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Technical Appendix A

We establish the proposition through a series of lemma. In Lemma Al, we establish that
there are no pure strategy equilibria for this game. In Lemma A2, we show that the proposed
equilibrium is a valid equilibrium. The proposed equilibrium requires that both firms invest
zero with positive probability. Lemma A2 establishes that this must be true for at least one
firm in any equilibria of the game. Lemma A3 shows that, if a firm invests zero with positive
probability, then the equilibrium proposed in the proposition is the unique equilibrium for
that firm. Together with the result of Lemma A2 this implies that the proposed equilibrium
must be the unique equilibrium for at least one firm. Lemma A4 and A5 establish that the
equilibrium must also be unique for the other firm. Lemma A6 establishes the convergence

of the discrete case to the continuous case as £ — oo.

Lemma Al There s no pure strategy equilibrium of the game if k > 1. However, there

exists a mized strafegy solution.

Proof: The second part follows from Nash’s Existence Theorem {Nash 1951). To establish
the first part assume that it not true and there is a pure strategy equilibrium. Suppose firm
i's equilibrium strategy is to invest =z} and assume that z7 > z;. We will consider various
cases.

*

Case 1: ] =}

If z7 = 0 then both firms make zero profits and firm ¢ can do better by investing ¢ and make
profits r; — £ > 0. If 2} > 0 then both firms are making negative profits and can do better

by deviating to zero. So this cannot be an equilibrium.
Case 2: x} > z5 and z} < ¢

In this case firm 7 makes zero profits. Suppose firm 7 deviates to ¢ then it wins the patent

and its profits are 7; — ¢ > 0. Thus, firm j will deviate and this cannot be an equilibrium.
Case 3: ] > z; > 0 and x} = c.

In this case firm j makes negative profits and can benefit by deviating to investing zero.



Case f: ¢ =z >z} and =} =0

In this case firm i can deviate to { < ¢ (since k£ > 1} and make profits r; — £

firm 7 will deviate.

Thus, in all conditions a pure strategy solution cannot be an equilibrium. J

Lemma A2 The equiltbrium proposed in Proposition 1 18 a valid Nash equilibrium.

A2

r; —¢. Thus,

Proof: Since pg{0) > 0 and p.(0) > 0 in the proposed equilibrium it follows that I = 0

and Iy = 0. In a mixed strategy solution we need that each firm is indifferent among all its

strategies in the support of its distribution. Therefore, we must have for firm L:

(rn = DIp2(0) = (DIpz(5) =+ = (D)pe(e)
2c 2c 2c

(re = )pu(0) + (i — Thpu(3) -+~ (Fpele)

- - k .
c. i c ,
(Tff*k)ZPL(%)—EZPL(%) = 0 wherei=1,2,...,k
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Spnlh) = 1
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(A5)

(A6)

It is easy to see that the {A6) is satisfied for the equilibrium solution proposed in Proposition

1. We substitute the proposed solution in {(A5) to check whether (A5) holds. The left hand

side of (AB) after substituting the proposed solution reduces to:
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which completes the proof. O
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Lemma A3 In equilibrium at least one firm invests zero with positive probability.

Proof: Suppose not. Let ¢* be the minimum value of ¢ such that py(ic/k) > 0 and cor-
respondingly let 7% be the minimum value of j such that pp(je/k) > 0. Without loss of

generality let 2* < j7* then:

.3 S

i C i C

However, firm H can do better by not investing at all. O

Lemma A4 The equilibrium proposed in Proposition 1 1s the unique equilibrium for ot least

one firm.

