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Abstract

We identify a competition-policy-based argument for regulating the secondary features of
complex or complexly-priced products when consumers have limited attention. Limited at-
tention implies that consumers can only “study” a small number of complex products in full,
while—by failing to check secondary features—they can superficially “browse” more. Inter-
ventions limiting ex-post consumer harm through safety regulations, caps on certain fees, or
other methods free consumers from worrying about the regulated features, enabling them to
do more or more meaningful browsing and thereby enhancing competition. We show that for
a pro-competitive effect to obtain, the regulation must apply to the secondary features, and
not to the total price or value of the product. As an auxiliary positive prediction, we establish
that because low-value consumers are often more likely to study—and therefore less likely to
browse—than high-value consumers, the average price consumers pay can be increasing in the
share of low-value consumers. We discuss applications of our insights to health-insurance choice,
the European Union’s principle on unfair contract terms, food safety in developing countries,

and the shopping behavior of (and prices paid by) low-income and high-income consumers.
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1 Introduction

In this paper, we identify a novel competition-policy-based argument for regulating the secondary
features of complex or complexly-priced products when consumers have limited attention. Con-
sumers shopping for complex products must decide how much attention to devote to each offer. A
mobile-phone buyer, for instance, may spend a little bit of effort to find out an offer’s basic features
(e.g., the monthly fee and amount of included data), or more effort to also understand the con-
tract’s precise conditions, additional fees, and potential traps. A consumer with limited attention
can do more of the former “browsing” than the latter “studying,” and there may also be a non-
trivial tradeoff between the two activities. Because regulating secondary product features—such as
the add-on prices or safety of a product, or the working conditions of a job—makes studying less
essential in equilibrium, it allows consumers to do more comparison shopping and thereby enhances
competition between firms.

After discussing evidence and arguments in favor of our key premises in Section 2, we develop
our main insights in Section 3. We assume that firms with identical marginal costs of production
sell homogeneous products to consumers looking to buy at most one item. Each firm can split the
price a consumer must pay for its product into two additive components, a more salient headline
price and a less salient additional price. For instance, the total price a consumer pays for a mutual
fund is determined by the front load as well as the management fee, and the total price a consumer
pays for an appliance is determined by the appliance’s price as well as its energy efficiency. To
model a tradeoff between studying and browsing in the sharpest possible way, we posit that a
consumer can observe either the headline and additional prices of one firm, or only the headline
prices of two firms. Within their attentional constraints, consumers choose their search strategies
optimally.

In this market, firms charge the monopoly price to all consumers who purchase: consumers
must study to guard against price gouging, so they do not have sufficient capacity to meaningfully
compare products, eliminating competition. Now consider a cap on the additional price that (for
the sake of illustration) is above firms’ equilibrium additional prices. We interpret the cap as any

regulation—such as a minimum safety standard for physical products or a restriction on certain



fees for financial products—that limits how much consumers can be hurt by hidden features after
agreeing to purchase. In a classical model, such a price cap would be irrelevant both because it is
not binding, and because it does not restrict a firm’s total price at all. In our model, in contrast,
the cap induces perfect competition: it is now safe for consumers to redirect their attention from
studying to browsing, leading firms to compete.

Natural modifications of our model yield additional important points. First, our policy result
also holds when the set of prices the consumer observes is exogenously fixed—so there is no tradeoff
between browsing and studying—but it includes more headline than additional prices. Such situ-
ations of “asymmetric shrouding” arise, for instance, if consumers have developed trust with their
legacy energy provider, and it would be difficult or impossible for them to obtain full information
about other providers. Second, regulation also works if charging an additional price is inefficient—
e.g., because it takes the form of shortfalls in product safety consumers value above cost—but it
does so only if it is sufficiently strict. Third, however, for our mechanism to be operational, the reg-
ulatory cap must apply to the additional price and not the total price, even though it is ultimately
the total price that consumers (and firms) care about. A cap on the total price does not prevent
firms from using the additional price to price gouge consumers, so it does not make browsing safe.

In Section 4, we turn to the (analytically more complicated) settings in which consumers can
avoid the additional price of a purchased product, but only if they have studied the product. We
distinguish two types of consumers according to whether their cost of avoiding the additional price
is low (low-value consumers) or high (high-value consumers). In the context of mobile phones, for
instance, the headline and additional prices could be the monthly fee and the fees for extra services
(e.g., data above the plan limit, roaming), respectively, where extra charges can be avoided only by
studying what is covered in the monthly fee. Since high-value consumers are less willing to abide
by restrictions on usage, it is more costly for them to avoid the additional price.

We begin with identifying outcomes when regulation capping the additional price is in place. In
equilibrium, firms charge the maximum additional price. Since high-value consumers prefer not to
avoid the additional price, for the range of equilibrium headline prices they browse. More subtlely,

we show that in equilibrium low-value consumers always study and avoid the additional price, as



this can save them more money than browsing in the hope of finding a lower headline price. These
search decisions in turn imply that the average price consumers pay is increasing in the share of
low-value consumers. Although high-value consumers pay a higher average price than low-value
consumers, their browsing spurs competition and thereby lowers prices—with the latter indirect
effect dominating the former direct effect.

We then return to analyzing the effects of regulatory changes. Replicating the logic from our
first model, we show that deregulation lowers competition: if there is no cap on the additional price,
then each firm becomes a local monopolist. Motivated by the suggestions of Barr et al. (2008) and
Thaler (“Mortgages Made Simpler,” New York Times, July 4, 2009), we also ask what happens if
firms are required to offer a “plain-vanilla” product with no additional price, they can impose an
additional price only if a consumer consents, and a consumer can refuse to consent without studying.
Fixing prices and consumers’ search behavior, this regulation has no effect—high-value consumers
pay and low-value consumers avoid the additional price. Yet because low-value consumers can now
simply not consider alternatives to the plain-vanilla product, they can browse, inducing perfect
competition between firms.

In Section 5, we outline a few applications of our framework. Consistent with our result that
regulation facilitates comparison shopping, a 2010 reform defining minimum coverage levels in the
Massachusetts health-insurance exchange led consumers to become more sensitive to the financial
characteristics of plans (Ericson and Starc, 2016). Furthermore, our main insights on regulation
help make sense of the European Union’s principle on unfair contract terms. Much like our cap on
hidden fees, the principle effectively prohibits standard business-to-consumer contracts from using
provisions that are too unclear or surprising relative to how things are normally done, and that are
too disadvantageous to the consumer. And consistent with our insight that the additional price
rather than the total price must be regulated, the principle applies only to the individual terms
in a contract, not the entire transaction. On the other side, we illustrate the problems with an
unregulated market using the example of food safety in developing countries. Although consumers
express a demand for, and producers appear capable of supplying, safe food, the market works

rather imperfectly: many or most consumers either buy unsafe food on a competitive market, or



safe food from expensive trusted suppliers. More stringent (and properly enforced) regulations
would increase the welfare of both types of consumers by making the competitive market more
attractive. Finally, our prediction regarding the differential shopping behavior of low-value and
high-value consumers helps explain the finding that consumers in lower-income neighborhoods pay
higher prices for various goods and services, including mortgages, insurance, and cars (e.g., Fellowes,
2006). Further evidence supports the mechanism of our model as well: observers argue that lower-
income consumers face higher prices because they do less comparison shopping (e.g., Agarwal et
al., 2016b), and other researchers document that lower-income consumers shop more carefully, and
buy the same products at lower prices, at the stores they do frequent (e.g., Broda et al., 2009).

In Section 6, we discuss related literature. While previous pro-market arguments for regulation
suggest similar interventions in many circumstances, our argument is conceptually distinct from
them. In particular, our results that sufficiently tight regulations of secondary features increase
competition, but less tight regulations of secondary features may not, and regulations of the total
price never do, are not implied by previous models. First, the literature on choice complexity (e.g.,
Spiegler, 2016) emphasizes the importance of price comparability for competition, and in a reduced
form our regulation can be understood as increasing comparability. But models of choice complexity
specify the comparability of prices exogenously, so they do not make our predictions on which
regulations work—and Piccione and Spiegler (2012) emphasize that even regulations that uniformly
improve comparability can easily backfire. Second, perhaps the main message of the large literature
on search is that lowering search costs increases competition, and again in a reduced form regulation
in our model can be understood as lowering search costs. But the search literature does not
consider the implications of asymmetric shrouding or the tradeoff between studying and browsing,
so models in this literature do not imply our results. Indeed, the received wisdom from the search
literature is that price caps lower competition and therefore often increase prices (Fershtman and
Fishman, 1994, Armstrong et al., 2009). Third, previous research has pointed out that regulation
can improve markets by lowering adverse selection, for instance when an intermediary could steal an
investor’s money in the context of a securities transaction. The adverse-selection argument implies

that if consumers can ascertain the quality of the seller at a lower cost than the regulator, then



regulation is not justified. Due to its indirect effect of enabling comparison shopping, in our case
regulation might still be justified. A similar comparison can be made regarding regulation that aims
to lower transaction costs, for instance when courts are unreliable or expensive tools for enforcing
contracts. Finally, standardization through regulation can increase competition by making products
less differentiated. Our mechanism works without making products closer substitutes; in our first
model, for instance, products are identical in all aspects both with and without regulation. We

conclude in Section 7.

2 Premises

Our main models are based on two central premises. The first, and at this stage of the literature
uncontroversial, premise is that many products feature important price or contract components
that consumers may not fully observe or understand when making purchase decisions. Numerous
models in behavioral industrial organization starting from Ellison (2005) and Gabaix and Laibson
(2006) presume such hidden prices in some form (see Heidhues and Kdszegi 2018 for a review),
and researchers have documented them in a variety of markets (e.g., Choi et al., 2010, Anagol and
Kim, 2012, Duarte and Hastings, 2012, Agarwal et al., 2015, 2016a, Grubb and Osborne, 2015). We
deviate from this literature only in presuming that consumers can devote attention to understanding
complex products better.

Our second, more novel premise is that a consumer makes a decision of how much to browse
versus study, with more of one implying less of the other. Given the self-evident observation that
consumers must make decisions on how carefully to evaluate a complex product, a tradeoff between
browsing and studying arises if consumers exhibit search costs that are convex in the number of
price searches in the given market or in overall search activity.

Indeed, some evidence indicates that consumers exhibit convex search costs. De Los Santos et al.
(2012) and Honka and Chintagunta (2017) compare the empirical fit of sequential and simultaneous
search models with linear search costs in markets for books and auto insurance, respectively. From
a practical perspective, the assumptions of sequential search—where the consumer looks for options

in sequence, and can always decide whether to stop or search for more options—describes these



markets better. Yet both papers find that models of simultaneous search—where the consumer
samples a fixed number of options—better fit consumer behavior, as consumers’ decisions of whether
to continue searching do not depend on the prices drawn so far. Similarly, survey evidence by the
Consumer Financial Protection Bureau (2015, Figure 5) and Alexandrov and Koulayev (2018)
indicates that mortgage borrowers’ propensity to search further drops off sharply after consulting
two or three lenders/brokers, contradicting the prediction of sequential-search models that the
hazard rate of stopping should be (almost) constant. A natural explanation is that consumers
behave according to a sequential search model with convex search costs, for instance having an
attentional constraint that induces them to stop no matter what they have observed.! Importantly,
the possibility that search costs are convex does not mean that a consumer’s general cost of time
is convex in the relevant range. It is plausible, for instance, that a consumer quickly gets tired
or frustrated with reading and comparing complex health-insurance contracts, even while her best
alternative use of time remains catching up on her Facebook news feed.

An alternative account of the above evidence is that consumers do not face convex search costs,
but have made a suboptimal, heuristic initial decision of how much time or effort to devote to search,
and do not reconsider this when they see specific offers. Furthermore, evidence by Woodward and
Hall (2012)—which suggests that borrowers consult only one or two mortgage brokers even though
they could save on the order of $1,000 by consulting one more—indicates that in some settings
consumers might have an incorrect understanding of the returns to search. So long as consumers
respond sufficiently to how changes in the environment affect what can be learned from a given set
of prices, the logic of our results applies with such heuristic models of search as well.

Under some special cases of convex search costs and heuristic search, the tradeoff between
studying and browsing is negligible or non-existent. We model such situations by assuming that

“asymmetric shrouding” is going on: the set of prices a consumer observes is fixed, but it includes

! This conclusion is bolstered by evidence from experiments in which the financial costs of search are induced to
be linear, yet consumers do not behave according to the linear model. Specifically, while the linear model implies that
reservation values are constant and therefore consumers never accept old offers, Kogut (1990) finds that a third of
experimental subjects accept old offers, and Brown et al. (2011) document that reservation values decline over time.
Brown et al. also run a version of their experiment in which there is a random delay between offers, and observe that
the decline in reservation values is greater when delays are longer. A plausible explanation is that subjects have a
convex subjective cost of time.



more headline prices than additional prices. At least two economically relevant search-cost constel-
lations give rise to asymmetric shrouding. First, if the marginal cost of learning additional prices is
initially very small but then rises sharply, the consumer cannot substitute much attention toward
browsing. For instance, consumers may have learned about a dependable provider from friends
or acquaintances, with little or no scope for them to obtain information about other providers.
Similarly, consumers may have developed trust with a particular provider—e.g., a legacy provider
in a recently deregulated industry—through personal contact or having traded previously. This
possibility is in the spirit of Gennaioli et al. (2015), where an investor’s trust in different fund
managers (“money doctors”), and therefore her perceived risk of investment in different funds, are
asymmetric. Second, if the marginal cost of learning about headline prices is negligible, then the
consumer learns all relevant headline prices in any situation, and again there is no substitution
between browsing and studying. Consider, for instance, price-comparison sites, which allow a con-
sumer to look at many offers quickly. Consistent with evidence by Ellison and Ellison (2009)—who
document that sellers on a price-comparison website charge add-on prices that only become ap-
parent once the consumer visits the seller’s own site—we take the perspective that for complex
products, these tools can only be used to compare headline prices. Hence, even if consumers can

observe many headline prices, their capacity to understand additional prices remains limited.

3 Main Mechanism: Unavoidable Additional Price

In this section, we analyze the effects of regulation when the additional price is unavoidable. In
the market for mutual funds, for instance, an investor pays not just the front load, but also the
management fee charged by a fund. In the market for electric appliances, a buyer’s surplus depends
not just on the purchase price, but also on the energy efficiency of a product. And in the labor
market, a worker cares not just about the wage, but also about the working conditions—such as
safety—of a job. Furthermore, in all of these cases the core price—the front load, appliance price,
or wage—is more easily observable to consumers because it is paid earlier and/or it is easier to
figure out upon looking at the product.

Throughout the paper, our modeling strategy is to analyze a basic stylized model (Sections 3.1



and 4.1) and then consider a number of variants and extensions. In each case, we fully analyze
the regulated and unregulated versions of the basic model by considering both the existence and
the uniqueness of equilibria. When analyzing alternative models, however, we do not consider the
technically difficult issue of when equilibrium is unique, but only look for equilibria of the forms

we have found in our basic models.

3.1 Basic Model

There are I > 2 firms selling a homogeneous product with cost ¢. Each firm ¢ chooses a headline
price f; € R and an additional price a; > 0. Consumers are looking to buy at most one product,
and value all products at v > ¢. Each consumer sees the headline price of one randomly chosen
firm automatically. A consumer assigned to firm ¢ can then learn exactly one more thing: either
the additional price a; of firm i—which we refer to as “studying”—or the headline price f; of a
randomly chosen rival j—which we refer to as “browsing.” After making these price observations,
consumers decide whether to purchase a product, and, if so, which one. If a consumer purchases
product %, she pays a total price of f; + a;. To rule out fragile Diamond-paradox-type equilibria
that unravel with an arbitrarily small inducement to visit multiple stores, we assume that some
(potentially small positive mass of) consumers always browse. A consumer can only buy from a
firm if she has seen that firm’s headline price. We look for perfect Bayesian equilibria.

Our formulation corresponds most directly to situations in which a; is a fee or price. More
generally, a; can be any secondary feature over which the firm and consumer have conflicting
interests. An unsafe product, for instance, benefits the firm in the form of cost savings and hurts
the consumer in the form of potential harm. Below, we discuss the limited ways in which our results
are qualified when a positive additional price not only transfers money from the consumer to the
firm, but is also inefficient.

Our first proposition says that the market does not work for consumers:?

Proposition 1. In any equilibrium in which a positive share of consumers purchase, these con-

sumers pay a total price of v. Such equilibria exist.

2 Following common convention, in stating and discussing our propositions we ignore the possibility that firms
choose suboptimal prices with probability zero.



In equilibrium, each firm acts as a monopolist, extracting all rents from all consumers who purchase.
Intuitively, consumers who purchase must study, otherwise firms could raise the additional prices
on them at will. Being on guard against price gouging, consumers do not have sufficient capacity
to compare products, so there is no competition between firms. To make matters worse, consumers
may inefficiently browse and give up on purchasing, and firms have no way of inducing them
to change their minds. These points imply that although the equilibrium resembles a Diamond-
paradox outcome on the surface, it is based on a different economic logic—that purchase requires
using one’s limited attention to avoid being price gouged—and is therefore not fragile to some
consumers visiting multiple firms.

Now suppose that the social planner imposes a cap of @ > 0 on the additional price, constraining
the extent to which consumers can be hurt after agreeing to purchase. Such a cap is consistent with
regulatory limits on fees for financial products, minimum safety standards for physical products
or jobs, potential restrictions on labor-market contracts (for instance the elimination of complex
arbitration and non-compete clauses), as well as a tort regime of strict liability (in which consumers
can obtain compensation for harm through legal action). Although our result holds for any @ > 0,
for illustrative purposes it is worth pointing out the special case when @ exceeds firms’ no-regulation
additional prices, such as when all firms charge prices f,a satisfying f +a =v and a < @. In a
classical market in which consumers observe all prices, and even in a classical search environment
in which consumers observe all characteristics of a searched product, this price cap would be
ineffective for two reasons: (i) it is not binding; and, independently of whether it is binding, (ii)
it does not restrict a firm’s total price at all. In our model, in contrast, the cap turns firms from

local monopolists to perfect competitors:
Proposition 2. In the unique equilibrium, all consumers buy at a total price equal to c.

The competition-inducing effect of regulation arises from two mechanisms. First, regulation makes
browsing more effective in selecting between products. In an unregulated market, any cut in the
headline price can be undone by an increase in the additional price, so the cut is meaningless for
a consumer not observing the additional price. In a regulated market, however, there are cuts

in the headline price that cannot be fully undone by an increase in the additional price, so the



headline price is a useful signal of the total price. This mechanism is crucial in undermining the
no-regulation equilibrium above.?

The first mechanism operates even without changing consumers’ search behavior. The second
mechanism, our main interest in this paper, instead centers on the effect of regulation on consumer
search behavior. In equilibrium, consumers know that the additional price is at the maximum level,
so—not needing to study—they shift to browsing. This is what enforces the perfectly competitive
outcome in Proposition 2.

Note that if @ exceeds firms’ no-regulation additional prices, then regulation induces firms to
raise their additional prices to @. Many observers and policymakers have recognized the potential
for such a reaction—often interpreted as a collusive focal-point effect—and used it to argue that
regulatory caps can backfire and should therefore be avoided. In our model, the regulation is
strongly pro-competitive despite the seemingly perverse reaction.?

The pro-competitive effect of a cap on the additional price contrasts sharply with what can be

achieved with a cap t > ¢ on the total price:

Proposition 3. In any equilibrium in which a positive share of consumers purchase, these con-

sumers pay a total price of min{t,v}. Such equilibria exist.

Regulating the total price has no competition-enhancing effect. As in the unregulated market, any
cut in the headline price can be offset by an increase in the additional price, so browsing consumers
cannot meaningfully compare prices. It is the additional price—the secondary feature—that the

social planner must regulate to encourage competition. An immediate implication is that reducing

3 Suppose all competitors of firm i charge the prices f,a satisfying f + a = v, but firm i deviates and instead
chooses f; = v —a — ¢,a; = a for some € > 0. Then, consumers browsing firm ¢ realize that its total price is at most
fi +a@ = v — ¢, so that they all buy from firm 7. For a sufficiently small €, therefore, firm i’s deviation is profitable.

