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Network effects (NE) (also called network externali-
ties) refer to the market phenomenon in which the
value of a product or service to consumers depends

on the number of users of that product or service (for a
detailed discussion, see Katz and Shapiro 1985, 1994). With
rapid advances in information technology and the digital
revolution, NE have become an important characteristic of
an increasing number of industries and product/service
categories (e.g., computers, communications, consumer
electronics, software, financial exchanges, online auctions,
home networking, social networking Web sites).

Markets with NE often exhibit significantly high market
uncertainty and innovation risk (e.g., Chakravarti and Xie
2006). For example, unlike traditional markets, consumer
adoption utility in the NE markets depends not only on
product quality but also on the size of the user base of the
underlying technology (Katz and Shapiro 1994). This
“installed-base effect” creates a unique “start-up” difficulty
for innovating firms because the new product may offer lit-
tle value to early adopters at the time of product launch
because of its limited user base (Katz and Shapiro 1986).
Furthermore, standards competition is common in the pres-

ence of NE (Shapiro and Varian 1998). During the past two
decades, many fierce standards battles have occurred
between incompatible technologies (e.g., Betamax versus
VHS VCR player, Microsoft Windows versus Apple Macin-
tosh operation system, Blu-ray versus high-definition DVD
player). Brutal standards battles not only reduce competing
firms’ profits but also make a “winner-take-all” market out-
come more likely to occur (Schilling 2002; Shapiro and
Varian 1998). These unique characteristics make survival a
primary performance concern for firms competing in mar-
kets with NE (Srinivasan, Lilien, and Rangaswamy 2004).

An increasing number of researchers have addressed the
implications of NE on emerging issues such as pricing (e.g.,
Xie and Sirbu 1995), product line (Sun, Xie, and Cao 2004),
software piracy (Haruvy, Mahajan, and Prasad 2004), cross-
market NE (Chen and Xie 2007), indirect NE (Stremersch
et al. 2007), and new product success (Tellis, Yin, and Niraj
2009). Research has also provided empirical evidence of
NE in various industries, including high-definition televi-
sions (Gupta, Jain, and Sawhney 1999), video games
(Shankar and Bayus 2003), CD players (Basu, Mazumdar,
and Raj 2003), and personal digital assistants (Nair, Chinta-
gunta, and Dubé 2004). However, few studies have been
undertaken on firms’ survival in NE markets.

The survival literature suggests that firms’ market entry
order plays an important role in their ability to survive (e.g.,
Golder and Tellis 1993). Various studies have provided
empirical evidence for pioneer survival (dis)advantage
under different conditions (e.g., Lilien andYoon 1990; Min,
Kalwani, and Robinson 2006; Robinson and Min 2002).



Because the installed-base effect exhibited in markets with
NE implies both a higher first-mover risk and a higher first-
mover benefit than traditional markets, the order-of-entry
effect on survival in NE markets can be even more compli-
cated and critical. Despite the importance of survival in NE
markets, however, pioneer survival (dis)advantage in such
markets has received scant academic attention. Recently,
Srinivasan, Lilien, and Rangaswamy (2004) took the first
step toward empirically investigating firm survival in mar-
kets with NE using data from 45 product categories. Their
work provides the first empirical evidence of the negative
impact of NE on the survival duration of a pioneer’s prod-
uct. However, their research focuses on pioneer products
only and does not directly address the order-of-entry effect.

The current research investigates the order-of-entry
effect on survival in NE markets. We propose that pioneers’
survival (dis)advantage, compared with early followers, is
contingent on product (in)compatibility, which is an essen-
tial product characteristic in these markets (e.g.,
Chakravarti and Xie 2006; Katz and Shapiro 1985; Xie and
Sirbu 1995). Specifically, we consider two fundamentally dif-
ferent types of incompatibility: (1) cross-generation incom-
patibility (i.e., if the underlying product is incompatible with
previous-generation products) and (2) within-generation
incompatibility (i.e., if the product is incompatible with
other products in the same generation). For example,
current-generation DVD players are cross-generation
incompatible with previous-generation VCR players but are
within-generation compatible with each other.

We begin by developing a theoretical framework on
how a pioneer’s survival (dis)advantage is jointly affected
by NE and by the two types of incompatibility. We then
empirically test the theoretical hypotheses using data from
45 markets with different degrees of NE. The results reveal
some intriguing systematic patterns of contingency. First, we
find a significant interaction effect between NE and the two
types of incompatibility. In markets with weak NE, the two
types of product incompatibility affect the pioneer’s sur-
vival advantage in opposite directions: Cross-generation
incompatibility strengthens the pioneer’s survival advan-
tage, but within-generation incompatibility weakens it.
However, as NE increase, the impact of both types of
incompatibility becomes weaker in their original directions,
and eventually their directions are reversed; that is, when
NE are strong, cross-generation incompatibility becomes
harmful to the pioneer’s survival advantage, but within-
generation incompatibility becomes helpful. Second,
although the data reveal a lower average survival duration
faced by pioneers than by early followers in markets with
NE, we find some conditions under which pioneers can
experience a survival advantage relative to the early follow-
ers. It is striking that (1) such a pioneer survival advantage
can occur in markets with both strong and weak NE and (2)
the two cases (strong or weak NE) require opposite com-
patibility conditions. Specifically, we find that pioneers
have longer survival duration than early followers in mar-
kets with strong NE if the pioneer is cross-generation com-
patible but not within-generation compatible and in markets
with weak NE if the pioneer is within-generation compati-

2 / Journal of Marketing, July 2010

ble but not cross-generation compatible. These findings
provide important insights for both theory and practice.

We organize the remainder of this article as follows: In
the next section, we present the conceptual framework and
develop the hypotheses. We then describe the data and esti-
mation method and present the empirical results. Finally,
we discuss the contributions of this research and the mana-
gerial implications of the results.

Conceptual Development
In this section, we first define product (in)compatibility and
then develop six theoretical hypotheses. The first four
hypotheses focus on the impacts of two types of product
incompatibility (cross- and within-generation) on pioneer
survival advantage, and the last two hypotheses focus on the
conditions under which pioneers are more likely to survive
longer than early followers in markets with NE.

Product Compatibility

Product compatibility is a fundamental issue in NE markets
(e.g., Farrell and Saloner 1985; Katz and Shapiro 1985; Xie
and Sirbu 1995), though the technical definition of “com-
patibility” may be product specific. To provide a more gen-
eral definition of compatibility that can apply to different
types of products, we adopt the term “interchangeability,”
which has been used to discuss standardization in the litera-
ture (e.g., Kindleberger 1983). Specifically, we call the
underlying products “compatible” if they are able to
achieve interchangeability. For products with direct NE
(e.g., communications networks, modems, facsimile [fax]
machines, videoconferencing equipment), interchangeabil-
ity refers to the interconnection between different networks.
For products with indirect NE (e.g., hardware/software
systems), interchangeability of products means that the
components of one system can work with those of other
systems (Katz and Shapiro 1994). For example, CD players
from Sony and Philips are compatible because both players
can play the same CDs. However, ink-jet (and laser)
printers from Hewlett-Packard and Canon are not
compatible because they only work with their respective
cartridges. We believe that product compatibility is a poten-
tially crucial survival factor for firms competing in NE mar-
kets because with incompatible products, firms tend to
engage in standards wars. Such a specific form of
competition can significantly increase market uncertainty
for all related players, such as manufacturers and producers
of complementary products (Srinivasan, Lilien, and Ran-
gaswamy 2006). Furthermore, standards competition affects
consumer behavior because it imposes additional adoption
risks (Chakravarti and Xie 2006). For example, adopting a
product that uses a losing standard incurs significant costs
for consumers. Therefore, firm competition and survival
rates among different market players differ greatly as a
result of product incompatibility.

