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Introduction
In spite of 839 publications on first-mover advantage
(FMA) in peer-reviewed journals, its existence has
neither been conclusively proved nor refuted (Suarez
and Lanzolla 2007). Notwithstanding methodologi-
cal advances that have alleviated concerns related
to survivor bias, sample selection issues, and defi-
nitional confounds in dependent variables (Boulding
and Christen 2003, Lieberman and Montgomery
1998, VanderWerf and Mahon 1997), this inconclusive-
ness of FMA prompted Finkelstein (2002, p. 39) to
skeptically comment that the “holy grail of first mover
advantage is as elusive as it is exaggerated.”
We contend that the problem lies in two theoretical

misspecifications of models relating entry timing to
organizational outcomes: one on the “macro” indus-
try level, and the other on the “micro” firm level.
Both have largely been ignored in the FMA literature.
On the macro side, ignoring the evolutionary dynam-
ics of the industry has led to a static, legacy-based
view of FMA, which is predicated on the idea that a
one-time pioneering act during the incipient stage of
an industry could lead to sustained advantages over
time. This premise is, however, problematic given

research that indicates that new product generations
within an industry can level the playing field between
both incumbents and entrants, as well as between
pioneers and late movers. Thus, legacy-based advan-
tages could be patently atheoretical in such situa-
tions. On the micro side, firm-level capabilities may
complement market-pioneering efforts, namely, sci-
entific or technological know-how embedded in a
firm’s product. This is another possibly serious flaw
because the realization of potential first-mover advan-
tages from market initiatives is likely to be contingent
on a firm’s technological competence. This important
fungible resource (Granstrand et al. 1997, Danneels
2002) determines how competitive a firm’s products
are along accepted scientific parameters of perfor-
mance. Complementary resources play a crucial role
in entrepreneurial rents (Stieglitz and Heine 2007),
and heterogeneity in such resources across firms can
explain variance in firm performance (Robinson et al.
1992, Rosenbloom and Cusumano 1987, Teece et al.
1997, Klepper 2002). Therefore, studying how market-
creating capabilities affect profits, market share, or
survival without considering the impact of comple-
mentary capabilities is inherently problematic.
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Both the micro and macro gaps have a com-
mon feature; because of the evolutionary nature of
the technology and product market, it is important
to consider the relevant know-how, i.e., market-
pioneering and technological capabilities, in an evolv-
ing context. This relates to recent strategic thinking
on dynamic capabilities (Eisenhardt and Martin 2000,
Helfat 2007) that emphasizes achieving new and inno-
vative forms of competitive advantage through exer-
cising strategic choices that guide capability evolution
(Lee 2008). At its essence, the idea of dynamic
capabilities concerns change, and the “capacity of
a firm to purposefully create, extend, or modify
its resource base” (Helfat 2007, p. 4). In this view,
firms continually realign and redesign their resources
through a process of search and selection to “achieve
new resource configurations as markets emerge”
(Eisenhardt and Martin 2000, p. 1107). Continual
efforts at strategic renewal—through creating new
market spaces or responding to existing ones—while
simultaneously sustaining its technological and prod-
uct market position is critical to a firm’s survival
in rapidly changing environments (Burgelman 1991,
Floyd and Lane 2000, Gans and Stern 2003, Huff et al.
1992). We draw insights from the strategy literature
to address this important “static” problem in entry
timing research where the dynamics of evolution-
ary change, both on market- and technology-related
domains of firm capabilities, have been ignored.
To address the “macro” concern, we consider an

evolutionary context where technological discontinu-
ities create a set of upwardly shifting S-curves in
an industry (Foster 1986). Herein, we consider firms’
abilities to create new markets through pioneering
entry into emerging product generations. Research
has documented how “technological subfields” in the
disk drive and medical diagnostic industries created
new market segments that had far-reaching conse-
quences on both industry structure and composition
(Mitchell 1989, Christensen 1997a). Such new product
generations presented both incumbents and potential
entrants with multiple strategic opportunities: be a
market pioneer, respond through late entry, or not
enter. Importantly, these punctuations in the industry
life cycle may serve as potential levelers in a Schum-
peterian (Schumpeter 1942) sense because they may
disturb the status quo, negating legacy advantages
and offering the opportunity to redefine the competi-
tive scenario. This leads to a dynamic theory of FMA:
Early entry is not a one-time act that creates a legacy-
based advantage, but one that needs to be examined in
a dynamic context characterized by the emergence of
multiple product generations as a result of industry
evolution. In other words, we need to consider entry
timing through the lens of a firm’s dynamic capability
to pioneer or respond to new market opportunities.

Regarding the lacuna at the “micro” firm level,
we propose that technological capabilities, concep-
tualized in a dynamic setting, complement the rela-
tionship between entry timing and firm performance.
Our focus on this complementary asset is motivated
by research that indicates that such assets not only
foster successful entry into new product markets
(Wernerfelt 1984), but also explain firm survival over
the industry life cycle (Helfat and Lieberman 2002,
Klepper and Simons 2000). Recent strategy research
has also found firm performance to be a function
of interdependent capabilities (Agarwal et al. 2004),
thereby emphasizing the need to consider portfolios
of resources that are complementary and together
enable value creation and appropriation (Steiglitz
and Heine 2007, Moran and Ghoshal 1999, Teece
1986). Whereas firms need technological capabili-
ties to engage in scientific inventions (Bierly and
Chakrabarti 1996, Cohen and Levinthal 1990), they
also need marketing know-how to appropriate the
potential economic rents embodied in their techno-
logical breakthroughs (Dierickx and Cool 1989, Teece
1986). Their complementary nature creates a valuable
synergy (Day 1994) that maximizes the value of mar-
ket opportunities to a firm (Park and Zaltman 1987,
Walker and Ruekert 1987) and inhibits competitive
imitation due to the inherent difficulty of develop-
ing the two capabilities simultaneously (Grant 1991,
Lippman and Rumelt 1982, Reed and DeFillippi 1990).
From this perspective, it is imperative for FMA stud-
ies to consider technological know-how as a critical
resource that is complementary to market creation.
In an empirical setting marked by rapid changes

and the emergence of new technological subfields
and product markets—the disk drive industry during
the 1977–1997 period—we examine the outcomes of
firms’ capabilities in market creating and responding.
We further investigate the interaction effects of tech-
nological capability and timing of entry. Our paper
thus extends the concept of first-mover advantage to
industry contexts with multiple product generations
to examine two specific relationships: first, the main
effects of market-pioneering and market-responding
behaviors on the rate of survival, and second, the
role of a firm’s technology position as a moderator in
the market pioneering/responding–survival relation-
ships. We find that incumbents from prior product
generations are equally likely to pioneer new markets
as new entrants in the industry. Moreover, firms that
fail to keep up with the evolving industry, in terms
of either new markets or technological development,
are more likely to exit the industry. Specifically, we
find that when timing of entry is considered in isola-
tion of other capabilities, market responding provides
more benefits than either market pioneering or not
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responding to emerging market opportunities. How-
ever, when considered in conjunction with the com-
plementary dynamic capability in the technological
realm, our results show a more nuanced relationship.
Pioneering elevates survival rates for firms that sus-
tain technology leadership, and this group is the most
advantaged relative to others over time. Conversely,
when pioneering efforts are not matched with efforts
at keeping up with the changing technological fron-
tier over time and firms fall below a certain threshold
of technological capability, pioneering activities hurt
a firm compared to late or even nonentry into later
generations.