4 The extreme result that a non-binding, even arbitrarily high, cap on the additional price increases competition is
unrealistic and not robust to reasonable modifications of our model. First, in many other settings we discuss below,
only tighter caps work effectively. Second, a high cap is only consistent with competition if a high additional price
can be competed away by decreases in the headline price, and for many reasons this may not be the case (Heidhues
and Készegi, 2018). Consider, for example, a floor of zero on the headline price. Clearly, the competitive outcome in
Proposition 2 is still an equilibrium if @ < ¢, but it is not feasible if @ > ¢. If ¢ < @ < v—so that consumers cannot
regret purchasing if the headline price is zero—then it is safe for consumers to browse, so an equilibrium economically
similar to that in Proposition 2 exists: firms charge an additional price of @, and compete as hard as is feasible on
the headline price, charging zero. If @ is very high, however, even such an equilibrium does not exist, as consumers
need to study to protect themselves against price gouging. In this case, purchase can only occur at a total price of v.
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prices to marginal cost through regulation of the total price requires knowing the cost perfectly
and adjusting the regulation whenever these costs change. Achieving marginal-cost pricing through
regulation of the additional price, on the other hand, requires neither knowledge of the cost nor

adjustment of the regulation when costs change.

3.2 Asymmetric Shrouding

To study situations of asymmetric shrouding, we modify our model by assuming that the prices a
consumer observes are fixed, with each consumer learning exactly one randomly chosen additional
price a;, the corresponding headline price f;, and at least one more randomly chosen headline price
Ji-

It is easy to see that the equilibria in Propositions 1 and 2 both survive in this version of our
model. In an equilibrium of the unregulated market, consumers know that any cut in the headline
price is offset by an increase in the additional price, so they buy from the firm whose additional
price they observe and pay a total price of v. While this equilibrium is now not unique, it becomes
unique in natural variants in which consumers are reluctant to buy from a firm whose additional
price they do not observe.® And in an equilibrium of the regulated market, consumers know that
all firms charge the maximum additional price, so they choose a firm with the cheapest headline
price, resulting in perfect competition and a total price of c.

The asymmetric-shrouding version of our model shows that consumers’ substitution between
studying and browsing is not indispensable for the pro-competitive effect of regulation to arise. But
such substitution does make the policy effect more reliable and powerful. To illustrate, suppose
that in the unregulated market consumers only observe one headline price. Then, in the current
version—where regulation cannot change how many offers a consumer sees—regulation has no
effect, whereas in the previous version—where regulation allows consumers to switch to browsing—
it results in perfect competition. More generally, if a positive fraction of consumers sees only two

prices in total, then regulation cannot result in perfect competition in the current model, but does

5 As a microfoundation for such an assumption, suppose that there is, or consumers suspect that there is, a fringe
of firms whose additional price no one observes, or whose costs and therefore total prices are very high (> v). In this
situation, a consumer observing a cut in the headline price rationally worries that the firm might be a fringe firm,
and therefore she does not buy from the firm.

11



result in perfect competition in the previous model. In addition, our main result on the behavior of
low-value and high-value consumers (Proposition 4) also fails to hold under asymmetric shrouding.

An important implicit assumption of our model is that charging an additional price carries
no efficiency cost. In some settings, this is clearly unrealistic; for instance, a consumer’s loss in
value from reduced food safety can be much higher than producers’ cost savings. To capture such
situations, we consider a variant of our asymmetric-shrouding model in which consumers observe all
headline prices, there is a cap @ on the additional price, and a consumer’s utility from buying product
1 at prices f;,a; is v — f; — ra;, where r > 1 measures the inefficiency associated with the additional
price. Because it is both technically convenient and realistic, we also assume that there is a set
of fringe firms whose additional prices no consumer observes. Then, a natural equilibrium arises
in which fringe firms charge f = ¢ — @,a = @, other firms charge f = min{v,c+ (r — 1)a},a = 0,
and each consumer buys at the latter prices from the firm she is assigned to. If consumers are
heterogeneous in r, then it can also happen that consumers with a low r purchase from a fringe
firm, where they can obtain an inefficient version of the product at a competitive price.

Like in our previous models, regulation of the additional price can benefit consumers. But
unlike in our previous models, the strictness of the regulation also matters. If @ is very high, then
consumers do not buy from a firm whose additional price they do not know. Hence, competition
from regulated firms with unobservable additional prices does not prevent firms from exploiting
their assigned consumers. As regulation becomes stricter, firms with unobservable additional prices
become more attractive to consumers, lowering the prices other firms charge. Even if consumers
are heterogeneous in r, all consumers benefit from further decreases in @: those buying from fringe
firms obtain more efficient products, and those buying from their assigned firms obtain cheaper

products.®

5 Curiously, in the range where all consumers’ relevant outside option is buying from the fringe (rather than
not buying), the set of consumers choosing the two markets is unaffected by @. To see this, suppose that H;
is the distribution of r among firm ¢’s assigned consumers. Then, assigned consumers buy from firm ¢ if f; <
c+ (r—1)a, or r > 1+ (f; — ¢)/a. Hence, firm #’s profit is (f; — ¢)[1 — H;(1 + (f; — ¢)/a)], which is proportional to
[(fi —e)/a] [1 — H;(1 + (fi — c)/a)]. At the optimum, therefore, (f; — c)/a is independent of @, and hence so is the
set of assigned consumers buying from firm <.
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3.3 Regulation versus Certification

The question arises whether certification can guarantee the type of reassurance about the additional
price that regulation provides in our model. We argue that for consumers with limited attention, it
cannot. The classical role of certification is to inform consumers about aspects of the product that
firms do not (or cannot credibly) reveal. Our model, however, already assumes that firms must
truthfully reveal all relevant aspects of a product. Hence, the problem is not with the availability
of information—the problem is with consumers’ ability to digest the information. Addressing this
problem is not what certification was designed for or is effective for.

Consider first private certification companies. It is a widely recognized concern that profit-
maximizing certifiers do not necessarily help consumers: the certification may not involve everything
a consumer cares about, and the certifier may—in exchange for kickbacks—even aid firms in hiding
information from consumers (see, e.g., Murooka, 2015, and the references therein). In such an
environment, consumers can only be assured about additional prices if they study whether the
certifier is trustworthy and what exactly it certifies, so the limited-attention issue at the heart of
our mechanism is not alleviated.

Without regulation, government certification is subject to a similar problem: since any prod-
uct is allowed, a consumer may need to study a product’s (certified) characteristics in order to
understand what she is getting. Furthermore, a reliable system of certification might be more
difficult to manage in practice than across-the-board regulation. Both certification and regulation
require monitoring producers. Unlike regulation, however, certification also requires keeping track

of different products (e.g., safe and unsafe foods) separately in the supply chain.

4 Avoidable Additional Price

In this section, we consider situations in which the additional price is avoidable, beginning with a

regulated market.
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4.1 Setup

Most of our assumptions are the same as in our basic model of Section 3.1. We suppose that there
are I > 2 firms selling a homogeneous product with cost ¢ to consumers looking to buy at most
one item, which they value above c. Each firm 7 offers a contract consisting of a headline price f;
and an additional price a; € [0,a]. Each consumer sees the headline price of one randomly chosen
firm automatically. A consumer assigned to firm ¢ can then observe either the additional price a;
of firm ¢ (studying) or the headline price f; of a randomly chosen rival j (browsing), and cannot
learn anything else. A consumer can only buy from a firm if she has seen that firm’s headline price.

We now modify this setup in two ways. First, we posit that a consumer can avoid the additional
price of her purchased product, but only if she has studied the product.” Second, we suppose that
there are two types of consumers. Low-value consumers can costlessly avoid the additional price,
so their utility from purchasing product ¢ is vy, — f; if they have studied product ¢ and vy — f; — a;
if they have not studied product ¢. High-value consumers, in contrast, find it excessively costly to
avoid the additional price, so their utility from purchasing product ¢ is vy — f; — a; independently
of whether they have studied product i. To capture the idea that high-value consumers always get
a greater consumption utility from purchasing, we suppose that vg > v + a.

As an example, consider mobile phones. We can think of f; as the monthly fee and a; as the
additional charges for roaming, extra minutes or data, or other services. Avoiding the additional
price is only possible if one knows what usage is covered in the monthly fee, so it requires studying.
While low-value consumers are willing to abide by restrictions on usage, high-value consumers
prefer flexibility in when, where, and how they use their phones. The cap @ on the additional price
could come from regulation or the threat of regulation or legal action. A similar logic applies to

many other products with add-ons that primarily high-income consumers tend to use.®

" In our primary interpretation, this is the case because avoiding the additional price requires knowing when
exactly it is charged. For instance, if a consumer wants to avoid additional fees postulated in her mortgage contract,
then she has to find out what is in the contract. In the previous version of our paper (Heidhues et al., 2018), we
provide a microfoundation for this assumption by allowing firms to choose the conditions under which the additional
price is charged, and find the same results as those below. More simply, the avoidance behavior itself might take
attentional resources, which we capture in reduced form as studying. For example, a consumer might use a money
order instead of a—significantly more convenient—check to avoid bank overdraft charges.

8 To abstract from other issues, our model assumes that all consumers have the same set of search strategies
available, implicitly imposing that they have the same search costs. The possibility that low-value and high-value
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We look for perfect Bayesian equilibria,? imposing three mild equilibrium-selection assumptions.
First, some (potentially small positive mass of) high-value consumers browse. As before, this allows
us to rule out fragile Diamond-paradox-type equilibria, such as the outcome when all firms set
vr,a and all consumers study. Second, firms—realizing, by sequential rationality, that studying
low-value consumers always avoid a;—choose a; to optimally target some mix of studying high-
value consumers and browsing (high- or low-value) consumers, and consumers believe firms do so
for equilibrium as well as out-of-equilibrium headline prices.'® This allows us to argue that if a
consumer observes an off-equilibrium cut in the headline price, then she does not artificially infer
that the additional price must be low. Third, whenever a consumer type is indifferent between
browsing and studying, the type studies with a fixed probability; and whenever a consumer with a
fixed type and search behavior is indifferent between purchasing and not purchasing, she purchases
with a fixed probability. This rules out coordination by consumers on a variable that is payoff-
irrelevant for themselves.

While in the text we focus on the above baseline model, in Appendix A we argue that many
natural modifications leave our main insights unchanged. One possibility that will be relevant in
our applications is that studying and browsing occur in different markets, so that studying in one
market crowds out browsing in another market. A consumer who studies the local supermarket’s
sales and coupons to save on food, for instance, ends up with less time and attentional capacity
to search for the cheapest bank account or energy provider. Further, as in the case of a consumer

who carefully reads her unconventional mortgage contract and still falls for some traps, low-value

consumers face different search costs does not seem to interact with the effects we identify. In addition, it is unclear
which type faces higher search costs. For instance, Kaplan and Menzio (2015) document that unemployed consumers
shop more than employed consumers, but Mullainathan and Shafir (2013) suggests that low-income consumers have
higher search costs because they lead busier lives.

9 Formally, a perfect Bayesian equilibrium is defined in our setting as follows. A firm’s strategy consists of the
distribution G;(-) of its headline price and the set of distributions A;(:|f;) of its additional price conditional on each
fi € R. A firm’s equilibrium strategy maximizes expected profits given the behavior of consumers and competitors.
A consumer’s beliefs are derived from firms’ equilibrium strategies using Bayes’ Rule whenever possible, and the
consumer’s strategy maximizes expected utility at each information set.

10 A closely related equilibrium-selection assumption is the notion of wary beliefs proposed by McAfee and Schwartz
(1994) and adapted to a consumer-search context similar to ours by Armstrong (2015), whereby consumers who
observe out-of-equilibrium offers suppose that firms chose the unobserved features of the offer optimally. As our
proof makes clear, in our setting these beliefs coincide with what McAfee and Schwartz term passive beliefs: when
consumers observe an out-of-equilibrium headline price, they do not revise their beliefs about the firm’s additional
price.
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consumers may be naive about their ability to avoid the additional price; as in the case of a high-
income consumer holding a high bank-account balance and therefore never paying an overdraft fee,
high-value consumers may automatically avoid the additional price; and as in the case of a person
who has limited attention but does not exhaust her limit after observing two prices, consumers

may be able to observe further prices at an increasing positive cost.

4.2 Baseline Equilibrium: High Prices for Low-Income Populations

Our model has a unique equilibrium outcome with the following properties:!!

Proposition 4. In equilibrium, all firms charge an additional price of a. Low-value consumers
study and avoid paying @, while high-value consumers browse and incur a. Firms choose headline
prices according to a unique continuous distribution with support [fmin, fmaz), and at each price
earn expected profits equal to o(fmaz — ¢)/I. Furthermore, there exists an o* € (0,1) such that
fmaz = vr for a > o* and fma = E[f]+a < v, for a < a*. The average total price that consumers

pay is strictly increasing in .

To take advantage of browsing consumers, firm ¢ sets a; = a. Since high-value consumers prefer
to buy and not to avoid the additional price, they browse for any equilibrium headline price. Less
obviously, in equilibrium low-value consumers always prefer to study. For a rough intuition, note
that since all firms set a; = a for any f;, a consumer prefers to browse if and only if the headline
price she observes is sufficiently high. Now consider the firm that charges the highest equilibrium
headline price, supposing that no other firm charges the same price with positive probability. If at
this price low-value consumers preferred to browse, then—with all consumers browsing—the firm
would lose all consumers to lower-priced competitors with probability one. In an effect reminiscent
of the “competition for consumer inattention” in De Clippel et al. (2014), the firm therefore lowers

its headline price to the range where low-value consumers study.'?

' Baye et al. (1992) show that the classic search model of Varian (1980) has infinitely many equilibrium outcomes
when there are more than two firms. In Varian’s setting, any non-symmetric equilibrium involves a mass point at
the consumers’ reservation price for at least one firm. As we show in the proof of Lemma 4, equilibria with mass
points do not exist in our setting. The difference arises because in Varian’s model informed consumers see all prices,
whereas in our model browsing high-value consumers see only two headline prices.

12 Similarly, in classic sequential search models (e.g., Stahl, 1989, Janssen et al., 2005) equilibrium prices are just
low enough to discourage consumers with positive search costs from searching a second product.
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The search behavior of the two consumer types in turn implies that the average price consumers
pay is decreasing in the share of high-value consumers. On the one hand, since high-value consumers
do not avoid the additional price, they pay a higher average price than low-value consumers, so they
have a direct positive effect on the average price consumers pay. On the other hand, high-value
consumers browse and thereby spur competition, so they have an indirect negative effect on the
average price firms charge. Proposition 4 establishes that the latter effect always dominates the
former effect.

The detailed logic of this result is as follows. The fact that low-value consumers study implies
that if « is sufficiently high, a firm can guarantee itself the low-value consumers assigned to it by
setting f; = vr. Similarly to Varian (1980), this option generates a “profit base” that ties down
firms’ equilibrium profit level. Since the profit base is given by low-value consumers, an increase in
their share raises profits.

If « is sufficiently low, the competition for consumer inattention described above further reduces
firms’ prices. Again similarly to Varian, the dual objective of exploiting price-insensitive low-
value consumers and attracting price-sensitive high-value consumers leads firms to select a random
headline price. When there are many high-value consumers, the motive to compete for them is
strong, so firms’ expected headline price is quite low. If a firm quoted a headline price of vy,
therefore, a low-value consumer would be better off browsing and choosing a competitor, forcing
firms to price lower.!?

A reassuring thought might be that the profitability of selling when the share of low-value
consumers is high will attract entrants to the market, lowering prices for consumers after all. It
seems natural to assume, however, that a new entrant is in a disadvantageous position when trying
to attract consumers with limited attention. In Appendix B, we formulate a model that captures

this disadvantage, and establish that when the share of low-value consumers is high, entry is

13 The main challenge in the proof of Proposition 4 is that consumers’ search strategies and firms’ pricing strategies
are multidimensional and richly interdependent, making it extremely difficult to establish basic facts about equilibrium
behavior. This difficulty appears most notably at two parts of the proof. First, we derive that high-value consumers
browse and low-value consumers study without assuming any structure on prices, requiring a complex line of argument
(see Lemmas 3 and 4). Second, low-value consumers must be indifferent between browsing and studying at fmas
whenever fraz < v. In this case, fpqz depends on a via the equilibrium headline-price distribution, which in turn is
a function of fjaz. As a result, pinning down fiq.. and its comparative statics is algebra-intensive.
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relatively unprofitable for the same reason—lack of comparative search by consumers—that being in
the market is profitable. Worse, if entry occurs, it increases the average price consumers pay. With
the entrant in the market, incumbents reorient their pricing strategy toward exploiting low-value
consumers, reducing overall competition. As a practical example, this logic provides one account
of why liberalization led to high prices in the UK energy market: entrants attracted consumers
looking to switch, leading legacy suppliers to raise prices on their remaining, disproportionately

non-switching (and disproportionately lower-income) consumers (Ofgem, 2014).

4.3 The Effects of Regulation

We now return to the main message of our paper: that regulation can lead consumers to substitute
their search efforts toward browsing, enhancing competition. We demonstrate this as well as a
number of additional insights by analyzing how changes in regulations—in both the permissive and
restrictive directions—affect the equilibrium we discussed in Section 4.2.

Deregulation Leads to Monopoly. To make our basic point, we ask what happens in the model

of Section 4.1 without regulation, i.e., without a cap on the additional price.

Proposition 5. In any equilibrium in which both consumer types buy with positive probability,

firms charge f; = vy and a; = vy — v, and such an equilibrium exists.

Deregulation leads to a total collapse in competition: without a cap on the additional price, each
firm acts as a monopolist, using the two prices to perfectly price discriminate between—and extract
all rents from—consumers who purchase. As in Proposition 1, in equilibrium consumers must study
to guard against price gouging, so they do not comparison shop, and therefore firms do not compete.
Furthermore, there are also equilibria in which all high-value consumers browse and—believing that
firms have priced them out of the market (a; > vy — vy )—then do not buy. In such situations,
regulation not only lowers prices, but also increases efficiency.

The competition-enhancing effect of regulation hinges on the regulation being sufficiently strict.
Our baseline model requires that @ < vy — vg, i.e., it requires a cap on the additional price that
is binding when one starts from the equilibrium of Proposition 5. If @ > vg — vy and a > aF,

then the equilibrium in Proposition 4 does not survive, as high-value consumers quoted two prices
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near vy, would not purchase. For @ sufficiently close to vy — vr, there is an equilibrium with a
similar structure, but it generates lower consumer value both because high-value consumers might
not purchase and because consumers who do purchase pay a higher average price.!* And for
sufficiently high @, even this type of equilibrium fails to exist.!> At the same time, the equilibrium
in Proposition 5 survives for any @ > vy — v,. These observations imply that only a binding cap on
the additional price (@ < vy —wvyr) is robustly competition-enhancing, and higher caps may produce
smaller gains even when they do have an effect. Still, the general insight that the regulation can
have a large positive indirect effect holds: a binding regulation can have a much larger total impact
on prices than its direct impact on the additional price.

Plain-Vanilla Regulation Leads to Perfect Competition. Completely different regulations can
also engage the mechanism of empowering consumer search. As a potentially important example,
we consider an intervention in our basic model with a cap @ on the additional price. Suppose that
the social planner requires firms to sell a “plain-vanilla” product that has only a headline price and
no additional price. If a consumer purchases from a firm, the firm can offer her extra services or
contract modifications that involve an additional price, but—crucially—the consumer can accept
or reject any offer without paying an attention cost. This regulation is roughly consistent with
Barr et al. (2008), who propose requiring lenders to offer a simple plain-vanilla mortgage contract,
and to allow a consumer to refuse other offers without reading them. To stack the cards against
the regulation, we assume that a high-value consumer pays the additional price in our basic model
because she values the services associated with it, so that she finds the plain-vanilla contract
undesirable: her utility from purchasing firm #’s regular product is vg — f; — a;, while her utility
from purchasing the firm’s plain-vanilla product is vg — x — f;, where x > @ Then, holding

prices and search behavior fixed, the plain-vanilla policy does not affect any outcomes—low-value

14 Tn such an equilibrium, firms (beyond choosing the additional price @ with probability 1) charge the headline
price vy, with positive probability, and with the complementary probability charge a headline price continuously
distributed on [fmin, v — @]. The latter part of the distribution is similar to that in Proposition 4 and ensures that
firms earn a(vr —c¢)/I in expectation for all headline prices. If a high-value consumer samples two firms with headline
price vr,, then she does not purchase. Since firms earn the same expected profit as in Proposition 4 but consumers
do not always purchase, the expected total payment of a consumer conditional on purchase must be higher than in
Proposition 4.