The extant literature has considered two specific types
of product incompatibility: (1) cross-generation (e.g., Choi
1994; Dhebar 1995; Postrel 1990) and (2) within-generation
(e.g., Farrell and Saloner 1985; Xie and Sirbu 1995). Cross-
generation incompatibility occurs between products in



different generations (e.g., the fax machine versus the
telegraph transmitter, DVD players versus VCRs). Within-
generation incompatibility applies to products developed
within the same generation (e.g., VHS versus Betamax
VCR players). Although the literature has examined the
impact of product compatibility on some important firm
strategies, such as pricing and advertising (e.g., Chakravarti
and Xie 2006; Farrell and Saloner 1985; Xie and Sirbu
1995), or consumer behavior (Chakravarti and Xie 2006),
the impact of product compatibility on firms’ survival abil-
ity has not been investigated. Furthermore, it is important to
understand whether these two types of incompatibility
influence product survival differently. In the following dis-
cussion, we examine how each type of product incompati-
bility might influence pioneer survival (dis)advantage and
how these impacts might vary with the strength of NE.

Impact of Cross-Generation Incompatibility

When products are incompatible with those of a previous
generation, this incompatibility creates two opposite impacts
on the order-of-entry effect and, in turn, on pioneer advan-
tage in survival duration: a positive “consumer preference”
effect and a negative “market uncertainty” effect. First, a
positive consumer preference effect occurs because cross-
generation product incompatibility strengthens a pioneer’s
ability to enjoy the first-mover advantage on consumer pref-
erence formation. The first-mover advantage literature
shows that one major source of pioneering advantage arises
from consumer preference formation (Carpenter and
Nakamoto 1989; Kerin, Varadarajan, and Peterson 1992).
Carpenter and Nakamoto (1989) argue that when a new
category is introduced and consumer category preference is
not well defined, consumers tend to form their preferences
in line with the market pioneer’s product and consider its
product the category stereotype. When later entrants arrive,
they are compared with the pioneer, the market stereotype,
and thus may be perceived disadvantageously.

In NE markets, introducing cross-generation compatible
products limits the pioneer’s ability to redefine consumer
preferences. In contrast, it seems reasonable that cross-
generation incompatibility strengthens such a pioneer
advantage because cross-generation incompatible products
usually feature different technologies from those of the
previous generation, which implies a significant product
differentiation between the new-generation product and that
of the existing generation. For example, the DVD player
was created as a result of the development of digital tech-
nology and was not compatible with its precursor, the VCR,
which was based on analog technology. When the DVD
player was introduced, consumers needed to develop totally
new preferences. The significant product differentiation due
to cross-generation incompatibility provides an opportunity
for the pioneer to redefine consumer preferences (Dhebar
1995).

Second, a negative market uncertainty effect occurs
because cross-generation product incompatibility intensifies
the pioneer’s disadvantage relative to that of later entrants
on the degree of uncertainty encountered. In general, when
a new-generation product category is developed, the first
mover often faces more uncertainties than later entrants
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because it enters the market with less information about the
market’s response to the new-generation product. The sur-
vival literature (e.g., Hannan and Freeman 1984) suggests
that to have high survival likelihood, a firm must demon-
strate its reliability to its customers, its investors, and its
partners. However, when a new-generation product is
incompatible with that of the previous generation, such
demonstration is significantly more difficult for pioneers
than for later entrants because all important parties (e.g.,
consumers, investors, complementary-product firms, retail-
ers) face considerable risk by supporting the innovation.
This high risk can motivate the parties to delay their adop-
tion of or support for the new-generation product until
enough evidence exists to raise their confidence level in
relation to the success of the innovation. As a result, a pio-
neer can fail simply because its product is the first available
of the new generation and it has no installed-base support
from the existing-generation product.

Furthermore, it is important to emphasize that the mag-
nitude of such a negative market uncertainty effect of cross-
generation incompatibility on pioneers’ survival advantage
increases with the strength of NE. This increase occurs
because the stronger the NE, the greater the likelihood is
for consumers, investors, and downstream firms to delay
their investment in the new-generation product, thus leading
to the greater survival disadvantage of being the market
pioneer.

The overall impact of cross-generation product incom-
patibility on pioneers’ survival advantage is determined by
the net impact of these two opposite effects. Note that the
positive consumer preference effect does not vary with NE.
However, the negative market uncertainty effect intensifies
when NE become stronger. Therefore, we expect that, in
general, the impact of cross-generation product incompati-
bility on pioneering survival advantage (the order-of-entry
effect) decreases with the strength of NE. Formally,

H1: The impact of cross-generation incompatibility on pioneer
survival advantage decreases with the strength of NE.

The first hypothesis specifies how the impact of cross-
generation incompatibility on pioneer survival advantage
changes when NE become stronger. We now consider the
overall effect of cross-generation incompatibility on pioneer
survival advantage in markets with extremely weak and
extremely strong NE. In markets with extremely weak NE,
the positive consumer preference effect may dominate the
negative market uncertainty effect. Thus, the net effect asso-
ciated with cross-generation incompatibility on pioneering
advantage would be positive. As the NE increase from
extremely weak to extremely strong, cross-generation
incompatibility significantly intensifies the uncertainties
that pioneers face compared with those that later entrants
face, and the negative market uncertainty effect could
dominate the positive consumer preference effect. As a
result, the cross-generation incompatibility could negatively
affect pioneering survival advantage in markets with
extremely strong NE.

A good example is the television market, which exhibits
strong indirect NE because the value of a television set
(hardware) for a consumer strongly depends on the availabil-



ity of television programming (software) in the market. CBS
invented the mechanical color television system in 1940 and
was the first to launch color television to the American gen-
eral public in 1950 (Fisher and Fisher 1997; Shapiro and
Varian 1999). The CBS color television technology was
cross-generation incompatible with black-and-white
(B&W) television: Existing B&W television sets could not
pick up the color broadcasts from CBS stations, nor could
the CBS color sets receive the B&W programs. This cross-
generation incompatibility created a huge market uncertainty
regarding the public acceptance of the new-generation tele-
vision sets. Millions of B&W television set owners were
unwilling to invest $100 for the CBS color sets, and adver-
tisers were unwilling to sponsor broadcasts that were seen
by few people. Thus, as a result of the negative uncertainty
effect of cross-generation compatibility, CBS’s color televi-
sion technology soon failed in the market.

This discussion leads to the following hypothesis on the
effect of cross-generation incompatibility in markets with
extremely weak and extremely strong NE:

H2: The impact of cross-generation incompatibility on pioneer
survival advantage is (a) positive in markets with
extremely weak NE and (b) negative in markets with
extremely strong NE.

Impact of Within-Generation Incompatibility

When products within a generation are incompatible, this
incompatibility also creates two opposite impacts on pio-
neer advantage in survival duration: a negative “product-
differentiation” effect and a positive “installed-base” effect.
On the one hand, within-generation incompatibility can
lead to a negative product-differentiation effect on
pioneering advantage because, as is suggested in the order-
of-entry literature, a later entry can outperform pioneers by
introducing a distinctive product (Carpenter and Nakamoto
1989). In markets with NE, within-generation incompatibil-
ity enables the later entrant to achieve a higher level of
product differentiation between its product and that of the
pioneer (e.g., Besen and Farrell 1994; Kim 2002). It also
makes it more difficult for consumers to directly compare a
later entrant’s product with that of the pioneer. Thus,
incompatibility helps a later entrant distinguish its product
from existing products, meet consumers’ demand hetero-
geneity, and reduce long-term price competition (Katz and
Shapiro 1986, 1994).

