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Disruptive technologies and the
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We formalize the phenomenon of disruptive technologies that initially serve isolated market
niches and, as they mature, alter industry boundaries by displacing established technologies
from mainstream segments. Using a model of horizontal and vertical differentiation, we show
how the threat of disruption depends on rates of technological advance, how many firms use each
technology, relative market segment sizes, and firms’ ability to price discriminate. We characterize
the effect of disruption on prices, market shares, social welfare, and innovation incentives. We
show that the possibility that mergers trigger disruption and thereby alter industry boundaries is
important for assessing their impact on social welfare and profits.

1. Introduction

m  New technologies are often commercialized in a specialized niche. Some stay in their niche,
while others go on to penetrate mainstream segments and compete with incumbent technologies.
Although this phenomenon has received little attention in formal theory, it has long been studied
by historians of technology (e.g., Basalla, 1988), economic historians (e.g., Rosenberg, 1976),
and business and marketing strategists (e.g., Foster, 1986; Moore, 1991). The emergence of
technology competition has risen to particular prominence as a result of Christensen’s inductive
work (1997), which begins with his analysis of the hard disk drive industry. Consider the following
characterization:

In 1985, the hard disk drive market for personal computers was divided into two segments:
desktop computer users who cared about capacity, and portable computer users who cared about
both capacity and portability. A 5.25-inch hard disk technology, which offered higher capacity than
the 3.5-inch alternative, was used in the desktop segment.! The 3.5-inch hard drives, which were
smaller and more energy efficient, served the emerging market for portable computers. Thus, the
two technologies were initially isolated, each limited to serving consumers in a different market
segment. With time, the performance of both technologies improved, but the 5.25-inch drives
always offered significantly higher capacity than the 3.5-inch drives. By 1988, however, the 3.5-
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inch drives had expanded beyond the portable segment to capture the low end of the desktop
segment.

Christensen terms technologies like the 3.5-inch hard drives “disruptive technologies.” A
disruptive technology offers a novel mix of attributes compared to the established technology,
but it is inferior to the established technology according to the needs of consumers in the pri-
mary (mainstream) market segment. The disruptive technology is, therefore, initially purchased
by consumers in a secondary (niche) market segment who place high value on the new technol-
ogy’s attribute mix. As the new technology matures, its performance improves, but its perceived
quality in the primary segment remains inferior to that of the established technology. Despite
this performance inferiority, the new technology is able to enter the primary segment because
the established technology is “oversupplying” customer needs. Christensen documents similar
dynamics with a variety of technologies, including laser and inkjet printers, minimill and inte-
grated steel plants, and hydraulic and steam-powered earthmoving equipment. For scholars, such
disruptive technologies highlight the question of the boundaries of technology competition and
how those boundaries change over time (Adner, 2002). For managers, disruptive technologies
highlight the danger posed to incumbent firms from too quickly dismissing new technologies as
inferior and therefore irrelevant to their market positions.

We address three main research questions. First, we explore whether or not there is compe-
tition between two technologies, that is, whether or not a new technology is disruptive at a point
in time. Second, we explore whether or not disruption is triggered by technological progress, due
perhaps to performance oversupply, and if so, how long it takes a new technology to break out of
its niche. In the initial excitement surrounding disruptive technologies, analysts and firms tended
to see disruptive threats everywhere.? That many of these threats did not materialize highlights
the importance of distinguishing disruptive threats from technologies that will remain isolated in
a niche. Finally, we consider the effects of disruption on competitive outcomes such as prices,
social welfare, firm market shares, profitability, and innovation incentives.

In addition to identifying the phenomenon of disruption, Christensen (1997) observes that
established firms face an “innovator’s dilemma” in that their internal resource-allocation processes
lead them to systematically underinvest in disruptive technologies. In this article, our focus is on
competitive dynamics rather than internal resource allocation. In an extension, however, we extend
our model to consider the incentives of established firms to use a disruptive technology and show
that not exploiting the new technology can be consistent with short-run profit maximization.

The emergence of technology competition has not been the focus of formal economic theo-
rizing. While one can interpret the vast economics literature on product differentiation as being
about technology competition—for example, different positions in a Hotelling model can be inter-
preted as arising from firms using different technologies — this literature takes as given the set of
competing firms and relevant consumers. For example, the common assumption in spatial models
that the market is covered implies that some consumers are always choosing between adjacent
technologies and hence that the technologies are always in direct competition. In other words, the
received literature assumes away the very question of whether or not two technologies compete.

We develop a model of horizontal and vertical differentiation that is well suited to studying
the emergence of competition between distinct technologies. Consumers belong to one of two
segments: a primary segment and a secondary segment. Segments differ in how they evaluate
products and hence allow for horizontal product differentiation. Within a segment, products can be
vertically differentiated. There are two product technologies, a new technology and an established
technology. We consider Cournot competition in which there is an arbitrary number of firms using

2 See, for example, Mack and Summer’s (1999) article about Christensen’s research and the challenge posed by
disruptive technologies.

3 For example, consider the following quote from The Economist: “Starting with this issue, The Economist
Technology Quarterly will offer readers a foretaste of what new developments are threatening—no, guaranteeing—to
disrupt the way business is done in the years ahead” (December 9, 2000, p. 3).
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each of the two technologies, and we allow firms to vary in their marginal costs.* The source of
dynamics in the model is that consumers’ willingness to pay for the products increases over time
as the production technologies mature.

In considering our first question, whether there is competition between the two technologies,
we show that the threat of disruption is increasing in the number of new-technology firms, the
relative size of the primary segment, the primary segment’s utility from the new-technology
product, and the marginal costs of the established firms. We show that the threat of disruption is
decreasing in the number of established-technology firms, the secondary segment’s utility from the
new-technology product, the primary segment’s utility from the established-technology product,
and the marginal costs of the new-technology firms. The disruptive threat is greater when firms
can price discriminate across segments.

The intuition for many of these results comes from the fact that disruption occurs when
new-technology firms pursue a high-volume, low-price strategy that allows them to break into the
primary segment. Consider, for example, the intuition for the effect of marginal costs. The lower
the marginal costs of new-technology firms, the more attractive is a high-volume strategy and
hence the greater the threat of disruption by the new technology. On the other hand, the lower the
marginal costs of the established-technology firms, the greater their output and hence the lower
the scope for new-technology firms to increase their volumes by disrupting the primary market.
Hence, the lower the costs of established-technology firms, the lower the threat of disruption.

Despite the fact that disruption is associated with low costs for the new technology, we find
that the lowest-cost new-technology firm is not necessarily the one that initiates disruption. On
the one hand, the lowest-cost firm has the highest margins among new-technology firms, which
favors output expansion and hence disruption. On the other hand, the lowest-cost firm has the
highest market share in the secondary segment and hence the most to lose from the fall in price
that comes with disruption.

In considering the dynamics of disruption, we find that technology improvement can lead
to disruption. We model performance oversupply as reducing the established technology’s rate
of utility improvement relative to that of the new technology. We show that while performance
oversupply facilitates disruption, it is not necessary for it. We highlight the importance of market
structure (i.e., the number of firms using each technology) as an important driver of the dynamics
because it determines the extent to which consumer surplus from each technology increases over
time. All the factors that make disruption more likely at a point in time also serve to speed its
onset.

In considering the effects of disruption, we show that social welfare is unambiguously
increasing because prices for both products fall with disruption. We show that the profits of
new-technology firms need not increase with disruption because their increased volumes can be
more than offset by increased competition. Indeed, it is possible that established-technology firms
increase their output in response to disruption. We find that concentration tends to increase with
disruption because the effect of cost asymmetries on market share is amplified by the increased
number of competitors.

By identifying the drivers of technology competition, this article contributes to debates about
market definition that are often central in antitrust deliberations. The standard approach to market
definition is to focus on the degree of substitutability between products as measured by both own-
price and cross-price elasticities. This approach has been criticized as being inherently static and
hence unable to accommodate the possibility of future competition from alternative technologies
(Teece and Coleman, 1998).5 Our theory explicitly accounts for the emergence of technology
competition and characterizes its effect on competitive outcomes. Moreover, our model calls

4 An advantage of Cournot over Bertrand is that it allows for multiple firms using a single technology. With
Bertand competition, one can have only a single firm of a given type (as otherwise there is marginal-cost pricing), and
hence one cannot readily address the effect of competition among firms using a given technology on the emergence of
competition between technologies.

5 See also the antitrust case Bourns, Inc. v. Raychem Corporation, U.S. District Court, Central District of Cal-
ifornia, Case No. CV 98-1765 CM and the associated discussion in Pleatsikas and Teece (2001) for problems with
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into question standard results on the effects of mergers in Cournot models (Salant, Switzer, and
Reynolds, 1983; Farrell and Shapiro, 1990). Prior work finds that, absent efficiency gains, mergers
among Cournot competitors lower social welfare and reduce the profits of the merging firms unless
the postmerger market structure is highly concentrated. In contrast, we show that neither of these
results need hold when mergers can alter the boundaries of technology competition.

The article proceeds as follows. In Section 2 we describe the model. Section 3 presents
important preliminaries, including the derivation of the demand function and a typology of the
possible pure-strategy Nash equilibria. Section 4 characterizes the drivers of disruption at a point
in time, while Section 5 discusses issues of equilibrium existence and uniqueness. In Section
6 we examine the effect of technology improvement on the emergence of competition. Section
7 characterizes the effects of disruption on competitive outcomes, and Section 8 looks at the
implications for merger analysis. We extend the model in Section 9 to allow for multitechnology
firms and price discrimination. Section 10 concludes. The proofs are split between Appendix A
and a web Appendix available at www.rje.org/main/sup-mat.html. Mixed-strategy equilibria are
discussed in Appendix B.