Theoretical Framework and
Hypotheses
Market Creation and Response
as Firm Capabilities
Although industries and products are typically char-
acterized as evolving through smooth and predictable
S-curves (Gort and Klepper 1982), such heuristic por-
trayals may mask occurrences when emerging new
product generations cater to entirely new user seg-
ments, and in doing so transform the competitive
landscape of the industry. This is consistent with the
description of technological progress as one where
long periods of incremental innovation are punctu-
ated by bursts of radical change (Abernathy and
Utterback 1978, Tushman and Anderson 1986). The
new technical subfields and new product markets
create fresh entrepreneurial opportunities within the
industry. Yet, much variance can underlie such shifts,
making them distinct phenomena from the perspec-
tive of both entrants and industry incumbents. In
the case of incumbents, some resources and capa-
bilities that were useful in an earlier market may
remain relevant in the new segment of the market,
whereas others may become obsolete (Christensen
1993, Mitchell 1991). For example, within the diagnos-
tic imaging industry, the five major technical subfields
that emerged represented very different domains of
scientific knowledge, yet the specialized market assets
retained their value (Mitchell 1989). However, in data
storage, even though the innovations drew on sim-
ilar underlying scientific knowledge, the disruptive
technological innovations often created new product-
markets with new, very different user characteris-
tics that rendered redundant market assets that were
effective in earlier generations (Christensen 1993).
Importantly, new product generations can level the

playing field among incumbents as well as between
incumbents and entrants. The emergence of a new
product generation creates a fresh opportunity to cap-
italize on potential strategic and economic advantages
associated with being a market pioneer, even as it

removes many path-dependent advantages associated
with early entry that may have accrued to the mar-
ket pioneers of the prior product generation. How-
ever, existing literature has tended to emphasize a
static, legacy-based advantage associated with entry
timing, and has overlooked the evolutionary forces
that reshape industries as a result of technological
inventions and market innovations. In this context,
relating competitive advantage to being a market pio-
neer during the inception of an industry (or for that
matter a prior product generation) is a potentially
flawed thesis, because such legacy-based advantages
are unlikely to be sustained in high-velocity markets
that are undergoing disruptive changes (Eisenhardt
and Martin 2000, Suarez and Lanzolla 2007).
Investigating what firms do when faced with mul-

tiple opportunities over time allows us to study the
impact of firms’ strategic capabilities to create, or
respond to, such technological and market shifts.
Extant entry timing literature has ignored whether
firms are advantaged by being able to morph along
with discontinuous changes in their product markets.
However, this ability to create new markets is part of
an important class of organizational capabilities that
has been termed “dynamic capabilities” (Teece et al.
1997, Eisenhardt and Martin 2000), which both con-
strains and enables a firm’s ability to adapt to changes
in its competitive environment (Teece et al. 1997).
Viewing entry timing through the lens of dynamic
capabilities thus suggests that a relevant metric to
consider may not be whether a firm was a market pio-
neer in first product generation, but whether it pos-
sesses the ongoing capability to engage in the act of
creating or responding to new markets in changing
industries.

Market Pioneers, Market Responders,
and Survival
Legacy-based FMA (resulting from pioneering the
very first product generation in an industry) may
be difficult to sustain in high-velocity environments
(Suarez and Lanzolla 2007). Rapid evolution of tech-
nologies and markets can annul experience curve
advantages (Lieberman 1989) and lead to obsoles-
cence (Tushman and Anderson 1986). Incumbent
firms often fail to enter new market niches because
of routinization and inertia (Miller and Chen 1994).
Experience with a particular set of operating rou-
tines can restrict an organization’s ability to pro-
duce new products, acquire new resources, and enter
new market niches (Teece et al. 1997, King and
Tucci 2002). However, a firm’s dynamic capability
to create new markets and pioneer emerging prod-
uct generations is likely to offset such debilitating
effects of change on legacy advantages, and thereby
enhance its likelihood of survival. Firms that can
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buck the trend and strategically transform them-
selves through periodic creation of new markets
exhibit the capability of ambidexterity in being able
to take care of the present even as they are creating
the future (Tushman et al. 1997). Organizations that
possess such entrepreneurial capabilities for strate-
gic renewal are likely to exhibit enhanced perfor-
mance (Agarwal and Helfat 2009).
Although market pioneers bear high product and

market development costs, and face greater levels
of risks emanating from demand and technologi-
cal uncertainties (Lieberman and Montgomery 1988,
1998), firms that consistently engage in market pio-
neering across new product generations are also likely
to benefit from various demand- and supply-side iso-
lating mechanisms that underlie first-mover advan-
tage (Rumelt 1987). By repeatedly getting a head
start on the learning curve, preempting scarce assets
in strategic factor markets, and increasing buyers’
switching costs, firms that exhibit sustained market-
pioneering capabilities are likely to enjoy strategic
and economic benefits due to advantageous posi-
tions in resource space and creation of entry barri-
ers (Lieberman and Montgomery 1988, Suarez and
Lanzolla 2007). These benefits are likely to be stronger
when products can be sharply differentiated from
older generations, and early market entry offers an
escape from commoditization and intense price com-
petition. In such situations, reputation effects and
temporary price umbrellas are likely to provide an
important monopoly window to firms that systemat-
ically engage in market pioneering of new product
generations (Adner 2002). Therefore,

Hypothesis 1 (H1). Sustained market-pioneering capa-
bilities increase the likelihood of survival.

Once a new market has emerged through the efforts
of market pioneers (whether a new entrant or an
incumbent from earlier generations), incumbent firms
in prior market generations of the industry must
decide whether or not to respond and move into
the new product generation space.1 Potential respon-
ders thus face a difficult trade-off. Having lost the
market-pioneering opportunity, should they enter the
new market? Their decision relates to the trade-off
between minimizing the threat of obsolescence and
the need to focus resources on their extant markets.
By entering new markets after they have been estab-
lished by the market pioneers, market responders

1 We note that one way in which firms may choose to respond to
emerging product generations is by “skipping” a certain market
altogether and entering or initiating the next product generation
(de Figueiredo and Silverman 2007). For the focal product gener-
ation, however, the firm’s decision is thus de facto to not respond
to an opportunity. In the empirical section, we conduct robustness
checks related to the incidence of skipping as a response.

may offset the risks of being first, yet share the gains
of a growing market segment. This wait-and-see strat-
egy is especially beneficial in industries in which new
markets render earlier segments obsolete (Christensen
1993, Mitchell 1991). The choice is not a trivial one in
dynamic product markets that face rapid commodi-
tization: firms may be inclined to “sit it out” rather
than invest in markets that are moving toward price-
based competition. Yet, by not responding, they face
the risk of being locked out forever from the market.
There is reason to believe that entry into new mar-

kets, even if late, is better than not entering at all.
Christensen (1997a) documents the failure of firms
that paid close attention to their current customer
needs but missed opportunities to enter new prod-
uct generations. Conversely, Tegarden et al. (1999)
report that in the personal computer industry, firms
improved their chances of survival if they undertook
the strategic decision to embrace the new product
generation even if they were late to enter. King and
Tucci (2002) find that incumbents that broke their iner-
tia and entered emergent market segments enjoyed
higher sales, and thus gained value relative to firms
that did not respond. Firms that are able to under-
take such transformational experiences, even if late
in the game, are able to maintain their adaptability
and reduce their inertia, and thereby enhance their
survival chances (Katz and Allen 1985, Tushman and
Romanelli 1985). Accordingly,

Hypothesis 2 (H2). Sustained market-response capa-
bilities increase the likelihood of survival.

Technological Know-How: A Complementary
Dynamic Capability
Thus far, our focus has been on how entry timing into
new product generations impacts firm survival. Lit-
erature suggests that, in high-velocity environments,
having a number of distinct capabilities enables firms
to alter their resource bases and adapt to chang-
ing competitive conditions (Eisenhardt and Martin
2000). Specifically, the notion of dynamic capabil-
ities spans a diverse range of routines, including
those related to technological capabilities, market-
ing, product development, and resource acquisition,
recombination, and integration (Teece et al. 1997).
Importantly, Teece (1982) called attention to exam-
ining capabilities related to the market (as in our
emphasis on market pioneering and responding) and
to the underlying technological domain. While not
discounting the importance of other capabilities, we
focus our attention in this paper on dynamic techno-
logical capabilities as important to firm survival, par-
ticularly because it complements our dynamic timing
of entry capabilities.
A crucial determinant of survival is a firm’s propri-

etary technical/innovative capability (Schoonhoven
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et al. 1990). Because technological knowledge is typi-
cally tacit and developed over time, it is a source of
competitive advantage. Technological capabilities can
create differentiation advantages for firms and thus
relate positively to survival, particularly under condi-
tions of intense competition. Furthermore, in process-
enabling industries, such disk drive production, rapid
and smooth introduction of new manufacturing pro-
cesses is highly important for competitive perfor-
mance. Technology development is often targeted at
discovering parameters whose unfamiliarity causes
defects in manufacturing. Early specifications of a
process technology generally fail; engineering exper-
imentation and analysis generate knowledge and
thereafter codification of the parameters of the tech-
nology (Hatch and Macher 2002). This sequence
requires both conscious learning by doing and scien-
tific breakthroughs. For example, in the case of the
disk drive industry, technological capabilities were
dependent on capabilities related to miniaturization,
error tolerances, and clean rooms. As the underlying
science behind the technology of manufacturing disk
drives evolved, obsolescence could only be averted
through dynamic capabilities that ensured continuing
mastery over new sets of technological challenges.
In industries that experience rapid advancement,

