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This paper considers dynamic competition in the case in which consumers
are only able to learn about their preferences for a certain product after
experiencing it. After trying a product a consumer has more information about
that product than about untried products. When competing in such a market
firms with more sales in the past have an informational advantage because
more consumers know their products. If products provide a better-than-expected
fit with greater likelihood, taking advantage of that informational advantage
may lead to an informational disadvantage in the future. This paper considers
this competition with an infinite horizon model in a duopoly market with
overlapping generations of consumers. Two effects are identified: On one hand
marginal forward-looking consumers realize that by purchasing a product in the
current period will be charged a higher expected price in the future. This effect
results in reduced price sensitivity and higher equilibrium prices. On the other
hand, forward-looking firms realize that they gain in the future from having
a greater market share in the current period and compete more aggressively
in prices. For similar discount factors for consumers and firms, the former
effect is more important, and prices are higher the greater the informational
advantages. The paper also characterizes oscillating market share dynamics,
and comparative statics of the equilibrium with respect to consumer and firm
patience, and the importance of the experience in the ex post valuation of the
product.

1. INTRODUCTION

This paper considers dynamic competition in the case in which con-
sumers are only able to learn about their preferences for a certain
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product after experiencing it. This type of products has been classified
as experience goods (Nelson, 1970).! Furthermore, in several experience
goods markets an important part of the different valuations for the
different products is idiosyncratic to each consumer, that is, consumers
have different relative valuations (after experiencing them) of the avail-
able products. In addition, firms may not have any significant private
information regarding which consumers value more or less their own
product.?

When purchasing a product, a consumer learns aboutits valuation.
Then, in future periods this product has an informational advantage
in the sense that a consumer knows more about the products that the
consumer has tried than about the products that she has not tried. This
informational advantage may benefit the products that were bought
first. The idea is that after trying a product and understanding its
valuation, a consumer may prefer the product whose valuation she
knows better than the product whose valuation remains mostly un-
certain. With risk neutrality this can be obtained with products offering
a better-than-expected fit with greater likelihood. In this sense, firms
may compete fiercely for consumers to first try their products. Similarly,
Bain (1956) argued that this informational advantage may work as a
barrier to entry because consumers tend to be loyal to the pioneering
brands.’

This paper examines the competitive effects of these informational
advantages in an infinite horizon model with overlapping generations
of consumers. In an infinite horizon firms have to trade off exploiting
any informational advantages today with having lower informational
advantages in the future. Similarly, the marginal consumers realize that
by purchasing a product today they will be charged a higher expected
pricein the future. Thatis, forward-looking consumers become less price
sensitive. Furthermore, one has to account for the fact that information
advantages may also lead to some consumers finding that the product
that they tried first is not very valuable for them, and therefore are more
likely to try another product.

These informational advantages could potentially be seen as con-
sumers having switching costs of changing products, and have, in fact,

1. This is in contrast with search goods where a consumer can fully evaluate the fit
with a product prior to purchase. In some markets, consumer search, or pre-purchase
inspection, may be costly (see, for example, Diamond, 1971, Kuksov, 2004, 2005, for the
impact of consumer search costs in markets), and not be enough to evaluate product fit.

2. Other possible important dimensions, not explored here, are that there may be some
common effects across consumers on how they value different brands, and some possible
private information of the firms regarding these common effects. These issues are further

discussed below.
3. See also Schmalensee (1982).
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been used as an important justification for the existence of switching
costs, “the uncertainty about the quality of untested brands” (Klemperer,
1995, p. 517). In such markets with switching costs firms gain in the
future from having a higher market share today, because consumers
have a preference for the products that they buy first (Beggs and
Klemperer, 1992; Klemperer,1995).* This paper can then be seen as endo-
geneizing one central explanation for switching costs, the informational
advantages of the products tried first.> Endogeneizing this explanation
is important for several reasons. First, it is not clear what is measured
by the switching cost parameter in a market with experience goods.
Second, by having the model fully specified one is able to completely
determine the role played by each of the primitive parameters in the
experience goods framework. For example, one can show how the prior
distribution of valuations plays a crucial role in whether the market
behaves as if there are “switching costs.” In fact, as argued below, in
order for the market to behave as in a switching costs framework the
prior distribution of the experienced valuations has to be negatively
skewed, with a likelihood greater than one half of getting a valuation
above the mean valuation.® Also interestingly, the consumers gaining
more information on the products that they try changes the level of
differentiation between the products in the market, which does not have
a direct equivalent in a switching costs model. The consumers that get
a bad draw of the product that they try first, always go and try the
competitor’s product, also unlike in a switching costs model. Forward-
looking consumers also realize that their purchases today may influence
the prices in the future, and become less price sensitive.

The paper finds that steady-state prices, for similar discount factors
for firms and consumers, are higher the greater the informational differ-
entiation effects. In other words, the effect of increased prices because of
lower price sensitivity of the forward-looking consumers dominates the
effect of lower prices caused by firm competition for market share for
future gains. The intuition is that in an infinite horizon firms realize that
they should take advantage for any informational advantages when they
have them, because in the future they also have to compete for a new

4. Padilla (1995) considers a model of competition for a homogenous good where
consumers have switching costs, that yields a mixed-strategy equilibrium where firms
benefit from switching costs. Chen and Rosenthal (1996) consider a dynamic competition
model in which a fixed fraction of consumers changes loyalties in each period from the
current high-price firm to the current low-price firm. This captures some of the switching
cost effects of consumers being slow to change suppliers in response to a price change.
Both of these papers do not consider the strategic effects of consumers being forward
looking, which will be important in the discussion below.

5. See also Caminal and Matutes (1990) for endogeneizing switching costs through
loyalty programs. See also Wernerfelt (1991) on the dynamic effects of brand loyalty.

6. The cases of no skewness and positive skewness are also discussed below.
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generation of consumers. The steady-state prices are found to increase
both in consumer patience and in the importance of the experience in
the ex post valuation of the product, and decrease in firm patience.

One also finds that the market share dynamics of the first-time
consumers are oscillating, so that the firm with a greater market share
of new consumers in one period has the smaller market share in the next
period. This is because the firm with the greater market share ends up
pricing higher to take advantage of the greater number of consumers that
experience a good fit with their product. This higher price then yields a
lower market share from the new generation of consumers in the market.
The convergence to the steady state is slower when the information
differentiation effects are greater (greater likelihood of finding a good
fit in the first experience), when firm patience is greater, when consumer
patience is smaller, and when the importance of the experience in the
ex post valuation of the product is greater.

