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Abstract

In this study we examine the antecedents of small independent software vendor (ISV) decisions to join a
platform ecosystem. Using data on the history of partnering activities from 1201 ISVs from 1996 to 2004,
we find that appropriability strategies based on intellectual property rights and the possession of
downstream complementary capabilities by ISVs are positively related to partnership formation, and ISVs
use these two mechanisms as substitutes to prevent expropriation by the platform owner. In addition, we
show that greater competition in downstream product markets between the ISV and the platform owner is
associated with a lower likelihood of partnership formation, while the platform’s penetration into the
ISV’s target industries is positively associated with the propensity to partner. The results highlight the
role of innovation appropriation, downstream complementary capabilities, and collaborative competition

in the formation of a platform ecosystem.

Key words: platform ecosystem; partnership; intellectual property rights; downstream capabilities

" We gratefully acknowledge funding from the NET (Networks, Electronic Commerce and
Telecommunications) Institute, a Kauffman Foundation/Georgia Research Alliance grant for the Study of
Entrepreneurship and Productivity, and the Alfred P. Sloan Foundation. We also thank the many
executives of enterprise software companies who shared their thoughts with us. All errors are our own.



1. Introduction

“We started from the point that one company cannot be the best in all areas. So the more partners

’

that we have to innovate around our technology, the more it will be a win/win situation.’

“We have to be extremely clear with our partners about what they can expect. One rule is that we
cannot protect the partner forever -- [we cannot guarantee] that there may not be a time when SAP is

forced to enter his space.”

Hening Kagermann, former CEO and Chairman of the Executive Board of SAP
(Knowledge@Wharton 2006)

Platform-based competition is becoming increasingly a ubiquitous phenomenon in the information
economy. The personal computer (Bresnahan and Greenstein 1999), personal digital assistant (Boudreau
2007), and video game console (Zhu and lansiti 2007) are stylized examples of systems that consist of a
core technology platform (Boudreau 2007) and the interchangeable complementary applications built
upon it.! In the software industry we observe that communities of innovation networks, known as
ecosystems, have been increasingly employed by platform owners to meet heterogeneous user needs
(Adomavicius et al. 2007, Evans et al. 2006). Industry leaders nurture their ecosystems by coordinating
and harnessing the collective power of developers, partners, and others integral to the shared success of
the community (Adner 2006).

While platform owners encourage the provision of complementary products in order to take advantage of
indirect network effects (Rochet and Tirole 2003), there is often a tension between the developers of
complementary products and the platform owner due to risk the latter may eventually compete in the
partner’s product market space (Gawer and Henderson 2007). This risk is illustrated by the quote from
SAP ex-CEO Hening Kagermann above. To the extent that the platform owner may ex post “squeeze”
complementors, the latter may have less ex ante incentive to join the ecosystem in the first place (Choi
and Stefanadis 2001, Heeb 2003). Prior research has used analytical models or case studies to investigate
this issue from the perspective of the platform owner (Farrell and Michael L. Katz 2000, Gawer and
Henderson 2007). However, as yet there has been no systematic empirical evidence on how the potential
for platform owner entry conditions independent software vendors’ (ISVs) incentives to participate in
innovation ecosystems. Acquiring such evidence has important managerial implications, as it will inform

when ecosystems are most likely to grow and succeed.

Y In this paper we follow Bresnahan and Greenstein (1999) in defining a platform as a set of interchangeable IT

components so that buyers and sellers can benefit from the same technological advance.



In this study we try to bridge this gap in evidence by examining how the risks of platform owner entry
influence ISVs’ decisions to join a platform in a specific setting: the enterprise software industry.
Specifically, we examine the factors influencing the likelihood an ISV will become certified by SAP as a
platform-compatible application provider. This setting represents a good place to begin studying this
phenomenon for two reasons: (1) the SAP ecosystem is large; it includes over 41,000 customers and has
been characterized by some as its own economy (Pang 2007), and (2) SAP publicly certifies vendors in its
ecosystem, providing an empirically verifiable metric that we use as our dependent variable. SAP
certification means that SAP engineers have tested and endorsed that the ISV’s software integrates with
SAP (SAP 2009). SAP-certified partners are the only ones who are displayed on the SAP ecosystem web
site and partners prominently trumpet their certification through press releases and on their web sites as a

means of signaling their compatibility with SAP (BasWare 2005).

We stress three distinct features of this setting. First, while ISVs have the option to produce software that
is not certified, certification provides a signal that the software will interoperate with SAP, the largest
enterprise software vendor. The major benefit to joining the ecosystem is the potential for greater sales
arising from access to the platform owner’s installed base (Chellappa and Saraf forthcoming). Second, the
relationship often involves collaboration between competitors, characterized as co-opetition (Hamel et al.
1989, Nalebuff and Brandenburger 1997). The platform owner and the ISV may provide similar
functional modules and compete in multiple product markets. Third, the potential for entry into the ISV’s
market by the platform owner, together with uncontrollable knowledge leakage during the process of
partnering, brings with it the risk of expropriation of the ISV’s intellectual property (IP) over the course
of the partnership. These risks will be mitigated by the effectiveness of different appropriation strategies
such as intellectual property protection and ownership of downstream complementary capabilities (Teece
1986). These three factors — increased payoffs from access to the platform owner’s installed base, risk of
entry, and threat of knowledge expropriation — are the main trade-offs to the partnering decision that we

examine in this study.

We test our theoretical predictions by assembling a unique data set on the partnership decisions of 1201
ISVs over 1996 to 2004. Collecting data from a variety of sources, we measure the extent to which ISVs
are formally protected by intellectual property rights and possess downstream marketing capabilities, the
extent of SAP’s market penetration into the ISVs’ target industries, and the intensity of potential product
market competition between SAP and the ISVs. Using both discrete time hazard and fixed effects
regression models, we find that small ISVs utilize both intellectual property rights protection and
downstream capabilities to prevent expropriation. In particular, we find that ISVs with greater stocks of

copyrights or those with strong downstream marketing capabilities are more inclined to join the



ecosystem. Interestingly, the two appropriation mechanisms serve as substitutes to each other and the
presence of one weakens the marginal effect of the other on the likelihood of partnering. In addition, we
find that the incentive of ISVs to join an ecosystem is positively influenced by the penetration of
complementary SAP products (specifically, ERP) in the ISV’s target industries, reinforcing the view that
ISVs partner with the platform owner to gain access to its large installed base. Finally, we find evidence
that ISVs’ decisions to join a platform are strongly influenced by the extent of competition between the

product offerings of the platform owner and the ISV.

The rest of the article is organized as follows. In the next section we present an overview of related
research and discuss our contributions to the literature. In section 3, we introduce the research setting and
briefly describe SAP’s partnership program with ISVs. Section 4 presents our hypotheses. Section 5
describes the data and empirical models. We present the results, as well as a set of robustness checks, in

section 6. In section 7, we discuss the implications of our study and conclude.

2. Literature Review

Our paper contributes to three areas of the literature: recent work on technology platforms and
ecosystems, research on appropriating the returns from innovation, and studies on the enterprise software

industry. We discuss each of these in turn.

2.1. Technology Platforms and Two-Sided Markets

A growing body of research has examined how platform owners can encourage third-party
complementors to contribute to a platform to stimulate indirect network effects. For example, theory
research in this literature has examined platform owner decisions to open a platform (Boudreau 2007,
Eisenmann et al. 2008, Gawer and Cusumano 2002, Gawer and Henderson 2007, Parker and Van Alstyne
2008, West 2003) and vendors’ strategic responses to open and closed platforms (Lee and Mendelson
2008, Mantena et al. 2007). Empirical work has sought to measure the value of network effects to end
users (Brynjolfsson and Kemerer 1996, Gallaugher and Wang 2002, Gandal 1995, Liu et al. 2008, Zhu

and lansiti 2009) as well as the effects of increasing openness on competition (Boudreau 2007).

Most directly related to our own work is research related to the strategies used by a platform owner to
manage platform stakeholders such as end users and complementors (Gawer and Cusumano 2002, Gawer
and Henderson 2007, lansiti and Levien 2004). Of particular concern is the fine line that platform
sponsors must walk between maximizing profits and leaving sufficient residual profit opportunities to
encourage complementary innovation. For example, platform sponsors like Microsoft will frequently
absorb complements (e.g., a web browser) for efficiency gains (Eisenmann et al. 2007) or to avoid double

marginalization (Casadesus-Masanell and Yoffie 2007). While such actions can increase ex post returns



for the platform owner, they may discourage ex ante platform-specific investments by potential
complementors. At present, there is little empirical work that shows how threat of potential entry
conditions complementor decisions to join a platform. This paper takes a first step towards filling this gap

by examining how appropriability and competition influence the decision to partner.

2.2. Appropriating the Returns from Innovations

Profiting from innovative solutions within a platform-based industry such as enterprise software emerges
as only a special example of the more general set of innovations investigated by Teece (1986). He
suggests that when an innovation is easily imitated or invented around, profits from an innovation may be
appropriated by the owners of certain manufacturing, marketing, and a variety of other capabilities
required to commercialize an innovation. These complementary capabilities are usually specialized to the
innovation (i.e., they would lose value in alternative uses). They have two associated characteristics: (1)
they are not easily accessible through the market, since their specificity give rises to significant
transaction costs (Teece 1986), and (2) they are valuable, rare and difficult to imitate and their ownership
provides a sustainable competitive advantage (Barney 1991, Rothaermel and Hill 2005, Teece 1992).
Indeed, from an empirical point of view, ownership and strength of downstream capabilities required to
commercialize an innovation are some of the most important appropriability mechanisms across a wide

range of industries (Cohen et al. 2000).

While a stronger position in specialized complementary capabilities is beneficial to the appropriation
strategy through product markets, some argue that the possession and strength of intellectual property
rights is conducive to technology licensing and markets for ideas (Arora et al. 2001, Dechenaux et al.
2008, Gans and Stern 2003). Recent research has extended this literature to examine how the existence of
markets for technology influences the licensing strategies and survival of entrepreneurial firms in the
security software industry (Arora and Nandkumar 2008, Gambardella and Giarratana 2008). Gambardella
and Giarratana (2008), in particular, find that technology markets in the security software industry thrive
when product markets are fragmented and technologies have more general application, whereas
ownership of patents or co-specialized complementary capabilities do not have sizable or significant
impacts on the hazard rate of licensing. Arora and Ceccagnoli (2006) show however that when firms of all
size are considered, whether the effectiveness of patent protection increases licensing propensity depends

critically on the ownership and strength of downstream complementary capabilities.