technological competition often resembles an arms
race, where instead of absolute goals, the relative
goal of staying ahead of other competitors becomes
paramount. In such contexts, technology capability
needs to be conceptualized in both dynamic and rel-
ative terms such that it is measured in comparison
to other competitors over time, instead of in abso-
lute, static terms. From this perspective, there appears
distinct ways in which technology-related capabili-
ties can impact survival. First, environmental selec-
tion processes will lead to the exit of those that are
relatively weaker on the parameter of importance. As
noted by Lee (2008), the survivor principle suggests
that firms that occupy lower positions on technology
frontiers will be eliminated from the industry, thus
allowing firms better equipped to satisfy the mar-
ket’s demands to survive. Because a firm’s position
depends not only on its own efforts, but also on the
industry-wide advancement of technology, the ones
that are unable to keep up with the industry-wide
advancement of technology will face exit pressures.
Second, the ability of a firm to integrate, build, and
reconfigure its technological competencies to address
rapidly changing environments will determine sur-
vival. However, whether firms adapt to the new tech-
nological realities and merely succeed in improving
their technological capabilities from one period to the
next is not important per se; what matters is their rel-
ative position in the technology race in the current
period. Barnett and McKendrick (2004) observe that

even as organizations greatly improve their technolo-
gies in absolute terms, they often move backwards
in relative ranks over time because rivals improved
even faster. This is further supported by work by Lee
(2008), which points to the “Markovian” property of
capabilities, such that initial capabilities may have lit-
tle impact on current capabilities. This highlights the
issue of contemporaneous rank. In industries with
rapidly evolving technologies, lagging in position rel-
ative to the contemporaneous technology frontier not
only signals lower quality, but also increases the prob-
ability of failure. Thus, the ability to sustain tech-
nological leadership, or maintain a contemporaneous
superior technological position, based on scientific
breakthroughs and complex organizational learning,
enhances firm performance. Therefore,

Hypothesis 3 (H3). Sustained technological capabili-
ties increase the likelihood of survival.

Given the nature of the relationship between
market-related and technological capabilities, the
potential complementarities between the two deserve
close attention. A key reason relates to the mixed
empirical findings on the main effects of each.
Just as scholars have documented the inconclusive-
ness of FMA research (Suarez and Lanzolla 2007),
there is increased skepticism regarding the unbri-
dled optimism surrounding technological innovation
(Adegbesamn and Ricart 2007). Recent findings show
that an emphasis on innovation neither translates
into strategic advantage, nor improves bottom lines
as expected (Linder et al. 2003, Andrew and Sirkin
2003). Despite the potential of leveraging technolog-
ical inventions across multiple market applications
and domains (Danneels 2002), firms often fail to real-
ize the benefits from technological resources (Thomke
and Kuemmerle 2002). This failure to leverage techno-
logical competence (Danneels 2007) and appropriate
value latent in the technological inventions has poten-
tially led to conflicting findings regarding technologi-
cal innovativeness and firm performance (Capon et al.
1990, Leiponen 2000).
To profit from innovation, therefore, a firm needs

to keep up with both new technologies and new mar-
kets (Griffin and Hauser 1996). The complementarity
of these capabilities creates a synergy that increases
a firm’s effectiveness and efficiency. As noted by
Danneels (2007), the creation of complementary assets
requires resource allocation and transformation of
generic resources into specific resources. Developing
new, complementary capabilities requires a strong
strategic intent, because it involves a deliberate man-
agerial decision to divert resources away from the
production of output to the production of compe-
tence (Dorroh et al. 1994). As indicated by Christensen
(1997a, b), the “innovator’s dilemma” is predicated
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by the tendency for incumbent firms to focus on
their current consumers’ needs and ignore developing
capabilities that may enable them to tap into emerg-
ing, yet nascent segments.
The inherent difficulty of developing these two

capabilities simultaneously can be a valuable isolat-
ing mechanism (Grant 1991, Lippman and Rumelt
1982, Reed and DeFillippi 1990), separating win-
ners from losers. Various organizational pathologies,
which researchers call learning traps (March 1991,
Levinthal and March 1993), localize search in prox-
imate areas (Ahuja and Lampert 2001, Cyert and
March 1963), thus often causing firms to fail in
realizing the full value of their capabilities (Moran
and Ghoshal 1999). Indeed, recent conceptualizations
of firms’ capabilities have emphasized the creation
of new sources of economic rents (Eisenhardt and
Martin 2000, Teece et al. 1997). Profiting from inno-
vation requires a blend of research and development
(R&D) capabilities (value creation) and capabilities to
pursue new markets (value appropriation), particu-
larly in environments that may have high imitabil-
ity and low dependence on existing complementary
assets (Gans and Stern 2003). Regardless of whether
firms enter new markets relatively early or late,
such efforts at renewal help them shed inertia and
develop new competencies that maintain their rele-
vance during periods of change (Burgelman 1991).
Firms that invest in technological capabilities while
also adapting to new market needs are better off
than firms constrained by inertia in any one dimen-
sion. Such strategic renewal efforts permit firms to
adapt to changing environments rather than stagnat-
ing and falling victim to selection processes unleashed
by industry evolution (Agarwal and Helfat 2009).
Therefore, we expect that the payoff from pioneer-
ing and responding to new markets will be higher
when a firm is able to simultaneously maintain higher
levels of technological capabilities. Because the two
components of the dynamic capabilities required for
renewal, namely, market creating/responding and
technological, are likely to have a positive synergy on
survival, we hypothesize the following:

Hypothesis 4 (H4). Technological capabilities posi-
tively moderate the relationship between (a) market-
pioneering and (b) market-responding capabilities and the
likelihood of survival.

Thus far, we have focused our attention on the
synergies between the dual dynamic capabilities—
entering new markets and technological capabili-
ties, while without distinguishing how the order in
which firms enter may impact this synergy. Our
final hypothesis relates to the intriguing question
of the relative strength of the synergy between

dynamic technological capabilities and that of pio-
neering versus responding. In other words, although
we have argued that the ability to maintain tech-
nological superiority is of greater help when firms
possess the ability to pioneer new markets or to
respond to them, it is not clear whether the size of the
effects are different between the two market-related
capabilities. This is important because discriminat-
ing effects would suggest that the interrelationship
between the two sets of dynamic capabilities that
are fundamental to the renewal of firms in dynamic
environments, namely, technological (value creation)
and commercialization (value appropriation), is con-
tingent on entry timing into new product genera-
tions. At the core, this would contribute to a more
nuanced understanding of Schumpeter’s (1942) dis-
tinction between invention and innovation, and how
the payoff from a firm’s ability to engage in both
value creation and appropriation concurrently differs
based on the timing of commercialization.
We contend that technology plays a stronger syn-

ergistic role for market pioneers than for respon-
ders. Market pioneers who also maintain higher levels
of technological capabilities possess the cospecial-
ized ability to both create new markets and sustain
them through technological inventions (Gambardella
and Torrisi 1998, Teece 1982). Firms that are able to
stay on top of the technology curve while demon-
strating the dynamic capability to create new mar-
kets are likely to be better off than firms that are
similarly endowed on the technology front but are
characteristically responders, or late movers into new
markets. The mechanism behind our prediction is
twofold: First, technology leadership operates as an
isolating mechanism through which FMA is derived
(Lieberman and Montgomery 1988) by encompassing
“cost advantages arising from advanced appropria-
tion of scarce input resources, forestalling bids for
product characteristic spaces, and economies of scale
created from preemptive investment in the plant and
equipment; and switching costs arise from habit for-
mation in buyers or from the installed-base effect in
the presence of network effects” (Suarez and Lanzolla
2007, p. 379). Second, research has shown that late
movers can overthrow pioneers through a process of
continuous innovation based on learning and tech-
nological superiority (Shankar et al. 1998). However,
when pioneers are able to maintain their technological
leadership, such an avenue to losing potential FMA
to responders is preempted. Together, these mecha-
nisms suggest that technologically superior pioneers
are likely to have higher rates of survival than simi-
larly endowed responders. Therefore,

Hypothesis 5 (H5). The synergistic effect of sustained
technological capabilities with market-pioneering capability
is stronger than with market-responding capability.
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Data and Methodology
Empirical Context
We tested the hypotheses in our study using data
from the rigid disk drive industry over the period
1977–1997. Disk drives are magnetic information stor-
age devices. In 1973, IBM introduced the first com-
pletely sealed and removable disk drive, the 14-inch
Winchester, causing the industry to take off shortly
thereafter. Figure 1 depicts the standardized values
for the number of firms and sales in the industry,
with the annual value of each variable divided by
the maximum value observed for it in the study. Both
variables conform to trends documented in industry
evolution studies (Agarwal 1998, Gort and Klepper
1982). The first 10 years of the period studied showed
a rapid increase in both number of firms and sales.
The 39 incumbents that had entered between 1973 and
1976 were joined by 153 new entrants after 1977, an
increase that fueled rapid growth in industry sales.
A shakeout of firms ensued in 1986, and sales contin-
ued to increase, though at a decreasing rate.
The smooth trends in number of firms and sales,

however, mask discontinuous changes within the
industry. As shown in Figures 1 and 2, architec-
tural innovations led to five new disk diameters
during the 20-year period considered in our study.
Each diameter innovation created a new market. The
smaller diameters enabled the creation and growth
of new markets including desktop computers, lap-
top computers, personal digital assistants, geographic
positioning systems, and other handheld electronic
devices. Importantly, as Christensen (1993, 1997a)
documents, not only did the markets for these new
diameters grow faster than the markets for older
diameters, but in time the new diameters replaced the
older ones and rendered them obsolete.
In addition to new markets, rapid technological

change due to numerous incremental and modular
innovations resulted in technology S-curves within

Figure 1 Number of Firms and Sales in Disk Drive Industry
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Figure 2 Areal Density of Drives by Diameter
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each successive market. Areal density (megabytes per
inch of storage capacity) is a critical technological per-
formance parameter for disks, and Figure 2 depicts
the rapid increase in areal density within and across
disks of successive diameters. Thus, the multiple new
markets and the rapid change in technology make the
disk drive industry an ideal empirical context for our
study.