Related to this paper, and following Bain (1956), it has been argued
that informational differentiation is a barrier to entry for potential
entrants (which is translated in this paper to a potential advantage
of having a greater initial market share).” Schmalensee (1982) shows
that a high-quality incumbent may deter entry because of the existing
informational differentiation. Farrell (1986) argues that moral hazard on
the part of the entrant may also create a barrier to entry even for a low-
quality incumbent. Bagwell (1990) shows the same result for the case
of adverse selection. These two later papers rely on the entrant having
private information about some dimension of quality that affects all
consumers equally, which is not considered in the current paper, and
which may not be too important with well-established firms. Riordan
(1986) considers the case in which competing firms choose, under pri-
vate information and both price and quality commitment, that common
quality dimension.? Villas-Boas (2004) considers consumer learning in
a two-period model, without considering competition for both first-
time and experienced consumers simultaneously. In the first period,
prices are lower the greater the informational advantages, contrary to
theresult for the steady-state prices in this paper, because of the existence
here of consumers with experience in every period. Without assuming
that competing firms have any private information, Bergemann and
Valimaki (1996) look at the case of homogeneous consumers where all
firms are able to observe the results of the consumers’ experiences, and

7. Golder and Tellis (1993) discuss several studies that provide some empirical support
to this argument.

8. Liebeskind and Rumelt (1989) investigate quality choice with uncertain outcomes
and without price commitment by the firms. Gale and Rosenthal (1994) look at quality
choice without price or quality commitment by the firms.
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focus on the consumer experimentation problem. In contrast, here, I
look at heterogeneous consumers (also without private information by
the firms) but get away from the consumer experimentation issues by
limiting consumers to be in the market for only two periods.’

The rest of the paper is organized as follows. Section 2 presents the
model. Section 3 presents some preliminary results. Section 4 solves the
model and presents the main messages of the paper. Section 5 discusses
extensions, and Section 6 concludes.

2. THE MODEL

Two firms, A and B, produce at zero marginal cost nondurable goods
A and B, respectively. In each period there is a new generation of a
continuum of consumers coming into the market. Each generation lives
for two periods, and has mass normalized to one.! Therefore, in each
period there is a mass of two consumers in the market, a mass of one
composed of young consumers, and a mass of one composed of old
consumers. In each period, each consumer can use one unit of product
A, or one unit of product B, or neither. No consumer has any additional
gain from using more than one unit from either product in each period.

Each consumer’s preferences are characterized by the triple
(a4, B, x), which is fixed throughout their life. The three elements of
the triple are independent in the population. The elements ua and ug
measure the gross benefits received from products A and B, respectively,
that are learned through experience. The consumer only learns u;
for product i after trying (and buying) product i. The marginal prior
cumulative distribution function for u; is common across all consumers,
withsupport [, i].!! Except for the possible mass points at the extremes
of the distribution (1 and /), i« is assumed to be uniformly distributed.

9. Bergemann and Valimaki (1997) consider heterogeneous consumers, only one gen-
eration of consumers, and uncertain valuation regarding only one of the two competing
firms. Vettas (1998) considers homogeneous consumers and equal valuation for all firms
in a free-entry industry. Shapiro (1983) studies the monopoly case. Caminal and Vives
(1996, 1999) consider the competition case in which consumers learn about the quality of
the products through their market shares, and where consumers live only for one period.
Moscarini and Ottaviani (2001) consider the case of competition for a buyer without
horizontal differentiation. Another important economic application of the framework
presented here is matching models of the labor market with wage renegotiation, and
where human capital is seen as information (see Felli and Harris, 1996).

10. The role of this assumption, and the case where consumers live for more than two
periods, is discussed in Section 5.2.

11. The assumption of common priors for all consumers is taken for simplicity, but may
not hold in several markets. In fact, in this model it generates a greater differentiation
between the products after than prior to the experience with one of the products.
The idea that the degree of differentiation changes with experience is robust; the idea
that differentiation increases with experience depends critically on the common priors
assumption.
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In Section 4, I consider first the case with no mass points. It turns
out, as shown below, that this case does not have any dynamic effects
as the consumers that try the product first and have a good fit exactly
cancel out with the consumers that try the product first and have a
poor fit. I then consider the case with a mass point at the top of the
distribution, fi. This is the case where the probability distribution over
the experience attribute is negatively skewed. This negative skewness
could be justified by risk aversion with respect to the physical fit of the
experience attribute.!? This case is also the one in which this experience
goods framework becomes similar to a switching costs model, and there-
fore, this framework can then be seen as endogeneizing the switching
costs. One possible interpretation of this distribution is that with some
probability « the product perfectly fits the consumer, that is, it works
at the maximum and certain level (fi). When the product does not fit
the consumer then there are several degrees of misfit that are uniformly
distributed between close-to-perfect fit (1) to serious misfit (). The

cumulative distribution over valuations is then F (1) = (1 — «) % for

u < < fi and F(u) =1 for u = ji. Suppose also that & < 3; then the
median is strictly smaller than fi. In Section 5, I briefly describe what
happens when the mass point is at the bottom of the distribution u. In
what follows I concentrate on the case with a mass of « at the top of the
distribution (except for Section 4.1); the case with no mass points is just
making o = 0.

Let k = ;:M be the density of u for u € (1, it). The mean of u;

i

is Epi = pu + ]_T“’(,a — w) that is lower than the median, m = pu + 55—;-
This feature captures the idea that more than one half of the consumers
experience first a product with a value exceeding the expected value
of the alternative product. If « =0, exactly half of the consumers
experience first a product with value exceeding the expected value of
the alternative product.

The element x is known by each consumer before purchasing any
product and represents a preference between products A and B. This is
related to the characteristics of a product that can be inspected before
purchase. The cumulative distribution of x is uniform on [0, 1], where x
can represent the distance from product A and (1 — x) the distance from
product B.

12. If ju represents a utility of the physical fit of the product, then it can be shown that
greater risk aversion over the physical fit (i.e., greater concavity of a function p of the
physical fit) decreases the skewness of F(u). Furthermore, for infinitely large risk aversion
over the physical fit, any skewness measure is at its lowest level, which is negative.
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The net benefit of buying product A in period ¢ is defined by
U(ia, x) = ua — tx — pit. The net benefit of buying product B is defined
by U(up, x) = ugp — t(1 — x) — pP. The parameter  can be seen as rep-
resenting a per unit cost of “traveling” to the product being purchased.
The variables p#! and p? are the prices charged in period t by firms A
and B, respectively.

The relative size of i —u with respect to t helps determine
the relative importance of the experience of the product in the total
consumer valuation in relation to the product characteristics that can
be inspected before purchase. If 7 is small in comparison to ji — p, the
most important part of consumer valuation of a product has to do with
what is learned when trying it. Throughout the paper itis assumed that
ft — p > 2t so that what is learned through experiencing a product can
always be more important than what can be inspected prior to purchase,
but % is not much greater than 2t such that it is never profitable for
a firm to deviate and charge a high price yielding zero demand from
the new consumers.'? If a consumer has a very poor experience with
a product he chooses to try the other product. Similarly, if a consumer
has a very good experience with a product, he chooses to purchase
that product in the next period. The consumers are assumed to be risk
neutral with respect to their net benefit of buying either product.!*
The expected value of the gross benefit of either product, s or usg,
is assumed high enough so that in equilibrium all consumers purchase
one of the products in each period.

