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In markets that exhibit network effects, the presence of digital conversion technologies provides an alternativemechanism to achieve compatibility. This study examines the impact of conversion technologies on market
equilibrium in the context of sequential duopoly competition and proprietary technology standards.
We analyze this question by departing from the extant literature to endogenize the decision to provide a

converter and incorporate explicit negotiations between firms concerning the extent of conversion. We argue
that these choices better reflect the environment facing firms in digital goods industries and find that these
decisions change some of the established results in the literature.
Specifically, we find that unless network effects are very large, the subgame-perfect equilibrium (SPNE)

involves firms’ agreeing to provide digital converters at a sufficiently low price to all consumers. At this equi-
librium, both the entrant and the incumbent are better off because the provision of converters alleviates price
competition in the market and leads to both higher product revenues and higher proceeds from the sale of
converters. Moreover, under some circumstances, the provision of converters is welfare enhancing.
These findings have important implications for research and practice in the adoption of new digital goods as

the introduction of conversion technologies can reduce the social costs of standardization without compromising
the benefits of network effects.

Key words : network effects; conversion technologies; compatibility; technology standards; digital goods
History : Sanjeev Dewan, Senior Editor; Chris Dellarocas, Associate Editor. This paper was received on July 19,
2007, and was with the authors 10 14 months for 3 revisions. Published online in Articles in Advance
March 17, 2010.

1. Introduction
In many information technology (IT) markets, net-
work effects arise in compatible products where one
user’s consumption utility increases with the number
of users adopting the same product (Liebowitz and
Margolis 1994).1 When network effects are present,
consumers benefit from compatibility because a large
and standardized product network confers greater
utility that would not be available in the absence of
compatibility. From a societal standpoint, standard-
ization across different product formats yields much

1 Classic examples are the telephone and fax markets, where the
value created by an n-node two-way network is on the order of
n∗�n− 1�, also known as Metcalfe’s law (Gilder 2000).

larger social surplus than the sum of those obtained
from several smaller product networks.
However, standardization can be difficult to

achieve. Dominant firms may prefer not to be com-
patible with other products, so that they can enjoy
strategic advantages such as a higher price pre-
mium (Gandal 1994, Brynjolfsson and Kemerer 1996,
Gallaugher and Wang 2002), faster market penetration
(Kauffman et al. 2000, Zhu et al. 2006), and the
possibility to control the design interface (Conner
1995). New entrant firms may be reluctant to adopt a
dominant standard if standardization means sacrific-
ing their unique product features or giving up much
of their prior investments in product development.
Moreover, the lack of standardization can result in
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significant private and social loss and reduced tech-
nology innovation (Farrell and Saloner 1986).
Amid concerns over trade-offs between the benefits

and associated costs from standardization, an alterna-
tive way to achieve compatibility may emerge from
the market for digital goods (e.g., software, digital
media). As the content carried by these products is
in a digital format, communication between incom-
patible products can frequently be realized through a
converter. For example, software can be used to con-
vert music, image, and video files between different
formats to play on different devices.2 Likewise, soft-
ware virtualization applications can allow software
written for one operating system to run on a different
operating system. From the perspective of hardware,
flash memory card readers can convert data between
multiple incompatible flash memory standards, and
there are a variety of hardware converters that allow
game software written for one gaming platform to
be played on competing platforms. In short, the dig-
ital nature of these products (or their outputs) opens
up the possibility of achieving compatibility without
incurring significant costs or seriously degrading per-
formance.3 When standardization is attained through
converters, technology innovation, and adoption are
greatly facilitated, because firms can maintain their
unique product features without the need to redesign
their products, leading to greater product variety, and
minimal risk of stranding consumers on a nondomi-
nant technology.
Despite the benefits of conversion, the provision

of conversion technologies in the presence of net-
work effects can be difficult. In many cases, the
original product developer is afforded control over
digital product conversion through methods such as
copyright and patent law, end user license agree-
ments (EULAs), and technology obfuscation. More-
over, in many IT markets, technology standards are
introduced to the market sequentially, and once the
incumbent firm has established a leading position in
the market, it may not have an incentive to supply con-
verters to consumers who purchase the incompatible
formats. In the absence of a feasible market mecha-
nism or a successful intervention to achieve coordina-
tion, how do firms agree on the provision of converters
and compete in the presence of conversion technol-
ogy? And how do converters affect consumer’s adop-
tion decisions and resulting social welfare?

2 Files protected with Digital Rights Management being a notable
exception.
3 This property is not typically observed in nondigital products.
For example, in addition to the physical incompatibilities in their
cassette formats, even video conversion between the VHS and
Betamax standards was costly and resulted in signal degradation
(Cusumano et al. 1992).

In this research, we address these questions in the
context of proprietary technology competition. We
develop a two-stage duopoly model to analyze the
impact of digital converters on technology adoption
and social welfare in a market characterized with
network effects, sequential entry, and heterogeneous
consumer preferences. More importantly, we exam-
ine the firms’ incentives to provide converters when
such provision requires joint agreement from both
parties, and when firms can strategically set the price
of the converters. When the provision of converters
is jointly determined, the division of proceeds from
the sale of converters constitutes an important part of
the negotiations. In particular, firms can strategically
set the price of the converter to facilitate or block the
adoption of converters. Therefore we also introduce
a mechanism through which firms can determine the
extent of conversion and the allocation of proceeds
from the sale of converters.
The main results of this paper can be summa-

rized as follows: supplying converters to all con-
sumers is the unique subgame-perfect equilibrium
(SPNE), except when network effects are very large.
At this equilibrium, firms agree to charge a suffi-
ciently low price for converters to encourage their
adoption. Increasing converter adoption alleviates
price competition among competing products, lead-
ing to higher product revenues. The entrant favors
the provision of converters as it facilitates its mar-
ket expansion and profit increase. However, even the
incumbent has a strong incentive to supply convert-
ers, despite the fact that its first mover advantage
is weakened by the adoption of converters. Finally,
the provision of converters can be welfare enhanc-
ing when the period of competition among multi-
ple technologies is sufficiently long in comparison to
the initial monopoly period when a single technology
dominates the market.
Our study relates to a small but growing literature

on network effects and conversion technologies. The
notion of a “gateway technology” was first presented
by David and Bunn (1988) in a case study of how
converters tipped the battle between AC and DC elec-
trical systems. Subsequently, the role of converters
on technology adoption has been primarily studied
in the analytic literature. Incentives to provide con-
verters have been found in complementary products
markets when network effects are absent (Matutes
and Regibeau 1988, Economides 1989). Farrell and
Saloner (1992) were among the first to model convert-
ers in a market characterized with network effects.
They found that, contrary to the common belief that
converters can internalize the benefits from network
effects in the market, the provision of converters is not
welfare improving and, under some circumstances,
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the incumbent would prefer either not to supply con-
verters, or to make them costly. However, because of
the focus of Farrell and Saloner (1992) on the welfare
consequences of converters, the authors model con-
sumers’ adoption decisions by assuming that convert-
ers are exogenously available and arbitrarily adopted
by any of the two product networks, which are intro-
duced to the market at the same time, characteristics
that may not be applicable to digital goods markets.
Extending this work, Choi develops an overlapping-
generations model to analyze the role of converters
in the transition process between incompatible tech-
nologies (1996, 1997). The results from these studies
suggest that the existence of converters does not nec-
essarily facilitate the transition to a new technology
as the availability of converters enhances not only the
value of adopting the new technology, but also that
of the existing technology, and allocation inefficiency
may arise when consumers from the larger network
have to bear the cost of converters.
Although the extant literature provides a gen-

eral framework to study the impact of converters
on technology adoption, several questions remain
unanswered. First, the existing static framework of
symmetric competition does not adequately capture
a market characterized with sequential entry and
dynamic price competition, characteristics common
in digital goods markets. Moreover, in the rapidly
evolving IT industry, the length of the initial
monopoly period may be significantly shorter than
the subsequent competitive period, and consumers’
expectations may hinge critically on the length of the
consumption period. These important features have
not been adequately captured in the prior literature.
Second, most existing studies of conversion tech-

nology assume that converters are exogenously pro-
vided and the provision of converters does not
require consent from firms that develop the incom-
patible technologies. Such assumptions neglect the
importance of ownership embedded in many technol-
ogy standards. Unlike traditional commodities, many
technology standards are proprietary or protected by
intellectual property laws. For example, media for-
mats such as MP3,4 MPEG4,5 and GIF6 have all been
granted patent protection; and while the GIF patents
expired in 2003 and 2004, the MP3 and MPEG4
standards still require licensing agreements for use in
software and hardware products. Many other hard-
ware and software products, such as flash mem-
ory standards, video standards, or gaming platform
standards, are also covered by patents and require

4 http://mp3licensing.com/.
5 http://mpegla.com.
6 http://www.unisys.com/about_unisys/lzw.

licensing agreements for use.7 Similarly, the use of
software in virtualization environments can be cur-
tailed by the terms of end-user licensing agreements.
For example, when it was first released, the Vista End-
User License Agreement (EULA) prohibited installa-
tion in virtualization environments for all except the
higher-priced “Ultimate” and “Business” editions (see
Cohen 2007).8 Finally, where intellectual property pro-
tection is less feasible, as in the case of some computer
file formats, producers can use technology obfusca-
tion to prevent conversion.9

A third characteristic of digital environments is
the production of conversion technologies typically
requires joint agreement of the parties involved, and
in many situations, cannot be facilitated without coor-
dination. Therefore, to ensure the validity of the re-
sults, it is important to explicitly examine firms’
incentives to supply converters and the mechanism
through which they reach such an agreement. For
example, in 1997, Microsoft and Apple negotiated
an agreement whereby Microsoft took a $150 million
equity stake in Apple and made a five-year commit-
ment to continue development of Microsoft Office for
the Macintosh platform in exchange for Apple agree-
ing to make Internet Explorer the default browser
on the Mac platform, and dropping various patent
and copyright infringement claims against Microsoft
(see Ohlson and Paquet 1997). Highlighting the win-
win nature of facilitating conversion in this setting, a
1999 Microsoft press release stated “Both companies
agree that working together better serves their mutual
customers. ‘It’s really when the tent pole went up,
and we decided that Apple doesn’t have to lose for
Microsoft to win, and Microsoft doesn’t have to lose if
Apple wins,’ [Microsoft Vice President of Developer
Relations] Richardson said.”10

Finally, in the extant literature, converters are often
assumed to be exogenously provided, and as such,
the price of the converter is also assumed to be
competitively determined and, in most cases, equals
the marginal cost of production. Accordingly, pro-
ceeds from the sale of converters are absent from

7 For example, see the recent lawsuit in Japan by Nintendo and 54
other firms against the makers of the R4 Revolution, a converter
that allows for playback of independent ROMs on the Nintendo
DS handheld game console (Pell 2008).
8 The original End-User License Agreement stating these terms
is available from www.tinyurl.com/vistaeula. In January 2008,
Microsoft changed their policy to allow virtualization for the lower-
priced home versions of Vista (see Niccolai and Snell 2008).
9 Some have suggested that Microsoft’s specifications for its Word,
Excel, and PowerPoint formats, which are 210, 118, and 349 pages
long, respectively, are examples of technology obfuscation. (Spec-
ifications are available from http://www.microsoft.com/interop/
docs/OfficeBinaryFormats.mspx.)
10 See http://www.microsoft.com/presspass/features/1999/01-05
apple.mspx.
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Figure 1 Consumer’s Preference Structure

10 sPreference

An “A Lover,” s = 1Buying A: xA = s Buying B: xB = 1–sa “B Lover,” s = 0 x = s

the decisions of the firms. However, in reality, firms
can also profit from the sale of converters. Hence,
they should take the proceeds of converters into
account when negotiating with competitors on reach-
ing an agreement on conversion. To capture the
environment firms are facing, we incorporate the
above considerations in our model and examine how
the market equilibrium changes when we relax these
assumptions.
The rest of this paper is organized as follows. Sec-

tion 2 describes the setup of the model and the
mechanism to achieve conversion. Section 3 summa-
rizes the equilibrium of the entire game and examines
how the equilibrium outcome and social welfare
change when relaxing various assumptions of the
model. Section 4 discusses the findings and impli-
cations of this study. The analytical derivations and
proofs are included in the appendix.

