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This study  proposes  a framework  that  aims  to  explain  why  successive  changes  in  industry  leadership
(called  also  the catch-up  cycle)  occur  over  time  in a sector.  In  catch-up  cycles,  latecomer  firms  and
countries  emerge  as  international  leaders,  whereas  incumbents  lose  their  previous  positions.  New  leaders
are then  dethroned  by  newcomers.  To  identify  factors  at the  base  of  catch-up  cycles,  this  article  adopts
a sectoral  system  framework  and  identifies  windows  of opportunity  that  may  emerge  during  the  long-
run  evolution  of an  industry.  This  study  proposes  three  windows  related  to  the  specific  dimensions
of  a sectoral  system.  One dimension  is  related  to changes  in  knowledge  and  technology.  The  second
dimension  pertains  to changes  in demand,  and  the third  includes  changes  in  institutions  and  public
policy.  The  combination  of the  opening  of a window  (technological,  demand,  or  institutional/policy)
indows of opportunity
eapfrogging strategies

and the  responses  of firms  and  other  components  of  the  sectoral  system  of  the  latecomer  and  incumbent
countries  determines  changes  in  industrial  leadership  and  catch-up.  Sectors  differ  according  to  the type of
windows that  may  open  and  the  responses  of firms  and  other  components  of  systems.  Empirical  evidence
of  catch-up  cycles  is presented  from  six  sectors,  namely  mobile  phones,  cameras,  semiconductors,  steel,
mid-sized  jets,  and  wines.
. Introduction

Changes in industrial leadership from an incumbent country to a
atecomer are often observed in several industries, such as the steel
ndustry. In the first half of the 20th century, US firms dominated
he production of steel, but they were soon replaced by Japanese
ompanies that emerged in the 1970s. However, Japanese firms

ave been challenged by Korean firms since the 1980s (Yonekura,
994; Lee and Ki, 2017). The successive shifts in leadership in the
utomobile industry are evident in the shift of leadership from
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Germany to the US, the US to Japan, and possibly to Korea or China.
In the mobile phone industry, Motorola invented the mobile phone
and is considered the pioneer in the industry. However, Nokia
gained control of the market given the emergence of mobile phones
based on different standards, namely, GSM digital technologies. The
era of smartphones emerged later and enabled Samsung and Apple
to topple Nokia (Giachetti, 2013; Giachetti and Marchi, 2010).

These phenomena of successive changes in industrial leader-
ship are called “catch-up cycles”. Many industries have witnessed
several changes in industry leadership and successive catch-up
cycles. In these cases, the incumbent fails to maintain its superior-
ity in technology, production, and marketing. Such a failure allows
a latecomer to catch up with the incumbent. Later on, the late-
comer that has gained leadership will relinquish its position to a
new latecomer. This study attempts to explain these phenomena
by answering the following questions. How is the catch-up cycle
characterized? How does it occur? How do latecomers catch up
with incumbents and acquire industrial leadership?
A framework that answers these questions should include deter-
minants of successive catch-up cycles that go beyond the product
life cycle theory (Posner, 1961; Vernon, 1966); such a framework
should focus on the movement of innovation and production from

dx.doi.org/10.1016/j.respol.2016.09.006
http://www.sciencedirect.com/science/journal/00487333
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.respol.2016.09.006&domain=pdf
mailto:kenneth@snu.ac.kr
mailto:franco.malerba@unibocconi.it
dx.doi.org/10.1016/j.respol.2016.09.006


rch Po

a
w
t
v
fi
a
N
o
w
t
o
u

t
g
fi
F
t
b
d
s
t
t
a
a
a
c
o
s
B
2

p
“
s
a
g
a
t
i
i
i
i
i
i
d
b
c
t
o
t
o

t
s
i
n
r
a
l
p
c
n
fi
K

K. Lee, F. Malerba / Resea

dvanced to emerging countries. The framework should start from
ell-established explanations of catch-up that are centered on ini-

ial conditions (Fagerberg, 1988; Fagerberg et al., 2010), macro
ariables (e.g., labour costs and exchange rates) (see Katz, 1995),
rm capabilities (Bell and Pavitt, 1993; Kim, 1997; Lall, 2001),
nd national innovation systems (Freeman, 1987; Lundvall, 1992;
elson, 1993). These studies provide comprehensive explanations
n the catch-up phenomenon. However, the conceptual frame-
ork involved in examining successive catch-ups must go beyond

hese explanations because leadership frequently changes from
ne country to another and the features and determinants of catch-
p differ across sectors.

We need to clarify a number of issues before we proceed with
he article. First, we refer to “catch- up” as the process of closing the
ap in global market shares between firms in leading countries and
rms in latecomer countries. Catching up does not mean cloning.
irms and countries conduct activities differently, thereby leading
o the development of an indigenous process of learning and capa-
ility building. The process of catching up firms and countries often
iverges from the practices of pioneering firms and countries that
erve as industry models. The organizational, managerial, and insti-
utional aspects of productive practices are often the most difficult
o replicate and must be adapted to indigenous conditions, norms,
nd values. Firms and countries that are catching up may  perform
ctivities that are different from those adopted by the leaders as

 result of a local process of learning and capability building. The
ountries involved in this process may  follow different trajectories
f technological and product advancements and position them-
elves in varying ways along the catching up ladder (Katz, 1995;
ell and Pavitt, 1993; Kim, 1997; Malerba and Nelson, 2011; Lee,
013).

Second, we define “leadership” according to the definition pro-
osed by Mowery and Nelson (1999), who broadly used the term
industrial leadership.” These authors referred to industrial leader-
hip as possessing advantages in world markets as a result of being
head of one’s competitors in terms of product or process technolo-
ies or production and marketing practices and strategies (Mowery
nd Nelson, 1999; p. 2). The present article refers to “leadership” as
he position of a country that has achieved a commanding position
n a specific industry based on its share in the global market and
ts superiority in technology, production, or marketing. Changes
n industrial leadership involve innovative behavior of the catch-
ng up country. However, the global market share of a country in an
ndustry is difficult to measure because this often refers to the lead-
ng firms in a country. Another challenging task is comparing the
ynamics of global market shares of countries over a long period
ecause the boundaries and characteristics of the industry may
hange drastically over time. Given these observations, we main-
ain our definition of industrial leadership in terms of domination
f global markets in an industry. Such a domination is assessed
hrough a combination of measured market shares and evaluation
f industry experts.

Third, we focus on the sectoral leadership of a specific coun-
ry. We  claim, as will be discussed later in the article, that firms
hare a common context related to the national or local networks,
nfrastructure, university system, human capital, financial orga-
ization, and institutions and policies of the country. Given this
eason, firms from the same countries often emerge as leaders in

 sector. Depending on the size and characteristics of a sector, this
eadership may  imply a large or small number of firms. For exam-
le, the wine sector consists of a large number of firms in most

ountries, whereas the camera industry in Japan consists of a small
umber of firms that changed over time from two  to five or six
rms. The sector may  even consist of a single firm, such as steel in
orea or mid-sized aircraft in Brazil.
licy 46 (2017) 338–351 339

Finally, we  focus on catching up by “latecomers”/“emerging
countries” (we  use these two terms interchangeably). We  explain
why a firm from a latecomer country could gain international lead-
ership and eventually lose its leadership position to firms from
another latecomer country. Our proposed conceptual framework is
quite general and can also be applied to the catch-up of latecomer
firms in a specific industry of a developed country.