Therole of the heterogeneity in x is for one to be able to compare the
relative impact of a search attribute with the experience attribute. Note
also that with no heterogeneity in x (or = 0), the model becomes less
tractable with mixed strategy equilibria, as the product is homogeneous
for the new consumers. In fact, in order for there to be a pure-strategy
equilibrium we have to assume, as argued above, t to be bounded away
from zero such that it is never optimal to deviate and to charge a high
price such that the demand from new consumers is zero.

The assumption of independence between the gross benefits i 4
and pup in the population is just to guarantee that a consumer does

13. This possibility would generate equilibria in mixed strategies. The conditions for
the pure-strategy equilibrium analyzed are satisfied for o close to zero.

14. If the net benefit of the purchase of this product is small in comparison to the
consumers’ income, then the consumers are locally risk-neutral with respect to the
purchase of this product (see Rabin, 2000). All the messages of this paper should also
carry through in a model in which consumers are risk averse with respect to their net
benefit of buying a product. In such a model there would be an even greater advantage
of the product that was bought first. Note also that, even for specific utility functions,
such a model would become too complex in order to formally obtain several of the results
presented here.
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not learn about one brand while trying the other brand. This is the
extreme case where experience with a product does not give any infor-
mation about the benefit provided by other products. The independence
between x and either p4 or pp in the population is just to have no
interaction between the observable characteristics of a product and
the characteristics that are only learned through experience. The main
messages of the results in the paper would still go through with some
interaction between these two types of product characteristics.

The lifetime net benefit of a consumer is the discounted sum of the
net benefits of the two periods in which the consumer is in the market
with discount factor -, with 0 < - < 1.

In each period ¢, firms choose simultaneously the prices to be
charged, p{! and p?. Firms want to maximize the expected discounted
value of their profits, using a discount factor §r, with 0 < §r < 1. The
discount factors §cand 8r are considered distinct in order to be able to
study the role of each of them in the market equilibrium. The case of
8c = &r is immediate from the results below.

I am interested in the Markov perfect equilibria (Fudenberg and
Tirole, 1991, p. 513) of this game, that is, equilibria in which each
firm’s strategy in each period depends only on the payoff-relevant state
variables in that period. In this particular game the payoff-relevant
state variables in each period are the stocks of previous customers
of each of the firms still in the market in that period. As we argue
below, this reduces to type x of a consumer that is still in the mar-
ket and was indifferent between products A and B in the previous
period.

For possible benchmarks consider the case where products (or
tastes) change completely from period to period and the case where
consumers are fully informed about the gross benefits of the competing
products.

When products change completely from period to period, the
expected gross benefits Eu; cancel out, and the equilibrium becomes
exactly like in the traditional Hotelling case with prices equal to t and
profit for each firm equal to .

When consumers are fully informed about the gross benefits of
the competing products, demand for each firm as a function of the
prices is less straightforward because one has to account for all possible
combinations (w4, wp, x) that choose either firm. We can obtain the
equilibrium prices to be characterized by (proofs are presented in the
Appendix).

p=p= -
a2+ 2kt — 12k’

for i= A, B. (1)
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1—ao

Givenji —pu = > 21, as assumed above, it can be seen that the
equilibrium price under full information is higher than the equilibrium
price when the products change completely from period to period,
7. Moreover, as expected, the equilibrium prices are increasing in the
two differentiation measures, %{ and 7. Finally, when « increases the
equilibrium prices decrease because thereis a greater mass of consumers
that value the firms equally (on the experience dimension) and at the

top of the distribution, ji.

3. PRELIMINARIES

In this section, we start considering the case of experience goods where
consumers learn about their fit with the products that they experience.

3.1 CONSUMER BEHAVIOR OF THE OLD CONSUMERS

Consider the case of a consumer in period t, after having bought
product A in the previous period (having bought product B is the
symmetric case). In this period ¢ this consumer compares the net benefit
of purchasing product A, s — tx — pi!, with the expected net benefit
of purchasing product B, which is Eug — t(1 — x) — p}, where E is the
expected value operator. Learning j; of the product being purchased in
the previous period generates another dimension of differentiation be-
tween products. Note that if the experience in the first period was good,
thatis, if ua is high, the consumer will buy product A in his second period
in the market. If, on the other hand, there was a poor experience, low
4, the consumer chooses product B. In fact, the marginal consumers
are characterized by us = Eug — t(1 — 2x) + p#! — pP. Consumers with
greater 1 4 or lower x choose product A in the second period. Consumers
with lower ua or greater x choose product B.

Consider then the demands of the consumers that are in their
second period in the market in period t. Suppose that the market share
of firm A in period (t —1) among the consumers that were in their
first period in the market in period (t — 1) is ¥;_;. As shown below,
the consumers that chose product A in period (t — 1) are those with
type x < X;_1. Because of the assumption that the market is covered, the
market share of firm B among those consumers was (1 — %;_1). Note also
that X;_; is the type of the marginal consumer born in period (t — 1) for
product A (or for product B) in period (t — 1).

The demand in period ¢ for firm A from the consumers that bought
product A in period (t — 1) is then composed of the consumers thathad a
good experience in period (t — 1), whichis ;" '[1 — F(Ep + pf* — pP —
7(1 — 2x))] dx. Similarly, the demand in period ¢ for firm A from the
old consumers that bought product B in p?riod (t — 1) is composed of
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the consumers that had a bad experience in period (t — 1), which is

Jo F(Ep+p® — pt—1Qx — D)dx.
The total demand for firm A from the consumers that entered

the market in period (t — 1) is then the sum of these two terms, which

yields, as shown in the Appendix, %;_10? + 1_2“2 +k(pB — p). The

total demand for firm B from this type of consumers is (1 — ¥,_;)o? +
L ‘2“2 + k(ptA — ptB). Note that if there is no skewness, « = 0, the demand
from the old consumers does not depend on the previous period market
shares, that is, there are no dynamic effects. This is because the fraction
of consumers that have a product fit above the expected value is exactly
equal to the fraction of consumers that have a product fit below the
expected value. Note that for the experience goods model to recover
the effect in the switching costs model, that a greater market share in the
past leads to a greater demand in the future, we need that the probability
distribution over the experience attribute be negatively skewed (o > 0
in this case).

3.2 CONSUMER BEHAVIOR OF THE FIRST-TIME CONSUMERS

When making the decision of which product to buy in their first period
in the market, consumers are able to foresee the second period prices,
and how these should affect the consumer decisions.

One useful result that can be obtained is that if one consumer
of type x chose product A in his first period in the market, then
any consumer of type & < x also chose product A in that period. In
order to see this consider the decisions by the consumers in their
first period in the market. Suppose it is period t. A consumer with
type x has expected value of lifetime net benefits of buying product
A of Epua — tx — p + 8cE{max|ua — pﬁrl —1x, Eug — pr —1(1 —x)]},
where pi represents the price charged by firm i in period t. Similarly,
the expected value of lifetime net benefits of buying product Bis Eup —
t(1 —x) — pP + 8cE{max[up — pP.; — (1 —x), Epa — piq — tx1}.

