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Abstract

A monopolist launches a new product to distinct markets. The monopolist does not
know the quality of the product while consumers in each market receive some private
information about the quality. We study how the monopolist may influence consumer
learning by manipulating the launching sequence when both the monopolist and con-
sumers can learn about the quality of the product from previous sales. We derive
conditions under which the monopolist prefers a sequential launch to a simultaneous
launch. The conditions depend on the price of the product and the general reputation
of the product. We derive the optimal number of markets in which the monopolist will
launch the product in each period. The monopolist’s dynamic equilibrium strategy

endogenizes informational herding.
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1 Introduction

This paper studies a monopolist’s dynamic product launching strategy when both the mo-
nopolist and consumers may learn the quality of the product from its previous launching
performances. In this two-sided learning environment, the monopolist can control the in-
formation flow and hence the degree of consumer learning by manipulating the launching
sequence. For example, a movie studio can launch a new movie globally on the same day
or sequentially in different countries. In the global launch, consumers in a country have
to decide whether to see the movie without observing the box offices of the movie in other
countries. By contrast, in the sequential launch, consumers may first observe the box offices
of the movie in countries where the movie has been launched, and then decide whether to

see the movie when it is available.

It is well known in the social learning literature that when consumers can learn from
predecessors’ decisions, an informational cascade arises quickly; that is, the public informa-
tion will swamp the private information and later consumers will imitate their predecessors’
decisions. In this paper we address how a monopolist may influence consumer learning and
hence control the herd by determining how many markets in which to launch the product in
each period. Our paper is distinct from most early literatures in that it allows the monopolist
a more active role in the formation of a herd. In early literatures consumers enter the market

one after another in an exogenous order and leave firms a passive role in the formation of a

herd.

In our model, the monopolist introduces a product with an unknown quality to many
distinct markets. The quality may represent the match between the product’s underlying
characteristics and consumers’ tastes. The monopolist does not know consumers’ tastes
whereas consumers do not know the product’s underlying characteristics. When the product
is launched in a market, consumers in this market receive a private signal about the quality.

This signal may be generated by the local advertising campaign or by the reports from



local media. When consumers’ purchase decisions are based on their private information,

launching performances in previous markets may influence sales in remaining markets.

We consider the situation in which the monopolist will launch the product in a market at
most once. This setting is suitable to products with a short life cycle such as movies, musicals
and apparel. When the monopolist determines how many markets to launch the product in
the current period, it may face a tradeoff between more informed purchase decisions made
by future consumers and less informed purchase decisions made by current consumers. For
example, suppose Paramount will launch a new movie to 10 countries. It can launch the
movie first in Japan then in 9 other markets. Alternatively, it can launch the movie first in
Japan, US and UK on the same date, then in the remaining 7 markets on a later date. Now,
US and UK’s box offices will generate more information to the remaining consumers. How-
ever, consumers in these two markets are making purchase decisions without observing the

movie’s performance in Japan. How, then, should a firm determine the launching sequence?

We ask the following questions. When does a monopolist prefer a sequential launch to a
simultaneous launch? If the monopolist prefers a sequential launch to a simultaneous launch,

what is its optimal launching sequence?

We show that when the prior belief is extreme, the monopolist will never launch the
product sequentially. When consumers hold extreme beliefs about the product, even if
they receive a signal contradicting their prior beliefs, the signal is not strong enough to
change their purchase decisions. Hence, early buyers’ purchase decisions do not convey
any information, and the monopolist cannot improve its profit from a simultaneous launch
by a sequential launch. Specifically, if consumers hold an extremely pessimistic belief, the
monopolist will not launch the product in any market. If consumers hold an extremely

optimistic belief, the monopolist will launch the product simultaneously in all markets.

When the prior belief is less extreme, the monopolist can influence consumer learning by

manipulating the launching sequence. Its launching strategy depends upon the prior belief



and the price of the product. Consumers will buy the product if and only if the expected
value of the product is higher than the price. When the monopolist determines whether to
reveal information and, if so, how much information to reveal, it needs to assess what kind of
information may be generated by the earlier launches. Intuitively, this depends on whether
the product is more likely to be good or bad. We find that the monopolist will launch the
product sequentially either when it is more likely to be a good product or when it is more

likely to be a bad product but the price is very low.

When the product is more likely to be good, early launches are more likely to reveal
favorable information about the product’s quality and hence convince later consumers to
buy. Allowing some consumer learning is therefore more profitable than suppressing con-
sumer learning all together. This may explain why Sony launched the highly anticipated
PlayStation 2 sequentially across countries, even though a sequential launch may disappoint

consumers and exposes the PlayStation 2 to the rivals’ new generation of game consoles.

Alternatively, when the product is more likely to be bad, early launches are more likely
to reveal bad information about the product’s quality. However, if the product is very cheap,
a little more bad information is not damaging enough to deter later consumers from buying
whereas a little more good information may convince later consumers to buy. Hence, the
monopolist will launch sequentially but will only reveal the minimum amount of information
in the first period, i.e., it will launch the product in one market in the first period. The
monopolist does this because it does not want to risk revealing severe bad information and

trigger a rejection herd.

In the second period, the monopolist will launch the product in all the remaining markets.
A successful launch in the first market will trigger a purchase herd in the remaining markets.
Hence, the monopolist will sell to all consumers in the second period. In contrast, a failed
launch will reduce consumers’ confidence about the good. The monopolist will prevent a

future rejection herd by launching it in all the remaining markets, which suppresses any



further consumer learning.

Our model yields predictions about the launching duration, the amount of information
revealed during the launch and the failure rate of a new product. We find that the launching
duration is longer and the monopolist will reveal more information during the launches when
the product is more likely to be good than when it is more likely to be bad. Finally, the
launching strategy for a more promising product is risker than that of a less promising good

and has a higher chance of triggering a rejection herd during the launches.

The paper is organized as follows. Section 2 discusses the related literature. Section 3
introduces the model. Section 4 illustrates the basic idea with a simple model. Section 5

shows the main results. Section 6 concludes.

2 Related Literature

Bikhchandani, Hirshlerfer and Welch (1992), and Banerjee (1992) are the pioneer work in
social learning literature. They show that herd could be rational and rational herd may
contain very little information. In their models, consumers enter the market one after another
by an exogenous order and make purchase decisions based on what they observe. Hence, the
monopolist is quite passive and cannot influence consumer learning at all. In our model, the
monopolist can influence consumer learning by manipulating the launching sequence of the

new product.

Bose, Orosel, Ottaviani and Vesterlund (2006, 2007) study a monopolist’s pricing strat-
egy when the price affects both the current period profit and the amount of information
transmitted to future consumers. In their model, consumers enter the market one after
another in an exogenous order and the monopolist affects consumer learning by setting dif-
ferent prices. In contrast, we allow the monopolist to influence learning by manipulating

the launching sequence rather than the price. In their model, the main tradeoff is between



the current period rent and the valuable information revealed to future consumers. In our
model, the tradeoff is between the public information generated by earlier markets and the

profit gain (loss) in those earlier markets due to their less informed decisions.

Sgroi (2002) focuses on how a social planner may influence consumer learning by deter-
mining the number of offers to make in the first period. He also discusses how a monopolist
may affect consumer learning. Our paper differs from his work in various ways. First, in
Sgroi the monopolist knows the quality of the product whereas consumers do not know it.
Therefore, it is a one-sided learning problem. In our model, both the monopolist and con-
sumers learn the quality of the product over time and it is therefore a two-sided learning
problem. Second, in Sgroi the monopolist can only choose the number of units to offer in
the first period. After that, consumers enter the market sequentially by an exogenous order.
The monopolist is essentially solving a static problem. Our model is more general in that
the monopolist can determine the number of units to offer in each period and therefore is
solving a dynamic problem. Third, Sgroi studies a special case when the product’s prior
belief is equal to the price and the probability % By contrast, we analyze the monopolist’s

strategy given any prior belief.