This Special Issue includes an analysis of a variety of sectors from
high-tech to traditional ones: mid-sized aircraft (Vértesy, 2017),
mobile phones (Giachetti and Marchi, 2017), wine (Morrison and
Rabellotti, 2017), semiconductor memories (Shin, 2017), cameras
(Kang and Song, 2017), and steel (Lee and Ki, 2017). While in most of
them the shift of leadership is in favour of Asian countries, for two
(mid-size aircraft and wine) the leadership moves to Latin America
or returns to Europe. In addition, the analysis of the wine sector
allows us to shed light on the dynamics of natural resource-based
sectors, which present peculiar features compared to the other sec-
tors.

Our conceptual framework indicates successive catch-up cycles
and changes in industrial leadership based on the notions of
sectoral system and the evolution of this system. We  examine
industries as systems. According to Malerba (2002, 2004), the build-
ing blocks of a sectoral system consist of regimes of knowledge and
technologies, demand conditions, actors and networks, and institu-
tions. These elements interact in various ways. These interactions
generate a variety of outcomes in innovative and market per-
formance, growth, and industry structure and dynamics. Sectoral
systems evolve and change over time. Some of these changes are
incremental and build upon previous characteristics and features,
whereas other changes are radical and represent discontinuities
with the past.

We refer to these discontinuities in the dynamics of a sectoral
system as “windows of opportunity.” The concept of “windows of
opportunity” was first used by Perez and Soete (1988) to refer to the
role of the rise of new techno-economic paradigms in the leapfrog-
ging of latecomers who take advantage of a new paradigm and
overtake incumbents. We  expand the notion of windows of oppor-
tunity by linking them to the building blocks of a sectoral system.
We  then identify three types of window, namely, technological,
demand, and institutional. “Technological windows” could explain
the advances of Korean producers in consumer electronics in the
digital era against the incumbent Japanese who  were leaders dur-
ing the analog era (Lee et al., 2005). A “demand window” refers
to a new type of demand, a major shake-up in local demand or a
business cycle. A major increase in demand in China or a new set of
consumers (e.g., demand for low cost cars in India) may  enable new
firms from a latecomer country to enter the market. A business cycle
creates a situation, wherein the incumbents encounter difficulty
during economic downturns, whereas latecomers enjoy costs of
entry that are lower than those in normal periods (Mathews, 2005).
An “institutional/public policy window” can be opened through
public intervention in the industry or through drastic changes in
institutional conditions. For example, public policy windows are
prominent in several catch-up cases, such as in high-tech indus-
tries in Korea and Taiwan (Lee and Lim, 2001; Mathews, 2002), the
telecommunications industry in China (Lee et al., 2012), and the
pharmaceutical industry in India (Guennif and Ramani, 2012).

This study utilizes the concepts of “windows of opportunity”
and of “response” of firms and other components of the sectoral
system of a country to the opening of a window of opportunity
in an industry. Firms in latecomer countries may  take advantage of
these windows because of their responses. These responses depend

on their learning processes, level of capabilities, organization, and
strategies. In addition, the responses of the other components of
the sectoral system in a specific country may  play a major role in
the catching up because of the diverse types and levels of networks,
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ducation and university system, financial organizations, and pub-
ic policy. All firms in an industry in an emerging/latecomer country
hare the same system responses. However, some firms may  ben-
fit more from the responses of the sectoral system and move to a
lobal leadership position.

By contrast, current leaders from a certain country may  lag
ehind because of the lack of effective responses attributed to
incumbent traps” (Chandy and Tellis, 2000) and system misalign-
ents or inadequacies in the new window. Firm leaders tend to

ecome complacent and entrenched with their current success.
hey do not pay attention to new technologies, disruptive innova-
ions, new types of demand, or newly growing markets. Leadership
hanges occur even without apparent “mistakes” being made by
ncumbents. Moreover, the system in which the current leaders are
mbedded may  not be able to change or adapt to the new window,
hich could impede or negatively affect the incumbents.

In summary, the evolution of a sectoral system may open sev-
ral “windows” that prompt different “responses” from latecomers
nd incumbents, thereby resulting in changes in industrial leader-
hip. New leaders from an emerging country gain global leadership,
hereas incumbents experience a decline in leadership positions.

he emergence of another window may  allow new leaders from a
ew latecomer country to dominate and displace current leaders.
his situation may  occur several times. Our theory suggests that
iverse combinations of windows of opportunity and responses
rom incumbents and latecomers determine the pattern of suc-
essive catch-ups that will most likely emerge in a sector. This
tudy mainly suggests that catch-up cycles may  significantly differ
cross sectors in terms of the characteristics, frequency, and actors
firms/countries) involved because of the possible differences in the
haracteristics of a sectoral system and its evolution.

This study adopts the approach of “appreciative theorising”
Nelson and Winter, 1982; p. 46) and aims to provide a “causal
xplanation of observed patterns” of leadership changes across sec-
ors. A more “formal” companion paper is Landini et al. (2017),
hich developes a model of catch-up cycles and of the key
echanisms involved in leadership changes, through simulation
odelling. This model is briefly discussed in Section 4.
The article is organized as follows. Section 2 describes the stages

f catch-up cycles. Section 3 proposes and discusses the theoret-
cal framework used for the analysis of catch-up phenomenon.
ection 4 reviews the formal model of catch-up cycle. Section 5
rovides evidence on the catch-up cycles in six sectors, namely,
obile phones, cameras, semiconductors, steel, mid-sized jets, and
ine. Section 6 summarises the conclusions and discusses the pol-

cy issues raised.

. The phenomenon of successive catch-up cycles and
hanges in industrial leadership

This section characterizes the phenomenon of successive catch-
ps. We  start by broadly representing the rise of firms in country

 to global leadership. If we represent these dynamics with global
arket shares on the vertical axis and time on the horizontal one,
e can characterize the emergence of global leadership by the firms

f country A based on the rise of market shares of these firms over
ime from A 0 to A1 (Fig. 1).

We  then introduce a “standard” catch-up cycle, wherein late-
omer country B enters the scene and starts production at time B 0.
he first stage is the “entry” stage, in which the latecomer attempts
o enter an industry and overcome its disadvantages by utilizing
acro factors, such as low factor costs. The second stage is “grad-
al” catching-up in terms of market shares, which are usually based
n cost advantages, investments, learning, and gradual accumula-
ion of capabilities. The third stage is that of “forging ahead”, which
licy 46 (2017) 338–351

is based on the opening of windows of opportunity and effective
responses to those windows. In this stage, the latecomer country
has achieved the position of leadership at time B1. This stage is often
associated with the decline of incumbent A (see Fig. 2).

The fourth and final stage of a standard catch-up cycle is the
“falling behind” of new leader B, which tends to decline with the rise
of new challenger C. Fig. 3 presents the full catch-up cycle including
the four stages associated with country B.

If we  consider that country C is challenged by new latecomer
country D, which may  gain the leadership at the expense of C, a
series of catch-up cycles may  occur. Countries B and C undergo a
catch-up cycle, and each country gains and then loses industrial
leadership.

This “standard” cycle has four variations. The first is the case of
an “aborted” catch-up in which the catching-up effort fails to gen-
erate a consistent gradual catch-up and the stage of forging ahead.
Companies stagnate somewhere in the stage of gradual catch-up,
which then leads to gradual decline. Several latecomer countries
fall into this category of aborted catch up. The critical barrier that
prevents these countries from reaching the forging ahead stage is
the inability to learn and generate upgrades in value-added prod-
ucts. Another barrier is the lack of an effective and articulated
system that supports firms in their catching up, particularly at the
time of arrival of new technologies or the opening of new markets
(see Fig. 4). An example of this phenomenon is the software indus-
try in Ireland, which started a catching up process with regard to
the incumbent (US) but failed to reach a leadership position (Mani,
2013).

