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How Incumbent Firms Foster Expectations, Delay Launch But Still
Dominate Markets for Next Generation Products

Abstract

Consumers learn quality of many durable products through word-of-mouth information
while firms launch new and improved products frequently in these markets. We examine an
incumbent firm’s incentive to invest in R&D, and probability of its dominance in the mar-
ket for new products where consumers rely on word-of-mouth information for their purchase
decision and have expectations about the new products before they are launched. When
its loss due to a possible competitive entry is above a threshold, the incumbent has more
incentive than the potential entrant to invest in R&D. Moreover, if the current product is
more profitable, its true quality is above initial consumer priors and the quality of the new
product is below a threshold, it is optimal for the incumbent to launch the new product after
a time lag. The later the optimal time of launch, the greater is the incumbent’s potential
loss if entry occurs and greater its incentive is to invest in R&D versus that of the entrants.
While potential entrants are generally thought to have more incentive to invest in a drastic
innovation which results in a race to launch the new products, we show that the more drastic
the innovation, the later the optimal time of launch and greater the incumbent’s incentive
is to invest in R&D when the value added of the new product can be conveyed to all the
consumers. Only when consumers are uncertain about the value added of the new product,
is the incumbent’s incentive lower. We also demonstrate that by promoting consumer ex-
pectations about the new product before launch, an incumbent has more time to launch and

higher probability of dominating its market.

Key Words: R&D competition, new product research, speed-to-market, consumer expecta-

tions, diffusion of innovations.



1 Introduction

New and improved versions of products are frequently introduced in many durable product
markets. While many of these new and improved products are introduced by firms that which
enter the market for the first time (hereafter called ‘entrants’), in many cases firms that are
already dominant in these markets (hereafter called ‘incumbents’) introduce subsequent new
products and continue their dominance over a period of time. For example, Callaway Golf
dominated the market golf drivers from the late eighties to the nineties launching S2H2
in 1989, Big Bertha in 1991 and Big Bertha Titanium in 1995. FEach of these products
provided substantial improvement over the quality of the prior product. Callaway’s first
major innovation, the S2H2 brought about a redistribution of weight to parts where it is
more effective to hit the ball farther. The Big Bertha combined the technology of S2H2 with
an oversized head to make the driver more forgiving on mis-shots. Thereafter, Big Bertha
Titanium added a thinner shell of a heavier metal (Titanium) to the clubhead. This allowed
the weight to move out of the center of the clubhead thereby making it hit farther as well
as more forgiving to mis-shots. In this example, the incumbent frequently invests in and
introduces drastic innovations in a market where consumers (golfers) rely on word-of-mouth
information to make their purchase decision (Lal and Prescott 2005). Similar instances can
be found in many other industries as well. Apple Computers has been dominating the market
for portable music players starting with the launch of its original iPod in 2001. Apple has,
over time, introduced several new and improved versions of this product such as iPod Mini,
two versions of iPod Shuffle and the iPod Video. Similarly, Intel has long dominated the
supplier market for personal computers with its improved versions of microprocessor in sync
with what is now popularly known as Moore’s Law'.

Firms like Callaway continued to dominate the market for subsequent new products for
a considerable time (1989-97) despite the presence of other firms such as Taylor Made, Ping,
Titleist and Nike who had the opportunity to challenge its dominance by entering the market
with improved new products. Similarly in the case of microprocessors, AMD (Advanced
Micro Devices), IBM and Motorola had the opportunity to invest in R&D to develop a

new product and emerge as the dominant firm in the market. While the likelihood of such

n 1965, Intel co-founder Gordon Moore predicted what is now popularly known as Moore’s Law. It
states that the number of transistors on a chip doubles about every two years. This observation about silicon
integration, made a reality by Intel, the world’s largest silicon supplier, has fueled the worldwide technology
revolution. (Source: http://www.intel.com/technology/mooreslaw/index.htm)



investments can be expected to result in an R&D race with an increase in the frequency
of new products arriving in the market, from the incumbent’s perspective early launch of
an improved new product would hurt profits from an existing product. In case the current
product is more profitable, due to the effect of diffusion of the products in the market, a
firm which has already committed resources to it may choose to delay the arrival of the new
product to maximize its profit. For example, Callaway, Intel and Apple timed the launch of
their successful new products so that it gave them enough time to earn the desired profits
from the current product. On the other hand, from the entrant’s perspective, the sooner
they launch the new product the sooner they displace the incumbents from their position of
dominance and higher are their gains. For example, starting from 1997 as a result of increased
competition in the golf driver industry, an increased number of new products was introduced
in the market in a short time. Most firms in the market such as Ping, Taylor Made, Nike,
Titleist as well as Callaway took short turns as the market leader.

The paper analyzes the effect of a firm’s prior commitment in a market where consumers
learn quality through word-of-mouth and have rational expectations, on its incentive to invest
in R&D and the timing of launch of a new product under competitive threats . It also identifies
conditions under which the firm having prior commitment to the market (the incumbent) a) is
more or less likely to invest in a more drastic innovation, versus a firm that has no commitment
(the entrant), and b) will launch the new product sooner or later. In particular, the paper

aims to answer the following questions:

1. Who, the incumbent or the challenger has more incentive to invest in R&D and is more

likely to win the market for the new product?

2. How does incumbent’s timing of launch influence its incentive to invest in R&D and

chance of winning the market for the new product?

3. What is the impact of a) consumer expectation of the anticipated new product, b)
quality of the current and new product on the incumbent’s timing of launch and chance

of winning the market?

4. How does consumer uncertainty about the additional value of the new product influence

the incumbent’s timing of launch and chance of winning the market?

We propose a model to examine a market situation where an incumbent and an entrant



decide to invest in R&D to win the race to launch a new product which diffuses in the market
driven by consumer decision-making under uncertainty. The following section provides a brief

review of the relevant literature.

2 Literature Review

Research on R&D (e.g., Gilbert and Newberry 1984) suggests that potential entrants have
more incentives to invest in a drastic innovation than an incumbent. The studies however
assume that the profits accruing to firms from innovations are instantaneous and automatic.
The above examples suggest that the incumbents as well as potential entrants may have
incentive to launch drastic innovations and dominate markets. We show that when the
profits from new products are not realized instantaneously, the incumbents may have more
incentive than potential entrants to invest in the development of drastic innovations. There
may be however, advantages accruing to firms due to their being first to market in the order
of entry (Robinson and Fornell 1985). Ofek and Sarvary (2003) examine a firm’s advantage
in terms of reputation and dynamic capabilities due to its position in the industry as an
incumbent or entrant. They suggest that prior success in R&D leads to greater innovative and
reputational advantages which a firm can subsequently leverage using effective advertising
as opposed to further investment in R&D. We show that even when such advantages do
not exist, incumbents are more likely to prevail over potential entrants in markets for new
products when they have incentive to delay launch of new products.

Many scholars believe that speed to market is key to success of new products (e.g., Stalk
1988, Treacy and Wiersema 1993 and Day 1994). The examples discussed above, however,
involve incumbents who launched successive innovations after a distinct time lag and yet
prevailed over the potential entrants. Studies on the trade-off between the timing of launch,
new product quality, and development costs (Bayus et al 1997 and Cohen et al 1996) suggest
that the firms should take their time to introduce the highest possible quality. These studies
however, examine the time firms need only to develop suitable quality but not the effects of
consumer purchase decisions on the optimal timing of launch.

Diffusion of new products (Gatignon and Robertson 1985) can also influence a firm’s
investment and timing of launch decisions for a new product (Kalish and Lilien 1986). When
a firm has the possibility of launching a new product while an existing product is diffusing

in markets, Wilson and Norton 1989 and Mahajan and Muller 1996 show that the firm’s



optimal decision is to launch the new product immediately (“now”) or after the market has
been saturated (“never”). These studies however neither consider the decision of the firm to
invest in the development of the new product nor the threat of potential entry by competitors.
Moreover, these are aggregate diffusion models which do not specifically link firm decisions
to consumer evaluation of quality. Individual level (micro) models of new product diffusion
(e.g., Chatterjee and Eliashberg 1990, and Feder and O’Mara 1982) link consumer level
choice decisions under uncertainty to aggregate diffusion captured by the Bass model (Bass
1969). Our model links consumer buying decisions to firm’s marketing (demand side) and
R&D investment (supply side) decisions and shows that when firm profits are realized (and
deferred) over time due to the ‘diffusion’ of innovations as consumers learn quality from word-
of-mouth information, incumbents may have a greater incentive than potential entrants to
invest in R&D for drastic innovations.

