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Abstract

Trialling an experience good allows consumers to learn their value for the sampled good
and also informs beliefs about their value for similar products. These demand-side infor-
mation spillovers across products create a relatively well-informed group of potential future
consumers for rival firms. When both switching consumers and repeat buyers are profitable,
firms face reduced incentives to set a low initial price to attract inexperienced consumers.
Switchers and repeat buyers are more likely to be profitable in new product categories that
build on major innovations and when firms can price discriminate based on purchasing his-
tory. We suggest that competing products and services arising from new innovations often
have demand-side information spillovers from any product trial and are, hence, settings
where competing firms can make overall profits even when selling products that consumers

perceive to be indistinguishable prior to initial trial.
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1 Introduction

A consumer using any smartphone for the first time learns about her value for features of the
new technology that are common to all products in the category, like the touchscreen keyboard
or the location services that enable mapping apps. A consumer trying an electric car may either
marvel or balk at the rapid, silent acceleration and one-pedal driving found in all electric cars.
In these and many other cases, sampling one product provides information about that product
but also allows consumers to learn about shared features. As a consequence, a consumer who
has tried a rival’s offering may have very different demand than one who has no familiarity at
all with the category. We call this learning a demand-side information spillover and analyze its
strategic implications. Our main analysis focuses on the most basic elements of the problem,
where duopoly firms sell ex-ante indistinguishable products and managers make dynamic pricing
decisions knowing that their consumers are also updating their beliefs about the value of rival
products while learning their value for the product they actually sample.

Products and services for which consumers learn their individual value for a firm’s offering
only through trial are known as experience goods (Nelson, 1970). Firms selling such goods face
the challenge of selling to consumers who are unaware of their value for the product. If the firm
faces rivals in the new product category, competitive pressures amplify this challenge. We might
expect competing firms selling ex-ante indistinguishable products to set low initial prices to gain
market share, thereby competing away all future profits. We show, however, that whenever the
new products are sufficiently valuable, competing firms can all make positive profits even in
a finite horizon model. The key requirement for profitability is that firms are able to sell
their product—at a price above marginal cost—to some of the consumers who have previously
purchased from a rival firm. Profitable switching consumers allow firms to be profitable overall
because it means they compete less intensely early on to gain market share, anticipating future
profits from both repeat buyers and switching consumers. That is, the anticipated presence of
consumers who have purchased from a rival changes the nature of product market competition.

For there to be any profitable switchers, some of the consumers who had an unsatisfactory
experience with the first new product they tried must be, nonetheless, willing to purchase a rival
new product. This only happens if consumers expect to find it more valuable to switch than to
return to a product that was previously available. When equilibrium prices mean that there are
some consumers who switch to rival products, we say the product category is in a “mass market
equilibrium”. Whereas the previous literature on monopoly pricing refers to a mass market as
one where the mean consumer willingness to pay exceeds the monopoly price, our mass market

equilibrium definition relates to firms setting prices to attract switching consumers.



There are no profitable switchers in settings where all dissatisfied consumers would rather
return to the old technology than try a rival new product. We say these product categories are
in a “niche market equilibrium”. In these cases, firms make future profits only from the subset
of their original buyers who realize a relatively high valuation for the product and repeat buy.
Here, each firm therefore faces strong incentives to set a low initial price to maximize early
market share, future profits are competed away, and the firms all make zero overall profits.

The existence of a profitable mass market equilibrium depends on whether the value of the
innovation in the new product category is sufficiently high and whether firms are able to price
discriminate between repeat buyers and switching consumers. These features interact to allow
firms to make profits even though the lack of ex-ante perceived differentiation might suggest
profits would always be competed away. The magnitude of the profits depends on the extent of
demand side spillover between competing products in the new category.

We derive our results in a two-product duopoly model where there are demand-side infor-
mation spillovers if consumer values for the products in a new category are correlated. If these
values have a correlation coefficient close to one, then a consumer with a high (low) value for
one product is also likely to have a high (low) value for the other. In our model, we assume con-
sumer values have a bivariate normal distribution and the distribution parameters—including
the correlation coefficient—are known by consumers and firms. The correlation parameter, p,
hence, plays two roles. It represents the degree of perceived differentiation between the two
new products and is also a measure of information spillovers from initial product trial. This
framework nests Bertrand competition between goods (when p = 1) and models of experience
good pricing when consumers’ values are independent (when p = 0), as in Villas-Boas (2004),
establishing a novel connection between these cases. For simplicity, there are no other switching
costs, network externalities, or fixed costs in the model.!

The results depend on the value of the new product category, which we refer to as the
innovation value, because this determines whether there are any switching consumers after
initial trial for any given level of demand-side information spillovers. The new product category
is an improvement over the existing outside option for the average consumer if the expected
value of either new product less marginal cost exceeds the value of the outside option. We
denote the innovation value u, as measured by the mean of the bivariate normal distribution

of consumer values, and analyze comparative statics with respect to its value.? If the typical

"While these additional features are often present in the technology-enabled new product categories we have
in mind, the mechanisms and results laid out in the paper do not rely on their presence, and are mostly robust
to extensions that include them. In our setting, switching arises because consumption changes the information
structure for consumers with heterogeneous values for the new products.

2We interpret the parameter p as the expected vertical differentiation between the new products and the out-
side option. The new products are ex-ante homogeneous, but, after trial, they become horizontally differentiated



consumer expects to value the new products above the outside alternative, the new category is
called a major innovation, and if the new products will be valued above the outside alternative
only by a minority of consumers, it is called a minor innovation.? For all major innovations,
and some minor innovations, there are switching consumers whenever there are information
spillovers from any one consumption experience, that is, whenever p # 0.* We show that in
the case where p = 0, there are only switching consumers if the category represents a major
innovation. Thus, demand side information spillovers can expand the set of market structures
under which competing firms can be profitable.

As firms are now more likely than ever to be able to distinguish between different consumers
based on their purchasing history, our baseline model allows firms to set different prices for
switching consumers and repeat buyers. In any mass market equilibrium, firms set a lower price
for switchers than for repeat buyers to encourage switching. Relative to uniform pricing, the
ability to price discriminate based on purchasing history thus expands the range of innovation
values for which the profitable mass market equilibrium obtains.

Our main result is summarized in a theorem establishing that in all equilibria where firms
make profits, first-period prices are determined by the relative profitability of repeat and switch-
ing consumers in the second period. Greater demand-side information spillovers make the mass
market equilibrium more likely. We show that even though ex-post product differentiation is
also reduced at higher levels of spillovers, because the parameter p determines both spillovers
and differentiation, greater substitutability does not always lead to lower firm profits. In some
cases, an increase in p implies that the consumers who switch in a mass market equilibrium
have less elastic demand, which generates higher equilibrium prices and profits from switchers
and less intense initial competition.

One new product category that offers a motivating example for our model is software devel-
opment tools, where competing firms sell products that enable developers to write code, compile
it, and debug it within the same environment. We argue that such tools are experience goods
in that the specific value of any one product to a client organization is hard to fully understand
before trying it out. To the extent that many firms compete to offer quite similar tools, how-
ever, it is likely that shared features and capabilities mean that any one trial is informative to

the client about their value for competing offerings. As an illustration, the software company

for each consumer to a degree that is measured by p. This dynamic nature of product differentiation also appears
in Villas-Boas (2006) where consumers’ values for competing goods are independent of each other, corresponding
to p = 0 in our setting.

3Uninformed consumers purchase a new product even when the expected value is negative if the value of the
option of continuing to buy one of the new products once informed is positive.

4Chen (1997) presents a model of dynamic pricing in duopoly that also features switching in equilibrium. It
arises in that model because firms pay customers to switch, which effectively serves as a form of behavior-based
price discrimination.



JetBrains offers a range of tools, including Integrated Development Environments (IDEs), for
individual developers or teams. The firm emphasizes the product’s easy set up and compatibil-
ity with other plug-ins, suggesting switching costs are limited, but the IDE also has features like
custom user interfaces and keyboard shortcuts that differentiate it from other alternatives. A
potential customer with no prior experience of IDEs would likely have a much less precise idea
of their value for these tools and product features than a potential customer currently using a
competing product.

Firms in this new product category often price discriminate based on past purchasing history.
The results of our model suggest that price discrimination allows firms to be profitable over a
wider range of innovation values because it makes the mass market equilibrium with profitable
switchers more likely. JetBrains’ website shows two offers available to new clients.” They offer
a 25% discount to customers who can prove they are using a competing commercial product—
switching consumers—and the firm also offers 50% off to startups, who are likely making software
development tool purchases for the first time as an organization. Hence, a consumer who is
brand new to the product category is offered the lowest price, experienced switchers receive an
intermediate price, and the highest price is reserved for experienced repeat buyers, appealing
only to those who have discovered they have a high value for this particular product.’

In general, the extent to which firms currently use consumer information to price discrim-
inate is a much-debated question (Bourreau and De Streel, 2018). The possibility has been
discussed in the academic literature since the late 1990s when the power of the internet for
information exchange began to emerge (Shapiro et al., 1998; Smith et al., 2001; Bakos, 2001).
In particular, behavioral price discrimination has received significant attention from economic
theorists (see Fudenberg and Villas-Boas (2006, 2012) for reviews) in a literature that empha-
sizes the low cost of collecting consumer information online. Articles in several business reviews
provide anecdotal evidence of personalized pricing and an illustration of its impact on firm prof-
its. While systematic evidence is more rare, Hannak et al. (2014) find that nine out of the ten
e-commerce sites they studied engaged in some form of both steering and price discrimination
based on consumer-specific information.”

While the literature on dynamic pricing of experience goods in oligopoly has not explic-
itly considered demand-side information spillovers, Bergemann and Véliméaki (1997) study the

related case of a new entrant competing with a known incumbent. Their model features a dif-

5Screenshots from the relevant pages of the website are given in Appendix A.

50ther firms in this industry offer a similar range of discounts to various consumer groups. Appendix A also
shows pricing terms for the WingPython IDE family, which was created specifically for the Python programming
language. Their prices also differ for clients switching from competitors (competitor upgrades) and for startups.

"Other studies include Hindman (2018) and Mikians et al. (2012).



ferent type of information spillover, in that public beliefs about the common-value component

8 Both firms want to speed up

of the new good are updated after any consumer experience.
information transmission, and, since only trials of the new product are informative, the incum-
bent’s incentive to compete with the entrant on price is softened. Consumer preferences are
also horizontally differentiated, with consumers being distributed uniformly on a line, and both
firms prefer maximum ex-post differentiation in this setting. In contrast, in our model, it is
within-consumer information spillovers that inform each consumer’s private values.”

The demand-side information spillovers that enable new product profitability for a wider
range of innovation values in this model also differ from both the technology and product market
rivalry spillovers created when firms undertake R&D as described in Bloom et al. (2013). Their
market rivalry spillovers refer to the business-stealing effect on firm performance of an innovation
in a closely competing product. In our case, with imperfect information about consumer values,
a rival’s new product can expand demand for other similar new products.

We might think that the more valuable the innovation, the more intense the competition
between rival firms, each seeking to dominate the new product category that incorporates the
new technology. Instead, categories based on large innovations allow the coexistence of profitable
firms because, in a valuable category, firms have the ability to pick off profitable consumers who
have tried out a rival product and are willing to switch to another new product rather than
return to pre-existing options. It is in categories based on less valuable innovations that firms
will compete away all future profits to sell to consumers who will only ever try out one new
product.

Our analysis shows that demand-side information spillovers allow firms to be profitable over
a large range of innovation values. This is because a close competitor educates consumers
about their individual values for the new product category as a whole. Managers of firms
selling experience goods that build on lower value innovations may therefore find it worthwhile
to promote spillovers by highlighting the features that are common across rival products rather
than the features that differentiate their own product. Doing so can soften competition in
the category as a whole and enable profits even for some new product categories that would
otherwise prove unprofitable.

The paper proceeds as follows. Section 2 introduces the primitives of the model. The main

8Moretti (2011) also models market-level social learning about product quality through reviews, and Harel
et al. (2021) show that as the number of consumers grows large, the private information transmitted through
cross-consumer learning goes to zero.

9Fong et al. (2018) study a monopoly model of a single product with observable and experience attributes
where the fact that the attributes are complements or substitutes in the consumer’s utility function affects the
firm’s equilibrium choice of the level of each attribute. In our model, the extent to which competing products
are ex-post substitutes varies but is assumed to be exogenous.



analysis focuses on the motivating case where p € (0, 1), that is, when consumer values for the
new products are positively correlated. Section 3 presents the equilibria of the second-stage
sub-game. Section 4 presents the full equilibria and analyzes the range of innovation values for
which firms make profits and the range of innovation values for which profits are zero. Section
5 presents the theorem relating firm profits to the ability to attract switching consumers, which
generalizes to all p € [—1, 1]. This section also describes some implications of the earlier analysis
including a numerical example of profits, consumer surplus, and social surplus as a function of

innovation value at different levels of information spillovers.'? Section 6 concludes.

2 Primitives of the Model

There are two firms that each offer one non-durable experience good, A and B, respectively.
The marginal cost for both firms is ¢ > 0. The firms compete by setting prices simultaneously
in each of two periods.!! There exists a unit mass of consumers who each buy one unit of good
A or good B or returns to the outside option in each period. Firms and consumers have a

common discount factor ¢ € [0, 1].

Valuations: Each consumer’s per period value for good i € {A, B} is denoted 6;, which is
scaled relative to the value of the existing alternative that has a normalized value of zero.
For simplicity, 6; is constant across the two periods, but more complicated models could allow
consumers to update beliefs about a dynamic process. In the first period, consumers do not
know their valuations but know that the joint distribution is bivariate normal N (u, X), where
we assume common means for 4 and 6p, ps = pup = p, and a common standard deviation,
o4 = op = o > 0. Symmetry means consumers have ex-ante identical beliefs about the
products, which allows us to analyze a case with minimal perceived differentiation at the outset
of the game. The extent to which each consumer’s valuations for the two products are correlated
is given by the parameter p € [0,1].'? That is, p is the degree of ex-post substitutability between
products. F'(-) denotes each product’s marginal value distribution, and, hence, F'(-) is the c.d.f

of a univariate normal distribution with mean g and variance o. The corresponding p.d.f. is

10The proofs that are not in the main text are provided in Appendix B, which also presents discussion of the
uniqueness of equilibria. The equilibria when consumers’ preferences are uncorrelated (p = 0) are presented in
Appendix C. Additional appendices extend the two-period duopoly structure to N-firm and T-period settings
(Appendix D) and study asymmetric consumer valuations (Appendix E). An online appendix provides some
extensions: negatively correlated consumers’ preferences (p < 0), non-experience goods with positively correlated
consumer preferences, equilibria where firms are unable to price discriminate based on past purchasing behavior,
and derives the price elasticities of interest.

"We generalize the analysis to N firms and T periods in Appendix D.

12We analyze the p € [—1,0) case in the online appendix.



denoted f(-).'3

Learning: After consuming in the first period, a consumer who bought good i learns her 6;,
as in Nelson (1970), and she also updates her expected value for the rival product, that is, her
expected 0_;, E(0_;|0;), where —i is the rival product, based on her knowledge of y, o, and p:
o
E(0-]0;) = p—i + 071(91 — i) = pbi + (1 — p)p.
(2
The parameter p therefore also measures the information spillover from consumption between

the tried and untried new products by the end of the first period. As such, a consumer with a

high realization of #; updates positively about the expected value of 6_;.

