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Abstract
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| - Introduction.

Economic intuition would suggest that informed consumers typically impart a positive externdity
onuninformed ones. Becausefirmscompetemorevigoroudy for informed consumers, theuninformed ones
will benefit through lower pricesand/or higher product qudities. Uninformed consumerscanthen freeride
onthe informed ones; this suggeststhat consumerswill underinvest ininformationgathering, aswas pointed
out by Tirole (1988, p.108). Severa resultsinthe literature bear out thisintuition (see details below). Our
intention in this paper is to show that there are important cases where informed consumers cause market
prices to rise, so that such consumersimpart anegative externdity on the informed ones. Under these
circumstances, consumers will then overinvest ininformationgathering. Along the way, we aso develop
the theory of pricing in marketswhere consumers have imperfect information and must incur search cogts
to improve their knowledge.

Our gtarting point is a search model due to Wolinsky (1986).! Theideais that consumers care
about morethanjust prices. They aso careabout the productssold by firms. Saturday afternoon shopping
a themdl is about findinglow prices, but it isaso about finding products that suit consumer tastes. What
one consumer likes, another consumer may not like so much (clothes, shoes, televison sets, stereos,
restaurant menus, red Cadillacsor blueLincolns). That is, products are differentiated, and consumersvaue
the products sold by firms differently. The goodswe consider are "search” (or "ingpection”) goods, whose

characteristics canbe determined prior to purchase. If indeed we accept that consumer tastes differ, then

1 Wolinsky's paper was written to provide indght into monopolistic competition. See dso Wolinsky
(1984) and Fischer (1993) for related approaches using Saop's (1979) circle mode to describe product
differentiation.



2

aconsumer who findsa product at the price she anticipated may neverthel ess continue to search for agood
that better matches her tastes. This brings firmsinto direct competition with each other, and gets around
the Diamond (1971) paradox that, for homogeneous goods, the only equilibrium price is the monopoly one
if consumers must incur a search cogt to find out the price charged by afirm. 1t also meansthat consumers
do actudly searchinequilibrium, so providing a searchmode with search (there is no searchinequilibrium
in Diamond).

This framework enables us to dea with differing degrees of information across consumers by
dlowing some consumers to be uninformed as to their product matches, while others know exactly ther
matches with particular firms? Aswe show, the greater the proportion of the latter, the worse off are the
former. Loosdly, thisis because the informed consumers reved their tastes by dways firs checking out
the price of the firmthey prefer. Thisbehavior rendersfirm demands moreineadtic (an informed consumer
will not check out another firm'sproduct if the preferred firm's price exceeds the anticipated price by less
than the search cost) and increases equilibrium prices. Hence the informed consumersimpart a negative
externality on the others. This means that consumers can overinvest in information if we dlow for aprior
choice of whether to become informed about products.

The result that informed consumers impart a negdive externdity on uninformed ones is in sharp
oppositionto what would happenif prior informationwere about pricesrather than product characteristics.
The literature on heterogeneous search codts illustrates the effect of prior information on prices.

Heterogeneity in search codts is another way to avoid Diamond's (1971) monopoly pricing result and to

2 Thereisasmadl literature on imperfect consumer information on matches and firm advertising.
See for example Grossman and Shapiro (1984) and Meurer and Stahl (1994).
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have consumers searching in equilibrium in a market for a homogeneous good (rather than heterogeneity
in tastes, asin Wolinsky, 1986), asin Rob (1985) and Stahl (1989, 1995).2 In these papers, prices are
kept down because there are enough shoppers whose search costs are zero or arhitrarily close to zero.*
Theseauthorsfind that equilibrium prices may be less than the monopoly price and tend smoothly towards
margina cost asthe search cogt digtribution puts more weight in the neighborhood of zero. Thesemodds
yidd pricedispersion, and those consumerswho have low search costs keep searching if the prices quoted
to them are too high. Hence, those with low search costs impart a postive externdity on the others (a
related ory isthe "Bargains and Ripoffs' modd of Saop and Stiglitz (1977), that has been popularized
asthe "Tourigts and Natives' mode - see e.g., Carlton and Perloff (1994)).

Our result is aso to be contrasted with modelsin which products are verticdly differentiated and
some consumers are imperfectly informed of product qualities (but know prices). Models in this vein
indude Walinsky (1983) and the versonby Tirole (1988, Ch.2.3.1.1), and Bagwell and Riordan (1991),
where again agreater proportion of informed consumers benefits the uninformed ones.

In the next section we lay out the basic structure of the model and discuss the back-drop case of
zero searchcosts. Section |11 describesthe propertiesof equilibriumwhen al consumersface search costs
and do not know their product matches. Section IV extends the andlyss to dlow for a fraction of

consumers who do know their matchvauesinadvance, and presents the negative externdity result. This

3 Other methods of circumventing the Diamond Paradox are described in Reinganum (1979), Burdett
and Judd (1983), Bénabou (1989, 1992), Robert and Stahl (1993), and Stegeman (1989) (the last two
build on Butters, 1977). See Stiglitz (1989) and Stegeman (1989) for surveys of the literature.

4 Axdl (1977) isapioneering work in thisarea. Stahl (1995) gives a detailed comparison of papers
that follow this route. Carlson and McAfee (1983) introduce heterogeneity in both search costs and
production cogts.
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result is elaborated in Section V, where the modd is extended to alow for price-sengtive demands and
we show that the degree of investment ininformationis socidly excessive. Section VI concludesand offers

some further research directions.

Il. Preliminaries.

The models that follow share a common structure that we can devel op at the outset. Therearetwo
firms 1and 2. Each sdls one variant of a horizontaly differentiated product at price p, | = 1,2.
Productionentals congtant margina cost whichisthe same for both firms so that we can set it equal to zero
without loss of generdity.

Consumersincur a search (or sampling) cost ¢ to check out a firm's product and price®> Once a
firmhas been sampled, recdl is costless, meaning that no extra cost isincurred if aconsumer buys froma
firm sampled earlier. Thus search costs are 2c for a consumer who checks out both firms, regardless of
which product is bought; aconsumer who stops at the first firmsampled pays only cinsearch costs. Each
consumer hasincomey and will buy a most one unit of the good. Any remaining income is spent on the
numeraire. If a consumer does not buy, her utility is arbitrarily low, so she will aways buy unless she

cannot afford to (that is, if price exceedsy).® Thetotd measure of consumersis one.

> Our andysisisessentidly satic. In particular, we do not dlow for consumers to have information
from previous purchases, which would require adynamic anadyss. Our modd is best thought of as
applying to durable goods with purchases so far gpart in time that any information from past purchases
isirrdevant.