Some articles in the popular business press (e.g., Butscher 1998) suggest that in mar-
kets where new products are frequently introduced, consumers skip the current product and
wait for the anticipated new product. According to studies in consumer behavior (Johnson,
Anderson and Fornell 1995 and Jacobson and Obermiller 1990),? consumer expectations of
anticipated new product influence their decision to purchase existing products in the mar-
ket. Despite this finding, research in new product diffusion has not adequately analyzed the
impact of consumer expectations on firm decisions (Gatignon and Robertson 1991). While
buyer expectations have been analyzed in the context of technology markets (Balcer and
Lippman 1984, and Grenadier and Weiss 1997), it has not been analyzed for an aggregate
market consisting of heterogeneous consumers. One empirical study on consumer expecta-
tions of new product quality in high technology industry by Bridges et al 1994 found that
firms should moderate their new product quality in the presence of consumer expectations.
They however, do not analyze the effect of new product diffusion and timing of launch.

We study why incumbents develop significantly improved new products, introduce them
after a time lag and yet prevail in markets where they are constantly challenged by potential
entrants. We also analyze how consumer expectations about the new product before its
launch influence the decisions of the incumbent in markets where consumers learn quality of

the products using word of mouth information. We show that when new products diffuse in

2yan Raaij (1991) reviews the literature on behavioral foundations of the process of expectations formation
in consumer decision making.



markets, the incumbent invests more in R&D and has a higher chance of success, the later
is its optimal time of launch of the new product. The incumbent’s optimal time of launch
of the new product is non-zero if the ratio of the profitability of the current with respect
to the new product exceeds a threshold. Note that this non-zero time of launch is driven
solely by market side factors (consumer decision making) and not by development-related
constraints considered earlier in the literature (e.g., Bayus et al 1997 and Cohen et al 1996).
Moreover, we find that the more “drastic” as opposed to “incremental” the innovation of the
new product, the later is the launch and higher the chance of the firm’s winning the market
when the value added of the new product is known to consumers. Thus, contrary to the
“replacement effect” (Gilbert and Newberry 1984) where the entrant has a greater incentive
to invest in drastic innovations since it can “replace” the incumbent as the monopolist in
the market, we show that when a new product diffuses in the market, the incumbent has
more incentive to invest in a drastic innovation than a potential entrant due to the “diffusion
effect”. Further, we show that when consumers have expectations about the anticipated new
product, the incumbent launches the new product later and has a higher chance of success
in winning the race against the potential entrant. The following sections present the model

and key findings.

3 The Model

Our model intends to capture the typical situation of industries where an incumbent firm
constantly develops improved versions of its product (new generations) but at every stage is
potentially challenged by entrants. Examples of such industries would include microproces-
sors or the golf driver industry, among others. To describe this situation, we consider two
firms, an incumbent and a potential new entrant. At time 0 the incumbent launches a product
(that we subsequently call the “current” product). Potential consumers continuously learn
about the value of this product from word-of-mouth information. At time 0, both firms also

“newﬂ

have the option to invest in R&D to develop a second product (hereafter called the
product). The additional value to the consumers offered by this new product is the same

across firms, is fixed and is known to consumers.> The amount of R&D invested by firms

3Note that consumers still don’t entirely know the overall value of the new product. They know only the
improvement it provides over the existing one. We assume that this additional value is significant. Further-
more, this analysis also applies to the case when the additional value offered by the new product is a random
variable, only the mean of which is known to consumers. In this case the results don’t change as long as



only determines the marginal cost of the new product with higher R&D investment leading
to lower cost. We assume Bertrand competition between the two firms, that is, the firm
with lower cost (higher R&D budget) drives the other firm out of the market, while the price
of the winning new product will always be the marginal cost implied by the leaving firm’s
R&D level.* Once R&D investments are made (and revealed), the winning firm considers the
time to introduce the new product. If the winner is the entrant this time is obviously time
t = 0. However, if the winner is the incumbent, then it may still consider introducing the new
product later to benefit from the current product’s sales. To summarize, the timing of the
game is as follows: First, both firms simultaneously choose R&D levels which are immediately
revealed together with the resulting costs and the price of the new product. If the winner is
the entrant then it immediately introduces the new product, which then competes with the
incumbent’s current product. If, on the other hand the winner is the incumbent, then it also

has to decide when to introduce the new product.

3.1 Consumer Decisions

We assume that the value of the current product is normally distributed with mean p and

2 essentially measures the variation in the value of the

variance o2 where 1 > 0. The variance o
product due to various idiosyncratic factors related to demand or supply (e.g. consumer fit
or quality control, etc.). When a consumer buys the product s/he gets to know the true mean
of its value, u. Of course p is not known to the remaining consumers who haven’t purchased
the product yet. We assume that all consumers know the true variance o?. Consumers
are assumed to be risk neutral, but heterogeneous with respect to their prior evaluation of
the current product. A consumer of type ¢ believes that the mean value, p of the current
product at time ¢ = 0, is normally distributed having a mean m; o and a variance s3, where
m;,o is assumed to be completely diffuse in the population, i.e. uniformly distributed across
consumers, m;o ~ U (0,1). Consumers who haven’t purchased yet modify their beliefs about
1 based on the word of mouth information received from those who have already purchased
the product, using a Bayesian Normal updating process. Specifically, at time ¢, an uninformed

consumer of type ¢ having a prior belief m; ;1 about ;1 and 52, about its variance receives

a sample of information from the adopters who have already purchased the current product

consumers don’t have to learn about the improvement through word of mouth. In an extension we explore
the situation when such learning is also necessary.

4Note that this representation is equivalent to the situation where the firm which develops the new product
first receives some degree of patent protection which is common in many durable goods industry.



and are aware of the true mean, y. The observed information consists of the average value of
the product 7,1 received from all the adopters at ¢ — 1. Thus, at every instant, the adopters
generate a random draw from the distribution N (,u, 02). Specifically, the updating equation,

i.e. consumer i’s posterior beliefs about the value of the current product at time ¢ is given by

2 2 —
S Mig10 + S _1Mt_1T14-1 (1)
it = 2452 o
g t—1L1,t—1

2.2
0"St_1

2
s = s 2
t o2+ 8?715617,5_1 (2)

where T;—1 is the observed average of the sample of information drawn by consumer 4, and
x1¢—1 is the cumulative adoption of the current product at time ¢ — 1. We, normalize the
total number of potential consumers to one, so x is essentially a proportion. Notice that,
since consumers are continuously distributed, at any moment a certain density of consumers
will purchase the product. This formulation is based on the properties of Bayesian Normal-
Normal Updating Process with repeated sampling and known variance (see for example,
Pratt, Raiffa and Schlaifer 1995, Chapter 9, and Feder and O’Mara 1982). Since o2 is
known, the prior beliefs about the variance of y, i.e. s? ; can essentially be thought of as a
measure of confidence in the prior information, and imply an “equivalent sample size” n;_1

associated with the prior such that
0? = 2y /nes. 3)

The equivalent sample size captures the amount of information a consumer believes s/he has
already received. Recursive summation from time 0 to ¢ — 1 for equations 1 and 2 results in

the posterior beliefs at time ¢ given by

t—1 —
mio | > =0 772%961,7

. 58 o
m;¢ = t—1 (4)
1 ET:Q 1,7
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0
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82 + o2
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Combining equations 4 and 5 and substituting ng = 3(2) /o2, the equivalent sample size at time

0 associated with the sample variance s3, we get the updating equation

t—1 —
_ migno + 3 oM
m;t = -1
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Since we consider a continuum of uninformed consumers updating their priors through
Bayesian updating process which is continuous at any moment new information is avail-
able, consumer 4’s posterior beliefs about the value of the current product in continuous time

is given by L
_ migno + [ (7)1 (1) dr

ml(t) no—i—fgxl(T)dT

where z (t) is the cumulative adoption and 7 (¢) is the observed mean value of the sample
of information obtained from all those who adopted the current product until the time ¢ (see

also Feder and O’Mara 1982). As such, we can write the above formula as:

- :mi,gno—i-,ufgxl (1)dr
() ng + fé x1 (17)dT (6)

Because of the strong law of large numbers and because we assumed the samples to be
independent 7 (t) converges to u in expectations.