On the other hand, within-generation incompatibility
can create a positive installed-base effect for pioneers rela-
tive to their early followers because within-generation
incompatibility imposes a start-up difficulty for the later
entrant. As the first-mover advantage literature suggests,
market pioneers can benefit from preempting the market
and setting a high entry barrier for followers (e.g.,
Lieberman and Montgomery 1988). In markets with NE,
the most important entry barrier for followers is the
installed-user base. With within-generation incompatibility,
a later entrant’s product can only derive benefits from its
own installed base rather than the combined installed bases
of the pioneer’s. Moreover, within-generation incompatibil-
ity creates a huge switching cost to consumers of existing

4 / Journal of Marketing, July 2010

products (Farrell and Klemperer 2007). IBM’s decision not
to introduce its 4-inch floppy disk drive (FDD) provides an
illustrative example of the positive installed-base effect
enjoyed by the pioneer, Sony’s 3.5-inch FDD. As Porter
(1983) reports, although IBM initially announced a plan to
introduce a 4-inch FDD, it eventually gave up such a plan
because the 3.5-inch FDD was increasingly adopted by
computer system manufacturers and end consumers. The
installed base of the 3.5-inch FDD thus erected an entry
barrier to IBM’s 4-inch FDD and deterred its entry, provid-
ing a positive installed-base effect to the pioneer, Sony.

Thus, the overall impact of within-generation incompat-
ibility depends on the magnitude of these two opposing
influences. Note that the negative impact of within-
generation incompatibility arising from the followers’
product-differentiation effect does not vary with NE.
However, the positive impact of within-generation
incompatibility arising from the pioneer’s installed-base
advantage is more significant in markets with stronger NE.
As a result, we expect that, in general, the impact of within-
generation product incompatibility on pioneer advantage
(the order-of-entry effect) increases with the strength of NE.
Formally,

H3: The impact of within-generation incompatibility on
pioneer survival advantage increases with the strength of
NE.

In markets with extremely weak NE (zero in the
extreme case), the start-up problem for market followers to
establish an installed user base is negligible. As a result, the
negative impact of within-generation incompatibility from
high differentiation for pioneers can dominate the positive
installed-base impact. Thus, the net effect associated with
within-generation incompatibility on pioneering advantage
would be negative. As NE increase from extremely weak to
extremely strong, within-generation incompatibility affects
pioneering survival advantage positively because it imposes
significant difficulties on followers in establishing their
installed bases. Thus, for market pioneers, the positive
installed-base effect of within-generation incompatibility
can dominate the negative product-differentiation effect.
For example, as a type of data communication network, the
local area network (LAN) has an extremely high NE. As the
market pioneer, Xerox developed the Ethernet standard in
the late 1970s to send data at a high speed among the laser
printers within a LAN. Several years later, IBM launched an
incompatible standard, Token Ring, into the market.
Although its performance was believed to be superior to the
Ethernet standard, the latter had such a large installed base
that it could not be overtaken. Eventually, Token Ring failed
in the market, and Ethernet became the winning LAN stan-
dard (Shapiro and Varian 1998).

This discussion leads to the following hypothesis on the
effect of within-generation incompatibility in markets with
extremely weak and extremely strong NE:

H4: The impact of within-generation incompatibility on
pioneer survival advantage is (a) negative in markets with
extremely weak NE and (b) positive in markets with
extremely strong NE.



Overall Order-of-Entry Effects

We now discuss the conditions under which pioneers are
likely to have a survival (dis)advantage in markets. The
previous discussion suggests that in markets with extremely
weak NE, cross-generation incompatibility has a positive
impact on pioneers’ survival advantage, whereas within-
generation incompatibility has a negative impact. As a
result, when products are cross-generation compatible but
within-generation incompatible, pioneers will be at a
disadvantage compared with early followers. In contrast,
when products are cross-generation incompatible but
within-generation compatible, pioneers will be more likely
to have an advantage in survival duration over the early
followers. As NE increase from extremely weak to
extremely strong, when products are cross-generation
compatible but within-generation incompatible, pioneers
can gain a strong survival advantage; when products are
cross-generation incompatible but within-generation com-
patible, however, pioneers are at a disadvantage compared
with early followers.

Thus, we formalize the following hypotheses on the
overall order-of-entry effects:

H5: When products are cross-generation compatible but
within-generation incompatible, the pioneer survival
advantage (a) increases with the strength of NE; (b) is
negative in markets with extremely weak NE, such that
the pioneer has a survival disadvantage; and (c) is positive
in markets with extremely strong NE, such that the pio-
neer has a survival advantage.

H6: When products are cross-generation incompatible but
within-generation compatible, the pioneer survival advan-
tage (a) decreases with the strength of NE; (b) is positive
in markets with extremely weak NE, such that the pioneer
has a survival advantage; and (c) is negative in markets
with extremely strong NE, such that the pioneer has a sur-
vival disadvantage.

Note that when products are both cross-generation and
within-generation compatible or incompatible, the two
types of (in)compatibility have opposite impacts on pioneer
survival advantage. Therefore, the overall order-of-entry
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effects become less significant because of such opposing
impacts. The directions of the overall effects are ambigu-
ous, depending on the magnitude of the two types of prod-
uct (in)compatibility. Thus, there is no clear theoretical
prediction in these cases, and the result is purely empirical.

In summary, our conceptual development suggests that
the overall order-of-entry effect is contingent on the specific
type of product compatibility and the strength of NE. Pio-
neers can have a survival advantage in markets with both
strong and weak NE; however, the two cases require oppo-
site compatibility conditions. We summarize the conceptual
framework in Figure 1 and the theoretical hypotheses in
Table 1.
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Conceptual Framework for Hypothesis

Development
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TABLE 1
Summary of Theoretical Hypotheses

A: Impacts of Product Compatibility on Pioneer Survival Advantage

Cross-Generation Incompatibility Within-Generation Incompatability

Decrease with NE (H1) Increase with NE (H3)
Markets with extremely Positive (H2a) Markets with extremely Negative (H4a)
weak NE weak NE

Markets with extremely Negative (H2b) Markets with extremely Positive (H4b)
strong NE strong NE

B: Overall Order-of-Entry Effects on Product Survival Duration

Cross-Generation Compatible/ Cross-Generation Incompatible/
Within-Generation Incompatible Within-Generation Compatible

Increase with NE (H5a) Decrease with NE (H6a)
Markets with extremely Negative (H5b) Markets with extremely Positive (H6b)
weak NE (pioneer disadvantage) weak NE (pioneer advantage)

Markets with extremely Positive (H5c) Markets with extremely Negative (H6c)
strong NE (pioneer advantage) strong NE (pioneer disadvantage)



Methods
Data and Variables

Srinivasan, Lilien, and Rangaswamy (2004) examine 45
categories affected by NE. Using the historical method
(e.g., Golder and Tellis 1993; Sood and Tellis 2005), they
identify the pioneer in each selected category from 1950 to
2001. These products range from computer hardware (e.g.,
mainframe computers, notebook computers, workstations),
computer software (e.g., antivirus, database, desktop pub-
lishing), and consumer electronics (e.g., home VCRs, DVD
players, televisions) to telecommunication equipment (e.g.,
cordless telephones, fax machines, wireless telephones) and
office supplies (e.g., photocopiers, scanners, printers). Our
empirical analysis focuses on the same 45 categories. We
collect information not only on the pioneer but also on early
followers in each selected category from 1950 to 2007.

First, we independently identified pioneers in these 45
product categories. In 42 of the 45 categories, the pioneers
we identified are consistent with those in Srinivasan, Lilien,
and Rangaswamy’s (2004) study.1 Such a high degree of
result consistency suggests strong method validity. Second,
using the pioneer in each category as the starting point, we
traced forward, on a yearly basis, the news archives, articles
published in scholarly journals, company histories, and
online databases until we identified the early followers. Fol-
lowing Robinson and Min (2002), when multiple entrants
were identified in the same year, we included them all in the
database as early followers. Overall, the data set includes 45
pioneers and 55 early followers in 45 categories from 1950
to 2007. We offer a detailed description of market pioneers
and early followers in all markets in Web Appendix A
(http://www.marketingpower.com/jmjuly10). Next, we
define the variables used in the empirical examination.