2. Model Setup and Preliminary
Derivations

2.1. Assumptions of the Model
Consider a two-stage game in which two incompati-
ble durable goods, A and B, offered by Firm A and
Firm B, respectively, compete in a market that exhibits
network effects. Firm A enters the market in Stage 1
and Firm B enters the market in Stage 2. Consumers
have unit demand and the market size is normal-
ized to 1. The price set by firm j ∈ �A�B� at stage
k ∈ �1�2� is designated by Pjk. Without loss of gener-
ality, marginal costs are assumed to be zero for both
Products A and B. Firm A can adjust the price of its
product over time. Hence, PA1 may differ from PA2.
In the first stage, Firm A is a monopolist, and in the
second stage, it competes against Firm B. The utility
function of a consumer who buys product j in stage
k is specified as

Ujk = r +
2∑
k

xjk +

2∑
k

MSjk −Pjk �0≤ 
< 1�� (1)

where r is a consumer’s reservation price11 for the
general product category, and xjk refers to a con-
sumer’s preference for the specific brand offered
by firm j , which is independent of network size

11 We assume r is sufficiently large so that the market is always
fully covered.

(Liebowitz and Margolis 1999). We also assume
that consumers do not discount this network-size-
independent utility, which implies that xj1 = xj2 = xj .
With the presence of network effects, a consumer
is better off the larger installed base to which she
belongs. This positive consumption externality is cap-
tured by 


∑2
kMSjk, where 
 measures the strength of

the network effects12 and MSjk is the market size13 of
firm j in stage k.
Given that the network independent utility xj

may vary among consumers, we let xj be uni-
formly distributed on the interval �0�1�. The con-
sumer’s location on this interval can be interpreted
as the characteristics of the product she prefers
best. As is typical in such models, we assume that
the consumer’s distance from the left end point of
the interval measures her network-size-independent
additional14 utility from Product A, xA. Her distance
from the right end point measures her network-size-
independent additional utility from Product B, xB,
where xB = 1− xA. Specifically, a consumer located at
x = s �s ∈ �0�1�� enjoys a network-size-independent
additional utility s �xA = s� if she purchases Prod-
uct A, and 1− s �xB = 1− s� if she purchases B. On
the extremes, the consumer at s = 1 has a network-
size-independent added utility of 1 if she purchases
Product A and zero if she purchases Product B, and
similarly for s = 0. One can think of the consumer at
s = 0 as a “B lover” and the consumer at s = 1 as an
“A lover” (Figure 1).
Envisioning that Firm B will compete with Firm A

in Stage 2, consumers face three choices: (1) buy Prod-
uct A in Stage 1; (2) buy Product A in Stage 2;
or (3) buy Product B in Stage 2. Because the prod-
uct is durable, those who buy Product A in Stage 1
enjoy twice the network independent added utility
and twice the network effect benefits.15

To derive the equilibrium, we designate the loca-
tion of the consumer who is indifferent between buy-
ing Product A in Stage 1 and buying it in Stage

12 When 
 > 1, the demand function may reverse direction and
slope upward. In reality, we rarely observe network effects of such
magnitude.
13 As we normalize market size to 1,MSjk also measures the market
share of firm j in stage k.
14 Added utility above the reservation price r .
15 For simplicity, we assume that r is not doubled in this case. As
mentioned earlier, the parameter r is added to guarantee full mar-
ket coverage. Specifically, r is assumed to be large enough to ensure
that the net payoff of each consumer is always positive.

IN
F
O
R
M
S

ho
ld
s

co
p
yr
ig
h
t
to

th
is

ar
tic
le

an
d

di
st
rib

ut
ed

th
is

co
py

as
a

co
ur
te
sy

to
th
e

au
th
or
(s
).

A
dd

iti
on

al
in
fo
rm

at
io
n,

in
cl
ud

in
g
rig

ht
s
an

d
pe

rm
is
si
on

po
lic
ie
s,

is
av

ai
la
bl
e
at

ht
tp
://
jo
ur
na

ls
.in

fo
rm

s.
or
g/
.



Liu et al.: Compatibility and Proprietary Standards: The Impact of Conversion Technologies in IT Markets
192 Information Systems Research 22(1), pp. 188–207, © 2011 INFORMS

Figure 2 Consumer’s Choices and Market Division

i *s*
Choices

MSB = s* MSA2 = i*– s*Preferences MSA1 = 1– i*

Buying B in Stage 2 Buying A in Stage 2 Buying A in Stage 1

2 as i∗, and the location of the consumer who is
indifferent between buying Products A and B in
Stage 2 as s∗. Following this notation, and the assump-
tion concerning the uniform distribution of the con-
sumer’s brand preference, we find that Firm A’s mar-
ket size in Stage 1 (MSA1) and Stage 2 (MSA2� are 1− i∗

and i∗ − s∗, respectively, and Firm B’s market size in
Stage 2 (MSB� is simply s∗ (Figure 2).
Table 1 shows the total utility that a type s con-

sumer derives from buying product j in stage k.
When Product B enters the market in Stage 2,

the firms can jointly decide to offer converters that
enable users of one of the products to communicate
with users of the other incompatible technology, and
exploit some network benefits from the rival network.
We assume that the decision to supply converters is
obtained via negotiation.16 Moreover, as a result of
such negotiations, firms also jointly set the price for
converters, which we designate by C. When convert-
ers are available, if a consumer chooses not to buy
a converter, her utility function remains the same as
in (1). But if she chooses to buy a converter, her utility
function becomes

Ujk = r +
2∑
k

xj +

2∑
k

MSjk −Pjk +
MS−j −C� (2)

where 
MS−j captures the network benefits from
the rival product’s installed base.17 Obviously, a con-
sumer will choose to buy a converter only if the

16 As outlined above, when any of the two technologies is propri-
etary or involves intellectual property rights, provision of convert-
ers frequently requires joint agreement from both firms. Examples
given above include patent and licensing protection for a variety
of media file types, licensing agreement protections for software
operated in virtualization environments, and patent and copyright
protection for hardware standards.
17 Prior studies often assume that converters are two way, which
means that users of incompatible products can communicate with
each other without requiring both consumers to own converters. In
other words, as long as a consumer owns a two-way converter, any
consumer of the rival incompatible product can free-ride on this
consumer’s converter to communicate with this consumer. How-
ever, in reality, possession of converters is often required to take
advantage of the conversion benefits, and the assumption of two-
way converters tends to overestimate the impact of converters and
simplify the adoption decision of converters. Therefore, to model
the adoption of converters as an independent decision, we assume
that these converters are one-way converters and a consumer has to
purchase a converter to take advantage of the conversion benefits.

Table 1 Consumer’s Utility Function in the Baseline Model
(Without a Converter)

Consumer’s
choice Stage 1 Stage 2

Buy A UA1 = r + 2s+ ��1− i∗� UA2 = r + s+ ��1− s∗�− PA2
+ ��1− s∗�− PA1

Buy B n/a UB2 = r + �1− s�+ � · s∗ − PB

conversion benefits outweigh the price of the con-
verter (
MS−j > C).
The outcome of the negotiations between the firms

in the second stage can take one of three forms: (1) No
Conversion arises if firms fail to reach an agreement.
In this case, both products remain incompatible with
each other. (2) Partial Conversion arises if firms choose
to offer converters at a high enough price, so that only
consumers from one of the two product networks find
it optimal to buy a converter. Given Firm A’s first
mover advantage, we will show that Firm A’s over-
all market share is always larger than that of Firm B.
Therefore, when the negotiated converter price satis-
fies 
MSB <C ≤ 
MSA, only Product B customers are
willing to buy a converter. (3) Full Conversion arises
when the firms make converters affordable to all con-
sumers in the market. Specifically, when the negoti-
ated converter price satisfies the inequality C ≤ 
MSB,
all customers find it optimal to buy a converter.
Following the negotiations, we assume that firms

cannot collude on product prices. Instead, each firm
chooses its product price to maximize its product
revenue. Prices are chosen, though, after firms can
observe the extent of conversion that the negotiations
between them generate.
We describe the timeline of the model in Figure 3.
To model the negotiations, we use the Nash Bar-

gaining Solution (Nash 1950). This solution concept
implies that the payoff of each party consists of its
“outside option” and half of the “gains from trade”
if such gains are positive. The outside option coincides
with the negotiating party’s profits if agreement can-
not be reached. The gains from trade are calculated as
the added joint benefit to the parties from reaching an
agreement.18 In addition, as part of the negotiations,

18 If agreement between the parties generates a joint payoff of
JAGR, then at the Nash Bargaining Solution, the payoff allocated
to the negotiator j , WAGR

j , solves the maximization of the product
(WAGR

j − WDIS
j �1/2�JAGR − WAGR

j − WDIS
−j �1/2, where WDIS

j and WDIS
−j
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Figure 3 Time Line of the Model

Stage 2.2Stage 2.1Stage 1

Consumers:

Firms: Firm A announces PA1

Firm B enters the market. Firms
negotiate on the extent of

conversion and upon agreement,
announce converter price C

Following negotiations,
Firm A announces PA2 and

Firm B announces PB

or without a converter

Time line

Buy Product A or not
Buy Product A or B, with

the price of the converter is chosen to maximize the
joint payoff of the negotiating parties upon reaching
an agreement. It is important to note, that firms can
reach an agreement only if there are positive gains
from trade. Specifically, if J N , J P , and J F designate the
firms’ second-stage joint payoff with no, partial, and
Full Conversion, then for Partial Conversion to arise,
it is necessary that J P > J N ⇔�P

A2 +�P
B + CP∗MSP∗B >

�N
A2+�N

By , and for Full Conversion, it is necessary that
J F > J N ⇔ �F

A2 +�F
B + CF ∗�MSF ∗A +MSF ∗B � > �N

A2 +�N
B ,

where the firms’ joint payoff J consists of profits from
selling products in Stage 2 as well as proceeds from
the sale of converters (i.e., CP∗MSP∗B for Partial Con-
version and CF ∗�MSF ∗A +MSF ∗B � for Full Conversion).
Designating by WAGR

j the second-stage payoff of
firm j upon reaching an agreement on conversion, the
above discussion implies that

WAGR
j =




�N
j + 1

2 ��
P
j +�P

−j−�N
j −�N

−j �+ 1
2C

P∗MSP∗B
with agreement on Partial Conversion, and

�N
j + 1

2 ��
F
j +�F

−j−�N
j −�N

−j �

+ 1
2C

F ∗�MSF ∗A +MSF ∗B �

with agreement on Full Conversion.
(3)

It may be interesting to consider how the above
outcome is actually implemented. Following the
agreement on conversion, the parties sell their prod-
ucts in the market, expecting profits of �

P�F �
j from

such a sale. To obtain the agreement payoff described
in (3), therefore, firm j can expect the additional com-

designate the outside options, or disagreement payoffs of the two
parties. This maximization yields the solution that WAGR

j =WDIS
j +

1/2�JAGR−WDIS
j −WDIS

−j �, as stated in the main text. The above max-
imization assumes that both parties have symmetric negotiating
powers. To address asymmetric negotiating positions of the parties,
the generalized Nash Bargaining Solution allows for an unequal
division of the gains from trade (JAGR −WDIS

j −WDIS
−j ). We consider

this case in a later section.

pensation (WAGR
j −�

P�F �
j ) as follows:

T AGRj =




1
2C

P∗MSP∗B +[
1
2 ��

P
−j−�N

−j �− 1
2 ��

P
j −�N

j �
]

for Partial Conversion, and

1
2C

F ∗�MSF ∗A +MSF ∗B �

+[
1
2 ��

F
−j−�N

−j �− 1
2 ��

F
j −�N

j �
]

for Full Conversion.