Subtracting the latter from the former, one obtains

i
x[E,u—pr —t(l—x)]+8c/ k[,u—p{il—rx]d,u
Ep—t(1=-20)+pf,, —pf,

—{—(Sco[(ﬁ — ptl—?—l — T.X') — 8CF(E/,L — ‘c(2x — 1) + pf{—l - Pﬁrl)

i
x Eu—piq —tx —8c ku—pi—t1-x du
Ep—tQx—D+pl—pi,

—&aﬁ—p&—ﬂ(l—x] [ 1@
( )
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under the assumption that in equilibrium, as shown below, consumers
with a sufficiently positive experience continue to buy the tried product,
while consumers with a sufficiently negative experience try the alterna-
tive product.

Differentiating with respect to x one obtains (as shown in the
Appendix)

—21 +8ct[2F(Ep —t(1 = 20) + py — piy)
+2F (Ep—tQx -1+ p2, — pty) 2]

which is negative. Therefore, if a consumer with type x in his first period
in the market chooses to purchase product A, then any other consumer
with type & < x also chooses to purchase product A.

In order to obtain the marginal consumer with type % that is
indifferent between buying product A or product B in period ¢ and
entering the market in this period, we make equation (2) equal to zero,
with x being substituted by % and where p7.; and p?,; are functions of
%;. This can then be reduced (see Appendix) to

pi —pi (1 =28) + a?5c[pyy — ply + 70 -2)] =0. (3)

Note that, if there is no skewness, « = 0, the demand from the first-time
consumers does not depend on the expectation about the future prices.
This is because consumers are as likely to have an experience above or
below the expected value, and therefore, are as likely to buy one product
or the other in the next period.

In the computation of the Markov perfect equilibria I restrict
attention to equilibria in affine strategies, that is, p/ = pA(%_1) and
pP = pP(%_,), where the functions p() and p?() are linear functions
of X;_1, and, as noted above, %_; summarizes the payoff-relevant state
variables in period t. This focus on affine strategies is further discussed
below.

Then, we can write p/}; — p?; =a +b%, where a and b are real
numbers to be computed in the equilibrium. We can then rewrite (3) as

B A

it:yﬂ?f—r)f, 4)
2y

wherey = 7 + 6c(t —a)a? and b = —2a because p7.; = p,; for ¥ = 7 in

a symmetric equilibrium. Finally, note that the demand in period ¢ for
firm A from the consumers entering the market in this period is ¥, and
the demand for firm B from this type of consumers is (1 — ;).
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Total demand in period t for firm A given %;_; is then yrp—p +

2y
%102 + 152 +k(pP — p).

3.3 FIRM’S PROBLEM

The problem for firm A in period t can then written as the right-hand
side of

B ___A 1 — a2
Wa(%_1) = max pf‘[y+ PPl g q0? + = 1 k(pf — PtA)j|
pit 2y 2
B A
rorwy (LEL =00, ®
2y

where W4(x) is the net present value of profits for firm A from period
t on if the marginal consumer buying the product in (¢ — 1) and living
in period t had type x. The solution to the right-hand side gives p/! =
pA(iq_1 ). Similar expressions can be written for firm B with functions
Ws(x) and p®(%_1).

As stated above, I am looking for Markov perfect equilibria where
the price strategies pA(ict_1) and pB(ict_1) are affine in X,_;, which is
already assumed in the construction of the demand for product A in
(4). Note also that if W4(x) on the right-hand side of (5) is quadratic,
then W4 (x) on the left-hand side results indeed quadratic in x, and the
equilibrium strategies are indeed affine in x, and the demand is indeed
linear in x and in the prices. There may be equilibria that are not affine,
but all the equilibria of any finite-horizon version of this game are in
affine strategies. Furthermore, when such a finite horizon goes to infinity,
the equilibria of the finite game have, as a limit, the equilibrium in affine
strategies that is presented here (the infinite game).'

Given that the firms are symmetric, we are looking for a symmetric
equilibrium with Wx (x) = Wa(1 — x) = W(x), Vx. Denote also

W(x) =c+ dx + ex%, (6)
ph(x) =s + gx. @)

From the solution to (5) and the corresponding problem for firm B, and
from equalizing in (5) the constant term, the term in X%;_;, and the term
in ¥ ,, we can obtain a,b,c,d,¢,s, and g. Throughout I also define

e = ﬂ;i,d58pd_,and753+6yk—2€.

15. I could not find other equilibria in affine strategies in the infinite horizon model.
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4. RESULTS

4.1 SYMMETRIC DISTRIBUTION OF EXPERIENCE
ATTRIBUTE, ¢ = 0

Consider first the case in which the distribution over u is symmetric,
that is, « = 0. As discussed above, in this case there are no dynamic
effects, and the Markov perfect equilibrium reduces to a static Nash
equilibrium in every period. In each period t, demand for firm i from

p

. . . [ —pi . . cpeo s .
the first-time consumers is 5 + £_E, with price sensitivity decreasing

in 7, and independent of k or of the discount factors. Demand for firm
i from the old consumers is ;— +k(p/ — p}), with lower price sensitivity
than the demand from the first-time consumers, given the assumption
k > 5. The equilibrium prices can be computed to be j = - f;fk, this
being also the equilibrium profits per period, as each firm has a demand
of mass one in each period.

The equilibrium prices and profits are increasing in the differen-
tiation parameters for observable (7), or experienced product charac-
teristics (/7). In each generation, a fraction =™ of consumers change
products from their first to their second period in the market. Note that
this fraction is decreasing in the importance of the search attribute (7),
and increasing in the importance of the experience attribute (7). Note
that this increased product differentiation due to experience does not
have an immediate parallel in a switching costs model (e.g., Beggs and
Klemperer, 1992). Here, experience with one product creates a greater
heterogeneity in the relative preference for both products (independent
of which product was tried first when o = 0). In a switching costs model,
consumers have a greater relative preference for the product that they
try first.

4.2 NEGATIVELY SKEWED DISTRIBUTION OF EXPERIENCE
ATTRIBUTE, a > (

Consider now the case in which the probability distribution of the
experience attribute u is negatively skewed, « > 0. This is the case
where there are dynamic effects in the market that are similar to the
effects of switching costs. We start by characterizing the Markov perfect
equilibrium, and then present results on the price sensitivity of first-time
consumers, on market dynamics, and on the equilibrium steady-state
prices and profits.