Proof We know from Lemma A3 that at least one firm must invest zero with positive prob-
ability and therefore make zero in equilibrium. Without loss in generality assume that L
makes zero in equilibrium. To prove uniqueness it is sufficient to show that the solution of
the linear equations given by (A5) and (A6) is unique. These equations can be rewritten in

matrix form as:

1 1 1 1 1 p1(0) 1
rg—c/k —cfk - —c/k —c/k  —c/k pr(e/k) _ 10 (A12)
TH —C Tg—C * Tyg—C Tyg—C —C pr(c) 0

If the determinant of the first matrix is non zero then we know that the solution is unique.
Since the value of a determinant remains unchanged if we add a multiple of any column
to another column, we can evaluate the determinant of the matrix by subtracting column

(¢++ 1) from column (¢). In this case the relevant determinant becomes:

0 0 01 1 rg 0 000
0 00 R gl O e 000y (a1
0 0 0 g —cC 0 0 6 0 T

where the first equality follows by expanding the determinant using the first row and the
second equality follows from the properties of diagonal matrix. Thus, the equilibrium solution

in this case is unique. O
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Lemma A5 Let i* be such that it is the minimum value of © for which py(ic/k) > 0 and let

J* be defined similarly. If i* > 0 then pp(i*c/k) = 0. Similarly, if 7* > 0 then py(j*c/k) = 0.

Proof: 1f H does not place any weight on zero then from Lemma A3 it follows that p;,(0) > 0.
Now if L invests 7*£ then it wins with probability zero (since it either ties with H or invests
less than H). Thus, by investing ¢*¢/k firrn L makes —i*c/k < 0. Thus, pp(¢*¢/k) = 0. A

similar argument works for firm H. O
Lemma A6 The equilibrium proposed in Proposition 1 is the unique equilibrium of the game.

Proof: We know from Lemma A4 that at least for one firm the proposed equilibrium is
the unique solution. We also know that this unique solution must be the one specified in
Proposition 1. Without loss in generality assume that for firm L the proposed solution is the
unique solution. Then there are two possibilities: firm H invests zero with positive probability
or firm H does not invest an amount zero. In the first case, from Lemia A4 the solution
proposed in Proposition 1 is the unique solution for firm H. If however py (0} = 0 then from
Lemma Ab it follows that the equilibrium strategy for firm L must place a weight zero on
i*c/k where ¢* is the minimum value of ¢ for which pg(ic/k) > 0. However, the unique
solution for firm L requires that pr{ic/k) > 0 for all i. Thus, in equilibrium py(0) > 0.
Therefore the equilibrium proposed in Proposition 1 is also the unique equilibrium for firm

H. O

Lemma A7 The c.d.f. for the discrete game converges to:

Fulz) = {T/TL gii <e (A14)
Fi(z) = {T/TH Osu=e (A15)

as k — oo which is the equilibrium solution for the continuous case.
Proof: Using the equilibrium solution for the discrete case it follows that:

Prob(zy < z;k) = Ff(z) = (é)ff(m) (A16)
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where K (z) is the integer which is closest to zc¢/k subject to the condition that K (z} < zk/c.

It is easy to see that:

(ﬁ; _ 1) < K@) <% (A17)
€ ¢
This implies that:
c zk ¢ xk
EV(E ) < <( )(w«) Al
(kTH)( C ) - L(m) - nlC?“H C ( 8)

which becomes:

x cryg b T

— - =< FR () < = Al9

— <A@l (A19)

Taking the limit as £ — oo the result follows. An identical argument establishes the c.d.f

for firm H.O
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Technical Appendix B

We establish the proposition through a series of lemmas. We first establish that there is
no pure strategy equilibrium for this game. Then, we establish that the lower end of the
support for both the firms must be zero and the upper end of support must be e¢. Later we
establish that the mixed strategy equilibrium must be such that the c¢.d.f. for both firms are
strictly increasing on their support. Finally we establish that the equilibrium profits are zero
and both firms have no mass point at zero but a mass point at ¢. Using these observations

we derive the equilibrium mixed strategy distributions.
Lemma B1 There exists no pure strategy equilibrium in the game.

Proof: Suppose firm ¢’s equilibrium strategy is to invest 27 and assume that z} > rs. We

will consider various cases.
Case 1: 2} = %
If 27 = 0 then both firms make zero profits and firm 7 can do better by investing ¢ and make

profits r; —e > 0. If 27 > 0 then both firms are making negative profits and can do better

by deviating to zero. So this cannot be an equilibrium.
Case 2: xj > 7} and x} < ¢

In this case firm j makes zero profits. Suppose firm j deviates to z7 + ¢ < ¢ then it wins the
patent and its profits are r; — ] — ¢ > r; — ¢ > 0. Thus, firm j will deviate and this cannot

be an equilibrium.
Case 3: x} > x; > 0 and 2} = c.