Survival duration and order of entry. We determined
survival durations for pioneers and early followers by the
length of time from year of entry to year of exit. Note that
Srinivasan, Lilien, and Rangaswamy’s (2004) study data
collection ends in 2001. For pioneers reported under “exit”
in their study, we used that measure of survival duration.
For pioneers reported under “survival” in their study, how-
ever, we continued to identify their survival status until
2007 (i.e., the end point of the data collection). For the early
followers, the starting point is 2007. We then traced back-
ward, on a yearly basis, the news archives, articles pub-
lished in scholarly journals, company histories, and online
databases until we identified each firm’s exit year. If a firm
was still in the market by 2007, its survival duration consti-
tuted the length of time from the year it entered a market to
2007 and is right censored. Overall, among the 45 pioneers
and 55 early followers we identified, 18 pioneers and 42
early followers were still in the market in 2007. We used
a variable, PIONEER, to measure the order-of-entry
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effect (PIONEER = 1 for market pioneers, and PIONEER =
0 otherwise).

Product incompatibility. We first conducted extensive
research and consulted experts (e.g., engineering profes-
sors) on information technology and consumer electronics
to identify technical issues of compatibility for each prod-
uct category. For example, for telecommunications net-
works (e.g., telephone and cell phone service networks) and
office supplies (e.g., modems, fax machines), which are
subject to direct NE, compatibility exists when subscribers
to one network can communicate or interconnect with
another network. For computer hardware and software (e.g.,
mainframes, notebooks, personal computers, workstations,
software), for which indirect NE arise, compatibility exists
when two units of hardware can use identical software. For
consumer electronics (e.g., televisions, video game con-
soles, VCRs, CD players, DVD players), for which indirect
NE can also occur, products are considered compatible if a
complementary good (e.g., television broadcasts, game car-
tridges, videotapes, CDs, DVDs) can be used by different
brands of the same product. For consumer appliances (e.g.,
toothbrushes, processors) with indirect NE, compatibility
implies that a key component of one product can be used
interchangeably with other products.

We then used the historical method to determine the two
types of (in)compatibility for each firm’s product at the time
of introduction. We used two dummy variables, CGIC and
WGIC, to denote cross-generation and within-generation
incompatibility, respectively. Specifically, if a product was
incompatible with its previous generation when it was intro-
duced, then CGIC = 1; otherwise, CGIC = 0.2 We adopted
the same previous-generation product that Srinivasan,
Lilien, and Rangaswamy (2004) use for each of the 45
product categories. Similarly, if a product was incompatible
with other products in its generation when it was intro-
duced, then WGIC = 1; otherwise, WGIC = 0. Of the 45
pioneers’ products, 33 were cross-generation incompatible,
and 25 were within-generation incompatible. Of the 55
early followers’ products, 42 were cross-generation incom-
patible, and 28 were within-generation incompatible.3 Table
2 reports the number of products with the two types of
incompatibility for pioneers and early followers.

NE measure. We adopted the same measure of NE that
Srinivasan, Lilien, and Rangaswamy (2004) use. Specifi-
cally, they measure the NE of the pioneer in each of the 45
categories using the sum of two ratings provided by nine
academic raters: degree of direct NE and degree of indirect
NE. We used the same measure of NE for the pioneer and
its followers in the same category. Therefore, as in Srini-
vasan, Lilien, and Rangaswamy’s study, the NE measured
in the data set vary from 3.4 (weakest) to 12.1 (strongest).

1The three inconsistent cases are color television, computer-
aided design software, and camcorders, for which we found earlier
entrants than the pioneers identified by Srinivasan, Lilien and Ran-
gaswamy (2004).

2For six product categories without previous generations, we
consider these categories conceptually the same as cross-generation
incompatible and code CGIC as 1.
3Because there could be more than one early follower (i.e., sev-

eral followers enter in the same year) for a pioneer, the number
of incompatible products is higher for followers than for pioneers.



Control variables. We first collected all control variables
in Srinivasan, Lilien, and Rangaswamy (2004) by following
their methodologies. Specifically, to obtain the radicalness
measurement for each product (RDC), we asked 18 mas-
ter’s degree students in engineering to rate each product
category in two dimensions (each with a scale from 1 to 9):
(1) whether a new product incorporates a substantially dif-
ferent core technology relative to the previous-generation
product, and (2) whether a new product provides substan-
tially greater customer benefits relative to the previous gen-
eration. We then measured the radicalness of a product cate-
gory by adding together the ratings from these two
dimensions. To facilitate the evaluation, we provided stu-
dents with descriptions of each product category, such as
the time of product introduction and the basic features and
functions offered at that time.4 To denote the incumbency
status of a firm, we define a dummy variable INCUMB,
such that INCUMB = 1 when the firm produces a product
that belonged to the previous generation and 0 otherwise.
For the firm size variable, if a firm employed at least 100
people at the time of entry, a dummy variable Size = 1; oth-
erwise, Size = 0. We used a categorical technology intensity
variable HTECH to classify product categories as high- or
low-technology-intensive products according to the per-
centage of the number of research-and-development (R&D)
employees relative to the total number of employees of the
firms within a product category at the three-digit Standard
Industrial Classification level.5

Because the data include not only pioneers but also fol-
lowers, following Robinson and Min (2002), we include
two additional control variables related to firm entry time:
(1) lead time, defined as the number of lead years of a pio-
neer over its early followers, and (2) delay time, defined as
the number of years the entry of an early follower was
delayed after the pioneer’s entry. The average lead time for
the 45 pioneers is 4.82 years, and the average delay time for
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the 55 early followers is 3.13 years. (Note that the average
lead time for the pioneers is different from the average
delay time for early followers because of their different
sample sizes.) We used the natural logarithm of the lead
time and delay time in the estimation (Robinson and Min
2002). We also controlled for the effect of product age by
adding the natural logarithm of the product introduction
year in the estimation. We summarize the definitions of all
variables in Table 3.

Model

We use the accelerated failure time (AFT) model (see Cox
and Oakes 1984; Kalbfleisch and Prentice 1980) to estimate
the impacts of the two types of incompatibility on survival
durations in markets with NE. Specifically, we define the
survival time as a function of two types of incompatibility
and a set of control variables:

(1) Lnti = β0 + β1PIONEERi + β2CGICi + β3WGICi

+ β4NEi + β5NEi × CGICi + β6NEi ×WGICi

+ β7NEi × PIONEERi + β8CGICi × PIONEERi

+ β9NEi × CGICi × PIONEERi

+ β10WGICi × PIONEERi

+ β11NEi ×WGICi × PIONEERi

+ β12–19CONTROL + σεi,

where ti denotes the survival duration of firm i. To examine
the joint impacts of product compatibility and NE on pio-
neer survival advantage (H1 and H3), we need to test the
coefficients of the three-way interaction terms of NE ×
CGIC × PIONEER, β9, and NE ×WGIC × PIONEER, β11,
in Equation 1. To test their joint impact in the two types of
markets (H2 and H4), we must calculate and test (β8 +
β9NE) and (β10 + β11NE), respectively. Similarly, to test H5
and H6, the overall order-of-entry effect or pioneer
advantage, we must calculate and test (β1 + β7NE +
β8CGIC + β9NE × CGIC + β10WGIC + β11NE × WGIC).
The vector CONTROL includes control variables such as
radicalness (RDCi), incumbency (INCUMBi), technology
intensity (HTECHi), size (Sizei), product introduction year
(IntroYeari), pioneer lead time (Leadi), and follower delay
time (Delayi), as well as their squared terms (Leadi2 and
Delayi2). We discussed these variables previously and
define them in Table 3. In addition, σ is the hazard function
scale parameter. We estimate the AFT survival model
(Equation 1) using the maximum likelihood estimation
method (see model details in Web Appendix B at http://

TABLE 2
Product Compatibility Distribution

Within-Generation Pioneers (N = 45) Within-Generation Early Followers (N = 55)

Incompatible Compatible Incompatible Compatible
(WGIC) (WGC) (WGIC) (WGC)

Cross-Generation
Incompatible (CGIC) 20 13 22 20
Compatible (CGC) 5 7 6 7

4The radicalness measure has an average of 13.9 with a standard
deviation of 1.72 for the pioneers and an average of 13.62 with a
standard deviation of 1.87 for the early followers, which is close to
the mean of 12.8 and standard deviation of 1.4 reported by Srini-
vasan, Lilien and Rangaswamy (2004).
5We also classified HTECH according to the percentage of

industrial R&D funds relative to the total of industrial sales
(Sarkar et al. 2006). We obtain the annual data on the percentage
of industrial R&D funds to the total of industrial sales at the three-
digit Standard Industrial Classification level from the Survey of
Industrial Research and Development conducted by the National
Science Foundation. Both approaches provide a consistent classifi-
cation of technology-intensive products in the database.



www.marketingpower.com/jmjuly10). To increase the inter-
pretability of the parameter estimates, we mean-centered
continuous variables such as NE, radicalness, lead time, and
delay time.