The second case is that of “persistent” leadership, in which the
leader continues to stay on top and maintains its position for a
long time. The leader both invests to cope with new technologies
or demand conditions and is able to adapt to a drastically chang-
ing environment. This case is illustrated in Fig. 5, which shows the
memory chip and camera industries in Korea and Japan, respec-
tively (Shin, 2017; Kang and Song, 2017).

The third case is the “coexistence of the old and the new lead-
ers,” in which the latecomer country reaches a leadership position,
but shares this position with the new leader (Fig. 6). Examples of
this case are the automobile and wine industries (Morrison and
Rabellotti, 2017). In the case of the latter, new leaders (US, Australia,
South Africa, and Chile) share leadership with old leaders (France
and Italy).

The fourth case is the “return of the old leadership”, in which the
incumbent that lost its leadership position to the newcomer returns
to a position of prominence in the new cycle (Fig. 7). An example
of this case is the wine industry of Italy during the first decade of
the 2000s and the market position of the US in videogames in the
second decade of 2000.

This article first focuses on the standard catch-up cycle. We
briefly discuss the entry and gradual catching up stages. We  then
focus on forging ahead and change in industrial leadership, in which
the latecomer country becomes dominant. The main focus of this
study is the change from A 1 to B 1, in which leadership change
pertains to a latecomer country.

Section 3 examines the factors that determine the stage of forg-
ing ahead and change in industrial leadership.

3. Theoretical framework of catch-up cycles in industries
and changes in industrial leadership

3.1. Early studies on the life cycles of international product
Early studies on international product life cycle examined the
entry of developing countries into new industries (Posner, 1961;
Vernon, 1966). Product cycle theory argues that products undergo a
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Fig. 1. Leading Country A.
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ife cycle or set of stages (introduction–maturity–standardization).
he cost of production is a critical factor of comparative advan-
age, which explains the shift in production sites from developed
o developing countries. Thus, the location of production of estab-
ished goods is eventually moved from developed countries to
eveloping countries. The costs of production, especially wage
ates, in developing countries are cheaper than those in developed
ountries. Product cycle theory examines only the production cost
ifferences. According to Mowery and Nelson (1999), this theory
as basic weaknesses because it is applied to products rather than

ndustries; this theory is also applied to a single “life cycle” of a
iven product or technology and to industries that do not gen-
rate multiple technologies in their historical development. The
heory also focuses only on imitation and entry, which are merely

he start of a long story that includes the later stages of forging
head or leadership change. The theory does not attribute changes
n industrial leadership to the interaction of industrial and insti-
utional elements. In summary, the theory implicitly assumes that
 Country B.

the leadership of an industry always remains in advanced coun-
tries, whereas the idea of catch-up cycles implies that not only
the production sites but also the leadership position could move
to developing countries.

3.2. Catch-up cycles in sectoral systems

We propose that a framework of sectoral systems with a
dynamic perspective provides an improved starting point. This
framework explains why latecomer countries enter an industry,
gradually catch up, sometimes forge ahead, and eventually decline.
The perspective of the sectoral system suggests that firms are a part
of systems that comprise other actors and institutions (Malerba,
2002, 2004). Firms in industries learn and accumulate capabilities

in systems that consist of knowledge and technologies of the sec-
tor, demand conditions in terms of users and consumers, and other
actors (e.g., government, universities, suppliers, financial organi-
zations, public research centers) and institutions (including public
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Fig. 3. Stages in Industry Catch-Up Cycle.
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olicies, IPRs, laws, culture). Firms and other actors in a sectoral sys-
em are interconnected. These firms are involved in the processes
f competition, cooperation, innovation, or imitation. Sectoral sys-
ems evolve over time through co-evolutionary processes in their
lements (Nelson, 1994; Malerba and Adams, 2013). This dynamic
iew of a sectoral system can be used to examine successive catch-
ps. The framework of the sectoral system is applied in industries
Mowery and Nelson, 1999; Malerba, 2004) and developing and
merging economies (Malerba and Mani, 2009). The framework
as been used to examine sectoral factors that affect the success or

ailure of latecomer countries in the catching-up process in a spe-
ific industry (Malerba and Nelson, 2011, 2012; Lee and Lim, 2001;

ee et al., 2005; Mu and Lee, 2005; Mani, 2005, 2007; Gu et al.,
009; Yu et al., 2016). However, these studies used the framework
f the sectoral system to analyze cases of catch-up (or failure to
atch-up) in individual industries. These studiies did not examine
ch Up Cycle.

catch-up cycles using a long-term and multi-country comparative
perspective.

3.3. Early stages of a catch-up cycle: entry and gradual catch-up

3.3.1. Entry and initial growth
The entry stage could be associated with explanations related to

“initial conditions,” “macro factors,” and “sectoral and national sys-
tems factors.” Initial conditions may  link the growth of emerging
countries to the presence of factor endowments, natural resources,
culture, the extent of inequality, historical legacies, legal institu-
tions, industrial structure, and entrepreneurship (Fagerberg, 1988;

Fagerberg et al., 2007, 2010). These conditions may lead firms in
emerging countries to a phase of entry and initial growth. Simi-
larly, macro variables, such as low labour costs, could be a major
source of entry and initial growth of countries. Some development
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Fig. 5. Persistency of Leadership.
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conomists identify high exchange rates (weaker values of local
urrencies) as drivers of initial catching (e.g., Katz, 1995). However,
hese factors alone cannot enable these countries to achieve world
eadership.

Initial factor cost differences and relocations of related factory
epresent favorable initial conditions through which latecomers
ssimilate existing technologies through learning by doing. Such a
rocess enables them to generate revenues for further investment

n production technologies. Given this phenomenon, initial catch-
p in market shares by latecomers is often realized in the low-end
egment of the market, similar to the case of steel and software
ndustries (Lee and Ki, 2017; Mani, 2013). Catch-up based on the
dvantages of factor cost is not rare, but does not automatically lead
o the eventual reversal of market shares between the incumbent
nd the latecomers.

The sectoral system factors, initial conditions and macro fac-

ors could support the entry of a latecomer. Public policy is one
actor that may  play a role in the entry stage. Other actors in the
ectoral system, such as financial organizations, may  also play a
imilar role. These factors facilitate the entry and growth of new
of leadership.

firms in an industry. Local firms in latecomer economies may  enter
and emerge in different ways with or without support from the
government. These firms may  also assume control of the equity
shares held by multinational companies in a joint venture part-
nership (e.g., Samsung’s take-over of the shares held by Sanyo in
the electronics industry as discussed in Lee and He, 2009) or the
result of the establishment of state-owned enterprises (e.g., POSCO
in Korea and other enterprises in China).