4.2.1 MARKOV PERFECT EQUILIBRIUM

The following proposition characterizes some of the equilibrium vari-
ables that are used below. The reader less interested in the technical
aspects of the equilibrium can jump directly to the next subsection.
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TABLE I.
CHARACTERIZATION OF EQUILIBRIUM FOR DIFFERENT &

k=.10,7=1,6 = .95 6r =.95

. 202 _
o r y F p
.0 3.60 1.00 .000 1.667
1 3.61 1.01 .006 1.671
2 3.62 1.04 .022 1.685
3 3.65 1.09 .049 1.712
4 3.69 1.17 .087 1.755
5 3.75 1.28 133 1.820

PropPosITION 1: In the Markov perfect equilibrium r is the only
solution r* of r*—r[25ca* + 6tk(1 4+ §ca?) + 3] + 65catr? + rlda’sy +
8tdratk(l + 8ca®)] — 888 ra® = O that is greater than 20*. We also have y =

1+ bca?r 34+6yk—r 2y’ ~ 1 2’ (= 1
r—25cat’ = ] rs — "7 0= =g, X 5 =77 (xt—l _E)/ and
A 2y—d—ey | —a?y+2ye?F_,
A T + : . For « - 0, we have r — 3 + 67k, y — 1,
2t
e—>0,d—>0,a—-0b—05s5— m,andga 0.

See Table I for values of r* and y as a function of «. Note that
i —pu = =% and p is assumed high enough such that the market is
fully covered.

4.2.2 PRICE SENSITIVITY OF FIRST-TIME CONSUMERS

B _ pd . oy .
From the demand by the first-time consumers, y“;iyp’ for firm A, it is

clear that these consumers are less price sensitive the greater y is, where
price sensitivity is defined as the absolute value of the derivative of the
demand for one firm with respect to that firm’s price. The comparative
statics of y with respect to the different parameters yields then the
following result.

PRoOPOSITION 2: First-time consumers are less price sensitive the greater
1 . . . ..
v T, 8¢, and 8 are. For small o first-time consumers are less price sensitive
the greater o is.

Increasing the importance of the observable differentiation, 7,
decreases, as expected, consumer price sensitivity. Increasesin o, §c, and
% make the first-time consumers less price sensitive!® The marginal first-
time consumers foresee that by choosing one product they get a higher
expected price in the next period because they are more likely to buy

the product that they bought first, and that the firm is going to charge a

16. I could not find parameter values where the result on « would reverse when o was
not small.
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higher price in the next period. Therefore, consumers become less price
sensitive in the first period in which they are in the market. The effect
is greater the greater consumers value the future, higher dc, and the
greater the increase in the next period’s price as a result of an increase in
the firm’s market share. This increase in the next period’s price is greater
the greater the importance of the experience of the product (smaller k),
and the greater the probability of a perfect product fit (greater o). An
interesting part of this result is that the firms, even though competing
for a new generation of consumers, raise their prices when they have a
greater demand in the previous period. Table I presents the value for y
as a function of «.

When doing comparative statics on changes in o one wants to
restrict the price sensitivity of demand from the consumers in the
second period in the market to remain constant. The density of the
marginal consumers is k, and therefore one has to consider decreases in
(it — w) when « isincreased such that this density does not change. In the
distribution of u this means that when « is increased there is a transfer
of the distribution probability from the lower values (increase in u) or

higher values (reduction of ji) to the mass at the top, 1.7

The role of how firms value the future, 6r, is quite interesting.
Firms being more forward looking, makes them compete more for the
new generations of consumers in anticipation of future gains, which
is a force toward lower prices. However, the effect of whether more
forward-looking firms leads to higher or lower price sensitivity of first-
time consumers, depends on the impact of § on how firms change
their prices as a function of having had in the past a greater market
share, the equilibrium value of g in equation (7). When firms value the
future more, they realize that the potential gains from having had a
large market share in the previous period are to be taken advantage of
when possible, because the competition for future gains is intense. This
makes firms charge higher prices when they have higher market shares,
higher g, which causes first-time consumers to be less price sensitive.
This idea that first-time consumers are less price sensitive is also present
in a switching costs model (as in Beggs and Klemperer, 1992), exactly
for the same reason that consumers foresee being more likely to buy
the same product in the following period (which leads to higher prices,

17. The casein which « increases while keeping jit — u constant can be directly obtained
from the results below. In the distribution of u this means that when « is increased there
is a transfer of the distribution probability uniformly from all the values of i to the mass
at the top, j1. However, because in this case the price sensitivity of demand from old
consumers is reduced, there is a greater force for equilibrium prices to increase with «. As
it is clear from the results below, this yields a higher net present value of profits for the
firms.
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and greater importance of the observable product characteristic). In this
setting of experience goods this effect is captured by the parameter «.
Notealso thatin experience goods thereis aninteresting interaction with
the degree of differentiation of the experienced attribute (; ), which does
not have a parallel in a switching costs model.

4.2.3 MARKET SHARE DYNAMICS
From Proposition 1 the market share dynamics can be written as

1 202 1
i — — — — — X —_ = ’ 8
%3 r (xf‘l 2) ®

from which we can derive several implications.

PROPOSITION 3: The market shares converge to a steady state with a 50-50
division of the market for all starting points. The convergence to steady state
goes through oscillating market shares of first-time consumers. The convergence
is slower the greater 8p is, and the smaller t, k, and §c are. For a small «, the
convergence is slower the greater « is.

The 50-50 steady state shows that any initial advantage of a firm
disappears through time. That is, the dominance of one firm disappears
through time. This lack of a dominance effect can be seen as due to entry
of new generations of consumers. The convergence to the steady state
goes through oscillating market shares of the first-time consumers, with
the firm with a larger market share in a given period being the firm
with the smaller market share in the next period. The oscillating nature
of the market share dynamics is because the firm that just had a high
market share will price higher to take advantage of the consumers that
got a positive experience with the firm’s product, and this results in a
smaller market share of the new generation of consumers. See Figure 1
for an example of the continuous version of the oscillating market shares
toward the steady state when firm B, the incumbent, starts with a 100%
market share.!®

The convergence to steady state becomes slower when either the
probability of a perfect product fit is greater (greater o) or the experience
of the product becomes more important (greater %). In either of these
cases a firm gains more from charging a higher price following a period
with a large market share, and this results in a slower convergence to the
50-50 division of the market. Table I presents values for 2‘—;2 as a function
of a.

When firms value the future more, greater §r, they realize that the
potential gains from having had a large market share in the previous

18. See also the discussion in section 9.2 of Vives (1999) on convergence to steady state,
speed of convergence, and dominance in other types of dynamic oligopoly models.
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FIGURE 1. OSCILLATING MARKET SHARES THROUGH TIME
STARTING WITH FIRM B AS INCUMBENT

period are to be had when they are possible because the competition for
future gains is very intense. This makes firms charge higher prices when
they have higher market shares, which again causes the convergence to
steady state to become slower.