Results
We report the descriptive statistics of all variables in Table 4
and the results of the model estimation in Table 5. As Table
4 shows, for the 45 product categories in the study, the
mean survival duration is 17.36 years for pioneers and
22.15 years for early followers (p < .05). This suggests that,
on average, pioneers experience a survival disadvantage
compared with early followers in these markets. As Table 5
shows, the estimation results show an overall goodness of
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fit (χ2 = 66.30, p < .01).6 The coefficient of the variable
PIONEER is significantly negative (β1 = –2.079, p < .10),
suggesting a negative main effect of entry order on firm sur-
vival. The coefficient of variable NE is also significantly
negative (β4 = –1.278, p < .10), suggesting a negative main
effect of NE on firm survival. This finding is consistent with
that discovered by Srinivasan, Lilien, and Rangaswamy
(2004), who only examine pioneer firms.

Variable Definition

PIONEER 1 if the firm is market pioneer and 0 if otherwise.

NE We adopt Srinivasan, Lilien, and Rangaswamy’s (2004) measure: 2 = “extremely weak network
effects,” and 14 = “extremely strong network effects.”

CGIC 1 if a product is incompatible with its previous generation and 0 if otherwise.

WGIC 1 if a product is incompatible with other products in its generation and 0 if otherwise.

INCUMB 1 if the firm also markets a product belonging to the previous generation of products that
satisfied same customer needs and 0 if otherwise.

RDC We adopt Srinivasan, Lilien, and Rangaswamy’s (2004) and Chandy and Tellis’s (2000) measure
and add two dimensions: (1) whether a new technology incorporates a substantially different core
technology on a scale from 1 to 9 and (2) whether a new product provides substantially greater
customer benefits than the previous product generation in the category on a scale from 1 to 9.

HTECH It is measured as a categorical variable that classifies product categories as high- or low-
technology-intensive products. HTECH = 1 if the product is classified as a high-technology-

intensive product, and HTECH = 0 if otherwise.

Size 1 if the number of employers of the firm is equal to or more than 100 and 0 if otherwise.

Lead For the market pioneers, the natural logarithm of the lead time in years over the early followers
and 0 otherwise.

Delay For the early followers, the natural logarithm of the delay time in years after the pioneer’s entry
and 0 otherwise.

IntroYear The natural logarithm of the introduction year.

TABLE 3
Variables Definitions

6Using the same subsample of all pioneers, the model also
shows a significantly better fit than that in Srinivasan, Lilien, and
Rangaswamy’s (2004) study (χ2 = 8.36, d.f. = 2, p < .05). In addi-
tion, the coefficients are significant for all product compatibility–
related variables, which shows the importance of incorporating
product compatibility in the study.

TABLE 4
Descriptive Statistics

Pioneer (N = 45) Early Follower (N = 55)

Variable M SD M SD

Survival duration (years) 17.36 13.23 22.15 13.70
NE 7.67 2.23 7.97 2.15
CGIC .73 .45 .76 .43
WGIC .56 .50 .51 .51
RDC 13.90 1.72 13.62 1.87
HTECH .73 .45 .69 .47
INCUMB .42 .50 .49 .50
Size .60 .50 .82 .39
IntroYear 7.59 .01 7.59 .01
Delay 4.82 9.04 3.13 3.32



In the following discussion, we first present two new
key results of the model: (1) the impacts of the two types of
product incompatibility on pioneer survival advantage
(H1–H4) and (2) the overall order-of-entry effects (H5–H6).
We then discuss the robustness of the results.

Impacts of Product Incompatibility

H1 and H3 predict that NE influence the impact of the
two types of product (in)compatibility on pioneer survival
advantage in opposite directions: They decrease the impact
of cross-generation incompatibility (H1), but they increase
the impact of within-generation incompatibility (H3). As
Table 5 shows, the coefficient of NE × CGIC × PIONEER
is significantly negative (β9 = –1.548, p < .05), but the coef-
ficient of NE ×WGIC × PIONEER is significantly positive
(β11 = .878, p < .05). These results suggest that as NE
increase, the impact of cross-generation incompatibility on
pioneer survival advantage becomes weaker, whereas the
impact of within-generation incompatibility becomes
stronger. Thus, H1 and H3 are supported.

H2 predicts that the impact of cross-generation incom-
patibility is positive on pioneer survival advantage in mar-
kets with extremely weak NE (H2a) but negative in markets
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with strong NE (H2b). To test these predictions, we rewrite
the sum of factors with CGIC × PIONEER in Equation 1
as Kcross × CGIC × PIONEER, where Kcross = β8 + β9NE.
The coefficient Kcross represents the net impact of cross-
generation incompatibility on pioneer survival advantage at
each level of the NE. As Panel A of Table 6 shows, in
markets with the lowest level of NE (NE = –6), the coeffi-
cient Kcross is significantly positive (Kcross = 11.974 > 0, p <
.05), in support of H2a.7 Conversely, in markets with the
highest level of NE (NE = 6), the coefficient Kcross is signif-
icantly negative (Kcross = –6.605, p < .05), in support of
H2b.

H4 predicts that the impact of within-generation incom-
patibility is negative on pioneer survival advantage in mar-
kets with extremely weak NE (H4a) but positive in markets
with strong NE (H4b). To test these predictions, we rewrite
the sum of factors with WGIC × PIONEER in Equation 1 as
Kwithin ×WGIC × PIONEER, where Kwithin = β10 + β11NE.
The coefficient Kwithin represents the net impact of within-
generation incompatibility on product pioneer advantage at
each level of NE. As Panel A of Table 6 shows, in markets
with the lowest level of NE (NE = –6), the coefficient
Kwithin is significantly negative (Kwithin = –7.518, p < .05),
in support of H4a. Conversely, in markets with the highest
level of NE (NE = 6), the coefficient Kwithin is positive
(Kwithin = 3.013, p < .10), in support of H4b.

Overall Order-of-Entry Effects

To test the overall order-of-entry effects, we rewrite the
sum of factors with PIONEER in Equation 1 as Ωoverall ×
PIONEER, where Ωoverall = β1 + β7NE + β8CGIC + β9NE ×
CGIC + β10WGIC + β11NE × WGIC. The coefficient
Ωoverall represents the overall order-of-entry effects on sur-
vival under different product compatibility conditions.
Accordingly, a coefficient γoverall represents how the overall
order-of-entry effect changes with the strength of NE,
where γoverall = ∂Ωoverall/∂NE = β7 + β9CGIC + β11WGIC.
Panel B of Table 6 presents the results on the overall order-
of-entry effects under different combinations of the two
types of product compatibility. As Panel B of Table 6
shows, when products are cross-generation compatible but
within-generation incompatible (CGC/WGIC), the pioneer
survival advantage significantly increases with the strength
of NE (γoverall = β7 + β11WGIC = 2.170, p < .01), in support
of H5a. Furthermore, the overall order-of-entry effect is
significantly negative (Ωoverall = –17.349, p < .01) in mar-
kets with the lowest level of NE (NE = –6) but significantly
positive (Ωoverall = 8.684, p < .05) in markets with the high-
est level of NE (NE = 6). Thus, the results support H5b and
H5c.