2. Model

B There is a new technology (A = N) and an established technology (A = E), with n; > 1
firms using technology A. We assume each firm uses only one technology. Section 9 relaxes
this assumption and looks at multi-technology firms. Firms vary in their cost of production. The
marginal cost of production for the ith firm using technology A is denoted by c;; > 0. Denote the
average cost of firms using technology A by ¢, = (1/n;) Y17, ¢a-

There are two discrete market segments indexed by m = 1,2. A consumer in segment m
has a willingness to pay for the new product (i.e., a product made using the new technology)
of un,, +d and a willingness to pay for the established product (i.e., a product made using the
established technology) of u g, + d. The first component of willingness to pay, u;,,, is the same
for all consumers in a given segment and reflects product differentiation. The ordering of u gy,
and uy,, captures vertical differentiation within segment m. The ordering u;; and u;, captures
horizontal differentiation (i.e., the extent to which consumers in different segments value the same
product differently).

Differences in willingness to pay arise because segments vary in the weights they place on
different product attributes and products vary in their attribute levels depending on the underlying
production technology.® Discrete segmentation is a good representation of horizontal differenti-
ation in many settings, such as when the product is a component used in multiple end products
(e.g., hard disk drives, which are used in notebook, desktop, and mainframe computers). Other
examples of discrete consumer heterogeneity include personal versus professional users, industry
segments (in business-to-business markets), and national markets.

The second component of willingness to pay, d, varies across consumers within a segment
and is independent of the product. In segment m, we assume that d is uniformly distributed
between —oo and D with a density S,, > 0. §,, parameterizes the size of market segment m. We
make no restriction on relative segment size (i.e., it need not be that §; > §,). Without loss of
generality, we assume that D = 0.’

We consider Cournot competition and denote the output of firm i using technology A by
¢,; and total outputs by O, = 2721 q,.; - Firm profits are wy; = gni(Py(Qn, Q) — cn;) and

using traditional approaches to market definition in settings characterized by multiple evolving technologies and multiple
customer segments. Sutton (1998) highlights similar issues in the flow meter industry.

6 An example of such dependence is the following. Consumer choice depends on two attributes, and technology
A’s performance on these attributes is given by x; and y,. Utilities are u;,, = (x;)*" (y)'~@, where o, reflects the
relative weight placed on attribute x by segment .

7 Our specification of willingness to pay follows Katz and Shapiro (1985), but with two differences. First, whereas
they study a single segment, we consider two segments. Second, whereas they assume that u,,, arises from network
externalities, we assume that it arises from segments’ valuation of product attributes.

© RAND 2005.



ADNER AND ZEMSKY / 233

g = qEi(PE(QE, ON) — CcEi), Wwhere P, (-, -) are the inverse-demand functions. Thus, there is a
single price for each product; Section 9 extends the analysis to the case of price discrimination
across segments. We focus on the pure-strategy Nash equilibria of the model.

We assume that as products mature over time, their performance, and hence consumers’
willingness to pay for them, is nondecreasing. That is, u},,(r) > 0. Exogenous technological
improvement, as in the literature on new-technology adoption (e.g., Fudenberg and Tirole, 1985),
can have several sources, such as improving input quality and spillovers from R&D activities
outside of the industry. In Section 7 we relax this assumption and explore innovation incentives
within the model.

We make the following restrictions on the parameter space. Firms using the established
technology create value only in segment 1: #g; > max cg; and u g, < min cg;; while firms using
the new technology create value in both segments: uy; > maxcy; and uy, > maxcy;. We
are interested in the case where segment 2 is relevant to the analysis (i.e., the new product is
sold to segment 2) and where both technologies compete for segment 1 (i.e., the new technology
does not drive the output of established-technology firms to zero). Lemma 3 identifies parameter
restrictions such that these conditions are satisfied. We do not require that the new technology
be inferior to the established technology in segment 1. We simplify the analysis by restricting
attention to small cost asymmetries across firms using the same technology (i.e., |¢, — ¢;| not
too large) such that all firms have positive output in equilibrium.

3. Preliminaries

m  In this section we derive inverse-demand functions, identify two possible pure-strategy Nash
equilibria, and introduce definitions that link parameters to equilibrium existence.

O  Demand functions. We derive the inverse-demand functions, Py (Qxy,0f)and Pr(Qg,.On),
by solving for the market-clearing prices for any given Qy and Q.

Given the restriction u g, < min cg;, the established product is bought by consumers only in
market segment 1. There are three possibilities for who buys the new product: only consumers in
segment 2, only consumers in segment 1, and consumers in both segments.

We start with the case where the new product is bought by consumers only in segment 2.
Consumers in segment 2 with d + uy, — Py > 0 buy the new product, and the measure of
such consumers is (uy> — Py)S,. Market clearing requires that (x> — Py)S2 = Oy and hence
Py = upyy — Qn/S> in this case. Similarly, the inverse-demand curve for the established product
in this case is Pr = ug; — Q/S1. Under what conditions is the new product bought by consumers
only in segment 2? It must be that consumers in segment 1 get a higher surplus from the established
product than the new product, thatis,ug; — Pg > uy; — Py or Qn /S < Qp/S1 — (un1 —upnz).

Now consider the case where the new product is bought by consumers only in segment 1.
Since consumers in segment 1 buy both products, they must be indifferent between them, and
hence ug; — Pr = uy; — Py . Total demand is then (uy; — Py)S), or equivalently (ug; — Pg)Si,
and market clearing gives Py = un1 —(Qr+Q0yn)/S1and Pg = ug; —(Qp+ Qy)/S:1.In order for
no consumers in segment 2 to buy the new product, it must be that u 5, — Py < 0, or equivalently
On/S1 Suni —un2 — Qe/Si.

Consider the final case where consumers in both segments buy the new product. Since
consumers in segment 1 buy both products, they must be indifferent between the two products,
and hence ug; — Pg = uy; — Py. Total demand for both products is now the demand from
segment 1, (uy; — Py)S1, plus demand from segment 2, (452 — Py)S> and market clearing yields

_ Sy +Suyy  Qp+ 0w

Py = -
S1+ 5 Si1+5
The price of the established product is
S2 Qr+0On
Pr=un; —up + Py =ug — - - ZETEN
p = —upt Py =up = oore (un1 — un2) S 15
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The conditions such that some consumers in segment 2 buy some but not all of the new product,
0 < (un2 — Py)S2 < Qu, are just the converses of the prior two conditions. We collect the above
results in the following lemma.

Lemma 1. The inverse-demand functions are

On ..Onv _ Ok
_¥N fEN o KE _ ’
Un2 S5 I S, =S (uy1 — un2)
+ .
Pn(On, QF) = § uni — % if % < (un1 —uy2) — %,
I 1 1
Siuni+ Suyy  On+ Qp otherwise
S] + Sz Sl + S2 '
Ok .0 _ On
_xE F2E > BN — uw),
Ug S, i s, = s, (un1 — upn2)
+ .
Pp(QE, On) = | UE! _ QO+ 0r lf& < (uni _UNZ)_&7
M S1 S
P So(uni —un2) Qe+ 0w otherwise
£l Si+ S Si+5S, '

Note that both demand functions are piecewise linear, that established product demand is
weakly concave, and that new-product demand is weakly convex; see Figure 1.8

Because of the convexity in their demand function, equilibrium analysis needs to be con-
cerned with both local and global optimality for new-technology firms. The emergence of com-
petition between the technologies makes the demand curves for both types of product flatter. For
new-technology firms, this is because additional new product output is spread over both seg-
ments. For established-technology firms, this is because additional established-technology output
shifts new-product output into segment 2. With this flattening, best-response functions are not
everywhere downward sloping. Figure 2 shows possible best-response functions of one new-
technology firm to another (left) and of an established-technology firm to the total output of the
new-technology firms (right).” Consequently, in some regions outputs are strategic complements,
rather than strategic substitutes.

Finally, note that Py is weakly decreasing in (#y; — ux2), which determines the ease with
which established-product output pushes the new product back into segment 2. Loosely, (u#y; —
u y2) reflects the extent to which new-technology firms are committed to segment 1.

O  Pure-strategy Nash equilibria. We distinguish between two different types of equilibria.

Definition 1. The new technology is disruptive in some equilibrium if consumers in segment 1 and
segment 2 buy the new product. The technologies are isolated in some equilibrium if consumers
in segment 1 buy only the established product and consumers in segment 2 buy only the new
product.

Referring back to Lemma 1, disruption arises from new-technology firms pursuing a high-
output, and hence low-price, strategy; conversely, isolation involves these firms pursuing a low-
volume, high-price strategy. Since the demand functions are piecewise linear and firm profits
are my; = i (P (05, O—;) — cxi), pure-strategy Nash equilibria of our model are analogous to
equilibria in a standard Cournot model with linear demand and asymmetric costs. Notice that in
this type of model, differences in the demand intercept across types of firms, which arise from

8 The parameters used for the inverse-demand curves in Figure 1 are S} =2, S, = 1, uy2 =ug; =5,uyy =4.75,
and Qg =4 (left) and Qy = 3 (right).

9 The parameter values used to generate the best-response functions in Figure 2 are ug| = 5, uy; = 3, uy2 = 4,
cgi=2,cni=l,np=1,ny=2,8 =1,and S| =3 (left) or S| = 1 (right).
© RAND  2005.
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FIGURE 1

INVERSE-DEMAND FUNCTIONS FOR THE NEW PRODUCT AND THE ESTABLISHED
PRODUCT

0 a, 10
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product differentiation, are equivalent to differences in marginal costs. Formally we have the
following lemma.

