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chapter 1

Introduction
Linsu Kim

Richard R. Nelson

technology and industrialization in newly
industrializing economies

From the beginnings of the modern discipline, economists writing
about economic growth have recognized technological advance as
its key driving force (Smith, 776; Marx, 1867; Schumpeter, 1911).
In the 1950s and 1960s many studies tried to measure the contri-
bution of technological change to economic growth in countries
operating at the frontiers of technology (Solow, 1957; Denison,
1962). The conclusion was that technological advance accounted
for the lion’s share of growth in worker productivity. Since that
time, a vast empirical and theoretical literature has grown up on
technological progress in the advanced industrial nations.

More recently, a number of economists have turned their atten-
tion to the mechanisms of technological advance in the develop-
ment of economies that, initially at least, have been far behind the
frontiers. The acquisition and progressive mastering of technolo-
gies that are new to them, if not to the world, obviously has been
a central aspect of the newly industrializing economies (NIEs)
that have grown so rapidly over the past thirty years (Pack and
Westphal, 1986; Kim, 1997).

Since the early 1960s, countries such as Korea, Taiwan, Singa-
pore, and Hong Kong have transformed themselves from techno-
logically backward and poor to relatively modern and affluent
economies. Each now has a significant collection of industrial firms
producing technologically complex products and competing effec-
tively against firms based in industrially advanced countries.While
Korea recently has been undergoing an economic crisis, due in
large part to financial mismanagement, no one denies the strong
technological capabilities that Korea has built up.
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2 linsu kim and richard r. nelson

The key question is, how did the NIEs do it? And what are the
lessons for policies in other developing countries?

Some economists argue that what lies behind rapid develop-
ment in these countries is simply very high investment rates that
enabled movements along a production function (Young, 1993;
Kim and Lau, 1994; Krugman, 1994). They insist that the greater
portion of increased output can be explained by increases in phys-
ical and human capital, which brought along modern technology
as a more or less automatic by-product. Nelson and Pack (1999)
call these arguments “accumulation theories.” In contrast, other
economists have placed learning about and learning to master new
technologies as central in their analysis and focused on what was
involved in this achievement. To be sure, acquiring and assimilat-
ing the technologies of advanced countries required high rates 
of investment in physical and human capital. But in addition,
this demanded risk-taking entrepreneurship, effective learning,
and innovation (Pack and Westphal, 1986; Amsden, 1989; Kim,
1997). Nelson and Pack (1999) call these arguments “assimilation
theories.”

Regardless of one’s theoretical explanation of what has hap-
pened, the evidence that new capabilities have been acquired is
dramatic. For instance, Korea’s export increased from a mere $40
million in 1960 to $125 billion in 1995, with virtually all the
increase represented by products that Korea did not know how to
produce at the start of the era. In the mid-1960s, Korea began
exporting textiles, apparel, toys, wigs, plywood, and other labor-
intensive mature products. Ten years later, ships, steel, consumer
electronics, and construction services from Korea challenged
established suppliers from the industrially advanced countries.
By the mid-1980s, computers, semiconductor memory chips,
videocassette recorders, electronic switching systems, automo-
biles, industrial plants, and other technology-intensive products
were added to Korea’s list of major export items. Korea is now
working on such next-generation products as multimedia elec-
tronics, high-density television, personal communication systems,
and a new type of nuclear breeder. Vogel (1991) concludes that
no nation has tried harder than Korea and come so far so quickly
– from handicrafts to heavy industry, from poverty to prosperity,
from inexperienced imitators to modern planners, managers,
and engineers.
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The authors of the chapters in this volume are all “assimilation
theorists” concerning the phenomena in question. They regard as
very misleading the proposition that the remarkable expansion 
of capabilities of these economies came about more or less auto-
matically as a result of these nations’ high rates of investment in
physical and human capital. They believe that learning, entrepre-
neurship, and innovation that have occurred in these economies
are extremely important in their own right, and that understand-
ing “how they did it” is the key to perception of the policies
needed to effect such transformations.

An important element of the viewpoint shared by the authors
is an analysis of how the successful NIEs moved from imitation in
the 1960s to innovation by the 1990s. We sketch out key elements
of that common view below.

from imitation to innovation

The rapid industrialization going on in NIEs in the 1960s and
1970s stemmed largely from imitation – reverse engineering of
existing foreign technologies. When relatively simple products are
involved, as they were then, reverse engineering does not require
specialized investment in research and development (R&D). Only
a low level of learning occurs since the firm cannot and is not
required to generate new knowledge. Nevertheless, even simple
reverse engineering rarely occurs in a vacuum. Reverse engineer-
ing involved activities that sensed the potential needs in the
market, activities that located knowledge or products that would
meet the market needs, and activities that would infuse these two
elements into a new project. Reverse engineering also involved
purposive search for relevant information, effective interactions
among technical members within a project team and with mar-
keting and production departments within the firm, effective inter-
actions with other organizations such as suppliers, customers, and
– for more complex products and technologies – local R&D insti-
tutes and universities. Such activity required the willingness to
take risks and to learn from experience. Considerable trial and
error and try-again learning generally was involved in achieving a
satisfactory result.

