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Abstract

We consider product markets in which consumers are inttesly in a specific
product category and initially do not know which producteggiry matches their tastes.
Using sophisticated tracking technologies, an intermrgdian make inferences about a
consumer’s preferred product category afféioadvertising firms the possibility to target
their ads to match the consumer’s taste. Such targetingesdoverall advertising costs
and, as a directfiect, increases industry profits. However, as we show in ifiep when
consumers form reference prices and are loss averse, nemiggtargeting may intensify
competition between firms. As a result, firms may earn highefitp from “de-targeted”
advertising; i.e., when the intermediary deliberatelyoinis about some products and
their price quotes from outside a consumer’s preferredymbcategory.
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1 Introduction

Sophisticated tracking technologies on the Internet haagentargeted advertising a big topic
in the business press. As has been widely recognized, itaggetproves the fectiveness of
advertising and reduces advertising costs.

This is in conflict with casual observations, for instanchew consumers look for a hotel
accommodation. While the posteffars better reflect a consumer’s taste than a random draw
satisfying the consumer’s search criteria, some podiedsooften turn out, after inspection, to
be df the mark and therefore irrelevant for the consumer. As wevshdhis paper, a portal
using tracking technologies may deliberately post someost jprelevant fers because the
industry may actually benefit from “de-targeting” of adv&irig.

The core of our argument is based on reference pricing: Aglskmown from the mar-
keting literature (for example, Rajendran and Tellis, )9@ésted pricesféect the utility of
consumers when picking one among several products. Famniost if a consumer observes
a high-price and a low-price product, which, from an ex arg@iof view, she considers
relevant, she receives a lower utility when buying the hpgice product than in the situa-
tion in which she had observed two high-price products. Tthesposted price of an ex post
“irrelevant” alternative mayféect consumer evaluations and demand.

With the possibility of tracking and targeting in the Intetiage, reference pricing develops
a new life because portals can tailor the set of products @ndspa consumer observes to the
consumer’s identity; such tailoredfers cannot be made irtdine retailing even when scanner
data about consumers’ purchase behavior are collectechglilse concept of expectation-
based loss aversion, we show in this paper that the assdrtsh@noducts encountered by
consumers mayffect their demand. Note that this holds only for products asuaaorer expects
to buy with positive probability when seeing the ads. Psrtdécide on the assortment of
products and thus determine a consumer’s consideration/éetshow that with loss-averse
consumers using reference prices, competition betweetupers becomes more intense the
better advertising is targeted to a consumer’s preferredymt category compared to a setting
with loss-neutral consumers. As a result, from an indusémgjpective, it may be optimal to
expand the consumers’ consideration set.

We propose a model of informative advertising in which cansts face a discrete choice
problem among products within a product category. An intdiary — for example, an ad-
vertising agency or an internet portal — can identify thecepeproduct category a consumer
is interested in, but not the consumer’s preferred produittinvthis category. Perfect target-
ing in our context means that the consumer sees only ads @irtiaeicts from her preferred
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product category; we call thijgerfect category targeting The main result of this paper is that
firms benefit from the introduction of some noise into catggargeting. We call this prac-
tice de-targeting In particular, firms benefit from advertising products algghe consumers’
preferred product category. Advertising such productottssamers, generates additional ad-
vertising costs but, for given prices, no revenues. Theoreds that advertising additional
products expands a consumer’s consideration set, eveghttbe consumer will never buy
any of those products outside the category she likes. Howsuoah apparently wasteful ad-
vertising be optimal from the perspective of the industry® f¥esent a novel behavioral
explanation based on the interaction between tfeceof reference prices (when consumers
are loss averse) and the set of advertised products. In hetljtsonsumer loss aversion and
the advertising strategy of the intermediary interacttatgeting mitigates the expected gains
and losses consumers experience dietavely relaxes competition between firms; the inter-
mediary internalizes thisfkect on industry profits.

We distinguish between a contact stage and an inspectige. sAathe contact stage, adver-
tising informs a consumer about the existence and price ef af products, which constitutes
a consumer’s consideration set. At the inspection stagecdhsumer learns about her pre-
ferred product category (if it has been included in her adersition set) and her match value
of products in that category. Based on the information xexkfrom advertising, but prior to
learning about her preferred product category and matakesala consumer forms expecta-
tions about how likely she is to buy an advertised produds timing resembles that in Karle
and Peitz, 2014). At the purchase stage, she experienaes gaiosses if her actual choice
does not confirm her initial expectations, where losses I@ger than gaind. Consumers
assign the correct purchasing probabilities ex ante; tines; expectations are rational given
the information available, which is in line with the concepexpectation-based loss aversion
by Készegi and Rabin (2006, 2007).

Under consumer loss aversion, advertising additionalywtsd- i.e., de-targeting -ffacts

LIn line with the discrete choice literature of producffdientiation, a consumer’s utility function includes
a random variable whose realization is unknown to firms aedritermediary. Product fierentiation within a
category arises from idiosyncratic realizations of theselom variables. If this variable is i.i.d. over time, past
realizations do not provide indications about future imndlial demand and, hence, do not enable targetitign
a product category.

2In our base model, we restrict attention to loss aversiohérprice dimension only. As we show in Section
5.2, including loss aversion in the taste dimension doestffi@tt our main result.

3There is extensive recent empirical evidence from the labe{@r et al., 2011, Ericson and Fuster, 2011,
Gill and Prowse, 2012, and Karle et al., 2015) and from the {iebpe and Schweitzer, 2011 and Crawford and
Meng, 2011) that losses drive behavior more strongly thamsgand that reference points are expectation based.
Support also comes from earlier contributions in the mamkditerature which suggests that loss aversion with
respect to priceféects consumer choice (for an overview, see Mazumdar et@05)2 In particular, Rajendran
and Tellis (1994) suggests that reference prices are basédeoprices of similar products at the moment of
purchase.



DE-TARGETING 4

a consumer’s reference point and thus the consumer’s defaaation. If more products are
advertised to consumers, then, due to consumers’ inisé tancertainty, the purchase of any
given product becomes less likely. This also applies to petgwhich are fiered at a reduced
price relative to other products. Observing more produnes tmakes consumers less price
sensitive to each product. Therefore, de-targeting resulbhigher equilibrium prices. What
de-targeting does, is that it places consumers irffergint context. In this sense, our model
formalizes contextual inference about the expected psecpace when consumers are loss
averse and addresses the role of the intermediary in “mkatipg” consumer beliefs.

The intermediary, acting on behalf of advertising firms,uat§ its advertising strategy
to balance the cost-reducingfect of more precise targeted advertising with the competiti
effect that arises under consumer loss aversion. Indeed, g@par shows, when advertising
costs are not too high, the intermediary optimally refrdinsn perfect category targeting and
advertises more products even though it knows from the gtattthe consumers will never
buy them.

To illustrate the idea of de-targeting under consumer lgssséion, we return to the portal
for hotel accommodations that provides listing services.pAinted out above, portals make
recommendations that, upon closer inspection by the coesumrn out to be completely
off the mark, but could have been filtered out based on the usefisep When looking for
a hotel accommodation, consumers see a set of recommentiEddmmns satisfying some
specified quality and horizontal characteristics and thages. Based on this information,
consumers consciously or unconsciously form their explgutechase price (i.e., a probability
distribution over posted prices). Then, before makingtheichase decision, they obtain more
detailed information about those hotels. According to dw@oty, when the portal knows ex
ante which narrow set offfers a consumer may be interested in, it displays additioffiet
to manage a consumer’s price expectations. Thus, we réiertae portal's de-targeting
strategy.

A similar situation arises when potential buyers and seltdra house interact through a
real estate agent. The business practice of the real egfate may be to schedule several
house visits so as tdfact the buyers reference prices. For instance, the agentath#tye per-
spective buyer upfront that they are going to visit a certaimber of houses, their respective
prices and some of their characteristics. The agent magmically include somefters
that, as the agent privately knows, will not be of interestie particular buyer. Including
those dters dfects the buyer’s probability distribution over the expdagpeirchase price and,
therefore, the expected demand function.

We show that our de-targeting result carries over to a modkla@mpeting intermediaries
although they are somewhat less inclined to use de-taggétem a monopoly intermediary.
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Competing intermediaries here carry up to one product pegoay, but still partially inter-
nalize how the advertising strategffects competition under consumer loss aversion. Various
extensions confirm the robustness of our main result allgdn asymmetric product cate-
gories, consumer loss aversion also in the taste dimersnghmulti-product advertisers. In
particular, when product categoriedfdr in marginal costs and thesefdrences are not too
large, de-targeting continues to be part of the optimal eatbieg strategy, and equilibrium
prices are symmetric among all firms with products within $aene consumer consideration
set. Hence, de-targeting here features heterogeneowsqast margins in contrast to what
would happen under perfect category targeting. It alsoigesva novel rationale for focal
pricing.

De-targeting tends to be attractive from an industry peatsge for products with low
prices. If the intermediary can condition its advertisingtegy on the consumer type and
consumers naively believe that each advertised categequally likely to be their preferred
one, our model predicts that consumers interested in aa3ytegth low-priced products tend
to see ads for high-priced products together with low-gripeducts, while consumers inter-
ested in a category with high-priced products will not seefadlow-priced one§.

The paper proceeds as follows. Section 2 provides a guideeteetated literature. Section
3 presents the formal model. Section 4 establishes ourtresithe anti-competitiveféect
of de-targeting: a monopoly intermediary who coordinatesddvertising activities of firms
refrains from perfect category targeting and instead dbes products more broadly. We ex-
tend this result to competing intermediaries. Section Yipes several extensions allowing
for asymmetric product categories, consumer loss aveedgmin the taste dimension, and
multi-product firms. Section 6 provides a discussion of a benof additional issues. Sec-
tion 7 concludes. Further material is provided in severgeaplices. Appendix A contains a
relegated lemma. Appendix B characterizes the demandifumfdr arbitrary price vectors.
Appendix C reports the equilibrium price correspondencgpekdix D presents the analysis
of advertising when it leads to monopoly sellers in eachg@teand parameter restrictions
that rule out this monopoly to emerge in equilibrium. Appierte contains relegated material
on equilibrium existence.

2 Literature Review

Our paper contributes to the literature on targeted adiegiand, in particular, the compet-
itive consequences of targeting. The existing literatuas éinalyzed targeting in monopoly

4A more elaborate discussion of this point is found in Secfion
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and oligopoly contexts; recent contributions include R29Q0), Esteban et al. (2001), lyer
et al. (2005), Gal-Or et al. (2006), Galeotti and Moraga-gzdez (2008), Anand and Shachar
(2009), and Chandra (2009). The general finding of thatditee is that targeting increases
profits which stands in contrast to our main reSulin exception is de Corniere (forthcom-
ing). In his setting, consumers search sequentially, aigjpblistic firms may be worsefio
under targeting. The reason is that targetiffg@s the stopping rule of consumers and makes
competition more intense, as additional search is moré/likdead to a good match. Our de-
targeting result is markedly fierent from his argument. While he argues that targetiterts
consumers’ search behavior, our explanation is groundedrgeting &ecting consumers’
reference prices. Furthermore, we focus on category faggahd exclude the possibility of
product-specific targeting.

De-targeting may also occur as a response to privacy comnesrit may reduce or remove
a consumer’s perceived privacy infringement and may tloeedie beneficial for the industry.
In particular, from the firms’ perspective, obtrusive ads better shown in a context of de-
targeting — Goldfarb and Tucker (2011), provide evidenoenfa field experiment in support
of this view. This explanation is orthogonal to ours and &gpbnly to contexts in which
targeted ads are considered to be obtrusive.

Our paper contributes to the broader question how many pteduill be advertised to
consumers. In particular, empirical evidence on choicelogad suggests that exposing con-
sumers to more products may reduce purchase probabilgy, (gengar and Lepper, 2000).
This suggests that firms may actually want to limit the numifeproducts shown to con-
sumers. We note that our argument does not require a largbenohadvertised products and
is, therefore, not in conflict with the empirical evidenceabmice overload.