When the importance of the observable characteristics of the
products is greater, higher 7, the convergence to steady state is faster,
because relatively, firms have less incentive to price higher when they
had a higher market share in the previous period. Similarly, when
consumers value the future more, greater §¢, they become less price
sensitive, as discussed above. Then, a firm charging a higher price in a
certain period does not lose too many consumers, which means that we
are going to get faster to the 50-50 division of the market.

4.2.4 STEADY-STATE PRICES AND PROFITS

Consider now the steady-state prices and profits. Note first that because
in steady state the demand for each firm has mass one (; from each
generation of consumers) the profit per period is equal to the steady-
state price, call it p. Differentiating (5) at the steady state we can obtain,
using the envelope theorem,

dW(3) , 1 dpP dW(5) 0% dpf
2 = — +k 5 .
Prect oy ™% Gz T Tax apfdna

)]

)
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Using 5% = zly and ddg i - = —2";“2, one can obtain
dW(]—) 2
2 %P kg1l

d%_1 1+ ra?

The first-order condition for prices at %_; = lis

2
_ 1

y-p 1 dAWET 1
——+-—kp+$ -—— | =

2y T2 PRI Ty

1
Substituting for ddgf) one can then obtain the steady-state prices as
2y

p = - ST (10)
ST Y

For o small one can easily check that the steady-state prices are

smaller than the full-information equilibrium prices. Note that when
2t(ji — )

2T+ — w
assumed above. From (10) one can also derive the following result.

a — 0 then p — which is greater than t for it —pu > 27, as

PropPosITION 4: Consider o small. Then the steady-state prices and profits
increase in t and 8¢, and decrease in 8 and k. The steady-state prices and
profits increase in « if and only if §¢ > %6 r.

As expected, greater differentiation in either observable (r) or
experienced product characteristics () result in higher prices.

When the probability of a perfect product fit is greater (greater «)
steady-state prices increase if éc is close to ér. There are two conflicting
effects of the probability of a perfect product fit on the equilibrium prices:
On one hand, when consumers are forward-looking (reflected in §c) they
become less price sensitive because they realize that they will be charged
ahigher pricein the next period (see Proposition 2). This is a force toward
higher equilibrium prices. On the other hand, when firms are forward-
looking (reflected in &) firms compete more for the future profits of
having a higher market share today, which is a force toward lower
equilibrium prices. This effect is the Bertrand supertrap effect discussed
in Cabral and Villas-Boas (2005). In this model, the effect toward higher
prices dominates for similar discount factors because firms realize that
in the next period they will not only be able to take advantage of the
market share gained in the current period, but they will also have to
compete for market share in future periods. This reduces the impact of
forward-looking firms competing for market share, and allows firms to
end up with higher prices when the probability of a perfect product fitis
greater. Note that if consumers are less forward-looking than the firms,
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Sc < %8 r in the model, then the effect of « is reversed, and by the effects
argued above, a greater informational advantage leads to lower profits
for the firms.

In summary, when consumers value the future more, greater §c,
they become less price sensitive in their first period in the market, as
shown above, and this leads to higher steady-state prices and prof-
its. When firms value the future more, greater §r, steady-state prices
decrease because firms value more the future gains of having greater
market share, and therefore, compete more for market share. These
effects of the consumers” and firms” discount factors are also presentin a
model with switchings, as shown, for example, in Beggs and Klemperer
(1992). Note, however, that the switching cost parameter in a model with
switching costs does not have an immediate corresponding parameter
in the experience goods model. The parameter in the experience goods
model that plays the closest role in switching costs is the degree of
negative skewness of the distribution of the experience attribute, «,
which yields the effect that greater market shares in the past lead to a
greater market share today. In the experience goods model this parame-
ter interacts with the degree of differentiation of the experience attribute
(%), for which there is no corresponding parameter in a switching costs
model.

5. EXTENSIONS

5.1 POSITIVELY SKEWED DISTRIBUTION
OF EXPERIENCE ATTRIBUTE

For completeness, consider now the case in which the probability distri-
bution of the experience attribute p is positively skewed, in particular
with a mass point now at the bottom of the distribution, ;. The analysis
of this case can be done similarly to the discussion above. Contrary to
the case of a mass point at the top, now the demand for a product from
the old consumers is greater the smaller the market share among those
consumers in the previous period. That is, contrary to the switching
costs framework, a greater market share in the past leads to a smaller
market share today. This is because more than one half of the consumers
trying one product have an experience below the expected experience
of the untried product. This then leads to a less intensive competition
for market share, and higher prices. As above, first-time consumers
are less price sensitive the greater the degree of differentiation in the
market (from observable or experienced attributes), the more consumers
are forward-looking, and the greater is the degree of skewness in the
probability distribution of the experience attribute. Because it is now
the firm with a smaller previous market share that charges the higher
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price, the convergence of market shares of the first-time consumers to
the steady state is now monotonic (instead of oscillating).

5.2 LONGER-LIVED CONSUMERS

Because in the model above consumers live only for two periods (this
could also be seen as consumers completely changing tastes after two
periods) there is no role for experimentation, that is, for trying different
products in order to choose in the future the product that provides the
best fit.!” Note also that because of the consumer life being only for two
periods there is no room for consumers being dropped off the market for
not having good experiences with both products. However, the current
structure, being quite tractable, still captures several important aspects
of markets with experience goods: First, after experiencing a good fit,
consumers find it too costly to experiment further. Second, because tastes
and products being offered change through time, any possible gains
from experimentation can be greatly diminished.? Third, after a large
number of consumers have a positive experience with a firm, that firm
charges a higher price to exploit those consumers’ positive experience.

It is, however, important to think about what would happen in
the market if consumers lived for more than two periods. First, in such
a market some consumers would purchase after having experimented
both products. This means that there would be more information in
the market, and consequently, more product differentiation (as in the
benchmark above of complete information), which is a force toward
higher prices. Second, some consumers when trying the first product
have such a good experience, so that they choose not to try any other
product and stick with the first product tried through their lives. This
may give some incentive for firms to charge higher prices to take
advantage of the existence of these customers. Third, several consumers
will try both products to better learn which product may fit them better.
Thatis, this demand for “learning” may give the firms some extra market
power, whichis another forcetoward higher prices. Itis asif the products
became complements through time: If a consumer buys one product in
one period, the consumer “must” buy the other product in the next
period. This would lead firms with a large market share in the past
among the first-time consumers to have a lower market share today, as

19. See Bergemann and Valimaki (1996) for the case of experimentation with ho-
mogeneous consumers and constant tastes, and where all firms are able to observe
the consumers’” experiences. For the case of one-sided experimentation (learning about
demand) see Aghion et al. (1991) and Keller and Rady (1999).

20. See Iyer and Soberman (2000) for the case, without experimentation, where product
attributes change through time.
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in the case of positive skewness discussed above. In summary, allowing
for a longer-lived consumer may lead to higher equilibrium prices, and
one may need the probability distribution of the experience attribute to
be more negatively skewed in order to generate the result that greater
market shares in the past yield greater future market shares.