To the best of our knowledge there is relatively little work studying how the ownership of intellectual
property and downstream capabilities shape the innovation strategies of small firms in markets
characterized by software platforms such as enterprise software. Our setting allows us to significantly

extend the extant appropriability and markets for technology literature, in order to take into account of the
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fundamentally different nature of the cooperative strategies characterizing platform-based industries.
Since software certification requires the disclosure of sensitive and proprietary knowledge, we show that
appropriability strategies—including IP protection, ownership of downstream complementary capabilities

and their interaction—are crucial drivers of the formation of such partnerships.

2.3. Enterprise Software

Extant IS research on enterprise software predominantly focuses on the user side of the market. For
example, recent empirical research on firm-level performance suggests that adoption of enterprise
systems is associated with improvements to productivity (Aral et al. 2008, Hitt et al. 2002), market value
(Hendricks et al. 2007, Hitt et al. 2002), profitability (Hendricks et al. 2007) and operational performance
(Cotteleer and Bendoly 2006, Hitt et al. 2002, McAfee 2002).

Despite this wealth of work, there has been a paucity of IS research that studies the supply side of
enterprise systems, and there is less understanding of the economics and dynamics of the provision of
enterprise software. An exception is Chellapa and Saraf (forthcoming), which investigates the strategic
considerations behind alliance relationships among enterprise software vendors and how firms’
performance is conditioned on their structural position in the alliance network. Our study, in contrast,
differentiates the roles played by platform owner and complementary application providers, and unifies
theories on technology platform, innovation appropriation and collaborative competition to provide a

holistic view of the formation of enterprise software ecosystem.

3. SAP and Its Ecosystem

Enterprise software is claimed to be the organizational operating system (Chellappa and Saraf
forthcoming), which consolidates the diverse information needs of an enterprise’s departments together
into a single, integrated software program that operates on a shared database (Hitt et al. 2002). We follow
Bresnahan and Greenstein (1999) as defining a platform as a set of interchangeable IT components so that
buyers and sellers can benefit from the same technological advance. Third-party software vendor

applications extend the functionality of the platform and add value to adopters.

ISVs that produce software that communicates with SAP have the option to become certified by SAP and
become a member of the SAP platform ecosystem. This certification endorses the interoperability
between the I1SV’s software and the SAP platform. The certification process begins with the ISV
completing an application with the assistance of the local SAP Integration and Certification Center (ICC)
or SAP partner liaison/manager. The ISV will then go through development, documentation, and testing
phases to make sure the product is compliant with SAP’s platform specifications. During this time, the

SAP ICC will assign a consultant to work with the ISV to prepare for certification and conduct/document



a certification test. Once the product successfully completes the certification test, a certification logo will
be issued and the solution will be listed on SAP’s web portal which is accessible by its customers. For
ISVs, the primary benefit to partnering is to signal software compatibility and to give ISVs access and
exposure to SAP’s customer base (Chellappa and Saraf forthcoming). Further, partnership gives ISVs
access to partner-only portals for product, marketing and sales information, sales/marketing assistance,

and technical support.

However, such partnerships are not costless for 1SVs. Besides the fixed cost of developing a platform-
compliant version of the software solution, certification application fees and yearly membership fees,
there are considerable appropriability issues for ISVs due to extensive knowledge sharing involved in the
relationship. Knowledge transferred from the ISV to SAP may, perhaps inadvertently, lower the costs of

SAP entering into the market with a competing product.

4. Theory and Hypotheses

In this section we detail our theory and hypotheses. A simple model, which builds on and extends prior
work by Gans et al. (2002), appears in the Appendix. Our model describes how the payoffs to partnering
with a software platform owner are conditioned by factors such as IP protection, downstream capabilities,
the platform’s market penetration, and the extent of product competition between the platform owner and

an ISV. Below we describe a set of hypotheses that map to the comparative statics in the model.

4.1. Intellectual Property Protection

Inter-firm collaborative relationships that involve a technology component are often characterized by
extensive knowledge sharing and exchange (Khanna et al. 1998, Mowery et al. 1996). To the extent that
one party in the alliance relationship is unaware of the other’s knowledge acquisition intentions, or unable
to define or control the extent of knowledge leakage, inter-firm collaboration may result in the loss of
core competencies and expropriation of its innovation by collaborators if the transferred knowledge is not

protected by any appropriation mechanism (Bresser 1988, Heiman and Nickerson 2004).

Such knowledge transfer is likely to occur in partnerships between an ISV and a software platform owner.
For example, during the course of certification in the enterprise software industry the ISV may reveal
sensitive information on its proprietary technology, its codification of business processes or best practices
that embody industry-specific knowledge, or a particular design interface. A platform owner who acquires
such knowledge may replicate or invent around the innovations of the ISV, absorb the distinct features of
the ISV’s application programs into its own software product suite, and compete directly with the ISV by

invading its product markets.



ISVs can employ several mechanisms to protect their inventions, including legal mechanisms (patents,
copyrights, and trade secrets), first mover advantages, and the ownership of complementary marketing
and manufacturing capabilities (Cohen et al. 2000). While surveys suggest that the exploitation of first
mover advantages is the most effective appropriation mechanism in the software industry (Graham et al.
2009), this mechanism may be less effective among firms who partner. Historically, copyrights have been
commonly regarded as an effective legal form of protection for computer software (Graham and Mowery
2003, Graham et al. 2009, Menell 1989); however a series of legal decisions throughout the 1980s and
1990s has recently strengthened the intellectual property protection afforded by patents, especially for
“business methods” (Cockburn and MacGarvie 2006, Graham and Mowery 2003, Lerner and Zhu 2007).
As a result, both patents and copyrights can be used by the ISV to defend its intellectual property
(Graham et al. 2009). While knowledge leakage may increase the risk of imitation associated with
partnering, we expect stronger IP protection to decrease the potential loss of revenues arising from a
platform owner’s market invasion. Therefore, other things equal, increases in IP protection will be

associated with greater expected payoffs to partnering. We hypothesize

HYPOTHESIS 1 (H1). The better an ISV’s innovations are protected by intellectual property rights, the

more likely that it will partner with the software platform owner.

4.2. Downstream Complementary Capabilities

Since Teece’s (1986) seminal work, strategy research on innovation appropriation has emphasized the
importance of the ownership of specialized downstream capabilities (Arora and Ceccagnoli 2006,
Ceccagnoli and Rothaermel 2008, Gans and Stern 2003, Rothaermel and Hill 2005). ISVs with
downstream capabilities will be more successful in appropriating returns from their innovations, even
when potential competitors such as the platform owner successfully enter their product space (Graham et
al. 2009). For one, in the case of the partnership between ISVs and SAP, strong downstream marketing
capability will enhance the returns to access to SAP’s large installed base. In particular, the success of
converting the platform owner’s extant users into an ISV’s customers will depend on downstream

capabilities such as brand image, downstream marketing, distribution and service capability.

For similar reasons, the losses from imitation of the ISV’s innovation will be lower in the presence of
downstream capabilities. An ISV with brand image and marketing capability will be better able to defend
their market than firms without such capabilities. Further, these capabilities may be difficult to replicate
by the platform owner. While knowledge embedded in products can be codified by physical, formal or
formulaic means, knowledge embedded in business practices or downstream service and consulting
activities is often stored in human’s head and is less susceptible to unintended leakage (Heiman and

Nickerson 2004). For example, implementation of enterprise software often requires idiosyncratic
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adaptations to user needs that will be embedded in the implementation and configuration of the software
products, and related consulting and service activities (Hitt et al. 2002). Such downstream knowledge and
capabilities are more costly to transfer across firm boundaries (Brown and Duguid 2001, Von Hippel

1994) and may also act as a barrier to entry. Therefore, we propose

HYPOTHESIS 2 (H2). The stronger an ISV’s downstream capabilities, the more likely that it will partner

with the software platform owner.

4.3. IP Protection and Downstream Capabilities

Researchers have examined and recognized the substitution effect among different types of IP strategies
(Graham and Somaya 2006). For example, filing a patent necessitates information disclosure which
makes maintaining the secrecy of an innovation difficult; thus, the use of patents and trade secrecy tend to
be substitutes in IPR protection (Friedman and Landes 1991, Horstmann et al. 1985, Teece 1986). In this
study we argue that formal IP protection is less crucial to the expected payoff from partnering in the
presence of strong complementary downstream capabilities. While the exact payoffs and marginal effects
are described in our model in the Appendix, here we sketch an intuitive argument. As noted in Hypothesis
1, patents and copyrights reduce the likelihood of knowledge expropriation. However, Hypothesis 2
suggests that the negative effect of potential knowledge expropriation will be weaker in the presence of
complementary downstream capabilities. It follows immediately that the benefits of patents and
copyrights as a means to protect knowledge when partnering (and, consequently the expected payoff to
partnership) will be weaker in the presence of strong complementary downstream capabilities. Therefore,

we propose

HYPOTHESIS 3 (H3). The impact of an ISV’s IP protection on the likelihood that it will partner with the

software platform owner is lower when the ISV has strong downstream capabilities.

4.4. Platform Penetration into the ISVs’ Target Industries

Despite the risks of IPR expropriation, 1SVs will partner with the platform owner to gain access to its
installed base. Depending upon the software market, ISVs may still be able to market stand-alone
application programs and make sales even in the absence of association with a platform. However,
partnership with the platform owner signals compatibility of the I1SV’s product with the platform,
increasing the expected utility of purchasing the ISV’s product for platform customers and thereby
increasing the ISV’s sales to the platform’s installed base. Thus, the payoff to partnership will be

increasing in the size of the platform’s installed base.

Increases in the platform’s installed base will increase the payoff to partnership with the platform owner

for other reasons if there are significant (direct or indirect) network effects associated with the platform
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owner’s product. For one, buyers may be willing to pay more for products that are compatible with a
larger network (Besen and Farrell 1994, Brynjolfsson and Kemerer 1996, Liu et al. 2008). Further, in
industries that are characterized by network effects or complementary products, an industry standard often
emerges (Besen and Farrell 1994, David and Greenstein 1990, Gandal 1995, Metcalfe and Miles 1994). In
those industries, being associated with the industry standard is critical for the survival and success of
producers of complementary products that are based on the chosen standard or platform (Suérez and
Utterback 1995). The ISV’s prediction of which platform will become dominant critically depends on the

platform’s installed base. Therefore, we propose

HYPOTHESIS 4 (H4). Greater market penetration by the software platform owner into an ISV'’s target

industries is associated with higher likelihood that the ISV will partner with the software platform owner.

4.5. Competition Between the Platform Owner and the ISV

The effect of competition on partnership success is well documented in the strategy literature (Gimeno
2004). Although competitive collaboration, or co-opetition, could generate mutual benefits and result in a
win-win situation through sharing complementary resources or acquiring new skills and capabilities by
organizational learning (Hamel et al. 1989), empirical evidence often suggests the fragility of such inter-
firm relationship between rivals. For example, Kogut (1989) argues that competitive conflicts impair the
stability of cooperative agreements due to imitation of partners’ technology and competition in the
downstream market, and cooperative incentives could be offset by industry structural conditions that may

promote rivalry among the partners.

