx)
1-sun(ap@) \  O%un dAp ds
+f1 (c’)uB(x, ) dpa, dus(x.) dps  Aus(x.) dRn(AP) dAp) dx
(@) \ OPa ds 0ps ds O%un dAp ds

On top of consumers’ intrinsic utility a price change al$teets consumers’ gains and
losses with respect to the price dimension via the varyingepdifference. A change
of the location of the indferent uninformed consumaey, has an impact on consumers’
gainglosses in both dimensions. The taste dimensionftisceed since an increase of
%un Shifts mass of the reference point distribution to the ugpé?> An impact on the
price dimension occurs since the probability of buying apecs#fic price depends on the
location at which consumers are ifférent between the two products. The equation of
dCS,n/dB can be further simplified to

dCSUn_ s dpA s de
B Kun - B — (1 — Xun B
d dA
((/1 D)Run(L = Kun) + Ap (Kun + A1 = Kun)) - dZu[;) __p
oty

— t(%(zﬁun -1~ (- 1) + 2)) 20, (18)

dAp
where the first line shows margindtect of3 on intrinsic utility. This is analogous to the
analysis of informed consumers above.

In the second line of equation (18) the marginfieet of 8 on the price dimension of
consumers’ gaithoss utility is depicted. An increase of the share of infodneensumers
has a positive overall impact d@S,,. This holds true for two reasons. Firstly, from
Proposition 5 we obtain that the pricelérence is a decreasing function in the share of
informed consumers. It turns out that a lower pricetence £seize of gains and losses
in the price dimension) always reduces the losseBfmnsumers more in total terms than
the gains forA consumers (consider the first term in second line). Secpadipwnward
shift of the location of the indierent uninformed consumer (caused by an reduction of

351t can be easily shown tha&(s%,,,) first-order stochastically dominat&(si%,n) for all X, > Xun
feasible.
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the price diference) makes uninformed consumers of both firms befitevith respect to
gainglosses in the price dimension since the reference pointlaision becomes skewed
towards gains. This means that the probability of facingss lim the price dimension
decreases (fdd consumers), while the probability of facing a gain in theprdimension
increases (foA consumers).

The third line of equation (18) shows that the margin@e of 3 on the match value
dimension of consumers’ gdloss utility is always negative. A downward shift of the
location of the indiferent uninformed consumer (caused by an increagd decreases
the probability of large taste fllerencesg € (1—Xun, Xun]) keeping the probability of small
taste diferencesg e [0, 1 — X)) constan€® Since the remaining uninformed consumers
of firm B are located on the interval with small tasté&eliences, they experience the same
losses but lower gains. Thus, they are clearly wofs@long the match value dimension
of their gainloss utility. The same holds true for nearby uninformed comesrs of firmA.

On top of lower gains, more distant consumeraxperience higher losses due to the
downward shifted reference point distribution for the ¢éagimension. The overalfiect
of B on the taste dimension of consumers’ glaiss utility must, therefore, be negative.

The overall &ect of 3 on CS,, is positive in rather symmetric market&q small) since
the dfect of 8 on individual pricesp; is negative in these markets (comp&8§;,). By
contrast, the féect is negative in more asymmetric markets. The surpludtrénsd holds
for informed consumers, thus, qualitatively carries oweuninformed consumers. The
reason for this that the sign of thé&ect of 3 on both dimensions of consumers’ gémss
utility does not change with the asymmetry of the market.

It can be shown that for all > 1 andAc feasible the sum of the second and the third
line of (18) is negative—i.e., the margindfect of 8 on the taste dimension dominates
its effect on the price dimension of consumers’ glaiss utility. However, this does not
sufice to predict that the sign @fCS,,/dB is changing for a higher level ¢f in inter-
mediately asymmetric markets since the price changesjvdatermine the sign change
of consumer surplus, are weightedtdrently in case of uninformed instead of informed
consumers. Table 4 in the Appendix illustrates that thiece of the weight dference
dominates the negativétect of 3 on both dimensions of consumers’ gain loss utility, i.e.
the criticalB at which the marginal consumer surplus of uninformed coresarswitches
sign is lower than the critical for informed consumers.

Remark 3. In symmetric and weakly asymmetric markets, all consumieos&informa-
tion is ungfected are betterif more consumers become informed before forming their

36This argument also relies on the FOSD propert@(dXun).
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reference points. By contrast, in strongly asymmetric ratskall these consumers are
worse ¢f.

To determine the overallfiect of 8 on aggregate consumer surplus of both consumer
groups, an additional decompositioffiext has to be taken into account. Thikeet stems
from the change in consumer surplus of the group of formerigformed consumers who
become informed. The overalffect of 8 on aggregate consumer surplus is determined

by the first derivative o0€S(8) = 8- CSin(pa(B), ps(B)) + (1 —B) - CSun(pa(B), ps(B)) with
respect tgs:

dCs . dCS» .o .., . dCSn
E —IB' F + CSm + (1 :8) dﬁ CSun
- L5 1o L0 cs, - e

48 48

It can be shown that the decompositidifieet represented byCS;, — CSy,) is always
strictly positive, which is intuitive since the group of mfdirmed consumers faces a lower
average utility level due to the higher weight on losses thiargains. Although some
uninformed consumers which receive high match value at Ioeepare better f than
their informed counterparts, the average utility of uninied consumers is lower due
to the losses in the taste dimension of consumers located fapan the product they
purchase and the losses in the price dimensioB obnsumers (for illustration, see the
tables in the Appendix).

It turns out that the decompositioiffect always dominates the group-specifiieets of
B on consumer surplus. This means that the group of consunterdacomes informed
is so much betterfdthat its surplus increase always dominates the surpluggehaithe
remaining uninformed consumers and the “old” informed comers. This holds even
in strongly asymmetric markets in which remaining uninfedrand old informed con-
sumers are worsdiaf the share of informed consumers increases. We summayitteeb
following remark.

Remark 4. Consumer surplus is increasing the share of informed coessjn

The policy conclusions are straightforward: A public auttyowhose aim is consumer
surplus (and who does not have distributional concerns tatieuefects of informa-
tion disclosure) should always try to increase the sharefofined consumers, possi-
bly through the use of mandatory information disclosuresuln symmetric and weakly
asymmetric markets, all consumers will be bettér ddowever, in strongly asymmet-
ric markets most consumersfger. Those consumers who become informed (due to the
policy intervention) exert a negative externality on alh&tconsumers.
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7 Extensions

7.1 Relative weight on gain-loss utility

Consider next consumer preferences for which the intringlity is weighted by one,
while the gain-loss utility has a weight af> 0.3 It could now be asked whether a change
of the relative weight on the gain-loss utility has #elient influence on the location of
the indiferent uninformed consumer than a change in the degree ohvessiont. The
next proposition shows that this is not the case.