In this case firm j makes negative profits and can benefit by deviating to investing zero.

¥

. J— *
Case 4: ¢ =z} > T}

and 7,; =

In this case firm ¢ can deviate to ¢ and make profits r; — e > 7; — ¢. Thus, firm ¢ will deviate.

Thus, in all conditions a pure strategy solution cannot be an equilibrium. O
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Now we will consider the case when firm ¢ uses a mixed strategy with support S; and the

cumulative distribution function F;. We will denote the mass points of the distribution at x

by «;(z). We define:

5 = sup(S;) (B1)
s, = inf(S) (B2)

Lemma B2 If Fi(z)is strictly increasing over the interval (a,b) then Fi(z), j # 4 is also
strictly increasing over the interval

Proof: Assume this is not true. Consider the situation in which Fy(z)} is strictly increasing

over (a,b) and Fp(z) is constant. We first consider the case when «(a) = 0. Then we have:

(e Fi(z)) = Fila)(ry —a) + (1 - Fr{a)}(~a) (B3)
= plary —a (B4)
= Fr(b)yry —a (B3)
> Fu(b)ry—b (B6)
= Iy (b Fr{z)) (B7)

Thus, firm H’s profits at a are higher than at b which implies that b cannot be in the support of
1 which contradicts the equilibrium assumption. Now consider the case when oy (a) > 0. The
arguments above do not necessarily apply since we may have Prob(zp < a) # Prob(z, < b).
However, since Fp is monotonically increasing by assumption, there must exist an e such
that 0 < ¢ and a + ¢ < b such that az{a + ¢) = 0 and the arguments as before imply that

Fy(z) must also be strictly increasing over the interval. [J
Lemma B3 min (_@H,§L) =0,
Proof: Assume without loss in generality that s; < s;. In this case:
Hu(sy, Fi) = ~s54 <0 (B8)

Therefore in this case we must have s, = 0. O



B3

Lemma B4 g5 = s;, =0

Proof: Without loss of generality assume that s;; < s,. From previous lemma sy = 0. First
consider the case when «y(0) = 0. In this case, Fy is strictly increasing for some interval
(0,a) and from Lemma B2 it follows that s; = 0. If ax(0) > 0 and Fy is strictly increasing
for some interval [0, a) then again from Lemma B2 the result follows. So the only case we
need to consider is when ay(0) > 0 and Fy(x) is constant for (0, s;) where g, > 0. We have

two possibilities: ag(sy) > 0 or ay(s,) = 0. If ag(sy) > 0 then:
Welspy; Fr)= —s5 < 0= (0 FL) (B9)

which violates the equilibrium condition. Thus, we must have ay(s;) = 0 and therefore

there exists an ¢ such that 0 < € < s, such that Fy{e) = Fy(s,). Thus, we have:

Op(sp; Fu) < Fu(sp)re — sy (B10)
= Fule)ry — s, (B11)
< Puld)ri—¢ (B12)
= Up(e Fy) (B13)

which violates the equilibrium assumption. O
Lemma B5 Sy =38, =§

Proof: Suppose (without loss in generality) that 3y < 5, then there exists an e such that

Ty + € < 5 and we have:

HL(EL; FH) = Ty — 35 (Bl‘I)
< T — 8y —€ (B15)
= HL(_.S’H + € FH) (B16)

which contradicts the equilibrium assumption. O

Lemma B6 Fi(z) is strictly increasing for z € [0,3].
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Proof: If one of the distribution functions is increasing then from Lemma B2 both are.
Therefore, we consider the case when both are constant over some interval (a,b) where a
and b have positive densities. We first consider the case when o;(a) = 0 for at least one firm.