In this paper, we examine one facet of competition between the ISV and the platform owner: closeness in
product market space. Competition between the ISV and the platform owner will be greater when the
products of the two vendors are more similar. Further, the losses from imitation of the ISV’s product will
be higher when the two vendors offer more similar products. Since partnering increases the probability of
imitation by the platform owner, these losses will in expectation be higher with partnering. That is, the

expected costs from increased competition with the platform owner will be higher under partnering.

Anticipating these effects, an ISV with a more similar product portfolio to the platform owner will have

an attenuated incentive to join the ecosystem. Therefore, we propose

HYPOTHESIS 5 (H5). The greater the similarity of products with the platform owner, the less likely that

the ISV will partner with the software platform owner.



5. Methods and Measures

5.1. Sample
We test our theoretical predictions using a longitudinal data set of 1201 ISVs over the period of 1996-
2004. Our sample begins in 1996 since we observe no such partnerships in our sample prior to 1996

(more details will be provided later in the section of variable definition).

A study of partnerships within the enterprise software industry based solely on publicly traded firms in
the COMPUSTAT universe is likely to suffer from a serious selection bias: well-established public
software firms may have starkly different incentives to form inter-firm linkages from those of privately
held new ventures or start-ups (Cockburn and MacGarvie 2006, Shan 1990); moreover, the majority of
ISVs are privately owned. However, collecting comprehensive, reliable information on small, private
firms over an extended time period is extremely difficult. In this study we use the CorpTech directory of
technology companies. The dataset has detailed information on 100,000 public and private firms,
including information on geography, sales and employees, product offerings, industry classification,

ownership, funding sources and executives.

CorpTech includes a proprietary classification system that allows the researcher to identify software firms
and the types of products they offer. Here we provide an overview of our sample construction, further
details are provided in Data Appendix B. To construct a representative sample of ISVs that are likely to
form partnerships with SAP, we match the existing SAP partners (retrieved from SAP’s web portal) to
their corresponding records in the CorpTech data set and examine their product portfolios. Based on this
comparison, we find that manufacturing software and warehousing/distribution software are the most
frequently produced by SAP’s partners. We therefore select all U.S. firms that have a primary industry of
computer software, and use those that produce “warehousing and distribution” or “manufacturing”
software as our data sample. As we are primarily interested in the drivers of partnership formation for
small, entrepreneurial software companies, to reduce unobserved heterogeneity across firms we further
remove established incumbents from our sample. Following prior literature (Petersen and Rajan 1994,
Puranam et al. 2006), we refine the ISVs to include those established after 1980, with sales less than $500
million and with fewer than 1000 employees throughout our sampling period. As an additional check, we
visit the website of each firm (if the company no longer exists, we visit the archival web site
wwwe.archive.org instead) to confirm that the ISVs indeed produce enterprise software applications, and

delete those that do not fit the profile. Our final sample consists of 1201 ISVs.
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5.2. Variable Definition and Operationalization

5.2.1. Dependent Variable

The dependent variable is whether an ISV enters into partnership with SAP in a particular year. While one
approach would be to identify partners listed directly on the SAP platform ecosystem web site, using this
method we would be unable to identify the timing of partnership events. Instead, we identify partnership
formation events through press releases by searching the Lexis/Nexis database. To test the viability of this
approach, we compared the list of partners obtained through this method with a list obtained from the

SAP web site and found that our method identifies 98% of partners mentioned by SAP.?

The unit of observation in our data is a firm-year, with the partnership variable equal to 1 if a first-time
alliance is formed in that year, 0 otherwise. Post-alliance observations are deleted as the firms are no
longer exposed to the hazard of forming a partnership with SAP. In total, our sample includes 6381 firm-

year observations. The data is structured as an unbalanced panel since there are late entries and exits.

5.2.2. Independent Variables

Patents. We generate the ISV patent stock variable by using the U.S. Patent and Trademark Office
(USPTO) CASSIS Patents BIB database. While the decision to partner will be influenced by a vendor’s
stock of software patents, some vendors may have inventions in related areas such as manufacturing
control or data acquisition equipment. Accordingly, we restrict our patent measure to software patents
only (however our results are similar if we include both software and non-software patents). To identify
software patents, prior research has used USPTO class-subclass combinations (Graham and Mowery
2006, Hall and MacGarvie 2006) while others have used a Boolean query that searches for keywords in
patent text (Bessen and Hunt 2004). We follow Hall and MacGarvie (2006) in using the intersection of
these two methods to identify software patents.®> As a robustness check, we also use the union of the
software patent sets identified by the two methods and derive alternative measures; our empirical results
are robust to the different measures of patents stock. To account for the heterogeneity in the impact and
importance of innovation, we use Hall-Jaffe-Trajtenberg weighted stock of patent grants by incorporating

forward patent citations (Hall et al. 2001).

Patent effectiveness. An ISV’s stock of patents is partly determined by its patent propensity, which may
in turn be influenced by variations in the effectiveness of patent protection in the different sub-segments
in the software industry in which the ISV participates (Arora and Ceccagnoli 2006). To examine whether

variance in patents does indeed capture sub-segment variation in the strength of patent protection, we

2 Further discussion of our method for identifying partnerships is provided in the Data Appendix.

® For a survey of various methods of identifying software patents in USPTO patent data, see Layne-Farrar (2005).
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construct the variable patent effectiveness obtained from the patent inventor survey jointly conducted by
Georgia Tech and the Japanese Research Institute of Economy, Trade and Industry (RIETI).* The survey
asks patent inventors to assess the importance of patents in protecting their firm’s competitive advantage
for the commercial product/process/service based on the patented invention in a 5-point Likert scale. We
computed averages of the Likert responses at the 5-digit international patent class (IPC) level and linked
to our data by the corresponding IPC class of the patents owned by ISVs in our sample. The resulting
firm-level patent effectiveness score represents the average of patent effectiveness scores of all patents
owned by the focal firm. A similar measure has been frequently used in the literature on innovation and
appropriability as a summary indicator of the net benefits from patenting (Arora and Ceccagnoli 2006,
Cohen et al. 2000, Gans et al. 2002).

Copyrights. The cumulative number of software copyrights for each firm-year is obtained from the United
States Copyright Office. We retrieve the complete set of copyrights that are described as “computer files”

within that office’s classification scheme.

Downstream capability. One important measure of a firm’s marketing capability is trademarks (Gao and
Hitt 2005). According to the USPTO, a trademark represents “a word, phrase, symbol or design, or
combination of words, phrases, symbols or designs that identifies and distinguishes the source of the
goods or services of one party from those of others.” In this study we use the total number of software
trademarks as a proxy for downstream marketing capabilities (Fosfuri et al. 2008), and obtain the data
from the USPTO CASSIS Trademarks BIB database. We use only software trademarks that are currently
“live” as of the date of observation (further details on the construction of this variable are available in the

Data Appendix).

Target industry penetration. In order to construct a valid measure of SAP’s market penetration in the
ISV’s target industries, we obtain SAP installation data in the United States from Harte-Hanks CI
Technology Database, and calculate SAP’s penetration rate in the companies of the Cl database by each
industry-year. Harte Hanks surveys over 300,000 establishments in the United States per year on their use

of information technology; our sample of data from the CI database includes all establishments with over

* The survey was conducted in 2008 and was directed to the inventors of a random sample of the granted U.S.
patents filed between 2000 and 2003 and included in the OECD’s Triadic Patent Families, e.g., filed with both the
Japanese Patent Office (JPO) and the European Patent Office (EPO) and granted in the United States Patent and
Trademark Office (USPTO). More information on the survey can be found in Jung (2009) and Walsh and Nagaoka
(2009).
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100 employees.” We identify the set of firms that have adopted SAP in each year and weight these by the
number of employees®. We use these data to compute the SAP penetration rate for the industries served

by the ISVs (details are provided in the Data Appendix).

Competition. The variety of its product portfolio is indicative of a software firm’s scope of economic
activity (Cottrell and Nault 2004), and the similarity in product market space between the ISV and SAP
(and similarly, the intensity of competition) can be measured by how much their application product
offerings overlap. Product portfolio information is obtained from the CorpTech database. The CorpTech
database has an internal “2-digit” classification system that indicates the products produced by software
firms (for example, Software-Accounting and Software-Warehousing/Distribution are examples of “2-
digit” classes). We retrieve the distinct 2-digit product codes for each ISV in each year, and compare
those with SAP’s 2-digit product portfolio in the same year. 2-digit product codes are used as a proxy for
product lines because they correspond very well to the functional modules of enterprise software. The
variable product overlap is defined as the ratio of the number of common product lines (produced by both
an ISV and SAP) to the number of ISV’s product lines for each firm-year. As a robustness check, we also
construct alternative measures of product overlap by dividing the number of common product lines by
number of SAP’s product lines for each firm-year and the results are similar. Note product overlap is a
time-varying covariate as an ISV may have entered into a related software market segment, introduced

new software product lines, or exited from certain product markets.

5.2.3. Control Variables

We control for various firm level drivers that could influence an ISV’s decision to join the SAP
ecosystem. Firm size is measured by an ISV’s annual sales, obtained directly from the CorpTech
database. Firm age is derived by referencing the year that an ISV was established. To allow for nonlinear
effect of age, we add both linear and quadratic terms of age. We also add an ownership indicator variable
to allow for different propensities for alliance formation between public and privately held companies.

The variable public is set to 1 if an ISV is a publicly traded company; 0 otherwise.

®> The CI database has been extensively used in the information systems and economics fields to measure IT
investment (Brynjolfsson and Hitt 2003, Dewan et al. 2007), including investment in enterprise software (Hitt et al.
2002). Prior work has shown that this database is quite representative of the distribution of large establishments (the
ones most likely to use SAP) in the U.S. economy (Forman et al. 2005).

® As software license subscription is usually based on the number of concurrent users (Hitt et al. 2002), we use

employee-weighted penetration rate instead of sales-weighted.
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We also include controls for firm funding sources. Software firms’ source of capital is likely to affect
their decision to form partnership for several reasons. First, software firms backed by corporate
investment or venture capital are more likely to accumulate social capital that is unavailable to other start-
ups. In addition, bargaining intermediaries such as venture capitalists can reduce the cost of forging a
contract between the parties and so increase the likelihood of partnership (Colombo et al. 2006, Gans et
al. 2002). The CorpTech database classifies the funding sources into corporate investment, private
investment or venture capital investment. We create 3 dummy variables, cinvest, pinvest and vinvest,

respectively, to control for the effect of firms’ source of funding on alliance formation.