Denote by A the additional value of the new product over the current product. A is
known to all consumers so the total value of the new product is the same as that of the

current product plus this additional value.®

3.1.1 Decision Rules

At every moment ¢, each consumer decides either to buy the current product or the new
product or none at all by maximizing her discounted estimate of net utility from each of
these options. The consumer chooses to buy a product only if it meets two conditions (a)
the estimated net surplus, i.e., the perceived valuation net of price, is positive (individual
rationality), and (b) the estimated net surplus exceeds that of the other product (incentive
compatibility). Consumer ¢’s individual rationality condition for the current product is given
by m; (t) > p1 where py is the price. Her incentive compatibility condition before the new
product is introduced is given by m; (t) —p1 = § [m; (t) + A — pae| where pa. is the consumer
expectation about the price of the new product before it is launched® and § is the discount

factor. In our equilibrium analysis, we will assume rational expectations for ps.. Furthermore,

°In the extension the consumer learns also the additional value distributed A ~ N (v,4), similarly, her
t
A; ok co(T)dT . . .
posterior valuation is given by A, (t) = L}ZI):?L where x4 (t) is the cumulative adoption of the new
ko+ 0 x2(7T dr
product at time ¢ and ko is the prior equivalent sample size.
5We assume rational expectations whereby poe = p2, the latter being the actual price of the new product.

See Appendix.



for simplicity we assume § to be constant.” The same condition after the new product is
introduced is A < ps — p1, which can be obtained by simply substituting § = 1 and pae = po
above. The individual rationality and the incentive compatibility conditions for the new
product are given by m; (t) + A > pa and A > py — py respectively. Note that if A < py —p1,
the new product has no demand. Thus, for the new product to have a market A > ps — p;
must hold. As such, for the purpose of this analysis we will hereafter assume that A > ps—p;
holds.® Notice, that because of our assumption on Bertrand competition, this implies that
the current product loses its market completely as soon as the improved new product is

introduced.

3.2 Aggregate Market Demand (Diffusion)

The market demand at every instant ¢ for each product is obtained by adding up the con-
sumers whose utility maximizing decision ends up in favor of the product in question.”
The incentive compatibility condition for the current product can be restated as m; (t) >

p1+ 5%. Substituting from Equation 6 and rearranging, we get

(7)

A — (poe — _ oy — §AZ(p2e—p1) g
mio = p1+0 (p2e = p1) _AaTh 1-9 / x1 (1) dT.
0

1-6 g
Consumer ¢ adopts the current product at time ¢, if his/ her prior m; is greater than or
equal to a critical value given by the right hand term of the above expression. We denote this
term as m§ (t). Then, the aggregate demand, denoted z (t) is given by the probability that
mio = m§ (t). Specifically, z1 (t) = Prm;o > m§ (t)] = 1 — F (m§ (t)) where F is the cdf of
the distribution of m; o across the population of consumers that we assumed to be uniform,
U (0,1). Note that the demand model is regular: the cumulative demand, x; (¢) is increasing

in time and decreasing in price. Simplifying Equation 7 and differentiating with respect to ¢,

"The model is intractable without this simplifying assumption. The discount factor can be interpreted
as the consumer’s expectation or knowledge about the new product. When ¢ = 0, the consumers have no
expectations about the new product and therefore they base their judgment until the launch of the new
product only on considerations about the current product. On the other hand, if 6 = 1 the consumers are
certain that the new product will be launched.

8Note that if A > pa, a consumer who has purchased the current product also buys the new product. In
that case, the demand for the new product increases by a constant term given by z2up, = 21 (T) at the time of
launch. The qualitative results do not change in that case although the incumbent launches the new product
earlier when consumers do upgrade. Proofs available with the authors.

9 A similar pproach is used by individual level (micro) models of new product diffusion (e.g., Chatterjee and
Eliashberg 1990, Feder and O’Mara 1982) who link flexible individual level choice decisions under uncertainty
to aggregate demand captured by the Bass model (Bass 1969).



we get

A—(p2e—p1)
e =

i1 (t) z1 (1), (8)

no
where i1 (t) is the per period sales of the current product.'® Solving this differential equa-
tion, we obtain the closed form solution of the cumulative aggregate demand for the current

product:

ufpr(;Af(ziszp])
z1(t) =z1(0)e "0

t

The initial aggregate adoption at t =0 is z1 (0) = 1 — (p1 + 5%) which is obtained
from (7) by setting ¢ = 0. This represents the proportion of consumers who immediately
adopt at t = 0. The diffusion equation simplifies therefore to

A*(ﬁ)zf(;m )

1 (8) = [1 - <p1 +5%>} o )

Note that for any diffusion to occur the following conditions have to hold:
w—0(+A—p)>prand 1 =5 (1 4+ A —pae) > pr1. (10)

In other words, the quality of the product needs to be above a certain threshold and its price
needs to be below a certain level.

For the new product, assume that the diffusion of the new product starts at the time
of introduction ¢ = 7. The new product has demand in the market only if the incentive
compatibility condition, A > po — p1 holds, i.e. the new product takes over from the old one.
The individual rationality condition becomes (with the help of equation 6):

mi,()}pg—A—w|:/T$1(T)d7+/t$2(7')d7':|. (11)
1o 0 T
where 9 (t) is the cumulative adoption of the new product. Notice that until ¢ = T" learning
happens at the rate of x; (i.e. at the diffusion rate of the old product) and after 7" it happens
at the rate of xy consistently with the concept of word of mouth. As before, the critical value
for consumer i to adopt the next generation at time ¢, is that his/ her prior m; o should be
greater than or equal to a critical value, m$ (¢) given by

mg(t):pQ—A—w[/OTxl(T)dH/th(T)dT} (12)

no T

"“Note that S5 <0, S5 > 0.

10



The cumulative aggregate demand (diffusion) for the next generation is therefore similarly
obtained: z3 (t) = Pr{m;o > m§ (t)] =1 — F (m$ (t)). Again, differentiating with respect to
t we have the instantaneous rate of demand,

= w@ (1)

(13)
no

T (1)

To find the initial conditions for the differential equation, we set ¢ = T in the expression

for x2 (t). Using equation (12) we get the demand for the next generation at the instant of

introduction,
A —
w2 (T) = 1+ A—pp+ B2 P2 [0 () ar
0
+A-
= 1+A—ppt+—F D 21 (T) — 21 (0)].

A—(p2e—p
p—p1— 05

Solving the initial value problem with x2(7") we get the cumulative demand for the next

generation product:

ntA—py,
x2(t) = xe(T)e ™o
p+A—po BB pay
= [1+A—p2+ A () {x1(T)—z1(0)}| e ™ . (14)
B—=p1— 015

The dynamic component of the demand for the next generation depends only on the true
quality of the next generation net of price (i + A — py) and the initial perceived uncertainty
represented by the initial information (sample size ng). Note that zo (T') increases with
the additional quality net of price (A — p2) and with the consumer learning prior to the
introduction of the next generation (captured by: x1 (T") —x1 (0)). It decreases with the true
valuation of the current product in face of expectation about the next generation product
(b—p1—96 5{’2_66—_”12). The more the consumers decide to wait for the next generation, the
greater the demand of the new product at the instant of its introduction. This is because
consumers have learnt more about quality by the time of its introduction. Note that if the
current product is not introduced as in the case where the entry occurs, z1 (T") and x; (0)

both equal zero, and 25 (0) =14+ A — po.

3.3 R&D Technology and Firm Decisions

We assume that if a firm 6 (where § = I for the incumbent and 6 = E for the entrant) bids

and commits a priori to an R&D investment Ry, its probability of success in developing a

11



new product at a marginal cost ¢ is h (Ry) where h is a concave and increasing function. A
Nash equilibrium set of R&D investments (R}, R};) are such that the optimal investment R}
maximizes profits my given R* ,, the optimal R&D investment of the other firm. Note that
the unsuccessful firm is able to develop the new product only at a higher marginal cost given
by ¢ > c.

At the beginning of the time-line the incumbent firm is endowed with the current product
and an associated marginal cost ¢;. We assume that the entrant can only produce the current
product at a strictly higher marginal cost, ¢1 where €1 > c;. So only the incumbent launches
the current product at time ¢ = 0. Furthermore, it will set its price at a price p; = ¢ — ¢
thereby preempting the other firm from entering the market. We further assume some form
of patent protection preventing the entrant from copying the innovation.

