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Abstract

We present a consumer search model in which firms sell products with two
product attributes that are horizontally differentiated. One attribute is observable
without visiting the firm, while the other can only be discovered upon visiting the
store. Search is directed as consumers will be more inclined to visit a firm where
they like the observable characteristics. Moreover, firms can influence the order of
search by adjusting prices and/or by providing match-value information. We show
that price advertising leads to lower prices and profits. With price advertising, a
lower price not only retains more consumers, but is also more likely to attract them.
Second, we how that with price advertising equilibrium prices and profits decrease in
search costs. With higher search costs consumers are less likely to walk away, hence
firms are more eager to attract them in the first place. Unless price advertising is
prohibitively costly, price advertising will occur in equilibrium. Firms do not want
to reveal match-value information, provided search costs are realistically low.
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1 Introduction

Most of the consumer search literature assumes that consumers search randomly. In a
standard model with symmetric firms, a consumer picks one firm at random, pays it a
costly visit in order to learn price and /or product characteristics, and on the basis of those
decides whether to pay a costly visit to the next randomly selected non-visited firm. And
so and so forth. Assuming that search is random is reasonable when firm offerings are
truly identical a priori. This is the case, for example, when products are differentiated
but consumers are completely uninformed about the differences at the time they engage
in search. Also, it requires that prices can only be learned after costly search.

In the real world, however, things are often different. First, it has become very easy for
consumers to compare prices. There are many search engines that list all prices without
requiring any search effort on behalf of the consumer. Second, it is also very easy to find
at least some characteristics of a product or a firm without paying it a costly visit; yet,
some product characteristics are much harder (or even impossible) to discern from home
and can only be discovered upon search. For example, a consumer that wants to buy a
car can easily find all technical specifications in specialized magazines or on the Internet.
However, she still has to make a costly visit to the dealer to be able to kick the tyres and
take it for a test drive. Similarly, a consumer that wants to buy a new pair of jeans may
find many details and pictures of this product online, which allows her to check whether
she likes the design. But she still has to make a costly visit to the stordj_-] in order to try
the jeans on and decide whether she likes their fit.

In these situations, consumers search will be directed. The typical consumer will
start searching the products that look ex-ante more promising to her, either because
some of the easily observable characteristics are more appealing or because the product
is cheaper. This paper develops a tractable duopoly model for such directed search,
To do so, we build on Anderson and Renault’s (1999) model of consumer search with
differentiated products. In our model firms sell products with two product attributes

that are horizontally differentiated. One attribute is observable without visiting the firm,

1Or go through the hassle of ordering them online and returning them in case they don’t fit.



while the other can only be discovered upon visiting the store and physically interacting
with the product. Because of the observable characteristics, search is directed.

Amongst others, our framework allows us to study situations in which prices are
readily observable, so consumers only have to search to learn product characteristics. In
Anderson and Renault’s (1999) framework allowing for such price advertising does not
yield a tractable solution (see also Armstrong and Zhou, 2011, p. F381). We examine
how search costs affect equilibrium prices, both wen prices are advertised and when they
are not. We also study whether firms have an incentive to make their prices public.

Firms can also influence the order of search by providing additional match-value in-
formation (cf. Lewis and Sappington, 1994; Johnson and Myatt, 2006; Anderson and
Renault, 2006). We also study the incentives of the firms to reveal information that al-
lows consumers to learn their match value, and how these incentives depend on whether
prices are observable.

Our main results are as follows. First, and perhaps most surprisingly, we find that
with price advertising equilibrium prices and profits decrease in search costs. With higher
search costs consumers are less likely to walk away from a firm they visit. This gives firms
more of an incentive to try to attract those consumers, which they can do by charging a
lower price. Second, we show that in equilibrium prices are lower when they are advertised.
As a result profits are also lower. With price advertising, a lower price not only affects
whether a consumer who pays a visit to the firm buys its products, but also whether the
consumer chooses to visit in the first place. This gives firms more of an incentive to lower
prices. Third, despite this being the case, we show that if firms have the choice whether
or not to advertise their price, the unique symmetric equilibrium has them both doing so.
Hence, price advertising is a prisoner’s dilemma. In deriving this result, we assume that
consumers have what we coin consistent wary beliefs. If they see that a firm defects by
hiding its price, their belief concerning the price that this firm charges should be correct.

We also consider firm incentives to disclose match-value information. In that extension,
we assume that one product characteristic is always readily observable, whereas the firm
can choose whether to also make the other observable. We show that the firms’ equilibrium

choice crucially depends on whether prices are observable or not, and on the magnitude of



search costs. With unobservable prices the unique equilibrium has both firms concealing
match-value information to consumers. The intuition is as follows. If consumers have
all product information, the market would break down because of the Diamond (1971)
paradox, which is also the central principle in the related Anderson and Renault’s (2006)
study of advertising content. By concealing some product information, firms can avoid
the temptation to hold up consumers in the standard Diamond fashion. With incomplete
information, the demand from consumers that visit this firm is no longer completely
inelastic, and therefore any price increase leads to a decrease in demand.

With observable prices such Diamond (1971) issues do not arise. Still, in that case,
the unique symmetric pure strategy equilibrium has both firms concealing match-value
information provided search cost are reasonably low. When prices are observable, it is
never an equilibrium for both firms to reveal match-value information.

Unless advertising costs are prohibitive, our paper thus suggests that models where
prices are advertised to consumers make the most sense. Whether match values also are,
depends on the amount of search costs. In the context of the Wolinsky (1986) model,
firms would want to advertise prices. In the context of the Perloff/Salop (1985) model,
firm would want to conceal some product characteristics.

The remainder of this paper is structured as follows. In the next section, we discuss
the related literature. We set up the model in Section [3] We solve for the equilibrium
in Section 4, and show that prices are decreasing in search costs. Section 5 considers the
case in which prices are hidden. In that case, prices are increasing in search costs. Section
6 examines the incentives of a firm to advertise its price while Section 7 focuses on the
question whether a firm wants to disclose match-value information to consumers. Section

8 concludes. Most proofs are relegated to an Appendix.

2 Related literature

Our model builds on the literature on search with differentiated products, pioneered by
Wolinsky (1986) and Anderson and Renault (1999). Yet, different from those papers, we

assume that firms are not visited at random. Other papers also drop that assumption.



Arbatskaya (2007) studies a model with otherwise homogeneous products and heteroge-
neous search costs, where search order is exogenously given. She finds that prices fall in
the order of search: a consumer that walks away from a firm reveals that she has low
search costs, giving the next firm an incentive to charge a lower price. Zhou (2011) finds
the opposite effect in a model with differentiated products. A consumer that walks away
now reveals that she did not like that product much, which gives more market power to
the next firm in line. A similar result is found in Armstrong et al. (2009), who study
a search market with differentiated products where one firm is always visited first, while
the other firms are sampled randomly if at all.

In Haan and Moraga-Gonzalez (2011), firms can also influence the order of search.
In that paper, they do so by advertising. A firm that advertises more attracts a higher
share of consumer visits. In equilibrium prices increase in search costs, but advertising
also does, hence profits may decrease.

In both Armstrong and Zhou (2011) and Shen (2015) prices also serve to direct search.
As mentioned above, in Wolinsky’s (1986) framework an equilibrium in pure-strategies
fails to exist when prices are observable and it is extremely hard to characterise mixed-
strategy equilibria. Armstrong and Zhou (2011) present an alternative Hotelling-type
model where match utilities are negatively correlated. Consumers only observe match
values after costly search and firms can advertise prices on a price comparison website.
Consumers first visit the firm with the lowest price. By construction, upon learning that
firm’s match value they can immediately infer the match value the other firm offers. The
equilibrium involves price mixing. Similar to our model, average prices decrease as search
costs rise. Shen (2015) embeds the Wolinsky framework into a Hotelling model and finds
that equilibrium prices may either increase or decrease in search costs. In spirit, this is
similar to what we do but we do not restrict attention to perfectly negatively correlated
match utilities. Moreover, we also allow firms to influence the order of search by providing

match-value advertising [’

20ur paper is also related to Bakos (1997), who also studies a case in which product and price
information can be obtained separately. He claims to show that when product information is readily
available but price information is costly to obtain, equilibrium prices decrease in search costs. However,
Harrington (2001) shows that the analysis is flawed, and this result is not valid. Our paper analyzes a
similar set-up in which prices do decrease in search costs. Interestingly, however, for this we need that



We believe that our result that equilibrium prices decrease in search costs when prices
can direct search, is much more general than the framework we consider. Indeed, Ursu
(2014) and Garcia and Shelegia (2015) also find that equilibrium prices decrease in search
costs. In these papers, even though prices are not ex-ante observable by consumers, the
dynamics are such that the current price of a firm does have a direct influence on the
number of consumers that search the firm in the future.