In contrast, when products are cross-generation com-
patible but within-generation incompatible (CGIC/WGC),
as Panel B of Table 6 shows, the pioneer survival advantage
significantly decreases with the strength of NE (γoverall = β7 +
β9CGIC = –.961, p < .01), in support of H6a. In markets
with the lowest level of NE (NE = –6), the overall order-of-

7The original measure of NE is continuous between [2, 14] with
an average of 8. Thus, the mean-centered measure is continuous
between [–6, 6].

TABLE 5
Empirical Results of Survival Duration in Markets

with NE

Hypothesized
Variable Estimate SE Effects

Intercept (β0) 3.263** 1.625
PIONEER (β1) –2.079* 1.555
CGIC (β2) –1.919 1.505
WGIC (β3) 1.617* 1.051
NE (β4) –1.278* .841
NE × CGIC (β5) 1.395** .794
NE ×WGIC (β6) –.796* .482
NE × PIONEER (β7) 1.292* .854
CGIC × PIONEER (β8) 2.685** 1.551
NE × CGIC ×
PIONEER (β9) –1.548** .821 – (H1)

WGIC ×
PIONEER (β10) –2.253** 1.156

NE ×WGIC ×
PIONEER (β11) .878** .520 + (H3)

Control Variables
RDC (β12) .187 .123
INCUMB (β13) .488 .490
HTECH (β14) –.066 .636
Size (β15) 1.293*** .464
IntroYear (β16) 67.778* 43.963
Lead (β17) –.530 .616
Lead × lead (β18) .606* .377
Delay (β19) –.993 .800
Delay × delay (β20) 2.471** 1.056

Scale parameter .945
Log-likelihood value –86.093
Goodness of fit
(d.f. = 19) χ2 = 66.30***

Sample size N = 100

*p < .10.
**p < .05.
***p < .01.



entry effect is significantly positive (Ωoverall = 2.144, p <
.10), in support of H6b. Finally, the overall order-of-entry
effect has the predicted negative sign but is not significant
(Ωoverall = –.934, p > .10) in markets with the highest level
of NE (NE = 6).

Robustness and Validity of Results

We examine the sensitivity and validity of the estimations
with several additional analyses. First, instead of assuming
the Weibull baseline distribution, as in Equation 1, we esti-
mate the AFT model by assuming two other commonly
used baseline distributions: lognormal and log-logistic dis-
tributions. Based on these two alternative assumptions (see
the estimation results in the second and third columns of
Web Appendix C at http://www.marketingpower.com/
jmjuly10), the results are consistent with those in Table 5.
Second, in addition to using the AFT model, we estimate a
proportional hazard model (e.g., Cox and Oakes 1984;
Kalbfleisch and Prentice 1980). The signs of the estimates
in the proportional hazard model are opposite to those in the
AFT model because the former assumes the impacts of
variables on the hazard rate while the latter assumes the
impacts of variables on the time to survive. The two models
lead to the same patterns as in Table 5 (see the results in the
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fourth column of Web Appendix C). Third, we estimated a
frailty model (e.g., Xue and Brookmeyer 1996) to determine
whether the hazard rates of pioneers and followers are cor-
related. The results show that the correlated hazard parame-
ter is not significant (see the results in the fifth column of
WebAppendix C). This suggests that estimating the impacts
of product compatibility on the survival duration of pioneers
and followers in a single hazard model is valid in the data.

Finally, we apply jackknife cross-validation methods to
show the predictive validity of the model (Hinkley 1983).
Specifically, we hold out one observation each time and
reestimate the remaining sample. We then use the estimated
parameters to predict the median survival time for the hold-
out product and calculate the 95% prediction interval. The
prediction accuracy rate is assessed by whether the
observed survival time for the holdout product falls in the
prediction interval (e.g., Claret et al. 2009). Compared with
the baseline model (i.e., the AFT model without all covari-
ates in Equation 1), our model improves the prediction
accuracy rate from 46% to 87%.8

TABLE 6
Hypotheses Test Results

A: Impacts of Product Compatibility

Estimate Hypothesized Effects

Cross-Generation Incompatibility
β9 –1.548** (.821) – (H1)
Κcross
NE = –6 11.974** (6.191) + (H2a)
NE = 6 –6.605** (3.871) – (H2b)

Within-Generation Incompatibility
β11 .878** (.520) + (H3)
Κwithin
NE = –6 –7.518** (3.893) – (H4a)
NE = 6 3.013* (2.636) + (H4b)

B: Overall Order-of-Entry Effects

Estimate Hypothesized Effects

Cross-Generation Compatible/
Within-Generation Incompatible
γoverall 2.170*** (.896) + (H5a)
Ωoverall
NE = –6 –17.349*** (6.757) – (H5b)
NE = 6 8.684** (4.240) + (H5c)

Cross-Generation Incompatible/
Within-Generation Compatible
γoverall –.961*** (.288) – (H6a)
Ωoverall
NE = –6 2.144* (1.721) + (H6b)
NE = 6 –.934 (2.036) – (H6c)

*p < .10.
**p < .05.
***p < .01.
Notes: Sample size: N = 100. NE is a mean-centered continuous variable. The mean value is 8. Numbers in parentheses are estimated

standard errors. Parameters β9, β11, Κcross, Κwithing, γoverall, and Ωoverall are based on Model 1 and estimates in Table 5; the dependent
variable is the survival duration.

8We also compared the prediction accuracy rate with Srinivasan,
Lilien, and Rangaswamy’s (2004) model, using the same subsam-
ple of all pioneers. Our model improves the prediction accuracy
rate from 80% to 84%.



General Discussion
Research Contributions

This research contributes to the NE literature by taking the
first step toward directly testing how the order of market
entry (i.e., pioneers versus early followers) and product
compatibility may affect firm survival duration in NE mar-
kets. We show that in NE markets, the two types of product
compatibility, cross- and within-generation compatibility,
affect pioneer survival advantage in different ways. We also
find that both the magnitude and the direction of these
impacts are contingent on the strength of NE. This research
makes a conceptual contribution by proposing some sys-
tematic patterns within these complicated contingency rela-
tionships. To our knowledge, this is the first study to pro-
vide empirical evidence as to how pioneers can have a
survival advantage over their early followers in markets
with NE and under different compatibility conditions.

This research also contributes to the order-of-entry lit-
erature by explicitly comparing the survival duration of pio-
neers with that of early followers. We show that pioneers
have a lower average survival duration than early followers
(17 versus 22 years; see Table 4). The survival analysis fur-
ther shows that the ultimate effects of order of entry and
pioneer advantage are jointly determined by two important
market characteristics: the relative strength of NE and prod-
uct compatibility. The growing importance of NE through-
out the economy makes this a significant finding.

Managerial Implications

The installed-user-base effect, a unique characteristic of
markets with NE, is a double-edged sword for a market pio-
neer’s survival: While it imposes a high first-mover risk
because of the unique start-up difficulty (zero or small
installed base at product launch), it also provides a high
first-mover benefit because the established installed base
creates entry barriers and competitive advantages. To be
successful in markets with NE, managers need a deeper
understanding of the overall impact of NE on survival as
well as the impact of more specific product–market factors.
The findings provide useful managerial implications for
firms in these markets. To illustrate some specific manage-
rial insights, using the estimated parameters based on the
data of 45 product categories in this study, we simulate the
survival probabilities for both pioneers and followers under
different product compatibility conditions and with varying
degrees of NE strength. Specifically, we simulate survival
rates for both pioneers and followers, given the model
(Equation 1) and the estimated parameters in Table 5, under
four market conditions in terms of the two types of product
compatibility:

1. Both incompatible (CGIC/WGIC).
2. Both compatible (CGC/WGC).
3. Cross-generation incompatible but within-generation com-
patible (CGIC/WGC).