Prominent explanations of choice overload include conswearch (Kuksov and Vil-
las Boas, 2010) and Bayesian inference on the likely fit betwastes and product charac-
teristics (Kamenica, 2008). Kamenica (2008) points to exiofal inference about the match
value of a product. By contrast, our analysis focuses onestudl inference about the ex-
pected price in a model with loss aversion: consumers mdkeeinces from the number of
advertised products and their prices on the expected pseqgbrice.

Our paper also provides an answer to the question how marsyowers will be exposed to
an ad. While de-marketing has the feature that some conswuarenot shown advertising for
a product even though this reduces demand (for an explansgi® Miklos-Thal and Zhang,
2013), we show that an ad is shown deliberately to some cosisueven though they never

SA different mechanism that generates lower profits under taggetijuires targeted pricing: firms can condi-
tion price on consumer tastes, as pointed out in the litezatn customer recognition. Then, better information on
consumer tastes leads to more intense competition (e derberg and Tirole, 2000). For a model that includes
advertising, see Esteves and Resende (2015).
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consider buying the advertised product (which we refer twasargeting”).

Our paper also contributes to the analysis of behavioueslds in market settings, as in
DellaVigna and Malmendier (2004), Eliaz and Spiegler (20@abaix and Laibson (2006),
and Grubb (2009.

More specifically, this paper contributes to the understanaf the implications of expectation-
based consumer loss aversion (Készegi and Rabin, 2006aikensettings. A first subset
of papers (Heidhues and Kdszegi, 2014; Rosato, 2015; K20[E3) consider monopoly mar-
kets and show that by introducing (or maintaining) uncattain consumption outcomes of
expectation-based loss-averse consumers, a firm can nammh§umers’ outside options by
making some plans not credible although they were favorfabie an ex-ante viewpoirit.

In particular, Heidhues and Készegi (2014) examine a molistfs optimal pricing strat-
egy when expectation-based loss-averse consumers dgmdeéuying one unit of a product
with a known, common valuation. They show that the monopwifsequently dfers variable
sales prices. At these prices not buying the good is not aldeedquilibrium strategy for
consumers. This shifts consumers’ reference point in fa¥@uying the good. In a dierent
application, Rosato (2015) shows that a retailer selling $ubstitute goods can attach homo-
geneous, expectation-based loss-averse consumers by ofeatempting discount on a good
available only in limited supply. The retailer then cashewith a high price on the substitute
good available in unlimited supply. In the informative adiging model of Karle (2013), a
monopolist can induce an attachmefiieet with heterogeneous, expectation-based loss-averse
consumers. He does so by maintaining some residual unugregfter advertising about the
product match for high-type consumers.

In our paper, we show that introducing uncertainty in congtiom outcomes of expectation-
based loss-averse consumers can be even profitable in oligfopproduct markets, where
uncertainty is generated by costly and socially wastefukdtsing. In contrast to the other
papers, no attachmenftect plays out in our setting.

Two other papers model the behaviour of expectation-bassstdverse consumers in
oligopolistic product markets. Heidhues and Készegi @@bedict less price variation across
products (focal prices) and over time (sticky prices), ietp in which consumers incorporate
information about expected price levels into their refeeepoints prior to observing posted
prices. When posted prices are observable at the refemmioeformation stage, however,

SFor overviews, see Ellison (2006); DellaVigna (2009); $fee (2011a); K6szegi (2014); Grubb (2015).

"Other applications of this loss aversion concept, in paldicits applications to contract theory, include
Carbajal and Ely (2014), Hahn et al. (2014) and Herweg andeévigoiff (2013) on monopolistic screening,
Macera (2011) and Herweg et al. (2010) on agency contraatggé and Ratan (2010) and Eisenhuth and Ewers
(2012) on sealed-bid auctions, and Daido and Murooka (¢ortting) on team incentives.

8Cf. also Spiegler (2011b) for a model with sample-basedeef points.
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Karle and Peitz (2014) show a price variation-increasimg;qompetitive &ect of consumer
loss aversion in duopofy.Karle and Peitz (2014) is closest to our paper with respetii¢o
information available to consumers when forming their refiee point: posted prices are ob-
served but match value is uncertain when the reference pdiotmed. Relative to Karle and
Peitz (2014) our contribution is to present a framework imcktthe number of products a con-
sumer is exposed to is endogenously determined by the &ingrstrategy of an intermediary.
Our paper thus combines an oligopolistic product market wie multi-product advertising
strategy of a monopolist.

3 Model

Firms engage in informative advertising to sell their pretduo consumers. They do so via an
intermediary. Hence, there are three types of market jyaatits, a “small” number of firms, a
“large” number of consumers and a monopoly intermediary.

ConsumersConsumers maximize utility. They make a discrete choiceratloe products
they are informed about and have unit demand. They deriviéymoatility from products in
one category only; products in all other categories give zgility. Absent loss aversion, a
consumer of typex; k) with locationx € [0, 1] in her preferred product categoky {1, ..., J}
would obtain utilityv — t|x — yi| — p; when buying one unit of productwherep; denotes the
price of firmi andy; the location of firmi) if i belongs to product categokyand utility O when
buying some produdtthat does not belong to product categkry

There is mass 1 of consumers. We consider a symmetric ssticigthat a fraction/J of
consumers are interested in a particular product cated@afore introducing consumer loss
aversion, it is useful to describe firms and the intermediary

Firms. Each firm produces a single product that belongs to on&mfduct categories.
There is duopoly competition within each product categboy.simplicity, we assume Hotelling
competition in each product category. Thus, therel are2J products sold by single-product
firms. Each firm is located at either one of the extreme poihte@Hotelling line. We or-
der firms such that firmsj2- 1 and J are located in category, firm 2j — 1 is located at O
and firm 2 at location 1 on the Hotelling line in categofy Denotingx;j as the inditerent
consumer in segment demand of firm 2 — 1 is Xj/J and demand of firm Ris (1 - X;)/J.
Firms incur constant marginal costs of producteoi herefore, profits of firms p— 1 and 3

9Zhou (2011) and Spiegler (2011b) consider consumers witotyi-based and sampling-based reference
points in an oligopolistic and a monopolistic setting, aadtly confirm the results of the two former papers.

Opifferent from these two papers, for expositional clarity, wasider loss aversion in the price dimension
only. Yet, as we show in the extension section, our main itsggrobust to allowing for loss aversion also in the
taste dimension.
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are (-1 — ©)X;/J and (p;; — ¢)(1 — X;)/J, respectively. Firms set prices simultaneously to
maximize their profits.

The equilibrium of the price setting game determines ingustofits. We make the as-
sumption that the industry profit under symmetric duopaly &ceeds the industry profit that
would result under monopoly™, i.e., when only one ad of the category of interest is shown
instead of two. As a consequence of this assumption, themetdiary will advertise both
products in the same product category. In terms of the uyidgrktructural parameters, for
the inequality 2¢ > 7™ to hold we have to require that the value of parametir not too
high or the transportation cost parametsuficiently large (i.e., product éerentiation is suf-
ficiently large)!! A necessary condition for this inequality to hold is partizrket coverage
under monopoly. We also assume that there is full marketragesunder duopoly competi-
tion; i.e., the outside option not to buy does not bind. Westimust be in an intermediate range
of the stand-alone utility such that there is partial market coverage under monopalywh
coverage under competition. As we show in Web Appendix D, areastablish conditions on
the underlying structural parameters for the inequality 2 7™ to hold*?

Intermediary.We consider an intermediary coordinating advertisingslens on behalf of
firms. We formalize this by assuming that the intermediargspa all advertising costs on to
firms and absorbs a constant fract@of industry profits. We make this assumption to make
sure that the intermediary makes #elience only because it internalizes externalities; in the
discussion section we show that our main insight is robustefintermediary charges a fixed
fee for its service (which is set either by the intermediargalectively by the firms).

Suppose that the intermediary can make use of a trackinguaémyy which allows it to
perfectly identify a consumer’s preferred product catggblowever, it cannot infer the loca-
tion of the consumer on the Hotelling line; i.e. trackingealsk, but notx.*®* The intermediary
announces all products of at least one category; this felfem our assumption@ > 7™.

We say that the intermediary implemeptsfect category targetinifjit advertises only the
two products belonging to categoky Otherwise, if also products from other categories are
advertised to each consumer, we say that category targstimgperfect.

To place an ad, the intermediary has to pay advertising egs¢s unit mass of consumers

n Section 6 we show that this condition can be weakened wdiéng a diferent look at the business model
of the intermediary.

2with consumer loss aversion, we have to determine equikibrprofits both under monopoly and under
competition. The analysis under competition follows int®et4, while the analysis of the monopoly case under
consumer loss aversion is also relegated to Web Appendix Eroughout our analysis we presume that the
explicit conditions established in that appendix are Satls

BTranslated into a repeat purchase setting, this meansatlat consumer characteristics allow the intermedi-
ary to inferk, but idiosyncratic taste fferences that change over time (and are unobservable ta¢nmadiary)
determine the consumer preferences within their prefarageory.
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per product. Thus, if all products are advertised to all comsrs total advertising costs are
2Ja, which is the upper bound on advertising costs. Since wenasduhat the intermediary
passes all advertising costs it has to pay on to firms andwesaifraction of firms’ profits, this
implies that the profit-maximizing intermediary acts in theerest of industry and maximizes
industry profits.

Consumer loss aversiorConsumer are loss aversion in the price dimensfobet p =
(ps, ..., p23) denote the price vector of thelZirms. Suppose that a consumer interested in
categoryk observes prices from a weak subset of all fif§sc {1, ..., 2J} before forming
her reference point. The s8f then constitutes the consideration set of consumers steate
in categoryk. Note that it is not essential that all consumer interestddabserve the same
set of products. The number of products is the same for aktlsensumers, but they may see
different products outside categdcy Consumers initially do not know their type; i.e., they
do not know which is the product categdaghey like nor what is their valug. To find out,
they have to inspect products after forming their refergaiats. Inspection is costless. Here,
consumers only have to learn which category they are irntttéis and inspect products in this
category.

Since the intermediary recognizes each consumer’s peef@ategory, it advertises both
products from categorl; i.e. X — 1 and X are element 08,. Suppose that this is the case
and that all except firmR— 1 set the same pricg’. If firm 2k — 1 sets a weakly lower price
pak_1 than all other firms, i.epx_1 < p’, consumers with preferred categdrypbtain utility

Uzk-1(X, {Pities) = V= tX = Pac1 + (1 — Prob[p = pa-1; {Pilies)(P — Pak-1) (1)

when buying producti— 1.

The last additive term on the right-hand side captures tlhie dae to the lower price
weighted byn > 0. Note that this gain depends on the probability of the cemgintary
event; i.e., the probabiliy by which the consumer expeatdulily at pricep’. This captures the
idea that gains (or losses) are weighted more heavily, gwedgpected they are (cf. Készegi
and Rabin, 2006). For the competing product, consumers pyveferred categork obtain
utility

Uzk(X, {Pities,) = V= t(1 = X) — p' — AnProblp = pa-1; {Pities J(P" — P2x-1)- (2)

Loss aversion is expressed by the fact that gains enter vatghtv1, while losses, weighted
by A, loom larger than gains; i.ed, > 1. The analogous expressions to (1) and (2) apply if

In our symmetric setting, our comparative statics resutbisfirmed when consumers are also loss averse in
the taste dimension; see Section 5.2.
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firm 2k — 1 sets a higher price than all other firms. Consumers withepredl categori’ # k
observe the same prige for both products in categoiy and obtain the same gain for each
of the two products. Hence, their purchase behavior is theesas without consumer loss
aversion.

Timing. We distinguish four stages at which decisions are made aatapons are formed.

1. Advertising. The intermediary commits to its advertising strategy tmébrms each
consumerX, k) about a set of product.

2. Pricing. Firms decide whether to advertise and set prigesmultaneously.

3. Reference point formationConsumers observe prices of the advertised products (but
not yet their preferred category) and form their probatiiseference point.

4. Consumer purchasé€onsumers leark and inspect the advertised products in this cat-
egory and make their purchasing decision.