¢ We are implicitly assuming here that search costs are nonmonetary. The assumption that non-
purchase yields an arbitrarily low utility effectively means that each consumer's reservation price exceeds
y+c. (Theandyssisnot fundamentaly changed if search costs have amonetary component - see below.)
Note price will never exceed income inequilibrium. 1n some casespricewill equa income: werefer to such
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Consumersdiffer intheir vauations of the goods sold by the two firms. Grossof any search costs,

consumer R's (indirect) utility conditional on purchasing good i at pricep is

U0 =V - Pt By

where y-p isthe amount of numeraire consumed and , ;; is consumer R's match value with producti.” A
fully-informed consumer will buy the product for whichthe redizationof (1) isgreatest. The maich values,
»5i» areredizaions of randomvariablesthat areidentically and independently di stributed across consumers
and firms, with a common dengty function f whose support is an interval [ab] of the extended red line.

Let F be the corresponding distribution function. We shal dso assume:

Al: The dengty f istwice continuoudy differentiable and logconcave on [ab].

Logconcavity is awesker requirement than concavity (but stronger than quasiconcavity), and is
satisfied by most commonly used densties (including the norma, the exponential and the double-
exponentid; see Caplinand Naebuff, 1991, for amore completelist). Logconcavity impliesthe monotone

(increesing) hazard rate property (see footnote 12 below). Caplin and Naebuff (1991) establish that

cases as the Diamond Paradox. Our primary interest isin the cases where the paradox does NOT hold.
Inour formulationthe problem noted by Stiglitz (1979) - that the market may fail to exist if the firs search
is codtly - does not arise. In the Stiglitz verson, firms charge the consumer reservation price, so that
consumers never buy because they would expect to pay afull price equd to the reservation price plusthe
cost of thefirst search, and so never enter the market. 1n our verson, income cagps the maximum amount
consumers will pay.

" The numeraireis purchased under perfect information.

@
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logconcavity of the joint dengity of matchva uesguaranteesthe existence of a price equilibrium inthe Perloff
and Sdop (1985) modd of oligopoly with differentiated products (see aso Anderson, de Palma, and
Thisse, 1992). Werefer below to this mode (which does not entertain search costs) as the benchmark
model.

The benchmark modéd isalimit case of ours, and it is useful for what followsto derive itssymmetric
equilibriumprice. For two firms, and given the utility function (1) withno search costs, the demand facing

Firm 1if it charges p, while Firm 2 charges p* is
Dylere*) = [ “Fle + p* - ppfle)de. @
A symmetric equilibrium price p* <y mug satisy
D,@*.p*) + p*g—:l(p* p¥) = 0. ©)
1

By symmetry, D,(p* ,p*) = %, and so the equilibrium price with no search codts, g, is:

o1
=73 | eyde “)

The following result isproved in Anderson, de Pama, and Thisse (1992), using the andyss of Caplin and

Nalebuff (1991).

Proposition 1: Under Al, if search costs are zero and y is above (resp. below) p;, there exists a

unique symmetric equilibrium price given by p;, (resp. y).
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Let us now return to the model with positive search costs. We seek equilibriaa which both firms
charge the same price Since a consumer expects no gain from price differenceswhen she searches, her
sampling behavior in equilibrium is entirely based on her information about her matches with products. If
sheisindifferent between sampling ether firm, we assume that each is sampled with probability one half.
We consider two dterndive assumptions on consumer information. The first corresponds to Wolinsky
(1986).

(& Uninformed consumers. The consumer does not know her redization g (,5) Unless she has
sampled Firm1 (Firm?2). She samplesafirg firm a random. If she getsalow draw she then samplesthe
other firmif the expected utility gain exceeds the search cost. Shereturnsto the firgt firm if she redizesan
even worse utility value from the second firm.

(b) Fully-informed consumers. Theconsumer knowstheredlizationsof both her match vauesin advance.
She expects p; = p,, 0 shefirgd samplesthe firm for which ,; is greeter.

Section Il consdersthe pure case (a). Section IV adds consumers of type (b), with afraction
k of the latter.

In kegping with much of the literature, the equilibria considered throughout the paper are Perfect

Bayesan equilibria (see Fudenberg and Tirole, 1991). For firms, this Smply means that each maximizes

8 There are dso degenerate equilibria at which both firms set prices abovey, so that no one buys. In
suchNashequilibria, if consumersexpect prices abovey, they do not enter the market, so that firms have
no incentive to change their prices. Weignore such equilibriain the sequel. We show in alater footnote
that the only equilibrium (with prices no larger than y) is the symmetric one. The existence of a unique,
symmetric, pure-strategy equilibrium should be contrasted with models of heterogeneous search cogtsin
whichthere may be only asymmetric equilibria (e.g. Sdop and Stiglitz, 1977, and Rob, 1985), or eseonly
equilibriain mixed drategies (e.g. Stahl, 1989, 1995).
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its profit given the anticipated price of the rival firm and consumer search behavior. A consumer's
information set is characterized by the prices and match values aready observed. Each consumer
maximizes her expected utility at each information set, given her expectations of the unknown prices and
match vaues. Price expectations are congstent with equilibrium drategies of firms and are unaffected by
prices aready observed. Hence if aconsumer has sampled one firmand findsout thet its price is different
from the equilibrium price, she fallows an optima search rule, still expecting the other firm to charge the

equilibrium price.

I11. Uninformed Consumers.

In this section it is assumed that no consumer knows her match vaue with a product until she
samplesthefirmsdlingit. The modd isbasicdly that of Wolinsky (1986) with two firms. Henceforthwe
drop the subscript R on vauations to ease notation.

Inorder to caculate the symmetric equilibrium, we must find Firm1'sdemand (Firm 2'sdemand
isgivenin asmilar manner). We first need to characterize consumer behavior given the equilibrium price
p* isexpected to prevail at each firm. Half the consumers search Firm 1 firgt, and actudly find its price
to be p, (whichisnot necessarily equal to p*, since we must characterize consumer reactions to prices off
the equilibrium path) and match , ;. If aconsumer who starts at Firm 1 then searches Firm 2 (where she
correctly expectsthe equilibrium price p* to prevail), shewill returnto Firm 1if -p; + ,,>-p* +,,,0r-
) +,1>,,where) / (p;-p*) isthe premium charged by Firm 1. Therefore the expected benefit from

searching Hirm 2is.



f: (E - g + A)f(e)de. (5)

1~A

Define X asthe critical vaue of the lower bound of the integral suchthat aconsumer halding X isindifferent

between searching again and sticking with Firm 1. Thus X is defined by:

f:(e - t)f(e)de =6 (6)

(cf. Wolinsky, 1986, eg. 3).