Our paper also relates to the literature on the disclosure of horizontal match-value
information. Most of this literature discusses the question how much information firms
will provide. In one of the earliest papers, Lewis and Sappington (1994), a monopolist
finds it optimal to either provide all information, or not at all, but never some interme-
diate amount.ﬁ Anderson and Renault (2009) study a two-stage oligopoly where firms
first provide match-value information and then compete. Firms then choose to reveal
all product information. Product information relaxes price competition and this effect
dominates the possibly opposing effects found in a monopoly setting.

Anderson and Renault (2006) analyze a monopolist’s choice of advertising content
and the information disclosed to consumers in a search environment. They show that a
monopolist always wants to disclose its price as doing so avoids a hold-up problem. We
also find that firms want to advertise their price, but in our case that is due to a business-
stealing argument. Both papers find that with unobservable prices firms prefer to conceal
match-value information. This is to avoid a hold-up problem whereby consumers would

be charged more than what they expect before visiting.

3 The Model

Setup Consider a market where 2 single-product firms compete in prices to sell horizon-

tally differentiated products to a unit mass of consumers. Production costs are normalized

prices are observable, which is opposite to what Bakos suggested.

3Johnson and Myatt (2006) argue that such match-value advertising is a special case of their general
theory of demand rotations, and show that profits are U-shaped in the dispersion of consumers valuations.
Hence the result of Lewis and Sappington (1994): firms typically prefer either very high (all match-value
information) or very low (no match-value information) levels of dispersion of consumer valuations. Bar-
Isaac et al. (2010) and Wang (2013) present applications where firms prefer partial information disclosure
over all or nothing strategies. The latter involves adding costly search to the model.



to zero. A consumer incurs a cost s if she visits a firm. This search cost has to be incurred
even if the consumer is fully informed and merely has to visit a firm to obtain the product.
Search is sequential and recall is costless. Consumer j that buys product i at price p;

obtains utility
wii(pij) = €ij + Nij — Di- (1)

The term €;; + n;; is the valuation of product ¢ by consumer j, and can be interpreted as
the match value between j and i. It consists of two components: the observable component
n;; reflects characteristics that can be readily observed, while the opagque component &;;
reflects characteristics that can only be observed upon visiting the firm. For example, a
consumer that wants to buy a car can readily observe its design and exact specifications,
so these would be part of the observable component mjﬁ Yet, before buying, she would
first like to kick the tires and take it for a test drive to be able to evaluate the feel of the
car; this would be part of the opaque component ¢;;.

The observable component 7;; differentiates our model from the canonical model of
search with differentiated products in e.g. Wolinsky (1986) or Anderson and Renault
(1999). It is this component that allows us to have directed search. When prices and
distributions of opaque characteristics are equal across firms, a consumer will first visit
the firm with the observable characteristic she likes most (see Weitzman, 1979). Moreover,
the observable component 7;; also allows us to analyze cases in which prices are readily
observable, so firms can additionally direct search by adjusting their prices. In a model
with only an opaque component, a pure strategy equilibrium would then fail to existﬂ

As in Anderson and Renault (1999), we assume that the utility of not buying is
sufficiently negative such that all consumers always buy in equilibrium. This allows us
to compute the equilibrium price in closed form. Other than in the welfare analysis, this

assumption has no important bearing on our results. We will focus on symmetric pure-

4Alternatively, she can learn these characteristics for all cars at some fixed cost - so the marginal
search cost for finding the characteristics of a particular car are zero.

5This can be seen as follows. Suppose that in that case we had a symmetric equilibrium with p* > 0.
Both firms would then be visited first with equal probability. If firm i would slightly undercut p*, however,
all consumers would visit firm 7 first, and it would see a discontinuous increase in its demand. Hence,
such a deviation would be profitable. It cannot be an equilibrium to have p* = 0 either. Both firms
would then make zero profits. If firm ¢ deviated to a higher price, all consumers would visit the other
firm first, but some would still prefer to buy from i, rendering the deviation profitable.



strategy Nash equilibria (SNE). For ease of exposition, we will omit the consumer-specific

index j when doing so does not cause confusion.

Distribution functions Values of ¢;; and 7;; are private information of consumer j. It
is common knowledge that ;; and 7;; are independently and identically distributed across
consumers and firms with distribution functions F (¢) and G (), respectively. Both F
and G are continuously differentiable and the corresponding density functions f (¢) and
g (n) are log-concave and non-negative on the entire real line. The assumption of infinite
support has the big advantage that demand functions do not have kinks, which greatly
simplifies the analysis. Nevertheless, our main results do not depend on this assumption,
as we show later when we consider the case where both match values are distributed
uniformly on closed intervals. The demand of a firm then has 7 kinks, which makes the
analysis of existence of equilibrium quite cumbersome (details in the Appendix).

For our analysis, it will prove useful to define the difference between the observable
components for both firms as A, = n, — 1. We denote the distribution function of A,

by I' (4A,), its density function by 7 (4,). Note that

oo

v =P <m+a)= [ [ dGomicm = [ ot aacn

—00

hence

ﬂAmz/mgm+Amﬂmm

o0

The density of A, can be shown to have the following properties:
Lemma 1. v(A,) is log-concave and symmetric around zero; moreover, E(A,) = 0.

Proof. In appendix. O]

The consumer search rule Suppose we are in an equilibrium where all firms charge
the same price p*. Suppose a consumer has visited a firm, say ¢, has observed utility
g;+n; —p* and is contemplating whether to visit the other firm, k. Buying at firm k gives

higher utility whenever e, > x = ¢; + 1; — 1. The expected gains of paying a costly visit



to k are thus given by
Wz, s) = / (ex — ) dF (2) — 5 (2)

Define the reservation value & as the solution to h(Z,s) = 0. As the right-hand side of
(2)) is strictly decreasing in x, we have that the consumer buys product ¢ without visiting
firm k whenever x > Z, hence ¢; > & — n; + n,. Otherwise, she does visit firm k.

In a symmetric equilibrium, the reservation utilities of this consumer at firms ¢ and k
are thus given by Z +n; and Z + g, respectively. Following Weitzman (1979), a consumer
that searches to maximize expected utility should first visit the firm where her reservation
utility is the highest. This implies that search is directed here and consumers for whom
n; > n; start their search at firm i. Upon learning the match value (and possibly the

price) at that firm, they use the stopping rule described above.

4 Advertised prices

In this section, we consider the case that prices are readily observable. Hence, consumers
do not have to visit a firm before learning its price. There can be many reasons for that.
For example, there is a price comparison site that lists all prices. Alternatively, firms
simply advertise their price. In the remainder of this paper, we will stick to the last
interpretation. In section [6] we will endogenize a firm’s decision to advertise its price.
Here, we derive a symmetric equilibrium price p¥% for the case that prices are advertised.
In this analysis, search is directed not only by the differences in observable characteristics
but also by price differences. That is, by its choice of price an individual firm can affect
the share of consumers that choose to initiate their search at its premises.

Suppose a firm, say 1, deviates from the tentative equilibrium price p% by charging
p1 # ph. Define A, = p% — p;. With observable prices, reservation utilities at firms 1 and
2 are £+mn; —p1 and £+1n9 —pY, respectively. Hence, consumers for whom 7y —py > no—p%
(or A, < A,), will first visit firm 1, while the others will first visit firm 2. Let D{(py, p%; )
denote total demand for firm 1. The superscript A reflects that prices are advertised; the
argument Z indicates that this demand also depends on the magnitude of search costs.

Demand for firm 1 consists of two components. First, some consumers first visit firm



1 and also end up buying product 1. We denote demand from this source as qi (p1, py; 2),
where the first subscript denotes where the consumer starts searching, and the second
denotes where she ends up buying. Second, there are consumers who visit firm 2 first, but
choose to walk away from it to inspect product 1 and end up buying it. Demand from

these consumers is denoted g5} (py, p’y; 2). Naturally,

Di(p1, 04 2) = ¢ (p1, p &) + @i (pr, P ). (3)

For the first group, we have

Ap
0 (o1 D ) = / (1—F(i+A,—A))dl (A,)

vf : / zA"_A”F(g — Ay A dF (2)dT (A,) (4)

This can be seen as follows. First, some consumers first visit firm 1, and decide to buy
there without visiting firm 2. Such consumers necessarily have A, < A, (they first visit
firm 1) and €; > 2+ A, — A, (they find an ¢; that does not make it worthwhile to visit
firm 2). The first term of reflects the joint probability of these events. Second, there
are consumers who first visit firm 1, then decide to also visit firm 2, but do end up buying
product 1. Such consumers have A, < A, (they first visit firm 1), e; < 2+ A, — A, (they
find it worthwhile to visit firm 2), and e; < &1 — A, + A, (they learn that firm 2 offers a
worse deal). The second term of reflects the joint probability of these events.

For the second group in (3)), we have

G (D1, 43 & /Ap/_ (e —A,+A,))dF (e)dl' (A,)

+/ F(i—Ay+A,) (- F () dT (A,) (5)
A

D
These consumers have A, > A, (they first visit firm 2), e < 2 — A, + A, (they decide
to also visit firm 1), and e < &1 — A, + A, (they learn that firm 2 offers the worse deal).
The joint probability of these events is reflected in H

5Note that the first term reflects the case when ¢; < & and the second term the case when ¢; > Z.