Bergemann and Valimaki (1996, 1997, 2000) study various models in which the uncer-
tainty of a product’s quality is resolved over time by consumers’ experimentations. They
focus on firms’ pricing strategies whereas we focus on the monopolist’s launching strategy.
In their model, the number of consumers in each period remains constant. In contrast, in our
model, the number of consumers decreases over time. Lastly, in Bergemann and Valimaki
consumers’ purchases reveal ex post information such as their experience. In our model,

consumers’ purchases reveal their ex ante private information.

Bar-Isaac (2003) studies a dynamic learning model where a seller is privately informed
about the quality of the product whereas buyers learn the quality of the product over time.

In contrast, in our paper buyers are privately informed about the product’s quality and both



the seller and buyers learn the quality of the product over time. Besides, Bar-Issac focuses
on the seller’s trading decision in each period. Once the seller decides to trade, he will sell
to all consumers in that period. In contrast, we focus on the seller’s launching decision in
each period. The seller not only decides whether to trade but also decides how many offers

to make in each period.

3 The Model

A risk-neutral monopolist would like to sell a new product to N markets. These markets
are indexed by ¢ € {1,2,..., N}. Each market has a continuum of risk neutral consumers of
mass 1. We assume that these markets are disjoint so that arbitrage between consumers in

different markets is impossible.

The monopolist considers selling the product to these markets over time, which we take
as discrete. The index t € {1,2,...} denotes the periods in which the monopolist may sell
the good. We say the monopolist launches the good to market 7 in period ¢. The monopolist
may launch the product in a market at most once. This may be due to an entry cost or to
a time constraint. If the product is launched to market ¢, consumers in this market then
decide whether to buy the product. For example, a new movie is usually in theaters of a

locale for a few weeks. Consumers in this locale may see the movie within this period.

The price of the good is fixed at p, which is commonly known. Let n, € {1,2,..., N} be
the number of markets in which the product will be launched in period t. The monopolist
chooses n; in period t. For example, the monopolist may decide to launch the good to
markets 1 to 3 in period 1, and then to markets 4 to N in period 2. Alternatively, the

monopolist may launch the good to one market in each period.

The monopolist’s objective is to maximize the sum of the profits. To simplify the analysis,

we normalize the production cost to zero and assume no discounting. Relaxing the zero



marginal cost will not change our results as long as the marginal cost is smaller than the

price. Our results hold when the discount factor is sufficiently close to one. !

The value of the good v is either low or high, v € {L, H}. Without loss of generality,
we choose L = 0 and H = 1. The value v is unknown to the monopolist and consumers.
The value may represent the match between the good and consumers’ taste. The monopolist
does not know consumers’ tastes, whereas consumers do not know the product’s underlying
characteristics. In period ¢, the public belief of a high value product is \;;, Ay € (0,1). A
consumer buys at most one unit of the good. His utility is v — p if he purchases the good at

price p and 0 otherwise.

When the product is launched to market i, a random signal s; will be generated and
observed by all consumers in this market. This signal remains unknown to other markets.
Conditional on the true value v, signals in different markets are independent and identically
distributed. Let s; € {L, H} be the possible values of the signal, where s; = L indicates a

“bad” signal, while s; = H indicates a “good” signal, respectively:

Prob(s; = H|v = 1) = Prob(s; = L|v = 0) = ¢, Vi,

where ¢ € (0.5,1). That is, when consumers receive signal H, the value of the good is more
likely to be high than when they receive signal L. The parameter ¢ is common knowledge
and usually called the precision of a signal. Note that ¢ does not depend on ¢, so the signals

generated by each market are equally precise.

The sequence of events in period t is as follows. First, the monopolist and consumers
in the remaining markets observe the monopolist’s previous launching decisions including
how many markets in which to launch the product in each period and the identity of those

markets. In addition, they observe the purchase decisions made by consumers in previous

LOur results hold when the discount factor is greater than a threshold. When the discount factor is
smaller than the threshold, the monopolist prefers a simultaneous launch to a sequential launch.



markets. Second, the monopolist decides n;, the number of markets in which to launch the
product in period ¢. Third, if the monopolist launches the product in market 4, consumers
in this market receive a private signal, s;, about the good’s value. Fourth, consumers make

purchase decisions if the product is launched in their market.

A consumer will make a purchase decision at most once and therefore his decision rule is
very simple. When he is offered the opportunity to buy the product, the consumer’s purchase
decision is a function of the public belief in that period and the private signal of the market
in which he is located. The consumer will buy if and only if his posterior belief is greater

than or equal to the price.

The monopolist can observe everything happened in previous periods, but in equilibrium,
bases its strategy only on the public belief and the number of the remaining markets in the
current period. Let n*(\, IV;) denote the monopolist’s equilibrium strategy in period ¢ and
v(A¢, V;) denote the monopolist’s value function. Given consumers’ strategies, n*(\, IVy)

maximizes the monopolist’s expected profits.

We assume that when the monopolist is indifferent between launching the product in
a market in the current period or in the future, it will launch the product in the current
period. This assumption can be justified by a small waiting cost for the monopolist. We
assume that when the monopolist’s profit from launching the product in a market is zero, it

does not enter the market. This assumption can be justified by a small entry cost.

We define some notation here. Given a prior belief A, consumer j’s posterior belief after

receiving a bad signal is

A1 —q)
AM1=q)+ (1 —=N)g

M) =Pr(v=1\s;=1) =
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Figure 1: posterior beliefs
Similarly, the consumer’s posterior belief upon receiving a good signal is

_ g
A+ (=N -g)

M(A) =Pr(v=1|\s; = H) (2)

Figure 1 characterizes a consumer’s posterior beliefs as functions of his prior belief. The
concave curve represents A (\) and the convex curve represents AL(\). Because the value
of the product is v € {0, 1}, the consumer’s willingness to pay after receiving a good signal

is A2 ()\) and his willingness to pay after receiving a bad signal is A\%(\).
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Figure 2: an example with two markets

4 An Example with Two Markets

In this section, we use a simple example with two markets to illustrate when the monopolist
prefers a sequential launch to a simultaneous launch, and, if so, how much it gains by a
sequential launch. The monopolist’s launching strategy critically depends on consumers’

prior expectation of the good’s value and the price.

In the example we drop the subscript t. Let A denote the prior belief. We divide the
discussion into four cases according to the level of the prior belief (see Figure 2). The cases
are ordered by extremely pessimistic consumers (A < \), pessimistic consumers (A < A < p),
optimistic consumers (p < A < A) and extremely optimistic consumers (A < )). The
monopolist will launch the good sequentially, i.e., encourage consumer learning, only when

consumers are optimistic about the good.

To begin, we define two threshold beliefs

. pq
" opg+(1-p)(1—q) ®)

_ p(l—q)
e G g )

>
|

At belief A\, a consumer is indifferent between purchasing and not purchasing the product

upon receiving a good signal; ? at belief A, a consumer is indifferent between purchasing and

2)\ is derived by setting expression (2) to p.
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not purchasing the product upon receiving a bad signal. 3

4.1 No Launches (\ <))

When consumers are extremely pessimistic about the product, the monopolist will never

launch the product.

