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We investigate a market entry scenario where a technologically-superior new platform may
overcome its installed base disadvantagewith the backing of a strong keystone species advantage
within the business ecosystem, called keystone effect in this study, over an incumbent in amarket
that exhibits indirect network effects. The strength of the keystone species impacts the availability
of complementary goods, which is a key factor for a platform to increase its installed base. This
study proposes a dynamic economic model to map a market landscape that shows the internal
condition (entrant's keystone effect) and external conditions (incumbent's keystone effect and
indirect network effects) under which a new platform can successfully enter (i.e., maintain
oligopoly ormonopoly share) or fail to enter a two-sidedmarket in awinner-take-all scenario.We
then illustrate the model's applicability by examining the entry ofWorldwide Interoperability for
Microwave Access (WiMAX) into the global mobile telecommunications market, employing
recentmarket data from 2009 to 2012 aswell as forecast scenario data from2010 to 2014. In both
the historical data and hypothetical forecast scenario we find that WiMAX's keystone effect
disadvantage and the market's indirect network effects were cumulatively strong enough to
prevent the new technology standard from successfully competing with the incumbent (cellular
3G and Long Term Evolution) for oligopoly or monopoly share in the long run.
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1. Introduction

One type of market which has been the subject of extensive
study because of its contextual factors, namely the presence
of network externalities, is the two-sided, or platform-based,
market. Increasinglymany industries are organizing around such
platforms (Boudreau, 2010; Eisenmann et al., 2006; Iansiti and
Levien, 2004a,b), which heightens the need for firms to tailor
their business models to take advantage of the benefits and plan
for the substantial impact of network effects (Rochet and Tirole,
2003). In a market that exhibits network externalities, a
technology's installed base and the availability of complementa-
ry goods, called direct and indirect network effects respectively,
both play major roles in user adoption (Brynjolfsson and
063; fax: +886 3 572

g).
Kemerer, 1996; Choi, 1994; Katz and Shapiro, 1986; Khazam
and Mowery, 1996; Kristiansen, 1998; Schilling, 1999, 2003;
Wade, 1995). While much of the extant literature regards
technology adoption as an evolutionary process determined
by consumers, this study discerns an invisible force driving
suppliers' business networks, especially when two rival tech-
nologies are sponsored by a group of suppliers with shared
interests (i.e.marketmonopolization) and consumers have little
power or interest in the technology adoption process.

For this purpose, we employ an ecological perspective to
explore the dynamic, interconnected forces of the business
network impacting the standards battle. Adapting Moore's
popular definition, a business ecosystem refers to an “intentional
community of economic actors whose individual business
activities share in some large measure the fate of the whole
community” (Moore, 2006). As a corollary of this notion, the
health of the ecosystem directly impacts its members' chances
for survival. Therefore the keystone organizations, those crucial
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hubs within the business ecosystem that provide a stable and
predictable set of common assets (e.g. Microsoft's Windows
operating system and tools) that other organizations use to
build their own offerings, are of paramount importance for the
ecosystem's health and survival (Iansiti and Levien, 2004b).
Specifically, in modern standards battles, business ecosystems
are often formed to ensure de facto standardization, and victory
predominantly goes to the ecosystemwith stronger keystones,
a process termed the keystone effect in this study.

Two noteworthy anecdotal examples of the impact of the
keystone effect in standards competitions were, first, the battle
for the videocassette recorder (VCR) standard between Sony's
Betamax and Matsushita's (Panasonic) video home system
(VHS), and second, the battle for the high-definition video
format standard between Sony's Blu-ray and Toshiba's high
definition digital versatile disk (HD-DVD). In the former case
from 1975 through the late 1980s, the VHS format eventually
dominated not from technological advantage but due to
Matsushita's superior collaborative strategy of licensing and
OEM arrangements that made the VHS ecosystem superior to
that of Betamax (Wonglimpiyarat, 2005). In the latter case
during 2003–2008, the two technologies were again both
sponsored as Sony squared off against Toshiba. A substantial
technological advantage was not the deciding factor since each
format was similar in terms of performance, components, and
availability of complementary goods, which could be either
hardware or software depending upon the platform (Church
and Gandal, 1992). HD-DVD had a legacy advantage because it,
unlike Blu-ray, was compatible with the previous generation's
standard, DVD, and it even entered the market at a lower price
point than Blu-ray. Yet despite these disadvantages, Sony
secured Blu-ray's eventual dominance by courting more
significant content providers, in particular Warner Bros, one
of the largest Hollywood studios which made an impactful
switch to Blu-ray from HD-DVD. Sony leveraged its experience
from the previous format war to focus on collaborative
advantage attracting strong keystones of the home video
industry, namely the major movie studios. Contrary to the
traditional notion of pricing decisions and entry timing as the
deciding factors for standardization among sponsored technol-
ogies (Katz and Shapiro, 1986), these examples of technology
standards determined by the ecosystem's stronger keystone
species demonstrate scenarios in which neither cost advantage
nor technological superiority was sufficient to determine the
outcome.

Amore recent example can be found in the battle for the 4th
generation (4G) mobile communication technology standard
between Worldwide Interoperability for Microwave Access
(WiMAX) and the third generation (3G) mobile technology
standards, along with the mobile 4G standard, Long Term
Evolution (LTE), which entered themarket over two years later
than WiMAX. As the first commercially available 4G option,
WiMAX had a technologically superior position for the start of
the data-led era of mobile computing that allowed it to capture
some of the worldwide mobile broadband user base from the
incumbent 3G standards group (hereafter referred to as “3G/
LTE” to signify the consortium of manufacturers and network
operators supporting the previous and subsequent generations
of the incumbent technology standards). This quality advan-
tage and user base momentum, with backing from some large
names (e.g., Intel and Google) (Anon, 2008), seemingly should
have given WiMAX a fighting chance at contending with the
3G/LTE. Nevertheless, the ecosystem of WiMAX built around
weak keystones, namely relatively smaller or startup mobile
network operators (MNOs), could not overcome the significant
barriers to entry of a mobile telecom market that was nearly
monopolized by the 3G/LTE ecosystem with dominant MNOs
(Kang et al., 2011). Although, this “ecosystem war” viewpoint
has been the subject of ongoing industry and media discussion
(Anon, 2004, 2007, 2010b; Conti, 2010), it has received only
limited attention from academic researchers regarding its
implications for technology strategy and market entry deci-
sions (Kang et al., 2011; Shin et al., 2011).

The research on business ecosystem theory as a strategy
formulation tool is still in its early phase of development
(Zhang and Liang, 2011). Most studies are qualitative analyses
(Kang et al., 2011; Zhang and Liang, 2011) with little empirical
support. More attention is paid to particular industries such as
IT and biological technologies (Iansiti and Levien, 2004b;
Gunasekaran and Harmantzis, 2008), Iansiti and Richards,
2006). The quantitative studies that have attempted modeling
technology adoptionwith network externalities have generally
neglected considering an ecosystem, which is crucial for
accurately modeling modern standards battles (e.g., Church
and Gandal, 1992; Farrell and Klemperer, 2007; Gandal et al.,
2000; Park, 2004; Zhu and Iansiti, 2012).

Motivated by this gap, we aim to explore the importance of
the keystone effect for platform competition in the presence of
indirect network effects. Furthermore, this study intends to
contribute to the ongoing discussion of market entry in the
literature, and extend the discussion of platform competition
by examining the conditions under which a new platform can
successfully enter a two-sided market. For empirical analysis,
we examine the failed entry attempt (i.e. failure in terms of
market dominance) by WiMAX against 3G/LTE and evaluate it
according to a dynamic model that incorporates indirect
network effects, relative quality advantage, and a third factor
that we introduce here, the keystone effect.

The paper proceeds as follows: The next section presents
a brief review of the literature on keystone species in
business ecosystems and telecommunications market exter-
nalities. Section 3 then formulates theoretical foundations into
a dynamic market entry model, which we adapt from Zhu
and Iansiti (2012) to fit this market context and allow for
quantification of the keystone effect. We explain the equilib-
riumoutcome conditions for the entrant platform,WiMAX, vis-
à-vis 3G/LTE within the mobile telecom ecosystem. Section 4
presents the empirical analysis of WiMAX's entry into the
global market by adapting regression equations from the
theoretical model. Section 5 presents the method and results
of the regression analysis. Finally, Section 6 offers the
conclusions drawn from these results and their implications
for management.

2. Literature review and industry overview

2.1. Keystone effect and themobile telecommunications ecosystem

The concept of a keystone species that disproportionately
impacts its ecosystems was borrowed from its biological origins
and, like the ecosystem concept before it (Moore, 1993), applied
to the realm of business. In a business ecosystem, the keystone
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species are the organizations which play a crucial role despite
occupying disproportionately few nodes within the network
(Iansiti and Levien, 2004b). The term “keystone species” signifies
a classification for certain firms within their business ecosystem
that are both integrally connected and strategically inclined to
focus on shared value throughout the network, the result of
which can be an impact that is disproportionately greater than
their size. Keystone speciesmay be identified by their position as
“hubs,” centrally connected and occupying positions of struc-
tural importance for the transfer of value through the network
(Moore, 1996; Basole, 2009). These critically positioned firms
may choose to pursue strategies of either value absorption,
growing in size to control more of the network functions, or
value transmission, enhancing the ability of other network
members to perform value-creating functions. Differentiating
between the keystone species of ecology and business should
start from identifying the difference between the ecosystems.
Moore (1996) posits that actors in the business ecosystemmake
conscious choices by understanding the situation and contem-
plating outcomes unlike the instinctively driven actions in
biological ecosystems. Business ecosystem actors are thus
intelligent agents capable of planning and seeing the future,
and business ecosystems compete over members (Iansiti and
Levien, 2004b). Lastly, an obvious yet important distinction
worth repeating is that while business ecosystems aim to
deliver innovations, natural ecosystems are dictated by the
drive for survival (Basole, 2009).

In mobile telecommunications numerous scholars have
adopted MNOs as the mobile telecom keystone species by
analyzing their strategies, business model implementations,
and ecosystem interconnectedness (Zhang and Liang, 2011;
Basole, 2009; Tobbin, 2011; Stanoevska-Slabeva and Wozniak,
2010). However, their role is by no means fixed. The mobile
computing era initiated a trend of convergence that has
resulted in broadening the mobile telecom ecosystem's
scope while rapidly increasing its complexity (Basole, 2009;
Makinenl and Dedehayirl, 2012). It is yet uncertain whether
this convergence of products and services may result in the
weakening or displacement of the focal ecosystem's current
keystone species; however, despite the convergence of the
established mobile telecom ecosystem with the burgeoning
mobile computing ecosystem, network analysis supports the
still vital role of MNOs in the converged mobile ecosystem
(Basole, 2009; Basole et al., 2012). From a graph-theoretic
perspective, the importance of certain hubs in a network can be
quantified with several centrality measures, and Basole et al.
(2012) find that the normalized degree centrality of MNOs in
the convergedmobile telecom ecosystem is still highest among
all functional segments, which demonstrates their highly
central, value-transferring position. Thus, this study follows
the literature and regards MNOs as the keystone species of
mobile telecommunications.