3.3.2. Gradual catch-up
Low wage rates and the low value of local currencies are sources

of initial catch-up. However, these factors do not often trigger a
process that could eventually lead latecomer firms to reach or even
overtake the leaders. These factors cannot explain how initial cost
advantages in production or low currency value may  lead late-
comers to gain advantages in other dimensions, such as product

differentiation, high-end products, sectoral upgrade, and innova-
tion. An example is the case of Korea, which used to provide low
wage-based production sites to Japanese firms but emerged as a
formidable rival to Japanese firms in high-end goods markets.
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The key factors for gradual catch-up are learning and building of
apability as documented in the works of Bell and Pavitt (1993), Kim
1997), and Lall (2001). The long term accumulation of advanced
apabilities by domestic firms represents a necessary condition for
atching up to a level of world leadership. Other system factors
esides public policy and financial organizations that are already
elevant in the first stage also become significant. These factors
nclude high-quality human capital from advanced educational
rganizations, public research organizations, networks of related
rms, and vertical links with suppliers and users. Some of these
ystem factors are sectoral, but several of them are national and
herefore affect all sectors; this finding was highlighted in the lit-
rature on national innovation systems by Freeman (1987), Nelson
1993), and Lundvall (1992). According to Malerba and Mani (2009)
nd Malerba and Nelson (2011), different types of actors, networks,
nd institutions have affected the gradual catching up of countries
n various sectors. For example, the role of the government in the
ntry of latecomer steel firms was critical in Japan and Korea. The
apanese and Korean governments supplied large chunks of invest-

ent funds that were used to bankroll these firms. In other sectors
overnment regulations against foreign incumbent firms resulted
n asymmetric conditions for market competition, which enabled
atecomers to increase their market shares. This strategy was used
y the Chinese government in developing its ICT industry.

Companies may  differ in their strategies and growth. Domes-
ic firms grow because they operate through original equipment

anufacturing (OEM) or through sub-contracting for foreign MNCs,
imilar to the early days of Hyundai Motors or Samsung’s memory
hip factory. Given their cost advantage, these firms focus on fixed
apital and achieve productivity increases in low-end segments
f the product range, which enable them to augment their mar-
et shares. These domestic firms gradually accumulate production
apabilities via learning-by-doing. These firms then move up the
uality ladder of products and technologies. The stage of gradual

atch-up often corresponds to a path-following strategy, in which
he latecomer moves along the same technical trajectories as the
ncumbent but at a low cost (Lee and Lim, 2001).
d Leadership.

3.4. Late stages of catch-up cycles: forging ahead and change in
leadership

The previous factors discussed in Sections 3.2 and 3.3 may
explain the entry and the gradual catch-up of latecomer countries
as demonstarted in a large part of literature on development and
catch-up (we do not quote the wide variety of contributions in this
regard). To enable a latercomer to forge ahead, change must occur
in global leadership from the incumbent to the latecomer accompa-
nied by a decline of the incumbent. To explain these dynamics, we
propose the application of two  additonal concepts related to the
dynamics of sectoral systems, namely, windows of opportunities
and responses of the latecomer and the incumbent. In successive
catch-up cycles and changes in industrial leadership, the forging
ahead stage of the latecomer country (Stage III) corresponds to the
decline stage (Stage IV) of the incumbent country. For clarity and
simplicity, we will discuss these two stages together.

3.4.1. Windows of opportunity
Perez and Soete (1988) introduced the concept of “windows of

opportunity”. We extend the notion of windows of opportunity to
various building blocks of a sectoral system. We  propose that an
industry experiences changes in one or more of the basic compo-
nents of the sectoral system. These experiences open up a window
of opportunity for the forging ahead of the latecomer. These win-
dows of opportunity are related to technology and knowledge (a
technology window), demand conditions, and business cycles (a
demand window), as well as public policy and institutional setting
(an institutional window). To maintain the analysis at a tractable
level, we  consider these windows as exogenous to firms.

The first window of opportunity is the appearance of a new tech-
nology or radical innovation. When a new technology or radical
innovation is introduced, the incumbent may  fall behind if it is

locked-in to the existing technology, where it holds a dominant
position. This situation is known as the “incumbent trap” (Chandy
and Tellis, 2000). The incumbent tends to stick to existing tech-
nology because its capabilities and investments are related to such
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echnology. For example, the shift from analog to digital technolo-
ies provided the critical opportunity for Korean electronics firms
o seize control of the market from Japanese firms; for instance,
n the display industry which was analyzed in Lee et al. (2005). A
ompany may  adopt a cautious attitude with respect to the new
merging technology because such a company considers emerging
echnologies inferior or subject to a high degree of uncertainty; this
ase is exemplified by the S-Curve path of technologies in Chandy
nd Tellis (1998) and Foster (1986). The incumbent then contin-
es to use the current technology and tends to ignore the possible
estructive potential of new technology or new products, in other
ords similar to the notion of disruptive innovations (Christensen,

997). The new competences required for new technology may  also
iffer significantly from the ones utilised by the established leader,
s in the case of competence-destroying technology (Tushman and
nderson, 1986; Henderson and Clark, 1990).

The second window of opportunity originates from another com-
onent of the sectoral system, namely, the demand of users and
onsumers. This window refers to the opportunity provided by
he creation of a new demand. Leaders do not respond to this
ew demand because they are successful within their existing
arkets and customers. If the new demand grows rapidly, the

ffect may  provide ample possibilities for late entrants to catch up.
he demand window may  refer to the rapid growth of domestic
emand, which is not satisfied by exports from leading countries
r by the local production of multinational corporations. This case
s illustrated by the explosive growth of demand in China in several
ectors that resulted in the subsequent entry and growth of many
hinese firms. The third type of demand window refers to business
ycles and/or abrupt changes in market demand. Although business
ycles have long been the subject of research in economics, their
ink with strategic choices made by firms, particularly latecomers,
as not been explored sufficiently. Mathews (2005) and Lee and
athews (2012) pointed out the role of business cycles in serving

s a window of opportunity for latecomers in industries charac-
erized by large investments (e.g., semiconductors). According to

athews (2005), upturns create opportunities for incumbents to
arvest profits and expand production and markets, while down-
urns play a cleansing role. This situation forces weak players into
ankruptcy, thereby releasing resources to be utilised by either
tronger incumbents or challengers aiming to enter the indus-
ry. Mathews (2005) argued that upturns belong to incumbents,
hereas downturns belong to challengers, providing a window of

pportunity. In general, during business cycles, a mismatch occurs
etween the dynamics of investment and production on the one
and, and the dynamics of market demand on the other hand. These
ircumstances require incumbents and latecomers to make strate-
ic choices in timing and capacity because they can be pushed out
f the market if they fail to do so.

A third window of opportunity may  be opened up by public poli-
ies or by other institutional changes. Governments may  intervene
hrough the establishment of R&D programs that affect the learn-
ng process and the accumulation of capabilities of domestic firms
r through the provision of subsidies, tax reduction, export sup-
ort, regulations, and public standards. The catch-up perspective
uggests that the government creates an asymmetric environment
n which incumbent firms (often foreign) are in a disadvanta-
eous position (in terms of taxation, entry restrictions or marketing
estrictions) at least in the domestic market of a country. Asymme-
ries could result in advantages for latecomers who can offset initial
ost disadvantages associated with the entry. These interventions
re often inconsistent with fair competition, but they are some-

imes justified because incumbents often use unfair measures to
eter the entry of latecomers (see the discussion in Kim and Lee,
008). The importance of active government policies in the catching
p of countries (e.g., Korea and China) in several sectors is dis-
licy 46 (2017) 338–351 345

cussed by Malerba and Nelson (2012). Other examples are provided
by public policy in the Chinese telecommunications equipment
industry (Mu  and Lee, 2005), as well as in Taiwanese industries
(Mathews, 2002). At the institutional level, Guennif and Ramani
(2012) showed how changes in the regulatory system opened up
opportunities for Indian firms in the pharmaceutical industry.

Windows of opportunities could open up simultaneously or
sequentially in the same industry. Lee et al. (2014) observed that
the emergence of new technology followed by regulatory changes
on foreign firms served as windows of opportunity that enabled
domestic Indian firms to achieve success in the IT service sector.
Giachetti and Marchi (2017) noted that windows of opportunities
related to digital GSM technology are associated with a demand
window related to individual users and with an institutional win-
dow related to EU support for digital GSM standards in the change
of leadership from the American-based Motorola to the European-
based Nokia.

