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ABSTRACT: This paper discusses the quality signaling in the location game considering search cost. We
comment on Paul W.J. de Bijl’s paper published in the International Journal of Industrial Organization and
point out that the proof of equilibria in the original article was not complete. We also question the search cost
being considered as a variable cost in the original article, and suggest that it is more reasonable to consider it
as a fixed cost. The detailed proof is give in the paper and future research ideas are provided.
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1 INTRODUCTION

“Entry deterrence and signaling in markets for search
goods” is a paper written by Paul W.J. de Bijl and
published in the International Journal of Industrial
Organization [1]. This paper focused on search
goods market where consumers can observe the
quality of goods before buying, so that a high-quality
entrant may have an advantage on market entry. The
author showed that if the incumbent does not know
the entrant’s type (Model I), when search cost is low,
the entrant can signal high quality by choosing a
sufficient high price; while when search cost is
sufficiently high, there will be a entry barrier for the
potential entrant. On the other hand, if the incumbent
observes the entrant’s type (Model II), the entrant
can rely on its rival’s price to inform consumers its
quality, so that it has a large degree of freedom in
choosing its price. Therefore the incumbent cannot
exploit information about the entrant in a profitable
way. The author showed the pooling equilibria and
separating equilibria under two different models. At
last the author pointed out a couple of potential
extensions of this research. One would be to
consider the choice of location as a quality signal.
The other would be to allow the incumbent to spy on
an entrant to observe its quality.

2 DISCUSSION
Meanwhile, we have several concerns about the

paper itself. First, the way that the author proved the
equilibria was awkward. He did not show when one
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player deviates from the equilibrium, the (expected)
payoff of that player will not increase, which is the
normal way we show equilibrium. Therefore we redo
the proof of the separating equilibrium under model
I as an example in the following way:

Proposition 1: Under Assumptions 1 and 2, for

any5 , there exists a unique separating equilibrium:
(i) if O > O,, then a high-quality firm enters;
p; = p;(qL) =C_ and p;(QH) =C.+t0y —d.;

”: =0 and 77; =a(c +0y —0g, —Cy);
(i) if 6 < o,, then the incumbent deters entry of a

high P, =P(a)=c. and
p;(qH)ZCL+qH —Q.,;, Ty =7, ZO;
qH_qLSqL_CL ,

, and

quality  firm;

where we assume
Ju —Q,
. —C,

Assumption  1: equilibrium
price p,(0,), the consumer’s belief satisfies

(P p;(qZ)) = u(p,, p;(qz)) for
all P, # Py

Assumption 2: Given an equilibrium price pf,
the consumer’s belief satisfies ,Ll( p: ) pg) =1
forall p, suchthat g, — P, <5(q, — p;).

Proof: Under Assumption 1 and 2, for & > 0,

define 0, =1-

Given an



(i) if O > O, then
m(c +&,Cc ,Ct OF
O=m € C &+ Oy d);

m(Cc —&,c ,Ct Oy O
—-&<0=m, (:L . Ct Of

dz

q;
O3
QL];
o5
—e<0=m, € & £+ Oy

7m,(C ,C,+¢& ,C+ O
O=7, € £ CF+ Of
ﬂz(CL 6 —¢€ ,Ct Qg
q;
& &) =
0<c + Oy— - CF
m3(CL,C i Oy Q)

&c)
Cq
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where the last inequality is true because under
Assumption 2, we have

pZ(qH)>qL_5(qL_CL)>qL_§1(qL_CL):
qL_(qL_CL_qH+qL):CL+qH_qL )
then if P,(Qy)=C +0, -0, —€<C +0, -0, ,

the price P,(dy) cannot signal high quality, thus
the consumer will not visit the entrant’s store.

:(pf(qL)a p;(qL)’ p;(qH )) :(CL’CL7CL +0y _qL)'
(i) if O < Oy, then

72'3(C|_ 1CL ’Clj' qH_

my(C,CL.Ch O =

O<c +0ay— O
my(C,CL,Ch O

m(C +¢&,C.Ct O
O=m € £ C+ Oy

m(C . —€,C,Ct Oy

oF;
qL);

gz

-¢<0=m€ ¢ £+ U7 G
m(C .Cite CF Oy O
O=7,€ € £+ O 0.
m,(CL,C—€ ,CF Of g

—<0=m,€ £ CF+ U5 G
my(CL,CL.Cr O  Ee) =
O=7 € £ &+ 07 q.);
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m(C,C . Ct U7  &&)=
O=7,€ € £+ Oz 0.)
where the last two equalities are true because
A= P, () =0, —(C +0y —0.) =
(9. —¢) - (@ —a.) = (. ¢ )A- 1) -

L~ ML
51((1,_ _CL) 2 é(qL _CL) = 5(ql_ - p:)
thus entry of a high-quality entrant was deterred.