Imitation does not necessarily mean illegal counterfeits or
clones of foreign goods; it can also be legal, involving neither
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patent infringement nor pirating proprietary know-how. Mans-
field (1984) shows that 60 percent of patented innovations were
imitated legally within four years of their introduction. Imitation
ranges from illegal duplicates of popular products to truly innov-
ative new products that are merely inspired by a pioneering brand.
Schnaar (1994) categorizes several distinct imitations: counterfeits
or product pirates, knockoffs or clones, design copies, creative
adaptations, technological leapfrogging, and adaptation to another
industry.

Counterfeits and knockoffs are duplicative imitations, but one
is illegal and the other is legal. Counterfeits are copies that sell
under the same premium brand name as the original, often (but
not always) of low quality, robbing the innovator of due profits. In
contrast, knockoffs or clones are in most cases legal products on
their own right, copying closely the pioneering products in the
absence or expiration of patents, copyrights, and trademarks but
selling with their own brand names at far lower prices. Clones
often surpass the original in quality.

Duplicative imitation conveys no sustainable competitive ad-
vantage to the imitator in a technological sense, but it sustains
competitive edge in price if the imitator’s wage cost is significantly
lower than the originator’s. For this reason, duplicative imitation,
if legal, is an astute strategy in the early industrialization of low-
waged, catching-up countries, as the technology involved is gen-
erally mature and readily available and duplicative imitation of
mature technology is relatively easy to undertake.

Duplicative imitation alone, however, is insufficient if a NIE is
to achieve further industrialization. Both creative imitation and
innovation are required not only to catch up in existing industries
but also to challenge advanced countries in new industries. Design
copies, creative adaptations, technological leapfrogging, and adap-
tation to another industry are creative imitations. Design copies
mimic the style or design of the market leader but carry their own
brand name and unique engineering specifications. Creative adap-
tations are innovative in the sense that they are inspired by exist-
ing products but differ from them. Technological leapfrogging can
occur to a late entrant’s advantage when the latecomer gains
access to newer technology and uses it with a more accurate
understanding of the growing market than was possessed by the
original innovator. Adaptation to another industry illustrates the
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application of innovations in one industry for use in another. Cre-
ative imitations aim at generating imitative products but with new
performance features. They involve not only such activities as
benchmarking but also notable learning through substantial
investment in R&D activities to create imitative products, the per-
formance of which may be significantly better or production cost
considerably lower than the original. Bolton (1993) argues that
Japanese strategy represents these features.

Innovation is defined as a pioneering activity, rooted primarily
in a firm’s internal competencies, to develop and introduce a new
product to the market for the first time. The distinction between
innovation and creative imitation is, however, blurred. Most inno-
vations do not involve breakthrough inventions but are deeply
rooted in existing ideas. On the other hand, as Nelson and Winter
(1982) note, imitators working with an extremely sparse set of
clues might claim the “innovator” title, since most of the problem
is really solved independently.

Many skills and activities required in reverse engineering have
easily been transformed into activities called R&D, as some 
NIEs approached the technological frontier. Skills and activities
required in these processes are in fact the same as in the innova-
tion process in R&D.

Several industries in these countries, such as semiconductors,
electronics, and biotechnology, are stretching their R&D activities
to transform themselves into effective creative imitators as well as
innovators. The innovation drive of newly industrializing econo-
mies in selective industries in the 1990s is marked by intensified
in-house R&D activities and participation in global alliances and
reflects their aspiration to become members of the industrially
advanced community. In other words, technology and innovation
become watchwords in these countries for strengthening compet-
itiveness in the preparation for the twenty-first century. This
volume presents articles contributed by leading scholars in the
field to discuss innovation and competitiveness in NIEs, particu-
larly those in East Asia.

organization of the volume

This volume has four parts, with two to four chapters in each. Each
part is concluded by a short commentary on the chapters therein.
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Part I provides a broad prospective in two chapters. In Chapter
2, using the experience of the Asian and other industrializing
countries, Sanjaya Lall discusses how industrial technological
capabilities differ at the national level and the role that policy
plays in these differences. He not only offers ten important fea-
tures of enterprise-level technology capability development but
also illustrates how national technological capability can be built
on the basis of microlevel capabilities. In Chapter 3, Howard Pack
notes that only a small group of Asian countries have succeeded
in industrialization even though many developing countries
pursued similar strategies. He discusses this success as the
outcome of several interrelated features. They include the suc-
cessful countries’ openness to and their ability and willingness to
learn from foreign knowledge, their response to competitive pres-
sure from the export market to increase their productivity, and the
high productivity of foreign technology as its dissemination and
successful use was enhanced by an educated domestic labor force.
In conclusion, he notes that although the considerable turmoil
experienced currently by some of the NIEs is likely to be a tem-
porary problem, their longer-term difficulty lies in continuing to
expand the modern sectors efficiently. At the end, Lundvall pro-
vides a short commentary on the two chapters, in which he also
introduces his own thoughts on the topics.