We solve for subgame-perfect Nash equilibrium where inégliary and firms foresee that
consumers play a personal equilibrium (as defined by KészetRabin, 2006}° i.e., con-
sumers hold rational expectations about their final puicigadecision and, at the last stage,
behave accordingly. At the end of Section 4, we allow for cetimy intermediaries where
each intermediary caters to one firm in each category anddhegse their advertising strat-
egy simultaneously.

As a backdrop, it is useful to mention what happens withoss laversion. In this case,
the intermediary commits to perfect category targeting ,(tonsumers learn only about the
products in their preferred category). The reason is th#tout loss aversion demands are
independent across category. Therefore, incurring adirggtcosts for a product with zero
demand cannot maximize industry profits. Thus, our resuait the intermediary does not
choose perfect category targeting, is due to consumerg bese averse.

4 The Optimality of De-Targeting

In this section, we establish our main result that, underesasmak conditions, consumer loss
aversion causes the intermediary to refrain from perfaeigmay targeting. We solve the game
described in the previous section by backward inductioh w@insumers playing a personal
equilibrium.

15Given prices, there exists a unique personal equilibriuhickvtrivially is a preferred personal equilibrium,
as defined by Készegi and Rabin (2006).
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Equilibrium Demand We consider symmetric equilibria. Denate< J as the number of
product categories disclosed to each consumer; i.e., tdéenadity of the consideration s&
is equal to 2 because there are two products per category. In the last,sjagn observed
prices{pilics,, @ consumer learns the combinationk) of her preferred product valuation and
category and makes her consumption choice given her refeneoint distribution; i.e., she
considers buying from firmk-1 or firm 2 and never buys from any other firm. She purchases
one of the two if at least one product in categkiy advertised to her at aiciently low price.

To keep the notation simple, we consider product 1 in prodategory 1; however, the fol-
lowing argument is valid for any product. We use the notatpoa (ps, p’, ..., p’) to consider a
deviation by firm 1 from pricgy’. By symmetry, the indferent consumer in any category dif-
ferent from category 1 is characterized byZ k), for k # 1. The indiferent consumer in cate-
goryk =1, (X, 1), can be characterized (X1, { Pi}ies,) = U1(X1, {Pilies;) — U2(X1, { Pities,) =
0 using utility functions in (1) and (2). It holds that

AU(Xy, {pities,) = (1 + 1+ n(4 - 1)Probp = py; {pi}iesl])(p' - p) -t(2% —-1).  (3)

To solve the underlying fixed point problem (i.e. for consumpersonal equilibrium), we use
that the probability Prollf = pi; {pilics,] @ consumer assigns to buying from firm 1 depends
on her rational expectations at stage 3. First, given thesidemation set of product prices
S;, the probability of buying product 1 is the probability tiilae consumer prefers category
1 times the probability that such a consumers buys producel;Probp = p;; {Pilies,] =
Probk = 1;{pi}ics,] - Probjx < XjJk = 1]. Second, because of the uniform distribution of
consumers’ valuations within categories and the fact thatgegories are equally likely to be
a consumer’s preferred category at stage 3, Rrebp;; {pilics,] = (1/9) - X, for given prices
p=(p,pP,.. P)and numbese {1, ..., J} of product categories disclosed to each consumer.

The following lemma pins down the location of the iffdrent consumers and firms’ de-
mand.

Lemma 1. Suppose thatp = p’ — p1 > 0, wherep = (p, P/, ..., P’) and g, p1 > 0. Then, the
indifferent consumers per category are located at

s(t+ (1+m)Ap)

X1(Ap, s) = min{ZSt_ 1= DAp

1},

and X;(pzj — p2j-1,9) = 1/2forall j € {2, ..., J}. The demand of firj — 1 and2j are given
by Doj_1(P2j — P2j-1,S) = 1 = D2j(P2j — P2j-1. S) = Xj(P2j — P2j-1,5)/J forall j € {1,..., J}.

Proof of Lemma 1 Mainly in the text. It is left to show that given Prab[= p;; {Pilics,] =
X1/S, U1(X1, {Pities,) — U2(X1, {pities,) = O is equivalent to the equation in the lemma. This is
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Figure 1. Demand for Perfect and Imperfect Targeting

achieved by a sequence of simple equation manipulationsa&imdy into account that cufis
must lie in [Q 1]. |

For any advertising strategy and price vector, the persegallibrium is unique. The
unique pure-strategy personal equilibriuzha consumer with realized typ&, k) is described
by the product she turns out to buy

2k—-1 if xe [0, (P« — P2x-1, 9)]

O-(X’ ka {pi}ieSk) = . .
2k if X € (X(Pk — P2x-1, 9), 1].

These actions give rise to an expected probability didiobuwver products. For an arbi-
trary price vector, the reference point distribution anchead are derived in Web Appendix
B. As illustrated in Figure 1, the demand of firm 1 (as chamrdze in Lemma 1) becomes
less price sensitive when imperfect targeting is used &t perfect category targeting.

To understand this property, we compare perfect categaygtiag to a situation in which
products of two categories are advertised. Consider fiesptite sensitivity at price leved
under perfect category targeting. Suppose that firm 1 redite@rice top, < p’, wherep' is
the price set by all other firms. In personal equilibrium, famers expect to buy product 1
with some probability greater than2d. Take the marginal consumes(p; — p’, 1), shortx;.
Her utility isul = v —t&X — py + n(1 - %,)(p1 — P') if she buys product 1, while her utility is
u; = v—t(1- %) - p' — An%(ps — P) if she buys product 2. As she is the marginal consumer,
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we must haver; = uj. This determines the probability in personal equilibrida(p; - p’, 1),
as a function of the parameters of the model.

Suppose now instead that the intermediary advertises @luats from two product cat-
egories. As we will see, for the price deviatiga < p’, in personal equilibrium the ex-
pected probability of buying product 1 conditional on th@somer being interested in prod-
uct category 1 is now clierent fromxi(p, — p’,1). In which direction does it change? As-
sume that a consumer who learns that she prefers produgocatg uses this probability
X1. Then, she will obtain utilityuf = V-—1tX - pr+ (- X/2)(p1 — p’) from consum-
ing product 1, as she experiences a gain with probabilig/1(1/2)(1 — X,); alternatively,
she obtains utilitys3 = v—t(1 - %) — p' — An(1/2)%(p1 — p’), as she experiences a loss
with probability (1/2)%X; when buying product 2. Hence, when products from two categor
are advertised it becomes more likely to experience a gainless likely to experience a
loss than under perfect category targeting. We have uhat u} + n%(p’ — p1)/2 and
U3 = U3 +na%(p’ — p1)/2. Asul = uj and losses loom larger than gainsx 1), we must have
u? < u3. Therefore, the personal equilibrium when two productgaties are advertised must
featurexi(py — p’,2) € (1/2, X(p1 — p',1)). We have thus shown that while, under perfect
category targeting, the price deviation generai€p, — p’, 1) — 1/2 additional consumers for
firm 1, it generates only,(p1 — p’, 2)— 1/2 additional consumers for that firm under imperfect
category targeting (where products from two categoriesadreertised). Thus, de-targeting
reduces the price elasticity of demand.

We recall that, absent loss aversion, demand is indepeadends categories. The novel
feature of consumer loss aversion is that it links demandsacotherwise unrelated product
categories. An equivalent way to think about advertisindit@hal products, is to announce
those products at the same price instead of charging antenfinice (the latter is equivalent
to products not being available). Consumers expect to busodugt at infinite price with
probability zero, while announcing products at the samegmeduces expected demand from
consumer’s preferred product category (but not actual deijnaHence, consumer loss aver-
sion makes the demand in product categodependent on prices in all other categories, as
those prices féect the likelihood that a consumer experiences gains arsgdosfter a price
deviation by a firm &ering a product in categoiky

The Symmetric Equilibrium Markudo characterize the symmetric equilibrium markup at
stage 2 for givers, it is suficient to show that a price deviation by a single firm is not pabfe,
given equilibrium prices of all other firms. The maximal ddurium is characterized when
solving the first-order conditions that apply when a firmIslig decreases its price.
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Proposition 1. The maximal symmetric equilibrium markup is given by

. 2t .
pi(s)-c= L)+ D ie{l,...2J). (4)
S

It is strictly increasing in the number s {1, ..., J} of product categories disclosed to each
consumer.

Proof of Proposition 1.The proof follows directly from the first-order condition 6fm 1’s
profit maximization problem w.r.tp; at p; = p/, i.e., Ap = 0. This first-order condition is
equivalent top;(s) — ¢ = 1/(2%439) which directly leads to (4). By symmetry, any firm
could be firm 1. Finally, increasingidecreases the denominator of (4) and therefore increases

the maximal symmetric equilibrium markup. |

For numerical illustration of thefiect of de-targeting on price-cost margins, consider the
parameter constellation from Figuretls 1,2 = 2, andp = 1. We obtainp*(1) = 0.4 and
p*(2) ~ 0.444. Thus, advertising products from two instead of one pcodategory increases
the price by 11 percent.

Since fors > 2 the demand functions have a kink there exist multiple é@mpal which
can be Pareto-ranked by firms. The minimal symmetric equilib markup is obtained when
considering a small price increase instead of a small prezgedise from a symmetric price
vector. In Web Appendix C, we report the minimal price eduilim and provide a figure
illustrating the full equilibrium set. In the remainder, wentinue to focus on the Pareto-
dominant equilibrium picked by firms at the pricing stage.

The Advertising Strategy of the Monopoly Intermediafje intermediary maximizes
(wherep € (0, 1)) times the industry profits overadvertised product categories. Recall that
the incremental costs of adverting one additional produetitconsumers ara > 0. Hence,
if products ofs product categories are advertised to all consumers, thesindadvertising
costs are @sand the advertising costs per firm agg J)s. Note that, from each firm the
intermediary earns a profit gir; = B[(p*(s) — ¢)/(2J) — (a/J)9], since, by assumption, the
intermediary fully passes the advertising costs on to tme. firhus, summing over all firms,
the intermediary maximizeg(p*(s)—c)—2ag overs. Treatingsas a continuous variable with
s € [1, J], we obtain the following characterization of the internayg’s optimal advertising
strategy.

Proposition 2. In the maximal symmetric subgame perfect equilibrium tingathe number
of advertised categories as a continuous variable, theinégliary posts ads with all products
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from s product categories, where

(max(L. Vn(d - ;)t/a— n(a - 1)}’ 3. 5)
n+1)

s" = min

Proof of Proposition 2.The first-order necessary condition w.sis equivalent to the interior
solution in (5). m|

Using (5), a stiicient condition for imperfect targeting such tisat> 2, isa < (4fo(;+1§))2.

We observe that the number of advertised product categisri@sger the larger the de-
gree of product dferentiation within each category. This means that our mpodadicts de-

targeting in particular for those intermediaries whichrgads for rather strongly ffierentiated
products. In settings in which products show only a modedatgee of dierentiation, cat-
egory targeting is perfect. The reason is that since a higegree of product élierentiation
leads to a proportionately higher markup, the profit inceeshge to de-targeting becomes more
pronounced. This changes the balance between reduced tthomand increased advertising
costs when advertising more products and leads to moreteingrwhen products are more
differentiated.

Taking into account thatis a discrete variable, the condition that the intermedtaefers
s=2overs=1,i.e.8[(p(2)-c)—4a] > B[(p'(1) - c) — 2a], is equivalent to

n(A -1t

a<a‘(4,n,t)= 2+n(A+2)4+nA+ 3))'

The critical valuea®(4, n,t) is increasing it > 1. Clearly, as loss aversion becomes more
pronounced, de-targeting remains the equilibrium outcéonea larger parameter value of
advertising costs. In our numerical example, the critical valueai§2,1,1) = 1/45.

We add a remark on total welfare. Due to symmetry and full mackverage, consumers,
even though they are loss averse, do not experience neslossthe equilibrium path. In
addition, the equilibrium allocation of products is alwacient. The only source of itfig-
ciency are excessive advertising costs, as some prodeceslgertised which do not add any
social value. Perfect category targeting would avoid theéfficiency, but is not chosen by the
monopoly intermediary.

