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Abstract

We study a model in which a monopoly seller decides which among a set of
heterogeneous products to offer, and what prices to charge, and consumers engage
in costly (random) sequential search to learn prices and valuations. We show that
the equilibrium exhibits choice overload: The larger the product line, the fewer
consumers start searching. We provide conditions under which the equilibrium
size of the product line is socially excessive (or insufficient). We also characterize
equilibria when the seller can position products, thereby allowing the possibility of
directed search, and disclose product identity. We show that the best equilibrium for
the seller may involve randomizing over product positioning and inducing inefficient
search. Finally, we extend our analysis to that of a platform choosing which sellers
to host.
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1 Introduction

In today’s internet age, consumers face a choice among a huge variety of products. How-
ever, finding out which product a consumer likes best (and what final price he has to
pay) has become a complicated and time-consuming task. Such frictions are at the heart
of the literature on consumer search, which has recently undergone a resurgence due to
the increasing importance of internet platforms and e-commerce. Experimental evidence
also points to adverse reactions by consumers to an increase in product range, a phenom-
enon dubbed choice overload. For example, Iyengar and Lepper (2000) document that
an increase in the number of flavors sold at a jam tasting booth in an upscale grocery
store induced a significant reduction in the share of customers making a purchase.

In this paper, we develop a sequential search model that is consistent with the choice
overload phenomenon, and use it to study the optimal product offering of a monopolistic
seller. An increase in product variety has two opposing effects. On the one hand, it in-
duces fewer consumers to search in the first place, thus being consistent with choice over-
load. On the other, it induces a higher probability of a sale for each consumer who chooses
to search. Depending on the distribution of search costs in the population of consumers,
the seller’s optimal product variety may be socially excessive or insufficient. Eliminating
choice overload through product positioning or search recommendations (thereby making
consumer search more efficient) may, however, not be in the interest of the seller. Instead,
even when such possibility is available, the most profitable equilibrium often involves a
stochastic strategy by the seller, so as to ensure that active consumers keep searching
until finding a match.

In the model, described in Section 2, there is a set of heterogeneous products that differ
in their “popularity”, i.e., the probability with which any consumer has a “match” with
that product. Consumers differ in their match-conditional valuations for products as well
as in their search costs. A firm decides which subset of the products to offer and how to
price them. Consumers only observe the size of the product line but not the identity of the
offered products nor their prices. Upon inspecting a product, a consumer learns whether
he has a match with that product and, if so, his match-conditional valuation, which is the
same across products. He uses this information to update his beliefs about the not-yet-
inspected products. In the baseline setting, products are allocated to indistinguishable
“slots” so that (sequential) consumer search is necessarily random.

In Section 3 we show that, for any given size of the product line, the firm chooses
the most popular products and offers them at monopoly prices. Consumers with low
enough search costs start searching and continue to do so until finding a match (and
then either purchase or give up, depending on the realization of their match-conditional
valuation). This is because, consumers who did not find a match in previous inspections

become increasingly optimistic about finding a match at the next one. Consumer search



therefore has the potential to be “addictive:” some consumers unwilling to start searching
would, if coerced to make a first inspection, voluntarily keep searching afterwards—others
(those with higher search costs) would need to experience more than one inspection before
becoming “addicted” to searching.’

An increase in the size of the product line has two opposing effects: On the one hand,
it offers more opportunities of finding a match; on the other, by reducing the average
popularity among the products on offer, it lowers the probability of finding a match on
any given inspection. We show that the latter effect always dominates, implying that
the number of consumers who choose to search is decreasing in the size of the product
line—consistent with the choice overload phenomenon. However, increasing the size of
the product line does benefit consumers with sufficiently low search costs as it increases
the probability of finding a match.

The seller’s optimal size of the product line is socially excessive (resp., insufficient) if,
on average, the search cost of infra-marginal consumers increases more (resp., less) than
proportionally with the search cost of the marginal consumer.? We also show that the
seller’s optimal size of the product line is decreasing in the elasticity of the search cost
distribution, and that it increases (resp., decreases) with consumers’ share of the surplus
if that elasticity is decreasing (resp., increasing).

In Section 4, we assume that the firm can put products in specific positions (e.,g,
because there are distinguishable slots or, alternatively, because the firm can make rec-
ommendations about the products), which allows for the possibility of directed search.
We first show that the previous outcome can still be sustained by a uniformly random po-
sitioning policy: this not only leaves consumers indifferent about their search sequences,
but also induces them to keep searching until finding a match—which in turn makes the
firm indifferent about positioning.

We then study “positioning” equilibria in which consumer search is directed. [For
simplicity, we assume in that part of the analysis that the maximum size of the product
line is two.] In particular, we show that there exists a “pure positioning” equilibrium
in which the slot allocation or the recommendation policy is deterministic; it is thus
perfectly informative, implying that consumers inspect the products in decreasing order
of popularity. In this equilibrium, more consumers start searching because they will
inspect the most popular product first. However, some consumers then stop searching
after the first inspection—even absent finding a match; as a result, this equilibrium may
be less profitable than the random positioning equilibrium.

In addition, there exists a continuum of “noisy positioning” equilibria in which the

!There is a large literature in psychology and marketing on shopping addiction and compulsive buying
disorder (oniomania), first described by Kraepelin (1915, p.409).

2The seller’s optimal size of the product line is socially optimal if the search cost of infra-marginal
consumers increases at the same rate as that of the marginal consumer—i.e., if search costs are distributed
according to a power law.



slot allocation or the recommendation policy are non-uniformly random, which induces
consumers to start with the more promising position (i.e., where they are more likely
to encounter the more popular product). In all of these equilibria, consumers who start
searching continue to do so until they find a match (and in the best such equilibrium,
consumers who are indifferent between starting or not, are also indifferent between con-
tinuing or not). For these equilibria to exist, however, the positioning policy has to be
sufficiently noisy.

Finally, we allow for the possibility that the firm discloses the identity of a product
upon inspection. This prevents the positioning policy from being perfectly informative.
By contrast, the noisy positioning equilibria are robust to such disclosure possibility.

In Section 5, we show that the main insights carry over to the case of a monopolistic

platform hosting a set of third-party (single-product) sellers. We conclude in Section 6.

Related literature. Our paper is related to several literatures. First, it contributes
to the burgeoning literature on consumer search. In the classic Wolinsky (1986) model
of sequential search with differentiated products, and the literature that builds upon it,
consumers sequentially search for the best “match”. Each firm offers a single product,
and products are completely symmetric in that a consumer gets a random draw of his
valuation for the product from the same distribution. Our paper contributes to that
literature in several ways. Most importantly, we introduce product heterogeneity in
an analytically tractable way by assuming that products differ in their “popularity”
(i.e., the probability with which a consumers likes a product) while maintaining the
assumption of consumer heterogeneity.> Second, we analyze pricing and product choice
of a multiproduct monopolist. The existing literature on consumer search mostly focuses
on (competing) single-product firms, and the few papers that do consider multiproduct
firms (e.g., Zhou, 2014; Rhodes, Watanabe, and Zhou, 2019) typically assume that, upon
visiting a multiproduct firm, a consumer automatically learns his match values (and
prices) for all of the products offered by that firm (i.e., there is no within-firm search).!

In the second part of our paper, where positioning becomes available, we show that
the firm may be worse off when consumer search is directed (in which case consumers
first inspect the most promising positions). This is related to some recent papers on
consumer obfuscation and search diversion. Petrikaité (2018) studies a Wolinsky-type

model of sequential search where a monopolist sells two (symmetric) products and chooses

3In contrast to Wolinsky (1986), consumers not only differ in their valuations for a given product but
also in their search costs. Moraga-Gonzalez, Sandor and Wildenbeest (2017) introduce heterogeneous
search costs in a version of the Wolinsky (1986) model with an infinite number of firms.

4One exception is Rhodes (2015) who studies the pricing and advertising decisions of a multiproduct
retailer offering n symmetric products. Contributing to the literature on price (rather than match) search
with homogeneous goods, pioneered by Stahl (1989), Haméldinen (2019) allows not only for inter-firm
search but also for intra-firm search.



not only prices but also product-specific search costs.” Consumers observe these search
costs and then decide which product to inspect first; that is, search is directed. In
equilibrium, the seller does obfuscate exactly one product (i.e., sets a positive search
cost for that product). By contrast, in our model, product-level search costs are fixed
(and identical) but products are heterogeneous, and we compare profits across equilibria
(with and without directed search). Hagiu and Jullien (2011) analyze search diversion
by a monopolistic intermediary. There are two independent sellers on the platform and
the intermediary receives an exogenous seller-specific fee for making a consumer visit a
seller. The intermediary observes consumers’ types and ex ante commits to seller-specific
diversion probabilities (i.e., probabilities with which a consumer has to visit first the less
preferred seller). Hagiu and Jullien show that, if prices are exogenous, the intermediary
diverts consumers with positive probability toward the firm from which it receives the
higher fee.5"” By contrast, in our model, the firm is vertically integrated (except in Section
5), does not observe consumers’ types, and cannot force consumers to inspect products in
a particular order. The second part of our paper is also related to Chen and He (2011),
who study consumer search and advertising on an internet platform. In their model,
single-product firms that differ in the popularity of their products participate in auctions
for distinguishable advertising slots. They show that there exists a separating equilibrium
(akin to our pure positioning equilibrium), in which the firm offering the most popular
product wins the auction for the advertising slot that consumers visit first, as well as a
pooling equilibrium (akin to our random positioning equilibrium), in which firms bid zero
and search is random.®

Choice overload—the phenomenon that consumers may be less likely to choose a
product if they face more options—has been well-documented in several field experiments.
As mentioned above, Iyengar and Leppar (2000) find that consumers are less likely to
make a choice if they are offered a larger number of jam flavors. Boatwright and Nunes
(2001) report an experiment run by an online grocery: in the experimental group in
which the product selection was halved, the sales were 11 percent higher than in the
control group. Kamenica (2006) has shown that choice overload can be rationalized if
consumers make contextual inferences from the number of products on offer. In his model,
a firm can choose to offer any subset of N possible flavors of jam (at some exogenous
price). Each consumer likes at most one flavor, with flavors differing in the fraction

of consumers who like them. There are both informed consumers (who know which

SGamp (2019) analyzes a setup that is, in some ways, more general than Petrikaité (2018)’s but
assumes that prices are observable.

61f prices are endogenous, then some consumer types are diverted even if the intermediary receives
the same fee from both sellers.

"Teh and Wright (forthcoming) study steering of consumers by a monopoly intermediary on a platform
where firms pay commission fees to influence the intermediary’s ranking of products.

8Eliaz and Spiegler (2011) study the pricing of a monopoly platform in a variant of the Che and He
(2011) model.



flavor they like) and uniformed consumers (who do not). Informed consumers therefore
pick their favorite flavor if it is on offer (and do not choose anything otherwise) whereas
uninformed consumers have to randomly pick one flavor, if any. The existence of informed
consumers implies that, for a given number of flavors, the firm offers the most popular
ones. Offering a larger number of flavors involves a trade-off: on the one hand, more
informed consumers are buying (as a larger choice set is more likely to include the favorite
flavor); on the other, it makes uninformed consumers less likely to purchase (as they are
less likely to find their favorite flavor, given that they have to randomly pick one). By
contrast, in our model, all consumers are equally uninformed ex ante but can engage in
(costly) sequential search to find a product they like; that is, we endogenize the extent
of information that consumers have, and compare random and directed search equilibria.
Kuksov and Villas-Boas (2010) also offer a (random) consumer search model to explain
choice overload. However, in their model the optimal consumer search rule is quite
complicated, which leads them to focus on the case of three or fewer alternatives. The
tractability of our model allows us to consider instead arbitrary product ranges, to study

pricing and product choice decisions, and to compare random and directed search.

2 Setting

Consider an industry in which there is a countably infinite number of products, indexed
by i = 1,2,.... On the supply side, a monopolist chooses (i) which subset Z of these
products to offer, and (ii) the prices (p;)icz at which it offers them.® There is no fixed
cost associated with offering a product, and all products involve the same constant unit
cost of production, normalized to zero.

On the demand side, a unit mass of consumers have unit demands, and differ in their
search costs and valuations. The search cost, ¢, has a continuous c.d.f. G(-) over the
support R, satisfying G(0) = 0. Consumers value a product only if they have a match
with that product, and these matches are independent across consumers and products.
As in Chen and He (2011), each product i is characterized by the probability p, € (0, 1)
with which any consumer has a match with that product. We assume that p; > p,
and lim; ., p; = 0; that is, products are labeled in descending order of popularity and
there is a finite number of products meeting any given level of popularity. Conditional
on having a match, a consumer’s valuation, v, is distributed over [0, co) with c.d.f. F(-).
Consumers’ match-conditional valuations are i.i.d. across consumers but, conditional on
a match, a consumer’s valuation is the same for all products.

Consumer search is random and sequential: consumers first learn their search costs

9Throughout the paper, we assume that the price charged by the monopolist for product i, p;, is
the same for all consumers. In particular, the monopolist cannot condition the price on the consumer’s
search history or other consumer characteristics.



and observe the number of products offered by the firm (but not their identity), and
decide whether to start searching or not. If a consumer chooses not to search, his payoff
is zero. If he chooses to search, he pays the search cost ¢ and randomly inspects one of
the products. Upon inspection, he observes the price of the product and learns whether
or not he has a match with that product; if he does, he learns his match-conditional
valuation v. He then decides whether or not to purchase the product; if he does, he stops
searching. Otherwise, he decides whether to inspect another product, thereby incurring
again the search cost ¢, and so on. Importantly, consumers never learn the identity of
inspected products; instead, they update their beliefs on the basis of products’ prices,
whether or not they had a match and, if so, their match-conditional valuations.

The timing is as follows:

Stage 1 The firm chooses the size n of its product line, which is observed by consumers.

Stage 2 The firm chooses the composition of its product portfolio (i.e., it chooses T

subject to |Z| = n) and sets its prices, none of which is observed by consumers.

Stage 3 Consumers sequentially choose whether to inspect (randomly) the offered prod-

ucts.

We will characterize the (pure-strategy) Perfect Bayesian Equilibria (PBE) of this
game. For any size of the product line chosen in stage 1, stages 2 and 3 form a proper
subgame of incomplete information. Hence, the continuation equilibrium strategies of
the firm (product selection and pricing decisions) and of the consumers (search and
purchasing decisions) must constitute a PBE of the subgame. In this subgame, consumers
never observe the composition of the product portfolio but, upon inspection, observe the
prices charged by the firm, whether there is a match, and moreover learn their valuation
upon the first match. As long as they observe prices that are consistent with the firm’s
equilibrium strategy,!” consumers update their beliefs according to Bayes’ rule, using
all relevant information. In particular, the occurrence of a match is informative of the
popularity of the inspected product. The observed prices may also be informative when
equilibrium prices differ across products. By contrast, as a consumer’s match valuation is
the same for all products, the realization of this valuation does not add any information
to that conveyed by the sequence of matches.

When instead consumers observe unexpected prices, Bayes’ rule has no bite. However,
it is usual to restrict attention to off-equilibrium beliefs that are consistent beliefs, that is,
based on relevant information;!! in our setting, this rules out beliefs that would depend on

search costs and realized valuations. Still, when encountering an out-of-equilibrium price

WAs 0 < p; < 1 for every product i, any observed match sequence is consistent with any strategy of
the firm.
See Kreps and Wilson (1982).



in a given subgame, consumers may wonder about the implications of this unexpected
deviation in the firm’s strategy for the not-yet-inspected products and prices. Common
assumptions include passive'> and wary'? beliefs: in our setting, the former means that,
when encountering one or more out-of-equilibrium prices during their search process,
consumers stick to the belief that the firm has chosen the subgame equilibrium product
portfolio and set the subgame equilibrium prices for all the not-yet-inspected products;
the latter means instead that consumers expect the firm to have chosen the optimal
product portfolio and prices, given the observed out-of-equilibrium price(s).

For tractability, we will use passive beliefs for our baseline analysis. However, when
possible we will further focus on equilibria that are robust to alternative (consistent)
beliefs:

Definition 1 A PBE is belief-proof if it remains a PBE when replacing consumers’ off-
equilibrium beliefs and behavior'* with any other consistent off-equilibrium beliefs and any

off-equilibrium behavior induced by these beliefs.

In other words, an equilibrium is belief-proof if it remains an equilibrium, no matter
how consumers interpret unexpected deviations, as long as consumers do not react dif-
ferently based on their search costs or their realized valuations. By construction, the set

of belief-proof equilibrium outcomes is a subset of passive-belief equilibrium outcomes.

Let 7(p) = p[1 — F(p)] and
sw= [ -pire

denote the expected profit and consumer surplus, respectively, generated by a match with
a product priced at p. We assume that 7(p) has a unique maximizer, denoted p™, and

let 7™ = w(p™) and s™ = s(p™).

3 Equilibrium Analysis

We first show in Section 3.1 that, for any size of the product line chosen in stage 1, there
exists a belief-proof continuation equilibrium, in which the firm offers the most popular
products at the monopoly price, and any consumer who starts searching keeps doing so
until finding a match. We also show that this equilibrium maximizes the profit expected
from any active consumer (i.e., any consumer who start inspecting the products) and

constitutes the unique belief-proof continuation equilibrium. We note in in Section 3.2

12See, e.g., Hart and Tirole (1990) and O’Brien and Shaffer (1992).
13See, e.g., McAfee and Schwartz (1994).
14 That is, purchasing and search decisions subsequent to encountering an unexpected price.

7



that this equilibrium exhibits “choice overload”: an increase in the size of the product line
reduces the number of consumers who start searching. We then derive the implications of
choice overload for the equilibrium product variety: we provide in Section 3.3 conditions
under which the variety offered is socially excessive or insufficient, and analyze in Section

3.4 some of its determinants.

3.1 Pricing and Product Selection

Throughout this section, we fix the size n of the product portfolio chosen by the firm and
study the continuation subgame. It is instructive to begin with the case where the firm
chose to offer a single product, i.e., n = 1. Consider a candidate continuation equilibrium
in which the firm offers product ¢ at price p;. A consumer with search cost ¢ thus inspects
the product if and only if ¢ < u;s(p;). Suppose now that the firm deviates by offering
product j at price p;. As consumers cannot observe this deviation before inspecting the
product, it does not affect their search behavior, and consumers then buy if they have a

match with a valuation exceeding p;; the profit resulting from this deviation is therefore

G (u;s(pi)) :ujﬂ'(pj)a

where G (u;5(p;)) > 0 as consumers with sufficiently small search costs find it optimal to
inspect the product. This expression is maximized by setting j = 1 and p; = p"™. Hence,
in the unique equilibrium of this subgame, the firm selects the most popular product,
T = {1}, and charges the monopoly price p™.'> Consumers with search costs ¢ < ;5™
inspect the product (and purchase it if they have a match with valuation v > p™), whereas
those with higher search costs do not. The firm’s equilibrium profit in subgame n =1 is
thus equal to G (p;s™) pym™.

We now show that the logic extends to any larger product line n > 2. Consider
first a candidate equilibrium in which the firm offers the product portfolio Z (such that
|Z| = n) and prices are uninformative: all products are offered at the same price (or price
lottery). Let ay(Z) denote the probability of a match at the k™ inspection, conditional

on not having had any match at the previous k£ — 1 inspections, we have:

Lemma 1 (increasing optimism) For any product portfolio T of size n > 2, if prices
are uninformative, then oy (Z) is strictly increasing in k € {1,....n}; as a result, any

consumer who starts searching keeps searching until finding a match.