Lemma 2. (i) There is a unique pure-strategy Nash equilibrium (PSNE) in which the technologies
are isolated. Equilibrium outputs and profits in this equilibrium are

S5 _
qni = | (un2 — cni +ny(Cn — cni)),
= 31 (g1 — cgi +np(Cg — CEi))
qdEi np+1 El Ei E(CE Ei)),
2
zl = (qIIV[)
Ni S2 )
and
2
2l = (qéi)
Ei Sl

(ii) There is a unique PSNE in which the new technology is disruptive and all the established
firms still have positive output. Equilibrium outputs and profits in this equilibrium are

D _ Sl +S2
ni ng +}’lN+1
[ Siun1 + Souno _ _
X | —a——a— —cni+nn(@n —cni) +nplluy —cni) — (g1 —ce)l |,
| Sl +Sz
D _ S+ S5
qEi ng +nN+1
i _ _ So(uny — un2)
X |ug) — cpi +np@e — cpi) +ny (g — cg) — (uyy — ey)] — N2
| S1 +Sz
D2
2D = (gn:)
Ni Sl +Sz’
and
D2
2D = (42:) .
Ei S1+ 85

Proof. See Appendix A.
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FIGURE 2
BEST-RESPONSE FUNCTIONS
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Henceforth we refer to the PSNE with (g5;, ¢2;) as the disruptive equilibrium (¢ = D) and
the PSNE with (¢4,;, ¢F;) as the isolated equilibrium (¢ = 7). It is useful to define total output in
each of the equilibria by 0% = 3% ¢%. and Q% = Y7, ¢%..

Consider the determinants of a new-technology firm’s output in the isolated equilibrium.
Firm i’s output ¢/, depends in part on the size of segment 2 (S,) and the intensity of competition
in the segment (1/(ny + 1)). In addition, it is useful to relate equilibrium output to a firm’s
value creation (Brandenburger and Stuart, 1996), which is the difference between a customer’s
willingness to pay for a product and the production cost. Output ¢4, depends on a measure of
absolute value creation (2 — cy;) and of firm i’s value creation relative to all new-technology
firms: ny(uns — cni) — ny(uns — ) = ny(@y — cni)).'° The components of qgi have an
analogous interpretation.

Now consider the disruptive-equilibrium outputs, g &, and ¢, . Because disruption effectively
collapses the two segments into one market, equilibrium outputs depend on the size of the total
market (§;+S5;) and the overall intensity of competition (1/(ny + ng + 1)). Because the established
technology is bought only in segment 1, g ,ﬁ?,. naturally depends on that technology’s value creation
in segment 1 (4 g; — cg;). Because the new technology is bought in both segments, g ,l\?i depends on
a measure of absolute value creation across both segments ([(Sjuy; + S2un2)/(S1 + S2) — cnil).
The term ny (Cy —cni)+nel(unt —cni) — (e —cp)l = (ny +np)(uyt —cni) —ny(uy1 —y) —
ng(ugy —Ccg)ing 1’31. is a new-technology firm’s relative value creation for segment 1 consumers H
Similarly, g2 depends on the established-technology firm’s relative value creation in segment 1
(ng(cg — cgi) + ny[(ug1 — cgi) — (uy1 — cn)]). Finally, the output of established-technology
firms depends on the level of new-technology firms’ commitment to segment 1 (uy1 — un2).

We now restrict the parameter space so that the isolated and disruptive equilibria are the only
two possible PSNE.

Lemma 3. A sufficient condition for the new product to be bought by some consumers in segment
2 in any Nash equilibrium is
Uyy +nycCcy
AL 1
un2 > = (H
Under this condition and min; g g > 0, the isolated and disruptive equilibria from Lemma 2 are
the only possible PSNE.

10 A5 a measure of absolute value creation, u 52 —c y; abstracts from the consumer-specific component of willingness
to pay, d.

1T Algebraically, ¢ 1\? ; depends only on relative value creation in segment 1 because

Siuni + Sounz  Sa(unz — unn)
S1+ 8 NER

=UN]-
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Proof. See Appendix A.

Henceforth, we assume that (1) holds and that min; ¢ 1?;' > 0. Because uy;, > ¢y, inequality
(1) holds for ny sufficiently large, as well as holding as long as uy; is not too much greater than

12
un>.

O Linking model parameter to equilibrium existence. In order to make precise statements
about how the threat of disruption depends on parameters of the model, we introduce the following
definitions.

Definition 2. The set of parameters that support an equilibrium is increasing (decreasing) in
parameter x if existence for some x = x; implies existence for all x > x; (x < x;), holding fixed
the value of all other parameters.

Definition 3. The threat of disruption is increasing (decreasing) in some parameter if the set of
parameters that support the disruptive equilibrium is increasing (decreasing) in the parameter
and the set of parameters that support the isolated equilibrium is decreasing (increasing) in the
parameter.

By construction, the equilibrium outputs q,‘fi satisfy first-order conditions and hence are
locally optimal.'3 We now turn to global optimality. We denote the profit for the i th new-technology
firm from its optimal deviation from the disruptive equilibrium onto the isolated part of the demand
curve by

D

D_ D
D _ Oy —4ani*4
fiy; = maxq (un2 — = F——cwi ),

RY)

and we denote the optimal deviation by ¢£;. Analogously, we denote the profit for the ith new-
technology firm from its optimal deviation from the isolated equilibrium onto the disruptive part
of the demand curve by

Sl+Sz S1+SZ

Tyi = maxq

! <S1u1v1+52u1v2 Q0+ 0N —dyi +4 —CN'>
l ’

and we denote the optimal deviation by ¢ 1{11‘ . We denote the change in profit by

Lemma 4. A sufficient condition for the set of parameters that support equilibrium ¢ = D, I to be
increasing (decreasing) in some parameter x is that the following holds for all i: BA‘]’(,I. /0x < (>)
0 for any set of parameters such that A;{,i =0.

Proof. See the web Appendix.

4. The drivers of disruption
m  The threat of disruption posed by the new technology varies as follows.
Proposition 1.

(i) The threat of disruption is increasing in uy1, cg;, and S; and decreasing in uy», ugi,
and S,.

12 Note that inequality (1) is a sufficient but not necessary condition because the derivation assumes that O = 0
and hence our analysis holds for even lower values of u .

13 Note that local optimality requires that total outputs lie on the appropriate part of the demand function. The
condition for global optimality assures that this is the case.
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(i) When cy; = cy for all 7, the threat of disruption is increasing in n; when cg; = cg for
all 7, the threat of disruption is decreasing in ng.

Proof. See the Web Appendix.

The intuition for the results in Proposition 1 comes from the fact that disruption occurs when
new-technology firms find it profitable to expand from the secondary to the primary segment by
pursuing a low-price, high-volume strategy. The effect of each parameter comes from its impact
on the profitability of such a strategy relative to the profitability of the lower-volume, higher-price
strategy of isolation. Thus, for example, disruption is more likely the higher is uy; because a
higher utility of the new product in segment 1 means that its price does not need to fall as much
for disruption to occur.

The effect of several of the parameters comes from their impact on the additional volume
generated by disruption. The bigger the size of segment 1 (S}), the greater the potential to increase
volume through disruption and hence the greater the threat of disruption. Similarly, the greater
the output of the established-technology firms (gg;), the less segment-1 demand is available for
the new product and hence the lower the volume generated by disruption. From Lemma 2, we
have that q"Ebi is decreasing in cg; and hence the threat of disruption increases with the cost of
an established-technology firm. On the other hand, qﬁ ; s increasing in u gy, which decreases the
threat of disruption. While the output of any individual established-technology firm is falling in
ng, the total output of the established product, Q‘Z, is increasing in ng and hence the threat of
disruption is decreasing in ng.

The effects of the remaining parameters come from their impact on the profitability of staying
in segment 2. The larger the size of segment 2 (S,), the more attractive it is for new-technology
firms to stay there. The higher the utility of the new product in the segment (uy7), the greater
the price premium for staying there. Finally, the more firms that compete in segment 2 (ny), the
lower the price and the volume for any individual firm and the less attractive it is to stay there.
Thus, the threat of disruption is decreasing in S, and u y, and increasing in ny .

Because market boundaries depend on the number of firms using each technology, our theory
has implications for merger analysis, and we examine these more closely in Section 8.

The effect of new-technology firms’ costs on the threat of disruption is as follows.

Proposition 2.
(i) If cy; = cn + ¢; for all i, the threat of disruption is decreasing in cy .

(i) With multiple new-technology firms and S, large relative to S, increases in own costs
cy; increase firm i’s incentive to disrupt. Formally, when ny > 1, there exist critical
values s/, s” > 0 such that dA%,/dcy; > 0 when AL, =0 if and only if S;/S, < s’,
and AL, /dcy; < 0 when AR. =0 if and only if S;/S> < s”. We have ds’ /ony > 0.

(iii) Increases in new-technology firm j’s costs decrease the incentive of firm i to disrupt.
Formally, dA%. /dcy; > 0 when AR, =0and AL, /dcy; < 0 when Al =0.

(iv) Itis not necessarily the low-cost firm that has the greatest incentive to deviate from the
isolated equilibrium.

Proof. See the web Appendix.