Proposition 8. Suppose the utility function of uninformed consumers slaovesiditional
weight,a > 0, on the gain-loss utility, i.e. all terms except for the insic utility term in
(22) (resp.(23)) are pre-multiplied byr.
Then VA’ > 1,o’ > 034 > 1 such that

Xun(Ap; 4, @ = 1) = Xun(Ap; ', @), (19)

whereX,n(Ap; 4, @) is the location of the indierent uninformed consumer giverextended
preferences. Moreovet,> A’ fora’ > 1anda < A’ for o’ < 1.

Proof of Proposition 8.The derivation of the indiierent uninformed consumer with+
extended preferences is analogous to the derivation ofnitiéferent uninformed con-
sumer fora = 1 provided in the proof of tmma 1. With a-extended preferences the
location equals

. . _1+a(22-1) Ap Ap?  (a(22+ 1)+ 3) (ad + 1)
in(Apid @) = — O T g \/16t2 aot(1-1) Pt ago1e
(20)
By solving for A in equation (19) we receive
;o lt+a (20 -1)
AN, ) = Tro (21)

Sinced(X,a’ = 1) = X andd1/da’ = 2(X - 1)/(1 + a’)?> > 0, A shows the required
properties. O

3"Fora = 0 we are obviously situated in a standard Salop world.
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The previous proposition points out that for any change efréiative weight on gain-
loss utility apart from one, there is an equivalent changkefegree of loss aversion,
which shows the same sign.

7.2 Asymmetric product quality

Our model is easily extended to allow foffid@rences in product quality which are known
to consumers at the beginning of the game. An informed coesanatility function is
ux pi) = (v — pi) — tly, — X. We then distinguish between a quality-adjusted price
dimension, which includes easily communicated productatdtaristics which are of un-
ambiguous value to consumers and a taste dimension whiktldasthose product char-
acteristics whose value depends on the consumer type. Weedgiality-adjusted (or
hedonic) pricep,"= p; — Vi, | € {A, B} for all consumers and consider those to be relevant
for consumers’ purchase decision. The maifiedence arises for uninformed consumers
when building their reference point distribution with respto prices. Here, only the
gainyloss in quality-adjusted pricesp = Ap — Av mattersAv = vg — va. We label firms
such thatAc — Av > 0 and call firmA the more éicient firm. In the following propo-
sition we show that any market with asymmetric quality isieglent to a market with
symmetric quality and more asymmetric costs.

Proposition 9. For any market with asymmetric quality represented by aorg@tv, Ac)
with Ac — Av > 0 there exists a market with symmetric quality represented tagctor
(AV, Ac’) with AV’ = 0, Ac’ > 0 such that market equilibria of both markets are the same,
i.e. Ap* — Av = Ap”*. MoreoverAc’ = Ac — Av.

As a special case, the asymmetry in the former market is gegtbby quality dferences—
i.e., firm A sells higher quality in a market with symmetric costs, < 0 andAc = 0.
Then, the costs asymmetry in the second market shows thessaena absolute terms as
the quality diference in the first markeAC’ = —Av.

In the proof we show that the optimization problems of the t@osumer groups and the
firms are the same in both markets.

Proof of Proposition 9.First consider informed consumers’ utility: We fing(x, p;)) =
(Vi —p) —tlyi =X = = —tly; — X for all i € {A, B} in the first market and;(x, p/) =
(Vi —p))—-tlyi—x foralli € {A B}inthe second market. Since in the second market quality
levels are identicalAv' = 0), it holds true thakiz(AP) = Xn(Ap’) for Ap’ = Ap — Av. If
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uninformed consumers use quality-adjusted prices forrohéténg their reference point
distribution in the price dimension we also receigAp) = Xun(Ap) for Ap’ = Ap— Av
by the same argument. Finally, compare firms’ maximizati@bfgm for both markets.
Firm A solves

rr[l)f-Xﬂ'A(f)A, Pg) = (Pa + Va — Ca)[B - Xin(Pe — Pa) + (L =) - Xun(Pe — Pa)] and
n;am(p;, Ps) = (Pa — CAIB - Xin(Pg — PA) + (1 = B) - Xun(Ps — PA)]-
A

Firm A’s equilibrium prices are identicaffimarkups in both markets are identical, i.e.
Pa + Va — Ca = P, — C,, and both demand functions are identical, iXp" = Ap — Av.
Analogously, for firmB this holds trueff pg + Vg — Cg = pg — Cg andAp’ = Ap — Aw.
Finally, taking markup dferences between firms we g + Av— Ac = Ap — Acin first
market andAp’ — Ac’ in the second market. Favp’ = Ap — Av both markup dferences
are the samedliAc’ = Ac— Av. ]

8 Conclusion

This paper has explored the impact of consumer loss aveosiomarket outcomes in
imperfectly competitive markets. We did so in a Hotelfi@glop setting, which a stan-
dard work horse in the modern industrial organizationditere. Consumer loss aversion
only makes a dierence compared to a market in which consumers lack thisvlwehh
bias if they are uncertain about product characteristicassociated match value at an
initial stage where they form their reference point disttibn. Early information disclo-
sure can thus be interpreted as expectation managemehtiroienation disclosure can
be achieved through advertising campaigns and promotamtaities which do not gen-
erate additional information at the moment of purchasehiatgoint consumers would
be informed in any case) but make consumers informed muctivaree of their actual
purchasing decision.

Our paper provides for a meaningful comparison to standardeinof competition in

the Hotelling-Salop tradition. It provides a nuanced viewtbe competitive #ects of
consumer loss aversion inftérentiated product markets. Loss aversion, and more gener-
ally, a gain-loss utility, in the price dimension leads torsmoompetitive outcomes, while
the reverse holds in the match-value dimension. It is therjphy between this pro- and
anti-competitive &ect that determines whether the market is more or less camapet
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compared to the standard Hotelling-Salop world. Empingaik may want to uncover
the relative strength of those twdfects.