In our framework, windows can be exogenous or endogenous,
depending upon responses by the various actors of a sectoral sys-
tem. For example, a technology window may  result from R&D
investments of firms in new technologies. Alternatively, a new win-
dow could be related to a new demand that addresses opportunities
opened up by the R&D and marketing efforts of latecomer firms.
Another example is an institutional window created by new pub-
lic policy as a result of the lobbying by latecomer companies in a
country that aims to catch up. Therefore, the exogeneity or endo-
geneity of major innovations depends on who is initiating changes
in technologies within or outside the sectoral system. As far as new
technologies are concerned, current leaders may have good reasons
to lead innovations that enhance competence, especially when they
address several alternative directions for technical change. If lead-
ers succeed in developing new technology and in establishing an
industry standard, they are likely to maintain their leadership posi-
tion into the next generation. This case is exemplified by Samsung’s
domination of memory chip production since the late 1990s (Shin,
2017). This and other examples relate to certain technologies (e.g.,
semiconductor memory chips or capital goods) that have a degree
of cumulativeness, high barriers to entry, and are not end-products
to final consumer goods (e.g., mobile phones).

Even in cases of exogenous technological windows for late-
comers, successful latecomers may  “endogenize” exogenous
innovations. An example of this is Samsung’s co-development (in
its early stage) of CDMA wireless technologies with Qualcomm
(Lee and Lim, 2001) and the development of the world’s first digi-
tal TV set through a public–private R&D consortium in Korea (Lee
et al., 2005). The initial development of technologies in both cases
occurred in advanced countries. The latecomer quickly identified
the first mover (Qualcomm in the case of CDMA technologies) and
worked together for the commercialization of developments of the
source technology. In the development of digital TV, the Korean
consortium monitored the progress of the standardization pro-
cess among key players in advanced countries, which then enabled
the firm to develop a digital TV compatible with the final stan-
dard agreed upon by key players (Lee et al., 2005). This strategy of
“endogenizing” exogenous new technology at an early stage may
be one of the key ingredients of successful leapfrogging by late-
comers, which depends on the concurrent possession of advanced
capabilities by latecomers.

3.4.2. Response to the opening of a window: latecomers vs.
incumbents
Forging ahead often depends on the opening of a window and
on the effective response of firms and other system components of
a latecomer country. Latecomer firms recognize a window that has
opened up and take advantage of such opportunity, but these firms
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re supported by other system factors in their drive to grasp such
n opportunity.

The successful responses of latecomer firms are usually associ-
ted with high levels of learning and of absorptive technological
nd marketing capabilities. These capabilities enable them to iden-
ify and grasp new opportunities and implement innovations for
heir benefit. The presence of learning and technical capabilities at
he system level is complemented by other actors, networks, and
nstitutions that support the catch-up process. The set of actors,
etworks, and institutions depend on a specific sector, but we can
ention some of them here. They include effective institutional

etting in terms of public policy and regulation, a strong univer-
ity and public research system, supply of advanced human capital,
resence of networks of suppliers and collaborating firms, and
vailability of finance for innovation.

Given these structural conditions, some processes and
ehaviours are set in motion to ensure the successful response of a

atecomer to the opening of a window. First, domestic firms must
dentify and commit to the opportunity that has opened up. Firms

ust also continue to strengthen efforts to learn and innovate.
hey may  focus on specific areas of technology or segments of
emand to facilitate effective performance. The timing of the

nvestment and access to new knowledge and technology are key
actors for consideration in technology window. At the level of
ther system components, public policy often supports the efforts
f domestic firms. Similarly, the R&D funding of the government
ust also change in terms of the scale and quality of support

rovided. Financing of new initiatives must be readily accessible
o ensure that university research is strengthened and upgrades in
ducation program are initiated. Finally, the realignment of other
nstitutions, such as regulation and standardization, goes hand in
and with the new sectoral setting.

Forging ahead is often triggered by a stage-skipping or path-
reating strategy of firms (Lee and Lim, 2001). A stage-skipping
trategy refers to the case of latecomer firms that follow a similar
ath to the incumbent but skip some stages, thereby saving time
uring the catch-up process. By contrast, a path-creating strategy
efers to the exploration of one’s own technological development
y taking advantage of a new radical innovation or a new generation
f technologies. This approach enables a latecomer to create its own
ath, one which diverges from the path taken by its forerunners
Perez and Soete, 1988).

The response of the incumbents and the system components
elated to the opening of a window may  not be quick or effec-
ive. Incumbents tend to be complacent with their current success,
ausing them to neglect new technologies, disruptive innovations,
ew types of demand, and/or growing markets. Incumbents then

all into a lock-in trap of sticking to old technology while delaying
he adoption of new ones. By contrast, latecomers may  enjoy the
dvantage of the freedom to choose the most up-to-date or emerg-
ng technologies available. Traps for an incumbent that faces the
hoice of adopting (or not adopting) new technologies may  only
rise ex post. New technologies are often costlier, less productive,
nd less reliable than existing ones. The incumbent who  commands
he highest productivity from existing technologies finds no reason
o adopt new technologies. This situation explains the difficulty
f determining whether the incumbent’s choice is simply a mis-
ake or an ex ante rational decision. The boundary of an incumbent
rap is broad enough to include diverse cases, including “disrup-
ive innovation” (Adner, 2002; Adner and Zemsky, 2006) and the
innovator’s dilemma” of whether or not to introduce innovations
hat may  be detrimental to its current business (Christensen, 1997).

his broad definition of the incumbent trap can be illustrated by
he case of Motorola, which attempted to improve existing ana-
og telecommunication technologies despite the arrival of digital
echnologies. According to Giachetti (2013) and Häikiö (2001), even
licy 46 (2017) 338–351

when the digital standards are quickly diffused in numerous coun-
tries because of their superior technical performance, Motorola
insisted on investing heavily in analog mobile phone technologies,
given their belief that customers would accept the technological
trajectories imposed by its leadership.

As with firms, the other components of the incumbent’s sec-
toral system may  not be effective in reacting to the opening of a
window. The cases presented by Mowery and Nelson (1999) and
Malerba (2004) indicate numerous examples of delayed responses
by research or training organizations, financial systems, the gov-
ernment and other institutional settings in advanced countries. For
example, education may  be locked-in to old technologies, finance
may  be too short-sighted and directed towards funding existing
technologies, regulations may  be too stringent with respect to nov-
elty, and public policy may  be myopic and tend to support low-risk
R&D projects only.

In summary, different trajectories can be created across indus-
tries depending on windows and responses. Thus, different
catch-up cycles can be generated. Some latecomer countries (i.e.,
the successful ones) may  enter the stage of changes in industrial
leadership, whereas others (i.e., old latecomers that have become
leaders but later on fail to respond appropriately) enter the stage
of decline.

4. Formal model of conceptual framework

A formal model of the conceptual framework is presented in this
Special Issue in the article by Landini et al. (2017), which develops a
history-friendly model of the role of technological conditions in the
emergence of catch-up cycles. The model is inspired by two cases
where the arrival of a radically new technology ushered in lead-
ership change − mobile phones and semiconductors. The model
focuses on the commonalities of the catch-up cycles in these two
industries, namely, the arrival of new technologies providing a win-
dow of opportunity for latecomers, the response of incumbents and
latecomers to such an opportunity, the advantages of latecomers in
technological upgrade, and the role of a country’s characteristics in
favoring the catch-up of latecomers.