As a control for ISVs’ innovative capability, we obtain the ISVs’ cumulative number of publications in
academic journals or conferences in each year via the Web of Science database. To account for the
importance of publications, we also retrieve forward citation data for all the publications and construct

citation weighted publications.

5.3. Model Specification

We use hazard models to study the decisions of ISVs to partner with SAP. The hazard model (also
referred to in various literatures as survival, duration or event history model) is appropriate since it
relaxes normality assumption in most linear regressions and allows corrections for right censoring,
truncation, late entry, time-varying covariates and duration dependence (Cameron and Trivedi 2005).
Hazard analysis models the underlying and unobserved hazard rate, which is the instantaneous rate at

which hazard events occur at time ¢, given that the subject under study has survived until time .

We chose the Cox proportional hazard model as a starting point for empirical analysis. The Cox
proportional hazard model is a semi-parametric specification that makes no assumption about the shape of
the baseline hazard over time, and assumes that covariates multiplicatively shift the baseline hazard

function. Applying the hazard model to our specification, we have 7 (¢|x,, ,) = h,(t)exp(x,, ,8), and

X, B = Bypatent,_, + Bcopyright, _, + Btrademark, , + By patent, , , xtrademark, ,_,
+p,copyright, , xtrademark,, , + F,SAP _ penetration, , , + f product _overlap,, , + f3,sales; ,_,

2 . . . . . .
+fage,, , + ﬂgagelH + Bopublic,,, + B cinvest,, , + 3, pinvest, _, + B vinvest, ,, + B, publication, , ,

Where p(t|x,,,) is the conditional instantaneous hazard rate for ISV i in year 7, and A (s) is the

unspecified baseline hazard in year z. We lag all independent variables by one year to allow for causal
interpretation. Note there is no intercept in the Cox model as it is subsumed into the baseline hazard

function and unidentified.
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As an alternative estimation method, we use a (firm) fixed effects linear probability model to study the
event history (Wooldridge 2001), allowing for firm-level unobserved heterogeneity. We follow prior
literature in using the fixed effects linear probability model to study outcomes with limited dependent
variables (Forman et al. 2009, Gowrisankaran and Stavins 2004, Miller and Tucker 2009) due to the
known difficulties of controlling for panel-level unobservables using fixed effects in nonlinear models
such as the probit or logit.” In order to estimate the linear probability model, the data are arranged into
cross-sectional time series format. The unit of observation is a firm-year, and the event is the binary
decision that an ISV joins the platform ecosystem of SAP. If the event happens for an ISV in a particular
year, all post-event observations are removed from the sample as we assume partnering is an absorbing
state. Otherwise the observation for the ISV is right censored (event does not occur during the sampling

years) and all years of data are included.
6. Results

6.1. Findings

Table 1 provides summary statistics of the variables and controls, as well as the correlation matrix. The
descriptive statistics indicate that ISVs are characterized by significant heterogeneity along key
dimensions, such as ownership of IPRs (copyrights range from 0 to 498), downstream capability
(trademarks range from 0 to 23), SAP penetration (ranges from 0% to 93%), and product portfolio
overlap (ranges from 0% to 100%). It is worth noting that patents are far less frequently used by start-up
ISVs in the enterprise software industry (with mean of .14 patent per firm) than copyrights (mean 2.03 per
firm), consistent with prior literature suggesting that copyrights remain an important source of IP
protection for enterprise software since most innovations are in business processes, routines and best

practices that may not be amenable to patenting (Mann and Sager 2007, Menell 1989).
[Insert Table 1 about here]

Results from Cox proportional hazard survival models are presented in Table 2. In all regressions we use
the log transformation of patents, patent effectiveness, copyrights, trademarks and sales (that is, log(1+x)
to avoid taking log of zeros except for patent effectiveness, which is strictly positive) to control for over
dispersion and skewness in these variables. Variables are entered into the regression sequentially with the

log likelihood reported for each model. Column 1 presents the baseline model where only variables for IP

" For a full discussion of these issues, see Wooldridge (2001). Unconditional fixed effects provide inconsistent
estimates using probit or logit models because of the well-known incidental parameters problem. Further,
conditional fixed effects models drop panels where there is no variation in the dependent variable—in our setting,
this would include any ISV that does not eventually become a partner.
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protection, downstream capabilities and publications are included. In column 2 we add interactions
between IP protection and downstream capability. Column 3 includes the measurement of SAP’s
penetration rate in the ISV’s target industries, as well as product portfolio overlap between SAP and ISVs.
We add the full set of control variables in Column 4. Finally, in column 5 we add patent effectiveness to

control for potential differences in patent propensities among firms.
[Insert Table 2 about here]

Examining the results of the final model, we find support for H1. Increases in the stock of copyrights are
positively associated with an 1SV’s hazard of partnering with SAP, indicating that copyrights are an
important mechanism employed by ISVs to prevent knowledge expropriation. Although the stock of
patents is not found to be significantly related to the decision of an ISV to join the partnership, we do find
evidence that the effectiveness of patent protection increases an ISVs’ propensity to partner. This is not
surprising since the stock of patents granted to a particular firm is driven by multiple factors such as
patent propensity (itself driven by patent strength), technological opportunities, and R&D productivity
(Griliches 1990). Patent effectiveness is a more direct, albeit survey-based, measure of the strength of
patent protection. 1ISVs with few or no patents should have a low propensity to patent because this legal
mechanism may not be effective for appropriating innovation rents. However, our theory implies that
firms with stronger patents are expected to enforce their patents with a greater probability of success.
Consistent with expectations, we find that ISVs holding patents in technological sub-classes where patent
protection is considered more effective have greater incentives to partner due to greater abilities to
safeguard themselves against the potential imitation by the platform owner. The results clearly show that
the effect of patents is significantly reduced when patent effectiveness is included, suggesting that this
variable is indeed capturing, albeit imperfectly, variations in the underlying strength of patent protection
within segments of the enterprise software industry. We also find a strong positive effect of trademark
stock on the partnership formation across specification and models, confirming hypothesis H2. Consistent
with our expectation, we also find evidence that IP protection and downstream capabilities act as
substitutes for one other in their influence on partnership formation, and the effect is more pronounced for

copyrights than for patents, partially confirming H3.

A numerical example would illustrate the main effects and interaction effects of IPR protection and
trademarks. To examine the marginal effects, we consider a log transformed variables x; in the Cox
proportional hazard model. Suppose we increase x; by 100%, while holding other variables constant, the

hazard ratio is

h(t|2x,x;) _exp[B In(2x,)] _ L
h(t|x,x,)  exp(BInx) =exp(f,In2) =2
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For example, if the effectiveness of patent protection is doubled while everything else remains
unchanged, the likelihood of partnering with SAP will be increased by 242°-1=255%.

Now consider a firm that has the mean value of log transformed copyright (.378, correspond to
copyright=.46) and the mean value of log transformed trademarks (.333, correspond to trademark=.40). If
the firm doubles its stock of copyrights while holding other variables constant, the hazard ratio becomes
2Les3+(-870x3331 _ 9473 _ 1 388 which means a 39% increase in the hazard. Similarly, if the firm doubles its
stock of trademarks while holding other conditions unchanged, the hazard ratio becomes
L929+(-T)<3781 _ 2713 —1 639, which translates into a 64% increase in the hazard rate. However, if the firm
doubles both its copyrights and trademarks, the hazard ratio becomes

h(t]2x,2x,,X,) _ exp[4 In(2x,) + B, In(2x,) + S, In(2x,) x In(2x,)]

h(t]x,,x,,X4,) exp(B Inx, + 5, Inx, + B, Inx, xInx,)

=exp[B N2+ B,In2+ B,((In2)* +In2xInx, +In2xIn x,)]
=2%% % 29 x exp[(—.571) x ((.693)* +.693x.378 +.693x.333)] =1.730

which implies a 73% increase in the hazard rate. This is considerably lower than the combination of the
direct effect of copyrights and the direct effect of trademarks, 1.388%1.639-1=127% increase, due to the

substitution effect (negative interaction) between copyrights and trademarks.

Hypothesis H4 suggests that as SAP’s penetration into an ISV’s target industries increases, the ISV is
more inclined to partner with SAP. This hypothesis is confirmed by our empirical results. A one percent

increase in SAP’s penetration into ISV’s industries is associated with a exp(.01x(2.790))-1=2.83%

increase in the likelihood of partnering.

Hypothesis H5 states that the higher product portfolio overlap with SAP that an ISV has, the less likely
that the ISV will join the SAP’s platform ecosystem. We find that hypothesis H5 is supported. As an
ISV’s product overlap with SAP increases by 1%, its likelihood of partnering with SAP decreases by
1—exp(.01x(-.97)) =.96% .

Among the controls, the results suggest the funding sources of ISVs do influence their inter-firm linkage
activities. Consistent with prior literature, ISVs that are backed up by venture capital are more inclined to
partner with SAP, due to their greater access to social capital, stronger bargaining power and lower
contract cost. In contrast, ISVs funded by private investment are less likely to access those resources, and

therefore have lower chance of partnering with SAP.
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6.2. Tests for Robustness

Although survival analysis is suitable for modeling event history and our specification of Cox
proportional hazard model does not impose restrictions on the baseline hazard function, there are two
possible concerns associated with our prior analyses. First, there might be firm-specific unobserved
heterogeneity that is correlated with the dependent variable which could lead to inconsistent estimates.
For example, better managed or more innovative firms could both have more copyrights and trademarks
and also be more likely to partner. Second, our measurements of IP protection using patents and
copyrights stocks may be correlated with unobserved drivers of a firm’s innovative capability and
propensity for adopting formal IP protection strategies. Using a fixed effects model could effectively

remove any bias caused by any source of time-invariant unobserved firm-specific heterogeneity.

Table 3 presents the results of estimating a standard fixed effects (‘within firm’) model. Comparing the
results with those of Table 2, we actually find stronger support for Hypothesis 1, as a significant positive
effect is identified for patent stocks after controlling for time-invariant innovation capabilities and patent
propensities. We also observe that the positive effect of patents is mainly driven by the strength of patent
protection. Indeed, when patent effectiveness is added to the model, the patent stock itself becomes

insignificant. Hypotheses 2 and 3 also hold as before.

While the results for all of our variables measuring IP appropriation are robust to the use of fixed effects,
estimates for the effects of penetration and product overlap are weaker. We speculate that this result is
driven by the fact that variation in these measures are primarily cross-sectional, while fixed effects
models only utilize the within-firm, longitudinal variation to perform the estimation. As it is well known,
this can lead to significant loss of efficiency in estimation (Greene 2002). Indeed, a between-firm panel
estimation using cross-sectional variations confirms our conjecture and demonstrates a much stronger and
significant effect of penetration and product overlap (between estimation results are available upon

request).
[Insert Table 3 about here]

We further explore the robustness of our findings through several alternative models and measurements of
the independent variables. In column 1 of Table 4 we present results of our baseline Cox hazard model
using raw counts of stocks of patents and scientific publications that are unweighted by forward citations.
While the measurement of product overlap is normalized by 1ISVs’ product portfolios in Table 2 and 3, the
variable may not capture the extent to which SAP perceives the ISV as a competitor. We replace the
variable by normalizing it using SAP’s product portfolio and present the results in Column 2 of Table 4.