We further explored how firm asymmetries and the share offanired loss-averse con-
sumers in the populatiorffect market outcomes. Here, we analyzed industries that are
characterized by cost asymmetries. Alternatively, asytrniesewith respect to observed
product quality may be introduced (as explored in Sectiorsif)ce there is a one-to-one
relationship between these two models our insights arettiirapplicable to a model in
which firms difer in observed product quality. Our model is able to geneeterse com-
parative statics results with respect to tii@et of cost diferences on the mark-up by the
more dficient firm. Unfortunately, costs are typically not obseteail empirical work,
which makes it diicult to confront this implication of our theory with the data

In our modeling &ort we followed Heidhues and Koszegi (2008). Our framewhbduy-
ever, has notable fierences to theirs: First, consumers and firms know the market
vironment; in particular, firms know the actual (asymmaetdost realizations and con-
sumers observe prices from the outset, whereas in Heidimaddsaszegi (2008) costs are
private information. Second, consumers learn posted pbegore they form their ref-
erence points, whereas in Heidhues and Koszegi (2008) owersuorm their reference
points before knowing posted prices. Our model is enrichyecbmsidering heterogenous
consumers who éier according to their knowledge of their preferences atritil point

in time when they form their (probabilistic) reference goi®ur model delivers novel
results. In particular, we show that the pric&elience between the two produttreases
in the share of uninformed loss-averse consumers, whildhteis and Koszegi (2008)
obtained focal pricing as a consequence of the presencessfalersion in the popula-
tion. That is, in our setting the behavioral bias increabesabserved price flerence,
whereas in Heidhues and Koszegi (2008) between asymmeinis fisappears. We also
show that prices and profitkecreasef the cost asymmetry is large.

Our theory provides a new perspective on information dsale and advertising. Since
all consumers are fully informed at the purchasing stagadstrd theory would predict
that it is irrelevant at which point in time prior to the pueding stage information is
revealed. Our theory predicts that consumer behavior anéteahautcomes depend on
this timing.

Our results have implications for public policy and firmsvadising strategies. There
are instances in which consumers would gain from more infion whereas both firms
would refrain from early information disclosure, namelyewhthe market is symmetric
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or weakly asymmetric. In these markets public informatidgscikdbsure (which allows
consumers to learn the products’ match values) would erhemasumer surplus.

Moreover, our model predicts that advertising and otherketarg instruments that al-
low for voluntary early information disclosure about mataiue are more prevalent in
markets characterized by large asymmetries between fimbese asymmetric markets,
one or both firms gain from information disclosure becausel#ads to higher prices.
Whenever firms have conflicting interests with respect torimfation disclosure, it is the
more dficient firm that discloses information.



PriciNG AND INFORMATION D1SCLOSURE IN M ARKETS WITH L0Ss-AvERSE CONSUMERS 45

References

ANDERSON, S. P.,anp R. Renaurt (2000): “Consumer Information and Firm Pricing: Neg-
ative Externalities from Improved Informationlfiternational Economic Revievdl,
721-741.

(2009): “Comparative Advertising: Disclosing Horizondhtch Information,”
RAND Journal of Economi¢cg40, 558-581.

ARMSTRONG, M., anp Y. CHeN (2008): “Inattentive Consumers and Product Quallygrk-

ing Paper

BagweLL, K. (2007): The Economic Analysis of Advertisiagl. 3 of Handbook of Indus-
trial Organization chap. 28, pp. 1701-1844. Elsevier.

Bar-Isaac, H., G. Garuana, anp V. Cunar (forthcoming): “Information Gathering Exter-
nalities in Product MarketsJournal of Economics and Management Strategy

BLinDer, A. S., E. R. D. Gneri, D. E. Lesow, anp J. B. Rupp (1998): “Asking About
Prices: A New Approach to Understanding Price StickindRagsell Sage Foundation

ELiaz, K., ano R. SieGLER (2006): “Contracting with Diversely Naive Agentdeview of
Economic Studieg3(3), 689-714.

Gagaix, X., ano D. Lamsson (2006): “Shrouded Attributes, Consumer Myopia, and Infor-
mation Suppression in Competitive MarketQuarterly Journal of Economigsl21,
505-540.

Gruss, M. D. (forthcoming): “Selling to Overconfident Consume&lsmerican Economic
Review

Hemnues, P., ano B. Koszeat (2008): “Competition and Price Variation when Consumers
are Loss Averse American Economic Revie®8(4), 1245-1268.

JansseN, M. C. W., anp J. L. MoraGa-GonzaLez (2004): “Strategic Pricing, Consumer
Search and the Number of Firm&eview of Economic Studie&l(4), 1089-1118.

KaHNEMAN, D., anp A. Tversky (1979): “Prospect Theory: An Analysis of Decision under
Risk,” Econometricad7, 263—-291.

Koszear, B., axo M. RaBin (2006): “A Model of Reference-Dependent Preferenc@siar-
terly Journal of Economigsl21, 1133-1165.

—— (2007): “Reference-Dependent Risk AttitudeAfnerican Economic Review
97(4), 1047-1073.

Mebvec, V. H., S. F. MhpEy, anp T. Gieovich (1995): “When Less Is More: Counterfac-
tual Thinking and Satisfaction Among Olympic Medalistdjurnal of Personality and
Social Psychology69, 603-610.

MEeLLERS, B., A. Schwartz, anp |. Rirov (1999): “Emotion-Based Choice,Journal of
Experimental Psychology 28, 332—345.



PriciNG AND INFORMATION D1SCLOSURE IN M ARKETS WITH L0Ss-AvERSE CONSUMERS 46

VariaN, H. R. (1980): “A Model of Sales,American Economic Review0(4), 651-659.
Zuou, J. (2008): “Reference Dependence and Market CompetitidPRA Paper No.
9370

Appendix

A Relegated Proofs

A.1 Relegated proof of Section 2

Proof of Lemma 1.Using the properties of the reference distributions, weitevthe util-
ity function further,

Ua(X, Pa, PB)  =(V—tX—= pa) + (1 = Xun)(Pe — Pa)
_ﬂ.t(fl_xmz(x— s ds+ f (x - s)ds)+t( Xun(s—x)ds)
0 1

—%un X
=(v = X~ pa) + (1 = Zun)(Ps ~ Pa)
— 25 2X(0 - R = (L %) + 5 (R~ 02 @

1-X
Us(% Pa Ps)  =(V—t(L— X) — &) — A Kun(Pa — Pa) ‘“fo 2(1- %) - 9 ds

+t( fllxu 2(s— (1- X)) ds+ fxu (s—(1- x))ds)

-X 1-Run

=(V=1t(1- %) — pg) — - Kun(Ps — Pa) — 4 - t(1 — X)?

