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Understanding Network Effects in Software Markets:
Evidence from Web Server Pricing

ABSTRACT

Prior theoretical research has established that many software products are subject to network effects and
exhibit the characteristics of two-sided markets. However, despite the importance of the software industry
to the world economy, few studies have attempted to empirically examine these characteristics, or several
others which theory suggests impact software price. This study develops and tests a research-grounded
model of two-sided software markets that accounts for several key factors influencing software pricing,
including network externalities, cross-market complementarities, standards, mindshare, and trialability.
Applying the model to the context of the market for web server software, several key findings are offered.
First, apositive market share to price relationship isidentified, offering support for the network
externalities hypothesis even though the market examined is based on open standards. Second, the results
suggest that the market under study behaves as atwo-sided market in that firms able to capture market
share for one product enjoy benefitsin terms of both market share and price for the complement. Third, the
positive price benefits of securing consumer mindshare, of supporting dominant standards, and from
offering atrial product are demonstrated. Last, a negative price shock is also identified in the period after a
well-known, free-pricing rival has entered the market. Nonetheless, network effects continued to remain
significant during the period. These findings enhance our understanding of software markets, offer new
techniques for examining such markets, and suggest the wisdom of allocating resources to develop
advantagesin the factors studied.

Keywords: Hedonic pricing, network effects, network externalities, composite goods, two-sided markets,
open standards, mindshare, trialability, World W ide Web server market
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Understanding Network Effects in Software Markets:
Evidence from Web Server Pricing

INTRODUCTION
Packaged software represents the third largest industry in the United States. With revenues totaling
roughly $185 billion in 2001, it is one of the fastest growing sectors worldwide (Boulton, 1999; Frye, 2000;
Rudy, 2002). The dynamics of thisindustry are quite different from conventional markets. For example,
software products are subject to network effects’ — the idea that a product will become more valuable asits
user base expands (Farrell and Saloner, 1985; Oren and Smith, 1981; Rohlfs, 1974). Also, software
products can be classified asdigital or information goodswith a corresponding theoretical marginal cost of
zero (Negroponte, 1995; Poirier, 1990). The economics of zero (or negligible) marginal cost allow
software vendors to leverage strategies such as subsidies, versioning, and trialability to a much greater
extent than vendors of conventional goods(Bakos and Brynjolfsson, 1999; Bakos, et al., 1999; Shapiro and

Varian, 1998).

Despite the importance of software to the world economy and the notion that software markets are different
from conventional markets, few studies have attempted to offer a synthesized analysis and empirical
examination of the unique forcesat work in thisindustry. Drawing heavily on the literature related to
network economics, strategic complements, and software pricing, we use the web server market as a
context to present an analysis that offers the following contributions. First, we investigate the existence of
network effects in markets heavily dependent upon open standard€. Such products represent one of the
fastest growing segments of the software industry (Nua, 1997). Littleis known, however, about the impact
of network effects on such markets. Second, we investigate a network software market that can be
characterized as atwo-sided market. Two-sided markets exist when separate constituencies or user groups
coordinate the use of different, yet complementary products (e.g., client software and server software) in
order to derive utility (Rochert and Tirole, 2001) 3. Two-sided markets represent a sizable portion of the
computer industry. For example, in terms of dollar sales, client/server technologies have been classified as
the largest category in the software industry (Cowen, 2000). Firms producing components for two-sided

markets face akey question: should they concentrate on one component (e.g., server) and let others address
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the markets for requisite, complementary components (e.g., client), or should they produce both
components? Third, we expand prior methods used to model software markets by considering additional
factorsthat theory suggests may influence such markets. Specifically, we investigate the role of mindshare
(or product awareness), product standards, trial versions, and the impact of awell-known, free-pricing firm

entering the market.

This study presents evidence of strong two-sidedness in the web software market. A positive relationship
between server market share and server price offers evidence of network externalities; while arelationship
between browser market share and server price suggests the benefit of securing market sharein
complementary products. Product awarenessis shown to be strongly related to network effectsin
establishing product-pricing advantages over rivals. Findings also demonstrate the positive price benefits
of supporting dominant standards and offering atrial product. Even though a negative price shock is
identified in the period after afree-pricing rival has entered the market, the positive influence of the above
factors continued to remain significant. For researchers, this work synthesizes existing theory and
analytical technigues to develop and test a more comprehensive model for gauging the impact of factors
influencing two-sided software markets. For practitioners, these findings suggest the wisdom of allocating

scarce resources to devel op advantages in the influential factorsidentified above.

The organization of this paper isasfollows: we leverage existing theory to develop a series of research
hypotheses and a conceptual model related to the perceived value of web server products. Then we detail
methodology and data, and follow these with estimation results. We conclude with asummary of findings

and adiscussion of the contributions and limitations of this research.

THEORY AND HYPOTHESES
Foundation Model and Context
The foundation of our investigation isawell -known theoretical model of network goods (that is, products
or services subject to network externalities) presented in Figure 1 (Farrell and Saloner, 1986; Kauffman, et

al., 2000; Saloner and Shepard, 1993). In this model, the value that consumers derive from a network
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product is afunction of “stand-alone” benefit and network externalities. The term a denotes the “ stand-
alone” benefit that aconsumer derives from the product features. Theterm b(N) represents the feature-
independent val ue derived from a network of size N. Because user value increases with network size, b(N)

isanincreasing function of theinstalled base, N.

[ -- Insert Figure 1 About Here -- ]

One challenge for empirical researchersis decomposing factorsinfluencing consumer value with an
awareness that some observabl e factors may be impossible to decompose between a and b(N). Another
challengeisthat the perceived value of anetwork product, a + b(N), is unobservable. With these
challenges in mind, our approach to enhancing this theoretical model and creating the associated empirical
model issimilar to that employed by Brynjolfsson and Kemerer (1996). To test hypotheses, we use price
(P) asaproxy for consumers' willingnessto pay (W), or perceived value. Thisyields aformulation where
P£WEa+b(N)

Asaresult, we can derive afunction of price as:

P=f(a1, a2 ..., b1(N), b2(N), ...)
Using this approach, we expand the model by considering variables the literature suggests influence the
perceived value of a software product. Doing so allows us to construct aricher, more-descriptive model for
considering network effects and standards applicable to the unique problems of two-sided software

markets.

While our study relies on research in the domains of information goods, the economics of standards,
multiproduct complementarities, and software pricing, our primary context isthe web server software
market. This context isreferred to when devel oping hypotheses below. The web server software market
has been the focus of a number of recent studies(Cusumano and Y offie, 1998; Gallaugher and Wang,
1999a; Gallaugher and Wang, 1999b; Gogan and Applegate, 1995; Quittner and Slatalla, 1998; Y offie and
Cusumano, 1999). Yet, despite high interest and earlier qualitative case studies and exploratory work, little

rigorous empirical work has investigated this context. Web software represents the first commercially
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successful software supporting the evolving, ubiquitous, low-cost, global computing infrastructure.
Therefore, understanding the dynamics of competition in this market and the factors critical to early market

success should yield important insights for a number of current and future industries.

Network Goods and Externalities

Early attempts at modeling the behavior of information technology markets (e.g., workstations) have
focused on evaluating the rel ationship between product features (e.g., processor speed and memory) and
price (Lynch, et a., 1990; Michaels, 1979; Rao and Lynch, 1993). However, some products or services
become more valuabl e as more people use them. This phenomenon is referred to aspositive consumption
network externalities (Farrell and Saloner, 1985; Katz and Shapiro, 1985). Network externalities may be
responsible for determining market winnersin avariety of 1T and e-commerce areas including software,

standards, online services, and virtual communities.

The positive relationship between value and installed base ( i.e, the base of usersfor a particular product or
service) develops from three factors: exchange, stability, and extrinsic benefits. All network goods foster
some sort of exchange (e.g., content, money, programs). Therefore, each new network user adds potential
value through exchange with other network members (Economides, 1996). Because the number of
network usersis assumed to reflect long-term market stability (Katz and Shapiro, 1992), consumers
generally prefer firmswith large installed bases. I T users are particularly concerned about being stranded
with afailed and unsupported product given that many users have sunk investmentsin learning, files, and
other resources that may greatly exceed a product’sinitial purchase price (Fichman and Kemerer, 1993).
Consumers also prefer dominant products tha are more likely to attract extrinsic benefits such as
supportive content, books, manuals, add-on products, and skilled labor (Parker and Van Alstyne, 2000;
Shurmer, 1993). In extreme cases, the lack of arich market for these extrinsic products may lead to
incompl ete adoption and an inability to achieve critical mass(Moore and Benbasat, 1991). Although many
studies have dis cussed network effects within the context of proprietary standards (Church and Gandal,

1992; Farrell and Saloner, 1985; Farrell and Saloner, 1986; Farrell and Saloner, 1992), the implied
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significance of stranding concerns and extrinsic benefits are particularly noteworthy because they suggest

that firms can generate network externalities even in environments that support open standards.