Equilibrium Advertising Strategy of Competing Intermeia. In the case of pure Bertrand
competition, in which intermediaries first set their adig@ng strategy and then decide which
profit fraction to command, in equilibrium, one intermegiapsts all firms at zero profit. The
choice of advertising strategy by intermediaries and pseting by firms are equivalent to
our monopoly intermediary setting above. However, in s@verarkets, we do not observe
that one intermediary hosts all firms; our examples of hateking platforms and real estate
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agents may be cases in point. Therefore, we introduce camgpetermediaries where each
of the two intermediaries works for up to one firm in each pidiategory. We continue to
assume, as in the setting with a monopoly intermediary,itftatmediaries obtain an exoge-
nous fraction of profits of the firms they are contracting withis allows us to avoid modeling
the prior negotiation between intermediaries and fitfriBhe property that each intermediary
serves up to one firm per product category reflects the cantiaestriction to er exclusive
advertising in each product category. For example, adregiagencies work for multiple ad-
vertisers but sign a non-compete clause; i.e., they agremmontract with advertisers who
are direct competitors. As we will show, de-targeting $éifids to occur in the present setting,
even though competition among intermediaries mitigatesdgeting.

IntermediarieA andB set their advertising strategisgandsg, respectively. Thusy + Sg
is the total number of prices disclosed to each consumer. tWhantermediaries split the
market in the sense that in each product categdhe firm located ak; = 0 (resp.x; = 1)
advertises via the first (resp. second) intermediary;gach intermediary agrees to exclusively
advertise at most one product within each product categilbrthe advertising strategies of
both intermediaries mirror each other in the sense thatwoass always learn both prices
in a product category, then the number of categories disdlts consumers equads= (Sa +
ss)/2.17 Solving backward, we obtain the location of the iffiiient consumer and the maximal
symmetric equilibrium markup of Section 4 as a functiorsef (s + Sg)/2.

Formally, intermediariese {A, B} choose their advertising strategies, arg gy p*((sa+
Sg)/2) — €)/2 — sa]. The first-order conditions w.r.i are equivalent to

ap*((s +s.)/2) _
ds B

2a.

Solving for the symmetric advertising equilibrium gives

o _ o - Y2 -Ta- 29 - 1)
-8 i+ 1) ’

(6)

for a > 0 suficiently low. We immediately obtain that our de-targetingui under monopoly

8with competing intermediaries, one may expect a downwaggqure on the fraction of rents absorbed by the
intermediary. When this fraction is negotiated prior to ihtermediaries choosing the advertising strategy, our
result represents the equilibrium of the subgame aftertiagm. Since the equilibrium allocation is independent
of the outcome of the negotiation between firms and eachnm@édiary (here may be intermediary-specific),
regarding the advertising strategy, no additional insgie gained by endogenizing the negotiation and thus the
fractiong.

"Note that this property must be satisfied in any symmetridiegium when consumers observe the category
an advertised price belongs to. The reason is that otheosisgumers would infer from observing only a single
price of a category that this category cannot be their prefezategory and ignore that category.
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intermediation continues to hold with competing internaeigis.

Proposition 3. Consider the model with competing intermediaries. In th&imal symmetric
subgame perfect equilibrium, treating the number of adsed categories as a continuous
variable, the intermediary posts ads with all products frenproduct categories, where

V2 n(a = Dtja- 2n(1 - 1) 5

dn+ 1) (7)

min{max1,

This number of product categories cannot be larger than unaznopoly.

Proof of Proposition 3.This result follows from the exposition above and the obston that
& =s/V2< s, cf. (7). u

To summarize, duopoly intermediaries may use de-targéiingf* > 2), but consumers
will be informed about fewer products than under a monopelgrimediary. In other words,
our qualitative finding of de-targeting is robust to the aatuction of competition in the place-
ment of ads between intermediaries, but tifea that consumer loss aversion generates de-
targeting is mitigated.

5 [Extensions

In the extension section, the first and second extensiondemshanges on the consumer side.
In the first extension, we allow for heterogeneous produteigmaies. Product categories may
differ in the stand-alone utility, marginal costs, and the degfegroduct diferentiation. Our
main finding of de-targeting carries over to this more gelrsstiing. More specifically, even if
two product categories areftérent, but the dierence in marginal costs or transportation costs
are not too large, the intermediary uses de-targeting amérths in those product categories
set the same price even though prices wouftedacross categories under perfect category tar-
geting. In the second extension, we show that introduciag &wversion in the taste dimension
does not qualitativelyféect our main result.

In the third extension, we consider first another changerimgeof the market structure.
In the presence of a single intermediary, we postulate tieaktare two multi-product firms
carrying one product from each category. Whether or notrgidecision are delegated to the
business unit turns out to be critical as to whether our tedithe base model continues to
hold; de-targeting continues to hold when price settingiegiated. We then turn to a setting in
which multi-product firms have information about consunaard no intermediary is present.
The analysis is equivalent to the one with competing inteliarées, and our de-targeting re-
sult is confirmed when the price setting is delegated to thgnless units. Some of these
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findings can be interpreted in the context of the firm’s orgational choice (centralization vs.
divisionalization) and conglomerate mergers.

5.1 Heterogenous Product Categories

In our base model, product categories are symmetric. Irstiisection, we allow for hetero-
geneity across categories, and show that our de-targetsgtrin Section 4 extends. To see
this, suppose that, as in the base model, consumers obkervategory an advertised product
belongs to, but that there is heterogeneity across catsgovile note that, since we consider
full market coverage, the utility; of two products in a category does ndfext equilibrium
prices, and category-specific utilityftBrences are irrelevant. Therefore, we restrict attention
to heterogeneity in marginal costs and heterogeneity in the producttérentiation parame-
tert; across categories. As we will show, our analysis accomnesdhese asymmetries when
they are not too large.

First, heterogenous marginal cosisacross categories lead to heterogenous equilibrium
prices under perfect category targetirg={ 1). It is easy to see that these prices are given
by equation (4) and are not interdependent. Under de-taggét > 1), however, price het-
erogeneity across categories generates additional gsstérms whichféect the equilibrium
outcome. This implies that although equilibrium markups exactly the same across cate-
gories under perfect category targeting, they mdlediunder de-targeting because of price
interdependencies. We further investigate this in theofailhg. As in the main part of the
paper, we consider the scenario in which the intermediasytdnadvertise the same number of
products to all consumers. For example, this scenario isslegant one if a website does not
condition the number of advertised products on the constyper Such a choice may be due
to design restrictions or the website’s guarantediter@ homogeneous viewing experience to
all consumers.

Recall that, in the baseline model, equilibrium prices drietyy increasing in marginal
costs if those are the same across categories, i.e;. # ¢ for any categoryj < {1, ..., J}.
Additionally, if we consider the number of advertised prodcategories per consumer as a
continuous variable, it holds that the profit-maximiz#ig independent of, see equation (4).
What are the corresponding results with heterogeneous aosiss categories?

To answer this question, we have to derive consumer demader wategory-specific
marginal costs, i.ec; # ¢; holds at least for somg j’ € {1, ..., J}. Consider an infinitesimal
price reduction of firm 1 in category 1 when prices are symimetithin each category outside
k = 1. Price vectofp;lics, is observed by consumers in category 1. Denote the set ofvease
categories outside= 1 with a strictly lower symmetric price thgm by L; with cardinalityl,
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and the set of observed categories out&idel which have a weakly higher symmetric price
thanp, by H; with cardinalityh;. In the following, we will omit the category-specific indgx
onlL, H, I, andh, where unambiguous. Note that the associated advertigaiggy features
s=1+I1+h. The indfferent consumer in category 1 obtains the following utilityem buying
from firm 1

U1 (X1, {Pities,) =V —tXg — p1 + n02(p2 — P1) + 717 Z (q2j—1(p2j—1 — P1) + U2j(p2j — pl))

jeH
-na Z (CI2j—1(p1 = P2j-1) + G2j(P1 — pzj))
jeL
whereq; denotes the probability of buying at pripg i.e.,q = Prob[p = pi; { pilies,]-
The utility of the inditferent consumer of category 1 buying from firm 2 is

Ua(Sa, {Pibics,) =V = t(L = Ra) = P2 = 714G (P2 = P1) +77 ) | (Q2j—1(pzj—1 = P2) + Gaj(P2j — pz))

jeH
—-na Z (Q2j—1(p2 = P2j-1) + G2j(P2 — pzj))-
jeL
Since, in consumer’s personal equilibrium,= X;/s, ¢ = (1 - X;)/s, andqg; = 1/(2s) for
i > 2, the utility diferenceAu(Xy, {pitics,) = U1(X1, {Pities,) — Uz2(X1, { Pitics,) can be rewritten
as

MR Py -tz @
based on the observation that the price comparisops ahd p, with prices outside category
1 partially cancel out. The utility dierence only depends on the pricéeiience in category
1 as well as on the numbérand| of more and less expensive categories than category 1
in consideration se$;. If the number of less expensive categories is zero, li.e. 0 and
h = s— 1, then the utility diference is identical to that in equation (3). This implied thigh
category-specific symmetric prices only the demand of thesgmers in the least expensive
categorie(s) is identical to that when all products had #maesprice as that category, while
demand in all categorigjswith strictly higher marginal costs isfiierent compared to demand
which would prevail if the same prigey; applied to all products i&;. One could be concerned
that this threatens the general robustness of our de-taggetsult. As we show next, this
deserves careful consideration, but our de-targetingtresstobust to any sfiiciently small
heterogeneity in category-specific marginal costs; thidiffig easily extends to heterogeneity
in category-specific transportation cogtsas we will see further below.

Analogous to Section 4, fromu(Xy, { pilics,) = O, the location of the indlierent consumers

AU(Xy, {Pities,) = (l +7-
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and firms’ demand can be derived.

Lemma 2. Suppose that prices are category-specific but symmetrigmaiach category out-

side categoryL. In particular, suppose thatp = p,—p; > 0and0 < pyj_1 = P2j < P1 < P2 <

Poj-1 = P2y With j, j” € {1,...,J}. Then, the indferent consumers in thefférent categories

are located at

li7(4 - 1)Ap + s(t + (1 + n)Ap)
2st—n(1 - 1)Ap

andXj(p2j—p2j-1, S 1j) = 1/2forall j € {2, ..., J}, where | is the number of observed categories

outside j which have a strictly lower prices than those iregatry j. The demand of fir@j — 1

and2j are given by Bj 1(P2j — P2j-1,5) = 1 = Doj(p2j — P2j-1, S) = Xj(P2j — P2j-1. S 1;)/J for

all j e{1,...,3}.

Rl(Ap’ Sa Il) = mln{ ) l}’ (9)

Proof of Lemma 2.The proof is analogous to that of Lemma 1, specifically us8)gafd that
h=s-1-1I. O

It is easy to verify that when category 1 is not the least egpencategory in the consid-
eration setS,, i.e. I; > 0, then the demand of firm 1f@ers from that under fully symmet-
ric categories. More precisley, the demand of firm 1 is moreepsensitive than with fully
symmetric prices because its demand under fully symmedatiegories is augmented by the
additional termn(2 — 1)Ap in the numerator, see (9).

Without loss of generality, we relabel product categoniehdhat category-specific marginal
costsc; are weakly increasing ine {1, ..., J}. Letp* be a candidate maximal equilibrium price
vector with the symmetric price@j_1 = Py within categories maintaining this ordering. For
s = 1, p* can simply be derived by using category-specific demand &eation 4. p* is
then characterized bg;, , = p;; as shown in (4) witrc = ¢;. This equilibrium implying
perfect targeting always exits. Fer> 1, p;;, ; = pj;, however, also depend on the rank of
categoryj within p*. Using category-specific demand as in (9), the followingdidate for a
category-specific maximal symmetric equilibrium price t&derived.