10 Rl + G = X R+ 20)). @3)

Next, we find the location of the infierent uninformed consumer = X, by setting
Up = Ug, Where

. . . t .
Ua(Xun, Pas PB) = V—tXin— Pa+ (1= Xin)(Ps — Pa) — - —(1 -2(1- Xun)Z)

2
. . . . 1
Ug(Runs Pas PB) = V—t(1 = Kun) — Pe — 4+ Kun(Ps — Pa) — 4 - t(L — Run)® + 2(5 - Kun)?
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If she buys producA the indiferent uninformed consumer will experience no gain but the
maximum loss in the taste dimension. If she buys produshe will experience a gain
and a loss because distance could have been smaller ortlaagel— X,,. With respect to

the price dimension the inflerent uninformed consumer (like all other consumers) faces
only a loss when paying priges and only a gain when paying priga.

ua(Xun» Pas Pe) = Us(Xun, Pa, Pe) Can be transformed to the following quadratic equation
In )A(unu

0= 21(1= 1)+ %y~ (1= (P = Pa) - 414) - R + (2P — Pa) + 531+ 1)) (24)

Solving this quadratic equation w.nt,,Teads to the expression given in the lemman

A.2 Relegated proof of Section 3

Proof of Lemma 2.

99a(AP;B) _ _9aa(AP:B) _ _99s(Ap;B) _ _9ds(Ap;f)

§ =

OAp opa OAp 0ps
= ﬁ : )’zl,n(Ap) + (1 _:8) ’ )’Z{Jn(Ap)
1 (1-p) (Ap  (1+2)
TR TEYS) (5 I 1)) 70

€]
¢’ >0 VApfeasible and/g. At the boundaries we have

1+2)

-1 °

1
$0:8) = -z(1-30)+(1-5)
¢'(Ap - APB<1) — oo sinceS(Ap) = 0.

For 0< Ap < Ap™*the demand oA is convex inAp. At the boundaries we have

B+)(B+3)
642 (SAP)

¢"(Ap:B) = (1-P) Xn(Ap) = (1-p)-

¢” >0 VYApfeasible and/g < 1 sinceS(Ap) > 0:

B+1)(B+31)

2 . (+1)®
32 (L7

¢"(0:8) = (1-8)- >0

¢"(Ap—> Ap;B<1l) — oo.
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A.3 Relegated proof of Section 5

Proof of Proposition 2.

dap) _ _ (¢)° .
aae) ~ 3@Rrea-z D (@)
)

3(¢)? + ¢ (1- 29)

Since¢’ is strictly positive and denominator al{Ap*(Ac))/d(Ac) is equivalent to the
tangent condition (34). We obtain that

d(Ap’)
d(AC)

>0 (26)

if Ap < Ap®(a,1) (the latter term is defined in Appendix B). Moreover, sigtél—2¢) =
OforAc =0 (i.e.Ap = 0, compare symmetric equilibrium ) agd(1-2¢) < 0 for Ac > O
it holds true thatl(Ap*(Ac))/d(Ac) > 1/3. |

Proof of Proposition 3.

dmy(Ap(Ac)) _ dm,  a(Ap’)
d(Ac) ~ dAp)  dAc

where by FOC,)

oy 0P (@) -¢" ¢
= = =0, 27
JAp) - A - @Y 7

which may be positive or negative f6r< 1. Firm A's markup is increasing in the price
difference if the price dierence is rather low and the share of uninformed consumers is
not too high. It is decreasing for large pricétdrences andr if the share of uninformed
consumers is high. Using (25) we obtain that

dmy(Ap'(Ac)) (¢ -¢"-¢
Tdpe) | 3@Reea-z) 0

Hencem, is not strictly increasing i\ p*. Firm A’s markup decreases in the pricefdi-
ence if the price dierence, i.e. if the cost asymmetries in the industry/@rtie share of
uninformed consumers become too large. (Compare markuproB) |
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A.4 Relegated proofs of Section 6

Proof of Proposition 5.Recall that the equilibrium is implicitly characterized by

1-2¢(Ap;B) _

Ap - AC—
P T T api B)

The equilibrium price dterence then satisfies

W) (g 2P a2 ~20'5 - G- 2¢>)
ds (¢)? ¢?
L (¢")? . (2¢'¢ﬁ + ¢ — 2¢;;¢)
- 3(@)2 + ¢ (1 - 2¢) (¢)?

28¢5+ 441~ 29)
3@+ ¢ (1-29)

We show that the numerator 8£2.2) , denoted bYN(Ap'; B) = —(2¢/ s + ¢(1 - 24)) is
negative: For alAp with 0 < Ap < Ap™®and for allg € [0, 1], we can rewrite

. 10 . &
N(APA) = ~20'ds— $4(1~26) = 2(1~ )Sn + FZ) - (Run = )
o 1 . .
#(&n ~ 5L~ 2(1= )Sun — 26%0)

1. o1 .
= Y(Xun_xin)"‘(xzm_ﬁ)(l_zxin)

1. " R 1
= qun + (X (A = 2%n) — >
1. 1 n n
= Y(Xun + E) - Xun(zxin - 1)

o . 1 .1
= —2%, (%0 - E) +1(Run - E)
o A 1 . 1
= _2txun(Ap)(Xin(Ap) - E) + (Xun(APp) - E)
SinceN(0;3) = 0 and

IN(Ap; B)
0Ap

—%(2t2;'n(Ap)(xn(Ap> - %) + 2 (AP K (AP) = Kn(AP)

~Z(2RnARRe(aP) - 5) +0-0) <0

it holds thatN(Ap*; 8) < O for all admissibleAp, S.