According to part (i), uniform increases in the cost of new-technology firms reduce the threat
of disruption. This is because cost increases reduce margins and make the low-price, high-volume
disruptive strategy less attractive.'* Despite this result, we find in part (iv) that it is not necessarily
the lowest-cost firm that has the greatest incentive to deviate from the isolated equilibrium. On

14 Our findings that the likelihood of disruption increases with the new-technology’s cost advantage (¢y — ¢) and
with the relative segment sizes (S;/S7) are consistent with Christensen’s claims (1997). Our finding is in contrast to the
assumption in Klepper (1996) that cost reductions do not serve to attract new customers to a firm.
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FIGURE 3
THE SET OF PURE-STRATEGY NASH EQUILIBRIA AS A FUNCTION OF (uy1, un2)
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the one hand, the lowest-cost firm has the highest margins among new-technology firms, which
favors output expansion and hence disruption. On the other hand, the lowest-cost firm has the
highest market share in the secondary segment and hence the most to lose from the fall in price
that comes with disruption. In part (ii) we see that the effect that dominates depends on segment
size: the larger is segment 2, the less likely it is that the lowest-cost firm initiates disruption; this
effect is greater, the larger the number of new-technology firms. Part (iii) shows that among the
new-technology firms, an increase in a rival’s cost decreases a firm’s incentive to disrupt. This is
because the firm’s segment 2 market share is increasing in the costs of its rivals.

Animportant caveat to the results in this section is that we assume that all of the parameters are
exogenous. In some settings, however, some parameters may affect the value of other parameters.
For example, increasing the size of segment 2 might lower the costs of new-technology firms (e.g.,
through experience effects) or increase the number of new-technology firms (e.g., if the number
of firms depends on the ability to cover fixed costs). Our results on the threat of disruption could
be reversed if such indirect effects outweigh the direct effects. This offers an avenue for future
work, especially the possibility of endogenizing the number of firms using each technology.

5. Existence and uniqueness

B We now turn to the existence and uniqueness of pure-strategy Nash equilibria in our model.
From Proposition 1, we know that critical values of u%, and u, exist such that the disruptive
equilibrium exists for u y, < uﬁz and the isolated equilibrium exists for uy, > u{\,z . The questions
of existence and uniqueness can be reduced to asking what is the ordering of ”1?12 and uﬁ\,z. For
example, if u¥), = u},, then there is a unique PSNE for all values other than uy, = u%,. To
characterize this ordering, we consider how these critical values depend on the parameter u ;.
We first define the critical values of uy, such that firm i is indifferent about deviating from
equilibrium ¢:

uly, (x)={y : A%, =0foruy =x and uy; = y}.
Aggregating over all firms, we then have

I I
Upny(x) = miax U po; (X),
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D . D
Uny(x) = miln Ui (X).

These functions are linear and are illustrated in Figure 3. Note that the disruptive equilibrium
exists to the right of the uf\),z(u ~1) line and the isolated equilibrium exists to the left of the uf\,z(u N1)
line. Where u},(uy1) > uk,(uyy) there is a region with no PSNE and where ul,(uyi) <
uR,(un1), there is a region with multiple PSNE. Outside of these two regions, there is a unique
PSNE.'¢

The ordering depicted in the figure is general in that:

Lemma 5. The linear functions u{(uy1) and u’y (uy1) cross once, with u)(u 1) cutting uh(un1)
from below. The difference between the slope of u 1sz(” ~1) and ufvz(u N1) 18 increasing in ng and

ny.
Proof. See the web Appendix.

While there may be a unique PSNE, it is also possible to have either no PSNE or multiple
equilibria. That the model exhibits both multiplicity and nonexistence is due to the possibility that
outputs can be either strategic complements or strategic substitutes (see Section 3). Nonexistence
of pure-strategy equilibria can occur when the output of the new-technology firms is a strategic
complement for the established firms. Then, when established-technology firms expect isolation,
they have a low output, and this can trigger disruption; when they expect disruption, they have a
high output, and this can make disruption unattractive. When both occur, neither an expectation
of disruption nor one of isolation can form the basis of a Nash equilibrium, and a PSNE does not
exist.

There are two sources of multiplicity in the model. When the output of the new-technology
firms is a strategic substitute for the established firms, then an expectation of disruption leads to
a low output by the established-technology firms, and this can trigger disruption that would not
occur if the established-technology firms did not expect it. Second, when ny > 1, the upward
jump in the best-response functions among new-technology firms (see Figure 2) can give rise
to multiple PSNE: the expectation that other new-technology firms are playing a high-volume,
disruptive strategy can cause a self-fulfilling escalation of production plans.

In Appendix B, we exhibit a mixed-strategy equilibrium (for the case of ny = 1) that exists
when there is no PSNE. Numerical analysis indicates that the comparative statics on the threat of
disruption in Proposition 1 hold for the probability of disruption in the mixed-strategy equilibrium.

6. The effect of improving technologies

B Does the threat posed by a new technology increase with technological advance? Recall that
utility levels in the model increase over time as the technologies mature, u},, (1) > 0. Formally,
we are interested in whether the threat of disruption is increasing in ¢.

We know from Proposition 1 that the threat of disruption is increasing in u 5 and decreasing
in uy, and u g, and hence results will depend critically on the relative rates at which the differ-
ent utilities are increasing over time. Thus, the extent to which the established technology has
exhausted its ability to increase consumer utility relative to the new technology (“performance
oversupply”) does affect the threat posed by a new technology, but it is not the only driver. Figure
4 illustrates how the new technology’s utility trajectory—the relative rate at which uy; and uyo
increase over time —influences whether or not there is disruption. As uy; and u y; increase along
their trajectory, the solid lines in Figure 4, the set of PSNE change when the trajectory intersects

15 The parameter values used to generate Figure 3 are S| =4S, ng =ny =2,up; =4,and cgy = cg2 = ¢cnN1 =
CN2 = 1.

16 The points to the right of the dashed lines in Figure 3 fall outside of the boundaries specified in Lemma 1. The
points with low u > are where the new technology bypasses segment 2 and is bought by consumers only in segment 1.
The points with high ux are where output of the established-technology firms is driven to zero.
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FIGURE 4
A DISRUPTIVE AND A NONDISRUPTIVE TRAJECTORY WHEN u'El(t) =0
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with the critical thresholds u{vz(u 1) and u,l\)u(u ~1). Note that unless u'.(¢) = 0, the critical thresh-
olds u ,?,z(u y1) and u 1Iv2(“ ~1) increase over time. We start with the limiting case of performance
oversupply where the utility from the established technology is no longer increasing. Under what
conditions does the disruptive threat increase over time? Does it increase even if u’Nz(t) > ujv @)
so that the new technology’s utility trajectory favors segment 2?7

Proposition 3. Suppose u%(t) = 0. There exists an r € (0, 1/(ny + 1)) such that the threat of
disruption is increasing in ¢ if and only if u'y(¢) > ru'y,(r). The parameter r is decreasing in ny
and S;/S,.

We find that unless u v, is improving much faster than u v, the threat posed by the new tech-
nology does increase over time. For intuition as to why r, the critical ratio of improvement rates, is
less than 1/(ny + 1), consider the breakdown of the isolated equilibrium. In this equilibrium, the
surplus available to segment-1 consumers from buying the new product is u 1 (z) — PN(Q,IV, Qg),
where Py(Q%, OL) = (una2(t) + nycy)/(ny + 1) is the equilibrium price of the new product.
This surplus is increasing over time as long as uj\,](t) > (1/[ny + 1)]u§\,2(t). Since the surplus
from the established product is constant over time when u’,,(z) = 0, the relative attractiveness of
the new product to segment 1 is increasing over time. In general, we find that r is decreasing in
ny because more competition leads to more of the surplus going to consumers. The larger is S
relative to S, , the more willing are new-technology firms to give surplus to consumers in order to
enter segment 1 and hence the lower is r.

Consider how Proposition 3 applies to the functional form, uy(z) = byit? and upn(t) =
bn>tP. The parameters by and by, reflect both the rate of improvement in product performance
and customers’ willingness to pay for those improvements. (The parameter B € (0, 1] reflects
both decreases in the rate of technological progress and the extent to which consumers exhibit
decreasing marginal utility for product improvements.) The trajectory is then u'y,(¢)/u’y,(t) =
bn>/bn1, and disruption occurs for ¢ sufficiently large if by, > [1/(ny + D)bn2].

Now consider the possibility that the established technology is also improving, u’;, () > 0.
In Figure 4, this corresponds to a rightward shift over time in the u‘,{,z(u ~1) functions. We focus
on the case where all utilities are increasing at the same rate.

Proposition 4. Suppose 'y (1) = u'y, () = uy,(1).
© RAND 2005.
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(i) There exist critical values n, > n; > 0 such that for ny < n, the threat of disruption
is increasing in ¢ and for ng > n, the threat of disruption is decreasing in ¢.

(i1) The critical values n; and n, are increasing in ny and S;/S;.
Proof. See Appendix A.

When ug; is improving, we find that the intensity of rivalry among established-technology
firms (as given by ng) affects the dynamics because it moderates the extent to which surplus
from the established product is increasing over time. As long as established-technology firms
are appropriating a sufficient amount of the increasing utility (i.e., ng < n;), we find that the
disruptive threat still increases over time even though the established technology matches the
advances of the new technology.

We conclude that performance oversupply facilitates disruption, but it is not necessary for the
dynamics that Christensen describes. In particular, we highlight the role of relative segment sizes
(S1/S2), the extent of rivalry among each group of firms (ng and ny), and the utility trajectory, the
relative rate at which each segment’s utility for the new technology is increasing (uy,(t)/u’y,(1)).

Having explored the effects of time on the threat of disruption, we now suppose that there
exist critical time thresholds #” and ¢/ that determine whether or not these equilibria exist. See
Figure 4 for an illustration. We now characterize the factors that determine these thresholds and
hence the immediacy of any disruptive threat.