Examining the dynamics of network marketsis critical because competition in these markets differs
significantly from that in conventional markets. It can be especially difficult for newcomers to unseat an
established rival in markets where the influence of network externalitiesis strong (Katz and Shapiro, 1994).
In light of the value that users place on installed base and market dominance, the importance of feature
richness or quality may be diminished — thus, the “best” product or service does not always win (Rochert
and Tirole, 2001). Postrel (1990) found thisto be the case in markets for stereo standards. In awidely
cited paper, David (1985) suggested that thisis the reason behind the dominance of the QWERTY

keyboard format*.

In some cases, network externalities may also facilitate platform changes. Thisis manifested in the so-
called bandwagon effect when consumers rush to adopt a new technology they expect will become
dominant (Farrell and Saloner, 1985; Katz and Shapiro, 1992). Dominant firms may also be able to
leverage their market share in a number of ways. These include using the installed base as a distribution
channel for additional services, and distorting open standards to their own advantage (Shapiro and Varian,
1998). The existence of proprietary internetwork effects provides market power by helping to eliminate
close substitutes. Given the importance of establishing an early merket share advantage, network market
competition tends to develop early and can be particularly fierce. Such markets also tend toward
monopolistic competition, with leading firms able to exploit network externalities through higher pricing

(Farrell and Saloner, 1985; Katz and Shapiro, 1992).

Because consumers' valuation is unobservable, the classical approach to testing the network externalities
hypothesis has been to use price as a proxy forconsumer value (Brynjolfsson and Kemerer, 1996; Gandal,
1994). Thisis appropriate because arise in value should reflect a consumer’ s increased willingness to pay
for aparticular product. Given that the relative attractiveness of a network product isinfluenced by its

sales history, firms that dominate their markets should be able to extract higher rents than their competitors
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(Katz and Shapiro, 1986b). Hypothesis 1 frames the network externalities hypothesisin the context
studied. Following earlier work (Brynjolfsson and Kemerer, 1996; Gandal, 1994), market share is used as

aproxy for aproduct’srelative installed base.

HYPOTHESIS H1: Server products with a greater market share will enjoy higher pricesthan their

less successful rivals.

Two-sided Markets

Prior empirical studies considering network externalitiesin software markets focused on networks
consisting of a single product-namely, computer spreadsheets (Gandal, 1994; Brynjolfsson and Kemerer,
1996). However, recent theory suggests that many, if not most, markets subject to network externalities are
characterized by the presence of two distinct sides. The ultimate benefit to consumers stems not from
owning both components, but from interacting with owners of the complementary product through a
common platform (Parker and Van Alstyne, 2000; Rochert and Tirole, 2001). Such markets are referred to
as two-sided markets. Table 1 identifies a subset of information technologies that can be classified as two-
sided markets. This classification is appropriate for web software, because the browser (client) and server
are used concurrently and by separate parties. Theory suggests that firmsthat offer products for both sides

of atwo-sided market may be at an advantage.

[ --- Insert Table 1 About Here --- ]

Pioneering work on two-sided markets combines insights from the literature on competitive multiproduct
pricing (Baumol, et al., 1982; Wilson, 1997) and strategic complements and substitutes (Bulow, et al.,
1985) with theory on network economics (Farrell and Saloner, 1985; Katz and Shapiro, 1985; Rohlfs,
1974). It also builds on the idea of vertical organization, or internalizing the offering of complementary
network components (Economides, 1996; Farrell, et a., 1998; Schilling, 2002). However, several
characteristics distinguish two-sided markets from standard multiproduct markets and from markets for

single-product network goods. First, consumers of one segment in atwo -sided market need never acquire
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the complement. Unlike the classic multiproduct case of razors and blades, consumers of products such as
browsers may, at their discretion, forgo the cost of the server now and forever (Parker and Van Alstyne,
2000). Second, theinteraction between the two sides |eads to strong complementarities. However, unlike
in the multiproduct or single-product network literature, end users of one class of goods do not internalize
the corresponding externalities in this context. Rather, the growth of the user base on one side of the
market creates share and price benefits for the complement’sside. Finally, profitsin such markets need not
derive from intertemporal lock-in (where amarket isinitially subsidized only to be exploited later) asisthe
case for razor buyers who generate profits through later purchases of blades. Intwo-sided markets, afirm
providing both components may indefinitely subsidize the market for one comp onent as long as the benefits

flowing to the second component’ s market outweigh the initial cost outlay.

The literature on two-sided markets thus extends the concept of intra-market network externality to an
inter-market context. Parker and Van Alstyne (2000) modeled a situation in which the demand for one
product isinfluenced linearly by the quantity of the other product sold. They demonstrated that price
structure can be characterized as afunction of network externalities that occur across markets. This work
illustrates the incentive for a producer of one good to enter the market for its requisite complement; firms
that do so can be particularly tough competitors. Rochet and Tirole (2001) modeled how an increasein
installed base for one side of the market can tilt the price structure to the benefit of its complement
provider. They offered several illustrative examples, including operating systems, computer games,
telecommunications services, and streaming media networks. Due to open standards, providing both
components in acompetitive two -sided market may offer limited opportunity to enhance a firm's exchange
benefits. However, consumers may still be uncertain of the extent of compatibility. Hence, they may favor

servers with alarger browser installed base to reduce potential risk.

A large installed base for one component in atwo-sided product mix may also signal the viability of the
firm, establish the firm’ s reputation, and generate a positive make-related premium (Tam and Hui, 2001).
Such factors may be critical in network markets because adopters are interested not only in present market

position but also in a product’ s prospects for future success(Katz and Shapiro, 1986b). I1n the absence of
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perfect information, browser share may be used as a proxy for future installed base and server viability.
Thus, the signaling influences on user familiarity and perception may be significant. The above theoretical
discussion suggests that the market for web server software exhibits the characteristics of atwo-sided

market and that the externality runs across markets from consumers of browsers to consumers of servers.

HYPOTHESIS H2: Firms with a greater browser market share will enjoy higher server pricesthan

rivalswith a smaller browser share.

Mindshare

Consumersin today’ s market form expectations regarding the future size of competing networks(Katz and
Shapiro, 1985). Thisis one of the fundamental reasons why network markets are different from
conventional markets. While aconsumer of a product such as bread or blue jeans may gain little value if
others adopt the same product, consumers of network goods should gain valueif the product is widely
adopted. Theterm mindshare is often used to describe consumer awareness, the perceived importance of a
product with respect to itsrivals, and its likelihood for future success (Shapiro and Varian, 1998). The
concept isrelated to the notion of visibility used in the I T adoption literature—that is, the extent to which

potential adopters recognize a product in the adoption context (Moore and Benbasat, 1991).

Given the implied importance of mindshare, understanding how consumers form rational expectations
about future adoptioniscritical. Earlier empirical studies attempted to capture a given product’s brand
premium (sometimes referred to asmake effect) via a single indicator variable. However, this approach
provides a coarse measure and fails to take into account any variance in degree of make among
competitors. In addition, results examining the impact of make effects remain mixed. In studies of the
spreadsheet market, for example, Gandal (1994) identified a price premium associated with the L otus
brand. Using adifferent data set, however, Brynjolfsson and Kemerer (1996) did not find a L otus-related
make effect. Developing aclearer understanding of the factors that may influence the perception of future

market dominance is critical for firms competing in markets subject to network externalities.
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Even though identifying and quantifying the perception of an entire base of potential adoptersis
impossible, consumers clearly seek proxies or surrogatesto simplify decision-making and help predict the
future (Arthur, 1994). Mediainfluence, such as the frequency of product mentionsin the popular press,
likely serves as such asurrogate. Economic models have also suggested the influence of mediaon
customer perception. For instance, Farrell and Saloner (1986) argued that preannouncements might prevent
abandwagon from gaining momentum. Consequently, press mentions of a product are used as a proxy for
mindshare. It ishypothesized that products that appear more often in the popular presswill, ceteris paribus,

exhibit higher prices.

HYPOTHESISH3: Server products that are mentioned more often in the press will enjoy higher

pricesthan rivalswith fewer mentions.