5 For sufficiently high @, a firm charging a headline price of vy — @ makes losses, and hence trying to attract
high-value consumers cannot be worth it.

19



consumers avoid the additional price, while high-value consumers do not. Nevertheless, the policy

has a drastic effect:

Proposition 6. There is an equilibrium in which low-value and high-value consumers pay total

prices of ¢ — (1 — a)a and ¢ + aa, respectively, and firms make zero expected profits.

Low-value consumers stick with the plain-vanilla product, and—no longer needing to study to avoid
the additional price—they can now browse, inducing perfect competition between firms. Both high-
value and low-value consumers benefit from this, but because low-value consumers suffered more
from the lack of competition, they benefit more.'

Efficiency Effects. Although we have noted that the lack of regulation can lead consumers to
inefficiently refrain from purchase, our policy results pertain mostly to the competitiveness of the
market. In natural variants of our model, regulation can enhance efficiency through many channels.
If consumers have heterogeneous values or firms have heterogeneous costs, then an increase in com-
petition brought about by regulation can have the classical welfare-enhancing effects of drawing
more consumers into the market and forcing inefficient firms to exit. Similarly, if firms’ base prod-
ucts are horizontally differentiated, then the increase in browsing facilitated by regulation increases
efficiency by helping consumers find better matches for their tastes. Furthermore, regulation can
benefit firms in addition to increasing consumer and total welfare. For instance, consumers might
use the attentional capacity freed up by regulation to enter more markets, potentially increasing
firms’ profits there.

Nevertheless, the beneficial effects of regulation we identify must be balanced against classical
concerns regarding regulation. For instance, the secondary features of a product may be an efficient
response to heterogeneity in consumer preferences, so that regulating them is harmful. To be precise
about the tradeoff, it would seem useful to integrate our framework into a model in which possible
distortions are explicitly specified. Although a general analysis is beyond the scope of this paper,

we give an example of a likely tradeoff in Appendix C: if a consumer needs to study to determine

16 Pirst, within a given population, low-value consumers benefit more from the regulation. Without regulation, they
obtain the product at a more expensive headline price on average. With regulation, they do so at the same headline
price. Second, populations in which the share of low-value consumers is higher also benefit more from the regulation.
Without regulation, the average total price consumers pay is increasing in the share of low-value consumers. With
regulation, it is constant.
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whether she likes the basic or the premium version of a product, then a standardization that bans

the premium version enhances competition at the cost of lowering efficiency.

5 Applications

In this section, we present a few empirical applications of our framework.

5.1 Health Insurance

Evidence by Ericson and Starc (2016) on a 2010 reform of the Massachusetts health insurance
exchange—a government-run marketplace for private insurance—confirms the key mechanism of our
theory: that regulation of the additional price facilitates comparison shopping and thereby makes
consumer purchases more sensitive to product features. In this setting, we think of the headline
price as the net-of-premium expected benefit implied by the insurance product’s core financial
characteristics (deductible, copay, etc.), and of the additional price as the expected disutility from
holes in coverage implied by the fine print (what counts toward the deductible, which medications
are covered, etc.). Before the reform, insurers had substantial leverage in how to design their
plans, resulting in the potential of large additional prices. For instance, a diabetes patient’s out-of-
pocket annual medical spending could differ by a factor of 4.5 ($960 versus $4,383) under different
plans with the same actuarial value (Pollitz et al., 2009). Furthermore, anecdotal evidence as
well as feedback from focus groups indicate that consumers were aware of and worried about such
“gotchas” in coverage (e.g., Day and Nadash, 2012). Taking the view that most consumers find it
prohibitively costly to understand the fine print but may trust some insurers based on experience
or the recommendations of acquaintances, this corresponds roughly to the asymmetric-shrouding
version of our model with lax regulation. Hence, the asymmetric-shrouding version of Proposition 1
— which says that consumers do not choose a firm with a lower headline price because they expect
it to have a higher additional price — applies: consumers are reluctant to switch to an unknown

insurer offering a seemingly better plan for fear that something major would not be covered.!” As

17 One can describe the situation more fully by going slightly outside our model. Suppose that firms choose not
only the additional price, but also the conditions under which the additional price applies. For instance, insurers can
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a result, consumers are not sufficiently sensitive to plan features.

The 2010 reform regulated the fine print by defining minimum coverage levels, and harmonized
the basic financial characteristics of plans with the same actuarial value. Ericson and Starc (2016)
document that as a result of this reform, consumers became more sensitive to the financial charac-
teristics of plans, and chose more generous plans. Complementary evidence by Abaluck and Gruber
(2011) suggests that in making insurance choices, consumers tend to place too little weight on plan
generosity, so the change in behavior likely benefited consumers. From the perspective of our
model, the reform allowed consumers to do more comparison shopping on financial characteristics,
resulting in better choices.

While this setting can be used to study the consumer response to regulation, it is not appropriate
for testing our predictions on firm responses. Since the financial characteristics of plans were
harmonized, there was no scope for competition in this dimension to increase. And Ericson and
Starc find that consumers were quite sensitive to premia even before the reform and did not become
more sensitive afterwards, indicating that the premium was salient throughout. Regulation did
increase consumers’ willingness to switch between brands, which suggests greater competition in
other aspects of insurance coverage—especially the physician network—but we have not seen direct

evidence of such an effect.

5.2 Unfair Contracts Principle

Our framework provides a novel rationale for existing regulation of standard-form contracts, a
common arrangement for selling consumer services. A standard-form contract consists of a price to
be paid together with non-negotiable fine-print contract terms detailing other terms and obligations
of the trade. The German Civil Code’s as well as the European Union’s principle on unfair terms in
standard-form contracts effectively prohibits provisions that are too unclear or surprising relative

to how things are normally done, and that are too disadvantageous to the consumer.'® The main

include in the fine print an obscure list of medications or conditions that are not covered. While each consumer has
an insurer that she trusts covers her conditions appropriately, it is impossible for her to ascertain whether this is the
case for an unknown insurer.

18 See Sec. 305c and 307 of the German Civil Code (with Sec. 308-9 spelling out Sec. 307 in more de-
tail) and Articles 3, 5, and 6 of directive 93/13/EEC of the Council of the European Communities. The
documents are available at https://wuw.gesetze-im-internet.de/englisch_bgb/englisch_bgb.html#p0925 and
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existing justification for this principle is that it reduces the transaction cost of obtaining information
about a product. To the extent that consumers cannot or do not read the contract, the principle
can also reduce information asymmetries. Consistent with the latter perspective, conventional
wisdom in the law-and-economics community is that most consumers do not read standard-form
contracts.!?

While existing arguments for regulation can justify the unfair contracts principle, our model
strengthens the case for it. Thinking of the price and core features of the product as the headline
price and disadvantageous details contained in the fine print as the additional price, the principle
corresponds exactly to a cap on the additional price. Hence, our model predicts that the princi-
ple facilitates competition, in part by allowing consumers to comparison shop rather than study
contracts. Indeed, some evidence indicates that consumers’ tendency not to read standard-form
contracts is strategic—they would read more if they perceived a greater benefit of doing so—so
that the principle has freed up consumer attention.?’

Furthermore, our model provides a justification for a part of the unfair contracts principle that
existing arguments do not immediately address. The principle explicitly states that it applies only
to individual provisions in a contract, and not to the transaction as a whole.?! From a classical
perspective, it may be puzzling why the social planner insists on regulating the fairness of individual
terms rather than the fairness of the transaction as a whole; after all, it is the entire transaction that
both parties care about. Yet Proposition 3 implies that only individual terms should be regulated:

unlike regulation of the additional price, regulation of the total price fails to change consumers’

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31993L0013:en:HTML, respectively.

19 See the discussions in Becher and Unger-Aviram (2010), Eisenberg (1995), and Luth (2010). For the case of
retail software licenses, for instance, Bakos et al. (2014) empirically investigate whether shoppers access the license
agreement, which is just one click away. Less than 0,2% of consumers access the agreement, and almost all who do
spend far too little time to read it in full (many consumers read it for less than a second).

20 Based on student answers to hypothetical scenarios, Becher and Unger-Aviram (2010) conclude that a vast
majority of subjects would read through their child’s nursery contract, but not rental-car, bank-account, or laundry
contracts. Similarly, survey evidence on first-year law students in Hillman (2005) indicates that they are more likely
to read internet standard-form contracts if the value of the contract is high. And in the same vein, consumers are
more likely to study firms they perceive as less trustworthy: Bakos et al. (2014) find that consumers are more likely
to read the license agreement of companies that are smaller or offer suspicious products such as freeware, and Hillman
(2005) finds that over a third of his subjects read contract terms when buying from an unknown vendor.

21 «Agsessment of the unfair nature of the terms shall relate neither to the definition of the main subject matter
of the contract nor to the adequacy of the price and remuneration, on the one hand, as against the services or goods
supplies in exchange, on the other” (Article 4.2 of directive 93/13/EEC of the Council of the European Communities).
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behavior and therefore does not increase competition.

5.3 Food Safety in Developing Countries

Our model also helps understand problems in an insufficiently regulated market. At a general level,
it seems widely recognized that the decision environment is more difficult in developing countries
than in developed countries (Kremer et al., 2019), and Duflo (2012) argues that these difficulties
often arise due to a lack of regulation, as consumers in developing countries have to pay attention
to things residents in developed countries take for granted. A poor mother, for instance, has to
worry about whether to boil her infant’s drinking water or where to get safe immunizations, and
as a result she may not have energy left to think about the older sibling’s education.

As a specific example, we discuss the market for food and the associated issue of food safety.
While developed countries have seen some well-publicized scares, in developing countries food safety
is a constant issue.?? Consumers recognize the issue and are concerned, with the vast majority
listing food safety as a major to most important problem of daily life.22 Furthermore, many studies
indicate that consumers are willing to pay a premium for safe food that is between 5 and 100%
(Grace, 2015). At the same time, producers are capable of maintaining high standards for food
safety; notably, many developing countries export food that passes stringent import requirements
in developed nations (Unnevehr, 2015). There is some evidence that one way in which exporters
maintain higher standards is by vertically integrating with producers, and not buying from other,
especially smaller producers (Schuster and Maertens, 2013). Based on personal conversations,
domestic consumers who really care about food safety can engage in a similar practice of buying

food from select trusted suppliers, although we have not found direct evidence of this behavior.2

22 Developing countries probably bear most of the burden of foodborne disease, including from viruses, bacteria,
parasites, fungal toxins, agricultural chemicals, and marine toxins (e.g., World Health Organization, 2015, Grace,
2015). These result from unsafe agricultural practices, including improper use of agro-chemicals, fertilizers, and
pesticides, a water supply that might be contaminated by sewage or industrial chemicals, and the use of harmful
preservatives and additives during processing (e.g., Lam et al., 2013).

2% For instance, Lam et al. (2013) report that Chinese consumers consider food safety as more worrisome than
public safety, traffic safety, health safety, and environmental safety. Only about 7% of consumers are seldom or never
concerned about food safety (Liu and Ma, 2016).

24 For example, according to anecdotal evidence from Nigeria, safety-conscious consumers often refrain from buying
food at outdoor markets and instead go to the large South African retailer Shoprite. And some consumers in India
buy exclusively from trusted merchants, and have gruesome stories of what happened when they made exceptions.
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There is therefore an apparent mismatch: consumers have a demand for food safety, producers
seem capable of supplying this demand, yet a lot of food on the market is unsafe. This situation
is described by the insufficiently regulated case of our framework. Consider our model with an
unavoidable additional price from Section 3.2, where the headline price is the retail price of food
and the additional price is the utility loss from unsafe food. Producing unsafe food saves suppliers
money, but consistent with the notion that the cost savings is lower than the harm to consumers,
consumers value the additional price more highly than producers (r > 1). In equilibrium, consumers
less concerned with safety buy a product with a high additional price (i.e., unsafe food) in a
competitive market, while consumers more concerned with safety buy a product with no additional
price (i.e., safe food) from a trusted producer. While the former consumers are getting cheap food,
they are not happy, as they would prefer to buy safer food at higher prices. But they are not
buying the safe food available from reliable producers because in that market, they would have to
pay a double premium: one for the higher cost of production and one for being served by a trusted
supplier with monopoly power.?

As we have shown, tightening regulation benefits all consumers: those buying on the competitive
market are able to purchase safer food at reasonable prices, and those buying from trusted suppliers
can now purchase equally safe food at a lower price. Once again, previous arguments for regulation
centered around reducing transaction costs and information asymmetries also justify food safety
regulation, but our argument strengthens the case for it in at least two ways. First, our model says
that by strengthening competition, regulation benefits even the latter consumers above, who are
buying food that they have checked out themselves and that is safer than required by regulation.
Second, as we discuss in more detail in Section 6 below, our framework implies that regulation

might be justified even if it is costlier to enforce than what it saves citizens in studying costs.

25 Beyond illustrating the problems of an unregulated market, this example also highlights the shortcomings of
certification we have discussed in Section 3.3. Zhang et al. (2015) describe the emergence of third-party certification
in China, but also its unreliability in the eyes of consumers and its decline. Illegal enterprises forge certificates, and
several certification agencies sell certificates to producers without regard to farming practices. One might hope that
public certification agencies can do better. But Zhang et al. (2015) also report that local governments conceal food
safety problems to protect tax-paying local companies.
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5.4 Shopping Behavior of Different Consumers

Our theory can be used to tie together in a single framework various observations regarding the
behavior of low- and high-income consumers and the prices they pay. On the one hand, in some
settings low-income consumers shop more effectively than high-income consumers. Aguiar and
Hurst (2007) find that lower-income consumers go on more grocery-shopping trips, and pay lower
prices for the same items, than do higher-income consumers. This reflects at least in part that low-
income consumers take better advantage of a seller’s sales or discounts: Broda et al. (2009) and
Handbury and Weinstein (2015) document that lower-income consumers spend less on the same
items even in the same chain and after controlling for zip-code-level per-capita income or including
city dummies.

On the other hand, in some markets low-income consumers shop less intensively than high-
income consumers. A survey by Fannie Mae (2015) indicates that those with incomes over $75,000
are 17 percent more likely to obtain multiple quotes for a mortgage than those with incomes below
$50,000, while education is not associated with a higher likelihood of such shopping. Looking
at the same issue more carefully, Agarwal et al. (2016b) compare applicants with identical ex-
ante risk profiles whose first mortgage was rejected, and who ended up borrowing either from an
affiliate of the originally approached lender or from an unaffiliated lender. Borrowers in high-income
neighborhoods were more likely to purchase a mortgage from a different lender and to receive a
better deal, indicating that high-income consumers do more comparison shopping.26

Without additional assumptions on differences in search costs across domains, the above can
be seen as puzzling: the evidence from grocery shopping indicates that lower-income consumers
have lower search costs, while the evidence from mortgage markets suggests the opposite. Our
framework naturally reconciles the two findings. To see this, consider our two-market model, in

which groceries is one market and mortgages is the other market. For groceries, we think of

26 These findings are part of a broader conclusion that low-income borrowers received very unfavorable mortgage
terms before the financial crisis (e.g., Engel and McCoy, 2002). Indeed, the pre-crisis subprime mortgage market is a
good example of an insufficiently regulated market in the spirit of Propositions 1 and 5. Bar-Gill (2009) argues that
the complexity of the fees lenders could impose rendered it exceedingly difficult to compare products, so borrowers
may have even rationally decided not to comparison shop. Despite the seemingly competitive nature of the market
by conventional measures of concentration, therefore, lenders acted as local monopolies.
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the prices that a consumer can obtain using sales and discounts as the headline price, and the
savings she foregoes if she does not use sales and discounts as the additional price. Studying then
corresponds to keeping track of discounts and visiting the store more often to obtain goods on sale,
which crowds out comparison shopping for mortgages. Furthermore, lower-income consumers are
more willing to substitute between brands to obtain lower prices. A version of Proposition 4 then
says that—in line with the stylized facts—lower-income consumers study in the groceries market
and higher-income consumers browse in the mortgage market.?”

Furthermore, the prediction of Proposition 4 that prices are higher when the share of low-value
consumers is higher helps explain evidence that consumers in lower-income neighborhoods pay
higher prices for some goods and services, including mortgages, insurance, cars, mobile phones, and
energy (Fellowes, 2006, Hogan, 2016). While other factors surely contribute to this phenomenon, it
is not clear that they can provide a full explanation. The most natural explanation is that the cost
of doing business is higher in lower-income neighborhoods, for instance because these neighborhoods
are less safe or consumers living there have higher default rates. But the costs of doing business
are presumably often lower in lower-income neighborhoods (e.g., due to lower wages or property
prices). For instance, the above study by Agarwal et al. (2016b) shows that the higher prices
for lower-income borrowers were not justified by borrowers’ previous qualifications or subsequent
default rates.

While consistent with our positive predictions, this setting also points to a limit of our main
point regarding regulation. Here, studying is aimed at obtaining deals on groceries, so capping the
additional price would amount to limiting sales or discounts for groceries. But it is likely that such

discounts serve a useful price-discrimination rule, so regulating them is inefficient.

6 Related Literature

From a formal point of view, our model can be thought of as combining the literatures on consumer
search, hidden prices, and rational inattention. We modify three assumptions that the vast majority

of the search literature makes: (i) once a consumer decides to search a product, she comes to

2T We outline this two-market model in more detail in Appendix A.
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understand the product perfectly; (ii) the cost of searching products is linear; and (iii) the way
in which consumers can search is exogenously fixed. Following the framework of Ellison (2005)
and Gabaix and Laibson (2006), as well as the growing theoretical literature on consumer naivete
in markets (e.g., Eliaz and Spiegler, 2006, Gabaix and Laibson, 2006, Spiegler, 2006b, Grubb,
2009, Heidhues and Készegi, 2010, Grubb, 2015a, Heidhues and Kdészegi, 2018), we modify (i) by
distinguishing between more visible headline prices and more hidden additional prices, and allowing
a consumer to look only at the headline price of a product. We relax (ii) by positing limited search
capacity. And consistent with the literature on rational inattention, we relax (iii) by assuming that
consumers optimally choose what they pay attention to.2® A few previous papers have modified
these assumptions, but always one at a time. Replacing (i), Gamp (2015) considers consumers who
can purchase a product without knowing its price. Replacing (ii), Carlin and Ederer (2012) and
Ellison and Wolitzky (2012) assume convex search costs. And replacing (iii), Haan et al. (2015)
and Armstrong (2016) have started to investigate directed search.

Our paper also belongs to the literature on the interaction between boundedly rational con-
sumers and profit-maximizing firms. Most papers in that literature specify consumer search exoge-
nously (e.g., Spiegler, 2006a, Armstrong and Chen, 2009, Bachi and Spiegler, 2018, Grubb, 2015b),
but there are exceptions. Most related to our paper, De Clippel et al. (2014) study a model of
competition with strategically inattentive consumers who observe the price of the market leader in
each of multiple markets, and can also inspect competitors’ prices in a given number of markets of
their choice. By lowering its price, a market leader increases the chance that the consumer ignores
competitors and buys from it, so that leaders effectively compete for consumer inattention. An
increase in consumers’ capacity to inspect markets can induce leaders to focus on exploiting the

most inattentive consumers, lowering competition and increasing prices.??

28 That people make such strategic attentional decisions is documented by Gabaix et al. (2006) and Bartos et al.
(2016), and implications are explored by Sims (2003, 2010), Mackowiak and Wiederholt (2009), Matéjka and McKay
(2015), and many others. In much of the literature, the uncertainty that consumers seek to understand is exogenously
given, whereas in ours it results from optimizing decisions by firms.

29 Ravid (2017) modifies a standard bargaining model by assuming that the buyer is rationally inattentive to the
product’s quality and the seller’s offers. He finds that this increases the buyer’s surplus. Roesler (2015) studies a
monopolist selling to a consumer who chooses how to learn about product value taking into account the impact on
the subsequent pricing decision of the firm. She establishes that the consumer prefers a coarse perception of her own
valuation. Gamp and Krdhmer (2017) consider a search model in which firms choose quality, and naive consumers
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The existing literature identifies several channels through which regulation can improve markets;
our argument, however, applies even when existing ones do not. Most importantly, regulation can
mitigate adverse selection when consumers cannot ascertain some dimensions of quality or more
generally lack trust in sellers (see, e.g., Christensen et al. 2016 in the context of securities and
Shavell 1980 in the context of product safety), and it can also substitute for costly private solutions
to market failures (Shleifer, 2011, Schwartzstein and Shleifer, 2013).3 In either case, if private
parties are able to mitigate market failures through less costly and more effective measures, then
regulation is not justified. Because in our model regulation has a beneficial indirect effect through
consumer search, it may be justified even in such situations. In the unregulated equilibrium of our
model in Section 3.2 with » > 1, for instance, consumers are studying to make sure they are not
hurt by the additional price, and the additional price is zero. Yet capping the additional price at an
above-equilibrium level @ > 0—i.e., a regulatory solution that is worse than the private one—has a
major positive effect on consumer welfare. This is often true even if the regulation is more costly
than what it saves consumers in studying costs (zero).