At the prior belief A\, a consumer is indifferent between purchasing and not purchasing
the product upon receiving a good signal, i.e., A¥()) = p. Since the posterior belief A\# ()\)
increases in the prior belief, when a consumer’s prior belief is below A, he will not buy
the product even if he receives a good signal, i.e., A¥(\) < p (see Figure 1). Hence, the

monopolist’s profit from a simultaneous launch is zero.

In a sequential launch, consumers in the first market will never buy the product. Con-
sumers in the second market therefore cannot infer any information from the first market.
Consequently, the monopolist’s profit from the sequential launch is the same as the simulta-

neous launch.

4.2 Preventing a Rejection Herd(A < A < p)

Pessimistic consumers think the product is overpriced before receiving any additional infor-
mation. When the product is launched in a market, consumers in this market will buy if and
only if they receive a good signal, i.e., A¥(\) < p < A ()) (see Figure 1). The monopolist

will launch the product simultaneously to prevent a rejection herd.

A sequential launch differs from a simultaneous launch in the profit gained in the second
market. This is because in a sequential launch the purchase decisions by consumers in the
first market convey their private information. Hence, consumers in the second market make

purchase decisions based on what they observe from the first market and their own private

3X is derived by setting expression (1) to p.
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signal.

If the second market receives a bad signal, the monopolist’s expected profit in a sequential
launch is the same as in a simultaneous launch. This is because in a sequential launch, at
best, consumers in the second market will observe a successful launch and hence infer a good
signal in the first market. Since both markets’ signals are equally precise, the good signal in
the first market will cancel the bad signal in the second market, and consumers in the second
market again hold their prior belief. * Because consumers think the product is overpriced

ex ante, they will not purchase it.

Alternatively, if the second market receives a good signal, a sequential launch differs
from a simultaneous launch only when the first market receives a bad signal. Specifically,
the monopolist loses ¢(1 — ¢)p from a sequential launch, where ¢(1 — ¢) is the probability
that the first market receives a bad signal and the second market receives a good signal. In
a sequential launch, if consumers in the second market observe a failure in the first market,
they will not buy even if their own signal is good. This is again because the bad news in
the first market cancels the good news in the second market. When consumers think the
product is overpriced ex ante, a little more bad information can easily convince consumers
that the product is not worth buying whereas a little more good information is not strong

enough to convince them to buy.

4.3 Seeking a Purchase Herd (p < A < ))

If consumers are optimistic, they think the product is a bargain before receiving any ad-
ditional information. Again, when the product is launched in a market, consumers in this
market will buy if and only if they receive a good signal (see Figure 1). In this case, the

monopolist will launch the product sequentially to seek a purchase herd.

_ A(-g) _ ML) _
NN = s ATV O) = st e =
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The analysis is similar to the Preventing a Rejection Herd subsection because the purchase
decisions by consumers in the first market also convey their private information. If the second
market’s private information is bad, a sequential launch differs from a simultaneous launch
only when the first market receives a good signal; hence, the monopolist gains ¢(1— ¢)p from
a sequential launch. In a sequential launch, if consumers in the second market observe a
success in the first market, they will buy even if their own signal is bad. This is because the
good signal in the first market cancels the bad signal in the second market and consumers

think the product is a bargain ex ante.

Alternatively, if the second market’s private signal is good, the monopolist’s expected
profit in a sequential launch is the same as in a simultaneous launch. This is because in
a sequential launch, the worst news they may hear from the first market is a failure. This
failure will cancel the good news in the second market and consumers in this market still
think the product is a bargain. When consumers think the product is a bargain ex ante, a
little more bad information is not damaging enough to deter them from buying, whereas a

little more good information can easily convince them to buy.

4.4 Successfully Capturing All Markets (A < \)

When consumers are extremely optimistic, they think the product is worth buying even if
they receive a bad signal, i.e., p < AF()\) (see Figure 1). Hence, if the monopolist launches the
product simultaneously, consumers in both markets will purchase the good. The monopolist’s

profit is 2p.

If the monopolist launches the product sequentially, consumers in the first market will
always purchase the good. Consequently, consumers in the second market will not infer any
information from the first market. The monopolist’s profit from the sequential launch is the
same as the simultaneous launch.

In summary (refer to Figure 2), the monopolist’s launching strategy is not monotone in

14



the prior belief. Specifically, a sequential launch is optimal for the monopolist only when
consumers are optimistic but not extremely optimistic about the product. When consumers
think the product is overpriced, a failure can easily trigger rejections in the remaining mar-
kets. A sequential launch is too risky for the monopolist. In contrast, when consumers think
the product is a bargain, a sequential launch may trigger a purchase in the remaining markets
but will never trigger a rejection. The sequential launch is therefore more profitable than the
simultaneous launch. When consumers are extremely optimistic or extremely pessimistic,
they cannot infer anything from a previous launch, hence the monopolist does not gain by

launching sequentially.

While the two-market example illustrates the tradeoff between sequential and simulta-
neous launches, new issues arise with more than two markets. With three or more markets,
the monopolist may find it optimal to launch in more than one but less than all the markets,
choosing an interior solution to how much information to reveal to future consumers. In

addition, the dynamic features of the monopolist’s strategy are richer with more markets.

5 General Results

Now, we analyze the monopolist’s equilibrium strategy in the general case when there are
N markets, where N > 2. When there are more than two markets, if the monopolist prefers
a sequential launch to a simultaneous launch, it needs to decide how much information to
reveal. We call a product lemon if \; < %, a peach, otherwise. Intuitively, if the product is a
lemon, the monopolist does not want to take the gamble of allowing consumers to learn more
about the product. If the product is a peach, the monopolist would like to allow consumers
to learn more about the product. Therefore, unlike the example with two markets, now the

comparison between the public belief \; and the probability % plays a role in the analysis.

The monopolist’s equilibrium strategy in period ¢ depends on whether the product is

15



believed to be a bargain or overpriced, and whether it is a lemon or peach. We summarize

the monopolist’s equilibrium strategy in period ¢, n*(\;, N;), by Table 1. In the table, k and

m are natural numbers. The monopolist’s choice in period t will determine the distribution

of A\;y1 and hence we can derive n;,; accordingly.

Table 1
Extremely pessimistic | Pessimistic | Optimistic Extremely optimistic
(A < Q) A<h<p) [p<Ah<A) | (A<
Lemon (A, < %) 0 N, 1 N,
Peach (% <XN) |0 2k < N, 2m — 1 < Ny | N,

The above table summarizes what we will show in sections 5.1 and 5.2. Given a pair of

(At, N;), we examine n, in subsection 5.1 and we characterize the monopolist’s equilibrium

strategy in subsection 5.2.

5.1 Preliminary Results

In the model, consumers make purchase decisions at most once.

When the product is

launched in a market, consumers in this market make purchase decisions regardless of the

number of the remaining markets. Hence, in period t, if the public belief is above the thresh-

old X defined in expression (3), consumers will always purchase the product; if the public

belief is below the threshold A defined in expression (4), consumers will not purchase the

product. The analysis is the same as in the example with two markets.

Lemma 1. Given \ and A as defined in (3) and (4), n* (A, Ny) = Ny if Ay > X\; n* (N, A) =0

if A < .

Next, we analyze the monopolist’s strategy when A < A\, < .

16




Lemma 2. Suppose A < \y < min{p, %}, then n*(\y, Ny) = Ny.

To see the intuition, suppose the monopolist launches the product in n, markets, n, < N;.
Let A,, denote the difference between the number of successful launches and the number of
failed launches among the n; markets. Since signals are equally precise, having observed the
purchase decisions made by consumers in period ¢, consumers in the remaining markets will

update the belief according to A,,,.