4. Cross-generation compatible but within-generation incom-
patible (CGC/WGIC).
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For each case, we vary the strength of NE while keeping the
control variables at average values across all product cate-
gories in the data set. We present the simulated survival
probabilities at the fifth year from the time of market entry
in Figure 2, Panel A (pioneers) and Panel B (followers),
respectively.9 We also present some comparisons of pio-
neers and followers in Figure 2, Panels C and D. These fig-
ures illustrate how crucial it is for firms in markets with NE
to understand the three factors that jointly affect their sur-
vival: (1) product compatibility, (2) strength of NE, and (3)
order of entry.

We offer the following specific managerial insights:
First, it is important for firms to understand that NE is not
necessarily a threat to the survival of pioneers. As Figure 2,
Panel A, shows, with a cross-generation compatible but
within-generation incompatible product, pioneers achieve
higher survival probability with a higher level of NE. This
suggests that innovating firms facing strong NE should not
hesitate to be the first to enter the market simply because of
the high risk in such markets. The consideration of the
impact of NE on pioneers’ survival must be compatibility
specific.

Second, it is important to understand that in the presence
of NE, the conditions facilitating pioneers’ survival do not
necessarily favor later entrants’ survival. For example, in
the presence of strong NE, it is the best survival condition
for pioneers (see Figure 2, Panel A) but the worst survival
condition for followers (see Figure 2, Panel B) when a prod-
uct is cross-generation compatible but within-generation
incompatible. This finding suggests that it is not always in
later entrants’ best interest to follow the same product com-
patibility choices of the market pioneers, even if those
choices have been successfully accepted by the market.

Third, although on average pioneers have a higher
failure rate than early followers in NE markets, opportuni-
ties exist for pioneers to enjoy a survival advantage. Indeed,
market pioneers can have a survival advantage in markets
with both strong and weak NE, but under different compati-
bility conditions. As Figure 2, Panel C, shows, in markets
with weak NE, firms can have a pioneer advantage if their
products are compatible with those of their competitors but
not with those of the previous generation. However, as Fig-
ure 2, Panel D, shows, in markets with strong NE, firms can
gain a pioneer advantage when their products are compati-
ble with the previous-generation products, even if they are
not compatible with those of their followers.

The loss of CBS color television to RCA color televi-
sion highlights the importance of being compatible with
previous-generation products (B&W televisions) in strong
NE markets. In contrast, cross-generation incompatibility
has helped Logitech gain a pioneer advantage in the digital
camera market, in which the strength of NE is relatively low
because consumers can share their photos easily through
common file formats (e.g., JPEG). The digital camera, first
commercialized by Logitech in 1991, does not allow con-
sumers to use film and thus is cross-generation incompatible
with traditional cameras. However, it allows consumers to

9We find a similar pattern for the ten-year survival rates.



take, store, edit, and transfer photos in a new and convenient
way. The significant product differentiation resulting from
cross-generation incompatibility has helped Logitech rede-
fine consumers’ preferences in the digital and online image
market. Meanwhile, because of the relative weak NE, such
incompatibility does not have a major negative impact on
consumers’ adoption risk. As a result, the positive consumer
preference effect dominates the negative market uncertainty
effect, and thus Logitech has gained a pioneer survival
advantage in this market.

Fourth, firms in NE markets can also gain some new
insights into their entry decisions. As Figure 2, Panel B,
shows, in markets with strong NE, the market follower has
a significantly higher survival rate when its products are
cross-generation incompatible and within-generation com-
patible than under the other three product compatibility
conditions. This finding suggests that it is important for a
potential later entrant to consider product compatibility
conditions when deciding whether to enter a new market
with strong NE. Specifically, if survival is the most impor-
tant consideration, later entrants should consider entering
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the market only if there are few barriers for them to achieve
within-generation compatibility with pioneers.

Finally, the findings provide useful insights into a firm’s
product decision making. Often, product compatibility is
achieved as a result of a technology revolution or by industry
negotiation and government intervention. However, for some
products, firms have leverage on their compatibility. The
results suggest that the two types of product compatibility
should be treated differently. Specifically, cross-generation
incompatibility can cause pioneers to lose market leadership
in markets with strong NE: CBS lost its market leadership
because of its cross-generation incompatibility with B&W
televisions; however, RCA, the later entrant, overcame
CBS’s pioneer advantage by making its color television
compatible with the older-generation B&W televisions. In
contrast, within-generation incompatibility can help market
pioneers deter potential entry (e.g., IBM’s decision not to
introduce its 4-inch FDD in light of the success of Sony’s
3.5 FDD) and sustain their first-mover advantage in those
markets. Caution should be exercised, however, when draw-
ing managerial implications on firms’ product decisions

FIGURE 2
Simulated Survival Rates for Pioneers and Followers Under Four Different Compatibility Conditions

A: Five-Year Survival Rate of Pioneers Under Four
Compatibility Conditions
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C: Five-Year Survival Rate When the Product Is CGC
andWGC
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B: Five-Year Survival Rate of Followers Under Four
Compatibility Conditions
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D: Five-Year Survival Rate When the Product Is CGIC
andWGIC
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Notes: NE is mean centered. The mean value is 8. Sample size: N = 100. The survival rates for pioneers and followers under different condi-
tions are simulated on the basis of Model 1 and the estimated parameters.
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based on within-generation compatibility: Sometimes, the
status of such compatibility may not be known to the
pioneers at the time of entry, or firms may lack the ability to
determine it.

Limitations and Directions for Further Research

This research has several limitations. First, as in other stud-
ies using historical methods, the data set only includes
products that we could find in historical records, and prod-
ucts that have existed in markets for a short time may not be
identifiable because of missing archival records. Second, in
line with Srinivasan, Lilien, and Rangaswamy’s (2004)
study, we use subjective measures for NE. If future studies
were to use objective measures, they could provide addi-
tional insights into this issue. Third, this research focuses
only on the survival duration of a product. In practice, firms
may have other objectives in different markets or at differ-
ent times. Further research could explicitly examine how
NE and product compatibility jointly affect firms’ perfor-
mance in other areas.

Furthermore, the results illustrate the differential
impacts of the two types of incompatibility on pioneers’
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survival advantages. A potentially important area of further
research would be exploring how the effectiveness of firms’
marketing strategies might be affected differently by the
two types of compatibility. For example, preannouncement
of new products is a widely adopted practice. The incentives
for preannouncement are stronger in NE markets because
they may motivate consumers to delay their purchases and
slow the buildup of the installed base of incompatible tech-
nologies. However, they may also motivate the existing
adopters of competing technology to join the standards war,
especially given advances in information technology and the
fast growth of social networking (e.g., various anti-DivX
Web sites launched by consumers soon after the product
announcement by Circuit City). It would be worthwhile to
examine whether preannouncement affects the innovating
firm differently under the two types of incompatibility.

Finally, this work focuses on how order-of-entry effects
are contingent on product compatibility in NE markets. Fur-
ther research might explore how other potentially signifi-
cant contingent factors influence pioneers and followers in
these markets.

——— and Garth Saloner (1985), “Standardization, Compati-
bility, and Innovation,” Rand Journal of Economics, 16 (1),
70–83.

Fisher, David and Marshall Fisher (1997), “The Color War,”
Invention & Technology, 3 (Winter), 8–18.

Golder, Peter N. and Gerard Tellis (1993), “Pioneer Advantage:
Marketing Logic or Marketing Legend?” Journal of Marketing
Research, 30 (May), 158–70.

Gupta, Sunil, Dipak Jain, and Mohanbir Sawhney (1999), “Model-
ing the Evolution of Markets with Indirect Network Externali-
ties: An Application to Digital Television,” Marketing Science,
18 (3), 396–416.

Hannan, Michael and John Freeman (1984), “Structural Inertia
and Organizational Change,” American Sociological Review,
49 (2), 149–64.

Haruvy, Ernan, Vijay Mahajan, and Ashutosh Prasad (2004), “The
Effect of Piracy on the Market Penetration of Subscription
Software,” Journal of Business, 77 (April), S81–S108.

Hinkley, David (1983), “Jackknife Methods,” in Encyclopedia of
Statistical Science, Vol. 4, S. Kotz, N.L. Johnson, and C.B.
Read, eds. NewYork: John Wiley & Sons, 280–87.