2t

Pi_a(s 15, 6) = P3y(s. 15, ) = P +¢, jell..Jh. (10)

S

Note thatp;j_l(s, l;,cj) is increasing ins but decreasing ith;. We show next that for small
differences in marginal costp; does not constitute a price equilibrium. Assume that the
difference in marginal costs is non-zero at the top, ce4, < C;. Then, at least for the
category with the highest marginal costs it holds thatl; = s— 1. This implies that by
adding categories to each consideration set (i.e., incrgasalsol; must increase. As noted
above, since;, (s 1;,¢;) is decreasing iy, this expression must be increasing less when
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adding additional categories to each consideration setttia corresponding expression for
categoriesj < J, which have lower marginal costs. The reason is that foreluagegories,
increasing the consideration set may include products gher prices (this is necessarily
the case forj = 1). If the diference in marginal costs with the next lower categbry 1 is
suficiently small, then (10) implies that;, ,(s, I3, ¢;) must be lower tham;; 5(s,1;-1,Cj-1)
becausé; —1;_; = 1 butc; —c,_; may be arbitrarily small. This violates the orderingpdfand
therefore constitutes a contradictiongobeing a category-specific maximal symmetric price
equilibrium. While this argument has ruled out an equilinmiwith category-specific prices,
it does not imply the non-existence of an equilibrium witlmsgetric prices in each product
category.

As the next proposition establishes, for categories witffigantly small diterences in
marginal costs, a focal price equilibrium with de-targgtaxists and is selected by profit dom-
inance, confirming our de-targeting results for categgsesfic marginal costs. In this equi-
librium, for any pair of firms belonging to the same consitierasetS; for some category,
prices are the same, even though their marginal costs argagtspecific. This implies that
de-targeting here features heterogeneous price-costmangcontrast to what would happen
under perfect category targeting. Our argument relies emthltiplicity of symmetric price
equilibria in our setup as characterized by the equilibripmae correspondence in Figure 2
in Web Appendix C. For expositional clarity, the propositionly allows for two categories;
it can be extended to any finite number of categories takiagd#rticular structure of hetero-
geneity across categories into account.

Proposition 4. Suppose that there are two product categories @rdc, — ¢; < AcS™, where

ACSTt = 2(4 =)t
L T n+n+2)(A+3)n+4)

(11)

Let advertising costs be giciently low such that s= 2 would be optimal if both categories
had marginal costs,¢c Then, the maximal equilibrium prices equal

ij_l = pzj = p?_(s = 2, Il = Oa Cl)’ J € {1’ 2}3 (12)

where f(s= 2,11 = 0,¢,) is given by(10) with I; = 0 which is equivalent t¢4).

Proof of Proposition 4.First note that since products in category 1 are less cdstlgection

4, pi(s = 2,11 = 0,¢y) is the category-specific candidate for a profit-maximizegilibrium
price for firms in category 1. Heres; = 2 implies de-targeting. Second note that as long as
the perfect targeting equilibrium price in category@(s = 1,1, = 0,¢,) is not larger than
p;(s = 2,11 = 0,¢y), then de-targeting at pricg|(s = 2,1, = 0, ;) is also strictly preferred
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to perfect category targeting by firms in category 2. Sipgs, 0, ¢;) by construction is larger
thanp;(s, 0, ¢;) for any s (considerings as a continuous variable) kyc, the two equilibrium
price correspondences &in category 1 and 2 overlap only opif (s, 0, ¢y), p;(s, 0, ¢;)] given
that this set is non-empt§\. This implies thatp;(s = 2,0, ¢,) is element of this overlap if this
overlap is non-empty. Since @t(s = 2,0,¢,) all prices are identical, also in category 2 it
holds that, = 0 and the demand from Section 4 applip¥(s = 2, 0, ¢;) then is an element of
thel, = 0-equilibrium correspondence in category Zat 2, i.e. pj(s= 2,0,¢;) € [p;(s=
2,0,c), p3(s = 2,0,¢)] if pi(s=2,0,¢1) > p3 (s= 20,¢y) (this is the necessary condition
for equilibrium existence). Finally, it can be shown thg({s = 1,0,¢,) < pj(s = 2,0,¢y)
(profit dominance of the equilibrium) is equivalentdp— ¢; < AcS™. Furthermore, it is easy
to show that, — c; < Ac‘l’”t impliesp;(s=2,0,¢1) > p; (s = 2,0, ¢) (equilibrium existence).
This completes the proof. O

In Proposition 4,s* = 2 constitutes de-targeting. Thus, our de-targeting rasuthbust
to sutficiently small diferences in marginal costs. Conceptually, it is interestingote that
Proposition 4 presents a focal price equilibrium with on@syetric price across heterogenous
categories. This is in contrast to the existing literatuvkere focal price equilibria are only
predicted under a fferent timing as in Heidhues and Készegi (2008) with priogisidp un-
observed at the moment of reference point formation. Natidadun thatc, — ¢; < Ac‘l’”t is a
suficient condition for profit dominance of the focal price edprium pi(s= 2,1, = 0,¢;). A
necessary condition for its existence is that the two doypitidim price correspondences $in
category 1 and 2 overlap at= 2, i.e. p;(s= 2,0,¢1) > p;3 (s = 2,0,¢y), wherep; (s, 0, Cy)
constitutes the minimal symmetric equilibrium price asadiged in (21) in Web Appendix C
which describes the lower bound of the equilibrium pricarespondences iain category 2.
This is equivalent t@, — ¢; < Acg”t, where

8(1—1nt

crit
A = Bl D+ 3+ 4)

(13)

Note thatAc™ > AcE™. Forc, — ¢; € (AcE™, Ac™], the refinement of profit dominance might
not generically select the focal price equilibrigsi(s = 2,1, = 0, ¢;) but the perfect targeting
equilibrium or the category-specific maximal symmetricprequilibrium with de-targeting if
the latter exists. The category-specific maximal symmetiae equilibrium with de-targeting
is characterised by symmetric pricgg2, 0, ¢;) in category 1 and symmetric price¥(2, 1, ;)

in category 2, cf. (10). This equilibrium existsp§(2, 1, ¢;) > p;(2, 0, ¢;) which is equivalent

BNote thatp3=(s, 0, ¢) constitutes the minimal symmetric equilibrium price asatéed in (21) in Web Ap-
pendix C which describes the lower bound of the equilibriuiogocorrespondences gin category 2.
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toc, — ¢; > AcSt, where

8(1— 1)nt
B +n+4)((A+3)n+4)

Acg™ (14)
In the special case that = 2, Aci™ and AcS™ coincide. This implies that, fod = 2, the
focal price equilibrium with de-targeting and the categspgcific maximal symmetric price
equilibrium with de-targeting are mutually exclusive. Rbe= 2, it can be shown that also
forc,—c; > Ac‘f“, de-targeting always generates higher industry profits ffeafect category
targeting and thus will be implemented by the intermedianydifficiently low advertising
costs. However, profit dominance of equilibria which inddeetargeting may be lost when
we allow for more than two categories.

Second, a similar argument applies when considering hegtamty in the product dier-
entiation parametet; across categories. Unlike with category-specific margooaks, here
the category with the higher transportation cdsédso has the higher markup under perfect
targeting. De-targeting has then a more negatiteceon the price of that category than under
category-specific marginal costs. Lemma 2 continues to, lanld the analogue of Proposition
4 applies for sfliciently low At, i.e.t, € (ty, t°™ - t;], where

tCI’itl — 2(/177 + T] + 2)

= 3nid (15)

However, for large dferences in transportation costs, iB. > t . t;, de-targeting may
always be dominated by perfect category targeting (inalgidor J = 2). This implies that
in an environment with more than two product categories,itbermediary only wants to
include products from categories with similar markups ie $et it advertises to consumers.
The availability of such similar categories then determitiee advertising strategy and thus
the degree of de-targeting.

We end this subsection by adding two remarks about what Imasp{¢ if the intermediary
can condition its advertising strategy on the observed woes type and (2) if there is also
marginal cost heterogeneity within product categories.

Consider now the alternative scenario in which the inteliargccan condition the number
of advertised product categorigson the particular product categdcy consumer is interested
in. An example for such an intermediary is a search engineigirg sponsored links when
the number of links is conditioned on a consumer’s prefemextiuct category. Such con-
ditioning tends to makes some de-targeting easier to stjpg®the intermediary can group
similar product categories together with de-targetingilevih can use perfect category target-
ing for those categories that are veryfeient from all others (in terms of marginal costs or
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transportation costs). More generally, the intermedigrynoally advertises dierent numbers
of product categories depending on the product categormsuroer likes.

A different de-targeting result arises under heterogeneity ofjimed costs within and
across categories. Asymmetric marginal costs within categ lead to an asymmetric price
equilibrium whose calculation is computationally demawgdi For simplicity, consider a sit-
uation in which categories can be ranked by marginal costisirbwhich all but the most
costly category are symmetric. In such a situation, thed¥satage of de-targeting in case
of the most costly category is mitigate by the cost asymmetietween firms. That is, if the
cost asymmetry is ghiciently large, firms in that product category actually berfefim de-
targeting. The reason is related to the result of Karle antt P2014) that under consumer
loss aversion, cost asymmetries make competition betweepalists more intense. There-
fore, for suficiently large cost asymmetries in the high-cost categatgliray products with
lower prices to the consideration set reduces the inteajiyice competition in that category
and renders de-targeting profitable.

5.2 Loss Aversion in the Taste Dimension

In this subsection, we show that allowing for loss aversiornaiste does notfiect our de-
targeting result. In fact, loss aversion in taste simplyss the price sensitivity of consumers
in each category and therefore increases the level of bguiin prices (anti-competitive ef-
fect); cf. Karle and Peitz (2014) for a more general analgbthe competitive fects of loss
aversion in the price and taste dimension under imperfeopetition.

For any categorl, the reference-point distribution with respect to the rhatlue refers to
the reservation valueminus the distance between ideal and actual product vadietyO, 1],
times the taste parameteiThe density of the probability distribution of the distans denoted
by g(d) = Prob(|x — y,,| = d), where the location of the firm iy, k) with y,. € {0, 1}, and the
purchase strategy in personal equilibrium for a consumspef (x, k) is o = (X, K; {pi}ies,)-*°
The corresponding cumulative distribution function is ofexd byG(d).

Consider the case in which in categoryd >"1/2; i.e.,p; < p’ so that firm 1 has a weakly
larger market share than firm 2, whereas in all other categguices are equal {@ such that
Xjz1 = 1/2. Because, ap; < p’, some consumers will not buy from their nearest figu)
is a step function with support [®;]. The discontinuity ofg on (Q X;) can be determined as
follows. The smallest critical taste distance in@#iategories which consumers in category 1
observe is betweex= X; and firm 2. Itis equal tal = 1 — X;. At this distance, all consumers

% is a function of observed prices and the consumer’s locdtick) conditional on the consumer’s expec-
tation about equilibrium outcomes that are incorporateti@ir two-dimensional reference-point distributien.
states a consumer’s personal equilibrium strategy aaegitdiKészegi and Rabin, 2006.
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buy their nearest product. The next larger critical tasstadlice is the one in categories with
symmetric prices. It is equal w= 1/2. At this distance, all consumers except the ones close
to firm 2 buy their nearest product. Finally, only the constsitbat will be attracted by firm

1 ex post experience up to the maximum critical taste digtaridch isx;. Hence, the density
function takes the form

2 ifde[0,1- %]
221 ifde(1-%,1/2]
22—15 if de(1/2, %]

0 otherwise

g(d) =

After inspection, consumers experience a gain-lossyiflithe price and the taste dimension
(universal gain-loss function according to Készegi an#iRa2006). That is, the reference-
point distribution is split up for each dimension at the eabf realization in a loss part with
weight1 > 1 and a gain part with weight 1. In the loss part, the realizddevis compared to
the lower tail of the reference-point distribution; in thaimg part, it is compared to the upper
tail of the reference-point distribution. Fgg < p’ andp = (ps, p’, ..., P'), the utility of a
category-1 consumer withie (1/2, X;] purchasing product 1 is then given by

Ur(X, {Pi}ies,) =V —tx— p1 + (1 - Prob[p = p; {Pilies,)(P" — P1)
—na- tf (x— d)dG(d) + 7 - tf 1(&— X)dG(d).
0 X

The last two terms correspond to the loss (gain) from not eepeing a smaller (larger) dis-
tance in the taste dimension than Analogously, a consumer’s utility from a purchase of
product 2 is given by

Ua(X, {Pilies,) =V-1t(1-X) - p' —nd-Problp = py; {pilies, (P — P1)

—nd-t f ' X((1 —X) —d)dG(d) + 7 -t Xl(cT — (1 - x)dG(d).
0 1-x
This allows us to solve a consumer’s personal equilibriundéermining the location of the
indifferent consumex; ‘which is implicitly given byui (X, { pilies,) = U2(X1, {Pities,). Lemma
3, which is relegated to Appendix A, characterizes the iocadf the indiferent consumex;”
and firms’ demand when consumers are loss averse in the pdaha taste dimension.
For any givers solving the pricing game gives the following equilibrium ikap.
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Proposition 5. The maximal symmetric equilibrium markup is given by

2t(n1+ 1)

, el{l, .. 23}
(1-1)
2(1+ 1) + 5=

Bi(9)—c =

It is strictly increasing in the number s {1, ..., J} of product categories disclosed to each
consumetr.