Proposition 5. Suppose the disruptive (isolated) equilibrium exists if and only if ¢ > 2 (¢t < ¢1).
Then ¢ (') is increasing (decreasing) in S, and n g, while it is decreasing (increasing) in cg;, 51,
and ny . If ug(t) = byt? forby > 0and 0 € {E1, N1, N2},then tP (") is increasing (decreasing)
in by and decreasing (increasing) in bg; and by;.

Proof. See Appendix A.

Parameters have the same effect on the time to disruption as they had on the threat of
disruption in Proposition 1. While u 1, uy>, and ug; matter at a point in time, it is the rates of
increase in these utilities that matter over time.

It is possible that the threat of disruption is neither increasing nor decreasing for all ¢, and
hence it is possible for a technology to be only temporarily disruptive. This can occur if the
relative curvatures of the u,,,(f) functions change over time. Consider, for example, uy;(f) =
una(t) = bt? and u g (t) = b(z +h)P, where the parameter £ reflects a head start for the established
technology. Then, for & large and ¢ small, u’;,(t) = bB/(t + h)'# will be much smaller than
uhy (£) = uy, (1) = bB/ t!=# so that the threat of disruption initially increases over time, following
the logic of Proposition 3. For sufficiently large 7, however, the effect of / fades and then, for
ng/ny sufficiently large, the threat of disruption recedes, following the logic of Proposition 4.

7. The effects of disruption

B Weare interested in the effect of disruption on outputs, prices, social welfare, market shares,
profitability, and innovation incentives. Our approach is to compare these outcomes when the
disruptive and the isolated equilibria both exist, which corresponds to a transition from isolation
to disruption occurring as the new technology’s trajectory moves through the multiple-equilibrium
region (see Figure 4).

Proposition 6. Suppose both the isolated and the disruptive equilibrium exist. A shift from the
isolated to the disruptive equilibrium lowers the price of both products and increases the output of
the new-technology firms. Social welfare is higher in the disruptive equilibrium, and all consumers
are weakly better off.

Proof. See Appendix A.

Disruption is fundamentally an increase in rivalry as each firm faces more competitors. This
leads to a fall in product prices toward marginal costs, which raises social welfare and leaves
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all consumers who purchase strictly better off.!” Because of their nonmonotonic best-response
function, the output of the established firms can either increase or decrease with disruption.'® Does
disruption increase the profits of new-technology firms at the expense of established-technology
firms? Not necessarily:

Proposition 7. Suppose both the disruptive and the isolated equilibrium exist.
() Ifny=1,70, >=l,.

(ii) If ny > 1, then for Souy, sufficiently small and u v, sufficiently large, 77, < 7.

e - = D 1
(iii) If cg; =Cp,mg; < mg;.

Proof. See Appendix A.

When there is only one new-technology firm, it can always guarantee itself at least its profits
in the isolated equilibrium. Hence, its profits in the disruptive equilibrium must be at least as
great. This is not the case when there is more than one new-technology firm, because they may
face a coordination problem (due to the upward jump in their best-response functions). When
u > is sufficiently large, new-technology firms will have high profits in the isolated equilibrium.
But when S is sufficiently small, the output of the new-technology firms is so great under an
expectation of disruption that no single firm can (profitably) restore the isolated outcome by
unilaterally reducing its output, and hence the disruptive equilibrium will exist as well. Thus, a
shift from isolation to disruption can lower the profits of new-technology firms when they start
in a small but high-margin segment.

The increase in competition that comes with a shift from isolation to disruption reduces the
profits of the established-technology firms, at least if they have average costs. The reason for the
restriction to firms with average costs is that disruption can either amplify or dampen the effects
of cost asymmetries on market shares and relative profitability, as shown in Section 7.1

To facilitate the statement of subsequent results, it is convenient to define the following:

S
Ry =ng[(uy) —¢y) — (ug —cp)l + L (un1 — uy2),
Sl + Sz
_ _ S
Reg =nn[(ugs —cg) — (un1 — cn)l — 2 (N1 — un2).
Sl + S2

R; depends on a technology’s relative value creation in segment 1 with an adjustment for the
extent to which the new technology is committed to segment 1. Note that there is no a priori
restriction on the sign of Ry or Rg, but there is a tendency for them to have the opposite sign
(e.g.,forny =ng and S| = S, we have Ry = —Rp).

O  The effect of disruption on market share. We now characterize the effect of a shift from
isolation to disruption on firm market shares. We focus on a firm’s share of a particular product

17 These results hold for the mixed-strategy equilibrium with ny = 1 analyzed in Appendix B.
18 The ratio of outputs is

QQ_( ng +1 )(s]+52><1+ R )
Qﬁ; - ng+ny+1 M Ug1 — CE ’

and established-technology firms are more likely to increase output the larger are ng and S, relative to ny and S;. The
quantity Rg is defined later in this section. In the mixed-strategy equilibirum, QF is increasing in the probability of
disruption.

19 We have identified parameters for which disruption increases the profits of a low-cost established-technology
firm. Numerical analysis of a large parameter space failed to turn up any parameters for which a high-cost established-
technology firm had an increase in profits from disruption.
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market, that is, on gy; /Oy or gg; / Qg . Consider the market share of the ith new-technology firm
in the isolated equilibrium,

I -

qy; _ 1 una —cni +nn(@y — cni)
1 - -

Oy nmn Un2 — Cn

First notice that a firm’s market share is increasing in ny(cy — cy;): firms with low costs have
higher market share, and this effect is increasing in the number of rivals. Moreover, what matters
are cost asymmetries relative to average value creation, uy, — ¢y. That is, the market share of
low-cost new-technology firms is falling as average value creation across new-technology firms
increases because their cost advantage looms less large. Conversely, the market share of firms with
above-average costs is strongly decreasing in the number of rivals n and increasing in uy, —Cy .

A shift from isolation to disruption has two effects. First, the number of competitors increases
to ny +ng, and this will tend to increase the market share of low-cost firms at the expense of their
high-cost rivals. Second, the effective value creation of new-technology firms is now Ry . As long
as Ry is not too large relative to uy, — €y, the effect of cost asymmetries on market share are
amplified by disruption:

Proposition 8.

(i) The shift in market share g%,/ QX — g#,;/ Q% has the same sign as ¢y — cy; if and only
if Ry < [ne(ny + Dl(unz —¢n).

(ii) The shift in market share g2,/ Q2 — qL./ Q% has the same sign as ¢ — cg; if and only
if Rg < [ny/(ng + D](ug — Cg).

Proof. See Appendix A.

In part (i) we see that there is an analogous result for established-technology firms. Thus,
barring a large shift in effective value creation, we find that disruption increases standard measures
of concentration such as the Herfindal index, Z:Z; g,/ 0 ;)%, or the n-firm concentration ratio.

O  The effect of disruption on innovation incentives. A first step toward endogenizing
technology improvement in the model is to consider innovation incentives and how these change
with disruption. A reduction in a firm’s marginal cost is equivalent in our model to a corresponding
increase in all of its utility levels. A firm’s incentives to lower costs in Cournot models are
increasing in the number of competitors and in the firm’s output. In particular, we have

1
aJTNi=_2 ny q1<
801\1,‘ }’lN+1 Ni»

D
aJTNi=72 ny +ng qD<
aCN,‘ l’lE+I’lN+] Ni

The shift from isolation to disruption has two effects. First, the increase in the number of competi-
tors increases the incentive to innovate (i.e.,ny/(ny + 1) < (ny + ng)/(ng + ny + 1)). Second,
an increase in output increases the incentive to innovate, and while not all new-technology firms
necessarily experience an increase in output, we do know from Proposition 6 that average output
increases. Thus, we have shown the following:

Proposition 9. Averaging across new-technology firms, the incentive to lower costs is greater
under disruption than under isolation.

This suggests that the threat posed by a new technology increases after disruption because
innovation incentives increase. While established-technology firms also experience an increase in
number of competitors, their output might fall sufficiently to offset that effect. Hence the analogous
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result does not hold for established-technology firms. Moreover, one might expect that innovation
incentives are more important for the new rather than the established technology because there is
more scope for improvement.

While some innovative activity, such as cost reductions, have an equal impact on value
creation in both segments, other innovative activity will disproportionately benefit one segment.
For example, efforts to reduce the power consumption of a disk drive benefit mostly the portable
segment. Such considerations are important for the new technology after disruption because it is
selling to both segments. Two comparisons are of interest. The first is the incentive to improve
segment-1 utility, 871,\% /dun1, relative to the incentive to improve segment-2 utility, Bn,{,)i /ouns.
Relative incentives are particularly important when the firm must choose between different R&D
projects because of limited resources. The second comparison of interest is the incentive to
improve utility for segment-2 before disruption, Bn,{,i /dun2, and after disruption, Bn,{,)i /ouns.
We can address these issues for a monopolist new-technology firm 2

Proposition 10. Suppose ny = 1.

() am . /duny > drp;/duns > 0.

(ii) There exists some k > O such that 8711(,[/8141\/2 > 8n1€i/8um if and only if Ry < k.
Proof. See Appendix A.

Under disruption, a monopolist new-technology firm always has a greater incentive to target
innovation at segment 1 than at segment 2. This is true even if segment 2 is larger than segment
1. The reason for the strong bias toward segment-1 consumers is that increases in (uy; — un2)
serve to commit the firm to segment 1, which leads to greater accommodation by the established-
technology firms. Despite this commitment effect, it is still the case that 87r,€i /ouy> > 0. The
absolute incentive to pursue improvements targeted at segment 2 falls with disruption, as long as
Ry is not too large, because the commitment effect lowers o [\l,)l. /duy, relative to 871[{” /ouns.
Proposition 10 suggests a caveat to our earlier welfare result. Although the price declines that
accompany disruption make all consumers better off initially, consumers in segment 2 might
possibly be worse off in the long run because the focus of innovative activities shifts toward
segment 1.