Accounting for network externalities is essential in designing
an adoption model of mobile telecommunications technologies
since the installed based advantage of the incumbent technology
standard is especially pronounced within the mobile telecom
ecosystem. This is due in large part to numerous MNO-related
factors, including in-network discounts, subscriber lock-in and
other perceived switching costs that negatively affect sub-
scribers' switching intentions (Chuang, 2011; Sobolewski and
Czajkowski, 2012; Shin and Kim, 2008). While most subscribers
would be willing to use a new technology standard if their MNO
adopted it, a devastating problem for the entrant platform,
WiMAX, was the comparatively miniscule installed bases of the
MNOs that actually committed to it as their future 4G standard.
Contrarily, a large installed base of loyal subscribers offered the
incumbent platform, 3G/LTE, essentially guaranteed demand.
This in turn ensured that third party network equipment
providers (NEPs) as well as content providers were committed
to producing 3G- and later LTE-compatible devices since the
stable and high-volume demand allows for cost reduction
through economies of scale. Simultaneously, the extensive
selection of equipment produced by the 3G/LTE NEPs keeps
their user base satisfied.

For the purpose of measuring the keystone effect of the
MNOs in this study, we consider ecological precedents for the
construct that may be transferrable from their original domain
to business ecosystems. Numerous ecological studies have
addressed the quantifiable effect of keystone species, particu-
larly focusing on keystone predators (e.g. Fletcher, 1987;
Navarrete and Menge, 1996; Owen-smith, 1987; Paine, 1966,
1969; Terborgh, 1986). However, a disadvantage of such
attempts is that they are conducted through experimental
removal of the keystone species for observation (Power et al.,
1996), and thus their method is not transferable to business
ecosystems. However, the conclusions we can infer from the
ecological studies can still be useful to inform the modeling of
keystone effects in business ecosystems. Davic (2003) proposed
a power–law relationship in terms of biomass dominance of
keystone species within their functional groups. Andriani and
McKelvey (2007) chronicled this power–law relation in not
only natural sciences but also social sciences, finding firm-
related examples, including firm size, growth rates, supply
chains, bankruptcies, and alliance networks, among numerous
others. Furthermore, it has been suggested that such power–
law relationships may allow for a priori identification of
keystone species, until such time as empirical testing might
discount them (Marquet et al., 2005).

This study proposes (in Section 3.3) and tests (in Section 5)
a novel way of quantifying the effect of keystone species within
their ecosystem based upon that power–law concept. Howev-
er, the keystone effect cannot be measured in isolation from
other market forces since business ecosystems, like ecological
ecosystems, are complex, dynamical systems within which
various interconnected factors impact firms' decision making
and moderate the outcome of their actions. In particular, the
thread of literature on market entry and platform competition
most relevant tomobile telecom technologies generally focuses
on platform quality, size of installed base, and network effects
as the primary factors affecting a platform's chances for success
(Zhu and Iansiti, 2012; Sobolewski and Czajkowski, 2012; Birke
and Swann, 2006; Chou and Shy, 1990; Fu, 2004; Gerstheimer
and Lupp, 2004; Grajek, 2010; Kim and Kwon, 2003; Maicas
et al., 2009). Thus an appropriatemodel must account for these
most pertinent decision criteria while simultaneously allowing
for interaction between market effects.

2.2. Entry of the WiMAX technology standard

The data in Table 1 chronicle WiMAX's entry into the global
mobile telecommunications market from 2009 through 2012.
The first WiMAX phone was released in the fourth quarter of



Table 1
WiMAX market entry summary statistics.

WiMAX worldwide market share
statistics

Year

2009 2010 2011 2012

Share of total installed base 1.02% 1.64% 1.94% 1.59%
Share of new subscriptions 1.71% 3.92% 2.56% 0.55%
Share of new handsets released 2.86% 3.74% 10.00% 1.25%
Share of mobile device production
volume

1.58% 2.36% 1.87% 0.50%
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2009. Although fixed WiMAX 802.16d and some customer
premises equipment of mobile WiMAX 802.16e were available
prior to 2009, we limit this study to the periods in which
WiMAX producedmobile internet devices comparable to those
of the 3G standards for direct comparison. The nascent
technology standard made some headway during its first few
years. WiMAX's share of global subscribers grew from 2009 to
2011 by 38% CAGR, with the share of new subscribers peaking
in 2010. This spurred WiMAX manufacturers to develop more
compatible products, and WiMAX's share of new smartphone
models peaked in 2011. Despite absolute growth in WiMAX
production volume to meet increasing demand through 2011,
relative growth increased only in 2010, afterwhichWiMAX lost
ground as 3G/LTE customers consumed an increasing share of
global mobile internet devices. Then 2012 witnessed the
decline of WiMAX by all measures. Demand from both new
and total subscribers decreased and supply of new handset
models and quarterly production plummeted.

Barely five years after WiMAX entered the world market
and only two years after the availability of WiMAX-capable
smartphones, the wireless telecom technology standards
“battle” for the future of 4G (Hamblen, 2008) was all but
decided. WiMAX failed to garner support from the undecid-
ed operators and equipment developers who migrated en
masse to the 3G/LTE group. Key WiMAX flagship companies
scaled back operations or defected entirely, notably Intel
discontinuing the WiMAX Rosedale chip and closing its
WiMAX operation in Taiwan (Weissberger, 2009; Tofel,
2010). By the end of 2011, even the formerly staunch backers
of WiMAX – namely Sprint in the U.S. who had partnered with
Clearwire to gain early 4G data service differentiation (Woyke,
2008) –were jumping ship, announcing that they would begin
to pursue LTE either jointly with WiMAX or instead of it in the
future (Bensinger, 2011). The global tide shifted toward LTE
as major developing markets, including China, Russia, even
India, which were regarded as more suitable for WiMAX
than developed markets with existing infrastructure, began
investing in LTE networks (Bensinger, 2011; Gabriel, 2011a,
b; Anon, 2011). Although WiMAX would still serve a limited
function in bringing last mile broadband internet to lesser
developed countries, particularly in rural areas, such a niche
role was hardly what WiMAX backers were hoping to see
half a decade earlier when they invested in WiMAX eager to
take a central role in the future of mobile computing (Anon,
2007).

Entering the pre-4G standards race over two years ahead of
LTE, it is reasonable to argue thatWiMAX enjoyed an optimistic
outlook prior to 2009. It had amobile data quality advantage for
subscribers and commercial readiness for MNOs and suppliers.
It offered WiMAX operators a network cost advantage with its
Orthogonal Frequency Division Multiple Access (OFDMA)
approach towireless data transmission over 3G's CodeDivision
Multiple Access (CDMA)-based technologies (Rysavy, 2011).
Given these considerations, the WiMAX camp might have
expected tomake a dent in 3G's user base opening the door for
successful entry into the global market. Instead, however,
WiMAX failed in its key markets, the U.S., Korea, Japan, and
Taiwan, and it has since been relegated to a transitional
technology in countries with still developing broadband
telecommunications infrastructures.

3. Platform adoption model

3.1. Model formulation

In this study's model of the mobile telecom technology
standards adoption process (see Fig. 1), we portray the
representative consumer's and supplier's preferences for
superior quality and lower cost as well as the market's indirect
network effects. Unlike other familiar two-sidedmarkets in the
literature, such as software (Church and Gandal, 1992; Kotliar,
2008), video games (Zhu and Iansiti, 2012; Dube et al., 2010;
Strube et al., 2007; Corts and Lederman, 2009; Prieger and Hu,
2010), VCRs (Park, 2004;Ohashi, 2003), compact disks (Gandal
et al., 2000; Basu et al., 2003) or PDAs (Nair et al., 2004),
complementary goods of mobile communication standards are
primarily the hardware produced by NEPs, such as mobile
handsets and tablets, different from video games or other
software applications. The NEPs make their platform adoption
decision first, followed by content providers producing soft-
ware formobile devices on one or both transmission standards.
Therefore, in the hardware supplier adoption decision, the
software content is yet undetermined and does not figure
directly into this model on the supply side. The expectation
of software variety and availability on a mobile platform's
hardware, however, does impact the adoption decision of
subscribers indirectly. Thus our empirical analysis in Section 4
considers software-weighted hardware volume as a proxy for
suppliers.

For suppliers, we incorporate the potential for increasing or
decreasing returns to scale of the installed base of subscribers,
wherein the keystone effect represents this impact of the
MNOs' user base size and loyalty and captures a supplier's
motivation to adopt the platform with the greatest long-term
demand. It is a product of the MNOs' central, interconnected
role as hubs that promote value transfer within the mobile
telecom ecosystem. The strongerMNOs attract and retainmore
subscribers and thus entice more supplier adoption relative to
the weaker MNOs of the competing technology standard. In
accordance with the literature on market entry and two-sided
markets, we also include both quality and indirect network
effects in this study's representative consumer utility function
to model the market dynamics.

We adapt a dynamic model from Zhu and Iansiti (2012),
chosen for its ability to address both quality and indirect
network effects simultaneously, to examine the conditions
under which a new platform can successfully enter a market
dominated by an incumbent platform. We limit the following
explanation to present only the equations necessary for
understanding the model's main concepts and, primarily, to
highlight the changes we make to the original version in



Fig. 1. Model of utility (subscribers) and profit (suppliers) components for platform competition.

Table 2
Definition of variables.

Indices
j Platform j ∈ {E, I} where E is the entrant and I is the incumbent

platform
t Time period

Variables
Bjt Total installed subscriber base of platform j at period t
~Bjt Discounted present sum of future installed subscriber base of

platform j from period t until time horizon Tj, subject to discount
factor φj

bjt New subscribers on platform j in period t
e Strength of indirect network effects, e N 0
Fjt Fixed cost of operating on platform j in period t
F Ratio of fixed cost of operations for the two platforms, F = FIt/FEt
Hjt Total manufacturers producing for platform j in period t
hjt New manufacturers producing for platform j in period t
kjt Strength of keystone effect for platform j during period t
KRj Keystone effect ratio for platform j over competitor

j ′, KRj = kj/kj′, j, j ′ ∈ {E, I }, j ≠ j ′
Mt Total number of subscribers that join a technology standard in

period t
Qj Price-adjusted quality ratio of platform j vs. the competing

platform j ′ for j, j ′ ∈ {E, I }, j ≠ j ′
Q Quality advantage of the entrant platform, Q = Q E/QI

Sjt Proportion of new subscribers choosing platform j in period
t, Sjt ∈ [0, 1]

Tj Time horizon for manufacturer consideration of future installed
base on platform j

Ujt Representative consumer's utility from platform j in period t
xjt New subscriber's demand for each mobile device on platform j in

period t
xjt⁎ New subscriber's optimal demand for each mobile device on

platform j in period t
y Consumer's budget constraint

Greek symbols
αt Time specific constant of manufacturer adoption
βj Technology standard-specific constant
πjt Profit (myopic) of a manufacturer on platform j in period t
~π jt Forward-looking profit of a manufacturer considering future

subscribers on platform j as of period t
ρjt − i Autocorrelation parameter of lag length i in supplier regression

equation for platform j in each observation t
φj Discount factor for manufacturer's future consideration of

installed base of platform j, φj ∈ [0, 1]
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applying it to the mobile telecom market with mobile devices
as complementary goods. Definitions of variables are summa-
rized in Table 2. For a full discussion of the concepts, we refer
the reader to Zhu and Iansiti (2012).

The model captures head-to-head competition between
two incompatible platforms, competing for subscribers from
the same consumer population and manufacturers of mobile
devices, also referred to herein as suppliers. For simplicity,
each representative consumer adopts one platform, and each
supplier produces for one platform. In each period of the
dynamicmodel, two actions occur: (1) a certain number of new
consumers subscribe to MNOs on one of the two technology
standards and purchase hardware that is currently available for
that standard, and (2) a group of new suppliers each select a
standard, incur fixed costs and produce devices for the installed
base of subscribers. The process then repeats until the two
technology standards reach equilibrium levels of subscribers
and suppliers. Since the interaction of the keystone effect and
indirect network effects are this investigation's primary focus,
we assume that eachplatform's complementary goods are priced
similarly per period, as is common for this form of model (Zhu
and Iansiti, 2012; Nair et al., 2004). Price is not the determining
factor in subscriber adoption due to the large number of
complements available as well as the common practice of price
matching by manufacturers of comparable devices and the
bundling of handsets with contracts by MNOs. Finally, assuming
perfect competition with zero economic profit for each manu-
facturer facilitates our intention to isolate the combined impact
of the market effects upon supplier and subscriber adoption
decisions.