Prices: Firms announce their prices at the beginning of each period simultaneously. The first-
period price of firm ¢ is denoted p;, the second-period price charged to repeat consumers is
R;, and the second-period price charged to switching consumers is S;.'* Throughout the main
text, we assume that firms can price discriminate between consumers based on their purchasing
history and so can set a different R; and .S;. This choice reflects the fact that firms are, arguably,
increasingly able to tailor prices to consumer information, such as past purchases, and appears to
be commonplace in our motivating example product category of software development tools.'®
Firms cannot distinguish between switching consumers and those who did not purchase in the
first period, so both are offered the same price. We do not allow firms to offer two-period

subscriptions in the first period, nor can they commit to future prices.'”

Consumer payoffs: In each period, each consumer can buy only one unit of either new

good or she can choose to take the outside option that she values at zero.'® A consumer who

3Note that 6; satisfies the monotone reverse hazard rate (MHR) condition, so that f(-)/[1 — F(-)] is an
increasing function, whereas f(-)/F(:) is a decreasing function. The joint distribution is common knowledge to
both firms and consumers.

14Because we later attach superscripts to each of the endogenous second-period prices to denote the nature of
the equilibrium (which we will show varies with 1), we have chosen to denote these prices as R; and S;, to repeat
and switching buyers respectively, rather than pr; and ps;, to simplify notation.

15Tn contrast, we find no evidence that firms in this category adjust prices after tailoring product features to
consumer experience, as in Hagiu and Wright (2021).

16The less general case of uniform prices in the second period of our model is set out in the online appendix.

'"If both firms offered a two-period subscription at a lump sum price and the cost of return/refund was
prohibitively high, then they would effectively be competing in a single-period Bertrand game because goods
are ex-ante homogeneous to consumers. If, instead, both firms could commit to second-period prices and price
discrimination was not allowed, then firms would charge the marginal cost in both periods and earn zero overall
profit.

18We interpret the outside option as an “old” tried-and-tested product that remains available to the consumer
in each period. For example, in the context of our software tools development example, rather than purchasing an
integrated development environment (IDE) from an external firm, a business could create their own continuous
integration—continuous development pipeline by stitching together various software components purchased from
separate firms.



buys good i in the first period therefore obtains an expected second-period payoff of us(6;) =
max{0; — R;, pf; + (1 — p)u — S—;,0} from choosing to buy good i again, switching to good —i,

or taking the outside option in the second period, respectively.

Cutoff consumer types: To characterize the equilibrium, we define the following cutoff types,
given prices, for a first-period consumer of firm i (i € {A, B}) who is indifferent between each
pair of her three options in period two. Note that there will be market structures where only

some of these cutoffs are relevant for equilibrium behavior.

° HZRS : the marginal period-two consumer who is indifferent between repeating and switch-
ing, that is, between buying good ¢ again and switching to good —i. Consumer 9135 hence
has 0/% — R; = p0F% + (1 — p)u — S_;. When p # 1 we have

R, —S_;
RS — o Eor 1
i S e (1)
° 9230; the consumer who is indifferent between buying good 7 again and the outside option.

Hence, consumer GZRO has,
RO .
0F0 = Ry; (2)

° 9;90: the consumer who is indifferent between switching to good —¢ and the outside option.

That is, consumer 67° has p07° + (1 — p)u = S_;, yielding

so _ S—i—(1-pu
oo = Pk (3)

Note that when R; = S_;, /%% = 11, so the consumer who is indifferent between repeat buying
and switching is the consumer whose realized value is exactly the mean of the value distribution.
This implies that exactly half of firm ’s consumers, conditional on purchasing in period 1, would
switch if the second-period prices were equal. Also, when p > 0, we have lim, o+ 91-50 = 400
if S_; > p and lim,_,o+ 070 = —c0 if S_; < p. These limits say that when consumers do not

learn about the rival, the consumer’s decision problem for considering the untried product is

based on their ex-ante expected value, u, relative to the price S_;.

Monopoly: In some equilibria, a firm has monopoly power in a share of the market. It is

useful for this case to define the monopoly price M in relation to the demand curve where the



firm has a monopoly, 1 — F(-). This price satisfies

_1-F(M)

M = FOM) +c, (4)

and according to the MHR condition, M is uniquely determined.

We denote by 7(M) = [ Aoj (M — ¢)dF(zx) the profit of a monopoly firm from charging price
M in a market with demand 1 — F(M). SS(M) = [; (z — ¢)dF(z) is the corresponding social
surplus. In the duopoly environment we consider, the demand curve actually faced by each of

the firms depends on the nature of equilibrium.

Major and minor innovations: Recall that the average value of the new products relative
to the old technology, pu, is exogenously given. We define two types of new product category,

based on the magnitude of u:

e A product category is defined as a major innovation if and only if at least half of the

consumers value the products in the category at above the marginal cost, so u > c.

e A product category is a minor innovation if and only if less than half of the consumers

value it at above the marginal cost, so u < c.

In other words, if consumers were fully aware of their valuations, only consumers with high valu-
ations would prefer a product in a minor innovation new product category to an old-technology
product, but a product in a major innovation new product category would be preferred to an

old-technology product by most consumers.

Benchmark case where p = 1: Because p plays the dual role of measuring the extent of
information spillovers and the degree of substitutability between the new category products,
when p = 1, consumers become fully informed about their valuations for both products after
the first period and the valuations are equal. This case becomes standard Bertrand competition
in each period. Because each firm has an incentive to reduce price in the second period, the
second-period equilibrium price is equal to the marginal cost for both repeat and switching
consumers, and firms make zero profit. Since a repeat and a switching customer in the second
period both generate zero profits, there is no incentive to reduce first-period price to compete for
future customers. Firms, hence, set first-period price equal to the marginal cost in competition

for first-period profit. The consumer surplus in such a setting is equal to the social surplus:

+oo
CSp—1=(n—c)+ (5/ (x — ¢)dF(z).

A consumer purchases one of the products in the first period if and only if C'S,—; > 0.



3 Second-period prices with information spillovers, p € (0,1)

As the first step in describing the sub-game perfect equilibria of the two-stage pricing game,
we characterize possible equilibria in the second-period sub-game. We focus on pure-strategy
sub-game perfect equilibria throughout. We will prove later, in Section 4, that the market is
fully covered in the first period in all sub-game perfect equilibria of the overall game, and so
we now proceed by assuming that all consumers have purchased one of the new products in the
first period.

Firms’ second-period profits consist of profits from repeat consumers and profits from switch-

ing customers:

+o0 ofs
(Bi-e) [ A @) +max (0.5 )2 [T ar@- ). ®)
max(6/%,070) 659
profit from repeat customers profit from Swi;ghing customers

where )\; denotes firm 7’s market share in the first period and, by assumption, for now, A;+A_; =
1. To understand the expression for profit from repeat customers, note that if HZRO > HZRS , then

015, 0RO will take the outside option rather than switch to the rival

consumers with 6; € (
product. This illustrates that it is the maximum value of 9135 and 9130 that determines the
cutoff type for characterizing profits in the repeat customer segment.

One key feature of our model is that second-period prices to repeat consumers, R;, and
switching consumers, 5;, are independent of first-period market share \;. This is because all
consumers make their first-period choice while unaware of their value for each of the products.
Hence, in the second period, the distribution of consumer willingness to pay for the purchased
good, once fully informed, and for the untried good, while partially informed, is the same as
the distribution of willingness to pay in the overall population.'?:?"

There are three possible second-period equilibria for the p € (0,1) case, which are illustrated
in Figure 1, panels a, b, and c. We first describe each of these three equilibria. Then, in

Proposition 1, we show that it is the magnitude of u—the average value of the innovation—that

determines which of the three possible equilibria is relevant.

191f, instead of being able to price discriminate on purchase history, firms were restricted to uniform pricing in
the second period, first-period market share would affect second-period prices and firms would face potentially
different distributions of willingness to pay. In the online appendix, we extend the analysis to uniform pricing,
assuming that the firms split the market equally whenever consumers are indifferent in the first period. Because
each firm’s repeat customers are informed and hence are less price elastic, whereas the opposing firm’s customers
are less informed and more price elastic, the “average” price elasticity of the consumers lies in between when
firms split the market in a symmetric equilibrium (Doganoglu, 2010; Villas-Boas, 2006). However, when firms
can identify repeat consumers from past purchasing history and segment the two consumer groups, each firm will
choose optimal prices for repeat and switching consumers separately according to each group’s price elasticity,
and the elasticities are independent of first-period market share.

20This property extends to the N-firm setting (given in Appendix D).
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In each panel of Figure 1, the z-axis is the consumer’s known valuation for the trialed
product, 6;, and the y-axis is consumer surplus given equilibrium prices. In each, the steeper
line is the consumer’s surplus from purchasing product 7 again in the second period, (6; — R;).
The consumer’s expected surplus from switching to the untried product is E(6_;|0;) — S—; =
p0; + (1 — p)u — S—;, and is the flatter—but still positively-sloped—Iline in each figure. The
consumer’s expected surplus from switching is positively correlated with ; because p € (0,1)
in this figure. If there were no information spillovers, i.e. for p = 0, the consumer’s surplus
from switching would be constant and independent of #;.>! In each equilibria, consumers are
repeat buyers in the second period if their 6; lies in the range where the steeper line is above the
oS

flatter line. The lines intersect exactly once, at the value , where the consumer is indifferent

between repeat purchasing and switching.

Figure 1: Second-period equilibria; consumer valuations after learning 6;.

(a) Niche market equilibrium,  (b) Semi-niche equilibrium,  (c¢) Mass market equilibrium,
where R} = M where R} € [m, M] and where R]", S™ are given by
and S™, > c. S%,=pR;+(1—p)p (7) and (8).
7 9; — Ry 7 0; — R L

0; PRS — éRO = 950 0,950 ‘QRO 9!‘?‘5 0;

p0i + (1 — p)p — S2;

First, when p is sufficiently small, there exists a “niche market” equilibrium in which the
marginal repeat consumer strictly prefers the outside option and the new market is not fully
covered in the second period (Figure 1, panel a). That is, while the consumers who had a
good experience are repeat consumers of product 4, the consumers that have had a bad initial
experience choose to leave the new product category rather than switch to the untried product,
SO max(&l-RS ) Gl-RO) = GZRO, there are no switching consumers, and the second maximum in the
profit equation (5) takes on the value of zero because 8¢ > 0%, Since no consumers switch in

equilibrium, each firm makes monopoly flow profits in the second period in its respective share

of the market by charging the monopoly price M to repeat consumers.

2IThe p = 0 case is set out in Appendix C, which also shows the consumer surplus in each equilibria, analogous
to Figure 1, in Figure C.3.
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Second, when p takes on intermediate values, there exists an equilibrium where the marginal
repeat consumer is indifferent between consuming again in the new product market and the
outside option (Figure 1, panel b). We refer to this equilibrium as the “semi-niche market
equilibrium”. In this equilibrium, no consumer switches after a bad initial experience—similar
to the niche market equilibrium—but a decrease in the price to switching consumers results in
some switching.

Third, when p is sufficiently large, there exists a “mass market” equilibrium in which the
marginal repeat consumer strictly prefers to stay in the market rather than to leave the market
and take the outside option (Figure 1, panel ¢). That is, at least some of the consumers who have
a less-than-excellent initial experience have a high conditional expectation of their value for the
untried product and therefore switch to this product in the second period. The second maximum
in the profit equation (5) takes on the value of the non-zero term, as %% > 099 > —oco, and
the firm makes second-period flow profits from repeat consumers and also from switchers.

The existence, or absence, of switching consumers is the crucial equilibrium feature shaping
the nature of competition in this overall game and characterizing the main results. Before
describing how switching second-period consumers affect the first-period game, we turn to
the equilibrium prices for each of the three equilibria, demonstrate how the magnitude of u
determines which of the three equilibria arises, and derive firm profits in each.

The niche market equilibrium (Figure 1, panel a), where there are no switching consumers,
exists if and only if the competitor cannot poach consumers with a price that is weakly greater
than the marginal cost ¢. The necessary and sufficient condition on u, the exogenously given
innovation value, for this equilibrium is given below in Proposition 1 and ensures the competing
firm cannot do this. When a niche market equilibrium exists, the first-order approach yields
that the optimal second-period price to the repeat customer is exactly the monopoly price.

In the semi-niche market equilibrium (Figure 1, panel b), because the marginal repeat
consumer is indifferent between consuming in the new product category and taking the outside
— QZ,RS

option, we can obtain the price to repeat consumers by letting R;" = m.”> Hence, m

satisfies

m = 7 +c. (6)

On the other hand, we can construct the price pm + (1 — p)u which ensures that the marginal

repeat customer HlRS is indifferent between switching and the outside option.?® There is, in fact,

22The MHR condition ensures m is uniquely determined. We will observe later that m = M when p = 0 and
m < M when p > 0.
25Because switching yields the marginal repeat customer being 67° where [pO,LRS +(1- p)u] -
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a continuum of semi-niche market equilibria, and the equilibrium we just characterized is the
one with the lowest price.

In the mass market equilibrium (Figure 1, panel c), max(6/*°,0F°) = 975  and some con-
sumers switch. We derive the second-period equilibrium prices in this case using equation (5)

by the first-order approach to give:

(1—p)[1 — F(0%)]

17 R )
w (L= ) [F65) — F(659)]
St o= f(9§§)+1_7pf(9§?) +c. (8)

By exchanging i and —i in equations (7) and (8), we can solve for the unique prices to repeat
and switching consumers, R;" and S’_”i.24 We show the uniqueness of R;" and S;" in the proof
of Proposition 1.

The average value of the new product category relative to the outside option, i, determines

which equilibrium applies:

Proposition 1. When consumer values are positively correlated, so p € (0,1), and all con-

sumers have purchased one of the goods, in the second period there exists:

e a unique niche market equilibrium where firm i charges R} = M to repeat buyers (and

any S > ¢) if and only if p € (—oo, %);
e a continuum of semi-niche market equilibria where firm i charges R} € [m, ] and S; =

pR; + (1 — p)p if and only if p € <—oo, cl%p;} , given any ¢ € [m, M];

e a unique mass market equilibrium where firm i charges R and SI" satisfying (7) and (8)

if and only if u € (CIf';)ﬂ,oo).

Proposition 1 shows that whenever the average value of the new product category, p, is
sufficiently high relative to the outside option, the mass market equilibrium obtains. This
condition differs from the standard definition of a mass market (Bergemann and Valiméki, 2006;
Ivanov, 2009), which requires g > M. Our mass market equilibrium emerges for a larger range

of innovations. It applies for all major innovations, where p > ¢, and also for the most valuable

c—pm

o, =¢ is the lowest value of p sufficient for a mass market in

minor innovations, because

¢

our setting. We continue to refer to this equilibrium as the “mass market equilibrium” because

it shares the feature with Bergemann and Viliméki (2006) that the marginal repeat consumer

[pm + (1= p)u] = 0.
2“Note that R™ — ¢ and S/ — ¢ when p — 1. This is consistent with the case where p = 1, discussed at the
end of Section 2.
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strictly prefers to stay in the new product category rather than return to the outside option.