For any givens, comparing this equilibrium markup to the one in the base ehode
observe that the markup is scaled up by the facidr« 1). While this dfects the optimal
advertising strategy, our qualitative insights areftetwed. In particular, the condition for the
intermediary to advertise products from two instead of amelpct category and, thus, engage
in de-targeting, can be written as

2t(nd1+ 1) ~ 2t(n1+ 1)
T2+ + R 2(1+ ) +n(2-1)

which is equivalent to
tn(4—1)
2+n(A+21)@A+n(a+3)

Since g4 + 1) > 1, de-targeting occurs for a larger range of valuea when consumers are
loss averse also in the taste dimension.

a<ad,n)=mna+1)

5.3 Multi-Product Firms

In this subsection, we extend the analysis to allow for ritiduct firms. In particular, we
consider multi-product duopolists each of which ffeang one product within each product
category. Whether our results from the base model carry depends on the way in which
these multi-product firms are organized.

First, we show that our de-targeting result does not camydeod to the case where two
centralized multi-product firms sell one product in eaclegaty respectively. Suppose that, in
category 1, multi-product firm A sets the pripe < p’ and multi-product firm B sets the price
p’. Then, as in Section 4, the location of the iffielient consumer in categoky= 1, has the
same structure as equation (3). However, Ppob[ps; {pilics,], IN general, takes a flerent
value because the deviation of a multi-product firm allowspfice deviations in more than one
category. The most profitable downward deviation of a céméd multi-product firm involves
the same price deviation in all product categories. Theegfo= (p1, ', P1, P’ ..., P1, P'). NO
matter what is the preferred product category, consumdrsiways have the choice between
one product at pric@, and the other at pricp’. It follows that the probability to purchase at
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price p; is Problp = p3; {pilies,] = X1. Note that this purchase probability and the location of
the indiferent consumer in category ¥, do not depend on the number of product categories
disclosed to consumers in category 1 (aad="X for all advertised categories). Thus, de-
targeting is competitively neutral, and, in symmetric éiQuium, the centralized multi-product
firms will use perfect category targeting € 1) and set a pricg*(1) as shown in (4) in all
product categories.

Second, we show that our results of the base model continbeltbin a setup with de-
centralized multi-product firms which delegate price sgtto a business unit in each category
respectively. Suppose each business unit maximizes owitsprim other words, the firm has
chosen divisionalization, and each business unit opeeates profit center. In this setup, a
coordinated downward price deviation by all business uriitsne multi-product firm is not
possible. Therefore, the relevant price vector to iderttiy location of the indferent con-
sumeris equaltp = (p1, p', ..., P’). The implied demand for a business unit is identical to that
of a single-product firm as in Section 4. This implies that@entargeting result carries over to
this setu® Also a combination of one decentralized multi-product firithwd products and
J single-product firms leads to the same result. De-targetngdinated by the intermediary
is optimal as long as no centralized multi-product firm isseré in the market.

Third, consider a market without any intermediary, wherdtiRproduct firms now choose
the advertising strategy. More specifically, price setiimglelegated to the category level,
but the choice of advertising strategy is made by each heathqu Firms are assumed to be
fully informed about consumers’ preferred category. Irs thetting we predict a reduced but
positive level of de-targeting when firms choose their styas independently of each other.
The formal analysis is equivalent to that of competing imediaries in Section 4.

A number of observations follow from these results. Consaldéirm’s organizational
choice and, in particular, its divisionalization decisfrit is optimal for multi-product firms
to choose divisionalization with the following feature: &hbhoice of advertising strategy is
centralized at the headquarter, but the pricing decisiatecentralized to each business unit
which, in turn, maximizes its own profit. Thus, our model itiB@s consumer loss aversion as
the driving force of the organizational choice; absent comsr loss aversion the organizational
choice would be indeterminate.

Considering mergers, we call the change frdraingle-product firms to a multi-product
firm a conglomerate mergét.With loss-averse consumers, a conglomerate merger might no

20Because of our assumption of full market coverage this tedsb holds in the setup with decentralized
multi-product firms when single-product business unitsfseir price to maximize overall firm profit.

2lIn this sense, our paper provides a novel contribution tostit literature on divisionalization; papers in
that literature include Baye et al. (1996) and Gonzalezgitag2000).

22Therefore, our paper can also be seen as a contribution litettzgure on conglomerate mergers. The finance
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be neutral to profits. If pricing remains decentralizedrattte merger, profits per product do
not change. If, however, pricing is centralized, then psadite reduced, and consumer loss
aversion reduces the incentive to form conglomerate mgrger

6 Discussion

Several concerns about the generality of our result mayirema

Strategy of the intermediary: fee setting instead of prdfargg. A first concern may
be that our main result critically relies on the assumptioat the intermediary absorbs an
exogenous fraction of industry profits. Consider now anr@mment where advertising firms
have to pay a fee to the intermediary on top of the advertisasgs which are paid for by the
firms in any case. Clearly, if a monopoly intermediary seteeafbr advertising a product, it
will be able to extract the full industry profit, and adveiris strategy and firm pricing remain
undfected (selecting the equilibrium of the pricing game of thagi that obtains in the limit
aspg turns to 1); thus our result continues to hold. Consider noevdther extreme that firms
can jointly make a take-it-or-leave-itier on how much to pay for advertising; i.e., they set a
uniform fee, after the intermediary has decided on its abieg strategy (with the option to
withdraw if ex post the participation constraint is viokdte Provided that the fee is such that
both firms within the category advertise, our main resultss aonfirmed in this case.

When do firms jointly decide on a fee that they all have to payhditler any given ad
strategys. There are two equilibrium candidates for the fegered by the firms. First, it
may be optimal for them to agree to pay a fee equal to zero. Blén firms within each
product category will decide to advertise. Industry prafiés of the advertising fee arer2
Alternatively, firms may agree to fix the fee such that only &ma per category advertises.
This requires the fee to be at least and, thus, firms would set the fee equakto Hence,
maximal industry profits net of the advertising fee that agbs monopoly in each product
category ist™ — 79, as the monopoly firm pays the fe&. Under the veil of ignorance who
will be the active firm in the latter case, firms maximize thensaf firm profits. They prefer
the arrangement with monopoly in each product categoneifittms’ duopoly profits 2¢ are
less than monopoly profits at the higher fé&— z%: this is equivalent to & < z™. If this
inequality holds, despite giving all the bargaining poweettte firms, the intermediary would
make a strictly positive profit, and would choose perfeaeting because firms will be in a

literature provides a theory of conglomerate mergers baseidproved financing possibilities; e.g. Lewellen
(1971) argues that a conglomerate merger benefits fromaseceborrowing capacity. Recent work in industrial
organization (Chen and Rey, 2015) provides a theory of @ongtate mergers exploring the competitivizets
when consumers are one-stop shoppers.
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monopoly position in each categdiWe note that the conditionn8 < 7™ implies 2t < 7™,
which has been assumed to hold in our base model. This impléésduopoly competition
will result under a wider set of circumstances, and our dgetang result is not only robust
to allowing firms to collectively set the advertising feet bpplies more broadly, as it is not
necessary to assume that duopoly industry profits exceedpobnindustry profits, in contrast
to the base model.

Impossibility of perfect category targeting.second concern may be that our main result
critically relies on our assumption that the intermediaag perfectly identify the product cate-
gory a consumer is interested in; i.e., consumer recognigiperfect. De-targeting in our base
model has the property that some products are advertiseddosumer that this consumer is
never going to buy. While this served well to communicate r@sult, this property may be
seen as unrealistic. Suppose instead that the intermecharpnly identify the consumer’s
preferred category with probability4 & and wrongly assigns afiiérent category with prob-
ability . For illustration, suppose that there are, in total, twadpici categories. Advertising
all four products then leads to a purchase with probabilitwiereas category targeting leads
to a purchase probability of 2 £. The intermediary continues to use category targeting if
the associated advertising costsgkceed additional industry profits2 from advertising all
products to each consumer, wherfeis the Hotelling duopoly profit of a firm. Suppose that
this condition holds absent consumer loss aversion.

Since consumer loss aversion leads to higher duopoly purfdsr de-targeting than under
category targeting, the change in industry profits fromatgeting (together with the addi-
tional reach of advertising) may well exceed the associatkertising costs when consumer
are loss averse. Hence, even if the intermediary cannatgigridentify the consumer’s pre-
ferred product category, it may choose de-targeting whe&swmer are loss averse, while it
would choose perfect category targeting absent consursealersion. Here, under consumer
loss aversion, each advertised product generates posyjpexted sales from each consumer.
The equilibrium has the feature that the expected sales tlaawer associated advertising
costs for some ads. Such an advertising strategy is nelestheptimal because of the in-
creased margin on products in the other product categorysuhomarize, our main result
that consumer loss aversion drives de-targeting genesatz markets in which advertising
products outside the allegedly preferred product categangases overall demand.

Ex ante unobservability of product categofythird concern may be that our assumption
on the ex ante observability of product category limits thplability of our analysis. More
concretely, we assumed that consumers can identify whioctiyats belong to any category,

23We show in Appendix D that perfect targeting in each categ®indeed optimal when there is only one
active firm per category.
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but cannot ascertain before inspection which product cayethey like. Consider then the
situation that consumers only observe the number of postetupts (which, for simplicity,
are assumed to be an even number) and their prices prior narfgrtheir reference point.
While, in general, demand functions arédient from the ones used in this paper, the demand
functions coincide in situations in which all but one firm #et same price.

In the formal analysis in the base model, when products fs@ategories are announced,
consumers believe that they are going to be interested ipribabuct category in which one
firm sets a lower price with probability/$. Within this category (say, category 1) consumers
expect to buy product 1 with probabili#g.”If product 1 is the lower-priced product, the overall
prior expected purchase probability of the lower priceddpici isX; /s.

By contrast, when consumers do not observe product cagsgdmit observe one product
with a lower price than all others, they expect that this patds with probability ¥s from
their preferred product category. In addition, they (ccilsg expect that the other product
from this category is also advertised. Therefore, theyemtly infer that they will buy the
lower-priced product with probability; /s, which is the same as in the base model.

Hence, demand functions for price vectors with an even nuraberoducts and up to
one price being below the price charged by all other firms lagestme, and the equilibrium
analysis in both models is the same. Consequently, ourtresude-targeting carries over to
the setting in which consumers do not initially observe piciccategorie$?