At this time both firms also have the option to invest in the development of the new
product (having an additional value A over the current product). We assume that firms
invest in R&D in a bidding game as in Gilbert and Newberry (1984). In an ensuing Bertrand
equilibrium the winning firm charges a price po = ¢3 — ¢ which is infinitesimally lower than
the marginal cost of the losing firm. We assume that once R&D investments are made (and
revealed), the winning firm considers the time to introduce the new product. If the entrant
is the winner then this time is obviously time ¢ = 0. However, if the incumbent is the winner,
then it may still consider introducing the new product later, at time t = T > 0 to benefit
from the current product’s sales/revenues. The respective payoffs for the incumbent and the
entrant are given by

wi (R Re) = h(R)) [(pl—g) / "o (1) drt (prco) [T dT]

+ [1 —h (R[) —h (RE)] (p1—g) /OOO e_rTi'l (T) dr — R[ (15)

75 (Rr, Rp) = h(Rg) (pa—c2) /OOO e "Tio (T)dT — Rp (16)

where 7 is the firm’s rate of interest. In the following section, we present the analysis of the
game and identify the optimal action for the incumbent firm in terms of R&D investment

and timing of launch of the new product. Please refer to the appendix for all proofs.
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4 Incumbent Strategy When the Additional Value of the New
Product is Known

We first examine the market equilibrium when consumers know the additional value of the
new product. In the following propositions, we identify conditions when the incumbent has
more incentive than the entrant to invest in R&D for the new product and therefore “win”
the race and examine the incumbent’s optimal time of launch when it “wins”. Proposition 1
describes the optimal investment of the incumbent vis-a-vis the entrant as a function of the

profits obtained from the current and the new products.

Proposition 1 The incumbent invests more than the entrant if its loss in profit from intro-
ducing the new product immediately (at t = 0) instead of an optimal t =T, is above a thresh-
old given by the ratio of its profits obtained when the new product is not introduced all with re-

spect to that obtained when it is introduced at time zero, i.e., fOT e T [(pl —ﬁ) T1 — (p2 — Q) :t'Q] dr
( pl—c_l) Jo o e T adr
(p2—c2) [5° e maadr

Proposition 1 demonstrates that the more the incumbent gains from an optimal delay of
launch, the more incentive it has to out-bid the entrant on R&D investment. By investing
more than the entrant, the incumbent not only wins the market for the new product but
also gains from timing its launch to maximize profits across the two products. However its
incentive to invest more than the entrant is lower if the profit from the current product is
very high. Note that Gilbert and Newberry (1984) having assumed that profits are realized
instantaneously at the time of launch, find that the entrant is more likely to innovate than
the incumbent due to the “replacement effect” whereby the entrant “replaces” the incumbent
as the monopolist in the market by launching the new product. Our results based on pure
strategy equilibrium suggest that the incumbent’s likley loss is due to not only a successful
entry, but also its inability to launch of the new product at an optimal time (i.e., maximizing
profits across the two products). Note that the greater the aggregate diffusion of the current
product, the faster the diffusion of the new product since the latter has a higher known value.
By launching the new product at an appropriate time (i.e., when the cumulative diffusion of
the current product has reached a desired level), the incumbent maximizes its payoffs from
both the products. Thus if the incumbent does not invest in the development of the new
product, it loses the opportunity to increase its payoffs over and above what it earns from

the current product only. The effect of diffusion of the current and new products provides
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incentive to the incumbent to invest in the development of the new product, which is more
than the incentive of the potential entrant to “replace” the incumbent in the market with the
new product only. For example, Callaway, Intel and Apple had launched their new products
after a definite interval and yet prevented their potential rivals from entering the market

ahead of them.

Proposition 2 The later the incumbent’s timing of launch of the new product, the greater
is its incentive to invest more than the entrant and therefore lower the probability that entry

OCCUurs.

While it is commonly believed that competitive pressures often prompt firms to launch
a new product sooner, our results suggest that the incumbent (unlike the potential entrant)
has an incentive to delay launch of the new product. Apart from deciding how much to invest
in R&D, the incumbent also chooses the time of introduction of the new product if it “wins”
the race to successfully develop the new product. The later the optimal launch of the new
product for the incumbent, the more it stands to lose if an entry occurs and therefore the
greater are its incentives to invest in R&D. Diffusion of innovation which results in a time-
based realization of profits from an innovation has an asymmetric impact on the incentive
of the incumbent and the entrant to invest in a new product. It provides more incentive to
the incumbent than the entrant. For example, from 1989 until 1997 Callaway had launched
three new products when there was no competing launch from other firms in the industry.
From 1997 however, new products were launched more frequently and the major firms such
as Callaway, Ping, Taylor Made, Titleist and Nike were able to launch the best new product
in the market. Thus incumbents are more likely to win in markets the longer the interval

between successive product launch.

Lemma 1 The winning incumbent delays the launch of the new product under the following
necessary conditions:

a) the profitability ratio of the current product with respect to the new product exceeds a

2

P1i—ci > pt+A—po

) — A— —
p2—c2 p—p1—3 (1;0725 P1)

certain threshold, i.e.
b) the true mean of the value of the current product exceeds the highest initial prior in the
population of consumers: p > 1.

¢) the additional value of the new product is within the range (pg—pl,A) .

Otherwise either firm launches the new product immediately.
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When the relative profitability of the current product is above a threshold, the true mean
of its value above a threshold and the additional value of the new product is below a threshold,
the winning incumbent does not launch the new product immediately but only after a delay.
When these conditions do not hold, the winning incumbent launches the new product as soon
as possible and so does the entrant. Thus when these conditions do not hold, as noted earlier
in research (Wilson and Norton 1989 and Mahajan and Muller 1996) a firm either launches
the new product immediately or much later when the demand for the current product has
saturated: “now or never”. When the above conditions hold, however, there is a possibility
of an intermediate timing of launch which explains firm behavior and market outcomes in
our examples. Although Bayus et al (1997) and Cohen et al (1996) suggest an intermediate
time of launch, the time of launch in their analysis is driven purely by the time required for
the product development cycle which is not the case in our analysis. We show that even if
there is no constraint on the firm’s development cycle, there are demand side factors that
lead to an intermediate time of launch.

If condition a) does not hold, that is, if the current product is less profitable, the firm
introduces the new product as soon as possible to increase its overall profits. However,
typically the new products cost more while at the same time they face greater competitive
pressures on prices resulting in lower profitability (Paulson Gjerde, Slotnick and Sobel 2002).

Even if the current product is more profitable, the incumbent introduces the new product
as soon as possible if, for example, the value of the current product is below some consumers’
prior evaluations. This results in a negative word of mouth since some buyers are disappointed
with their purchase and therefore some potential consumers adjust their priors downward as
they receive information. This slows down the diffusion of the current product, prompting
the firm to introduce the new product as soon as it can. On the other hand, if the value
is higher, the positive word-of-mouth will speed up diffusion of the current, higher margin
product which will also increases the demand for the new product at the time of launch.
Condition b) rules out this possibility.

Condition c) ensures that consumers remain interested in buying the new product while at
the same time the incumbent has incentives to sell the current product. If the additional value
of the new product is less than the price difference between the two products (A < pa — p1),

nobody buys the new product even if it is introduced.!! Thus the firm gains nothing at all

Hgee discussion about incentive compatibility conditions of the consumer decisions.
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by introducing the new product. Similarly if the additional value offered by the new product
is so high that it overrides all other considerations, the firm introduces it as soon as possible.
The subsequent analysis assumes the conditions for interior solution hold.

When the lemma does not hold, the incumbent launches the new product as soon as
possible which does not need any further analysis. The incumbent delays the launch until an

optimum time only when the lemma holds in which case we have the following results.

Proposition 3 The incumbent’s timing of introduction is later and the probability that the
mcumbent “wins” is higher under any of the following conditions:

a) the consumers expect the new product (6 >0),

b) the value added of the new product (A) is higher, and

¢) the true mean of the value of the current product (u) is lower.