8. Merger analysis

m  Although Section 6 focuses on disruption triggered by improving technologies, disruption
can result from shifts in any of the parameters. Shifts in the number of firms, ng and ny, are
of particular interest, as they are often associated with mergers and acquisitions and hence are
subject to regulatory approval. There is a prior literature on mergers in Cournot models (Salant,
Switzer, and Reynolds, 1983; Perry and Porter, 1985; Farrell and Shapiro, 1990) that considers
what happens to prices, profits, and welfare when Cournot competitors merge. One of the central
issues in the literature is whether mergers are profitable for the merging firms. While mergers
raise total industry profits, it is quite possible that the profit of the merged entity is less than the
sum of the profits of the merging firms prior to the merger. For example, Salant, Switzer, and
Reynolds (1983) show that a merger is profitable only if it involves at least 80% of the firms in
an industry for the case of linear demand and constant marginal costs. Subsequent articles focus
on how efficiency gains (“synergies”) can increase the scope for profitable mergers. Absent such
efficiency gains, mergers of Cournot competitors cause price to rise and welfare to fall.

These prior results on profits, prices, and welfare need not hold in our model because we
allow mergers to alter the boundaries of competition, a possibility not considered in the received
literature. Because decreases in ng increase the threat of disruption (Proposition 1), a merger

20 We restrict attention to ny = 1 because for ny > 1 our prior analysis can only accommodate a new-technology
firm increasing its utilities if the improvement is the same across segments (and hence is equivalent to a reduction in
costs).
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among established firms can lead to the emergence of technology competition. Conversely, be-
cause the threat of disruption is increasing in n,y, a merger among new-technology firms can
eliminate technology competition:

Proposition 11.

(i) For any ny > 2, there exist parameter values such that a merger by two of the new-
technology firms causes the unique PSNE to shift from disruption to isolation.

(i) For any ng > 2, there exist parameter values such that a merger by two of the
established-technology firms causes the unique PSNE to shift from isolation to dis-
ruption.

Proof. See Appendix A.

To see that changes in the boundaries of competition can reverse results from the prior
literature on the effects of mergers, consider the following example. There are originally three
firms of each type, ng = ny = 3, all of which have the same constant marginal costs,cg = cy = 1.
Both technologies give the same utility to consumers in segment 1, uy; = ug; = 5, while the
new technology gives somewhat higher utility to consumers in segment 2, uy, = 6. Segment 1
is twice the size of segment 2, §; = 25, = 2. We denote the consumer surplus in segment m by
C,, . First, consider the effect of a merger between two of the new-technology firms. The first two
columns of Table 1 report the unique PSNE, prices, profits, consumer surplus, and social welfare
before and after the merger; values are rounded to one decimal place.

As in part (i) of Proposition 11, the merger of the new-technology firms shifts play from
the disruptive to the isolated equilibrium. As a result, the decrease in rivalry from the merger far
exceeds that which occurs in a standard Cournot model, and the postmerger profits of 2.8 for
the combined entity are greater than the premerger profits of 2.4 for the two merging firms—the
merger is profitable despite the absence of synergies and the involvement of only a small number
of firms.

We can contrast the effect of a merger in our model to that in a standard Cournot model that
is calibrated to yield equivalent outcomes prior to the merger. Given that cy = cg and uy| = up)
in the example, the profits and prices under the disruptive equilibrium in our model are exactly
the same as the profits and prices in an n-firm Cournot model with n = ng +ny, demand given by

Siunt + Souns 0

P(Q) = -
(Q) Sl +Sz Sl + Sz’

and constant marginal costs of 1 for all firms.2! In this standard Cournot model, a reduction in
n from 6 to 5 only raises prices from 1.6 to 1.7, while firm profits increase from 1.2 to 1.6,
with both effects being considerably below what occurs in our model. In the standard Cournot
model, the merger reduces social welfare by less than 1% (from 27.6 to 27.4), whereas in our
model it falls over 6% (from 27.9 to 26.1). Now consider a subsequent merger by two of the
established-technology firms, a shift from column 2 to column 3 of Table 1. As in part (ii) of
Proposition 11, the merger of the established-technology firms shifts play from the isolated to
the disruptive equilibrium. Despite the decrease in the number of firms, there is a net increase in
rivalry. As a result, prices fall and social welfare increases. Not only do the profits of the merging
firms fall (from 4 to 2.3), but total industry profits fall as well (from 11.6 to 9.2). Finally, note the
asymmetry across segments in the effect of mergers on consumer surplus.?

21 The only difference is that consumer surplus is slightly higher in our model, since for low output, consumer
willingness to pay is higher than P(Q).

22 The small net effect of the two mergers on social welfare (from 27.9 to 27 4) is approximately the same as the

net effect of going from n = 6 to n = 4 in the standard Cournot model with P(Q) = Siuni+Suny Q@ apd constant

5148 N

marginal costs of 1.
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TABLE 1 The Effect of Two Sequential Mergers
Premerger Postmerger 1 Postmerger 11

ng=ny=3 ng=3,ny=2 ng=ny=2
Unique PSNE Disruption Isolation Disruption
Prices Py 1.6 2.7 19
Pg 1.6 20 19
Profits my; 1.2 2.8 23
TEi 12 20 23
Surplus C; 114 9.0 9.8
C 9.6 5.6 8.6
Social welfare 279 26.1 274

9. Extensions

B Multitechnology firms. Inaddition to describing the phenomena of disruptive technologies,
Christensen (1997) seeks to explain the “innovator’s dilemma,” an observation that established
firms often do not exploit a disruptive technology despite having the capability to do so. Indeed, in
many of Christensen’s examples, the new technology is developed by an established firm, which
then chooses not to commercialize it. Christensen’s explanation of the innovator’s dilemma, which
he bases on the sociology of resource dependence (Pfeffer and Salancik, 1978), is that a firm’s
technology decisions are inordinately influenced by the needs of its existing customers in the
primary segment, who are not interested, at least initially, in the new technology.

To explore the incentives for established firms to use a disruptive technology, we extend our
model to allow some firms to use both technologies. In particular, suppose thatny, < min(ng, ny)
firms have the capability to use both technologies, and let these be the first n,, firms of each type.
We have that firm i < n), produces gy; > 0 units using the new technology at marginal costs cy;
and gg; > 0 units using the established technology at marginal cost cg;. Thus, the maximization
problem of a multi-technology firm is

max  qgi(Pe(Qk, On) — cei) + qni(Pn(QnN, OF) — cni).
qEi>0,qni >0

The first-order conditions in a disruptive equilibrium for multi-technology firm i are

P dEitANi _
E Ei Sl+Sz
qei t qni
Pyv—cyi — ———— =
N i Sl+Sz

That is, optimal output trades off the margin, P, — c,;, earned from an additional sale with the
decline in price, Pé = lev = —1/(81 + S$»), times total output, gg; + gy . Since the decline in price
is the same across products in our model, there is a corner solution where the firm produces using
only the technology that has the higher margin. In a disruptive equilibrium, consumers in segment
1 must be indifferent between the two products, and hence we have Pg — Py = ug; — uy; SO
that the difference in margins is (Pg — cg;) — (Py — cni) = (ug1 — cgi) — (un1 — cni). We have
shown the following:

Proposition 12. In a disruptive equilibrium, multi-technology firm i uses only the production
technology for which it has higher value creation in segment 1, u;; — ¢;;.

Proof. See Appendix A.
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Our model elucidates the innovator’s dilemma. In cases where the established technology
is better suited to segment 1, not using the new technology is profit maximizing after disruption.
Echoing Christensen, we show that focusing on the technology that best suits the primary segment
can be consistent with short-run profit maximization. Although an established firm will want to
switch to the new technology if it progresses to a point where it has superior value creation,
(unmodelled) early-mover advantages for the new-technology firms may keep it from doing so
successfully.

O  Price discrimination. Our base model assumes no price discrimination based on segment.
This is consistent with most of the leading examples of disruptive technologies (e.g., disk drives,
printers, earthmoving equipment, and retail formats). Price discrimination, however, is important
in some contexts. For example, if the segments are geographically distinct markets and there are
transportation costs, then price discrimination is possible.

Formally, we assume that with price discrimination across segments, new-technology firms
can choose separate quantities gy; ; and gy, » to sell into market segments 1 and 2, respectively.
The model is considerably simplified by this assumption because each segment can be analyzed
separately. We limit ourselves to generalizing the results on the drivers of disruption from Section
4.

Proposition 13.

(i) Suppose new-technology firms can price discriminate across segments. There is a unique
Nash equilibrium. The threat of disruption is increasing in uy; and cg;, decreasing in
ng,ug,and min; cy;, and independent of Sy, S>, ny, and upys.

(i1) If the technologies are isolated with price discrimination, they are necessarily isolated
without price discrimination.

Proof. See Appendix A.

In part (i) we see that the effects of uy;, ug1, ng, and cg; on disruption are the same with or
without price discrimination. With price discrimination the firms do not need to trade off profits
in each segment and hence we find that uy,, S1, S2, and ny no longer affect disruption, and
moreover it is unambiguously the low-cost firm that has the greatest incentive to disrupt. Without
the need to reduce margins in segment 2 to enter segment 1, we find in part (ii) that the threat
of disruption is greater when firms can price discriminate. Thus, we find that the ability to price
discriminate across market segments is a potentially important determinant of the boundaries of
technology competition.