Proof. See Appendix A. m

15 The equilibrium would not necessarily be unique if we had assumed that consumers’ search costs are
bounded away from zero: in that case, there may be a “coordination failure” equilibrium in which the
firm offers a very unpopular product and no consumer engages in search.



As prices are uninformative, consumers update their beliefs only on the basis of their
match sequences. That ay(Z) increases with k& then follows from the fact that, when an
inspected product does not yield a match, consumers put a higher probability on that
product being one of the less popular products, and therefore become more optimistic
about finding a match at the next inspection. This, in turn, encourages consumers to

keep searching until finding a match.

Remark 1 (search addiction) That consumers become more optimistic in the absence
of a match gives rise to a search addiction pattern: consumers who do not want to start
searching may choose to keep searching if coerced to do a first search, the result of which

turns out to be unsuccessful.

It follows from Lemma 1 that a consumer who starts searching finds a match with
probability

M@ =1-T[0-m). (1)
i€T
The next lemma shows further that, to maximize the expected per-consumer profit, the

firm cannot do better than charging the monopoly price:

Lemma 2 (monopoly profit) Fiz the size n of the product line. In the continuation
subgame, for any given (consistent) consumer beliefs and any optimal search strategy
given these beliefs (off as well as on the equilibrium path), the firm cannot obtain an

expected per-consumer profit greater than M (Z,) ™.

Proof. See Appendix B. =

By construction, by offering any given product portfolio Z at any given constant
price p, the firm cannot obtain an expected per-consumer profit greater than M (Z) 7 (p),
which is maximal for Z = Z,, and p = p". Lemma 2 shows further that the firm cannot
gain from charging different prices across products: although this could enable the firm
to discriminate among consumers according to their (costs and) valuations, consumers’
self-selection actually works against the interest of the firm, as it is precisely the con-
sumers with higher valuations that are more prone to keep searching, and thus likely
to find lower prices. To see this, consider the subgame n = 2, a candidate continua-
tion equilibrium in which the firm offers products 7 and j at prices p; and p; < p;, and
consider those consumers who learn their valuations on the first inspection. Obviously,
consumers who first inspect the lower-priced product, j, stop searching. For those who
inspect product ¢ first, the expected benefit of inspecting the other product is equal to
—c+ p; [max {v — p;, 0} — max {v — p;,0}], which is weakly increasing in v, and strictly
so if v € (p;, p;). As a result consumers with higher valuations are more likely to find the

lower price p;.



It follows from Lemma 2 that offering the most popular products at the monopoly price
does constitute a belief-proof continuation equilibrium: deviating from this candidate
equilibrium cannot affect the number of consumers who start searching, and can only
decrease the profit generated by them, regardless of how consumers revise their beliefs
when encountering unexpected prices. Conversely, this constitutes the unique belief-
proof continuation equilibrium: if consumers’ beliefs are “optimistic”, in that they induce
consumers to keep searching when encountering unexpected prices, then, starting from
any other candidate equilibrium, the firm could obtain (arbitrarily close to) M (Z,,) 7™
by offering the most popular products at deviating prices arbitrarily close to p™. It
also follows from Lemma 1 that, in this equilibrium, consumers are indifferent between

searching and not when their search cost is equal to

_MZ)
=5z 2)
where
1 7|-1
NO =gz 2 [0+ 0= ) =) + o+ T = )

(3)

is the expected number of inspections until the first match, with

denoting the set of sequences of products in Z. Building on these observations leads to:

Proposition 1 (portfolio composition and prices) Fiz the size n of the product line;

i the continuation subgame, there exists a PBE with passive beliefs in which:

m

(1) the firm offers the most popular products at the monopoly price: T =1, and p; = p
for every i € Z,,;

(17) consumers keep searching until finding a match if their search costs is lower than

¢,, and do not search otherwise; upon finding a match, consumers stop searching,

Ens

and purchase the product if their valuation exceeds the monopoly price.

Furthermore, this PBE 1is belief-proof and its outcome is the unique belief-proof PBE

outcome.

Proof. See Appendix C. =
Remark 2 (observability of product portfolio) In our setting, where consumers only
observe the size n of the product line (but not its composition), offering the most popular

10



products (i.e., T = T, ) mazximizes the probability of a match, M(I), but does not affect
the number of searchers, G(c,). If we had assumed, instead, that consumers observe the
composition of the product line as well, then offering the most popular products would
also maximize the number of searchers.*® It follows that Proposition 1 would carry over

to the case where consumers observe I before deciding to engage in search.

Remark 3 (equilibria with passive beliefs) Given the portfolio size n, Proposition
1 characterizes a PBE with passive beliefs which is also the unique belief-proof PBE of
the continuation game. It is easy to see that there is no other PBE with passive beliefs
and uniform pricing: with passive beliefs, a deviation from a uniform equilibrium price
p # p™ to p™ would have no impact on consumers’ search behavior (from Lemma 1, active
consumers keep searching until finding a match), but would increase the expected profit
generated by a match. However, there exist equilibria with passive beliefs in which the firm
does not charge the monopoly price on some products, and a deviation to the monopoly
price would reduce the likelihood that consumers keep searching. In Online Appendiz A,
we provide an example of such an equilibrium, in which the firm offers products 1 and
2 at prices p1 = p™ and py < p™, and consumers who first encounter product 1 stop
searching even in the absence of a match. From Proposition 1, this equilibrium is not
belief-proof (indeed, the firm would deviate from py to py ~ p™ if this deviation were to
induce consumers to keep searching in the absence of a match) but can be more profitable
than the monopoly pricing equilibrium, by encouraging more consumers to start searching:
as consumers do not inspect product 2 if they encounter product 1 first, they are more

prone to do a first inspection.

3.2 Choice Overload

We now examine how the size of the product line affects consumers’ search behavior and
welfare, assuming that the above unique belief-proof continuation equilibrium arises for
any size n of the product line. We first note that expanding the product line increases the
expected number of searches needed to find a match, as it reduces the average popularity

of the selected products, but increases the overall probability of a match:

Lemma 3 (match probability and search intensity) Expanding the product line in-
creases both the overall match probability and the expected number of searches needed to

find a match: M(Z,) and N(Z,) are strictly increasing in n.

Proof. See Appendix D. m

16Tn both cases, the argument developed in the proof of Proposition 1 can be used to show that the
firm has no incentive to deviate from monopoly pricing when deviating on the composition of its product
portfolio. Hence, the profit from such a deviation to Z is given by G(c,,) M (Z)7™ when only n is observed,
and by G(M (Z)s™/N(Z))M(Z)x™ when Z is observed; in both cases, this profit is maximal for Z = Z,,.

11



The following proposition shows that, despite this trade-off, expanding the product
line reduces the number of consumers who search — to the point that consumer demand

would vanish if the firm were to offer all products:

Proposition 2 (choice overload) Ezxpanding the product line reduces the number of

consumers who search: (i) c, is strictly decreasing in n, and (i) lim, . ¢, = 0.

Proof. Part (i). The expected surplus of a consumer with search cost ¢ when facing

a product line of size n can be expressed as

S(esn) = Lt 1”2 s c—l—Z{

where the first two terms correspond to the expected surplus from the first inspection,

MM\ i)™ N(zn\{z'}>c]},

and each term in curly brackets corresponds to the expected surplus from subsequent
searches, conditional on the first product having been inspected being product i.

As 0S(c;n)/dc < 0, the marginal type ¢, is uniquely determined by S(c,,;n) = 0 and,
to prove that ¢, > ¢, ;, we only need to show that S(c,;n + 1) < 0. We have:

ZﬁHM' L — s
S(c,;n+1) = ﬁsm —c, + Tnf [M(Z,)s™ — N(Z,)c,]

— [1—y 1) g™ '
+ Z {n——I—l [M(Znsa\{i})s™ — N( InH\{Z})Qn]}

o Z?—i_ll:uz m
on+41 _"+Z

where the last equality follows from the definition of ¢,. To conclude the proof, it suffices

M(Z, i\ i)™ <zn+1\{z'}>gn1}, ()

to note that, on the RHS of (4): (a) the sum of the first two terms is strictly negative;
and (b) each term in curly brackets is strictly negative as well.
To see (a), recall first that (3 ., w;)/n is strictly decreasing in n, implying that
n+1 n
Zz 1 Hi m Zi:l i §m

s —c < )
n+1 - n =

Furthermore, ¢, is such that
[01(Z0)s™ = o] + [1 = o (Zo)][02(Z0)s™ — c] + . + TR [1 = (T ][00 (Z0)s™ — €] = 0,

where ay(Z,) is the probability of a match at the &' inspection, conditional on no prior
match and, from Lemma 1, is strictly increasing in k. Hence, the first term (in brackets)
on the LHS of the last equation is non-positive (otherwise, the sum of the terms would

be strictly positive). The conclusion then follows from the observation that a;(Z,) =

(i1 )/

12



Finally, (b) follows from the definition of ¢, in conjunction with the observation that,
for any ¢« < n, M(Z,+1\{i}) < M(Z,) and N(Z,+1\{¢}) > N(Z,): this can be seen from

(1) and (3), using 1; > fi,41-
Part (ii). See Appendix E. m

Proposition 2 shows that increasing the size of the product line from n to n + 1
reduces the number of consumers who search. It implies that consumers with search costs
Chi1 < ¢ < ¢, suffer from the expansion of the product line: for them, the benefit from
the increased probability of a match is outweighed by the increased expected number
of searches needed to find a first match. In contrast, consumers with sufficiently low
search costs benefit on net as they are hurt less by the increase in the expected number
of searches.

Building on these observations leads to:

Corollary 1 (impact of product line on consumers) For any n € N*, there exists
¢n € (0,¢,,1) such that increasing the size of the product line from n to n + 1 does
not affect consumers with search costs ¢ > ¢, (as they do not search anyway) but hurts

consumers with search costs ¢ € (¢,,c¢,), while benefiting consumers with search costs

=n

c < Cp.

Proof. Consider an increase in the size of the product line from n to n + 1. From
Proposition 2, consumers with search costs exceeding ¢, do not search under either sce-
nario and are therefore unaffected, whereas those with search costs between ¢, ; and
¢,, no longer search and are therefore worse off (by a standard revealed preference argu-
ment). For consumers with a search cost lower than ¢, , the impact of the product line

expansion can be expressed as:
[M(Zy1) = M(Zn)]s™ = [N(Zns1) = N(Zn)]e,

where both terms in brackets are strictly positive. It follows that consumers with search

< (Vv

are better off, whereas those with ¢ > ¢,, are worse off. m

costs

Cn

3.3 Product Variety

We now turn to the firm’s decision about the size of its product line. If all products had
the same match probability x> 0, then the search cost threshold would be independent of
n (and given by ¢, = pus™), and the firm would therefore wish to offer as many products as

possible. However, under our more plausible assumption that the popularity of additional

13



products tend to vanish as the firm expands its product line, the choice overload effect
identified in Proposition 2 implies that the firm chooses to limit the size of its product

line, even in the absence of any fixed cost of introducing products:

Proposition 3 (limited product line) There exists an equilibrium. In equilibrium,

the firm offers a finite number of products: T* = {1,2,...,n*}, where 1 < n* < co.

Proof. We have already shown that there exists a unique belief-proof continuation
equilibrium for any size n of the product line. By assumption, G(c¢) > 0 for any ¢ > 0.
This implies that, for any size n of the firm’s product line, there is a strictly positive
mass, G(c,), of consumers who search, generating a strictly positive level of profit, given
by

I, =G (c

—n

) M (Z,) 7™ (5)

However, this profit tends to vanish as n goes to infinity as it is bounded by G (c,) 7™,

where, from Proposition 2 and the continuity of G at 0, lim,, ., G(c,) = 0. Hence, there
exists n such that II, < II; for any n > n, and in equilibrium the firm never offers
more than 7 products. Conversely, for any n* € argmax,cqi,. 7} {Il,}, there exists an

equilibrium in which the firm offers n* products. m

To analyze whether the firm will provide too much or too little product variety from
consumers’ or society’s point of view, note that consumer surplus, as a function of the

size n of the product line, can be expressed as
s, = / T IM(Z,)s™ — N(Z,)d dG(e)
0

— N(L,) / " e, — ddG(e)
— N[y — ¢ (e)] Gley), (6)

where “(c,) = [5" cdG(c)/G(c,) is the average search cost of those consumers who
search in equilibrium. Let n® = argmax, S, and n"V' = arg max, W,, denote the size of
the product line that maximizes consumer surplus and social welfare, respectively, where
W, = I1,,+ S,, denotes social welfare when the firm offers n products. The same argument

as in the proof of Proposition 3 implies that both n® and n"V are finite.!”

We have:

Proposition 4 (private vs. social provision of product variety) If the average cost

of inframarginal consumers, c© (c), is proportional to the cost of the marginal consumer,

"For the sake of exposition, we assume here that n°, n" and n* are all unique; in (non-generic) cases of
multiple optima, Proposition 4 applies to every solution in arg max,, S,, arg max, W,, and arg max,, W,.
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¢, then the equilibrium size of the product line maximizes consumer surplus and social
welfare.

If instead c© (c) increases less (resp., more) than proportionally with c, then the firm
tends to offer more (resp., fewer) products than what would mazimize consumer surplus

or social welfare: n* > n n" (resp., n* <n% n").

Proof. When the firm offers n products, its profit is given by (5) which, using
M (Z,)s™ = N(Z,)nc,, can be expressed as

0, = N(Z,)e,Gle,) .

S

From (6), consumer surplus can be written as
Sn=[1 = p(c)IN (Zn) ¢, G (cp) »

where

It follows that if ¢© (¢,) is proportional to ¢, (that is, if p(-) is constant), then S,, II,
and W, are all maximal for n* = arg max,, N (Z,,) ¢,,G(c,)-

More generally, using a revealed preference argument, we have:

Ss = (1= p ()] N (Zs) €5G (¢,
> Sy = (1= ple)] N (Tnr) .G (e,
> 1= p (e )] N (Zus) €,5G ()

where the last inequality follows from II,« > II,;s, and thus

From (7), it follows that if p(-) is decreasing, then ¢,s > ¢,.. To show that this
implies n® < n*, suppose otherwise that n° > n*. From Lemma 3, we would have

m ﬂ.m

s = N(Z,s)e,5G (Cs) o > N(Zp )G () o = e,
sm sm

a contradiction.
If instead p(-) is increasing, then, from (7), ¢,s < ¢,.. To show that this implies
n® > n*, suppose otherwise that n® < n*. Noting that, integrating by parts, consumer

surplus can be expressed as
S, = N (Z,) / (c, — ¢) dG(c) = N(Z,,) / et}
0 0
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Lemma 3 would then imply

C,s

Sus = N(Zos) | Gle) < N(Zo) / "GO = S,

a contradiction.
A similar reasoning applies to social welfare. Using a revealed preference argument,

we have:

which in turn implies
plcuw) < p(cor)-

The same reasoning as above then shows that n' < n* (resp., n"V' > n*) if p(-) is

decreasing (resp., increasing). =

We show in Online Appendix B that the average inframarginal cost ¢¢(c) is propor-
tional to c if and only if search costs are distributed according to a power law, that is,
¢ is distributed over [0,¢| according to G (¢) = (¢/¢)* for some o > 0 — this holds, for
instance, when the distribution is uniform: G(c) = ¢/¢. If instead the density of search
costs is of the form ¢ (¢) = 1+« (c — 1/2), where |a| < 2, then ¢¢(c) increases less (resp.,

more) than proportionally with ¢ if & > 0 (resp., a < 0).

The intuition underlying Proposition 4 is reminiscent of Spence’s (1975) price versus
quality trade-off. In Spence’s analysis, the cost of increasing quality is borne by the firm
and is thus the same from the private and social standpoints, whereas the private and
social benefits of such an increase may differ: the firm focuses on the impact of quality
on marginal consumers, as this is what drives demand, whereas consumer surplus and
social welfare account for the impact of quality on infra-marginal consumers as well. In
our model, expanding the product line increases the probability of a match, M (Z,),
which affects the firm and consumers in the same way, but it also increases the expected
number of inspections, N (Z,,), which may affect differently marginal and infra-marginal
consumers. This explains why the firm tends to provide too much (resp., too little)
product variety if the average search cost of the inframarginal consumers increases less

(resp., more) than proportionally with the search cost of the marginal consumer.'®

18Because n is necessarily an integer, however, the firm may provide the socially optimal product
variety even when its incentives are biased.
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3.4 Comparative Statics

We provide here some insights on the determinants of the size of the product line. We
start with a brief discussion of the impact of relative popularity of the products, before

relating the optimal size of the product line to key elasticities.

To study the impact of relative popularity of the products, we focus on the choice

between one versus two products:

Lemma 4 (impact of relative product popularity) Suppose that there are two prod-
ucts available, of popularity p, and py respectively, and that the cost distribution has a con-
tinuous density g(-) satisfying g (0) > 0. There exists a continuous function 1) (u,) € [0, 1],
satisfying 7 (0) ~ 0.585 and 7 (1) = 0, such that it is optimal for the firm to offer both
products if and only if

fy > [1 =7 (pg)] 11

Proof. See Online Appendix C. m

As is intuitive, it is optimal to introduce a second product if it is sufficiently popular.
Interestingly, the acceptable (percentage) reduction of popularity, 7 (), is lower when
the first product is already popular. In particular, if the first product is highly popular
(i.e., iy close to 1), the second product must be almost as popular to be added (i.e.,
7) (1) is close to 1). This can be contrasted with what we might expect when the size of
the product line is driven by cost considerations. For example, if adding another product
involves a fixed cost, we would expect narrower product lines when products are not too
popular. By contrast, when the size is driven by choice overload concerns, the optimal
size of the product line may be greater if both products are not too popular than if they
are both popular. For example, assuming that the percentage reduction (u; — py) /1y
remains constant and lower than 7}, n = 2 dominates n = 1 when p; (and thus pu,) is

close to 0, whereas the opposite holds when p; (and thus pu,) is close to 1.

We now revert to arbitrary sets of available products and relate the optimal size of the
product line to key elasticities. For the sake of exposition, we ignore integer constraints
and, further, assume here that the private and social optima are uniquely defined; this,

in turn, enables us to rely on the first-order approach.!® We have:

9Recall from Proposition 2 that the privately optimal number of products, n*, is an interior solu-
tion; the same applies to n® and n"V. Furthermore, note that if the firm’s profit were to achieve its
maximum for multiple sizes of the product line, almost any small perturbation would break the firm’s
indifference and yield uniqueness. Hence, the comparative statics provided by the following propositions
hold generically for small changes in the parameters of interest.
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Lemma 5 (optimality condition for product variety) Ignoring integer constraints,
the first-order condition characterizing the equilibrium size of the product line, n*, can be

expressed as

em (n*) = eg (cp+) ey (n) (8)
where ©
_cg(c
=G0
denotes the elasticity of the search cost distribution G (-), and
n d nN (Z,) d (M (Z,)
= — (M (Z, = _ Bl
() = gy gn M () and engn(n) = ——prasan (N(In)

respectively denote the elasticities of M (Z,,) and M (Z,)) /N (Z,,).*"

Proof. The firm’s equilibrium profit as a function of n can be expressed as

I, = M (Z,) G (W) "

V)
and thus
i, d - 4 (M (T) -
e L (MGl + M (L) () g )
= % [SM(TL) - 5G(Qn)5M/N(n)] : (9)

Hence, evaluated at n*, the term in brackets (which is equal to the elasticity of the firm’s

profit with respect to the size of its product line) is equal to zero, yielding (8). m

Condition (8) has a simple interpretation: Expanding the product line by one percent
increases the probability of a match by €,; percent, but decreases the marginal consumer’s
inspection cost threshold by e);/n percent, translating into a egep/nv percent decrease in
the population of consumers who search.