10



The payoff to firm 1 is
1 (pr, Pl &) = pr D7 (pr, Py ). (6)

Taking the first-order condition (henceforth FOC) and imposing symmetry, we obtain:

Proposition 2. If a SNE with advertised prices exists, we have

1
L0 7 G A (U= F (@) + [T f (e = Ay dF ()] d (A,) +27 (0) (1 = F (&)
(7)

Per-firm profits are % = %p*A. Equilibrium prices and profits decrease with search costs.

Py =

Proof. In appendix. n

Hence, in this set-up, we are able to derive an explicit expression for the equilibrium
price — provided that it exists. Most interestingly, we find that higher search costs imply
lower prices. This runs counter to most of the consumer search literature. The intuition
is as follows. Different from e.g. Anderson and Renault (1999), we assume that prices
are readily observable, and consumers only have to search for product characteristics.
Hence, prices serve to direct search. With higher search costs, a consumer that visits is
less likely to continue search. Hence, with higher search costs, firms are more eager to
attract consumers in the first place. The only way they can do so, is by setting a lower
price. This argument suggests that this result is driven by the assumption that prices are
readily observable. In the next section, we show that that is indeed the case.

Regarding existence of the SNE, we show in the Appendix that the payoff function @
is strictly concave in a neighborhood of p%. Yet, it may not be globally quasi-concave even
with log-concavity of the densities v and f, as the sum of log-concave functions (in this
case, ¢y and ¢3}) need not be log—concaveﬂ We have numerically checked log-concavity
of @ for several distributions. In the Appendix we look at the cases when 1 and ¢ are
either both normally distributed (Figure 1a); both follow a Gumbel distribution (Figure

1b); or are both uniformly distributed (Figure 2). In all these cases, (6]) is quasi-concave

"Anderson and Renault (1999), in a model with only opaque characteristics, show that a sufficient
condition for the existence and uniqueness of equilibrium is that the derivative of the density f is always
non-decreasing. However, such a condition is incompatible with our full support assumption.

11



provided that the dispersion of n’s is sufficiently largeﬁ At least in those cases, we thus

have that the SNE in Proposition 1 indeed exists.

Example: the uniform distribution As an example, we consider the case where
match values 1 and ¢ are uniformly distributed. Hence, in this example, we do not have
infinite support. Assume that n € [8 — 7, 8 + 7], with 77 sufficiently large (cf. footnote [§),
and ¢ € [ —&,a+&|. An increase in § and « thus raise the mean of 1 and &, respectively,
while an increase in 7 and € raise the variance of  and . Note that for our analysis we
only need the distribution of A,, not that of the individual ’s. Hence, the parameter
will not affect the analysis. For ease of exposition, we set § = 1, so n is distributed on
[0,27]. When then have

min{max{z+n1,27},0} 27
I'(z) =Pr(A, < 2) = / / dG(m)dG(ng).
0 0

With a uniform distribution of G on [0, 27] this implies
_ 2 .
m):{lww 250,

—#(277—2)2 if 2> 0.

which in turn implies

L 2n+2) if 2<0;
v(z)z{ e @0+2) )
77 (20 —2) if 2> 0.

Moreover

Gn) = =5 g(n) = 35
Fe) = =52 f(e) = 5.

2€

9)

For consistency with the analysis above, we assume that regardless of the value of A,
a consumer may walk away from the firm that she chooses to visit first. In other words,
even with, say, the highest possible A, she will still continue search if she finds the worst
possible €; at firm 1. Hence, we need o — & < & — 21. Without this assumption, our

expressions for ¢{} and ¢5; would be different, but our qualitative results would still hold.ﬂ

8In the limiting case that the variation in 7)’s goes to zero, we're back in the case where an equilibrium
in pure strategies does not exist, see the discussion in footnote |5} That argument still goes through when
there is little variation in 7’s.

9Note that with infinite support the condition is always satisfied, as she could always observe e; = —oo0.
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From , we now have

h(z,s) = /a+€ Md&?

2¢
Equating this to s yieldﬂ

t=a+&—2Vzs (10)
The condition o« — & < & — 27 then becomes
i1 < & —\/és. (11)

Hence, we need that the observable component is less noisy than the opaque one. If
is not satisfied, we could still derive an equilibrium price but the analysis would be much
more cumbersome. Note that for to be satisfied, it is necessary to have s < &.

For uniform distributions, the equilibrium price in can re rewritten as:

1 O 11 (e+a—i A1\ 1 (e+a—7\°
— =4 — | — — | d Ap)dA,+— | —— ) . (12
[ 5 (C57) [ ) e evane (572
Plugging into yields
1 0 1 53+An 1 2
a0 () o () e
Da _op | 26 a—z 2¢
/0 [1 <\[) 25—2\/_+A](277+A>
=4 — +
_of |26 422
O (24 A [(27+A = — 1]
() ()
—27 4e 4n 775 3& ne

Hence, the equilibrium price simplifies to:

+A

M »
3

M| »

3&%n
3En + 358 — 7?

*

Py =

As 71 < &, the price is indeed positive. Moreover, it is immediate that the equilibrium
price decreases in search costs. Also note that p* does not depend on « or f; as the
market is fully covered, an increase in either o or 8 simply means that both products

become more attractive to the same extent; hence this does not affect pricing. Finally

10Note that for this analysis to apply, we need that & < « + &, which implies s < &.
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note that
opt,  3e7 (387 + 3s& — 277°) =0
0z (367 + 3s¢ — i2)” ’

where the inequality follows directly from 7 < &, and moreover

opy, 38 (7* + 3s¢) 50
on  (3em+3se —2)*

Hence an increase in the dispersion of consumer valuations, which implies a higher degree

of product differentiation, results in higher prices.

5 Non-advertised prices

In this section, we derive a symmetric equilibrium price pj; for the case in which con-
sumers can only observe a firm’s price after visiting it. This is the usual assumption in
consumer search models. Search will still be directed, but only because of the observable
characteristic. As prices are not observed before searching, an individual firm is unable
to influence the share of consumers that choose to start searching at its premises.

The analysis is very similar to that in the previous section. Suppose firm 1 deviates
from the tentative equilibrium price py by charging p, # pj. As before, let A, = py —p1.
Consumers expect both firms to charge p}; hence their reservation utilities at firms 1 and
2 are £+mn; —py and T+1ne — pjy, respectively. Given this, a consumer will first visit firm 1
if and only if A, = 79 —n; < 0. Total demand DY (p1, py; ) of firm 1 again consists of two
components: i (py, ply; ) from consumers that first visit firm 1, and ¢} (p1, piy; &) from
those that first visit firm 2, where superscripts N denote that prices are not advertised.
The expressions for ¢l and ¢)¥ now differ from ¢{} and ¢3\.

Consumers that first visit firm 1 and decide to buy without visiting firm 2 now have
A, <0and ey > 2+ A, — A,. Those that first visit firm 1, then visit firm 2, but end up
buying product 1 have A, < 0;e; <2+ A, — A, and g1 > g9 — A, — A,. Hence

0 Ay
qﬁ:/ <1—F(£+AU—AP)+/ F(E—An+Ap)dF(e))dF(An).

— 00 —0o0

A consumer that first visits firm 2 has A, > 0. She decides to also visit firm 1if e, < 2—A,,
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as she expects firm 1 to charge the equilibrium price p}. Upon observing the match value

and price of firm 1, she buys product 1 if 5 < e, — A, + A,. Hence

qgvl:/:o (/x_ApF(e—An+Ap)dF(5)+F(£—A,7)(1—F(i:—Ap))) dr (A,).

— 00

where the first term reflects the case that ¢; < 2 — A, and the second term the case that

e1 > & — A,. Total profits of firm 1 are
™ (p1, o) = p1DY (p1, Py &) (13)

Taking the FOC and imposing symmetry, we obtain:

Proposition 3. If a SNE with concealed prices exists, we have

1

0 P+A ' (14)
2[00 (F @+ 2y) (1= F (@) +2 [*22 [ (e = A)dF () dT (A,)

Py =

Per-firm profits are my = %p}‘\, Equilibrium prices and profits increase with search cost.
Proof. In appendix. O

Hence equilibrium prices and profits now indeed increase in search costs, as they do in
the standard consumer search model with differentiated products. Again, higher search
costs imply that a consumer that visits a firm is less likely to continue search. That gives
firms more market power which leads to higher prices. With advertised prices this effect
is also present, but is dominated by the effect that lower prices then also attract more
consumers in the first place, a channel that is ruled out when prices are not advertised.

Again, existence of equilibrium is an issue. In the Appendix we show that also for this
case, the payoff is typically quasi-concave (see Figure 3a for normally distributed,
Figure 3b for Gumbel distributed and Figure 4 for uniformly distributed match values).