Data Sources
We collected data from sources that documented
events at the time of occurrence and tracked informa-
tion in the industry for all firms entering and exit-
ing it, to avoid survivor bias. Specifically, we used
information compiled from the Disk/Trend Report, a
market research publication that has covered the disk
drive industry since 1977 and has been used in sev-
eral past studies (Agarwal et al. 2004, Christensen
1993, King and Tucci 2002, Lerner 1997). These data
were supplemented by information from company
news releases, scientific journals, books, and directo-
ries (e.g., the Directory of Corporate Affiliations and the
International Directory of Company Histories). The final
database contains the census of firms in the industry
during 1977–1997 and includes detailed information
on firm and industry characteristics.

Variables
Firm Survival. The dependent variable in our study,

firm survival, is computed as a dummy variable that
takes a value of 1 if a firm survived to the following
year (with acquisitions being treated as “censored”
observations) and 0 otherwise.
Timing of Entry Into Market Measures: Market Pioneers

and Responders to Markets. Our market-pioneering and
market-responding measures are based on new diam-
eter introductions, which formed the basis on which
new markets were formed. Our measures of the two
variables are consistent with our dynamic conceptu-
alization of pioneering and responding capabilities,
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and based on the idea that new product generations
present firms with multiple market-pioneering and
market-responding opportunities. Because the num-
ber of such opportunities depends on a firm’s overall
time of entry into the industry as well as when the
new markets emerged, our measures of the two vari-
ables vary over both time and firms. We also note that
in keeping with our theoretical focus, our timing of
entry variables relate to firm entry into the new mar-
kets rather than entry into the industry.
Regardless of whether they are incumbents in the

industry (i.e., firms that existed in the industry prior
to the focal market introduction) or new entrants,
firms that entered in the first year of a new market
are identified as market pioneers in that product gen-
eration. Our measure of market pioneers as a cohort
of firms that creates new markets, and subsequently
benefits from it, is consistent with earlier treatment
in the literature (Rosenbloom and Cusumano 1987).
Although only one firm can be considered a true pio-
neer on the basis of strict order of entry (Golder and
Tellis 1993), more than one firm may simultaneously
engage in market-pioneering activities and experience
similar time lines in undertaking new market orienta-
tion strategies, such as scouting opportunities, assess-
ing uncertainty, and ramping up for production.
Specifically, we adopt the Agarwal et al. (2004)

measure of pioneering markets (PMit), defined as the
number of times a firm introduces a drive in a new
market within the first year of the market’s introduc-
tion into the industry, divided by the total number of
new markets introduced in the industry since the year
of entry for the firm.2 In robustness checks, we also
examine whether our results are sensitive to a more
stringent definition of pioneering as introducing the
drive in the first quarter, rather than the first year.
Between 4% and 7% of the total entrants in each mar-
ket are classified as pioneers based on the one-year
window, and the range is between 2% and 7% if the
more stringent definition of the first quarter is used.
Firms change from being entrants into the industry

to incumbents the first time a new market is intro-
duced in the industry after their entry. Our market-
responding variable captures whether incumbent firms
that did not pioneer a market subsequently entered it
during their life span. Responding to markets (RMit)
is thus analogously defined as the number of times an

2 Our choice of a one-year window in the operationalization of
the measure was primarily driven by considerations of consistency
with the bulk of received literature. Among the studies that use a
“window” rather than a strict order of entry scale, the span ranges
from the exact date that the first firm entered (e.g., Golder and
Tellis 1993) to several years after the first entry year (e.g., Agarwal
and Gort 2001). The majority of the studies, however, use a one-year
window (e.g., Bayus et al. 1997, Robinson and Min 2002, Agarwal
et al. 2004).

incumbent firm entered a market after the first year of
the market’s introduction into the industry, divided
by the total number of new market introductions in
the industry since the year of entry for the firm for
the time until time t. Mathematically, our measures
take these forms:

PMit =
∑t

k=Ei
Pik

∑t
k=Ei

Dk

if
t∑

k=Ei

Dk > 0 and

= 0 if
t∑

k=Ei

Dk = 0�

(1)

RMit =
∑t

k=Ei
Rik

∑t
k=Ei

Dk

if
t∑

k=Ei

Dk > 0 and

= 0 if
t∑

k=Ei

Dk = 0�

(2)

where Ei is the year of entry of the ith firm, t is the
current year of operation, Pik is a dummy variable that
indicates whether the ith firm was a market pioneer
when a new market was introduced (Pik equals 1 if
the firm introduced a drive for a new market within
the first year of the market’s introduction into the
industry, and 0 otherwise), Rik is a dummy variable
that indicates whether an existing firm entered the
relevant market subsequent to the first year after its
introduction (Rik equals 1 if the firm produced a drive
for the new market for the first time after the first
year of the market’s introduction into the industry,
and 0 otherwise), and Dk is a dummy variable that
indicates whether there was a market introduction
during that year (Dk equals 1 if a market was intro-
duced, and 0 otherwise). For each firm operating in
the industry at the time of a new market’s intro-
duction, the denominator of the variable is increased
by 1, and the numerator for PMit (RMit) increases by
1 only if the firm was a market pioneer (follower)
for that diameter. For firms that entered between
two consecutive market introductions, both variables
take the value of 0 until the year of the next market
introduction. Tables A1–A3 and the related descrip-
tions in the online technical appendix (provided in
the e-companion)3 provide detailed examples of how
both market-pioneering and market-responding variables
change over time based on new diameter introduc-
tions and firm decisions regarding entry into new
markets. The baseline group in our analysis thus con-
sists of firms that have operations only in the market
that they entered in; i.e., these firms never enter, either
early or late, new markets that emerge subsequent to
their entry into the industry.

3 An electronic companion to this paper is available as part of the on-
line version that can be found at http://mansci.journal.informs.org/.



Franco et al.: Moderating Effects of Technological Capabilities on Market Pioneering–Firm Survival Relationship
1850 Management Science 55(11), pp. 1842–1860, © 2009 INFORMS

Technological Capabilities. As indicated above, a crit-
ical technological performance measure of disk drives
relates to areal density. Our measure of this variable
is based on the average of a firm’s diameter-specific
relative technological position for all the diameters
it produced in a particular year, using the following
two-step procedure. The areal density (A) of the best
drive produced by firm i in diameter j in year t is
first divided by the highest areal density in that diam-
eter available in the market that year to obtain the
firm’s diameter-specific relative technological position
(TCijt�:

TCijt =
Aijt

max
Aijt�
� (3)

As discussed in Agarwal et al. (2004), measuring a
firm’s technological capabilities in comparison with
the best drive in that market circumvents problems
related to cumulative and absolute increases in tech-
nological know-how over time, because it is a relative
time-varying measure that reflects a firm’s competi-
tive positioning. We then average this measure over
all diameters (j = 1 to n) produced by the firm in
year t to obtain a measure of the firm’s average rela-
tive technological capability (TCit) in that year:

TCit =
∑

j TCijt
∑

j

� (4)

In robustness checks, we use alternative measures
of technological capabilities. Specifically, instead of
using the average of the best drives across all diam-
eters produced by a firm, we used (a) the areal den-
sity of the best drive in the latest diameter produced
by the firm (latest technological capabilities), (b) the
areal density of the best drive in the diameter prior
to the last diameter introduced (recent technologi-
cal capabilities), and (c) the inverse of the coefficient
of variation in the areal density, measured as TCit

divided by the standard deviation in the areal densi-
ties across the drives produced by the firm (variation-
adjusted technological capabilities).4