In both cases we find the set of results is similar to those in Table 2.
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Although Cox hazard model has been commonly used in the literature because of its flexibility, the
estimates are not always efficient when compared with full parametric models, if the underlining baseline
hazard function is known (Cameron and Trivedi 2005). In column 3 of Table 4 we present the results
from the most commonly used parametric model, the exponential hazard model. Similar results are found
as in the Cox proportional hazard model. We also extend the exponential model to account for
unobserved heterogeneity, as there could be potential omitted variables that influence alliance formation
and which are correlated with the independent variables. Empirically this amounts to the inclusion of a
multiplicative idiosyncratic factor, known as a frailty, to the hazard function specification (Bruce et al.
2004, Cameron and Trivedi 2005). The unobserved heterogeneity is usually assumed to be gamma or
inverse-Gaussian distributed. We present the results of an exponential hazard model with inverse-
Gaussian frailty in column 4 of Table 4. The likelihood ratio test for heterogeneity does not reject the null
of no heterogeneity (p=.304), indicating that our set of explanatory variables is sufficiently inclusive. The

different models listed in Table 4 provide further evidence of the robustness of our results.

[Insert Table 4 about here]
7. Discussion and Conclusion

7.1. Summary of Results and Managerial Implications

Innovation ecosystems have long existed in the computer software industry. Surprisingly, there has been a
paucity of empirical studies that examine the incentives and antecedents of the formation of such
ecosystems from the perspective of its participants. Our study uses a simple model to illustrate the
facilitators of and barriers to an ISV’s partnering with a platform owner in the enterprise software
industry. We present robust empirical evidence that ISVs with better legal protections through intellectual
property rights and those with stronger downstream marketing capabilities are more likely to partner.
Interestingly, protection of upstream capabilities using formal IPRs and downstream appropriation
protection through marketing capabilities substitute for each other in shaping the payoff to partnering.
Increases in the size of the platform owner’s installed base also increase the payoff to partnering. Further,
when the ISV and the platform owner compete in similar markets, the risks of platform owner entry

discourages such partnership.

We envision several broad implications of our empirical findings for platform sponsors as well as
participants in the platform ecosystem. First, while certification from a major platform owner may
provide the ISV with a larger market access, endorsement effect and enhance its social and technical
legitimacy (Chellappa and Saraf forthcoming), the ISV may bear considerable knowledge expropriation

risks during the process if both IP protection is weak and if the ISV does not possess strong downstream
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capabilities. In addition, ISVs that compete with the platform owner in multiple product markets should
be cautious about proceeding with such a partnership. Finally, for a platform owner that focuses on
fostering the rapid growth of its ecosystem to capture the indirect network effect and promoting the
platform as de facto industry standard, understanding the incentives and reservations of its
complementary product providers is of paramount importance, and building proper governance
mechanisms that alleviates its partners’ expropriation concerns could be conducive to the shared success
of the community (Gawer and Henderson 2007). Surprisingly, our findings suggest that a strong, well-
functioning IPR regime not only protects complementors from expropriation risks, but also work to the
benefit of platform owner in that it encourages the provision of complementary innovation that is based

on the platform.

Our results also have implications for where ecosystems are most likely to arise. Ecosystems will be less
likely to arise among firms with little formal means of IPR protection and, in particular, will be less likely
where the protection afforded by patents is weak. They will be relatively more common when
complementors are more effectively able to secure their innovations through copyrights, patents, and
downstream capabilities, and when the products of platform owner and complementor do not directly

compete.

Although our research is set in the enterprise software industry, we note that the implications could be
applied to more general contexts which involve the relationship between a technology platform and
complementary application provision. For example, in the media player software market, WINAMP was
among the first to release Windows-based mp3 players, and RealPlayer was the first Windows-based
media player capable of streaming media over the Internet. However, with their innovation unprotected,
Microsoft eventually invaded their product space with its introduction of built-in Windows Media Player,
and squeezed both into oblivion. In contrast, Windows-based iTunes, released by Apple at a later stage,
enjoyed great success, largely due to Apple’s ownership of downstream complementary capabilities: a

dominant position in content provision and a large, loyal customer base of its mobile media player, iPod.

7.2. Limitations and Future Research

Although patents and copyrights appear as effective measures of IP protection, we acknowledge our
limited ability to disentangle the effects of innovation from IPR protection on partnership formation, as
firms in different industry segments may face different levels of strength of legal IPR mechanisms and
have different propensities for employing patents, copyrights, trade secrecy, lead time advantage and
other informal innovation protection alternatives (Cohen et al. 2000). For example, prior studies have
documented that the patent propensity rate varies dramatically across industries, with firms in textiles on

average patenting less than 10% of their innovations while pharmaceutical firms have a patent rate of
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more than 80% (Arundel and Kabla 1998; Cohen et al. 2000). Although firms in the industry of interest in
this study, enterprise software, are relatively homogeneous, it is possible that patent and copyright
propensity varies according to firm size (Brouwer and Kleinknecht 1999), relative effectiveness of patents
and copyrights within software submarkets (Arora et al. 2008, Mann and Sager 2007), or characteristics
of the technology (Hall and Ziedonis 2001). We address this issue by including scientific publications of
ISVs as a measure of (unprotected) innovation, by using fixed effects models to remove time-invariant
factors that may contribute to patent filing, and by explicitly controlling for the strength of patent

protection using a survey-based measure.

Another limitation of this study is that we focus on the dyadic relationship between an ISV and the
platform owner, while theory and research have advanced to analyze conduct and performance of firms
by examining the network relationships in which they are embedded (Bae and Martin 2004, Goerzen and
Beamish 2005). In cases that multiple platforms and standards coexist in certain industries, firms face
substitutable alliance partners from which they can draw complementary resources from (Bae and Martin
2004). Particularly in enterprise software, studies of what determines small ISVs to choose or join
different platforms sponsored by dominant incumbents such as SAP or Oracle, and how firm
performances are conditioned on their structural positions inside the partnership network would provide a
much richer understanding of the ecosystem evolution than treating the partnership decision as binary

choices.

There is plenty of room for further research on the topic of ecosystem of enterprise software. Particularly,
it is unclear through what mechanisms the partnering 1SVs extract relational rent from such inter-firm
exchange and how their post-partnership financial performance and exit strategies differ from non-
participants. In addition, the roles of other ecosystem constituents such as customers, implementation

partners and consulting companies remain largely unexplored and call for further investigation.
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Table 1 Summary Statistics and Correlation Matrix

Variable Mean  Std. Dev. Min Max 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 Partner;; 0006 0078 0 1 1.000
2 Patents;y 0.138 0682 0 13 0.028 1.000
3 Patent effectiveness;;;1.028 0239 1 5 0.047 0.472 1.000
4 Copyrights; 4 2.031 13187 0 498 0.010 0.009 0.003 1.000
5 Trademarks;; 0.806 2.009 0 23 0.061 0.334 0.126 0.279 1.000
6 SAP penetration;;; 0.226 0.153 0 0.932 0.023 0.092 0.027 0.007 0.089 1.000
7 Productoverlap;;; 0418 0327 0 1 -0.026 -0.046 -0.024 -0.014 -0.073 -0.115 1.000
8 Ageir1 12947 5680 0 24 -0.049 -0.111 -0.096 0.069 0.005 0.045 0.022 1.000
9 Sales;y; (millions)  6.967 13980 0 169 0.077 0.213 0.124 0.292 0.356 0.032 -0.032 -0.044 1.000
10 Public; 4 0058 0233 0 1 0.032 0.227 0.122 0.062 0.213 0.022 -0.031 -0.047 0.403 1.000
11 Cinvest; 0041 0198 0 1 0.014 0.042 0.003 -0.021 0.045 0.023 0.015 -0.115 0.113 0.054 1.000
12 Pinvest; 4 0520 0500 0 1 -0.037 -0.042 -0.039 -0.011 -0.050 0.024 0.029 -0.146 -0.095 -0.027 -0.061 1.000
13 Vinvest; ., 0.114 0318 0 1 0.079 0.121 0.071 -0.008 0.104 0.109 0.017 -0.332 0.152 0.138 0.073 -0.070 1.000
14 Publication; ., 0.616 5532 0 137 0.000 -0.003 -0.004 0.000 0.032 0.039 0.005 0.045 0.052 0.079 -0.015 -0.018 0.040 1.000

Notes. Number of firms: 1201; Number of observations: 6381.
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Table 2 Survival Analysis, Cox Proportional Hazard Model

Variables (1) (2) (3) (4) (5)
Patent 0.158 0.279* 0.226 0.124 -0.0217
(0.104) (0.153) (0.157) (0.169) (0.204)
Patent effectiveness 1.826*
(1.103)
Copyrights 0.142 0.569***  0.607*** 0.658*** 0.663***
(0.156) (0.208) (0.212) (0.219) (0.219)
Trademarks 0.803***  1.276***  1.205*** 0.922*** 0.929***
(0.213) (0.256) (0.257) (0.294) (0.292)
Patents x Trademarks -0.121 -0.107 -0.0755 -0.0463
(0.0997) (0.0992) (0.109) (0.110)
Copyrights x Trademarks -0.465** -0.485** -0.567*** -0.571***
(0.200) (0.200) (0.211) (0.208)
SAP penetration 3.417%** 2.709** 2.790**
(1.212) (1.322) (1.342)
Multiple industry 0.880** 0.825** 0.832**
(0.393) (0.384) (0.386)
Product overlap -0.601 -0.941* -0.970*
(0.531) (0.547) (0.550)
Public -0.595 -0.570
(0.540) (0.539)
Age -0.106 -0.110
(0.119) (0.120)
Age? 0.00245 0.00259
(0.00539) (0.00539)
Sales 0.650*** 0.648***
(0.174) (0.172)
Corporate invest 0.110 0.111
(0.627) (0.627)
Private invest -0.702* -0.731*
(0.373) (0.375)
VC invest 0.945** 0.924**
(0.374) (0.376)
Publication 0.259 0.157 0.111 0.140 0.173
(0.327) (0.341) (0.367) (0.384) (0.379)
No. of firms 1201 1201 1201 1201 1201
Observations 6381 6381 6381 6381 6381
Log likelihood -250.99388 -247.01567 -240.66373 -221.04926 -219.83565

Notes. Standard errors in parentheses.