Compatibility and Standards

Literature suggeststhat if users place value on compatibility, such compatibility should be a source of
network externalities (Katz and Shapiro, 1992). Thisis because membership in an established standard
provides access to alarger network composed of firmsall complying with that standard. Even though
consumers reap network benefits from compatibility in the form of alarger base of exchange, in some cases
manufacturers may not desire standardization. A firm offering a proprietary product with alarge network
base can view the lack of competitor compatibility as a strategic asset because new products that enter the
market will initially have a smaller installed base, and these products will be unable to interact with the
market leader. Similarly, firms that offer new products in a market are motivated to establish critical mass.

These firms may initially seek compatibility to promote adoption (Regibeau and Rockett, 1996).

Gandal (1994) conducted some of the first studies that empirically examined software standards as a source
of network externalities. Applying hedonic pricing techniques to a study on 91 observations of 10
spreadsheet vendors, Gandal found that spreadsheets offering access to a broader network of users (through
the Lotus standard, connectivity to external databases, or LAN compatibility) exhibited a price premium

and hence were more highly valued by consumers. This analysiswas later extended to include database
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software. Looking at three periods from 1989-1991, Gandal (1995) concluded that the L otus spreadsheet
standard was al so significant in generating network externality-based price premiumsin the database
market. These results suggest that network externalities can be significant across non-requisite
complementary goods. Building on Gandal’ s work, Brynjolfsson and Kemerer (1996) considered the value
of the Lotus menu tree interface, finding that compatible products commanded a price premium of roughly
46 percent over otherwise comparablerivals. The significance of these factors was interpreted as evidence
of network externalities. However, the inclusion of compatibility features may also enhance the overall

quality of aproduct. Therefore, such measures influence both components of the base model in Figure 1.

With respect to the web server market, standards for secure file transmission can be considered similar to
file compatibility standards. Firmsthat support a given standard can exchange information, whereas those
that do not support it are barred from secure exchange opportunities. Thus, we expect serversthat include

dominant standards to exhibit larger price premiums.

HYPOTHESIS H4: Server products including the dominant security standard will enjoy higher

pricesthan rivalsthat do not.

Trialability

Rogers (1995) cited trialability as an important factor when adopters are evaluating products and services.
Moreover, trialability has been shown to play asignificant role in the adoption of information technologies
(Agarwal and Prasad, 1997). The Internet extends trialability by allowing potential adopters to download
limited use or time-expiring versions of products. Such products can be distributed at near-zero marginal
cost (Nejmeh, 1994). Peer users may also provide proxied trialability (Bandura, 1977). Even if a product
isnot actually tried, however, the knowledge that it could be sends a quality signal to the consumer similar
to aguarantee. Therefore, it isexpected that consumers given the opportunity to test a product before
buying will pay ahigher price. Perceived risk may be particularly high in early-stage, evolving markets
where factors such as lifetime aggregate investment outlay and vendor stability are unclear. Assuch, we

expect trialability to be positively related to price.
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HYPOTHESIS H5: Products that offer a trial version will enjoy higher pricesthan rivalsthat do not.

EMPIRICAL MODEL AND DATA
The empirical model used in this study is based on the hedonic pricing approach, which measures how
individual product attributes or features contribute to product valuation by the average consumer. Priceis
used as a proxy for consumer value. This approach assumes that attribute bundles can be appropriately
quantified. It has been used successfully in several studiesof IT pricing (Lynch, et a., 1990; Rao and
Lynch, 1993) prior to itsinclusion in network externalities studiesin IT markets (Brynjolfsson and

Kemerer, 1996; Gandal, 1994; Gandal, 1995).

To test the hypotheses, the following model was used:

Pit = F(NPi, N, Mit, Si, Trig, Fir, To)
where the price of agivenproduct i at timet, Pj;, isexpressed as a function of standards S;, product features
Fi;, and time T;. However, the model extends earlier work in three important ways. First, it accounts for
the situation presented by two-sided markets. The network externalities variable is decomposed into the
share of the primary product NP;; and the share of the composite component N%;, because two products (the
browser and server) may generate share-based benefits that influence the observed product (the server).
Second, the model considers consumer awareness (mindshare, expressed asM;;). Third, trialability is
considered asthe variable Tr;. Figure 2 presents an expanded version of the conceptual model, along with
variable operationalizations and hypothesized direction of influence, while the next section describes the

units used in the current operationalization.

[ -- Insert Figure 2 About Here -- ]

Data

To test the model, data on relative market share, standards, product features, press mentions, and pricein

USdollarswas collected. Dataused in this study consists of a cross-sectional time series over 19 months
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from August 1995 through February 1997. In keeping with earlier studies and the restriction of the hedonic
pricing method, only priced products were included in the data set”. The 321 observations in the data set
reflect 34 stand-alone, non-shareware, commercial web server products available for the Windows software
platforms®. Table 2 offers descriptive statistics on the data used in this study. All hedonic studies suffer
from limited richness conveyed by selected feature variables. However, the depth of resources consulted
for this study and the consistency of selected criteriawith factors suggested in prior research allow for a

representative set of time-adjusted feature and price data.

[ --- Insert Table 2 About Here --- ]

Monthly data on server market share was obtained from NetCraft Consulting. Since August 1995, NetCraft
has run amonthly survey to determine the current installed base of various web server products. The server
share variabl e reflects the percentage market share during a given time for a particular product. The
NetCraft survey represents the most widely quoted analysis of server software market share. The NetCraft
survey was cited over 50 timesin the trade and business press during the course of hisstudy. Assuch, itis
probably the most representative proxy of user’s perception of a product’s network size. Data on web
browser market share was obtained from web site usage logs at Y ahoo! and the University of Illinois and

from the consulting firm Intersé. Thisfigure represents afirm’s share of the web browser market.

Standards and features variables were chosen 1) when they were employed by previous studies, or 2) when
they appeared across multiple product reviews from separate sources. A common set of feature definitions
was suggested in material provided by MecklerMedia (the publisher of industry magazines that provide
server product reviews and owner of the site Webcompare.com). An identified feature was then chosen for
inclusion in the test model when it was cited in multiple trade press articles (Airborne, 1996; Wingfield,
1996) and in a popular text on web server deployment (Stein, 1995). The choice of feature variablesis also
consistent with prior research on technology adoption and acceptance (Davis, et al., 1989; Rogers, 1995).
For example, the presence of agraphical interface for server maintenance and the ability to administer the

server from aremote location both appear across the product evaluation literature. They are considered
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ease-of-use features, enhancing consumers' valuation and so their likelihood of acceptance. Similarly, the
choice of standards variables for database and security were aligned for consistency with prior studies of
network externalitiesin software industries (Brynjolfsson and Kemerer, 1996; Gandal, 1994). If a
particular product was offered with afeature during the observation, then the respective variable was coded
asaone, otherwiseit was coded as azero. Three standards-related feature variables were considered:
support for the SSL and SHTTP security standards and support for linking the web server to third-party
database products. Stand-alone features considered included: offering a graphical user interface, the ability
to administer the server remotely (i.e., not from the host console), support for a scripting language, support
for search/indexing of server pages, and the ability to support separately administered directoriesfor
multiple users/groups. Trialability was recorded asaoneif atrial version of the product was offered. Time
was recorded as the period of a given observation (zero for the first period). Months on market was
recorded as the number of months a given product had been available commercially during the observed

period.

Time-adjusted price, feature, standards, and trialability data were collected via a content analysis of
company press releases, version update logs, and industry product reviews. The variety of sources allowed
for cross-checking and corroboration and for a highly consistent and reliable data set. Intherare case
where a discrepancy was noted, the software developer was contacted for clarification. The use of such
industry - and company-supplied sourcesto acquire time-reflected datais similar to that used by

Brynjolfsson and Kemerer (1996), Gandal (1994; 1995), and Lynch, et al. (1993), among others.

Recognizing the importance that consumer awareness may play in generating network effects(Katz and
Shapiro, 1985), we use a proxy variable for mindshare that isintended to reflect product awareness. Data
on press mentions was gathered using the full-desktop license of Lexis-Nexis. Data gathered from press
mentionsin electronic databases has been used in a number of previous IS studies(Hess and Kemerer,
1994, Kettinger, et a., 1994; Pennings and Harianto, 1992). Mentions from the three months prior to a
product’ s introduction were added to the running total to account for the possible impact of

preannouncements (Farrell and Saloner, 1986). Citations for a particular period were determined by adding
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al mentions of a product from three months prior to itsintroduction through the month prior to the time
period of the observation. Because we investigated press mentions to gauge relative product awareness, the
examined measures were calculated as the percentage of counted press mentions relative to the other
productsin the sample. This created avariable that reflects a scale of one’s relative press mentions with
respect to competitors and accounts for growth in awareness over time. While absol ute measures of
mindshare are impossible to calculate, this method should provide a greater degree of differencein the
awareness of firms and products than the simple one/zero indicators for make that were used in prior

studies.