O  An alternative-demand specification. In an earlier version of the article (Adner and
Zemsky, 2001), we work with an alternative-demand specification that builds on Shaked and
Sutton (1982). Specifically, we assume that consumers in segment m have a taste for quality 6
that is uniformly distributed over [0, 1] with density S,, > O and that the willingness to pay
of a consumer in segment m is 6u,, (rather than the additive specification u,,, + d we use
here). The prior specification is less tractable. In the earlier version, we analyze only the isolated
equilibrium and we assume homogeneous costs (i.e., cy; = ¢y and cg; = cg). However, we do
study both the Cournot equilibrium with an arbitrary number of firms and a Bertrand duopoly
(i.e.,ny = ng = 1).2% The results in Proposition 1 on the set of parameters that support the isolated
equilibrium all hold in the alternative demand specification. We show that the set of parameters
that support the isolated equilibrium is smaller under Bertrand than Cournot competition.>*

23 For the Cournot analysis we restrict attention to u g1 > uy; because the inverse-demand function changes when
this condition reverses.

24 We expect that the results from Proposition 1 on the disruptive equilibrium would hold in the alternative
specification as well. One result that might well be sensitive to our modelling of demand is the stark result on multi-

technology firms: in the alternative demand specification, there is not one best technology for all consumers in segment
1.
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10. Conclusion

m  Despite its importance for technology evolution and antitrust deliberations, market definition
is usually taken as a purely empirical question. The standard approach in theoretical work in
industrial organization is to take as given the set of competing firms and the set of relevant
consumers. In contrast, we take the boundaries of competition as a central research question.
Inspired by recent empirical observations of disruptive technologies, we use a model of horizontal
and vertical differentiation to explore how market boundaries are shaped not just by consumer
preferences, but also by the profit-maximizing behavior of firms.

Our results hold a variety of implications for firm strategy. For established-technology firms,
we show that even if the new technology’s trajectory is significantly better suited to its niche, the
technology may still prove to be disruptive, and we identify a variety of factors (costs, segment
sizes, etc.) that must be weighed in assessing the likelihood of disruption. For new-technology
firms, we show that it is not necessarily the market leader in the niche that has the greatest incentive
to pursue a disruptive strategy. Further, we show that disruption should not be blindly embraced
by new-technology firms, because it can lead to a fall in their profits. Given the possibility of
multiple equilibria, both types of firms may benefit from actions to shape industry expectations
in order to coordinate play on their preferred outcome. While it is possible that all firms prefer
the isolated equilibrium because there is less competition, it is also possible that new-technology
firms benefit from an expectation of disruption because established-technology firms sometimes
reduce their output in anticipation. Finally, we show that mergers among established-technology
firms can actually increase industry rivalry if they alter the existing boundaries of competition.

There are many directions in which the analysis could be extended. One could endogenize the
number of firms using each technology and then study the effect of disruption on entry and exit of
each type of firm. The current model is only weakly dynamic and there is ample room to develop
more dynamic models of technology competition in which there are intertemporal linkages in firm
profit functions. For example, one could allow firms to choose their technology trajectory as in the
simulations in Adner (2002). In addition, one could study a variety of strategies that established
firms could pursue in an effort to deter disruption, such as making strategic commitments and
investing in complementary assets (Teece, 1986). In Adner and Zemsky (forthcoming) we use a
related, but simpler, model to study the sustainabilty of a firm’s competitive advantage.

Appendix A
m  Proofs of Propositions 3-8, 10-11, 13, and Lemmas 2-3 follow. All other proofs may be found in the web Appendix
at www.rje.org/main/sup-mat.html.

Proof of Lemma 2. 1t is useful to start by recalling the n-firm Cournot equilibrium with linear demand and homogeneous
products. Suppose P(Q) = u — Q/S and there are n firms indexed by i with marginal costs ¢;. Each firm maximizes
profits w; = q;(u — ¢; — Z'}:l q;/S) or, equivalently,

n
nizqi(ui—qu/S) where v; = u — ¢;. (A1)
=

Letv = ) [, v;/n. Assuming |v; — 9| sufficiently small, there is a unique Nash equilibrium with output and profits given
by

* S =
q; = (vi +n(v; — D)),
n+1
7 =g/

Any PSNE in our model has the same form as g;* and 7", once the appropriate values for S, n, and v; are substituted.
Consider first the output and profits of the new-technology firms in a PSNE under a presumption of isolation.

Given isolation, we have from Lemma 1 that Py(Qn, Q) = uy2 — On/S>. Firm i’s profit function is then

wni = gni(uns — cni — Z;’Zl qn;j/S2). Hence, this is equivalent to the objective in (Al) when § = S5, n = ny,
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and v; = uy2 —cp;.Since v; — 0 = ¢y — cy; in this case, the expressions for q}w and ”11\11' follow. An analogous argument
establishes the expressions for qéi and néi .

Now consider a PSNE under an assumption of disruption with all firm outputs positive. The profit function of the
ith new-technology firm is then

TN = qNi Siuni + S2unz B o On+ 0k
i Ni NERY Ni S1+ S
and the profit function of the ith established-technology firm is

S
Sl +S2

(un1 — uN2) — Cgj —

s = qpi (g — Qe +0n
Ei Ei El S] i Sz .
Hence, this is equivalent to objective (Al) for S = S| + S2,n = ny + ng, and the first ny firms having

i = Siun1 + Saunz .
i = — < —CNi
S1+ 85

and the next ng firms having

Vi SUE] — (un1 — un2) — Cgi-

2
S1+ 85
Noting that for new-technology firms we have n(v; — v) = ny(cy — cni) + ng(Cg — cni) + ng(uy; — ugp) and for
established-technology firms we have n(v; — v) = ng(cg — cgi) + ny(Cy — cgi) + ny(ug; — un1), we get the stated
expressions for gf; and g2;.  Q.E.D.

Proof of Lemma 3. Suppose the consumers in segment 2 do not buy the new product. From Lemma 1, it must be that
On/S1 Suni —un> — Qr/S1 and that Py = ug; — (Qn + Qf)/S1 for ¢ = N, E. We can find a lower bound on Qn
by assuming that Qg = 0, in which case the equilibrium total output of new-technology firms is

ny
nN+1

oy =5 (un1 —¢n).

Consumers in segment 2 want to buy the new product if Q% /S1 > uy| — un2, which is equivalent to (1). If this condition
and ming2, > 0 are satisfied, then {g%;, ¢, } and {g5;, q&;} are the only two sets of pure strategies that can be locally
optimal. Q.ED.

Proof of Proposition 3. Suppose ufE(t) = 0. (i) We are interested in conditions under which the disruptive equilibrium is
increasing in ¢, that is, under which 0 A ,l\), /0t < 0 for all i. We have that

OAR: _ AR: AAR;
= uy (1) +
at dUpN| dun>

uly (1.

From Proposition 1, we have that aAgi/BuNl < 0 and BAﬁi/BuNz > 0, hence we have BA,[\’”/Z)I > 0 if and only if
u;Vl(t)/u;VZ(t) greater than a critical value rP > 0. Specifically, letting s = S1/S,, we have

LI

rD__éiu,I\;lzl _ Vs+1l(ng+2)—2
Ay (2+ Vs + 1y — 1)) (ng + s +ng)
UNT

The isolated equilibrium is decreasing in ¢+ when BAfVi /dt > 0 for all i. We have that

anl. oAl Al
Lo TN () + —2E ().
ot BuNl aMNZ

From Proposition 1, we have that 9A%, /duy; > 0 and dAL, /duns < 0, hence we have dAL, /37 > 0 if and only if
u;\“ (t)/u;vz(t) greater than a critical value rf>0. Specifically, letting s = S;/S,, we have

N
0N g (\/s Fi— 1)
P duny

Tl T stay+1)
dup
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We have lim;_or? = 1/(ny+1) and limy—oor® = 0. We have that the disruptive threat is increasing in ¢ if
uly (8)/uly,(t) > r, where r = min{r!, rP}.

It is straightforward to show that 3r?/dny < 0,dr!/dny < 0, and 3r! /ds < 0. To show that 3r”/ds < 0, it is
sufficient to show the result for ny = 1. In this case, 92rD / 9s2 < 0, and it is sufficient to show the result for s = 0. When
ny =1ands =0, wehave 9r?/3s = —1/4.  Q.E.D.

Proof of Proposition 4. Suppose u'y, () = uy, (1) = uy,(1). We have

AAD. IAD. JAD. JAD.
ni =< NI N N o)

at oUg] oun| dunz

S S
=P YOI (\/S—z\/s1+sz~<sz(n5+2) sl(anD))u;v](r).

ng+ny+1

Solving dAR, /9t = 0 for n yields
2 =2(Vs+1 = D+stay — 1),

which is strictly positive for ny > 1 and increasing in s = S1/5; and ny. Thus, 3A2i/31 > Oifandonly if ng < nlE).
A similar argument gives

y +1
ngzw_L

2(\/s+_1—1)

which is strictly greater than ny and increasing in s and ny. The proposition then holds for n; = min{ng, nfs} and
ny = max{n2,nk}. QED.

Proof of Proposition 5. We prove the result for the disruptive equilibrium; the proof for isolation is similar. Suppose the
disruptive equilibrium exists if and only if t > . Att = P, min; Aﬁi = 0. From Proposition 1, BAﬁi/ax > 0 for
x € {S2,un2, ug1, ng}. Hence, increasing the value of parameter Sy, uy2, ug;, or ng implies that min; Af\’,i > 0 at
t = P and that disruption occurs for a value of ¢ greater than #° . Conversely, 8A§i/8y < O0fory € {cgi, S1, un1,nn}-
Hence, increasing the value of cg;, S1, un1,or ny implies that A 21. < 0 and thus disruption occurs for a value of 7 less
than #2 . If ug(r) = bpt?, then changes in by are equivalent to changes in uy. Q.ED.