(4)

Hence, at the conclusion of the negotiations, each
party receives half of the proceeds from the sale
of converters adjusted by an amount that depends
on which party benefits more from reaching an
agreement. If ��P�F �

A2 −�N
A2� < ��

P�F �
B −�N

B �, Firm B ben-
efits more from reaching an agreement than Firm A.
As a result, Firm B will have to offer a “side pay-
ment” to Firm A as measured by the second term of
T AGRj in (4). This second term reflects how much more
reaching an agreement is valued by Firm B than by
Firm A.

2.2. Equilibrium of the Second-Stage Game
As we stated earlier, following the negotiations in the
second stage, firms behave noncooperatively when
choosing prices for their products. Since we wish to
focus on SPNE, we start by considering the equi-
librium prices selected by the firms in the second
stage. The derivation of the equilibria varies based
on the extent of conversion agreed upon by the firms
at the beginning of the second stage. We begin with
the equilibrium in the absence of agreement; namely,
the outside option for firms.

No Conversion. In Stage 2, a consumer who is
indifferent between buying Product A without a
converter or buying Product B without a converter
satisfies19

r + s∗ +
�1− s∗�− PN
A2 = r + 1− s∗ +
s∗ − PN

B

⇒ s∗ = 1+ PN
A2− PN

B −


2�1−
�
� (5)

19 From (1) and (2), it follows that if a consumer prefers buying A
in Stage 1 to buying A in Stage 2, she will also prefer buying A
in Stage 1 to buying B in Stage 2 since UA1�x = i∗�= UA2�x = i∗�=
UA2�x= s∗�=UB�x= s∗�=UB�x= i∗�.
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In the second stage, firms take the market share estab-
lished by the incumbent in the first stage as given.
For a fixed MSA1 = 1− i∗, their market shares in the
second stage are MSA2 = i∗ − s∗ for A and MSB = s∗

for B. The firms’ maximization problems in Stage 2
can therefore be written as



Max
PN
A2

�N
A2 = PN

A2MS
N
A2 = PN

A2�i
∗ − s∗�

= PN
A2

(
i∗ − 1+ PN

A2− PN
B −


2�1−
�

)
� �6�

Max
PN
B

�N
B = PN

B MS
N
B = PN

B �s∗�

= PN
B

(
1+ PN

A2− PN
B −


2�1−
�

)
� �7�

subject to the constraints that 0< s∗ ≤ i∗, and P ∗
jk > 0.

Solving for the prices in terms of i∗ yields

PN
A2�i

∗�= �4i∗ − 1��1−
�

3
(8)

PN
B �i∗�= �2i∗ + 1��1−
�

3
(9)

Since MSNB �i
∗�= s∗ and MSNA2�i

∗�= i∗ − s∗, we use (5)
to obtain

MSNA2�i
∗�= 4i

∗ − 1
6

� (10)

MSNB �i
∗�= 2i

∗ + 1
6

� (11)

Substituting (8)–(11) into (6) and (7) yields the firms’
profits as a function of i∗:

�N
A2�i

∗�= �4i∗ − 1�2�1−
�

18
� (12)

�N
B �i

∗�= �2i∗ + 1�2�1−
�

18
� (13)

And the firms’ joint profits in the absence of convert-
ers are therefore given by

J N �i∗� = �N
A2�i

∗�+�N
B �i

∗�

= �1−
��10i∗2− 2i∗ + 1�
9

� (14)

Note that for the incumbent to charge a positive
price and cover a portion of the remaining mar-
ket in Stage 2, it must be true that PN

A2�i
∗� > 0 and

MSNA2�i
∗� > 0, hence i∗ > 1/4. If i∗ < 1/4, the incum-

bent covered a large portion of the market in Stage 1
(MS∗A1 = 1− i∗ > 3/4), and the remaining market con-
sists entirely of consumers who have such a strong
preference for Product B that the incumbent cannot
attract any of them at a positive price.
Next, we examine what happens if firms reach an

agreement on conversion.

Partial Conversion. If, at the conclusion of the
negotiations, the firms agree on charging a price for
the converter that satisfies the inequality 
MSPB <
CP ≤ 
MSPA, only Product B customers are willing to
buy a converter, as they are the only consumers whose
conversion benefits outweigh the cost (because of Firm
A’s relatively larger network size). In Stage 2, a con-
sumer who is indifferent between buying Product A
without a converter and buying Product B with a con-
verter satisfies

r + s∗ +
�1− s∗�− PP
A2

= r + 1− s∗ +
s∗ +
�1− s∗�− PP
B −CP

⇒ s∗ = 1+ PP
A2− PP

B −CP

2−

� (15)

Similar to the No Conversion equilibrium, solving
firms’ Stage 2 maximization problems yields firms’
second-stage prices, market shares, and profits as a
function of i∗ (summarized in Table 2).
Note that the firms’ second-stage joint payoff is a

function of the remaining market size i∗ that Firm A
didn’t cover in Stage 1 and the converter price CP .
When firms decide to supply a converter (i.e., when
J P > J N �, they choose an optimal converter price to
maximize their second-stage joint payoff, regardless
of how the firms eventually divide the proceeds from
converters. The Nash Bargaining Solution described
in (3) and (4) yields a higher payoff to each negotiator
if actions are selected to maximize the joint payoff
function. Observing the entries of Table 2 implies the
comparative statics reported in Lemma 1.
Lemma 1. In a Partial Conversion equilibrium, as

the price of the converter increases, the incumbent’s
second-stage product price and market share increase
( PP

A2/ C
P > 0,  MSPA2 / C

P > 0), but the entrant’s prod-
uct price and market share both decline ( PP

B / C
P < 0,

 MSPB / C
P < 0).

Lemma 1 implies that the strategic position of
Firm B is weakened in comparison to that of Firm A
if the price of the converter increases. Note that this
might have counteracting effects on the proceeds from
the sale of converters, because a decline in the mar-
ket share of Firm B implies that fewer consumer
buy converters at the Partial Conversion equilibrium.
To obtain the optimal price of the converters that
maximizes the joint payoff function, we differentiate
J P �i∗�CP � from Table 2 to obtain the solution reported
in Lemma 2.
Lemma 2. Agreement on Partial Conversion is feasi-

ble when20 i∗ >Max��1−
�/�4−3
��Min�1/�3�2−
���
�1+
−
2�/��2−
��5−3
����. The price of the converter
is then chosen as follows.

20 Notice that when 
 < �3−√
3�/3, �1+
−
2�/��2−
��5− 3
�� <

1/�3�2−
�� < 1/�4− 3
�, and when 
 > �3−√
3�/3, �1+
−
2�/

��2−
��5− 3
�� > 1/�3�2−
�� > �1−
�/�4− 3
�.
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Table 2 Partial Conversion Equilibrium Second-Stage Prices, Market Shares, and Profits

Variable Firm A Firm B

Price P P
A2 =

2i∗�2− ��− �1−CP �

3
P P
B = i∗�2− ��+ �1−CP �

3

Market share MS P

A2 =
2i∗�2− ��− �1−CP �

3�2− ��
MS P

B =
i∗�2− ��+ �1−CP �

3�2− ��

Profit 
P
A2 =

�2i∗�2− ��− �1−CP ��2

9�2− ��

P

B =
�i∗�2− ��+ �1−CP ��2

9�2− ��

Joint profits JP �i∗� CP �=
P
A2 +
P

B +CP ·MS P

B =
5i∗2�2− ��2 − 2i∗�2− ���1−CP �+ 2�1−CP �2

9�2− ��

+CP �i∗�2− ��+ �1−CP ��

3�2− ��

Note. For the Partial Conversion equilibrium to exist, Firm A must be able to charge a positive price and have a positive
market share in Stage 2, which requires i∗ > �1−CP �/�4− 2�).

(1) When �3−√
3�/3<
< 1 and 1/�3�2−
�� < i∗ <

�1+
−
2�/��2−
��5− 3
��,

CP∗ =CP
int =

5i∗�2−
�− 1
2

� (16)

(2) When 
 < �3−√
3�/3 and i∗ > �1− 
�/�4− 3
�,

or when �3 − √
3�/3 < 
 < 1 and i∗ > �1 + 
 − 
2�/

��2−
��5− 3
��,

CP∗ =CP
max = 
MSPA = 
��5− 3
�− i∗�2−
��

2�3− 2
� � (17)

(See the appendix for proof.)
The bound on i∗ that supports Partial Conversion

is implied, once again, by the requirement that the
incumbent can obtain a positive market share in the
second stage when charging a positive price. Accord-
ing to Lemma 2, when the strategic position of Firm A
relative to that of Firm B is very strong, either because
network effects are strong (large 
 values) or because
Firm A has established a significant market share in
the first stage (small i∗ values), the firms’ joint pay-
off is maximized when the price of the converter is
chosen, so that  J P �i∗�CP �/ CP = 0, thus obtaining the
interior solution denoted by CP

int.
In contrast, when the strength of the network effects

is moderate (small 
 values) or if Firm A’s first-
stage market share is relatively small (large i∗ val-
ues), the price of the converter that maximizes the
firms’ second-stage joint payoff is determined by the
maximum willingness to pay on the part of con-
sumers (
MSPA). Smaller values of 
 and/or bigger
values of i∗ imply that the market share of Firm A in
Stage 1 declines, thus reducing the network benefits
that accrue to consumers who purchase converters.
As a result, the value of CP that satisfies the condition
 J P �i∗�CP �/ CP = 0 exceeds the maximum willingness
to pay on the part of consumers.
It is interesting to note from the expressions

obtained for CP∗ in (16) and (17), that the optimal

price of the converter chosen in the negotiations is ini-
tially an increasing function of i∗ for sufficiently small
values of i∗. However, for larger values of i∗, the opti-
mal converter price declines with i∗. Large values of i∗

have two counteracting effects on the pricing of con-
verters. On the negative side, larger i∗ values reduce
the overall market share of the incumbent, thus con-
sumers of Product B derive less benefit from conver-
sion, and are willing to pay lower prices for it. On
the positive side, larger i∗ imply that there is a bigger
number of B customers who potentially will consider
purchasing the converter for a given price. Such a
parallel shift in demand can support charging higher
prices for the converter.21 According to Lemma 2,
when i∗ is sufficiently large (i∗ > Max��1 − 
�/
�4 − 3
�� �1 + 
 − 
2�/��2 − 
��5 − 3
���), the former
effect dominates, and when i∗ is sufficiently small, the
latter effect dominates.
Substituting the optimal price of CP∗ from (16) and