**% < 0.01; ** p < 0.05; * p < 0.1.
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Table 3 Linear Probability Model, Fixed Effects Estimation

Variables (1) (2) (3) (4) (5)
Patents 0.00859***  0.00910***  0.00872***  (0.00717** 0.00485
(0.00295) (0.00331) (0.00331) (0.00335) (0.00350)
Patent effectiveness 0.0291**
(0.0129)
Copyrights 0.0120*** 0.0199*** 0.0197*** 0.0184*** 0.0184***
(0.00414) (0.00503) (0.00503) (0.00505) (0.00504)
Trademarks 0.00620* 0.0118*** 0.0115%** 0.0102** 0.0104***
(0.00322) (0.00392) (0.00393) (0.00399) (0.00399)
Patents x Trademarks -0.000771 -0.000748 -0.00165 -0.000822
(0.00177) (0.00177) (0.00178) (0.00181)
Copyrights x Trademarks -0.00675***  -0.00660***  -0.00608** -0.00645**
(0.00254) (0.00254) (0.00255) (0.00255)
SAP penetration 0.0149 0.0145 0.0149
(0.0144) (0.0144) (0.0144)
Multiple industry - - -
Product overlap 0.0118 0.0106 0.0103
(0.00738) (0.00749) (0.00748)
Public 0.0506*** 0.0499***
(0.0130) (0.0130)
Age 0.00323* 0.00337**
(0.00167) (0.00167)
Age? -9.09e-05**  -9.45e-05%*
(4.27e-05) (4.27e-05)
Sales -0.000844 -0.000648
(0.00266) (0.00266)
Corporate invest -0.0167 -0.0149
(0.0131) (0.0131)
Private invest -0.00249 -0.00255
(0.00638) (0.00638)
VC invest 0.00228 0.00335
(0.00994) (0.00994)
Publication 0.0242*** 0.0235*** 0.0234** 0.0244*** 0.0242***
(0.00910) (0.00910) (0.00910) (0.00918) (0.00918)
Constant 0.00501 0.00158 -0.00835 -0.0317 -0.0531**
(0.00350) (0.00372) (0.00671) (0.0240) (0.0258)
Year dummies yes yes yes yes yes
No. of firms 1201 1201 1201 1201 1201
Observations 6381 6381 6381 6381 6381
R? (with fixed effects) 0.5018 0.5026 0.5029 0.5052 0.5057

Notes. Standard errors in parentheses.

**% < 0.01; ** p < 0.05; * p <0.1.
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Table 4 Alternative Measures and Models
1) (2) 3) 4)

Variables Alternative measure Alternative measure Exponential hazard Exponential hazard
of patent and of product overlap model with unobserved
publications  (normalized by SAP) heterogeneity
(unweighted)

Patents 0.0549 0.119 0.103 0.113
(0.666) (0.171) (0.169) (0.183)
Copyrights 0.660*** 0.683*** 0.693*** 0.764***
(0.221) (0.222) (0.216) (0.283)
Trademarks 0.925*** 0.909*** 0.903*** 0.987***
(0.289) (0.296) (0.297) (0.352)
Patents x Trademarks -0.156 -0.0812 -0.0892 -0.101
(0.403) (0.109) (0.109) (0.124)
Copyrights x Trademarks -0.570*** -0.567*** -0.619*** -0.654***
(0.210) (0.211) (0.215) (0.245)
SAP penetration 2.778** 2.638** 1.983* 2.191*
(1.319) (1.329) (1.135) (1.297)
Multiple industry 0.841** 0.807** 0.748** 0.800**
(0.383) (0.384) (0.368) (0.406)
Product overlap -0.900* -2.323** -1.002* -1.088*
(0.546) (0.975) (0.534) (0.602)
Public -0.541 -0.530 -0.538 -0.540
(0.527) (0.543) (0.537) (0.616)
Age -0.118 -0.0989 -0.163 -0.167
(0.119) (0.120) (0.114) (0.125)
Age? 0.00270 0.00216 0.00358 0.00331
(0.00539) (0.00545) (0.00502) (0.00559)
Sales 0.632*** 0.683*** 0.634*** 0.673***
(0.173) (0.177) (0.173) (0.198)
Corporate invest 0.140 0.0565 -0.0134 0.0136
(0.626) (0.628) (0.631) (0.707)
Private invest -0.749** -0.717* -0.773** -0.830**
(0.375) (0.374) (0.375) (0.411)
VC invest 0.903** 0.926** 0.876** 0.902**
(0.371) (0.373) (0.381) (0.417)
Publication 0.225 0.138 0.140 0.142
(0.255) (0.379) (0.371) (0.421)
Constant -6.360*** -6.455%**
(0.874) (0.955)
No. of firms 1201 1201 1201 1201
Observations 6381 6381 6381 6381
Log likelihood -220.90356 -219.36468 -157.44985 -157.31881

Notes. Standard errors in parentheses.
***p<0.01; ** p<0.05;*p<0.1
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Appendix A. Partnering to Achieve Platform Compatibility: A Simple Model

We present a simple multi-stage game to formalize the payoff structure related to an ISV’s decision to
join a platform ecosystem and to motivate our hypotheses. The model is adapted from Gans et al. (2002)
and involves a start-up ISV and a platform owner. The ISV is endowed with an invention and embeds the
invention into a software product. It faces a choice of going to the market alone or forming a partnership
with the platform owner, and therefore gaining access to a larger market. In order to sell to the platform
owner’s installed base the ISV must go through the certification process. Let 8 be the strength of IPR
protection for the ISV. That is, in case the invention is imitated or invented around by a competitor, the
ISV has probability 6 of enforcing its IPR successfully (that is, deterring entry). Let T denote the ISV’s
downstream complementary capabilities, C denote the intensity of competition between the platform
owner and the ISV in the application product market, and P denote the platform owner’s penetration into

the ISV’s target industries.

Figure Al illustrates the sequence of the game. If the ISV goes to market alone (i.e., does not join the
platform), it enjoys a profit . in a relatively small market. However there is a probability p™ that the
platform owner imitates its innovation (e.g., by reverse engineering) and enters the ISV’s application
market. If the ISV is unsuccessful in defending its IPR, the ISV incurs a profit loss A,(C,T) with
probability (1-6) from its current market. Otherwise the ISV maintains its current position with

probability 8. Therefore the expected profit of the ISV if it chooses not to join the platform is

"t =m, —Ap"(1 - 0). 1)

The ISV can also partner with the platform owner to tap into the customer base of the latter. Denote the
additional profit the ISV enjoys from accessing the platform owner’s installed base by n,(C,P,T). We

assume 7, is decreasing in the intensity of product market competition between the platform owner and

the ISV (% < 0), increasing in the platform’s penetration into the 1ISV’s target industries (% > 0),

and an ISV with strong downstream capabilities is more successful in extracting additional profits from
the platform owner’s installed base (% > 0). By going through the product certification process, an ISV

may have to disclose product design information to the platform owner. Therefore the platform owner has
a higher probability, p¥ > p™, of successfully imitating the innovation. Similarly the ISV has a
probability 6 of successfully enforcing its IPR in this case. In addition, if the platform owner imitates the
innovation and the ISV is unsuccessful in defending its IPR, the ISV suffers a profit loss from both the
platform owner’s installed base A;(C, T) and its own market A,(C,T). We assume the ISV’s losses from

both its own market and the platform owner’s installed base are decreasing in the strength of the ISV’s
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downstream complementary capabilities, while they are increasing in the intensity of product market

Pe g s o e ) s

competition between the platform owner and the ISV. That is, o < 0, o < 0, e 0, 5 > 0. The
expected profit of the ISV by joining the platform is
Y =1, + 1, — (A, + AHpY (1 — 6). 2)

The ISV chooses to partner as long as #¥ — ™ > 0. Let the relative benefit of joining the platform

ecosystem be

S=mn¥—n" =1 — A (p” —p™)(1 = 0) = A;p¥(1 - 6). 3)

Figure A1: The ISV’s Payoffs

ISV decision
Go alone Join platform
Platform owner imitates Platform owner imitates
innovation innovation
with probability p" with probability p”
No Yes Ko Yoz
ISV enforces IP ISV enforces IP
. with probability © T+l with probability 8
Success Fail Suctess Eail
e ne'ﬂ"e ne+1T'5 1Ta+.|-rs'ﬁe'ﬁi
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Taking partial derivatives of S with respect to the ISV’s IPR strength, downstream complementary
capabilities, their interactions, the platform’s penetration into the ISV’s target industries, and intensity of

product market competition between the ISV and the platform owner, it is straightforward to see that

S
55 = 8@ —p") + Ap” > 0 (4)
Z_7S"=E;T;“S_E;él"e(py_pn)(l_6)_(1351)3](1_6)>O (5)
a%ZaST = (Z')ATe (”=p") + (Z')ATS pY <0 ©
=0 0
Z_iz‘;?_?ce(py_pn)(1—9)—%ACSpy(1—6)<0 (8)

(4) — (8) correspond to the five hypotheses H1 — H5, respectively, that we proposed in the main text.

Further, it is straightforward to show that these results continue to hold or are strengthened if downstream
complementary capabilities or intensity of product market competition between the ISV and the platform

owner also affect the probability that the platform owner imitates the ISV’s innovation by assuming

apY _ op™ apY _ op™ . . . . . T
RN 0, S 2 0 2 0. Essentially, these assumptions state that: the additional risk of imitation

(p¥ — p™) due to partnering is (1) non-increasing in T, and (2) non-decreasing in C. Specifically, we have

as  om, a4, aA,
O _ 0T _ Y _ ™) (1 — 0) — Y1 —
=31 ar @ ~PIA-6)-—-p’(1-6)
51
0% PN oy -a. 2% 16y >0 ©
e\or ~or )t~ -4 A-0>
928 aA, dA opY ap" ap¥
— y —_— n y — e - 1
a6aT ot P TP T or P +A3<ar 6T>+AS o <0 ©)
as  am, A, aA,
- = — Yy _pn — — y —
Cc-ac ac @b )1 -6) c P 1-0)
dp” odp" dp” (8"
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Appendix B. Data Appendix

B.1. Identifying the Sample

To construct a representative sample of ISVs that are likely to form partnerships with SAP, we compare
the product characteristics between existing SAP partners and those in the CorpTech data set. The first
step involves retrieving a complete list of SAP’s current software partners. SAP publishes the directory of
all its certified partners as well as their solution offerings on its Internet portal,® and a search using the
terms “Country: United States” and “Partner Category: Independent Software Vendor” yields a list of
411 software firms that are existing SAP partners. Comparing this list with the CorpTech directory
generates 206 matching records. One of the key advantages of the CorpTech database is that it records the
product portfolio of each company and classifies the products using a product classification system.® We
retrieve the distinct 2-digit level product classification codes of the 206 existing SAP software partners,
and identify the most frequent software product codes in the product portfolio of the partnering firms.
Two product codes, SOF-MA (manufacturing software, 61 firms) and SOF-WD
(warehousing/distribution software, 44 firms), emerge as the leading products that partnering firms
produce. We subsequently define our sample as firms that operate in the United States, with primary
industry of computer software (identified by CorpTech’s company primary industry code “SOF”), and
that have ever produced SOF-MA or SOF-WD products during the sampling period. The query generates
2175 ISVs from the CorpTech database.