In its baseline form, the model features the benchmark case of
three catch-up cycles that have experienced leadership changes
twice. The simulation analysis shows that a leadership change
is likely to occur as a result of the following conditions: a) the
disruptiveness of the new technology; b) ineffective response by
incumbents (e.g., pronounced lock-in behavior); and c) effective
response by latecomers (e.g., rapid adoption of new technologies
or a better learning ability of the firms in a particular country).

The model replicates the catch-up cycles of the two industries
on which it is based, and can also generate other types of cycles
present in other industries. This is made possible by assigning dif-
ferent values to parameters related to various factors, such as the
magnitude of the technological window, the degree of the incum-
bents’ lock-ins and their initial capabilities, the characteristics of
the national system of innovation of the latecomer, and the status
of the current technological landscape. Five distinct types of catch-
up cycles have been generated. The first type is a standard cycle
where a clear change in the market leadership occurs. An aborted
catch-up cycle also exists with a limited rise of the market share
of late entrants. In the model of Landini et al. (2017), the aborted
catch-up case is associated with a window of limited size, which
does not allow late entrants to gain the necessary momentum and
keep pace with the leaders.
The third type of catch-up cycle is persistence of leadership
where the incumbent maintains its leadership. This persistence of
leadership is exemplified by the case of Japanese firms (e.g., Canon
in the camera industry) or of Korean firms (e.g., Samsung in the
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Table  1
Events of Leadership Change and Persistence in Six Sectors.

Events/ Time Mobile Phone Memory Camera Jet Steel Wine

Event (I)
Time 1998 1982 Mid-1960s 1995 1980 Mid-1990s
Main  actors USA (Motorola) →

Finland (Nokia)
USA → Japan Germany → Japan Netherlands (Fokker)

→ Canada
(Bombardier)

USA → Japan Old World (France,
Italy, etc.) → New
World (USA,
Australia, etc.)

Event  (II)
Time 2012 1993 1980s–2010s 2005 1998 Mid-2000s
Main  actors Finland (Nokia) →

South Korea
(Samsung)

Japan → South
Korea (Samsung)

No change (Japan
was the persistent
leader despite the
development of
digital SLR camera.)

Canada (Bombardier)
→ Brazil (Embraer)

Japan (Nippon Steel)
→ South Korea
(POSCO)

Return of Old World

Event  (III)
Time 1993–2016 Mid-2010s
Main actors No Change (South

Korea was  the
persistent leader.)

Change likely with
substantial rise of
new entrants
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emory chips industry). In the model of Landini et al. (2017), the
ersistence of leadership is enabled by lesser lock-ins of incum-
ents with respect to new technological windows, which allow
hem to respond promptly to technological discontinuities. The
ourth type of catch-up cycle involves the return of the old lead-
rship with the old incumbent’s return to leadership after losing
ts position to a latecomer. This situation corresponds to the case of
he wine industry where Italy substantially regained market shares
n the 2000s, as well as the video game industry in which indus-
rial leadership shifted first from the US to Japan and then back to
he US (Izushi and Aoyama, 2013). In the model of Landini et al.
2017), the incumbent’s comeback is attributed to an increase in
he average level of capabilities that incumbent firms are endowed
ith at their inception and from the strength of the national sys-

em of innovation of the incumbent. The fifth type of catch-up cycle
s characterized by the coexistence of leadership between incum-
ents and latecomers. This phenomenon is exemplified by the wine

ndustry in the 1990s, a traditional industry in which the old leader
i.e., France) is joined by new leaders from among late entrant coun-
ries (i.e., US, Australia, and others). In the model of Landini et al.
2017), coexistence is achieved by introducing discontinuities of a
maller size and decreasing returns to technological investments,
omething which is typical of traditional industries.

. Empirical evidence of catch-up cycles in six industries

The framework discussed in the previous section was  applied
o the long-term evolution of six industries: mid-sized aircraft
Vértesy, 2017), mobile phones (Giachetti and Marchi, 2017), wine
Morrison and Rabellotti, 2017), semiconductor memories (Shin,
017), camera (Kang and Song, 2017), and steel (Lee and Ki, 2017).
hese industries are examined in detail in this Special Issue. The
ext pages summarize the main results obtained through the
mpirical analysis of these industries. We  briefly mention changes
n or persistence of leadership, and the role of the windows of
pportunity and the responses by actors in each sector. Table 1
ummarises the events of changes in or persistence of leadership
Event I, II and III) in six industries. The cases of leadership changes
nclude 11 events. Persistence of leadership is involved in two cases,
amely, memory chips since 1993 and cameras in the 1980s. One

ase refers to the return of the incumbents (in the wine sector since
he mid-2000s).

Leadership in the mobile phone industry changed twice with an
nterval of 14 years (Giachetti and Marchi, 2017). The first change
2 2 2

was in 1998 when Nokia dethroned Motorola. The second leader-
ship change occurred with the transition from the first generation
mobile phones to smartphones when Samsung dethroned Nokia
in 2012 in terms of market shares. Technological change played
a significant role in opening up windows of opportunity for new-
comers in both leadership change events. In the transition from
Motorola to Nokia, the opportunity was created by the emergence
of digital technology. In the transition from Nokia to Samsung, a
technological opportunity was opened up by a major technological
change, namely, the shift from digital phones based on older mobile
operating systems, such as Nokia’s Symbian to smartphones using
Google’s Android OS, which was  custom-built to support the touch
interface. Such an opportunity was  rapidly grasped by Samsung,
the first mobile phone vendor to incorporate the Android OS.

A window opening stemming from a change in demand also
played an important role in the first event. This change involved the
rapid increase in individual phone users, not just business users.
In the second event, demand rose rapidly as the touch interface
gained popularity with consumers. The two  events differed with
respect to the significance of opportunity windows associated with
institutional change. In the first event, a significant opportunity was
opened up by the EU’s exclusive support for digital GSM standards
compared with the support for multiple standards in the US.  In
the second event, Nokia’s decline was caused by the incumbent’s
trap-like behavior of sticking to the old operation system and its
hesitation in launching smartphones in the early 2000s.

The memory chip segment in the semi-conductor sector expe-
rienced two leadership changes, with an interval of 11 years. The
first change was from the US to Japan in 1982, and then from Japan
to South Korea in 1993. Korean companies have retained industrial
leadership for more than 20 years and no sign of any change in the
near future is observable (Shin, 2017).Thus, this sector involves two
cases of leadership change and one of persistent leadership.

Overall, the technological regime in the memory chip sector
was characterized by rapid technological progress with genera-
tional changes of products being developed every three to four
years. Thus, late entrants had to pursue moving targets; they forged
ahead by simultaneously developing two (current and next) gen-
erations of technologies and by taking advantage of the cyclical
and predictable nature of technological change (Shin, 2017). At

the level of specific generational changes, opportunities opened
up for Japanese firms to enter and catch up as the trajectory of
very large-scale integration (VLSI) moved through the 1K and 4K
DRAM generations, and then to forge ahead as further windows
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pened up with the major step jumps to 16K and 64K. Opportuni-
ies opened up for Samsung when the industry moved to the 4M
nd 16M generations (Shin, 2017). These discontinuities created
ignificant opportunities for the latecomers not merely to enter
he industry (the Perez and Soete argument) but also to catch up
nd forge ahead of incumbents. Then, the persistence of the lead-
rship by the Korean firms since 1993 can be explained in terms
f both capability expansion of the incumbents, as well as two
ew technological developments that favored incumbent leaders

 the weakening of commodity-like characteristics of memories
ue to a sharp increase in the number of technological standards,
nd the increasing “economies of scope” that mainly emerged in
he production of DRAMs and flash memories. These changes have
arrowed the “technology window” for latecomers.