If A,, > 2, consumers will update the belief above A and accordingly always purchase
the product. If A,, = 1 or A,, = 0, consumers will update their belief to A\ ()\;), with
p < M ()\;) < A, or hold the same belief \;, respectively. As a consequence, consumers will
purchase the product if and only if they receive a good signal. If A,,, < —1, consumers will

update their belief below A and therefore never purchase the product (see Figure 1).

The monopolist needs the successful launches to outnumber the failed launches by at
least two in order to trigger a purchase herd. In contrast, if the failed launches outnumber
the successful launches just by one, the monopolist will trigger a rejection herd. Hence, when
consumers are not biased (A, = %), it is easier for the monopolist to trigger a rejection herd
than a purchase herd. Intuitively, when consumers think the product is a lemon (\; < %),
allowing consumers to learn from each other’s purchase decisions will expose the monopolist
to a big risk of a rejection herd while bringing it a small chance of a purchase herd. Hence,

the monopolist’s optimal strategy is to suppress consumer learning and launch the product

in all markets.

Lemma 3. Suppose maz{, %} < M\ < p and Ny > 2, then n*(\, Ny) is an even number less

than N;.

Given the public belief A;, A\; € (A, p), consumers’ decision rule and the rule of triggering

a purchase (rejection) herd is the same as in the discussion for Lemma 2.

We first give the intuition for why the monopolist will not launch the product in N,

17



markets. Let’s compare the monopolist’s profit from a simultaneous launch to profit from
a sequential launch where the monopolist launches the product in two markets in period ¢

and then in N; — 2 markets in period t 4 1.

In the sequential launch, two successful launches in period t will trigger a purchase herd
in the remaining markets. One successful launch and one failed launch in period ¢ will not
change consumers’ beliefs. Finally, two failed launches will trigger a rejection herd. In the
first case, the monopolist gains profit relative to a simultaneous launch in the N; — 2 markets
due to consumer learning. In the second case, its profits in Ny — 2 markets remain the same
as with a simultaneous launch because in the sequential launch, consumers in those markets
cannot infer anything from previous launches. In the last case, it loses profit relative to a
simultaneous launch in the N, — 2 markets due to consumer learning. When \; > %, the

probability of two successes is greater than two failures in period t.

Now, we explain why the monopolist will not launch the product in an odd number of
markets. The monopolist’s profit from launching the product in an odd number of markets,
2k 41, is lower than in 2k markets. When entering market j in period ¢+ 1 instead of period
t, the monopolist’s profit changes in two ways. First, the monopolist’s expected profit in
market j changes because now consumers in this market will make purchase decisions not
only based on their private signal but also on the sales in previous 2k markets. Second, the
monopolist’s expected profits in the remaining N; — 2k — 1 markets change. This is because

exiting one market in period ¢ will change the probability of herding in the remaining markets.

When A; > %, consumers in market j are more likely to hear good news from the 2k
markets and hence the monopolist’s expected profit in this market increases by delaying the
launch. The monopolist’s expected profit in the remaining N; — 2k — 1 markets increases as
well. This is because moving the market j from period ¢ to t + 1 will never break a purchase
herd in the N; — 2k — 1 markets but may either trigger a purchase herd or break a rejection

herd in these markets.

18



To see this, note that if market j has a good signal, moving it from period ¢ to ¢ 4+ 1
will reduce the sales in period ¢ and hence transmit less convincing news to subsequent
consumers. However, this change is never damaging enough to break a purchase herd. If the
monopolist has triggered a purchase herd by launching the product in the 2k + 1 markets,
the difference Ay must be at least three. Hence, exiting one market will at worst reduce
the difference between the successful launches and failed launches to two, which will still
trigger a purchase herd in period ¢ 4+ 1. The change in launching strategy will reduce the
monopolist’s profit in the remaining N; — 2k — 1 markets only in the marginal case where
the successful launches outnumber failed launches just by one in period t. In this case the

monopolist’s loss in the N; — 2k — 1 markets is v\ ()\;), Ny — 2k — 1) — v(A\y, N; — 2k — 1).

If market 5 has a bad signal, moving it from period ¢ to t+1 will transmit more convincing
news to subsequent consumers. This change will greatly increase the monopolist’s profit in
the remaining N; — 2k — 1 markets in two marginal cases: Aggi1 = 1 and Ag; = —1. In
the first case, reducing one bad signal will trigger a purchase herd in period t + 1; in the
second case, it will break a rejection herd in period ¢ + 1. The gain from entering market j
in period t + 1 instead of period ¢ outweighs the loss and the monopolist will never launch

the product in 2k + 1 markets, with 1 < 2k + 1.

Lastly, we explain why the monopolist will never launch the product in one market in
period t. This is because it can always do better by launching the product in two markets
in period t since this will raise the chance of a purchase herd while reducing the chance of a

rejection herd.

Lemma 4. Suppose p < Xy < min{\, 1}, then n* (A, Ny) = 1.

To understand the intuition behind Lemma 4, we need to characterize consumers’ belief
updating rules when p < A\, < min{)\, %} Suppose the monopolist launches the product
in n; markets, with n, < N;. If A,, > 1, the subsequent consumers will update the belief

above A and they will therefore always purchase the product. If A,, = 0 or A,, = —1,
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the subsequent consumers will not update the belief or update the belief to A*()\;), with
A < M(\) < p. Accordingly, they will purchase the product if and only if they receive a
good signal. If A,,, < —2, the subsequent consumers will update the belief below \; hence,

they will not purchase the product (see Figure 1).

We first give the idea for why allowing the minimum amount of consumer learning, i.e.,
n*(A, Ny) = 1, is more profitable than no learning, i.e., n*(A;, NV;) = N;. In a simultaneous
launch, the monopolist will lose those consumers with a bad signal. In the sequential launch,
if the first launch is successful, the monopolist will capture the remaining N; —1 markets even
if consumers in those markets receive a bad signal. Although consumers think the product is
a lemon, since the price is so low, all the remaining consumers will purchase it after hearing

some good news from the previous market.

Now, we give the intuition for why the monopolist does not want consumers to learn more
about the product. When A < %, allowing consumers to learn more may at best slightly
increase the probability of a purchase herd in period ¢ 4+ 1 but will expose it to a larger risk
of a rejection herd. Suppose, for example, that A = 1/4 and ¢ = 2/3. If the monopolist
launches the product in one market, the probability of triggering a purchase herd is 5/12;
the probability of triggering a purchase herd is zero. If the monopolist launches the product
in two markets, the probability of triggering a purchase herd is 7/36; the probability of

triggering a rejection herd is 13/36.
Lemma 5. Suppose maz{p, %} <X\ < X and N; > 2, then n*(\y, Ny) is an odd number less
than N;.

Given the belief \;, p < A, < A, a consumer’s purchase decision and the rule of triggering
a purchase (rejection) herd is the same as in the discussion for Lemma 4.

First, allowing some consumer learning is more profitable than no learning. The logic
is the same as in the discussion for Lemma 4. Next, the monopolist will never launch the

product in an even number, 2k, of markets. Specifically, it can always do better by launching
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the product in 2k — 1 markets in period ¢. The argument is analogous to that for Lemma 3.

5.2 The Equilibrium Strategy

Combining Lemmas 2 to 5, we can summarize the monopolist’s equilibrium path induced by

the optimal strategy by the following 4 propositions. Propositions 1 to 4 characterize the

monopolist’s equilibrium path when A < %, Le(p N ,%

5 € (A,p) and & < ), respectively.

Each case is summarized by a diagram.