RESULTS AND INTERPRETATIONS
The indicated variables were regressed against the natural log of price. Table 3 presentsthe results. Model
(1) is structurally most similar to that used to test network externalities in the computer spreadsheet market
(Brynjolfsson and Kemerer, 1996; Gandal, 1994). By presenting this model, we examine whether our
results are consistent with prior results. Model (2) examines the influence of mindshare and trial ability.
Model (3) examines the impact of browser share as a component of atwo-sided market. Market two-
sidednessis further explored through afactor analysis, with Model (4) considering browser and server
share as asingle factor related to server price. Model (5) attempts to measure the impact on priced

products when awell-known firm has entered the market providing a free good.

[ --- Insert Table 3 About Here --- ]

Results are presented using the semi-log specification for several reasons. In many cases, transformed
variables provide amore natural expression of the characteristics being studied (Johnson and Wichern,
1993). Thisislikely the case in hedonic situations, since the aggregate of various factors may have a
multiplicative impact on consumer value (i.e., the whole is worth more than the sum of its parts) (Fisher
and Shell, 1971). The semi-log specification is also consistent with previous network externalities studies.
Although results are reported using the semi -1og specification, estimations using alternative specifications

(i.e., linear, and transformation of the dependent variable determined via the Box-Cox approach) are
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presented in the Appendix. The consistency of the main resultsis noted across the various models. All
models were tested for multicollinearity using both the VIF and Belsley-Kuh-Welsch diagnostics (Belsley,
et al., 1980). Ineach model, the resultsindicated that the independent variables were not significantly

confounded’. Residual plots for all models show that lack of normality was not a concern.

Network Effectsin Two-Sided Market

Model (1) considers the share of the server product. However, it does not take into account the role of the
complementary component market, mindshare, or trialability. The positive significance of the server
product’ s market share relative to the log of the server price supports the network externalities hypothesis
(H1). The preciseinterpretation of the impact of network externalitiesislimited by the context of any
given model and the explanatory power of included variables. Nonetheless, the 0.172 coefficient of server
share suggests that during the time of the study, ceteris paribus, aone percent increasein server market

share resulted in a 18.5 percent increase in price relative to competitors (€172 = 1.185; or 18.5 percent).

Model (2) introduces two additional variables: mindshare and trialability. While server share continues to
register asignificant, positive impact on server price, the introduction of mindshare and trialability

variablesin the model offers more explanatory power. The adjusted R? is .78 as opposed to .63 in Model

).

Model (3) examines the theoretical assertion that an externality runs across markets (in the current context,
from browsersto servers). Inthismodel, browser market shareis positively related to the log of server
price. During thetime of the study, the coefficient of 0.009 suggests that a one percent increase in browser
share resulted in roughly a .9 percent price premium. This indicates that the web server market behaves as
atwo-sided market. It supportsthe contention that alarger installed base for one product in atwo-sided
market will provide price-related benefits to its complement (Parker and Van Alstyne, 2000). Open
standards may diminish afirm’s exchange benefits from providing both server and browser. Nonetheless,

consumers might still favor servers with alarger browser installed base in the presence of compatibility
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concerns. Consumers might also use the market share of the complement as a proxy for the viability and

future success of the server (Katz and Shapiro, 1986b).

In terms of adjusted R?, Models (2) and (3) show that both the browser- and server-share variables have
similar explanatory power. If both variables areincluded in a single model, however, the server-share
variable becomes insignificant because of its high correlation (.89 in Table 4) with the browser-share
variable®. The high correlation between the server share and the browser share meansit isinappropriate to
present results for both variablesin the same model. Nonetheless, this correlation is expected. Itis
consistent with atwo-sided market in which a larger browser share triggers alarger server share and higher
server price. Additional analyses that further test the two-sided market hypothesis and offer additional

insights are detailed | ater.

[ --- Insert Table 4 About Here --- ]

Mindshare

To test Hypothesis 3, we introduce the mindshare variablein Model (2). While the positive impact of
market share on server price remains after considering press mentions, ceteris paribus we found that those
firms that received more mentions of their products than their rivals were able to command higher prices.
The mindshare/price premium relationship continues to hold in Model (3) where browser shareisused in
the place of server share. Note that the significance of product mentions occurs without weakening support
for (a) theinfluence of share or standards asidentified by prior research, or (b) the impact of considering
browser sharein place of server share. These results suggest that mindshare has a significant influence on

product price and that it extends the explanatory power of software market models.

Standards
Database connectivity continues to be significant across all models. However, it is more interesting to
compare SSL and S-HTTP security standards. During theinitial development of the commercial web

server market, industry leader Netscape pioneered the SSL web security standard and made it available to
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industry consortiaand rival vendors. Smaller players, such as Open Market, adopted a competing
(although not mutually exclusive) standard known as SSHTTP. While SSHTTP was not significant in
Models 2 and 3, the SSL standard appeared as significant in all models. Thisis consistent with the theory
that consumers value the most widely adopted standard. Descriptive statistics (Table 2) indicate that the
SSL standard was adopted by nearly 40 percent of all web server products, whilethe S-HTTP standard was
availablein only 18 percent. The significant price premium placed on the most widely employed standard
supports Hypothesis 4 and suggests that competition among security standards was influenced by network

effects.

Trialability

Trialability has been shown to increase the likelihood of product adoption (Rogers, 1995). Because the
Internet allows trial versions of software to be distributed at virtually zero marginal cost (Negroponte,
1995; Nejmeh, 1994), the impact of trialability on product adoption is likely to be more important in
markets for information goods. In all models where trialability was considered, results indicate that trial
versions are associated with price premiums. In fact, ceteris paribus, firms offering atrial version enjoyed

aprice premium of roughly 110 to 120 percent.

Other Product Features Influencing Server Price

We included additional factorsin the study both as controls and to reflect the current state of practicein
hedonic modeling of software markets. Feature variables are included to offer alevel of quality adjustment
per product. All were positively significant across the models. Results also indicate that, ceteris paribus, a
product ismore likely to be offered at alower price the longer it has been on the market. Thisis consistent
with the assertion that many firms introducing new technologies are able to extract price premiums from
eager early adopters(Shapiro and Varian, 1998). After considering age-related price degradation, web
server prices show evidence of aslight price increase over time. This may reflect uncaptured time-based
increases in product quality, inflation, and the general growth and importance of web serversthat paralleled

the ascendance of the early Internet economy °.
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Further Analysis of Network Effects and Two-sidedness

Because asingle server market share variable would not account for the influence of both sides of the
market (Farrell, et al., 1998; Parker and Van Alstyne, 2000; Rochert and Tirole, 2001), we tested the impact
of the browser share variable in Model (3) and found it to be positively related to the server price. This
finding supports the idea that externality runs across markets from browsersto servers. It isconsistent with
the two-sided market theory. Because of the high correlation between the server share and browser share
variables, recall that it would be inappropriate to present results with both variables in the same model
However, principal component factor analysis was used to examine more deeply the rel ationships among

the variables studied.

Table 5 presents the loadings of factors identified using principle component analysis with Varimax
rotation'®. Two factors emerged. Thefirst factor, labeled “signal,” includes the server market share,
browser market share, and press-mentions variables. The presence of both market share variables offers
further support for the idea that the market for web software exhibits the characteristics of atwo-sided
market. The presence of press mentionsis also consistent with theory. If consumers consider market share
asasignal to determine both the viability and the extrinsic benefits of a network, then press mentions
should also create mindshare that supports the network effect (Katz and Shapiro, 1985). Overall, the results
support the idea that consumers not only consider the size of a network today but also the network’s

likelihood of future success (Arthur, 1994; Fichman and Kemerer, 1993; Katz and Shapiro, 1986a).

[ - Insert Table 5 About Here --- ]

The second factor, labeled “ standards,” is made up of the three indicators representing the standards
considered in the study: support for the SSL security protocol, the SSHTTP security protocol, and support
for linking to external database products. The rationale for considering these standardsis grounded in
earlier work (Brynjolfsson and Kemerer, 1996; Gandal, 1994). The fact that none of the other feature
variables|oaded on thisfactor are at or above | = .5 suggests the appropriateness of conceptualizing

standards variables apart from product features.
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Model (4) in Table 3 shows the results of aregression using the two factors. The positive significance of
the signal factor continues to support the existence of network externalities in the web server market and
the existence of atwo-sided market. The positive significance of the standards factor offers further support

for the idea that consumerswill place a higher value on more widely adopted standards.