3.2. Consumer adoption

We use hj and bj to represent the new manufacturers and
the new subscribers, respectively, joining platform j ∈ {E, I}
during period t. Each platform's life expectancy is necessarily
greater than zero. Consumers are not forward-looking in their
utility gained from mobile devices, but suppliers are forward-
looking in their expectation of subscribers over the platform's

image of Fig.�1
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lifespan. Subscribers typically sign one- to two-year contracts
withMNOs and usually buy handsets at the time of subscription.
This relatively long timeframe coupled with each consumer's
limited quantity of hardware purchases essentially negates the
impact of consumers' future considerations. However, suppliers
do consider not only the current installed base but also the
MNOs' subscriber loyalty and future expectations of demand for
their products.

Our model follows a well-established representative con-
sumer approach in demonstrating subscriber preferences
(Church and Gandal, 1992; Zhu and Iansiti, 2012; Nair et al.,
2004). It provides an aggregate description of the entire
subscriber population. The preceding sections' review of the
literature on consumer preferences for telecommunications
products as well as the factors that affect entry into two-sided
markets together form the basis for the indirect utility of each
customer on platform j in period t:

V jt ¼ ln yþ ln Q j þ e ln Hjt ð1Þ

where y represents the consumer's budget constraint, Qj is the
price-adjusted quality ratio of platform j to the competitor
platform, e is the indirect network effects, e N 0, and Hjt is the
number of device suppliers on platform j in period t. This
indirect utility function describes the average mobile telecom
subscriber as valuing technology standard quality and compli-
mentary goods variety and availability while accounting for
network externalities related to complimentary goods.

In order to determine the customer's adoption decision, we
proceed with a standard logit model1 to capture heterogeneity
of customer preferences (Nair et al., 2004; Clements andOhashi,
2005). The proportion of new subscribers that choose platform j
in period t, denoted as Sjt is represented by McFadden (1974):

Sjt¼
exp vjt

� �
exp vEtð Þþexp vItð Þ : ð2Þ

Substituting in Eq. (1) produces:

Sjt¼
QHe

jt

QHe
EtþHe

It
ð3Þ

where Q=QE/QI, and represents the quality ratio advantage of
the entrant.

3.3. Supplier entry

We first express the myopic (i.e., not forward-looking)
profit function of a representative manufacturer on platform j:

π jt¼Bjtx
�
jt p jt−c jt
� �

−F jt ; ð4Þ
1 To address the concerns associated with the logit model's potential
violation of the independence of irrelevant alternatives (IIA) assumption, we
direct the reader to Zhu and Iansiti (2012) explanation. Essentially, since the
focus of our study is head-to-head competition, wherein the second of two
parties (WiMAX) is entering the market to compete with the first party (the
group of 3G technology standards) without the market shares of additional
parties to consider, there is no inherent danger of violating the IIA assumption.
where Bjt is the current installed base of platform j, xjt⁎ is the
new subscriber's optimal demand for each available mobile
device, pjt is the price and cjt the marginal cost of products on
platform j at time t, and Fjt is the fixed cost of operating on
platform j in period t. We then allow the representative
manufacturer to consider the potential for revenues from
future customers, which is a change from Zhu and Iansiti
(2012) model necessary to represent both consumers who are
locked in by term-limited subscriptions (as opposed to one-
time console purchases) and adoption considerations of device
manufacturers (instead of software developers). This yields the
supplier's hyperopic (i.e., forward-looking) profit function on
platform j in period t:

eπ jt¼eBjtx
�
jt ρ jt−cjt
� �

−F jt ; ð5Þ

where eBjt is the discounted present sum of the current and
future installed base of subscribers that are considered by the
manufacturer on platform j in time t. It is limited within the
manufacturer's time horizon, which could be related to
numerous considerations involving the expected platform
lifespan, the firm's cost of capital, the number of competitors
at the time of market entry, etc. This covers the intuitive
notion that the number of manufacturers joining a platform,
and in turn the production volume and hardware variety
of that platform, are determined not only by the current
installed base at the time of adoption, but also, in large part
due to each MNO's subscriber loyalty, by the expected
number of customers that offer the highest potential for
guaranteed demand and cost reduction through economies
of scale in the future.

Denote eBjt ¼ Bjt þ∑T j

l¼1

Bj;tþl−Bj;tþl−1
� �

1þ φ j

� �l
; or the current
installed base plus the discounted present sum of the future
base of platform j from future period l until the investment
decision time horizon, Tj, subject to the discount factor for
the future subscriber base of platform j, φj ∈ [0, 1]. Now we
introduce the platform keystone effect variable, kjt, and let

kjt ¼ log B jt B jt þ∑T j

l¼1

Bj;tþl−Bj;tþl−1
� �

1þ φ j

� �l

2
64

3
75 ; kjt N 0. This
expression can be rewritten as kjt ¼ log B jt
eBjt or, equivalently,

as eBjt ¼ Bjt
k jt .

We proceed from the assumption that manufacturers of
devices in two-sided markets choose a platform that will
maximize their profits, and then apply the free entry condition
that eachmanufacturer is a price-taker in a competitivemarket.
Following Zhu and Iansiti (2007) we obtain hjt,2 the number of
new manufacturers joining the platform j in period t:

hjt¼αt
B jt

k jt

F jt
; ð6Þ
2 The new subscriber's optimal demand for each hardware product, xjt⁎, is
used to determine the demand for each hardware product, which is substituted
into the original CES utility function, to yield the subscriber's indirect utility
function, Eq. (1) in this model.



Fig. 2. Regions of determinants for successful platform entry (boundaries
approximated for interpretation).
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where αt is a platform-specific time constant,3 Fjt is the fixed
cost of manufacturing for platform j in period t, and Bjt

k jt is the
keystone effect-adjusted subscriber base of platform j in period
t. If the representative manufacturer were only to consider
the current user base when making its adoption decision
(i.e., consider zero future periods, Tj = 0), then eBjt ¼ Bjt and,
consequently, eπ jt ¼ π jt . However, we do not expect that this is
true for the overwhelming majority of manufacturers making
technology standards adoption decisions. From this equation
we can see that a decrease in the fixed cost of platform j, an
increase in the base of platform j, or, most substantially, an
increase in the keystone effect of platform j, causes the number
of manufacturers adopting the platform to increase as well.

3.4. Dynamic model and market structure over time

We now extend the single-period decision scenario into a
multi-period market simulation. In order to allow subscribers
and manufacturers to leave their platform or switch platforms,
we introduce a platform decay proportion, δb, δh ∈ (0, 1) (Zhu
and Iansiti, 2012). Mt is defined to be the total number of
subscribers that join a technology standard in period t. Then,
incorporating expression (4), the change in the subscriber base
of platform E in period t – both the increase from adopters and
the decay from those leaving the platform – is:

bEt ¼Mt
QHe

Et

QHe
EtþHe

It

� �
−δbBEt : ð7Þ

Applying the same method for the entrant and incumbent
subscribers and manufacturers yields the market evolution
system of equations:

bEt ¼Mt
QHe

Et

QHe
EtþHe

It

� �
−δbBEt ; ð7:1Þ

bIt ¼ Mt
QHe

It

QHe
Et þ He

It

� �
−δbBIt; ð7:2Þ

hEt ¼ αt
B jt

kEt

F jt
−δhHEt ; ð7:3Þ

hIt ¼ αt
B jt

kIt

F jt
−δhHIt : ð7:4Þ

Fig. 2maps themarket landscape for the entrant platformas
dictated by the supply side (keystone effect) and demand side
(indirect network effect) externalities. We arrive at the market
shares of entrant and incumbent for different values of
keystone effect ratio (KRE = kE/kI) and indirect network effects
between 0 and 2.0 by running simulations of the system of
3 The time constant,at ¼ 1−φhð Þ�y� β−1ð Þ
β 1−φhγtð Þ , is a simplified expression of numerous

variables involved in the supplier equation derivation, including the budget
constraint, y; discount factor for future software considered by subscribers, φh;
the decay rate of fixed cost over time, γt; and the exponential parameters of the
CES demand function,β and (β− 1), that determine the indirect network effect
variable (Zhu and Iansiti, 2007).
Eqs. (7.1)–(7.4) until equilibrium4. The figure is essentially a
map of the potential that a market offers for a given entrant
platform to prevail against an incumbent. Several factors affect
the landscape's composition, including the quality advantage of
the new platform, the absolute values of the competing
platforms' keystone species strengths, and the ratio of indirect
network effects to each platform's keystone effect strength. The
specific location of the entrant platform on the landscape is
then determined by the ratio of the entrant's keystone effect
strength to that of the incumbent (horizontal axis) along with
the magnitude of the market's indirect network effects
(vertical axis).

After conducting sensitivity tests of themodel parameters5,
there emerge four regions discernable by the different factors
that determine an entrant's equilibrium market share. These
are summarized in Fig. 2. Starting from the top-right corner and
proceeding clockwise, Region I is the usual focus of platform
competition literature since, within it, a new platform's success-
ful market entry is determined by a combination of indirect
network effects and relative quality advantage along with the
addition of this study, the relative strengths of the keystone
species on each platform. Second, in Region II, the entrant
platform's keystone effect ratio is a critical determinant
given indirect network effects are below their threshold
level (Zhu and Iansiti, 2012) and the entrant has a keystone
effect advantage (kE N kI). Next, the region capturing quality
advantage as the primary determinant of successful entry,
Region III, only reaches where indirect network effects are
negligible or non-existent. Thus this region is not relevant
for most two-sided markets and certainly not applicable for
this study's focus on competing platforms within a business
ecosystem. Lastly, in Region IV, where the entrant has a
keystone effect disadvantage (kE b kI), the platform competi-
tion outcome is entirely determined by the entrant's keystone
effect ratio regardless of the market's indirect network effects
4 Simulation results available upon request. Please contact the corresponding
author.

5 Please contact corresponding author for sensitivity test results.
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Fig. 3. Sensitivity of market share to changes in magnitude of externalities.
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strength, which means almost certain defeat for the weaker
entrant.

A major contribution of this study is its ability to
demonstrate the full landscape of subscriber potential for a
new platform, which is determined by the interaction of market
effects on both the supply and the demand sides. Much of the
literature on platform competition accounting for demand-
based externalities essentially focuses on one quarter of the
landscape shown in Fig. 2 (Region I) and thus misses the bigger
picture. A fundamental implication of the simulation results
summarized in Fig. 2 is that an entrant platformhas little chance
of achieving successful market entry without forming a camp
that includes strong keystone species. However, such an
assessmentmust be put into context, and in order to appreciate
the often narrow margins between the equilibrium states
discussed above, it is important to see the evolution of market
shares for the competing platforms over time.