Control Variables. Several firm-level and industry-
level variables are included as controls. Among firm-
level controls, firm tenure is measured as the number
of years elapsed since a firm entered the disk drive
industry; a squared term permits potential nonlinear
effects of tenure. We use the logged value, in millions
of dollars, of all disk drive sales per year as our mea-
sure of firm sales. Foreign firm is a dummy variable

4 We note that, consistent with our other variable measures,
our measure of technological capabilities is on an annual basis.
Although we cannot conduct robustness checks for a measure
based on quarterly technological capabilities due to missing quar-
terly observations, the correlation coefficient of technological capa-
bilities measured quarterly, and annually for firms when such data
are available, is 0.70.

taking a value of 1 if a firm originated outside the
United States and 0 otherwise. Two measures are used
for a firm’s product development capabilities: number
of drives in a firm’s portfolio and the number of new
drives introduced by the firm. Because our data are left
truncated until 1976, we control for any systematic
effect for firms that entered prior to 1977 by coding
the dummy variable incumbent76 as 1, and 0 other-
wise. Given our focus on firms entering a new mar-
ket, we code the dummy variable incumbent in a prior
market as 1 for incumbents in the industry prior to
the new market introduction, and 0 for new entrants
(firms that entered since the last market was intro-
duced). The dummy variable diversified firm is equal to
1 for firms that had operations in other industries, and
is 0 for pure play disk drive manufacturers. Finally,
in robustness checks, we replace the incumbent in 1976
and firm entry year dummies with the entry year of the
firm into the industry (imposing the limitation of 1976
as the entry year for firms that entered prior to 1977).
Among industry-level controls, industry sales is the

logged value of all disk drive sales per year, and
industry growth is the annual percentage change in
industry sales. The technological frontier of the indus-
try is measured as the highest areal density in the
industry over all the diameters produced in a given
year. Growth in areal density, measured as the per-
centage change in highest areal density between any
two years, was used to control for the rapid changes
in areal density. To control for competitive density
effects, we use both linear and quadratic specifica-
tion for the number of firms in a year and include the
number of new entrants in the year. Finally, we include
dummies for firm entry year to control for differences
in founding conditions.
Table 1 provides descriptive statistics and correla-

tions for all the variables. The correlations do not indi-
cate the presence of multicollinearity, and the variance
inflation factors confirm its absence. In Table 2, we
provide the count and average technological capabil-
ities at time of entry into markets based on whether
the firms were entrants or incumbents in the indus-
try, and whether they were pioneers, responders, or
did not enter subsequent markets after their initial
market entry. On an average, 88% of the firms in the
industry survived to the following year. As shown
in Table 1, the average value of pioneering across all
firm-year observations is 0.09, and of responding is
0.28. Among the new entrants in the industry, 11 firms
pioneered a new market, whereas 181 firms entered
after the first year of a market’s introduction. Among
the incumbents, there were 10 instances of pioneering,
92 instances of responding, and 120 firms who did
not enter a new product market. Thus, it is notable
that that the pioneers into new product generations
have been almost evenly split between entrants and
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Table 2 Number of Entries and Technological Capabilities at Time of
Entry Into New Markets

Technological capabilities
Number of at time of entry
entries (std. dev.)

New entrants in the industrya

Pioneersb 11 0.59 (0.31)
Nonpioneers 181 0.38 (0.27)

Incumbents in the industryc

Pioneersb 10 0.48 (0.27)
Market responders 92 0.41 (0.17)
No entry in subsequent markets 120 0.38 (0.28)

aThe F-statistic for differences among the different types of firms in the
new entrant group= 1�37 (not significant).

bThe F-statistic for differences among pioneers that are entrants versus
incumbents= 1�36 (not significant).

cThe F-statistic for differences among the different types of firms in the
incumbent group= 1�62 (not significant).

incumbents. Moreover, not only are the technological
capabilities of these two groups similar at the time of
entry (Table 2), they also evolve the same way over
the first five years subsequent to entry into the new
market (Figure 3). Across all firms, the average firm
technological capabilities in a year is 0.38. The first
quartile value is 0.16, whereas the value at the third
quartile is 0.57. The top 10% of the firms had techno-
logical capabilities higher than 0.8.5

Estimation
We use hazard rate methodology to test our hypothe-
ses relating to the probability of a firm surviving in
a given year. Several discrete and continuous time
models are available for the estimation of hazard
rates (Allison 1995); we use a firm-year observa-
tion structure with a complementary log-log speci-
fication. Because the data on survival are updated
only annually, this formulation allows us to recover
continuous-time hazard rates from discrete-time data.
Also, such a specification allows for easier incorpo-
ration of time-varying covariates. Furthermore, we
control for firm-level unobserved heterogeneity by
using a random-effects specification.6 Our results are
robust to alternative hazard rate estimation tech-
niques, including Cox proportional hazard and piece-
wise exponential models.

5 The distribution of mean levels of technological capabilities by
firm closely corresponds with the distribution of technological
capabilities when observations are firm-year. The within-firm vari-
ance in technological capabilities is half of the variance reported for
technological capabilities (see Table 1), indicating some persistence
over time.
6 Fixed-effect models are not available in the standard statistical
packages because a sufficient statistic allowing the fixed effects to
be conditioned out of the likelihood does not exist. Incorporating
unconditional fixed-effects estimates with the use of firm dummies
results in biased estimates (Allison 1995).
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Figure 3 Technological Capabilities of Pioneering Firms Subsequent
to Entry into Markets
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Additional issues that could pose concerns about
the reliability of the coefficients are potential sample
selection bias and endogeneity of the decision to enter
new markets. Our data include measurements on all
firms that chose to enter new markets. In other words,
the dependent variable, survival, is observed for all
members of the sample that entered these new mar-
kets. This fact renders the concern of sample selec-
tion moot. On the other hand, endogeneity is a valid
concern, because the decision to enter new markets
is potentially affected by a firm’s technological capa-
bilities, and vice versa. We address this issue both
conceptually and methodologically. As explained in
our theory section, it is not clear that such a relation-
ship exists for the contemporaneous values of each
variable, particularly when technological capabilities
are measured on a relative scale. A manager facing a
decision to launch into a new market operates with
imperfect knowledge concerning competitor capabil-
ities and customer preferences. Also, at a conceptual
level, the structures, processes, and systems for devel-
oping technological and pioneering capabilities are
different. Christensen (1997a) documents that several
firms operating on the technological frontier in this
industry chose not to enter the new markets, even
when they were capable of producing the relevant
diameters.
Empirically, the variables for market entry and

technological capability are weakly correlated (see
Table 1). Because the types of innovations that
underlie increases in areal density and thus relate
to technological capabilities are different from the
architectural breakthroughs that relate to market-
pioneering/-responding capabilities, there is no theo-
retical reason to expect a causal relationship between
the two measures. Also, we examined whether the
mean levels of technological capabilities at time of
entry were systematically different between the firms
that were market pioneers, responders, or did not
enter subsequent markets, and between new entrants
and incumbents. Table 2 provides average techno-
logical capabilities for each type of firm. F-tests
reveal no significant differences between market

pioneers who were incumbents or new entrants,
and between incumbents that were market pioneers,
responders, or did not enter subsequent markets. Fur-
thermore, we explicitly tested for endogeneity per the
Granger (1969, 2003) methodology. Our tests confirm
an absence of causality in either direction; that is,
the coefficients for the lagged value of technologi-
cal capabilities in the regressions modeling pioneer-
ing/responding to markets, and the coefficient of the
lagged values of either pioneering or responding to
markets in the technological capabilities regression,
are not statistically significant. Thus, endogeneity
between technological capabilities and timing of entry
does not appear to be a salient issue. To the extent
that unobserved firm-level effects may impact both
market-pioneering and technological capabilities, our
random-effects panel data specification accounts for
unobserved heterogeneity.