The Market After the Entry of Microsoft’s Free Servers

When modeling market behavior, it is aso important to acknowledge, consider, and, when possible, test for
additional factors that may be at work in the context explored. In this particular context, we wanted to
ensure that the entry of awell-known, free-pricing firm mid-market did not distort the identified support for
the hypotheses examined. Theory suggeststhat it is sometimes best for vendors to subsidize adoptionin
the presence of strong network externalities (Farrell and Saloner, 1986; Parker and Van Alstyne, 2000;
Rochert and Tirole, 2001). Giving away product can be considered an extreme form of subsidy aimed at
rapidly acquiring market share. The practice may be motivated by a desire to control a standard, or the
potential for encouraging the purchase of related products. The firm may also attempt to grow share for a
product that it eventually hopesto charge for — a strategy known as penetration pricing (Church and
Gandal, 1992; Church and Gandal, 1993). Cusumano and Y offie (1998) suggest that these reasons may
have motivated Microsoft to enter the web server market by providing its commercial-grade product free of
charge. Eight monthsinto the time period examined in this study, Microsoft entered the market with a free
web server. Thisentry may have damaged consumers’ perception of the viability of the then market |eader,
Netscape™. Onewould expect such amove to have a negative impact on the price of commercial
participants due to areduction in consumers’ willingnessto pay. Alternatively, the shock may have had
limited impact because of excessinertia or the reluctance among users to leave a mature network for an
immature one (Farrell and Saloner, 1985). Thus, it is unknown if Microsoft destroyed any network
advantages that may have existed beforeitsentry. To explore thisissue, we perform an additional analysis

of theimpact of the entry of Microsoft’s free servers.
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Microsoft’s entry as awell-known, free pricer is modeled by indicating observations as zero during the first
eight months of the study when the firm did not offer a server, and as one during the last 11 months when it
did. Theresultsin model (5), Table 3, show that a negative price shock, significant above and beyond the
negative downtrend noted by the product age variable, is evidenced in the period after Microsoft’s entry.
The entry of thisfree product into the market seems to have lowered aggregate prices by roughly 1/3.
Nonetheless, network effects asindicated by the signaling and features factors were still significant!?.
Commercial firms lowered pricesin response to threats, but they still maintained commercial products.
These results suggest that market leaders were able to benefit from signaling-related price premiums

despite the free alternative provided by awell-known competitor.

Limitations

Our research has several limitations. Theinvestigation is constrained first by the time period examined and
data available. Results may vary over timeas competitive circumstances in the market change. Other
important factors might not be adequately reflected in the model, perhaps because the dataistoo coarse.
Despite the limitations, however, our results are consistent with and extend prior work on software and IT

markets.

CONCLUSIONS
With the emergence of the Internet and other low-cost, ubiquitous, | S supporting infrastructures, the topics
of network externalities and two-sided markets are receiving increased attention among managers and |S
researchers. Although some researchers believe that many, if not most, products subject to network
externalities exist in two-sided markets (Parker and Van Alstyne, 2000; Rochert and Tirole, 2001),
exploration of these topicsin the literature has been dominated by theoretical or qualitative work. Thelack
of empirical work represents agap in our collective understanding. A set of hypotheses was crafted for this
study by leveraging literature in the domains of network theory, two-sided markets, multiproduct pricing,
the economics of standards, and product adoption. These hypotheses were then used to develop a
comprehensive, theory-driven model for considering the effects of network externalities and two-sidedness,

aswell asthe impact of dueling standards, mindshare, and product trialability.
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The positive relationship between server price and server market share offers empirical support for the
network externalities hypothesis. In other words, we find evidence that significant positive network
externalities exist in the web server market. Thisfinding, taken in the context of previous qualitative
research, suggests that market share was the bulwark of price-based competitive advantage achieved during
the course of thisstudy. Support for network externalities in the web software market is particularly
interesting because it suggests that even in amarket characterized by open standards, network effects are

significant.

The relationship between browser share and server price has important strategic and theoretical
implications. It suggests that the web software market behaves as atwo-sided market. Firmsableto
capture market share for the complement enjoy market share and price benefits for the other component
offered (Schilling, 2002). Cusumano and Y offie (1998) point out that Netscape's strategy was based
largely on supporting open standards, a sharp contrast to earlier dominant software firms. Open standards
may diminish afirm’s exchange-related lock-in benefits for providing both components. Y et, consumers
may still fear compatibility problems and so favor serverswith lager browser installed bases. This finding
may be critical to understanding factors influencing future competition in software markets, because

Internet and network adoption encourages the industry to continue embracing openness.

Extrapolating beyond the period studied, one might also conclude that Netscape' sinability to secure ISP
contracts for its browser was a watershed event (Cusumano and Y offie, 1998). By failing to lock up
channelsthat could maintain and grow browser market share among new consumers, Netscape (now part of
AOL/ Time Warner) lost its dominant browser share, and with it an asset that had contributed to its

profitability in the more lucrative server market.

The relationship between the share variables and press mentions identified in the factor analysisis also an

important finding because it supports the claim that signaling fosters network effects(Tam and Hui, 2001).

Consumers want to join a network that leads now and that will continue to do so in the future. Inthe
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absence of perfect information, consumers may have to use a number of proxiesto gauge a network’s
future viability and associated externality benefit. Thisstudy’sresults suggest server share, browser share,
and mindshare are such proxies. In addition, these results point to research opportunities to further develop
theory and to investigate more deeply the dynamics between signaling and network effects. By identifying
the benefits of press mentions, this study also lends credibility to the strategy of targeting public relations

effortsat raising afirm’s press profile.

In the competition for publicly available standards, the price premium for the more popular SSL security
standard implies network effects. This price premium, when compared with the lack of onefor S-HTTP,
may support the assertion that dominant products in network markets are not always the highest quality.
During the time of the study, Open Market’s CEO stated, “Merchants will use our software because it
offers the most comprehensive security.” Clearly Open Market felt that by supporting SHTTP in addition
to SSL, it was offering a better security standard. However, despite the quality advantage perceived by
Open Market, the S-HTTP standard failed in the marketplace. This happened while Netscape's dominance
of both browser and server markets allowed it to champion the SSL standard. It isalso worth noting that
Netscape devel oped, embraced, and publicly offered the SSL standard while excluding the S-HTTP
standard from its product line. In this case, the dominant firm seemsto have inhibited the diffusion of the

rival standard in open standards competition.

The reported relationship between trialability and price is also akey finding. This relationship underscores
the importance of offering trial versions of software products. Trial versions help seed initial markets and
jumpstart bandwagons by fostering experimentation. This experimentation prompts further signaling
through use and feedback conveyed to others, and improves a consumer’ s willingness to pay (Agarwal and

Prasad, 1997; Bandura, 1977; Katz and Shapiro, 1994; Nejmeh, 1994; Padmanabhan, et al., 1997).

The significant and dramatic price drop caused by the entry of afree product by awell-known producer

may provide an important point of reference for other industries and contexts. An increasing number of

businessesin markets as diverse as finance, retail, and consumer electronics have adopted the free or
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reduced pricing strategy. Depth of product line has been suggested as influencing I T adoption decisions
(Tam and Hui, 2001). Firms without scope in a product line may see their market invaded by firms willing

toloss-lead in one market in order to generate sales or lock consumersinto another revenue stream.

In addition to the managerial implications outlined above, this research offers several interesting
contributions for the researcher. From a methodological perspective, thiswork has developed a modeling
approach for studying the important case of two-sided information goods. This approach has also
leveraged prior research to extend and enhance modeling techniques used to study pricing in software
markets. Finally, it provides empirical support for earlier theoretical work on network economics, two-

sided markets, software standards, and trialability.
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APPENDI X — Comparing Results Acr oss Specifications
One of the difficultiesin performing hedonic pricing tests lies in selecting the appropriate model
specification. The selection of an appropriate form can be particularly challenging because theory does not
suggest a clear functional relationship among variables. For example, in discussing the interpretation of
hedonic models, Triplett (1986) argues that other functions may often be appropriate. The semi -log form
used in thiswork isjustified based on the increased normality of the dependent variable vs. other
transformations, its consistency with prior approaches, and the likely multiplicative impact of several
features on a product’ s valuation (Fisher and Shell, 1971). However, by exploring additional
specifications, one can examine if the resultsin the selected model are an artifact of the specification itsel f
or are robust across alternative methods. It iscommon practice in econometric studies to present the results
of alternative specifications that consider other possible transformations of the dependent variable
(Brynjolfsson and Kemerer, 1996; Gandal, 1994). We extend this practice by introducing the more precise
Box-Cox methodology as one appropriate to use when seeking optimal models describing markets of
network goods. Table 6 presents results examining alternative specifications. Model (ii) offersthe linear
form using these same independent inputs against the non-transformed server pricein dollars. Model (iii)
presents the results according to an optimal transformation of the dependent variable suggested by the Box-

Cox technique.