Building on this insight, allows us to provide comparative statics. The following
proposition shows that the equilibrium size of the product line is independent of 7™ and,

depending on the search cost distribution, can either increase or decrease with s™:

Proposition 5 (division of surplus) The equilibrium size of the product line, n*, is
independent of ©™. By contrast, ignoring integer constraints, n* strictly increases (resp.,

strictly decreases) with s™ if

dSG
dc
20By construction, ¢ (¢) and e (n) are both positive, for any ¢ and n; furthermore, from Proposition
2, ¢, is decreasing in n and thus €57/ (n) > 0.

(cy+) <0 (resp., >0).
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Proof. From the proof of Lemma 5, the elasticity of the firm’s profit with respect to

the size of its product line is given by

dinl_% =p(n;s™) =en(n) —eq (%((éj)) Sm) gM/N(m'

As n* is the profit-maximizing number of products (which we assume to be unique), it

follows that ¢(n; s™) is strictly decreasing in n at n = n*. Furthermore,

/

D2 (1) = —elg) hr)

Cp* ) mefM/N (n*),

and is thus strictly positive (resp., strictly negative) if deg(c,,»)/dc < 0 (resp., deg(c,«)/dc >

0). The assertion follows from the implicit function theorem. m

The next proposition shows that the equilibrium product line shrinks when the dis-

tribution of search costs becomes more elastic:

Proposition 6 (elasticity of search cost distribution) Suppose that the search cost
distribution can be indexed in such a way that its elasticity, eq(-), strictly increases with

some parameter v. Then, ignoring integer constraints, n* decreases with .

Proof. Following the same steps as in the proof of Proposition 5, it suffices to note
that the elasticity of the firm’s profit with respect to the size of its product line can be

expressed as
dll,, n

dn 10, (n;7) = em(n) — eclcy; v)emn(n).

The assertion then follows from the assumption that e(+;y) strictly increases with . =

4 Positioning and Disclosure

So far, we have assumed that, prior to inspection, consumers could not distinguish prod-
ucts, neither directly nor indirectly; as a result, search is necessarily random. In some
environments, however, a “positioning technology” may be available and potentially allow
for directed search. For example, supermarkets place their products in “distinguishable
slots” such as aisles and shelves and online platforms can make recommendations. In this
section, we therefore extend our baseline setting by assuming that the firm can use such
a technology to position its offerings.

We first show that a “no-positioning” equilibrium still exists, in which the firm adopts
a completely random positioning policy (e.g., it randomly allocates products to slots, or
makes completely uninformative recommendations); consumers are thus indifferent about

the search sequence, and the outcome is as characterized by Proposition 1. Next, we
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show that there also exist “positioning”equilibria, in which consumer search is perfectly
directed. We characterize these equilibria for the two-product case. One such equilibrium
exhibits “pure positioning”: the firm adopts a deterministic positioning policy, which is
therefore perfectly informative; as a result, consumers inspect the more popular product
first, but some of them then stop searching even in the absence of a match. Other
equilibria rely instead on “noisy” positioning: the firm adopts a positioning policy which
is random but not uniformly so; this suffices to direct consumer search, as consumers
inspect first the more promising position, but maintains enough uncertainty to induce
all active consumers to keep searching until finding a match. These equilibria are Pareto
ranked: they only differ in the probability of placing the more popular product in the
first position, which determines the informativeness of the positioning policy; the best
equilibrium (for consumers as well as for the firm) is the most informative one, in which,
in the absence of a match, consumers are indifferent between continuing searching or not.

For the sake of exposition, we assume that, for any size n of the product line, the firm
places the products in n distinguishable positions, j = 1,...,n, in such a way that there

is one position per product, and one product per position. The timing becomes:

Stage 1 The firm publicly chooses the size n of its product line, which now also deter-

mines the number of positions.

Stage 2 The firm now privately chooses not only its product portfolio and its prices, but

also the positioning of the n selected products among the n positions.

Stage 3 Consumers sequentially decide which positions to inspect.

We extend the notion of passive beliefs by assuming that, when encountering one or
more out-of-equilibrium prices, consumers not only stick to the belief that the firm has
chosen the equilibrium product portfolio and the equilibrium prices for the products in
the not-yet-inspected positions but they also maintain the belief that the firm has chosen

the equilibrium positioning policy:

4.1 Random positioning

Our first result shows that the “no-positioning” equilibrium characterized in Proposi-
tion 1 can still be sustained by completely randomizing over the slot allocation or the

recommendations.

Proposition 7 (random positioning - portfolio composition and prices) Fiz the
size n of the a product line; in the continuation subgame, there exist infinitely many Per-

fect Bayesian Equilibria with passive beliefs in which:
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(1) the firm offers the most popular products at the monopoly price: T =1, and p; = p
for every i € 1,,;

(17) the firm randomizes uniformly over its positioning policy;

(7i1) consumers start searching if and only if their search cost is lower than c,, in which
case they keep searching until finding a match; upon finding a match, consumers
stop searching and purchase the product if their valuation exceeds the monopoly

pricCE.

These equilibria all give the firm the same expected profit, equal to

They only differ in the order in which consumers inspect the positions: any (determinis-
tic or random) distribution of search sequences for each of the active consumers can be

supported in equilibrium.

Proof. The proof follows closely that of Proposition 1. To see that the firm has no
incentive to deviate from the random positioning policy, note first that such a deviation
would not be observed by consumers; hence, it would not affect consumer participation.
Second, note that all active consumers keep searching until finding a match. As a re-
sult, the firm is indifferent about its positioning policy. Conversely, given that the firm
uniformly randomizes over its positioning policy, consumers are indifferent as to the or-
der in which they inspect the positions — even if they were to observe out-of-equilibrium
prices, due to passive beliefs. Hence, any arbitrary search sequence can be supported in
equilibrium, and different consumers can pick different sequences. m

This equilibrium corresponds to the case in which the firm adopts a completely un-
informative positioning policy; for example, it uniformly randomizes over the assignment
of products to slots, or the order in which it recommends consumers to inspect prod-
ucts. In equilibrium, consumers are then indifferent as to whether or not to follow the

recommendations (and may or may not do so).

If this continuation equilibrium is played for every size of the product line, then the

overall equilibrium is the same as that characterized by Proposition 3:

Corollary 2 (random positioning - product line) There exists an equilibrium in which
the firm chooses a product line of size n* € argmax, Il,,, and offers products in T =

{1,2,...,n*} at the monopoly price, and randomizes uniformly over its positioning policy.

The insights from our previous analysis still apply to that equilibrium. However, as

shown below, there now also exist equilibria featuring some positioning.
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4.2 Positioning

We now turn our attention to equilibria in which the firm adopts an informative posi-
tioning policy. For the sake of exposition, throughout the rest of this section we assume
that the firm can at most offer two products: n € {1, 2}.

Obviously, positioning is a moot issue if the firm chooses to offer a single product. In
that case, there is a unique continuation equilibrium, in which the firm offers the most
popular product at the monopoly price (i.e., p; = p™) and consumers inspect the product
if their search cost is lower than ¢, in which case they buy if they have a match with a
valuation exceeding p™; the resulting profit is thus II; = G (¢;) py ™.

We now study the subgame when the firm chooses to offer two products. For the sake
of exposition, we focus on equilibria in which the firm still charges monopoly prices; it
readily follows that it selects the two most popular products (that is, Z = {1,2})?! and
that, upon finding a match, consumers stop searching (and then purchase the product if
their valuation exceeds the monopoly price).

We first note that positioning induces a directed search behavior:

Lemma 6 (directed search) Fliz the size of the product line to n = 2, and consider
a continuation equilibrium n which the firm offers the two most popular products at
monopoly prices: T = {1,2} and p1 = py = p™; unless the firm randomizes uniformly
over its positioning policy, active consumers inspect first the position that is more likely

to correspond to the more popular product.
Proof. See Appendix F. =

The intuition is simple: in any equilibrium with informative positioning, in the sense
that the firm is more likely to place the more popular product in a given position, con-
sumers prefer to inspect that position first, as this increases the probability of a match
if they stop searching afterwards, and otherwise decreases the probability of having to
incur the cost of a second inspection. In what follows, whenever an equilibrium exhibits
directed search, we refer to first inspected position as the “first position” and to the other

one as the “second position”.

21Starting from a candidate equilibrium in which the firm selects product j > 2 rather than product
1 € {1, 2}, replacing j with ¢ would increase its expected profit. This is obvious for those consumers who
then inspect product 7 on a second inspection: they would do so only if they did not have a match on
the first inspection, and increasing the probability of a match on that second inspection would therefore
benefit both the firm and consumers. But this is also the case for consumers who inspect product i on
a first inspection, as the expected profit conditional on a match is then 7™, and is lower in the absence
of a match, as the consumer may stop searching, and a match on the second inspection is not certain
anyway.
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4.2.1 Pure positioning

The next proposition characterizes the (essentially unique) equilibrium featuring “pure
positioning”, that is, in which the positioning policy is deterministic and thus perfectly

informative:

Proposition 8 (pure positioning) Suppose that the firm has chosen to offer two prod-
ucts: n = 2; in the continuation subgame, there exists a Perfect Bayesian Equilibrium

with passive beliefs in which:

(1) the firm offers the most popular products at the monopoly price: T = {1,2} and
pr=p2=p";

(73) the firm places product 1 in first position, and product 2 in second position;

(7i1) consumers start searching if and only if their search cost is lower than ¢; = pu,8™, in
which case they start with the first position and, in the absence of a match, inspect

the second position if and only if their search cost is lower than p,s™.

The firm’s expected profit is equal to
7 = G (p8™) ™ + G (1a5™) (1= iy ) o™

Finally, there is no other equilibrium with passive beliefs, monopoly pricing and a

deterministic positioning policy.
Proof. See Appendix G. =

A deterministic (and, thus, perfectly informative) positioning policy encourages more
consumers to start searching, as they expect to find the most popular product on their
first inspection. However, fewer consumers keep searching in the absence of a match:
without positioning, all consumers with a cost lower than ¢, not only start searching, but
keep doing so until finding a match. By contrast, with positioning, only those with a cost

lower than fi,s™ (< ¢,) are willing to make a second inspection. *2

If the positioning equilibrium is played when the firm chooses to offer both products,
expanding the product line does not discourage consumers from searching: expecting to
find the most popular product on their first inspection, all consumers with search cost

¢ < ¢ = puys™ inspect it, as is the case when the firm chooses to offer only that product. It

22To see that ¢y > p158™, note that:

m My +/”'2_M1/’[’2 m (2_/’[’2) (Ml_MQ) m
Cog — oS = —2_/11?12 — Uy | 8 = — s> 0.
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follows that expanding the product line is always profitable, as some consumers (namely,

those with cost ¢ < uys™) inspect the second product as well:

Corollary 3 (pure positioning - product line) Suppose that the firm can offer at
most two products; there exists an equilibrium in which the firm offers the two most

popular products at the monopoly price, and adopts a pure positioning policy.

Interestingly, despite inducing more consumers to start searching, positioning may
decrease the profitability of the firm, as it discourages a fraction of them from making a

second inspection. Indeed, the firm is better off in the random positioning equilibrium

whenever I, > I *® which amounts to

> py G (py8™) 4 (1 — pig) poG (pg8™)

¢la) piy + (1= pq) g

Y

where

Hq + Mo — Hq o m m m
QQ - 9 _ [y + 1o s € (/’628 7“18 )
2

Holding p; and p, fixed, this condition holds if the distribution of search costs is such
that G(uys™) — G(c,) is small relative to G(cy) — G(1158™). By contrast, the positioning
equilibrium is more profitable for instance when, holding the distribution G (-) of search
costs fixed, y, is sufficiently small (close to zero) or sufficiently large (close to ,);?* this

is actually the case for any p, < p; when G is uniform.

4.2.2 Noisy positioning

The equilibria characterized by Propositions 7 and 8 feature two alternative, arguably
extreme ways of resolving the trade-off between encouraging more consumers to partici-
pate (the extensive margin) on the one hand, and fostering the search intensity of these
consumers (the intensive margin) on the other: the pure positioning equilibrium maxi-
mizes consumer participation, whereas the random positioning equilibrium ensures that
all participating consumers keep searching until finding a match. Potentially, there is a
variety of intermediate solutions, in which the more popular product is more likely to
be placed in first position (thus inducing consumers to start with that position, and also
encouraging more of them to do so), but is also placed in second position with some prob-
ability (so as to encourage consumers to keep searching). The next proposition shows
that among these intermediate solutions, those that maximize search intensity, and only

those, can indeed be supported in equilibrium:

23 Positioning is irrelevant when it chooses to offer a single product, and the positioning equilibrium is
more profitable when the firm chooses to offer two products than one; hence, II¥ > II;.

24 As py — 0, the LHS converges to G(u,5™/(2 — j11/2)), whereas the RHS converges to G(u;s™) >
G(py8™/(2 = 111/2)). As pig — 1y, the LHS converges to the RHS from below.
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Proposition 9 (noisy positioning) Suppose that the firm has chosen to offer two prod-
ucts: n = 2. There exists an 7 < 1, which is decreasing in p, and increases from 1/2 to 1
as p,y increases from py to 1, such that, for any r € [1/2,7], in the continuation subgame

there exists a Perfect Bayesian Equilibrium with passive beliefs in which:

(1) the firm offers the most popular products at the monopoly price: T = {1,2} and
p1=Dp2=p";

(13) with probability r, the firm places product 1 in first position and product 2 in second

position; with complementary probability 1 — r, it does the reverse;

(7i1) consumers start searching if and only if their search cost is lower than some thresh-
old ¢ (r), in which case they start with the first position and keep searching in the
absence of a match; their total probability of having a match is therefore mazximal

and equal to:

My = iy + py — pia i

These equilibria differ in the probability v of placing the more popular product in first
position; the firm’s expected profit, given by

Y (r) = G (cy (r)) Mam™,

coincides with that obtained in the random positioning equilibrium for r = 1/2, and
increases with r.
Finally, together with the equilibria characterized by Propositions 7 and 8, these equi-

libria are the only ones with passive beliefs and monopoly pricing.
Proof. See Appendix H. =

This proposition shows that there is no equilibrium with noisy positioning in which a
consumer stops searching when a first inspection did not produce a match. The intuition
is as follows. On the one hand, positioning, that is, placing the more popular product
(i.e., product 1) with greater probability in first position, induces all active consumers
to start with that position. On the other hand, to be willing to maintain some noise,
the firm must be indifferent about which product to place in which position. But if all
active consumers start with the first position and some of them stop searching after that,
even if they do not have a match, then the firm strictly prefers to place product 1 in
first position, a contradiction. Hence, to sustain noisy positioning, all active consumers
must keep searching in the absence of a match; this, in turn, imposes an upper bound
on the probability r that product 1 is placed in first position — this upper bound is such

that consumers who are indifferent between inspecting or not the first position are also
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indifferent between inspecting or not the second one if they do not obtain a match on the
first inspection.

The limit case r = 1/2 constitutes one of the random positioning equilibria charac-
terized by Proposition 7. * Increasing r above 1/2 reduces the noise, which benefits
consumers: a match on the first inspection becomes more likely, which reduces the like-
lihood of having to do a second inspection. This, in turn, induces more consumers to
participate, which increases the expected profit of the firm, all the more so as the proba-
bility of finding the more popular product on the first inspection further increases. This
is why these equilibria can be ranked, and the most profitable equilibrium corresponds
to r = 7. The scope for noisy positioning moreover expands with the popularity gap
between the two products: the best equilibrium boils down to random positioning when

the products are similar, and instead approaches pure positioning when p,; tends to 1.

The equilibria with less noisy positioning are thus more profitable than the random
positioning equilibrium — by the same token, making positioning less noisy may encourage
the firm to offer more products: positioning is irrelevant when the firm chooses to offer
a single product, but adopting a less noisy positioning policy enhances profit when the
firm chooses to offer an additional product; hence, it tilts the balance in favor of the
latter option — however, the firm may still prefer to offer a single product. ?® Maintaining
some noise can however be optimal for the firm: indeed, noisy positioning is also more

profitable than pure positioning whenever

N PG (pys™) + (1 = pq) pa G (p198™)
Gl () > pr + (1= ) o '

4.3 Disclosure

We have so far assumed that an inspection reveals product characteristics such as prices
and match valuations, but does not convey any additional information about the identity
of the inspected products — and, thus, of the uninspected ones. Suppose now that the
firm has a “disclosure technology” at its disposal, which enables it to communicate, upon
inspection, the identity of the product. Of course, the availability of such a technology
does not matter if the firm offers a single product. We therefore confine attention to
the subgame n = 2. Moreover, for simplicity, we assume that only two products, 1 and

2, are available.?” We first note that the possibility of disclosure eliminates some of the

25Specifically, it corresponds to the equilibrium in which active consumers start with the first position
but, anticipating a random allocation, always inspect the second position in the absence of a match.

6This is the case when II% (7) = G (¢}’ (F)) Mom™ < Iy = G (uy5™) py7™, which holds for p, small
enough, as lim,, .o M> = p; and lim,,, oY (F) < p;s™ (see Appendix H).

2TOtherwise we would have to specify additional out-of-equilibrium beliefs if the firm were to deviate
by offering a product that it does not sell in equilibrium and disclosing its identity. When a consumer
then inspects that product first, passive beliefs no longer pin down the consumer’s beliefs about the
not-yet-inspected product.

26



equilibria previously identified. Conversely, additional equilibria arise.

In any of the previous equilibria in which consumers keep searching until finding
a match, the firm has no incentive to deviate and disclose the identity of inspected
products, as this could only induce some consumers to stop searching — namely, upon
learning that they already inspected the most popular product(s). It follows that the
possibility of disclosure does not disrupt the monopoly pricing equilibrium characterized
by Proposition 1 for the baseline setting, nor the random and noisy positioning equilibria
characterized by Propositions 7 and 9 for the extended setting with positioning. These
equilibria remain supported by the firm never disclosing any product, or disclosing the
identity of the less popular product(s) with sufficiently small probability, so as to ensure
that not disclosing does not constitute an excessively bad signal.

By contrast, the non-monopoly pricing equilibria discussed in Remark 3, in which
prices reveal the identity of the products, disappear when disclosure becomes possible.
These equilibria have the feature that popular products are offered at the monopoly
price, whereas less popular products are offered at sub-optimal prices; yet, the firm is
prevented from deviating to the monopoly price, as this would “signal”a popular product
and prompt some consumers to stop searching. Thanks to the disclosure technology,
the firm can instead deviate to the monopoly price and reassure consumers that they
inspected a not-so-popular product, thus encouraging consumers to keep searching in the
absence of a match.