The relationship of subscribers and suppliers on each
platform is shown in Fig. 3 at two different magnitudes of
keystone effect ratio and indirect network effects. The change
in each platform's share of suppliers (dashed lines) can be seen
to precede (i.e., located to the left) the change in share of
subscribers (solid lines). Fig. 3 presents the influence of the
keystone and indirect network effects on market share, with
(a) representing the scenariowhere both keystone and indirect
network effects are 1.0, and (b) showing both effects slightly
increased to 1.12. The gap between the dashed and solid
lines is wider in (b) where both keystone and indirect
network effect are larger than in (a). Additional simulations6

show that increasing the difference in magnitudes of the
interacting effects further widens the gap. These results
demonstrate that even slight changes in the magnitudes of
the effects (from 1.0 to 1.12) could precipitate a critical
convolution of externalities whereby the entrant's keystone
species advantage (i.e., kE N kI ⇒ KRE N 1) on the supply side
6 Available upon request to the corresponding author.
creates the possibility for the new platform to overcome the
inertia of indirect network effects influencing the demand
side (i.e., the incumbent platform's established portfolio of
complementary goods) and begin gaining market share mo-
mentum. Fig. 3(b) shows that this combination of market
circumstances may lead to the entrant platform's successful
market entry when other factors are held constant. This
simulation underscores the impact of externalities in platform-
based markets by showing that advantageous combinations
of market effects can facilitate an entrant platform's successful
entry, while disadvantageous combinations can present nearly
immediate barriers to entry.
4. Empirical analysis

4.1. Data

Table 3 describes secondary data used in the empirical
analysis of WiMAX's market entry versus 3G/LTE. The regres-
sion data were collected quarterly from the introduction of the
first WiMAX phone, 2009Q4, to the period of the most recent
available data for all variables, 2012Q4. We obtained WiMAX
subscriber data from the Market Intelligence and Consulting
Institute (MIC, 2010, 2011a,b, 2012) with supplementary
information about subscribership trends from TeleGeography
(Anon, 2012). The incumbent platform's subscriber base was
obtained from International Telecommunications Union (ITU)
global subscribership data (Anon, 2013). Depreciation expense
data sourced from Compustat was included as a proxy for the
fixed cost variable in the supplier equation since deprecia-
tion represents the quarterly portion of fixed cost used, or
expensed, by manufacturers operating on each platform. The
WiMAX data includes the average quarterly depreciation of
publically tradedmanufacturers of WiMAX equipment, and 3G/
LTE depreciation data includes companies with North American
Industry Classification System (NAICS) codes related to mobile
devices and communications equipment manufacturing.
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Table 3
Regression data summary.

Variable Obs Mean Std
Dev

Min Max

WiMAX (units)a

New handset models 9 1.78 1.09 1 4
Cumulative handset
models

9 8.33 5.61 1 16

WiMAX (millions)
Subscriber baseb 13 16.14 6.52 6.34 24.20
Fixed cost (US$)c 13 222.40 19.22 196.82 263.11
Software-weighted Avg of
hardware volume

13 1.37 0.96 0.00 3.04

Cumulative SW-weighted
Avg of HW volume

13 9.48 6.68 0.00 17.80

3G/LTE (units)a

New handset models 9 24.56 6.31 18 38
Cumulative handset
models

9 159.22 74.65 40 272

3G/LTE (millions)
3G/LTE subscriber based 13 907.66 237.53 615.00 1340.67
Fixed cost (US$)c 13 1178.23 175.15 879.63 1415.05
SW-weighted Avg of HW
volume

13 111.44 40.98 53.91 169.18

Cumulative SW-weighted
Avg of HW volume

13 753.18 461.69 172.38 1567.20

a The list of all WiMAX phones is available at bhttp://en.wikipedia.org/wiki/
List_of_devices_with_WiMAXN. The lists of smartphones with 3G air interfaces
are available at Wikipedia by operating system: Android bhttp://en.wikipedia.
org/wiki/Android_devicesN, Windows bhttp://en.wikipedia.org/wiki/List_
of_Windows_Phone_7_devicesN and bhttp://en.wikipedia.org/wiki/List_of_
Windows_Phone_8_devicesN, and Symbian bhttp://en.wikipedia.org/wiki/List_
of_Symbian_devicesN. The authors used data from www.gsmarena.com and
www.phonearena.com to code the smartphone models by release quarter.

b Market Intelligence and Consulting Institute (MIC, 2010, 2011a,b, 2012).
c Compustat; list of WiMAX companies (Anon, 2009) and 3G/LTE from

the NAICS codes 334220, Radio and Television Broadcasting and Wireless
Communications Equipment Manufacturing, 334310, Audio and Video
Equipment Manufacturing, and 334413 Semiconductor and Related Device
Manufacturing.

d International Telecommunications Union (ITU) global subscribership data
(Anon, 2013). ITU active mobile broadband subscriptions include both mobile
handset- and computer-based subscriptions.
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Two different data sources were used to represent new
suppliers. The number of smartphone models released per
period on each platform is the most direct proxy for supplier
adoption, similar to Zhu and Iansiti (2012) using software titles
as a proxy for software developer adoption of a platform. This
data was compiled by the authors into time series suitable for
analysis using numerous lists of WiMAX- and 3G-compatible
phones publically available onWikipedia. The variety of mobile
devices offered on a platform not only represents greater
supplier commitment to that platform but is also an important
factor in a customer's adoption decision. The U.S. Federal
Communications Commission (FCC) noted the importance of a
manufacturer's handset portfolio as a non-price factor drawing
consumer demand:

Mobile handsets and devices are the end points of mobile
wireless networks that connect consumers to the networks.
They directly affect the quality of a consumer's mobile
wireless experience and can factor into a consumer's choice
of a wireless provider. Depending on themarket strategy of
the entrant, its portfolio of handsets and devices may be a
significant non-price factor affecting its ability to compete
for customers.

[FCC, 2013]

Thus the increasing variety of handsets on each platform
over time captures both supplier adoption and subscriber
utility stemming from complementary goods. The limitation of
this data, however, is the scarcity of WiMAX phone models
released during its relatively brief lifespan. Using the count
of new smartphones per period to proxy supplier adoption
includes four periods with zero new WiMAX handsets, which
must be omitted in a log-transform regression equation
(see Section 4.2). To allow usable data for all periods in the
regression timeframe and as a robustness check for the
significance of the indirect network effects and keystone effects
regression parameters, we include a second data source as
proxy for supplier adoption, quarterly mobile device produc-
tion volume weighted by software variety. WiMAX production
volume data was provided by MIC (2012), and 3G/LTE
smartphone production was obtained from Gartner (Gartner
Pressroom quarterly release from 2009 to 2012).

Fig. 4 shows the quarterly and cumulative production
volume of (a) 3G/LTE and (b) mobile WiMAX 802.16e devices
plotted against the new and total number of handsets on each
platform per period. Both data sources display a similar pattern
of supply growth for the entrant and incumbent platforms.
While the two sources of proxy data differ in absolute
quantities by orders of magnitude, this is not prohibitive to
the inclusion of the second since the conclusions drawn from
the regression results compare the keystone effect parameters
of the two platforms relative to each other, not in absolute
terms. To ensure that the second proxy (production volume)
adequately captures the consumer's preference for comple-
mentary goods variety,which is itself inherent in the first proxy
(handset models), we use a software-weighted average of
production volume for each platform in the consumer adoption
equation—that is, the production volume totals are weighted
by the proportion of mobile applications available on devices
that are compatiblewith the entrant or incumbent platformper
period.

4.2. Empirical specifications

Our empirical analysis involves two steps. First, wemeasure
the strength of the indirect network effects, e, and keystone
effects for the entrant, kEt, and the incumbent, kIt, through
regression analysis of themobile telecommarket data. Thenwe
use these market effect strengths to locate WiMAX on the
market landscape introduced in Section 3.4.

We develop the regression framework according to (Berry,
1994; Zhu and Iansiti, 2012), by transforming the equations for
consumer indirect utility (1) and platform adoption proportion
(2) to yield the following regression equation:

ln SEt−ln SIt ¼ βQ þ e ln HEtð Þ−ln HItð Þ½ � þ DummyWP þ εt ;

ð8Þ

where Sjt is the proportion of new subscribers who choose
platform j in period t, βQ is a coefficient roughly representing
the quality advantage of the entrant, since the quality ratio is

http://www.phonearena.com
http://www.phonearena.com
http://www.phonearena.com
http://www.phonearena.com
http://www.phonearena.com
http://www.phonearena.com
http://www.phonearena.com
http://www.phonearena.com
http://www.phonearena.com
http://www.phonearena.com
http://www.phonearena.com
http://www.phonearena.com
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(b) WiMAX Smartphone Models and Production Volume Growth

WiMAX New Smartphone Models (Le�) WiMAX Total Smartphone Models (Le�)

WiMAX Quarterly Volume (Right) WiMAX Cumula�ve Volume (Right)

Fig. 4. Supply growth of (a) 3G/LTE and (b) WiMAX smartphone models versus production volume.
Sources: Gartner and Wikipedia.
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Q=exp(βQ). The indirect network effects are represented by e,
and Hjt is the total number of suppliers on each platform (refer
to Section 4.1 for the explanation of two different proxy data
sources for this variable). Since the first WiMAX phone was
introduced in the fourth quarter 2009 to a limited market but
not until the second quarter of 2010 in theUnited States, where
Clearwire and Sprint would account for 47% of global WiMAX
demand (Anon, 2012), we introduce a dummy variable to
control for the disparity in WiMAX subscriptions before and
after WiMAX phones became widely available to subscribers.

On the supplier side, we take the natural logarithm of the
supplier adoption expression (6) and use the following regres-
sion equation:

ln hjt ¼ β0 þ kj ln bjt−β2 ln F jt þ ε jt ð9Þ

where kj represents the keystone effect measured on platform j
during the regression time frame, t={1, 2,…, T}, β0 is a constant
equivalent to at in Eq. (6), and β2 is the effect of platform fixed
cost on supplier adoption per period. Since production volume
data, the second proxy for supplier adoption, are often serially
correlated we also employ an autoregressive specification
including lagged dependent variables (Table 4, column 4.3):

ln hjt ¼ β jO þ kj ln bjt−β j2 ln F jt þ
XT�

j

i¼1

ρ ji ln hj;t−i þ ε jt ð10Þ
where ρji is the autocorrelation parameter of lag length i on
platform j for period t− i. The use of data for separate equations
drawn from the same sample of observations can be expected to
have correlated residuals between equations, also known as
system equation bias, for subscriber and supplier adoption.
Seemingly unrelated regression (SUR) (Zellner, 1962) with the
autoregressive parameters allows us to account for potential
violations of ordinary least squares (OLS) regression assump-
tions resulting from either system correlated or serially correlat-
ed error terms. All statistical analyseswereperformedusedusing
SAS version 9.3.

5. Results

5.1. Historical data: 2009Q4–2012Q4

Table 4 shows the regression results for the empirical analysis
of WiMAX's market entry. Three models are presented, the first
using smartphone models as the proxy for supplier adoption
(column 4.1) and the other two using production volume as the
supplier proxy (columns 4.2 & 4.3). Panel A reports the results of
the subscriber adoption regression equation, Panels B and C
report the supplier adoption regression equation results for
WiMAX and 3G/LTE respectively. A Hausman specification test
(Wu, 1973; Hausman, 1978; Hausman and Taylor, 1981) for the
comparative performance of SUR versus OLS yields m-statistic
1.06 for the model in column (4.1), and 0.62 and 0.11 for the
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Table 4
Regression results for WiMAX vs. 3G/LTE supply and demand.