(17) back into the joint payoff expression in Table 2
yields the following joint payoff of the firms as a
function of the market share established by Firm A in
the first stage:22

J P �i∗�=




5�2−
�2i∗2− 2�2−
�i∗ + 1
4�2−
�

�

if CP∗ =CP
max�

(
�40− 80
+ 52
2− 11
3�i∗2
− �8− 28
+ 24
2− 6
3�i∗
+ 4− 5
+
3

) · �4�3− 2
�2�−1
if CP∗ =CP

int�

(18)

21 A parallel shift of a linear demand takes the form P = ka− bq,
where q� b�k > 0 and k is a scale parameter that shifts demand
parallel to itself. The revenue-maximizing price for this demand is
P ∗ = ka/2, which is higher the higher k is.
22 There is some abuse of notation in defining J P �i∗� since we
dropped the second argument of J P �·� from Table 2, after substitut-
ing the optimal value of CP .
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Table 3 Full Conversion Equilibrium Second-Stage Prices, Market
Shares, and Profits

Variable Firm A Firm B

Price P F
A2 =

4i∗ − 1
3

P F
B = 2i∗ + 1

3

Market share MS F

A2 =
4i∗ − 1

6
MS F

B =
2i∗ + 1

6

Profit 
F
A2 =

�4i∗ − 1�2

18

F

B =
�2i∗ + 1�2

18
Joint profits JF �i∗� CF �=
F

A2�i
∗�+
F

B�i
∗�+CF

= 1− 2i∗ + 10i∗2

9
+CF

Note. The condition necessary to support positive prices in the second stage
is i∗ > 1/4.

Full Conversion. If the firms choose a price for
the converter so that CF ≤ 
MSF

∗
B , the users of both

Products A and B are willing to buy a converter as
conversion benefits outweigh the cost of conversion,
even for Product A customers who benefit less from
conversion. In Stage 2, a consumer who is indiffer-
ent between buying Product A with a converter and
buying Product B with a converter satisfies

r + s∗ +
�1− s∗�+
s∗ − PF
A2−CF

= r + 1− s∗ +
s∗ +
�1− s∗�− PF
B −CF

⇒ s∗ = 1+ PP
A2− PP

B

2
� (19)

As in the previous cases, following the negotia-
tions product prices are determined noncooperatively
in the second stage. In Table 3, we derive the Nash
equilibrium prices, market shares, and profits of the
second-stage game (as a function of the market share
established by Firm A in the first stage).

Lemma 3. Under Full Conversion, neither the firms’
prices nor their market shares depend on the price of the
converter. However, the firms’ second-stage joint payoff is
an increasing function of the price of the converter. As
a result, in the negotiations, firms will find it optimal to
charge the highest possible price that is consistent with Full
Conversion, namely, CF ∗ = 
MSF

∗
B .

Substituting CF ∗ into J F �i∗, CF � yields the firms’
second-stage Full Conversion joint payoff:23

J F �i∗�= 1− 2i
∗ + 10i∗2
9

+ 
�2i∗ + 1�
6

� (20)

Before comparing the joint payoff that accrues to
the firms under the three levels of conversion, it is

23 As explained in footnote 15, here as well, we dropped the second
argument of J P �·� from Table 3 in defining J P �i∗�.

noteworthy from Tables 2 and 3 that for a fixed i∗,
higher levels of conversion unambiguously increase
the price Firm B charges. Full Conversion leads also
to a higher price charged by Firm A in comparison
to No Conversion. However, the comparison of A’s
price under Partial Conversion with the other two
conversion regimes is ambiguous and depends on the
value of i∗.
In spite of this ambiguity, it follows from the tables

that the firms’ joint revenue from product sales in the
second stage unambiguously increase as the extent
of conversion increases. Note that for a fixed i∗, this
increase of revenues stems from the high network
benefits, derived by consumers as a result of conver-
sion and not from the fact that the two firms jointly
select the price of the converter. In particular, for a
fixed i∗, both firms raise their product prices when
moving from No Conversion to Full Conversion by a
factor of 
, which correspond to the additional net-
work benefits derived by the consumers. For a fixed
i∗, product prices under the two extreme conversion
regions are completely independent of the converter
price, implying that the higher product prices under
Full Conversion stem from the firms sharing with
the consumers the enhanced network benefits derived
by them and not from the collusive role that joint
pricing of the converter by the two firms may play.
Because the two technologies are differentiated, the
firms can use the brand loyalty of their customers to
extract some of the added network benefits derived
by them. However, we will later argue that the nego-
tiations over the price of the converter do play an
extra collusive role, since such negotiations affect the
equilibrium values of i∗. Specifically, a higher level of
conversion results in a higher value of i∗, which raises
the product price derived in (8), (9), and the entries of
Tables 2 and 3. We summarize the above discussion
in Observation 1.

Observation 1. For a fixed value of i∗, (1) as the
extent of conversion increases, Firm B charges higher
prices for its product. (2) the firms’ joint revenues
from product sales in the second stage increase as the
extent of conversion increases.

In terms of the proceeds from the sale of converters,
it follows from Tables 2 and 3 that Full Conver-
sion leads to higher proceeds than Partial Conver-
sion. Specifically, even though Full Conversion entails
a lower converter price (i.e., CP∗ > CF ∗ = 
MSF ∗B ),
the increased number of consumers buying convert-
ers more than compensates for the lower price, thus
generating higher proceeds from the sale of con-
verters. Hence the demand of converters appears
to be elastic, so that the percentage of increase in
the number of consumers buying converters (equal
to �i∗�2−
�+ �1−CP∗��/��2i∗�2 − 
� − �1 − CP∗

���)
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Table 4 Full Conversion Equilibrium Prices, Market Shares, and Profits

Variables Firm A (Stage 1) Firm A (Stage 2) Firm B (Stage 2) Converter

Price P F ∗
A1 = �76− 43�+ 3�2�

4�13− 6��
P F ∗
A2 = �9− 7��

�13− 6��
P F ∗
B = �22− 13��

2�13− 6��
CF ∗ = ��22− 13��

4�13− 6��

Market share MS F ∗
A1 = 1− i∗ = 3�4+ ��

4�13− 6��
MS F ∗

A2 =
�9− 7��
2�13− 6��

MS F ∗
B = s∗ = �22− 13��

4�13− 6��

MS FC∗
A =MS FC∗

A1 +MS FC∗
A2 = 30− 11��

4�13− 6��

Profit 
FC∗
A =
FC∗

A1 +
NC∗
A2 = JFC∗ − JNC∗

2
= 120+ 12�− 26�2

16�13− 6��

FC∗

B =
FC∗
B + JFC∗ − JNC∗

2
= 968− 732�− 196�2 + 183�3

16�13− 6��2

exceeds the percentage of reduction in the price of the
converter. When CP∗ =CP

max, for instance, this percent-
age of decline is equal to

2�2i∗�2−
�− �1−CP∗�− �2i∗ + 1��2−
��

2�2i∗�2−
�− �1−CP∗��
�

This is true for any value of i∗ that supports both con-
version regimes. Observation 2 summarizes this fact.

Observation 2. For a fixed value of i∗, even though
CF ∗ < CP∗, the proceeds from the sale of converters
under Full Conversion is higher than under Partial
Conversion. Specifically, CF ∗ > CP∗ ·MSP∗B , implying
that the demand for converters is elastic. (See the
appendix for proof of both observations.)

The results reported in Observations 1 and 2 lead
directly to the main result of our paper.

Proposition 1. For values of i∗ that can support all
three different levels of conversion,24 the following is true:
J F �i∗� > J P �i∗� > J N �i∗�.

Given that the joint payoff of the firms consists of
proceeds from sale of products and converters, this
joint payoff necessarily rises as the extent of conver-
sion increases in view of Observations 1 and 2.

3. Equilibrium of the Entire Game
3.1. The Maximization Problem of Firm A in the

First Stage
Given the results reported in Proposition 1, both firms
and consumers anticipate Full Conversion in Stage 2.
In Stage 1, the consumer located at i∗ is indifferent

24 Note that the region of the values of i∗ that support no or Full
Conversion (i.e., i∗ > 1/4) does not coincide with the region sup-
porting Partial Conversion. When 
 < �3−√

3�/3, there is a larger
range of i∗ values that support Partial Conversion; namely, there
are values of i∗ < 1/4 consistent with Partial Conversion. When

> �3−√

3�/3, the range of i∗ that support no or Full Conversion
may be bigger than that supporting Partial Conversion. This is the
case, for instance, when 
> 2/3, in which case 1/4< 1/�3�2−
�� <
�1+
−
2�/��2−
��5− 3
��.

between buying Product A in Stage 1 and Stage 2 and
satisfies the following equation:

r+2i∗+
�1−i∗�+
−PF
A1−CF =r+i∗+
−PF

A2−CF

⇒ PF
A1= i∗+PF

A2+
−i∗
� (21)

We rewrite Firm A’s expected payoff of both stages as

Max
i∗

�F
A = PF

A1�i
∗�MSFA1�i

∗�

+ [
�N
A2�i

∗�+ 1
2 �J

F �i∗�− J N �i∗��
]
(22)

subject to the constraints that 0 < i∗ ≤ s∗ ≤ 1, P ∗
jk > 0,

and the expressions for PF
A2, MS

F
A2, and PF

A1 are given
in Table 3 and by Equation (21), respectively.25

The payoff in (22) is the sum of revenues from the
sale of the product in the first stage and the pay-
off from Full Conversion in the second stage. The
second-stage payoff includes revenues from the sale
of the product in the second stage, half of the pro-
ceeds from the sale of converters, and a possible side
payment26 from Firm B to Firm A. Combining these
three sources of profit yields, the Nash Bargaining
outcome reported in the second term of (22). In the
first stage, Firm A chooses PF

A1 to maximize its payoff.
It is simpler, however, to obtain the solution by max-
imizing over i∗ instead, given that the second-stage
prices and profits are all expressed in terms of i∗.
Optimizing (22) with respect to i∗ yields the equi-

librium reported in Table 4. In Proposition 2, we
report the comparative statics implied by the entries
in Table 4.