5.3 MARKET GROWTH

An interesting extension of the model is to see what would be the
implication of market growth, a generation entering the marketin period
t +1 having more consumers than a generation entering the market
in period ¢, for all t. With market growth the advantage of charging
higher prices on the previous generation is reduced, and of firms gaining
market share today becomes more important. This then becomes a force
toward lower prices.

6. CONCLUSION

This paper considers the dynamic competition implications of experi-
ence goods. I investigate an infinite-horizon model with overlapping
generations of consumers.

For similar discount factors for firms and consumers, one finds that
steady-state prices and profits are higher the greater the informational
differentiation effects, that is, the greater the probability of perfect prod-
uct fit. The steady-state prices are also found to increase in consumer
patience, and in the importance of the experience in the ex post valuation
of the product. Prices decrease in the degree to which firms value the
future. One also finds that the market share dynamics for the first-time
consumers are oscillating: the firm with the greater market share in
one period has the smaller market share in the next period. Several
comparative statics with respect to the speed of convergence to the
steady state arealso presented. The paper also illustrates the importance
of considering several possible shapes of the probability distribution of
the experience attribute if one is considering doing empirical analysis
in a market where experience effects are important.

One important issue not considered above is that firms have
increasingly the ability to charge different prices depending on what the
consumers purchased in the past. This ability to price discriminate based
on the consumers’ past behavior could have important implications
here, as firms could potentially charge higher prices from the consumers
having an informational advantage for the firm’s product. It would
be interesting to investigate what would happen to a market with
experience effects if the firms have this ability to price discriminate,
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and compare the results of such analysis with the case considered in
Chen (1997) and Taylor (2003), where firms can practice behavior-based
price discrimination in a market with switching costs.?!

APPENDIX

Proof of Equilibrium Prices under Full Information. Demand for
firm A is composed of all consumer types (w4, ug, x) satisfying
pa —tx —p?> pup— (1 —x) — pB For x satisfying p* — p? > 7(1 — 2x),
which is equivalent to x > il";t—_-"—A, demand for firm A is

fﬁ—pAerB +7(1-2x) R
1%

iyt pA—pb—e(1—20 K dadpup. For pd —pP < (1 —2x),

- B A
which is equivalent to x < T—_%L, demand for firm A is

ppA—pB—1(1-2x) 7
1— f k kdugdu a.
u pua—pA+pB+r(1-2x)

Integrating over x one obtains the total demand for firm A, D4, as

1 p—piepB+r(1-2x) pi
DA=f B / f K2 dyadus dx
=t Ju wet+pA—pP —t(1-2x)

B_, A

— a+pA-pP —t(1-2%) p
+ / 1—/ / kzd,l,LB d[,LA dx.
0 © pa—p M p B+r(1-2x)

(A1)

Firm A then maximizes its profit, max,sp4D4. Using the first-
order condition of this maximization and the symmetry p* = p® one
obtains the equilibrium price to be as stated in (1). O

Derivation of Demand of Old Consumers. The demand of the old con-
sumers is

/ 1= F(Eu+p - pf -7 —20)]dx
0

1
+ / F(Ep+ p® — p* —1(2x — 1)) dx.

Giventhat F(u) =k(u —p)and Ep — p = ”T"“’ (it — ) we have that this
demand is equal to

21. For competition in markets with behavior-based price discrimination, but without
switching costs, see Villas-Boas (1999) and Fudenberg and Tirole (2000).
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1
5Ct—1—k|:( —HX(M w+pl—pf _T)xf 1+fxtzl:|

+k [(i(ﬂ W+ pe —pi "’T) (1-%q) — (1 _ftz—l)]/

which is equal to

8 I+a _ -
X1 +k > (i — W1 — 2%1) + k( pP — PtA),
which reduces to the expression in the text after noting that k = :L E

Differentiation of (2) with Respect tox. Denoting pil, —txasAandpf | —
7(1 — x) as B, the derivative of (2) can be written as

—2742t8ck(Ep —B)+8ctF(Epu+ A—B) — 8ctll — F(Enu+ A— B)]
—286ctk(Ep — B) +28ctk(Epp — A +8ctF(Ep+ B - A)
—bctll = F(Ep+ B — Al - 25ctk[Ep — A, (A2)
from which one can obtain the expression in the text.

Derivation of Equation (3). Making (2) equal to zero, and denoting pi. ; —
txas A and pf 1 7(1 — x) as B, we obtain, after solving for theintegrals,

5 En—pn+A-B
pt —pi + 11 —2x) +8c[Epx — Bl — ) —
i—u
T .
—|—3ck[——Au] +ocali— A
2 Eu+A-B
_ —pn+B-A .
—éc[Epn — Al —a) = — Scal(in — B)
-
u? 8
—Sck[——gu] = 0. (A3)
2 Eu+B-A
Usmg E“ £ _ I+

1—a?

p? — pA+1(1 —2x) +8[Ep — Bl _ & klEp —BIB - A

_ 2 o B ~ _ B
O ScklEpu— Al(B — A —8ckB(Eu+ B — A)

-1
—éc[Ep— Al
Sck 2 A_ B2 i_ P Sck 2 A _ B2

_T[(E“) +(A=B)"+2(A— B)Eu]+7[(Eu) +(A—-B)
—2(A—- B)Eul =0. (A4)
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Noting that i — Epx = (& — )1=2%, we can then obtain
& ad )

1 — a?

pE— pA 411 —2x)+8c(A- B) +8ca(B — A

l-«
2
from which one can directly obtain (3).

+6ck(B = A — p)—— =0

Proof of Proposition 1. From the first-order conditions of the problem

(5) and the corresponding problem for firm B one can obtain p/! — pf =
—20? i+ 4o 2y Ty
3+ 6yk —2e

, which yields

—2a2y
a= .
34 6yk —2e

By the definition of y we can then obtain

(A5)

Scta’ +1—y B —2ya?
Sco? 3+ 6yk —2¢’
which gives a relation between y and e.

y+pi—p
2y

(A6)

From ¥, = , we can then obtain the equation of motion of

market shares as

1 o2 1
% — - — — X1 — —|. A7
& 2 3+ 6yk — 2e (xtl 2) (A7)

The equilibrium price in period ¢ for firm A is

a4 2y—d—ey —a’y+2yo’E_4

= , A8
Fi 1+ 2yk * 3+ 6yk —2e (48)
from which one can directly obtain f = 2”1:2;;'” + 3 +g;,i'i 5> and g =
2iye?
3+6yk —2e’

In order to compute y and ¢, we can use the equality in the terms
in 2 | in (5) to obtain

ey 2ya? |: 2a? Pk 402y i|
5r  3+6yk—2e| 3+6yk—2e ' "3+ 6yk—2e

4ot

(A9)
Y eyk — 202
Using r = 3 + 6yk — 2e one can write (A6) and (A9) as
14 8ca?
Y= Iy (r) = oo (A10)

r — 25(:0(4
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r3—3r2 + 4o

, All
6kr? — 8atsrk ( )

y=h2(7’) =

respectively. Substituting (A10) into (A1l) one obtains the following
quartic equation on r:

ha(r) = r* —r3[28ca* + 67k (1 + 8ca?) + 3] + 68catr?
+7 [4a* 8 +8t8ratk(1 + &ca?)] —85csrad = 0. (A12)

After solving for this equation one can then obtain directly vy, ¢, a, b,
and g.