Data Handset models Production volume (3G/LTE smartphones; WiMAX 802.16e devices)

SUR (4.1) SUR (4.2) SUR-AR(p)(4.3) preferred

Panel A: subscriber adoptiona

Quality beta −2.74*** (0.66) 0.41 (0.65) 0.50 (0.66)
Indirect network effects 0.50** (0.18) 0.45*** (0.06) 0.45*** (0.06)
Dummy WiMAX USA Phone 0.24 (0.17) −2.49*** (0.40) −2.54*** (0.40)
Observation 9 13 13
Adj R-Sq 0.72 0.93 0.93

Panel B: entrant (WiMAX) mobile devices supplyb

Constant 41.01 (31.27) 63.80*** (15.53) 88.16*** (4.32)
WiMAX keystone effect 0.39 (0.36) 0.17 (0.27) 0.25*** (0.04)
WiMAX fixed cost 2.44 (1.56) 2.72** (0.87) 4.05*** (0.24)
WiMAX supply AR 1 lag −0.89*** (0.24)
WiMAX supply AR 2 lag −1.41*** (0.32)
WiMAX supply AR 3 lag −1.19** (0.37)
Observation 9 13 13
Adj R-Sq 0.14 0.39 0.79

Panel C: incumbent (3G/LTE) mobile devices supplyc

Constant 14.44 (7.83) −5.44 (4.22) −5.29 (3.65)
3G/LTE keystone effect 0.49 (0.30) 1.27*** (0.13) 1.22*** (0.15)
3G/LTE fixed cost 1.02** (0.34) 0.12 (0.24) 0.07 (0.10)
3G/LTE supply AR 1 lag 0.91** (0.34)
3G/LTE supply AR 2 lag −0.53 (0.36)
Observation 9 13 13
Adj R-Sq 0.23 0.91 0.94

Note: results are (*) significant at 10%, (**) significant at 5%, and (***) significant at 1%, with standard errors in parentheses.
a Panel A reports regression results for worldwide technology standard adoption by subscribers.
b Panel B reports regression results for worldwide WiMAX devices supply (both handset models and 802.16e production volume).
c Panel C reports regression results for worldwide 3G/LTE devices supply (both smartphone models and smartphone production volume data).
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models in columns (4.2) and (4.3), respectively, none of which
reject the null hypothesis that SUR is efficient versus OLS. Thus,
Table 4 reports only SUR parameter estimates (OLS results are
available upon request).

In column (4.1), the results show that indirect network
effects are significant with a slightly smaller magnitude than
what has been found with software titles as complementary
goods (Zhu and Iansiti, 2012), which is reasonable sincemobile
device purchases per period would be a fraction of the number
of mobile application purchases for the average consumer. The
keystone effect strength of the incumbent platform is greater
than that of the entrant, though still not significant.

To allow suitable data for all periods of the regression
timeframe, we employmobile device production volume as the
proxy for supplier adoption in columns (4.2) and (4.3). Indirect
network effects of 0.45 in Panel A are significant (p-value
b0.01) and remain similar to the result in column (4.1). The
dummy variable forWiMAXphones in theUSAnot surprisingly
shows that production volume was significantly less (p-value
b0.01) in the periods before WiMAX phones were available in
theUSAand relatedmarkets. The results of Panels B andC show
that the keystone effect is significant both for the entrant and
incumbentwhile the strength of the keystone effect forWiMAX
(Panel B) is much weaker than for 3G/LTE (Panel C).

Since the incumbent supply equation exhibits serial
correlation (first-order Godfrey Lagrange Multiplier test
value of 4.18, p-value 0.04 (Godfrey, 1978a,b)), we ran
SUR-AR(p) (column 4.3) to avoid underestimating standard
errors. The autoregression coefficients for lags 1, 2, and 3 of the
entrant supply equation are significant (p-values b0.01, b0.01,
and 0.03, respectively). The autoregressive parameter of lag 1 is
significant in the incumbent's supply equation (p-value 0.03).
The inclusion of these parameters fully corrects the auto-
correlation present in column (4.1) (first-order Godfrey test
LM value of 0.10, p-value of 0.75). In addition, a marked
improvement is seen the adjusted R-squared value of the
WiMAX supply equation (Panel B) from 0.39 to 0.79 without
lowering the adjusted R-squared values of Panels A or C. This
suggests that the model in column (4.3) is best suited to
account for the variance in the dependent variables of all three
equations. A distinct change is seen in the entrant's supply
equation since the autoregressive parameters are able to
account for not only the serially correlated errors of quarterly
production volume but also the drop in WiMAX production in
response to decreased demand after the 2011Q3. Therefore in
model (4.3), we found significant positive indirect network
effect of 0.45, significant WiMAX keystone effect of 0.25, and
significant 3G/LTE keystone effect of 1.22. Given that this
model is efficient versus OLS, best fitting for all three equations,
and not in violation of any assumptions placed upon its error
terms, we use these results in the final step of the empirical
analysis.

Conducting the platform entry simulation with the regres-
sion results from model (4.3) yields the landscape of market
effects shown in Fig. 5(a) intowhichWiMAX entered. From the
relative keystone effect strengths of the two platforms it is



Fig. 5. Historical failed market entry of WiMAX.
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evident that WiMAX was at a considerable disadvantage to
3G/LTE with KRE = kE/kI = 0.20. This means that the 3G/LTE
MNOs attracted more suppliers and maintained their support
in providing a superior portfolio of compatible devices than the
MNOs supportingWiMAXwere able tomanage. It is clear from
the simulation result in Fig. 5(a) that WiMAX's market entry
position was unwinnable given the disadvantageous combina-
tion of market effects, and the simulated change in market
share of WiMAX subscribers over time, Fig. 5(b), demonstrates
the dynamic effect of the entrant platform's keystone species'
weakness. The simulation outcome is consistentwith empirical
evidence with an equilibrium position showing thatWiMAX is
prevented from securing substantial market share. Thus this
study's model is well-suited to account for the externalities of
the global mobile telecom market in explaining the result of
WiMAX's market entry. The simulation and regression results
support the argument thatWiMAX's keystone effect disadvan-
tage combined with the magnitude of the indirect network
effects were cumulatively strong enough to prevent new
platform from being able to enter the telecom market
successfully.

5.2. Counterfactual analysis of forecast data: 2010Q1–2014Q1

It could be argued, however, that the circumstances
surrounding WiMAX's market entry were disproportionately
influenced by a few anomalies causing amarket share trajectory
in a short lifespan that is abnormal or unsuitable for conclusions
to be drawn about the impact of keystone species uponplatform
competition in othermarkets. In theorywe assert the contrary –
that few but influential keystone species of a platform
determine its fate by the nature of their interconnected role,
not by exception or coincidence – yet it is instructive to
examine whether WiMAX might have been able to enter the
market successfully if it hadmet the optimistic expectations set
for it prior to 2010. That is, as of 2010, if WiMAX were
guaranteed to live up to the forecasted expectations of industry
experts in terms of production volume and subscribership until
2014, even in that most optimistic scenario, would it have
stood a chance versus 3G/LTE to gain the critical mass of
installed base and complementary goods necessary to propel
its market share trajectory upward toward oligopoly or
monopoly? Such insight, had it been available prior to 2010,
would certainly have been valuable information to suppliers
choosing their future 4G technology standard. Given WiMAX's
comparatively small or entirely new keystones, those MNOs
supporting it as their 4G technology standard, we expect
that WiMAX would have faced an insurmountable keystone
species disadvantage even despite meeting optimistic short-
term forecast expectations.

To investigate this counterfactual we use market forecast
reports of 3G/LTE and WiMAX subscribers and production
volume data released between mid-2009 and mid-2010 from
Infonetics (Anon, 2010a,c), Senza Fili Consulting (Paolini, 2010),
and 3G Americas (Rysavy, 2009).We assume fixed costs remain
unchanged from the historical data. In 2009, WiMAX was
expected to reach over 82 million subscribers by 2013 (Rysavy,
2011), which turned out to be over three times more than the
actual subscriber count in 2012. In 2009,WiMAXwas forecast to
sell 46 million units quarterly by 2014 (Anon, 2010c), which
was over 40 times more than the highest quarter of WiMAX
production volume in 2012, and 15 times above WiMAX's
overall peak period of production, 2011Q3. Hypothetical time
series of quarterly production volume and subscribers generat-
ed from these forecast data should present a much fairer
portrayal of the entrant platform's inherent market potential.
Additionally, they allowa longer regression timeframe spanning
17 quarters.

Table 5 displays the regression results for the WiMAX vs.
3G/LTE forecast data. A Hausman specification test yields m-
statistic 4.20with p-value of 0.84, confirming the null hypothesis
that SUR is the preferable model. Relevant coefficients are
significant, and the model is very well fitting in terms of the
adjusted R-squared values; however, the model exhibits perva-
sive autocorrelation (Godfrey serial correlation test significant
for three lags in the subscriber equation (p-values b0.01, b0.01,
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7 The model in column (5.2) corrects for heteroskedasticity in all equations
(all p-values of theWhite test N0.05), and serial correlations (all p-values for all
lag lengths of the Godfrey test N0.05). There is still system skewness (Mardia
skewness probability b0.01, Henze–Zirkler T b0.01) and non-normality
(Shapiro–Wilk W test probability b0.05 for all three equations), but not all
violated assumptions can be corrected while also correcting for serial
correlation and heteroskedasticity. Although some non-normality or autocor-
relation is unavoidable, since the forecast data are generated from growth rates
and are thus inherently autocorrelated, these results nevertheless serve their
purpose for strictly hypothetical comparison of the counterfactual scenario test.

Table 5
Regression results for forecasted WiMAX vs. 3G/LTE supply and demand.

Panel A: subscriber adoption forecasta

Data Forecasted production volume (3G/LTE
smartphones; WiMAX 802.16e devices)
and subscribers

SUR (5.1) SUR-AR(p)(5.2)

Quality beta 4.18*** (0.37) 5.65 (4.80)
Indirect network effects 1.85*** (0.08) 2.21** (1.00)
Subscriber difference AR 1 lag 1.96*** (0.42)
Subscriber difference AR 2 lag −1.01* (0.49)
Observation 17 17
Adj R-Sq 0.96 1.00b

Panel B: entrant (WiMAX) mobile devices supply forecastc

Data Forecasted production volume (3G/LTE
smartphones; WiMAX 802.16e devices)
and subscribers

SUR (5.1) SUR-AR(p)(5.2)

Constant 1.43*** (0.18) 1.82** (0.62)
WiMAX keystone effect 0.91*** (0.02) 0.84*** (0.04)
WiMAX fixed cost −0.03 (0.03) 0.01 (0.03)
WiMAX supply AR 1 lag 1.81*** (0.41)
WiMAX supply AR 2 lag −0.87* (0.40)
Observation 17 17
Adj R-Sq 1.00b 1.00b

Panel C: incumbent (3G/LTE) mobile devices supply forecastd

Data Forecasted production volume (3G/LTE
smartphones; WiMAX 802.16e devices)
and subscribers

SUR (5.3) SUR-AR(p)(5.3)

Constant 2.29*** (0.67) 0.39 (5.50)
3G/LTE keystone effect 0.85*** (0.04) 0.95*** (0.27)
3G/LTE fixed cost 0.01 (0.02) 0.00 (0.00)
3G/LTE supply AR 1 lag 1.88*** (0.37)
3G/LTE supply AR 2 lag −0.94* (0.49)
Observation 17 17
Adj R-Sq 0.98 1.00b

Note: Results are (*) significant at 10%, (**) significant at 5%, and (***)
significant at 1%, with standard errors in parentheses.

a Panel A reports regression results for worldwide technology standard
adoption by subscribers.

b Adjusted R-squared values approach 1.0 due to their generation from
forecasted growth rates instead of random observations.

c Panel B reports regression results for worldwide WiMAX devices supply
(both handset models and 802.16e production volume).

d Panel C reports regression results for worldwide 3G/LTE devices supply
(both smartphone models and smartphone production volume data.
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and 0.01), three lags in the entrant supply equation (p-values
0.01, 0.02, 0.04), and three lags in the incumbent supply equation
(p-values all b0.01)), as well as heteroskedasticity in the
subscriber adoption and entrant supplier adoption equations
(White test p-values 0.03 and 0.04, respectively).