Consider now the denominator 8522, denoted byD(Ap"; B) = 3(¢')? + ¢ (1 — 24).
We show that, on the relevant domain of pric&eliencesD(Ap*; B) is strictly positive.
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We have that

3(¢'(0;B))* + ¢”(0;B8) - O
3(¢'(0;8))* > 0

D(0;)

The sign of the derivative is of ambiguous sign:

oD(Ap; B)

aAp 6¢/¢N + ¢/H(l _ 2¢) _ 2¢N¢l

4¢/¢N + ¢/H(l _ 2¢)

ThusD(Ap*; B) is not necessarily non-negative. However, sibga p*; ) is equivalent
to the tangent condition (34) which approaches zemmt Ap@(4,t) we conclude that

dAp*(B)
ds

<0 (29)
for Ap < Ap®(4,t), which is the relevant domain for equilibrium existence. ]

Proof of Proposition 6.We evaluate

dpa(AP (B):A) _ 9Py 9(ApT) | IPa
ds oap) o 9B

where

0Py _ (@)Y -¢" ¢

a(Ap) (¢)?
which may be positive or negative. Henpg is not strictly increasing im\p*. Firm
A’s prices decreases in the pricdtdrence if the price dlierence becomes Siciently

z 0,

large. In terms of the parameters of the model this meanshbaiost asymmetries in the

industry (and the share of uninformed consumers) becontisiently large.
api ¢ bp— P
B WP
= (@ R+ B o= ) = (o= ) (L= B+ 550 55
1. . 1 . .
o) (Run = %in) 5 (Rn = %in) = (Run =

S (RO G CRI SR C
1
ﬁ

1 o
= __Exun_ximxin :

1
2t

A~

1
_)Xm o

¢/2
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The numerator o?% is independent g8.

o 11
o5 AP=0) = i

OPAn e '
(9,8(Ap_Ap_€) = - 572 >0

for € small because the numerator is positive Aqr slightly less thamp. This implies
op; -
that=72 = O for a criticalAp € (0, Ap™), V. O

Proof of Proposition 7.We evaluate

dps(AP(B):B) _ 9ps  9(APY) , 9Pg
ds oAp) 0B B’
opg ¢V -¢"(1-¢) _ ¢"(1-¢)
where aap) @) = —(1 + W) <0

In contrast t@A, the price ofB is always decreasing inp*(8).

opy ¢~ dp(1-9)
B (¢)?

o 1,,. - ~ 1 - - 1
= —[ ~ (=A% + B (Rin = Fin) = (Rin = )L = (L= B = ) | - T3
= - B 3 Re) + (LB~ )~ )
1 . - - 1 N 1
550 = %) = (Koo~ )L~ %) 7
NV NP I
= _[_E(Xun)_(xun_i)+xunxin]'w s0
O

B Equilibrium Existence and Uniqueness

B.1 Equilibrium uniqueness

In Proposition 10 we state ficient conditions under which an interior equilibrium is
unique. Given parametenrsandt, the condition states that the cost asymmetry between
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firms is not too largé®

Proposition 10. An interior equilibrium is unique if

2t
(1-1)

Ac < Ac'(Q) = Ap =

(2(1 12)- JeO+ P -+ 1)2), (30)
whereAp depicts the upper bound ap such that the §\p) in X,,(Ap) is equal to zerd?®

It is easy to check thaic'(1) is strictly decreasing in. This means that in markets in
which consumers show a higher degree of loss aversion cgsinastries between firms
should be less pronounced to meet the uniqueness condition.

Proof. We first consider the case df> A° ~ 7.47. We can derive a number of useful
properties off (Ap; B) = (1 — 2¢)/¢’:

f(0;8) = 0/¢’(0) = 0VB, f(Ap;B) — 0 sinced’(Ap) — oo VB < 1, andf(Ap;1) =
-2Ap < 0.

— N2 _ 4 _ ” _
fapp - 200020 () 9029

(¢)? (¢)?
sincef’(0;8) = -2 < 0 VB and f'(Ap;8) —» ~ VB < 1. Moreover, f'(Ap;1) =
-2 VYAp.

)§O VB <1,

It has to be shown thdt(Ap; B) is strictly convex inAp for 8 < 1. We find that
(@9 - 20" - 26) - 2(¢')* 0
73 '
(¢)
Figure 2 illustrates the equilibrium condition (10y&t = Ap. Now, if 8 < 1 by continuity

of f(Ap) for Ap € [0; Ap), f(0;8) =0, f(Ap;B) — 0, f’(0;8) <O, f'(Ap;B) = ~ > 1,
and strict convexity of (Ap) for 8 < 1, we know that forA\c > Apthere are two candidate

f7(Ap;B) =

interior equilibria since thef((Ap) + Ac)-curve moves up and intersects thp-line twice.
At Ac = Ap a second solution tap = f(Ap;8 < 1) + Ap does not arise due to the
discontinuity of¢ (resp. f(Ap; 8 < 1)) atAp. Moreover, for values ohc lower thanAp,
(f(Ap; B < 1) + Ac) is always smaller thanp and no second equilibrium can arise.

38Sincet turns out to just be a scaler of equilibrium prices (cf. Set#), we will neglect as a parameter
in Appendix B.

39Cf. equation (5).
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If B =1, f(Ap;B) is strictly decreasing for alhkp and at most one intersection between
f(Ap; 1) + Ac andAp exists (standard Hotelling cas®).

Secondly, in the case ofd 1 < A° all uninformed consumers buy from firdkat Ap =
AP, which is smaller thamp.4! Sincef is continuous heref,(Ap; 5) < 0, andf(Ap;B) =
(1-2@Bxn(Ap) + (1 -B))) - 2t/B is strictly decreasing fohp > AP, Ac < Apis suficient
to rule out second equilibria in this case. |

B.2 Equilibrium existence

For any interior solution, concavity of the profit functionwsuld assure that the solution
characterizes an equilibrium.

827'(/_\ , .,

> = —2¢" +(pa—Ca)¢” <0 (SOG)
op;
(9271'5 , .,
Pl —2¢" — (ps — Ce)¢” < 0. (SOG)
Japg

Given the properties ap —particularly thate is strictly increasing and convex ifip
for B < 1— S OG holds globally, whileS OG, is not necessarily satisfied. Using that
(pa—ca) = ¢/¢’ by FOC,, S OG, can be expressed as follows

—-2(¢")? + 99" < O. (31)

It can be easily shown that (31) is satisfied for smgdlwhile it is violated forAp — Ap
as¢” goes faster to infinity i\ p than ¢")2.4? This violation ofS OG, reflects that firmA
has an increasing interest to non-locally undercut pricggtn the entire demand of un-
informed consumers whekp is large. The driving force behind this is that loss aversion
in the price dimension increasingly dominates loss avarisiohe taste dimension if price
differences become large. Moreover, excessive losses in teedamension if buying the
expensive produdd make also nearby consumersBmore willing to opt for produch.