Proposition 2. As the strength of network effects
increases (higher values of 
), the firms charge lower prices

25 Note that we solve the game by using backward induction
because Firm A cannot commit in Stage 1 to its Stage 2 price. This
captures the environment described in Stokey (1979) for intertem-
poral price discrimination and is consistent with the Coase (1972)
conjecture that rational buyers can foresee the possibility of second
period discounting.
26 The side payment is equal to 
i�1 − i�/3, which correspond to
half of the additional benefit that Firm B derives from reaching an
agreement on Full Conversion relative to A.
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Table 5 The Equilibrium of the Entire Game Under Commitment to No Conversion �0<�< 3/5�

Variable Firm A (Stage 1) Firm A (Stage 2) Firm A (Overall) Firm B (Stage 2)

Price P N∗
A1 = 38− 33�

26
↓ P N∗

A1 = 38− 33�
26

↓ n/a P N∗
B = 11− 14�

13
↓

Market share MSN∗
A1 = 6+ 3�

26�1− ��
↑ MSN∗

A2 = 9− 15�
26�1− ��

↓ MSN∗
A = 15− 12�

26�1− ��
↑ MSN∗

B = 9− 15�
26�1− ��

↓

Profit 
N∗
A1 = 3�76− 28�− 33�2�

676�1− ��
↑ 
N∗

A2 = 9�9− 30�+ 25�2�

338�1− ��
↓ 
N∗

A = 3�10− 16�+ 9�2�

52�1− ��

N∗

B = 121− 308�+ 196�2

338�1− ��
↓

Note. The arrows in the table correspond to the comparative statics results of prices, market shares, and profits with respect to �. 
A is decreasing in � when
0<�< �3−√

3�/3 and is increasing in � when �3−√
3�/3<�< 3/5.

in both stages, the overall market share of Firm A increases,
and that of Firm B decreases, and the price charged for the
converter rises. The profits of Firm A increase and those of
Firm B initially increase and decrease thereafter. However,
the joint profits of the industry unambiguously rise as the
strength of the network effects increases.

It’s noteworthy that the last result reported in
Proposition 2 contradicts that available in the litera-
ture, where it has been shown that overall industry
profits in the absence of conversion declines with the
strength of the network effects (see Farrell and Saloner
1992 and Equation (14) of our model). The main rea-
son for the different result stems from the fact that the
firms jointly set the price of the converter in a man-
ner that allows them to successfully share the benefits
from conversion derived by consumers. Since those
benefits rise with 
, joint industry profits increase as
well, in spite of the fact that product prices decline as

 increases.
Substituting the equilibrium prices and market

shares into the constraint necessary to support the
Full Conversion equilibrium (i.e., i∗ > 1/4) implies
that the Full Conversion equilibrium can be sup-
ported for all values of 
 �0 = 
 < 1). Nevertheless,
one should note that other than being engaged in
a two-stage competition, the incumbent also has the
ability to capture the entire market in Stage 1. We now
explicitly examine this possibility and compare it with
the Full Conversion equilibrium.
Specifically, when network effects are sufficiently

large, the incumbent can capture the entire market in
Stage 1. This is analogous to the classic “winner-takes-
all” outcome. To do so, the incumbent must ensure
that the consumer located at x = 0 (the “B Lover”)
prefers buying Product A in the first stage versus buy-
ing Product B in the second stage; namely, 1− PD

B ≤
2
 − PD

A1 ⇒ PD
A1 ≤ PD

B + 2
 − 1, where superscript D
refers to market Dominance.
The lowest price the entrant can charge is %

�lim% → 0), the maximum price that the incumbent
can set to dominate the market is 2
−1. This requires
that 
 > 1/2 to support a positive price. The incum-
bent’s profit in this case equals 2
−1. Note that even

though the incumbent captures the entire market, he
must cut prices because of the threat of entry.27

Comparison between the profits from Market Dom-
inance and the profits from Full Conversion reveals
that Dominance profits are higher than Full Con-
version profits only when network effects are very
large (i.e., 
> 0�982). When network effects are not as
strong (i.e., 
< 0�982), the incumbent has no incentive
to take over the market as the overall profits from the
Full Conversion equilibrium are higher than Domi-
nance profits. This implies that:

Proposition 3. When 
 < 0�982, Full Conversion
emerges as the SPNE. Otherwise, when network effects are
sufficiently large (i.e., 
> 0�982), the incumbent prefers to
dominate the entire market in the first stage.

3.2. Is It Ever Optimal to Commit to Less than
Full Conversion?

The analysis so far assumes that the incumbent can-
not commit in the first stage to the level of conversion
he will agree to in the second stage. In the absence of
such a commitment, we have shown that Full Con-
version is the only SPNE that can arise as long as

 < 0�982. Next, we consider the possibility that the
incumbent does have commitment power, and we
examine whether in this case it will find it optimal to
commit to Partial or No Conversion.
Specifically, we assume an additional, initial stage

prior to the two stages of our original game. At this
stage, the incumbent can commit to full, partial, or No
Conversion. In the first case, the commitment is that
both its customers and those of the future compet-
ing technology will have access to each other’s net-
work. For example, the incumbent and the entrant

27 We have also examined the feasibility of two other types of Dom-
inance equilibria; namely, the incumbent may choose to serve some
consumers in Stage 1 and cover the remaining market in the second
stage, or he may cover the entire market in the second stage only. In
either case, the incumbent must ensure that he is able to attract the
“B lover” who is located at x= 0, which requires: 1− PB = 
− PA2,
or PA2 = PB + 
 − 1. Since the entrant can always set a low price
(PB < 1−
) so that PA2 < 0, such Dominance equilibria cannot arise
in our model.
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Table 6 The Equilibrium of the Entire Game Under Commitment to Partial Conversion �C∗ = Cmax�

Variable Firm A (Stage 1) Firm A (Stage 2) Firm B (Stage 2)

Price P P ∗
A1 = 912− 2�368�+ 2�304�2 − 992�3 + 159�4

2�312− 648�+ 448�2 − 103�3�
P P ∗
A2 = 432− 1�336�+ 1�496�2 − 772�3 + 127�4

2�312− 648�+ 448�2 − 103�3�
P P ∗
B = 528− 1�496�+ 1�536�2 − 682�3 + 111�4

2�312− 648�+ 448�2 − 103�3�

Market share MS P ∗
A1 = 4�18− 15�− 4�2 + 4�3�

�312− 648�+ 448�2 − 103�3�
MS P ∗

A2 = 216− 560�+ 4�684�2 − 127�3

2�312− 648�+ 448�2 − 103�3�
MS P ∗

B = 264− 616�+ 460�2 − 111�3

2�312− 648�+ 448�2 − 103�3�

MS P ∗
A = 360− 732�− 196�2 + 183�3

2�312− 648�+ 448�2 − 103�3�

Profit 
P ∗
A =
P ∗

A1 +
N∗
A2 + JP

∗ − JN
∗

2
= 4�320− 8�904�+ 6�952�2 − 2�516�3 + 373�4

24�312− 648�+ 448�2 − 103�3�

P ∗
B = 2�190− 8�721�+ 358�2 − 3�145�3 + 297�4

4�312− 648�+ 448�2 − 103�3�2

Note. When �< 0�717, CP
int >CP

max, and CP ∗ = CP
max = �360− 680�2 − 436�3 + 95�4�/�2�312− 648�+ 448�2 − 103�3��.

will release their design interface specifications, com-
munication protocols, or source code to each other so
that they both can produce converters for their cus-
tomers. In the second case, the commitment is that
only customers of the competing technology will have
access to the incumbent’s technology but not vice
versa. For example, as noted above Microsoft’s EULA,
allows virtualization of Windows on other operating
systems, such as Mac OSX. However, Apple’s EULA
does not allow virtualization of Mac OSX on non-Mac
operating systems (see Griffiths 2008). Finally, in the
last case, the incumbent commits not to allow any
conversion at all. After this first stage, the game pro-
ceeds as before. In the second stage, the incumbent,
still a monopolist, sets the price for its technology. At
the beginning of the third stage, following the entry
of the competing technology, negotiations on the con-
verter’s price takes place if the incumbent committed
to allow some level of conversion in the first stage.
Subsequently, the pricing of the technology by the
incumbent and entrant takes place.
In Tables 5–7 (included in the appendix), we charac-

terize the equilibrium outcomes when the incumbent
commits to No Conversion (Table 5) and Partial Con-
version (Tables 6 and 7), respectively. We find that the
comparative statics of the solution are similar to those
reported in Proposition 2. Specifically, as network
effects become more important (
 increases), firms
price more aggressively, the market share and prof-
its of Firm A increase and those of Firm B decrease.
However, as reported in the following Lemma, the

Table 7 The Equilibrium of the Entire Game Under Commitment to Partial Conversion �C∗ = Cint �

Variable Firm A (Stage 1) Firm A (Stage 2) Firm B (Stage 2)

Price P P ∗
A1 = 159− 193�+ 58�2

58− 37�
P P ∗
A2 = 112− 166�+ 57�2

58− 37�
P P ∗
B = −18+ 43�− 19�2

58− 37�

Market share MS P ∗
A1 =

11− �

58− 37�
MS P ∗

A2 =
112− 166�+ 57�2

116− 132�+ 37�2
MS P ∗

B = 18− 43�+ 19�2

116− 132�+ 37�2

MS P ∗
A = 134− 175�− 56�2

�2− ���58− 37��

Profit 
P ∗
A =
P ∗

A1 +
P ∗
A2 +

JP ∗ − JN∗

2
= −800+ 12�744�− 712�2 + 139�3

6�2− ���58− 37��

P ∗

B = 29�548− 78�602�+ 77�526�2 − 33�460�3 + 5�339�4

6�2− ���58− 37��2

Note. When 0�958<�< 1, CP
int >CP

max, and CP ∗ = CP
int = �206− 289�+ 95�2�/�58− 37��.

range of 
 values that yield positive product prices
and market shares for both firms in the competitive
stage shrinks when the incumbent can commit to less
than Full Conversion.

Lemma 4. The prices and market shares of both firms
are strictly positive in the competitive stage when
(1) 0<
< 0�6 with No Conversion.
(2) 0<
<0�717 with Partial Conversion, in which case

CP∗=CP
max, or 0�958<
<1, in which case CP∗=CP

int.

The discontinuity of the supported values with Par-
tial Conversion is the result of the two separate ranges
obtained for the negotiated price of the converter
reported in Lemma 2.
The reason that a reduced level of conversion leads

to a smaller range of 
 values supporting a positive
market share for Firm A in the competitive stage can
be explained by observing the entries of Tables 5–7.
A lower level of conversion results in more aggres-
siveness on the part of the incumbent in the second
stage. Specifically, Firm A prices more aggressively to
obtain a bigger market share in this stage. As a result,
price competition between the firms in the competi-
tive stage may lead to negative prices over a wider
range of 
 values. In essence, a higher degree of con-
version alleviates price competition in the competitive
stage. The alleviated price competition stems from
two sources. First, as argued before, because the tech-
nologies are differentiated, the firms can extract from
the consumer some of the added conversion benefits
they derive for a fixed value of i∗. In addition, the
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Table 8 The Equilibrium of the Entire Game Under Free Full Conversion

Variable Firm A (Stage 1) Firm A (Stage 2) Firm A (Overall) Firm B (Stage 2)

Price P FF ∗
A1 = 19− 15�

13− 9�
P FF ∗
A2 = 9�1− ��

13− 9�
n/a P FF ∗

B = 11− 9�
13− 9�

Market share MS FF ∗
A1 = 3

13− 9�
MS FF ∗

A2 = 9�1− ��

2�13− 9��
MS FF ∗

A = 3�5− 2��
2�13− 9��

MS FF ∗
B = 11− 9�

2�13− 9��

Profit 
FF ∗
A1 = 3�19− 15��

�13− 9��2

FF ∗

A2 = 81�1− 2�+ �2�

2�13− 9��2

FF ∗

A = 3�5− 3��
2�13− 9��


FF ∗
B = 121− 198�+ 81�2

2�13− 9��2

Joint profits JFF ∗ = 158− 225�+ 81�2

�13− 9��2

firms use the negotiated price of the converter as a
collusive device to raise the equilibrium level of i∗

(i.e., to reduce the initial market share obtained by A).
We summarize this finding in Observation 3.