We correct these irregularities by including autoregressive
parameters in all three equations of the SUR and using a
heteroskedasticity-corrected covariance matrix estimator
(HCCME) to produce regression parameter estimates
(MacKinnon and White, 1985). The result is a generally
well-behaving system of simultaneous equations.7 The most
noticeable result is the marked increase in the magnitude of
network effects (still significant, p-value b0.05) from 0.45 in
the historical data to 2.21 in the forecast data. The inflated
value of the indirect network effects may be attributable to the
optimistic nature of some of the market forecasts that focused
on the absolute potential for volume growth of one technology
standard without fully considering the effect that increased
competition would have on its relative growth. As in the
historical data regression results, WiMAX is again found to be
at a keystone effect disadvantage to 3G/LTE, with a keystone
effect ratio of KRE = kE/kI = 0.88.

We use these coefficients from forecast regression model
(5.2) to simulate (a)WiMAX's landscape of subscriber potential
and (b) market share trajectory over time, shown in Fig. 6. The
outcome is the same as the regression from historical data.
WiMAX's entry position is untenable. Its keystone effect
disadvantage and the strength of themarket's indirect network
effects present insurmountable barriers to entry in the form of
installed base and complementary goods portfolio disadvan-
tages. Even with the market effects regression parameters of
the relatively favorable growth forecast forWiMAX, themarket
share of the entrant diminishes rapidly relative to that of the
incumbent resulting in the incumbent's long-run control of the
market.
6. Discussion and conclusion

This study contributes to the literature on two-sided
markets, market entry, indirect network effects, and keystone
effects by presenting an adaptation of a dynamic model (Zhu
and Iansiti, 2012), which combines quality, indirect network
effects, and relative keystone strengths. The unique contribu-
tion of this model is its ability to capture accurate levels of
influence exerted by highly interconnected platform partici-
pants, keystone species, and the suppliers for whom they
facilitate a competitive and robust business ecosystem. This is
crucial for accurately modeling a technology standard entry
scenario like other versions of platform competition, yet it
is something that has been lacking in previous, primarily
customer-focused, market entry studies (e.g. Church and
Gandal, 1992; Farrell and Klemperer, 2007; Gandal et al.,
2000; Park, 2004; Zhu and Iansiti, 2012). This research thus
extends the scope of the existing literature on two-sided
markets and market entry both empirically and theoretically
by underscoring the importance of evaluating not only the
internal factors (i.e., the resources and dynamic capabilities of
the firm and the keystone strength of its platform) but also the
external factors (i.e., network effects and the opponent
platform's keystone effect strength) when firms make invest-
ment decisions such as platform adoption. Our results show



Fig. 6. Forecasted failed market entry of WiMAX.
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that WiMAX's keystone effect weakness versus 3G/LTE and the
mobile telecom market's indirect network effects were cumu-
latively strong enough to prevent the new technology standard
from securing a monopoly or oligopoly share of the subscriber
base in the long run.

6.1. Managerial implications

The substantial impact of the relative keystone effect
strengths suggests that ecosystem dynamics may explain
another means of successfully entering a market late and
stealing market share from its incumbent. Besides offering
revolutionary products or services, and in addition to platform
envelopment (Eisenmann et al., 2011), this study's model
proposes that keystone strength advantage increases the
likelihood of successful entry for a new platform despite
installed user base disadvantage. On the other hand, it
demonstrates that an entrant with weaker keystones stands
little chance of beating the entrenched incumbent.We also need
to point out that,while keystone species are one type of firm that
exists in almost any ecosystem, the keystone effect introduced in
this study's model is not critical for every market entry. The
conditions that characterize platform competition in which the
keystone effect is a determining factor are (i) the existence of
network externalities, (ii) approximately comparable perfor-
mance between the competing platforms, (iii) separate spon-
sorship of each platform, and (iv) the preference of both users
and suppliers for early standardization of a platform, regardless
of which one wins. These conditions have been seen in such
platform competitions as alternating current (AC) vs. direct
current (DC), VHS vs. Betamax, Blu-ray vs. HD-DVD, and most
recently WiMAX vs. 3G/LTE.

The importance of strong keystone species has codified in
the 21st-century as the specialization of functions in the value
chain evolved into the arranging of partners within a value
web, each with blurred lines of cooperation and competition.
The change in the speed and nature of competition is so vast
that the 20th-century examples of platform competition above
are scarcely comparable to those from the 21st-century. Much
of this change is explained by two of the aforementioned
conditions for keystone-influenced platform competition:
(i) the impact of network externalities has increased sharply
with the speed of business in the information age, and (iii) the
sponsors of the competing technologies, upon recognizing the
intensification of market forces, began compensating with a
previously unseen strategic focus on the addition of valuable
platform members. The organization of a new platform to
compete with an established market presence requires strong
collaboration, from the technology sponsors to the noteworthy
companies bringingname recognition, from the niche suppliers
of complementary goods to the few but vital keystone species
positioned to link these other members together and contrib-
ute to a robust ecosystem. Building strategic ties within the
ecosystem is crucial since the outcome of each new platform
competition might be expected to reverberate beyond a single
product life cycle and into successive technological generations
if the platform remains dominant.

Of course, the impact that keystone species have on their
ecosystems still depends on each ecosystem's particular compo-
sition.Markets that are highly susceptible to the keystone effect's
impact likely have a high degree of interconnectivity, which
often includes central hubs that link different sides or sections of
the markets with others through paths of least distance. Two-
sided markets are therefore a prime example of a keystone-
dominated market type. The keystone species (e.g., MNOs in
mobile telecommunications) link the two sides of the market by
keeping the loyal user base andmanaging business relationships
with equipment suppliers and digital content providers. Since
two-sided networks have been shown to exhibit network effects,
both direct and indirect, then studying this interaction between
keystone effects and network effects on both sides of the two-
sided market is necessary for accurately modeling the market
dynamics and advising investment decisions within the market.
This study offers a starting point for achieving these ends. It
presents a novel way of quantifying the keystone effect from
historical market data or even gauging expectations via forecast
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data. Both of these could prove valuable in informing firm
adoption decisions for new platform-based technologies and
even incorporated in cost–benefit analysis for evaluating
investment in successive technology generations (Sohn and
Ahn, 2003).

6.2. Limitations and future research

Every attempt was made to minimize the effects of
irregularities in the data used for this empirical analysis;
however, the use of sparse market data is an unavoidable
limitation that may affect the model's ability to measure
market effects as regression parameters. Particularly the use
of new handset models as a proxy for supplier adoption was
sensitive to this limitation. It is for this reason that we include a
second proxy data source for supplier adoption, the volume
of mobile device production weighted by the availability of
software on each platform. This second data source allows
more suitable observations and produces significant regression
results for each of the focal parameters. The timeframe for this
empirical analysis was limited by WiMAX's brief tenure as a
competitive alternative to 3G/LTE. Although this is a condition
of the available market data used for this analysis, the model
presented herein could certainly be applied to other platform
competition scenarios with data available in greater frequency
or duration. This would prove an apt subject for further
research.

The existing literature on business ecosystems would
certainly benefit from future research that attempts to
quantify the keystone effect in different markets and using
different theoretical models. Recent utilization of visual
analytics software tools has focused attention on the mapping
of business ecosystems (Basole et al., 2012; Suh et al., 2013) for
network analysis, analogous to the mapping of biological
interaction networks and food webs. However, the effect that
keystone species have on their fellow ecosystemmembers and
on the ecosystem as a whole still needs to be quantified for use
as a decision making tool. Since studies of business ecosystems
cannot, for obvious reasons, measure keystone effects the same
way that biological researchers do – through the experimental
removal of the keystone species – then scholars of business
ecosystemswill have to continue to look for innovativeways to
quantify the keystone effect in practice. Only then can business
ecosystem researchers hope to move beyond merely classify-
ing and describing keystone species to offering predictive tools
for informing operational and investment decisions in business
ecosystems.

Acknowledgments

The authors would like to thank Dr. Hong-Yuh Lee, Julio
Tsai, Prof. Jin-Li Hu, Prof. Jun-Yao Huang, and two anonymous
referees for their useful comments, as well as financial support
from NSC 102-2221-E-009-079.

References

Andriani, P., McKelvey, B., 2007. Beyond Gaussian averages: redirecting
international business and management research toward extreme
events and power laws. J. Int. Bus. Stud. 38 (7), 1212–1230 (Oct.).

Anon, 2004. Wi-Fi's big brother. The Economist http://www.economist.com/
node/2502742 [Accessed: 19-Oct-2011]).
Anon, 2007. WhyMax? The Economist http://www.economist.com/node/
8748628. [Accessed: 02-Dec-2011]).

Anon, 2008. Sprint and Clearwire to CombineWiMAXBusinesses, Creating aNew
Mobile Broadband Company. Sprint Newsroom, ([Online]. Available: http://
newsroom.sprint.com/article_display.cfm?article_id=662. [Accessed: 02-
Apr-2012]).

Anon, 2009. WiMAX manufacturers on WiMAX industry — 802.16
solutions([Online]. Available:) http://www.wimax-industry.com/
wimaxmanufacturers.htm ([Accessed: 12-Aug-2013]).

Anon, 2010a. WiMAX market continues to defy TD-LTE doom-sayers: 3Q10
revenue up 8%[Online]. Available http://www.infonetics.com/pr/2010/
3Q10-WiMAX-Market-Highlights.asp (Accessed: 02-Apr-2012).

Anon, 2010b. The difference engine: generational change. The Economist
http://www.economist.com/blogs/babbage/2010/12/mobile_phones.
[Accessed: 25-Jan-2012]).

Anon, 2010c. WiMAX Equipment/Device Market up for Third Consecutive
Quarter, Subscribers up 75% in '09[Online]. Available http://www.
infonetics.com/pr/2010/4Q09-WiMAX-Market-Highlights.asp (Accessed:
10-Mar-2012).

Anon, 2011. Aircel, Huawei Complete LTE Field Trial in India. The Times of India
News, New Delhi (09-Aug).

LTE vs. WiMAX: Verizon Claims the Spoils of War in 4G Battle, Clearwire Left
Licking Its Wounds. TeleGeography, ([Online]. Available: http://www.
telegeography.com/products/commsupdate/articles/2012/12/05/lte-vs-
wimax-verizon-claims-the-spoils-of-war-in-4g-battle-clearwire-left-
licking-its-wounds/. [Accessed: 20-Jun-2013]).

Anon, 2013. Key 2006–2013 ITU Data for theWorld by Geographic Regions and
by Level of Development. ITU World Telecommunication/ICT Indicators
database.

Basole, R.C., 2009. Visualization of interfirm relations in a converging mobile
ecosystem. J. Inf. Technol. 24 (2), 144–159 (Jun.).

Basole, R.C., Hu, M., Patel, P., Stasko, J.T., 2012. Visual analytics for converging-
business-ecosystem intelligence. IEEE Comput. Graph. Appl. 32 (1), 92–96.

Basu, A., Mazumdar, T., Raj, S.P., 2003. Indirect network externality effects on
product attributes. Mark. Sci. 22 (2), 209–221.

Bensinger, G., 2011. Sprint to unveil 4G network, stop sellingWiMax.Wall Str. J.
Mark. Watch ([Online]. Available: http://www.marketwatch.com/story/
sprint-to-unveil-4g-network-stop-selling-wimax-2011-10-07. [Accessed:
03-Jun-2012]).

Berry, S.T., 1994. Estimating discrete–choice models of product differentiation.
RAND J. Econ. 25 (2), 242–262.