B.2. Identifying Partnerships

We use the search term “COMPANY(SAP) and COMPANY(XYZ) and BODY(certification or certify or
certified or partner or partnership or alliance)” 10 search against the Lexis/Nexis news wire services
database to identify partnerships, where “XYZ” is replaced by the ISV’s name. For a random sample (60
firms) of the 411 existing SAP partners, we are able to find a matching news release for over 98% of the
firms, which confirms the validity of using press releases to determine the formation of alliances. We
subsequently apply the same algorithm to our sample universe and retrieve 148 alliance events between
sample ISVs and SAP. It is notable that there has been no such alliance activity prior to 1996. We further
exclude pure joint development, marketing or distribution alliances and alliances after 2005 from the list.
In addition, for ISVs that have multiple SAP alliance press releases (due to certification for multiple
products, new versions of same product, or different interface certifications), we use the first such event

as the time the ISV joins SAP’s platform ecosystem.

8 http://www.sap.com/ecosystem/customers/directories/searchpartner.epx
° CorpTech uses a proprietary, 3-digit level product classification system. For example, a product coded as “AUT-
AT-DA” means “factory automation”-“automatic test equipment”-“analog/digital component”.
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B.3. Identifying Trademarks

For each trademark listed on the USPTO database, a Live/Dead indicator is assigned, which could be
Registered, Pending or Dead. Dead marks may have been abandoned, cancelled, or may have expired.
Application abandonment usually happens as a result of failure to respond to an Office Action or a Notice
of Allowance. Canceled trademarks are due to the registrant's failure to file the required continued use
affidavit under Section 8 of the Trademark Act. An expired trademark results from the registrant’s failure
to renew the trademark registration at the end of the registration period. To construct the trademark
variable, we first retrieve all the trademark records for the sample I1SVs, including pending and dead
records. The next step involves devising a search term to be applied to the “goods and services”
description of trademark records to retain only the software trademarks.’® Afterwards, we determine the
life span of each trademark to derive the active trademarks for each firm-year. Pending and abandoned
trademarks are removed as a formal trademark registration is never granted. For canceled trademarks,
registration date and cancelation date are used to determine the life span. For expired trademarks, we
calculate the expiration date as 10 years after the registration date, or 10 years after the latest renewal date

if there has been any renewal record for the trademark.

B.4. Measuring the Penetration Rate for Industries Served by the ISV

We compute the penetration rates for industries in the SAP “master code” industry classification system,
which is composed of indicators for 33 vertical industries (e.g., aerospace & defense, banking, and
chemical, to name a few). We match the SAP master codes with the Standard Industrial Classification
(SIC) codes provided for each firm in the CI database (the match table is available from the authors upon
request). We calculate the employee-weighted penetration rate in the CI universe of firms for each master
code-year as a measure of the size of SAP’s network. Next, we read the target industries description of
our ISVs and create master code dummies for each of them (CorpTech has a field that describes the
industries that a firm sells its product and service to). Variable target industry penetration is defined as
the average of SAP penetration rate across all the industries that a particular ISV serves. However, for a
small portion of the ISVs, the CorpTech database does not give an explicit target industry description, but
rather describe the firm as “selling products and services to multiple industries”. In that case, we use the
average SAP penetration rate across all 33 industries to compute the penetration variable. We also create
an indicator variable multiple industry to control for potential bias introduced by this coding. The variable

is set to 1 if a firm’s precise target industry is not given in CorpTech.

19 After thorough content analysis of 100 software trademarks, we construct the key words as: “computer application” or
“computer software” or “computer program” or “operating software” or “business application” or “software application” or

“application software” or “enterprise system” or “accounting system” or “application program”.

30



References

Adner, R. 2006. Match your innovation strategy to your innovation ecosystem. Harvard Business Review.
84(4) 98-107.

Adomavicius, G., J.C. Bockstedt, A. Gupta, R.J. Kauffman. 2007. Technology roles and paths of
influence in an ecosystem model of technology evolution. Information Technology and
Management. 8(2) 185-202.

Aral, S., E. Brynjolfsson, D.J. Wu. 2008. Which came first, IT or productivity? Virtuous cycle of

investment and use in enterprise systems. SSRN, http://ssrn.com/paper=942291.

Arora, A., M. Ceccagnoli. 2006. Patent protection, complementary assets, and firms' incentives for
technology licensing. Management Science. 52(2) 293-308.

Arora, A., M. Ceccagnoli, W.M. Cohen. 2008. R&D and the patent premium. International Journal of
Industrial Organization. 26(5) 1153-1179.

Arora, A., A. Fosfuri, A. Gambardella. 2001. Markets for Technology: The Economics of Innovation and
Corporate Strategy. The MIT Press, Cambridge, MA.

Arora, A., A. Nandkumar. 2008. Securing their future? Markets for technology and survival in the
information security industry. Working paper, Duke University.

Arundel, A., I. Kabla. 1998. What percentage of innovations are patented? Empirical estimates for
european firms. Research Policy. 27(2) 127-141.

Bae, J., G. Martin. 2004. Partner substitutability, alliance network structure, and firm profitability in the
telecommunications industry. Academy of Management Journal. 47(6) 843-859.

Barney, J. 1991. Firm resources and sustained competitive advantage. Journal of Management. 17(1) 99-
120.

BasWare. 2005. Basware achieves SAP certification,

http://www.basware.com/News and Events/News/Pages/BasWareAchievesSAPCertification.asp

X.

Besen, S.M., J. Farrell. 1994. Choosing how to compete: Strategies and tactics in standardization.
Journal of Economic Perspectives. 8(2) 117-131.

Bessen, J.E., R.M. Hunt. 2004. An empirical look at software patents. SSRN,

http://ssrn.com/paper=461701.

Boudreau, K. 2007. Does opening a platform stimulate innovation? The effect on systemic and modular

innovations. SSRN, http://ssrn.com/paper=913402.

Bresnahan, T.F., S. Greenstein. 1999. Technological competition and the structure of the computer
industry. Journal of Industrial Economics. 47(1) 1-40.

31



Bresser, R.K.F. 1988. Matching collective and competitive strategies. Strategic Management Journal.
9(4) 375-385.

Brouwer, E., A. Kleinknecht. 1999. Innovative output, and a firm's propensity to patent: An exploration
of CIS micro data. Research Policy. 28(6) 615-624.

Brown, J.S., P. Duguid. 2001. Knowledge and organization: A social-practice perspective. Organization
Science. 12(2) 198-213.

Bruce, D., K. Barbour, A. Thacker. 2004. Welfare program reentry among postreform leavers. Southern
Economic Journal. 70(4) 816-836.

Brynjolfsson, E., L.M. Hitt. 2003. Computing productivity: Firm-level evidence. Review of Economics
and Statistics. 85(4) 793-808.

Brynjolfsson, E., C.F. Kemerer. 1996. Network externalities in microcomputer software: An econometric
analysis of the spreadsheet market. Management Science. 42(12) 1627-1647.

Cameron, A.C., P.K. Trivedi. 2005. Microeconometrics: Methods and applications. Cambridge
University Press; New York.

Casadesus-Masanell, R., D. Yoffie. 2007. Wintel: Cooperation and conflict. Management Science. 53(4)
584-598.

Ceccagnoli, M., F.T. Rothaermel. 2008. Appropriating the returns from innovation. G.D. Libecap, M.C.
Thursby, eds. Technological Innovation: Generating Economic Results, Elsevier, 11-34.

Chellappa, R.K., N. Saraf. forthcoming. Alliances, rivalry and firm performance in enterprise systems
software markets: A social network approach. Information Systems Research.

Choi, J.P., C. Stefanadis. 2001. Tying, investment, and the dynamic leverage theory. RAND Journal of
Economics. 32(1) 52-71.

Cockburn, I.M., M. MacGarvie. 2006. Entry, exit and patenting in the software industry. SSRN,
http://ssrn.com/paper=934758.

Cohen, W.M., R.R. Nelson, J.P. Walsh. 2000. Protecting their intellectual assets: Appropriability

conditions and why U.S. manufacturing firms patent (or not). http://www.nber.org/papers/w7552.

Colombo, M.G., L. Grilli, E. Piva. 2006. In search of complementary assets: The determinants of alliance
formation of high-tech start-ups. Research Policy. 35(8) 1166-1199.

Cotteleer, M.J., E. Bendoly. 2006. Order lead-time improvement following enterprise information
technology implementation: An empirical study. MIS Quarterly. 30(3) 643-660.

Cottrell, T., B.R. Nault. 2004. Product variety and firm survival in the microcomputer software industry.
Strategic Management Journal. 25(10) 1005-1025.

David, P.A., S. Greenstein. 1990. The economics of compatibility standards: An introduction to recent

research. Economics of Innovation and New Technology. 1(1) 3-41.

32



Dechenaux, E., B. Goldfarb, S. Shane, M. Thursby. 2008. Appropriability and commercialization:
Evidence from MIT inventions. Management Science. 54(5) 893-906.

Dewan, S., C. Shi, V. Gurbaxani. 2007. Investigating the risk return relationship of information
technology investment: Firm-level empirical analysis. Management Science. 53(12) 1829-1842.

Eisenmann, T.R., G. Parker, M.W. Van Alstyne. 2007. Platform envelopment. SSRN,
http://ssrn.com/paper=996852.

Eisenmann, T.R., G. Parker, M.W. Van Alstyne. 2008. Opening platforms: How, when and why? SSRN,
http://ssrn.com/paper=1264012.

Evans, D.S., A. Hagiu, R. Schmalensee. 2006. Invisible Engines: How Software Platforms Drive
Innovation and Transform Industries. MIT Press, Cambridge, MA.

Farrell, J., Michael L. Katz. 2000. Innovation, rent extraction, and integration in systems markets. Journal
of Industrial Economics. 48(4) 413-432.

Forman, C., A. Ghose, A. Goldfarb. 2009. Competition between local and electronic markets: How the
benefit of buying online depends on where you live. Management Science. 55(1) 47-57.

Forman, C., A. Goldfarb, S. Greenstein. 2005. How did location affect adoption of the commercial
Internet? Global village vs. urban leadership. Journal of Urban Economics. 58(3) 389-420.