In the literature on choice complexity (e.g., Carlin, 2009, Piccione and Spiegler, 2012, Chioveanu
and Zhou, 2013, Spiegler, 2016), consumers who cannot understand or compare prices choose ran-
domly and thereby lower competition, so that regulations increasing the comparability of prices—
e.g., by making them scalars (Grubb, 2015c)—are pro-competitive. In our model, regulation of
secondary features encourages comparative search and hence less random choice by consumers, so
in a reduced form it can be understood as increasing comparability. But models of choice complex-

ity specify the comparability of prices exogenously, so they do not make predictions about what

erroneously believe that all firms offer high quality. They show that as search frictions disappear, low-quality products
come to dominate the market and naive consumers’ purchases.

30 Shleifer (2011) singles out especially contract regulations, emphasizing that from a classical perspective contracts
are a substitute for regulation (e.g., for dealing with externalities), and hence should not themselves be the objects
of regulation. To explain why contracts are nevertheless regulated, Shleifer argues that litigation is “expensive,
unpredictable, or biased,” rendering regulation the more efficient alternative. Schwartzstein and Shleifer (2013)
construct a model in which firms decide whether to take safety precautions, and courts make errors in determining
whether precautions were ex-ante necessary. This makes litigation following accidents unpredictable, creating a risk
that discourages firms from entry. Schwartzstein and Shleifer show that imposing a regulatory standard, and partially
or fully exempting firms that comply with the standard from litigation, can induce more entry while still encouraging
safety precautions. If the social return from entry is higher than the private return, therefore, regulation increases
efficiency.
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kind of regulations work—and Piccione and Spiegler (2012) emphasize that even regulations that
uniformly improve comparability can easily backfire. In particular, our results that sufficiently
tight regulations of the additional price increase competition, but less tight regulations of the ad-
ditional price may not, and regulations of the total price never do, do not follow from models in
the comparability literature.

Similarly, perhaps the main message of the large literature on search is that lowering search
costs increases competition. Again, in a reduced form regulation in our model can be understood
as lowering search costs. But the search literature does not consider the implications of asymmetric
shrouding or the tradeoff between studying and browsing, so models in this literature do not
imply the above results. In fact, the received wisdom from the search literature is that price caps
lower consumers’ propensity to comparison shop, decreasing competition and potentially increasing
prices.3!

Regulation can also enhance competition by standardizing products and thereby making them
closer substitutes (Ronnen, 1991, for example). In this literature, there is no parallel to the insight
that additional and not total prices should be regulated, and regulation does not work through
influencing consumers’ search behavior. Indeed, in our setting regulation can induce competition
without changing substitutability; for instance, in our first model products are identical in all
respects both with and without regulation.

Finally, the case for regulation we make has some parallels with the idea of “managed com-
petition” researchers have proposed in the context of health-insurance markets in the US (e.g.,
Enthoven, 1993). Managed competition is defined as a group-insurance purchasing strategy that
“structures and adjusts the market to overcome attempts by insurers to avoid price competition.”
Though we are unaware of a formal treatment of this idea and a precise mechanism is not spelled
out, one piece of the proposed strategy is the standardization of plans to make consumers more

price sensitive, in part by ensuring that consumers are not worried about hidden gaps in coverage.

3! In Fershtman and Fishman (1994) and Armstrong et al. (2009), consumers observe the price of only one firm,
but can incur a cost to become informed about the prices of other firms. A price cap shrinks price dispersion and
thereby reduces consumers’ incentive to become informed, decreasing competition. As a result, the price cap can
raise the average price consumers pay.
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7 Conclusion

A caveat to our predictions is that if consumers do not trust the government, then government
regulation does not eliminate the need to study. For instance, a consumer in a developing country
might have to research whether regulations that are on the books are actually being enforced.
Hence, our policy results rely on relatively well-functioning public institutions.

Furthermore, one must recognize that learning about and understanding policies requires atten-
tion just like learning about and understanding products does. Hence, to really liberate consumers
to do more browsing, the regulations motivated by our framework should be simpler to communicate
and understand than the market practices they govern, and they are likely to be most effective if
distilled into clear, broad principles. Once again, the European Union’s principle on unfair contract
terms is a potential practical example: it has extremely broad scope (it applies to any business-to-
consumer contract), yet its basic idea is easy to understand. But it would be fruitful to develop
and analyze a framework incorporating individuals’ limitations in understanding policies as well.

While we have focused on prices in this paper, it would seem worthwhile to analyze the effects
of our competition-enhancing regulations on other market outcomes. As a notable example, one
wonders how such a regulation affects firms’ incentive to innovate. In as much as the regulation
induces firms to improve products along valuable core dimensions—e.g., thinking about the func-
tionality and style of baby furniture rather than cutting costs by skimping on safety—the indirect
effect on innovations could be substantially beneficial. But in as much as the regulation induces
firms to think about how to get around it—e.g., by inventing new fees for a mortgage—the indirect

effect on innovations can also be detrimental.
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Appendix

A Robustness

In this section, we argue that our qualitative results carry over to many extensions of our baseline
model in Section 4.1. We first identify the extensions and variants we consider here that we have
not elaborated on in the text. Then, we discuss how the modifications affect our results, doing so
in the order of the main Propositions in Section 4.

Shape of Attention Costs. Our model captures limited attention in an extreme form: by assum-
ing that the consumer can observe two prices for free, and observing any other price is infinitely
costly. As a less extreme way of capturing convex attention costs, we solve a model in which
observing any price after the first two has positive and increasing—but finite—cost.3?

Two Markets. Our basic model assumes that the tradeoff between studying and browsing is
limited to one market, but in reality attentional spillovers can cross to other markets. A formal
two-market example is the following. One market is monopolistic, in which both low-value and
high-value consumers value their ideal products at v, low-value consumers are willing to avoid any
additional price, and high-value consumers are never willing to do so. For simplicity, suppose the
monopolist’s cost of producing is zero. To ensure that it is optimal for the monopolist to sell to
both types at a headline price of v — @, we suppose that a < v/(v +@).3® In the other market,
there are I firms, low-value and high-value consumers derive values vy, > ¢ and vy > vy, from the
product, respectively, and each firm can only charge a headline price. Consumers see a headline
price in each market, and can either study in the monopolistic market or browse another firm in the
oligopolistic market. Avoiding the additional price in the monopolistic market requires studying.

Avoiding the Additional Price. We have also assumed that high-value consumers—whom we
interpret as higher-income consumers—find it more costly than low-value consumers to avoid the
additional price. But we consider a version of the opposite case as well, analyzing situations in
which high-value consumers avoid all or part of the additional price without any effort. For instance,
because a high-income consumer has little trouble repaying her credit-card balance every month,
she may rarely pay interest or late fees; and because she always carries high bank-account balances,
she may never pay overdraft fees.

Beyond being economically relevant, this extension helps clarify the mechanism behind our
result on high prices in low-income neighborhoods (Section 4.2). The logic of the result hinges on
the assumption that low-value consumers want to avoid additional prices, and that they need to
study to do so. The assumption on the difference in valuations between high-value and low-value
consumers—which we made only to ensure that both types purchase—and the assumption that

32 We also briefly discuss issues that arise when observing one or both of the first two prices is costly. These parallel
issues in existing search models.

33 Technically, this condition replaces the condition @ < vy — vr, in our basic model in Section 4 and ensurers that
both consumer types always buy, and can be easily extended to cases in which vy # vyg. With sufficiently strict
regulation of @ the condition holds, as the condition is equivalent to @ < v(1=a)/o. Furthermore, if there is a third
consumer group that is unwilling to study and active in the monopolistic market only, this sufficient condition can
be relaxed further to allow for all a € (0,1).



high-value consumers do not want to avoid the additional price, are unimportant. Indeed, if high-
value consumers avoid all of the additional price for free and vy = vy, > ¢, then our results apply
unchanged.3*

Consumer Understanding. While we have assumed that consumers are rational, we also analyze
the implications of a plausible form of consumer naivete: the possibility that consumers who study
and attempt to avoid the additional price nevertheless incur unexpected charges. For example,
a borrower who carefully looks at her unconventional mortgage contract and believes that she
understands everything may still fall for some traps.

Proposition 4. First, the extreme form of convex attention costs we have assumed in Section
4—that observing two prices is free, but observing anything else is impossible—is not crucial for
our results. We now relax this assumption and assume consumers can at a cost learn further prices.
Denote the cost of searching price number n by s,. Search costs are weakly increasing such that
Sn+1 > Sy, for all n. Consider first the case in which—as in Section 4—searching the first two prices
is for free (s1 = s2 = 0). Searching the third price requires effort s > 0.

The following proposition summarizes how results from Proposition 4 are robust to this speci-
fication.

Proposition 7. There exists an equilibrium with the following properties. All firms charge an addi-
tional price of a. Low-value consumers study and avoid paying the additional price, while high-value
consumers browse and incur the additional price. For any s3 > 0 all consumers search two price
components. Firms choose headline prices according to a distribution with support | fmin, fmaz|, and
at each price earn expected profits equal to a(fmaz — ¢)/1. Furthermore, there exists an o* € (0,1)
such that fpex = v for a > o*. If s3 > @, fmae = E[f] +@ < v for a < o*. If s3 < a,
fmaz = E[f] + s3 < vr for a < a*. In both cases, the expected price that consumers pay is
mcreasing in o.

The main logic from Proposition 4 applies in this context. Firms compete for inattention of low-
value consumers. Firms set fy,q, just low enough to prevent low-value consumers from searching a
third price. This f,q, Will be sufficiently low to also discourage high-value consumers from browsing
more than two products.

Intuitively, consumers searching a third price introduces a new inattention constraint that is
irrelevant in the model of Section 4. Studying low-value consumers might be tempted to browse
and study a second offer at a cost s3. If s3 > @, browsing and studying a second offer is very costly,
making this deviation inferior to only browsing a second offer. In this case the search cost s3 are
irrelevant for equilibrium attention and the equilibrium of Proposition 4 is unaffected. For a < o,
fmaz 1s determined by finee = E[f] + @ and the price cap @ drives competition for inattention.

If s3 < @ the novel inattention constraint is binding. Browsing and studying a second offer
is the most beneficial deviation for low-value consumers. For a < o, fiq. is determined by
fmaz = E[f] + s3. Now the search cost s3 drives competition for inattention and no longer the price

34 While our stylized models apply to many economic situations, we note that there are also settings in which
high-income consumers are likely to study more than low-income consumers, leading to higher margins in higher-
income neighborhoods. As a case in point, if studying helps a consumer determine which of multiple horizontally
differentiated products she likes, and a high-income consumer—such as a rich wine connoisseur—has more particular
tastes, then she studies more. Such instances, however, seem economically less important than those above.



cap @. But as in the previous case, firms reduce f,q, to prevent low-value consumers from studying
a second offer. Even though the inattention constraint is a different one, firms again compete for
consumer inattention and the comparative statics w.r.t. « are qualitatively unaffected.

Which inattention constraint is binding has important implications for price regulation. Con-
sider again a < a*. If s3 < @ and [ = E[f] + s3, the search cost s3 induce competition for
inattention. Thus, a small reduction of @ that preserves s3 < @ only reduces the additional price
that high-value consumers pay, which reduces competitive pressure. Just as a decrease in ag in
Proposition 8, this leads to an increase in the average price consumers pay. In contrast, a large
enough reduction of @ induces s3 > @ where fp,q, = E[f]+a. Now the price cap @ drives competition
for inattention, and a reduction in @ reduces the average price consumers pay.

What would happen to the results of Proposition 4 if s > 07 As long as sy < @, low-value
consumers still study their initial offer. But high-value consumers would no longer browse when they
observe initial prices close to finin. As a response, firms increase fin; firms play pure strategies
in equilibrium and high-value consumers neither browse nor study. The problem is that high-value
consumers benefit from browsing only because of some price variation in headline prices. Realistic
extensions—commonly assumed in the search literature—that induce variation in benefits for high-
value consumers, however, induces them to pay (low enough) sy > 0 as well. For example, if by
browsing high-value consumers learn their match value they have an incentive to incur search cost.
Alternatively, if as in Stahl (1989) or Janssen et al. (2005) there are some consumers with zero
search cost or intrinsic benefits from browsing (so-called shoppers), then headline prices must vary
in equilibrium. This price variation, in turn, induces high-value consumers to pay (low enough) so
and browse as well. These extensions also make the results in Proposition 4 robust to s; > 0.

To simplify the discussion, for the remainder of this Appendix, we again suppose that consumers
can only observe two prices.

Second, we note that it is easy to check that an equilibrium with essentially the same properties
exists if browsing and studying occur in different markets. Namely: (i) the monopolist charges
headline price v — @ and additional price @; (ii) the oligopolists randomize their prices on an
interval [fiin, fmaz); (iii) low-value consumers study in the monopolistic market and high-value
consumers browse in the oligopolistic market; (iv) there is an o* such that if o > o, then f4z
equals consumers’ value, and if a < a*, then fy,4, is determined by the condition that low-value
consumers quoted a price of f,,4, are indifferent between studying in the monopolistic market and
browsing in the oligopolistic market.

Third, suppose that high-value but not low-value consumers avoid all or part of the additional
price without studying. We capture this by positing that the maximum additional price a firm
can charge is ag > 0 for high-value consumers and ay, > 0 for low-value consumers.?® We show
that the equilibrium characterized in Proposition 4 survives qualitatively unchanged, and in fact
features interesting comparative statics:

Proposition 8. In the extension with type-dependent additional price caps, there exist an equilib-
rium with the same properties as in the main model. In this equilibrium, the average total price
consumers pay is decreasing in ar, and increasing in ay,.

35 We continue to assume that high-value consumers’ cost of satisfying almost any condition is greater than g,
and to ensure that the market is covered that vy +ag < vgy.



It has long been recognized in models of loss leaders (e.g., Lal and Matutes, 1994), switching
costs (e.g., Farrell and Klemperer, 2007), and naive consumers (e.g., DellaVigna and Malmendier,
2004) that the profits firms make on consumers ex post are competed away in an effort to attract
consumers ex ante. In our model, the profits firms make on high-value consumers ex post are
more than competed away ex ante, so that the average price consumers pay is decreasing in these
ex-post profits. Intuitively, the ex-ante competition for profitable high-value consumers increases
the threat of low-value consumers browsing, inducing firms to lower prices further. In contrast,
the average total price is increasing in the additional price low-value consumers would pay—even
though low-value consumers do not pay it. A higher additional price lowers low-value consumers’
incentive to browse, which in turn lowers firms’ incentive to keep prices depressed.3¢

Unlike in our baseline model, in markets where high-value consumers face a lower additional
price than low-value consumers, it is no longer generally true that high-value consumers pay higher
average prices. This happens not because low-value consumers pay the high additional price,
but because they are spending their effort trying to avoid the additional price. Since high-value
consumers browse and then pay a relatively small additional price, they may obtain the product at
a lower price. Of course, in this case the prediction that the average price consumers pay increases
in « is only strengthened.

Our results also survive if low-value consumers are naive: they believe that by studying, they
can avoid the additional price, whereas in reality they will incur a given proportion of it. This
leaves the equilibrium prices completely unchanged:

Corollary 1. The properties of equilibrium prices identified in Proposition 4 are unaffected by the
proportion of the additional price naive consumers incur after studying.

While the ex-post profits firms make on high-value consumers are more than competed away, the ex-
post profits they make from unexpected payments by naive low-value consumers are not competed
away at all. Since naive low-value consumers do not anticipate paying the additional price, the
fact that they pay does not affect their perceived-optimal search behavior. And since low-value
consumers study, they cannot be attracted by a cut in the headline price. This means that the
additional price they unexpectedly pay does not induce any competition in the headline price. Once
again, in this case low-value consumers may end up paying higher average prices than high-value
consumers.

It is important to note that Corollary 1 relies on naive consumers realizing that there is an
additional price to worry about, and believing that they can avoid it. Suppose, in contrast, that—
as in Gabaix and Laibson (2006), Heidhues et al. (2017), and Johnen (forthcoming), for instance—
naive consumers are completely oblivious to the additional price, equating the headline price with
the total price of the product. Then, they browse just like high-value consumers, generating perfect
competition between firms. In a sense, therefore, partial naivete can lead to higher prices and more
exploitation of naive consumers than complete naivete.

36 Since studying low-value consumers avoid the additional price, Proposition 8 also holds when @y, captures wrong
beliefs due to naiveté about additional prices. This implies that the tradeoff between browsing and studying is
also robust to low-value consumers underestimating additional fees, as long as they believe that additional fees are
non-zero.



Proposition 5. As in this equilibrium there is no benefit to further search, the equilibrium
survives unchanged if consumers can observe further prices at a positive cost. The implications
of naivete by low-value consumers depend on how much unexpected charges firms can impose on
these consumers, and how this is related to a;. If a firm can generate large profits from low-value
consumers by increasing a;, then the equilibrium must involve doing so and thereby pricing high-
value consumers out of the market. Otherwise, the equilibrium survives. If consumers face different
additional prices, the equilibrium survives so long as firms can charge all consumers a sufficiently
high additional price (@y > 0,ag > vy — vr).3"

Proposition 6. Again, there is no benefit to further search, so the equilibrium survives if con-
sumers can observe further prices at a cost. Since there is no benefit to studying, competitive
(zero-profit) equilibria in which all consumers browse also exist when low-value consumers are
naive or high-value consumers avoid (part of) the additional price for free. The same logic applies
when studying and browsing occur in different markets. Finally, when studying is aimed directly at
avoiding—rather than learning how to avoid—the additional price, then the plain-vanilla regulation
works so long as it makes avoiding the additional price costless.

B Entry

We analyze a model of how entry interacts with the attention issues at the heart of our paper. We
modify the model in Section 4.1 by assuming that there are three firms, two incumbents (firms
1 and 2) and an entrant (firm 3), and each consumer initially observes the headline price of a
randomly chosen incumbent firm. Consumers can either study the additional price and conditions
of their own firm, or look at the headline price of one randomly chosen other firm. Both of these
randomizations are with equal probability. All our other assumptions are unchanged.

As we have shown in Proposition 4, without the entrant the incumbents’ profits are increasing
in the share of low-value consumers, . One might naturally conjecture that the entrant’s expected
profit—and hence its willingness to enter—is therefore also increasing in «. Instead:

Proposition 9. In equilibrium, all firms charge an additional price of a. Low-value consumers
study and avoid paying the additional price, while high-value consumers browse and incur the ad-
ditional price. Firms 1 and 2 choose their headline prices according to the same unique continuous
distribution with support [fmin, fmaz], while firm 3 chooses its headline price according to a unique
continuous distribution with support | fmin,?gL where fmin < T3 < fmaz- Firms 1 and 2 earn
expected profits of §(fmaz — ¢), and firm 3 earns an expected profit of %( fmaz +@—c). Fur-
thermore, there exists an o € (0,1) such that fomex = vr for a > o* and fiee < vp for a < o*.
The expected price that consumers pay is increasing in .

Proposition 9 says that entry preserves the structure of equilibrium consumer behavior we have
found in the basic version of our model: high-value consumers browse, but low-value consumers
find it more advantageous to study. As a result, the entrant’s profit is increasing in « for low

37 If high-value consumers automatically avoid any additional price even in a deregulated market, then they can
safely browse, so a cap on low-value consumers’ additional price leaves the equilibrium unchanged.



«, but decreasing in « for high o. When « is small, most consumers browse, and the resulting
Bertrand-type competition leaves the entrant with low profits. When « is high, most consumers
study and hence cannot be attracted away from the incumbents, again leaving the entrant with
low profits. For intermediate values of «, however, incumbents keep prices high to take advantage
of studying low-value consumers, so the entrant can ensure non-trivial profits by competing for
browsing high-value consumers.

Once a neighborhood has a sufficiently large share of low-value consumers, therefore, economic
incentives create a “desert” in which new firms have little incentive to enter, even though incumbents
are making large profits. Exactly the same force that allows incumbents to make large profits—
lack of comparative search by consumers—makes it difficult for an entrant to carve out significant
market share.