It is readily verified tha the |eft-hand side of (6) is continuous and decreasing in X, isinfinite a X
=-4,andiszero a X = b, so that X is uniquely determined, and consumers for whom ,; - ) > X will not
go on to search Firm 2 (for such consumers, (5) is less than ¢). Henceafraction [1- F(X + ))] of the
consumers searching Firm 1 first stop there.

Since X is decreasing in ¢, fewer consumers search when the cost of search goes up. Note aso
that if X < &), then no consumer will search again. Thus, if X < a, no consumer would want to search
beyond the firg firmunless she anticipated alarge enoughprice difference. Inthiscase, theonly equilibrium
is that both prices equal consumer income, y, snceat any lower common price, either firm could increase
its price dightly without losing any customer.® Thisisthe Diamond Paradox. We now study the mode!
when X > a1

Firm 1 expects consumerswho start at Firm2 to find a price of p*. When these consumersdecide

° If c were amonetary cost, the egilibrium price would smply bey-c. The same comment appliesto
the other models.

10 The case X = aisdescribed at the end of this Section.
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whether to go on and sample Firm 1, they face a problem smilar to that of consumerswho start at Firm
1, whichwejust andyzed. Sincethey expect Firm 1 to play itsequilibrium strategy, and thusto aso charge
p*, the expected fraction of them choosing to stay with Firm 2 without further searchis [1- F(X)].

For those who do search both firms, the indifferent consumer is defined by w(p,) = W(p,), or

€y = By t A, 7)

The partition of the (,4,,,) Space is givenin Figure 1, and the firms demands can be directly

cdculated from the Figure.

LINSERT FIGURE 17

The square [ab] x [ab] isdivided into four rectangles. Each represents a different outcome for
aconsumer's search strategy. Areal (,,> X+ ) and ,,>X) correspondsto consumerswho stop at the
firg firm sampled. Those consumers who sample both firms no matter where they start are represented
byArealll (,, <X+ ) and ,,<X). Findly, Areall (ArealV) corresponds to consumers who sample
both firmsif and only if they start a Firm 2 (Firm 1).

Inorder to derive Firm1'sdemand, wea sodraw the indifferent consumer relation (7). Consumers
who have sampled both firms and whose match vaue pair is below that line buy from Firm 1. Thus Firm

1's demand comprises half the consumersin Areal, dl consumersin Areall, and those in Area Il who



11

Diere®) = 4t - F@1 - Fex + A)
8
+ F®[1 - F& + A)] + f 2AL - AX(e)de,
are bdow the dashed line:

wherewe recdl that ) / (p,-p*), so that demand depends only on price differences. Integrating by parts

andlettingu=, - ), (8) can be rewritten as
D, 0" = %[1 - F@]1 - Fae + A)] + B® - [* Fo + A ©

(Note that these expressions hold no matter what the sign of ) is)
A symmetric equilibrium price for the uninformed consumer mode, p,* O (0,y), must satisfy (3)

with p* = p, (the subscript u denotes that al consumers are uninformed), so that'!

. 1
* - Tejm v o e (10)

1 There are some conceptud difficulties in formulating what an asymmetric equilibrium would look
like. Inparticular, it isnot clear what a consumer should believe when confronted with a deviation - or
even if she could detect a deviation if afirm deviates to its competitor's candidate equilibrium price.
One way around the problem is to assume that a consumer finds out the identity of the firm only when
she samplesit (s0 that sheisapriori indifferent between checking out ether firm); she can then dso tell
if it has deviated. Under this assumption, the unique equilibrium is the symmetric one by the following
argument. Suppose there were an asymmetric equilibrium. Then it would satisfy D, + p, MD, Mp, =
D, + p, MD,Mp, =0. Since D, =1 - D,, we have MD;Mp, = - MD,/Mp, = MD,/Mp,, and therefore

(pz - p2) MD/Mp, = D, - Ds.
Now, since p, > p, ] D; < D,, the only possible solution to the first order conditions has p, = p,.
Similar andyds rules out one firm setting a price equd to y with the other firm setting alower price; a
price of zero by ether firm cearly cannot be an equilibrium.
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(cf. Wolinsky, 1986, eg. 16: thanks to the assumption that al consumers buy, we find an explicit solution
for the equilibrium price whereas Wolinsky'sisin implicit form).

It is indructive to determine how the candidate equilibrium price evolves with the search cost.
Wolinsky (1986) notes that if match values are iid uniform (the case for which he proves the existence of
a price equilibrium) and under monopoalistic competition, price is grictly increesing in the search cost.
Intuition would suggest that this should be the case more generdly, at least under reasonable conditions.

Aswe now show, the "reasonable condition” here is the logconcavity of 1-F.

Proposition 2: Assume f is differentiable on [a,b] and let X> a. The price p, isincreasingin cif

and only if 1 - F islogconcave on [a,b]. Furthermore,

e 1
fmp® = — 1
-0 Fa 9 f be)2de (11)

which is the equilibrium price p, of the benchmark (no search cost) model (see (4)).

Proof: The price p,* depends on the search cost ¢ through X (which is monotonicaly decreasing in c).

With f differentiable, dp,* /dx iswell defined and has the sign of

- [1 - FOI'® - 1@’ (12)

Thisexpressionis negetive over thewhale intervd if and only if 1-F islogconcave. Sincef is differentiable,

itiscontinuous. Asc6 0, X6 b, and (11) follows from (10). Q.E.D.



13

The condition shown in Propogition 2 regarding logconcavity of 1-F isrelated to our assumption

A1l by the following:

Corollary 1: Under Al, the price p, isincreasing in the search cost.

Proof: Under A1 fisdifferentiable and logconcave on [ab]. Thisguarantees 1 - Fislogconcave? and

the result then follows from Proposition 2. Q.E.D.

The search cost inthismodel isthe cost of getting moreinformation. Asthis cost rises, consumersare more
likely to stick with the first firm sampled. This gives firms more market power and they raise prices
(Corallary 1). Clearly consumersare better off with lower search costs. They benefit from the direct effect
of being more likely to get a better match, and the indirect effect of lower prices. Another type of cost of
getting better information isintroduced in the next Section. Aswe argue there, lower costs of pre-search
information on product matches (as opposed to the lower costs of search considered here) may actudly

decrease consumer welfare.

12 Using the argument of Anderson, de PAma, and Nesterov (1995), first write

b/
m - [0 e
1 - F® f “ryde  B®

where the inequdity follows from the logconcavity of f (i.e, f/f isincreasing). Hence 0 # f(b)f(x) #
f'()[1 - F(X)] + fAX), so 1 - F(x) islogconcave (see dso Bagnoli and Bergstrom, 1989, and Borell,
1975).