Part II examines in four chapters the ways firms learn at 
the microeconomic level. In Chapter 4, David Teece presents a
model of dynamic capability of a firm. He argues that firms are
the domains in which economic development really takes place,
and that the competence and capabilities of a firm rest funda-
mentally on organizational processes, market positions, and paths.
He also concludes that competence can provide competitive
advantage and generate profits only if it is based on a collection
of routines, skills, and complementary assets that are difficult to
imitate. The chapter provides implications for firms in newly
industrializing economies. In Chapter 5, Mike Hobday compares
similarities and differences in technological learning in electron-
ics between the OEM (original equipment manufacture) system
prevalent in East Asia and the system led by transnational 
corporations (TNCs) in Southeast Asia. He concludes that despite
structural problems, both approaches contributed significantly 
to industrial innovation and national economic growth. He 
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also discusses future prospects and challenges for newly 
industrializing economies.

In Chapter 6, KongRae Lee analyzes how a passenger car pro-
ducer in Korea as a user accumulated technological capabilities
and became a major player in the industry. He examines in detail
how the car producer accumulated reverse engineering capabili-
ties through learning by operating the imported capital goods and
imitating them, how it assimilated them through learning by
designing, and how it became an independent designer through
creative learning. He also discusses similar evidence in other
industries. In Chapter 7, Geert Duysters and John Hagedoorn
discuss different forms of international strategic technology
alliances and why strategic alliances shift from traditional equity
agreements to more flexible nonequity agreements. They also
present empirical data on international strategic technology
alliances within the Triad (namely Japan, the United States, and
fifteen member countries in Europe), and between the Triad and
NIEs. They conclude that Korean firms mostly account for the
Triad-NIEs alliances, and that they are clustered in such high-
technology industries as electronics, micro-information technolo-
gies, and bioengineering. Then Part II concludes with a commen-
tary by Martin Fransman, who also provides his own thoughts on
the topics.

Part III analyzes public policies for innovation in Asian NIEs.
In Chapter 8, Mark Dodgson examines the relative strengths and
weaknesses of science and technology in East Asian NIEs and
analyzes the policies being pursued to assist the development of
science, technology, and innovation. Despite broad differences 
in industrial structures, government-business relationships, and
legal and financial systems among the emerging Asian nations, he
concludes that infrastructure-building policies, such as creating
network-oriented intermediary institutions, have a distinct impact
on the development of technology diffusion and creation cap-
abilities. In contrast, Won-Young Lee discusses in Chapter 9 the
evolution of science and technology policy in Korea’s industrial
development in the past three decades. He postulates that tech-
nological development in Korea has undergone three stages: imi-
tation, internalization, and generation. He then discusses the
distinctive characteristics and efficacy of policies at each stage. He
also examines the interaction between industrial policy and
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science and technology policy. Then, Morris Teubal provides a
commentary on the two chapters with his own thoughts.

Part IV concludes the volume with two chapters. In Chapter 10,
Jorge Katz presents the Latin American experience of technolog-
ical learning during the import substitution period and the effect
of recent structural change on manufacturing. He concludes that
economic growth in Latin American countries was by no means
as impressive as it had been in the East Asian nations. But an
increasing degree of technological sophistication as an outcome
of the learning dynamics resulted in a rapid expansion of labor
productivity and of manufacturing exports in Argentina, Brazil,
and Mexico in the 1970s. Such progress could not, however, be sus-
tained under the macro-economic and trade policies put in place
during the 1980s. Rather, there has been a rise of relatively low-
technology labor-intensive industries in the 1980s and 1990s and
a large shift of industrial specialization toward raw material pro-
cessing. In Chapter 11, Linsu Kim discusses how Korea’s national
innovation system, which functioned relatively effectively in the
past, has become problematic in recent years. He diagnoses
Korea’s problem in such areas as government bureaucracy, indus-
trial structure, quality in education, R&D infrastructure, financial
institutions, corporate management, and deteriorating sociocul-
tural factors. That is, the greatest strengths in Korea’s national
innovation system in the past have become its most serious lia-
bilities in recent years. He also provides a prescription for its
reengineering. Finally, Howard Pack provides a commentary on
the two chapters with his own thoughts on the topics.
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