Figure 2 illustrates the range of y corresponding to each second-period equilibrium for p € (0, 1).

Figure 2: Relevant range of u for each second-period equilibrium when p > 0.

minor innovation major innovation
c—p-M c—pm
1—p 1—p Cc
—c0 : : : 00
I
niche I~
! mass
semi-niche

The own- and cross-price elasticities for repeat and switching consumer demand in each of the
three equilibria are derived in an online appendix. Prices and market power in both consumer
segments vary with p and converge when p approaches zero (lim,_,o R"* = lim, 0 S/" = #(u)—l—c)
and when p = 1. Market power and markups in period 2 are always greater in the niche market
equilibrium than in the mass market equilibrium.?®> While it may seem counterintuitive that
firms can have less market power when their offering is more attractive, this arises because
the rival new product provides more effective competition when the average value of the new
product category is greater.

The relative profits from repeat and switching consumers in the mass market equilibrium are
important for how the firms in the new product category compete. In particular, their relative
magnitude determines the intensity of first-period price competition. The second-period profits

from repeat and switching consumers are given, respectively, by:

1—p)[1 — F(679)]?
oRm ( p);(eﬁs)( i)l (9)
sm _ PL=p)F(O57) — F(6°7)) (10)
L pf(OE) + (1 - p)f(659)

Although R]® > S, which we show in the proof of Proposition 1, the relative magnitudes
of the profits from repeat and switching customers in the mass market equilibrium cannot be
ordered, and depend on demand-related parameters, including p.?° Note, however, that both

profits converge to zero as p converges to 1.

Corollary 1. When p € (0,1) and all consumers have purchased one of the goods in the first

period

e firm i’s second-period profit in the niche market equilibrium is given by \iw(M);

25To see why, note that R® < m < R < M = R, where the first inequality is verified by the proof of
Proposition 1.
268ection 5 provides numerical examples for the mass market equilibrium with p € (0,1).
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e firm i’s second-period profit in the semi-niche market equilibrium is given by \yw(RY),

where RY € [m, M];

e firm i’s second-period profit in the mass market equilibrium consists of \;t¥™ from repeat

consumers and )\,mism from switching consumers.

4 First-period prices with information spillovers, p € (0,1)

We now discuss the sub-game perfect equilibria of the two-stage pricing game. Forward-looking
consumers make their first-period choice between the two products in the new product category
and the outside option by comparing consumer surplus for i = A, B and zero. Their choices
condition on their expectation of being offered one of each of the second-period equilibrium
prices for repeat and switching consumers, R} € {R!", R}, R} and S*, € {S",,5°,,5";},

respectively, depending on whether the second period is a niche, semi-niche, or mass market.

The present value of consumer surplus from purchasing product ¢ in the first period is:

CSp>0 = (1 —pi) + ¢ (x — R})dF(x)
N—— max(@fs,efo)

consumer surplus from trying ¢

consumer surplus from sticking with ¢

ors
[pz + (1 = p)p — S%,] dF(fL‘)) :

4+ 0 max (O,/
9SO

(3

consumer surplus from switching to —i or to the outside option

where p; € {pI",p;,pl'} is the first-period price depending on which second-period equilibria
obtains, and ¢ is the discount factor. Note that the consumer surplus takes into account the
option value of experimenting in the first period in order to make a more informed decision in
the second period. Anticipating possible adjustments means consumers are willing to purchase
at lower or even negative surplus in the first period.

Consumers are ex-ante identical. If the consumer surplus from purchasing good i is greater
than from good —i, and no less than zero, firm ¢’s first-period market share is \; = 1; if the
surplus from purchasing the new goods is non-negative and equal, then \; € [0, 1]; otherwise,
Ai = 0. Recall that the second-period prices in each of the three equilibria are independent of \;,
and the threshold cutoff values for switching and exiting consumers given in Definitions (1) to
(3) are also independent of \;. However, \; affects firm ¢’s second-period profit by determining
the quantity of repeat and switching consumers, as shown in equation (5).

The present value of consumer surplus from opting not to buy in the first period and pur-

chasing only in the second period is assumed to be §(u — S*). That is, firms would treat such
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a consumer as a switcher and charge the switching price, in line with the idea that firms would
know the consumer was not a repeat buyer because they can observe their own buyers’ past
histories.

We now show that equilibrium prices in all equilibria mean that consumers purchase a new
product in the first period and potentially in the second period, depending on the information
they learn from their initial consumption experience.

When the new product category is of low value relative to the outside option, i.e. when p
is small, the relevant second-period equilibrium is either the niche or semi-niche equilibrium, as
shown in Proposition 1. In each of these two equilibria, firms make zero profits in the two-stage

pricing game. Proposition 2 below shows this result, which is proved in Appendix B.

Proposition 2. Firms make zero profits in the niche and semi-niche market equilibria, which

arises when u is sufficiently small and p € (0,1):

e if and only if p € [c —9-5S5(M), CIf'é”), there exists a unique equilibrium in which firm

i = A, B makes a profit of zero by charging p} = c—on(M) in the first period and charging

R} = M, S}' > c in the second-period niche market equilibrium given by Proposition 1;

e if and only if u € [c— §-5S(1), cff’:}, where v € [m, M|, there exists a continuum of
equilibria in which firm i = A, B makes a profit of zero by charging p; = c—ém(R;) in the
first period and charging RY € [m, ], S? = pR; + (1 — p)u in the second-period semi-niche

market equilibria given by Proposition 1.

Firms make zero overall profits when u is sufficiently low to be in the niche or semi-niche
equilibrium space because all second-period profits from repeat consumers are competed away
via the price set in the first period. No consumers switch in the second period. Expected
consumer surplus is non-negative over this range of pu.

We now turn to the mass market equilibrium when p € (0, 1), which Proposition 1 shows
applies for values of i defined as major innovations and also for some minor innovations. Propo-
sition 3 shows that firms make positive profits in the two-stage pricing game when p € (0,1)

whenever the mass market equilibrium applies in the second period.

Proposition 3. Firms make positive profits when p is sufficiently large and p € (0,1):
If and only if p > pp = max (c —0(8S™ — 277™) + max (0, 5(u — S™)), c_p'm), there exists

1-p
a unique equilibrium in which firm i = A, B makes profits of 57rfm > 0 by charging pj* =

¢ — 0 (mFm — 75™) in the first period and charging R, S in the second-period mass market

equilibrium, where R, S, wB™  and 2™ are given by (7), (8), (9), and (10), respectively, and

1
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social surplus is:

RS
ei

SSsm = /GRS(x_C)dF(x)+/efo [px + (1 — p)pu — ] dF (x). (11)

[

An outline of the key steps of the proof of Proposition 3 follows and the details can be found
in Appendix B.

Suppose the profit from repeat consumers is greater than from switchers. Then, in the
first period, firms in the new product category compete by lowering their prices to the point

satisfying equation (12) below:
Aile—=p")y =146 (AmiRm — )\ﬁrfm) . (12)

On the left-hand side of equation (12) is firm 4’s first-period loss from setting a price below
marginal cost, given that its rival sets the same price. Since a greater first-period market share
increases the firm’s second-period profit (because, for now, we assume 7T1Rm > ﬂgqm), each firm
is willing to set the first-period price below marginal cost even if doing so incurs a loss. On
the right-hand side of equation (12) is the (discounted) gain in the second period when firm ¢
matches its rival’s first-period price and maintains a market share of A; rather than charging
a higher price and losing market share to the rival. Matching yields firm ¢ a second-period
profit of )\ﬁriRm + )\_mfm, whereas charging a higher price yields me. The difference is thus
Nhm N,

When equation (12) holds, the first-period loss from setting price below marginal cost equals
the second-period gain from doing so. Neither firm has a profitable deviation from such an
equilibrium. If firm ¢ deviates to any price higher than p!*, such that it loses all market share in
the first period, its first-period profit increases by \;(c —pl"*) to zero and, since it has no repeat
consumers,its second-period profit decreases by )\ﬂriRm — )\mfm. Thus, the total change of its
profit is zero since, according to equation (12), A\j(c —pi*) — 9 ()\Z‘TI'ZRm — )\mism) = 0. The same
reasoning can be used to rule out any deviation to a price lower than p;*, as well as the case
where firms make a greater profit from switching than from repeat consumers.

In the equilibrium of the overall game that includes the mass market equilibrium in the
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second period, consumer surplus is given by:

0o 91RS
=0+5| [ @=iP@+ [ (ot (= dP@) -2
SSm

The necessary and sufficient condition for u given in Proposition 3 guaranteeing that firms
make profits also guarantees that consumer surplus must be no less than the maximum of zero
and the consumer surplus from purchasing only in the second period, that is, §(u — S™).2

In all the equilibria characterized by Propositions 2 and 3, selling only in the second period
is weakly dominated for each firm because the equilibrium prices apply to a continuum of
equilibria with any market shares such that A; +A_; = 1. The detailed proofs of Propositions 2
and 3 in Appendix B also show that consumers purchase in both periods in equilibrium. Note
that the first equilibrium in Proposition 2 and the equilibrium in Proposition 3 are both unique
because their corresponding second-period equilibria are unique and there exists no equilibrium
in which firms would charge asymmetric prices in the first period.

Propositions 2 and 3 demonstrate our main general finding that firms compete in the first
period only for the difference in second-period profits between repeat and switching consumers.
When there are no switching consumers because p is sufficiently small for the niche or semi-niche
equilibrium to apply, and, hence, there are no profits from switchers, firms compete away all the
profit from repeat consumers by setting prices below marginal cost in the first period. However,
when the mass market equilibrium applies in the second period, that is, when p is sufficiently
large, the profits for each consumer group are given in equations (9) and (10), for repeat and
switching consumers, respectively. The relative profits determine whether firms compete for
repeat or for switching consumers in the first period because they cannot use their first-period
price to compete for both groups. If switching consumers are more profitable, first-period prices
will be above marginal cost. First-period prices will be below marginal cost if repeat consumers
are more profitable.

Figure 3 presents a numerical simulation of prices and profits for a set of model parame-
ters that produces a mass market second-period equilibrium whenever there are information
spillovers, that is Vp € (0,1). The parameter values ¢, o, and p have been chosen to generate a
case where firms compete in the first period for repeat consumers at some values of p and for

switching consumers at other values of p. The left hand panel plots second-period profits from

2"We prove Proposition 2 following the same reasoning, that is, by ruling out profitable deviations by the firms,
such as selling only in the second period, and profitable deviations by the consumers, such as purchasing only in
the second period.
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each consumer group. Both groups of consumers are profitable at all values of p, but switchers
are more profitable at lower values of p. The right hand panel plots the first-period price relative
to the marginal cost of zero. For the low values of p where the profits from switching consumers

exceed those from repeat consumers, first-period price exceeds marginal cost.

Figure 3: For lower values of p > 0, we have 7TZRm < 77257” and hence, p;" > ¢, where
i =0 =0.5and c=0. Note that Rj" > S;" still holds.
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We can see that when repeat and switching consumers are equally profitable in the second
period, first-period price is equal to marginal cost. This is because when firms are indifferent
between having a consumer purchase from them or from their rival in the second period, they
compete in the first period only for first-period profits, and this game resembles a one-period
Bertrand game. Whenever repeat consumers are more profitable in the second period, each
firm is willing to sell at a loss in the first period to gain repeat consumers. However, the
loss in the first period is bounded by the difference in profits from repeat versus switching
consumers and is not sufficiently large to offset all the future profit from repeat consumers.
Finally, whenever switching consumers are more profitable in the second period, the firm sets a
price above marginal cost in the first period so that first-period profits offset the relative loss of
repeat consumers in the second period. Therefore in this numerical simulation, at lower values

of pin p € (0,1), firms make positive profits in both the first and second periods.

5 The role of information spillovers

5.1 Switching consumers guarantee firm profits.

We now present our main theorem. The analysis so far illustrates that when p € (0, 1), we can
put an upper bound on each firm’s total discounted profit in the game. The upper bound is
the profit a firm would have made with zero market share in the first period and a competitor

market share of one. Propositions 2 and 3 provide results that, together, show why a firm can
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never do better than this. The propositions demonstrate that firms make zero profit over the
two periods if no consumers switch in the second-period equilibrium. In all equilibria where
firms make profits, the equilibrium first-period price is low enough that the cost of gaining
market share in the first period is equal to the relative profitability of a repeat consumer in
the second period compared to a switching consumer. Theorem 1, set out below, shows that
this intuition applies in general to any symmetric equilibrium in the game for all p € [—1,1],
regardless of the form of equilibrium in the second period.

Let A7 be firm #’s second-period profit from repeat consumers and A_;7%* be firm i’s

second-period profit from switching consumers in any symmetric equilibrium.

Theorem 1. For any p € [—1,1], firm i’s first-period price in any symmetric equilibrium with
any market share \; € [0,1] is given by p* = c — 6(7™ — %) and its profit in the two-stage

pricing game is given by dm°*.

Proof. Since the goods in the new product category are ex-ante homogeneous from the con-
sumers’ perspective, consumers purchase the cheaper product in the first period. Suppose
7 > 7% that is, firm 7 benefits from increasing first-period market share. Then, both firms
compete for first-period market share by lowering the first-period price below c.

If firm ¢ deviates by charging a slightly lower price than p*, it then gains all the rival
firm’s market share A\_; and incurs a cost of A_;(c — p* + €) in the first period, where € > 0.
Since the share A_; of consumers are now firm ¢’s repeat consumers in the second period,
it makes an additional profit from repeat consumers, A_;77*, but forgoes the profit that it
would have made from switching consumers, A\_;7°*, because there would be no consumers to
switch from the rival product in this deviation. In other words, the net benefit in the second
period is given by A_;(7f* — 75%). Since p* = ¢ — §(x* — ), and hence, A_;(c — p* +¢€) =
SA_i (T — 5% £ X_je > SA_;(wf* — 5%), the cost is greater than the discounted benefit. The
deviation is thus not profitable.

If firm ¢ deviates by charging a higher price than p*, it gives up A; market share to the
rival firm. Hence, its first-period profit increases by A;(c — p*), as it avoids this loss. In the
second period, it makes an additional profit from switching consumers, A;7*, but forgoes any
profit from repeat consumers, \;7*. Hence, the net loss in the second period is given by
i (% — 9%, Since p* = ¢ — §(7f* — 79%), we know that the first-period benefit is equal to
the second-period loss. The deviation is thus not profitable.

In fact, the above proof for the case when repeat buyers are more profitable also applies
analogously when switching consumers are more profitable than repeat buyers, that is, when

7% < 75 In this case, firms compete for a smaller first-period market share by increasing the

20



first-period price above ¢ up to a point where the additional profit earned in the first period is
balanced by the additional loss in the second period.