Let agy(a) = 0. In this case Prob(xy < a) = Prob{zy < b):

Mila; Fry) = Prob{zy <a)ry —a (B17)
> Prob(zy < a)rp—b (B18)
= Prob(zyg <b)rp, —b {B19)
= (b Fiy) (B20)

which violates the equilibrium assumption. To complete the proof we now consider the case

when ag(a) > 0 and ap(a) > 0. In this case:
My{a; Fy) = Problzyg < a)rp —a (B21)

Consider a strategy in which firm L charges o + ¢ with positive probability then for small ¢

we have:
[pla+eFy) = Problzy <a+erp —a—c¢ (B22)
> Problzy <a)rp —a-—c¢ (B23)
~ Prob(zy <a)rp —a (B24

)
Thus, firm L can benefit by deviating which violates the equilibrium assumption. O

Lemma B7 The equilibrium profits are zero. Further, o;(0) =0 fori=1,2.

Froof: The first part follows from Lemma B4. To see the second part consider the case when

ag(0) > 0. Then, we have for small € > 0:
HL(E;FH) > O:H(O)?‘H—E >0 (826)

which contradicts the equilibrium assumption. O
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Lemma B8 55 =35, = ¢. Further, a;(c) > 0 for all 1.
Proof: To see the first part assume that it is not true and let 55 = §;, = ¢. We have:

Hule; Fr) =rg —e; > 0=1173 (B27)
which contradicts the equilibrium assumption. To see that «;(c) > 0, we note that if it is
not true and oy (c) = 0 then again Il = rg — ¢; > 0 which contradicts Lemma B7. O
Lemma B9 «;(s) = 0 for all s € [0, ¢).

Proof: First note that mass points at zero are ruled out by Lemma B7. Therefore, consider
a situation such that ay(s) > 0 where s € (0,¢). From previous lemma we know that the

equilibrium strategy has positive density at s — ¢ and s + € for small e. We have:

I (s — e Fy) =Prob{z <s—¢€)rg—s+e¢ (B28)
and:
(s +¢ Fy)=Problzyg < s+erg—s—¢ (B29)
This implies that:
Op(s+¢€ Fu)— (s~ e Fy) = ay(s)ry — 2¢ > 0 (B30)

which contradicts the equilibrium assumption. O

We have therefore established that the equilibrium involves a mixed strategy with a continu-
ous strictly increasing distribution over [0, ¢) and mass points at ¢. Further, the equilibrium

profits for both firms are zero. Therefore, for firm H we must have:

(T'L — “E)FH(.E) — I(l - FH(.E)) =10 (B31)
which implies that:
r _ zfrp 0<z<c
) { 1 > (B32)
Note that firm H has a mass point 1 — ¢/ry, at z = c. Similarly, we see that:
12 _ afrg 0<z<e¢
1(z) { ] 2> (B33)

Again firm L has a mass point 1 — ¢/ry at z = c.
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Technical Appendix C

Equilibrium solution for the case with ties
First, it easy to see that there is no pure strategy solution. Further, for the parameters

chosen there is no dominated strategy. Since 0 is not dominated each firm makes 0 profits.

The relevant equations are:

(ri = ¢/2)p;(0) + (bri — ¢/2)p;(c/2) — ¢/2p;(c) = 0O (C1)
(ri = €)p; (0) + (ri — c)ps(c/2) + (tri — c)pi{c) = 0 (C2)
pi{0) +p;(c/2) + pilc) = 1 (C3)

where p represents the equilibrium probabilities and ¢ = {L, H} and j = {H, L}.
Substituting ¢ = 2, ¢t = 1/2, v, = 2.2 and ry = 2.9 in the above equations and solving

we get:

pr = (pai0),pr(1),pn{2)) = {0.0909,0.7272,0.1818)
The mean investment for L is given by:
Mean(L) = p(0) + pr.(c/2)¢/2 + pr(c)e = 1.3103 (C4)
The probability that firm L wins is given by:
Prob(L wins) = pz{c/2)ps (0) + pr,(c)pa (0) + pa(e/2) = 0.5141 (C5)

Similarily, we can calculate the probability that H wins which turns out to be 0.2946 and

the mean investment of H which is 1.0909.