Birke, D., Swann, G., 2006. Network effects and the choice of mobile phone
operator. J. Evol. Econ. 16 (1), 65–84.

Boudreau, K., 2010. Open platform strategies and innovation: granting access
vs. devolving control. Manag. Sci. 56 (10), 1849–1872 (Oct.).

Brynjolfsson, E., Kemerer, C.F., 1996. Network externalities in microcomputer
software: an econometric analysis of the spreadsheet market. Manag. Sci.
42, 1627–1647.

Choi, J.P., 1994. Network externality, compatibility choice, and planned
obsolescence. J. Ind. Econ. XLII, 167–182.

Chou, C., Shy, O., 1990. Network effects without network externalities. Int. J. Ind.
Organ. 8 (2), 259–270.

Chuang, Y.-F., 2011. Pull-and-suck effects in Taiwan mobile phone subscribers
switching intentions. Telecommun. Policy 35 (2), 128–140 (Mar.).

Church, J., Gandal, N., 1992. Network effects, software provision, and
standardization“. J. Ind. Econ. XL (1), 85–104.

Clements,M.T., Ohashi, H., 2005. Indirect network effects and the product cycle:
video games in the U.S., 1994–2002. J. Ind. Econ. 53 (4), 515–542.

Conti, J.P., 2010. LTE vsWiMAX: the battle continues. Eng. Technol. Mag. 5 (14).
Corts, K.S., Lederman, M., 2009. Software exclusivity and the scope of indirect

network effects in the U.S. home video game market. Int. J. Ind. Organ. 27
(2), 121–136.

Davic, R.D., 2003. Linking keystone species and functional groups: a new
operational definition of the keystone species concept. Conserv. Ecol. 7 (1),
r11.

Dube, J.P.H., Hitsch, G.J., Chintagunta, P.K., 2010. Tipping and concentration in
markets with indirect network effects. Mark. Sci. 29 (2), 216–249.

Eisenmann, T., Parker, G., Van Alstyne, M.W., 2006. Strategies for two-sided
markets. Harv. Bus. Rev. 84 (10), 92–101 (Oct.).

Eisenmann, T., Parker, G., Van Alstyne, M., 2011. Platform envelopment. Strateg.
Manag. J. 32 (12), 1270–1285 (Dec.).

Farrell, J., Klemperer, P., 2007. Coordination and lock-in: competition with
switching costs and network effects. Handb. Ind. Organ. 3 (May), 1967–2072.

FCC, 2013.MobileWireless Competition Report, 16th Annual (Washington, D.C.).
Fletcher, W.J., 1987. Interactions among subtidal Australian sea urchins,

gastropods, and algae: effects of experimental removals. Ecol. Monogr. 57
(1), 89–109.

Fu, W.W., 2004. Termination-discriminatory pricing, subscriber bandwagons,
and network traffic patterns: the Taiwanese mobile phone market.
Telecommun. Policy 28 (1), 5–22 (Feb.).

http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0175
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0175
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0175
http://www.economist.com/node/2502742
http://www.economist.com/node/2502742
http://www.economist.com/node/8748628
http://www.economist.com/node/8748628
http://newsroom.sprint.com/article_display.cfm?article_id=662
http://newsroom.sprint.com/article_display.cfm?article_id=662
http://www.wimax-industry.com/wimaxmanufacturers.htm
http://www.wimax-industry.com/wimaxmanufacturers.htm
http://www.infonetics.com/pr/2010/3Q10-WiMAX-Market-Highlights.asp
http://www.infonetics.com/pr/2010/3Q10-WiMAX-Market-Highlights.asp
http://www.economist.com/blogs/babbage/2010/12/mobile_phones
http://www.infonetics.com/pr/2010/4Q09-WiMAX-Market-Highlights.asp
http://www.infonetics.com/pr/2010/4Q09-WiMAX-Market-Highlights.asp
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0510
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0510
http://www.telegeography.com/products/commsupdate/articles/2012/12/05/lte-vs-wimax-verizon-claims-the-spoils-of-war-in-4g-battle-clearwire-left-licking-its-wounds/
http://www.telegeography.com/products/commsupdate/articles/2012/12/05/lte-vs-wimax-verizon-claims-the-spoils-of-war-in-4g-battle-clearwire-left-licking-its-wounds/
http://www.telegeography.com/products/commsupdate/articles/2012/12/05/lte-vs-wimax-verizon-claims-the-spoils-of-war-in-4g-battle-clearwire-left-licking-its-wounds/
http://www.telegeography.com/products/commsupdate/articles/2012/12/05/lte-vs-wimax-verizon-claims-the-spoils-of-war-in-4g-battle-clearwire-left-licking-its-wounds/
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0440
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0440
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0440
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0115
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0115
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0120
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0120
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0255
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0255
http://www.marketwatch.com/story/sprint-to-unveil-4g-network-stop-selling-wimax-2011-10-07
http://www.marketwatch.com/story/sprint-to-unveil-4g-network-stop-selling-wimax-2011-10-07
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0295
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0295
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0185
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0185
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0005
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0005
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0030
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0030
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0030
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0385
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0385
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0190
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0190
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0125
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0125
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0390
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0390
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0395
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0395
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0400
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0240
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0240
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0240
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0405
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0405
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0405
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0230
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0230
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0010
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0010
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0335
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0335
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0410
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0410
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0415
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0140
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0140
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0140
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0195
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0195
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0195


185J.-S. Kang, S. Downing / Technological Forecasting & Social Change 94 (2015) 170–186
Gabriel, C., 2011a. China Mobile enlists Clearwire for TD-LTE device push.
Rethink Wireless. ([Online]. Available: http://www.rethink-wireless.com/
2011/09/15/china-mobile-enlists-clearwire-td-lte-device-push.htm.
[Accessed: 20-May-2012]).

Gabriel, C., 2011b. Russia gets first LTE network. Rethink Wireless. ([Online].
Available: http://www.rethink-wireless.com/2011/12/20/russia-lte-network.
htm).

Gandal, N., Kende, M., Rob, R., 2000. The dynamics of technological adoption in
hardware/software systems: the case of compact disc players. RAND J.
Econ. 31 (1), 43–61.

Gerstheimer, O., Lupp, C., 2004. Needs versus technology—the challenge to
design third-generation mobile applications. J. Bus. Res. 57 (12),
1409–1415 (Dec.).

Godfrey, L.G., 1978a. Testing for higher order serial correlation in regression
equations when the regressors include lagged dependent variables.
Econometrica 46 (6), 1303–1310.

Godfrey, L.G., 1978b. Testing against general autoregressive and moving
average error models when the regressors include lagged dependent
variables. Econometrica 46 (6), 1292–1301.

Grajek, M., 2010. Estimating network effects and compatibility: evidence from
the Polish mobile market. Inf. Econ. Policy 22 (2), 130–143 (May).

Gunasekaran, V., Harmantzis, F.C., 2008. Towards a Wi-Fi ecosystem: technol-
ogy integration and emerging service models. Telecommun. Policy 32,
163–181.

Hamblen, M., 2008. WiMax vs. Long Term Evolution: Let the Battle Begin.
Computerworld, ([Online]. Available: http://www.computerworld.com/s/
article/9085202/WiMax_vs._Long_Term_Evolution_Let_the_battle_begin.
[Accessed: 19-Nov-2012]).

Hausman, J.A., 1978. Specification tests in econometrics. Econometrica 46 (6),
1251–1271.

Hausman, J.A., Taylor, W.E., 1981. A generalized specification test. Econ. Lett. 8
(3), 239–245.

Iansiti, M., Levien, R., 2004a. Strategy as ecology. Harv. Bus. Rev. 82 (3), 68–78
(Mar.).

Iansiti, M., Levien, R., 2004b. The Keystone Advantage. Harvard Business School
Publication Corp, Boston.

Iansiti, M., Richards, G.L., 2006. The information technology ecosystem:
structure, health, and performance. Antitrust Bull. 51 (1), 77.

Kang, J.-S., Lee, H.-Y., Tsai, J., 2011. An analysis of interdependencies in mobile
communications technology: the case ofWiMAX and the development of a
market assessment model. Technol. Soc. 33 (3–4), 284–293 (Aug.).

Katz, M.L., Shapiro, C., 1986. Technology Adoption in the Presence of Network
Externalities. 94 (4).

Khazam, J., Mowery, D.C., 1996. Tails that wag dogs: the influence of software-
based ‘network externalities’ on the creation of dominant designs in RISC
technologies. In: Mowery, D. (Ed.), The International Computer Software
Industry. Oxford University Press, New York, pp. 86–103.

Kim, H.-S., Kwon, N., 2003. The advantage of network size in acquiring new
subscribers: a conditional logit analysis of the Korean mobile telephony
market. Inf. Econ. Policy 15 (1), 17–33 (Mar.).

Kotliar, N.B., 2008. Application of the new keystone-species concept to prairie
dogs: how well does it work? Conserv. Biol. 14 (6), 1715–1721 (Jul.).

Kristiansen, E.G., 1998. R&D in the presence of network externalities: timing
and compatibility. RAND J. Econ. 29, 531–547.

MacKinnon, J., White, H., 1985. Some heteroskedasticity-consistent covariance
matrix estimators with improved finite sample properties. J. Econom. 29,
305–325.

Maicas, J.P., Polo, Y., Sese, F.J., 2009. The role of (personal) network effects and
switching costs in determining mobile users' choice. J. Inf. Technol. 24 (2),
160–171 (Jun.).

Makinenl, S., Dedehayirl, O., 2012. Business Ecosystem Evolution and Strategic
Considerations: A Literature Review. pp. 1–10.

Marquet, P. a, Quiñones, R. a, Abades, S., Labra, F., Tognelli, M., Arim, M.,
Rivadeneira,M., 2005. Scaling and power–laws in ecological systems. J. Exp.
Biol. 208 (Pt 9), 1749–1769 (May).

McFadden, D., 1974. In: Zarembka, P. (Ed.), Conditional logit analysis of
qualitative choice behaviorFrontiers in Econometrics vol. 1, no. 2. Academic
Press, pp. 105–142.

MIC, 2010. 2010 global WiMAX subscribers market dynamic analysis (in
Chinese). (Unpublished raw data), Taipei.

MIC, 2011. 2011Q1 global mobile phone industry production and important
market trends analysis (in Chinese). (Unpublished raw data), Taipei.

MIC, 2011. 2011Q4 WiMAX industry production and important market trends
analysis (in Chinese). (Unpublished raw data), Taipei.

MIC, 2012. 2012Q1 Taiwanese WiMAX industry production and dynamic
market outlook (in Chinese). (Unpublished raw data), Taipei.

Moore, J.F., 1993. Predators and prey: a new ecology of competition. Harv. Bus.
Rev. 71 (3), 75–86.

Moore, J.F., 1996. The Death of Competition: Leadership and Strategy in the Age
of Business Ecosystems. JohnWiley & Sons, p. 297.
Moore, J.F., 2006. Business ecosystems and the view from the firm. Antitrust
Bull. 51 (1), 31–75.

Nair, H., Chintagunta, P.K., Dube, J.-P.H., 2004. Empirical analysis of indirect
network effects in the market for personal digital assistants. Quant. Mark.
Econ. 2 (1), 23–58.

Navarrete, S.A.,Menge, B.A., 1996. Keystone predation and interaction strength:
Interactive effects of predators on their main prey. Ecol. Monogr. 66 (4),
409–429.

Ohashi, H., 2003. The role of network effects in the US VCRMarket, 1978–1986.
J. Econ. Manag. Strateg. 12 (4), 447–494.

Owen-smith, N., 1987. Pleistocene extinctions: the pivotal role ofmegaherbivores.
Paleobiology 13 (3), 351–362.