Demand-related windows in the memory chip sector played a
ole, too. For instance, in the two leadership change events, the
ncumbents tended to be highly cautious or conservative in invest-
ng during the downturns, whereas the late entrants pushed on

ith larger investment during the downturns to prepare for the
ext generation of technologies (Shin, 2017). Institutional factors
ere noted to a certain extent. In the case of the leadership shift to

apan, the VLSI project, which was coordinated by the government,
timulated the development of the knowledge base and associated
nvestment by Japanese firms. This development facilitated their
esponse to the windows of technological opportunity. However,
n South Korea, the government was suspicious of the prospects
or developing a semiconductor industry and did not play a facil-
tating role in supporting the entry by Samsung. In the case of
he rise of the Korean firms, there was a different kind of institu-
ional change that happened in the incumbent countries, namely,
he 1986 Semiconductor Trade Agreement (STA) between the US
nd Japan. The agreement was intended to limit the fierce price
ompetition between Japanese and US producers by setting a price
oor for DRAMs in the US market. However, the agreement deliv-
red windfall gains to Japanese producers, but it also opened up
n opportunity for Korean producers to consolidate their growing
osition in the international market (Shin, 2017).

The camera industry experienced three major technological
hifts (Kang and Song, 2017). Changes in industrial leadership
ere associated with the first and third shifts, but the incumbents

etained their leading market during the second shift. The first lead-
rship change occurred in the mid-1950s when German companies
anufacturing rangefinder (RF) cameras were replaced by Japanese

rms on a new technological path involving the development of a
ingle lens reflex (SLR) camera. The second technological shift in
he 1980s from analog SLR to digital SLR (DSLR) was not associated
ith any change in leadership away from the established Japanese
rms, such as Canon and Nikon. In 2010, the invention of the mir-
orless camera led to new or late entrants, such as Sony, Olympus,
nd Samsung. These entrants claimed larger market shares in some
egments or in Asian countries than the old incumbents. Thus, the
eadership shift from Germany to Japan in the mid-1960s (Event
) was significantly influenced by the opening of a technologi-
al window of opportunity associated with the emergence of the
LR camera technology. This radical technological shift challenged
oth the market dominance of the RF camera and the competence
ase of its producers. This technology was originally developed by
erman companies, but Japanese companies were the ones that
dopted, improved, and commercialized the technology. As a result,
erman firms fell into the incumbent trap of not adopting this

nnovation. In the 1980s, further substantial technological change
ccurred as digital technology was incorporated in cameras. This

hange involves a shift from film-based photography, similar to
LR, to electronic imaging in digital SLR. However, a large part of
he DSLR technology was developed primarily from existing SLR
echnology. The digital image sensor/storage/display system was
licy 46 (2017) 338–351

the only component that was significantly novel. By that stage,
Japanese producers and their suppliers had developed substantial
expertise in these areas of digital technology. Thus, instead of being
a competence-destroying technological discontinuity, the shift to
DSLR technology was a “competence-reinforcing” discontinuity
that contributed to the persistence of Japanese leadership for more
than two decades (Event II). Recently, further technological discon-
tinuity emerged in the mid-2000s that involved a bundle of novel
technologies underlying the development of the mirrorless camera.
For Japanese incumbent leaders, this technological discontinuity
was a substantially “competence-destroying” technological trajec-
tory, but it provided a significant opportunity for hitherto minor
Japanese players in the industry (primarily, Panasonic and Sony)
and Samsung in South Korea. These firms committed to develop-
ing the emerging mirrorless technologies as a basis for challenging
the incumbents’ dominant position. In early 2010, these companies
achieved substantial growth in market share to establish strong
positions among global market leaders (Event III).

Demand surges provided significant opportunity windows in
both cases of industrial leadership change, especially in connection
with the first change (Event I). Demand for cameras rose rapidly
in Japan during World War  II and persisted during the post-war
US occupation and the Korean War. This demand surge provided
a basis for Japanese producers to ramp up mass production and
develop an associated structure of component suppliers. In the sec-
ond case of leadership change (Event III), user dissatisfaction with
the limitations of the SLR and DSLR cameras grew strongly in the
quality-sensitive Japanese and South Korean markets (both profes-
sional and personal). This event created a latent demand that could
not be met  by incremental improvements to such technological
vintages. The incumbents made a delayed response, but this oppor-
tunity for change was quickly exploited by Japanese latecomers and
Samsung.

The steel industry experienced two  leadership changes or catch-
up cycles (Lee and Ki, 2017). The first was from the US to Japan in
the late 1970s and early 1980s, and the second from Nippon Steel
to POSCO in South Korea during the late 1990s. Leadership shift
from the US to Japan involved technological and institutional win-
dows. The Japanese firms immediately adopted the Austrian-made
innovation of the basic oxygen furnace (BOF) method and further
improved such method by follow-on innovations. The Japanese
government was also involved by arranging a collective licensing of
the BOF method for significantly reduced royalty fees (Nakamura
and Ohashi, 2008). By contrast, US firms fell into the incumbent
trap of sticking with existing methods. Path creation by Japanese
firms was  along the mode of adoption and follow-on innovations.
The experience of the Japanese industry closely matches the two
integral components of Perez and Soete’s proposition because a
window of opportunity opened up that allowed the industry to
engage in the BOF method during the early stage of its technology
cycle when the Japanese firms accumulated substantial operational
and innovative capabilities in relevant areas of steel-making. Thus,
the Japanese took advantage of that opportunity and engaged in
the BOF method at an early stage and at a low cost (the licensing
cost) because of government–industry coordination.

The case of South Korea presents a different story. In the 1970s,
the opportunity also opened for the Korean industry to enter at an
early stage in the development of continuous casting (CC) technol-
ogy. However, POSCO was only starting at the time with limited
steel-making capabilities. Thus, POSCO did not take the opportu-
nity to use CC technology. Instead, POSCO moved successfully into
the path-following mode of learning and gradual catch-up stages

based on the mature technology imported from Japan. POSCO’s pro-
cess of forging ahead would not have been possible without their
decision to build the second mill. Had this second mill failed to
achieve comparable competitiveness to that of the incumbent in
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erms of productivity, catching up with Nippon Steel would not
ave been possible. Comparable competiveness became possible
ecause POSCO was able to purchase and install state-of-the-art
echnologies at low costs because of the second oil shock. Thus, the
ownturn in the steel industry provided a window of opportunity
or POSCO because incumbent firms were less reluctant to sell such
echnologies or to charge low prices,

The regional jets industry has experienced two leadership
hanges in the past three decades (Vértesy, 2017). The first instance
as in 1995 when British Aerospace (BAe) and Fokker lost their

eadership position to Canada’s Bombardier, which created a niche
or the 50-seat market. BAe and Fokker were the European incum-
ents in the sector with a product line that covered the 70 to 120
eat range. The second leadership change occurred in 2005 with the
ise of the Brazilian Embraer. Changes in demand in this industry
erved as the window of opportunity in both instances of leadership
hange. Several trends converged in the first shift from European
rms to the Bombardier in the late 1990s. These trends creates

 rapidly growing demand for small jet aircraft, which signalled
 shift from the 70- to 120-seat range to the 50-seat segment.
emand shifts in the second change of leadership from Bombardier

o Embraer in the mid-2000s reverted to the 70- to 120-seat mar-
et segment, which raised the 50-seat regional aircraft to a 150-
o 180-seat range. These shifts resulted in rising competitive pres-
ures on airlines to be cost-efficient by matching aircraft size with
oute patterns and by investing in fuel-efficient aircraft in an era of
ising fuel prices.