In order to find the appropriate solution r* for r, note that hy(r)
is increasing in r if and only if || > 2/§pa?. For r < —2./8ra? there is
no solution of (A12) because hy(r) is negative while i, (r) is positive. For
r > 2,/8ra? thereis only one solution because I (r) is decreasing but pos-
itive, while h5(r) increases from a negative number to infinity. Because for
the Markov perfect equilibrium we need that the market share dynamics
is mapping into [0, 1], we have r satisfying |r| > 2a?, which allows us
to conclude that the appropriate solution r* for r satisfies 7 > 2a?. See
Figure Al for a graphic representation of h1(r) and hr). In order to
obtain the explicit expression for r* we follow Birkhoff and MacLane
(1996, pp. 107-108). Define y3;= —[28ca* +61k(1 4 8ca?) + 31, y» =
68cat, y1 = [4a 5 + 8tépat k(1 + 8-a?)], and Yo = —8605;048 Define also

3y1ys—4yo) — -9 —4 27(4 - +2
Q= Y1Y3 97/0) Vi R= y2(yiys —4yo — (5);2)/0 yi—vin) +2y; Jand Y = ,h +
arc cos H

2/=Q cos{ —5+* —9"} Then,

£ 2t Y
r Tt et
1|2 4ysys —8y1 — Vi 1
- Y 3 _ (A13)
+5 | 5=+ 7 =

\’—'—J/Z-I-Y

We can also find out that 3 —a <7 <3+ % because 53 —a) < 0

and h3(3 + %) > 0. Furthermore, we then know that ”hgy*) > 0. This
shows the existence of this equilibrium for « close to zero and i —
close to 27, because for these values both local and nonlocal deviations
are not profitable, prices are close to each other, and consumers with a
sufficiently positive experience continue purchasing the tried product,
while consumers with a sufficiently bad experience try the alternative
product. For « — 0, we have r - 3+ 67k, y > 1,6 - 0,d - 0,a —

O,b—>0,s—>l+"§k,andg—>0 m
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h2

h1

Za%/
(a)
h1 :
: | I — —
y ]L_ 0 1202V
__\_\1'.: :
5 h2 ) h2
h2|
T

(b)

FIGURE Al. (A) CURVES h1(T) AND h2(T) DETERMINING T*.
(B) CURVES h1(T) AND h2(T) CLOSETO T =0
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Proof of Proposition 2. In order to prove the proposition we have to
check the comparative statics of y with respect to «, k, 7, éc, and &. First

remember that

: h‘y ) > 0, from the proof of Proposition 1, so that the

sign of the derivative of r* with respect to any parameter is equal to
minus the sign of the derivative of /3() with respect to that parameter.

(i) Consider first the comparative statics with respect to . We have

(ii)

(iii)

(iv)

Ohs(r*) B
ot

—k (14 8ca®)r*(6r* — 8a*8r) < 0. (A14)

Then, % > 0.
dha ()

Now, note that% == + il (r) dr

dr

. ‘ 2, .2

ihalr*) dhalr9 _ 3 (r* —da 45-,1 dy

5-— =0,and —— = KO —doca® 0. This ylelds 7. > 0.
Consider now the comparative statics with respect to 6. We have

.Onecan dlrectly check that

ohs(r*)

= 4o*[r (1 + 2tk (1 + 8ca?)) — 26ca*] > 0. (A15)
F

Then we know that %: < 0.

:_fy_ i) dhy(r*) dr* .
Note also that 3= = == + =5 — 7, One can directly check

i_'ih|(r*) _ d @ _ _28cat(+éca?)
that =0,and —— = T < 0. Therefore, we ob-

tain - i " > 0.
C0n51der now the comparative statics with respect to 6c. We have

Ohs(r*)
98¢

= 202r% [3a2 — (202 + 37k)r*] + 8aflr *kt — o21. (A16)

Note that the first term is decreasing in r*, and the second term
in increasing in r*. Therefore, (A16) is smaller than the expression

where we substitute r* = 3 — « in the first term and r* =3 + f“_ka

in the second term, which yields (tk)?2%> 4 tk[12a* — 3(3 — )] +
3a?(3 —af — 23 —a)’o? — 4a*, which is negative because we as-

sumed tk th;g ) <0, and 7 ‘f’d* > 0.
Note also that :j_f;L = "}gﬁa(r*) + "’hla(: ‘f’ One can directly check

that ”haé[[r ) = 0, and we already know that
obtain :if(;i: > 0.
Consider now the comparative statics with respect to k. We have

d
el {:) > 0. Therefore, we

dhs(r*)
ok

=7 14+8ca® 6r* —85ra* <O. (A17)

( )( )
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Note now that ‘{” =% g(kr Dy :,,(: ) *i' . We have % =0 and we

showed above that W) o, wh1ch yields 7 dk < 0.
(v) Consider now the comparatlve statics with respect to . We have

8h3(1’*)
o

re {248co® + r*[-128catk — 85c o]}

+408p 1[4+ 8(1 + Sca®)tk + 48ca’tk] — 648 dc o’
(A18)

For a close to zero this derivative is negative, which yields 4= > 0.

Finally, note that 9% = %200 4 %200 d" One can directly check
that "h'g ) > 0 and we already found out above that "h’(r > 0. There-
fore, we obtain X > 0, O

da

Proof of Proposition3.  Noting thatr™ € [3 —«, 3+ f’i ], from the Proof
of Proposition 1, yields convergence to a steady state through oscillating

market shares. Direct differentiation, using hma_>0 ‘f’ = 1267k, l‘;g

0, “" >0, ggc >0, and *fi'k >0, yields the comparatlve statics
results. 0

Proof of Proposition 4. When o« — 0, one can obtain a‘?a

|i1 dr* 1 dr 1 dr* 4 1 dy
125ctk, Gr —> 61, 7 > 6k, 20z = 6Tk, o = —saiEp ada

1 'iH 1241 dy 1 dy 1 dy 8-t . _
28CT, Tdk — m—, ar — 1, —Z'da — T, ?d(g — 811 +2¢0)3" lefer
dp 41(3 4 — 24F)

entlatmg (10) one can then obtain whenao — 0 that cda > 3o >
d i rl' i 2 .:f i 2t
0, 7t dk (1+2rJR)z <0, dt  d12h? = 0,2 _Zda ™ GTxze0? = 0, and
O}_z :Tis% - =305 f;rk)z < 0. By continuity for o small we get the result in
the proposition. O
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