Worse, Proposition 9 implies not only that for high « entry is unlikely to occur, but also that
the average price consumers pay increases if entry does occur. Intuitively, because the entrant
makes it more difficult to attract browsing consumers, incumbents focus their business model more
on studying consumers, raising average prices. And because high-value consumers at least benefit
from the presence of the entrant, the increase in prices is borne entirely by low-value consumers.38:3?

C Competitiveness versus Efficiency

We identify a simple setting in which a tradeoff between competitiveness and efficiency arises.
There are I identical firms that each sell a basic product and a premium product. The premium
product could be a higher-quality version of the basic product, or the basic product embellished
with an add-on. Firm ¢ charges f; and f; 4+ a; for the basic and premium products, respectively. A
consumer values the basic product at v, but her valuation for the premium product is uncertain:
it is either v or v + @, each with positive probability. Producing the basic product costs zero, and
producing the premium product costs c. We assume @ > ¢, so that the premium product is efficient
for consumers who value it. Each consumer is initially assigned to one firm, with each firm getting
a share 1/ of consumers. A consumer assigned to firm i sees both f; and a;. If she then studies,
she finds out whether she prefers firm i’s basic or premium product. If she browses, she learns
another firm’s prices (drawn with equal probability from the rivals), but not which product she
prefers. Then:

38 To understand these results in more detail, notice that for high a—where fiaz = vr—the incumbents’ profits
are unaffected by entry. When setting fmes = vr, an incumbent earns profits from its low-value consumers only, and
entry does not affect these profits because low-value consumers do not browse the entrant’s offer. Given that the
incumbents earn the same profits and the entrant earns higher profits than without entry, consumers must pay more
on average. Furthermore, note that to keep an incumbent indifferent between different prices, the probability that
the firm loses a high-value consumer must at any price be the same with and without entry. This implies that at any
price, a high-value consumer has the same probability of finding a lower price—that is, the distribution of prices she
pays is the same.

39 The point that entry might increase prices in a Varian-type pricing model has previously been made by Janssen
and Moraga-Gonzdlez (2004). In the equilibrium of their model that resembles Varian-type pricing, entry increases
the average price that firms charge, not the average price that consumers pay (the latter remains unchanged). In
other equilibria, the number of firms might affect average consumer prices via the search intensity of consumers. In
our model, search intensity is constant.



Proposition 10. Marginal-cost pricing is not an equilibrium. There exists an equilibrium in which
fi=v and a; =a for all i € I, and all consumers study.

The competitive outcome is not an equilibrium. For firms to compete, consumers have to
browse—Dbut this is not stable because facing marginal-cost pricing, consumers have a strict incen-
tive to learn their match values. Instead, there is an equilibrium in which consumers learn their
match values and therefore do not browse, so that firms can charge monopoly prices. While not
competitive, this outcome is efficient: all consumers buy the product that is best for them.

Now consider a standardization policy that allows firms to offer only the basic product. Then,
there is no point in studying, leading consumers to browse and generating Bertrand competition.
The policy therefore reduces choices for consumers and reduces efficiency, but also lowers prices.

D Proofs

Proof of Proposition 1. We first show that in equilibrium almost all consumers who buy study.
Suppose otherwise, i.e., suppose the probability that a consumer browses and then buys is positive.
Then there is a firm ¢ and a headline price f; such that firm ¢ attracts a positive mass of browsing
consumers conditional on charging f;. Firm ¢ can profitably deviate by charging the same f;
while increasing the corresponding a; arbitrarily. This enables firm ¢ to earn unbounded profits,
contradicting equilibrium. We conclude that almost no browsing consumer buys with positive
probability.

We now know that consumers purchase with positive probability only if they study with positive
probability. Any consumer who studies accepts any offer for which f; + a; < v. Hence, if a
positive mass of consumers studies with positive probability in equilibrium, then firms must charge
fi + a; = v. Finally, an equilibrium in which all firms charge f; + a; = v, all consumers who study
purchase if f; + a; < v, and the remaining browsing consumers do not purchase, clearly exists. [J

Proof of Proposition 2. Our proof has five steps. In Step (i), we show that consumers buy with
probability one. We prove in Step (ii) that total prices are below v with probability one. Step (iii)
establishes that all consumers browse at all headline prices for which the total expected price is not
below that of all rivals with probability one. Step (iv) uses this fact and standard Bertrand-type
reasoning, to establish that all firms must set the same total expected price. Step (v) shows that
there is a profitable deviation whenever this total expected price does not equal marginal cost.
Step (i): all consumers buy with probability one. Sequential rationality implies that upon
observing a headline price f; < v — @, a consumer must buy with probability one. Suppose some
consumers do not buy with positive probability in equilibrium. Then there must exist a firm ¢ that
with positive probability charges a headline price f; > v —a, and a positive mass of consumers that
are initially assigned to firm ¢ and do not buy with positive probability conditional upon observing
such a headline price. We argue that conditional on such an f;, firm ¢ cannot charge a total price
strictly below v and sell to a positive mass of consumers. If it did so, firm ¢ could increase a; by a
small amount and still charge a total price below v; after this change consumers who study still buy
and as such a deviation is unobservable to browsing consumers, it also does not change their buying



behavior. Hence, firm ¢ must charge a total price f; +a; > v with probability one if it sells to some
consumers. Furthermore, firm ¢ cannot be selling with probability zero. For it could then deviate
and set a pair of prices f; € (¢c—a,v—a) and a; = @, for which all consumers strictly prefer buying.
And because in the candidate equilibrium some consumers buy with probability less than one after
observing f;, this attracts additional consumers with positive probability, a contradiction. Next,
we establish that for such an f;, f; + a; = v with probability one. For otherwise, since it charges
total prices below v with probability zero, browsing consumers strictly prefer not buying from firm
1 and studying consumers do not buy from firm ¢ whenever it charges a total price greater than
v, contradicting the fact that firm ¢ must sell with positive probability for all price pairs. Almost
all studying consumers must buy with probability one, for otherwise the firm could lower a; by
an arbitrarily small amount, thereby inducing all studying consumers to buy without changing the
purchase behavior of browsing consumers, and this is a profitable deviation. If browsing consumers
do not buy with positive probability, then the firm can deviate and set prices f; = v —a —n and
a; = @, which increases the demand from the browsing consumers for any positive n > 0, and hence
it is profitable if all consumers browse conditional on seeing f;. Furthermore, if some consumers
study, then since they earn zero surplus from firm ¢, they must in equilibrium also earn zero surplus
from browsing. Hence, the deviation, which gives consumers a small positive surplus, attracts all
consumers with probability one and thus is profitable. We conclude that all consumers purchase
with probability one in equilibrium.

Step (ii): all firms set total prices f; + a; < v with probability one. Suppose otherwise, that
is some firm i sets a total price of f; + a; > v with positive probability in equilibrium. Then
all its rivals must earn positive profits in equilibrium, for they would earn positive profits when
setting a pair of prices f; € (¢ —a,v —a) and a; = @. Let 7 be the lowest expected equilibrium
profits from any rival of ¢. Then each rival must charge a total price weakly greater than c +
with positive probability, and hence firm i can ensure positive profits by charging a pair of prices
fi=c+m/2 —a and a; = a. Hence, firm i must earn positive expected profits when charging an
optimal pair of prices f/,a) for which f/ 4+ a} > v. Hence, conditional on observing f/, consumer
either study and buy or browse. In either case, it is suboptimal to charge an additional price of
a; < v — f!, for otherwise firm i could raise a; slightly without reducing demand. In other words,
E(f! 4+ a;|f!) > v and if E(f! 4+ a;|f]) > v browsing consumers do not buy and studying consumer
do not buy when f/ + a; > v, so that firm ¢ for such prices (f/,a;) has zero sales, and hence zero
profits—contradicting the fact that for optimal prices ¢ earns positive equilibrium profits. Thus,
E(f/+ai|f]) = v and hence for firm ¢ to earn positive profits some rival j must set headline prices for
which E(f; + a;|fj) > v with positive probability. But then, since by assumption some consumers
browse, firm ¢ can profitably attract the browsing consumers of firm j by deviating and setting
prices ( i, a;) such that a; = @ and fl = v —a — n for a sufficiently small n > 0, a contradiction.
We conclude that all firms set total prices f; + a; < v with probability one.

For the equilibrium price distribution, let E;, = inf{E(f; + a;|fi)}, and let E = min;{E,}.
Similarly, let E; = sup{E(f; + a;| f;)}, and let E = max;{E;}.

Step (iii): consumers browse at all f; for which E(f; + a;|f;) > min;z; E;. Since total prices are
strictly below valuations, consumers always strictly prefer buying over not buying. Consequently,
consumers strictly benefit from browsing if with positive probability some rival sets a price f; for



which E(f; + a;|f;) <E(fi + ail fi). -

Step (iv): E = E. Suppose otherwise, i.e. E > E. Because E > ¢, whenever some rival sets
prices above E, a firm can earn positive profits. By the same argument as in Step (ii) above, this
implies that all firms earn positive profits in equilibrium. If only one firm sets E with positive
probability, this firm earns zero profits when doing so—a contradiction. If two or more firms set E
with positive probability, then one of these firms can deviate and move this probability mass to a
price offer f; = E — @ —n and a; = @, which is profitable for sufficiently small > 0. If no firm has
a mass point at E then consider some firm i that attains the supremum. Take a sequence of f; for
which E(f; + a;|f;) — E, then the expected profit associated with this sequence converges to zero,
contradicting that the firm must earn a given positive equilibrium profit. We conclude that E = E.

Step (v): E = E = c. Suppose otherwise, then E = E > c. In this case, since by assumption a
small fraction of consumers always browse, a firm i can deviate to a price offer f; = E —a —n and
a; = @, which is profitable for sufficiently small n > 0. O

Proof of Proposition 3. We proceed in two steps. First, we show that in any equilibrium where
consumers buy with positive probability, they pay a total price equal min{v,t}. Second, we show
that these equilibria exist.

Step (i): in any equilibrium where consumers buy with positive probability, they pay a total
price min{v, t}. We show first that in any equilibrium where consumers buy, a firm ¢ that sells to
consumers with strictly positive probability charges f;, a;, such that f; +a; > min{v,¢}. Towards a
contradiction, suppose there exists a firm ¢ that sells to consumers with strictly positive probability
and charges f;, a; such that f;+a; < min{v,t} with positive probability. Then, for any such pair f;,
a;, firm 4 can strictly increase profits by charging a larger additional price a € (a;, min{v, ¢} — f;).
Studying consumers continue to buy at this price, and browsing consumers do not observe the
increased additional price and hence make identical purchase decisions as well. We conclude that
in any equilibrium where consumers buy with positive probability, they buy at a price of at least
min{v, t}.

Next, we show that in any equilibrium, consumers do not buy at prices f;, a; for which f; +a; >
min{v,t}. If min{v,t} = ¢, firms cannot charge a total price strictly larger than ¢. If min{v,¢} = v,
consumers are strictly better off when they do not buy from a firm ¢ that charges f; + a; > v.
Studying consumers observe f; + a; > v and do not buy, and if a firm ¢ for a given f; with positive
probability sets total prices f; + a; > v, browsing consumers are strictly better off either not
purchasing or studying and only buying if the firm’s price is weakly below v. We conclude that in
any equilibrium where consumers buy, they pay a total price min{v, ¢}.

Step (ii): equilibria exist where consumers buy. Suppose all firms charge f; + a; = min{¢, v},
a given positive mass of consumers always browses and all other consumers study and buy if and
only if the total price is < v. For ¢ < v, browsing consumers buy from the firm they were initially
assigned to. For t > v, they do not buy. In case ¢ < v, for any (equilibrium or out-of-equilibrium)
headline price f;, consumers believe that a; = t— f;. In case t > v, consumers believe that f;+a; = v
for all (equilibrium and out-of equilibrium) f; < v and for f; > v that f; + a; = t. Note that the
consumers’ on-path beliefs are consistent with firms’ equilibrium strategies. Given the consumers
beliefs, they are indifferent between studying and browsing, and when ¢ > v browsing consumers
are indifferent between purchasing or not purchasing. Hence, the consumer behavior is optimal.



For t < v firms charge the maximum total price and cannot attract more consumers, so their pricing
is optimal. Similarly, in case ¢ > v, for all equilibrium and out-of-equilibrium headline prices firms
sell only to studying consumers and do so whenever f; + a; < v, thus it is optimal for them to set
prices f; + a; = min{t, v}. O

Auxiliary results for the proof of Proposition 4.

Lemma 1. In any equilibrium in which low-value browsing consumers purchase with positive prob-
ability at a headline price f; < vr, Ai(a;|fi) puts positive weight only on the mazximal additional
price. Furthermore, for any out-of-equilibrium headline price f; < wvp, consumers’ belief about
A;i(a;|fi) puts positive weight only on the additional price a.

Proof. We first argue that if in equilibrium browsing low-value consumers purchase from firm ¢ with
positive probability at a headline price f! < vr, then A;(a;|f/) puts probability one on @. Suppose
otherwise, that is the firm sets some other additional prices with positive probability. Then firm ¢
could deviate and move all probability mass from A;(a;|f]) to @. In this case, it remains strictly
optimal for studying low-value consumers to purchase from firm ¢, and this deviation cannot affect
the behavior of browsing low- or high-value consumers. In addition, since low-value consumers buy
and vy — vy > @, high-value studying consumers will continue to buy after the increase of the
additional price. Hence, A;(a;|f!) puts probability mass one on a.

Next to consider the case in which low-value browsing consumers purchase in equilibrium at a
headline price f; = vr. For their purchase behavior to be optimal, it must be that A4;(a;|f;) puts
probability one on a; = 0. But note that in this case firm ¢ can deviate and set a; = @; this does not
affect the purchase probability of (high or low-value) browsing consumers, it remains strictly optimal
for studying high-value consumers to purchase, and it follows from our third equilibrium-selection
assumption that the purchase probability of low-value studying consumers is also unaffected. Hence,
as demand is constant and some browsing consumers purchase, this deviation strictly increases
profits, a contradiction.

We have thus shown that conditional on low-value browsing consumers buying with positive
probability at a headline price f; < v, it is optimal for firm ¢ to charge @. Our second equilibrium-
selection assumption imposes that if consumers observe an off-equilibrium f; < vy, consumers
believe A;(a;|f;) is chosen to optimally target either studying high-value consumers or (high or
low-value) browsing consumers supposing that they purchase. For all of these consumer groups, it
is optimal to set @ if f; < vr. Hence, consumers believe the additional price is @ with probability
one.

O]

Lemma 2. If consumers who browse offers see two headline prices, the second price can be of each
competitor with positive probability, and at least two firms are assigned a strictly positive share of
wnitial customers, then all firms earn strictly positive profits.

Proof. We proceed in three steps. First, we establish a lower bound on headline prices. Second,
using this bound we show by contradiction that firms with a positive share of initial consumers
earn strictly positive profits. Third, we prove that this implies strictly positive profits for all firms.

10



Step (i): Lower bound on headline prices. Note that all firms almost surely set prices f; > c—a.
Otherwise, at least one firm would earn strictly negative profits for prices below ¢ — @.

Step (i1): Firms with a positive share of initial consumers earn strictly positive profits. To
prove that firms with a positive share of initial consumers earn strictly positive profits, suppose
otherwise. Then there exists a firm 4 that earns zero profits whose headline price is visible to its
share of initial high- and low-value consumers.

Zero profits of firm ¢ imply that all low-value consumers browse headline prices for f; = ¢+ 7
for all n > 0 and then buy from the rival they see, since otherwise firm 4 could earn positive profits
by setting these prices. But this requires that all other firms charge f_; + a_; = ¢ with probability
one, since otherwise there exists a sufficiently small 1 such that the low-value consumers of firm
i strictly prefer studying and avoiding @ when firm i sets f; = ¢+ 1. f_; + a_; = ¢ implies that
in any candidate equilibrium in which firm ¢ earns zero profits, all other firms earn zero profits
as well. Because we have two firms that are initially assigned consumers, by iterating the above
argument, firm ¢ also must set a total price f; +a; = c¢. Furthermore, any firm that sells to browsing
high-value consumers conditional on charging f;, a; must set an additional price of a; = @ when
doing so; otherwise, firm ¢ could deviate and increase a; to @, which does not affect the probability
of selling to browsing consumers (who cannot condition their purchase behavior on a;) and does
not alter the probability of selling to studying consumers (since for f; < vy low-value studying
consumers must purchase and avoid any positive a; and studying high-value consumers are willing
to pay fi +a@ < ¢+ a). Similarly, any firm selling to studying high-value consumers must set
a; = @ because they are still willing to buy at that additional price. And since browsing high-value
consumers with positive probability see only the up-front price of a pair of firms ¢, j that are ini-
tially assigned consumers, one of these firms must sell to high-value consumers and thus set @ with
probability one, and hence charge f; = ¢ — @,a; = @ with positive probability. Firm ¢ can only
break even if its initially assigned low-value consumers browse rather than study and avoid paying
the additional price. But the low-value consumers assigned to firm ¢ are only willing to do so if
browsing leads them to pay in expectation total prices weakly less than ¢ — @ < ¢, a contradiction.
We conclude that all firms with a positive share of initial consumers earn strictly positive profits.

Step (iii): All firms earn strictly positive profits. We already know that all firms with a positive
share of initial consumers earn strictly positive profits. Hence, with probability one they must
set a total price t > ¢. Let firm ¢ be a firm that is assigned some initial consumers, and let
tmin be the infimum of the support of firm ¢’s total price distribution f; + a;. Then any rival
7 that has no consumers initially assigned to it can ensure strictly positive demand by charging
fj = tmin — @ —1n,a; = @, because in that case browsing high-value consumers initially assigned
to firm ¢ will strictly prefer to buy from firm 7 when seeing its offer, and by equilibrium-selection
assumption one some high-value consumers browse. For sufficiently small 7, the total price of firm
j is greater than ¢, and because firm j only serves browsing consumers, all of firm j’s consumers
pay this total price. We conclude that all firms earn strictly positive profits. O

Lemma 3. Suppose there are at least two firms that are initially assigned a strictly positive fraction
of consumers. If consumers who browse draw the second headline price from all other firms with
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strictly positive probability, then in equilibrium high-value consumers browse with probability one.

Proof of Lemma 3. We proceed in five steps. We show first that at any profit-maximizing
headline price offer, at least browsing high-value consumers must be willing to purchase. Second,
we establish that a; = min{vy — f;,a} for any optimal f; at which high-value consumers buy with
positive probability. Third, we prove that f,.. < vg. Fourth, we prove that there is no mass point

at fyen in any firms’ headline price distribution, and that at least two firms must attain f..
Finally, we conclude that all high-value consumers browse with probability one.

Step (i): At any profit-maximizing headline price offer, at least browsing high-value consumers
must be willing to purchase. By Lemma 2 firms earn positive profits, and hence with probability one
must set profit-maximizing prices f;, a; at which some consumers buy. In case f; < vy, a high-value
consumer prefers the offer f;,a; to her outside option since f; + a; < vy +a < vyg. For f; > vp,
low-value consumers never buy. In case a firm sets f; > vy, and f; + a; > vy studying high-value
consumers also do not buy, and hence browsing high-value consumers must (i.e. f; +E(a;|fi) < v,
where the expectation is taken with respect to the equilibrium price distribution). In case a firm
sets f; > vy and f; + a; < vy with probability one, browsing high-value consumers are willing to
purchase. Thus, at any profit-maximizing headline price offer, at least browsing high-value con-
sumers must be willing to purchase.

Step (ii): a; = min{vyg — fi,a} for any optimal f; at which high-value consumers buy with
positive probability. Consider an f; in the support of firm ¢’s headline price distribution, and let
A;(a;|f;) be the corresponding conditional equilibrium price distribution over a;. A firm i’s strategy
is a collection (G, {A;}y,), where G; is a cumulative distribution function over headline prices, and
{A;}y, aset of conditional additional price distributions. In equilibrium, with probability one each
firm chooses a profit-maximizing pair f;, A;(:|fi), and we from now on restrict attention to such
profit-maximizing combinations. Consider any headline price for which high-value consumers buy
from firm ¢ with positive probability conditional on firm i choosing f;. We establish that the
corresponding A;(+|f;) puts mass one on a; = min{vy — fiin,a}.