Paine, R.T., 1966. Food web complexity and species diversity. Am. Nat. 100
(910), 65–75.

Paine, R.T., 1969. The Pisaster–Tegula interaction: prey patches, predator food
preference, and intertidal community structure. Ecology 50 (6), 950–961.

Paolini, M., 2010. Reaching Sustained Growth in the WiMAX Market[Online].
Available http://www.senzafiliconsulting.com/Blog/tabid/64/articleType/
ArticleView/articleId/34/WiMAX-subscriber-forecast-2009-2014-and-
operator-survey-available-to-download.aspx.

Park, S., 2004. Quantitative analysis of network externalities in competing
technologies: the VCR case. Rev. Econ. Stat. 86 (4), 937–945.

Power, M.E., Tilman, D., Estes, J.A., Menge, B.A., Bond, W.J., Mills, L.S., Daily, G.,
Castilla, J.C., Lubchenco, J., Paine, R.T., 1996. Challenges in the quest for
Keystones: identifying keystone species is difficult—but essential to
understanding how loss of species will affect ecosystems. Bioscience 46
(8), 609–620.

Prieger, J.E., Hu, W., 2010. Applications barrier to entry and exclusive vertical
contracts in platform markets. Econ. Inq. 50 (2), 435–452.

Rochet, J., Tirole, J., 2003. Platform competition in two-sided markets. J. Eur.
Econ. Assoc. 1 (4), 990–1029.

Rysavy, P., 2009. HSPA to LTE-Advanced: 3GPP Broadband Evolution to IMT-
Advanced (4G)[Online]. Available http://www.3gamericas.org/documents/
3G_Americas_RysavyResearch_HSPA-LTE_Advanced_Sept2009.pdf
(Accessed: 01-May-2012).

Rysavy, P., 2011. Why Sprint's WiMAX dump was inevitable. Information
Week. ([Online]. Available: http://www.informationweek.com/news/
telecom/unified_communications/231900556. [Accessed: 28-May-2012]).

Schilling, M., 1999.Winning the standards race: building installed base and the
availability of complementary goods. Eur. Manag. J. 17 (3), 265–274 (Jun.).

Schilling, M., 2003. Technological leapfrogging: lessons from the U.S. video
game console industry. Calif. Manag. Rev. 45 (3), 6–33.

Shin, D.-H., Kim, W.-Y., 2008. Forecasting customer switching intention in
mobile service: an exploratory studyof predictive factors inmobile number
portability. Technol. Forecast. Soc. Chang. 75 (6), 854–874 (Jul.).

Shin, D.-H., Choo, H., Beom, K., 2011. Socio-technical dynamics in the
development of next generation mobile network: translation beyond 3G.
Technol. Forecast. Soc. Chang. 78 (3), 514–525 (Mar.).

Sobolewski, M., Czajkowski, M., 2012. Network effects and preference
heterogeneity in the case of mobile telecommunications markets.
Telecommun. Policy 36 (3), 197–211 (Apr.).

Sohn, S.Y., Ahn, B.J., 2003. Multigeneration diffusion model for economic
assessment of new technology. Technol. Forecast. Soc. Chang. 70 (3),
251–264 (Mar.).

Stanoevska-Slabeva, K., Wozniak, T., 2010. Opportunities and threats bymobile
platforms: the (new) role of mobile network operators. Proc 14th Int Conf
lntelligence in Next Generation Networks ICIN, p. 6 (no. 1995).

Strube, J., Schade, S., Schmidt, P., Buxmann, P., 2007. Simulating indirect
network effects in the video game market. Inf. Syst. J. 1–10.

Suh, Y., Kim, C., Kim, M., 2013. Exploring Structure of Mobile Ecosystem: Inter-
Industry Network, Analysis Approach. pp. 829–832.

Terborgh, J., 1986. Keystone plant resources in the tropical forest. In: Soulé, M.
(Ed.), Conservation Biology. Ginauer Associates Inc. Publishers, pp.
330–344.

Tobbin, P., 2011. Understanding the mobile money ecosystem: roles, structure
and strategies. Proceedings 2011 10th International Conference on Mobile
Business ICMB, pp. 185–194.

Tofel, K.C., 2010. Intel's WiMAX Office Closure Could Open Doors for TD-LTE“.
Gigaom, ([Online]. Available: http://gigaom.com/2010/07/01/intel-wimax-
office-closure-could-open-doors-for-td-lte/. [Accessed: 11-Nov-2011]).

Wade, J., 1995. Dynamics of organizational communities and technological
bandwagons: an empirical investigation of community evolution in the
microprocessor market. Strateg. Manag. J. 16, 111–113.

Weissberger, A.J., 2009. Intel DropsWiMax Chip Due toMajor Drop in Demand,
But Intel Capital Invests $43 Million in UQ Communications. WiMAX 360,
[Online]. Available: http://www.wimax360.com/profiles/blogs/intel-drops-
wimax-chip-due-to. [Accessed: 23-May-2012].

Wonglimpiyarat, J., 2005. Standard competition: is collaborative strategy
necessary in shaping the smart card market? Technol. Forecast. Soc.
Chang. 72 (8), 1001–1010 (Oct.).

http://www.rethink-wireless.com/2011/09/15/china-mobile-enlists-clearwire-td-lte-device-push.htm
http://www.rethink-wireless.com/2011/09/15/china-mobile-enlists-clearwire-td-lte-device-push.htm
http://www.rethink-wireless.com/2011/12/20/russia-lte-network.htm
http://www.rethink-wireless.com/2011/12/20/russia-lte-network.htm
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0095
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0095
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0095
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0200
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0200
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0200
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0320
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0320
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0320
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0325
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0325
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0325
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0205
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0205
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0090
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0090
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0090
http://www.computerworld.com/s/article/9085202/WiMax_vs._Long_Term_Evolution_Let_the_battle_begin
http://www.computerworld.com/s/article/9085202/WiMax_vs._Long_Term_Evolution_Let_the_battle_begin
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0310
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0310
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0315
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0315
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0015
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0015
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0020
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0020
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0435
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0435
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0070
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0070
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0070
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0445
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0445
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0040
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0040
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0040
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0040
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0210
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0210
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0210
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0225
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0225
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0045
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0045
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0330
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0330
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0330
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0215
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0215
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0215
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0450
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0450
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0455
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0455
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0460
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0460
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0460
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0110
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0110
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0465
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0465
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0060
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0060
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0260
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0260
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0260
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0145
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0145
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0145
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0250
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0250
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0150
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0150
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0155
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0155
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0160
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0160
http://www.senzafiliconsulting.com/Blog/tabid/64/articleType/ArticleView/articleId/34/WiMAX-subscriber-forecast-2009-2014-and-operator-survey-available-to-download.aspx
http://www.senzafiliconsulting.com/Blog/tabid/64/articleType/ArticleView/articleId/34/WiMAX-subscriber-forecast-2009-2014-and-operator-survey-available-to-download.aspx
http://www.senzafiliconsulting.com/Blog/tabid/64/articleType/ArticleView/articleId/34/WiMAX-subscriber-forecast-2009-2014-and-operator-survey-available-to-download.aspx
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0100
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0100
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0170
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0170
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0170
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0170
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0475
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0475
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0025
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0025
http://www.3gamericas.org/documents/3G_Americas_RysavyResearch_HSPA-LTE_Advanced_Sept2009.pdf
http://www.3gamericas.org/documents/3G_Americas_RysavyResearch_HSPA-LTE_Advanced_Sept2009.pdf
http://www.informationweek.com/news/telecom/unified_communications/231900556
http://www.informationweek.com/news/telecom/unified_communications/231900556
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0050
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0050
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0055
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0055
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0135
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0135
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0135
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0080
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0080
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0080
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0130
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0130
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0130
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0340
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0340
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0340
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0560
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0560
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0560
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0235
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0235
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0500
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0500
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0505
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0505
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0505
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0515
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0515
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0515
http://gigaom.com/2010/07/01/intel-wimax-office-closure-could-open-doors-for-td-lte/
http://gigaom.com/2010/07/01/intel-wimax-office-closure-could-open-doors-for-td-lte/
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0525
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0525
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0525
http://www.wimax360.com/profiles/blogs/intel-drops-wimax-chip-due-to
http://www.wimax360.com/profiles/blogs/intel-drops-wimax-chip-due-to
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0065
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0065
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0065


186 J.-S. Kang, S. Downing / Technological Forecasting & Social Change 94 (2015) 170–186
Woyke, E., 2008. WiMAX's Invisible Power. Forbes, ([Online]. Available: http://
www.forbes.com/2008/08/28/wimax-clearwire-sprint-tech-wire-cx_ew_
0828wimax.html. [Accessed: 20-May-2012]).

Wu, D., 1973. Alternative tests of independence between stochastic regressors
and disturbances. Econometrica 41 (4), 733–750.

Zellner, A., 1962. An efficient method of estimating seemingly unrelated
regressions and tests for aggregation bias. J. Am. Stat. Assoc. 57 (298),
348–368.

Zhang, J., Liang, X.-J., 2011. Business ecosystem strategies of mobile network
operators in the 3G era: the case of China Mobile. Telecommun. Policy 35
(2), 156–171 (Mar.).

Zhu, F., Iansiti, M., 2007. Dynamics of Platform Competition: Exploring the Role of
Installed Base, Platform Quality and Consumer Expectations[Online]. Avail-
able http://www.hbs.edu/research/pdf/08-031.pdf (Accessed: 01-Dec-2011).

Zhu, F., Iansiti, M., 2012. Entry into platform-based markets. Strateg. Manag. J.
33 (1), 88–106 (Jan.).
Jin-Su Kang is currently an assistant professor at the National Chiao Tung
University, Institute of Business and Management in Taiwan. Her research
interests include strategic management of technology and renewable energy
policy & planning, employing interdisciplinary approaches between engineer-
ing andmanagement. Her publications appear in journals related to technology
management, energy, optimization, etc.
Stephen Downing is a PhD student at the National Chiao Tung University,
Institute of Business andManagement in Taiwan. His research interests include
the analysis of social and economic networks and diffusion processes of
emerging technologies, particularly within platform-basedmarkets. Hemay be
reached via e-mail at sdowning.bm02g@nctu.edu.tw.

http://www.forbes.com/2008/08/28/wimax-clearwire-sprint-tech-wire-cx_ew_0828wimax.html
http://www.forbes.com/2008/08/28/wimax-clearwire-sprint-tech-wire-cx_ew_0828wimax.html
http://www.forbes.com/2008/08/28/wimax-clearwire-sprint-tech-wire-cx_ew_0828wimax.html
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0305
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0305
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0300
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0300
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0300
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0085
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0085
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0085
http://www.hbs.edu/research/pdf/08-031.pdf
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0105
http://refhub.elsevier.com/S0040-1625(14)00278-9/rf0105
mailto:sdowning.bm02g@nctu.edu.tw

	Keystone effect on entry into two-�sided markets: An analysis of the market entry of WiMAX
	1. Introduction
	2. Literature review and industry overview
	2.1. Keystone effect and the mobile telecommunications ecosystem
	2.2. Entry of the WiMAX technology standard

	3. Platform adoption model
	3.1. Model formulation
	3.2. Consumer adoption
	3.3. Supplier entry
	3.4. Dynamic model and market structure over time

	4. Empirical analysis
	4.1. Data
	4.2. Empirical specifications

	5. Results
	5.1. Historical data: 2009Q4–2012Q4
	5.2. Counterfactual analysis of forecast data: 2010Q1–2014Q1

	6. Discussion and conclusion
	6.1. Managerial implications
	6.2. Limitations and future research

	Acknowledgments
	References