Likewise, the possibility of disclosure destroys the pure positioning equilibrium char-
acterized by Proposition 8, in which some consumers only inspect the most promising
position, even if they have no match with the product in that position. The firm would
therefore have an incentive to swap the positions of the two products, so as to induce
consumers to inspect first the less popular product, and inform them afterwards, so as to

encourage them to inspect the other product as well.

Conversely, the possibility of disclosure gives rise to additional equilibria, in which
the firm selectively discloses (upon inspection) the identity of the less popular products.
For the sake of exposition, in the remainder of this section we assume again that only
two products are available, and focus on the case where the firm chooses to offer both of

them at the monopoly price.?® We start with the case without positioning:

Proposition 10 (disclosure without positioning) Suppose that the disclosure tech-
nology is available (but not the positioning technology) and the firm has chosen to offer

two products (i.e., n = 2); the continuation Perfect Bayesian Equilibria with passive

28When more than two products are available, an additional equilibrium condition must be met to
ensure that the firm would not have an incentive to replace product 1 with a slightly less popular product
and disclose the identity of that product, so as to encourage additional consumers to keep searching. See
the remark at the end of Appendix I.
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beliefs in which the firm offers the most popular products at the monopoly price (i.e.,
T =A{1,2} and py = p = p™) are:

1. The equilibrium characterized by Proposition 1 (together with not disclosing the
tdentity of product 1 and disclosing the identity of product 2 with zero or small
enough probability, so as to induce consumers to keep searching in the absence of a

match and of disclosure).

2. A “disclosure” equilibrium in which:

(1) upon inspection, the firm discloses the identity of product 2 with probability one,
and the identity of product 1 with probability strictly less than one (possibly

zero);

(i) consumers start searching if and only if their search cost is lower than

]__
Qé) Hq +:u2+< /LQ) :U“lsm (> 22)7
3 — i

i which case they keep searching until finding a match unless they learn
(through disclosure, or the absence of it) that they already inspected product 1

and their search cost exceeds fi5s™.

This equilibrium gives the firm an expected profit equal to

1—
( M1>M2ﬂ_m'

n” =G () (Ml + (1= py) %) "+ G (pp8™) 9

Proof. See Appendix I. m

Proposition 10 confirms that, besides the original equilibrium, a new equilibrium ex-
ists, which provides another solution to the above-mentioned trade-off between consumer
participation and search intensity. On the one hand, as the identity of only one product
is formally disclosed, consumers either learn or infer which product they inspected first;
hence, if it was the more popular product, then they stop searching if they face a high
search cost, namely, if ¢ > p,5™. On the other hand, the prospect of avoiding a second
costly inspection encourages more consumers to start searching: c? > ¢,. Depending
on the match probabilities and on the distribution of search costs, either this new equi-
librium or the original equilibrium characterized by Proposition 1 generates more profit.
For example, keeping p, and pu, fixed, the disclosure equilibrium increases profit (i.e.,
1P > TlI,) if and only if:

29 + (1= p11) o] G (25) + (1 = pg) poG (p25™)
2p1 + 2 (1 = p1y) o '

G (c) <
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The following proposition characterizes the equilibria that arise when disclosure and

positioning are both available:

Proposition 11 (positioning and disclosure) Suppose that the positioning and dis-
closure technologies are both available and that the firm has chosen to offer two products,
n = 2. Then, in the continuation subgame, the only Perfect Bayesian FEquilibria with
passive beliefs in which the firm offers the most popular products at the monopoly price

(i.e., T ={1,2} and p; = ps = p™) are the following:

1. The random positioning equilibrium of Proposition 7 and the noisy positioning equi-
libria of Proposition 9 (together with not disclosing the identity of product 1 — except
possibly when placed in second position in the noisy positioning equilibria — and dis-
closing the identity of product 2 with zero or small enough probability, so as to

induce consumers to keep searching in the absence of a match and of disclosure).

2. A disclosure equilibrium similar to that of Proposition 10, sustained thanks to ran-

dom positioning; specifically:

(1) the firm randomizes uniformly over its positioning policy and uses the same

disclosure policy as in Proposition 10;

(ii) consumers adopt the same search behavior as in Proposition 10.

Proof. See Appendix J. =

Proposition 11 first confirms that the possibility of disclosure does not disrupt the
random and noisy positioning equilibria characterized by Propositions 7 and 9 (in which
all active consumers search until finding a match), but eliminates the pure positioning
equilibrium identified by Proposition 8 (in which some active consumers only inspect
the first position). It also shows that random positioning can support the “disclosure”
equilibrium characterized by Proposition 10. The intuition is simple and mirrors that
for the no-positioning equilibrium: if the firm uniformly randomizes over its positioning
policy, consumers are indifferent about which position to inspect first; conversely, given
this consumer behavior, the firm is indeed indifferent about its positioning policy.

Thus, when positioning and disclosure are both available, Proposition 11 provides a
third solution, in addition to those already identified by Propositions 8 and 9, to the
trade-off between consumer participation and search intensity. Among these three solu-
tions, the pure positioning equilibrium maximizes the number of consumers who inspect
the more popular product, but minimizes the number of consumers who inspect both
products. The noisy positioning equilibria ensure instead that all active consumers in-

spect the second position in the absence of a match with the product in the first, but
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induces fewer consumers to participate; among these equilibria, participation is maxi-
mized for r = 7, where marginal consumers are not only indifferent between participating
or not, but also between continuing searching or not. Finally, the “disclosure with no
positioning” equilibrium provides an intermediate solution, both in terms of participation
and search intensity. It can be checked that, depending on the distribution of search
costs, any of these three monopoly pricing equilibria can be the most profitable for the

firm.??

4.4 Welfare analysis

The most profitable type of equilibrium is also the one that maximizes total welfare if
the monopoly price generates relatively more profit than consumer surplus, that is, if
the ratio 7™ /s™ is sufficiently large. If instead this ratio is small, or if the regulatory
objective focuses on consumer surplus rather than total welfare, then the welfare analysis
will be primarily driven by consumers’ interests, which calls for favoring the provision of
information.

Specifically, let SV (r) denote the consumer surplus generated by the random (for
r = 1/2) and noisy positioning equilibria identified by Propositions 7, 9 and 11, S*
denote the consumer surplus generated by the pure positioning equilibrium identified
by Proposition 8, and S? the one generated by the disclosure equilibria identified by
Propositions 10 and 11. We have:

Proposition 12 (consumers prefer having more information) SV (r) increases with
r in the relevant range r € [0,7], and S* > max { SV (7), SP}.

Proof. See Online Appendix E.1. =

Among the noisy positioning equilibria, the least noisy one thus Pareto dominates:
providing more accurate information improves search efficiency, which benefits consumers
but also enhances profit, by inducing more consumers to search. However, consumers’ in-
terest may conflict with the profitability of the firm when considering alternative types of
equilibria. Indeed, consumers always prefer the pure positioning equilibrium: it provides
full information about product popularity, which allows consumers to inspect each prod-
uct ¢ if, and only if, its expected value, y,;s™, exceeds their search costs. By contrast, as
already noted, the noisy positioning and disclosure equilibria may generate more profit,

by inducing more consumers to keep searching in the absence of a match.

When pure positioning is not an option (e.g., because the firm cannot commit not to
use the disclosure technology, which destroys this equilibrium), consumers’ preferences

over disclosure and noisy positioning depend on their search costs. Consumers with low

29Gee Online Appendix D for an illustration.
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search costs—who will inspect both products anyway—favor positioning, which reduces
their expected number of searches (the more so, the higher ). By contrast, consumers
with higher search costs—who would rather not inspect product 2—may favor disclosure
(particularly if y, is close to p,, so that positioning has little impact on the expected

number of searches). Indeed, we have:

Proposition 13 (disclosure versus positioning) For any p, € (0,1), there exists
ut (o) and pyf (py) satisfying pp < pf (o) < pi () < 1 such that SP > SV ()
for py < pf (pa) and SN (7) > SP for py > pi’ (py)-

Furthermore, if ¢ (¢) = [; cdG(c)/G(c) is proportional to ¢, then consumers’ and the
firm’s interests are perfectly aligned among noisy positioning and disclosure equilibria.
Otherwise, their interests may conflict in either direction (i.e., SN (7) > SP but IV (7) <
2, or SN (7) < SP but IV (1) > 1IP).

Proof. See Online Appendix E.2. =

If p, is large enough, noisy positioning—which maximizes the probability of a match,
as all active consumers inspect both products—can reduce the number of expected
searches to a larger extent than disclosure (even for consumers who do not inspect prod-
uct 2 under disclosure). In that case, all consumers prefer noisy positioning to disclosure.
For lower values of y;, however, positioning has less impact on the expected number of
searches. Some consumers may then favor disclosure to avoid inspecting product 2. When
this is the case, disclosure fosters consumer participation (i.e., ¢ > ¢ (7)); whether this
also yields higher total consumer surplus depends on product characteristics (e.g., disclo-
sure dominates if i, is close to pu,), but also on the distribution of search costs (e.g., how
many consumers have a search cost lower than p,s™, rather than between ¢} (7) and c?’).

Disclosure is clearly unattractive if all consumers prefer noisy positioning: disclosure
then discourages consumer participation and thus also generates less profit than noisy
positioning (under which active consumers keep searching until finding a match). More
generally, if the distribution of search costs is such that the average cost ¢¢ (c) of active
consumers is proportional to the cost ¢ of the marginal one, then—as in Proposition 4—
the most profitable equilibrium (among the noisy positioning and disclosure ones) is the
one that maximizes consumer surplus (and, thus, total welfare). Otherwise, a bias may

arise, in favor of either disclosure or positioning.

5 Platform

In this section, we study product variety and pricing by a hosting platform. More specif-
ically, we depart from the baseline setting of Section 2 in that each product ¢ is now
produced by a single-product seller i, who sets the price p; for its product if present on

the platform, and the firm is a monopoly platform that charges fixed fees in return for
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hosting the sellers. As in the baseline setting, the (platform) slots are indistinguishable

to consumers, and so search is necessarily random. The timing is as follows:

Stage 1 The platform publicly sets its size n.

Stage 2 The platform chooses the set Z of sellers to approach, where |Z| < n; this set is

observed by the sellers but not by the consumers.

Stage 3 The platform privately makes take-it-or-leave-it offers (¢,);cz, which the sellers
then privately accept or reject;3* the set Z C T of sellers eventually present on the
platform is not observed, but the number of these sellers, n = ‘f ‘ < n, is publicly

observed.
Stage 4 Each seller ¢ € 7 privately sets its price p;.

Stage 5 Having observed n and n, consumers sequentially choose whether to inspect

(randomly) the products offered on the platform.

As in the baseline setting, for any size of the platform set in stage 1, the remaining
stages form a proper subgame of incomplete information. We assume that sellers have
passive beliefs when encountering out-of-equilibrium offers at stage 2. Similarly, we as-
sume that consumers have passive beliefs when encountering out-of-equilibrium prices at
the final stage. We do not restrict sellers’ and consumers’ beliefs about the identities of
the sellers on the platform in the out-of-equilibrium event in which n < n.

The following proposition is the analog of Proposition 1:

Proposition 14 (platform composition and prices) Fiz the size n of the platform.
In the continuation subgame, there exists a PBE with passive beliefs that yields the same
outcome (in terms of product portfolio and prices, consumer surplus and total profit) as

the equilibrium characterized by Proposition 1:

(2) the platform hosts the n most popular products, each of which is offered at the
momnopoly price: I=17=1, and p; = p™ for every i € I,;

(17) consumers keep searching until finding a match if their search cost is lower than c,,,

and do not search otherwise;

(7it) the platform appropriates all the profit through the fees charged to the sellers.

Proof. See Appendix K. =

30The equilibrium derived below would be unaffected if the offers and acceptance decisions were ob-
served by the sellers.
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For any given size n adopted by the platform, the equilibrium characterized by Propo-
sition 14 gives the platform exactly the same profit as the firm’s equilibrium profit in
Proposition 1. It follows that the analysis of choice overload and product variety con-

ducted in Section 3 for the baseline setting carries over as well.

Remark 4 (bargaining power) The analysis of choice overload and product variety
still carries over when sellers have some bargaining power in their negotiations with the
platform. Suppose for example that, in stage 3, the fees are determined through “Nash-
in-Nash” bilateral bargaining; that is, the platform and every seller i € T engage in Nash
bargaining, holding fized the equilibrium agreements between the platform and the sellers
in T\ {i}. As sellers obtain zero profit in the absence of an agreement and the platform
derives its profit solely through the fixed fees, it follows that the platform obtains a fraction
w € (0,1], reflecting its bargaining power in bilateral negotiations, of the profit generated

31 Hence, the equilibrium profit of the platform is exactly

by each seller on the platform.
a fraction w of the equilibrium profit obtained under take-it-or-leave-it offers, and the

implications for the equilibrium product variety are therefore unchanged.

6 Conclusion

We analyze pricing and product choice by a firm in a setting where products differ in
their ex ante appeal (“popularity”) and initially uninformed consumers can sequentially
search through the offered products. We first consider the case of random (i.e., non-
directed) search. Interestingly, as in the case of (ex ante) symmetric products, only those
consumers with low enough search costs become active, but all those who start searching
become seemingly addicted to it and keep searching until finding a match. Building on
this insight, we show that this search pattern generates choice overload: increasing the
number of products offered—which reduces their popularity on average—induces marginal
consumers to stop searching. As a result, even if additional products can be offered at
no cost, and despite the fact that expanding the product range increases the probability
of a purchase from each active consumer, the firm chooses to offer a limited number of
products. Compared with the socially optimal product portfolio, the firm offers too much
(resp., too little) variety when the average search cost of active consumers is increasing
(resp., decreasing) in the search cost of the marginal consumer.

We then explore—for a product range limited to two products—the firm’s incentive to

direct consumer search by assigning products to distinguishable “slots” or, alternatively,

31Let 7; denote the profit obtained by seller 7 € Z if it joins the platform. If the negotiation breaks
down, seller ¢ € 7 obtains ; = 0 and the platform obtains II = Zje(l’\{i}) o if instead the negotiation

is successful, their profits are respectively 7; = m; — ¢, and II = II + ¢,. The Nash bargaining rule then
yields ¢, :ﬂ—ﬂ:w(ﬂ—&—ﬁ—ﬂ—E) — wri.
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by making informative product recommendations. Compared with pure random search,
directing consumer search increases the number of active consumers—who can then first
inspect the most popular product. But, unless there is sufficient randomness in the firm’s
positioning or recommendation strategies, directing consumer search also induces some
consumers to stop searching even in the absence of a match. As a result, the firm may
therefore want to adopt strategies that create enough uncertainty in consumers’ minds—
for instance, by making noisy recommendations. Finally, we show how our insights carry
over to the case of a platform hosting third-party sellers.

Extending the analysis of firms’ communication strategies and their impact on con-
sumer search behavior to arbitrarily large product portfolios would be an interesting
avenue for future research, particularly in the light of the diversity of practices adopted
by firms in different industries and the policy concerns that they sometimes generate.
Further, while we have focused on the case of a monopolist, another important avenue
would be to study the implications for competition of firms’ and platforms’ influence over

consumers’ information on product popularity.
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Appendix

A Proof of Lemma 1

Fix a product portfolio, Z of size n and, for k € {1,...,n}, let my € {0,1} denote whether
a match occurs (my = 1) or not (my = 0) at the k' inspection, My = %=Fm,, denote

the number of matches at the first £ inspections (with the convention M, = 0) and
(673 EPr[mk: 1 | Mk—l :0]

denote the probability of a match at the £ inspection, conditional on not having had

any match at the previous k£ — 1 inspections. Furthermore, for k£ € {2, ...,n}, let
ar =Pr[my =1| My_o =0 and my_; = 1]

denote the probability of a match at the £ inspection, conditional on not having had
any match at the previous k — 2 inspections and having had a match at the (k —1)™
inspection.

We first show that observing a match makes consumers more pessimistic about future

matches:

Lemma 7 (a match brings bad news about future matches) For k € {2,...,n},

oy > Gy,

Proof. For k € {1,...,n}, let P, denote the sub-portfolio of products visited at the

first k inspections, and
denote the set of such sub-portfolios (with the convention Py = Py = &). For k €

{2,...,n}, we have:

ap = Z Pr [Pk—2 = jk—Q] 5k (jk—2) )

Tk—2€PK—2

ay, = Z Pr([Pi o= Ji 2] By (Ti2),

Tk—2€PK—2

where

By (Jk—2) = Primpy=1|My_1 =0and P2 = Jp—2],
Be(Jk2) = Primpy=1[My =0, my_,=1and P, 2 =Ty o|.
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Fix Ji—2, and let n = ‘I\jk_z‘ (=n+ 2 — k) denote the size of the complement sub-
portfolio I\ J_,, and, for i € I, = {1, ..., 7}, let ji; denote the popularity of its i'® most
popular product; we thus have: and fi; > ... > fi;. 5 (Jx—2) can then be expressed as:

B (Te—2) = Primp=1|My_o=0,mp_1 =0 and P,y = Jj_]
. Pr [mk,l =0 and mr = 1 ’ Pk,Q = jk,Q and Mk,Q = O]
Pr [mk_l =0 | Pk_2 = jk_g and Mk_g = 0]
> (M=) hy
_ Elagela\{i
> x (-1y)

hely jel\{h}

= Z Wi fl;

i€l

where
(=)
b = IS
z > X (-1y)
hely jela\{h}
[;A (1= )] = (1 = ;)
C ST (=)l - =)
(- p) -0 -5
(1 — fr) —h; (1= i)
(=) - (- )
2 (1= ) = (l—f)
_ o —p)— (1 - /)
A —1)(1—p)
where
>
. hely
E="%

denotes the expected popularity of the products in the complement sub-portfolio 7\ J, .
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Likewise, 3, (Js_2) can be expressed as:
B (Tia) = Primpy=1| My o=0,mu_=1and Py =i o
Pr [mk_l =1 and mg = 1 | Pk_g = jk_g and Mk_g = 0]
Pr [mk_l =1 | Pk_g = jk_g and Mk_Q = 0]
2. 2yl
i€l; jela\{i}
2 Xy
hely jela\{h}
- S

i€l

where

>y
N JEIx\{i}
Yo iy

hely jelp\{h}
]
NI

sz -»)

A — i,
NN
JEels hel,

A — i,
Ah—1) 7

The weight distribution used for 3, (Ji_2), {@i}icq

first-order stochastic dominance) the weight distribution used for 8, (Jx—2), {w;}

sy dominates (in the sense of

ie{l,....a}"
for any ¢ € {1,...,n}, we have:

i - W) = : ﬁ(l_ﬂ)_(l_ﬂj)_ ni— fi;
Z(w] W) = Z{ n(n—1)1— i fl(ﬁ—l)ﬂ}

j=1 j=1

(1= ) = (1= fiy) = (= 1) + fi; (1= o)
2 A —1)(1—p)j

j=1

> 0

where the inequality is strict for ¢ < n and follows from fi; > ... > i, and the definition

of fi.
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As fi; > ... > [i,, it follows that 3, (Je—2) > By (Ji—z) for any Ji_s € Pj_s, which in

turn implies ay > d;. =

Given the information available after the first k inspection, the expected probability

of having a match is the same for all future inspections. Hence, we have:

ar = Primp=1]| My, =0
= Primg1=1] M1 =0]
= Primy=1| M1 =0]Pr[myy =1| My_1 =0 and my, = 1]
+Prmg =0| My_y =0]Pr[mgs; =1 | Mg_1 =0 and my, = 0]
= apbpyr + (1 — ag) g
= Qi1+ o (Qgg1 — Q)

< Q41

where the inequality follows from Lemma 7.