The emergence of demand-related opportunity windows was
einforced in the events in leadership change and regulatory
hanges in the US. Following the growth of regional routes in the
980s, agreements between the US pilots’ unions and the airlines

ncluded “scope clauses”; such clauses defended the relatively high
ages of pilots with large legacy airlines by restricting subcon-

racted pilots on regional and feeder routes from flying aircraft
ith more than 50 seats. This agreement effectively excluded large

ircraft from the regional/feeder market, thereby reinforcing the
hift in demand toward new aircraft below that threshold. In the
000s, the scope clauses were relaxed from 50 seats to 70 seats and
eyond, which reflected the converging of market pressure on the
5- to 120-seat segment. This change reinforced the significance
f demand opportunity focused on that segment. In the leadership
hift to Embraer (Event II), a spectrum of institutional changes in
he latecomer’s domestic context (the privatization of Embraer, and
nancial and export support schemes offered by the government)

acilitated Embraer’s exploitation of the opportunity window that
as opened up by demand changes.

The case of the wine industry (Morrison and Rabellotti, 2017)
nvolves “new world” producers (primarily, the USA, Australia,
outh Africa, and other later entrants, such as Chile) in competi-
ion with “old world” producers (mainly, France and Italy). Until
he end of the 1980s, the international wine market was domi-
ated by European countries. France was the leading country in the
ine industry followed by Italy. Two new global leaders emerged

n the early 1990s, namely, the US and Australia. The mid-1990s
an be identified as the period when new world producers substan-
ially expanded because their global export market share increased
ompared with that of Old World producers. This period involved
he co-existence of the old and new leaders after the substan-
ial rise of the new entrants. The second period is from the early
000s to the present, which is characterized by the return of old
orld producers, particularly Italy. The demand window involving

he substantial increase of new world producers in the 1990s was

elated to the emergence of new, inexperienced consumers from
he UK, the US, and Scandinavian countries. The demand window
nvolving the return of old world producers in the first decade of
he 2000s was related to sophisticated and varied wines in new
licy 46 (2017) 338–351 349

and more traditional markets and an upsurge of the Asian mar-
ket. This industry is another case in which radical technological
discontinuity did not play any role in opening up windows of oppor-
tunity for latecomers. Such an implication does not disregard the
fact that considerable technological catching up and incremental
innovation by latecomers, and changes in the organizational basis
of their innovation systems, were important in Event I when new
world producers achieved a substantial increase in their share of the
global market. However, those activities were part of the latecom-
ers’ response to a significant window of opportunity that opened
up by demand- and market-related factors. These factors include a
combination of changing consumer tastes in existing markets, the
emergence of new wine-drinking markets, and a major change in
the international channels for distribution and marketing.

Policy and regulation played a major role in reinforcing the
emergence of the demand-driven window of opportunity for new
world producers in Event I. This event was related to the regulatory
environment of old world producers, namely, the combination of
EU subsidy and regulatory controls that locked incumbents into
existing products, markets, and technologies. The radical reform of
this institutional environment in the late 2000s played a signifi-
cant window-opening role in the comeback of old world producers
(Event II) when they became the latecomers who  sought to re-
capture a significant market share in the new type of wine industry
that was created through the efforts of new world producers
(Morrison and Rabellotti, 2017).

7. Concluding remarks

The current study on catch-up cycles was initially motivated
by the “window of opportunity and leapfrogging” thesis of Perez
and Soete (1988). The current article and the companion papers
in this Special Issue have extended and modified their thesis and
offered a conceptual framework of a catch-up cycle within a sec-
toral system view. This framework consists of (a) four stages (i.e.,
entry, gradual catch-up, forging ahead, and falling behind), (b)
three main windows of opportunity (i.e., technology, demand, and
institutions/public policy) related to changes in a sectoral system,
and (c) the responses to the opening of windows of opportunity
by firms and other components of the sectoral system. Perez and
Soete (1988) focused on leapfrogging that takes advantage of a new
technological paradigm. By contrast, we propose that leapfrogging
tends to relate to the forging-ahead stage. However, this relation
only applies to qualified latecomers that have an accumulated level
of capabilities and an effective system that supports their effort.

Our answer to the initial question on the sources of successive
changes in industrial leadership is the fact that diverse windows
of opportunities tend to emerge often and unexpectedly. While
we consider all three types of window, the final picture derived
from empirical evidence offered by the six sectors is essentially
“Schumpeterian” because it confirms that exploiting a techno-
logical window is very critical to forging ahead. Demand-related
windows are important, but they tend to influence the forging-
ahead stage because they lead to demand-driven innovation and
new investment or demand-driven adoption and diffusion of new
technologies. Similarly, although the role of the institution/public
policy window is significant in several cases, its actual impact is
realized through the adoption or diffusion of new innovations. This
article also proposes that we  qualify and specify the subtle nature
of technological windows along the dimension of competence-

enhancing versus competence-destroying innovation. And we also
claim that analysis of the various windows must be complemented
by an examination of the nature and types of capabilities and
strategies (of both the incumbent and latecomer firms) and of the
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esponses to the window by the other components of the sectoral
ystem.

The empirical analyses of the six sectors also confirm the great
ectoral heterogeneity in terms of the presence and role of differ-
nt windows in different sectors and of system responses. We  also
nd that the incumbent in sectors with significant demand win-
ows does not fall victim to a drastic replacement but tends to
oexist with new entrants. By contrast, some cases with significant
echnology windows experience a radical collapse of incumbents
similar to that in the mobile phone sector). This condition is also
onfirmed by the simulation results of a history-friendly model of
uccessive catch-ups in industry evolution (Landini et al., 2017);
hese results show that changes in technology windows (particu-
arly those that are large in terms of technological advancements)

ay  lead to a quick and radical reversal of market shares.
One final remark concerns policies. Latecomers must be ready

o respond to the opening of a window for catch up and they
hould not waste this opportunity. New windows of opportu-
ity tend to open up unexpectedly. Thus, latecomer countries
hould be prepared to build sector-specific capabilities that sup-
ort actors, networks, and institutions. These capabilities may
ubsequently lead to innovation and growth. However, capability-
uilding preparation may  take time. In contrast, incumbents must
e cautioned against lock-in or trap-like behavior and the possi-
ility of sectoral system misalignments. They may  be motivated to
evelop major innovations in order to sustain their leadership.

The successive catch-up cycle framework may  also provide pol-
cy implications that are more effective than those related to the
roduct life cycle theory, which is limited to the entry and gradual
atch-up stages of development. Cost differences provide favorable
nitial conditions for latecomers that enable them to familiarize
hemselves with existing technologies (i.e., learning by doing) and
ventually generate revenue for further investments in production
echnologies. This type of catch up based on factor cost advantages
s not rare, but it does not easily lead to the eventual reversal of mar-
et shares between the incumbent and the latecomer unless the
atter develops high level capabilities combined with local owner-
hip of production and R&D and a sectoral system that is effective
n sustaining innovation and growth. The catch-up cycle is likely
o be aborted if latecomers fail to keep upgrading their capabil-
ties and taking advantage of the windows of opportunity. Then,
hey might become stuck in the middle-income trap in which a
atecomer economy fails to upgrade to high value-added prod-
cts and is confined to performing activities with low value in the
lobal value chain (World Bank, 2012; Lee, 2013). The framework
f catch-up cycle suggests a useful policy for middle-income devel-
ping countries. These countries are encouraged to move beyond
hat stage and escape the middle-income trap. This framework pro-
oses a policy agenda centered on building capabilities for creating

nnovations to seize a window of opportunity and on the develop-
ent of a system that is effective in responding to the opening of

atch-up opportunities.
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