[ --- Insert Table 6 About Here --- ]

The Box-Cox methodology can assist in evaluating and selecting an optimal data transformation. Rao,
Lynch, and Lin (Lynch, et a., 1990; Rao and Lynch, 1993) are largely responsible for introducing this
methodology to price-related | Sresearch. We offer it here as aworthy technique for those seeking a
systematic identification of the optimal transformation to be used in models of network goods. While there
are several approachesto utilizing the Box-Cox methodology, this paper follows the maximum likelihood
method outlined by Draper and Smith (1981). This technique examines afamily of power transformations

of theform

Ye=y!
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for anumber of | occupying afrontier of potential candidate transformations. The optimal transformation

isthat which identifies the maximum likelihood estimator of | . In this approach, transformation Wis

chosen as:

Y'-1)/1, forl 10
InY), forl =0

where

Lmax(l):-%nln(RSS/n)+(l D& InY,
i=1

Applying the Box Cox technique for this data set yields a suggested optimal transformation where | =
0.18. Assuch, the resultsin model (iii) are arrived at after each server price observation has been
transformed as (YI - 1)/1. Residual plots of the presented models do not demonstrate concerns regarding
normality. While the adjusted R? value of the model using the Box Cox transformation is slightly higher
than the semi -log form, results are similar enough that we chose to focus on the easier-to-interpret semi-log
form in our earlier resultsinterpretation. Such a practice is common when results are roughly similar, when
transformations are within one half to one quarter point of more ‘interpretable’ values such as0 (log
transformation) and 1 (no transformation), and when skewnessin the error termsis not a concern (Draper
and Smith, 1981). A variation of the Box-Cox technique can apply the transformation to independent
variablesaswell. Thistechnique wasinappropriate in this context, however, because models using the
dual-transformation raised concerns regarding the distribution of error terms. Used here, the Box-Cox
technique has validated the appropriateness of our choice of the semi -log form for results explanation, even

though the | =.18 transformation explained slightly more variance in the data.

An examination of the resultsin Table 6 suggests that there is consistent evidence supporting the major
conclusions of thisstudy across all three functional specifications. The three sets of results show a
significant, positive relationship between browser share and server price. All models also show aprice

relationship with the use of dominant standards, the ability to link to external databases, and the availability
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of trial versions. The positive relationship between price and product mentions hol ds across the various
models aswell. It should be noted that unlike models (i) and (iii), there were some concerns with the linear
model (ii) with respect to the normality of the distributed error terms; however, this underscores the
appropriateness of considering the BoxCox affirmed semi -log specification. Taken in aggregate, these
resultsindicate a highly consistent degree of hypothesis support across the functional specification

considered.
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System

Product (Firm)

Streaming Media

Radio Broadcast
Document Distribution
Personal Data Management
Software Distribution
Television Convergence
Wireless Broadband

RealMedia (Real Networks), Windows Media (Microsoft)

Imagine Radio, RadioWave (Motorola), Sirius, SonicNet, Spinner, XM
Acrobat (Adobe)

Palm, Passport and TrustBridge (Microsoft)

Castinet (Marimba), OilChange (Network Associates), Windows (Microsoft)
Ultimate TV (Microsoft); AOLTV (AOL/Time-Warner)

MMDS (Sprint; MCl/WorldCom), LMDS (CellularVision), GEO Satellite
(Hughes/DirectTV), LEO Satellite (Teledesic)
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Independent Variables

H1 Web Server Marketshare (+)
H2 Web Browser Marketshare (+)
H3 Product Press Mentions (+)
H4 SHTTP Support (+)

SS. Support (+)

Database Linking (+)

H5 Trial Version Offered (+)

Controls  Graphical Administration (+)
Remote Administration (+)

Scripting Language (+)

Search Capabilities (+)

User Directories (+)

Months on Market (+)

Time Period (-)

Conceptual Model

Primary Product
Share (NPi)

Composite
Product Share (N%)

Mindshare(M;y)
(PressMentions)

Support of
Standards (Sit)

Tridlability (Tri)

Controls:
Features/Quality ( Fi)
Time(Tj)

Server
Price (Pit)

Ln(Server Price)

Figure2: Variables, Hypothesized I nfluences, and Conceptual Constructs
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Variable Name

Max. Mean

Std. Dev.

Dep. Var.
H1
H2
H3
H4

H5
Controls

Price (USD)
LnPrice

Server Share
Browser Share
Product Mentions
SSL Security
S-HTTP Security
Database Linking
Trial Version

GUI Interface
Remote Admin.
Scripting Support
Searchability
User Directories
Months on Market
Timein Months
Free Product Entry

40 2995 567.902

3.69 8.29 5.973
0.0002 11.48 1.275

83.3 9.527
0.458 0.059
0.399
0.178
0.548
0.555
0.897
0.673
0.642
0.321
0.589
10.199
10.682
1 0.717

PR R RPRRRRRR

N
<

OO0 OO0 0000000 O
=
©

508.080
0.980

Table2: Descriptive Statistics for Model Variables



1) Server Share 2) Extended 3) Two-sidedness  4) Factor 5) Shock
Variable Coef T-stat Coef T-stat Coef T-stat Coef T-stat Coef T-stat
(Constant) 4.14 23.16%* 4.06 28.73%* 4.06  29.2%* 457  35.1%* 454 35.86 ***
H1 Server Share 0.172 7.85% 0.075 3714
H2 Browser Share 0.009  4.53%
H3 Product Mentions 0.02 3.65%+* 0.02  3.32%
H4 SSL Security 0.47 3.07%* 0.64 5.25%* 0.50  4.00%*
S-HTTP Security 0.33 2.23* 0.03 0.25 0.15 117
Database Linking 0.35 3.40%* 0.35 4.30%* 0.36  4.50%*
H5 Trial Version 0.76 11.05%+* 0.79 11.55%* 0.75 12.09 *=** 0.75 12.43 %=
Controls GUI Interface 0.97 6.44%* 0.59 4.87% 0.58  4.88** 0.66  6.25 % 0.65 6.39 **
Remote Admin. 0.24 2.04** 0.37 3.74%+* 0.40  4.11% 0.33  4.01 % 0.33 4.15 %=
Scripting Support 0.52 6.15%* 0.53 7.65%* 0.48  6.98** 0.56  9.58 ** 0.55 9.69 ***
Searchability 0.29 2.36** 0.18 1.82* 0.35  3.35%* 0.39 5.61 % 0.41 5.92 %
User Directories 0.55 6.01%* 0.51 7.09%** 0.50  7.05%* 0.56  8.91 =+ 0.56 9.21 %=
Months on Market -0.12  -8.76%* -0.13 -12.20%+* -0.14 -12.94%* -0.15 -15.14 %= -0.15 -15.84 *=**
Timein Months 0.06 4.26** 0.07 6.15%** 0.07  6.62*%* 0.08  8.17 *** 0.12 9.26**
Factors  Signal Factor 0.42  9.99 *+* 0.43 10.42 %=
Standards Factor 0.41 13.41 ** 0.41 13.63**
Shock Free Product Entry -0.41 -4.28 **
Adj. R-sq. 0.63 0.78 0.78 0.78 0.79
Durbin-Watson 1.63 1.94 1.92 1.90 2.01
F 51.31 ok 86.72 ok 89.07 *x o 114.68 wx 111,75 ok

p. 31

Significance: * p < .10, * p < .05, ** p < .01

Table 3: Estimation Results



1 Browser Share 1

2 Server Share 0.89 1

3% Prod. Mentions| 0.68 0.74 1

4 Database -0.03 -0.05 -0.03 1

5SSL 0.20 0.19 0.21 057 1

6 S-HTTP -0.17 -0.15 -0.06 0.42 0.7 1

7 Signal Factor 093 095 0.86 -0.04 024 -0.16 1

8 Standards Factor| -0.02 -0.02 0.04 0.80 087 0.81 0.00 1

9 Trialability 032 042 051 012 014 014 043 0.15 1

10 GUI Interface 0.13 0.17 023 033 023 016 018 029 0.34 1

11 Remote Admin. 0.26 034 040 011 054 032 037 040 019 049 1

12 Scripting Support| 0.28 0.19 0.04 025 024 -0.04 020 0.17 010 0.15 0.28 1

13 Searchability 0.14 034 029 022 053 -0.02 032 030 017 023 048 0.18 1

14 User Directories 030 0.19 026 -0.06 027 011 0.28 0.13 008 0.18 0.32 -0.06 -0.12 1

15Time -0.13 -0.13 -0.23 0.00 0.06 0.01 -0.16 0.03 -0.03 -0.19 -0.17 -0.16 -0.06 -0.05 1