It follows that if a consumer finds it optimal to make the first inspection, he will
optimally continue to inspect all products until he has found a match (and learned his
match-conditional valuation). To see this, suppose by way of contradiction, that the con-
sumer finds it optimal to stop searching after k < n inspections. This requires ag,15™ < ¢
as, otherwise, the consumer would have an incentive to search at least one more time.
But the consumer must also find it optimal to conduct the £ inspection, knowing that it
will be the last one, which in turn requires as™ > c¢. We thus have ais™ > ¢ > agy15™,

a contradiction.

B Proof of Lemma 2

Fix the size n of the product line and consider the associated continuation subgame.
Belief consistency requires consumers to update their beliefs about product characteristics
and prices on the basis of observed matches and prices. Thus, for any given number
of inspected slots, k € {1,...,n — 1}, let v (m"*; p*) denote consumers’ updated beliefs
about the firm’s product portfolio and prices in the remaining n — k slots, given the

k

observed sequence of matches m* = (myq,...,my) and the observed sequence of prices

p* = (p1, ---ypk)-SQ
We first show that consumers with higher realized valuations are more likely to keep

searching:

32For simplicity of notation, we do not introduce k as an argument of the function v; however, it does
depend on k through the length of the sequences m* and p*. A similar comment applies to the other
functions introduced below.
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Lemma 8 (consumer search) Suppose that consumers’ beliefs are consistent and that
their search strateqy is optimal given these beliefs. For any k € {1,...,n — 1}, any m*
satisfying Zle m; > 1 and any p* = (p1, ..., pr), let o (mk; p* | v, c) denote a consumer’s
probability of inspecting one more slot when facing a search cost ¢ and having observed
the match and price sequences m* and p*, and a valuation v on the first k inspected slots;

we have:
a(mk;pk | v,¢) > O:U(mk;pk | V', ) =1 for any v' > v and ¢’ < c.

Proof. For any k € {1,...,n — 1}, m* satisfying Zle m; > 1 and p* = (p1, ..., pr),
let p (mk; pk) = min {ph ep*|m,= 1} denote the lowest price for the products which
produced a match, and let 7; (m”, p*) and p; (m*, p¥) denote consumers’ beliefs about,
respectively, the probability that an additional inspection would expose them to product
1 =1,2, ..., and the price of this product. Finally, let 1) (pk; m” | v, c) denote the expected
benefit (gross of the search cost) of an (k + l)th inspection, assuming optimal search
behavior thereafter (and netting out search costs of any subsequent inspections).

We start by showing that the following property (Py) holds for every k € {1,...,n — 1}:
for any m* = (my, ..., my,) satisfying > m; > 1 and any p* = (p1, ..., pr), ¥ (p*;m* | v,¢)
is weakly increasing in v, and weakly decreasing in c.

We first establish that (7, ;) holds: for any m”"~! satisfying 71— m; > 1 and any

p"~!, we have

Y (m" " ve) =D 7 (" p ) b (p (m" i p" ) s pi (m T pn ) [ v)
where

b(]_?;p | v) = max{v —min{g,p} ,O} —max{v—]_?,O}
= max {min {v,g_y} -, O} .
The conclusion follows from the fact that b (Q; P v) is weakly increasing in v and inde-
pendent from c.

Reasoning by induction, suppose now that (Pj,;) holds. For any m* = (my, ..., m;)

satisfying Zle m; > 1 and any p* = (py, ..., pr), any v and any ¢, we have:

Y (m*;p* | v,¢) =) i (m*; p*) ¢, (m*; p*, p; (m*, p*) [ v,c)

)
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where

Dy (mph 5 0.) = (1— ) max {u (m,0:p" | v,¢) — .0}
b(p (m*,p*);p|v)

T -+ max {w (m’“, 1;p%,p | v,c) — c,O}

The conclusion then follows from the observation that every term in QZJZ is weakly increas-
ing in v and weakly decreasing in c.

By construction, a consumer having observed the match and price sequences m* and
p* and a valuation v on the first £ inspected slots is willing to search an additional slot if
¢ (m*;p* | v,¢) > c. It then follows from (P) that ¢ (m*;p* | v/,¢) > ¢ for any v/ > v
and ¢ < ¢; hence, any consumer with such valuation v and cost ¢ strictly prefers to

inspect an additional slot. m

We now prove Lemma 2. Fix the size n of the product line, the composition Z of the
product portfolio and the prices of these products, and consider a consumer with search
cost c. If the consumer starts searching, the expected profit that he generates can be
expressed as

Ell|c] = p(m|s)E[Il|c,s,m]

SES (T) me{0,1}n

where s € Z" is an arbitrary search sequence®® and S (Z) is the set of such sequences,

m € {0,1}" is an arbitrary sequence of matches,

p(m|s) =TI 0l (1 — p, )™

denotes the probability of match sequence m, conditional on s, and E[II | ¢, s, m] rep-
resents the expected profit (with respect to the realized valuation v) obtained from con-
sumers facing a search cost ¢, taking as a given the search sequence s = (s, ..., s,) € S (Z)
and the match sequence m = (my,...,m,) that they would face if they were to inspect
all products, but assuming that these consumers search optimally given their (consistent)
beliefs (and may thus stop searching before reaching the end of the sequence).

We now consider a given (c¢,s, m) and provide an upper bound for F [II | ¢,s, m]. If
> p_imy = 0, the firm obtains zero profit. Consider now the case where > ), my > 1.
From Lemma 8, a consumer who buys at price p when drawing a valuation v buys at
a weakly lower price p’ < p whenever drawing a higher valuation v > v, as the higher
valuation induces the consumer to inspect at least as many products. Let © denote the
infimum of the valuations for which a consumer buys,*! and p(v) denote the price at

which a consumer with valuation v > ¢ buys. As noted above, p (v) is weakly decreasing;

33That is, s € Z denotes the index of the k™ product according to the search sequence s.
319 depends on (c,s, m); we drop the argument to simplify the exposition.
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~

hence, p = lim, 4+ {p (v)} exists and satisfies, for every v > 0:

p(v) <p <o,

where the first inequality stems from the monotonicity of p (v), and the second inequality
follows from the fact that, by construction, p (v) < v for any v (above but) arbitrarily

close to v. Hence, we have:

E[H|c,s,m]:[ Oop(v)dF(v)S[ T odF (0) = [1— F (8)] 6 < ™

where the last inequality follows from 7™ = max {[1 — F (p)] p}.
As

Z p(m|s)=1-1I, (1 —p)=M(I),

me{0,1}"

aggregating over all possible product and match sequences yields:

[H|c§ Z > p(m[s)a™=M(I)x" < M(Z,)x".  (10)

sES( ) me{0,1}"

C Proof of Proposition 1

Fix the portfolio size chosen by the firm in the first stage, n, and consider the continuation
subgame.

Part (i7). Suppose that the firm offers the most popular products at the monopoly
price: 7 = 7, and p; = p™ for every ¢ € Z,. A consumer then stops searching upon
the first match: he purchases the product if his match-conditional valuation exceeds
the charged price, and gives up without any purchase otherwise. From Lemma 1, any
consumer who starts searching keeps searching until finding a match. A consumer will
therefore engage in search if the expected probability of a match times the expected

™ exceeds the expected search cost, which is

surplus conditional on a match, M(Z,)s
equal to the expected number of searches times the consumer’s cost per search, N(Z,)c,

e., if ¢ < ¢,, and will not engage in search if ¢ > ¢,,.

Part (i). We first show that offering the most popular products at the monopoly
prices constitutes a PBE with passive beliefs. Suppose that the firm deviates and offers
the product portfolio Z¢ at prices (p¢);cza. Consumers cannot observe this deviation

before their initial search decision. Hence, they start searching if ¢ < ¢,, and do not

do so if ¢ > ¢,. As passive beliefs are consistent, Lemma 2 implies that the deviation
cannot generate an expected profit exceeding G (¢,,) M (Z,,) #™, which is the equilibrium

expected profit. Hence, the deviation is not profitable.
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To conclude the proof, we first show that this PBE is belief-proof, before estab-
lishing uniqueness. Consider any other alternative consumers’ consistent off-equilibrium
beliefs and induced off-equilibrium behavior. By construction, along the equilibrium
path consumers’ beliefs are pinned down by Bayes’ rule, and their behavior constitutes a
best-response to the firm’s equilibrium strategy, given these beliefs. It remains to check
that the equilibrium strategy of the firm constitutes a best-response to these consumer

strategies; this follows again from Lemma 2.

Turning to uniqueness, we first note that, in any PBE in which the firm offers the
most popular products at the monopoly price (i.e., Z = Z,, and p; = p™ for every i € 7,,),
consumers’ equilibrium behavior is given by part (i), which leads to the same equilibrium
outcome as above. Consider now any other candidate belief-proof PBE outcome, in which
the firm chooses a different product portfolio and /or different prices. The firm then obtains
an expected profit of the form G (¢) I, where ¢ denotes the cost threshold determining
consumers’ decision to start searching® and II denotes the firm’s expected per-consumer
profit. From (10) in the proof of Lemma 2, we then have II < M (Z,,) 7. To see this,
suppose first that the firm chooses Z # Z,,. We then have II < M (Z) 7™ < M (Z,,) 7™
If the firm choose Z = 7,, and a price p; # p™ for at least one product i € Z,, then II
satisfies:

O<[1—M(Z,)] x0+ M; xw(p;) +[M(Z,) — M;] x =™,

where:
M; = p; H (1= ny)
JETn\{i}

denotes the probability of having a match with product 7 only. Using 7 (p;) < 7™ yields
II < M(Z,) ™.

Suppose now that the firm deviates and: (i) selects the most popular products (i.e.,
Z =17,) and (ii) prices them at the same price, which is chosen arbitrarily close to p™
among the out-of-equilibrium prices. Suppose further that consumers have “optimistic
beliefs” and interpret this unexpected price as signalling that the firm stuck to the product
portfolio Z but offers all uninspected products at largely subsidized prices (zero price,
say). As long as consumers do not have a match, these beliefs induce consumers to be
more optimistic about the probability of a match at next inspections (from Lemma 1)
and about the prices found at these inspections. Hence, consumers who started searching
keep searching until finding a match; whether or not they keep doing so afterwards,
they then end up buying if the realized valuation exceeds p, and not buying otherwise.

Hence, the deviation gives the firm an per-consumer expected profit arbitrarily close to

35Whenever consumers’ beliefs are consistent, and thus independent of their search cost, there indeed
exists such a cost threshold, equal to consumers’ expected utility from starting inspecting the products
(gross of the cost of the first inspection, but net of the costs of any additional inspections), below which
consumers starts searching and above which they do not do so.
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M (Z,,) =™ > II, making the deviation profitable.

D Proof of Lemma 3

Let A; = 1 — p; denote the probability of not having a match with product i. From (1),
increasing the size of the product line from n to n + 1, changes the expected probability
of a match by

M(Z,41) — M(Z,) = M. 2 (1 — Apg1) >0,

where the inequality follows from \; € (0,1) for any i € Z,, ;.
For any n € N* and any s € §(Z,), let

n—1
(Pn(S) =1 + Z H?:l)\si
k=1

denote the expected number of searches needed to find a match in Z, given the search
sequence s. The expected number of searches needed to find a match in Z,,,; can then

be written as

NT)) = —— 3 6unls).

|
(n + 1> SES(ZnJrl)

Regrouping the terms in which product n + 1 appears in the i*" position yields:

n+1
1

N(In+1) e~ Z Z (,Dn+1(0'(87 2)) )

(n + 1>! s€S(Ty)
where, for any s € S(Z,,) and any i € 7,11,
o(s,1) = (0(5,1))jez,sr € S(Tn+1)
is defined by:
5; for j < i,

oi(s,9) =< n+1 forj=i,

sj_1 for j >i.

Furthermore, we have

90n+1(0-<87 n+ 1)) - cpn(s) - )\51"')\5n >0,
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and, for i € Z,,,

i
L

g0n+1(0'(8, 7’)) - Spn(s) = {()\n—i-l - )\Sk))\sl"')\skfl} + )\51"'/\8n—1)\n+1 > 07

7

B
Il

where the inequalities follow from A,,.; > A\ > 0 for any k& € Z,,. Hence,

1 n+1
N(Zp1) > ——
i= s€S(Zn)
1
SES(ITL)

= N(Z,).

E Proof of Part (ii) of Proposition 2

Fix n and (pq, ..., it,,), and let \; = 1 — u,; denote the probability of not having a match
with product ¢, and
An = (A1 Ay)

denote the geometric mean of these probabilities. Note that, by assumption, A\; < ... < A,,.
We first establish:

~

Lemma 9 ¢, < (1—\,)s™.

Proof. From (1) and the definition of \,, we have:

M(Z,)=1-A\,.

As A1 < \,, there exist two products 7 and j such that \; < ;\n < Aj. Consider the
following geometric-mean-preserving contraction, which consists in replacing A; and A;
by, respectively, A; and ); such that: (i) \;A; = A\ij; and (i) (A —A)(A; — A;) = 0. That
is, the transformation preserves the geometric mean and moves both probabilities toward
the geometric mean, up to the point that at least one of them is equal to it. For the sake
of exposition, let Z,, denote the set of products with no-match probabilities (5\1, ey S\n),
where A\, = A\ if k ¢ {i,j}.

From (3), we have

1
NIZ) == > [T+ A+ A A+ XA,
s€S(Tn)
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where

where

SM(T,) = {(s1, -, %) € (T)F|s1 # ... # si}.

We now show that replacing Z,, with 7,, decreases the expected number of searches. To
see this, note first that this transformation does not affect the terms in 7}, in which either

both A\; and \; appear or neither of them appears. Hence, for every k € Z,,_;, we have:

Sk—1

Ti(Z,) — T(T,) = (n = k)t > (i = X+ X = X)) A,

n! )
(815058k—1)ESH—1(Tn)

where
SFNL) = {(s1, - 86-1) € (T \ L3P Ms1 # o # se-0),

and, using the fact that (5\1, 5\]) is a geometric-mean-preserving contraction of (\;, A;),
)\i+/\j >5\1+/~\]

To see the last inequality, note that the transformation is the integral over infinitesimal
changes d\; and d\; such that d(\;\;) = \jd\; + \idA; = 0 and d\; > 0. As \; < \j, the
induced infinitesimal change in \; + A; is given by

(2

A\
It follows that, for every k € Z,_y, Tx(Z,) > Ti(Z,,). Hence, the transformation (i) reduces
the expected number of searches needed to find a first match, and (ii) reduces (by at least
one) the number of no-match probabilities that are different from the geometric mean
An. Re-iterating the process at most n times results in replacing Z,, with 7,,, where Z,, is

~ ~

the set of products with no-match probabilities (A, ..., A), and yields:

w1 _ L= )"

N(Z) > NZ) =14+ A+ M) + o+ (\n) —3

It follows that

M) e MED e
“= Ny “vay” M

To conclude the proof, it suffices to note that lim, ., A, = 1 (i.e., lim, . p, = 0)

implies lim,,_, ;\n = 1. As log )\, is strictly increasing in n and lim,,_. . log A\, = 0, for
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any € > 0, there exists n such that

€
log \, > —=
0gAn 2 —3

for any n > n. Therefore (using log A; < log Ay for £ > 1):

< 1 —
log A\, = — E log Ay
n
k=1

< % [ﬁlog)\l + (n—n) (—g)}

n n/ 2

where the last expression lies between —e and 0 for n large enough. Hence, as n goes to
infinity, log An tends to 0, and thus A, tends to 1.

F Proof of Lemma 6

Suppose without loss of generality that the firm allocates product 1 to slot 1 with proba-
bility € (1/2, 1], and let ;' denote the probability that slot i € {1,2} generates a match
on a first visit, and i denote the probability that slot 7 € {1,2} generates a match on a
second visit, conditional on the other slot not having generated a match on the first visit.
We have:

= 1+ (1 —=7) po,
(1 o T) iy + T hg,

and
=1 T<1_M2)N1+<1_T)(1_N1)N2_Nl_lh,UQ
8 r(1—pin) +(1—=7)(1—py) 1T —p2 (11)
P A e T e S O e Y N P T Ty
8 P 7Y S v i S (12)

Asr > 1/2, p* > p? and p! > [?; the first inequality is obvious and the second one

follows from:

1 -2 Nl—ﬂ2 1 2
(1 —puy) (1 = pap) 12
(= (=) ¢ )
> 0

Y
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where the second equality stems from p! + p? = py + s

When a consumer starts visiting slot ¢, his expected utility is given by, for j # i €

{1,2}:

Vi= —cH4 u's™+ (1 — ,ui) max{O,ﬂjsm — c} .

If ¢ > its™ (> fi%s™), then we have:
Vl_vQZ (/1/1_/1/2)Sm>07

where the strict inequality follows from p! > p2. If instead ¢ < its™, then we have:

Vi-v? = (,ul — ,u2) s™ 4+ (1 — ul) max {0, f2s™ — c} — (1 — ,u2) (ﬁlsm — c)
> (= )5+ (1= ) (7 — ) — (1— ) (37 —
= (' —u")c
> 0

where the equality relies on (11) and (12), and the strict inequality follows again from

pt > .

G Proof of Proposition 8

Consider a candidate continuation equilibrium in which the firm offers the two most
popular products at the monopoly price (i.e., Z = {1,2} and p; = p, = p™) and places
product 1 in first position, and product 2 in second position. From Lemma 6, active
consumers then start with the first position. Obviously, consumers with search cost
¢ < py8™ have an incentive to do so, and will stop searching in case of a match; in
the absence of a march, consumers have an incentive to inspect the other position only

™ will not

if ¢ < pys™ (< pys™). Conversely, consumers with search cost exceeding ;s
search, and those with a search cost ¢ € (1158™, p1;5™) will only inspect the first position,
even in the absence of a match.

This candidate equilibrium thus yields an expected profit equal to
I =[G (py8™) iy + G (pgs™) (1 — g J o] 7™

36

We first check that these strategies constitute an equilibrium.”® Suppose that the

firm deviates and offers product i at price p' in first position, and product j at price p?

30Tt suffices to check that there is no profitable deviation in pure strategies (over positions and prices);
this implies that there is no profitable deviation in mixed strategies either, as the expected profit from
a probability distribution over positions and prices is equal to the same probability distribution over
profits from a realized vector of positions and prices.
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in second position (we use superscripts to refer to positions, as opposed to products).
As this deviation is not observed by consumers, it does not affect their decision about
whether to start searching. Hence, consumers with search cost ¢ > ;5™ do not search,

whereas those with ¢ < ;™ inspect the first position. Furthermore, with passive beliefs:

e in the absence of a match, observing an unexpected price does not affect active
consumers’ search behavior: they inspect the second position if ¢ < 1155™, and stop

searching if ¢ > p,s™;

e in case of a match, they inspect the second position if ¢ < j, (max {v,p'} — p™),

and stop searching if ¢ > y, (max {v,p'} — p™).