To see this, we first rule out that a; < min{vyg — f;,a} with positive probability. In this case,
firm ¢ can move probability mass from an interval (0,a}) to @), with a; < min{vy — f;,a}. This
does not affect the demand from any consumer who browses headline prices; it also does not lower
demand from high-value consumers who study because they still strictly prefer purchasing the
product; and it also does not lower demand from low-value consumers who study because they can
costlessly avoid paying the additional price (so it remains strictly optimal to purchase if f; < v,
and by equilibrium-selection assumption three, these consumers purchase with a given probability
when indifferent, i.e. when f; = vy). Hence, this change increases expected profits, contradicting
that f;, A;(-|f;) was profit-maximizing.

We next rule out A;(-|f;) puts positive probability weight on additional prices a; € (vyg — f;,a).
Suppose otherwise. Then, since a; > vy — f; with probability one, the expected value of a; condi-
tional on f; is greater than vy — f;. Hence, high-value consumers will not purchase without studying,
and upon studying purchase only if a; ¢ (v — fi,a]. Furthermore, low-value consumers cannot be
buying because f; > vy —a > vy. Thus, high-value consumers must be studying with positive prob-
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ability and purchasing because otherwise firms would not sell in equilibrium, which we ruled out
above. We conclude that A;(-|f;) puts probability one on the additional price a; = min{vyg — f;,a}
for any optimal f; at which high-value consumers buy with positive probability.

Before continuing, we introduce some notation. Let f. be the infimum of firm ¢’s headline price
distribution and let fy,;;, = min;{ L} Similarly, let f; be the supremum of firm i’s headline price
distribution and let fqe = max;{f,}.

Step (i4i): fmar < vrp. Suppose otherwise, i.e. fmar > vr. Low-value consumers do not
buy at any headline price f; > vy. We will now argue that a firm charging at or sufficiently
close t0 finazr cannot earn its equilibrium profits. Suppose at least two firms have a mass point
at fmaz. Then any such firm must sell to high-value consumers and set an additional price of
Ahigh = min{vg — fimaz, @}. But then, by equilibrium-selection one, a firm could discretely increase
its demand from browsing high-value consumers by setting f; = finaz + @pigh — @ — 1 and a; = @,
which is profitable for sufficiently small n > 0—a contradiction.

If only one firm has a mass point at f,,., and charges a total price strictly less than vy, high-
value consumers get a better deal for certain when browsing, and hence must do so. But this implies
that the firm has no demand, and hence does not earn its positive equilibrium profits. Hence, it
must charge a total price of vy with positive probability, and some rival must also charge a total
price of vy with positive probability. But then by essentially the same argument as above where
two or more firms have a mass point at f,,q:, there is a profitable deviation.

Now suppose no firm has a mass point at fi,... Consider a firm j that has f,q. as a supre-
mum over its headline price distribution, and consider a sequence of prices f; at which high-value
consumers buy and that converges to fiq. There are two subcases to consider. If fiq.. +a < vy,
then as f; — finae, firm j charges a higher total price than all other firms with a probability that
approaches one, and hence all high-valuation consumers must browse, which in turn implies that
the expected demand of firm j converges to 0. Thus, j cannot earn its equilibrium profits in this
subcase. If, on the other hand, f,,qx + @ > v then for an interval of prices sufficiently close to
fmaz, firm j charges a total price of vgy. If some other firm also charges a total price of vy with
positive probability, deviating to a price offer f; = vy —a—n and a; = @ is profitable for sufficiently
small 7 > 0. In case no other firm charges a total price of vy with positive probability, high-value
consumers strictly prefer to browse for the headline prices that induce a total price of vy, and
hence j does not earn its equilibrium profits. We conclude that fq. < vr.

Step (iv): there is no mass point at fyin in any firms’ headline price distribution, and at least
two firms must attain fp;,. Note that high-valuation consumers must buy at fiin < free < v,
so that a firm that has a mass point at f,;, sets an additional price a; = @ whenever it charges
Sfmin. Suppose at least two firms have a mass point at f,,;,. Then one of these firms 7 can increase
profits by shifting probability mass from the mass point to the pair f; = fmin — 1 and a; = @ for
some 77 > 0. This discretely increases demand from browsing high-value consumers; furthermore,
since upon observing the headline price consumers know that deviant offer is better, it cannot lower
demand from any other consumer group. To see that this deviation is profitable for a sufficiently low
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7, it remains to establish that the deviant firm cannot loose through inducing low-value consumers
that are initially assigned to it, to study and save on the additional price. Observe, however, that
if foin < vr low-value consumers must study conditional on observing fy.:,, as this guarantees the
lowest possible expenditure. Hence, for f,;, < vr, the loss from low-value consumers is bounded
by 7. In case fmin = vr a browsing low-value consumer does not buy, and the firm can choose
n such that f,;, —n > ¢ in which case inducing low-value consumers to study and buy further
increase profits. Hence, there can be at most one firm with a mass point at fn.

To rule this out, suppose i has a mass point at f,;,. Recall that at f,,;, low-value consumers
that are initially assigned to firm ¢ must study. We first argue that min;;{ ij} = fmin, for otherwise
firm ¢ could deviate to f; € (fmin, min{min;;{ ij}, vr}) and a; = @. At such a headline price low-
value consumers initially assigned to firm ¢ still prefer to study and buy from firm ¢, and any
high-value browsing consumer still prefers firm i’s offer to any alternative offer that they accept in
equilibrium, as well as their outside option. Hence, all browsing high-value consumers still buy from
firm ¢ with probability one. To evaluate the response of low-value consumers to this price increase,
we now consider three subcases: (a) fiin +@ < vp; (b) fimin +@ > vr; and (¢) frin +@ = vp. In
subcase (a) for f; € (fmin,vr — @), browsing low-value consumers still buy after the headline price
increase, and hence the firm looses no demand when raising its price, a contradiction. In subcase
(b) browsing low-value consumers do not buy, and hence the price increase does not affect demand,
again implying that it is profitable. In subcase (c), a browsing low-value consumer cannot receive a
positive surplus. Hence, the surplus of a low-value consumer who does not study is zero, and thus
low-value consumers strictly prefer to study for all headline prices f; € (fmin,vr). So raising the
price to just below min{min;;{ ij}, vr} is profitable. We conclude that min;;{ ij} = fmin-

Now consider a rival j for whom ij = fmin. Hence, in equilibrium firm j charges headline prices

in an interval (fimin, fmin+n) for any n > 0. Since at most one firm has a mass point at fin, fmaz >
fmin, and thus vy, > fiin. Consider sufficiently small n > 0 that satisfy n < min{vy — fiin,a}.
We first establish that if 7 is sufficiently small, low-value consumers initially assigned to firm j
study with probability one for all profit-maximizing equilibrium headline prices in (fiin, frmin +7)-
Suppose not. Then a positive fraction of these consumers browse. If either the browsing low-value
or browsing high-value consumers buy with positive probability from firm j, then the additional
price must satisfy a; = min{vyg — fimin, @} = a@. Consider such price pairs f;,a@ of firm j for which
low-value consumers browse. Furthermore, as 7 — 0, the probability of a firm [ # 4, j setting a
headline price f; > fmin + 1 goes to 1, and the probability of firm [ setting a headline price in
the interval (fiin, fmin + 1) goes to 0. (Trivially, when I = 2, the probability that a third firm
charges a price in (fmin, fmin + 1) is zero for any n > 0.) Note that a low-value consumer who sees
a headline price in the interval (fiin, fmin + 1) is strictly better of studying whenever it is matched
with a headline price at or above f,,;, +7; with positive probability, however, a browsing low-value
consumer initially assigned to firm j is matched with firm ¢ when it charges f.;, and in that case
looses a payoff of at least @ — 7 relative to studying; finally, the probability of being matched with a
headline price in (fimin, fmin + 1) goes to zero, so that for sufficiently small 1 low-value consumers
initially assigned to firm j strictly prefer studying. We conclude that low-value consumers initially
assigned to firm j study with probability one for all profit-maximizing equilibrium headline price
in (finin, fmin +n). But this implies a profitable deviation for firm j. If firm j deviates and charges
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fi = fmin —n,a; = @ it keeps all consumers initially assigned to it and looses at most 27 from any
consumer it sells to, and attracts all browsing consumers that are matched with it. Since firm i
charges f:n with positive probability, this strictly increases demand, and hence is profitable for
sufficiently small 7. We conclude that there is no mass point in the headline price distribution at
fmin'

We prove now that at least two firms must attain the infimum f,,;,. Suppose otherwise that
L = fmin for only one firm ¢. Then there exists an 17 < vp, — fin such that only firm ¢ sets prices in
(fmin, fmin +n) with probability one. Browsing high-value consumers buy from firm ¢ for headline
prices in (fmin, fmin + 1) With positive probability, so that a; = @ for these prices. Furthermore,
for these prices it is strictly optimal for low-value consumers to study and purchase. But then
firm 4 could increase profits from all consumers buying at prices in (fmin, fmin + 1) by shifting
all probability mass from this interval to just below fy,in, + 7, a contradiction. We conclude that
L. = fmin for at least two firms 1.

Step (v): All high-value consumers browse with probability one. It follows from Step (iii) that
there is no benefit of studying for high-value consumers since they buy and do not avoid the
additional price, and furthermore by Step (ii) high-value consumers pay a. At any headline price
above fnin, hence, they strictly benefit from browsing by Step (iv), and since there is no mass
point at fn, high-value consumers browse with probability one. O

Lemma 4. Suppose there are N > 2 firms each of which is assigned an initial share of 1/N of
consumers. Let I = N or I = N+1 (i.e. there is at most one additional firm that has no consumers
assigned to it). If consumers who browse draw the second headline price from all other firms
with equal probability, then in any equilibrium that satisfies our equilibrium-selection assumptions,
firms that have initially assigned consumers earn the same profits and play symmetric headline-
price strategies, and low-value consumers study with probability one. Furthermore, the symmetric
headline-price equilibrium distribution of the firms that have initially assigned consumers has no
mass points.

Proof of Lemma 4. We use the same notation as in the proof of Lemma 3; that is, let L be the
infimum of firm ¢’s headline price distribution and let f;,;,, = min;{ L} Similarly, let f; be the

supremum of firm i’s headline price distribution and let f4. = max;{f;}.

We proceed in five steps. First, we prove that f,... < vr. Second, we establish that for all
equilibrium headline prices, we can have a; < @ only for the headline price f4; and only if exactly
one firm has a mass point at f,,., and sells only to studying low-value consumers. Otherwise, all
equilibrium headline prices charge @. For any off-equilibrium headline price f; < vy, consumers be-
lieve that a; = min{vy — f;,a} with probability one. Third, we show that for any headline price at
which low-value consumers weakly prefer to browse, the firm would earn higher profits if low-value
consumers switched to studying instead. Fourth, we establish that firms that are initially assigned
consumers that attain fp,;, or fiee earn the same profits, and use the same price distributions.
Fifth, we prove that all firms with initially assigned consumers attain fi,y,.
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Step (i): fmaz < vr. This follows directly from Lemma 3 step (iii).

Step (ii): for any f; < v, consumers believe a; = @ with probability one and for almost any
fi,a; firm i charges in equilibrium, a; = @.

We focus on equilibria in which, by our second equilibrium-selection assumption, consumers
believe that a; optimally targets either studying high-value consumers or (purchasing) browsing
consumers. In either case, for all f;, thus, a; € {vyg — f;,a} with probability one. Since v, < vy —a,
thus, consumers believe that a; = @ for all f; < vy. Furthermore, with probability one the firm
chooses a headline price f; < vy, in equilibrium, so our second-equilibrium assumption implies that
firms set a; = @.

Step (iii): For any headline price at which low-value consumers weakly prefer to browse, the firm
would earn higher profits if low-value consumers switched to studying instead. We next establish
that for any headline price at which low-value consumers weakly prefer to browse, the firm would
earn higher profits if low-value consumers switched to studying instead. To see this, we denote by
1-H_;(f;) = Ifil > P(f; > f;) the probability that the average competitor charges a strictly larger

i#]
headline price than firm j and by 1 — H :j( fi) = ﬁ ?P( fi > fj) the corresponding probability
i#]
for a weakly larger one. Note that H_;(f;) = H:j(fj) if no competitor has a mass point at f;.

We now set up a condition under which low-value consumers weakly prefer to browse for all
fi < fmaz- By the previous step, for all f; < fy42, consumers believe a; = @ with probability one.
Thus, low-value consumers weakly prefer to browse at such a headline price f; if and only if

\ff_, > (1= H_;(f;))(f; +a)+[H-;(f;) — HZ;(f)I(f; + @)
price when studying browse larger price browse identical price
+ HZ;(F)IE 51 f-5 < f;) +4a].

browse smaller price

This last expression is equivalent to

a < H-(f)lfj —E(f=jlf-5 < [})].

We now characterize under which condition firm j’s profit when a low-valuation consumer studies,
i.e. f; —c, is greater than the profit it earns from the low-value consumer browsing. As outlined in
Step (ii), firms charge a; = @ for all f; < fyae, and the condition becomes

fi—e> 0 —H_;j(f;))(fj +a—c)+ 5, [H—j(fj) - H:j(fj):| (fj +a—c)+H_;(f;) x0,

where f3; € [0, 1] can be any tie-breaking rule. The left-hand-side captures that studying low-value
consumers never pay any strictly positive additional price. Hence, since f; +a@ > ¢, a sufficient
condition for the firm preferring the consumer to study is

fi—e>0=HI;(f;))(f; +a-o),
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which is equivalent to
a < HZ;(f;)fj — (c—a)].

Since firms must earn positive profits, headline prices are strictly greater than ¢ — @, and hence
E(f-j|f-; < f;j) > ¢ — @, which implies that the firm strictly prefers consumers to study whenever
they weakly prefer to browse.

Step (w): Firms that are initially assigned consumers that attain fumin 0T fmaex earn the same
profits, and use the same price distributions. We first rule out that two (or more) firms have a mass
point at fpae. In that case, high-value (browsing) consumers must buy from one of these firms
with positive probability, and this firm must set a; = @. Then another firm j setting f,q. would
be strictly better of setting f; = fmaz —n and a; = @ for a sufficiently small n > 0. In this case,
it attracts the browsing high-value consumers when firm ¢ charges fpq. and they see firm ¢ and
j’s headline prices. Furthermore, by Step (ii) consumers believe the additional price equals @ with
probability one for any headline price f < fiqe. Thus, if low-value consumers strictly preferred to
browse at f; = faz, then they still strictly prefer to browse after a small price cut. If they strictly
preferred to study, they must still strictly prefer to study. And if the low-value consumers were
indifferent between studying and browsing, then they strictly prefer to study following the headline
price decrease because they think a; = @; and such a switch is beneficial to firm j by Step (iii). We
conclude that at most one firm has a mass point at f,qz-

Let h be a firm that has the mass point at f,,qz, or attains the supremum of the headline price
distribution f,q, if no firm has a mass point at fy,4.. Since high-value consumers browse, this
firm must sell to low-value studying consumers at (or arbitrarily close t0) fpq,. This implies that
firm A is one of the N firms, which have consumers initially assigned to it, and that the low-value
consumers weakly prefer to study when firm h sets fqz-

Let 7, be the equilibrium profits of firm h. It follows from Step (iv) in the proof of Lemma 3
that no firm has a mass point at f,.;,, and at least two firms obtain f;,;,. Let [ be a firm that
attains f,.;, and belongs to the group N of firms that have consumers initially assigned to it. Let
m; be its equilibrium profits. We next establish that m;, = m;. This holds trivially if [ = h. Hence,
suppose that | £ h.

We show that low-value consumers that see firm [’s headline price study for all headline prices
strictly below fpqz, including out-of-equilibrium ones. Suppose otherwise. Then since low-value
consumers believe that a; = @ for these headline price, and studying is optimal at fy,;,, there
exists some headline price fy,in < fl < fmaz at which consumers are indifferent between studying
and browsing. First, we establish that if fl > f h> fmin, then m > m,. The reason is that if
firm [ charges f b (or minimally undercuts it), then it earns as much as firm h does when doing so
from browsing consumers that are initially assigned to a firm ¢ # h,[, and it earns as much from
low-value consumers initially assigned to itself as firm h does from its initially assigned low-value
consumers because low-value consumers study at this price. But [ earns more from high-value
consumers that browse and are matched with firm h then firm h does from browsing high-value
consumers matched with firm [, because firm h charges higher prices with probability one. This,
however, is a contradiction because by charging f.;, firm h could earn at least firm I’s equilibrium
profits—both firms make the same profits from low-value studying consumers, both earn the same
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from browsing consumers of firms i # h, [, both earn the same from high-value browsing consumers
assigned to the other firm, and since none of firm A’s initially-assigned low-value consumers browse,
[ earns weakly less from browsing low-value consumers. This rules out that f; > f e Sfrin-

We next rule out that f h = fl Since low-value consumers of firm [ are indifferent between
studying to save @ and browsing for the chance of getting a lower headline price from a firm ¢ # [, h
(since h always charges weakly higher headline prices) at fl, low-value consumers of firm A strictly
prefer to browse because firm [ with positive probability charges lower headline prices. But this
contradicts the fact that low-value consumers of firm h weakly prefer to study at f,,q., which saves
them @ but forgoes the chance of bigger price savings from a firm ¢ # h,[ as well as a potential
cheaper headline price from firm [. Hence, we conclude that fl > frmaz-

In addition, by Step (iii), it must be that all low-value consumers study at fi,,q., for otherwise the
firm setting fiq would have an incentive to minimally undercut it. Therefore, low-value consumers
of firms [ and h always study. Since in addition no firm has a mass point at f,,;, this implies that
if the high-value firm set fp.,, it earns m;, so we conclude that 7, > m;. Furthermore, because
fl > fmaz, firm [ can arbitrarily closely approximate 7, by setting headline prices (arbitrarily close
t0) fmaz and inducing all low-value consumer to study. We thus conclude that m; = 7p,.

We next rule out that firm [ or i has a mass point strictly below fi,q.. Suppose otherwise, that
is firm ¢ € {h,l} has a mass point at f € (fmin, fmaez). We consider two cases. Either (a) for any
e > 0 and corresponding interval [f, f 4 ¢€), there exists some rival j # i that sets prices in [f, f +¢€)
with positive probability. Or (b) there exists a non-empty interval [f, f + €) in which no rival sets
prices with positive probability.

Consider case (a) first. Since f < fpaz, We can choose € so that all consumers believe firm j
sets an additional price of @ for all headline prices in the interval [f, f + €). For sufficiently small €
firm j is better of minimally undercutting firm ¢’s mass point at f rather then selecting the price
in the interval. Such undercutting cannot reduce the demand from browsing consumers initially
assigned to any firm k # 4, j; it strictly increases the demand by a discrete amount from high-value
consumers initially assigned to firm ¢ since these browse by Lemma 3; it also increases demand from
high-value consumers initially assigned to firm j if they are matched with firm ¢. We are left to
consider low-value consumers assigned to firm j. In case they strictly prefer to browse at a headline
price of f, they still strictly prefer to browse in case firm j undercuts by a sufficiently small amount,
and in this case undercutting weakly increases demand. In case they strictly prefer to study at f,
they still strictly prefer to study if firm j undercuts by a sufficiently small amount, and in that
case demand from these consumers is unaltered. Finally, if these consumers are indifferent between
studying and browsing at f, by Step (iii) firm j earns strictly higher profits if they study, which
minimally undercutting f ensures. We conclude that minimally undercutting discretely increases
demand and hence profits in case (a).

Consider case (b) next. Then firm ¢ can increase its price without losing any demand, a
contradiction.

It remains to rule out a mass point at fp,q4.. Suppose firm h has a mass point at fpqa.. Then
it earns profits solely from studying low-value consumers. But if firm [ mimics it and minimally
undercut fiuqz, it earns profits from studying low-value consumers and attracts some browsing
high-value consumers from firm h, earning strictly greater profits—a contradiction. We conclude
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that neither [, h has a mass point.