14

Theintuition behind the second part of the Proposition is that dmost dl consumers search both
firmswhen search costs are low, regardless of what they find first. Since they can then costledy recdl the
preferred product, thisis just asif there were no search codts (i.e., the benchmark model).

The second part of Proposition2 isimportant to the analysis of equilibrium existence that follows

because of the next result;

Corallary 2: Under Al, p, is greater than or equal to the symmetric equilibrium price, p;, of the

benchmark model of no search costs.

Proof: By Corollary 1 and the observation that (11) isequd to (4). Q.E.D.

The following proposition gives sufficient conditions for [, to be an equilibrium price®

Proposition3: SupposeAl holds, f isincreasing, and that all consumersareuninformed. Thenthere
exists a unique single-price equilibrium:

(i) Ifp,<yandx > a, bothfirmscharge p;.

(i) 1fp, $yor X< a, bothfirmscharge v.

(iii) Ifp,<yand x = a, both firmscharge pif and onlyif p 0 [1/f(a), y].

13 The condition that f be strictly increasing is stronger than is required for these results, but this
condition renders tractable the anadlys's of existence of equilibrium for the (more complex) modd of the
next section.
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The proof isin the Appendix. Let us briefly discuss the case of high search costs. As X tendsto a, the
right-hand sideof (10) tendsto 1/f(a). Thus, if f(a) =0, p,* goesto infinity asc goesto (E, - a) (see(6)).
This means that the equilibrium price hits the budget constraint of consumers for some X > a. In contrat,
if f(@) is suffidiently large (greater than 1/y), thentheequilibrium priceisp,* <y for c < (E, - @) (i.e. for X
>a), andisequa toy for c> (E, - a). Findly, the equilibrium price takes any vdue in [1/f(a),y] for c =
(E, - a). Toillugtrate, consider the increasing exponentia digtribution, f(,) = exp[,] for , O [-4,
0] (soa=-4 and b =0). Here X satisfies exp(X) -X - 1 = ¢, and there are no redtrictions onc. The
equilibrium priceisp,* = exp(-X), aslong asthisislessthany, and isy otherwise.

IV. Informed and Uninformed Consumers.

Wenow cons der what happens if the consumer population comprisesafraction 1-k of uninformed
consumers (likethose considered in the previous Section) and k fully-informed consumers. Theinformed
consumers know bothvauationsinadvance. The uninformed consumers know neither va uationuntil they
have sampled thefirms. Let D (p,,p*) as given by (9) be the average demand for Firm 1 by uninformed
consumers. Each of the informed consumers firgt checks out the firm where she knows she has a better
match. Since consumersexpect firmsto set the same price, and by symmetry of the distribution of matches,
haf the informed consumersinitialy check out each firm. They will not shift if the actua price observed is

less than ¢ above what was expected. Hence for p;, # p* + ¢ the demand addressed to Firm 1 is.

DI(PI-P.> =1 - bDu(PpP-) + k2,

and the candidate equilibrium price, if Srictly below y, is given by p* = p, where p,* is the common

(13)
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equilibrium price in the modd with k informed consumers, so

» 1

2 (1-1;){[1 - F@k® + 2f:ﬂje)2deJ-

Thisisjust 1/(1-k) times the price p;, as given in (10), so that if k = 0 we have the uninformed consumer
equilibrium, and as k 6 1, price goesto infinity so that the budget condraint eventualy becomes binding
(we discuss this limit in more detail below). We now extend Propostion 3 to dlow for informed

consumers.

Proposition 4. Suppose Al holds, f isincreasing, and that a fraction k of consumers are informed
of their match values. Then there exists a unique single-price equilibrium:

(i) If po <yandx > a, both firms charge p.

(i) If pcPyor X< a, both firmscharge y.

(iii) If p.<yand X = a, both firms charge pif and only if p O [1/(1-k)f(a), ].

Proof: Asin the proof of Proposition 3, it sufficesfor (i) to show that p, maximizes profit over the interval
[h,+4), whereh/ max{0, p, +a- X} (for 0# p, < py +a- X, the demand frominformed and uninformed
consumersis congtant and profit isincreasinginp,). In the previous proof, it is dso shown that under the
present assumptions, D, isconcavein p; if p, sttisfies X+ ) # b. Furthermore, for p, # p* +c(i.e.
for ) < c) theinformed consumers demand is congtant.

We now show that +c is dways less than b, and thus, for p, # p* + ¢, D, is concavein p, since

(14)
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it isthe sum of two concave functions. First note that x+c = b for c = 0. Using(6), the derivative of X+c
withrespecttocis 1 + 1/[F(X)-1] # 0. Hence X+c # b for dl vdues of c. Since demand is concave for
p, # p + ¢, profit is also concave and is maximized by p* given by (14) for thisrange of prices. We
now show that profit is decreasing for p, > p* + ¢ and therefore reaches a globd maximum at p*.

The price p, defined by (14) is clearly larger than p,*. Thus, using LemmaA.1 in the Appendix
(if demand dependsonly onthe price difference, and profit isdecreasing for prices above theriva's price,
thenprofit is decreasing for prices above the riva's price when the riva sets a higher price), piDy(p1,pc*)
isdecreasing for p; > p,* + ¢. Thedemand from informed consumersisno longer constant: oncethey find
out that p, islarger thanp,* + ¢, some may decideto goto Firm2. For those who stay we must have , ;-

p; > ,, - P*- €. Thusthe informed consumers demand is:

f"x-'(e - by tpy t o){e)de.

Thisissmply Firm1's demand inthe benchmark mode withno search costsif Firm 2's priceis py + ¢ (see
(2)). Sincepy, > p, (for k > 0) and Corollary 2 shows that p;, exceeds the benchmark price (for ¢ > 0),
then so does py + ¢ exceed the benchmark price p, givenin(4). Wethereforeknow by LemmaA.1 that
Firm 1's profit from informed consumersmust be decreasing in p, for p; > p* + ¢. Thusoverdl profit is
decreasing sinceit is a convex combination of two decreasing functions.

The proofs for cases (i) and (iii) are Smilar to those in Proposition 3. Q.E.D.

The auffident conditions for existence are rather strong and they are clearly not necessary. In

particular, the assumptionthat f isincreasing ensuresthat D, is concave inown price, so that, snce demand

(15
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from uninformed consumers is congtant for prices less than ¢ above the rivd's price, overdl demand is
concave for this range of prices, which renders profit concave as wdl. To see what can go wrong for
decreasing densities (even though A1 is satisfied) consider the decreasing exponentid, f(x) = e™ for x O
[0,4). The candidate equilibrium priceisthensmple to caculate; from(14) we have p, = [1/(1 - k)] (note
that this is indegpendent of ¢ since, by Proposition 2, py, is independent of ¢, as 1 - F is loglinear). The
corresponding candidate equilibrium profit issmply 1/[2(1 - k)]. Now consder a deviation by onefirm
to py + ¢.2* To caculate the deviation profit, first note that D, as given by (8) or (9), is (1/2)e? with ) =
c. Thisisthe demand from uninformed consumers, while the demand from informed consumersis il 1/2
since price has beenincreased by lessthan ¢ (and consumers find this out only whenthey sample the firm).