Comparing the equilibrium prices in Propositions [2 and [3] it is easy to see that py >
p%. Hence, price observability leads to lower prices. Also note that this price difference
increases as search costs increase; with s = 0, we have py, = p’ by construction, as prices
are effectively observable in both cases. As s increases, p% decreases while p} increases,

increasing the gap between the two.
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Example: the uniform distribution. We again consider the case where match val-

ues 1 and ¢ are uniformly distributed with supports [ — 7,5+ 7] and [a — &, a + &],
respectively. Note that Z is still given by . Plugging into ([14)), using and @D

yields
0 s 28 — 2v/Es + A 27+ A
L (V) ] (5 ")dﬂn
26+ Ay —VsE\ (2+ 4, — 20— 3V/se.
- 222 w )= 622
—27 n €
Hence

. 622
PN =6z Zon — 3/

With n < € and s < &, the equilibrium price is again positive. From the expression, it

is immediate that the price increases in search costs. The derivative with respect to 7 is

also clearly positive. Moreover,

Opy 3¢ (128 — 87 — 9V/s8)
0 (27— 6z +3y/s2)"

>0,

because with 7 < £€—+/&s we have 126 -8 —9+/sé > 46—+/s¢ > 0 as s < &. Hence, also in
this case, more dispersion in consumer valuations, and hence more product differentiation,

yields higher prices.

6 The decision to advertise the price

Above, we considered the cases that either all prices are advertised and readily observable
before a consumer starts searching, or that all prices are not advertised and only observed
after engaging in costly search. In this section we endogenize the advertising decision.
First, we study whether an equilibrium exists in which firms do not advertise their price.
Second, we study whether it can be an equilibrium for firms to advertise their price. For

simplicity, we assume that firms can advertise their price for free.

Concealing the price We first study whether an equilibrium exists in which firms do

not advertise their price. To do so, we take the equilibrium with non-advertised prices of

16



Proposition [3] and check whether an individual firm can gain by changing its price and

advertising it. That turns out to be the case:
Proposition 4. A SNE where firms choose not to advertise their prices does not exist.

Proof. A sketch of the proof is as follows. Suppose firm 1 deviates by charging p; # pjy
and advertising it. All consumers can then readily observe the price of firm 1, while they
still assume that firm 2 charges p%. Hence, profits of firm 1 then equal 7{}(py, pi; ) which
by construction are its profits when prices for firms 1 and 2 are known to be p; and py,
respectively. As Ori(pk, pi;1)/0Op1 < 0 and ma(ply, pi) = 7 (Pl, Piv), We have that in
the equilibrium with no advertising firm 1 indeed has an incentive to deviate to a lower

price and advertising that price. Details in Appendix. O

One implication of this result is that the standard model of search with differenti-
ated products, as proposed by Wolinsky (1986) can only be justified in situations where

advertising frictions exist, and it is prohibitively costly for firms to advertise their price.

Advertising the price We now study whether an equilibrium exists in which both
firms do advertise their price. To verify this, we need to check that no firm has an
incentive to deviate from the equilibrium with advertised prices given in Proposition 1,
by concealing its price.

Suppose that firm 1 deviates by concealing its price, while firm 2 sticks to the tentative
equilibrium by charging price p% and advertising it. Let p; # p% be the price charged by
firm 1. Since p; is not advertised, it now becomes crucial what consumers believe con-
cerning the price that firm 1 charges. Borrowing from the literature on vertical restraints,
consumers could have passive beliefs (Hart and Tirole, 1990), and expect firm 1 to still
charge p%, despite the fact that it now conceals its price. Similar to the reasoning behind
the Diamond (1971) paradox, firm 1 would then have an incentive to hold up consumers:
given that consumers would visit the firm as usual, the deviant firm would gain by raising
its price. Of course, rational consumers should anticipate that, which implies that passive
beliefs are not the most natural assumption to make.

One alternative is to have wary beliefs (see McAfee and Schwartz, 1994). In the

context of vertical contracting a downstream firm has wary beliefs if, after being offered
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an out-of-equilibrium contract, it assumes that the other downstream firms receive offers
that are the upstream monopolist’s optimal choices given the offer it made to this firm.
Yet, that refinement is not readily applicable in our context. We cannot simply assume
that consumers believe that a firm that conceals its price sets the profit-maximizing price
given its concealment — as that optimal price will in turn depend on consumer’s beliefs.
We therefore introduce consistent wary beliefs; consumers expect the concealing firm
to set a price p; such that it is indeed optimal for the concealing firm to set p;, given
that consumers believe it will do so. Specifically, if we denote the belief of consumers
conditional on the firm having deviated from equilibrium by not adverting its price by pf,

we require this belief to satisfy the following:
py = argmaxmy (py, s £, pi) (15)

But that immediately implies:

Proposition 5. With consistent wary beliefs, an equilibrium where prices are advertised

always exists.

Proof. Consider the equilibrium where both firms charge p? and advertise that price. Firm
I’s profits then are 74 (p%, p’; ). From (15]), with consistent wary beliefs, any deviation
p1 necessarily has p; = mn(p1,p%; ). As consumer beliefs are correct, any such deviation
is equivalent to firm 1 advertising its deviation price. That is, it must be the case that
wn(p1, P &) = ma(pr, ply; ). Clearly, any deviation to p; # p’ is then unprofitable since

by construction p% = arg max,, ma(p1, p’y; 2)[1] O

7 Match-value advertising

In the previous section, we studied the incentives of firms to advertise their price. We
showed that, under reasonable consumer beliefs, the unique symmetric equilibrium has

both firms advertising their price.

"Note that the profit-maximizing price of the deviant is clearly different from p* even with consistent
wary beliefs. This is because when taking the FOC of the deviation payoff for a given consumer belief
we treat such a belief as a parameter.
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In this section, we study the incentive for firms to advertise product characteristics.
In doing so, we slightly deviate from the interpretation of the model that we used so far.
Above, we assumed that n can be observed at no costs, while € can only observed after
visiting the firm, as it concerns e.g. the fit of a pair of jeans or the feel of a car.

We now relax that assumption, and interpret € as a characteristic that firms can choose
either to hide or to advertise. Of course, it is hard to imagine that any ad can convey
the fit of a pair of jeans. But arguably, firms through ads can give information about
many characteristics, by means of detailed specifications, pictures, etc., that a consumer
would otherwise only be able to obtain by visiting the firm. Hence, in this section, we
assume that n is a match value that is readily observable, and that € is a match value
that consumers can learn either from visiting the firm, or from seeing its ads — provided
the firm chooses to advertise product information that allows the consumer to learn its ¢.

We do this for the two cases analysed above; first for the case when prices are not
observable, then for the observable prices case.

It is important to note that firms cannot directly advertise match values; each con-
sumer has a different €;; and firms are never able to observe these. When we discuss
“match-value advertising”, we thus refer to a situation where a firm advertises product

characteristics in such detail that each consumer is able to perfectly learn its €;;.

7.1 Match-value only advertising

We start by studying whether firms want to advertise information on product charac-
teristics when prices cannot be advertised. As argued in the introduction, there are
circumstances in which price advertising is not feasible. For example, a firm may sell
many different products. Alternatively, due to cost volatility sellers may not be willing

to commit to advertises prices.

Proposition 6. Assume that prices are not advertised and consumers have consistent
wary beliefs. The unique symmetric equilibrium then has neither firm reveal information

concerning the match value €. In this equilibrium, price is equal to p, given by Proposition

3.
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Proof. Essentially, this is a variation on the Diamond paradox. If firm 1 reveals 1 and
consumers expect it to set a price p{, firm 1 is always better off charging p; = p{ + s
instead, as by doing so it will not lose any customers. With consistent wary beliefs,
consumers anticipate this and revealing € would cause the market for product 1 to break
down. Hence, such a deviation is not be profitable. Moreover, if both firms would reveal
e, we would find ourselves in the standard Diamond paradox. Hence, the equilibrium

described in the Proposition is unique. Details in appendix. O]

By revealing information on the match value ¢ firm 1 creates a hold-up problem which
is unfavourable for itself. In fact, for every expectation held by the consumers pf, firm 1
gains by raising its price to p{ + s. Such a price increase does not affect its sales, neither
to the consumers who choose to visit firm 1 and buy there directly, nor to the consumers

who first visit firm 2 and eventually choose to walk away from it and buy from firm 1.

7.2 Match-value and price advertising

We now examine the case when prices can be advertised. From Proposition [5| we know
that if firms are given the opportunity to advertise prices then they will do so and the
equilibrium price will be given by p% in Proposition . Starting from such an equilibrium
with advertised prices, we now ask whether an individual firm wants to deviate by pro-
viding information on the match value ¢; and possibly changing its price. After having
done so, we study whether it can be an equilibrium for both firms to advertise information

about e.