The proof so far applies to any A; € [0, 1] such that A\; + A_; = 1. This means that it is not
profitable for a firm to deviate by selling only in the second period while the rival firm sells in

S* which equals the

both periods (A_; > 0). In such a situation, the firm makes a profit of dx
equilibrium profit. Alternatively, when the rival firm sells only in the second period (A_; = 0),
firm ¢ would make zero profit by deviating to sell only in the second period because then their
products are homogeneous to consumers and Bertrand competition drives down their prices to
the marginal cost. Therefore, selling only in the second period is weakly dominated by selling

in both periods.

To calculate firm 4’s total profit, substituting for p* in the profit function gives:
mF = MN(p* — ¢) + SOt + A_m™) = on5*, (13)

Hence, each firm’s profit in the two-stage pricing game in any symmetric equilibrium is equal
to the discounted second-period profit it would have earned if it had zero market share in the
first period. Q.E.D.

The proof of Theorem 1 therefore relies on the following simple derivations: If firm i deviated
to a lower price, it would capture the rival firm’s share A_;. It then makes an additional profit
from this share of (repeat) consumers but has to give up profit from switching consumers whose
share is exactly A_;. The price p* given in the theorem balances the change in first-period
incremental profit with the change in the discounted second-period incremental profit.

Theorem 1 holds for all p € [—1,1]. That is, even without information spillovers (p = 0),
the finding that firms rely on the presence of switching consumers to make positive profits still
holds. Given that the majority of the existing literature focuses on experience goods pricing
without information spillovers, we contribute to the literature by illustrating the special role

played by switchers.

5.2 Beyond two-period duopoly

Appendix D provides some extensions of the model that help develop intuition for the mecha-
nisms giving rise to Theorem 1. Appendix D.1 considers a setting where the number of firms
exceeds the number of time periods, focusing on an example where there are N > 2 symmetric
firms when the number of periods T' = 2. When N = 3, each firm’s profit drops to zero because,
in the second period, there are two firms competing for switching consumers from the buyers of

the third firm’s product in the first period. Each switching customer is indifferent between the
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two untried products because firms are symmetric, resulting in Bertrand competition between
the two untried products. This implies the equilibrium prices charged to switching consumers
are equal to the marginal cost and the profits from switching consumers are equal to zero. Con-
sistent with Theorem 1, firms’ overall profit is as large as the profits it would make if its only
consumers in the second period were switchers, which, when N = 3 would be equal to zero.
The reason is that firms can only make a profit in the second period from repeat buyers, so
they compete intensely for market share in the first period. This drives their first-period prices
below marginal cost and the overall profit goes to zero. With N higher than three, the prices
are the same as in the N = 3 setting and each firm’s profit is always equal to zero. That is, the
number of competing firms has a strong and discontinuous, negative, impact on firms’ prices
and profits.”®

We further extend the model to consider settings where T' > N. Appendix D.3 shows that
there always exists a symmetric equilibrium in which all firms make positive profits as long as
u is sufficiently large. Note that our two-firm two-period model is a special case of the T' > N
rather than 7" < N setting. The analysis in Appendix D.3 shows that the result that firms make
profits in the mass market equilibrium extends to a general setting. The intuition is as follows:
Consumers can only experience at most one product in each period. When the number of time
periods is at least as large as the number of products, we can always find a parameter range
(for example, sufficiently high p) such that, in period N < T, there is at least one segment of
consumers that has tried N — 1 products. This leaves the untried product with no competitor,
allowing this firm to set a price that will persuade some of this group of consumers to switch,
resulting in a positive profit. Despite the fact that consumers account for future learning when
making purchasing decisions in each period, and those with a sufficiently high value for one
of the products always stick with that product, consumers with lower values switch between
products before settling on one.

In the online appendix, we also show that firms always have positive profits in any equilib-
rium when p < 0, providing the analysis equivalent to Sections 3 and 4. Firms make positive
profits when the niche, semi-niche, or mass market equilibria arise in the second stage when
p < 0 because there are always some consumers who switch in the second period in this setting
and Theorem 1 applies.?’

Further intuition for Theorem 1 can be found in comparisons with the equilibria of games

that relax some of the assumptions made in the set up studied here. For example, imagine a

28 Appendix D.2 further generalizes the result to any T periods and N firms with 2 < T' < N and shows that
firms make zero profit in such a setting.

29 Appendix C shows that firms make positive profits in the game when p = 0 when the mass or semi-niche
equilibrium arises in the second period because these two equilibria feature switching consumers.
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monopoly case where one firm is selling two experience goods with information spillovers from
consumption. In this case, the theorem does not apply. A monopolists’ total profits typically
exceed the profits that it could extract from switching consumers in the second period because
first-period prices need only to be low enough to ensure all consumers purchase.

Another comparison example is the duopoly case of non-experience goods, that is, goods
where consumers know their valuation for all goods perfectly. Typically, in this case, firms make
greater profits than for the experience goods competition case and Theorem 1 does not apply.
The intuition is that when consumers know their valuations, goods are more differentiated,
which softens competition in the first period. Hence, as long as the firms are not too impatient,
such that the first-period profit dominates firms’ profit from the whole game, firms make more
profit over the two periods. This analysis is shown in the online appendix.

Theorem 1 does, however, generalize to other demand structures such as the binary consumer-
type duopoly case, where consumers have either a high or low value for both products that is
unknown prior to trial. In Appendix E, we study the impact of asymmetric willingness to pay in
a setting where the marginal distributions of consumer valuations are different but the means
of willingness to pay are both either sufficiently large, such that a mass market equilibrium
exists in each firm’s market, or sufficiently small, such that a niche market equilibrium exists in
each firm’s market. We show that the main result that firms’ profitability depends on switchers
also extends to this setting. We also generalize Theorem 1 to a uniform pricing setting where
firms cannot price discriminate in the online appendix. We provide conditions under which a
continuum of symmetric equilibria exists and show that the overall equilibrium profit is no less
than the second-period profit a firm could make from switchers if it had zero market share in
the first period. The ability to profit from switchers, from a base of zero market share, reduces

the incentive to compete aggressively in the first period.

5.3 Profits can be increasing in p under some conditions.

Having established that firms competing in a new product category make positive profits in
any equilibrium with second-period switching consumers, we ask how the extent of information
spillovers affects total profits when there are switchers. Recall that p plays two roles in the
model: it measures how substitutable products are ex-post, that is, the degree of correlation
between consumer values for the two products, and it also captures the extent of information
spillovers from consumption of either good. This second role of p serves to decrease the price
elasticity of switching consumers, allowing greater overall profits. This effect can outweigh the

downwards pressure on profits from products being closer substitutes. Proposition 4 shows the
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sufficient conditions for each firm’s profit to be increasing in p, conditions that are more likely

to be satisfied at low levels of p.

Proposition 4. The equilibrium profit of firm i in the two-stage pricing game, (57rism, 15 locally

increasing in p when S; is greater than p and the following condition holds:

1— F(gRS 1— F(0R5)] gsm
RS_ (—7,) (—z)] dSz (14)

SRR R TR | ap

virtual valuation at 95? <0

Inequality (14) requires the virtual valuation at Hlff to be sufficiently large, where this
virtual valuation is the minimum rent a firm can extract from a repeat buyer. In fact, for
profits to increase in p, the price difference R, — S7" must also be sufficiently large. Since our
previous analysis suggests that both the prices to repeat and switching customers converge to
the marginal cost ¢ as p approaches one, the largest difference between these two prices will
occur at lower values of p. In addition, this condition is more likely to hold when dS}"/dp > 0,
which, for the same price convergence reason, will only hold at lower values of p.

A numerical example with ¢ = o = u = 0.5 illustrates the finding in Proposition 4. Com-
parative statics regarding profits, markups, consumer surplus, and social surplus with respect
to p are shown in Figure 4. We focus on the mass market equilibrium when p > 0.

Panel (a) of Figure 4 shows that the profit firms make in the mass market equilibrium,
calculated in equation (10), can be a non-monotonic function of p. With the chosen values of
¢, o, and p, profits are increasing at low values of p > 0 and are maximized at around p = 0.6,
consistent with Proposition 4. While the magnitudes depend on the parameter choices, we note
that firm profits are twice as high when p = 0.6 as when p = 0.2.%°

Theorem 1 tells us that any differential profit earned from repeat consumers over profit from
switching consumers is offset by first-period losses. Therefore, if total profits are increasing over
a range of p, it must be that profits from switching consumers are increasing over that range.
The consequences of the trade off between the two roles played by p are summarized in panel (b)
of the figure, presenting the difference between price to switching consumers and marginal cost

over the price to switching consumers, that is, the Lerner index for this consumer group, S’ST_C.

Because the markup to repeat consumers, which is monotonically decreasing in p, is always
offset by lower first-period prices, it is the non-monotonic markup to switching consumers that

delivers the non-monotonic overall profit function shown in panel (a).

3%In this example, as p — 0, firms make zero profits from switchers because their expected valuation conditional
on a switch is p which equals marginal cost, c.
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Figure 4: An example with p =c =0 = 0.5 and § = 1 of profit (ﬂ'fm), the Lerner index for

. . S —c . . .
switching consumers ( ‘wm— ), consumer surplus, and social surplus as a function of p in a mass
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market equilibrium.
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Panel (c) of Figure 4 shows that the consumer surplus over the two periods is U-shaped.
Social surplus, given in panel (d) of Figure 4 and calculated in equation (11), has an inverse U
shape, similar to firms’ profits. We note that the consumer surplus is the difference between
the social surplus and twice the profits, because there are two firms, and, thus, that the shape
of the profit curve dominates the shape of social surplus curve in this example. The intuition
behind the non-monotonic relationship between p and consumer surplus lies again in p’s dual
role: greater substitutability increases consumer surplus because it intensifies price competition;
but more information spillovers decrease consumer surplus because the demand for the untried
product becomes less elastic. In this example, the effect of the information spillovers dominates
the effect of substitutability for low values of p, whereas the latter dominates for high values of

p. Hence, consumer surplus has a U shape.

5.4 Information spillovers result in duopoly profits in less-valuable new prod-

uct markets.

Another insight from our equilibrium analysis is that the presence of positive information
spillovers, p € (0,1), allows firms to make profits over a larger range of new market values,
i, than when p = 0 (the case presented in Appendix C). The comparative statics with respect
to pu are summarized in Figure 5, which extends Figure 2 to reflect the cutoffs for the two-period
game, and includes the p = 0 case above the p € (0,1) case.

Figure 5 has two parts, and, in each case, p varies along the horizontal axis holding ¢
constant. The top half of the figure considers the case of p = 0, and provides the intervals of
1 that are necessary and sufficient for the existence of each equilibria, showing also the second-
period equilibria for the relevant range. The lower half of the figure does the same for values

of p € (0,1).3! Note that Proposition 2 gives that both niche and semi-niche market equilibria

exist in the interval [¢ — 6 - SS(M), sz'éw] in the p € (0,1) case.

Two aspects of Figure 5 merit particular attention. First, relating to the far left hand side
of both halves of the figure, when p € [¢c — 6 - SS(m),c — - SS(M)], there exist some semi-
niche market equilibria only if p > 0, that is, only in the bottom half of the figure. There is no
equilibrium in which firms enter the market in the first period and where consumers purchase the
goods for this range of p if p = 0. Hence, positive information spillovers ensure an equilibrium
exists where consumers buy the new products for these minor innovations.

Second, we turn to the most valuable minor innovations, those where p € [ur,c). These

innovations are profitable only when there are positive information spillovers. This can be seen

31Simple calculations show that when pu < ¢ (so that u < S due to S > ¢) and p < §(SS™ —

2w5™) f(m)/[1 — F(m)], then pr = <727 This is the case we focus on in Figure 5.
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Figure 5: Equilibrium and innovation: on top is the range of innovation p corresponding to
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different equilibria for p = 0 and below for p > 0 where we focus on the case with up = T,
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by noting that firms earn positive profits only in the mass market equilibrium when p > 0 and

in the niche and semi-niche market equilibrium when p > 0. Comparing the top and bottom

halves of the figure reveals how the mass market equilibrium when p > 0 results in an interval

of innovation values with a smaller lower bound whenever pj, < c.

Figure 6 plots firms’ profit as a function of y when the marginal cost is fixed at ¢ = 0.5.

The solid line is each firm’s profit when p > 0 (in this case p is fixed at 0.5) and the dashed line

is the profit when p = 0. Here, minor innovations with p € [ur, ¢) correspond to p € [0.2,0.5].

When p is sufficiently high, firms strictly prefer p = 0. When u lies below ¢ = 0.5, firms make

positive profits only if p > 0, illustrating that firms strictly prefer p > 0 when the extent of

innovation is sufficiently low.

Figure 6: An example with ¢ =0 = p = 0.5. When p — ¢ < 0, each firm’s profit given
p € (0,1) (solid line) is positive, whereas the profit given p = 0 (dashed line) is zero.
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6 Conclusion

This paper analyzes competition in duopoly new product categories where demand has a novel
feature: consumption is informative about a consumer’s value for other similar goods as well
as for the trialled good. This extends the definition of experience goods in Nelson (1970) to
include within-consumer information spillovers from consumption. Information spills over when
the new products are partial substitutes, that is, when a consumer’s values for the two goods
are correlated.

Our main finding is that in a mass market equilibrium, defined as a new product category
where the value of the new products is sufficiently large that some consumers sample both
products in turn, firms’ total profits equal the discounted flow profits from switching consumers.
Outside the mass market equilibrium, firms make zero profits. Our results show that information
spillovers make it more likely that the new product category is in the mass market equilibrium.
Learning means that some consumers will want to remain in the market rather than return to
their pre-existing alternative, even when their ex-ante expected value for the new products is
relatively low. If consumer values were uncorrelated, each firm would be unable to make positive
duopoly profits in these situations because consumers would not switch to the untried product,
and firms would compete intensely to capture consumers up-front, driving overall profits to zero.
Correlated learning can hence expand the set of markets for new goods with non-degenerate or
non-monopoly structures.

The mechanism behind these results relies on firms’ ability to make profits from repeat buy-
ers and switching consumers. Because firms compete in first-period prices for repeat consumers,
anticipating the presence of profitable switchers from among the competitor’s initial consumers
softens dynamic price competition between the two firms. Price discrimination based on pur-
chasing history, which is increasingly feasible in the new product categories we have in mind,
allows firms to extract positive profits from minor innovations that would generate zero profit
if price discrimination were not allowed. Switching consumers can even be more profitable than
repeat consumers, and the equilibrium first-period price exceeds marginal cost. In these cases,
firms have positive profits in both periods.

Our results also show that consumer surplus can be increasing, and firm profit decreasing, in
the degree of product differentiation between competing new products for some range of model
parameters. This paper, hence, shows that understanding how consumer choices respond to
the information spillovers across new products can be important for welfare analysis of different
market structures.

For practitioners, our findings imply that firms can be profitable even when selling goods
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that appear indistinguishable to inexperienced consumers. In the settings we describe in the
model, each firm can free ride on the fact that initial trial of the rival product creates a group
of relatively price inelastic consumers willing to switch after their initial experience in the new
product category. As a consequence, the competition between firms that actively offer lower
prices to rival firms’ consumers—as in our motivating example of software development tools—
need not actually be as intense as we might think. Anticipated future switching consumers
serve to soften initial price competition and allow all firms to make profits when selling similar

experience goods.
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Appendix

The appendix contains: A. A motivating example; B. Proofs; C. The no information spillovers

case, p = 0; D. N firms and T periods settings; and E, An asymmetric value distribution.