Results
In Table 3, we provide our results. In the context
of our pioneering and responding capabilities vari-
able, the baseline group consists of those incumbents
that never entered another market in the industry,
and focused operations only in the market that they
entered. The coefficient estimates in Model 1 indi-
cate that the main effect of pioneering markets is
not significant, indicating that H1 is not supported.
Responding to markets has a positive and significant
effect on survival, providing support for H2. Taken
together, the coefficients of Model 1 also permit us
to directly compare the effects of market pioneer-
ing, market responding, and no subsequent market
entry on survival. There is no significant difference in
the main effect on survival of firms that were market
pioneers, and firms that did not subsequently enter
new markets. However, relative to these firms, mar-
ket responders had significantly higher survival prob-
abilities. Furthermore, the coefficient of technological
capabilities is positive and significant, providing sup-
port for H3 that higher levels of technological capa-
bilities enhance the probability of survival.
Model 2 in Table 3 reports the coefficients for the

interaction effects. The simple effect of technologi-
cal capabilities is not significant. The simple effect of
market pioneering is negative and significant; indi-
cating that at zero and low levels of technologi-
cal capabilities, market-pioneering capabilities reduce
the probability of a firm’s survival. The interaction
term between market-pioneering and technological
capabilities is positive and significant, indicating that
firms that are both market pioneers and have higher
levels of technological capabilities have higher prob-
abilities of survival. The simple effect of responding
to markets is not significant, but the interaction effect
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Table 3 Probability of Firm Survival

Variable Model 1 Model 2

Intercept 4�43∗∗ 8�36∗∗

�2�38� �3�48�

Pioneering markets 0�12 −1�40∗∗

�0�18� �0�64�

Responding to markets 0�34∗ −0�08
�0�19� �0�43�

Technological capabilities 0�28∗ −0�38
�0�16� �0�28�

Pioneering markets× — 4�28∗∗

Technological capabilities �1�62�

Responding to markets× — 1�34∗∗

Technological capabilities �0�75�

Firm tenure −0�13∗∗∗ −0�27∗∗∗

�0�03� �0�05�

Firm tenure 2 0�006∗∗∗ 0�01∗∗∗

�0�001� �0�003�

Firm sales 0�03∗∗∗ 0�04∗∗∗

�0�003� �0�006�

Diversified firm −0�07 −0�27
�0�14� �0�21�

Foreign firm 0�07 0�13
�0�11� �0�19�

Incumbent in 1976 dummy 0�08 0�29
�0�16� �0�30�

Industry sales −0�49∗∗∗ −0�75∗∗∗

�0�14� �0�21�

Industry growth −0�60 −0�69
�0�61� �0�81�

Highest areal density in industry 0�001∗∗ 0�001∗∗∗

�0�0005� �0�0006�

Growth in high areal density −0�002 −0�002
�0�003� �0�005�

Number of firms 0�13∗∗ 0�15∗∗∗

�0�04� �0�05�

Number of firms2 −0�001∗∗ −0�001∗∗∗

�0�0003� �0�0004�

Number of entrants −0�002 −0�008
�0�02� �0�02�

Incumbent in prior submarket 0�11 0�26
�0�18� �0�27�

Number of drives 0�02∗∗ 0�02∗∗

�0�01� �0�01�

Number of new drives introduced 0�007 0�007
�0�02� �0�02�

Pioneering markets× — —
Incumbent in prior market

Order of entry into the industry — —
Number of observations 1,199 1,199
Chi-square test statistic 87.61 86.21
Log likelihood −349�22 −338�97

Notes. Standard errors are in parentheses. Please refer to Table A5 in the
online appendix for the marginal effects at mean levels of the variables.

∗Significant at the 10% level; ∗∗significant at the 5% level; ∗∗∗significant at
the 1% level.

of responding to markets and technological capabil-
ities is positive and significant. The results indicate
that although responding to markets does not help
or hurt firms that have zero levels of technological
capabilities, at higher values of technological capabili-
ties, market-responding capabilities increase the prob-
ability of survival. Taken together, the coefficients of
the interaction terms of technological capabilities and
the market-pioneering/-responding variables provide
support for both Hypotheses 4(a) and 4(b). Notably,
the interaction of technological capabilities with pioneer-
ing markets is much higher in magnitude and more
strongly significant than the interaction of technolog-
ical capabilities with responding to markets (t = 1�91,
p < 0�05). Thus, the moderating effect of technolog-
ical capabilities for firms that pioneer markets is
much stronger than for firms that respond to markets,
thereby supporting H5.
The effects of the control variables are similar in

all models. The coefficients of tenure and tenure
squared indicate a U-shaped relationship with sur-
vival. Increases in firm sales increase the probability
of survival, but being a foreign firm, an incumbent in
1976, or an incumbent in a prior market has no signif-
icant effect on survival. Number of drives in the port-
folio has a positive impact, but the number of new
drive introductions does not affect survival. Among
the industry variables, higher industry sales decrease
the probability of survival, but there is no effect of
either industry growth or the number of entrants on
survival. Interestingly, the pace of growth in areal
density does not seem to impact survival. Increase in
areal density aids survival, and the number of firms
in the industry has the expected inverted U-shaped
relationship with survival.

Additional Analysis and Robustness Checks
Our theoretical and empirical framework examined
the role of contemporaneous capabilities—both in
terms of entering new markets and in keeping up
with the technological frontier. To examine whether
there also exist any legacy-based advantages, we
present the results of the analysis where (a) we
include a dummy variable for firms that entered the
industry during the first generation,7 and (b) we use
a “time-invariant” technological capabilities measure to
capture the firm’s technological capabilities at the
time of its most recent entry into a new market.
The results are presented in Table 4. As seen in
Model 1, there is no significant effect on survival for
firms that entered in the first generation, and further-
more, time-invariant technological capabilities do not

7 We note that IBM, the pioneer of the first generation (and of some
of the subsequent generations as well), survived the entire length
of the sample period.
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impact survival, either in the main effect (Model 2)
or the interaction effects (Model 3) models. Given
the absence of any legacy-based advantage—either
because of early entry into the industry, or by enter-
ing with higher levels of technological capabilities—a
key takeaway from this supplemental analysis is that
what matters for survival is that firms keep up with
the evolving industry, in terms of either new markets
or technological development.
Furthermore, our analysis regarding timing of entry

into new markets made two implicit assumptions.
First, whereas we included a control for whether the
firm was new to the industry versus new to the
market, we assumed that there was no difference
among pioneers who were entrants versus incum-
bents.8 The results in Model 4 in Table 4 show
that the relationship between pioneering new mar-
kets and survival is stronger for incumbent firms.
The positive and significant coefficient for the interac-
tion term between market-pioneering capabilities and the
incumbent in industry dummy has two implications.
First, among incumbents, firms that develop market-
pioneering capabilities have a higher probability of
survival than firms that do not. Second, among the
cohort of firms that have market-pioneering capabil-
ities, incumbent firms have a higher probability of
survival relative to new entrants. This result may
potentially be due to entrants lacking some of the
unobserved capabilities of the incumbents, despite the
parity in technological capabilities (e.g., established
reputation and legitimacy).
The second assumption relates to incumbent behav-

ior in the face of a new market introduction by
another firm. It may be the case that some incum-
bents choose to “skip” a market and introduce a later
generation; their response is better characterized by
leapfrogging behavior rather than late entry in the
same market. de Figueiredo and Silverman (2007),
for instance, find evidence that firms often choose to
“skip” adjacent segments in industries characterized
by niche markets, such as the laser printer indus-
try. In doing so, these firms may have more foresight
or capability than others in avoiding cannibalization
while at the same time strategically renewing them-
selves and staying abreast of industry evolution. We
examined the incidence of such behavior in our data
and found only five instances where firms engaged
in skipping behaviors. Interestingly, none of the firms
that skipped markets were market pioneers in the

8 There is no similar distinction among entrants and incumbents
for responding capabilities because by definition, and as noted ear-
lier, only incumbent firms that responded to new market introduc-
tions after the first year were included in the responding category.
New entrants that entered a market after the first year but did
not respond when a new market opportunity was introduced are
included in the baseline model.

next generation, and furthermore, there was no sys-
tematic relationship between skipping behavior, firm
tenure in industry, and technological capabilities. Two
of these five firms had high technological capabili-
ties on average, whereas the remaining three had rel-
atively low technological capabilities. As a result, in
our empirical context, we find that incumbents did
not systematically forego existing new opportunities
in favor of entering (early or late) into newer markets.
To test the sensitivity of our results to the measures

employed for the key variables, we conducted numer-
ous robustness checks. In the context of our measure
of market-pioneering capabilities, our measure used
a one-year window from a diameter’s introduction in
the industry. An important question arises: is one year
a reasonable window, and are the results robust to a
more stringent definition with a shorter time span?
Because our data provide information on entry on a
quarterly basis, we were able to construct an alterna-
tive measure of market pioneering based on the first-
quarter window. The measure for market responding
was suitably adjusted to include entry after the first
quarter of the market’s introduction into the indus-
try. The results based on these measures in Model 5
in Table 4 are similar to those in Model 2 in Table 3,
and the interaction of technological capabilities with
pioneering markets is much higher in magnitude and
strongly significant than the interaction of technolog-
ical capabilities with responding to markets (t = 3�22,
p < 0�001). These results thus indicate that the results
are robust to alternative and more stringent measures
of market pioneering.
Similarly, we experimented with three alterna-

tive measures of technological capabilities: latest,
recent, and variation-adjusted technological capabil-
ities. The results are reported in Table A4 in the
online appendix. The correlations between all mea-
sures, with the exception of variation-adjusted tech-
nological capabilities, range between 0.88 and 0.97.
The correlation of the variation-adjusted technologi-
cal capabilities with each of the other three measures
is around 0.07. Nonetheless, all of the coefficient esti-
mates are remarkably consistent, and provide strong
support for the hypotheses. The only exception is that
the simple effect of the variation-adjusted technologi-
cal capabilities in the interaction model is negative and
significant, as opposed to insignificant for the others.
We also conducted robustness checks related to

a key control variable, entry into the industry. In
Model 6 in Table 4, we replace the incumbent in 1976
dummy and entry year dummies with a continuous
entry year measure to capture order of entry into
the industry effects. The insignificant coefficient indi-
cates that the year of firm entry into the industry has
no effect on its probability of survival. Finally, we
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Table 4 Probability of Firm Survival