16 Months on Mkt 0.47 052 032 012 044 017 048 029 035 022 038 014 032 0.23 0.58 1
17 Free Prod. Entry | -0.11 -0.11 -0.21 -0.04 0.00 -0.02 -0.15 -0.02 -0.05 -0.19 -0.17 -0.17 -0.06 -0.05 0.81 0.43

Table 4: Correlation Matrix
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Variable Signal  Standards

Browser Share 0.93 -0.02
Server Share 0.95 -0.02
Product Mentions 0.86 0.04
Database Linking -0.04 0.80
SSL Security 0.24 0.87
S-HTTP Security -0.16 0.81

Table5: Factor Analysis Standardized Loadings(l )

p. 33
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i) semi-log i) linear iii) Box-Cox 1=.18
Variable Coef T-stat Coef T-Stat Coef T-Stat
(Constant) 4.06 29.2%*  .193.53  -2.27% 5.55 14.51%
Browser Share 0.009 4 53%+* 3.88 3.14%+* 0.0187 3.37%*
Product Mentions 0.02 3.32%* 17.51 5.5g%** 0.06 4.20%*
SSL Security 0.50 4.00%+* 314.88 4,15+ 1.67 4.90%*
S-HTTP Security 0.15 117 33.34 0.43 0.31 0.89
Database Linking 0.36 4.50%+* 186.52 3.83%* 0.99 4 520
Trial Version 0.79 11.55%+* 250.78 6.19% 2.17 11.51%
GUI Interface 0.58 4.88*+* 91.19 1.25 143 4.37%*
Remote Admin. 0.40 4,110 126.20 2.11* 1.09 4.06%*
Scripting Support 0.48 6.98%* 153.60 3.62%+* 1.34 7.01%+*
Searchability 0.35 3.35%* 385.91 6.08% 1.16 4.08**
User Directories 0.50 7.05%+* 264.64 6.11%+* 1.40 7.18**
Months on Market -0.14 -12.94%+* -78.19 -11.95%* -041  -13.79%*
Timein Months 0.07 6.62*** 46.39 6.92%** 0.23 7.51%*
Adj. R-sq. 0.78 0.695 0.788
Durbin-Watson 1.92 1.728 1.908
F 89.07 ok 57.190 ok 92.564 ok

Significance: * p < .10, ** p < .05, ** p < .01

Table 6: Comparison of Functional Specifications



REFERENCES

Agarwal, R. and Prasad, J. "The Role of Innovation Characteristics and Perceived Voluntarinessin the
Acceptance of Information Technologies," Decision Sciences (28:3), 1997, pp. 557-582.

Airborne, M. "What to Look for in aWeb Server,” Sun Online :May, 1996.

Arthur, B. "Inductive Reasoning and Bounded Rationality," The American Economic Review (81:2), 1994,
pp. 353-360.

Bakos, Y. and Brynjolfsson, E. "Bundling Information Goods: Pricing, Profits and Efficiency,"
Management Science (45:12), 1999, pp. 1613-1631.

Bakos, Y., Brynjolfsson, E. and Lichtman, D. "Shared information goods," Journal of Law & Economics
(42:1 (Part 1), 1999, pp. 117-155.

Bandura, A. Social Learning Theory, Prentice- Hall, Englewood Cliffs, NJ, 1977.

Baumol, W.J., Panzar, J.C. and Willig, R.D. Contestable Markets and the Theory of Industry Structure,
Harcourt Brace Jovanovich, New York, NY, 1982.

Belsley, D., Kuh, E. and Welsch, E. Regression Diagnostics: Identifying Influential Data and Sources of
Collinearity, John Wiley & Sons, New York, NY, 1980.

Boulton, S. "When Borrowing is Stealing,” Engineering News-Record (242:11), 1999, pp. 119.

Brynjolfsson, E. and Kemerer, C.F. "Network Externalities in Microcomputer Software: An Econometric
Analysis of the Spreadsheet Market," Management Science (42:12), 1996, pp. 1627-1647.

Bulow, J.I., Geanakoplos, J. and Klemperer, P. "Multimarket Oligopoly: Strategic Substitutes and
Complements,” Journal of Political Economy (93:3), 1985, pp. 488-511.

Church, J. and Gandal, N. "Network Effects, Software Provision, and Standardization," Journal of
Industrial Economics (40:1), 1992, pp. 85-103.

Church, J. and Gandal, N. "Complementary Network Externalities and Technological Adoption,"
International Journal of Industrial Organization (11:2), 1993, pp. 239-260.

Cowen "US Market Size for Software Sales for 1998 and Forecast for 2003," SG Cowen Securities
Corporation, March 21 2000.

Cusumano, M.A. and Y offie, D.B. Competing on Internet Time: Lessons from Netscape and Its Battle with
Microsoft, The Free Press, Boston, 1998.

David, P.A. "Clio and the Economics of QWERTY " American Economic Review (75:2), 1985, pp. 332-
337.

Davis, F.D., Bagozzi, R.P. and Warshaw, P.R. "User Acceptance of Computer Technology: A Comparison
of Two Theoretical Models," Management Science (35:8), 1989, pp. 982-1003.

Draper, N.R. and Smith, H. Applied Regression Analysis, Wiley, New York, NY, 1981.

Economides, N. "The Economics of Networks," International Journal of Industrial Organization (14:6),
1996, pp. 673-699.

p. 35



Farrell, J., Monroe, H.K. and Saloner, G. "The Vertical Organization of Industry: Systems Competition
versus Component Competition,” Journal of Economics & Management Strategy (7:2), 1998, pp. 143-183.

Farrell, J. and Saloner, G. "Standardization, Compatibility, and Innovation," Rand Journal of Economics
(16:1), 1985, pp. 70-83.

Farrell, J. and Saloner, G. "Installed Base and Compatibility: Innovation, Product Preannouncements, and
Predation," American Economic Review (76:5), 1986, pp. 940-955.

Farrell, J. and Saloner, G. "Converters, Compatibility, and the Control of Interfaces," Journal of Industrial
Economics (40:1), 1992, pp. 9-35.

Fichman, R.G. and Kemerer, C.F. "Adoption of Software Engineering Process Innovations. The Case of
Object Orientation," Soan Management Review:Winter 1993, pp. 7-23.

Fisher, F.M. and Shell, M. "Taste and Quality Change in the Pure Theory of the True Cost-of-Living
Index," InPrice Indexes and Quality Change, Z. Griliches (Ed.), Harvard University Press, Boston, MA,
1971, pp. 16-54.

Frye, C."In Like aLegacy, Out Like an EBusiness," Software Magazine, (20:3), June/ July 2000, pp. 46-
79.

Gallaugher, JM. and Wang, Y.-M. "Network Effects and the Impact of Free Goods: An Analysis of the
Web Server Market," International Journal of Electronic Commerce (3:4), 19993, pp. 67-88.

Gallaugher, JM. and Wang, Y.-M. "Network Externalities and the Provision of Composite IT Goods
Supporting the E-Commerce Infrastructure,” Electronic Markets (9:1 & 2), 1999b, pp. 14-19.

Gandal, N. "Hedonic price indexesfor spreadsheets and an empirical test for network externalities," Rand
Journal of Economics (25:1), 1994, pp. 160-170.

Gandal, N. "Competing compatibility standards and network externalitiesin the PC software market,"
Review of Economics & Statistics (77:4), 1995, pp. 599-608.

Gogan, J.L. and Applegate, L.M. "Open Market, Inc.," In Corporate I nformation Systems Management:
Text & Cases, L. M. Applegate, F. W. McFarlan and J. L. McKenney (Ed.), Irwin, Chicago, 1995.

Hess, C. and Kemerer, C.F. "Computeri zed Loan Origination Systems: An Industry Case Study of the
Electronic Markets Hypothesis,” MIS Quarterly (18:3), 1994, pp. 251-277.