Following an approach similar to that of the proof of Lemma 2, let E [II|c, m] denote
the expected profit (with respect to the realized valuation v) obtained from active con-
sumers with cost ¢, given the search behavior just described, and taking as a given the
match sequence m = (m!, m?) that they would face if they were to visit both positions.
The insight from Lemma 2 carries over: conditional on having a match, a consumer

cannot generate a higher expected profit than max, = (p) = 7™. Indeed, we have:

e in the absence of any match, consumers generate zero profit: E[lI|c, (0,0)] = 0;

e if there would be a match only with the product placed in *" position, consumers
generate an expected profit 7 (p') if ¢ < u,s™, and no profit otherwise:
) < 7™ if ¢ < pys™,

E [Hle, (1,0)] = 7 (p') < 7™ and E[e, (0,1)] = { " 0 ife> s

e if instead they would have a match with both products, the following possible cases

arise:

— If p' < p? or ¢ > py (p* —p™), then consumers buy at p' if v > p!, and
do not buy otherwise: in the first case, p' is obviously the relevant price,
regardless of whether consumers inspect the second position; and in the sec-
ond case, p' remains the relevant price as consumers never inspect the sec-
ond position, as they believe that this would bring an expected benefit equal
to max {u, (p* —p™),0} if v > p', and equal to max {u, (v —p™),0} <
max {15 (p* — p™),0} if v < p'. We thus have:

E|c,(1,1),p] =7 (p") < o™

— If p! > p? and ¢ < py (p* — p™), then consumers never buy at p': consumers

with a match on the first inspection and v > p' continue to search, and thus
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end-up buying at p?. It follows that consumers who buy do so at p?; as

consumers would not buy if their valuations lie below p?, we have:
E[]e, (1,1)] < [1 —F (pQ)] pPP=n (p2) <7™.

It follows that the expected profit satisfies:

7 (p?) if p' > p? and ¢ < py, (p' —p™),
< 7",

E[le, (1,1)] < {W(pl) if pl < p?or ¢ > py (pt — p™),

Hence, following the deviation, the expected profit obtained from active consumers

(i.e., those with cost ¢ < p,8™) is given by:

/0 N L (1= ) B, (1,0)] + (1 1) iy [, (0, 1)] + gy B [le, (1, 1)]} G (e)
< Wy (1 - Nj) G (pys™) 7™ 4+ (1 — p;) MjG (pps™) ™ + MiNjG (g s™) 7™
= [1 — (1 — ;) (1 - #j)} G (ps™) 7" 4 p; [G (1118™) — G (jugs™)] 7™

The last expression is maximal when the firm selects the two most popular products (i.e.,
T = {1,2}), so as to maximize the first term, and moreover places the most popular
product (product 1) in first position, so as to maximize the second term; as the resulting
profit then corresponds to the candidate equilibrium profit IT*, the deviation is therefore

unprofitable.

To conclude the proof, consider an alternative “pure positioning” equilibrium in which
the firm offers products ¢ in first position and j in second position, both at monopoly
prices. From Lemma 6, consumers then start searching by inspecting the position hosting
the more popular product, say position 1; it follows that consumers with cost ¢ < p,s™
inspect position ¢, and among these, those with ¢ < u;s™ also inspect the other position

in the absence of a match on the first inspection. The firm’s expected profit is therefore:

I = 4,G(ps™) ™+ (1-p) 11, G (pys™) 7"
[ (=) (1= 1)) G (57) 77 [G (p'5™) = G (157)] 7
< =1 =py) (1= )] G (pas™) 7™ + g [G (p118™) — G (pps™)] 7™
As altering the product portfolio and the positioning policy cannot be detected by
consumers, who would therefore stick to the same search behavior, the last expression

corresponds to the profit that the firm could obtain by offering instead product 1 in first

position and product 2 in second position.

o1



H Proof of Proposition 9

Consider a candidate continuation equilibrium in which the firm offers the two most
popular products at the monopoly price (i.e., Z = {1,2} and p; = ps = p™) and: (i) with
probability r € (1/2,1), it places product 1 in first position, and product 2 in second
position; (ii) with complementary probability, it does the opposite. From Lemma 6,
active consumers start with the first position, where they are more likely to find the more

popular product.

We first show that active consumers must continue to search in the absence of a
match. Using again superscripts to refer to positions, the probability of a match on the

first inspection is
ph(r) =rpy+ (1= 7) g,

which decreases from (p; + f15) /2 to uy as r increases from 1/2 to 1. If a fraction £ > 0
of active consumers do not inspect the second position in the absence of a match on their

first inspection, then the average probability of a match is

Eut (1) + (1 =€) My,
where
My = iy + g — pig iy

denotes the total probability of having a match when inspecting both products. It would
therefore be profitable for the firm to deviate and place product 1 in first position with

probability 1, so as to increase this probability of a match to
Epy + (1 = &) M.

Hence, active consumers must keep searching in the absence of a match. Their overall
probability of a match is thus given by M,, and the expected number of searches is equal
to

pt(ryx 14+ [1—pt(r)] x2=2—p"(r).

Consumers therefore choose to start searching if their search cost ¢ satisfies

As p! (1) increases with r, so does ¢ (r).

When they do not have a match, consumers’ expected probability of a match with
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the other product becomes:

, (1 — py) pg + (1= 7) (1 — pig) 1y
i (r) (=) + (=) (1—py)

which decreases®” from i, to p, as r increases from 0 to 1 and, for r = 1/2, coincides

with the updated probability in the absence of positioning, namely,

o _ Myt g — 2pq iy
2 — iy — po

L

All active consumers will indeed choose to inspect the second position if the first
inspection does not produce a match if ¢ (r) < f?(r)s™. We know that this holds in

the absence of positioning, that is, for r = 1/2. Conversely, for r = 1 we have:*®

N(l) _ T+ o _M1N2Sm

Co 2— 1, > p1ps™ = 7 (1) 8™

As ¢l (r) increases with r whereas ji? (r) is a decreasing function of r, it follows that
there exists 7 € (1/2, 1) such that all consumers who start searching keep searching until
finding a match as long as r < 7.

In this candidate equilibrium, each match generates an expected profit 7" and con-
sumer surplus s™; as there are G (gév (r)) consumers who start searching, and each one
obtains a match with probability M, the total expected profit and expected surplus are

respectively given by
IV (r) = G (& (r)) Mar™ and SN (r) = G (¢ (1)) Mas™.

As ¢} (r) increases with r, so do the expected profit and consumer surplus; further-
more, they coincide with the no positioning equilibrium values when r = 1/2. The
threshold 7 is such that ¢’ (r) = i (r) s™, which yields:

VI
V1= + V1= gy

7=

It is therefore decreasing in p,, and increases from 1/2 to 1 as p; increases from p, to 1.

1-py .,
I—py”

the best (i.e., least noisy) one boils down to random positioning when the two products

Hence, the set of noisy positioning equilibria expands with the (un-)popularity ratio

37To see this, note that fi? (r) is a weighted average of p; and py, < pq, with a relative weight on .
that increases with 7.
38The inequality amounts to

Py g = Hyfly > 2y = fiyfly == fy > [ly.

53



have a similar popularity (i.e., 1y = p5), and converges to pure positioning as p, tends
to 1.

We now check that the firm has no incentive to deviate.?® To see this, suppose that
it does, and offers products i at price p! in slot 1, and product j at price p? in slot
2. As before, the deviation does not affect consumers’ decision about whether to start
searching; hence, consumers with search cost ¢ > ¢ (r) do not search, whereas those

with ¢ < ¢ (r) start searching by inspecting slot 1. Furthermore, with passive beliefs:

e in the absence of a match, observing an unexpected price does not affect active

consumers’ search behavior, who thus keep searching;

e in case of a match, they inspect slot 2 if ¢ < HQ (r) (max {v, p*} — p™), and stop
searching if ¢ > pi? (r) (max {v,p'} — p™), where

NQ (r) = Ty g + (1 — ) fgfly
- Ty + (1 —7) iy

b

Following again a similar approach as in the proof of Lemma 2, let E [II|c, m] denote
the expected profit (with respect to the realized valuation v) obtained from active con-
sumers with cost ¢, given the search behavior just described, and taking as a given the
match sequence m = (mq, msy) that they would face if they were to visit both slots. As all
active consumers keep searching until finding a match, consumers who would have a match
only with the product allocated to slot i now generate an expected profit 7 (p') < n™. If
instead they would have a match with both products, then, following the same steps as

in Appendix G for the proof of Proposition 8 yields:

Elllle.(1,1)] < m(p') if p' <p*ore>p?(r) (' —p™),
U T n ) ifpt>pPand e <2 (r) (pt - pM),
< 7.

Hence, following the deviation, the expected profit obtained from active consumers

(i.e., those with cost ¢ < ¢ (1)) is given by:

¢y ()
/ {1 (1= py) B Mle, (1,0)] + (1 — ) B [, (0, )] + pogy; B [le, (1, 1)]} G (e)
0
<G (e (M) [1= (= p) (1= p)] =™
where the last expression is maximal when the firm selects the two most popular products

(i.e., T = {1,2}), and then corresponds to the candidate equilibrium profit II* (r); the

deviation is therefore unprofitable.

39By the argument in footnote 36 it suffices to check for deviations in pure strategies.
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To conclude the proof, the same reasoning as at the end of the proof of Proposition
8 can be used to show that it is not profitable to offer other products than the two
most popular ones. To see this, consider a candidate equilibrium in which the firm
offers at monopoly prices a set of products with random positioning, in such a way
that if offers some product k& ¢ {1,2} with positive probability €, and does not offer
product i € {1,2} with positive probability ¢;. Replacing product k& with product j with
probability min{e;, ¢,} would be undetected by consumers, who would therefore stick to
the same search behavior, and would increase the expected profit of the firm by increasing
the overall probability of a match.

Summing-up, we have:

e Proposition 7 characterizes all the equilibria with passive beliefs and monopoly

pricing in which the products are uniformly randomly assigned to slots (i.e., r =

1/2);

e Proposition 8 characterizes instead all the equilibria with passive beliefs and monopoly
pricing in which the products are deterministically assigned to slots (i.e., r = 1);

and

e the above analysis characterizes all the equilibria with passive beliefs and monopoly
pricing in which the allocation of products to slots is a non-degenerate lottery that

is not uniform (i.e., 1/2 <r < 1).

I Proof of Proposition 10

We suppose here that slots are indistinguishable (i.e., the positioning technology is not
available) and the firm has chosen to offer the two products (i.e., n = 2). As mentioned
in the text, to simplify the exposition and avoid discussing out-of-equilibrium beliefs in
case the firm were to deviate and disclose the identity of unexpected products, we further
assume that only two products are available; it is therefore common knowledge that the
firm offers the two most popular products (i.e., Z = {1,2}, and we study the continuation
equilibria in which the firm charges monopoly prices (i.e., p1 = p2 = p™). We denote
by §; the probability with which the firm discloses the identity of product ¢ = 1,2 upon
inspection.

Consider first a candidate equilibrium such that ; < do = 1. Observing that the
identity of the first inspected product is undisclosed then reveals that it was product
1; hence, in any such equilibrium, active consumers fully learn the identity of the first
inspected product. Intuitively, marginal consumers (i.e., those consumers indifferent
between starting a search or not) will be willing to keep searching, in the absence of a

match on the first inspection, only when becoming more optimistic about the product
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assigned to the remaining slot, that is, when encountering the less popular product on

their first inspection. Hence, the marginal cost threshold satisfies:

1 m 1 m m
C:§M13 +§[M23 + (1 = pag) (g 8™ — ¢)]
1 —
@c:g§EM1+M2+( Nz)ﬂlsm'

3 — Hy
As cP is strictly increasing in y; and i, we have:

m

pos™ = 3 "

D _ D
<& <§2| =S,

}M:Mz H2=H1

thus validating the working assumption that marginal active consumers keep searching
only when expecting to find product 1 in the remaining slot. It can moreover be checked
that, compared with the equilibrium that arises in the absence of disclosure, more con-

sumers now start searching:
D gy (U= ) fy g g — g fy
3 _ /112 2 1 2#2

(2 - #2) (1 - Ml)
(3= p1g) (4 — py — py

)Uq—wﬁm>0

This candidate equilibrium thus yields an expected profit equal to

G (gs™)

9 (1= pg) pom™

1 m 1 m m m
n = G(gé)) {5#17 +§[N27T + (1= po) ]}77 +

= G (25) (lh + (1 —pq) %) ™" + G (pp8™) wwm‘

We now check that the firm has no incentive to deviate. To see this, suppose that
it does and offers products 1 and 2 at prices p; and p,. As the deviation does not
affect consumers’ decisions about whether to start searching, consumers with search cost
¢ > cb do not search, whereas those with ¢ < ¢ start searching and inspect either
product with equal probability. Furthermore, with passive beliefs, consumers’ decision to
make a second inspection depends on the disclosure outcome of their first inspection only
through their expectation about the identity of the remaining product; specifically, if the
first product was disclosed to be product 2, then they expect to encounter product 1,
offered at the monopoly price; otherwise (i.e., in the absence of disclosure, or if disclosure
reveals that they first inspected product 1), consumers expect to encounter product 2

offered at the monopoly price. Therefore, after the first inspection:
e In the absence of a match:
— if disclosure reveals that the first inspected product was product 2, then con-
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sumers expect to encounter product 1 offered at the monopoly price and, as

c? < pys™, all active consumers inspect the remaining product;

— otherwise, they expect to encounter product 1 offered at the monopoly price

and thus inspect the remaining product only if their cost lies below f155™ (< b ) .

e In case of a match at the expected monopoly price, consumers stop searching and

buy if their valuation exceeds the monopoly price.

e In case of a match at an unexpected price p', consumers inspect the remaining
slot only if their cost lies below ¢ < p? (max{v,p'} — p™), where p? = p, if the

inspected product was disclosed to be product 2, and p? = u, otherwise.

Adapting the approach of used in the proof of Lemma 2, let E'[II | ¢, s, m, d] denote the
expected profit (with respect to the realized valuation v) obtained from active consumers
with cost ¢, given the search behavior just described, the product sequence s = (s1, s5) €
{(1,2),(2,1)} and the match sequence m = (mq,ms) € {0,1}> that they would face
if they were to visit both slots, and the disclosure outcome § € {0,1,2}. Consumers
who have a match only in their first inspection (i.e., m = (1,0)) at price p* € {p1,p2}
generate an expected profit 7 (p!) < 7™. Those who would have a match only in their
second inspection (i.e., m = (0,1)) at price p*> € {p;,p2} generate an expected profit
7 (p?) < 7™ if product 2 is disclosed in the first inspection (i.e., § = 2), otherwise (i.e.,
d € {0,1}) they generate that expected profit only if they have a cost ¢ < p,s™. For
consumers that would have matches on both inspections (i.e., m = (1, 1)), the following

possible cases arise:

e If they expect to encounter product 2 on the second inspection and ¢ > pi,s™:
E [H‘Q S, (17 1) 76] =7 (pl) <7

o Otherwise, letting (p',p?) € {{p1,p2},{p2,p1}} denote the price encountered on
the first and second inspections, and letting y? denote consumers’ updated beliefs

about the probability of a match with the remaining product:

— If p! <p? or ¢ > p? (p' — p™), then consumers buy at p! if v > p', and do not

buy otherwise; we thus have:
E [H|Ca S, (17 ]-) 75] =7 (pl) :

— If instead p' > p? and ¢ < p?(p* —p™), then consumers never buy at p':
consumers with a match on the first slot and v > p' continue to search, and

thus end-up buying at p2. It follows that consumers who buy do so at ps; as
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consumers would not buy if their valuations lie below p?, we then have:
ElMle,s,(1,1),0] = 7 (5?).

Hence, we have F [Il|c,s, (1,1),6] < ™.
To check that the deviation cannot be profitable, it suffices to note that:

e The deviation does not affect the number of active consumers and, from the above,
cannot increase the profit generated by consumers that would have matches on both
inspections, or a match on the first inspection only. As for consumers that would

have a match on the second inspection only:

— deviating on prices cannot increase the profit generated by those who make

that second inspection;

— deviating on disclosure cannot increase profit either: disclosing the identity
of product 1 would have no impact (consumers would anyway expect to find
product 2 in the next inspection), and not disclosing the identity of product 2
would reduce profit, by making consumers more pessimistic about the identity
of the other product, thus inducing consumers with cost ¢ > p,s™ to stop

searching.

We now turn to alternative candidate continuation equilibria. Consider first a can-
didate equilibrium in which §, < d; = 1. After a first, unsuccessful inspection, if the
identity of the product is undisclosed then consumers infer that they inspected product 2
and stop searching if their cost exceeds p,s™. But then, the firm would better not disclose
the identity of product 1, so as make consumers believe that they inspected product 2
and induce them to keep searching as long as their cost does not exceed ;5™ > pys™. A
similar argument applies to to candidate equilibria in which 6; = d; = 1. By deviating
and not disclosing the identity of product 1, consumers’ passive beliefs would lead them
to become more optimistic and keep searching more often. Specifically, consumers who
inspect product 1 first would then expect the remaining product to deliver a match with
higher probability (namely, (1, + p5) /2 > p5), which in turn raises the cost threshold
under which they keep searching in the absence of a match.

Consider now a candidate equilibrium such that §; = d; = 0. As product identities
are never disclosed, consumers’ behavior is then the same as in our baseline setting. In
particular, consumers who start searching keep searching. It follows that, indeed, the
firm does not have an incentive to deviate and disclose the identity of the products: by
construction, this cannot affect consumers’ decision about whether to start searching,

and may only induce some of them to stop searching in the absence of a first match.
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Finally, consider a candidate equilibrium such that §; = 0 < d, < 1. It must be the
case that all active consumers keep searching in the absence of a match with the first
inspected product. Otherwise, the firm would have an incentive to disclose the identity
of product 2 with probability 1, so as to make consumers more optimistic. But then, any

“no disclosure” equilibrium

such equilibrium induces the same consumer behavior as the
01 = 05 = 0. Conversely, to induce consumers to keep searching, the probability of
disclosing product 2 should not be too large, so as to ensure that consumers remain
sufficiently optimistic in the absence of disclosure. Specifically, in the absence of a match
on the first inspection the posterior belief, which we will denote by fi, (d2), should be
sufficiently optimistic that marginal consumers (i.e., those with seach cost ¢ = ¢,) are

willing to keep searching. The posterior belief if given by:

fiy (02) = %(1_Ml)u2+%(1_62)(1_“2)/‘1 :M1+U2_2N1N2—M1(1_M2)52
2 %(1_M1)+%(1_M2>(1—52) 1_M1+(1_M2)(1_(52) >

which is decreasing in ds:

i:_ (1= pg) (= po) (py — o) <0

Aoy (1= iy + (1= ) (1= 63))°

Hence, as d, increases, ji, (02) decreases from

-2
ﬂ2 (0) — M12+ 125) g
— Mo — g

to fis (1) = py. From Proposition 1, we know that ¢, < fi, (0) s™, as consumers who

start searching then keep searching; conversely, it is straightforward to check that ¢, >

fig (1) ™ = pgs™:

Co _ Mt Ry (1 — p2) (2 — o)

= > 0.
s : 2_% ’ 4=y —

It follows that there exists dq € (0,1) such that, as long as §, < 32, consumers who start

searching keep searching in the absence of a match.