= (pf(ql_)’ p;(qL)’ p;(qH )) =(C|_7CL’CL +Qy _qL)'

So far we have shown that for any &, there exists
a separating equilibrium:

(pI(qL)’ p;(qL)! p;(qH )) :(CL’CUCL +0y _qL)'

Next we only need to show that this equilibrium
is unique (This part had been nicely done by the
author).

My second concern about the paper is that, in the
paper, search cost was introduced as a discount (o)
on future benefits. Intuitively we think that it should
be a fixed cost, which is not related to the future
benefits. The author mentioned that the way of
modeling search costs was derived from Bester [2],
but even in that paper Bester didn’t explain why it
was an appropriate way of modeling search costs.
Here we will show that using a discount rate is
equivalent to using a fixed amount as search cost in
this case. The proof is as the following:

Suppose the search cost is given by d , Where

d>0. Obviously higher d means higher
search cost. Then Assumption 2 can be written as:

Given an equilibrium price pf, the consumer’s
belief satisfies £(P;, P,) =1 for all P, such
that G, — P, <0, —p, —d
p, > pf +d . And then Proposition 1 can be

or equivalently

written as: Under Assumptions 1 and 2, for any d :
there exists a unique separating equilibrium:

@) if d <d1, then a high-quality firm enters;
Py = P,(0.) =C. and (@) =C,+0y —0;
7, =0 and m, =a(C +0y —q,.—Cy);

(i) if d> dl, then the incumbent deters entry
of a high quality firm; P, = P,(d.)=C,_ and

p;(qH):CL+qH —0q.; ﬂf=7fz=0;



where we assume Oy —0d, <0, —C_, and

define dl = CIH - q|_.

Here we can see that with a fixed search cost, we
have the exactly same equilibrium strategies and
outcomes (payoffs). Therefore using a discount rate
as search cost is equivalent to using a fixed amount
as search cost. But the latter one makes the
calculation even simpler.

Another advantage of using a fixed amount as
search cost is that it makes it easier to modify the
model and change it to a location game. Firstly, let
us consider a simple case:

Assume we have one incumbent who produces a

search good with medium quality ( Jy; ), one entrant
who produce the same good with either high quality

(0y) or low quality (dy ). The quality of entrant’s
product is chosen by nature, or in other words,
entrant’s type is chosen by nature. The probability
that entrant is a high-type is given by «, where

a €[01] . Suppose one unit of consumers

uniformly distributed on a unit-length road.
Incumbent locates its store on the road first (labeled

as Xq), and then entrant chooses its location along

the road to settle its store (labeled as Xz).

Incumbent always produces medium quality product,
and entrant and consumers know it.  Entrant
observes its own type, but incumbent and consumers
do not know entrant’s type. Consumer’s belief of

entrant’s type is given by (X, X,(Q,)), where

£ €[01] . Consumers observe the locations of

incumbent and entrant’s stores, and decide which
store to visit. If a consumer visits incumbent’s store,
she will buy the good there. If a consumer visits
entrant’s store and finds out the quality is low, she
may switch to incumbent’s store. But switch has a
cost, which is measured by the distance between
incumbent’s store and entrant’s store. The price of
the good is fixed at P and the cost of producing
one good is fixed at C, no matter what quality the
good is. Suppose that P >C , which means a firm
makes profit if it can attract consumers to buy at its
store. A consumer’s utility is given by the quality of
the good (Q) minus the price P, and then minus

the total route that she walked, where
Qe{qL,qM ,qH} . Finally we suppose that
qL_qM:qM _qLEdly Q1P1C<<1, and a

consumer who does not buy the good from any firm
will get utility — OO, In this model, we can easily

see that there exists a separating equilibrium such
that:
(i) Incumbent locates at the center of the road

1
(Xl = E)!
(ii) If entrant is high type, it will locate at the
same position as where incumbent locates

(X, =X;); if entrant is low type, it will locate at

1
or X,=x-—d, if X >

1
X, =% +d, if ;= >

2 )
(X1>E)
(equivalentto X, =X, +d, *(-1)  ?2');
(iii) Consumers’ beliefs ,U(Xi, X, (qz)) =1 if
‘Xi o Xz‘ <d,.
Proof: Let & Dbe
0<8<d1,wehave

arbitrarily small and

ﬂl(%—g;5—5+dl,%—g):(1—a)(%—g+dl)(P—C)
<A@ +A)P-C) =712+, 2)

L T SR R _
ﬂl(§+g,2+g d1,2+5) @ a)(2 e+d)(P-C)
1 11 1.
<(1- 05)(2+d1)(P C)= 72'1(2 2 d115),
11 1
”2(§;§+d1_5,§)=0<(E—dl)(P—C)
11 1
:ﬂ2(5;5+d1’5);
11 1
”2(5 E +d, +¢, ) (E_dl_‘g)(P_C)
1
= _d)P-C)=7,(Z;=+d,,
(2 )( )= 772(2 2"‘ 1 2)
11 1 1 1,
(E E"'dl’E_g) (P-C)= ”3( 2 1’2)1
11 1 11 1
72'3(5;§+d1,5+8)=(P—C)= (2 2+d1,—)