Concealing information about ¢ We first study whether it can be an equilibrium for
both firms to advertise their price, but to conceal their €. If that is the case, neither firm
should have an incentive to reveal its €, while possibly also changing its price to p; # p%.
As a result of this deviation, consumers become fully informed concerning the offering
of firm 1. We first derive how that affects demand of firm 1. The reservation utility for

visiting firm 2 is again given by Z + 7o — p%. Consumers have to pay s to buy product 1.
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A consumer will thus visit firm 1 directly and buy there if
e1>T+s+ A, = A, (16)

where again A, = p —p; and A, =1y — 1. If does not hold she first visits firm 2
and will still buy from firm 1 if e; > ey — A, + A, — 5. Demand for firm 1 then is

D4 _ /OO (1 —F(E+s+ A, —A)+ /HHA i Fle— Ay + A, — s)dF(s)) dr(A,)
- - (17)
Comparing demand in and that in (4) and reveals that providing information

on €7 results in a significant change in the composition of demand. Some consumers that
buy immediately from firm 2 absent the defection are actually better off buying from firm
1, but never find out that firm 1 is offering them a better deal in terms of a high ;. They
do now, as they can readily observe gl.B This represents a source of demand increase.
On the other hand, consumers who used to first visit firm 1 decide no longer to do so as
they learn in advance that their €; is IOWH Also, there are fewer consumers that first

visit 1, then go to 2, but return to 1 to buy therem and fewer consumers that still come

12This is the case if €5 > & — A, + A, (they stop searching at firm 2) and €1 > €2 + A, — A, (they're
better off buying at firm 1). As these consumers now also pay s, firm 1’s demand increase from this
source equals:

g:/00(1fF(ifAnJrAp))(lfF(iJrAnpr+s))dF(An).
AP

13 This decrease amounts to

/AP (F(i+ 5+ A, —Ay) — F(@ + A, — Ap))dD(A,) > 0.

—0o0

Not all these consumers are lost as some of them now go to firm 2 and return to firm 1. These are

T+A,—Ap+s
/ / F(e—Ay+ A, —s)dF(£)dT (A,).
T+A,—Ap

MDemand decrease from this source amounts to

T4+A, —A
/ / (F(e— Ay + Ay) — F(e— Ay + A, — 5))dT(A,) > 0.

21



11\17D1 P S R TR S R ' R T I T |

I L 1 L |

L L | L 1 L L L L
01 02 03 04 05 06 07 08 09 0.5 1.0 1.5 2.0 25

A2

w
o

(a) Demands (b) Payoffs

Figure 1: Demand and payoff comparison disclose/conceal match-value information

to buy from firm 1 after visiting firm Z.E All this amounts to a demand decrease.

It is very difficult to evaluate the net effect on demand analytically. We therefore
resort to a numerical analysis. Figure gives the two demand functions when match-
values follow a standard normal distribution and search costs equal s = 2.5. Providing
match-value information then yields a rightwards rotation of the demand curve, increasing
demand for high, but decreasing it for low prices. The Figure also gives the equilibrium
price p* and the best deviation price when revealing e, which is p$4. The demand rotation
clearly gives the deviant an incentive to raise its price. Whether this deviation is profitable
depends on search costs. Figure [Ib shows that the deviation is only profitable for high
search costs.

The intuition is as follows. First, consider the case of small search costs. Suppose
that firm 1 reveals information about e, while firm 2 conceals it. Ceteris paribus, more
consumers will then visit firm 2 first. When both conceal, they will share the first-visits
equally. But when firm 1 reveals, even consumers that have a ¢ slightly above the median
are willing to first check out firm 2; if it turns out that their e, is very low, they still have

the option to buy from firm 1. Hence, with low s they are willing to take the gamble to

5 Demand decrease from this source amounts to

|7 sy Be-a, A, s,
A, J—o0

+/ /£+AW—AP+3 (F(# = Ap+Ap) —F(e = Ay 4+ Ap —5))dl(A,) > 0. (18)
A T

4
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see what firm 2 has on offer. This implies that by revealing information, demand for firm
1 decreases. However, the pool of consumers that do end up at firm 1 will on average have
a higher valuation for its product, so it can charge a higher price. Still, the lower-demand
effect dominates. That is no longer true for high search costs. The number of consumers
that go to both firms will then be very low, which implies that the lower-demand effect
is only moderate; there are fewer consumers that are willing to check out firm 2, even if
they have a favorable ;. At the same time, the higher-valuation effect is now stronger;
consumers that do end up buying from firm 1 are those with a high valuation for its
product. Hence, the latter effect now dominates.

Note however that the search costs for which concealing is no longer an equilibrium,
are unreasonably high. From the Figure, this is only true when search costs are at least the
same order of magnitude as the equilibrium price. Hence, only in markets where checking
out one firm is about as costly as buying the product, it is no longer an equilibrium for

both firms to conceal information about €.

Revealing information about ¢ Now start from the situation in which both firms
reveal their €. This implies that consumers have full information concerning prices and
match values of both firms. Essentially, this brings us in the Perloff and Salop (1985)
model. The only difference is that consumers have to incur costs s when buying their
preferred product. If one firm now decides to conceal (i.e. not advertise) its e, this has
effects that are essentially the mirror image of those described above. We do not discuss
these in detail for the sake of brevity.

Figure [2] gives an analysis that is very similar to that in Figure [I} using the same
parameters. The left-hand panel shows that hiding one’s € now implies a leftward rotation
of the demand curve, decreasing demand for high, but increasing it for low prices (DI
is demand for firm 1 when it reveals e (PS for Perloff-Salop), DI is its demand when it
conceals). As a result, the best deviation price when concealing (pi') is now lower than the
equilibrium price with advertising (p©®). From the right-hand panel, it is always profitable
to defect by hiding €. Hence, it is never an equilibrium for both firms to advertise their €.

The intuition for this result is very similar to that given above. Like there, firms have
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Figure 2: Demand and payoff comparison disclose/conceal match-value information

an advantage if they conceal information while the other firms reveals it. Hence, starting
out from a situation where they both reveal information, they now have an incentive to

defect by concealing it.

Summing up We thus found the following:

Result 1. Assume that prices are advertised. Then, if match values are normally dis-
tributed, it is an equilibrium for both firms to conceal information concerning the match
value €, provided that search costs are sufficiently low. It is never an equilibrium for both

firms to reveal information concerning ¢.

Note that beliefs are not an issue in this analysis, as prices are always observable.

8 Conclusion

In this paper we presented a consumer search model where firms sell products with various
characteristics, some observable, others unobservable before search. As consumers are
more inclined to visit a firm where they like the observable characteristics, search is
directed. In our model firms can also influence the direction of search. One way to do so
is by adjusting prices since consumers prefer to visit firms whose prices are lower. Another
way is by providing match-value information.

We first showed that price advertising leads to lower prices and profits. With price

advertising, a lower price not only retains more consumers, but is also more likely to
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attract them. Also, with price advertising equilibrium prices and profits decrease in
search costs. With higher search costs consumers are less likely to walk away, hence firms
are more eager to attract them in the first place. Unless price advertising is prohibitively
costly, price advertising will occur in equilibrium.

Secondly, we showed that firm incentives to disclose match-value information depends
critically on whether prices are observable to consumers or not. With unobservable prices
no firm has an incentive to reveal match values to consumers because of the typical hold-
up problem that arises when consumers have to incur visiting costs to buy products. With
observable prices firms also have no incentive to reveal match value information, provided
that search costs are not unreasonably high.

Altogether our results suggest a clear picture: when frictions are sizable, models where

prices are announced to consumers while match values are not, seem the most sensible.

Appendix

Proof of Lemma For log-concavity, define ¢(n, A,) = g(n+ 4A,). As g(n) is log-
concave in 7, we immediately have that ¢(n,A,) is log-concave in n and A,, hence
o(n, Ay)g(n) is log-concave in n and A,. With v (A,) = [ ¢(n, A,)g(n)dn, the Prékopa—
Leindler inequality immediately implies that v (A,) is logconcave. For symmetry, note

that

7(—An)=/Oog(n—An)dG(n)Z/Oog(n)dG(n—An)

—00 —00

/mmwn)da(n):vmn).

—00

As T'(0) = 1/2, symmetry implies E(A,) =0. R

Proof of Proposition . We first show how to obtain the equilibrium price in ([7)).
After taking the derivative of the payoff @ with respect to p; and setting p; = p%, we
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obtain the following equation

| 0-FG+a)-pif@+a)0-F@)G,)
/ / —pufe— A AF () dT (A,)  +
/0 (L= F(@)(F (&~ Ay —piaf - A))dT(A,)  +

/ / —paf (£ = A dF (£)dT (Ay) — 7 (0)py (1 — F (2)) = ((19)

Integration by parts yields

i—A,

l/jﬁwe—AﬂdF&j _ F@ﬁ—AﬁP%@—i/jP%@ngr—Aﬂ
L/ Fle+A)dF (e).