J Proof of Proposition 11

Establishing existence is straightforward given our earlier results; we therefore provide
only a brief sketch of the proof here. First, consumers have no incentive to deviate. In
the equilibria in which the firm uniformly randomizes over the slot allocation, consumers
are indifferent as to which slot to inspect first. Moreover, in the equilibria described in

part 1 of the proposition, the probability of disclosure of product 2 is “sufficiently small”
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that—in the absence of disclosure and of a match on the first inspection—each consumer
still puts a high enough probability on the event that the inspected product in slot 1 is
the less popular product, which ensures that he is willing to inspect slot 2.4C The firm has
no incentive to deviate either. As before, a deviation on the slot allocation would not be
observed by consumers and thus would have no effect on consumer participation. In part
1 of the proposition, active consumers keep searching until finding a match; hence, the
firm cannot improve upon the outcome by changing the slot allocation or the disclosure
policy. In part 2, active consumers randomize over which slot to visit first; hence, the firm
is indifferent as to which product to allocate to which slot. Moreover, the firm cannot
benefit by changing its disclosure policy: disclosing or not product 1 does not make a
difference to consumer behavior, and disclosing product 2 is strictly optimal as consumers
without a match upon the first inspection would otherwise stop searching.

We now show that there do not exist other equilibria. W.l.o.g., we confine attention
to r > 1/2. Note first that any (monopoly-pricing) equilibrium must have the property
that there exists a cutoff type ¢ € (158™, p1,5™] such that consumers with search costs
¢ < c inspect at least one slot whereas those with search costs ¢ > ¢ do not inspect any
slot. Consumers with search costs ¢ < p,s™ will continue searching until finding a match,
no matter what the disclosure policy (on or off the equilibrium path); the order of their
search depends only on the equilibrium value of r: If » > 1/2, all of these consumers
necessarily start by inspecting slot 1 first; if r = 1/2, they are indifferent.

Let 0, the probability that the firm discloses the identity of product ¢ when allocated
to slot k.

We start by noting that there cannot be an equilibrium with » = 1. In such an
equilibrium, all active consumers with search costs ¢ > p,5™ would stop searching after
inspecting slot 1. The firm could thus profitably deviate by setting » = 0 (i.e., allocating
product 2 to slot 1) and disclosing the identity of product 2: all consumers who do not
have a match with the product in slot 1 would then choose to inspect slot 2, knowing
that product 1 is allocated to that slot.

It follows that, in equilibrium, each product is allocated to both slots with positive
probability. Next, we claim that any equilibrium must have the following properties.
First, any slot j is inspected first by some consumers with search costs ¢ > 1,5™, then
either d2; = 1, in which case consumers fully learn the identity of the product and
consumers with search costs ¢ > ,5™ stop searching in the absence of a match, or else
d1;, = 0 and d9; is small enough(possibly zero) to ensure that all consumers continue
searching in the absence of a match. Second, if both slots are visited first by some
consumers with search costs ¢ > j1,5™, then either do; = 092 = 1 or else 917 = 012 = 0 and

021 and d99 are both sufficiently small that consumers continue searching in the absence

40Recall that if the probability of disclosure is zero, then for any r < ¥ any active consumer who does
not have a match with the product offered in slot 1 has a strict incentive to continue searching.
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of a match, regardless of which slot they inspected first.

To this end, suppose first that there exists a slot j that is inspected first by some of
the consumers with search costs ¢ > u,s™ and that, with positive probability, some of
those consumers stop searching in the absence of a match. Then, we must have d9; = 1.
Suppose otherwise that dy; < 1. If some of these consumers were to stop searching in
the absence of disclosure, then the firm could profitably deviate by increasing ds; so as to
induce consumers who inspected product 2 to keep searching. Therefore, all consumers
must continue searching in the absence of disclosure. It is then optimal for the firm to
set 01; = 0, so as to ensure that all these consumers keep searching. We thus have a
contradiction: no matter which product is allocated to slot j, all consumers continue
searching in the absence of a match.

Suppose now that there exists a slot j that is inspected first by some of the consumers
with search costs ¢ > 11,5 and that all these consumers continue searching in the absence
of a match. Then, d;; = 0 as otherwise all consumers with search costs ¢ > p, would stop
searching after product 1 is revealed to be in that slot; moreover, d,; has to be sufficiently
small so that all of those consumers without a match are still willing to continue searching
when nothing is disclosed.

Second, suppose that slots 1 and 2 are both visited first by some consumers with
search costs ¢ > f58™. If 09 = 1 for j = 1 or j = 2, then dy1 = a2 = 1. To see
this, suppose otherwise that d2; = 1 but d9;, < 1. By the first property just established,
this means that in the absence of a match on the first inspection: (i) consumers with
search costs ¢ > j15,5™ who visit slot j first stop searching whenever product 1 is allocated
to that slot; by contrast, those who visit slot k first all continue searching. But then
the firm could profitably deviate by allocating product 1 with probability 1 to slot k
without disclosing its identity, together with disclosing the identity of product 2 whenever
consumers inspect slot j. But this contradicts our earlier finding that there does not does
exist a pure positioning equilibrium (i.e., we cannot have r = 0 nor r = 1).

Note that this implies that if slots 1 and 2 are both visited first by some consumers
with search costs ¢ > 158" and dy1 = d22 = 1, then we must have r = 1/2 as otherwise,
if r > 1/2, all active consumers would inspect slot 1 first.

Finally, note that this also implies that if d5; = 1 for only one slot j (i.e., do; < 1), then
slot j must be the slot that is visited second by all consumers (i.e., given the convention
that » > 1/2, it must be slot 2), and the disclosure policy in the slot that is visited
first (i.e., slot 1) is non-revealing, so that all active consumers continue searching in the

absence of a match.

61



K Proof of Proposition 14

Suppose that the platform chose a size n > 1 in stage 1. We show that, in the proper
continuation subgame that starts in stage 2, the following beliefs and strategies, in which
7¢(n,7) denotes an arbitrary set of sellers of size 7 and Z; (Z) denotes an arbitrary

constitute a PBE with passive beliefs:

e In stage 5, for any number 7 of sellers present on the platform (“active sellers”

hereafter), consumers:

— expect the set of active sellers to be Z,, if n = n and Z¢ (n,n) if 7 < n, and
expect all products to be offered at the monopoly price p™ (regardless of the

prices they actually encounter);

— start searching if and only if their cost is lower than ¢ (Z¢ (n,n)), where

where M (Z) and N (Z) are respectively given by (1) and (3) — in particular,
c(Z,) =c

regardless of the prices they encounter);

¢,— in which case they keep searching until finding a match (again,

— upon finding a match, stop searching if they the associated price does not
exceed the monopoly price, in which case they buy if their valuation exceeds
the associated price (if the associated price exceeds the monopoly price, they

keep searching if their search cost is low enough).

e In stage 4, for any set Z of sellers approached in stage 2 and any number n of active

sellers, each of these sellers:
— expects charges the monopoly price p™ and expects the others to do the same.
e In stage 3, for any Z:

— the platform offers each seller i € 7 to host it for a fee ¢, (7) = G (¢,) & (Z) 7™,

where

-1
(D)= (14 z C Y ey )|

Jew ()

Q
|||

denotes the probability that a consumer has his first match with product ¢ € Z,
and P{(Z) denotes the set of subsets of Z that are of size & < n and do not

include product ;
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— each seller i € 7 expects all other sellers in 7\ {i} to join the platform, is

willing to pay up to ¢, (Z) for joining the platform, and accepts the platform’s

offer.

e In stage 2, the plaftorm approaches the sellers of the n most popular products:
=1,.

We start with the last stage. For any n < n, as consumers expect a uniform price
and have passive beliefs, after & unsuccesful inspections their updated match probability
is given by ay (Z¢ (n,n)), which, from Lemma 1 increases with k; hence, if they found it
desirable to start searching, they are willing to keep searching — see the proof of Propo-
sition 1. Upon finding a match, however, they stop searching if the associated price does
not exceed the monopoly price, as they do not expect to find a better price; by contrast,
if the associated price exceeds the monopoly price, the prospect of finding a lower price
induces consumers with low enough search costs to inspect additional products. Hence,
consumers who start searching expect to find a match with probability M (Z¢(n,n))
and anticipate an expected number of inspections given by N (Z°¢ (n,n)); it follows that
consumers are willing to start searching if and only if ¢ < ¢ (Z¢ (n,n)).

Moving to stage 4, it is straightforward to check that, for any 7 and any n < n, no
active seller has an incentive to deviate and charge p # p™: this would have no impact
on the number of visits (active consumers visit the seller if and only if they do not have
a prior match with another seller, regardless of the price actually charged by the seller)
and would strictly decrease the expected profit per visit: as a consumer would not buy
if there is no match or his valuation is lower than p, this expected profit per visit cannot
exceed p,;p [l — F (p)] = p;m (p) < p;m (p™) (in addition, raising the price above p™ may
induce some consumers with v > p to inspect additional products and eventually buy
from another seller).

We now turn to stage 3. As seller ¢ € Z expects all other sellers in Z to join the
platform, if it also join the platform it expects consumers to observe n = n and thus to
become active if their search costs lies below ¢ (Z,,) = ¢,,; hence, its expected profit from
joining the platform is given by ¢, (Z) = G (¢,) & (Z) 7™, and it is thus willing to pay up
to &Z (Z); conversely, as acceptance decisions are private, the platform finds it profitable
to make an acceptable offer to every seller ¢« € Z, and the most profitable of these offers
is precisely given by &, (Z).

Finally, consider stage 2. Given the above continuation strategies, approaching a set

7 of sellers gives the platform an expected profit equal to obtains

> 6,(1) =G le,)Y ol (T) 7™ =G (c,) M (T) 7™

€T 1€l

The conclusion then follows from the fact that M (7) is maximal for 7 = Z,,.
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Online Appendix for
Consumer Search and Choice Overload

A On the Multiplicity of Equilibria with Passive Be-

liefs

In this section, we construct an equilibrium for the case where n = 2 in which the firm
offers its products at different prices. For simplicity, we assume that all consumers who
start searching face the same search cost, c. All other assumptions are as in the baseline

setting of Section 2.

A.1 Candidate Equilibrium

We consider a candidate equilibrium in which the firm offers products 1 at the monopoly
price (p; = p™) and product 2 at a moderately lower price (p5 < p™), in such a way that
product 1 still generates the greater expected surplus: p;s™ > 55, where s5 = s (p}).
In what follows, we fix (F'(+), iy, and) the equilibrium price p}, and characterize the
relevant range of ¢ and p, for which there exists such an equilibrium; the above condition

amounts to:
Sm

ps™ > 1y = piy < Jly = fy - (13)

2
We further focus on an equilibrium with passive beliefs in which consumers make a first
inspection, and then inspect the remaining product only if they observe pj and have no

match. To ensure that consumers start searching, we must have:

1 m 1 * m
c < s A 5 [Hess A (1 — pg) (111 8™ — )]

2 2
(2 — pg) py8™ + M23§. (14)

= c<i(uy) = T
2

For the second inspection decision we must have:

e In the absence of a match at the first inspection, upon observing an unexpected

price p ¢ {p™, p3}, consumers stop searching:

(1 - M2) py 8™+ (1 — ,Ul) oSy
2= 1y — fig

(15)

¢ > ¢(py)



To ensure that this condition is compatible with (14), we will assume that!

1

< —.
My 5

Altogether, the above conditions yield:

fas™ < € (pg) < E(pg) < pys™.

m

It follows that consumers stop searching if they observe p = p™ (as p;s™ >

(¢ (ug) >) ¢), and keep searching if instead they observe p = p} (as pysy < (¢ (1y) <) ).

e After a first match, consumers stop searching. This is obviously the case if they
observed p = p} < p™; if instead they observed p ¢ {p™, p3}, this holds if they stop

searching even when p is prohibitive (i.e., such that s (p) = 0), which amounts to:

s+ sS4
> o fby K1 So
oy T oy

and is implied by (15).? Finally, if they observed p = p™, this requires:
¢> () = po (P = p3)

It follows that all the above conditions are satisfied if py < fiy and ¢ € (¢ (ps), ¢ (145)),

where:
c(pg) = max {¢(p) , ¢ (119)} -

As 1, goes to zero, ¢ (pi,) tends to ¢ (0) = p118™/ (2 — py), whereas ¢ (115) tends to 24, 5™ /3,
which exceeds ¢ (0) for p; < 1/2; hence, for any given p; < 1/2, there exists a non-empty

search cost range for p, small enough.

A.2 Possible Deviations

In the above candidate equilibrium, the firm obtains an expected profit equal to:

I = o™ + ) (o7 + (1 = pg) py 7]
_ (2 = p1g) iy ™ + pom;
2 Y
'We have:
L —2py + piypig

¢ (pg) — ¢ (po) = ( ) (py8™ — pgs3) >0,

3= o) (2= py — iy

where the inequality follows from (13) and p; < 1/2.
2We have: . . . .
P S A ppass (B — pg) (118™ — p1983)

¢(pa) = > 0.
? M+ o (2 = g — po) (pq + o)




where 75 = 7 (p}). As p, goes to zero, this expected profit tends to
I; = py ™.
We can distinguish three types of deviation, depending on which prices are affected.

A.2.1 Single deviation on p,

A single deviation on the price of the product 1 from p™ to p; ¢ {p™, p2} does not affect
consumers’ search behavior: they stop searching after the first inspection unless they
encountered p; and had no match, as along the equilibrium path. It follows that such
deviation cannot be profitable, as it simply replaces the monopoly profit 7" with a lower
profit w (p1) < 7™ in case of a match with the product 1.

A single deviation from p; = p™ to p; = p; induces instead consumers to keep
searching in the absence of a match (and stop searching otherwise); hence, it yields:

A

]- * * ]' * *
= 2 [y 75 + (1 = p1y) pom3] + 2 (o7 + (1 = p1g) py 73]

= [Nl + o — M1M2] 5.

We have:
* s 1 m 1 * m
I" -1 = gHm +§[N27T2+(1 — [g) "]
1 * * ]' * *
5 [y 75 4 (1 — pag) poms] — 5 [o7s + (1 — fig) 1y 73]
_ (2 - N2) M1 (Wm - 773) - (1 - /h) HoTs
5 .

This deviation is therefore unprofitable as long as:

(2 = pg) puy (7™ = m5) > (1 — pq) pos. (16)

As i, goes to zero, the left-hand tends to 2u, (7™ — 7%) > 0 whereas the right-hand side

tends to 0. Hence, there exists ji, such that this deviation is unprofitable as long as

foy < fly-

A.2.2 Other deviations

Deviating on the price of the second product — in isolation or combined with deviating
on the price of the first product — induces all consumers to stop searching after the first
inspection, regardless of whether there is a match; hence, a deviation to (pi, p2) (where

p1 = p™ in case of an isolated deviation on py, and p; # p™ in case of a simultaneous



deviation on both prices) yields:

~ 1 . 1 -
= o™ (1) + ot (P2) -
Using 7 (p;) < 7™ and 75 > 0, we have:
* ] 1 m 1 m 1 m 1 m
=11 2 g™+ 5 (L= p) iy @™ = ™ — S pipm
ﬂ.m
= (1 — (1 + 1) o) R

It follows that this deviation is unprofitable whenever

po < iy =

A.3 Existence

For any i, € (0,1/2) and any p} < p™, the above strategies constitute an equilibrium for
any fiy € (0, min {fiy, fly, f1p}) and any ¢ € (¢ (pz) , € (115))-

Hllustration: Suppose that match valuations are uniformly distributed over [0, 1]; we

have: )
1-p
m(p)=p(—p) ands(p):( 5 ) ,
and thus:
D —2,3 —8an T =T

3
m o= A=l =1
and: )
_ s A Iz
8 1 — 1
o =g = <M=
35 9 1+ py

Condition (16) amounts to:

0 < [2=p)p (7™ —m3) — (1 — ) M27T§]ﬂm:§,7r;:i
1 3 1
= g/h - 1_6M2 + §M1M2
241
3—2u

&y < flg =



where [i, also exceeds [iy:

- - 2 Ay 2 (3 +4p)

— iy = L=l U s,
Mo =l = 3o T 9 T 9B 2m)
Finally, we have:
e(ny) = {(1 — o) 8™ + (1 — p1y) msz} 4 9, — 13,
i 2= g — iy sm=1s5=2 32(2 — py — ps)
~ . mo_ ok . &
Clia) = [u2 (0" = P2)pmoy ot = 7
_ (2= ) 8™ A eSS 8y + 9y — Ay
() = =
3 — Hy gm=1g1=9 32 (3 — puy)

As expected, ¢ (f15) > ¢ (f15):

8py + Oty — dpypty  Apy +9pp — gy (4py — Iptg) (1 — 209 + sy 1)

32 (3 — py) 822y —pp) 322y —py) B—py)
where the right-hand side is positive for p; € (0,1/2) and py € (0,44,/9). In addition,
¢ (pg) > ¢(py) as long as:

8y + Oy — dpgpty  prp 8y — 151y + 83 — dpuypuy

0 > ——= =
32(3 — po) 4 32(3 = py)

15 + 4pq — /225 — 136, + 1642
16

Sy < i =

where the threshold i, exceeds fiy:

o 15+ dpy — /225 — 1360, + 16p7 4y,
fig = [l = 0
16 9
15 — 2y, — /225 — 1364, + 1643
16
(15 — 24,)* — (225 — 1364, + 1642

16 (15 — 2B 4 /225 — 136, + 16;&)

.1 fiy (27 — 4py)
1296 15 — 28,1, + /225 — 1364, + 1643
> 0,

where the inequality stems from the fact that the numerator and the denominator of the
last expression are both positive for any u, € (0,1).

It follows that, for p5 = 1/4, there exists an equilibrium such as described above

for any py € (0,1/2], any i, € (0,441/9) and any ¢ € (c(py),¢(py)), where c(py) =

5



max {C () , ¢ (f12) }-

A.4 Profitability

The above equilibrium can be more profitable than the monopoly price equilibrium, by
encouraging more consumers to search. The upper bound on the search cost, given by

(14), is indeed lower than that for monopoly pricing, which is given by:

My .
Co = —358
=2 N2 9
where
_|_
My = iy + pg — pyfiy andN2:2—%.

Indeed, we have:

(2= pi) 8™ + 11285 pt pp — futty

c —Cy =

(H2) — €5 3— 1, 1+1—2u1 +1—2u2

N C el ) el O el Sl VR
3 — 1+ + 5
2=y g =y
= (I—p) s"
V3= A — g —

> 0.

It follows that, in the above illustration, for any ¢ € (max{c (), ¢y}, ¢ (12)):

e the monopoly pricing equilibrium would generate no search, and therefore yield zero

profit.?

e by contrast, the above equilibrium induces all consumers to search, and yields a

positive profit.

B Properties of the Average Inframarginal Cost

We show here that the average cost of inframarginal consumers, ¢¢(c), is proportional to
the cost of the marginal consumer, ¢, if and only if G (¢) = (¢/¢)” for some a > 0. Using

integration by parts, we have:

c“(e) _ Jy z9(x)dx _cG(e)—T(e) _ - I'(c)
c cG (c) cG (c) G (c)’

3 Although the firm is there indifferent about the product portfolio and its prices, introducing an
infinitesimal number of consumers with low enough search costs would not materially affect the analysis
but would eliminate this indifference.



where I (¢) = [ G(x)dz denotes the primitive of G (¢). For ¢?(c) to be proportional to
¢, the ratio ¢(c¢)/c must remain constant; the above equality therefore implies that the

ratio I'(¢)/cG (¢), too, is constant. Hence, there exists o such that

G (c) _ 1+«
' (c) c

Solving this differential equation yields:
logI' (¢) = (1 + a)logc+ loghb,

for some constant b, or:
[ (c) = bt

and thus:
G(c)=T"(c) = (1 +a)bc.