7 (4,N.)=0 7*(A4,N)=N, (A, N,) =1 n*(4,N)=N,
A A A AL
C Y .
0 A [z i 172 1 A

Figure 3: \ < %

Proposition 1. When )\ < %, the monopolist’s equilibrium strateqy is the following:

(see Figure 3)

o n*(\, V) = 0,V\ € (0,))

o n (N, Ny) = Ny, VN € (A, p)

o n*(\, ;) =1, ¥\, € (p, N

o n*(\, Ny) = Ny, Y\ € (5\, 1).

The monopolist’s equilibrium strategy is presented by Figure 3. Let Ay denote the prior
belief and N, denote the total number of markets. When A\ < A, Lemma 1 shows that

the monopolist will not launch the product. In the following propositions, the monopolist’s

strategy is the same as here as long as the belief drops below \.
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If consumers think the product is an overpriced lemon, i.e., A < Ay < p, a little more
bad information conveyed by previous launches may trigger a rejection herd. Hence, the

monopolist will suppress learning by launching the product in all markets in the first period.

If consumers think the product is a cheap lemon, p < Ay < A, the monopolist will allow
the minimum amount of learning. This is because a little more good information from the
previous market will convince consumers to buy. In contrast, a little more bad information is
not damaging enough to deter consumers from buying. To be more specific, the monopolist
will launch the product in one market in period 1. If the first launch is successful, the public
belief is updated above A. Then, the monopolist will launch the product in the remaining
Ny — 1 markets and all consumers will buy. Alternatively, if the first launch fails, the public
belief is updated to a level between A and p. The monopolist again will launch the product in
the remaining Ny — 1 markets. However, consumers in the remaining markets will purchase

the good if and only if they receive a good signal. The game ends after two periods.

If consumers are extremely optimistic about the product, A\ < Ay, by Lemma 1, the
monopolist will launch the product in all the markets and all consumers will buy. The
game ends after the first period. In the following propositions, the monopolist’s equilibrium

strategy when A < Ay is the same as here.

When \ < %, the launching period is fairly short and consumers learn very little from

each other. In addition, the monopolist will never trigger a rejection herd.

n'(4,N)=0 n'(4,N)=N, n'(A,N)=1 1<a°(4,N)<N, n'(A,N)=N,
A A A A A

( Y Y

0 2 p 172

Y
N
N

Figure 4: p < % <A

1

Proposition 2. When p < 5 < A, the monopolist’s equilibrium strateqy is the following:

(see Figure /)
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[ ] n*()\t,Nt) — O,VA S <073>
o n (A, N}) = N, VA € (A, p)
o *(\, N}) =1, VA € (p, })

o n (A, Vi) € {1,3,5,..., No(Ny) }, where N,(Ny) is the largest odd number less than Ny,
VA € (3,0

29

® n*()\t,Nt) = Nt7 \V/At S (X, 1)

As before, if consumers think the product is an overpriced lemon, i.e., A < g < p, the
monopolist will launch the product in all markets, and consumers will buy if and only if they

receive a good signal.

If consumers think the product is a cheap lemon, i.e., p < A\g < %, the monopolist’s
strategy is the same as before. In period 2, it will always launch the product in all the

remaining markets. The game ends after two periods.

If consumers think the product is a cheap peach, i.e., % < Ao < A, the monopolist may
launch the product in more than one market in the first period to encourage more learning.
To be specific, by Lemma 5, the monopolist will launch the product in an odd number of
markets, 2k + 1, where 2k + 1 < N,;. If successful launches outnumber failed launches by
at least one, the consumers’ belief is updated above A (see Figure 1). The monopolist will

launch the product in all the remaining markets, and all consumers will buy.

If failed launches outnumber successful launches by one, consumers’ belief is updated to
a level between A and p. The monopolist again will launch the product in the remaining

markets in period 2, and consumers will buy if and only if they receive a good signal.

If failed launches outnumber successful launches by more than one, consumers become
extremely pessimistic, and the monopolist will not enter any market in period 2. When

consumers believe that the product is a cheap peach, the monopolist may allow more learning.
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However, the product may completely fail in the second market.

n'(A4,N)=0 n"(4,N)=N

t

2<n"(4,,N,)<N, 1<n'(4,N,)<N, n(4,N,)=N,
A A A
~

Y
1 2

0 2 172 Iz

>»\—<

Figure 5: A < % <p

Proposition 3. When A < % < p, the monopolist’s equilibrium strategy is the following:

(see Figure 5)

[ ] n*()\t,Nt) == O,VA S <O,A>

L] n*()\taNt) == Nt; \V//\t € (Au l)

2

o n*(\, Vy) € {2,4,6, ..., No.(Ny)}, where N.(Ny) is the largest even number less than Ny,
VA € (3,0)

o (N, Vy) € {1,3,5,..., No(Ny) }, where No(Ny) is the largest odd number less than Ny,

v)\t € (p7 )\)

[} n*()\t,Nt) = Nt, \V/>\ c (5\7 1)

If consumers believe the product is an overpriced lemon, as before, the monopolist will

launch the product in all markets in period 1.

If consumers think the product is an overpriced peach, i.e., p < Ay < A, the monopolist
will encourage learning by launching the product in an even number of markets in period 1.
If more than half the launches are successful, the public belief is updated above A, and the
monopolist will launch the product in all the remaining markets in period 2. If more than
half the launches are failures, the public belief is updated below A, and the monopolist will

not enter any market in period 2. If half the launches succeed while half the launches fail,
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the monopolist and the remaining consumers do not learn anything from previous launches.
Hence, again, the monopolist will launch the product in an even number of markets which is
not necessarily equal to the previous even number. The monopolist repeats the same pattern

until there are no remaining markets or there is only one market left.

When consumers believe the product is a cheap peach, as before, the monopolist will
encourage consumer learning by launching the product in an odd number of markets in
period 1. If successful launches outnumber failed launches by at least one, the monopolist

will trigger a purchase herd and launch the product in all the remaining markets in period

2.

If failed launches outnumber successful launches by one, consumers update the belief
downward and either think the product is an overpriced lemon (A < A\ < %) or an overpriced
peach (% < A1 < p). If they think the product is an overpriced lemon, the monopolist will
launch the product in all the remaining markets in period 2. Alternatively, if they think
the product is an overpriced lemon, then in period 2 the monopolist will repeat the pattern
characterized in Proposition 2. The launching period can be more than two periods if

consumers keep seeing conflicting results in the previous period’s launches.

If failed launches outnumber successful launches by at least two, consumers become

extremely pessimistic, and the monopolist will not enter any market in period 2.

n*(4,N,)=0 2<n(4,N)<N, 1<n’(4,N) <N, n'(4,N,)=N,
A A A A
. Y Y Y
0 172 2 P 7 1 4
. 1
Figure 6: 5 <A

Proposition 4. When % < )\, the monopolist’s equilibrium strateqy is the following:

(see Figure 6)
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® n*()\t, Nt) = O,VAt € (O,A)

o n*(\, V}) € {2,4,6, ..., No.(Ny)}, where N.(Ny) is the largest even number less than Ny,
v)\t S (A?p)

o (AN, Vy) € {1,3,5,..., No(Ny) }, where No(Ny) is the largest odd number less than Ny,

v>\t‘ € (p7 )\)

[ ] n*(At,Nt) = Nt7 VA c (5\, 1)

In this case, consumers will think the product is either an overpriced peach or a cheap
peach. In the former case, the monopolist will launch the product in an even number
of markets and repeat the pattern characterized in Proposition 3. In the latter case, the
monopolist will launch the product in an odd number of markets. If the successful launches
outnumber the failed launches by at least one, the monopolist will launch the product in all
the remaining markets in period 2. If failed launches outnumber successful launches just by
one, consumers believe the product is an overpriced peach; hence, the monopolist’s strategy
is the same as before. If failed launches outnumber successful launches by more than one,

the monopolist will not enter any market in period 2.