Analysis for the case when ¢y > ¢y and ry =7, =71
Using arguments similar to that in Lemma B1 we can establish that there are no pure

strategy solutions. We will drive the equilibrium solution for the case when the strategy
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space is continuous. We proceed to show that the equilibrium proposed in the text is a valid

Nash equilibrium. The proposed equilibrium is:

{r—cp)/r ifz=0
Fr{z) =< (r—cp+a)/r z2(0,c)
1 otherwise.

and:

Fu() = {77 25 e

(C6)

(€7)

Note that since firm L has a mass point at zero it makes zero profits. If firm H invests

T < ¢ ifts expected profits are:

Hy(z} = Prob{zy <a)r—=z
(T—cL+$)
- rf —-—— — T
,

= T —Cy

(C8)
(C9)
(C10)

If firm H invests ¢, it wins with probability one and makes profits of {r —cr). Thus, firm

H makes (r —¢;) for all possible investment levels in its support and therefore cannot benefit

by deviating. Also note that firm H cannot do better by investing any amount greater than

cr since in this case its profits will be less than (r — ¢z ).

The expected profits for firmm L if it invests z are:

I;(z) = Problzy <zjr—2z

Ccr
== — T — C,
T

= 0

(C11)
(C12)
(C13)

Thus, firm L makes zero profits for all levels of feasible investment. This establishes that

the proposed equilibrium is a valid equilibrium.
To see that the H stochastically dominates L we notice that:

T —Cy,

FL(I)*FH(I): >

Finally note that the probability that H will win is:

Prob(H wins) = (T - CL) + fCL (l) (T———M) dx
7 o \r 7

(C14)

(C15)
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The first term is the probability that firm H will invest ¢; and the second term is the

probability that firm H invests z < ¢, and firm L will invest less than z. This simplifies to:

c
Prob(H wins) =1 — —£
rob(H wins) 52
Similarly:
Prob(L wins) = L
272
We have:

(r—cp)(r+ep)

- >0

Prob(H wins) — Prob(L: wins) =

P

Thus, in this case (i.e., when ¢y > ¢;) firm H is more likely to win the patent.

(C16)

(C17)

(C18)
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Technical Appendix D

Instructions for Subjects

You will participate today in a decision making experiment concerning competition between
two firms. A research foundation interested in organizational behavior has contributed the
funds for this study.

We are interested in studying how two firms compete with each other in developing and
patenting a new product. We are simulating this common situation in the laboratory. You
will represent a firm. Another subject will represent the competing firm.

The experiment involves many trials. At the beginning of each trial, you will be provided
with some investment capital and then asked how much of it you wish to invest in the new
product development project. The competing firm will also be provided the same amount of
investment capital and asked to make similar investment decision

The rules of this investment game are simple. The capital invested by each firm in the
development of the new product is non-recoverable. Therefore, once invested the money is
lost irrespective of the outcome of the competition. The firm that invests more capital in
the product development research will succeed in developing the new product, and receive a
fixed reward. The fixed reward represents profit that you earn from marketing the patented
new product. The losing firm receives nothing.

Experimental Procedure. As discussed above, 2 firms are competing to develop a
product. At the beginning of each trial each player will be given some investment capital.
All the players will receive the same investment capital and it remains unchanged from trial
to trial. The investment capital will be stated in terms of an experimental currency called
“francs,” and at the end of the experiment your earnings will be converted to US dollars.

Once each player is allotted {endowed) some investment capital, he/she must decide how
much to invest in his/her new product development research. You may invest any number
of francs (including zero), provided your investment does not exceed your endowment (in-

vestment capital allotted for the trial}). After all the players have made their investment
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decisions, privately and anonymously, the computer will compare the total investments
made by the two competing players. The player who invests the larger amount will suec-
ceed in developing and patenting the new technology product, and will receive a reward
of known size (in francs). The losing player will receive nothing. In this game ties will
be counted as loses, as no firm can be considered a winner. In other words, if the invest-
ments made by both players are equal, then no reward will be given to any of the players.

Note that different players receive different rewards for winning the competition.

As you can see from the game description, the individual payoffs for a trial are computed

as follows:

Payoff of the winning player = endowment for the trial - investment made by
the firm in the trial + reward
Payoff of the losing player = endowment for the trial - investment made by

the firm in the trial

At the end of each trial the computer will display the following information:
1. The investments made by the winning and the losing players

2. The player winning the competition

3. Your payoff for the trial.

It is important to note that only you know vour investment decisions, and you are taking
these decisions under complete anonymity. On each trial you will compete against a different
person in this room.