Johnson, R. and Wichern, D. Applied Multivariate Satistical Analysis, Prentice Hall, New York, NY, 1993.

Katz, M.L. and Shapiro, C. "Network Externalities, Competition, and Compatibility," American Economic
Review (75:3), 1985, pp. 424-440.

Katz, M.L. and Shapiro, C. "Product Compatibility Choice in a Market with Technological Progress,"
Oxford Economic Papers (38:Supplement), 1986a, pp. 146-165.

Katz, M.L. and Shapiro, C. "Technology Adoption in the Presence of Network Externalities," Journal of
Political Economy (94:4), 1986b, pp. 822-841.

Katz, M.L. and Shapiro, C. "Product Introduction with Network Externalities," Journal of Industrial
Economics (40:1), 1992, pp. 55-83.

Katz, M.L. and Shapiro, C. "Systems Competition and Network Effects," Journal of Economic
Perspectives (8:2), 1994, pp. 93-115.

p. 36



Kauffman, R., McAndrews, J. and Wang, Y.-M. "Opening the "Black Box" of Network Externalitiesin
Network Adoption," Information Systems Research (11:1), 2000, pp. 61-82.

Kettinger, W.J., Grover, V., Guha, S. and Segars, A.H. "Strategic Information Systems Revisited: A Study
in Sustainability and Performance,” MIS Quarterly (18:1), 1994, pp. 31-58.

Lynch, B.D., Rao, H.R. and Lin, W.T. "Economic Analysis of Microcomputer Hardware,"
Communications of the ACM (33:10), 1990, pp. 119-129.

Michaels, R. "Hedonic Prices and the Structure of the Digital Computer Industry,” Journal of Industrial
Economics (27:3), 1979, pp. 263-276.

Moore, G.C. and Benbasat, |. "Development of an Instrument to Measure the Perceptions of Adopting an
Information Technology Innovation," Information Systems Research (2:3), 1991, pp. 192-222.

Negroponte, N. Being Digital, Alfred A Knopf, New York, NY, 1995.

Nejmeh, B.A. "Internet: A Strategic Tool for the Software Enterprise,” Communications of the ACM
(37:11), 1994, pp. 23-27.

Nua "Nua Internet Surveys. Special Edition," Nua Limited, May, 1997.

Oren, S. and Smith, S. "Critical Mass and Tariff Structure in Electronic Communications Markets," Bell
Journal of Economics (12:2), 1981, pp. 467-487.

Padmanabhan, V., Rajiv, S. and Srinivasan, K. "New products, upgrades, and new releases. A rationale for
sequential product introduction,” JMR, Journal of Marketing Research (34:4), 1997, pp. 456-472.

Parker, G.G. and Van Alstyne, M.W. "Information Complements, Substitutes, and Strategic Product
Design,"” Proceedings of the ACM Conference on Electronic Commerce, Minneapolis, Minnesota, 2000.

Pennings, J.M. and Harianto, F. "The Diffusion of Technological Innovation in the Commercial Banking
Industry," Strategic Management Journal (13:1), 1992, pp. 29-47.

Poirier, R. "The Information Economy Approach: Characteristics, Limitations, and Future Prospects,"”
Information Society (7:4), 1990, pp. 245-286.

Postrel, S.R. "Competing Networks and Proprietary Standards: The Case of Quadraphonic Sound," Journal
of Industrial Economics (39:2), 1990, pp. 169-185.

Quittner, J. and Slatalla, M. Speeding the Net : The Inside Story of Netscape and How It Challenged
Microsoft, Atlantic Monthly Press, Boston, MA, 1998.

Rao, H.R. and Lynch, B.D. "Hedonic Price Analysis of Workstation Attributes," Communications of the
ACM (36:12), 1993, pp. 95-102.

Regibeau, P. and Rockett, K.E. "The timing of product introduction and the credibility of compatibility
decisions,”" International Journal of Industrial Organization (14:6), 1996, pp. 801-824.

Rochert, J. and Tirole, J. "Platform Competition in Two-Sided Markets," Proceedings of the Joint
Workshop on Industrial Organization, Toulouse, France, 2001.

Rogers, E.M. Diffusion of Innovations, Free Press, New Y ork, 1995.

p. 37



Rohlfs, J. "A Theory of Interdependent Demand for a Communications Service," Bell Journal of
Economics (5:1), 1974, pp. 16-37.

Rudy, J. "Industry Surveys: Computers: Software," Standard & Poors, April 11, 2002.

Saloner, G. and Shepard, A. "Adoption of Technologies with Network Effects: An Empirical Examination
of the Adoption of Automated Teller Machines,” Rand Journal o fEconomics (26:3), 1993, pp. 479-501.

Schilling, M.A. "Technology Success and Failure in Winner-Take-All Markets: The Impact of Learning
Orientation, Timing, and Network Externalities," Academy of Management Journal (45:2), 2002, pp. 387-
398.

Shapiro, C. and Varian, H. Information Rules, Harvard Business School Press, Boston, 1998.

Shurmer, M. "An Investigation Into Sources of Network Externalities in the Packaged PC Software
Market," Information Economics & Policy (5:3), 1993, pp. 231-251.

Stein, L.D. How to Set Up and Maintain a World Wide Web Site: The Guide for Information Providers,
Addison Wesley, Reading, MA, 1995.

Tam, K.Y. and Hui, K.L. "A Choice Model for the Selection of Computer Vendors and its Empirical
Estimation," Journal of Management Information Systems (7:4), 2001, pp. 97-125.

Triplett, J.E. "The Economic Interpretation of Hedonic Methods," Survey of Current Business (66:1), 1986,
pp. 36-40.

Wilson, R. Nonlinear Pricing, Oxford University Press, New York, NY, 1997.
Wingfield, N. "Netscape Fixes Apachein its Sights,” C|net Central), 1996.

Y offie, D.B. and Cusumano, M.A. "Judo strategy: The Competitive Dynamics of Internet Time," Harvard
Business Review (77:1), 1999, pp. 70-81.

p. 38



ENDNOTES

! The literature also refers to network externalities as ‘network effects’. We use both terms interchangeably
throughout the paper.

2 An“open standard” is an industry blueprint recommended by vendor-neutral standards bodies that is
meant to ensure interoperability between products from different vendors, i.e., competing products work
together. Open standards allow consumers awide range of choices and speed adoption of new
technologies. They are in sharp contrast to vendor-proprietary standards that may be leveraged in an
exclusionary manner.

3 Some literature may also reference this phenomenon as indirect network effects or inter-network effects.
* Liebowitz and Margolis (1990) disputed David’s claims, aconflict that underscores the need for more
empirical research.

® An additional analysis was performed to gauge the impact of free servers. These results are also
Eresented in Results and I nterpretation.

At the time of the study, shareware products made up only avery small fraction of the market for
Windows platform Web server software. The elimination of shareware productsis consistent with earlier
hedonic pricing studies in software markets.

" The VIF values for all variablesin all models presented fell well below the threshold of 10.0, and
condition indexes in any of the models did not exceed the Belsley heuristic of 30.

8 A model including both variables (not shown) provided results highly similar to thosein Model (3).
Aside from the insignificance of server share, variablesin both models were consistent in terms of
significance, direction of influence, and had roughly equivalent coefficients. Models also offered similar
explanatory power. Thisbehavior isto be expected, given the predicted association of the two share
variablesin astrongly two-sided market.

° Although the variables measuring the months a product has been on the market and time period trend in
the same direction, VIF measures do not suggest concern regarding possible confounding of the results.
Thisis dueto the fact that any two server products were most likely released at different times. Asa
further test, amodel removing the time indicator was run, and although |ess descriptive than the presented
models, this model did not alter the significance or direction of variables examined in the prior results.

10 Al variables were standardized before being entered into the factor analysis. Cross-loading was not a
problem with any of the variables used in the two factors (SSL, with across-loading in the 'signal’ factor at
| =.24, was the only variable showing al above.2). Both ‘signal’ and ‘standards' factors demonstrated an
acceptable level of internal reliability with Cronbach’s alpha of .909 and .766, respectively.

11 1n 1996, twice as many respondents named Netscape rather than Microsoft as the company that would be
most important to their company’s Web-based business. By 1998, Microsoft was 10 times more likely to
be nominated as ‘ strategically most important’ to the success of corporate Web-based businesses
gCusumano and Y offie, 1998).

2 These results al so hold in models decomposing the factorsinto separate independent variables for share,
press mentions, and standards. For brevity, these results are not presented in the results table.
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