The next proposition clarifies the issue of equilibrium &mee. It deals with the non-
concavity of firmA's profit function by determining critical levels of marketyanmetries

40An analytical solution for (10) can be determined in thisecasp* = Ac/3.

41Cf. Figure 2.

42This implies thaira is not globally concave. Itis easy to check that it is neitflebally quasi-concave.
This is illustrated in Figure 8. Moreover, the non-concawf xa is increasing inAp (resp. —pa) for
Ap < Ap™@*(resp.pa = ps — AP™®).
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and the degree of loss aversion such that #irimas no incentive to non-locally undercut
prices. Here, we make use of the increasing convexity of Aisrprofit function which
yields that stealing the entire demand of uninformed coresans the unique optimal
deviation of firmA. For notational convenience, we focus on the most critietilrgy for
equilibrium existence. This is the one in which all consusrae uninformed® In the
proposition, moreover, it is shown that non-interior epia fail to exist.

Proposition 11. Suppose all consumers are uninformgd= 0) and the degree of loss
aversion, 1, lies within the interval(1, 1 + 2v2]. An interior equilibrium with prices
(Pu. Pg) exists if and only if

Ac < AC(1) = Ap™(2) — F(Ap™(A); 0), (32)

with Ap™(2) being implicitly determined by the following non-deviaticondition

$(Ap) - (1- ¢(Ap))}
¢'(Ap) '

Ap™MQ) = {OsAp<ApmaX|Ap:Apmax— (33)

Moreover, any equilibrium is interior.

Before turning to the proof, let us comment on this propositiThe result shows that an
equilibrium exists if firmA has no incentive to non-locally undercut prices. In faat,ith
centive to undercut prices increases in more asymmetricsingl or for more loss-averse
consumers. For a low degree of loss aversior:(2 < 1+ 2V2 ~ 3.828) equilibrium
exists if the cost dference between firms is not too large (see (32)n this case, an
equilibrium exists for all values ¢f. However, if the degree of loss aversion rises further,
equilibria only exist if there is a sficiently large share of informed consumers which
reduces the undercutting incentive of filn This traded is illustrated in Table 2 be-
low. The possible non-existence due to undercutting evéshor symmetric industries.
Proposition 12 deals with this issue. It shows that if theslod informed consumers is
suficiently large, a symmetric equilibrium always exists; eifg60% (which is greater
than the derived upper bound of 57.7%) of the consumers &emed then an equilib-
rium exists in symmetric industries fanylevel of loss aversion > 1. See also Figure
10 below.

43Adding more informed consumers always reduces the nonasityaf firm A's profit function since
the demand of informed consumers is linear. Thus, the détipper bound on cost asymmetries with only
uninformed consumers is Bicient for existence with a positive share of informed constsn

44Note that according to experimental work on loss aversitakes the value of approximately 3, which
is within this range.
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Table 2: Non-deviation condition

Variation of Ap™ andAc™ in g andA. (t = 1)

B_| Ap™A.B) AC(LB) | APM(AB) ACM(A.B) | AP™(L.B) AC(A.B)
1.0 - - - - - -
0.8| 0.648337 1.75869 0.372669 1.07069 0.294726 0.857815
0.6| 0.543254 1.45317| 0.23824 0.686206 0.150303 0.440498
0.4| 0.459237  1.22329| 0.107415 0.314749 0.000320 0.000959
0.2| 0.377489 1.00993 - - - -
0.0| 0.278889 0.75963 - - - -

In the proof we first provide the critical level @ for which the equilibrium condition
in (10) is satisfied for candidate interior equilibria. Wexhi@entify the set of interior
equilibria which are robust to non-local price deviatiomgion A. Finally, the existence
of non-interior equilibria is refuted.

Proof of Proposition 11.

1. To find an upper bound afc for which the equilibrium condition (10) is satisfied
we determine the point at which(Ap; B) is a tangent on thap-line. In Figure 2
this corresponds to an upward shift of th@\ p; 8)-curve.

Tangent condition:

fFapp) =1 & 3¢y +¢"(1-2¢) =0 (34)

An analytical solution to 3{)? + ¢”(1 — 2¢) = 0 can be found fog = 0.*° Denote
this critical price diference aap'?(1).46

Then, the equilibrium condition in (10) is fulfilled if and nif Ac satisfies the
following condition

Ac < Ac®(2) = Ap(Q) — f(Ap™(1); 0). (35)

4This is stficient sinces = 0 is the most critical case w.r.t. existence and uniquerigss.reason for
this is that fol3 > 0 there is a positive weight on the demand of informed conssimbich is purely linear.

46Ap'3(2) is decreasing in.
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To deriveAc?®(2) from Ap®(2), the equilibrium condition (10) can directly be ap-
plied because at the tangent point there is a unique resdtiprbetween the two
variables?’

2. We next rule out some candidate interior equilibria. tFStgppose that atp = Ap’
S OG is not satisfied. Thenp’ depicts a profit minimum for firrd. Ap’ cannot be
an equilibrium. Now, definép3(1) as the critical price dierence which satisfies
the transformed second-order condition of fiAn(31) with equality. ApS(2) is
unique by strictly increasing convexity af in —pa. Thus,S OG, holds forAp <
Ap3(1). We next show that OG, implies the tangent condition, i.eAp3(1) <
Ap®(2). Rearranging (31) and (34) leads to

AYA
gs (Z} . @l

_ 72
(2¢3 b < (Z) . (3

It is left to show thaty/2 > (2¢ — 1)/3 which is equivalent t@/6 — 1/3 < 0.
This inequality is satisfiedl¢ € [1/2, 1]. Hence, it follows that a non-empty set of
candidate interior equilibria is ruled out by local non-cawity.