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Intercept 7�31∗∗ 6�71∗∗ 7�26∗∗ 7�84∗∗ 8�27∗∗ −97�34
�4�16� �3�57� �3�59� �3�48� �3�47� �80�54�

Pioneering markets −0�97 0�28 −0�23 −3�12∗∗ −3�28∗∗ −1�26∗∗

�0�77� �0�29� �0�57� �1�02� �1�64� �0�62�
Responding to markets 0�12 0�39 0�09 0�16 0�05 0�20

�0�47� �0�31� �0�45� �0�43� �0�39� �0�35�
Technological capabilities 0�22∗ — — −0�36 −0�34 −0�33

�0�35� �0�27� �0�27� �0�27�
Pioneering markets× 3�28∗ — — 6�10∗∗ 6�94∗∗ 4�21∗∗

Technological capabilities �2�00� �2�14� �3�91� �1�60�
Responding to markets× 0�79 — — 1�37∗∗ 1�52∗∗ 1�39∗∗

Technological capabilities �0�84� �0�76� �0�71� �0�76�
Time-invariant (TI) technological — 0�26 0�08 — — —
capabilities �0�26� �0�29�

Pioneering markets× — — 0�90 — — —
TI technological capabilities �0�91�

Responding to markets× — — 0�56 — — —
TI Technological capabilities �0�75�

Firm tenure −0�22∗∗ −0�18∗∗∗ −0�18∗∗∗ −0�27∗∗∗ −0�26∗∗∗ −0�22∗∗∗

�0�11� �0�08� �0�08� �0�06� �0�06� �0�06�
Firm tenure2 0�008∗∗ 0�007∗∗∗ 0�006∗∗∗ 0�01∗∗∗ 0�01∗∗∗ 0�01∗∗∗

�0�004� �0�003� �0�003� �0�002� �0�002� �0�002�
Firm sales 0�04∗∗∗ 0�04∗∗∗ 0�04∗∗∗ 0�04∗∗∗ 0�04∗∗∗ 0�04∗∗∗

�0�009� �0�007� �0�007� �0�005� �0�005� �0�005�
Diversified firm −0�14 −0�11 −0�13 −0�27 −0�27 −0�25

�0�23� �0�21� �0�20� �0�21� �0�21� �0�21�
Foreign firm 0�16 0�07 0�07 0�09 0�12 0�11

�0�23� �0�19� �0�19� �0�19� �0�19� �0�19�
Incumbent in 1976 dummy 0�08 0�15 0�15 0�27 0�23 —

�0�38� �0�30� �0�29� �0�30� �0�29�
Incumbent in first generation 0�44 — — — — —

�0�44�
Industry sales −0�69∗∗∗ −0�65∗∗∗ −0�65∗∗∗ −0�74 −0�74∗∗∗ −1�16∗∗∗

�0�27� �0�23� �0�23� �0�81� �0�21� �0�32�
Industry growth −0�65 −0�74 −0�74 0�002∗∗∗ −0�62 −0�67

�0�89� �0�81� �0�81� �0�0007� �0�81� �0�81�
Highest areal density in industry 0�002∗∗ 0�002∗∗∗ 0�002∗∗∗ −0�0005 0�001∗∗∗ 0�001∗∗∗

�0�0007� �0�0007� �0�0007� �0�003� �0�0006� �0�0006�
Growth in high areal density −0�001 −0�0005 −0�0005 0�13∗∗∗ −0�003 −0�003

�0�004� �0�003� �0�003� �0�05� �0�005� �0�005�
Number of firms 0�14∗∗ 0�13∗∗∗ 0�13∗∗∗ −0�0009∗∗∗ 0�14∗∗∗ 0�17∗∗∗

�0�06� �0�05� �0�05� �0�0004� �0�05� �0�05�
Number of firms2 −0�001∗∗ −0�0009∗∗∗ −0�0009∗∗∗ −0�0014 −0�001∗∗∗ −0�001∗∗∗

�0�0005� �0�0004� �0�0004� �0�002� �0�0004� �0�0004�
Number of entrants −0�005 −0�0014 −0�0014 0�16 −0�009 −0�009

�0�02� �0�002� �0�002� �0�25� �0�02� �0�02�
Incumbent in prior submarket 0�19 0�16 0�16 0�02∗∗ 0�14 —

�0�28� �0�25� �0�25� �0�01� �0�27�
Number of drives 0�02∗∗ 0�02∗∗ 0�02∗∗ 0�008 0�02∗∗ 0�02∗∗

�0�01� �0�01� �0�01� �0�02� �0�01� �0�01�
Number of new drives introduced 0�01 0�008 0�008 0�007 0�007 0�007

�0�02� �0�02� �0�02� �0�02� �0�02� �0�02�
Pioneering markets× — — 2�05∗∗ — —

Incumbent in prior market �0�80�
Order of entry into the industry — — — — 0�06

�0�04�
Number of observations 1,199 1,199 1,199 1,199 1,199 1,199
Chi-square test statistic 27�20 31�84 32�29 86�09 86�09 89�19
Log likelihood −299�62 −303�68 −303�70 −334�99 −334�99 −338�88

Note. Standard errors are in parentheses.
∗Significant at the 10% level; ∗∗significant at the 5% level; ∗∗∗significant at the 1% level.
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examined the data to discern variances in entry pat-
terns among the early industry entrants (firms that
entered the industry prior to 1977) and firms that
entered at later times. Twenty-six (67%) of the 39 early
entrants to the industry entered subsequent product
generations, which runs counter to the conjecture that
such firms are likely to occupy and grow primarily
in the market defined by the initial product genera-
tion. Interestingly, later entrants seem to respond with
less frequency (48%) to subsequent markets than the
entry cohort prior to 1977. However, it is not clear
that this necessarily implies that later entrants are
following the early cohort into subsequent markets.
Of the 39 firms that entered prior to 1977, 3 firms
(8%) pioneered subsequent product generations. Sim-
ilarly, of the 153 entrants after 1977, 11 firms (7%) pio-
neered subsequent product generations. Thus, there
is no significant difference among the cohort of firms
that entered after 1977 in their rate of pioneering rel-
ative to the early cohort.

Discussion
Despite FMA’s universal appeal and substantial trac-
tion amongst scholars and practitioners, researchers
have been unable to provide conclusive empirical evi-
dence to either support or refute its existence. As
a result, FMA research seems close to being dis-
missed as an urban legend in the halls of strategic
management, as managers are cautioned against bas-
ing costly actions on the belief that being first in
a new market is valuable (Boulding and Christen
2003, Finkelstein 2002). Against this background, our
research assumes heightened significance. We con-
tend that such conflicting findings may be caused
by two key theoretical misspecifications in existing
models: failure to incorporate evolutionary dynam-
ics at the “macro” industry level, and complemen-
tary technological capabilities at the “micro” firm
level (Suarez and Lanzolla 2007). Ignoring evolution-
ary dynamics has led to a static view of FMA wherein
researchers have attributed legacy-based advantages
on firms that entered an industry during its incipi-
ent stages and were early enough to benefit from an
emerging market. Furthermore, considering market-
creating capabilities in isolation has ignored, from a
Schumpeterian sense, the invention aspect of innova-
tion. Specifically, we study how survival is affected by
market pioneering (H1) and market responding (H2),
how a firm’s ability to stay close to the technologi-
cal frontier impacts survival (H3), and how the rela-
tionship between technological capabilities and entry
timing affects survival (H4 and H5).
Our paper is thus based on the premise that when

industries evolve, entrepreneurial entry into emerg-
ing product markets is as important to firm sur-
vival as are technological capabilities. Our findings