The devidion prafit isthus

which exceeds the equilibrium profit if and only if

A+ -Bayk+ (1 -BeSH>1

It is readily verified that this holds for k = 1/2if cis sufficiently cdloseto 1, so that py is not an equilibrium

price for this case, and indeed it is not an equilibrium price for k large enough. Furthermore, if y > p, (as

in Proposition 4(i)), the profit derivative when both firms charge'y, as given by (3) (for p* =), isgrictly

1“We assume ¢ < 1 so that, from (6), X = - Inc > 0. Otherwise we are in the Diamond paradox case
covered by Proposition 4(ii).
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negative so that y cannot be an equilibrium price either (adight decrease inpricewould be profitable). This
shows that no pure strategy symmetric equilibrium exigts.

Inorder to guaranteethat an equilibrium exists, demand from uninformed consumers must decrease
aufficiently fast when afirm raises its price so that such a deviation is not profitable, in spite of the extra
revenue extracted fromthe captive informed consumers. Anincreasing dendity guaranteesthisevenif there
is a large informed consumers population. Thisis a strong sufficient condition, especidly if informed
consumers are few. For ingtance, it can actualy be shown that with only uninformed consumers (k = 0)
and a decreasing exponentid distribution of matches (as above), there is a symmetric pure strategy
equilibrium as given by the candidate equilibrium expression (10), in which both firms charge 1.

Returning now (and henceforth) to the assumptions of Proposition4, since p;, > 0, the equilibrium

price (16) isdearly increasing in k:*°

Proposition’5: Under the assumptions of Proposition 4(i), the equilibriumpriceisstrictly increasing

in the fraction of informed consumers.

The result of Proposition 5 impliesthat the informed consumersimpart anegdive externdity onthe
uninformed ones. That is, more informed consumers lead to higher prices. The reason isthat uninformed
consumersare the source of dadticity indemand - the amdler the fraction of them, the fewer customerswill

be lost following aprice hike.

® The price py is dso increasing in the search cost ¢ under the assumptions of Proposition 2.
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Thisreault isin gark opposition to the usud reasoning about the effects of informed consumers.
It is usudly argued that there is too litle investment in information gathering because the informed
consumers postively affect the uninformed ones, so the latter freeride. Let us consider these arguments.
Themagjor contextsinwhichinformationdifferences across consumers have been considered are the quaity
choice model summarized in Tirdle (1988) (whichdraws onWolinsky, 1983), the qudity-signaling mode
of Bagwdl and Riordan (1991), and the price disperson mode of Stahl (1989) and others. Inthequality
choice modd, theissue is whether firmswill produce high or low qudity, for agivenpricethat is observed
by dl consumers. Some consumers are informed about quality, while others are not informed until they
have purchased the good (0 that qudity is an experience characterigtic for the uninformed consumers).
For prices in amedium range, the greater the fraction of informed consumers, the greater the equilibrium
probability that firms produce the high qudity. In the qudity-signaling model, quality is exogenous and
observed by only afractionof consumers, and the firmusesits price (observed by dl consumers) to signa
itsqudity. A low-quality firm also haslow cogt, and so loses more profit a ahigh price than ahigh-qudity
(and high-cogt) firm. The digtortion in prices from sgnaling a high qudity is grestest when there are only
uninformed consumers; the price for high qudlity falls as the fraction of informed consumers rises because
the benfit to alow-qudity firm from mimicking the high-qudity priceisless.

Pricesarenct observed inthe Stahl (1989) model with heterogeneous search costs, but sncesome
consumers have zero search cogts they are effectively informed about prices. The more such consumers
there are, the more firms will compete for them, as manifested in lower prices in the equilibrium mixed
drategy. Inour mode, observing priceis costly to al consumers, and information differences pertain only

to matches. In contrast to Stahl, in our model informed consumers shop less than uninformed ones (not
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a dl in equilibrium). Fewer shoppers means higher prices in both modes.

To seethat there is an externdity to consumersin the collection of pre-search information in our
context, suppose that different consumers have different costs of gathering information. The fraction of
consumerswho will get fully informed is determined by the benfit of full information, whichentails getting
the best match for sure and obviating any further search costs. Although the information decison is
privately optimal, because each consumer does not take into account the adverse effect of her improved
information on prices, there will be too many informed consumer sfrom the per spectiveof consumers
taken as a group.*®

We now consider the limit caseof k = 1 inmore detall. Inthis case, dl consumersknow therr match
vauesin advance, and they dso know which firm sdlswhichproduct. Thisinformation is the undoing of
the consumers. To see why, suppose that the consumers anticipate prices p, and p,, one of them being
drictly lessthany. Each consumer then chooses the firm offering her the highest utility. In equilibrium, she
is not disappointed and buys from thefirg firm sampled. Thus a firm expects to be the best dedl for a
consumer who samplesit. That consumer could ether buy, or eseincur the search cost and check out the
other firm. Clearly, if the price of the first firm exceeds the anticipated price by some amount lessthan c,
she will il buy fromit aslong asthe actual price does not exceedy. Hence if the firm whose priceisless

thany issampled, it canraiseits price by some smadl amount above the anticipated price without losng any

16 1t can be even true that lower costs of pre-search information reduce overall consumer
surplus. To take an extreme example, suppose that initidly these costs are so high that no consumer
getsinformed, and the price isthat of the uninformed consumer moddl. Then let the cogts fall
aufficiently that al consumers decide to get informed.  Since the new equilibrium price goesto'y,
consumers are al worse off in an ex-ante sense aslong asy is large enough.
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customers. Thusthereisno equilibrium at which afirm sampled with postive probability hasapricestrictly
below y. Since the firm with the lower anticipated price (below y) would dways have some customers,
the only equilibrium outcomeis for both firmsto price at y.

Thisdiscusson issummarized in:

Proposition 6: If all consumers are informed, the unique equilibrium outcome has both firms

chargingy.

Thisisthe analogue to the Diamond result for homogeneous goods, and arises here even though
products are heterogeneous. Firms know that consumers will first sample the firm they like best, and
therefore that consumers would not switch if faced with a price dightly higher (but Iessthanc higher) than
expected. The firms can use this information to extract as much surplus as is possible given the budget

condtraint.