A Software Development Tools, pricing strategies example

Figure A.1 shows two offers available to new customers in screenshots from JetBrain’s website.
The top half of the figure shows the offer of 25% off to customers who can prove they are using
a competing commercial product. The lower half of the figure shows that the firm is offering
50% off to startups who are likely purchasing software development tools for the first time as

an organization.

Figure A.1: Promotional offers to new JetBrains customers, October 2022

Licensing and Purchasing FAQ

Do you offer discounts for switching
from a competitor's product? - ..

Yes! We do offer a competitor discount on our products. You can apply for a competitor
discount by first verifying that you are using a competing commercial product. Based on
your proof, we will grant you a 25% discount on the corresponding JetBrains product on

your first purchase.

Please contact sales for eligibility.

Startup Program

Build Up Your Startup With JetBrains

Solutions for Developers and Teams

Save 50% on all smart development and collaboration tools

Apply now Play video +

Figure A.2 shows pricing terms for the WingPython IDE family, which was created specif-
ically for the Python programming language. This firm also offers lower prices to consumers

switching from competitors (competitor upgrades) and for startups.
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Figure A.2: Promotional offers to new WingWare customers, October 2022

@ wingware

WIN

THE INTELLIGENT DEVELOPMENT ENVIRONMENT

Special Offers

Startups £110- £ 150 Off

Companies less than three years old
may purchase Non-Commercial
licenses. These can later be upgraded
to Commercial Use.

Students and Educators Free

Students and teachers at all levels of
education, including also independent
learning, training programs and coding
schools, are eligible for free Wing Pro

PYTHON
IDE

FOR PYTHON

Competitive Upgrades 25% Off

Owners of competing products may
purchase Wing Pro licenses at a
discount. Just email us proof of
ownership and we will provide you with
a discount code for your purchase.

Open Source Projects Free

Unpaid developers working exclusively
on open source projects are eligible for
free Wing Pro licenses. See details.

About  Download  Support  Pricing  Contact  Q

Recent Graduates 50% Off

Recent graduates may purchase Wing
Pro licenses at a discount. Just email
us your free student license or
statement of recent graduation and we
will provide you with a discount code
for your purchase.

Groups and Conferences Free

Volunteers running Python user
groups and conferences may obtain
free Wing Pro licenses. We also
provide free licenses for use as door

licenses. See details. prizes, or in fund-raiser raffles. Just

email us your request.

© 1999-2022 Wingware Contact | Search | Site Map | Terms

B Proofs

Proof of Proposition 1.
Note that M > m. This is true because (1 —p) € (0,1) and hence, the RHS of equation (6)
lies strictly below the RHS of equation (4).

Step 1. A unique niche market equilibrium where firm i charges M to repeat consumers

c—pM
1—p

exists if and only if p <

In such an equilibrium, the firm charges the monopoly price to repeat consumers. Hence,
there is no profitable deviation in terms of the price to repeat consumers.

For there to be no profitable deviation in prices to switchers, it has to be true that no
firm finds it profitable to charge a price no less than marginal cost to attract consumers of the
competitor charging the monopoly price. Thus, it has to be true that given firm —i charges M
to its repeat consumers, firm ¢ does not find it profitable to charge some S; > ¢ to attract some

of firm —i’s consumers to switch to product ¢. This means that the equilibrium exists if and

c—pM

only if the following condition is satisfied pM + (1 — p)u < ¢, i.e. iff u < Tt

Regarding uniqueness, suppose there exists an alternative niche market equilibrium in which
both firms charge a price P # M. According to the definition of niche market equilibrium, there
are no switching consumers and firms do not face any competition in their own territory in the
second period. This suggests that the optimal second-period price must be M. A contradiction.
Thus, there does not exist an alternative niche market equilibrium and the proposition gives

the unique niche market equilibrium.
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Step 2. A semi-niche market equilibrium where firm i charges R; to repeat consumers and

c—pt

pR: + (1 — p)p to switchers, where RY € [m, ] and v € [m, M|, exists if and only if p < -

The equilibrium is the knife-edge case where the surplus curves of repeat consumers and

switching consumers cross at the horizontal axis. To see why, note that

RS — 5%, RS — [pRS + (1 —
; B [pR; + (1 — p)p]

0 =t l-p 1—p

= RS

and thus, 07% — R? = p0f +(1—p)pu—[pRs+(1—p)u] = 0. This means that 675 = 910 = 950,
To prove that the equilibrium exists for a given R} € [m, (], first suppose firm i deviates to

R; > R, then its profit, given firm —i’s price 5%, = pR; + (1 — p)p, is given by

)\z(RZ—C)/ dF(@) :/\l(RZ—C)/ R.—S5 . dF(Q)
O'LRS ‘u+ Zlfpil

Taking the first-order derivative w.r.t R;, we have:

. RS
M- ror |- T s

— A[l_p<w>} 1_Ri_c f<Ri1_—p/’Rf)

l—p l—p 1_F<Ri1_Ppr>

(15)

Since R; > R;, then HlRS = R"l%pﬁ > R? and thus, we have:

Ri-c J(*5Y) _Rm-c fR) _m-c fm)

L—=p 1_F<Ri1—_pff) T 1-pl1—-FR) " 1-pl—F(m)

L,

where the second inequality is due to R > m. This implies that the first-order derivative in
equation (15) is negative if R; > R and firm ¢ does not find it profitable to deviate to a price
above Rt}.
Suppose instead firm 7 deviates to R; < R}, then the corresponding profit function is given
by
o0

R;
which is maximized at M > Rj. Hence, the first-order derivative w.r.t R; is positive for
R; < R; < M and it is not a profitable deviation.
Firm —i’s profit from switching consumers in this equilibrium is zero, as there is effectively

zero measure of consumers who switch. Firm —¢ does not find it profitable to deviate to a price

greater than c if and only if p0f* + (1 — p)u = pRi + (1 — p)u < ¢, e, p < %. If p < cl__‘;f,
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then p < & p PR holds for any R? € [m, (], hence, firm —i does not wish to deviate. On the other

hand, if a seml—mche market equilibrium exists for each R{ € [m, |, then it must be true that

ch

< because it implies that y < p PR holds for any R} € [m, .

Step 3. A unique equilibrium, which is a mass market equilibrium, exists if and only if

cpm

>

= pm then the mass market equilibrium exists.

We start by proving sufficiency, i.e., if y >
First, we show that R]* > S" > ¢, assuming that the prices given by equations (7) and (8)
are indeed an equilibrium. Since the equilibrium is symmetric, proving R} > S} is equivalent
to proving that R!* > S™. Suppose R" < S™ instead, then it must be true that 9;90 < HZ»RS <

and, thus, that S™ must satisfy the following inequalities:

_ (L= p)[FOf) —F079)] _ (1= p)F(6]) - F(079)] _ (1= p)[1 — F(O)]

o F(0F5) + 5L £(650) F(0f) F(0F)

=R" -

The last inequality is due to 1 — F(87) > £ > F(8F%) — F(67°) because of 679 < 75 < p.

Hence, there is a contradiction. Given that R;® > S™,,

we have 9235 > .
Second, we prove that equations (7) and (8) are indeed an equilibrium strategy, given that

cpm

w> The following first-order derivative of expression (5) with §%% > 9f0 > 950 > — o

w.r.t R; equals zero when replacing R; with equation (7):

R, —c f(0F)

ML= PO 1= s

=0 (16)

To show that equation (7) is the maximum and not a minimum, recall our assumption on the
monotone hazard rate condition and the fact that 67 increases in R; due to equation (1) and
p > 0. Then, the derivative in equation (16) is positive when R; < R!" and negative when
R; > R}". Finally, note that fixing S™, the RHS of equation (7) is a decreasing function of R}",
and the LHS is increasing in R[". Hence, there exists a unique R;" for each 5.

Similarly, the first-order derivative of expression (5) with 75 > 910 > 950 > o0 wor.t S;
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equals zero when replacing S; with equation (8):

Sr—c pf(0%7) + (1= p) (659)
p(L—p)  F(0F) - F(659)

Ai[F(0F5) — F(059)] |1~

1(675) 1(659)
Sm — ¢ PTF(950) +(1- p)l—F(GS.O)
_ Tp(pRSY _ m(pSO _ P i i
= AP = FOZDN L= PR F0%0)
1—F(59)
h(sm) |

In order for S™ given by equation (7) to be the profit maximizer, h(-) has to be an increasing

function. We now show that the function A(-) is an increasing function. Suppose 95? > W,

059 is increasing in S; while 7% is decreasing

in S;, hence, the denominator of h(-) is decreasing in S;; (b) 5 f l(p)() is an increasing function;
F(0B5)—F (659 . . . s
(c) % is decreasing in S}, which can be shown by taking first-order derivative w.r.t

then h(-) is an increasing function because: (a)

S/™. Hence, h(-) is increasing in S;.

Suppose instead 7€ < i, then f/(659) > 0. The first-order derivative w.r.t S; of h(S;) is

‘ RS SO
d];gz) - [F(@Rs)_l F(HS.O)]Q{[Pf (HRS)dgs (1—p)f/(95?)d3§; [F(057) — F(6%7)]
RS SO
~ [pF(OR5) + (1~ )f(659)] [f<935>d35 - 0 }
1 /
= @ FaE T e o) - o)

1 1
+ [pf(05F) + (1 = p) F(659)] [f(eff)l_p + f(eﬁ?)p]} >0

doRS 1 aos9 e . 11 ARS
where gt = — 7 a5 = ,- The above derivative is positive because f'(0X7) < 0, due

to 01 > 1, and f/(6°9) > 0. Thus, again we know that h(-) is an increasing function and S™,

is the unique maximum of expression (5) given each R]".
c— pM

Last, we prove that GZRS R > 0 when p > , that is, the marginal repeat consumer

strictly prefers to stay in the market rather than choosmg the outside option. Suppose instead

0F5 — R™ < 0, then it must be true that R > m. To see why, suppose m > R > 6%, Then
(1—p)[1 = F(m)] L=pL=FO) ,  _ pn

m = f(m) +c< f(GZRS) +c i

where the inequality is due to monotone hazard rate assumption. A contradiction. Thus,
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R > m. Since HZRS — R < 0 implies pGZRS + (1 —p)p < S™,, which in turn implies 0;90 > «9135
according to S™ = p#7C + (1 — p)u, thus S < ¢ due to equation (8).

Now we show that if GZRS—RT <0, then pR"+(1—p)p < c. Suppose the reverse is true, then
pRY*+(1=p)u > ¢ > 8™, which implies [pR} +(1—p)p] = [p07° + (1 —p)u] = p(6f° —67°) > 0
and hence 0% > 059, Thus, we have 6/© > 70 > 9FS. When 675 = 679 we have
pOFS + (1 — p)u — S™ = 0, which then implies /%% — R0 = 95 — R™ = 0, which contradicts
61 < 6RO, When 075 < 950 and hence 655 < 650 < 9RO, then we have p = Tt > 1,
which contradicts p € (0,1). Hence, pR" + (1 — p)u < c. o

In sum, if 7% — R™ < 0 is true, then pR™ + (1 — p)u < ¢ which implies pm + (1 — p)u < c,
ie., u< %. A contradiction. Therefore, it must be true that GIRS — R >0.

c—pm

Now we prove necessity, i.e., if there exists a mass market equilibrium, then p > Tt

Suppose m < R}, then according to 9135 > R}" in the mass market equilibrium, we have

(1—p[1—F(m)] (1-p)[1 - F(6]*)]
m = +c> . +c=R".
f(m) F(6)
A contradiction. Hence, m > RI". Suppose p1 < C;_p;n, then pR" +(1—p)p < pm+(1—p)u < c.

This, and the fact that in the mass market equilibrium with positive correlation 9135 > 9130 >

070 holds, imply that S = p07° + (1 — p)u < pdFC + (1 — p)u = pRM + (1 — p)u < ¢ < S™.

A contradiction. Hence, it must be true that u > %.
Regarding uniqueness, since the solutions to R]" and S/™ given by equations (7) and (8) are

unique, we know that the mass market equilibrium must be the unique mass market equilibrium.

No niche and semi-niche market equilibria exist either due to p > <2 ;”

1=, according to steps 1
and 2 of this proof. Q.E.D.

Proof of Proposition 2.

Recall from Proposition 1 that there are no switchers in either the niche or the semi-niche
market equilibrium.

Suppose firm 7 deviates to a price slightly lower than the pf where k € {n, s} given in the
proposition, then it obtains all the market in the first period, i.e., A; = 1. Its second-period
profit increases by dA_;II* (where I" = 7(M) and II* = 7(R3)), while its first-period profit
decreases by A_;(c — pf) = A\_;0II¥, which is the same as the former profit increment. Hence,
any price lower than pf is not a profitable deviation. Alternatively, suppose firm ¢ deviates to a
price higher than pf, then it loses all market share in the first period. Given the second-period
equilibrium prices, no consumers would switch from the competitor to firm 4, hence, firm i’s

total profit is zero. Thus, raising first-period price above pf is not a profitable deviation.
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Note that the proof here applies to any A; € [0, 1] such that A; +A_; = 1 and that when both
firms sell only in the second period they end up in Bertrand competition with zero profits, which
is no greater than their equilibrium profit of zero. Therefore, there is no profitable deviation
for either firm in terms of first-period price and whether to sell only in the second period.

Regarding the consumers’ choice, we start with the first-period choice given that firms play

the niche market equilibrium in the second period, i.e., given p < %. Consumers’ surplus

c—pM

given that p < fp— is

(M—p?)+5/oo(x—M)dF(m)
= (u—c)+om(M +5/ (x —c)dF (x 5/ M —c)dF(z)
= (,u—c)—i—5/M (z —c)dF(z)

SS(M)

Hence, the above consumer surplus is non-negative if and only if 4 — ¢ > —§ - SS(M). Since
purchasing only in the second period yields a payoff of  — S} < 5= Z,W SPr<e—8<0,no
consumer prefers to do so.

The equilibrium followed by a second-period niche market equilibrium is the unique equilib-
rium because Proposition 1 shows that the niche market equilibrium is unique and there exists
no equilibrium in which firms charge different prices in the first period. Suppose they do. Then,
the firm that charges the higher price finds it profitable to deviate to a price lower than the
competitor’s price.

Next, we turn to the first-period choice of consumers followed by a semi-niche market equi-

librium in the second period. Recall from Proposition 1 in the paper, a continuum of semi-niche

market equilibria exists if and only if o < §=7% with ¢ € [m, M]. There are no switchers in the
semi-niche market equilibrium given that p € (0, 1).

Consumers’ surplus given a specific semi-niche market with prices R; € [m,¢] and S} =

pR + (1 — p)p and p < sz];bf is the following:

=r)+6 [ - R)dFG@)
= (p—c)+6-7m(Rj)+0 OO(:c—c)dF(:z:)—é Oo(Rf—c)dF(x)
R? R?
= (,u—c)—i—(S/Rf (x —c)dF(z).