Moreover

-2y,

/x p;f@—An)dF(s):f pi(E)dF(€—An)=/ Pt (e + A,) dF (¢)

—0o0 —00

Secondly, because of the symmetry of v (4,),

/ F(@+A,)dl (A / F(@—A,)dl (A,)

and
[ — S (£ = A)dF ()T (A,) =
/ / (e+A) —puf(e+A)))dF (e)dl (A,)
As a result, equation can be simplified to

0 BHA,
[ (1-wmrerapa-ran- [ @i anare o) -

Y(0)pi (L= F (&) =0 (20)

Solving for p* gives the expression in ([7)).
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We now show that the payoff function @ is locally concave around the equilibrium
price p%. In fact, note that the demand of firm 1 is

P —P1 A

— 50 —00

[T (Fle-a-mema-ran+ [

A—P1 —00

i""An —;DZ +P1

Fe—A,—pi +py)dF (5)) dl (A,)

z

F(e— Ay —pi+py)dF (5)) dl' (A,) .
It is readily seen that the second derivative of Dy (py, p%) with respect to p; is

oD,  [ram( o, APt
8—192:/ <—f (;e+A,7—pj,+p1)(1—F(i-))+/ fe=Ay—pi+py)dF(e)
1 —00 —©

= [(@) f(@+ Ay —pi+p)dl (Ay)
+/Ooo(f/(5@—A pi+py) (1 / fle=A p1+p*A)dF(€))dF(An)

+9 (P —p) (1= F (2))°

Setting p; = p% and simplifying gives

9°D,
op?

:/0 (—f’(:%JrA,,)(l—F(i))+/i+Anf,(E—An)dF(5)

P1=p} -0 —00

— [ (@) f(@+A,))dl (A,)
+/O (f (& =4, (1= F(2)) +/Oof (e —Ay)dF (8)) dr' (A,)  (21)

Integrating by parts, we establish that

/fs— )dF () = /f(s)df(e—An)

Then, because of the symmetry of v (A,), we simplify to

/ (=f?(—o0)) dL (4,) < 0.

— o0

Since the second derivative of demand is negative in a neighborhood of p%, we conclude
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Figure 3: Quasi-concavity of payoff function for Gumbel and Normal distributions (ad-
vertised prices)

that the demand function is concave in p; at the equilibrium point which implies that the
payoff is locally concave.

We will not attempt here to provide general conditions for existence of equilibrium but
instead we will check numerically that the equilibrium exists for some common distribu-
tions of match values provided there is sufficient variation in the observable characteristic
n. It is well-known that proving existence of equilibrium in oligopoly models with con-
sumer search like ours is difficult because a firm’s demand is made of the sum of various
probabilities and even if each of these demands are well-behaved it is not guaranteed
that their sum will be. Anderson and Renault (1999) provide a useful discussion in their
Appendix. This problem is more severe in settings where prices are observable, like ours.
As argued, a pure-strategy SNE then fails to exist in Anderson and Renault (1999). Our
fix for this problem is to introduce additional heterogeneity in the model, namely the
observable characteristic 7. Obviously, we need sufficient heterogeneity for otherwise we
would have the same problem of non-existence of equilibrium.

In Figure |3| we have plotted the payoff function @ when the distributions of match
values are normal (Figure [3h) and Gumbel (Figure [3p). In this Figure we have chosen
the variance of n’s sufficiently high and clearly the payoff is quasi-concave and therefore
the equilibrium price , indicated by the dashed vertical line, is indeed an equilibrium.

To illustrate the non-existence of an SNE in pure strategies, Figure [4] plots cases in
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Figure 4: Non-quasi-concavity of payoff function for Gumbel and Normal distributions
(advertised prices)

which there is little ex-ante heterogeneity across products. As we can see, the tentative

equilibrium price indicated by the dashed vertical line is lower and then an individual

firm has an incentive to deviate to a higher price, despite selling to fewer consumers.
We finally prove that the equilibrium price p¥ decreases as search costs go up. Taking

the derivative of the denominator of with respect to z gives:

aai: (2 /0 {f (&4 4,) (1= F (@) +/5Mnf(6 — &) dF (a)} dr (A,) +(0) (1 — F(j:))Q) _

—00 —0o0

20-F@) | [ F @+ a) 001010 -
2= F @) [ (coo)1 (o) = [ £+ 87 ()] <o

The last inequality is true if 0y (4,) /0A, > 0 for A, € [—7,0]. Because v (4,) is
log-concave and it is symmetric with respect to 0, it has to increase with A, if A, <0
and decrease with A, if A, > 0. Since the denominator of decreases in z, the price

then increases in  and decreases in search cost s. This completes the proof. Il

The example with uniform distributions We finally observe that for uniform dis-
tributions, the equilibrium payoff is also nicely quasi-concave. Because the supports of
e and n are closed intervals, the payoff function of firm ¢ depends on the magnitude of

its deviation price. For instance, if p > €4+ 2 — A, +p* and A, < & + p*, then the
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probability that a consumer starts searching from firm 2 and arrives at firm 1 equals zero.
As a result, we have identified eight intervals in which the deviation price p could be, and
we have obtained a differently looking payoff function for every interval.ﬁ The bounds of
the intervals are depicted by dashed lines in Figure |5, W

Proof of Proposition After taking the first derivative of the payoff and applying
symmetry, the FOC for firm 1 simplifies to

/_io(l—F@%—An)—i-/_g:AnF(a—An)dF(g) ara,) -

—00

)

p*N/O (f(ﬂAn)u_F(@))+/i+A”f(g—An)dF(g))dr(An) T
)
)

Because of the symmetry of v (A,) we can state that

i [ remapare)aa) = [T([ T rerspare)ara,)

—00

o /Ooo (/O:A fle—A)dF (g)) dr (A,) .

16The exact expressions of the payoff function are available from authors upon request.
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Note also that integration by parts gives:

z

F(@_An)(1_p(:@>>+/ F(e—A)dF (2) = /F JdF (e — A,)

—0o0

T—Ay

- / Fle+A,)dF (c).

o0

Then, because of the symmetry of v (A,)

/OOO (F(i—An) _/iAnF(a-i-An) dF(g)) dr (A,) =

—00

/0 <F (i +A,) - /HAW Fle=Aq)dF (5)) )

—00 —00

Using these remarks, the FOC simplifies to

oo [ (rerspa-r@ye [ e spare)ana, <o

—0o0 —0o0

Solving for pj gives the expression in the proposition.

We now show that the payoff function is locally concave in a neighborhood of the

equilibrium price. The demand of firm 1 is

0

Dy (p1,px) = /_

T+Ay—py+p1

(1—F(5€+An—p}k\7+p1)+/

o0 —00

+/OOO (F(@—A,,)(1—F(:&—p}fv+p1)>+/

— 00

F(e—= A, —p1 +py)dF (5)) dl' (A,)

2—pN+p1

F(e—=A,—p+py)dF (5)) dl' (A,) .
The second derivative of Dy (p1, p}) with respect to p; is as follows

aZDl 0 , F+Ap—py+p1 ,
el =/ (—f <£+An—p7v+p1)(1—F(a?)>+/ f(e—=A, —pi+py)dF ()
1 —00 —00

= [@) f(@+ Ay = py +p1))dT (Ay)

_ /OOO (f (& —Ay) f (& —py+p1) - /x_pwl f (e = Ay —pi+py)dF (e)) dr' (A,)

—0o0
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Setting p; = pj we obtain

0°D,
op?

:/0 (—f’(:%JrAn)(l—F(fc))+/£+Anf'(e—An)dF(a)

p=py /o0 —o0

= [ (@) f (@ +A,))dl (A,)

—/Ooo(f(:?c— f(z) / fle—A dF())dF(A,]) (23)

By applying integration by parts we obtain

f(i—An)f(:%)—/x f'(ff—An)dF(a)—f(i—An)f(:ff)—/x Fe)df (e = A,) =

/fs— )df (<) /f JdF (e — A,) =

T— A )
f2(00)+/ f (e + A dF (0)

Therefore, because of the symmetry of v (A,), simplifies to

9D,
op?

. :_/_0 (f/(5”+An)(1—F(i“))+f(i)f(:i°+A,,))dP(An)

~ 57 ()

The expression under the integral is positive because

fr@+0)1=F@)+f@)f(@+A4,)=
(1= F () f (& +Ay) (J;((giﬁ:)) " 15?21:))

fa+a,)  fE+sa) N
(1-F(z ))f($+A)(f(§:+An) +1—F(§7+An)) N

(1 _F (i‘)) (f (i + An) (11__F;1£(;+A£)n))+ f (5% + An)) >0

>

Therefore, we conclude that the demand at the point p; = ps = p = pjy is concave,
which implies that the second order derivative at this point is negative and 7 attains a
maximum.

For the existence of equilibrium we proceed as before. In Figure 2 we plot the payoff

for the cases where the distributions of match values are Normal and Gumbel. Notice
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Figure 6: Quasi-concavity of payoff function for different distributions (non-advertised
prices).

that in this case of unobservable prices we do not need that the variation in the observable
match values n’s is large.
We finally prove that the equilibrium price is increasing in s. For this, again, we take

the derivative of the denominator of p* with respect to 2. This gives:

o ([ (revana-ranz [ re-apr@)aa,) -

—0o0 —0o0

/0 (f/ (T +A)) (1—F(i))+f(i3)f(j+An)> ar (A,) =

[ rarapa-rey (LR o) @y

Because f (¢) is log-concave and A, <0,

f@) @ +ay)
1—F(&) 1-F@E+A)

Then

@+4,) _f@) (1= F(@+A)) f (& +Ay) + 2 (@ +Ay)

Gta,) 1-F@E) TG TANG—F 1A > 0.

f
f
We then conclude that the denominator of the price increases in # so the price decreases

in Z and increases in s. B
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Figure 7: Uniform distribution (non-advertised prices). Parameters are £ = 4, 7 = 3.9,
=37 a=0.