We are providing below two examples to help you understand how your payoff is computed
at the end of each trial. In the first example both the players invest different amount of
capital. In the second example both players invest the same amount of capital.

Ezample: Suppose the capital endowed to each subject at the beginning of a trial is 2
francs. Your reward for winning the competition is 4 francs, while your competitor's reward
for winning the competition is 7 francs. Also suppose that you invest 2 francs and your
competitor invests 1 francs. You invested more for developing the new product, so you win

the competition. Your payoff in this trial will be:
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Your payoff = endowment - your investment + reward
=2-2+4 4 =4 francs.

Your competitor’s payoff = endowment - your competitor’s investment
+ reward

=2-1+0=1 francs.
Now imagine that your competitor invests 2 francs as well. In this case there is a tie and

the reward will not be awarded to either of the competing players. Your payoff in case of a

tie will be as follows:

Your payoff = endowment - your investment + reward
= 2«2+ 0 =0 francs.
Your competitor’s payoff = endowment - your partner’s investinent + reward

=2-2+4+ 0=0 francs.

This concludes the description of the decision task ahead of you. Paper and pencil are
placed beside the computer terminal so that you may record the investments made by your
group and the other group. At the end of the experiment, your accumulated payoff will be
converted to US dollars at the conversion rate of 100 francs = 7.5 dollar. You will be asked
to sign a receipt for the money, and complete a brief questionnaire before leaving the lab.
We are required to retain some biographical information about you, as we are paying you
for participating in this experiment. However, during the course of this experiment vou will
remain anonymous. If you have any questions, please raise your hand and the supervisor
will assist vou.

After all the participants have understood the instructions, we will start the computerized
experiment. In order to help you become familiar with the decision task, vou will go through
five practice trials.

Thank you for participating in this experiment!
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Technical Appendix E

Modeling the Choice of Product Standards

In high-technology markets product standards play an important role in determining the

success of a product category (Robertson and Gatignon 1986) We present a parsimonious

1

model of product standardization that involves asymmetric mixed strategies." Consider a

situation in which two firms (I.,H) need to choose a product standard and are involved in
negotiations to agree on a common standard. Choosing the same technology is beneficial
to both firms. Yet, each firm has a vested interest in promoting its own technology as the
standard. If firms fail to agree on a common standard they receive a payoff of zero. If
technology L is agreed upon, then firm L has a payoff @ + r; while firm H makes a where
a > 0 and r;, > 0. Similarly, when technology H is chosen firm H’s payoff is a + 7y and firm
L makes a. Thus, r; and ry represent the additional benefit that accrues to firm L and H, if
their respective technology is chosen. To model asymmetric firms we assume that ry > rp.
We model the process of standardization as a game of negotiation. Each firm makes an offer
to the other firm that it is willing to adopt either Technology L or Technology H. If both
firms agree on a common technology then a standard is set and firms receive payoffs based
on the chosen technology. Otherwise, the game ends with no standardization and each firm
3

receives zero payoff.2 This model has a unique (non-degenerate) mixed strategy equilibrium.

Suppose firm L chooses L with probability py (L) and chooses H with probability p;, (H) then

!An elaborate model of standard setting is beyond the scope of this paper. See Katz and Shapiro (1985,
1986), Farrell and Saloner {1985, 1986, 1988), and Besen and Farrell (1994) for diverse models of product

standards.
For a dynamic version of this game, though involving symmetric players, see Farrell and Saloner (1985).