$S(R;)
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Hence, the above consumers’ surplus is non-negative if and only if p—c > —6-SS(R;). Suppose
a consumer purchased only in the second period, then her surplus is given by pu — 87 = p —
pR: — (1—p)p = p(p— R}) < p(c—m) < 0. Hence, all consumers purchase one of the products
in the first period. Q.E.D.

Proof of Proposition 3.

According to Proposition 1, the second-period equilibrium prices given any \; are invariant
w.r.t. A;. Hence, consumers’ expected surplus from the second period is invariant to their
purchasing decision in the first period. Thus, consumers purchase the good with the lowest
price in the first period.

In the first period, firms compete by choosing a price such that:

Ai(c—p") =6 (A_ymfm — )\,ﬂrfm) . (17)
Suppose the profit from repeat consumers is greater than from switchers, then firms compete
by lowering their prices to the point satisfying equation (17). In this way, the first-period loss
equals the second-period gain. Neither firm prefers to deviate from such an equilibrium. If
firm ¢ deviates to any price higher than p" in the first period, its first-period profit increases by
Ai(c—p") to 0 and its second-period profit decreases by )\miRm — )\iﬂ'ls ™ thus the total change of
its profit is 0 since, according to equation (17), X\j(c—pi") —0 (/\mZRm — )\ﬁrfm) = 0. If, instead,
firm ¢ deviates to a slightly lower price pi* — € where € is arbitrarily small, then its first-period
profit decreases by A_;(c—p*) and its second-period profit increases by /\,mZRm — )\,ﬂrf’”, and
the total change of profit is also zero. Any price even lower than pl* — € is strictly dominated.
Hence, there is no profitable deviation. Suppose instead that firms make a greater profit from
switchers than from repeat consumers, then they would increase their price in the first period
up to a point where equation (17) is satisfied. A similar argument that there is no profitable

deviation follows.

For consumers, their surplus given the equilibrium prices under the condition p > % is:
9 9135
(=) 48| [ @=RMYaF@+ [ [B6-f0) - 57] dF ()
oRS e
[ oo GlRS
= (u—c)+4 / (x — R™)dF (x) + ©Fm —Wism—i—/ [E(0_i|z) — S dF(z)
oRS 950
00 OZ.RS
= (u—c)+9 / (xc)dF(:v)+/ [E(0_i|x) — ] dF(z) =2 - 7™
oFRs 050
L Ssm
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In equilibrium, the above consumers’ surplus must be no less than the maximum of zero and
the consumer surplus from purchasing only in the second period, i.e., §(u — S™). Hence, the
necessary and sufficient condition for the consumer to be willing to follow the equilibrium and

purchase one of the products is given by:
p—c>—6-(SS" -2 me) + max [0,5(p — Si")]

where S5™ = [ (z — ¢) dF(z) + [ 2o [E(0_i|z) — | dF ().

The equilibrium is unique becau;e the mass market equilibrium in the second period is
unique and there exists no equilibrium in which firms charge asymmetric prices in the first
period. Suppose they do and 7Tl-Rm > 7rism. Then, the firm who charges lower price finds it
profitable to deviate to a slightly higher price that is still below the competitor’s price. A

similar reasoning follows when 7rZ~Rm < 7752" Q.E.D.

Proof of Proposition /.

m

Fixing firm —¢ choosing its equilibrium price R™;, we use the envelope theorem to show

the relationship between p and me. Firm i chooses S; to maximize the profit from switching
consumers given the competitor’s equilibrium price R™;, which is a function of p. That is, given
that the competitor chooses its equilibrium price to repeat customers, i.e., R_; = R™ where

(2

R™ is given by equation (7), firm i chooses S; to maximize equation (5).

Applying the envelope theorem, the first-order derivative of the equilibrium profit 7rz-Sm with

respect to p yields:

dmdm dors dos9 orsm dsm
T = (Si—e) | f(0F) - —F(6%) + = :
dp dp dp G gm 0S; Si=sm dp
1y \ ~ ,
dR™,
~t(1—p)+R" —5; p—=S
= (Si—c)- |f(OBS)— ! — f(65) =2
(=) [ F055) FO50)
;=S
Hence, as long as
dR", "
ie.,
dR™, < R™ —S; (18)
dpo = 1-—p
and
Si > i (19)
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Sm
hold when S; = 57", and the equalities do not hold simultaneously, we have dﬂdip > 0.

i

dR™, . . . . . .
We can calculate 4, 0 equation (18) by taking the derivative w.r.t p on both sides of

equation (7), i.e.,

(=p) [1-F (n+ 520

Rmz‘ —
- RM _Ggm
f (u + == )

+c.

This yields

dR™, Sy m _ om
dR™, 1 — F(6%%) 1 —F(eRf)]’ ( .  ap ) (1—=p)+R" = S]

1
dp F057) F(67) (1-p)?
where 91_315 =u+ RZ}_—;‘{” and R™; and S]" are mass market equilibrium prices, which implies

/
RS m RS
[I—F(Gi )} (R’zg—s;n ds? ) 1-F(655)

dR™, G 1—p Tdp ) T T f(6F%)
dp L [oFeEs) !
| 6T
Substituting into condition (18) yields
1— F(0RS)] asm | — F(gRS
( —1 ) dSz < 0}};9 _ ( —1 ) (20)
FO57) | dp f(0%)
%ﬁ Ve

<0 virtual valuation at 655

The right hand side of condition (20) is the virtual valuation at 6% and the virtual valuation

_rersy]’
%,f_s;)} < 0 on the left hand side is

negative because of the normal distribution’s monotonic hazard rate property. Q.E.D.

is increasing due to the normal distribution. The term [

C No information spillovers, p =0

C.1 Second-period equilibria

When p = 0, there is no correlation between consumers’ valuations so consumers who purchased
good ¢ in the first period can make no inference about good —i in the second period. Proposition

C.1 provides the necessary and sufficient conditions for each of the three equilibria in this case.

Proposition C.1. Suppose p = 0 and all consumers have purchased one of the goods. Then,

in the second period there exists a unique equilibrium, which is:

e a niche market equilibrium where R} = M and S}* > c if and only if p < c;
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e a semi-niche market equilibrium where R = M and S; = p if and only if ¢ < p < M ;32

e a mass market equilibrium where R]* = Si"* = ﬁ +c< M if and only if p > M.

Proposition C.1 states that the necessary and sufficient condition for a mass market equilib-
rium to exist is 4 > M, which is consistent with the standard definition of “mass market” in the
literature (Bergemann and Vélimaki, 2006; Ivanov, 2009). We are thus following the literature
in naming the equilibrium as such for the p = 0 case. Note that the new product market is fully
covered in this mass market equilibrium—all consumers buy 7 or —i in the second period.

Prior studies define a “niche market” as existing if and only if © < M. Yet Proposition
C.1 shows that there are two different equilibria for this parameter range. We refer to the
equilibrium with no switchers as the niche market because it has the feature that only those
consumers who have a high valuation for the products remain in the new market.

Firms’ market power among repeat consumers is greater in the semi-niche than in the mass
market equilibrium, and greater still in the niche market equilibrium, because R} < R = R}'.
Firms’ market power among switching consumers has the opposite ordering: it is greatest in the
mass market equilibrium, then the semi-niche, and then absent in the niche market equilibrium.
This is because S;" > S; and the niche market equilibrium has no switchers.

We provide here a sketch of the proof for the mass market equilibrium. According to
the earlier discussion, the mass market equilibrium with p = 0, given in Proposition C.1, is
characterized by restricting HZRS > GlRO and 05? = —oo in the second-period profit, equation

(5).33 First order conditions of equation (5) w.r.t R; and S;, respectively, yield

o 1— F(bFS) m_ PO
By the definition of %% given in equation (1), we have
_ 9p(9RS

PSR TR

In fact, the only 6% that satisfies equation (22) is 679 = u, as the LHS of equation (22)

increases in 0% and the RHS of equation (22) decreases in 8/%°. Replacing 6/*° and %% with

w in equation (21) gives R = S/ = Qf%u) + e

32 Note that when u = ¢, the semi-niche and the niche market equilibrium coincide.

33The semi-niche market is characterized by construction.

34Observing that the willingness to pay of all switching consumers in the mass market equilibrium is equal to
1, which is greater than M, shows that it is the competition between the two firms that leads to optimal prices
to repeat and switching consumers being equal to each other at a level below M.

40



The online appendix derives the own- and cross-price elasticities for each of the three equi-

libria. In the mass market case, the own-price elasticities for repeat and switching consumers,

. DE R™ D? sm m m ,
3 —_— 3 K3 — 1 —_—
respectively, are ER;n = —Rr and ES;" = —gm=e Because R = S, the firm’s market
. : Rm— . cep
power in each segment is shown by the markup kmc. In the niche market equilibrium, the
3
own-price elasticity for repeat consumers is ER? = —37— and there are no switching con-

sumers in equilibrium. The markup for repeat consumers is, hence, MAZ €. Because R]" < M,
the market power of each firm in the niche market equilibrium exceeds the market power in the
mass market equilibrium.

Figure C.3 illustrates the three equilibria for the p = 0 case. Panel a is the niche market
equilibrium, panel b is the semi-niche market equilibrium, and panel c¢ is the mass market
equilibrium. The horizontal line in each figure is the expected value of switching to —i in the
second period, (pu—S* ;), where k = n, s, m in the niche, semi-niche, and mass market equilibria,

respectively.
Figure C.3: Second-period equilibria in p = 0 case; consumer valuations after learning 6;.

(a) Niche market equilibrium,  (b) Semi-niche equilibrium,  (¢) Mass market equilibrium,
where R} = M. where R} = M, 5%, = p. where
Ry = S™ =1/ [2£() + c.

(2

L 9, — R® L

1,

0; — R

. 0; — Ry

‘ LM _‘Sii ! ! —Sm
0; bRS — 9RO — N 0; | 1

/ =S, L

Corollary C.1 describes firm profits in each second-period equilibrium.

Corollary C.1. Suppose p = 0 and all consumers have purchased one of the goods. In the

second period,

e firm i’s profit in the niche market equilibrium consists of \iw(M) from repeat consumers

and zero profit from switching consumers (of which there are none).

e firm i’s profit in the semi-niche market equilibrium consists of \iw(M) from repeat con-

sumers and A_;(p — ¢)F (M) from switching consumers;
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e firm i’s profit in the mass market equilibrium consists of % from repeat customers and

A o
rom S’LUltChZTL consumers.
4f(u) f g

In fact, the p = 0 setting is a special case of p < 0, which we analyze in the online appendix.
All equilibrium choices in the former can be obtained by setting p = 0 in the equilibrium choices

in the latter.

C.2 Sub-game perfect equilibrium of the two-stage pricing game

The niche market equilibrium applies for all new product markets that are minor innovations,
i.e., whenever u < ¢, according to Proposition C.1. In these markets, first-period prices are

such that firms make no profits.

Proposition C.2 (Zero profit equilibrium). Suppose p —c < 0 and p = 0. If and only if
wel[e—9-SS(M),c), there exists an equilibrium in which firm i € {A, B} makes zero profit by
charging p}} = ¢ — ow(M) in the first period and charging R} = M, S}* > c in the second-period

niche market equilibrium given by Proposition C.1.

When (p — ¢) is sufficiently low, none of the consumers find it worthwhile to switch even
though each firm charges the monopoly price to its repeat purchasers. Firms therefore compete
intensely in the first period for market share. They discount the first-period price below marginal
cost to the point where they make a loss in the first period that exactly offsets second-period
profits and make zero profits overall.’> The lower bound of innovation value —¢ - SS(M)
guarantees that consumer surplus C'S,>( is non-negative. Note also that since buying only in
the second period yields a consumer surplus of p — S7' < 0—assuming firms treat any new
consumers as switchers regardless of whether they switch from the old technology or the rival
good—all consumers purchase in the first period.

In contrast, firms make positive profits whenever the second-period equilibrium is either the
mass market or the semi-niche market equilibria. According to Proposition C.1, one of these
equilibria apply when the new product market is sufficiently valuable, that is, it represents a
major innovation, with u > ¢. We characterize the relevant first-period equilibrium and provide

necessary and sufficient conditions for its existence in Proposition C.3.

Proposition C.3 (Positive profit equilibria). When p—c¢ > 0 and p = 0:

35In such an equilibrium, consumers obtain all the social surplus. This is precisely why the existence of the
equilibrium requires p > ¢ — ¢ - SS(M). The condition is equivalent to (u—c)+ - SS(M) > 0, in which the first
term on the LHS is the social surplus from the first period and the second term is discounted social surplus from
the second period. Since firms make zero profit in the equilibrium, according to the proposition, consumer surplus
equals total social surplus, i.e., the LHS of the condition. The condition thus guarantees consumer surplus is
non-negative, which is necessary for the equilibrium to exist.
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e if and only if p > M, there exists an equilibrium in which firm i € {A, B} makes a profit
of %(u) > 0 by charging p;* = c in the first period and charging R]* = ST = Tbt) +cin

the second-period mass market equilibrium given by Proposition C.1;

e if and only if ¢ < p < M, there exists an equilibrium in which firm i € {A, B} makes
a profit of 6(p — ¢)F(M) > 0 by charging p; = ¢ — §[n(M) — (1 — ¢)F(M)] in the first
period and charging R = M, S; = 1 in the second-period semi-niche market equilibrium

giwen by Proposition C.1.

In both these cases, the intensity of first-period price competition is determined by the
relative profits from selling to switching and repeat customers in the second period. When the
equilibrium features the semi-niche equilibrium in the second period, according to Corollary C.1,
firms earn greater profits from repeat customers, and therefore set a first-period price that is
lower than the marginal cost ¢ but not low enough to offset their total future profits. When the
equilibrium features the mass market equilibrium in the second period, firms make exactly the
same profit from repeat and switching consumers in the second period, as shown in Corollary
C.1. Neither firm is willing to discount the price below marginal cost in the first period to
attract customers to earn profit in the future. The first-period resembles Bertrand competition
and firms set a first-period price that equals the marginal cost c.

Consumers are willing to purchase one of the products in the first period and potentially
the second period rather than only purchase in the second period. The former behavior yields
the consumers a surplus no less than y — ¢, whereas the latter yields ¢ (u — % — c), which
is strictly less than p — c.

In the equilibria characterized in Proposition C.2 and Proposition C.3, firms charge the
same prices in both periods and consumers are indifferent in the first period. Since neither first-
period nor second-period equilibrium prices depend on first-period market share, any market
shares satisfying A; + A_; = 1 can hold in equilibrium. It is, however, never an equilibrium
for both firms to sell only in the second period because then they face Bertrand competition
since uninformed consumers are homogeneous. See details in the proofs of Proposition C.2 and

Proposition C.3.

C.3 Proofs for the no information spillovers setting

Proof of Proposition C.1.

We consider each equilibrium in turn:
Step 1: Niche market equilibrium
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In the niche market equilibrium, there are no switching consumers. FEach firm finds it
optimal to charge the monopoly price M to its repeat consumers. Suppose firm —i charges a
price S_; > cto the consumers of firm ¢. Then, the type 8; = M has a surplus of u—S5_; < p—cif
she switches to —i. Then, a sufficient condition for the existence of the niche market equilibrium
is that u < ¢, as type 6; = M and all types with higher valuations must find it unprofitable to
switch. Firm —¢ makes zero profit from i’s market in such an equilibrium, and deviating to any
price below ¢ is not profitable.