Observation 3. A commitment to a higher level of
conversion results in a smaller market share obtained
by Firm A in Stage 2 and higher product prices
charged by both firms in Stage 3.

Next, we compare revenues from the sale of con-
verters under Partial and Full Conversion.

Observation 4. The price of the converter is lower,
but the overall profits from the sale of converters are
higher, under a commitment to Full rather than Par-
tial Conversion.

The above observations lead to the result reported
in Proposition 4:

Proposition 4. The incumbent will have no incentive
to commit to less than Full Conversion even if it has the
commitment power to do so. (See the appendix for proof.)

Even though Full Conversion is the preferred out-
come (as long as 
< 0�982), it may sometimes not be
feasible, for technical reasons, to provide converters
to consumers. Comparing the entries of Tables 4 and 5
suggests that in the absence of converters, both firms
are worse off. We summarize this in Observation 5.

Observation 5. If the conversion technology is
unavailable, the profits of both the incumbent and the
entrant are lower than when the conversion technol-
ogy is available.

Observation 5 implies also that if the potential
entrant incurs fixed costs when entering the market,
the availability of the conversion technology makes
its entry more likely, given that the entrant can expect
higher profits in this case.
It is noteworthy that our model differs from the

case where firms strategically price their compatible
but differentiated products separately. In our model,
firms benefit from conversion for two reasons. First
when converters are available, price competition is
alleviated; and second, firms can obtain additional

proceeds from the sale of converters. However, in
Table 8 in the appendix, we illustrate that even when
converters are available to consumers at no charge,
both firms still benefit from their availability. Hence,
even though firms cannot use the price of the con-
verter as a collusive device in this case, they can
still increase their profits by extracting from the con-
sumers a portion of their added network benefits.28

3.3. Comparison of Social Welfare
In this section, we investigate the properties of the
solution that maximizes social welfare (designated
by TS), where welfare is calculated as the sum of
consumer and producer surplus. Given the absence
of any production costs in our model, social wel-
fare is calculated as the average gross benefit derived
by consumers before subtracting any expenditure on
products and converters. Since the expenditure of the
consumers comprises the revenues of the producers,
all such expenses cancel out in the calculation of social
welfare. We obtain, therefore

TS=




r+�
+
�1−i∗�2�+PD�s∗�i∗�
under Full Conversion,

r+�
s∗+
�1−s∗�2+
�1−i∗�2�+PD�s∗�i∗�
under Partial Conversion,

r+�
�s∗�2+
�1−s∗�2+
�1−i∗�2�+PD�s∗�i∗�
under No Conversion.

(23)

Social welfare consists of the sum of three compo-
nents: (1) product reservation price r , (2) the aver-
age network benefits derived by consumers, and (3)
the average brand-specific benefits derived by con-
sumers (designated by PD to capture the benefits
from product differentiation). In Proposition 5, we
characterize the solution that maximizes social wel-
fare in our setting.

28 In comparison to a regime with No Conversion, the availability
of free converters raises A’s profits if 0 < 
 < 0�723, B’s profits if
0< 
 < 0�928, and joint industry profits if 0< 
 < 0�808. Since No
Conversion can be supported only if 0 < 
 < 0�6, it follows that
the availability of converters benefit both firms for all 
 values
supporting both regimes.
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Proposition 5. (1) Social welfare is maximized with
Full Conversion, when all consumers have access to con-
verters. The optimal segmentation of the market at the max-
imum is given as

i∗TS = s∗TS =




1− 2

3− 2
� if 
≤ 1

2
�

0 if 
>
1
2
�

(2) The maximum total surplus can be expressed, there-
fore as

TS∗ =



r +
+ �21− 20
+ 4
2�

2�3− 2
�2 if 
≤ 1
2
�

r +
+ 1+
 if 
>
1
2
�

(See the appendix for proof.)

It is noteworthy that the extent of segmentation
that is welfare maximizing is far more limited than
that obtained at the market equilibrium. In particu-
lar, all the consumers who wish to buy Product A
should do so in the first stage to maximize welfare.
Moreover, when 
 > 1/2, no consumer should pur-
chase Product B. Essentially, the extent of heterogene-
ity in preferences that we introduce in our model is
relatively small in comparison to the network bene-
fits. Since consumers who purchase the product early
derive those benefits over a longer period of time,
the welfare-maximizing outcome sometimes dictates
(when 
> 1/2) that Firm A should dominate the mar-
ket. The added benefit from prolonged use of the
product more than outweighs the disutility of con-
sumers who strongly prefer Product B (those located
close to zero on the line).
Comparing the solution described in Proposition 5

with the entries of Table 5 implies that even if Firm A
can commit never to agree on conversion, the mar-
ket share of Firm B at the market equilibrium is in
excess of the optimal social welfare outcome. Because
increasing the extent of conversion raises the market
share of Firm B even further, it follows that increased
conversion may not always be welfare enhancing
(MSF ∗B > MSN∗

B > �1− 2
�/�3− 2
�). On the positive
side, a higher extent of conversion enhances the net-
work benefits of consumers. On the negative side, it
reduces the market share of the dominant firm, thus
distorting market segmentation further away from
welfare maximization.
Note that the above discussion is valid only when

all consumers buying Product A do so in the first
stage. If some consumers buy A in the second period,
it is no longer clear that an increase in the market
share of B hampers efficiency. Consider, for instance,
the case that the value of i∗ has already been fixed

in the first stage and i∗ > 0�5; namely, fewer than half
of the consumers adopted A’s technology in the first
stage. When i∗ is fixed, partial optimization of (23)
with respect to s∗ yields 0�5= s∗ < i∗. Note that even
with Full Conversion, the market share of B derived
in Table 4 falls short of 0.5. Hence, increasing the
market share of B, in this case, will actually enhance
efficiency.

3.4. Extensions of the Baseline Model29

In the previous analysis, we assumed that the two
stages of competition are of equal length. However,
in the rapidly evolving IT industry, because of fast
technology improvement, the initial monopoly period
is likely to be much shorter than the subsequent
competitive phase in which consumers realize util-
ity over a longer period time. To capture this char-
acteristic of the IT market and to examine how the
length of the different phases of the game affect
the results obtained earlier, we multiply consumer’s
second-stage utility both from the specific brand and
the size of the network by a scaling parameter k (k >
1).
In this extended model, all the results obtained

from the second-stage game remain unchanged, as k
has the same multiplicative impact on all second-
stage prices and profits.30 Hence, Full Conversion in
Stage 2 remains the only SPNE outcome. In the first
stage, Firm A chooses i∗ (or alternatively, PF

A1) to max-
imize the following objective function:

Max
i∗

�F
A = �i∗ + kPF

A2�i
∗�+
�1− i∗���1− i∗�

+ k
{
�N
A2�i

∗�+ 1
2 �J

F �i∗�− J N �i∗��
}
� (24)

The first term of (24) captures the revenues that
accrue from product sale in the first stage. Note, how-
ever, that because of the longer duration of the second
stage, second-stage prices are multiplied by k. As a
result, the expression for the first-stage price in terms
of i∗ becomes PF

A1�i
∗�= i∗ + kPF

A2�i
∗�+
�1− i∗�, where

PF
A2�i

∗� is expressed in Table 3 for the case of k= 1. The
second term of (24) is the second-stage payoff Firm
A can expect, given the anticipation for a Full Con-
version agreement. The expressions for �N

A2�i
∗�, J N �i∗�,

and J F �i∗� are obtained from Equations (12), (14),
and (20), respectively. Once again, the second-stage
payoff is multiplied by k because of the longer dura-
tion of consumption. Optimizing (24) with respect to
i∗ yields the following solution:

iF ∗ = k�22+ 9
�+ 18�1− 2
�
2�k�8+ 6
�+ 18�1−
��

� (25)

29 We thank an anonymous referee for these suggested extensions.
30 See the derivation of this property in the appendix.
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From (25), it follows that as the length of the
competitive phase increases, relative to the length
of the monopoly phase, the incumbent is willing to
restrict himself to a smaller market share in Stage 1
� iF

∗
/ k > 0� in return for greater dividend in Stage 2.

As a result, equilibrium prices in the competitive
phase rise.
Note also that as the length of the competitive

period increases, the segmentation that maximizes
social welfare awards an increasingly larger market
share to firm B. Specifically, to maximize welfare

i∗TS = s∗TS =




k− 2

1+ 2k− 2
� if 
≤ k

2
�

0 if 
>
k

2
�

From Table 5, in the absence of conversion, MSN
∗

B =
�9−15
��26�1−
��. This market share is smaller than
s∗TS for sufficiently large values of k. Hence increas-
ing the extent of conversion, in this case, may imply
not only improved network benefits but also an allo-
cation of market shares that is closer to the welfare-
maximizing outcome.31 The last observation follows
because increasing the extent of conversion leads to
a larger market share for Firm B. This outcome dif-
fers from that reached in the analysis in Farrell and
Saloner (1992) in which they found that converters
always lead to excessive adoption of the new tech-
nology. The main reason for this difference is that we
adopt a dynamic setup in our model and allow for the
length of the competitive period to be longer than the
initial monopoly period, a structure not examined in
Farrell and Saloner (1992). As the competitive period
becomes longer, the extended potential benefits from
conversion and product differentiation imply that the
coexistence of the old and new technologies is welfare
enhancing. Moreover, in Farrell and Saloner’s (1992)
model, conversion is assumed to be costly and imper-
fect, assumptions more likely to be true in an environ-
ment with analog devices. In a digital environment,
we believe that the assumption of perfect conversion
is a truer approximation of reality.32

Next, we consider another possible extension of our
model that is related to the sharing rule used by firms
in allocating the gains from trade in the negotiations.
So far, we assumed that the firms agree to share those

31 Recall that this comparison is valid assuming that all A’s cus-
tomers buy the technology in the first stage.
32 Note, however, that we believe that our equilibrium and welfare
analysis will remain qualitatively unchanged even with an imper-
fect conversion technology. As long as the degree of imperfection
is sufficiently small, equilibrium product prices are higher if con-
verters are available, thus providing incentives to the firms to reach
an agreement to adopt converters, especially if they can receive the
proceeds from the sale of converters.

gains equally. However, the generalized Nash Bar-
gaining Solution33 facilitates capturing asymmetry in
the bargaining positions of the negotiators. In particu-
lar, if a is the share of the gains from trade allocated to
Firm A and a > 1/2, then firm A has a stronger nego-
tiating position than Firm B. It is very easy to show
that as a increases, Firm A behaves less aggressively
in the first stage. Specifically  iF ∗/ & > 0, implying
that the incumbent firm establishes a smaller market
share in the first stage, thus leading to alleviated price
competition in the second stage. Because the incum-
bent anticipates obtaining a larger share of the surplus
when reaching an agreement on conversion, it has the
incentive to foster a more cooperative environment in
the second stage, which is feasible by cutting back on
its extent of market coverage in the first stage. The
effect of the more cooperative environment on social
welfare may still be ambiguous, however, because of
the enhanced market share of technology B, that coop-
eration yields.
Another possible extension of our model is to allow

for discrimination in the pricing of converters. Firms
can agree to charge the customers of technology A,
a different price than that charged the customers
of B. Because A’s customer derive lower benefits
from conversion, they are likely to pay a lower price
than B’s customers, if discrimination in pricing is
feasible. Moreover, price discrimination can facilitate
improved extraction of consumer surplus and higher
proceeds from the sale of converters. In fact, one pos-
sible environment in which price discrimination is
actually indirectly implemented is when an incum-
bent technology offers to license its technology to an
entrant for some payment. This licensing agreement is
similar to the Full Conversion equilibrium we derive
in our model, with the exception that the two tech-
nologies are not differentiated. In the case of licens-
ing, the customers of newer technology B do not pay
separately for the converter as its cost is indirectly
included in the price of technology B. The customers
of the incumbent technology A do not pay for conver-
sion at all. Hence there is implicit price discrimination
between the two groups of customers. Note that sim-
ilar to our model, in their negotiations to determine
the licensing fee, the firms can use this fee as a device
to foster collusion in the competitive stage.