As noted earlier in Proposition 2, the later the incumbent’s timing of introduction of
the new product, the greater is its probability of success vis-a-vis the entrant’s. Proposition
3 further shows the effect of consumer expectations about the new product, the additional
value of the new product and the true mean value of the current product on the optimal time
of introduction of the new product and the incumbent’s chances of winning in the market.
As shown in Lemma 1, the incumbent delays launch if the current product is more profitable
than the new product since the delay attracts more consumers to buy the current product,
including those who would have otherwise waited and bought the new product if introduced
earlier. When consumers expect the new product (6 > 0), some may choose to wait and buy
the new product. This lowers the speed of diffusion of the current product. The incumbent
therefore has an incentive to delay launch to induce some of these waiting consumers to
buy the current product which is more profitable. On the other hand, if consumers do not
expect the new product (6 = 0), they decide whether or not to buy the current product
irrespective of their consideration for the future. In this case, the speed of diffusion of the
current product remains unaffected as there are no consumers waiting for the new product.
The incumbent therefore introduces the new product relatively sooner than when consumers
have expectations about the new product. Thus consumer expectations allow the incumbent
more time to introduce the new product. The incumbent is better off with informed rather
than myopic consumers as it has more time to launch the new product and a higher chance

of success.
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In this case where the additional value of the new product is known to the consumers,
the higher the level of additional value of the new product, the sooner consumers buy the
new product when it is launched. The speed of diffusion of the new product is therefore
higher. When consumers expect the new product, they are willing to wait longer for the
arrival of the new product in the market if the additional value is higher. This results in
fewer consumers buying the current product which is more profitable. This results in not only
a slower diffusion of the current product, but also a lower demand for the new product at the
time of launch which yields lower overall profits for the firm. Note that consumer learning
about the current product also boosts the demand for the new product at the time of launch.
The firm therefore delays launch to allow adequate consumer learning and adoption of the
current product. It is therefore optimal to delay the launch of a new product even in absence
of the possible negative word-of-mouth about it (compare with monopoly results of Kalish
and Lilien 1986). It is not only easier to develop and introduce incremental innovations sooner
in the market than significant or drastic innovations (a supply side or R&D consideration),
but also desirable from demand side considerations and R&D competition, if consumers know
the additional value of the new product.

The true mean of the value of the current product has the opposite effect. As the true mean
of the value increases, consumer learning speeds up diffusion of the current product. Since
the diffusion of the current product reaches the desired level earlier, the incumbent introduces
the new product earlier. This implies that when the consumers know the additional value of
the new product, an incumbent that has achieved greater prior success in R&D in terms of
developing the current product faces a stiffer challenge in terms of launching the new product
earlier. On the other hand if the value of the current product is lower, the incumbent ‘skims’
the market with it longer without sacrificing overall profitability. This means that its timing
of launch of the new product is later and its probability of success is higher.

In the following section we extend our model to allow for the case where the additional
value offered by the new product is not known to the consumers. While analyzing this case
we focus on the specific aspects of the incumbent’s strategy which differ from those observed

when the additional value is known to the consumers.
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5 Incumbent Strategy When the Additional Value of the New
Product is Unknown

Following the same logic of derivation as for the value of the current product (Equation 6),
we obtain the Bayesian updating formula for the additional value of the new product which

can be written as: .
Ajoko+v fo xo (T)dT

ko—i—fgxz(T)dT

where x5 (t) is the cumulative adoption of the new product at time ¢, v is the true mean of

A (t) =

(17a)

the additional value of the new product and kg is the prior equivalent sample size.

Consumer decision rules are as follows. For consumer ¢ the individual rationality
condition for the current product remains the same as earlier: m; (t) > p1 while the incentive
compatibility condition before the launch of the new product given by m; (t) —p1 = m; (t) +
A; 0 — p2e simplifies to A; g < pae — p1. Consumer 4 therefore adopts the current product at
time ¢ if m; (t) > p1 and Ajo < p2e — p1. The consumer decisions rules are the same as in
Section 2.1 with one exception. For mathematical tractability and simplicity we assume that
the consumer discount factor § equals either zero (i.e., consumers have no expectations about
the new product prior to its launch) or unity (i.e., consumers have perfect expectations about
the new product prior to its launch and are willing to defer their purchase). Note that in
this case some consumers still buy the current product even after the new product has been
introduced.

The aggregate market demand (diffusion) at every instant ¢ for each product is
obtained by adding up the consumers whose utility maximizing decision ends up in favor of
the product in question. The individual rationality condition for the purchase of the current
product is met if his/ her prior m; ¢ is greater than or equal to a critical value given by the

right hand term of the expression

_ t
mw Z P1— H P1 / X1 (7‘) dr. (18)
o 0

which we denote as m§ (¢). Note that Equation 18 is a modification of Equation 7. Both the
individual rationality and incentive compatibility conditions need to be met for a consumer
to purchase the current product. Specifically, the demand for the current product is given by
x1(t) =Prm;o =>m§ (t)] . PriAio < p2e —p1] = [1 — F (m§ (¢))] . G (p2e — p1) where F and

G are the respective cdfs of the distribution of m; ¢ and A; o that we assumed to be uniform,
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U (0,1). From Equation 18, we have

21 () = [1F<p1 _pm /Otxl (T)dTﬂ G (poe — ). (19)

no
Simplifying and differentiating with respect to ¢, we get

H—p1
ng

&1 (t) = (p2e — p1) x1, (20)

where i1 (t) is the per period sales of the current product.'? Solving this differential equa-
tion, we obtain the closed form solution of the cumulative aggregate demand for the current
product:

EZP1y

21 () = 21 (0) (p2e —p1)e ™o
The initial aggregate adoption at ¢t = 0 is 1 (0) = 1 — p1, which is obtained from (19) by
setting ¢ = 0. This represents the proportion of consumers who immediately adopt at ¢t = 0.
The diffusion equation simplifies therefore to
Hr—D t
21 (t) = (1 —p1) (p2e —p1)e ™ . (21)
Note that for any diffusion to occur the following conditions have to hold:

p>p1 and 1> py. (22)

In other words, the quality of the product needs to be above a certain threshold and its price
needs to be below a certain level. Note that these conditions are automatically satisfied if
those in (10) are satisfied.

Assume that the new product is launched at ¢t = T. The individual rationality of the

current product remains the same whereas the incentive compatibility condition reduces to

Ai,oém—pl—%ﬁpl/t@(ﬂd? (23)
0 0

(derived from the Equation 17a). The incentive compatibility condition is met if consumer
i’s prior A; o is lower than or equal to a critical value given by the right hand term of the
above expression, A§ (t). This change is due to the fact that consumers start receiving word-

of-mouth information also on the value added from the new product. Specifically, after the

introduction of the new product the demand for the current product is given by

w14 (t) = Primio = mi ()] Pr[Aio <AG ()] = [1 = F(mi ())].G (A5 (%) . (24)

12 di i
Note that 6_73212 <0, 7}} > 0.
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Similarly, the demand for the new product is given by
2 (t) = Primio = mi ()] . Pr{Aio > Ag ()] = [1 = F (mi (1))].[1 -G (A5 ()] (25)

Simplifying the above, differentiating with respect to ¢ and rearranging, we get the instanta-

neous demands of the current and the new product respectively after the launch of the new

product:
_ 22 b
) = e B 042 (0l 0)

To find the initial conditions for the differential equation, we set ¢ = T in equation 21 and

using the critical value A§ (t = T') in Equation 25, we get

2a (1) = (1= ) (2 = pr)exp | 227 (27)

and

zo (T) = x14 (T) (1 —p2 +p1) . (28)

The firm decisions are exactly the same as in the earlier case. The only change is in the
demand equations in the firms’ pay-off functions where the incumbent continues to obtain
revenues from the current product even after the new product is launched. The respective

payoffs for the incumbent and the entrant are given by
T [e'¢)
v (R], RE) = h (R[) (pl—ﬂ) [ {/ e_rTil (T) dT+/ e_rTi'lA (T) dT}
0

T
+ (p2—c2) /Oo e "Tig (1) dr]

T
+[1—=h(Rr) — h(Rp)] (p1—c1) /000 e "y (1) dr — Ry (29)
75 (R Rp) = h(Rp) (pr—c2) /0 iy (1) dr — Ry, (30)

The following propositions describe the incumbent’s optimal strategies and its probability of

winning in the market when the value added of the new product is unknown.

Proposition 4 The incumbent invests more than the entrant if its loss in profit from in-
troducing the new product immediately (at t = 0) instead of an optimal t = T, is above a
threshold given by the ratio of its profits when the new product is not introduced at all with

respect to that obtained when it is introduced at time zero.
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This is exactly the same as Proposition 1 and the explanation follows the same logic.
There is a change however in the conditions when the incumbent has more incentive than the

entrant to invest in R&D for the development of the new product as stated below.