Proof of Proposition 6. Note that existence of the disruptive equilibrium assures that Qﬁ/SZ > QLE)/SI — (un1 — un2)
and the existence of the isolated equilibrium assures that Q le /S < 0 g /S1 — (un1 — un2), because otherwise the firms
are not on the segment of the demand curve that makes their equilibrium outputs locally optimal. Let P,f; and Pg’ denote
the price of the output for the new and established products, respectively, in equilibrium ¢ = D, I. These prices satisfy
the following first-order conditions:

ph— iy (A2)
S
D ‘111\?'
Py — — =cni, A3
N Sl i SZ Ni ( )
1
pp— 1B = oy, (Ad)
N
D qg
Py — L =cgi. A5
E Sl +SZ Ei ( )

Suppose P > P}, From the demand function in Lemma 1, this implies that 0¥ < Q£ . However, from equations (A2)
and (A3), PA[,’ > PI{, implies that ¢ ﬁi > q Il\/i for all i and hence Q[DV > Q1lv , which is a contradiction. We conclude that
PAL/) < PI{,, and from Lemma 1 this implies that Qf, > Q;V.

Now suppose Pé) > Pé . Then, equations (A4) and (AS5) imply that QZE) > Q’E . However, this and QB > Qll\, imply
that PED < Pé. By contradiction, we conclude that Pé) < Pé. Since the prices of both products fall with disruption (but
are still above marginal cost), we conclude that social welfare increases, as does the consumer surplus of all consumers
who purchase in the disruptive equilibrium. Q.ED.

Proof of Proposition 7. Suppose both the disruptive and the isolated equilibrium exist. (i) Multiplicity requires that
an > 7rNt and 7TN > nN fny =1, then qu = qu ; the optlmal dev1at10n from disruption is the same as the optimal
output under isolation. Hence, the prohts are the same as well, 77/ Ni = =#D ~i- Thus, multiplicity with ny = 1 requ1res that
JTNI > 7rN = JTNI > ”N . (ii) Since gy; = (1/2) (Sz(uN2 —CNi) — QN + qu.),for Sr(un2 —en) < QN + max; qu we
have ”161 > ”11\?: , since qu < 0. For uN2 sufficiently large we have rr[{,i > max{ﬁ;”, ”16)1'} even holding S>(un2 — cn)
constant, and the isolated equilibrium is preferred even though the disruptive equilibrium exists as well. (iii) For cg; = ¢g
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we have qﬁi = Q%/ng for ¢ = D, I. We know from Proposition 6 that P? < PL.Hence,if 02 < Q% theng? < qi,,
and with both output and price reduced, it must be that = l?l < E’_ ;- Suppose Qg > Qg. Then

I
mEy %f (Pe(QE. O) = cei)

D D ol
Qk (PE(& + e — DOy 1)QE, va) — CEi)

ng ng ng

Y

D
(%3
ng

_ D
=TE;-

(Pe(0B. 0F) —cx)

Q.ED.

Proof of Proposition 8. (i) The within-group market share of new-technology firms under disruption is

Siuny + Souna

ng(cy —cnj) —nn(eyj —cy) +
| E(@Cn —cnj) —nn(enj —TN) S 55

qP +ng((un1 —y — (ug1 +Cg)) — cn;
Ni _

oy nn Suunt + Saunz
Sl + Sz

+np((uny —¢y) — (up1 — Cg)) —¢N

Wehavethatqlei/Qle—q]’W/Qllv hasthesamesignas(EN—cNi)(nE(uNz—EN)—(nN+1)RN).Thatis,qlel./Q]L\)]—q}’Vi/va
is increasing in (¢y — cy;) ifand only if Ry < [ng/(ny + )](un2 — ¢n). (i) We have

9 _ | ugi —cgi —ng(cgi — k)
oL ng ug) — Cg
D _ _
9gj _ 1 upy —cgi —ng(cgj —Cp) —ny(Ce — cei) + R
Qi—’ ng Ugy — g+ Rg ’
and hence 2,/ Q2 — gL,/ Q% has the same sign as (€5 — cgi)(ny(ug; — ) — (ng + DRE).  Q.E.D.

Proof of Proposition 10. Suppose ny = 1. We have

) < S ) D

3141\/2 - ng +2 Sl +Sz ani:

am P 2

N - < ! +n5) qll\l)i,
oupny ng+2 \S1+%

y; _

FY =4qni-

U2

For part (i), 972, /dun1 > 9m R, /duy, follows from S»/(S; + S») < 1 < ng. For part (ii), since [S2/(S1 + S2)lgh; —
q,’w = Ry, we have that 8711(”/8uN2 > 871,{,),./8141\;2 if and only if Ry is not too positive. Q.ED.

Proof of Proposition 11. (i) Fix the values of all parameters except u | and uy; such that ng > 2 and cg; = cg for all
i. From Lemma 5 there exists a i1y such that u}vz(ﬁm) = u}l\),z(ﬁN] ). Note that reducing ny by 1 causes the functions
ul,(un1)and ul), (uyy) to shift to the right. Hence, for & > 0 sufficiently small, the point (u 1, un2) = (y1+¢, ul, (@n1))
has disruption as the unique PSNE prior to the reduction of ny and isolation as the unique PSNE after the reduction in
ny . (ii) Similar to the proof of part (i). Q.ED.

Proof of Proposition 13. (i) With price discrimination, each segment is an independent Cournot game with linear demand
and hence a unique equilibrium. It is straightfoward to show that the new product is sold to segment 1,i.e., max; gy;,1 > 0,
if and only if

ng
nE+l

UN1 —m_incNi — (ugy —cg) > 0. (A6)
l
Hence, the set of parameters that support a disruptive equilibrium (i.e., one in which max; gy; ;1 > 0) are increasing in
uy1 and cg;, decreasing in ng, u g, and min; cy;, and independent of Sy, S», ny, and uy>.
(ii) The technologies are isolated with price discrimination if and only if condition (A6) is not satisfied. In the
limit as S, — 0, the condition for the existence of the disruptive equilibrium converges to inequality (A6). Since the
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set of parameters that support the disruptive equilibrium is decreasing in S, if condition (A6) is not satisfied then the
disruptive equilibrium does not exist without price discrimination. A similar argument establishes that if condition (A6)
is not satisfied, then the isolated equilibrium exists without price discrimination. Hence, if the technologies are isolated
with price discrimination, then the isolated equilibrium is the unique PSNE without price discrimination. Q.ED.

Appendix B

m A discussion of mixed-strategy equilibria follows.

If a PSNE does not exist, we expect there to be a mixed-strategy equilibrium of the following form. The established-
technology firms expand output to the point where the new-technology firm with the greatest incentive to deviate from
the isolated equilibrium is indifferent between disruption and isolation, and this firm then disrupts with a probability that
makes the output of the established firms optimal. In this Appendix we give details for the case where ny = 1 and report
on numerical analyses that show that the factors that increase the threat of disruption in Section 4 increase the probability
of disruption in the mixed-strategy equilibrium as well.

Restrict attention to ny = 1 and let § € (0, 1) be the probability that the new-technology firm disrupts. That is, with
probability 1 — § the new-technology firm produces its isolated output va = S2(un2 — cn1)/2 and with probability § it
produces some greater disruptive output Q y . Given this strategy, the objective of the established firms is

max g [(1 _ 8 (um B g) s (m _ So(uyi —un2) Qg+ QN> 3 CE,]
qEi ! S S1+ S NE) N

and their total output is the following function of :

~ _( ne S1(81 + 82) o Ow So(un1 — un2)
Qr®)= (nE+1) (sl + 50 —8)) (“E‘ o a(sl +5 0 S5 +5 ))

The disruptive output for the new-technology firm comes from

(SIMNI +Suyy  Op()+ Oy )
max Oy - —CN |,
[N S1 + Sz Sl + S2
and hence
_ 1 Siunt + Suno 0) )
=—(51+8S —CcN — .
QN 2( ! 2)< NEY) v S1+ 8

The new-technology firm must be indifferent between its two output levels, i.e.,

—

on)® _(24)
S1+ 8 - Sh ’

(BI)

Solving equation (B1) for Q£ (8) yields Q£ (8) = S1(un1 — cn) — (v/(S1 + 82)S2 — S2) (un2 — cy). There are now two
expressions for Q z(8) from which one can solve for a closed form expression for 8.

Relative to the isolated equilibrium, the mixed-strategy equilibrium has higher output of the established product,
Or > Qé ,and higher expected output of the new product because Oy > Q 5\, .Hence, the price of the established product
falls, PE(Qk, On) < Pe(QE, QL) < Pl as does the expected price of the new product, because Py(Qy, Q) < Pj,.
Finally, social welfare is higher. These results are consistent with the effects of disruption in Proposition 4.

Because the closed-form expression for § is very complex, we resort to numerical analysis to characterize comparative
statics on §. We created 2.62 % 1010 parameter combinations within the following bounds: S; and S, between 0 and 1, ¢y
and ¢g between 0 and 2, u | and u y, between ¢y and 10, u g between ¢g and 10, and ng between 1 and 4. Within these
bounds we allowed the parameters to vary by increments of .1 (except for ng, which we restricted to whole numbers)
and considered every possible combination of parameters. We identified 8.53 * 10® parameter combinations for which
the mixed-strategy equilibrium exists. In all cases, we found that the probability of disruption § is increasing for small
changes in S, ¢g, and uy; and decreasing for small changes in S,, ¢y, un2, U], and ng. These results are consistent
with the results in Proposition 1 and Proposition 2 part (i).
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