4. Discussion
In our model, we analyze the role of convert-
ers in shaping the dynamic competition between
two incompatible technologies when network effects

33 Using the notation of footnote 11, the payoff allocated to nego-
tiator j in this case, WAGR

j , is a maximizer of (WAGR
j −WDIS

j �a�JAGR−
WAGR

j −WDIS
−j �1−a, where a is the bargaining power of negotiator j .
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are present. While incorporating explicit negotiations
between the firms, we show that when firms can
jointly determine the price of the converter, the SPNE
of the resulting competition involves firms setting the
converter price low enough, so that all consumers
in the market find it optimal to purchase a con-
verter. Moreover, this conversion equilibrium can be
achieved in a way that is revenue enhancing for both
the incumbent and the entrant.
This finding is consistent with anecdotal evidence

that firms choose not to use the protections avail-
able to them. For example, while Unisys initially
sought to aggressively enforce their patents on the
GIF image standard, their stance met with a great
deal of resistance (see Crotty 1995), led to the devel-
opment of competing image standards (see Roelofs
1999), and ultimately led to Unisys reducing their
licensing fees and dropping them altogether for indi-
vidual website designers.34 Most subsequent patent
holders for media standards have avoided this con-
troversy by adopting low-cost licensing structures for
use of their patents, with examples, including the
MP3, PNG, and MPEG4 standards.35 This has led to
the widespread availability of free and low-cost soft-
ware programs facilitating conversion between audio,
image, and video file types. Likewise, in the con-
text of protection under EULAs, as we noted above,
Microsoft dropped restrictions in its EULA that pro-
hibited virtualization of its operating system on other
competing operating systems. Finally, in the context
of alleged technological obfuscation, Microsoft aban-
doned its complicated and proprietary file format for
the ISO/IEC Open XML file standard.36

In contrast to prior literature on converters, we
endogenize the firm’s decision to provide converters.
We believe endogenizing this decision is essential to
model converters in IT environments, where firms fre-
quently can impose intellectual property or techno-
logical control over the development of converters.
Allowing for an endogeneous decision yields several
important findings that differ from those obtained in
earlier analyses.
First, we find that instead of making the converters

costly, as shown in Farrell and Saloner (1992), in our
model, firms will provide converters at a sufficiently
low cost to encourage extensive adoption of convert-
ers. Because the competing technologies are differen-
tiated, the firms can use the brand loyalty of their

34 See http://www.unisys.com/about_unisys/lzw/lzw_license
_english.htm.
35 See licensing information for MP3 and MPEG4 at http://
mp3licensing.com/ and http://www.mpegla.com/, respectively.
As noted by Roelofs (1999), the PNG standard was designed to be
“patent-free” and does not require license fees for use.
36 See http://www.iso.org/iso/pressrelease.htm?refid=Ref1123.

customers to share some of the consumers’ network
benefits from conversion.37 Moreover, it is possible to
imagine that the firms can use the joint agreement on
conversion as a collusive device to further alleviate
price competition between the two technologies.
Second, prior studies suggest that, because of the

significant development costs and the time it takes
for firms to reach an agreement, converters are rarely
available in the nascent stage of a new technology
(David and Bunn 1988, Choi 1996). As a result, new
technology adoption can be hindered, which further
delays the adoption of converters (Choi 1997). How-
ever, we find that unless network effects are suffi-
ciently high, the incumbent will choose to support
Full Conversion even when it has the ability to com-
mit to less than Full Conversion. Hence our study
predicts that both firms and consumers can anticipate
successful negotiations on conversion, thus allowing
them to be well prepared for the provision of con-
verters. For example, while not perfectly analogous,
this outcome is consistent with Adobe’s strategy in
introducing the Digital Negative (DNG) format in an
effort to promote it as the standard for the raw files
generated by various digital cameras. At its introduc-
tion, Adobe provided a free DNG converter, which
easily translates raw files from many of today’s popu-
lar cameras. Following this move, many software and
digital camera manufacturers have developed sup-
port for the DNG format, which provides a strong
signal to the industry that DNG may emerge as a de
facto standard for the digital photo raw formats. As a
result, the market penetration of the DNG format has
risen significantly in the three years after launch.38

Regarding the impact of converters on social wel-
fare, we find that, in a digital environment, the
welfare implication of the availability of converters
depends critically on the relative length of the com-
petitive versus the monopoly periods. When the com-
petitive period is sufficiently long, the availability of
converters can be welfare enhancing. We believe this
modeling decision captures the reality of IT-based
markets where different technologies emerge rapidly
and where new products can have a longer product
life cycle. Hence the provision of converters can be
critical in a digital world as the conversion benefits
are realized over a longer period of time.
The potential social welfare benefits of conversion

can also be seen in a variety of regulatory decisions by
governments around the world. For example, in the

37 Table 8 in the appendix shows that even when converters are
available to consumers at no extra charge, both firms may benefit
from Full Conversion.
38 http://www.adobe.com/products/dng/supporters.html.
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United States, the Federal Trade Commission’s deci-
sion to allow the merger between XM and Sirius satel-
lite radio systems should facilitate de facto conversion
between these two standards.
Finally, we find that the adoption of converters

can increase the likelihood of survival of the entrant,
because the higher profits that can be anticipated
with conversion, thus leading the incumbent to com-
pete less aggressively and creating an environment
that is conducive for the adoption of converters.
With alleviated price competition, the possibility of
blockading the transition to a new technology, which
is identified in Choi (1996), is less likely to emerge
in our model. This finding is best illustrated in the
flash memory card market where in the presence
of the conversion technologies, new entrant formats
were able to survive the initial competition and, in
some cases, outperform the incumbent formats (Liu
et al. 2007).
In addition to these findings, we also explore sev-

eral issues of significant practical value that have not
been examined in the prior literature, and that result
in useful guidance for firms participating in such
markets. For example, the proposed Nash Bargain-
ing Solution to describe the process of negotiations
offers a feasible mechanism for firms to implement
an outcome whenever joint agreement of all parties
is essential in achieving this outcome. Furthermore,
the findings we derive for the equilibrium with Partial
Conversion are particularly salient when technical fea-
sibility permits only conversion from one technology
to the other, but not vice versa (i.e., when the new tech-
nology can be made backward compatible through a
converter, but the old technology cannot be made for-
ward compatible through a converter). This is because
in this setting, Partial Conversion will emerge as the
equilibrium as it generates higher profits for firms
than No Conversion does. Moreover, firms develop-
ing new products are often confronted with trade-offs
between design improvement and backward compat-
ibility. When backward compatibility can be achieved
through a converter, our results enable managers
to optimally price the converter, and better predict
the anticipated payoffs prior to making a design
decision.
The findings of our model also shed light on the

evolution of technology adoption in IT markets char-
acterized with network effects and sequential entry.
In the absence of a feasible mechanism to achieve
compatibility, the prior literature has shown that once
the incumbent has accumulated a significant cus-
tomer base, the growth of the industry will fall into
a self-reinforcing positive feedback loop. This may
be costly to society as the dominant technology may
not represent optimal technical performance (Farrell

et al. 1992). Under this scenario, technology innova-
tion will be retarded, as potential entrants generally
consider it too costly and time consuming to enter
into such a market (Au and Kauffman 2001), and a
smaller than optimal network size may arise because
of the motivations of monopolists to restrict output
and raise prices (Economides and Himmelberg 1995,
Sundararajan 2004).
However, when converters are widely available,

new entrants can use these converters to take advan-
tage of the network effects from the incumbent’s
installed base, thus extending the life cycle of their
products. Consequently, consumers can expect a lower
risk of being stranded on a new technology, which,
in turn, leads to faster technology adoption and inno-
vation. At the same time, if firms can achieve com-
patibility through a lower-cost converter, the choice
of a standard may rely more heavily on other fac-
tors, including, perhaps, brand and quality-related
attributes, rather than simply the size of its installed
base, thus increasing the possibility of the optimal
technology being chosen as the industry standard.
Our findings also lend important theoretical sup-

port to policy promoting converters as a way to
improve social welfare. Ideally, society can attain
industrywide compatibility through market forces
or through voluntary industry agreements. How-
ever, history has shown that it is often very diffi-
cult for the industry to unanimously agree upon a
standard.
For example, the costs of the Blu-ray and HD DVD

standards war illustrate the importance of a feasible
mechanism to achieve compatibility in IT markets.
Technological limitations associated with lasers pre-
vented low-cost conversion between these two stand-
ards and the result was significant losses to Toshiba
in product development and promotion, as well as
delays in consumer adoption of both technologies
(McBride et al. 2008). If converters had been techno-
logically feasible in this market, new product devel-
opment, and market entry would have been greatly
facilitated, and the standardization of the next gen-
eration DVD would have been smoother as con-
sumers would be expected to be more aggressive in
adopting the new product, leading to a faster market
penetration.
As a result of these standardization challenges,

social planners have been confronted with a dilemma
between standardization, with its attendant social
benefits, and the possible antitrust concerns that
arise when enforcing standardization leads to the
exercise of monopoly power by firms. It is inter-
esting to observe that European regulators have
aggressively sought to allow conversion and inter-
operability between incompatible media standards,
while U.S. regulators have been less aggressive. For
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example, in Europe, regulators have sought to open
Apple’s proprietary iTunes standard, whereas in the
United States, Apple has been free to choose its own
approach to the business (see Gohring 2006). In either
case, regulatory measures might produce a net neg-
ative impact on either technology progress or social
welfare.
Finally, we believe that this area offers a fruit-

ful environment for future empirical and analytic
research. Such research should pay careful attention to
changing conditions in the technical or legal environ-
ment surrounding network effects and the provision
of converters. As the move to digital converters has
had important implications for prior models, which
were based in an analog environment, future changes
in the conversion environment may alter the results
reached here.
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Appendix

Derivation of the Entries of Table 5—No Conversion
The third stage prices, market shares, and profits are given
by (8)–(13). Given that the incumbent is committed to No
Conversion, the location of consumer i∗, who is indiffer-
ent between buying A in Stages 2 and 3, is determined as
follows:

r+2i∗+
�1−i∗�+
�1−s∗�−PN
A1=r+i∗+
�1−s∗�−PN

A2

⇒ PN
A1 = i∗ + PN

A2+
�1− i∗�� (26)

In Stage 2, the incumbent chooses i∗ to maximize its prof-
its over Stages 2 and 3 as follows:

Max
i∗

�N
A = �1− i∗�

[
i∗ + �4i∗ − 1��1−
�

3
+
�1− i∗�

]

+ �4i∗ − 1�2�1−
�

18
�

Optimizing with respect to i∗ yields the solution in
Table 5.