The example with uniform distributions We finally show that the payoff function
is quasi-concave when the match values are uniformly distributed. Again, because
the match values are distributed in closed intervals, the magnitude of the deviation price
affects the expression of a payoff function. We have identified seven intervals in which p
could be. In these intervals, the expresions of the payoff are different. The bounds of the
intervals are depicted by dashed lines in Figure [/] The exact expressions of the payoff are

available upon request.

Proof of Proposition 4| The only thing left to show is that indeed Omi!(pi,, piy; £)/0p1 <

0. Taking the derivative of @ with respect to p; gives:

Ap FHAR—Ap
/ {I—F(chrAn—Ap)Jr/ Fe—A,+A)dF (¢) —

—00 —0o0
A=A,

Pt (F+ Ay — A) (1= F (2)) —pyv/_ Fe— Ay — A dF (2)] dU (A,) +

z

/:O {F(i’—AnJrAp)(l—F(;f:))+/_oop(5_An+Ap)dF<8>_

PNF (& = A+ 4p) (1= F (7)) -

o [ FEe- ) <e>} 0T (A,) — iy [1— F ()14,

Because pj satisfies the equilibrium condition , if we evaluate this derivative at p; =

Py, We obtain

-y |0-F@r 0+ [ re-apira] <o
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Proof of Proposition [6] What is left to show is that in the proposed equilibrium firms
indeed have no incentive to reveal their € as doing so would cause the market for its
product to break down. Suppose firm 1 deviates by revealing information about £; and
setting a price p;. Denote the price consumers expect to see at firm 1 by p{. If the
deviation is profitable, we need to have p; = pf.

Consider a consumer who learns €, and expects price p§ at firm 1. Visiting 1 gives her
net utility e; +m — pj — s. Her reservation value at firm 2 is & + 7, — pjy. Hence she will
visit firm 1 first if

g1 >+ A, —py+pi+s (24)

and once there, buy if

P <e—2—A,+py. (25)

as in that case the cost of visiting firm 1 are already sunk. If does not hold, she first

visits firm 2. In that case, she will decide to visit firm 1 anyhow if
g1 —pi—s> A, +e—py (26)
and actually buy there if it turns out that
P <e— A, -+ py. (27)

as in that case the cost of visiting firm 1 are already sunk.

Given consumer beliefs p{, consider a deviation by firm 1 to p; = pf + s. Such a
deviation will not affect the number of consumers that first visit firm that is given by
(24). But with p; = p§ + s, for those consumers ([25)) is also satisfied, so demand from
them is unaffected. The deviation will also not affect the number of consumers that
visits firm 1 after having visited firm 2, given by . But with p; = p{ + s, for those
consumers is still satisfied, so demand from these consumers is unaffected as well.
Hence, if consumers would expect a price p{, firm 1 would be tempted to deviate to
p{+ s, as doing so does not lower sales. Hence, with consistent wary beliefs, no profitable

deviation from the equilibrium in the Proposition exists.

35



References

ANDERSON, S. P., anp R. RENAULT (1999): “Pricing, Product Diversity, and Search
Costs: a Bertrand-Chamberlin-Diamond model,” RAND Journal of Economics, 30,
719-735.

—— (2006): “Advertising Content,” American Economic Review, 96(1), 93-113.

——— (2009): “Comparative Advertising: Disclosing Horizontal Match Information,”

RAND Journal Economics, 40(3), 558-581.
ARBATSKAYA, M. (2007): “Ordered Search,” RAND Journal of Economics, 38, 119-127.

ARMSTRONG, M., J. VICKERS, AND J. ZHOU (2009): “Prominence and Consumer

Search,” RAND Journal of Economics, 40(2), 209-233.

ARMSTRONG, M., AND J. ZHOU (2011): “Paying for Prominence,” Economic Journal,

121(556), F368-F395.

Bakos, J. Y. (1997): “Reducing Buyer Search Costs: Implications for Electronic Mar-
ketplaces,” Management Science, 43(12), 1676-1692.

Bar-Isaac, H., G. CARUANA, anD V. CUNAT (2010): “Information Gathering and

Marketing,” Journal of Economics and Management Strategy, 19, 375-401.

DiamMonD, P. A. (1971): “A Model of Price Adjustment,” Journal of Economic Theory,
3, 156-168.

HARRINGTON, J. E. (2001): “Comment on ”Reducing Buyer Search Costs: Implications

for Electronic Marketplaces”,” Management Science, 47(12), 1727-1732.

Harr, O. D., axp J. TIROLE (1990): “Vertical integration and market foreclosure,”

Brookings Papers on Economic Activity, Microeconomics, pp. 205-286.

JOHNSON, J. P., anp D. P. MYATT (2006): “On the Simple Economics of Advertising,
Marketing, and Product Design,” American Economic Review, 96(3), 756-784.

36



Lewis, T. R., anp D. E. M. SAPPINGTON (1994): “Supplying Information to Facilitate

Price Discrimination,” International Economic Review, 35(2), 309-327.

MCAFEE, R. P., AND M. SCHWARTZ (1994): “Opportunism in multilateral vertical con-

tracting: Nondiscrimination, exclusivity, and uniformity,” American Economic Review,

84, 210-230.

PERLOFF, J., AND S. SALOP (1985): “Equilibrium with Product Differentiation,” Review

of Economic Studies, 52, 107-120.

SHELEGIA, S., AND D. GARCIA (2015): “Consumer Search with Observational Learning,”

Working Paper 1502, University of Vienna.

SHEN, J. (2015): “Ex-Ante Preference in a Consumer Search Market,” mimeo, Ohio State

University.

Ursu, R. (2014): “The Consumer Never Rings Twice: Firms Compete for Consumer

Search Share before Competing for Market Share,” mimeo, University of Chicago.
WAaNG, C. (2013): “Advertising as a Search Deterrent,” mimeo, University of Mannheim.

WEITZMAN, M. L. (1979): “Optimal Search for the Best Alternative,” Econometrica,
47(3), 641-654.

WOLINSKY, A. (1986): “True Monopolistic Competition as a Result of Imperfect Infor-
mation,” Quarterly Journal of Economics, 101(3), 493-511.

Zuou, J. (2011): “Ordered Search in Differentiated Markets,” International Journal of
Industrial Organization, 29(2), 253-262.

37



; university of faculty of economics
W : and business
éﬁﬁg groningen /

List of research reports

12001-HRM&OB: Veltrop, D.B., C.L.M. Hermes, T.]J.B.M. Postma and J. de Haan, A Tale
of Two Factions: Exploring the Relationship between Factional Faultlines and Conflict
Management in Pension Fund Boards

12002-EEF: Angelini, V. and J.0. Mierau, Social and Economic Aspects of Childhood
Health: Evidence from Western-Europe

12003-Other: Valkenhoef, G.H.M. van, T. Tervonen, E.O. de Brock and H. Hillege, Clinical
trials information in drug development and regulation: existing systems and standards

12004-EEF: Toolsema, L.A. and M.A. Allers, Welfare financing: Grant allocation and
efficiency

12005-EEF: Boonman, T.M., J.P.A.M. Jacobs and G.H. Kuper, The Global Financial Crisis
and currency crises in Latin America

12006-EEF: Kuper, G.H. and E. Sterken, Participation and Performance at the London
2012 Olympics

12007-Other: Zhao, J., G.H.M. van Valkenhoef, E.O. de Brock and H. Hillege, ADDIS: an
automated way to do network meta-analysis

12008-GEM: Hoorn, A.A.J. van, Individualism and the cultural roots of management
practices

12009-EEF: Dungey, M., J.P.A.M. Jacobs, J. Tian and S. van Norden, On trend-cycle
decomposition and data revision

12010-EEF: Jong-A-Pin, R., J-E. Sturm and J. de Haan, Using real-time data to test for
political budget cycles

12011-EEF: Samarina, A., Monetary targeting and financial system characteristics: An
empirical analysis

12012-EEF: Alessie, R., V. Angelini and P. van Santen, Pension wealth and household
savings in Europe: Evidence from SHARELIFE

13001-EEF: Kuper, G.H. and M. Mulder, Cross-border infrastructure constraints,
regulatory measures and economic integration of the Dutch - German gas market

13002-EEF: Klein Goldewijk, G.M. and J.P.A.M. Jacobs, The relation between stature and
long bone length in the Roman Empire

13003-EEF: Mulder, M. and L. Schoonbeek, Decomposing changes in competition in the
Dutch electricity market through the Residual Supply Index