For any price f; < fiqee that firm ¢ € {h,[} sets in equilibrium, it must earn weakly greater
profits than its rival, for otherwise the rival would have a strict incentive to set this price as in
equilibrium 7; = 7. Furthermore, because by setting (or to break indifference minimally undercut-
ting) f;, firm j can attract the same amount of browsing consumers from firms k& # h, [ and because
among the consumers assigned to either firm [ or h all low-value consumers study and all high-value
consumers browse, firm ¢ earns weakly higher profits in case firm j is weakly less likely to undercut
it; thus, we have that G;(f;) > G;(f;) for all f; that firm ¢ charges in equilibrium. Furthermore, if
Gi(f) > G;(f), then firm j cannot set price f in equilibrium. This implies that if G;(f) > G;(f)
then G;(f') > G,;(f) for all f € (f, fmaz), contradicting the fact that Gi(fmaez) = Gj(fmaz) = 1.
Hence, G;i(f) = G;(f) for any price firm 4, and by a symmetric argument firm j, sets in equilibrium.
But then it follows that G;(f) = G;(f).

Step (v): All N symmetric firms that are initially assigned consumers must attain fui,. Suppose
towards a contradiction that there is a firm ¢ among this group of firms that does not attain f,;,,
ie. L > fmin- We now show this implies m; > m;. Consider the profits from firm [ setting
fi = L —n and ¢ = a. Firm [ attracts weakly more browsing consumers of firms j # {i,[}
than firm 4 does, and earns no more than 7 less per browsing consumer it attracts. Since at any
headline price at which low-value consumers prefer to browse firms earn larger profits when they
study and since low-value consumers of firm [ study with probability one, firm [’s profit from a
low-value consumer initially assigned to it is at most 7 less. Similarly, firm [ earns at most 7 less
from attracting a browsing high-value consumer of firm ¢ than what firm ¢ earns when attracting
a browsing high-value consumer from firm [. But crucially, with probability one firm [ attracts all
browsing consumers from firm ¢ when matched with it because it undercuts firm ¢’s lowest headline
price. In contrast, because in equilibrium firm [ sets prices f; < L with strictly positive probability,
firm ¢ attracts the browsing high-value consumers of firm [ with a probability strictly bounded away
from one. Thus for sufficiently small n, m; > m,. But firm ¢ could deviate an set f,,;, in which
case it would earn m;, contradicting that L > fimin- We conclude that all firms ¢ that are initially
assigned consumers attain fy,in, and hence by the above argument for these firms G;(f) = Gr(f)
and therefore all firms ¢ that are initially assigned consumers use a symmetric price distribution.
And because we established above that the headline price distribution of firm A does not have a
mass point, the symmetric price distribution does not have a mass point. Finally, because low-value
consumers study at fi,qe, they must study with probability one. O

Proof of Proposition 4. We proceed in five steps. First we determine equilibrium profits and
price distributions conditional on fpq.. Second, we establish that f. < min{E(f)+a,vp}.
Third, we show that there exists an o* € (0,1) such that f,,4, = vp if and only if o > o*. Fourth,
we prove that fi,q. increases in «. Fifth, we show that profits weakly increase in @

Step (i): Equilibrium profits and price distributions. By Lemma 2 firms earn positive profits,
and hence with probability one must set profit-maximizing prices f;, a; at which some consumers
buy. In case f; < wvp, a high-value consumer prefers the offer f;,a; to her outside option since
fi +a; < vp+a < vyg. Thus, at any profit-maximizing headline price offer, at least browsing
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high-value consumers must be willing to purchase, that is f; +E(a;|f;) < vy, where the expectation
is taken with respect to the equilibrium price distribution.

We now show that firms earn %(fmaz — ¢). Since by Lemma 3 high-value consumers browse
and by Lemma 4 the symmetric equilibrium price distribution has no mass point, as f; = finaz
the probability that high-value consumers find a cheaper headline price converges to one. Thus,
low-value consumers, who study by Lemma 4, must buy with probability one for sufficiently high
fi as otherwise profits would go to zero as f; — fiaz; indeed, thus studying low-value consumers
must buy for all all f; € (fimin, fmaz). Since there is no mass point at fi,q, this implies that in
equilibrium firms must earn ¢ (fmaz — ¢).

We next use standard arguments to show that the support of the equilibrium headline-price
distribution is connected. Suppose the support is not connected. Take the largest interval ( 1, f ) C
(fmin, fmaz) for which the probability that a firm charges a price in that interval is zero. Consider
a firm ¢ that deviates and for a sufficiently small > 0, moves the probability mass from an interval
(f=n, f] to f. This loss from browsing high-value consumers is bounded by [H_;(f)—H_;(f —n)]/,
while the gain per studying low-value consumer is at least f — f. Thus, as n — 0, the loss per high-
value browsing consumer vanishes while the gain from studying low-value consumers is bounded
from below by a constant, and thus there exists a profitable deviation. We conclude that the
support of the headline price distribution is connected.

Indifference between all prices in the equilibrium price distribution requires that the cumulative
equilibrium price distribution G(f) satisfies

o' o« (1-a) _ 1.(1-a) _
Hmas =) = T =)+ S0 =GN +a -0 + (1= D=L -GN +a—e)
o« 2(1 — «) _
= (/=) + =1 -GN +a o). (1)
Hence, one has ( )
« fmaa: +a—c _
fmin = 2 _ +c—a,
and
G(f) =1- a(fmaz — f) for f € [fmm» fmaaz]- (2)

2l -a)(f+a—c

Step (ii): fmar < min{E(f) + @, v }. For low-value consumers to be willing to purchase at fy,qz
after studying, it must be that fy,q, < vr and that fi.. < E(f-;)+a, where the expectation is taken
with regard to the equilibrium headline price distribution G(f). Thus, finee < min{E(f) + @, v}.

Step (iii): There exists an o* € (0,1) such that fimae = vr, if and only if o > o*. WE(f)+a > vg,
we must have f,,,. = vy, because otherwise the firm can charge a higher headline price at which low-
value consumers would still be willing to study and then buy, and hence charging such a headline
price would increase profits.

If E(f)+a < vg, low-value consumers would prefer to browse when seeing headline prices above
E(f)+a rather than to study, contradicting the above. In that case, it must be that fi,.. = E(f)+a
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because for any fy,q. < E(f)+@ low-value consumers would still be studying and then buying when
facing a slightly higher headline price, and hence there would be a profitable deviation.
Hence in equilibrium fp,q2 = vr if E(f]fmaez = vr) +a@ > vr. Integration by parts yields

n=[ "t

=uaﬂWW—Awmﬁ#

fmaz
=A 1 - G(f)df

fma(L‘
~fint [ 1= G )
Substituting (2) into (3) gives
B fmaz a(fmax _ f)
E(f)_fm""+/mm 2(1—a)(f+a—c)df’ )

which is increasing in f,,q, because

8E(f) _ afmzn . afmm a(fmaa: - fmzn) +/fmaz «
afmax 8fmaa; 8fmaa: 2(1 _a)(fmin"i_a_c) in 2(1 —a)(f—i—d—c)

df

_ afmzn ) Fmaz (6%
‘amwG“W”+/mn2a—mu+a—@#>O

Hence E(f|fmae = vr) +@ > vg, is equivalent to

L a(vy — f) _
fmm+/mm 2(1—a)(f—|—a—c)df>vL_a' (5)

Observe that the left-hand side of the above equation is increasing in «, since

OLHS _ Ofmin VL9 a(vr — f)
o o (fmm) /mmaa {Q(I—a)(f—f-a—c) df > 0.

Using that for @« — 1, finin = fmaz it is easy to verify that indeed E(f|fmae = vr) +@ > v for
« sufficiently close to one and hence fy,4; = vr. To verify that E(f|fmaee = vr) + @ < vy, when
a — 0, we substitute fp,;, into Inequality (5), which gives
« _ _ o vL v, — f _
- a2 ) g <wp @ 6
2_a(vL+a c)+c—a+ 30 —a) ﬂ(“gj“‘chrc—af—i‘a—c If <vrp—a (6)

Since

vL v — f vr
/;z('u +a—c) f /('U +ac df
iiacaf+a—c tao) . g ft+a—c

[/ULln(f + a— C)] a(vp+a— c)+ & - len(

2—a

2 —«

)
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one has

. « vr v — f ' N 5 o
lim 5 L) g < tim — Y (P
Q%Q(I_O‘)/"‘(“éf“_c)Jrc—aera—cf—algbzu_a)””( )

(e
= ol Y 2(1—a)
[0

: o
= lim v, =0,
a—0 2—«

where the last step follows from L’Hospital’s rule. Hence the left hand side of Inequality 6 goes to
some value less than vy, as a — 0, implying that E(f|fmee = vr) + @ < vp. Thus, there exists a
critical a* € (0,1) such that fp.. < vz if and only if o < o*.

Step (iv): fmaz increases in a.. Since all consumers purchase the product for any «, and hence
the cost of production are the same independently of « it suffices to show that the firms’ expected
profits $(fmas — ¢) are increasing in o. This holds obviously for any a > o*. It remains to show
that for any a < o, fiq: increases in a.

For these values of «, fiq4 is implicitly defined by fi,. — E(f) = @. Using Equation 4 for the
expected price E(f) and applying the implicit-function theorem, we get

= :m siarraa ] - J R e =il

min

The second factor is always positive and the first one is positive if the integral it contains is less
than one.

fmam 6] - o fma.z‘ _ _1
/ 2(1—a)(f+a—c)df_2(1—04)/fmm (fra—cdf

B a fmaz +@—c
2(1-a) Jmin +@ —c

« 2 -«
= l 1
2(1—a)n< a >< ’

ln<2—a> _20-a)

The left- and right-hand side of the above inequality are decreasing in « and are identical for
« = 1. But since the derivative of the left-hand side with respect to «, a(%a), is larger than the
derivative of the right-hand side with respect to «, ;—22, the above inequality holds for all a € (0,1).
This proves that fpa. increases in a everywhere, and hence that expected profits 7 (fine: — ¢) are

increasing in «. We conclude that the expected consumer payment is increasing in «. O

min

which is equivalent to
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Proof of Proposition 5. First, we show that (almost) all consumers who buy at some (equilibrium
or out-of-equilibrium) headline price f; must study with probability one. Towards a contradiction,
suppose firm ¢ attracts some browsing consumers with a given positive probability conditional on
setting f; (and all firms j # 4 follow their equilibrium pricing strategy). Firm ¢ can therefore earn
arbitrarily large profits by charging f; and increasing a; to the desired (expected) profit level, a
contradiction. We conclude that (almost) all consumers who buy study with probability one at any
given (equilibrium or out-of equilibrium) headline price f;.

We next show that for any equilibrium headline price f; < vy at which some high-value con-
sumers study, a; > vy — f;. If a; < v — f; firm ¢ could increase the additional price slightly in which
case all high-value consumers still have a strict incentive to buy, and thereby increase its profits—a
contradiction. We now show that for any equilibrium headline price f; < vy and f; # v, at which
some high value consumers study, a; = vy — f;. If a; > vy — f; all studying high-value consumers
do not purchase. In case a; > vy — f;, the firm could raise its profits by charging an additional price
a; = vy — fi — €1 for some small enough €; > 0; in this case studying low-value consumers behavior
is unaltered and all studying high-value consumers purchase and pay vy — €1 > ¢, increasing the
firms profit—a contradiction. We conclude that f; + a; = vy in equilibrium whenever f; < vy and
fi # v

Furthermore, our second equilibrium selection assumption implies that for any equilibrium
fi < v, at which no high-value consumers study or any out-of-equilibrium headline price f;, the
expected additional price E[a;|f;] > vy — fi. This follows from the fact that studying low-value
consumers do not pay the additional price, and hence consumers must believe a; to be chosen to
target another group: either studying high-value consumers (in which case a; = vy — f;) or browsing
consumers that purchase in which case a; would have to be chosen arbitrarily high.

Given that for all (equilibrium and out-of equilibrium) f; < vy, consumers believe that E[a;| f;] >
vy — fi; and that they incur it with probability one when purchasing without studying, the expected
payoff of browsing is non-positive. This implies that (a) for all f; < vy, low-value consumers must
study and buy with probability one. Furthermore, (b) high-value consumers are indifferent between
studying and browsing (and not purchasing) for any f; < vr.

Furthermore, since by the first and third equilibrium selection assumption a given positive
fraction e € (0, 1] of high-value consumers browse when indifferent, then—since for any equilibrium
headline price f; high-value consumers are indifferent between studying and browsing—a fraction
1—e€ of high-value consumers study for any f; < vy. We will now argue that in any equilibrium firms
must set f; = vr. Suppose not. If f; < vy, firm ¢ could deviate and set a price f] = f;+ (v, — fi)/2
for which studying low-value consumers still have a strict incentive to buy. Because the payoff from
browsing is zero, the fraction 1 — € of high-value consumers study at f/. Firm ¢ could then set an
additional price a; = vy — f] — €2, which for sufficiently small €2 > 0 induces all studying high-value
consumers to buy. Because this deviation raises the profits earned from low-value consumers by
some given strictly positive amount, it is a profitable deviation for sufficiently small e5. We conclude
that in any equilibrium, f; > vg.

We next show that in any equilibrium f; < vp. Consider a firm that charges f; = v — €3 and
a; = vy — v, for some €3 > 0. This firm earns vy, — €3 from low-value consumers and vy — €3 from
the fraction 1 — € of high-value consumers that study; i.e. it earns avy + (1 — a)(1 — €)vg — €3.
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For small enough €3, this is strictly greater than the maximal profits a firm can earn from high-
value consumers, which is (1 — a)(1 — €)vg. And because low-value consumers do not purchase for
fi > v, this implies that f; < vy. Together with the previous paragraph, we can thus conclude
that f; = vg.

We now show that the firm sets a; = vy — vz as long as some high-value consumers buy (and
hence the fraction of high-value consumers e that browse when indifferent is less than one). We
already ruled out that a; < vy — vy, when some high-value consumers study. In case, a; > vy — vr,
and some high-value consumers study when indifferent, the firm can deviate by setting a; = v —vg,
and f; = vy, — ¢4 for some €4 > 0. In this case all low-value consumers study and buy from firm
i, and the fraction 1 — € of high-value consumers that study now also buy from firm ¢, which for
sufficiently small €4 increases profits. Hence, in any equilibrium consumers who purchase pay their
valuation.

We are left to show that there exists an equilibrium in which f; = vy and a; = vy — vy and a
fraction € of high-value consumers browse. We specify equilibrium strategies as follows: Low-value
consumers study for all f;, and purchase if and only if f; < vy. A given share e of high-value
consumers browse for all f;, and refrain from purchasing when doing so. The remaining high-value
consumers study for all f;, and purchase if and only if f; + a; < vy. Firms set prices f; = vy and
a; = vy —vy. For any f; < vy, consumers believe that a; = vy — f; and hence optimally targets
studying high-value consumers; for f; > vy consumers believe that a; = 0.

It is straightforward to verify that the firms strategies are a best response, and that the con-
sumers search and purchase decisions are sequentially rational and consistent. Since high-value
consumers browse with probability e, the equilibrium satisfies the first equilibrium selection as-
sumption. Obviously, a; optimally targets studying high-value consumers for all f; < vy and
because for f; > vy independent of the consumer’s beliefs about a; all consumers never purchase,
a; also optimally targets studying high-value consumers in this case. Hence the equilibrium is
consistent with our second equilibrium-selection assumption. When indifferent, each consumer
type browses with a given probability, and then conditional on this choice purchases with a given
probability. Therefore the equilibrium also satisfies the third equilibrium-selection assumption.

O

Proof of Proposition 6. We construct an equilibrium as follows. Firms always charge f; =
¢— (1 —a)a,a; = a. For any headline price(s), consumers believe that a; = @. It suffices to specify
consumer strategies for headline prices in which at most one firm deviated. For these histories,
both consumer types always browse and low-value consumers who do not value the additional
service purchase the plain-vanilla product while high-value consumers purchase the product with
additional service, which is optimal as k > @. Both consumer types choose the cheaper headline
price, and if they are equal, the consumer buys from the firm she was initially assigned to. O

Proof of Proposition 7. In the proof of Proposition 4, we derived the headline-price distri-
bution for any value f,q, when high-value consumers browse and low-value consumers study.
Take this distribution (2) as a candidate equilibrium headline price distribution with f,.. =
min{vg, E[f] + @, E[f] + s3}. Recall that (2) has no mass point at fpe.. Furthermore, suppose
that firms for any (equilibrium) headline price always set an additional price of a@.
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We now consider the beliefs of consumers. Suppose that (consistent with our second equilibrium-
selection assumption) consumers believe additional prices for on or off-equilibrium headline price
offers are @, and that all so far unobserved headline prices are distributed according to the candidate
equilibrium headline price distribution. Obviously, these beliefs are consistent with the firms’
strategies specified above.

We now specify consumer strategies starting with high-value consumers; we follow the common
convention to only specify consumer strategies for those histories in which at most one firm deviated
as other histories do not matter for the incentives on the path of play (for a formal discussion
of irrelevant histories for which strategies need not be specified see Blume and Heidhues, 2006).
Independent of the initial headline price they see, high-value consumers always browse for a second
headline price. When having observed at least one headline price weakly below f,q, within the first
two price observations (which they must if only one firm deviated and they browsed initially), high-
value consumers refrain from paying the search cost to see another price. Suppose the consumer
(out-of-equilibrium) studied initially firm ¢, then she is going to pay s3 and browse another headline
price if max{vy — (fi +a;),0} < vy —E[f;] + @+ s3. When having seen three prices, the high value
consumer must have seen one headline price below f,,q, even if one firm deviated, so in this case
the consumer stops browsing. When stopping to browse, high-value consumers purchase from the
firm with the lowest expected price (which must be below f,4. + @ if only one firm deviated) and
choose to pay the additional price.

We now verify that the high-value consumers’ strategy is optimal. After having browsed at
least a second-headline price, purchasing strictly dominates not purchasing in the histories we
consider since fiar + @ < vy, and when purchasing high-value consumers always prefer to pay
the additional price and purchase from the firm with cheapest expected total price. After having
observed one headline price, high-value consumers strictly prefer browsing a second headline price
when the lowest (on- or off-equilibrium-) headline price f; they observed so far is greater than f,:,
to studying. For on or off-equilibrium headline prices f; < finin, they weakly prefer browsing a
second headline price to studying. And once the consumer has seen at least two headline prices,
one must be below fq: in which case the consumer always strictly prefers to purchase from the
firm with the lowest expected cost to studying a so far unobserved additional price because she
believes all unobserved additional prices are @ with probability one. Hence, following any search
history, studying is suboptimal. Following any history in which at most one firm deviated and the
consumer browsed n > 2 headline prices and observed k > n prices overall, it is optimal for her to
not pay additional search costs and purchase immediately; to prove this, note that there are only
finitely many prices. Consider the last costly search &’ > 3 the consumer engages in and note that
if at most one firm deviated the lowest expected cost of purchasing from a firm whose headline price
the consumer has already seen satisfies f; +E[a;|f;] < fmae + @, where E[a;|f;] = @ if the consumer
did not study firm j and a; otherwise. In expectation, hence, she is better of not engaging in search
k' because fpar +a@ < E[f] + @+ sp. We conclude that it is always optimal to stop browsing after
having seen two headline prices, and thus the specified high-value consumers’ search strategy is
optimal. Furthermore, as long as at most one firm deviates, high-value consumers always refrain
from studying, and browse exactly one more headline price.

We now turn to low-value consumers. Consider first histories in which the lowest headline price
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the consumer has seen f; < fiee. Let f; be the lowest headline price that the consumer has studied
and set f; = oo if the consumer studied no headline price. In case f; = f;, the low-value consumer
purchases product i. Consider from now on the case in which f; < f;. The consumer studies
product ¢ if and only if sg11 < @ and f; + sxy1 < min{vy, fi}; the consumer purchases product 4
(without studying) if @ > sg4+1 and f; +a@ < min{vy, f;}; purchases product [ if and only if f; < vy,
and f; + min{sg11,a} > fi; the consumer stops searching and does not purchase otherwise, i.e. if
and only if f; + min{sx,1,a} > vy and f; > vy. Now consider histories in which the lowest headline
price f; > fimae- Because we only specify strategies for histories in which at most one firm deviated,
it must be that f; is the initial headline price the consumer has seen. In case the consumer did
not study firm 4’s additional price, she browses another headline price; in case she studied firm i’s
additional price, she browses a second headline price if and only if

max{0,vr, — fi} <vr —E[f] — s3 — min{s4,a},
purchases immediately if and only if
v — fz > maX{Oa v — }E{f] — 83 — min{54va}}a

and stops searching without purchasing otherwise.