Secondly, due to the increasing convexityr@fin —p, also some candidate interior
equilibria which locally satisiy§ OG, might be ruled out. This is the case when
the convexity is sfiiciently large and non-local price decreases become prigitab
for firm A. An example of this kind is presented in Figure 8. Given tlezgasing
convexity ofra the unique optimal deviation of firmA (if it exists) is character-
ized by firm A serving the entire market of uninformed consumers, P&.s.t.
Ap® = Apmax, DecreasingjdA further is not profitable since firmA only attracts in-
formed consumers while its profit margin goes down for infednand uninformed
consumers® Hence, in the following we will restrict our attention to @ei devia-
tions of firm A that steal the entire demand of uninformed consumers. ibtiag

is profitable, firmA setspdA = pg — Ap™® Forg = 0 the firmA'’s deviation profit,
79, is equal to P4 — ca) - 1 sincep(Ap™; 0) = 1. Using thatpd = p; — Ap™@> we
receive

= (P - AP ca) -1

4"For Ac¥(1) < Ac < Ac'®(2) there might arise two candidate interior equilibria. Hoeeas we see next,
the second one does not survive the |&®&G, criterion.

48For situations witht — 1, in whichAp* > Ap™® can arise, it can be shown that non-concavity gf
is not a problem.
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Profit of firm A, ma(pa. Pg), as a function of its own pricpa givenpg = pg forAc =1
(ca = 0,cg = 1) and parameter values gf= 0,t = 1, and1 = 3: p, = 1.173009,
p"A = pg—Ap™®*=0.80863,p5 = 1.55863 Ap* = 0.385537, and\p™®* = Ap = 3/4.

Figure 8: Non-existence

= (% +Ac—ApmaX)-1 by FOCs
_ (ap+ g - ap™) 1 by (10)  (36)

For non-deviation, firmA's profit is equal tara(Ap*) = (p, — Ca)¢, Which is equiv-
alent top?/¢’ by FOCa.

Thus, deviation of firmA is not profitable if and only ifra(Ap*) > 79.*° Rearrang-
ing yields

¢-(1-¢)

AD" < ApM® —
p Y p

(37)

which describes the required non-deviation condition ifdedine Ap™(1) as the
price diferenceAp # Ap™®*that satisfies (37) with equality, i.e.

HAP);0)- (1= 4(AR™(1; 0))

nd _ max __
AP =4 # P 0)

4We assume that firmk does not deviate from an interior strategy if it is ifidrent between deviating
and playing the interior best-response.
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Lemma 5 below shows thatp"(1) is uniquely determined by this non-deviation
condition if the trivial solution Ap™® is not considered and that the set of non-
negativeAp™(2) is non-empty forl € (1, 1+ 2V2].

Again by utilizing the equilibrium condition (10) we receiexistence of interior
equilibria if and only ifAc < Ac"(1) = Ap™(2) — f(Ap™(1)).5° Taken together due
to increasing convexity at, the non-deviation condition implies local concavity
of the firms’ profit function and therefore, as shown above,tdngent condition.
Thus, any price dierence which satisfies the non-deviation condition lieshim t
set of candidate interior equilibria or equivalenthyp™(1) < ApS(1) < Ap?(1) <
ApTHA).

3. Any equilibrium is interior because discontinuity of fils best response function
due to non-concavity of its profit function rules out noneimor equilibria.

O

Lemma 5. For 8 = 0andA € (1, 1+2 V2], Ap™(2) is the unique non-trivial solution (i.e.
Ap # Ap™®) to the non-deviation condition i(83),

#(AP) - (1= $(AP)

A :A max_
P=2ap #(Ap)

Moreover,Ap"(2) is non-negative.

Proof of Lemma 5 First note that the non-deviation condition is triviallytised atAp =
Ap™*sinceg(Ap™®) = 1 for B8 = 0 (see Figure 9 below for a graphical illustration of the
non-deviation condition). It can be shown tAgi\p) = Ap+¢(1—¢)/¢’ approachea p™a
from above forAp < Ap™* ForAp > 0 butAp being small A(Ap) is strictly increasing
and strictly concave. MoreoveA(Ap) is continues and exhibits at most one optimum
for Ap € [0, Ap™®). Taken together, there exists a unique € [0, Ap™®) at which the
non-deviation condition is satisfied if and only if Ap = 0, A(Ap) is smaller or equal
thanAp™ ForB = 0, A(0) = (1 + 3)/(4t(1 + 1)) andAp™® = Ap = (1 + 3)t/(2(2 + 1)).

It is easy to check that th&(0) < Ap™*if and only if 1 € (1,1 + 2V2]. Denoting the
solution to the non-deviation condition p"(1) completes the prodt. O

S0For AcU(1) < Ac < Ac™(1) the equilibrium condition (10) does not make a unique s&aci.e. there
might arise a second solution to (1@)p**, which can be ruled out because by constructigni* is larger
thanAp'3(1) and hence larger thaxp™(1). The unique interior equilibrium that survives the norvidéon
condition would be selected by the following existenceetiitn Ac < min{Ac"(1), AcY(1)}. This shows
again that the uniqueness condition in Proposition 10 ig suficient. Moreover, it can be seen here that
any interior equilibrium (if it exists) must be unique.

S1\We receiveA p"d(1 + 2v2) = 0 and ford — 1 Ap™(1) — Ap™



PriciNG AND INFORMATION D1SCLOSURE IN M ARKETS WITH L0Ss-AvERSE CONSUMERS 59
Ap+ £59 : solid, Ap™*: dashed

0.80}

0.75F

0.70f

0.65}

| ‘ ‘ ‘ | ‘ ‘ ‘ | ‘ ‘ ‘ | ) Ap
0.2 0.4 0.6 0.8

Non-deviation condition of firmA, as a function of the price fierenceAp for Ac =
0.25 (ca = 0.25, cg = 0.5) and parameter values = 0,t = 1, andi = 3: Ap™(3) =
0.27889,Ac™(3) = (Ap™(3) — f(Ap™(3);0)) = 0.75963,Ap™* = AP = 3/4, and
Ap = 0.83485. Non-deviation foap < Ap™(3) = 0.27889.

Figure 9: Non-deviation in asymmetric industries

If the degree of loss aversion becomefisiently high @ > 1+ 22 ~ 3.828), the set
of non-negativeA p"(1) becomes empty. Here deviating is profitable even for symimet
industries Ac = 0). However, restricting the amount of uninformed consigean rein-
force existence of symmetric equilibria in this case. Ingéxtion 12 the critical level of
B for symmetric equilibria to exisg®(1), is derived as a function of.

Proposition 12. An symmetric equilibrium with price@*, p*) exists if and only i3
satisfies

B = (), (38)
with (1) being an increasing function inwhich is expressed by

0, if 1e(L1+2V2];
B = p(1) € (0,0.349)  if de (1+2V2 A, (39)
BEM(A) € (0.3490.577) if 1> A°~ 7.47.