Proposition 5 When the consumers are uncertain about value added of the new product,
the later the incumbent’s optimum time of launch, the greater is its incentive to invest more
in RED than the entrant, if and only if at the time of launch, the drop in the instantaneous

profit from the current product is higher than the instantaneous profit from the new product,

ie., (p1—c1) [#1(T) =, @14 (T)] = (p2 — c2) 2 (T).

When the consumers are uncertain about the additional value of the new product and
the condition (p1 — ¢1) &1 (T) —d14 (T')] = (p2 — c2) @2 (T)) holds, the later the incumbent’s
optimal time of launch, the greater is its incentive to invest in the development of the new
product. In other words, if at the time of launch, the drop in its profit from the current prod-
uct is greater than the instantaneous profit from the new product, the later the incumbent’s
optimum time of launch, the more incentive it has to invest in R&D. Thus if the incumbent
were to suffer a sharper drop in profit at the time of launch of the new product, the more
incentive it has to compensate this drop by obtaining profit from the new product. Note that
in this case the incumbent continues to get revenues from the current product even after the
launch of the new product. Since the rate of diffusion of the current product drops at the
time of the new product launch, the starting conditions determine the extent of the overall
drop in profit from the current product. The incumbent has more incentive to invest in R&D
if that drop is higher. On the other hand, if the drop in profit is lower than the instantaneous
profit from the new product, the sooner the time of launch, the more incentive the incumbent
has to increase its profit by launching the new product which more than compensates its drop
in profit from the current product. This result is therefore driven by the fact that when the
additional value of the new product is unknown, the race to the market for the new product

is less intense as the market also allows the current product to diffuse, albeit at a slower rate.

Lemma 2 When the value added of the new product is uncertain, the incumbent delays the
introduction of the new product under the following necessary conditions:

a) the profitability of the current product exceeds that of the new product, i.e., pr—c1 > pa—ca
b) the difference between the prices of the new and the current product is below a threshold:

po—p; < 1/2.
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Otherwise either firm launches the new product immediately.

When the value added of the new product is unknown, the incumbent has an incentive
to delay if the new product is less profitable and the difference in prices of the new and
the current products is below 1/2. This is similar to, but less restrictive than Lemma 1.
The difference here is about the condition on price difference. Even if the new product is
less profitable the incumbent launches the new product as soon as possible if its price is
above a threshold. Because the two products diffuse simultaneously after launch, if the price
difference between the new and the current products is high, the rate of diffusion of the new
product is slower, resulting in even lower present value profitability in addition to the fact
that the new product is already less profitable. By launching sooner, the incumbent induces
consumers to learn faster about the value added of the new product as well as learning about
the value of the current product, which leads to a faster diffusion and therefore higher present
value profit stream from the new product. Note that the simultaneous diffusion of the two
products implies that the incumbent does not forego the profits from the current product
entirely by launching the new product earlier.

As in the earlier case, the incumbent delays the launch until an optimum time only when

this lemma holds in which case we have the following results.

Proposition 6 When the value added of the new product is uncertain, the incumbent’s tim-
ing of introduction is later and, consequently, the probability that the incumbent succeeds in
launching the next generation is higher under any of the following conditions:

a) the consumers expect the new product,

b) the value added of the new product is lower, and

¢) the true mean of the value of the current product is higher (lower) if it is below (above) a

threshold.

As in the earlier case, when the consumers have rational expectations about the new
product before launch, the later the incumbent launches the new product. However, the
higher the true mean of the additional value of the new product the sooner is the launch.
This result is just the reverse of that in the earlier case where the additional value of the new
product is known. We show that when the value added of the new product is unknown, the
results of Gilbert and Newberry (1982) that the more drastic the nature of the innovation, the

lower the incentive the incumbent has to invest in R&D, holds. If consumers are uncertain
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about the additional value of the new product, they continue to learn both the value of the
current product as well as the value added of the new product after the launch, albeit the
former less effectively than before launch. By delaying launch, the incumbent benefits from
the unaffected and faster consumer learning about the value of the current product before
launch when the true mean of the value added of the new product is lower and vice versa.

When the true mean value of the current product is below a threshold, the incumbent
delays the launch of new product further, the higher the true mean of the value of the current
product. This result is also different from the earlier case. When the true mean of the value of
the current product is below a threshold, delaying launch allows the slower consumer learning
to pick up to a desired level before the new product is launched. This result is the same as
when the additional value of the new product is known.

However, when the true mean is above a threshold, we have a different result. When the
true mean of the value of the current product is above a threshold, the consumer learning
is faster and therefore reaches a desired level sooner prompting the incumbent to launch the
new product earlier. In this case therefore, the more the incumbent’s R&D has achieved

before, the more time it has to launch the new product and more it invests.

6 Conclusion

We show that in durable goods markets where consumers cannot evaluate the quality of a
product before purchase and rely on word-of-mouth information for their purchase decision,
incumbent firms may have more incentive than potential entrants to invest in the development
of a new and improved product. While a potential entrant invests in the development of a
new product to “replace” the incumbent in the market by launching the new product, the
incumbent invests in the development of the new product to increase its profit beyond what
it gets from the current product. When a new product is an improved version of an existing
product, higher aggregate diffusion of the current product leads to a faster diffusion of the
new product. In such cases, an incumbent firm balances the faster rate of diffusion of the new
product with the potentially lower profit margin it offers. Clearly, if the new product profit
margin is greater than that of the current product, the incumbent (as well as the entrant)
has an incentive to develop and launch the new product. On the other hand, if the new
product profit margin is lower, the incumbent has an incentive to launch the new product

after having obtained the higher profits from the current product. The incumbent therefore
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earns a higher present-value profit by launching the new product. It chooses the timing of
launch to maximize present-value profits across the diffusion of the two products. It launches
the new product when the aggregate diffusion of the existing product has reached a desired
level. If entry occurs, the incumbent stands to lose the higher profits from the current product
as well as that from the new product which would have diffused at a faster rate if launched
at an appropriate time. Thus the incumbent has more incentive to invest in the development
of a new product than a potential entrant (the latter being driven only by the opportunity to
“replace” the incumbent in the market by launching the new product). This explains why in
many markets, firms like Callaway, Apple (in case of iPods), Intel and Microsoft (Windows)
retained their dominance by launching successive generations of new products.

When faced with the threat of competitive entry, it is commonly believed that a firm
launches a new product sooner. Our results show that when incumbent firms are more likely
to dominate markets for new products, the later is the optimum time of launch. The later
the incumbent’s optimal time of launch of the new product, the more it stands to lose if an
entry occurs and therefore more it invests in the development of the new product relative
to the potential entrant. This explains why firms like Callaway, Apple, Intel and Microsoft
dominated their respective industries while they launched successive new products after a
considerable lag. Callaway, for example, dominated the market for golf drivers during the
early 90s when they launched a new product every three or four years. Thereafter others such
as Ping, Titleist, Taylor Made and Nike caught up as Callaway launched new products more
frequently. Thus in markets for sequential generations of new products, incumbent firms have
higher chances of dominating the market the later they launch the new product.

Another commonly held determinant of the optimal timing of launch of a new product
is the development cycle. Firms sometimes invest heavily midway through the development
cycle or “crash” their R&D projects to reduce the time to market for the new product. Our
analysis suggest that crashing R&D projects may not always be optimal in case of markets
characterized by diffusion of new products where the existing product is more profitable.
Thus, even if the new product were fully developed, it may not always be optimal to launch
it immediately. Conversely, depending on demand side factors, an incumbent firm may have
more time to develop a new product. Irrespective of the time required for development,
when consumers have prior expectations about the new product, the incumbents have more

time for its development. When new products offer tangible value added over the current
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products, firms can convey the value added to the consumers. When the value added of
the new product over the existing product is known, the greater the value added of the new
product or the lower the true mean value of the existing product, the later is the time of
launch and consequently higher is the probability of the incumbents success in the market
for the new product.

On the other hand, when the value added of the new product over the existing product is
not considerably tangible, different consumers have different beliefs about the value-added.
In these conditions, the current product continues to diffuse in the market even after the
new product has been introduced. Thus the greater the true mean value added of the new
product, the sooner is the incumbent’s optimum timing of launch. Thus the greater the
magnitude of innovation, the sooner the incumbent must launch the new product.