The function G (¢) must be increasing in ¢, which requires « > 0, and it must be equal

to 1 for ¢ = ¢, which determines the constant b, and leads to G (¢) = (¢/¢)".

C Proof of Lemma 4

Fix p, € (0,1) and denote by n the percentage reduction in the probability of a match
for the second product; that is:

=
n:% =y =(1—1n)p.
1

The profit achieved with n products is given by

Therefore:
e for n =1, we have M; = py, Ny =1, ¢; = p48™, and thus

Il = G (py5™) py 7™,

e for n =2, we have:



My = 1—(1—py)(1=pg) = (2= pg — (L= p) m) o,

1— + (1 -
N, = 1+( fi1) + ( M2):2—M1+ﬂ777
2 2
1—py
2y — (1= py)n 1=
G = : T ! Mlm_—ufl e 8™,

s =
2—[11—1—7?7 1—’—2(?#1)77

leading to:
—lmg,
2— m m
=G 1—uih/i13 (2= pg — (1= py) ) py ™.
pEc=mi
Hence, n = 2 dominates n =1 (i.e., IIy > II) if and only if:

1—p

2—/1177

s 2= — (L= ) ) = G (™) > 0.
IR c=mil )

¢ () =G <
The function ¢ (n; i) satisfies:

¢O0;p1) = (1—pq) G (py8™) >0,

o175 L ) e = e (2 s
o) = G {1 ) = Gl =G () < G ) <0,

2(2—pq)

where the first inequality stems from g, € (0,1) and the last inequality follows from
2/(4—py) <2/3 <1 for pu, €(0,1). The function ¢ (n; ;) is moreover decreasing in 7,
in the range n € [0, 1]:

1-py 2
O¢ L=\ 2(2— pg)? pys™
o, ) @omlms™ o 1)

— ) = —g| ——F—ms
an 1+ 55 (4= 20y + )
1— =ty
2—pq m
(=) G| s
L+ iy
< 0.

It follows that, for any u, € (0,1), there exists a unique 7 (¢t;) such that ¢ (7 (uy); py);
it is then strictly better to offer two products rather than one if < 7 (), and strictly
better to offer one product rather than two if n > 7 (x;). The continuity of the density

g(+) ensures that 7(p,) varies continuously with y,. Furthermore:

e for iy = 1, we have:



implying that 7 (1) = 0;

e for i, = 0, ¢(-;0) = 0; hence, as p, tends to 0, the first-order approximation of
¢ (13 py) is given by:
¢ (13 p1y) = %(W;O)ul = [T — 11 9(0) iy 5™,

1

It follows that, as p, tends to 0, 7 (i4) tends to the solution to:

(2—n)?

—-1=0
2 )

that is:*
lim ) (1) = 2 — V2 ~0.585

Hyp—

D Profitability of Monopoly Pricing Equilibria

We consider here the case where positioning and/or disclosure are available, and provide a

comparison of the profits obtained by the firm in the various monopoly pricing equilibria

that may arise. As the random positioning equilibrium characterized by Proposition 7 is

a particular case of a noisy positioning equilibrium, we focus on the pure positioning equi-

librium characterized by Proposition 8, the best noisy equilibrium among those identified

by Proposition 9, and the disclosure equilibrium (with either no or random positioning)

characterized by Propositions 10 and 11. The pure positioning equilibrium generates an

expected profit equal to

7 = G (1) ™ + G () (1 = pag) ppm™,

where

c1 = 8" and ¢y = puys™.

By contrast, the disclosure equilibrium generates an expected profit given by

1
m’ =G (95) (Nl + (1= pq) %) ™ + G (ca) —( 51) 'u27rm,

where

D_M1+M2+(1_M2)M1 m
G = S
3=ty

S (CQ, Cl> .

4We focus here on the relevant solution: the other solution is equal to v/2 4+ 2 and thus exceeds 1.



Finally, the best noisy positioning equilibrium generates a profit equal to
% (F) = G (c5 (7)) Mam™,

where

M = piy + pg — pa o,
is the overall probability of a match and

N My
Coy (T)—m

S’I’I’L

is the cost of the marginal searcher, where
Ml (7) =Ty + (1 —7) py

denotes the expected probability of a match on the first position.
As r = 7 is such that a consumer with search cost ¢ (7) is not only indifferent between
participating or not, but also between inspecting or not the second position if the first

one does not produce a match, we have:

M.

N =\ __ 2 mo_ 1/=\.m

%) (T)_2—,U,1(7:)8 2 (T)S )
leading to:

& (1) = (u' (1) s™ =)(1 = /1 — My)s™.
Note that
D _ (2—py)c1 + e
3= lho

G =
can be expressed as a weighted average of ¢; and ¢y, with positive weights on both

thresholds. The same applies to ¢ (7) = p! (7) s™. Therefore
¢y <min{cf, ¢} (M)} <max{c), &) (F)} <er.

The last inequality implies that the pure positioning equilibrium generates the greatest
participation. Among the other two equilibria, either one can generate greater participa-

tion:

Lemma D.1 We have:

3 — 3y + 413
(2 - M2>2

(P2 <= 1y 2 6(u,)

Y

where ¢ (f15) increases from 3/4 to 1 as uy varies from 0 to 1

10



Proof. We have:

N M1+M2+(1_M2)M1

> o (F) <= 3, >1—+/1— M,
2

= B—p) V1= Moy>3—py— (g + po+ (1= po) )] = 3+ pypty — 215 — 2111 (> 0)
= (3= )" (L= py — pig + o) > (B4 papiy — 245 — 2p17)°
= (i — 1) (15 = 3pp — Ay + dpigpiy — iy +3) >0

3 — 3y + 3
PN . LRI YNY

(2 = po)

Conversely, ¢l < ¢ (7) if and only y; > ¢ (i) ®

Building on this, the next proposition shows that any of the three types of equilibria
can be the most profitable:

Proposition D.1 (most profitable equilibrium) Suppose that positioning and/or dis-
closure are available, that only two products are available, and consider the pure position-
g equilibrium characterized by Proposition 8, the best noisy equilibrium among those
identified by Proposition 9, and the disclosure equilibrium (with either no or random po-
sitioning) characterized by Propositions 10 and 11. For each of these equilibria, there
exist match probabilities, 11, and iy, and distributions of search costs, G (s), such that

this equilibrium is the most profitable one.

Proof. Recall that the pure positioning equilibrium is more profitable when the firm
offers both products than when it offers a single product, and that in the latter case,
positioning and disclosure plays no role. Hence, without loss of generality, we can focus
on the case where the firm offers both products.

We first note that pure positioning is the most profitable equilibrium when g, is small
enough, as it generates the greatest participation; indeed, in the limit case where p, tends

to vanish, we have:

lim 117 = G (¢1) py 7™ > max{ lim IT7, lim HR} =max {G () .G (& (7)) } 7™
pe—0 pa—0 be—0

By contrast, for any given probabilities ;1; and p,, the noisy positioning equilibrium
is the most profitable one if there are few consumers with search costs between ¢ =
min {c¢) (7),cl’} and ¢;; indeed, in the limit case where no consumer has a search cost
between ¢ and ¢y, using G () = G (' (7)) = G (1) yields:

P — 17 =17 — 1P = [G (1) — G ()] (1 — 11y) %wm.

Hence, IT? > II” > II* whenever some consumers have a search cost between ¢, and ¢
(so that G (¢1) > G (¢c2)).

11



Finally, for any given probabilities j, and p; < ¢ (uy), implying ¢ (F) < cP, the
disclosure equilibrium is the most profitable one if there are few consumers with search
costs between c2 and c;, as well as between ¢, and ¢ (7); indeed, in the limit case where
no consumer has a search cost in these intervals, using G (gé) ) =G (¢) and G (gév (f)) =
G (cg) yields:

M7 -7 = [G(a) = G (e)] (1—m) B2,
0" -1% = [G(ar) =G ()] ™

Hence, 1P > T > TI® whenever some consumers have a search cost between ¢ (7) and
c? (so that G (¢1) > G (cz)). m

E Consumer Surplus under Positioning and Disclo-

sure

E.1 Proof of Proposition 12

We compare here the consumer surplus generated by the noisy positioning equilibria
identified by Propositions 7, 9 and 11, the pure positioning equilibrium identified by
Proposition 8, and the disclosure equilibria identified by Propositions 10 and 11.

o SN (r) increases with r. We first show that, among the random (r = 1/2) and noisy
positioning (1/2 < r < 7) equilibria, consumers prefer the least noisy one (r = 7). The
noisy positioning equilibrium associated with a given r € [1/2,1] gives a consumer with

search cost ¢ an expected surplus equal to

. Mys™ — NY (r)e if ¢ < N (r),
GV () = L M2 2 () <g(r) (17)
0 otherwise,

where My = iy + 19 — p41 14 and
Ny (r) =2 = [rpy + (1= 1) o] (18)

As NY (r) is decreasing in r, and SV (¢;7) > 0 for ¢ sufficiently small, it follows that

SN (r) = O+°° SN (¢;7) dG (¢) increases with 7.

e S > max {SV (F),SP}. Next, we show that the pure positioning equilibrium

yields higher consumer surplus than any noisy positioning and disclosure equilibrium.

12



Pure positioning gives a consumer with search cost ¢ an expected surplus given by

0 if c > pys™
S¥(e) = St (e) = puys™ —c if pys™ 2 e > pips™,
Sy () =S () + (1 — ) (8™ — ¢) if ¢ < fips™.

Eliminating the noise in positioning enhances consumer surplus: for any r <7 < 1,

s —c>0 if ;8™ > ¢ > (r),

ST()=S (eir) = § (L=7) (g — pa) ¢ = (1 = p1y) (8™ =€) > 0 if N (r) > ¢ > pps™,
(L =7) (1 — pa) if ¢ < pps™.
It readily follows that S” = [["*° SP(c)dG (c) > SV (r) for any r < 7.

The disclosure equilibrium gives a consumer with search cost ¢ an expected surplus,
SP (¢), equal to SN (c;3) (< 57 (c)) for ¢ < pys™ and, for c§ > ¢ > p,s™, given by

1 m 1 m m

5 (Hys™ =) + ) [1o8™ — ¢+ (1 = pg) (11 8™ = ©)]
1 1

<5 (8™ =) + 2 (1= pg) (py5™ = ©)

< s —c

=57 (0),

where the first inequality stems from ¢ > pu,s™ and the second one from p, > 0 and
b < pys™. Hence, ST > SP = 0+°° SP (¢)dG (c).

E.2 Proof of Proposition 13

The least noisy positioning equilibrium corresponds to r = 7, which, from the proof of

Proposition 9, is given by:

VI=i
V1= + V1= py

The search cost of the marginal consumer is then equal to:

7=

N _ N/= Hq T fo = [y by m [ m
@=a)=5" i+ Q1)) e v V= m) (1= pa)]| s
Vi1-p1+/1—p2
(19)

Any consumer with search cost ¢ < ¢} obtains a positive expected surplus, which can be
expressed as

~

S(e;7) =Ny (e —¢),

13



where

MéVENQN(F):l—i_\/l_:U'l\/l_MQ' (20)
Integrating by parts, expected consumer surplus is thus given by

N
Co

= [ Sendo@ =3 [ (& -0 dee) = T ().
0 0
where

F(Q)E/OCdG(c).

The disclosure equilibria generate an expected consumer surplus equal to:

ﬂQSm 25
SP = / (Mss™ — Nyc) dG (c) + / (My’s™ — Ny’¢) dG (c),
0 Hos™
where 5 5
MP = Mt M; — 1 and NP = —2M2' (21)

Re-arranging yields:

D

gD _ /0#28 [(M2—MQD)sm—(NQ—NQD)c]dG(C)_i_/OCQ (My’s™ — Ny’c) dG (c)

= (N2 —NY) /OMQS (u2sm—c)dG(C)+N2D/002 (8 —¢) dG (c)

= (N2—N2D)F(M23m)+N2DF<Q§))’

where the second equality follows from Mys™ — Nyc = MPs™ — NPc for ¢ = jys™ and

the last one stems from integration by parts.

Consumers with search cost ¢ < p,5™ keep searching until finding a match; they thus
favor positioning (even if noisy), which reduces their expected number of inspections by
increasing the probability of a match on the first inspection: N3 (r) < Ny (= N3¥ (1/2)).
Conversely, consumers with search cost ¢ > p,s™ may favor disclosure, which allows them

to avoid inspecting product 2. However, as MY < M, this happens only if:

e Disclosure allows them to reduce their own expected number of searches: N < NY;

otherwise, S (¢) = MPs™ — NP¢ is obviously lower than S (¢;7) = Mys™ — NNe.

e It does so to an extent sufficient to offset the reduced probability of a match (from

M, to MP); this is the case if and only if disclosure expands the number of active

14



5

consumers:® c? > ¢}, which amounts to°

3 — 3y + 413
(2 - M2)2

My < Miv 7y

It follows that, if p; > ud (i), then all consumers prefer noisy positioning to

disclosure.

Conversely, suppose now that p; = u, + €, where ¢ is positive but small. We have:

e For noisy positioning:

) = 1-VI-m—o0-m)|s"
= 11— 1—1_5%}5’"
- :1_(1_“2) 1_2(1—M2)_8(1—u2)2H8m
g2 .
BRI AT

Similarly:

_e__ &
2 8-

SFor consumers with search cost ¢ > u,s™, the generated surplus can be expressed as SN (¢,7) =
Ny (7) () —¢) and SP (c) = NP (c¥ —c), where N7 < NI¥. Hence, c§ < ¢} implies SP (¢) <
SN (c,7); conversely, if ¢c? > ¢, then any consumer with search cost ¢ € (géV,QQD) obtains a positive
surplus with disclosure, and no surplus with noisy positioning.

6See Lemma D.1 in Online appendix D.
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Therefore

SV = NJT(c)

2 c = Jr([p+se—= m
~ — Uy — — — — s
273 8 (1 — py) 2Ty 8 (1 — py)
2
€ €
~ |2 =y = — —
[ 2T TR0 )]
AT @ [+ = Loy Lo (27)
s s -+ —— |5 — s —
m m m mg
~ T (pg8™) (2 = pig) — [T (1198™) — G (1198™) (2 — p1y) 5 ]5
I (pps™) fgs™ 2 — fiy 2] €
e For disclosure:
1-— 2 —
§2D _ fo + € 4 pg + ( M2)(M2+€)Sm:u28m+ N2€Sm7
3 — g 3=l
Mo + o + € £
Ny = 2 -2 "2 =92 j,——
2 2 :LL2 27
NP = —3_2“2.
Therefore:

SP = (Ny = NP)T (pgs™) + NJT ()

e 33— 3— 2 —
= <2—u2—§— 2M2>F(u25m)—|— 2’u2F (u25m+3_5263m>
2

my €
_F(ﬂzs )5

+{F(u28 )+ G as™) =12 4 g ) (=12 } 2

2
=
[\
VA
Z

3 — i 2 3 — i

my L — [ m € my O — M o 2= Mo 3 — [
= T (ps™) 2 =T (ups™) 5 + T (1p5™) 5 2+ G (1gs™) “es ?

2 2 3 — Ly 2
Lo (2= 0\ 3=y
+29<M23 )(3_#253> 5
m 1_:UJ 3—/1 my € m m€
= T'(pps™) 2 + 2) =T (25™) 5+ G (125™) (2 = i) 8™
2 2 2 2
m (2_/1“2)2 m282
40 (™) S (0

16



It follows that, for € small enough and p; < p,+ ¢, disclosure yields greater consumer

surplus:
€
SP = SN = T (pps™) (2= pig) — [T (p128™) = G (p1g8™) (2 = o) 8™ )
m 2— H ? m 82
g (as >(3 2 (g2
2
(2 = pg) = [T (1a8™) — G (p128™) (2 — o) 8™ 5
28‘2‘;2) G (™) 5255 = g (™) 242 ()| 5

[\

G (pps™ M23 — ' (pgs™) 7 — 3y _ M) (g2 L &
> 0,

where the inequality stems from I'V () = G (-) and I (-) > 0, which implies G (py8™) p158™ >
T (pgs™)."

We now turn to the second part of Proposition 13. The expected consumer surplus

generated by the least noisy positioning equilibrium can be expressed as:

= Mys™ /2 <1 - iN) dG (c)
0 (&)
c (Qév) N
= Mps™ |1
S [ Qév G (QQ ) )
where e
c (Q) = Occ (C>
0 dG (c)

As the equilibrium expected profit is given by IIV = Myn™G (gév ), if the distribution of

search costs is such that ¢ (¢) = pc,® for some p > 0, we thus have:
SN =2 (1 pyiV,

ﬂ-m

Likewise, using (M2 — MQD) s = (Ng — NQD) os™ and MPs™ = NPcP| the expected

"We have:
Ha$
G ™) o™ =T (™) = [ G ups™ = G (e)de >0,
8Recall that this corresponds to power distributions of the form G (¢) = (¢/¢)® over [0,¢], for some
a> 0.
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consumer surplus generated by the disclosure equilibrium can be expressed as:

m

sP = NP /002 (cf —¢)dG (c) + (N2 — NY) /OMS (ys™ —¢) dG (c)

g2D H/QSm
- MQDSW/O (1—6%)dG(c)+(M2—M2D)sm/O (1— ‘ )dG(c)

£} Mo S™
= MPs™(1—p)G () + (Mo — M) s™ (1= p) G (11p5™)
Sm

= —(1-p1~,

7Tm

where I1P = Mor™G (pys™) + MP7™ [G (F) — G (1y5™)] is the equilibrium expected
profit. It follows that, among the least noisy positioning and disclosure equilibria, the
profit-maximizing one also maximizes consumer surplus.

To show that a bias can arise with alternative distributions of search costs, suppose
that p; < pd (uy) (otherwise, as already noted, disclosure is unattractive for the firm

and all consumers), and consider the following examples:’

e Ezample 1: consumers have the same search cost ¢, which is slightly below c); we
then have
Y = Myr™ > 1P = My 7™,
and!"

D
Co

N _
SP ~ MPs™ (1—i> > SN ~0.
e Fxample 2: a mass 1 — m of consumers have the same search cost ¢, which is
slightly below 1,s™, whereas the remaining mass m € (0,1) of consumers have a search

cost slightly below c?; we then have

P = (1 —m) Myr™ +mMPa™ > TN = (1 — m) Myr™,

and
1— m P "
SP o~ M2Ds7”<1—( m)ugg +m§2):(1—m)M2DSm(1_M2; )
G &
Therefore:
SN _gP ~ (l—m)sm{Mz [1—(1—m)MzN ] _MQD (1_M2D )}’
(&) (&)

9For simplicity, these examples assume that consumers’ search costs take at most two values; intro-
ducing an infinitesimal mass of costs distributed over [0, 4o00) would not affect the insights.

10The approximation stems from ¢ being slightly below c2'.
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where, as M, > MJP | the right-hand side is positive whenever m > 1 — ¢ /cD.
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