We begin by establishing that for any history in which a low-value consumer has seen a headline
price f; < fmaz browsing is suboptimal. We do so by showing that studying the additional price of
the lowest headline price she has seen (if she has not already done so) and then purchasing gives
a greater expected surplus than browsing and then behaving optimal; obviously, if she already
studied this headline price, the surplus of just buying is even greater, so our argument covers this
case as well. We argue by backward induction, establishing first that it is suboptimal to browse the
last remaining product after the consumer has seen all other headline prices. Let f; be the lowest
headline price the low-value consumer has seen, and suppose the consumer has seen k (headline
and additional) prices so far. Consider the case in which f; = finaz, which gives the consumer the
highest incentive to browse the final product. Browsing the final product is suboptimal if

VL — fmaz — Sky1 > v — E[f] — sp41 — min{a, sp42},

where we use the fact that the consumer will see a lower headline price for certain, and then study
the product if and only the additional price is greater than the search cost. Since the search cost are
weakly increasing and fiq, < min{E[f] + @, E[f] + s3} the above inequality is always satisfied and
the consumer never browses the final product after having browsed all I — 1 others. By backward
induction, hence, she will never browse after having seen I — 2 others, and so on. We conclude that
refraining from browsing is optimal whenever the consumer has seen a headline price below f,qz-

Given that browsing is suboptimal, it is optimal to stop searching and refraining from purchasing
if fi + min{sk11,a} > vy and f; > vy because the consumer does not want to buy product ¢ with
or without studying, and she does not want to buy product [ either. It is optimal to buy product
Lif fi < wvp and f; + min{sgy1,a} > f;, where the latter condition ensures that the consumer
prefers buying [ to buying ¢ with or without studying. Similarly, she prefers purchasing product ¢
without studying to studying if @ > sx41 and prefers purchasing ¢ without studying to purchasing
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product [ or the outside option if f; + @ < min{vy, f}; finally, studying is optimal if sx41 < @ and
fi + Sk+1 < min{vL, fl}

In case the initial headline price f; > fiaz, the consumer believes that if she browses she
sees an offer below f,,q.; using the one-deviation principle, thus, we just need to consider strate-
gies in which she browses at most one additional offer. Now if the initial offer f; > fihae =
min{vg, E[f] + @, E[f] + s3}, we argue that it is optimal for the consumer to browse. In case
fmaz = vr, the low-value consumer gets zero surplus when studying product i so browsing is opti-
mal; in case vy, > f; > E[f] + @ the consumer strictly prefers browsing a second headline price and
purchasing that product without studying to studying firm i’s offer; and finally if vy, > f; > E[f]+s3,
the consumer strictly prefers to browse another offer and then study the new offer. Therefore,
studying is never strictly optimal, and hence browsing part of a best response. If the consumer
nevertheless studied the initial offer, she strictly benefits from paying s3 and browsing in case

vr, — E[f] — s3 — min{s4,a} > max{0,v;, — f;},

where we use the fact that after observing the new headline price paying s4 and studying it is
strictly optimal if and only if s4 < @; purchasing immediately is optimal if

v — f'L > maX{Oa v — }E{f] — 83 — min{54,6}},

and stopping to search without purchasing is optimal otherwise.

Given the specified consumers’ search strategies, any firm earns zero profits when setting a
headline price above f;,4, and so it is never optimal to do so. Because high-value consumers browse
and low value-consumers study exactly once for headline prices below fy,q:, they behave exactly
as postulated in the proof of Proposition 4, it is optimal for firms to set headline prices according
to (2) with fiee = min{ur, E[f] + @, E[f] + s3}. We conclude that the candidate equilibrium is
indeed an equilibrium.

Note that in case s3 > @, fmae IS unaffected and hence the comparative statics follow imme-
diately from the proof of Proposition 4. Otherwise, we have f,0, = min{vr, E[f] 4+ s3}. Since
s is constant, we can simply replace E[f] + @ by E[f] 4+ s3 in Steps (iii) and (iv) of the proof of
Proposition 4 without altering it otherwise. We conclude that if s3 < @, there exists an a* € (0,1)
such that fiee = vr for @ > o, and fiee = E[f] + s3 < vp for @ < a*, and that the expected
price consumers pay is increasing in a. O

Proof of Proposition 8. We look for an equilibrium of the same type as in Proposition 4 in which
low-value consumers study, high-value consumers browse, and firms charge the maximal additional
prices ar, and ap, and randomize over headline prices according to a common distribution G(f)
with support [fmin, fmaz), Where fiae < E(f) +ar and finee < vp. Furthermore, we suppose that
consumers believe that firms charge the maximal additional prices ay, and @y for equilibrium and
out-of-equilibrium headline prices.

Because fiar < E(f)+ar and fiee < vr, it is optimal for low-value consumer to study and then
buy for all equilibrium headline prices and to browse for headline prices strictly above fp,q,. Since
for high-value consumers prefer to incur the additional price @y, and since equilibrium headline

prices f; satisfy f; < v <wvp+ag < vy for all firms, high-value consumers strictly prefer browsing
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over studying. Thus, in equilibrium high-value consumers browse offers and low-value consumers
study offers to avoid paying ay,.

Given the consumers search behavior, firms cannot increase profits by reducing @y or ar. A
lower additional price for high-value consumers strictly decreases profits from these consumers
without affecting demand since high-value browsing consumers do not observe the additional price.
Since low-value consumers study and avoid ar,, changing a;, does not affect profits, and hence the
firms’ additional prices are chosen optimally.

We now show that if @y gets smaller, average profits increase. The construction of the equi-
librium headline price distribution parallels that in the proof of Proposition 4, and we therefore
only sketch it here. With the different notation, the minimum headline price and the distribution
of headline prices become
a(fmaa: +ag — C)

2—«

Jmin = +c—am,

and

a(fmaa: B f)
21— a)(f+ag —c)
respectively. Since only high-value consumers browse, it is only their headline price that appears
in foin and G(-).

We first consider the case where fiqr < vr. In this case, fiae is pinned down by fie. =
E(f) + ar. When drawing the largest headline price, low-value consumers are indifferent between
studying and browsing, which would induce them to pay an average total price of E(f) 4+ ar.

Since industry profits are a(fpqe: — ¢), we can show that average profits decrease in ay by
showing that f,q, decreases in ay. Using again that E(f) = fiin+ [ ;::LZ‘: 1—-G(f)df, and applying
the implicit-function theorem on f,.. — E(f) —ar = 0, we get

G(f) =1- fOI“ f S [fmzna fmax]a (7)

-1

0 frmax _ . Fmas a ) fmaz a(fmax - f) :|
dan [1 /m 21 —a><f+aH—c>df] U 20— a)(f tan 27|

min

We know from the proof of Proposition 4 that the first term in squared brackets is always
positive. To see that the second term is positive we simplify it

fmax
fmaz a(fmax - f) . [0 f,'nam — f fmaz B .
e = e [ e _f/. e

« 1 (fmaa: +aH_C>
n —
2(1—0&) fmin+aH_C

« 2 -«
=1 1 .
2(1—a)n< o >>0

In the first line, we use integration by parts. We simplify in the second line and in the third
use the equilibrium level of f,,;,. We know from Step (iv) of Proposition 4 that the last expression
is positive.
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We therefore know that f,., decreases in agy. And since fpq; = vy, whenever frq.. < E(f)+ar,
we conclude that average profits and prices decrease in ay.

To see that f,q: increases in aj, recall that whenever fa: < vp, fmaz iS determined by
fmaz — E(f) = @r. Since by previous arguments we know that

a[fmax B E(f)] _ fmaz o
8fmaac _1_/mm 2(1_O[)(f"i_aH_C)df>07

and since [fmaz — E(f)] does not depend on @r, we know that a larger @y increases fiqz. We
conclude that f,qz, and hence profits, increases in ay,. ]

Proof of Proposition 9. It follows from Lemmas 3 and 4 that firms 1 and 2 play symmetric
strategies in equilibrium, and that high-value consumers browse while low-value consumers study
with probability one. Furthermore, the symmetric equilibrium headline price distribution of firms
1 and 2 has no mass point. Let fp,qa: and fin be the supremum and infimum of the incumbent
firms’ headline price distribution.

We proceed in four steps. First, we pin down equilibrium profits and price distributions. Second,
we continue by showing that fre, < min{(1/2)E(f)+ (1/2)Es(f3) + @,vr}. Third, we establish

that if fi,4. < vp, then fi,q. is strictly increasing in «.. Fourth, we show that there exists a unique
a* € (0,1) such that fpq = vr if and only if o > a*.

Step (i): Equilibrium profits and price distributions. We show first that firm 3 has no mass
point on its support. Suppose otherwise that firm 3 has a mass point at some price f3. Then firms
1 and 2 must set headline prices in an interval (fs, f3 + 1) for some n > 0, since otherwise firm 3
would earn zero profits at the mass point, contradicting Lemma 2. Additionally the incumbents
must set headline prices in an interval (f3, f3 +n) for any n > 0, since otherwise firm 3 could
increase profits by shifting probability mass from f3 to a marginally larger headline price. But then
an incumbent can increase demand by shifting probability mass from ( f3, f3 +n) to f3 —n/2 for any
n > 0. This does not affect demand from studying low-value consumers, but discretely increases
demand from browsing high-value consumers who would otherwise switch to firm 3 more often.
Since for a sufficiently small 7, the loss in margins is negligible, this deviation strictly increases
profits, contradicting that firm 3 has a mass point on its support. We conclude that firm 3 has no
mass point on its support.

We continue by showing that G1(-) and G2(-) have a connected support. Suppose otherwise
that there exists an interval (f, f) C (finin, fmaz) such that G1(f) = Ga(f) = const. € (0,1) for
all f e (f, f ), and take ( i f ) to be the largest such interval such that incumbent firms set prices
in any interval (f — 7, f) and (. f.f +n) for any n > 0. Then the headline price of firm 3 either
has no probability mass in ( f, f ), or has probability mass only on f But then an incumbent firm
can strictly increase profits from consumers who buy by shifting probability mass from (f — 7, f)
to f —n/2 for any n > 0. Since by Lemma 4, the headline price distributions of firms 1 and 2 have
no mass point, the loss in demand goes to zero as 7 gets arbitrarily small. Thus, for a sufficiently
small n > 0, this deviation strictly increases profits, contradicting that firms 1 and 2 do not have
connected support. We conclude that firms 1 and 2 have connected support.
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Denoting G;(-) the headline price distribution of firm ¢, we use the fact that no firm has a mass
point in the headline price distribution and that a; = @ by Lemma 1 to write the profits of firm 1
as

1 1 1 1 11 -«

salfi=a)+5(1—-a) |51 = Ga(f1)) + 5(1 = G3(f1)) | (fita—c)+5—

(1-Ga(f1))(fita—c).

The first term are profits from low-value consumers. The second term are profits from high-value
consumers who initially observe headline prices of firm 1. The term in squared brackets captures
that with equal probability, these consumers compare prices with firm 2 or firm 3. The third term
captures profits from poaching high-value consumers that initially observe fo. Exchanging indices
1 and 2 leads to the profits of firm 2. Rearranging terms simplifies the expression to

Salfi— )+ 3(1—a) (1= Ga(f) + (1~ Gs()| (i +7 o). (8)

Low-value consumers are a profit base for firms 1 and 2 and these firms earn at least a( faz—c)/2
by charging f,.q:- They must earn at least these profits for almost all prices in the support, implying
that total prices f; + @ are almost surely strictly larger than c¢. Hence f,;, + @ > c¢. Therefore
the entrant charges the tuple (fnin,@) and thereby profitably attracts all browsing high-value
consumers that see its headline price with probability one. Furthermore, the highest price in the
support of firm 3’s headline price distribution, denoted f;, satisfies f3 < fiae for firm 3 to earn
positive profits since there is no mass point at fqz-

Therefore, firms 1 and 2 earn profits (1/2)a(fmaez — ¢) when setting the largest price finqz-
Hence, for almost all headline prices firms 1 and 2 must earn these profits. Since there is no mass
point at fiin, firms earn a/2(fimin — ¢) + 3/4(1 — a)(fimin + @ — ¢) when charging fi,in. Thus,
for firms 1 and 2 to earn (1/2)a(fimaz — ¢) for almost all prices in the support, it must be that
fmin +a—c= %(fmax +a— C).

Firm 3 has no profit base and only earns profits from poaching, that is

1 1 1

51 =a) |51 =Gi(fs)) + 51 = Ga(fs))| (s +a—o).
Since by Lemma 4 firms 1 and 2 play symmetric strategies in equilibrium, we can simplify this
expression to

S (1= 0)(1 = Galfs))(fs +7— o) o)

We show next that firm 3 attains fi,,;,. Clearly, firm 3 does not charge prices below f,,;, because
at fmin it attracts all browsing high-value consumers. Suppose for the sake of contradiction that
firm 3 does not attain fy,;,. Then there exists an interval (foin, fmin + 1) for 7 > 0 such that
Gs(f) = 0 for any f € (fmin, fmin +n). Take this to be the largest such interval, implying that
G3(fmin + 1+ n2) > 0 for any 7, > 0. Using this, (8), i.e. profits of firms 1 and 2, on the interval
(fmina fmin + 77)7 Simphﬁes to

1

La(fi—e)+ (1 -a) [;’ - Gz(fl)] i+ o).
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Using that firms 1 and 2 earn o/2( finee — ¢) and rearranging terms, we get

(1-a)
4

0= @) = Gol )] (o 47— ) = & (e — )~ (fi+a—c).
Comparing the left-hand-side to (9), we see that this is equal to the profits of firm 3 when setting a
headline price f € (fmin, fmin+n) . Furthermore, we see on the right-hand side that this expression
is strictly decreasing in f (i.e. f1). This implies that if the right-hand side is strictly positive at
f1 = fmin, firm 3, could increase profits from shifting probability mass from ( fyin +7, fmin +17+12)
to fmin for a sufficiently small o > 0. Since the right-hand side is indeed strictly positive at
f1 = fmin for all @ € (0,1), this contradicts that firm 3 does not attain fy,;,. We conclude that
firm 3 attains fi,in.

This pins down the equilibrium profits of firm 3. If firm 3 sets the lowest price fi.;n, it earns
((13__(2)& (fmaz + @ — ¢). Hence firm 3 must earn these profits for almost all headline prices in its
equilibrium headline price distribution. Using in addition that firms 1 and 2 have a symmetric
headline price distribution by Lemma 4, (9) implies that for almost all f in the support of firm 3’s
headline price distribution, we have G(f) = G1(f) = Ga(f) =1 — %%

In the next step, we use Ga(f) and (8) as well as the equilibrium profits of firm 3 to get

G3(f) = 1+ %% _ %f?ﬁg:cf for all f € (fmin, f3). It follows from the CDF that

?3 = fmaa: - 2(31__0?) (fmaac +a— C) < fmax- B

Since 1 — G3(f) = 0 for all prices f € [f3, finaz|, we need to revisit the profits of firm 1 to see
that G(f) = 1 — g% 2=t for f € [f3, frnaa]-

Overall, we get

1— 2o Lmaed@c ¢ f € [frin, f3
- 25 lpe=l it f € [f3, frad)
for firms 1 and 2, and for firm 3

4o fmax+a_c_ 2a fma:c_f
3—a f4+a-c l—af+a—c

G3(f) =1+ if f € [fmin, [3),

where fim =c—a+ i—aa(fmam +a—c)and f3 = frar — 2%1:0?‘) (fmaz +@ — c).

Using these CDF's at hand, the expected prices set by the firms are as follows. For firms 1 and

2

2 fmaxTLa*Cdf_i_ Fmas a fma:c*f

d,
—a fH+a-c s l—af-l-ﬁ—cf7

E(f) = fmin +/:’n 3

and for firm 3

I3 2 fmax_f 4o fmaa:+a_cd

E?,(f):fmm—i-/ 1—ozf+6—c_3—oz f+a—c

fmin

Taking into account that f;, and f3 are functions of f,qz, and computing the first derivatives,
we see that both expected values increase in f,qz-
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Step (1): fmar < min{(1/2)E(f) + (1/2)E3(f3) + @, vy }. Similar to Proposition 4, since low-
value consumers must prefer to buy at fqz, we have fra: < vr. Since by Lemma 4, low-value
consumers prefer studying to browsing and paying @, one has foe < (1/2)E(f) 4+ (1/2)Es(f3) + a.

Overall, we thus have fpa, < min{(1/2)E(f) + (1/2)Es(f3) + @, v}

Step (111): If frmaz < VL, then fomas is strictly increasing in . For these o, we know that fi,q.
is determined by fimaz — (1/2)E(f) — (1/2)E3(f3) —a = 0. Applying the implicit-function theorem
on this expression, we see that

Ofmax 1 (7 20
90 _[1_2/ CE T

min

_1 e « _1 I3 2a(1 + ) -1
2/103 (1_a)(f+a_c)df 2/ (1—a)(3—a)(f+a—c)df] 1o

min

.[1 /fmw—GM 1 /f3 01 = Gy(f:0))

2 Ja df + 2 Oa df

min min

The second term is positive since all CDF's decrease in « at any price in the support. Using the
same algebra as in the proof of Proposition 4, the first term simplifies to

2c 1+« @ 3—a
1-— In — in .
(1-a)3—a) 20 2(1 — «) 1+«
Standard algebra shows that this expression decreases in « and approaches zero as a approaches
1. Thus, we conclude that if f,qx < vL, finaz Strictly increases in a.

Step (iv): There ezists a unique o* € (0,1) such that fpa: = vr if and only if « > o*. That
there exists a unique a* € [0, 1] such that fy,q, = vr if and only if o > o* follows from step (iii).

We already established that E(f) and E3(f) increase with frae. In the limit when a — 1,
we can see immediately that fuin — fimaz and fs — foae. It follows that in the limit, E(f) =
Es(f3) = fmaz, implying that low-value consumers strictly prefer studying to browsing for large
enough «. Then firms set the largest possible price f,.q. = vy, for large enough «, for otherwise a
firm could move probability mass to vy and strictly increase profits. Thus o* < 1.

We show next that as o — 0, vy, > (1/2)E(f) + (1/2)Es(f3) + @ which implies that fiee =
(1/2)E(f) + (1/2)Es(f3) + @ < vr. When o« = 0, fimin — ¢ — @ and f3 i — ¢ — a. Looking at
E(f), we see that the integrands go to zero as a — 0, and since fi,q, is bounded by vy, this implies
that as @« — 0, E(f) = fmin = ¢ — @. Similarly, the integrand of Es(f) goes to zero as a — 0 and
Es(f) = fmin = c—a as @ — 0. Overall, we get that as a — 0, (1/2)E(f) + (1/2)Es(f3) +a —
c <vyr,.

Since by step (iii), finae is strictly increasing if finae < vr, and since fiq. = v is constant for
large enough «, we conclude that there exists a unique a* € (0, 1) such that fp,q. = vy, if and only
if @ > a*. O
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Proof of Proposition 10. We begin by establishing that f; = v and f; + a; = v+ @ for all 4, and
all consumers studying match values is an equilibrium outcome.

Consumers who study and have the high valuation v + @ for the premium product buy the
premium product if and only if a; < @ and f; + a; < v 4+ a. Consumers who study and have the
low valuation for the premium product v do not buy the premium whenever a; > 0 and do not
purchase the base product when f; > v. Hence, as long as all consumers study, it is a best response
for firm ¢ to charge f; = v and f; +a; = v +a.

Denote the probability that the consumer prefers the premium version by «. Given that all
firms charge f; = v and f; + a; = v + @, we now show that it is a best response for consumers to
study. Browsing and buying the premium product leads to v + aa — (v + @) < 0, while browsing
and buying the basic product induces v — v < 0.Thus, no consumer benefits from deviating in her
search strategy when firms charge f; = v and f; + a; = v + @.

Finally, if firm ¢ deviates and charges different prices it does not attract any consumers from its
rivals. And since it extracts the entire ex post social surplus from the consumers that are initially
assigned to it, rationality of its consumers together with the fact that they observe both prices
implies that there is no profitable deviation for firm .

We now show that marginal cost pricing, i.e. f; = 0 and a; = ¢ for all 4 is not an equilibrium.
Observe that the payoff of a consumer who browses and buys the premium product from a firm
that engages in marginal-cost pricing is v 4+ aa — ¢, and the payoff of a consumer who browses and
buys the basic product is v. This is strictly less than the payoff of a consumer who studies and
buys from a firm that engages in marginal-cost pricing, which gives a(v +a — ¢) 4+ (1 — a)v. But
this implies that for sufficiently small f; > 0, it is still strictly optimal for the consumer to study
and buy when the firm charges f;, a; = c¢. Hence, there is a profitable deviation for firm . O
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