V. Overinvestment in information with price-sensitive demands.

Therearetwo notable redrictions inthe andyss above. Thefird isthat theincomelevd y hasbeen
used to bound consumer spending fromabove, so that the pricethat correspondsto the Diamond paradox
isy. Thesecond isthat thetotal surplusisindependent of the pricelevel. Thisimpliesthat total surplus per
uninformed consumer (and per informed consumer) is unaffected by increases in the fraction of informed
consumers, k, since the consumer surplus logt is exactly baanced by an increase in firm profits. In this

Section we generdize the modd to price-sengtive individua demands. As well as condituting a useful
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broadening of the modd, this extension effectively replaces the upper bound, y, with the monopoly price
on theindividua demand curve. Second, oncethereissomeéadticity in demand, anincreasein k will be
seen to reduce socid surplus per consumer for those whose prior information has not changed. Since
demand istotdly indadtic in the modd above, the socidly optima degree of information investment (that
which maximizes the sum of consumer surplus and firm profits) is attained in equilibrium: higher prices are
smply a transfer from consumers to firms!’ When we extend the model to allow for price-sensitive
individud demands, eachindividud, once she chooses a product, buysanamount that depends (negetively)
on the price charged by the firm. Thenthe pricerisethat followsthe informationinvestment of an additiona
consumer will cause tota consumer benfitsto fal by more than firm profitsrise- thereisadirect welfare
lossdueto higher prices. Thus there will be excessiveinvestment in prior information fromthe social
welfare per spective.

To introduce price-sengitivity, rewrite (1) as.

BeilP) =Y T V@Y T €

where v(p,) is the consumer's conditiona surplus from buying good i. We assume that v(.) is positive,
drictly decreasing, strictly convex and twice continuoudly differentiable on [08] with v(p) = O for dl p$ p
(sothat p isthe demand intercept). This surplus is associ ated witha conditiond individua demand of g(p,),

which, by Roy'sidentity, isequd to-v'(p). That is, if aconsumer buys good i, she buys a quantity q = -

17 The optimal degree of prior information invesment involves equating the benefit to informing one
more consumer with the extra cost - thisis exactly the private incentive too.

(18)
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V'(p) of it aslong as- pv'(p) <Y (asassumed below). Let O(p,) (= q'(p)p/d(p;) < 0) be the dadticity of
the conditiona demand function, with O drictly decreasing in price (as is standard for many demand
functions, such aslinear demand: see dso Anderson, de PAma, and Nesterov, 1995). Furthermore, let
there exigt afinite price p,, > 0 such that O(p,,) = -1: this isjust the standard monopoly price and will be
shown to be the "Diamond price" (which firms will charge if no consumer searches). We assume that
consumer expenditure at price p, islessthany (hence this is true at dl relevant prices), so that income
condraints are never binding.

The convenient property of this formulation is that the revenue per consumer associated to the
(conditiond) individua demand is concave inv; Z v(p). Indeed, let R(v)) = p,q(p;) denote this revenue
(where the dependence of p; on v; has been suppressed: recall that p(v)) = vi(v))). Hence R' =-(0+1),
which is negative in the relevant price range below the monopoly price, and R’ is drictly decreasing since
O isdrictly increasing inv;. Now, it suffices to note that any demand function D, derived in the previous
sections condtitutes the fraction of consumers buying from Firm 1 when the price varigbles are now
replaced by minus the conditiona surpluses, i.e., consumers basether choices onsurpluses. The previous
andysisisalimit case of thistrandformation, with v(p) = r-p and r (> y) apodtiveconstant. M ore
specificdly, for the benchmark modd with no search costs, a consumer will buy fromFrm 1 if v; + 4
exceeds v* + ,,, where v* is the equilibrium conditiona surplus leve at Firm 2, so that the fraction of
consumersbuyingfromFirm 1 isgivenby (2), with v* replacing - p* and v replacing - p,. Likewise, the
consumer search problem is andogous to that of Section 3, and the consumer will searchiif ,, - ) <X,
where X is given by (6) and ) = v* - v,. Thus ) is the expected conditional surplus premium from

switchingto Firm 2. The fraction of uninformed consumers buying from Firm 1 isthen given by the right-
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hand side of (8) (equivaently (9)).
If we write Firmi's profit as B;(v;, vi) = R(v)Di(v,v), 1, = 1,2, i 0 j, then we now seek a Nash
equilibrium a whichthe vi's are the drategic variables. A symmetric Nash equilibrium now entailsaleve

of conditiond surplus v* such that

RIGID, ) + B Lt ) = 0,
1

(cf. (3)) so that dl previous equilibrium expressions are now replaced with -R/R' on the left-hand side
(leaving the right-hand side unchanged). For the genera case with a fraction k of informed consumers, the

equilibrium surplus value is the unique solution to (see (14))

- Riy) _ 1
R&y  (1-B)[1 - F@e + 2 f:ﬁje)’deJ

Note that for the specid case of totally indagtic demand, R =p;, andv(p) =r-p,, sothat R(v) = r-v, and
hence-R/R' = p,, asin(14). Wheredemand hassomeédadticity, -R/R'isgiven by p,q(p.)/(0(p;)+1), which
tends to infinity as p; tends to p,, from below, so that price is dways below the monopoly price.
Furthermore, snce R isconcave, -R/R' isa decreasing function of v, and thus an increasing functionof p..
This means that the equilibrium price rises as the right-hand side of the rdlevant equilibrium expresson
increases. In particular, the equilibrium priceriseswithc if and only if 1-F islogconcave (see Proposition
2), and price is drictly increasing in the number of informed consumers (see Propositions 5 and 8).
Furthermore, the counterpart to Proposition 6 isthat bothfirms charge p,,, whendl consumersareinformed

about their matches. The following equilibrium existence result is proved in the Appendix.

(19)

(20)
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Proposition 7: Suppose Al holds, f isincreasing, a fraction k of consumers are informed of their
match values, and individual conditional surplus, v, has the properties given above. Then there
exists a unique single-price equilibrium:

(i) Ifx > a, both firms charge the price p(vy) = v(vi), where v, is given by (18).

(i) 1fX < a,both firmscharge p,, .

(iii) Ifx = a, both firms charge p(v) if and only if v O [v(p.),Vk].

Incomparisonto Proposition 4, the assumptionof adownward doping demand curve obviatesthe
need for the income condraint y. If X < a, no consumer searches and we have the Diamond paradox that
both firms charge the monopoly price p,,. 1n order to determine the welfare properties of the equilibrium,
it is useful to define the conditiond total surplus, S, asthe sum of conditional consumer surplus, Vi, plusboth
firms equilibrium profits. (The full expression for total surplus aso accounts for search costs, expected

match vaues, plus any cost of obtaining prior information as introduced below.)