broadly support our thesis. Although pioneering,
examined in isolation, offers neither advantage nor
disadvantage with respect to a firm’s likelihood of
survival, its effects come to life when considered
in tandem with technological capabilities. The lack
of support for our H1 indicates that pioneering by
itself does not necessarily enhance survival chances
for a firm. This nonfinding is extremely important
in our empirical context, because it suggests that
even in a fast-changing industry characterized by
continuous innovation, short product life cycles, and
rapid commoditization, sustained market pioneering
does not necessarily have desirable outcomes. Thus,
it seems that just as legacy-based first-mover advan-
tages may not exist in fast-moving industries (Suarez
and Lanzolla 2007), neither does an advantage due to
sustained market pioneering across multiple markets
within an industry. The dualism inherent in pioneer-
ing may account for its limited effects: Risks of market
pioneering may temper its benefits, thus resulting in
a null effect. Conversely, the positive effect of subse-
quent or late entry on survival is intriguing. It hints at
the counterintuitive possibility that in markets where
late movers may incur a disadvantage from tech-
nological, scale, or reputational lockout, in fact late
movers are advantaged over market pioneers. Fur-
ther, entering new markets late is better than not
entering at all.
The support found for H3 indicates that technolog-

ical capabilities prima facie help survival. The more
fully specified models that include interaction terms
with the timing of entry, however, indicate that tech-
nological capabilities help only when a firm creates or
adapts to changes in the industry and enters—either
late or early—new market segments. To aid interpre-
tation of the results from an analysis in which the
dependent variable models a probabilistic outcome,
Hoetker (2007) recommends the use of graphical anal-
ysis and computation of marginal effects for (non-
mean) values of the independent variables. In Fig-
ure 4, we graph the probability of survival at mean
levels and one standard deviation above and below
mean levels of technological capabilities for firms
that pioneer and respond to markets. For technolog-
ical capabilities that are at or one standard deviation
above mean levels, increasing levels of market pio-
neering positively affects survival; firms that have a
combination of being on a 0.64 or higher level on tech-
nological capabilities have a 99% survival rate if they
have pioneered in half of the opportunities presented
to them. However, at technological capabilities that
are one standard deviation below mean levels, market
pioneering has a detrimental effect, even relative to
firms that subsequently choose not to enter the new
market. This is not the case for firms that respond to
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Figure 4 Estimated Probability of Survival for Pioneering and Responding to Markets
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Figure 5 Probability of Survival for Technological Capabilities
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markets; regardless of the level of technological capa-
bilities, responding to markets has a positive effect on
survival, and higher levels of technological capabili-
ties enhance this relationship.
Similarly, Figure 5 presents the marginal effects

at varying levels of technological capabilities for the
three types of firms: the baseline represents firms that
never transition to another market, and the other two
lines represent firms that took at least one of four
potential opportunities to either pioneer or respond
to new markets. Absent entry into newer markets,
firms do not find superior technological capabilities
beneficial. When technological capabilities are low,
firms that pioneer at least once have a lower prob-
ability of survival than both the baseline group and
firms that respond; however, the pioneers enjoy sig-
nificantly higher levels of survival when their tech-
nological capabilities are higher. Market responders
have a consistently higher probability of survival than
the baseline group, and this probability increases with
technological capabilities.

Limitations
The limitations of our study present avenues for future
research. First, future research could investigate the
generalizability of our findings in other industries
where the nature of the innovations may have been

less disruptive. Second, our empirical context did not
permit us to examine whether firms can exhibit fore-
sight and avoid cannibalization by leapfrogging or
skipping market segments (de Figueiredo and Silver-
man 2007). Future research could examine whether
such strategies enhance the performance benefits of
market pioneering when defined on a discontinuous
rather than continuous scale. Also, it would be use-
ful to examine potential industry level contingencies
that could help explain why firms engage in skipping
behavior in some industries (e.g., the laser printer
industry, as in de Figueiredo and Silverman 2007), but
not in others (e.g., the disk drive industry). It may
be that the laser printer industry, unlike disk drives,
provided firms with a segmented context wherein
new markets did not displace older ones over time,
so that cannibalization concerns outweighed concerns
related to obsolescence. Third, our paper focused on
only technological capabilities as a complementary
asset. Future work that examines how other capa-
bilities interact with market-pioneering or market-
responding capabilities will help unravel additional
contingency conditions. A fourth potentially fruitful
avenue relates to whether initial entry into the indus-
try conditions heterogeneity in firm behavior related
to new product generations, and whether some kind
of imprinting effect may be at work that relates ini-
tial timing conditions to subsequent strategic moves.
Finally, as do King and Tucci (2002), we study the rel-
ative value of entry into new markets. However, we
do not look at the value of proactive exit from obso-
lescing markets. Helfat and Eisenhardt (2004) high-
light the importance of intertemporal economies of
scope and redeployment of resources from one mar-
ket to another. It would be interesting to simultane-
ously study the performance implications of early exit
from older markets, early entry into new markets, and
straddling in multiple markets.

Conclusions
Our paper contributes to several literature streams.
For the first-mover advantage/timing of entry litera-
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ture, we draw attention to how existing notions of
legacy-based FMA are inconsistent with evolution-
ary doctrines wherein technological innovations “cre-
atively destroy” industries from within by creating
new segments of customers and applications and lev-
eling the playing field. We thus propose a dynamic
view of market-pioneering capabilities. We address
the “micro” gap in existing studies by incorporat-
ing technological leadership into our model of mar-
ket pioneering. Our findings indicate that the rela-
tionship between market-creating/-responding and
technology capabilities is more complex than envis-
aged. While we do find evidence that they are
cospecialized, our results also show the hazards of
developing market-pioneering capabilities without a
concomitant investment in technological capabilities.
Absent investment in maintaining a superior tech-
nological position in the industry, market pioneering
may actually be harmful. Our paper also complements
Suarez and Lanzolla (2007), who argue to include envi-
ronmental dynamics in FMA studies, and in doing so
have possibly triggered the next generation of research
on entry timing. Our work is a beginning in this direc-
tion as we empirically demonstrate that a firm’s ability
to create or respond to generational shifts may create
advantages if accompanied by a “microlevel” capabil-
ity on the technological domain. Our findings indi-
cate that in industries with a high pace of change in
technological and demand conditions, even reconcep-
tualizations of FMA to sustained pioneering efforts are
not sufficient for creating an advantage; firms need to
simultaneously develop along both market (demand
side) and technological (supply side) dimensions to
gain benefits in performance.
Our results also relate to the perceived trade-off

in the new-product development literature between
entry timing and technological performance (Griffin
and Hauser 1996, Lilien and Yoon 1990). This litera-
ture focuses on the need for balance between mini-
mizing time to market and maximizing technological
performance (Cohen et al. 1996, Bayus 1997, Hatch
and Macher 2002), resulting in the following question:
Should a firm launch early to generate first-mover
advantages or wait to make a “better” product, and
therefore delay entry? Instead of a static interpreta-
tion, however, we show that rather than focusing on
time-of-launch trade-offs, firms should consider the
joint evolution of both timing of entry and techno-
logical capabilities, because the temporary advantages
of early entry can quickly be overturned if the firm
becomes a technological laggard.
Finally, our work adds to emerging dialog on strate-

gic renewal (Agarwal and Helfat 2009). It has become
apparent that firms need to invest in sustained
regeneration to guard against obsolescence during
environmental shifts (Huff et al. 1992, Burgelman

1991, Floyd and Lane 2000). Although no one ques-
tions the importance of strategic renewal, researchers
have long debated its inherent conflicts and diffi-
culties. Scholars have advanced the importance of
organizational ambidexterity—a firm’s ability to be
efficient in today’s markets even while conducting
entrepreneurial activities that may require cannibal-
izing current operations—and have proposed struc-
tural (Tushman et al. 1997) and cultural (Gibson and
Birkinshaw 2004) solutions. Our research focuses on
capability-based ambidexterity that arises from an orga-
nization’s portfolio of strategic capabilities, and thus
contributes to an area where our understanding is
limited, namely, strategic entrepreneurship in high-
velocity environments (Hitt et al. 2001).
In conclusion, our paper highlights the need to con-

sider two primal, complementary principles of value
creation and appropriation together. When accompa-
nied by poor technological capabilities, early entry
into new markets hurts firms compared to firms that
enter late, or firms that do not enter at all. Pio-
neering therefore does not appear to be a virtue for
poor technological performers. However, firms that
are both fast and technologically good experience the
best results. For higher levels of technological capa-
bilities, we find not only that pioneering increases a
firm’s likelihood of survival compared to respond-
ing, but that the benefits of pioneering for survival
increase disproportionately with increases in techno-
logical capabilities. In other words, speed helps only
for those who are smart. Bereft of smartness, speed
can kill.

Electronic Companion
An electronic companion to this paper is available as
part of the online version that can be found at http://
mansci.journal.informs.org/.
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