Derivation of the Entries of Tables 6 and 7—Partial
Conversion
The third stage prices, market shares, and profits are given
in Table 2, where CP is still given by either (16) or (17). The
indifferent consumer i∗ is expressed as in (26), given that A’s
consumers do not have access to B’s network. Optimization
with respect to i∗ over the aggregate profits of Firm A in
Stages 2 and 3 yields the entries in Tables 6 and 7.

Profit comparison of Free Full Conversion with No
Conversion:

�FF ∗
A −�N ∗

A = 9
�30−61
+27

2�

52�1−
��13−9
� >0

when 0<
<0�723�

�FF ∗
B −�N ∗

B = 26�455
−67�846

2+57�123
3−15�876
4

338�1−
��13−9
�2 >0

when 0<
<0�928�

J F F
∗ −J N

∗ = 98�540
−260�063

2+219�546
3−60�183
4

676�1−
��13−9
�2 >0

when 0<
<0�808�

Proof of Lemma 2. Differentiating

J P �i∗�CP � = 5i∗2�2−
�2− 2i∗�2−
��1−CP �+ 2�1−CP �2

9�2−
�

+ CP �i∗�2−
�+ �1−CP ��

3�2−
�

from Table 2 with respect to CP yields �10i∗−5i∗
−2CP −1�/
�9�2 − 
�� = 0. Thus we obtain the interior solution CP

int =
�5i∗�2−
�− 1�/2 as shown in (16). Note that for the Partial
Conversion equilibrium to hold, the equilibrium price of the
converter must be no more than the maximum willingness
to pay on the part of consumers (CP

max = 
MSPA); that is, C
P ≤

CP
max = 
MSPA. Solving this inequality yields

i∗ <
1+
−
2

�2−
��5− 3
� � (27)

Therefore, when (27) holds, the optimal converter price is
given by (16). Moreover, all prices derived in Table 2 must
be positive, hence the remaining market size i∗ must sat-
isfy 1 > i∗ > �1− CP �/�2�2− 
��. Substituting (16) into this
inequality yields 1 > i∗ > 1/�3�2 − 
��. Combining the last
inequality with (27) yields that the interior solution is possi-
ble only in the region specified in the first part of Lemma 2.
When (27) does not hold (CP

int > CP
max), the constraint is

binding and the optimal price of the converter is given by
CP∗ =CP

max = 
MSPA = �
��5− 3
�− i∗�2−
���/�2�3− 2
�� as
shown in (17). Substituting (17) into the inequality 1> i∗ >
�1−CP �/�2�2−
�� yields 1> i∗ > �1−
�/�4−3
�. Combining
this inequality with i∗ > �1+
−
2�/��2−
��5− 3
�� yields
the regions reported in the second half of Lemma 2. �

Proof of Observation 1.
(1) From (9) and Tables 2 and 3, we have

PN
B = 2i∗ + 1− 2i∗
−


3
� PP

B = 2i∗ + 1− 2
−CP

3
and

PF
B = 2i∗ + 1

3
�

Let x = PP
B − PN

B = �2i∗
 − 
 − CP �/3. When CP∗ = CP
max,

x = �
�1 − 
� + i∗
�8 − 5
��/�6�3 − 2
�� > 0 always holds
when 0 < 
 < 1. When CP∗ = CP

INT, x = �1 − 10i∗ + 2
 +
7i∗
�/6. For x > 0 to hold, it requires that 0< i∗ < �2
+ 1�/
�10− 7
�.
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From (27), we have

i∗ <
1+
−
2

�2−
��5− 3
� <
2
+ 1
10− 7
�

therefore x > 0 also holds when CP∗ =CP
INT. Moreover, since

PF
B − PP

B = �i∗
+CP �/3> 0, we have PF
B >PP

B >PN
B .

(2) Let �AB denote firms’ joint product revenue in
Stage 2. From (14) and Tables 2 and 3, we have

�N
AB =

�1−
��10i∗2− 2i∗ + 1�
9

�

�P
AB
5i∗2�2−
�2− 2i∗�2−
� · �1−CP �+ 2�1−CP �2

9�2−
�
� and

�F
AB =

1− 2i∗ + 10i∗2
9

�

Let

z=�F
AB−�P

AB=
CP �4−2CP −4i∗+2i∗
�−
�1+5i∗−10i∗2�

9�2−
�

and

y =�P
AB−�N

AB

= CP �−4+2CP +4i∗−2i∗
�+
�3−4i∗+10i∗2�−
2�1−2i∗+5i∗2�
9�2−
�

�

When CP∗ =CP
max,

y= 
�21−42i∗+102i∗2�−
2�28+56i∗+136i∗2�+9
3�1−2i∗+5i∗2�
18�3−2
�2 >0

and

z= 
�−3+6i∗+78i∗2�+
2�4−8i∗−104i∗2�+
3�1−2i∗−35i∗2�
18�3−2
�2 >0�

When CP∗ =CP
INT, we also obtain that

y = −5+ 64i∗ − 140i∗2−
�2+ 32i∗ + 160i∗2�− 45i∗2
2�
18�2−
�

> 0

and

z= 5−64i
∗+140i∗2+6
�1+4i∗−20i∗2�−2
2+4i∗
2+25i∗2
2

18�2−
�
>0

in the region of i∗ values consistent with CP∗ =CP
INT. Hence

�F
AB >�P

AB >�N
AB. �

Proof of Observation 2. Let �C denote the proceeds
from the sale of the converters. From Tables 2 and 3,
we have �F

C = 
��2i∗ + 1�/6� and �P
C = �CP �i∗�2 − 
� +

�1 − CP ���/�3�2 − 
��. Substituting (16) and (17) into �P
C

yields �P
C = ��1− 10i∗ + 5i∗
��−3+ 10i∗ − 5i∗
��/�12�2−
��

(when CP∗ =CP
INT) and �P

C = ��1+ 2i∗ −
− i∗
��5
− 2i∗
−
3
2+ i∗
2��/�4�3−2
�2� (when CP∗ =CP

max). It can be shown
that �F

C >�P
C for any feasible ranges of C

P∗ . �

Proof of Proposition 4. We designate the profits that
accrue in each case by �F

A, �
P
A, �

N
A , and �D

A (correspond-
ing to full, partial, and No Conversion, and to Dominance,
respectively), and compare the overall profits of the incum-
bent under these four regimes. We find that when 0 <

 < 0�717, �F

A > �P
A > �N

A > �D
AB, when 0�717 < 
 < 0�982,

�F
A > �D

A > �P
A, and when 0�982 < 
 < 1, �D

A > �F
A > �P

A,
where the ranking is valid when the corresponding commit-
ment regimes are feasible. This outcome leads to the result
reported in Proposition 4. �

Proof of Proposition 5. As shown in (23), social wel-
fare consists of the sum of three components: (1) product
reservation price r , (2) the average network benefits, and
(3) product differentiation (PD) benefits. Since r and PD
are the same across different types of equlibria. Social wel-
fare is maximized when the average network effects benefits
are maximized. As is obvious from (23), Full Conversion
yields the largest average network effect benefits. Hence
social welfare is maximized with Full Conversion, which is
given by

TSF = r+�
+
�1−i∗�2�+s∗
(
1− s∗

2

)
+ i∗2−s∗2

2
+�1−i∗2��

s.t. 0<s∗= i∗<1�

Solving the first-order condition with respect to i∗ yields
i∗ = �2
�/�2
− 1�. When 
 < 1/2, i∗ < 0, implying that the
lower-bound constraint is binding and i∗ assumes the small-
est possible value; namely, i∗ = s∗. When 
 > 1/2, i∗ > 1,
implying again a corner solution. Substituting i∗ = s∗ into
the objective function and differentiating with respect to i∗

yields the solution reported in Proposition 5. It is positive
only if 
< 1/2. �

Derivation of the Equation (24)

No Conversion. With No Conversion, the consumer s∗

who is indifferent between A and B’s technologies in Stage 2
satisfies the equation

r + ks∗ + k
�1− s∗�− PN
A2 = r + k�1− s∗�+ k
s∗ − PN

B

⇒ s∗ = k�1+
�+ PN
A2− PN

B

2k�1−
�
� (28)

The firms choose PN
A2 and PN

B to maximize the following
objective functions:

Max
PN
A2

kPN
A2

(
i∗ − k�1−
�+ PN

A2− PN
B

2k�1−
�

)
(

Max
PN
B

kPN
B

(
k�1−
�+ PN

A2− PN
B

2k�1−
�

)
�

Solving the above yields

PN
A2

k�1−
��4i∗ − 1�
3

( PN
B
k�1−
��2i∗ − 1�

3
� (29)

which is k times the prices obtained in (8) and (9) for the
No Conversion case. Substituting into the expression for s∗

yields market shares identical to those obtained when k= 1
(i.e., (10) and (11)). As a result, second-stage product profits
are k times the expressions obtained in (12)–(14).
The consumer i∗ who is indifferent between buying A

in Stages 1 and 2 satisfies the equation r + �k + 1�i∗ +

�1− i∗�+ k
�1− s∗�− PN

A1 = r + ki∗ + k
�1− s∗�− PN
A2, thus

yielding PN
A1 = i∗ + PN

A2 + 
�1− i∗�, where PN
A2 is derived to

equal k times expressions (8).
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Full Conversion. With Full Conversion, the consumer s∗

who is indifferent between A and B’s technologies in Stage 2
satisfies the equation r+ks∗+k
−PF

A2 = r+k�1−s∗�+k
s∗−
PF
B . Hence s∗ = �k+PF

A2−PF
B �/�2k� and the Nash equilibrium

prices and second-stage profits are k multiples of the entries
in Table 3. The proceeds from the sale of converters is also
k times the proceeds for the case k = 1, since the price is
determined to extract the conversion benefits that accrues to
the consumers; namely, CF ∗ = k
MSF

∗
B . Hence the aggregate

second-stage payoff of the firms is k times expression (20).
The consumer i∗ who is indifferent between buying A in

Stages 1 and 2 satisfies the equation r+ �k+1�i∗+
�1− i∗�+
k
− PF

A1 = r + ki∗ + k
− PF
A2, still yielding PF

A1 = i∗ + PF
A2 +


�1− i∗� as the relationship between PF
A1 and PF

A2, where PF
A2

is k times the expression obtained in Table 3.
The above discussion leads directly to (24).
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