When consumers believe the product is a peach, the monopolist will always allow some
consumer learning. The launching period will extend more than two periods when at some
stage, consumers believe the product is an overpriced peach and keep seeing the conflicting
results from the previous period’s launches. Also, there is a positive probability that the

product will be rejected by all markets in the second period.

6 Conclusion

We study a monopolist’s product launching strategy when both the monopolist and con-

sumers learn the quality of the good from previous sales. When consumers’ beliefs are
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extreme, the monopolist cannot influence consumer learning by manipulating the launching

sequence and therefore will always launch the product simultaneous in all markets.

When Consumers’ beliefs are less extreme, the monopolist can control consumer learning
by manipulating the launching sequence. The optimal launching sequence depends upon the
price and the probability of a good product. When the product is more likely to be good, the
monopolist will always launch sequentially. When the product is more likely to be bad but
the price is low, the monopolist will launch sequentially as well. The amount of information
revealed in a sequential launch is different in the above two cases. The monopolist will reveal
more information when the product is more likely to be good than when it is more likely to

be bad.

We have predictions about the duration of a launch and the probability of triggering a
rejection herd during the launch. The launching duration of a product is longer when it
is more likely to be good than when it is more likely to be bad. The monopolist will risk
triggering a rejection herd when the product is more likely to be good. In contrast, it will

not risk triggering a rejection herd when the product is more likely to be bad.

In this paper, we assume the price is fixed and markets are homogeneous ex ante. We
plan to study the monopolist’s launching strategy when it can choose both the price and the
number of markets to launch in each period. In addition, we will examine the monopolist’s

launching strategy when markets are heterogenous.
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APPENDIX

In the appendix G = A\g + (1 — \)(1 — ¢). Similarly, G¥ = Mg+ (1 — M)(1 — q) and
GL = Mg+ (1 -2 (1—q).

Proof of Lemma 2

The proposition is proved by induction. In the first step we need to prove Lemma 6
which will be used in the induction proof. Define n*(N, \) as the optimal number of markets
in which to launch the product when the public belief is A and the number of the remaining

markets is N.

Lemma 6. When the public belief is \, with A\ > %, probability Pr(Agx_1 > 1) increases in

k. When A\ < %, probability Pr(Ag,_1 > 1) decreases in k.

Proof:
2k—1
Pr(Age1>1) = > (A'(1-¢* "7+ (1= N (1 - ¢)))Ch_,y
i=k

= APr(t > k[2k— 1)+ (1 = A\)(1 — Pr(t > k|2k — 1))

— (1= A) 4+ Pr(t > K2k — )21 — 1),
where, Pr(t > k|2k — 1) = Z?i;l (1= 170y .

Pr(Agpir > 1) — Pr(Age_y > 1) = (2\ — 1)(Pr(t > k + 1|2k + 1) — Pr(t > k|2k — 1))

= (2A=1)¢"(1 = ¢)"(2¢ — 1)C5, ;.

Since g € (%, 1), the difference Pr(Ag,yq > 1) — Pr(Agx_1 > 1) is positive when A > % and

negative when \ < % Q.E.D.
Induction Proof:

1. We show that when N = 2, n*(N,\) = 2. The expected profit from launching the
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product in two markets is w(n; = 2) = 2Gp. The expected total profit from launching the
product in one market is 7(n; = 1) = Gp+ GG ()\))p. The difference 7(ny = 2) —7w(ny = 1)
is ¢(1 — q)p > 0.

2. We propose that n*(N — 1,\) = N — 1.

3. We show n*(N,\) = N. In this step, we first show that 7(n; = N) > 7(n; = 2n+ 1),
where n = 0,1,...,n™** with 2n + 1 < N. The profit from a simultaneous launch is

m(ny = N) = NGp. The profit from launching the product in 2n + 1 markets is

m(ny =2n+1) = (2n+1)Gp+Pr(Ay, 1 > 3)(N —2n—1)p+Pr(Ag,y = Do(M\, N—2n—1).

Because ¢ € (3,1) and A € (0,3), the value v(A¥, N —2n — 1) < (N — 2n — 1)p. Hence,
m(ne =2n+1) < (2n+ 1)Gp + Pr(Agp11 > 1)(N — 2n — 1)p. By Lemma 6, Pr(Ag,11 > 1)

decreases in n when \ < % Therefore,

(i =2n+1) < (2n+1)Gp+Pr(A; > 1)(N —2n—1)p
= (2n+1)Gp+ (N —2n—-1)Gp

= NGp.

Next, we show 7(ny = N) > 7(n; = 2n), where n = 0,1, ...,n™* with 2n < N. The profit

from launching the product in 2n markets, is

7(ng = 2n) = 2nGp + Pr(Ag, > 2)(N — 2n)p + Pr(Ag, = 0)v(\, N — 2n).

By the hypothesis v(A, N — 2n) = (N — 2n)Gp. Hence, w(n; = 2n) becomes

2nGp + Pr(Ay, > 2)(N — 2n)p + Pr(Aq, = 0)(N — 2n)Gp.
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The difference 7(n, = N) — w(n; = 2n) is
(N —2n)p(G(1 — Pr(Ag, = 0)) — Pr(Ay, > 2)).

Next, we prove G(1 — Pr(Ag, = 0)) — Pr(Ay, > 2) > 0.

Let Pr(t = T|N,q) 1 — ¢)N=T, the probability of T successes out of N

_ N7
= Tiv—mn4 (

trials with the probability of success equal to ¢. Since Pr(A,, = 0) = Pr(t = n|2n, q), the

probability Pr(As, > 2) becomes
(1=X) 4+ 2A—=1)Pr(t > n+12n,q) — (1 — A)Pr(t = n|2n, q).

Substitute G, Pr(Ag, = 0) and Pr(Ay, > 2), the expression

G(1 — Pr(Ay, =0)) — Pr(Ag, > 2) becomes
2A —=1)((1 = Pr(t = n|2n,q))q — Pr(t > n + 1|2n,q)).

Since 2A — 1 < 0, to show G(1 — Pr(Ay, = 0)) — Pr(Ay, > 2) > 0 is equivalent to show
(1 —Pr(t =n|2n,q))qg — Pr(t > n+1|2n,q) < 0. We prove

(1 = Pr(t =n|2n,q))qg — Pr(t > n+1|2n,q) < 0 by induction.
When n =1, (1 —Pr(t =n|2n,q))g — Pr(t > n+1|2n,q) = —q(1 — ¢)(2¢ — 1) < 0.

Suppose (1 — Pr(t =n|2n,q))q < Pr(t > n+ 1|2n, q) for n, which is equivalent to

l—q _Prt>n+12n,1—-9q)
q Pr(t > n+ 1/2n,q)

We show that

l1—q _ Pr(t>n+22n+2,1—-gq)
q Pr(t > n+22n+2,q)
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The probability Pr(t > n + 2]2n+ 2,1 — q) and Pr(t > n + 2|2n + 2,q) can be rewritten as

the following:

Pr(t>n+212n+2,1—¢q) = Pr(t>n+12n,1—q) + Pr(t = n|2n,q)Pr(t = 0/2,q)
—Pr(t =n —1|2n,q)Pr(t = 2|2, q)
Pr(t >n+212n+2,q9) = Pr(t >n+1|2n,q) + Pr(t = n|2n,q)Pr(t = 2|2, q)

—Pr(t =n+1|2n,q)Pr(t = 02, q).
Substituting Pr(t > n + 22n 4+ 2,1 — ¢q) and Pr(t > n + 2|2n + 2, q), condition (6) becomes
L < R,
where

L = ¢Pr(t >n+12n,1—q) + ¢Pr(t = n|2n,q)Pr(t = 0|2, q) — ¢Pr(t = n — 1|2n, ¢)Pr(t = 2|2, q)
R = (1= q)Pr(t>n+120,q) + (1 - q)Pr(t = nf2n, q)Pr(t = 212,q)

—(1 —q)Pr(t =n+1|2n,q)Pr(t = 0/2,q).