Diffusion of products gives more incentive to the incumbent than the entrant to invest in
R&D and opportunity to launch the new product after a time lag irrespective of the supply
side (development cycle-related) constraints on the time of launch. Our analysis shows that
there may be demand side slack for managing R&D projects where consumers use word-of-
mouth information for decision-making and may have rational expectations about the new

products before launch.
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Appendix

Proof of Proposition 1

s orr(Rr,R} orr(R},R .
From the first order conditions %’IE) = 0 and %EE) = 0 (refer Equations 15

and 16), we have

8h(R[) T —rT > —rT,;
—(9RI (pl—ﬂ)/o € T1dT+ (pz—@)/T e TodT
oh (Ryp) >~ .
“TOR; (plg)/o e ""21dT =1, and
Oh (Rp) ®
W (pQ—Q) /0 e "Txodr = 1.

which solve respectively for R} and R},.
Considering the specific functional form h (Ry) = 1 —e ™% we have b/ (Ry) = e~ F¢. The first

order conditions simplify as

o0

T
i = (p-a) / e "Tirdr+ (p2—c2) /T
0

o0
efie = (pg@)/ e " Zadr
0

o0
e "Tiodr — ¢ 1B (plg)/ e "Txidr
0

from which we get the incumbent’s reaction function

T (o) (o)
R} (Rg)=In (pl—ﬁ) /0 e "TxrdT + (p2 —2) /T efTTi'QdT—e*RE( p1— ﬁ) /0 BTTi‘ldT] )

Note that and the Nash equilibrium investments in R&D are given by

*x - g —rT > —rr . (pl_ﬂ) foooeim-jfld'r
Rf = In (p1—g)/0 e $1d7+(p2—0_2)/T e T iodr— (roca) o= e hadr (31)

Ry = In|(pa—cy) / e”a’cng]. (32)
0

The condition for R} > R}, using the Equations 31 and 32 is given by

pL—c) Jyo e Tidr
(p2—c2) Jg~ e Tindr

T
[ e (e in — n - ] ar > & 3)
Note that fOT e T [(pl —ﬁ) Ty — (p2 — 2) :t'g] dr is the winning incumbent’s loss of profit if it
introduces the new product immediately at time ¢ = 0 instead of t = T, (pl - ) f0°° e "Txdr
is the incumbent’s profit if the new product is never introduced and (pg—g) fOOO e "Tiodr is
the profit from launching the new product immediately (at ¢t = 0).
Q.E.D.



Proof of Proposition 2

Follows from the partial derivative of the difference of R} and R}, from Equations 31 and

32 ie., % > 0.

Q.E.D.
Proof of Lemma 1

Note that if it wins the market for the new product, the incumbent also decides the timing

of introduction of the new product which is given by

T o0
T* = argmax { (p1 —ﬂ) / e T dr+ (pg—g) / e”a’cng} . (34)
0 T
We can therefore obtain the first order condition (FOC),!
(p1—c1) @1 (T) — (p2—c2) 2 (T) = 0. (35)

Simplifying further, substituting pse = p2 under rational expectations, substituting and re-

arranging, we have
(p2—c2) (b + A —p2) (p—1) w
2 .
(p1—c1) (M —p1— 5%{25;1)15 — (p2—ca) (1 + A — pa)?

Solving for T" we get the optimal time

I (T) =

J— J— — Ai
T — no 0 (p2—c2) (n+ A —p2) (p—1) 17p175(fiA17p2)
N A—(p2—p1) o1\ 2
HP 0TS () (“ —p— 85 pl)) — (p2—c2) (u+ A —pa)°

(36)
To check the second order sufficient condition (SOC) for a unique maximum, we consider the
second derivative of the objective functional:

(pl—ﬂ) [(—T) e iy (T) + e Ty (T)] — (pg—g) [(—7’) e i (T) + e i (T)]

which using the FOC simplifies to e """ [(p1—c1) &1 (T*) — (p2—c2) &2 (T*)]. Differentiating
Equations 8 and 13 with respect to ¢ we get

_ _5A*(P2*p1)
i) = T (1), and
.. +A—1py .
o (t) = “n—omsvz(t)

Note that the integrand functions F in the objective functional fOTF (t,z,%)dr in the argument in
Equation (34) is of the form F'(7,%) , implying that F, = 0. The first order necessary condition for calculus
of variations, the Euler’s equation for such an objective functional reduces to dFj;/dr = 0, with the solution
F; = constant determined only by the limits of the definite integral. In other words, in this case, the extremal
values of the integrands depend only on the limits of the integrals (see for example Chiang 1992).
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Using these and the FOC to further simplify the SOC, we get

T A —(p2—p1)
rT . *

— ™) | ——————=| <0
Since the SOC holds, T* yields a maximum.

Note that we can obtain the incumbent’s optimal time of introduction for ‘myopic’ con-
sumers, i.e., when they do not have any expectations about the new product by simply
putting 6 = 0 above in Equation 36. The resulting expression is given by

A—
- no (p2—ca) (n+ A —p2) (n—1) S (37)
N = n
p=p (p—a) (p—p)? = (p2—c2) (p+ A —p2)®

2

. pi—ci1 +A— .

From Equation 36 we have a) a2 <#p LiéA,gfz,pl) ) ;
- 1 1-5

b) p>1;

¢) The optimal time is zero if the term inside the logarithm equals unity, i.e., (pg—@)
2

A— A—(pa— 2
(Lt A=p2) (p=1) 1R = (1) (ﬁ— p1— 5%) —(p2—c2) (1 + A —p2)
which is cubic in A which has at least one root A, the value added beyond which the opti-
mal time of introduction is zero. The term inside the logarithm becomes infinity if (p1 —ﬂ)
p2—(1=8) ko1 —(1-0)uly [ Tr=ct

1-6 (I:I:\/ @)

J— P2m22
Thus in the relevant range A € (A, A] the optimal time has an interior solution.
Q.E.D.

A—(p2—p1) \? 2 whi
(M —p— 5T) = (p2—c2) (1 + A — p2)” which solves as A =

Proof of Proposition 3

a) In case of known value added of the new product, the ratio
T if 1-pg (p1—c1)(u—p1)*—(p2—c2) (u+A—p2)?
* —p1 — _ 2
N 1=p1=0(1+A=p2) (Pl—C_l) (M—p1—6—2—]—A7(1p757p )> —(pz—c_z)(/H-A—pz)z

2
(n—p1)* > (u—pl - 55_1”_26;1“2) for this model as A > (p2 —pi). Note that in case

> 1 which holds since

n—p1 —éiAf(lpE;pl) p2—cC2 H—p1

will not.

2
2
< ptQA—p > > B (‘”A*m) > 1, T}y may have an interior solution while T

b) The partial derivative of the optimal time with respect to the quality enhancement, A is

" w1 (T7) «
. aT o e O (T
9y —ax— i
given by 5L = om (17) which is positive if —5~ > 0.

oT}
ooy 1 e m Rl 4 ) (e A p)
_ 1 i 2
0A p+A—p2  A—py+p (p1—c1) [M_pl_éu_lpfé;pll} — (pa—c2) (1 + A — po)?
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Here all the individual terms are positive.
c¢) The partial derivative of the optimal time of introduction with respect to the true mean
quality p yields |p — p1 S (e 1D ) L S [—A— + - —2B ] — T} where B =
1-9 o 0 pw+A—p2 u—1 1
(p1—c1) (u—p1—6%)—(p2—0_2)(u+A—pz)
(p1—c1) (u—m—éiA*(ngm )2—(102—0_2) (u+A—p2)?
that the term inside the brackets is less than zero. Since

. To prove that %TE < 0 it is sufficient to prove

/H—Tl—pz +ﬁ < 2, we need to
show that B > 1. The latter holds since 1+ A —po > p—p; — (5% and the condition
from the proof of lemma 1la).

Q.E.D.

Proof of Proposition 4
From the first order conditions %&’R*’E) =0 and %@ZRE) = 0 (refer Equations 15
and 16), we have

még?) [(Plﬂ) {/OT e "Txy (1) dr+ /oo e T4 (T) dT} + (p2—c2) /oo erTs'csz}

T T
oh (RI) > —rT
~oR, (pl—g)/o e ""&1 (1)dr =1, and

8h(RE) * —rT
W(pgg)/o e "Txodr = 1.

which solve respectively for R} and R7},.
Considering the specific functional form h (Ry) = 1 —e ™% we have I/ (Ry) = e~ f¢. The first
order conditions simplify as

T 0o o)
efir = (p1*C_1) {/ e "y (1) dT+/ e "4 (1) dT} + (pQQ)/ e " kodr
0 T

T
T
—e fie (plc_l)/ e "y (T)dr
0

o
efie = (pgc_g)/ e "Txodr
0

from which we get the incumbent’s reaction function

Ri(Rg) = In[(pi—c1) {/OT e Ty (T)dT+ /TOO e "Tx14 (1) dT}

+ (p2 _2)/’[ e "Tiydr—e B (pl—ﬁ)/ e ""xy (1) dT].