Now we turn to necessity. Suppose the niche market equilibrium exists, then the consumer
with ; = M must find it unprofitable to switch to good —i, i.e., u —S5_; < 60; — M = 0 for any
S_; > ¢, which implies that u < c.

Regarding uniqueness, note that in the niche market equilibrium firms do not face any
competition in their own territory. Hence, each firm behaves as a monopoly. Therefore, there
does not exist any other niche market equilibrium given that g < ¢. No mass or semi-niche

market equilibria exist either when u < ¢, according to steps 2 and 3 of this proof.

Step 2: Semi-niche market equilibrium

Firm ¢ makes monopoly profit in its own market and firm —i makes a profit of (u— ¢)F (M)
in firm 4’s market. Since firm —i charges price p, any consumers of firm ¢ have a surplus of
zero—equal to the value of the outside option—should they switch to firm —:. Hence, charging
the monopoly price M must be optimal for firm ¢ because its consumers are in effect choosing
between purchasing from i or the outside option.

According to the sufficient condition p > ¢, firm —i makes non-negative profits. Firm —i
cannot make greater profits from increasing the price because then no consumers from firm
would switch. Suppose firm —i decreases the price to S < u, then its profit from consumers

from firm ¢ is given by

pt+M—-S
/ (S — )dF(x) = (S — ) F (u+ M — S).

— 00

By the first-order derivative w.r.t S:

flp+M-S)
F M—S5)—(S— M-S)=F M-S 1-(S—c¢)—F—"—=
we can find the optimal deviation price S* given by
S* = +c. 23
f(p+M—5%) (23)
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The monotone hazard rate property of the normal distribution guarantees that the above solu-

tion is indeed the profit maximizer. Suppose S* < u, then

FO) 1
F) 7 2f(p)

+c2>p,

where the second and last inequalities are due to the sufficient condition M > p. This con-
tradicts S* < p. Thus, any deviation S < p must be not more profitable for firm —i than
charging S7 = p. Alternatively, any deviation S > p will not attract any switchers and hence,
is dominated by charging p.

Now we turn to necessity. Given that the semi-niche equilibrium exists, it must be true that
1 > ¢ as otherwise firm —i prefers to deviate to a higher price to avoid a loss. To prove that
u < M is also a necessary condition, suppose u > M. The fact that S; = p in equilibrium
implies that S* > p, where S* is given by equation (23). Otherwise, firm i would prefer a price
lower than y. But then S* > p implies that

« . F(M)

<——=4c<

1
— f(M) 2f (1)

+c < pu,

which is a contradiction. Thus, S* < p when g > M, which implies that charging p is not
optimal for firm —i. This then contradicts the existence of the equilibrium.

Now we turn to uniqueness. Suppose there exists an alternative semi-niche market equilib-
rium where firm i charges P*" # M. Since both switching to firm —i and choosing the outside
option yield zero to consumers, firm 4’s price decision replicates that of a monopoly. Hence, it
must hold that P5" = M. Neither does there exist any mass or niche market equilibrium when

c < pu < M, according to steps 1 and 3 of this proof.

Step 3: Mass market equilibrium
For the mass market equilibrium, firm 4’s profit function is given by:

RS
Chids

(Ri - C) Y /0+OO dF(&Z) + (SZ - C) . /\—i/ dF(Q_Z)

s o0
Hence, the prices in the second period must satisfy the following by the first-order approach:

(G
+c¢ and S{”—M%—c. (24)

m 1- F(ezRS)
i = (R

L FeRd)

Note that there must exist unique solutions of R}"* and S} because the RHS of the two equations

in (24) are decreasing in R]" and S;", respectively.
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We can find the cutoff types for any A;:

1 —2F (079
RS _ —
O TS R SRS sy
hence,
1 —2F(0F5
07 = 713(52 ) (25)
f(0;)
_ S
Suppose 9135 < u, then %ﬁ:) > 0 and hence the RHS of equation (25) must be greater
i _ RS
than g, which is a contradiction. Suppose GZRS > u, then %ﬁg)) < 0 and hence the RHS

of equation (25) must be less than p. This means that it must be true that 6% = 1, where

i € {A, B}. Plugging #%% = 1 back into the two equations for R and S

"', respectively, we

obtain the mass market equilibrium prices.
The above analysis is valid if and only if the prices indeed form a mass market equilibrium,
ie., 0F% — RM = — sA—~ —¢ > 0 is true. Hence, the necessary and sufficient condition for the

2f(w)
existence of the above mass market equilibrium is

1
u—m—c>0.

Given that the function x — [1 — F(z)]/f(x) — ¢ is monotonically increasing and that M — [1 —
F(M)]/f(M) — ¢ =0 holds, we have y > M.

Since the solutions to R[" and S]" are unique, and according to the first two parts of the
proposition, there do not exist any niche or semi-niche market equilibria when p > M, the mass

market equilibrium is the unique equilibrium. Q.E.D.

Proof of Proposition C.2.

According to Proposition C.1, each firm makes monopoly profit from their repeat consumers
but no profit from switching consumers as no one switches in the second period if and only if
< c¢. This suggests firms would compete for first-period market share by lowering the first-
period price until the gain in the second period from additional market share balances the loss

from capturing firm —i’s market share in the first period, i.e.,
)\_i(c — p?) = (5)\_1‘7['M .
—_——— ——
loss gain

Neither firm prefers to deviate from such an equilibrium. If firm ¢ deviates to any price

higher than p}" in the first period, its first-period profit increases by \;(c — p}') to zero and
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its second-period profit decreases by A\;w(M), thus the total change of its profit is zero since
Ai(e—pl")— o \m(M) = 0. If, instead, firm ¢ deviates to a lower price p' —e where € is arbitrarily
small in the first period, then its first-period profit decreases by A_;(c—p}') and its second-period
profit increases by A_;m (M), and the total change of profit is also 0. Any price even lower than
pit — € is strictly dominated. Hence, there is no profitable deviation for firms.

Note that the above proof applies to any A; € [0,1]. This implies that when firm i sells
only in the second period while firm —¢ sells in both periods such that \; = 0, both firms’
profit stays unchanged. When firm ¢ sells only in the second period given that firm —i does
the same, demand is zero because no consumer would purchase as u — ¢ < 0. Hence, they also
make zero profit. This means that there exists a variety of zero-profit equilibria in which either
Ai + A—; = 1 when max(\;, A_;) > 0 or max(\;, \_;) = 0.

Consumers’ surplus is given by

(0= )+ 50 +5 [ o= M) dF ()
— (M—C)—|—57I’( —1-5/ :L‘—C dF (5/ M —c dF()
_ (u—c)—l—(s/M (x — ) dF (2).

Hence, the consumer surplus is only non-negative if and only if the total discounted social
surplus over the two periods is non-negative. Since purchasing only in the second period yields

a payoff of p — S < ¢ — S} <0, all consumers wish to buy in the first period. Q.E.D.

Proof of Proposition C.3.

Note that according to Proposition C.1, all the second-period equilibrium prices are invariant
to A;. Hence, consumers’ expected surplus from the second period is invariant to their purchasing
decision in the first period, which implies that they would purchase the good with the lower
price in the first period.

We now prove the proposition in two steps.

Step 1. The equilibrium in the second-period sub-game is the mass market equilibrium

In the mass market, each firm makes exactly the same profit from the repeat and the
switching customers and thus, its second-period profit does not vary with the first-period market
share. Hence, firms compete in the first period as in Bertrand competition by lowering their

first-period prices to the marginal cost.
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Consumers’ discounted surplus over the two periods is given by

00 Gfs
(L—c)+06 /gRS (x — R")dF(x) —I—/_ [E(0_;|z) — ST dF(z)| > 0.
>0

Consumers must have non-negative surplus in the second period since they are free to leave the
market otherwise, hence the terms in the brackets must be non-negative. The above consumer
surplus is positive since 4 > M > c¢. It is also easy to verify that the above consumer surplus
is no less than the surplus from purchasing only in the second period, given by é(u — S/*) =
) (,u, — Tbt) — c). Thus, consumers are willing to purchase one of the products in the first
period.

Firms do not wish to sell only in the second period for the following reasons. Given that
firm —¢ sells in both periods, selling only in the second period yields firm i the same profit as
given in the Proposition. If firm —i were selling only in the second period, firm ¢ would not
find it profitable to sell only in the second period because Bertrand competition would follow
and both firms would make zero profit. Therefore, selling only in the second period is weakly

dominated for each firm.

Step 2. The equilibrium in the second-period sub-game is the semi-niche market equilibrium

Suppose (M) = (M —¢)[l — F(M)] > (u—¢)F (M), then firms compete for higher market
share in the first period by lowering price. Then, through a procedure similar to Step 1 we can
prove that the first-period equilibrium price must satisfy pf = ¢ — 4§ [7(M) — (1 — ¢)F(M)].

For consumers, their surplus is given by
(5= 0)+ 3 [ ~ (= PO 43 [ (o= M)dF(@) >0,
M

which is positive since p > ¢, 7(M) > (u — ¢)F(M), and [,; (x — M)dF(z) > 0. Since
purchasing only in the second period also yields §(u — p) = 0, the fact that the above consumer
surplus is positive implies that no consumer wishes to purchase only in the first period. Hence,
all consumers are purchase one of the products in the first period.

Suppose instead, (M) < (u — ¢)F(M), ie.,, (M —¢)[l — F(M)] < (u — ¢)F(M), then
firms may prefer less market share in the first period as they make greater profit from poaching
customers from the competitor. Then, they would increase price in the first period up to a
point

N(pf — ) = 6Xi [(u — F (M) — (M),
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where the LHS is the profit of firm ¢ by obtaining a market share in the first period and
the RHS is the opportunity cost of getting A; of first-period market share. Suppose firm 4
deviates to an even higher price, then it loses the profit A\;(p; — ¢) in the first period and gains
0N [(u — ¢)F(M) — w(M)] in the second period. The loss and the gain balance each other, which
implies that the deviation is not profitable. Alternatively, suppose firm i deviates to a slightly
lower price, then it obtains an additional profit of A_;(p{ — ¢) in the first period and loses the
profit of dA_; [(u — ¢)F(M) — w(M)] in the second period. Again, the two balance each other
and the deviation is not profitable. Any price lower than p{ — €, where € is sufficiently small,
is dominated. Hence, the firm charges exactly the same first-period price as when 7(M) >
(11— ) F(M).

Note that, as in the proof of Proposition C.2, firms’ equilibrium profit is a constant for any
Ai € [0, 1] such that A; +A_; = 1. Furthermore, firms end up in Bertrand competition and make
zero profit if both of them sell only in the second period. Therefore, selling only in the second
period is weakly dominated.

For consumers, the surplus is given by

(1= &) = 8((u — OF (M) — (M) +5 /°°<m—M>dF<:c>
= (=)= d((p— ) F (M) — +5/ (z — ¢) dF(z 5/ M — ¢)dF(z)
— (=)= (- )F(M +5/ (z — ¢) dF ()

= (u—c)[l =6F (M —|—5/ (x —c)dF(z) >

The above consumer surplus is positive because ¢ > ¢ and M > c¢. This implies that no
consumer wishes to purchase only in the second period. Hence, consumers purchase one of the

products in the first period. Q.E.D.

D N firms

In this appendix, we first generalize our two-firm setting to an N-firms setting. Then, we further
generalize the model to a 2 < T < N setting. It will become clear that when the number of
firms is strictly greater than the number of periods, each firm’s overall profit is driven down to
zero by competition. Finally, we show that firms always make a positive profit when the number
of periods is no less than the number of firms, that is, when 7" > N. In all the extensions, we
continue assuming that the marginal distributions of consumers’ valuations of the goods are

symmetric, and the correlation coefficient between the valuations of any two goods is given by
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the same p € [0,1].

D.1 N-firms, two-period model

Since all of the untried products are valued equally by a consumer after trial of one product,
sellers of the untried products must compete in Bertrand competition and set their prices to
switchers equal to the marginal cost. That is, S; = ¢ for all i € N. Despite the fact that
consumers with the same first-period trial are heterogeneous due to their varying valuations for
the sampled good, each of them strictly prefers the cheapest untried product should they choose
to switch. This intensifies competition between the untried products and drives firms’ profits
from switchers down to zero. That is, 7TZS =0 for ¢ € N. In line with Theorem 1, because firms
make zero profits from switchers, they compete in the first period for market share. Therefore,
the first-period competition drives down all firms’ overall profit to zero.

The above discussion implies that firm 4’s second-period profit in the N-firm setting equals

the profit from repeat customers:

(Rz - C) . )\i /Jroo dF(QZ) . (26)

max(9/*% ,0F0)

~
profit from repeat customers

Since S; = ¢, we have

R —
P (27)

We can then obtain the second-period price to repeat customers by taking the first-order

derivative with respect to R;. In a mass market equilibrium, we have

R )

i = +c. (28)
m_c
f <u + 95 )
Recall that in the N = 2 setting we have
A=)
R" = R g +c (29)
f <u+ = )

and that S" > c holds. Hence, it must be true that ﬁf" < R}" because the right hand side of
equation (29) is increasing in S]". This implies that both the prices to repeat and switching

customers are lower in the N = 3 than in the N = 2 setting. When N increases from three,
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these prices hold constant.
Now we turn to the first period. Denote by \;w** firm i’s second-period profit from repeat
consumers. Theorem D.1 shows that as the number of products increases from two to three,

there is a sudden drop of profit, following the discussion at the beginning of this section.

Theorem D.1. For any p € [—1,1] and N > 2, firm i’s first-period price in any symmetric

7TR*

equilibrium with any market share A\; € [0,1] is given by p* = c— 6 and its profit in the

two-stage pricing game s zero.

Proof. Since the products are still ex-ante homogeneous from the consumers’ perspective, con-
sumers purchase the lowest-priced product in the first period. Firm ¢ benefits from increasing
first-period market share because it can only make a profit from repeat customers in the second
period. Then, all firms compete for first-period market share by lowering the first-period price
below ¢ until the overall profit equals zero. This part of the proof follows from the proof of
Theorem 1 by letting 75* = 0. In addition, there is no firm that wishes to deviate to sell only
in the second period because there are always N — 2 > 1 competitors for every switcher and

such competition drives the profit down to zero. Q.E.D.

Theorem D.1 illustrates that whenever there are more than two firms, and only two periods,
all firms’ profits are driven down to zero. The intuition behind this result is the same as in
the two-firm case: In two-period price competition, the profit of each firm only depends on the
profit from switching customers. Thus, firms make zero profit if the profit from switchers is
zero, as in the current N > 2 setting, or if there is no consumer switching in equilibrium, as in
the niche and semi-niche market equilibrium in the N = 2 setting.

When N increases from two to three, the second-period price to repeat consumers decreases
from R} to f]’,;” and the price to switchers drops from S;" to the marginal cost c¢. The difference
in the first-period price between the N = 2 and N = 3 settings is ambiguous and depends on
the relative magnitude of profits from repeat consumers in the two settings as well as the profit

from switching consumers in the former setting.