By the hypothesis ¢Pr(t > n+1|2n,1—¢q) < (1—¢q)Pr(t > n+1|2n, q), a sufficient condition

for L < R is

Pr(t =n — 1|2n,q)Pr(t = 2|2, q)

(Pt = 0[2,) - B 20,
< (= Pa(e = 2i2.g) - I ER RO DR, )
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Substitute

Pr(t=n—-12n,q)  n(l—q)
Pr(t =nl2n,q) (n+1)q

Pr(t =n+1[2n,q) nq
Pr(t=nl2n,q)  (n+1)(1—q)

Pr(t=2[2,9q) = ¢

Pr(t =0[2,q) = (1—q)%

condition (7) becomes

Hence, (1 — Pr(t = n|2n,q))g — Pr(t > n+ 1|2n,q) < 0. As a consequent, n*(\, N) = N.
Q.E.D.

Proof of Lemma 3:

The proof is divided into three steps. In the first step we prove Lemma 7 which will be
used in the next step. In the second step, we show 7(ny; = 2k) > w(ny = 2k + 1). In the

third step, we show m(n; = 1) is never optimal.

Lemma 7. When the public belief is A, with X\ > %, probability Pr(As, > 2) increases in n.

Proof:

2n

Pr(Ag, >2) = > (A\g(1—q)™ "+ (1= Ng" (1 -q)")Cs,
i=n+1
= (1=N+@2A\=1)Pr(t >n+12n) — (1 — N)Pr(t = n|2n).
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Similarly,

Pr(Ag, 2 >2)=(1—-AN)+ A= 1DPr(t >n+2)2n+2) — (1 = NPr(t =n+ 1|2n + 2).

The difference

Pr(Agui0 >2) — Pr(Ag, >2) = 2A\—=1)(Pr(t >n+2]2n+2) — Pr(t > n+ 1|2n))

—(1=XN)(Pr(t =n+12n+2) — Pr(t = n|2n))

= (- OPr(t = nl2n)ala - U0
(1= A)Pr(t = nf2n)(1 — 24U _nqi(i” +by

Since (21=2Cm0) < 4g(1—q) < 1, (1—A)Pr(t = n|2n)(1 — 21=2C"0) > 0. When A > 1,

(2X — Pr(t = n|2n)q(q — “=2%) > 0. Hence Pr(Ag, s > 2) > Pr(Ay, > 2). Q.ED.
Step 2, we show 7(n; = 2k) > w(n; = 2k + 1).

Suppose the number of the remaining market is N and the public belief is A\. Consider
the monopolist launches the product in ¢ markets in the current period, with ¢ < N. If
the difference A; > 2, the posterior belief is greater than \; consequently, the monopolist
triggers a purchase herd; if the difference A; = 1, the posterior belief is updated to A7,
where p < A < ), and the monopolist’s equilibrium expected profit is v(A7, N — i); if the
difference A; = 0, the public belief remains A\ and the monopolist’s equilibrium expected
profit is v(A, N — @); if the difference A; < —1, the public belief is smaller than \; as a

consequence, the monopolist triggers a rejection herd.
The monopolist’s expected profit from launching the product in an even number of mar-

kets 2k is

m(ny = 2k) = 2kGp + Pr(Aqg, > 2)(N — 2k)p + Pr(Ag, = 0)v(\, N — 2k).
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Its expected profit from launching the product in an odd number of markets 2k + 1 is

m(ny = 2k+1) = (2k+1)Gp+Pr(Agpi1 > 3)(N —2k—1)p+Pr(Agiyy = Do(N, N—2k—1).

7r(n1 :2k)77r(n1 =2k+1) 1

The term DT (A =0)

S

Pr(AQk Z 2) - G Pr(AQk Z 2)}7 - Pl"(Agk_H Z 3)

N —-2k—-1 AN — 2k
Pr(Ag, = 0) Pr(Ag = 0) ( Jp ol )
Pl"(Agk_H = 1) H
— AN =2k —1).
Prdg —0) "N )
Substituting

Pr(Agy >2) = (1= A)+ (2 — 1)Pr(t > k+ 1|2k, q) — (1 — \)Pr(t = k|2k, q)
Pr(Agg1 >3) = 1—-XN)+CA\—1)Pr(t>k+22k+1,9) — (1 = NPr(t=k+ 112k +1,¢)
—(1 = \)Pr(t = k|2k + 1, q)
Pr(Agi1=1) = Cgi;:llqk(l -q*G

Pr(Ag, =0) = C5.q"(1—q),

7r(n1 =2k) —71'(1’L1 =2k+1

)
Pr (A —0) becomes
Pr(Agy. >2)— G kG 2k+1)G , 4
N —-2k—-1 AMN —2k) — —— (A" N -2k —1).
Pring=0) P T RT1 Jp ol )T e )

When the public belief is A and the number of the remaining markets is /N, the monop-
olist can choose to launch the product in one market in the current period and follow the
equilibrium launching strategy in the next period. Hence, its equilibrium expected profit

v(\, N — 2k) is greater than G + Gu(A\¥ N — 2k — 1). Because A € (,1) and ¢ € (3, 1),
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when the public belief is A and the number of the remaining markets is N — 2k — 1, the
monopolist’s expected equilibrium profit v(A\¥, N — 2k — 1) is smaller than (N — 2k — 1)p.

Accordingly,

w(ny =2k) —m(ny =2k + 1) Pr(Agy, >2) -G

Pr(Age = 0) Pribg —0) ¢

By Lemma 7, when A > 3, Pr(Ay, > 2) increases in k. It is easy to show Pr(Ay, = 0)

Pr(ax>2)-G

decreases in k. Hence + G increases in k. When k =1,

Pr(As,=0)
P > _ 2 _ _ 2 _
(Ma22)-G o M- M-g-6) _ 1
Pr(A, =0) 2q(1 —q) 2

Therefore, M +G >0 and m(ny = 2k) > w(ny =2k +1).
I'(Ag,=0)

Step 3, we prove m(ny; = 1|A) is never optimal by showing m(n; = 2) > 7(n; = 1).

m(ny=2) = 2Gp+ (A + (1= N)(1—¢)*) (N —2)p+2¢(1—qv(\ N —2)

m(ni =1A) = Gp+Guv(\" N —1).

The difference 7(ny = 2) —7(n; = 1) is

Gp+ A+ (1 =N =N —=2)p+2¢(1 — v\, N —2) — Go(\T,N —1).

Because \¢® + (1 — \)(1 — ¢)*> = G — q(1 — q), the difference can be rewritten as

Gp+ (G —q(1 = q))(N = 2)p +29(1 — g)v(\, N = 2) = Gu(A", N —1).
The expected equilibrium profit v(A, N — 2) is at least the profit from a simultaneous
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launch in N — 2 markets, which is (N — 2)Gp. When A > %, G > % Consequently,
(m =

v(A,N —2) > X2p. Together with (N — 1)p > v(M, N — 1), 7
Q.E.D.