13004-EEF: Kuper, G.H. and M. Mulder, Cross-border constraints, institutional changes
and integration of the Dutch - German gas market



W university of faculty of economics
7 5 groningen / and business

13005-EEF: Wiese, R., Do political or economic factors drive healthcare financing
privatisations? Empirical evidence from OECD countries

13006-EEF: Elhorst, J.P., P. Heijnen, A. Samarina and J.P.A.M. Jacobs, State transfers at
different moments in time: A spatial probit approach

13007-EEF: Mierau, 1.0., The activity and lethality of militant groups: Ideology, capacity,
and environment

13008-EEF: Dijkstra, P.T., M.A. Haan and M. Mulder, The effect of industry structure and
yardstick design on strategic behavior with yardstick competition: an experimental study

13009-GEM: Hoorn, A.A.J. van, Values of financial services professionals and the global
financial crisis as a crisis of ethics

13010-EEF: Boonman, T.M., Sovereign defaults, business cycles and economic growth in
Latin America, 1870-2012

13011-EEF: He, X., J.P.A.M Jacobs, G.H. Kuper and J.E. Ligthart, On the impact of the
global financial crisis on the euro area

13012-GEM: Hoorn, A.A.]J. van, Generational shifts in managerial values and the coming
of a global business culture

13013-EEF: Samarina, A. and J.E. Sturm, Factors leading to inflation targeting — The
impact of adoption

13014-EEF: Allers, M.A. and E. Merkus, Soft budget constraint but no moral hazard? The
Dutch local government bailout puzzle

13015-GEM: Hoorn, A.A.J. van, Trust and management: Explaining cross-national
differences in work autonomy

13016-EEF: Boonman, T.M., J.P.A.M. Jacobs and G.H. Kuper, Sovereign debt crises in
Latin America: A market pressure approach

13017-GEM: Oosterhaven, J., M.C. Bouwmeester and M. Nozaki, The impact of
production and infrastructure shocks: A non-linear input-output programming approach,
tested on an hypothetical economy

13018-EEF: Cavapozzi, D., W. Han and R. Miniaci, Alternative weighting structures for
multidimensional poverty assessment

14001-OPERA: Germs, R. and N.D. van Foreest, Optimal control of production-inventory
systems with constant and compound poisson demand

14002-EEF: Bao, T. and J. Duffy, Adaptive vs. eductive learning: Theory and evidence
14003-0OPERA: Syntetos, A.A. and R.H. Teunter, On the calculation of safety stocks
14004-EEF: Bouwmeester, M.C., J. Oosterhaven and J.M. Rueda-Cantuche, Measuring

the EU value added embodied in EU foreign exports by consolidating 27 national supply
and use tables for 2000-2007



W; university of Blbelsmmla
j 1 groningen / an usiness

14005-OPERA: Prak, D.R.]J., R.H. Teunter and J. Riezebos, Periodic review and
continuous ordering

14006-EEF: Reijnders, L.S.M., The college gender gap reversal: Insights from a life-cycle
perspective

14007-EEF: Reijnders, L.S.M., Child care subsidies with endogenous education and
fertility

14008-EEF: Otter, P.W., J.P.A.M. Jacobs and A.H.]. den Reijer, A criterion for the number
of factors in a data-rich environment

14009-EEF: Mierau, ].0. and E. Suari Andreu, Fiscal rules and government size in the
European Union

14010-EEF: Dijkstra, P.T., M.A. Haan and M. Mulder, Industry structure and collusion
with uniform yardstick competition: theory and experiments

14011-EEF: Huizingh, E. and M. Mulder, Effectiveness of regulatory interventions on firm
behavior: a randomized field experiment with e-commerce firms

14012-GEM: Bressand, A., Proving the old spell wrong: New African hydrocarbon
producers and the ‘resource curse’

14013-EEF: Dijkstra P.T., Price leadership and unequal market sharing: Collusion in
experimental markets

14014-EEF: Angelini, V., M. Bertoni, and L. Corazzini, Unpacking the determinants of life
satisfaction: A survey experiment

14015-EEF: Heijdra, B.J., J.0. Mierau, and T. Trimborn, Stimulating annuity markets

14016-GEM: Bezemer, D., M. Grydaki, and L. Zhang, Is financial development bad for
growth?

14017-EEF: De Cao, E. and C. Lutz, Sensitive survey questions: measuring attitudes
regarding female circumcision through a list experiment

14018-EEF: De Cao, E., The height production function from birth to maturity

14019-EEF: Allers, M.A. and J.B. Geertsema, The effects of local government
amalgamation on public spending and service levels. Evidence from 15 years of municipal
boundary reform

14020-EEF: Kuper, G.H. and J].H. Veurink, Central bank independence and political
pressure in the Greenspan era

14021-GEM: Samarina, A. and D. Bezemer, Do Capital Flows Change Domestic Credit
Allocation?

14022-EEF: Soetevent, A.R. and L. Zhou, Loss Modification Incentives for Insurers Under
ExpectedUtility and Loss Aversion

3



W university of fa.,;.i:y of economics
éﬁg groningen / and business

14023-EEF: Allers, M.A. and W. Vermeulen, Fiscal Equalization, Capitalization and the
Flypaper Effect.

14024-GEM: Hoorn, A.A.J. van, Trust, Workplace Organization, and Comparative
Economic Development.

14025-GEM: Bezemer, D., and L. Zhang, From Boom to Bust in de Credit Cycle: The Role
of Mortgage Credit.

14026-GEM: Zhang, L., and D. Bezemer, How the Credit Cycle Affects Growth: The Role
of Bank Balance Sheets.

14027-EEF: Bruzikas, T., and A.R. Soetevent, Detailed Data and Changes in Market
Structure: The Move to Unmanned Gasoline Service Stations.

14028-EEF: Bouwmeester, M.C., and B. Scholtens, Cross-border Spillovers from
European Gas Infrastructure Investments.

14029-EEF: Lestano, and G.H. Kuper, Correlation Dynamics in East Asian Financial
Markets.

14030-GEM: Bezemer, D.]., and M. Grydaki, Nonfinancial Sectors Debt and the U.S.
Great Moderation.

14031-EEF: Hermes, N., and R. Lensink, Financial Liberalization and Capital Flight:
Evidence from the African Continent.

14032-0OPERA: Blok, C. de, A. Seepma, I. Roukema, D.P. van Donk, B. Keulen, and R.
Otte, Digitalisering in Strafrechtketens: Ervaringen in Denemarken, Engeland, Oostenrijk
en Estland vanuit een Supply Chain Perspectief.

14033-0OPERA: Olde Keizer, M.C.A., and R.H. Teunter, Opportunistic condition-based
maintenance and aperiodic inspections for a two-unit series system.

14034-EEF: Kuper, G.H., G. Sierksma, and F.C.R. Spieksma, Using Tennis Rankings to
Predict Performance in Upcoming Tournaments

15001-EEF: Bao, T., X. Tian, X. Yu, Dictator Game with Indivisibility of Money

15002-GEM: Chen, Q., E. Dietzenbacher, and B. Los, The Effects of Ageing and
Urbanization on China’s Future Population and Labor Force

15003-EEF: Allers, M., B. van Ommeren, and B. Geertsema, Does intermunicipal
cooperation create inefficiency? A comparison of interest rates paid by intermunicipal
organizations, amalgamated municipalities and not recently amalgamated municipalities

15004-EEF: Dijkstra, P.T., M.A. Haan, and M. Mulder, Design of Yardstick Competition
and Consumer Prices: Experimental Evidence

15005-EEF: Dijkstra, P.T., Price Leadership and Unequal Market Sharing: Collusion in
Experimental Markets



W university of fa.,;.i:y of economics
éﬁg groningen / and business

15006-EEF: Anufriev, M., T. Bao, A. Sutin, and J. Tuinstra, Fee Structure, Return Chasing
and Mutual Fund Choice: An Experiment

15007-EEF: Lamers, M., Depositor Discipline and Bank Failures in Local Markets During
the Financial Crisis

15008-EEF: Oosterhaven, J., On de Doubtful Usability of the Inoperability IO Model

15009-GEM: Zhang, L. and D. Bezemer, A Global House of Debt Effect? Mortgages and
Post-Crisis Recessions in Fifty Economies

15010-I&0: Hooghiemstra, R., N. Hermes, L. Oxelheim, and T. Randgy, The Impact of
Board Internationalization on Earnings Management

15011-EEF: Haan, M.A., and W.H. Siekman, Winning Back the Unfaithful while Exploiting
the Loyal: Retention Offers and Heterogeneous Switching Costs

15012-EEF: Haan, M.A., J.L. Moraga-Gonzalez, and V. Petrikaite, Price and Match-Value
Advertising with Directed Consumer Search



www.rug.nl/feb




	15012 eerste 3 paginas
	paper
	Introduction
	Related literature
	The Model
	Advertised prices
	Non-advertised prices
	The decision to advertise the price
	Match-value advertising
	Match-value only advertising
	Match-value and price advertising

	Conclusion

	list of research reports