The critical level of3 for existence of symmetric equilibrig®(1), is depicted in Figure
10.
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ﬁcrit (/l)

0.4

0.3  Non-deviation

0.1

Critical share of informed consumegstt (1), for which symmetric equilibria exist as
a function of the degree of loss aversion 1. Parameter values ate = 0 andt = 1.
Non-deviation foig > g (2).

Figure 10: Non-deviation in symmetric industries

Proof of Proposition 121t can be shown that akp = 0 the non-deviation condition,
A(Ap; B) — Ap™ is continuous and monotonous@n

ForA > 1+2 V2 the non-deviation condition can be reinforced pt= 0 if 8 > 0. Solving
for g(2) in A(0; 8 = (1)) — Ap™* = 0 yields

B -A(52 + 14)+ V(B2 +5)(1(111(1 + 5) + 113)+ 77)— 13

crit =1 4
Fo" () 2(1 - 1)+ 3) ’ (40)
for 1 e (1+2v2, 2% (i.e. Ap™ = Ap) and
_ 3_ 2 2 _ _ _
() = 1 - 3703 — 21AA2 + 17712 — 54AA + 2471 — 21A — Q + 83 41)

2(1223 — 7AA% + 4622 — 10AA + 81 + 17A — 66)

with Q = (445 - 2A 15+ 159615 — 918A 1% + 198481% — 9316A 1% + 9138413 — 31228\ 2% +
19726812 — 42618\1 + 201868 — 20366\ + 78880}/2
andA = V312+ 141+ 15 fora > A° (i.e. Ap™ = Ap). Forl — oo it holds that

BEM(A) — 1- _37+2_12f14\/;_2\/§ ~ 0.577. Compare Figure 10. O

We conclude this section by a numerical example. Fer 3,t = 1 andg = 0, the fol-
lowing price diferences arisap™(3) = 0.27889,ApY(3) = 0.31072,Ap3(3) = 0.482509,
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Ap®(3) = 0.69532,Ap™* = AP = 0.75, andAp = 0.83485. MoreoverAc™(3) is equal
to (Ap™(3) — f(Ap"(3); 0)) = 0.75963, i.e. an equilibrium exists faxc < 0.75963.
The remaining cost flierences are equal #&c"(3) = 0.83485,Ac?(3) = 1.40396. Since
Ac < Ac¥(3) is suficient forAc < Ac"(3) any equilibrium is unique. Cf. Table 3 and 4 in
Appendix C withAc = 0.25 and 075 atB = 0. An example for non-existence@t 0 is
provided in Figure 8 with\c = 1.

C Tables



Table 3: Small Cost Dierences:

The table shows the analytical solution of the market elggifor parameter values o6t 1,1 = 3,ca = 0.25,¢5 = 0.5:
BopB) P AP aAP)  %a(AP)  Ra(AP) 7 ) cs Ccs.  Cs

1.0 1.33333 1.41667 0.0833333 0.541667 0.541667 0.5324%86806 0.420139 1.37674 1.37674 1.16648
0.8 1.37274 1.45643 0.0836887 0.539995 0.541844 0.5325%06272 0.439961 1.29508 1.33717 1.12672
0.6 1.41524 1.49932 0.0840806 0.538326 0.54204 0.53273%27P81 0.461361 1.21022 1.29448 1.08382
0.4 1.46121 1.54572 0.0845149 0.536662 0.542257 0.53293860008 0.484522 1.12178 1.24832 1.03742
0.2 1.51103 1.59603 0.0849986 0.535002 0.542499 0.5331&74663 0.509652 1.02934 1.19828 0.987112
0.0 1.56518 1.65072 0.0855405 0.533347 0.54277 0.5333401446 0.536986 0.932421 1.14388 0.932421

Table 4: Intermediate Cost Derences

The table shows the analytical solution of the market elgudifor parameter values o= 1,1 = 3,c5 = 0.25,¢c5 = 1.
Prices of both firms are first increasing and then decreanifg i

B PAB) PsB) AP (B)  aa(Ap)  Rn(APY)  Run(ApY) 9 Ty Cs CS, CSin

1.0 15 1.75 0.25 0.625 0.625 0.605992 0.78125 0.28125 @31401.14063 0.834921
0.8 1.5039 1.758 0.254109 0.62324 0.627054 0.60798 0.78187285586 1.07357 1.13519 0.827071
0.6 1.50553 1.76414 0.25861 0.621651 0.629305 0.61017 08028 0.289112 1.00758 1.13188 0.821115
0.4 1.50448 1.76803 0.263546 0.62026 0.631773 0.61258580D0A4 0.29165 0.942908 1.13111 0.81744
0.2 1.50029 1.76925 0.26896 0.619097 0.63448 0.615251 40487 0.293008 0.879835 1.13332 0.816464
0.0 1.49248 1.76737 0.274896 0.618194 0.637448 0.6181948092 0.292988 0.818625 1.13897 0.818625
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Table 5: Large Cost Mierences:

The table shows the analytical solution of the market elgudifor parameter values of= 1,1 = 3,c5 = 0.25,c5 = 1.25:
Non-existence foB = 0 (see Figure 8)ga(Ap*) is decreasing i, i.e. uninformed consumers are easier to attract thannrddr
consumers. Reason: Due to large pricgedences loss aversion in price dimension dominates logsiaman taste dimension.
Uninformed consumers are more willing to buy the less expensoduct.

B

1.0
0.8
0.6
0.4
0.2
0.0

PAB)

1.58333
1.5623
1.5361
1.5043

1.46663

P& (B)

1.91667
1.90417
1.88738
1.86596
1.83971

Ap*(B)

0.333333
0.341863
0.351282
0.361666
0.373075

da(Ap?)  Kn(ApY)

0.666667
0.66734
0.668631
0.670654
0.673535

0.666667
0.670931
0.675641
0.680833
0.686538

Xun(AP*) Ty

0.6483 888889 0.222222
0.652973 51587 0.217615
0.65811%9926 0.211208
0.663868110989 0.202865
0.6702819444 0.192519

3k

g

CS

1.02778
0.974147
0.923306

0.87537
0.830299

CS,

1.02778
1.04598
1.06911
1.09757
1.13163

CS,

0.673468
0.686806
0.7046
0.727236
0.754968
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