*There are also two asymmetric pure strategy equilibrium. However, pure strategy equilibrium in games
of coordination are less credible since they assume that firms can a priori choose one of the two equilibria and
also that there would be no coordination failure. See also Cooper, Dejong, Forsythe and Roess(1990), Van
Huyck, Battalio and Beil(1990) and Cooper, Dejong, Forsythe and Ross(1996) for experimental evidence

that subjects find it difficult to coordinate to an equilibrium.
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firm L’s strategy should be such that firm H is indifferent between choosing H and L. If firm

H chooses H its expected payoffs are:
0y (H) = (a+rp)(1 —p(L)) (E1)

where (1 — py(L)) is the probability that firm L will choose H. Similarly, firm H’s expected

payoffs when it chooses L are:

(L) = apy(L) (E2)

Equating the two profits in (E1) and (E2) we get py(L) which is given by:

a—+rg
L)= —= E3
pL() 2a+ry ( )

Similarly, firm H chooses H with probability py(H) which is given by:

a -+ 7y
H) = E4
pu(H) 2a + 71y, (B4)

Since ry > 1z, it follows that py{H) < py(L). Consequently, firm L’s technology is more
likely to be chosen. Thus, we find that if firms are allowed to non cooperatively choose
product standards, then the firm with less vested interest in a particular standard is more
likely to prevail.

Finally, we note that the above game is the asymmetric version of the well known “Game of
Chicken” and the “War of Attrition” (Fudenberg and Tirole 1991, p. 119). This structure
can therefore be used in a variety of situations where firms need to coordinate their actions

— for example in models of negotiation, models of entry and exit, and models of licensing.
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Technical Appendix F

Modeling Consumer Search

Research in consumer information search has a long history in marketing (see Moorthy,
Ratchford and Talukdar 1997 for a recent paper and a review of this literature!). Qur purpose
is to highlight some implications of asymmetric mixed strategy games in consumer search.
Consider a market with one dominant firm and a continuum of homogeneous consumers.
The dominant firm produces a product which has a valuation v for the consumer. There are
also multiple fringe firms in the market. These fringe firms sell a product of lesser value v;,
at its marginal cost.? For simplicity, we equate the marginal cost for the product to zero.
The consumer is aware of the dominant firm, but needs to search in order to locate the
fringe firms. The consumer has an option either to invest in searching which costs her ¢, or
to refrain from searching. We assume that the consumer can only search once and cannot
search for fringe store after it has visited the dominant firm. This is a strong assumption but
our purpose is not to develop a general model of search but to illustrate how mixed strategies
can potentially play a role in such situations.? For a more elaborate model of search which
involve mixed strategies see, for example, Wilde (1992). If the consumer knows the location
of the fringe firm and the firm charges a price greater than v — vy, she prefers to buy from the
fringe firms; otherwise, she buys from the dominant firm. However, if the consumer has not
searched she is willing to pay up to v for the product. Thus, the firm has two options: either
1t can charge v or v —vy. If the firm charges v and the consumer refuses to buy then the firm
incurs inventory carrying costs K. In this case it is easy to see that there is only a mixed

strategy solution. In equilibrium, the firm charges a low price (i.e., v — v ) with probability

*See also Stigler(1961), Rothschild (1973), Weitzman (1979), Ratchford (1982), and Wilde(1992).

*This approach of modeling dominant firms and fringe firms is similar to she approach used by Salop and
Scheffman(1933).

*This assumption has some empirical support. Empirical studies show that even for major purchases

many consumers only visit one store (Wilkie and Dickson 1985).
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pr(L) and the consumer searches with probability ¢.(s). In equilibrium, ¢.(s) is such that
the firm is indifferent between charging the high and the low price. If the consumer searches

with probability ¢.(s) and the firm charges a high price, then the firm’s expected profits are:
Hi(H) =—-Kq.(s)+ (1 —g.(s))v (F'1)

where the first term in (F1) represents the (negative) profits when the firm charges a high
price and the consumer is aware of the fringe firm, and the second term is the profit that
the firm makes if the consumer is unaware of the fringe firm. If the firm charges a low price

its expected profits are:
Hy(L) = (v — ) (F2)
Equating the profits in (F1) and (F2) we have:
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Similarly, we get:
U, — C

pi(L) = (F4)

VL
Thus, the dominant firm’s actions are independent of its own inventory carrying costs. How-
ever, as the search cost of the consumer increases the firm charges a higher price more
frequently. Similarly, the consumer’s search strartegy is independent of his/her search costs
but the consumer searches less as the inventory cost of the dominant firm increases. The
model can also be adapted to consider enforcement of copyright laws, and monitoring issues

in the context of sales force and partners in strategic alliances.
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