Conditioning reference prices on preferred product catggé fourth concern may be that
consumers may condition reference prices on the categewlite. Since consumers identify
the category a product belongs to and know that they areefsttnt only in one category, they
may realize only gains or losses for pricdfeiences within a product category. According
to this alternative specification, consumers only expegegains and losses conditional on
making them in the category they like. To illustrate, coesid setting with two product
categories with pricep; and p’ in category 1 (withp; < p’) and p’ for both products in
category 2. After the contact stage the consumer learnshigalikes categori. If only the
products in this category are advertised to her, nothinggés If, however, a consumer who
likes category 1 sees all products, she will reason that patibability 1/2 she would have
liked the other category, in which case she would not makegaiys or losses. If she buys
product 1, she expected to like categkmyith probability 1/2 in which case she enjoys a gain
of n(p’—p1) with probability (1-%;). Thus, her gain ig(1-X;)(p'—p1)/2. Similarly, if she buys
product 2, she experiences a losgofl— X)(p’ — p1)/2. While expressions areftérent from

2“Relaxing the assumption that only an even number of prodisetshe advertised, we would obtain a finer
strategy space of the intermediary, but our qualitativeiffigsl still hold and de-targeting obtains on a larger set
of parameter values.
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our base model, our qualitative finding of de-targeting isfcmed. More specifically, when
introducing asymmetric product categories, an internrgdiho uses de-targeting does not
need to worry about which categories to include, and equulib prices difer across categories
for different marginal cost or flerent transportation cost parameters. Thus, this alieenat
setting is compatible with disclosingftérent prices to consumers. Furthermore, an extension
to include asymmetries in each product category is straighiérd, giving rise to dierent
prices within and across product categories. Thus, thisfieddnodel generates de-targeting
and diferent prices among the products advertised to a given carsum

Key assumptionsOur result is robust to the above variations, but it is esakfdr our
result that prices are observed by consumers prior to fayriiair reference points, whereas
the match between product and tastes is not. If consumeesvaeable to observe price prior
to forming their reference points, consumers would not nkesprice deviations and believe
that all firms set the symmetric equilibrium price with probiy 1 (this alternative timing has
been proposed by Heidhues and Készegi, 2008). Hence, ihadwiates by setting a lower
price and a consumer considers buying that product sheierpes a gain with probability 1
independent of the number of products that are adverti$ede tis neither a gain nor a loss
for all other products. Consequently, equilibrium prices emdependent of the number of
advertised products and, to avoid larger advertising ctistantermediary will always choose
perfect category targeting.

If the intermediary could inform consumers about the exaatcim between product and
tastes and did so, it would constitute perfectly informatoontent advertising, and con-
sumers would not face uncertainty as they observed priceefisas match value prior to
forming their reference points. Thus, consumers would ttBaterministic reference points
and experience neither gains nor losses (for any numbervarasked products and prices)
which implies that consumers behave as if they experienaiethsic utility only. Perfectly
informative content advertising therefore leads to highrezes on the equilibrium path than
not revealing match information (cf. equation (4) with> 0 vs. n = 0), and the number of
advertised products does ndfext equilibrium prices. For this reason, the intermediaity w
always choose perfectly informative content advertisangd( when advertising is costly, only
advertise the best match). In this paper, this is ruled ouadgsuming that the intermediary
can identify a consumer’s preferred product category buénbker preferred product (and it
cannot provide information that would allow consumers tedp

25For a formal analysis of informative content advertisingaimonopoly setting, see Anderson and Renault
(2006) considering standard consumers and Karle (2013jderng expectation-based loss-averse consumers.
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7 Conclusion

Targeted advertising allows advertisers to save on aduagticosts without foregoing prof-
itable consumer segments. Recently, we observe a lot aftedgadvertising on the internet.
However, given the amount of personal data available telarternet portals, based on ca-
sual evidence, it may be surprising how badly advertisirgpimetimes targeted. This could
happen when internet portals are not very good at making Ueew data. More interest-
ingly, it may happen on purpose. The literature has so fartified two explanations why
internet portals may deliberately add “noise”; i.e., erggagde-targeting. First, consumers
may react negatively to targeted advertising due to pricaccerns; second, when consumers
search sequentially for products, an internet portal maytwaadd noise to relax competition
between advertising firms. This paper advances a new exjgartzased on a new tradeéfo
that arises when loss-averse consumers use referencegpridere, de-targetingff@cts the
gain-loss utility of consumers and thereby reduces theegliasticity of the firms’ demand. It
thus relaxes price competition between firms.

We consider a parsimonious model of product market conigeiit which there are sev-
eral product categories and there is imperfect competit@ween firms within each product
category’® Consumers have unit demand and derive positive utility feoproduct in their
preferred category and zero utility in all other categori®ale to customer recognition, an
intermediary is able to identify a consumer’s preferreeggaty. However, to steer the firms’
pricing incentives it may want to advertise products ouheft¢onsumer’s preferred set.

The economic mechanism works as follows. Consumers infezhaising probabilities
from prices and productfferings. This &ects the pricing incentives of firms when consumers
are expectation-based loss averse and use reference. pincparticular, an increase in the
number of listings fiects profits at the margin when a firm decreases its price. Biyrpmore
ads, the intermediary can reduce the price elasticity ofadehior each product it advertises.
As long as it participates in the associated rise in indugtofits, the intermediary has an
incentive to include ads from ex post irrevelant producegaties and balances the trad&-o
between relaxed competition and higher advertising costetermine its optimal advertising
strategy. When advertising costs are not too high, thisegfyainvolves some de-targeting and
thus difers drastically from the profit-maximizing advertisingaségy if consumers aneot
loss-averse.

In our analysis, we tied our hands by assuming that consuanersxpectation-based loss-

26For convenience, we assumed Hotelling duopoly competitiogach product category. This provides a
simple tractable setting. However, our insights genegaliar instance, to a model with more than two firms
within each product segment who compete on a Salop circle.aMé expect them to hold in other discrete-
choice settings such as the logit model.
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averse. This uniquely pinned down the reference-pointidigion of consumers based on
rational expectations about their purchase behavior.iamers did not form rational expec-
tations — as considered in the marketing literature (fomgda, Rajendran and Tellis, 1994) —
we would need to motivate the reference-point distributitom outside the model. For exam-
ple, consumers expect to buy each advertised product vétsetime probability independent of
price. In this case, our economic mechanism continues tty @l due to reference pricing,
de-targeting still increases industry profits.

We also endowed consumers with all abilities to make infeesrfrom observed prod-
ucts and prices on purchase probabilities. To see thatrftdrénce limits our de-targeting
result, consider the setting with two product categoriese-af high marginal costs and the
other of low marginal costs — and an advertising strategyisheonditional on the consumer
type. Suppose that the intermediary does not want to engade-iargeting when choosing
its advertising strategy for a consumer who prefers the mglginal cost product category.
A consumer who knows that the observed targeting regimerdispen her preferred prod-
uct category will adjust her expected purchase probadsliind de-targeting does not occur
even for consumers who prefer the low marginal cost catefjolyowever, one may argue
that consumers often do not make such an inference, as thelg \lwave to understand the
intermediary’s incentives when to engage in de-targetiigo, the consumer may not know
whether the intermediary hasfuaient information to be able to engage in perfect category
targeting. With such limited inference, a consumer alwagigelses that she will buy an ad-
vertised higher-priced product with positive probabibgfore learning her preferred category.
Then, a new de-targeting result arises: foffisiently low advertising costs, the advertising
strategy of the intermediary features de-targeting foiscomers who prefer the category with
lower marginal costs and perfect category targeting fossaarers who prefer the other cate-
gory. This strategy is optimal because adding higher-grp@ducts to the consideration set
reduces the price elasticity of demand, whereas addingripvieed products does not. With
this modified consumer behavior, our theory is thus ableedipt category targeting for high-
cost product categories, while consumers preferring thedast product category will also
see ads for products from other product categories.

In reality, de-targeting may be accomplished by the way pctalare displayed. In par-
ticular, when product categories are nested, instead ardgding products from the narrow
category of interest, the intermediary may advertise atipcts from a broader product cate-
gory. In this sense, de-targeting is identical to the intstiary providing coarser information,

2"When seeing de-targeting the consumer infers that herpeefeategory is the low-cost one. As a result,
in our analysis in Section 5.1, it can not be an equilibriuiat thn intermediary advertises products from two
categories to one type of consumers and products only fratategory to the other type of consumers.
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as consumers have to select from a larger number of products.

35
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Appendix

A Relegated Lemma

Lemma 3. Suppose that consumers are loss-averse in the price andsheedimension. Let
Ap = p — p1. = 0, wherep = (p1, p,...) and g, p; = 0. Then, the culfls of the marginal
consumers are given by

n(A(B8s+1)-(s+1))+2s Ap
2n(1 - 1)(s+ 1) C 2t(s+1)

(AP, s) = min{ - T(Ap), 1}, (16)

where

T(AD) = Ap? 2(n((1=21)+ (B1+ 1)s+28%) + 25(s+ 2)) Ap 4s?(na + 1)?
(AP) =77+ 172 A1) s+ 1 TP -1P(s+ 17

and X;(pzj — P2j-1,S) = 1/2for all j > 2. Firms’ demand functions are given by,Di(pzj —

P2j-1,S) = Xj(P2j — P2j-1,9)/J and Dyj(P2j — P2j-1,5) = (1 = Xj(P2j — P2j-1,9))/J, for all
jef{d, ... J}.

Proof of Lemma 301 (X1, { pities,) = U2(X1, {Pilies,) IS €quivalent to the equation in the lemma.
This is achieved by a sequence of simple equation manipakinvolving the selection of
the positive solution of a quadratic equation and taking extcount that cutés must lie in
[0, 1]. O
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B Characterization of Reference Point Distribution and De-
mand

In this appendix, for any vector of feasible prices, we siyatie system of utility diferences
identifying the indiferent consumer and demand in each category. In order tonadb&aref-
erence point distribution in the price dimension, suppbsagthe price vectgp = (ps, ..., Pn)
is such that the indlierent consumer in each categdys interior, i.e. X({pilies,) € (0,1),
where we denote the intierent consumer in categokyby the firm located at the left side of
the category. The reference point distribution in the pditeension in categork, F(p, S),
is the probability that the purchase prigeis not larger thamp. Recall that due to consumers’
initial taste uncertainty, the purchase price is not knovemconsumers form their reference
point, even though the prices of firms$j are already observed.

Under the uniform distribution af in each category and because all categories are equally
likely to be a consumer’s preferred category, we obtain

F(p, Sk = Z w )

. S
ie{ieSkIpi<p}

wherey; € {0, 1} denotes the location of firmand| ] the largest integer no larger than
Consider the indirect utility functions of the irftBrent consumer in categoky Her indirect
utility if buying from firm 2k — 1 can be expressed as

Vi — X i+1)/2]] (

S Pok-1 — Pi)

Ugk-1(Xk, { Pities,) =(V—tX¢ = Pa-1) — An Z

ie{ieSkpi<px-1}

| — X i+ |
+7n Z w(pi — Pa-1),

L S
ie{ieSk|pi>pax-1}

where the first term on the RHS describes the fliedent consumer’s intrinsic utility from
product X — 1. The second term on the RHS shows the loss in the price diorefiem not
experiencing a lower price thamy_;, whereas the third term shows the gain from not expe-
riencing a higher price thapy_;. If buying from firm X instead, the indierent consumer’s
indirect utility is

Vi — X (i+1)/21] (

UnRe (Phies)  =(V=tA-%)-pa)—An ) Gl )

ie{ieSklpi<pax}

-~ R
+n Z w(pi - Pa)-

L S
ie{ieSk|pi>paxk}
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By settinguy_1 — Ux = O for all k and solving for{>“<k}~k’=1, we determine the locations of
indifferent loss-averse consumers (consumers’ personal e@)ilibr any givenp (provided
that a solution exists). The corresponding demand of aifiequalsly; — X .1y21/J for all
ief{l, .., 23}

C The Symmetric Equilibrium Price Correspondence

In this appendix, we derive the minimal price equilibriundasrovide a full characterization
of the equilibrium set. Without loss of generality, consigeoduct 1 in product category 1.
We use the notatiop = (ps1, p’, ..., P’) to consider an upward deviation by firm 1 from the
symmetric price setting, i.gy; > p’. The indiferent consumer with preferred categéry 1
obtains the following utility when buying product 1,

Ur(X7, {Pities,) = V—tX] — p1 — nA(1 - Problp = py; {pilics,))(P1 — P). (18)

For the competing product, the irttirent consumer with preferred categdry= 1 obtains
utility,
Uz(X7, {Pities;) = V=11 = X7) — p’ + nProb[p = py; {pilics,](P1 — P). (19)

The indiferent consumer in categoky = 1, (X, 1), is characterized bju(X, {pilics,) =
Ur(X7, {Pities,)) — U2(X . {Pities;) = O. It holds that

AU(XL, {pities,)) = ( —1-na+n(d- 1)Probp = py; {pi}iesl])(pl -p)-t2% -1). (20)

Analogously to the analysis in the main text, we use that tiobability a consumer ob-
servingS; assigns to buying from firm 1, Prop[= ps; {pilies,], equals & /s for given prices
p = (p1, P’,...) and numbess € {1, ..., J} of product categories disclosed to each consumer in
categoryk = 1. The following lemma describes the location of the ffefent consumex;”
and firms’ demand.