Kalbfleisch, John D. and Ross L. Prentice (1980), The Statistical
Analysis of Failure Time Data. NewYork: John Wiley & Sons.

Katz, Michael L. and Carl Shapiro (1985), “Network Externalities,
Competition, and Compatibility,” American Economic Review,
75 (3), 424–40.

——— and ——— (1986), “Technology Adoption in the Pres-
ence of Network Externalities,” Journal of Political Economy,
94 (4), 822–41.

——— and ——— (1994), “System Competition and Network
Effects,” Journal of Economic Perspectives, 8 (2), 93–115.

Kerin, Roger A., P. Rajan Varadarajan, and Robert A. Perterson
(1992), “First-Mover Advantage: A Synthesis, Conceptual
Framework, and Research Propositions,” Journal of Marketing,
56 (October), 33–52.

Kim, Jeong-Yoo (2002), “Product Compatibility as a Signal of
Quality in a Market with Network Externalities,” International
Journal of Industrial Organization, 20 (7), 949–64.

REFERENCES
Basu, Amiya, Tridib Mazumdar, and S.P. Raj (2003), “Indirect
Network Externality Effects on Product Attributes,” Marketing
Science, 22 (2), 209–221.

Besen, Stanley M. and Joseph Farrell (1994), “Choosing How to
Compete: Strategies and Tactics in Standardization,” Journal of
Economics Perspectives, 8 (2), 117–31.

Carpenter, Gregory S. and Kent Nakamoto (1989), “Consumer
Preference Formation and Pioneering Advantage,” Journal of
Marketing Research, 26 (August), 285–98.

Chakravarti, Amitav and Jinhong Xie (2006), “Standards Competi-
tion and Effectiveness of Advertising Formats in New Product
Introduction,” Journal of Marketing Research, 43 (May),
224–36.

Chandy, Rajesh and Gerard J. Tellis (2000), “The Incumbent’s
Curse? Incumbency, Size, and Radical Product Innovation,”
Journal of Marketing, 64 (July), 1–17.

Chen, Yuxin and Jinhong Xie (2007), “Cross-Market Network
Effect with Asymmetric Customer Loyalty: Implications for
Competitive Advantage,” Marketing Science, 26 (1), 52–66.

Choi, Jay Pil (1994), “Network Externality, Compatibility Choice,
and Planned Obsolescence,” Journal of Industrial Economics,
42 (2), 167–82.

Claret, Laurent, Pascal Girard, Paulo Hoff, Eric Van Cutsem,
Klaas Zuideveld, Karin Jorga, et al. (2009), “Model-Based Pre-
diction of Phase III Overall Survival in Colorectal Cancer on
the Basis of Phase II Tumor Dynamics,” Journal of Clinical
Oncology, 27 (25), 4103–4108.

Cox, David Roxbee and David Oakes (1984), Analysis of Survival
Data. NewYork: Chapman and Hall.

Dhebar, Anirudh (1995), “Complementary, Compatibility, and
Product Change: Breaking with the Past,” Journal of Product
Innovation Management, 12 (2), 136–52.

Farrell, Joseph and Paul Klemperer (2007), “Coordination and
Lock-In: Competition with Switching Costs and Network
Effects,” in Handbook of Industrial Organization, Vol. 3, Mark
Armstrong and Robert Porter, eds. Amsterdam: North-Holland:
1967–2072.



Kindleberger, Charles P. (1983), “Standards as Public, Collective
and Private Goods,” Kyklos, 36 (3), 377–96.

Lieberman, Marvin B. and David B. Montgomery (1988), “First-
Mover Advantages,” Strategic Management Journal, 9 (Sum-
mer), 41–58.

Lilien, Gary L. and Eunsang Yoon (1990), “The Timing of
Competitive Market Entry: An Exploratory Study of New
Industrial Products,” Management Science, 36 (5), 568–85.

Min, Sungwook, Manohar K. Kalwani, and William T. Robinson
(2006), “Market Pioneer and Early Follower Survival Risks: A
Contingency Analysis of Really New Versus Incrementally
New Product-Markets,” Journal of Marketing, 70 (January),
15–33.

Nair, Harikesh, Pradeep Chintagunta, and Jean-Pierre Dubé
(2004), “Empirical Analysis of Indirect Network Effects in the
Market for Personal Digital Assistants,” Quantitative Market-
ing and Economics, 2 (1), 23–58.

Porter, James N. (1983), “Flexible Disk Drives,” Disk/Trend
report. Mountain View, CA: Disk/Trend Inc.

Postrel, Steven R. (1990), “Competing Networks and Proprietary
Standards: The Case of Quadraphonic Sound,” Journal of
Industrial Economics, 39 (2), 169–85.

Robinson, William T. and Sungwook Min (2002), “Is the First to
Market the First to Fail? Empirical Evidence for Industrial
Goods Businesses,” Journal of Marketing Research, 36 (Febru-
ary), 120–28.

Saloner, Garth and Andrea Shepard (1995), “Adoption of Tech-
nologies with Network Effects: An Empirical Examination of
the Adoption of Automated Teller Machines,” RAND Journal
of Economics, 26 (3), 479–501.

Sarkar, M.B., Raj Echambadi, Rajshree Agarwal, and Bisakha Sen
(2006), “The Effect of the Innovative Environment on Exit of
Entrepreneurial Firms,” Strategic Management Journal, 27 (6),
519–39.

14 / Journal of Marketing, July 2010

Schilling, Melissa A. (2002), “Technology Success and Failure in
Winner-Take-All Markets: The Impact of Learning Orientation,
Timing and Network Externalities,” Academy of Management
Journal, 45 (2), 387–98.

Shankar, Venkatesh and Barry L. Bayus (2003), “Network Effects
and Competition: An Empirical Analysis of the Home Video
Game Industry,” Strategic Management Journal, 24 (4),
375–84.

Shapiro, Carl and Hal Varian (1998), Information Rules. Boston:
Harvard Business School Press.

——— and ——— (1999), “The Art of Standard Wars,” Califor-
nia Management Review, 41 (2), 8–32.

Sood, Ashish and Gerard J. Tellis (2005), “Technological Evolu-
tion and Radical Innovation,” Journal of Marketing, 69 (July),
152–68.

Srinivasan, Raji, Gary L. Lilien, and Arvind Rangaswamy (2004),
“First In, First Out? The Effects of Network Externalities on
Pioneer Survival,” Journal of Marketing, 68 (January), 41–58.

———, ———, and ——— (2006), “The Emergence of Domi-
nant Designs,” Journal of Marketing, 70 (April), 1–17.

Stremersch, Stefan, Gerard J. Tellis, Philip Hans Franses, and
Jeroen Binken (2007), “Indirect Network Effects in New Prod-
uct Growth,” Journal of Marketing, 71 (July), 52–74.

Sun, Baohong, Jinhong Xie, and H. Henry Cao (2004), “Product
Strategy for Innovators in Markets with Network Effects,”
Marketing Science, 23 (2), 243–54.

Tellis, Gerard, Edin Yin, and R. Niraj (2009) “Does Quality Win?
Network Effects Versus Quality in High-Tech Markets,” Jour-
nal of Marketing Research, 46 (April), 135–49.

Xie, Jinhong and Marvin Sirbu (1995), “Price Competition and
Compatibility in the Presence of Positive Demand Externali-
ties,” Management Science, 41 (5), 909–926.

Xue, Xiaonan and Ron Brookmeyer (1996), “Bivariate Frailty
Model for the Analysis of Multivariate Survival Time,” Life-
time Data Analysis, 2 (3), 277–89.



Copyright of Journal of Marketing is the property of American Marketing Association and its content may not

be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written

permission. However, users may print, download, or email articles for individual use.

Text Box
Fonte: Journal of Marketing, v. 74, n. 4, p. 1-14, July 2010. [Base de Dados]. Disponível em: <http//: web.ebscohost.com>. Acesso em: 22 jun. 2010.