Proposition8. If X > a, the equilibriumprice p,. isincreasinginthe fraction of informed consumers,

k. Hence conditional total surplus, S, isdecreasingink.

Proof: The right-hand side of (18) isincreasing in k, so that v is decreasing since -R/R’ is a decreasing
function by the concavity of R inv. Hencepy isincreasing sincev isdecreasing in p. The next sepisto
showthat Sis decreasingink, i.e. v(p,) - p«V'(p) isdecreasing inpy (Wherethe term-pVv'(py) denotesfirm

revenues, which equa tota profits given the equilibrium price is symmetric and the assumption of zero
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production costs). The derivative of Swith respect to p, issSmply -pv"(py), which is negative under the

assumption that v is gtrictly convex. Q.E.D.

Thelatter result issmply that deadweight |ossincreasesin price when demand dopesdown. Here
this increase in deadweight loss implies that consumers who gather prior information exert a negetive
externdity. With this result in hand, we can now address the suboptimality of prior invesment in
information. To this end, suppose there is a continuum of consumers and let us rank consumers in order
of increasing costs of gathering prior information. Let the cost for consumer k be N(k), whichwe assume
for smplicity to be continuous and drictlyincreesngink. Each consumer weighs her cost of obtaining prior
informationagaing her private benefit b(c). Thisbenefit ispositive and comprisesthe expected incrementa
matchvaue achieved plus lower expected search costs (Snce the consumer immediately goes to the firm
where she knows her matchvadue ishigher). It isimportant to note that the benefit b(c) is independent of
k: dthough p isincreasing in k, any individua consumer's choice has a negligible effect on the equilibrium
price. Hence the equilibrium value of k, denoted k*, is zero if N(0) $ b(c), unity if N(1) # b(c), ad

saisfies N(k*) = b(c) otherwise. We are now in a position to prove:

Proposition 9: If k* 0 (0,1), there is excessive investment in prior information.

Proof. Theequilibrium conditionisthatN(k*) = b(c). Since N isincreasing, for any k $ k* we have N(k)

$ b(c). However, the margind social benefit is aways dtrictly below b(c) by Proposition 8 that tota

conditional socid surplus is grictly decreasing in k. Hence the socid optimum must involve aleve of k
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grictly below k*. Q.E.D.

The equilibrium condition for investment in prior information is that the cost of getting the
informationequal sthe expected benefit for the margina consumer. This consumer takes into account neither
the effect on other consumers of her decision, nor the effect on firms profits. The other consumers are
worse off by the consequent price increase while the firms are better off. However, since the equilibrium
issymmetric, thereis no changeinthe matching process (except for the margind consumer, whose decision
isprivately optima and canthus beignored). Since demand is price-sengtive, thelossin consumer surplus

from the priceincrease exceeds the gain in firms profit from moving closer to the monopoly leve.

VI. Conclusion.

We have shown that consumers may overinvest in information about product characteristics
because each consumer does not account for the higher price that ensues from firms taking greater
advantage of theinformed consumers. An example of such an investment in informetion is the purchase
of travel guides. In suchguides, priceinformationis oftenvague or unriable (for instance most restaurant
guides do not provide information about the price of wine). If travelers use such guides in order to pick
amongvarious productsof comparable quaity (restaurants, hotels, etc.), whenthey actudly start searching,
they areinapositioncomparabl e to that of the informed consumers of our modd. Themode suggeststhat
the availability of such guides should lead to higher prices- the cheaper the guides, the higher the price.
Inthe same van, tourist information bureaux can aso be a way for locdities to relax price competition

among local businesses, so firms would encourage such offices. However these results depend on the
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exigence of a symmetric pure strategy equilibrium which is proved under the rather strong sufficient
condition that the dengity of tastesis non decreasing.

In this paper we have considered consumers who are uninformed about prices and matches, and
consumerswho are uninformed about pricesonly, withthe result that the latter impart anegative externdity
onthe former. One could aso formulate mode s in which some consumers may be informed about prices,
in which case one would expect there to be pogtive externdities from informed consumers (see Stahl,
1989, for example). Such differentia information across consumersleads one to think about advertisng.
Indeed, our result that profits rise with the number of informed consumers suggeststhat firmswould want
to engage in product advertisng. Product advertisng would benefit firms if they could commit not to
advertise prices a the sametime. However, firms are unlikely to be able to thus commit themselves, and
price advertisng may end up destroying the advantages that product specification advertisng creates. In
this context, one may ask whether product advertising or price advertisng, or both, are used inequilibrium,
and whether advertisng is excessve or inaUffident in these dimensons. These are topics of our ongoing

research.
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Appendix 1

Lemma A.1: SupposeB,(p,) = p.D(p;-p.) isdecreasingin p, for p; $ p, $ 0, with D' # 0 whenever D
ispositive. Then for p, $ p,, By(p1) = p:D(p:-py) is decreasing in p; for p; $ py.
Proof: By hypothesis,

pD')) + D) #0 or )D')) + D) +pDL'(D)) #0
for p, > p,with ) = p;-p, Sincep, > p,and D' <0, it follows that

YD) +DO) +pD'D) <0, or D)) + DY) <Owith I=p;-ps,
i.e, profit B, isgrictly decreasing for p, > p,. Q.E.D.

Proof of Proposition 3: First consider case(i). If Firm 1'spriceisp, # p, + a- b, itsdemandis1 - %41
- F(X)] (Firm 1 retains dl consumers coming to it first as well asdl those coming from Firm 2: X is the
highest match vaue with Firm 2 in the latter group). Thus, for thisrange of prices Firm 1's profit is linear
andincreasing inp,. Leth/ max{0, p,+a- X}. To show that p;, maximizes profit on U, it now suffices
to show that it maximizes profit on [h,+4). Taking the second derivative of (9) with respect to p, we
have:

a}'Dl /
—Be) = - AL - TRIFE + A)
1
- fla - AXa) - f t £+ Adfp)du
aA

Thusif f is nonnegative on [ab], D, is concavein p, for prices at least equal to h, such that X+
) # b. Thusp, maximizes profit for this range of prices.

For X+ ) > b, (8) can be rewritten as;

D, (b, 0. = f:F(e - AMf(e)de

whichisthesameas (2), i.e, Firm 1's demand in the benchmark model with no search costs when Firm

2's price is p, (for this range of prices, no consumer will stay a Firm 1 without searching Firm 2). As

(A3)
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shown by Cgplin and Naebuff (1991), D, as given by (A4) is logconcave under assumption Al.
Furthermore, we know that in the benchmark model, the equilibrium price p, is less than p,. By
logconcavity of D,, profit is logconcave and thus decreasing for dl p, > p,, when theriva sets price p;,
Letting D()) = Dy(py,py), it follows from LemmaA.1 that

D)D) +D0O) +pP) <0,

i.e., profit is strictly decreasing for p,>p, when theriva setsp,. Hence profit isdecreasing for dl p, such
that X+ ) > b, which isthe parameter range under consideration.