Lemma 4. Suppose thahp = p' — p1 < 0, wherep = (p., p’,...) and g, p; = 0. Then, the
marginal consumers are located at

s(t+ (1 +n)Ap)

2st—n(1 - 1)Ap’ 0

X (Ap, s) = max

andX(0,s) = 1/2forallk > 2. A firm i's demand is given byi\p, S) = X i+1)2)(Ap. 5)/J
forall Ap>0andie{1,...,2J}.
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Figure 2: Equilibrium price correspondence

Proof of Lemma 4.The location of the marginal consumer in categhkry 1 can be directly
derived by transformingi (X7, (p1, p’, ...)) — (X, (P, P, -..)) = 0, taking into account that
cutaoffs must lie in [Q1]. All other locations follow trivially. O

To characterize the symmetric equilibrium, it igistient to show that a price deviation by a
single firm given symmetric prices of all other firms. The miai equilibrium is characterized
when solving the first-order condition of a firm that slighithgreases its price.

Proposition 6. The minimal symmetric equilibrium markup is given by

2t .
pr(s)-c= —, ie{l..2J). (21)
2(1+ na) — 1

It is decreasing in the numberss{1, ..., J} of product categories disclosed to each consumer.

The proof of this proposition is analogous to that of Proposil using the demand spec-
ified in Lemma 4 instead of Lemma 1. The symmetric equilibripmce correspondence is
illustrated in Figure 2; the upper bound of the gray shaded ahows the maximal equilibrium
markup (solid black line). The lower bound (solid gray lisfpws the minimal equilibrium
markupp;~(s) — ¢, which is decreasing iB.
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D Monopoly Profit with Loss-Averse Consumers

We consider parameter constellations such that the markea¢h category) is only partially
covered in monopoly, while it is fully covered under symnettuopoly; this is a necessary
condition for industry profits to be larger with duopoly firrttsan monopoly firms. With
consumers who do not have a gain-loss utility (i.e.,7for 0) and parameters such that the
market is partially covered in monopoly, the monopoly profithe industry equals

(v-o7
4t

"= (p"-c)D" =

Partial market coverage requires that the utility of thestoner located at the opposite end
of the Hotelling line than the monopolistic firm is stricthegative. This is equivalent to
vV — Cc < 2t. With consumers who do not have a gain-loss utility the diypoofit of the
industry equals 2 = t and therefore the condition that® > 7™ (see Section 3) is also
identical tov — ¢ < 2t. Furthermore, the condition that under duopoly the markdtiily
covered, i.e. the consumer locatedkat= 1/2 has non-negative utility for any categdtyis
equivalent tov — ¢ > 3t/2. Therefore, when consumers who do not have a gain-losty uttil
sufices to restrict to parameter valuessefc € [3t/2, 2t] in order to obtain an outcome where
the intermediary’s advertising strategy is such that theepsf both firms in a category instead
of only one of the two are announced.

In partially covered monopolistic markesxpectation-based loss-averse consunpers
ceive an additional loss from buying. The reason is that éx@ect not to buy with a positive
probability before inspection. Under the monopoly regirties intermediary’s advertising
strategy features only one price per category. Withoutdédbgenerality, assume that this price
equalspy_1 in any categork. Suppos® = (p1, ', ..., P’), wherep is a vector of] prices and
p; < p’. If S; contains at least two categories (i.e., four products with different prices),
then the marginal consumer with preferred catedo#y 1 obtains the following utility when
buying product 1,

U1 (X1, {Pities,) =V —tX1 — p1 — 77/1(1 — Prob[p = p1; S1] — Probfp = p’; 81])p1
+nProbfp = p’; S1](p" — p1), (22)

where (1- Problp = p1; Si] — Prob]p = p’; S1]) denotes the probability of not buying. In
case of not buying, the marginal consumer with preferreegmayk = 1 obtains the following
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utility
Uo(X1, { Pities;) = O+ nProbfp = p1; S1]ps + nProbfp = p’; S4]p'. (23)

To solve for the personal equilibrium of consumers, Ppob[ p’; S;] has to be determined,
whereS; has the cardinality because only one price per category is advertised. Anaogou
to Section 4, we receive that Prabf p;; S1] = Xi/sand Probp = p’; Sq] = (s— 1)Xj1s,/S.
Note that these expressions also incorporate the casesvhdrand the gain-loss utility terms
including p’ drop out. In order to solve fax;.;s, if s> 1, consider the utility of the marginal
consumer with preferred categdty: 1 who observed the prices 8y,

Ujz1s; (Xjz1s,» {Pities,) =V — tRjzrs, — P — 77/1(1 — Probjp = py; S,] - Probjp = p’; Sl])p,
— nAProblp = py; S1l(p' - pa). (24)

Now the system of equations — Uy = 0 andu;,1s, — Up = 0 can be solved fox;"andxj.1 s, .
The following lemma characterizes the location of the mabconsumers; andXj.1.s,
as well as firms’ demand.

Lemma 5. Suppose that the intermediary decides to advertise onlypoice per category
and that p > p; > 0, wherep = (p1, p's.... P’). Assume that & 1. Then, the marginal
consumer(s) in categorie(s) in, @re located at

V(A = D)n(s = 1)(p — py) — Y + pastidn + 1))
—(A=1Pn*pu(s— 1)(p— pa) + (1 - Lyst(p(s — 1) + py) — St

1}

X1(P1, ', S) = min{

and

S((4n7 + 1)((1 - A)npa(P — P1) + PSP — sty

- DEPpi(s— D(p—po) + (1= Lystp(s— D)+ pr) — 2"

Xjz1:5,(P1, P, 8) = min{
A firm 2j — 1's demand is given by gp_l(pl, P, = X(p1, p’,s)/J forall p’ > p; > 0and
2] -1le Sl-

Proof of Lemma 5.The proof is analogous to that of Lemma 1. |

Solving the first-order condition of the representative plist in category 1 imposing
symmetry across categories leads to the following projoosit

Proposition 7. The monopoly equilibrium markup is given by

m s+ 1) - A=) -RO+@A-1pv
P-a(8) —C= 20 D+ 1) . jell . (25)
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where

R(S) = vV((1 — )p(s— 1)v — 2st(An + 1) — 4(1 — 1)pstvdn + 1). (26)

It is increasing in the numbers {1, ..., J} of prices disclosed to each consumer.
Proof of Proposition 7.The proof is straight forward and therefore omitted. O

The industry profit under monopoly™(s) = J - ng}il(s) is given by

(P2j-1(8) = ©) - Ka(P_1(9), P31(9). 9) (27)

It can be easily shown that™(s) is decreasing is. Therefore, the relevant expression for the
comparison between monopoly and duopoly industry profitieuioss aversion is given by

V2

(1) = R + 2ty + 1) — (1- v’

(28)

where, for brevity, marginal costs are neglected, ice= 0. The corresponding duopoly
industry profit is given by 2%(s") = p;j_l(S“) —(s"=1)2awith pgj_l(s) asin(4)and¢ —-1)2a
as an adjustment for de-targeting advertising costs begond.?® Note that, forl = 1 and

n = 0, both industry profits nest the case without gain-losstytiliscussed above. While
P5;_4(S) — (s — 1)2ais strictly decreasing in andn, 7™ (1) is either strictly decreasing and
then strictly increasing in andy for v close to 3/2 or always strictly increasing ihandr, for
largerv € [3t/2, 2t]. Hence, 2% (s") > 7™ (1) is generically satisfied fa; , andA sufficiently
low in their feasible range. For example, treatsgs a continuous variable, at= 2,7 = 1,

t = 1, and advertising cose = 0.01, it holds thatv € [1.5,1.8333] instead o¥ € [1.5,2]
when consumers do not experience gain-loss utitity Q).

E Equilibrium Existence

In this appendix, we investigate equilibrium existence.3New that a symmetric equilibrium
always exists.

It suffices to consider only price deviations by at most one firm froraradidate equilib-
rium price and a symmetric numbgp 1 of categories being disclosed to all consumers. Then,
for any categork € {1, ..., J}, the demand of firm2— 1 and firm X are determined by Lemma
1. We define the price fference between the two firms in a category to be non-negatweli

28pdvertising costs fors = 1 occur under both, monopoly and duopoly and can thereforeobectively
ignored.
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only if firm 2k — 1 sets a weakly lower price than firmk,d.e. Ap = po — pak_1 = 0. This leads
to the following demand functions

q(Ap, s)/J, if Ap e [0,Ap(9)];

dDx(A 5 =1-Do_1(A ,9),
(1—a(-Ap,9)/d if Ape [-AR(g),0). T oDAAPS) x-1(AP, 9)

Dax-1(Ap, s) = {

where, by Lemma 1,
s(t+ (1 +n)Ap)
2st—n(1 - 1)Ap

andAp(s) is determined by(Ap(s), s) = 1 which leads to

d(Ap,s) =

st
nA+s-1)+s

Ap(s) =

It is easy to verify thatj(Ap, s) is strictly increasing and strictly convex iap € [0, Ap(s)].
Hence,Dx_1(Ap, 9) is strictly decreasing and strictly convexm_1 € [px — Ap(S), 0]. Be-
cause of the convexity of the demand function, we have tolchdnether the profit function
is globally quasi-concave in order to proof existence. Téeoad derivative ofj(Ap, S) in Ap

equals
2(A2 = Dyst(n(A — 1+ 29) + 29)

(2st—n(2 - 1)Ap)3
and is strictly decreasing isfor Ap € [0, Ap(9)], i.e.

q”(Ap, S) — > O fOFAp S [0, AE(S)]

oq’'(Ap,s) 24— 1nt(Ap(d — Ln(m(d — 1 + 4s) + 4s) + 4st(n(1 — 1+ ) + 9)) 0
as (Ap(L— 1) — 2507 =Y

Moreover, in the limit, convexity of(Ap, S) vanishes, i.e. ling’(Ap, s) = 0. Consequently,
in the following, it sufices to focus on the most critical csgsocé for equilibrium exisgg i.e. on
s=1.

For any firmi = 2k — 1 with k € {1, ..., J}, the profit function is given by, = (p;i —
c)q(Ap, s)/J, and analogously for any firm = 2k, replacingq(Ap, s) by (1 - q(Ap, s)). The
second-order condition equals

gz~ 243+ (p=od’/d <0 (29)
|

whereq = q(Ap, S), 4 = dq(Ap, 5)/dAp, andq” = 6°q(Ap, s)/dAp>. Using that ,—c) = q/q’
by first-order condition of firm, its second-order condition can be expressed as

~2(q)*+aq’ <0. (30)
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Using the definition of, this is equivalent to

20 + 1)t(n(A + 2s— 1) + 29)
((1 = L)n(Ap) — 2st)®
It is easy to show that the LHS of the second-order condisdangreasing imp. Hence, the

second-order condition is satisfied for Alp € [0, Ap(s)] if it is satisfied atAp = Ap(s). At
Ap = Ap(9), it equals

< 0.

200+ DA +s-1)+ 9)®
SR+ 25— 1)+ 292
which is clearly negative for all > 1. This yields existence.
The next proposition summarizes.

Proposition 8. A symmetric equilibrium with prices’(s) determined in equatio(¥) for all
i €{1,..., 23} exists for all s> 1.

The proof is given in the text abov.

29f also loss aversion in the taste dimension is consideretadquasi-concavity of the profit functions could
be violated fory andA suficiently large. See Karle and Peitz (2014) for a charactgozaf the critical upper
bound on the degree of loss aversion such that existencdisaimed in this case.
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