D.2 N-firms 7T-periods model with T' < N

The previous subsection has illustrated that with more than two firms, each firm’s profit in the
two-period game is always zero. We now extend this result to a multiple period model with the
restriction that the number of firms is strictly greater than the number of periods. To do so,
we consider a T' = 3, N = 4 model to illustrate the main trade-off that firms face in choosing

their prices.
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Denote by 75 the third-period profit of firm i € N = {1,2,3,4} from the segment of
consumers that has experienced product k& € {1,2,3,4} in the first period and product [ €
{0,1,2,3,4} in the second period. Note that [ = 0 refers to the segment of consumers that
chooses the outside option in the second period. Denote by ﬁf the second-period profit of firm

i from the segment of consumers who experienced product k € {1,2,3,4}.

Lemma D.1. The third-period profits from all segments of consumers are non-negative in any

equilibrium.

Proof. Suppose Wfl < 0 for some k, I, and 7. Then, firm ¢ has a profitable deviation to not sell

in the third period. Q.E.D.
Lemma D.2. If k,1 # i, then the third-period profit satisfies ﬂ'fl =0 in any equilibrium.

Proof. The segment of consumers with k,[ # i has never experienced product i and, hence, firm
1 has to compete against another firm j with j # k,[. Since this segment finds products i and
j indifferent, firm ¢ and j compete in a Bertrand competition and the equilibrium prices equal
to the marginal cost. Thus, Wfl = 0 when 7 # k,l. Q.E.D.

Lemma D.2 implies that if Wfl > 0, then it must be true that at least one of k and ! equals .
In other words, if a firm can make a profit in the third period, it must be made from segments
of consumers who have experienced its product in previous periods. This feature of third-period

profits shapes the competitive behavior in the second period.

Lemma D.3. In any equilibrium, firm i’s second-period profit satisfies Trf = —(571'? <0ifk#i

and satisfies 7% > 0 if k =i instead.

Proof. Without loss of generality, let us consider firm 1’s second-period profit from customers
switching from firm 2. Firm 1 competes for this segment of customers against firm 3 and 4.
Each consumer weighs 63 — Ry plus an expected utility from learning in the future against
E(61102) — S1, E(03|02) — S3, or E(04]62) — Sa, plus another expected utility from learning,
where R is firm 2’s price to repeat customers, S7,S3, 54 are firm 1,3,4’s prices to customers
who switch from product 2. Note that F(61]|02) = E(03|02) = E(04]02) because the products
are ex-ante homogeneous and that the expected utility from learning in the future must be the
same after purchasing product 1,3, or 4 due to products being ex-ante symmetric. Since firms
1,3, and 4 make a non-negative third-period profit from the segment that purchases product
2 in the first period and their product in the second period, each of them has an incentive to
lower the switching price to attract as many of firm 2’s customers as possible. In equilibrium,

their switching prices must equal to S* = ¢ — é7¥, with i = 1,3,4. To show that S* is indeed

)
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the equilibrium price, suppose firm 1 deviates by charging a higher price while firm 3 and 4
charge S*. Then, firm 1 suffers a loss because it can not attract any of firm 2’s customers and
has to forgo a profit of 72! in the third period. Suppose instead firm i deviates to a slightly
lower price S* — ¢, then it attracts all firm 2’s switching customers and yields a profit of 72!
from this segment in the third period. The sum of its second- and third-period profits is given
by S* — € — c+ 07! = —e < 0. This is worse than sticking to S*, which yields a zero sum of
profits.

The profit 7¢ is firm #’s profit from repeat customers in the second period. The profit is
strictly positive because these customers have sufficiently high 6; and product ¢ is differentiated
from other alternatives. Q.E.D.

Lemma D.2 illustrates that firms charge a lower-than-marginal-cost price to switching cus-
tomers, and the third-period profit from the segment of consumers is competed away due to the
second-period loss. In the second period, firm ¢ competes for customers switching from j with
the other two firms not only to maximize the profit in the second period, but also to induce
customers to experience its product, such that it can make a profit 7T£€i > 0 in the third period.
Our proof of Theorem D.1 illustrates that the former force drives firm ¢’s price to switching
customers down to the marginal cost and the corresponding profit to zero. The latter force
drives the price further down to somewhere below the marginal cost and incurs a loss in the
second period.

Now, we turn to the first period. Denote by A1, A2, A3, Ay the first-period market shares of
the firms, respectively, and note that 2?21 A; = 1. Then, in the first period, firm 1’s overall
profit is given by

4 4 4
/\1(p1—0)+(52)\k71']f+(52 (Alzﬁil—FZ)\k’N’fl) (30)
k=1 =0 k=2

= M(p1—c)+9 [)\17T% + A2 + A3md + )\47rﬂ

+62 M (mi® + it + 7 4w+ )+ Aemdt + Agmit + Aarrt!]
= M(p1— )+ 6 [Mimi — Aodmit — Agomi! — Agomt!]

462 [)\1(%%0 + it i 4wl ) 4+ Aot Al + )\471'111]

= M(p1 —¢)+ N\ [ﬂ'% + 5(77}0 + W%l + 7T%2 + 7T%3 + 77%4)] (31)

I

In deriving the profit function in equation (31), the initial formula for firm 1’s profit utilizes
Lemma D.2, the first equality utilizes Lemma D.3. The II; in equation (31) is the sum of firm

1’s profits after the first period from consumers who experienced product 1 in the first period.
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Then, our logic in proving Theorem 1 indicates that there exists a symmetric equilibrium

in the first period in which firms make zero profit.

Theorem D.2. There exists a symmetric equilibrium in the T = 3, N = 4 setting in which firm
i’s (i =1,2,3,4) first-period price equals p* = ¢ — 6111, where 111 is defined in (31) and satisfies

II; > 0, and its overall profit in the three-period pricing game is zero.

Proof. Since the products are ex-ante homogeneous from the consumers’ perspective, they all
purchase the cheapest product in the first period. Suppose firm i deviates to a higher price,
then it has zero market share in the first period, i.e., Ay = 0. Then, by equation (31) we
know that firm ¢’s profit is still zero. Suppose firm ¢ deviates to a slightly lower price p* — €,
then it will gain the entire market in the first period, i.e., Ay = 1. The resulting profit is
p* — e —c+ 0ll; = —e < 0, which is lower than the equilibrium profit. Q.E.D.

Firms make zero overall profit in the three-period four-firm setting because firms compete
for customers who have not experienced their product in each period in order to secure a profit
in later periods. After experiencing product ¢, consumers consider it differentiated from other
tried or untried products, resulting in a positive profit of firm ¢ in later periods. Thus, firms
have incentives to compete for inexperienced consumers in each period.

In general, firms make zero profit in any 2 < T < N setting. The result relies on the
same intuition as in the T" = 3, N = 4 setting. Firms can only make a positive profit from
two categories of consumer segments: Those who have experienced their products in the first
period, and those who have experience in later periods.

In period T, firm ¢ can only make a positive profit from segments of consumers who have
previously experienced its product. Segments who have never tried product ¢ view it as identical
to the other M (with M > T — 1 > 2) products, and, hence, firm i cannot make a profit from
these segments.

In period T'—1, firm ¢ competes against other firms for consumers who have never experienced
the products from these competing firms, anticipating positive profits from a portion of these
consumers in the next period. Such competition drives down the price to these consumers and
the sum of profits in this and next period is zero.

Regarding those who have tried firm i’s product before, firm 4 is able to set a price such
that some of them purchase product ¢ and make a positive profit. But then, anticipating
such a positive profit, firm ¢ must compete intensely for switchers in a previous period. Such
competition, again, drives down the price and the sum of profits to zero.

The segment of consumers that hasn’t been discussed is loyal customers of firm ¢, who always

purchase from firm ¢ in every period. Since firm ¢ makes a positive profit from this segment
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in every period, it must compete in the first period for a greater market share. Since all firms
are symmetric, such competition drives down the sum of first-period profit and future profits

to zero.

D.3 N-firms T-periods model with T'> N > 2

In this subsection, we show that firms’ equilibrium profit is positive in a mass market equilibrium
whenever the number of periods is at least as large as the number of firms. The T'=2, N = 2

setting in the main text is a special case of the T' > N setting.

Theorem D.3. Suppose T'> N > 2. Then, for some p, there exists a symmetric equilibrium

in which each firm makes a positive overall profit if j > p.

Proof. Suppose in a symmetric equilibrium, there is a period ¢ > 1 in which no firm makes
a sale. Then, firm ¢ can deviate by selling to the segment of consumers who experienced its
product before period ¢t and make a monopoly profit in that segment. Suppose no firm sells
in period t = 1, then all firms’ second-period profit is Z%. Firm ¢ must find it profitable to
deviate to selling in period one. This is because doing so allows firm ¢ to make a profit of p* — ¢
in the first period, which is greater than what it can make in the second period in equilibrium.
In addition, all consumers will experience product ¢ making the product differentiated from
other products. In sum, all firms sell in every period in any symmetric equilibrium.

Now, suppose in a symmetric equilibrium, all firms make zero profit for any u. Then, firm
¢ has the following profitable deviation as long as p is sufficiently large: instead of selling in
each period, firm ¢ can deviate to only sell in period ¢t = N < T. Since the firms are ex-ante
symmetric and the correlation coefficient between any two products is a constant, p, there is a
positive mass of consumers who switch to an untried product in each period if p is sufficiently
large. In period t = N, they have experienced all products except product 7. Some of them will
switch to product ¢ in this period, and firm 7 will make a positive profit. This is a contradiction
to all firms making zero profit in the equilibrium. Q.E.D.

The number of products that a consumer has experienced before the start of period ¢ is
lower than ¢. This means that at period ¢ = N, there are consumers who have experienced
N — 1 products and who will be willing to switch to the only remaining untried product, as
long as the unconditional expectation of valuation p is sufficiently high. Selling the last untried
product to these consumers yields the seller a positive profit because there is no competitor for
this segment of switching customers. This profit is not competed away for future profits because
starting from period t = N + 1, all products are differentiated for this segment of consumers

and they settle on one of them, resulting in a positive profit to the corresponding seller.
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D.4 Consumer experimentation

Consumers experiment in our main model and in the above model extensions. In the two-
firm, two-period model, consumers’ first-period purchase decisions are made to maximize total
discounted expected utility, anticipating learning from the experience in the first period and
adjusting their purchasing decision in the second period. This is reflected in the utility function
given at the beginning of Section 4.

When there are more than two periods, the second-period purchasing decision is no longer
guided by the comparison between 6; — R; and E(0_;|0;) — S;. Each term must be adjusted for
expected gains from learning in the future. Hence, consumers can benefit from experimenting
with the products, i.e., the incentives to switch to an untried product can be stronger when there
are more periods. These adjustments anticipating future learning do not change consumers’
decisions qualitatively. While experimentation affects the range of types of consumers that
choose to repeat or switch and equilibrium prices, a positive mass of consumers purchases
repeatedly and another positive mass switches to other products, as long as the unconditional
expectation of valuation p is sufficiently high.

However, increasing the number of periods does not guarantee that consumers switch more
often because the experimentation incentives are affected by firms’ endogenous choice of prices.
In periods after the second period, firms choose optimal prices given truncated distributions
because a positive mass of consumers has left the new product category and another, positive,
mass of consumers has experienced both goods and are charged a different price. Thus, the
equilibrium prices are different from those in the two-period setting. There is no clear ranking
of the prices in the two settings. Hence, the value of the marginal consumer in each period in
the multiple-period model can be either higher or lower than in the two-period setting. When
the number of periods is relatively low, there exist some consumers who do not experience both
goods because their value for good A is sufficiently large that it is never worthwhile to experiment
with the other good. When the number of periods becomes sufficiently large, potentially all

consumers experiment with both products and settle on the one with the higher value.

E Asymmetric value distribution

While the assumption of a symmetric distribution of willingness to pay in our model is common
in the literature, we discuss the implications of an asymmetric value distribution in this section.
We focus on the case where the marginal distributions of willingness to pay for both products

have either a sufficiently large mean, such that both firms’ second-period markets have the
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mass-market equilibrium, or a sufficiently small mean, such that both have the niche-market
equilibrium.
Consider the former case. The cutoff types of consumers are different from those given in

equations (1) and (3) in the symmetric distribution setting. Since the conditional expectation
o_i
o

01 — R = p—i + p° (0" — jui) — S_i, hence,

7

is now given by E(0_|0;) = pu_; + pZ(6; — p;), we can find the cutoff type 6% by setting

R —S_. P
OFF = i+ T—omt + 21
P, P,

Similarly, by setting pu—; + pZ= (079 — p;) — S—; = 0, we have

o_
04

S_i— (1= pTt )
070 = pZt - + (i — p—i)-

In the second-period profit function (5), we replace the cutoff types with those above and denote
the cumulative distribution function of 6_; by G(-) (and the corresponding probability density
function by g(-)) while continuing to denote the distribution of 6; by F'(-). Since we now focus
on the mass market equilibrium, let us assume that max (679 610) = 955 and 079 > 670 for
i = A, B. Then, we can find the equilibrium prices by taking first-order derivatives w.r.t R; and
Si, respectively. The prices are of the forms given in equations (7) and (8) in the symmetric

setting in the main text:

(1—p%H)[L = F(0])]

B = 7(07) e
. (1-p%H) [G(O%7) — G(659)]
S’i = l—pﬂ + c.
9(929) + ﬁg(eé?)

T4

It then follows that the mass market equilibrium prices continue to be independent of the
first-period market share \; even when the value distributions are asymmetric.

Denote firm 4’s second-period profit from repeat consumers by 7TZ-R and the profit from
switching consumers by Wf . Suppose Wf - Wi > Wg — W% > 0 and consumers’ second-period
surpluses are the same across products. Then, firms compete for greater market share in the
first period, and thus, the first-period price must be ¢ — § (Wg — Wg). This is the case because

firm B would stop reducing price at this point to avoid an overall loss in the game. In such an

equilibrium, firm B makes zero profit while firm A makes a positive profit of
A fe— S(nB—73) — | +6 ()\Aﬂ'ﬁ + )\Bwi) =04 (7‘(‘22 - Wg) +0 (/\Aw;_% + /\Bwi) :
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Note that when the marginal distributions are similar, in that the difference between the means
and between the variances are sufficiently small, the term (7§ — %) is sufficiently close to zero,
whereas the term (\ Awg + A BT(‘i) is sufficiently close to 7rf1, consistent with Theorem 1.

The case of the second-period niche market equilibrium is similar. Since firms make the
monopoly profit in the niche market equilibrium, second-period prices are independent of first-
period market share. Denote firm i’s monopoly profit by 7TZM 36 Suppose W% > 7T]]¥ . Then,

following a similar logic, the first-period price is given by ¢ — 577%4 . Firm B makes zero profit,

whereas firm A’s profit is
(e —om¥ —¢) + oaandl = sxa(xll — 7).

When the difference in the marginal distributions is sufficiently small, this profit is sufficiently

close to zero, consistent with Theorem 1.

36xM ig equivalent to m(M) when the distributions of willingess to pay are symmetric.
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