Therearetwo sub-casesto case (ii). First consider X < a, meaning that no consumer will search
if the observed price at the fird firm searched is equd to the price expected at the other firm. Moreover,
if the putative equilibrium price, p*, were belowy, theneachfirm's demand would be perfectly indadticin
aneighborhood of p* sothat profitscould beincreased by unilaterdly raisng price. For p* =y, Firm 1's
demand is zero for a higher price and congtant for a lower price, so the equilibrium isp* =y. Now
consider the subcase p, > y. If p* werebelowy, thenFirm1's profit derivative a p* as given by the left-
hand side of (3) would be positive (see (3) and recdl p*<. p,, while D, and D,' are independent of p*),
S0 again Firm 1 can gain by raidng its price dbove p*. If p* =y such an upward deviation yields zero
profit; y isan equilibrium price since profit increases in priceup to 'y by the concavity of profit established
for ) <0in part (i) above, in conjunction with the positive derivative of (3) a& p* =y.

Findly case (i) arissswhen ¢ = (E, - @). Then, if Firm 2 charges an equilibrium price p* # y
(correctly anticipated by consumers), Firm1'sprofit kinksat p, = p*. Whiletheright derivetiveisdill given
by (3), the left derivative is dways 1/2 which islarger than what it would be for lower vaues of ¢ (i.e,
%>a). Thisis because adecreasein price does not lead to a higher demand from those consumers sampling
Firm 1 firg (Snce Firm 1 gets dl of them at p, = p* anyway) and those consumers (of measure 1/2)
represent al of Firm 1's demand (since those sampling Firm 2 first do not engage in search elther). Since
the arguments in the proof for quasiconcavity of profit hold here for p; $ p*, anecessary and sufficient
condition for p* to be an equilibrium price is that the left-hand side of (3) (which isthe right derivative at
p, = p*) be negative, which trandatesinto p* $ 1/f(a). Q.E.D.
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Proof of Proposition 7: Herewe prove the existence of equilibrium for price-sensitive demand under the
assumptionthat the (per consumer) demand dasticity, O, is decreasing inprice (or, equivaently, increasing
in conditiond surplus).

For Case(i), the proof pardlds the development of Propositions 3 and 4: wefirg prove equilibrium

existence for k = 0 and then extend the result to k > 0. Thus in Step 1 we show that R(v;)D,(v,,V,) is
quasiconcave and maximized a Vj;; in Step 2 we show that profit is quasiconcave in v; and maximized a
v; =V for v, = vj. For reference to the preceding cases, note that now ) = v*-v, (whichis just the
generdization of the inelagtic demand case).
Step 1. Firg note that the fraction of consumers buying from Firm 1 is 1-¥4[1-F(X)] when its surplus
satifies) # h=max{V, - v(0),a- %} (al consumerswho check out Firm1 buy fromit). Over thisrange,
Frm1'sprofit isdecreasing inv,; Sncerevenue per consumer, R, is decreasing in v; (equivaently, revenue
increases with price since demand is indlagtic for prices below the price corresponding to \j).

For vaues of v; such that ) O[a-X,b-X], the second derivative of D, withrespect to v, is given by
the left-hand side of (A3), so that D, is concavein v; over thisrange for fl nonnegative on [ab]. Since
too Risconcave inv; (and aso poditive), profit islogconcave (asthe product of logconcave functions) and
Vv, =V, maximizes profit againg \, for ) # b-x. It remains to be shown that profit isincreasing in
v; for ) >b-X. Over thisrange, thefraction of consumersbuying from Firm Lisgiven by theleft-hand side
of (A4). Moreover, v, isdecreasing in the search cost, and so is lower than when the search cost is zero.
let \j, denote the equilibrium leve of surplus whensearch costsare zero. Since profit is logconcave for no
search costs (D, is logconcave, R is concave and positive and hence logconcave, and the product of
logconcave functionsis logconcave), profit isincreasing withv, for v, <V;,. It thussufficesto show that the
|latter property impliesthat profit isincreasing withv, for v; < v, when theriva chargesvj,. Thatis wemust
show that when R(v;)D()) isincreasing for v, <V, with ) =V, - vy, theniit isincreasing for v; < v, with
)=\, - vy, giventha Vj, # v, (see dso LemmaA.1). Since the condition for profit to beincreasing in v,
iIsR/R - D'/5 > 0, the desired result follows since R is concave in v; (and hence R/Risdecreasingin v,),

and D'/D isincreasing inv; snce D islogconcave.
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Sep 2. Asin Step 1, profit isincreasing for v; sufficiently large. Hereitisincreasingfor ) # h=max{v -
v(0),a-X}.

Now consider ) O [a- X,c]. WethenhaveD, = (1 - k)D, + k/2. Arguments Smilar to those
used in the proof of Proposition 4 show that thisis a logconcave function of v;. Then the logconcavity of
profit followsfroman argument analogous to that used in Step 1 for ) O [a- X, b- X]. We now show that
profit isrising in v; for higher ) on both informed and uninformed consumers thus establishing that profit
IS quasiconcave.

As in Proposition 4, for ) > c the proportion of informed consumers staying with Firm 1 starts
fdling. The argument used in Step 1 (where dl consumers are uninformed) may be gpplied again here to
show that profit from informed consumersisthenincreasinginv,. To seethis note that here the fraction
of informed consumers staying withFirm1isD() - ¢), where D has the same functiond form as there (it
is the fraction buying from Firm 1 when search costs are 0 and conditional surplusesarev; a Firm 1 and
Vi - cat Firm 2).

It is now shown that profit from uninformed consumersisincreasinginv, for ) > ¢, Sincefor )
= 0, overdl profit has a zero derivative with respect to v, and, since v, > v(p,,), profit from informed
consumersisdecreasing inv;. Thus, prafit from uninformed consumers must beincreasing a ) =0. Since
it was shown in Step 1 that profit from uninformed consumers s logconcave inv, for ) # b - X, it must be
increesing for ) O [c,b- X]. For) >b- X, profit isincreasing in v, using an argument similar to that used
a theend of Step 1. This concludes the proof for case (i) since overal profit isincreasing for ) $ c.

Arguments for cases (ii) and (iii) are analogous to those for Proposition 3. Q.E.D.
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