= None of the players has incentive to deviate
form the equilibrium strategies

1

I(X1>E)
(X1:§;X2(qL):X1+dl*(_l) 2 ’XZ(qH)le)-

In the above equilibrium, incumbent and entrant’s
expected payoffs are



7 == +d)(P-C),

7 =a(P-C)+(1-a)G -4)(P-C),

respectively. Also, we can see that in this setup,
high-quality entrant can signal its quality by locating
its store very close to incumbent’s store (distance

smaller than dl).

However, if we assume that incumbent observes
entrant’s type (similar to the original Model II), then
we will get the same separating equilibrium — it
won’t alter any player’s strategies. Thus we may
consider a more interesting model which will give us
different separating equilibrium strategies under
different assumptions about incumbent’s awareness
of entrant’s type. The new location game is similar
to the previous one except now incumbent has two
stores along the road, which means incumbent

2, . .
locates two stores (Xl1 & X; ) in the market first and

then entrant chooses a location ( X,) to settle its
store. We assume incumbent will symmetrically

. _ 2 1
locate its two stores (i.e., X =1—X]). Under the

assumption that incumbent does not observe
entrant’s type, there exists a separating equilibrium
such that:

(i) Incumbent locates two stores at Xll :Z and
3
2
X =—:
1 4 ’
y Lol
(ii) For a low-type entrant, X, = E if X < Z
1 oald _
and X, =X —0d; if X >Z; for a high-type
=X +d =x>—d
entrant, X, = X; +0; or X, =X —0y;
(iii) Consumers’ beliefs (X, X2, X,(0,)) =1
if X,—x'=d, or X/ —X, =0,
Proof: Let ¢ be arbitrarily small and

0<8<d1,wehave

1 3 1 1
”1({)(11 :Z—g,xf =Z+g};xz(q|_) =§,x2(qH) =Z—8+dl)=

al-d) - a)C +d,—2) <l -d)+1-a)C+d) -

R R PACR I RACHEE L)

7[1({)(1_*'4'8)(1_* E}X(ql_)— tée— dl,X(qH)—

a(E— d,)+ (1—a)(*+ d, &)< a(f— d,)+ (1—a)(*+ d)=

A (X = X = En (@) =5 %G =+ )

(G Sy et = dl—nz({%,g};g,%ml);

m(G Hg eyt = -t = ml SH g )

R Yy 3+ —e) <5 4 =G i 4

B Yy g e =2+ = (G ShS g+ )
— None of the players has incentive to deviate

from the equilibrium strategies

3

(0 =5 % =¥ (0) - ).

Xz Q) =
In the above equilibrium, incumbent and entrant’s
expected payoffs are

[ -4)+ 1-)C +d)P-C) and

1 1
= [0!(5+ d,)+ (1—0!)(Z -d)J(P-C)

respectively. Also, we can see that in this setup,
high-quality entrant can signal its quality by locating
its store between incumbent’s two stores and close to

one of them (with distance d1 ).

Under the assumption that incumbent observes
entrant’s type, and consumers know incumbent
observes entrant’s type, there exists a separating
equilibrium such that:

(i) If entrant is a low-type, incumbent locates two

1 1 2 3
stores at Xl = Z and Xj_ :Z; entrant locates at
1 1 1
Xz=§ if XiSZ Cand X, =X —d, if
1
X >
4 ]
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+g+d)—



(ii) If entrant is a high-type, incumbent locates
1_ 2
two stores at X =0 and X’ =1 entrant
1 2
locatesat X, €[X; +d, X —d,];
(iii) Consumers’ beliefs (X}, X7, X,(0,)) =1
1 2
it X=X =0, o X —X=0d , o
1
X, =0
The proof of the above separating equilibrium is
similar to the previous cases. Here we can see that
since incumbent’s locations of stores can signal

entrant’s type, a high-quality entrant has more
freedom to choose its location.

3 SUMMARY

Another possible extension of de Bijl’s paper would
be to consider the following scenario: Entrant is

high-quality type and it signals its type by P,(Qy) .
Incumbent observes the entrant’s type but it signals

entrant as a low-quality type by pl(qL). Then
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consumers cannot distinguish if it is a low-quality
entrant mimicking a high type or it is the incumbent
intentionally deviating from equilibrium price. In
other words, consumers do not know who is lying.
In this case the separating equilibrium will depend

on the search cost (5 ). The author evaded this
situation in the paper by assuming the price vector

(P, P,) was either weakly consistent with 0,
but not with {,, or weakly consistent with 0

but not with {, . It may be an interesting case and
worth further pursuit.
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