2) > m(ng = 1).

Proof of Lemma 4
Lemma 4 is shown by induction.

1. We show when N = 2, n*(2,\) = 1. The profit from a simultaneous launch is
m(ny = 2) = 2Gp. The profit from launching the product in one market is

7(n; = 1) = 2Gp + (1 — G)GFp. The difference w(n; = 1) — 7(n; = 2) = q¢(1 — q)p > 0.
2. We propose that n*(N — 1, \) = 1.
3. We show n*(N,\) = 1.

The profit from launching the product in one market is

m(ny =1) = GNp+ (1 — G)v(N — 1, \").

When p < A < min(), %), the posterior belief after receiving a bad signal is A\, where

A < A < min(p,1). According to Lemma 2, v(N — 1, A") = (N — 1)G*p. Therefore

m(ni=1) = GNp+(1-G)G*(N —1)p

= GNp+q(1—q(N—1)p.

First, we show that n; = 1 is more profitable than ny = 2n + 1, for n = 1,2, .n™**, with

2n+1 < N.
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The profit from launching the product in 2n 4 1 markets is

m(ni=2n+1) = (2n+ 1)Gp+ Prob(Ag,y1 > 1)(N —2n—1)p
+Prob(Agni1 = —1u(N = 2n — 1, \5)
= (2n+1)Gp + Prob(Ag, 11 > 1)(N —2n—1)p

+Prob(Ag,y1 = —1)(N —2n — 1)G*p.

The difference w(ny = 1) — w(n; =2n+ 1) is

(N —2n —1)(G — Pr(Agpy1 > 1) — Pr(Agppr = —1)G*) + q(1 — q)(N — 1)p.

Substituting

Prob(Ag,y1 >1) = (1=XN)+Pr(t>n+12n+1,¢)(2A - 1)

Pr(Agnin = —1) = C5¢"(1 - 9)"(1 = G),

w(ny = 1) — m(ny = 2n + 1) becomes

(N =20 — 1)((L = 2X)(Pr(t = n+ 120+ 1) — q) — C, 11q™ (1 — q)"™*) + (1 — q)(N = 1).

When X € (0,1) and ¢ € (0.5,1), (1 —2X)(Pr(t > n+ 1|2n + 1) — ¢) > 0. Hence

mm=1)—a(m =2+1) > ¢1-q)(N—-1)~=C54¢""(1-¢)"" (N —2n-1)

N-1 n n n
= Q(l—Q)(N—Qn—l)(m—Cznﬂq (1—=q)").

The term C%,,,¢"(1 — ¢)") is equal to %Pr(t = n|2n, q) which is less than

2Pr(t = n|2n,q). Since Pr(t = n|2n,q) decreases in n, Pr(t = n|2n,q) < 2¢(1 — q). Accord-
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ingly, C%,,1¢"(1 — ¢)" < 4¢(1 — ¢) < 1. Because Nivl_f% > 1,

7T<TL1:1>—7T<7L1:27L+1)>0.

Next, we show that n; = 1 is more profitable than n; = 2n, for n = 1,2,..n™**, with

2n < N. The profit from ny; = 2n is
m(ny = 2n) = 2nGp + Prob(Ay, > 2)(N — 2n)p + Prob(Ag, = 0)v(A, N — 2n).
The difference 7m(ny = 1) — w(n; = 2n) is
(N =2n)(G = Pr(Ag, > 2))p+q(1 — ¢)(N — 1)p — Pr(Ag, = 0)v(N — 2n, A).
By the hypothesis in step 2,

v(N —2n,)) = G(N —2n)p+(1—-G)G*(N —2n)

= G(N =2n)p+q(1 —q)(N —2n).
Substituting v(N — 2n, \)

m(ny=1)—m(ny =2n) = (N —2n)p(G(1 —Pr(Ay, =0)) — Pr(Ag, > 2))
N -1
N —2n

+q(1 — q)(N — 2n)p( — Pr(t =n|2n,q)).

We have shown in the proof of Lemma 2 that G(1 — Pr(Ay, = 0)) — Pr(Ag, > 2) > 0.

The ratio ]ffv__;n > 1 for n = 1,2,...,n™*. The probability Pr(t = n|2n,q) decreases in n,

which implies Pr(t = n|2n,q) < 2¢(1 — q) < 1. Therefore =L — Pr(t = n|2n,q) > 0.

Consequently, m(ny = 1) — 7(n; = 2n) > 0. Q.E.D.

Proof of Lemma 5:
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Consider the monopolist launches the product in n markets simultaneously, with
n < N. If the difference A, > 1, the posterior belief is greater than . Accordingly, the
monopolist triggers a purchase herd; if the difference A, = 0, the posterior belief remains
A and the monopolist’s expected future profit is v(A, N — n); if the difference A; = —1, the
prior belief is updated to A*, with A < A < p, and the monopolist’s expected future profit
is v(AF, N — n); if the difference A,, < —1, the posterior belief is less than \. Consequently,

the monopolist triggers a rejection herd.

The monopolist’s expected profit from launching the product in an odd number of markets

2k + 1 is

Its expected profit from launching the profit in an even number of markets 2k is

m(ny = 2k) = 2kGp + Pr(Ag, > 2)(N — 2k)p + Pr(Ag, = 0)v(A, N — 2k).

w(n1=2k—1)—m(n1=2k) i

The term | S e——

S

> 1) — > 1) — >
PI‘(AQk,1 = 1) G 4 PI‘(AQk,1 = 1) Pr(AQk = 2) (N _ Qk‘) —|—U()\L7N . Qk i 1)

PI‘(AQkfl = —1) PI‘(AQkfl = —1)
PI‘(AQk = O)
~ v\, N — 2k). 8
Pr(Ag,_y = —1) ( ) (8)
Substituting

Pr(Ay =0) = Cnq"(1-q)
Pr(Ag = —1) = Ch_(¢(1—-¢)*'(1-G)
Pr(Ag, >2) = (1 =X+ (2\—1)Pr(t > k + 1|2k, q) — (1 — N)Pr(t = k|2k)

Pr(Agey > 1) = (1— ) +Pr(t > k|2k — 1,¢)(2) - 1),
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m(n1=2k—1)—m(n1=2k
Prag,_1=-1)

the term ) becomes

Pr(Agy, 1 >1)-G N q(1—q)
PI‘(AQk,1 = —1) 1-G

2q(1 —q)

— L _ —
(N = 2k) +v(A" N =2k +1) - =

v\, N —2k).

When the public belief is A\’ and the number of the remaining markets is N — 2k + 1,
the monopolist can choose to launch the product in one market in the current period and

follow the optimal strategy in the next period. Hence,

v(ANF,N =2k +1) > G*p + GFv(A\, N — 2k).

Because A € (0,1) and ¢ € (%, 1), when the public belief is A and the number of the

remaining markets is N — 2k. The monopolist’s expected profit v(A, N — 2k) is less than
(N — 2k)p. As a result

w(ny =2k —1) — w(ny = 2k) Pr(Ag—1>1) -G L . q(1—9q)
— AN =2k
Pr(AQk_l = —1) - Pl”(AQk_l = —1) + G * (G 1-G )'U( ’ )
PI'(AQ]C,1 2 1) -G L
+G.
PI’(AQ]C,1 = —1)

By Lemma 6, Pr(Ag,_; > 1) > Pr(A; > 1). Hence, Pr(Ag_1 > 1) —G > 0. Accordingly
w(ny =2k —1) > w(n; = 2k). Q.E.D.
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