0
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Note that and the Nash equilibrium investments in R&D are given by

R = In[(pi—a) {/OT e "Tiy (7)dT+ /OO e "4 (T) dT}

T
1—&) fooo e "y (1) dr
(p2—c2) [y~ e~ miadr

Ry = In [(pg—gg) /0 Ooe_”ing} (39)

+(p2 — c2) /T " indr- e ], (38)

The condition for R} > R}, using the Equations 31 and 32 is given by

T —rT > —rT,: T —rT,: (pl 7&) f()oo eIy (T) dr
(pl—ﬂ) {/0 e "iy (1) d7'+/T e "4 (1) dT}(pQ — Q) /0 e "Taodr > (p2_0_2) f()oo T aadr
(40)

Note that (p1—c1) {fOT e "Tiy (1) dr+ [ € Tda (T) dT} —(p2—¢2) foT e "Tiodr is the in-

cumbent’s loss if it introduces the new product immediately at time ¢ = 0 instead of t =T

when it wins, (p1 - ) fooo e "T&1dr is the incumbent’s profit if the new product is never in-
troduced and (p2 —9) fooo e "Tiodr is the profit from launching the new product immediately
(at t =0).

Q.E.D.

Proof of Proposition 5

Follows from the partial derivative of the difference of R} and R}, from Equations 31 and
32, i.e., ﬂ% > 0. Note that if %12 > 0 then also ﬂR};}—}%l > 0. But %1;2 =7
(a1 )Er D) =14 (D)= (P2 e )o(T) e > 0 if (plfﬁ)
(=) { ST e=rmia ()drt [3° e=rira(r)dr b+ (pa—ca) [5° e=rTiadr— ”(; 20—16)2;0&;6;; ;d)
[1 (T) —i14 (T)] = (p2 — ¢2) 42 (T) and Condition 40 holds.
Q.E.D.

Proof of Lemma 2

Note that if it wins the market for the new product, the incumbent also decides the timing

of introduction of the new product which is given by

T (o) 00
T;y = arg max { (pl—g) {/ e "y (1) dT+/ e "4 (1) dT} + (pgfg) / e_”:t'ng}
0

T T
(41)
We can therefore obtain the first order condition (FOC),
(p1—c1) [i1 (T) = #14 (T)] = (p2—ca) &2 (T) = 0. (42)



Under rational expectations (p2e = p2) and using Equations 27, 77 and 26, we get

(p1*g) |:(p2 . pl) 1% ;Opl 1 (T) kD SU%A (T) +1/ — PatD1 [SUIA (T) T2y (T)] Lo (T):|

ng T1A (T) +x9 (T) ko
= (pr—c2) [“ ;Op L ;;A((TT)) ij((TT))J ij w14 (T) +22 (T)] 22 (T)] .

Simplifying further we get
p—p_ ko B B (1) ey Zra (D) 22 (T)
o V- Dyt {pl - {” Pt x1A<T>+w2<T>} (p2e2) scm(Tsz(TJ
= [(p2—c2) — (p1—c1)] [z1a (T) +22 (T)] 22 (T).

Rearranging and substituting the initial conditions we get

pop_ K [(pl—cl) (pz A - ) — (p2—c2) Lot +p1]
ny VvV —pytp; - 2—p2+p 2—p2t+m

= [(p2—c2) — (m—c1)] 214 (T) 2 —p2+p1) (1 —p2 +p1).-

Simplifying further we get

p—p1 ko 1 (p1—c1) (1 —p2 +p1) +p2—c2
T1A (T) = B} .
ng vV —patpr (2 —py+p1) (p1—c1) — (p2—c2)
Solving, we get:
T L Tl U ko 1 1 1 (p1—c1) (1 = p2 + p1) +p2—c2
U u—p ng v—pytpi 1 —p1p2—p1 (2 —ps+py) pi—ci— (p2—c2)

(43)
The condition for T} to exist is py—c1 > pa—co given that the condition 1 + Pz P2 —P1

pP1— Cl
always holds under the assumptions of the model. We show that 77 (7') is concave in [0, o)

as long as T}; exists and therefore it is a maximum. The condition that 77 (T") is concave is

given as

2971’](0)+(1—29)7T](OO)<7T[(29.0+(1—29)OO)

for 0 < ¥ < 1. Simplifying, we get

o0

(p1—c1) /000 e i1 (1) dr < [p1—c1 — (p2—c2)] /0 e iy (1)dr
which holds for any ¢ if
(p1—c1) d14 () < [pr—c1 — (p2—c2)] 41 (£) -
Using the first order condition (Equation 42) for any T', the above condition simplifies to

(pg—g) [{'El (T) — {tg (T)] < 0 or {tg (T) 2 i’l (T)
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Using Equations 27, 7?7 and 26, the condition for concavity of m; becomes

B—p1 ko 1 P2 — P1 1
x4 (T) > _
ng V—potp12—p2+pi \l—=p2+p$1  2-—p2+p
1 1
= T no In n—p1 ko I Toptpi ~ C—patp)(p2—p1)
p—p1 ny vV—pytprl—m 2—p2+p1

Comparing with 77 (Equation 43), we can see that the above condition holds as long as

(p1—c1) [1 =2 (p2 — p1)] + (p2—c2) (P2 — p1) >0

a sufficient condition for which is po — p1 < 1/2. Thus T} is a maximum if po — p; < 1/2.
Q.E.D.
Proof of Proposition 6

a) In case of unknown value added of the new product, when consumers do not ex-
pect the new product, the initial conditions at ¢ = T for the current product changes
to 214 (T) = (1 —p1)exp [“—;(;ET]. The initial condition for the new product remains
x2 (T) = x14 (T) (1 — p2 + p1) Using these conditions, we can show that the first order con-

dition (equation 42) reduces to

-ml—p2+ vV — pot
(pl_ﬂ) |:/~L D1 D2 pl_ DPoTD1 (2—p2+p1)$1A (T) (1 _p2+p1):|

ng 2—p2+pi ko
p—pil—pa+p1 v—potp
= — 2 — 1-— T
(p2—c2) [ - 2_p2+p1+ ko (2=p2+p1) (L —p2+p1)z1a( )}
Rearranging, simplifying and solving for T', we get
[u —p1 } 1 p—p ko 1 (p1—c1) — (p2—c2)
exp T| = 2
10 I—=p1 no v—potp1(2—ps+p1) (P2*C_2) + (plfﬁ)
X no 1 p—p1 ko 1 (P1—c1) — (P2—c2)
= TUN = In 3 .
B—=p1 l—p1 no v—pytp (2—p2+p1) (p2*2) + (plfﬂ)

Note that Tﬂl >1if
UN

[(pl—ﬂ) (1 —pa+py) +p2—g] [(m—g) + (pl—ﬂ)] > [(pl—ﬂ) - (m-@)f (p2 —p1) -
This condition simplifies as

p1—ca
p2—C2

2 p1i—c
) +(2+p2—p1) = +1—p2+p1 >0.
p2—C2

[1—2(p2 — p1)] <

which always holds if po — p1 < 1/2 (sufficient condition) which is also a sufficient condition
for Tj; to be a maximum and hence assumed to hold.

b) The partial derivative of the optimal time with respect to the quality enhancement, v is
given by

o1y . no 1

< 0.
v H—p1LV—p2+p1
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c¢) The partial derivative of the optimal time of introduction with respect to the true mean

quality yields

1 —In | 4= ko 1 1 1 (pl 76_1)(1*p2+p1)+p276_2
8T5 no v—py+p; 1—p1 p2—p1 (2—p2+p1)2 plfﬂf(pzfg)
op 0 2
Z (1 —p1)

p1i—c1i—(p2—c2)
p1—c1)(1—p2—p;)+pa—c2

which is positive if p < fi or negative if p > i where 1 = p1+ 2.72ng (

(2 —p2+p1)° 02 —p1) (1 —p1) %"‘Oﬂ’l
Q.E.D.
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