Fosfuri, A., M.S. Giarratana, A. Luzzi. 2008. The penguin has entered the building: The
commercialization of open source software products. Organization Science. 19(2) 292-305.

Friedman, D.A., W.M. Landes. 1991. Some economics of trade secret law. Journal of Economic
Perspectives. 5(1) 61-72.

Gallaugher, J.M., Y.-M. Wang. 2002. Understanding network effects in software markets: Evidence from
web server pricing. MIS Quarterly. 26(4) 303-327.

Gambardella, A., M. Giarratana. 2008. General technologies, product-market fragmentation, and markets
for technology: Evidence from the software security industry. Working paper, Bocconi
University, Milan, Italy.

Gandal, N. 1995. Competing compatibility standards and network externalities in the PC software market.
Review of Economics and Statistics. 77(4) 599-608.

Gans, J.S., D.H. Hsu, S. Stern. 2002. When does start-up innovation spur the gale of creative destruction?
RAND Journal of Economics. 33(4) 571-586.

Gans, J.S., S. Stern. 2003. The product market and the market for "ideas": Commercialization strategies
for technology entrepreneurs. Research Policy. 32(2) 333-350.

Gao, G., L.M. Hitt. 2005. Information technology and product variety: Evidence from panel data. Twenty-

Fifth International Conference on Information Systems.

33



Gawer, A., M.A. Cusumano. 2002. Platform Leadership: How Intel, Microsoft, and Cisco Drive Industry
Innovation. Harvard Business School Press, Boston, MA.

Gawer, A., R. Henderson. 2007. Platform owner entry and innovation in complementary markets:
Evidence from Intel. Journal of Economics & Management Strategy. 16(1) 1-34.

Gimeno, J. 2004. Competition within and between networks: The contingent effect of competitive
embeddedness on alliance formation. Academy of Management Journal. 47(6) 820-842.

Goerzen, A., P.W. Beamish. 2005. The effect of alliance network diversity on multinational enterprise
performance. Strategic Management Journal. 26(4) 333-354.

Gowrisankaran, G., J. Stavins. 2004. Network externalities and technology adoption: Lessons from
electronic payments. RAND Journal of Economics. 35(2) 260-276.

Graham, S., D. Mowery. 2003. Intellectual property protection in the us software industry. W.M. Cohen,
S.A. Merrill, eds. Patents in the Knowledge-based Economy, National Academies Press.
Graham, S., D. Mowery. 2006. Intellectual property rights in the software industry: Implications for open

innovation. H. Chesbrough, W. Vanhervebeke, J. West, eds. Open Innovation: Researching a
New Paradigm, Oxford Publishers, 184-204.
Graham, S.J., D. Somaya. 2006. Vermeers and rembrandts in the same attic: Complementarity between

copyright and trademark leveraging strategies in software. SSRN, http://ssrn.com/paper=887484.

Graham, S.J.H., R.P. Merges, P. Samuelson, T.M. Sichelman. 2009. High technology entrepreneurs and
the patent system: Results of the 2008 Berkeley patent survey. Working paper, Georgia Institute
of Technology, Atlanta, GA.

Greene, W.H. 2002. Econometric Analysis, 5th edition. Prentice Hall.

Griliches, Z. 1990. Patent statistics as economic indicators: A survey. Journal of Economic Literature.
28(4) 1661-1707.

Hall, B.H., A.B. Jaffe, M. Trajtenberg. 2001. The NBER patent citations data file: Lessons, insights and
methodological tools. SSRN, http://ssrn.com/paper=296162.

Hall, B.H., M. MacGarvie. 2006. The private value of software patents. SSRN,
http://ssrn.com/paper=900981.

Hall, B.H., R.H. Ziedonis. 2001. The patent paradox revisited: An empirical study of patenting in the U.S.
semiconductor industry, 1979-1995. RAND Journal of Economics. 32(1) 101-128.

Hamel, G., Y.L. Doz, C.K. Prahalad. 1989. Collaborate with your competitors--and win. Harvard
Business Review. 67(1) 133-139.

Heeb, R. 2003. Innovation and vertical integration in complementary markets. Journal of Economics &
Management Strategy. 12(3) 387-417.

34



Heiman, B.A., J.A. Nickerson. 2004. Empirical evidence regarding the tension between knowledge
sharing and knowledge expropriation in collaborations. Managerial and Decision Economics.
25(6-7) 401-420.

Hendricks, K.B., V.R. Singhal, J.K. Stratman. 2007. The impact of enterprise systems on corporate
performance: A study of ERP, SCM, and CRM system implementations. Journal of Operations
Management. 25(1) 65-82.

Hitt, L.M., D.J. Wu, X.G. Zhou. 2002. Investment in enterprise resource planning: Business impact and
productivity measures. Journal of Management Information Systems. 19(1) 71-98.

Horstmann, 1., G.M. MacDonald, A. Slivinski. 1985. Patents as information transfer mechanisms: To
patent or (maybe) not to patent. The Journal of Political Economy. 93(5) 837-858.

lansiti, M., R. Levien. 2004. The Keystone Advantage: What the New Dynamics of Business Ecosystems
Mean for Strategy, Innovation, and Sustainability. Harvard Business School Press, Boston.

Jung, T. 2009. Uses and non-uses of patented inventions. Unpublished PhD dissertation, Georgia Institute
of Technology.

Khanna, T., R. Gulati, N. Nohria. 1998. The dynamics of learning alliances: Competition, cooperation,
and relative scope. Strategic Management Journal. 19(3) 193-210.

Knowledge@Wharton. 2006. Henning kagermann: Balancing change and stability in the evolution of
SAP’s enterprise software platform. Retrieved July 14, 2009,

http://knowledge.wharton.upenn.edu/article.cfm?articleid=1571.

Kogut, B. 1989. The stability of joint ventures: Reciprocity and competitive rivalry. Journal of Industrial
Economics. 38(2) 183-198.

Layne-Farrar, A. 2005. Defining software patents: A research field guide. AEI-Brookings Working paper
05-14, http://www.aei-brookings.com/ta_search.php.

Lee, D., H. Mendelson. 2008. Divide and conquer: Competing with free technology under network
effects. Production and Operations Management. 17(1) 12-28.

Lerner, J., F. Zhu. 2007. What is the impact of software patent shifts? Evidence from Lotus v. Borland.
International Journal of Industrial Organization. 25(3) 511-529.

Liu, C.Z., C.F. Kemerer, S. Slaughter, M.D. Smith. 2008. Standards competition in the presence of digital
conversion technology: An empirical analysis of the flash memory card market. SSRN,
http://ssrn.com/paper=1021352.

Mann, R.J., T.W. Sager. 2007. Patents, venture capital, and software start-ups. Research Policy. 36(2)
193-208.

Mantena, R., R. Sankaranarayanan, S. Viswanathan. 2007. Exclusive licensing in complementary network
industries. SSRN, http://ssrn.com/paper=979330.

35



McAfee, A. 2002. The impact of enterprise information technology adoption on operational performance:
An empirical investigation. Production and Operations Management. 11(1) 33-53.

Menell, P.S. 1989. An analysis of the scope of copyright protection for application programs. Stanford
Law Review. 41(5) 1045-1096.

Metcalfe, J.S., I. Miles. 1994. Standards, selection and variety: An evolutionary approach. Information
Economics and Policy. 6(3-4) 243-268.

Miller, A.R., C. Tucker. 2009. Privacy protection and technology diffusion: The case of electronic
medical records. Management Science. 55(7) 1077-1093.

Mowery, D.C., J.E. Oxley, B.S. Silverman. 1996. Strategic alliances and interfirm knowledge transfer.
Strategic Management Journal. 17(Winter Special Issue) 77-91.

Nalebuff, B.J., A.M. Brandenburger. 1997. Co-opetition: Competitive and cooperative business strategies
for the digital economy. Strategy & Leadership. 25(6) 28-35.

Pang, A. 2007. SAP ecosystem becomes a booming economy. IDC Research Report.

Parker, G., M.W. Van Alstyne. 2008. Managing platform ecosystems. International Conference on
Information Systems 2008 Proceedings. Paper 53, Association for Information Systems, Atlanta.

Petersen, M.A., R.G. Rajan. 1994. The benefits of lending relationships: Evidence from small business
data. Journal of Finance. 49(1) 3-37.

Puranam, P., H. Singh, M. Zollo. 2006. Organizing for innovation: Managing the coordination-autonomy
dilemma in technology acquisitions. Academy of Management Journal. 49(2) 263-280.

Rochet, J.-C., J. Tirole. 2003. Platform competition in two-sided markets. Journal of the European
Economic Association. 1(4) 990-1029.

Rothaermel, F.T., C.W.L. Hill. 2005. Technological discontinuities and complementary assets: A
longitudinal study of industry and firm performance. Organization Science. 16(1) 52-70.

SAP. 2009. Certification for products: Software certification. Retrieved July 2, 2009,
https://websmp105.sap-
ag.de/~form/ehandler?_APP=00200682500000002582&_ EVENT=DISPLAY&_HIER_KEY=50
1100035870000018382&_ HIER_KEY=601100035870000223748&_ HIER_KEY=60110003587
0000223846&.

Shan, W. 1990. An empirical analysis of organizational strategies by entrepreneurial high-technology
firms. Strategic Management Journal. 11(2) 129-139.

Suérez, F.F., J.M. Utterback. 1995. Dominant designs and the survival of firms. Strategic Management
Journal. 16(6) 415-430.

Teece, D.J. 1986. Profiting from technological innovation: Implications for integration, collaboration,

licensing and public policy. Research Policy. 15(6) 285-305.
36



Teece, D.J. 1992. Competition, cooperation, and innovation: Organizational arrangements for regimes of
rapid technological progress. Journal of Economic Behavior & Organization. 18(1) 1-25.

Von Hippel, E. 1994. "Sticky information" and the locus of problem solving: Implications for innovation.
Management Science. 40(4) 429-439.

Walsh, J.P., S. Nagaoka. 2009. How 'open’ is innovation in the U.S. and Japan? Evidence from the RIETI-
Georgia Tech inventor survey. Discussion paper series 09-E-022, RIETI.

West, J. 2003. How open is open enough? Melding proprietary and open source platform strategies.
Research Policy. 32(7) 1259-1285.

Wooldridge, J.M. 2001. Econometric Analysis of Cross Section and Panel Data. The MIT Press.

Zhu, F., M. lansiti. 2007. Dynamics of platform competition: Exploring the role of installed base,
platform quality and consumer expectations. Working paper, HBS,
http://www.hbs.edu/research/pdf/08-031.pdf.

Zhu, F., M. lansiti. 2009. Entry into platform-based markets. Working paper, Marshall School of
Business, USC.

37



